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1 DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG AND REPRODUCI NG DEVI CE 5 Cross Reference to
Rel at ed Applications: This application is an
application filed under 35 U S.C. 111(a) claimng the
benefit pursuant to 35 U . S.C. 119(e)(1) of the filing
dates of Provisional Appligation No. 60/604,489 filed
August 26, 2004 and Japanese Application No.

2004- 236454 10 filed August 16, 2004 pursuant to 35
U S.C 111(b). Techni cal BEESCRIPTRON i nvention rel ates
to a magnetic recordi ng nedi um havi ng an orientation
adj usting layer, a nonmagnetic under |ayer, a

ABDIENE' AND MAGRETRS iRECORDING AND

g&g a protective layer sequentially stacked on a
REPRODUCINGEDENIEEpr ovi ded on the first surface
thereof with a texture streak and used for a nmagnetic
disc and to a magnetic recording and reproducing

CrobLRefefdines RFREIMed Applidaticipf oduci ng a nagnetic
signal _in the magnetic recarding VHEL?I u

Bac k gr Bt application e am &Pﬂ“‘@ﬂ@% fided ?'I;%]dﬁs/\ﬁ §H 1@ ¢lpiming the

O Cnefal 05 165 CCREIAPND e RIS piosiBil Bpplcation

No. apGI604)489 filealt Augﬁstﬁm%zm and Iapanbse Meppltcht:m No. 2004-236454
clination will] continu u
c@ﬁ@éﬁ‘ﬁ@ﬂd@ WEW%?@%&EIEM devel opment of a

magneti c recording head and the devel opnment 25 of a
magneti c recording -medium suitable for the high
rBechnitalFjeldensi t y have been bei ng pr onot ed The

PR A A 8 e o

?éi' 0 WBAMagHetio SindeP ARV @gnﬂﬁﬂﬁgﬂeﬁcanmbrmedlate layer, a

consequen enhance_ the coercive force and enhance

tmmlgriawrrmdse protective| lowmy) sequenially. stackedopit @ magnglic substrate

rggﬁg& ogtéﬁé: fifsf %%ﬁ%l o rre#‘%ﬁg Fh(? ubdiGFoP @ nhgnetic disc

dedori 4 dgistict lecordiig 4 iepepdueingnietice fon revosdihg andireproducing 2
-2- adapted for a %E%etlc [ecorg‘l“&g medi umi s now
pmém!c

fepopding me

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%. Xt is said that this inclination will continue in the future. In consequence
of this inclination, the development of 8 magnetic recording head and the development
of a magnetic recording ‘medium suitable for the high recording density have been
being promoted. ‘

The magnetic recordmg 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 medijum to be used in the hard disc drive,
the structure having metal films deposited by the sputtering technique on a substrate
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suitable for the magnetic recording nedium the

al um num substrate and the glass substrate are being

wi del y used. The al umi num substrate is what is

obtained by formng a Ni-P-based alloy layer in a

t hi ckness of about 10 pmby electroless plating 5 on a
substrate of an Al-My alloy gr@und to specul ar finish

and further grinding the surface of this layer to

specul ar finish: The glass substrate is known in

d.adamedarfor lai magnetics taclordisg ane@mnrqshmw lgb'a&hn&ndAa the substrates

l i Z&noﬁﬁ e&r& @B%\%Eﬂé at'gjl%%{lgf tapeTﬁ%d the glass

”Wb@ltaté afeeﬁéihg“vﬁﬂ rged.&.ea W'Ib&*hhﬁfxﬁuﬂf BebsrlateyisuGAsk Bl obtained by
present for har d disc drives are in a structure

oy layerdn a thicknessafabowtf 10cpm by @pctroless plating

5@8#'?% o 3feS %5@%’#%( r?gﬁgaleﬁﬁfgﬂ 5. uther grinding the

C@uﬂoeTciﬁmaqdr & h;sey:ulaf €ifhish X TWP Igtks substratyie khowh by different kinds,
oheeofa - -Ta-_ or Co-(Cr-Pt-B-based all oy,
ferac %ﬁaprséyorpla% &hiﬁr% mﬂm&k%d t8lass fupgirates of both

su St %%%ﬁﬁ%@%}a %ﬁ‘rﬁ’?@f‘?‘%a?rng P?P&a?rggel gf a

l i qur d Thebmbgrmetic feconding tmiedincwhich See @endraliy nsedist present for hard

e NgE 5 i gribeiotict GRBiE: GOBRRHSHY upAe (e, (i f Cs, a Cr-
t 'bﬁséﬂaﬂll@ﬁ '&Nrﬁr&loﬁﬁbd‘gﬂl?zr Wﬁtf%b%%?ﬁﬁ iBferimBéiate layer

as' a rmal n conponent for

e>(m¢¢ of a CioeCr- meﬂm@r—ﬂ‘equdr allgy; for enampledia magnetic layer (made of a

uio_gg_i&f&ectgﬂ%_ﬂgﬁ% ﬂ{s)epﬁ{ts haﬁ’go& @%Pecpﬁ%ﬁlm(madeof

sidcked oROL BAMAietic LlaBsttate and having a
| ayer - has been proposed refer to US_ Patent No.

SIWﬁlm &rllml‘i f&ﬁ'e@npr operty of

the mMagRGLIE of @gvﬂﬁgleuﬁ&tﬁej;ﬁﬁg cm%the coercive force
i mparting t e rragne I C anl sotrop ving an axi
eadyn magmﬂt recarding mediurh hin thercasedfthe magatticrecordisgmedium of an

F AloBBaihitd o G5 bR Rgmpleed 3Bt Vb doy ) for Sample, the
eriﬂﬁﬂ&l P&oftﬁ@ocb%é‘ qdditieR %ﬁ‘? ﬁ?ov%&‘ Effe ARRD i élons réptits have been

characteristic properties medi um At present,

t rabreedsopld;hshcd cencegning this Irgethodav\Al&ohﬂle useefmeGrdnibesed alloy as a

S i B e O s

I ayer (A?é hepavidsSBe Giibigh perty Ofhe Hiaghétad ebordi%medmm, the

enabled by undergorng the Fexture processjng for
od ofimparting thei magnetis anisetropy baxiag an aﬂs@ easy magnetization in

AR, S, ke M BroPREH et o e

axhéthed ofaephanding the coercive force in enhancing recordmg properties and
homogenizing the characteristic broperties 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 grooye in the circumferential direction on the Ni-P-
based alloy surface, to manifest the magnetic anisotropy having an axis of easy



magnetization in the circunferential direction (refer
to | FEE Trans on Mag. Vol. Mag-22, No. 5 (1986), 379
and Journal of Japan Applied Magnetism Society, Vol.
17, No. 5 (1993) 784). As a nonmagnetic substrate,
the gl ass substrate, for exanple, possesses rigidity
5 excelling in inpact resistance and possesses
excellent flatness as well and3+therefore, my well
be rated as a nonmagnetic substrate appropriate for

hi recording,density Wen, etic_ani sotropy
H%SH ghizatipR jRfth mefm@&wwoeﬁgfgfe Lignp ou Mag. Vol.
. t n
B 08k P72 A TR L e ﬂtz%kmact Sapftioll ociety, Vol. 17,
10

- oN@ﬁdhEﬁ&)gj’Sﬂhcordl ng and reprodum ng properties.
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Sever al, net hods exture reaks on ‘
Subst r ASP jetasisto it Ror ooty Bomees raidity

P eRCeiting Wr&ﬁ%e& RAMPosdeties leRBel iR BQ&Essois well Ehal,gmmfore,

fine and uniformtexture Streaks, the i1dea of using

mmrmlh be rted ape rmnqasnmmglbahateappamty for digh recordmg density.

YO APl Aiabipoh o8 G eReRRE AR edtb salt igred to the

J&ﬁ%ﬁe&@ r&irding rh@dm&lihﬁﬂﬁ?lmslﬁ)r%étﬁtﬂﬁmgheﬁc isliisstrate, it can be

pur pose, of formng fine an |formtexture st reaks,

t REPGCRLHEC aguifR ptand iBg HIferding RProuCIngPIapRIties O
b 1 - ]
S A 5 s

nﬂy& apbstratentoghe texpyre iprodebsing hava:lmhdmem &ordhe parposnof forming

t he s substrate b form ng the texture
< Bt 204 ot Ftier sorin, Yoc ot of HnB A Boiee 1Bbric tape comprising an
| BBRAkive "Erain SuspBANISH 'cﬁnﬁﬂhﬁ’é’tar SohftibA pVoBé%ssm 2 hydroxyl group and

ci rcunf erentl direction t©0 the glass subs

hlastig ﬁhertsmaeheemmpoﬂeé (teferrto dapanese PasentNo. ﬂllgﬁ&)ace .

t her eo aof for a e-coat ed | aver b .
Spat ¢ ooy bR o R ol P Uyl s afopn i indeS, the iden
t o€ st didmdnd EbAGIveNgA RAQ USe( A \bfasiveN Rty t@%]eﬁter has been
| east N| and P (refer to JP-A.2001-209927), and ,

i @8Posed.f or mi ng an orientati on 25 adjusting |ayer of a

2004 QLAY il 8 ubace BTNy Byt ol CandiGtfdpy in the
s eircumferentiah dd'ectitmr tol thp wldss gbdtiate hygnwellycfomnngcthe tgxgure streaks

a_gl su ate havi ng, t ext treaks forned
& h | PERO HopB nBiigpetiy. amusotropy in the

h@namafmﬁﬂae d&&&i&ﬁt@{heégnasﬁ %hb&ﬁ%fe h&wﬁgf%' lined# txAiFR FoRAkd on the
vvlth the case of 30 using an al um num Substrate. Not

sitfaee thereof| the ides b forming aipse-geated bwer byl the spmtésring technique

? 2%5 AL Ter S TRt PDSRL. 1R, 4RE ot foring Bh ARokfHobs éyer 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 already proposed.

Generally, however, the degree of azﬂsotroi:y 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.
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-4- This invention has been proposed in view of the
state of affairs nentioned above and has for an object
t hereof the provision of a magnetic recordi ng nedi um
and a magnetic recording and reproduci ng devi ce which
abound in magnetic anisotropy suitable for high
density recording and excel in recording properties. 5
Di scl osure of the Invention: Fdt-the purpose of
acconpl i shing the object nentioned above, the first

aspect _aof the invention provides a nmagnetic regordi n .
medi um Bispinvestiag has been é’ﬁ%ﬂngﬁn ViRl &3&&% &#“a&?ﬁ?&gﬁs hentioned
n .
"ABEROE) b 5o P BRRRALFS A EIFRISRIG modim o
s efmaghétil tegontimr badl reproducingn desgeese wihichsabimund dn gnagnetic anisotropy

provi ded on first surface,thereof wlLh a texture
st%ﬁ!ﬂeg?ﬁﬁlgé density recording qod e i%WrMP@We
nonmagneti ¢ under |ayer contains at |east a |ayer

formed of a Gr-Mi- based alloy and possesses nagnetic
arisclpsurp pf thedomeption: axi s of easy magnetization in a

' nf tial di t] b s

e pect Fordhe ptnoih of SbdcthiispiEa a8 cbibpt fPurigifed 36608 the first aspect
| nyfetel iﬁﬁenﬁdhe?m&td fhagddétics feconiiyg imedivin ssomprisingf an orientation
resjdual magnetization has an jndex of 1.3 ar ilr'.r}?re

lapiearo PRRMAENSLIES RARK | 1aKefg e APPIPETSHE| iptermediate layer, o

ustng
. g N A .
SRR 50 B8 RS M ko0 malcic s
t hprodlided pact fitsh sirficecherdefwithe texiuss stovakand wed farpemegnetic disc,
O whisin P Binehs Sae o ot . 1 RIRE B of o Cod
| a%%%d Qﬁﬁ%'aﬁﬂ‘ eﬁs%ﬁtxﬁdgneﬁ@ aRisbRGBEhHfing ah @8 bfadaly nlagnetization
ourt aspect thnat

t he ncl udes tHe first or second
asimactiradmfefeatialdicectiontheredfe | ayer of Cr - Mh- based

oy | Bl SRR o R B o S B WG i, the magetic

at afiSotropy ihMantdiount bof FesiREfiaghdtivatiom bhdisieinden of d3eorahore that is

amaet of shadeal mpaler o 8 SEERHRAL e R ivided by un

B et S ) o o

si xth agp s third akpdco that dedudes thefirst of sedosd faspest of the invention, the

i ECRSE it s o o P b BOBRBRT cr ey b
an Mn content in a range of 1 to 60 at%.

In the fourth aépect 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 ﬁnder layer at least possesses a s’gacked structure
consisting of a Cr-Mu-based alloy layer and a Cr-Ti-based alloy layer formed thereon.

-
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consisting of a Cr-M-based alloy |ayer and a
Cr-Ti-based alloy |ayer fornmed thereon. -5- In the
sevent h aspect that includes any one of the first to
sixth aspects of the invention, the nonmagnetic
substrate is formed of anorphous glass or crystallized
glass. In the eighth aspect that includes any one of
the first to sixth aspects of- Yhe S invention, the
nonmagneti c substrate is formed of a single crystal Si

I t al o In ot t h
|O:10 udacthe %‘?@%@ aiﬂect fhat mcr%deg 2By epg Sﬁ?ﬁﬁt‘a’éb% é? sixgh agprgts of the
%&?foh‘ il sabsttdte 3§< f&%hédh tdigss or crystallized
Stratet magneti c disc has a Ilnear density

_cglasESO pi eces/nm or nore. In the tenth aspect that :
'18°I B P U apect % el A e ot 1§ LS ikt hsfRets of the
the%nhﬁgﬁ cos%sdrﬁ& fsrfo%e@bf@ﬁngre@rﬁwgi of F 6 @Blycrystal Si

e group consi Sting of Co-Whbased all oy Mp- base
aI | oy, InCthe Tinthimspect thaﬂ ingludepnany one o6 the ﬁrsrcécy eighth aspects of the

oyt B ek, o e ARABRars Hinable n S Fagmotq dsc s o

cfiffdf Bénitg DF TS0 plddad/mini6f mefs any one of the first to
tenth aspects o? the 15 invention, the r}%nrmgneu C

i nt er e tenthagapect; thak includes eny o of fbe to; iy aspeots of the

%b@él%%g%ﬁ%ﬂtg)i}ﬁﬂ %ﬁn@ asegﬁﬁ:nﬁ dfgﬂéoolfeast one layer of alloy

beieectibomythe @ooufp cofisisting of Co-Wobased alley- cb-l\m-bmd@dﬂoy, Co-Ta-

Cvsed ieltoy, b o-Buseraloge Rieased alley. ME 'ﬂ"ﬁ@ﬁ%fﬂ? Fo-W-based
DRI UMb el AT Houb iy aiggocoDes 2 St acked
al | oy Bethectlexenth mpectnbatgndupea:msom ofie first to tenth aspects of the

SR oS e SRR €l B3 B e of ey

ahél&&e@ﬁanﬁtﬂeagmﬁ %nsﬁ%n@roﬁgo-ﬂrlmed ﬂlldye Cd-GeTadnsed alloy, Co-
the thirteenth aspect that |ncludea oai t he
f Crfu-based alloy, (Gr-Esdedasedalloysad G GoriCept-based Hine

e eabv i an iy SN

Cﬁwgltl@t, ‘tlg@pr&ﬁﬁb@legb i:ft?!nmeﬁﬁhtaay& pbisbssesal sackal/structure consisting
; a-based_ a
aPf &layer af atrleast gpe MM@%@ the, Gfoup (ORI i‘ﬁ@ﬁ*gﬁ hased alloy,

=)

't hg‘(l;le Thibhdd ﬁlfoc)ﬁé e 501-Pased RiflolS CREr-ZRBasedVAllly 8 Co-Cr-Pt-

rst sur the orientafion adjusting |ayer
hhssedmﬂeygndelwerbfﬁamﬂmallowfomgmnto an ambi ent

gas -¢ %‘h?l tﬂlrpe%nt% a)épélcg%ma? Thellde' s eon%fof?ﬁgﬂx%[]togt%lﬁh 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-Cs-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 fifteenth aspect of the invention provides a magnetic recording and
reproducing device, comprising the magnetic recording medium of any one of the first
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-Sta

30 The fifteenth aspect of the invention provides a
magneti c recordi ng and reproduci ng device, conprising
the magnetic recordi ng nmedi um of any one of the first
-6- to fourteenth aspects of the invention and a
magnetic head for enabling information to be recorded
in and reproduced fromthe nmagnetic recordi ng nedi um
The magnetic recording nedi unt 8- this invention
conprises an orientation adjusting |ayer, a

e e M R —

sbamafdealihxn@f@eme@ﬁoﬁ;ﬁ%@eﬁ& S k&t

provided on the first surface thereof wth a texture

st r eak Thagnaghetic freeordingemediunc ofithis invention iomprises an orientation

n e u [ ver is.formed in a stryucture at, '

I egsé %OHYgll"nIE M%ce P_nfkgr F?éfaf» ot chggggle@ate layer, a
ahlagyeticllyer shdacprotective l!fybﬂk&q?bﬁﬁliﬂy!r st5okkd 9nlaMonffkgfiétitOsubstrate
mani festatjon of strong nmagnetic ani sotropa/ having the
cPPé’Lﬂe?F*éanéhe figgt sanfacecthergaf with aitexture-streak and usedyfor a magnetic disc,

el AR, hnAEaE TAAEC e | Bt if o BicBlee sndeagt containing o
rlagedt formed of 8 CENfr-vsed allby Thisapeeific canfip@ragon fesults in inducing

recor.di n diumand a magnetic recording and . . .. .
r %%Hgo?oﬁgws Mmarsgcmpymawsrthe ev%;m@renual direction as an

I9AS bf Yasy Hhtietzd b e SR8 oPthe magneti
recorqﬁ%qgroper-t@g;m%hgb’%géan ot her B%?gl?t&gf)?the etic
cregoriing miedhiny fAmas wesmlt, itaisomadey possibie so obtaithe mdgnetic recording
i ntion, Will becone arent to those, skil,l LN .the L
PB4 § magngs RSBraRE B roficing devisd which Pedi bk Focording.

r @émiitg,ubouh® i QAR PY Sndls28] 1 fproperties.
Description of the Drawing:" Fig. 1 is a schenmatic

di agr akhe [2bgye uad | otheropkiegs.c tharacteristivhisatunesnando advantages of the

| LI [ o1 Ri.S Ny ion. Best. . .
VEYERRBEWAE DO Sifedtie R Bl 18 h B HopR Bhq §8iption given
r bereinbieivyy withi refergice to il debBpadyiny dswigl)f i gured by
having an orientation adjusting l'ayer, a nonmagnetic
under | ayer, a nonmagnetic internediate 25 |ayer, a
"BESOH b tective layer sequentially

Eggd?ghﬁé&%ﬁ%ﬁgﬁ' substrate provided on the
first BEig flaisea tstlesmeatic diagfann ilheirating oné peefirred ¢mbodidnent of the
for a . magnetic dj.sc is characterized by providing -
t'ﬂgg’?%‘r‘fﬁﬁ%ﬂ&“gén?d\'b‘@P%%é‘}WW?% a structure which at
| east contains a layer fornmed of a Cr-M based all oy
and possessing nagnetic anisotropy having the

© cBest Mode fon caraying onttbeilovention'an axi s of easy 30

magnet i‘ﬁ@h‘la%ﬂetic recording medium of this invention is configured ﬁy having an
orientation adjusting layer, a nonmagnetic under layer, a nonmagnetic intermediate
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 Jayer formed of a Cr-Mn-based alloy and possessing
magnetic anisotropy having the circumferential direction as an axis of easy
magnetization.
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-7- Fig. 1 is a schematic diagramillustrating one
enbodi nent of the magnetic recordi ng nedi umof this
invention, in which reference nuneral 1 denotes a
nonmagneti ¢ substrate, 2 an orientation adjusting

| ayer, 3 a nonmagnetic under |layer, 4 a nonmagnetic
internmedi ate layer, 5 a nagnetic |ayer and 6 a
protective layer. The 5 individoal layers 1 to 6 do
not need to be restricted to a single-Ilayer

constitution but, may be optionally in a stacke .
struct ﬁ%ge ); r arsghespatie Flf g 89%@.?’03?‘?‘%é’f the magnetic
ngm%t'-bre- S f QF¥BiteOhumeral 1 denot

n%%nag tdﬂ%h&n%itg sﬂsogt;vaelnﬁglg g\[/a"g?g‘h‘%g al Sm’ nuﬁwr ) erioles @
ahbnmysgnetic substiste, R- dnocrisitationadjustipg layes, i h neamageetic under layer,

af orenent i oned al ungi num substrate,. and su T at es,.
8 RO BER RIS RS 3 i DOEeE ASYRS AR o Oty layer. The
AhdPRid? fl@#&s 9/18%5dd hotChesd ta b irdRHctell 36 9. sirlle-fiyes bénstitution but
crystal I or polycrystal Si are available. In the

c gy befoptionallyrinasstasked strucgancdormed nfraplualitisoflayers.e

I , Aal unm nob i.l1cat I "al uni P 1] .
Gl as’ AR M8, Biiiignste 'siRiee’ 12 Sindfts, RirtiR Wichorsiingtic metals
| bbtained™ thA pRing' Mﬁhﬁﬁdﬂlzﬂﬁygﬂhﬁﬂﬁ aTNi-Pisased efloyMapeay such as the

ot her gl asses enunerated above, the use of anorp

emGpHonRd pebiisae WRRSA A JubilERIeR ofogmed " of - nonmagaetic
hARARAIE narsHitg, A8 it ofask br BYsAMNAR! A8, b single orystal

g a grven onbgeneous
t 8k bt pelyotystad Siiang avdilebld i Irs theseasé of enmirphdus glass, general-purpose

nonpagnetic substrate 1.allo a texture streak,to be -

{ Bodaskime ralfsso AlumInADOrosiisals  alass: ando AlyyiRQsliGalis glass’ are available.
a [ Wt PHolc t g r j ' . Am
Ahes LA st gk MAIH Sl EARL 0 Ay boaGed. Among
f bther glilses enumireatal ghoveethatusy of amerphbumglashwhich possesses uniform
circunferential dirgection of the substrate., T . .

SR et Pperiies b h bolnSia, s i AENREE in, Mscting g given first

- Ugrfidet8 BbmoBEmRMs fextirBPrddessidg, surface thereof is in

20

25

30

t he rar)l%g of 70.05 to 1 nNm and'preferabli in the.-range
of 0.1 The fustsurfagn of ithe nenmagnetie gebstiats b allows gdrHuLsstreak to be

Rutfe el gl pbP e B Sty fing op by e

- diprédebsihg ﬂﬁn?fﬁﬂeeeilfr&ﬁw @faind) by bxampleg Theestrannfored on the first

S estiRso PRl v AACS FEroEeaiy Aon, plb i, yigiate. The
W'a'v%rg%% Stiifdcel fbug' s@-%n?f %E%PP% ﬁ{ﬁv;lﬁg Qhe SRk R on the first

sur and rentering | ower the flyelhgtg
haiiginde théreof i3cin nkgraage of 0.65do dumni auyd preferatly in theahngeef 0.1 to 0.5
recordi ng and reproducing. 30 The linear density of

t M-t exture streak is preferably 7500 pieces/nm or

NI €. If the average surface roughness 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 reprédudng.

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.
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The linear density is determned in the radial
direction of the nonmagnetic substrate 1. -8- The
linear density is specified to be 7500 pi eces/ mm or
nore because the effect of the streak is reflected by
t he magnetic properties (such as the effect of
enhancing the coercive force, for exanple) and the
recordi ng and reproducing propéties (such as the
effect of enhancing the SNR). The effect nentioned

ahqve, further gains_jn 5 pron nence when the |inear

d ﬁ&ny‘a# SHY. i%:3peeified do be 7660 piesesdaym o worebacausetthe effect of the
st id d . | i .
el RO e O pycpBlief (AT, fr il bt of enbancing the
Mo .“.eCﬁ*Thca; dort examiie,) and the gecosdi t‘nglg ahd eepzraﬂiiciﬁg pﬁopdert(ij&s (such as
grai n ofiepntatio justing,layer 2 i nt ende ..
© dfie gfert, oF enhanging fhsy ANRY, | dhe Alfeoh megiopeh above further gains in
NGREMmERALd Ghe R liredd fnsify {sIh to 2060d pibSds/ritdf drdficie.

t hereof, adjust the crystal 10 orientations of the
nonmagridhe streak is prefesahily formiedy for edampld, with amspppingdape using fixed

B4R S0 Bk Mol Rfeo R bR RRE Rebati gns
of the THGRntdionadfistiag 1a5eP 2G5 iEHRH 8 raaaﬁ’%'mﬁé Bigstal orientation

layer 2 not only adjustsS the crystal orientation” but

210§ ghe napmagnetic tder daxer Adormosd on the first axrfage thereofnagjust the crystal

cr . i i:n.the .. no etic under.l.ayer 3. th
kbR 8t B8 norebatferi IRAREREY st i 1 Flaritic 16 5 formed
| fneherThertbo 4gd ehhsncaBhe magheti®amiSotrsidin{tBe cird@mferential direction
orient-ation, adj ust i | ayer 2 dges, not need to

b
pafithe mpgnatis layerty. 'Eg%arwatﬁi@ adiyading Juver & woylm«%gstathe crystal

o peBE 1t bl AEHETE Quncr b} Bl YRifP I Syl afdins in the
alnoomagfizticNimden daybr 8, lthy notdhagiretib dstednedibteVlayer 4 and the magnetic

Nil- Nb-sbased all oy, Fe-Wbased alloy, 20 Fe-M-based
al'¥¥¥ 2and Fe- Nb- based all oy. The use of an all oy

y—

~cont ai MiHRleR the mdferiab td HEWécﬁf&rsthE RAuatiot Qdﬁ?ﬁ@‘&?er 2 does not

t he rragnetlc_ anlsotrqpy In the circu erentia
dineed 19 be pasticulady restrieted cthisi layer praferably usesat ilenst one alloy selected

o] e B! oo of, BB b’ CMo e, EIFY. Co-Tabased

. exHop| €6-NY-biseg o9 BRI\ Hus6d allSy, NENbHab&d alidy, RLW-bed alloy,
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i ncarparation, Ti Si and

vV, C, M, Zr, H Ru, B, Al, }
 Hegylorhased alldy, andhBe:Ni-bised aHorniTheruselas anceliny cmeining a FerWe

i T b, 0 R0 0 b By 081 st

t ldireetimr efithe magnetic flni.ect of the orientation

adj usti | ayer, The lower limt of the total content _
is 0.1 Lifognenfation aqiesting layesi¢ dpay ingpIPOTAlR Shereig amlgment which

g:p%tkst?gﬁﬁ af RBKiIABPed! AsSotblotd Skatiplés' SPthd Glehidft HhichGL 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 aforementioned 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 millifying the effect of the
added element.
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30 added elenment. -9- The orientation adjusting |ayer
2 preferably has a thickness in the range of 1 to 30
nm |f the thickness of the orientation adjusting

| ayer falls short of I nm the shortage wll result
in preventing the nonmagnetic under |ayer 3 from
acquiring sufficient crystal orientation and
degradi ng the coercive force tfereof If the thickness
5 of the orientation adjusting |ayer exceeds 30 nm

t he overage, W Il resul.t | n degradin t he magnetic

ani sot rejf}‘ﬁs’qeﬂ“#’ﬁa 331 %%gr%mﬂgrrl@éaitbiﬁkgﬁssﬁm&e range of 1 to
g I Crefhb Hhi tdtShe 4 2 Qi '

orht G thi Thickies dfthe RifelaR6h SN P Sl Short, of 1 nm, the
ofhertage willwesultcirf preventitie théinolumegssetiof unidee layer 3 from acquiring

orjentation adjusting filmi re preferably in_the .

r 5@?‘%‘% crystaf ofigntation and ﬁl‘qgf#@nsngvcﬁo_aw@ foscertherept. If the thickness

bef #Resridntation’ ddpikkia ?il agdbasal ; : :

nonmagnetic substra egiléfa Iaye?a%?ﬁgbﬁfg%wg%g# %éiegradmg
HMAZRAHG ABIsOtropY in thessircpunferential directromoofithe gnagnetic film, For the

a ' t Though the material for the layer .

o BUEORY 87 B4 BRcingibe Mistetle biiSotisoin e i Shmbntpytial direction of the
r eRighétid filin, th thifknesdbf the- f¥tin i

al | oy and - Ta- baéegd al | ggﬁgiﬁg"’g\%i I abﬁ@%@eﬁmwlymtbe
ofanggef3dedf@m. 15 el enent in such an alloy systemis

refer ' 1 60 at% It..i
Favor agﬁasyf%%(g%? %itézﬁ?fﬁegwgq %PP&@B‘E gjpsting layer 2 and the
onommagrietionsubstratet 1 molalyer havidg B, Crxpesid¥0malti Sompiints for the
to.an atposphere of oxygen after it has' been forned.
TRUPOSS 6 Ephactnethe adhsatie waonsaty. s Shouh thermateriak, 53 the layer so
. . iy ’ g
DS s hor Aedl B RO PERRAIER AT T OF GRTFRSRA aloy, Cr-

t Masbased stnde Crela-based sdldy care i availablae| The wontent af tthe second
The, . duration of .t XPOSUu

o blheBindich A B iblend S grefstaly in (8 Page it o £ %
exanpl & is FRrablé 8b:alize the Bt btﬁkdc%fiﬂ(f ﬁ@%&h%wg{sﬁ% Yayer 2 by
to the a | en

wi t hdrawn fromthe chanber and expose

. at¥Resingethis dayer dot are atmonpbptec of oxfgenx uffemitabass been fwrmed. The
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| hnd \ t hod whi.ch i.Sts i

oiciphéte G orided 15" b8 sel Pr o5 APREG A PrEBRRLY, oy afmosphere
canthiaing 3 RI0IRICoMBOR o UHYREN Basii ThOhtribspREHL fdaliftehA& for this
chanber and exposing.the film thereto may be -

 EXROSUS ey disobied. asTife isnbeldom cantach with taters (The duration of this
cegRsics ity 16 s D53 PSR, Fo g, i et
cadjpstingfilenlisspreferaifly mathdviwng frohethe ichamberoand dipovattoviive ambient
R L R B ot O bk S b ColSrie, he
f MefiBH! ¥fich 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 vacunm 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
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30 including the formati on of the nonmagnetic under

| ayer 3 and the magnetic layer 5. In this case, the
at nrosphere preferably contains 5 x 10 Pa or nore of
oxygen gas at an -10- ultimate degree of vacuumof 1 x
10'6 Pa or less. Incidentally, the upper limt of the
oxygen gas pressure during the exposure to oxygen is
preferably 5 x 10"2 Pa or |l essl0though t he exposure
nay be perforned under the atnospheric pressure. The

@g‘g&lc ung der layer 3 ig in a structure containing
mﬁu'yntﬂfsleﬂ 197 [Pgyor lespe rincigpetally, the gppertlimit of the

' rb Sn O at %:ﬂ?hly n* mﬁregé%@gét{ é&gfs%%of 17 39902 Pa or less

stthmshﬁle etmm'mquh& petﬁt)rmﬂdmﬂart(he apmespherddpressupe.t h e
range g@lS to 40 at% If the caontent falls shaqrt o;
at% t gtic Ypder layes d 18 inp Sryctire roniaining at least a Cr-Mn-

C Hasdd f &g&qp
ani sotr yﬁyéwﬁz]\gygg?y, %ﬂgr %%ﬁtbé&?rég&t %refeé%bly in the range
atofl tCh§0 @t razguiring a bodgmdnterem chlnmﬂt:umyre BCCattiuotui€) and more

gy b rifige o580 B 1 the chygtont i ahps o i, the shortage
C@Wﬂt Bl & bhﬁﬁnﬁ)ﬂb%hﬂi@&ﬁ&saéﬁ'&% of %‘ﬂﬁinclﬁgﬁn anisotropy.

Incorporate , etc SO as to enlag
t H'éOIWQISFch -4 th@ﬂ@ttmttexmeds 60 at%, thio-overage wilk r¢suit in im»ermg the ratio

Ieat t1ce coﬁ%ﬁecﬁdcgﬁgﬁ%t% F%'?}h'é"lsvﬁ %I?l Oyaﬁf)‘ﬁﬂgahgf fl}’e purpose of

| niddingeth ahe lattivecohstand of hmer@beseHaMRf 5331%5' OY&S measure to

- 15 advant ageous. The addition of proves favorab

15

f ABGATP oV tThofte.coras de Gﬂlﬂ'ﬂ‘i’g}he mrpermwt @Ethe Cr-Ma-based -
Cra}lﬁg%& caffle ?t&'en&: t% cr(&agota teh. en ftice congtan of the

magnetic recording ne eSO
t e aloyvin Itlmsn@hmdgm;tc Iimanediitetlhﬁrn@ Bﬁﬁ@h&tﬂa@n&tkﬂtﬁ&r 5 proves

oriveastbps) Thaaudites of Borrpue okorehls fom b resupo of fleciunin
el O (el s ugﬁ&ﬁg tthffSN?{‘ g Wg? orce  ¥¢ etlc recording

magneti c properti es, e Cco
eﬂ%ﬂ%ﬂ@; and enhanC|ng t he recording and reprodu0|ng

Byt al T sy BoRion B B rte Spr B, 1338 e cobimagnetic

20
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30

| amdér Rydr® prfertl ttﬁ@ tlﬁ@(l%ﬂfa%&'a‘.i aYfteRrential Bice 3f bfientation. Asa
madetomdlcate 0) nore strongly. 25

| Kesulie His Fhaice bmssSﬂhg reffect pfenhancing the: magusticaproperties, such as the

B A L —

Sedh & thel SR, forrexamples betange tﬁ&c@ﬁtﬁbbﬂéntit&ﬁﬁof theeCo alloy of the
hexa onalﬂs%?t em sucsti]eas of qﬂg&rg@&ggg&;@m Codiate (110)
" i:ﬁorb%trgﬁéljy.ned as | = -(h + k).

Incidentally, the sign “” in the indication of the crystal face represents the
abbreviated form of the Miller Bravais index expressiﬁg 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']).

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
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In the abbreviated form this part "i" is expressed as
(hk1l). 30 The nonmagnetic under layer 3 is preferably
adapted to acquire a stacked structure which at | east
conprises a Cr-M-based alloy |ayer and a Cr- M- based
alloy -11- layer formed thereon. A Cr-Ti-based all oy

| ayer, a Cr-Whbased alloy layer or a Cr-V- based all oy
| ayer may take the place of tH&- Cr Mb- based al | oy

| ayer |nthe stacked structure. is preferable to

f.orm at st one la er sel dfro
émﬁemﬂg 85 A (6 Tebeind. ey dayes: 4 Eyw Z’Q%d alloy Jayer or a Cr-V-
RAS6 I ot

“8&{ ﬁﬁ@? glngytgk@)qfe{)glal ayf%%gmengﬁege%nlhagnetﬁhg stacked
Lsﬁmeturéayer 3 and the nonrragnetl c |nterrred| ate | ayer
4 for anC|n t he stat tch|n . e
of th ¥ lggst oR lwaﬁféa%f figm tHe group Consisting of
'tﬂB er'ﬁg'lﬁkq é]ﬁ%el%?ér Andct-iabagf 189 155R8NMEICr-Whsased alloy layer

res S 1 nproved natchlng brings the

eﬁﬂeth:e Gf-\ébmdcalluy lalyer betweegnthei ronsmagpetic under dayep 3 and the

?s t he coerﬁl ve’1 8 @Xﬁ ﬂggﬁﬁ{?pégf?% %ﬂ%ﬁ%ﬁ{e@atg@matcms

f SFthe liﬁiﬂ?:' cOnstARCET4AE nbitRagrietiv %itén‘maﬁate lﬁy%f # @nd ¢Hat bitthe magnetic

Co alloy of the nonmagnetic internediate |ayer 4
tlnwer PragAsta cesulty dus smpmwddmawhtnsebmmnﬁﬂgn%ﬁr qfnﬁﬂl.ﬂncms the

g%&i?%t?f-“ﬂ gr%l%ﬁh {fsdﬂ% Gert foroefhe nonrrggh%a enhancing the

| RecerdifR hitd Qeprofeding! pmuesﬂ giichhag dhé SNIS ﬁ»ardmmplearlieyause the
restrlcted it is preferably a Co all oy which, has, Co d th
arm nﬁmtaw@%ﬂaq@o oY cof DA SSm AR HTORIALS ayer 4 and the

| ; T 11°0
pfe erab @con%ts"ﬂgﬁ%%n@rr%@r sg’ltng%’f% o %&mﬁﬁg@gﬁg&(l )

cmbgd sttongly. of  Co- Or - based al | oy, Co Cr- Ta- based

1 oy, Ru- Iy b 20
gndoéoTh?ug ths;gaé%? |tpg:§; ¥%foret;gg ag:‘aﬁg A grjxatgﬁayer 4 does
Cem%ea%% parliQarly r&UiQREd, S is pféf&aay £ Q0! Aok which has Co as a

preferably i'n the range of 25 to 45 at% fromthe

vinginp obmponght and raamwgatmsam clpre-packed: stegtuge (HCP structure).

pﬁvMo?@%g ' nC| n-ge%ﬁ(wi é‘hﬁ'ﬁ& %@%nslshng of

oCol(ebagad NlolyC Cd-@?—qraﬁbaﬁal rmdy uiDo-ThRuthaiak laﬁeja, G:b Cr-Zr-based

t he nonmagnetlc intermediate |layer 4 is ref
I ﬁ“‘ﬂh@dr‘éﬁé-‘é-lﬁf baged:allay, éorrqzmmp SnVheR the é%Eg 2 selected,

gﬁ ?ﬁ Fm?erfiﬁl& inStHe! r of 1B ?f %?'ﬁ%} RobPERB alewpomt of
nagne al foy er conS| |ng of Ru or having R
ath’anbhgntlﬂOSmRnelThe cuiditiom of Brpooves i favadablel from ﬂnvyﬁlﬁWpomt of
h‘s tﬁstttf%lcgkxl'e%gement 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.
Tt 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

alioy 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
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results in enhancing the coercive force. The magnetic
layer 5 is preferably made of a material which
constitutes a Co 30 alloy having as a main conmponent
thereof Co possessing a lattice fully satisfactorily
mat ching with the (100) face, for exanple, of the
nonmagnetic internmedi ate layer 4 -12- lying directly
bel ow and assumes an HCP strudZore. It preferably
cont ai ns any one nenber sel ected fromthe group

Ons‘d?ﬁp‘gtqb £ % - Ta- baa;ﬁQPCo Cr-Pt- bgrﬁerably Contains any one

el B YR b s of S%a”@n% a-thfld, €5-€RPEbased, Co-
demPtefa-based, Go-mrd?tdi-&lal-basedlaﬂm@o-l(}rdgd?rﬁu lﬂhsed)amiysafdr/euample‘
d t t 18 % .
the vilbufil 0oft then BB BHES ey, 147 il g O fpgatent i
@referably mBan &t & 928 faf% aﬁd%ﬂ@b?coﬂt&ﬁ ifthe R OF 8115 18 at%

preferably in the range o to 28 at% the Pt cContent

&Pmﬂwﬂmg@nbﬂfmﬂmsmm the B content in the

o ol 16 qoke B8 45 (e CPorehfaat SRS o BrnsRCH CF content is

qirbﬁthblyf i theﬁzigélcﬁ‘ 8 1128 1% Ch8 PE Rbnteft ml&h@iﬁfg&@fﬁ tion 8 at% and
t he range of 8 to 25 at% the Pt content in_the range

dhe B Mbm@ B to e?Qm%rﬁom ﬁhq‘ne“m@n’g@f enancing
at % angl thgl%astea 1? qahr-'ﬂ-ﬂ ’I 0 %ﬁnﬁ)l@t%fc;:oéﬁntent is

t he viewpoin ncing t
tprefefiblyCin-the ﬂB:g@lmf I3ete 26 atdsl the, Ptfcontemmrthé eangt o€ 8@o 18 at%, the B

content is 15 prefer range,of 8 to at
tqvetqntmc@ﬁtrmae ferio’ag, y@{] @Pqﬁl%e%%ma!hﬁa&ﬂaaréﬁ 10 4% from
"&G{P to 20 at/q and the Cu
conten |ntﬁ&aﬁlgﬁge o? to 8 at% from the viewpoint
of enHarthe wgset GRAMSNE-Tht-HrCoktrsst alidy, tfhwe exemple;t the Cr content is
0S$S€es no robI m Vi i nt of o
EerRLy Py ihe renke b 0 g8 Ay e Spnient 8555 fingf of 8 10 18 1%, e B

| Gonieme frethe Rhnge BT IR 20 athLad the T M%thelrﬂngﬂ &8 @ 8 ai% from
the request for high recording density. If this-*

tthe viemwoint of eshansingdhe§NR: he overage will result in

atne TIPSO ShEaBRLIC U 6 S pAITE o Bl the viewpoin of

hermal ifi@hmtivh Sbdohey it BCIO dmngr fiofe. Tefrprefecibby 30 nm or less,
ﬁmv?q%b&?w PEtheagaesh s e rorrPE deitio 10 THggnage excoeds
20 i, ool 080 B TN, ) B pil s of e
bnagmde layfer aﬁngndoprevemmm:bmqlam ﬁomaacqumgmtlafgctpnerecordmg and
reproducing properties. The magnetic layer 5 may be formed in a multllayer 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
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si mpl e substances of carbon, SiC and SI N, for exanple,
and the materials having such sinple substances as
mai n conponents thereof. The thickness of the
protective layer is preferably in the range of | to
10 nm fromthe vi ewpoi nt of decreasing the magnetic 30
spaci ng when the nmagnetic recording nediumis used in
the state of high recording -dBnsity and ensuring
durability. The magnetic spacing refers to the

di stance between -13- the read-wite deV|ce of the

n&dcwritea devige of theraagnetic hesdepnd thehmagnetic layer 5.  The

CHIBGHIAMBRAE BN Rty Pls Bifiahied $o GNGEG b the magnetic
| spacihgnisnhsrowedie Dicidentillyy ethe ptetect 0 Jayer Ué(ﬁﬁtr&tes a factor for

facfor f w deni ng, the magneti ¢ spaci ng because it
m@m@ e o en s e st devis o

rﬁgqﬂ% Hﬁgp?&n 4G layer 5. The protective
| ayer e&gg%l%on g%erl aid by a lubricating
| ayer '\Ihe ptotectsreﬂqremédnay baoptiomailyrowvetiaiddy 4 lubricstirg lager which

ﬁﬁeﬁé_geaugg?eauggg_ uoro% ;%%{qgi;g f or exa%ﬁmfggglyether for

t Biagngl@vention, 10 when the index of the magneti c
ani sotropy of the resi dual amount of magnetization .
(am)unifh@fmwm dayler agfiche rmgnetic rarmotch@ medlum of this invention,

U AR b S5 e o oo
a?mme bereaitudl thaBnélizatios h theircBRFTbRshl tdﬁ‘e@tf&#érh&lﬂt R residual

effect, of enhancing the magnetic properties, such,
t Magnetization i theoradial ditgetiondain]l: or asare tand peeferably éfS or more, is

%Hc}% as&?t?}'&% %ﬁﬁgoﬁgﬂ?{@g{\%%%%&f$&%“ gﬁtth as the

i aurréive foroe)\for @ianiple, aindnid effécd of entanTing theTll‘woﬂdﬂﬁ@ndQ'éproducmg

t he net| C ani sgtropy can _be measured us
s&fﬁﬁﬂ@ i %}F‘&Ptgw ﬁ@%éhﬁebaéf PR IAHINGRAYS @s)ngf anigolpted inversion

n%ﬂ’t |dgﬁéxg%9}ﬁof gg%gr iy gfl ey A@%ﬁ%gg%’q#gmesmemed using a

nmqﬂgnihrﬁtinmhgtetmaeﬂ(S\Mubstrate formed of a
1 oy Yo, S exginple 6E i e oF peoBids e iiai e By i avetion

f RiMBslde¥criBedBélgWInet i ¢ nonnetal lic rrat eri al
consi sting of anorphous glass or a stallized

gl ass, Asr angnmggnet@ rapbstadte J;, aosubamptol ungds ofip | ionmaghetic metal

e B B 5 S0BY B S8 B Bl st

gfomad afch Abnrahgrivtio asinnetallie lﬁtéﬁtﬂ GUnSisANgiof ABlcephod glass or a

the c ys&al lized gl ass, lithi um based
glass, or a single crystal Si or a polycrystalline Si is used. In the case of

| the amorphous glass, general-purpose soda lime glass, alhuminoborosilicate 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.



crystallized gl ass may be used. Anong ot her gl asses
enuner at ed above, the anorphous gl ass whi ch possesses
uniformsolid state properties including hardness is
used particularly advantageously because it is capable
of subjecting a given first surface to honpbgeneous
texture processing. 30 The avergge surface roughness
Ra of the nonnagnetic substrate | is 2 nmor |ess and
preferably I rimor less. -14- The m nute wave (Wa) of

" the firFhe mdtamvemp eﬁ‘%@ﬁfsy sficel 15 rﬁra’erabgse 3(1iRof less (more

pr ef er abl 25 nmor less). For the sake of

stfﬁ'ﬁfel"’rttlif/ 3@# nm or {gsply HEorghe sake ofithe etabrélty nﬁﬂ@ ﬂlght ofithe magnetlc

sur af:e rg%%ﬁ'%agss J}gtﬁ gﬂﬁﬁnﬂgﬁlﬁ% pre rsg]l%@?)g&.’

nnofdi0 nreos Jess (preferdbly 9 Grmb ot tess)fmtetthetodraﬁilﬂsﬁdle ehadfered part and

Watgﬁﬁtﬂﬁi Iatetrbél (ﬁaeﬁtaﬁ?of the ,end face EcargnLhrgjte ined as the

.asurgace rou eﬁ@?ﬁég&%ﬁ&% éL%m@am“e

K.neughness teshePslaa(mweﬁm KIEMrBencerKflede of the

e oescRLie A 3 Blf ik B8 S5rbfe el o o e

. 75Rufing pAsUe I Bcds tﬁ&‘éﬁ:l a bitedkof! iﬁnéak dehsity W 7500 ple'Ebﬁmm or more

10

frrst surface of a %ass substrate, for éxanple,

t e@&w s syriage  The dstsariaen pha sinss sehsirate, By axainple, is textured in

OSSR BT} 19, b ERRSF PG g Tl Wrlve g
" rapdfoan freel atiresiveirgraips (vcoasiemlly sefeﬂed tto horfmechanical texturing

' "texture, st reak .havin linear density of 7500
pi FIRERSF i % a dpictiecstieale hpviag Arlinear dentiy OET500 Pigges/mm or .

15

Prf6RSén tife ﬁ'HﬂJ QiFRiRE e drhef M? Nb8ess By uﬁ?leﬁfeﬁ&?' Rk &ample, by

abrasive tape against the first 'surface o
supessing an mptasivectape egrinsicthe ﬁmswfmg oftthe substrage dillr fast contact,

T, BV, Wins” e, PR gt 18 Yo HaREE ypteen the

20

s Ljobstraté endhthe abfaeiliengpe, d ﬂhitﬁ@ the sitinate did fedding th¥Rbrasive tape -

tinme, The rotatjon of tg)% substrate .may be _perforned

at?t 2he, same time .Tr‘hetrﬁ@twla StFRSQ Ray meqrm?ﬂ atgevelocity in the

' 3fHeV]
Tt 00t S i 0

t ak@etonﬁlﬂ wtmim {The fedmpeed)bf ﬂleEabrwvelﬂpe mmymemn theeange of 1.5 to

it e Bagile e EE o Gusbnisb b fifigiogjameter found

‘ mﬂsﬁl&% thefacammakaaﬁasu %qamw a3 BF &fédawwehgams contained in the

25

30

abrasive slurry may be'in the range of 0.05 t0 0.3 pm

Trabrasivessivey mayrltsaemethe range o@ .05 19c0.3 39 Fhe pressing fonge exerted on
r alﬂ@ S miy 52 ihinE Finde®of1 48 15%Wet Vo 8 131955 M°"Hhdsde Udiditions are

preferably 80 set as to ensure formation of a texture streak of a linear den51ty 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 t0 0.5 nm (1 to 5 A).
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
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25 preferably so set as to ensure formation of a
texture streak of a linear density of 7500 pieces/nmm
or nore (nore preferably 20000 pieces/nmor nore). The
aver age surface roughness Ra of the glass substrate |
whi ch has the texture streamforned on the first
surface thereof is in the range of 0.05to 1 nm (0.5
to 10 A) and preferably in thel¥ange of 0.1 to 0.5 nm
(1 to5 A). 30 The texturing process may be carried

out .in,the presence Qf ‘oscillation. The term, .
+ Yy the, qwgpmé’%emaaj dycegtion gf thefupgirate and at the sametime thaking the tape

o Heffdial el iR deind Rltsishe, e ol 5} i OHcRIafiBh ireterabiy
s irathie mangerof G0ap 200 swings/miadi al di recti on of the

substrate. The gcongdition for this oscillation i ] ..
pref er %,Wﬂwrpffmréf%tbaftwps proRses e mehad Whichconsists in
afymin® ' Bk aﬁghér?‘ifg Talp o
whi ch %)fgnsi stésjgti%f] 5 r%nﬁég&;de{ﬁgﬁg?ggg?lpéég&g av?’ggﬁ? can be
| upaskar Besides thy méthdd deoptingctostheymenhanicalctesture mentiomeddabove, the
Besi,d he nethod.resorting, to,the hani.cal texture .
S5 elitTotion, HReA bR ol e 1HeBBS YHIGH Json Aehoary erind
0 kR0 8 Sand the mEiodashivk tRbris fflase? ppocebdifd arelavailitldl

stone, and the nethod which resorts to | aser -
pr oces Asriyway of frming g film, the axdipany sputtearginethod may by used. The

ttemm
t . dj Wi t.er i) h y : e
c S5peHicH 07 s SRUCHEE 1 T3 RO, SR BB, T haciBes to bo used
efarthé €ormbkion i évidasted €illike degee of wicubimarehchesallévedin the range of
evaguated til| the degree of vacuum reaches a level in

t A8 tadge By Thengnmagnetic subgiraterl chayingnd igrdurestreak formed on the
S Ps lshfthée &&&?g@&g}e&%ﬁ&%s cﬁ&exgﬁwdoﬂaggﬁ C%«l r%*eafspgﬁgﬁug gas is

first surface there is fetched Into t
t idrotiucerbimtatheachambert adi disphareed ithereinrto effectehel formation bfa film by

e PR  Sonheh p5  Bab PR 20 k.
barhe i thicknieSs tobé eRpecheidanObe Qbﬁﬁleﬂ%yzatguktwgbthzhﬁuation of the
: _

filmthickness to be expected can be obtai ned
adiseharge and the powensupplieds the di scharge and the power

i Cont af i . . -
ndor 105 FValC i SiRiond A féneiflnlly \dBol BIE 8" 6ld fh magneric
e dyen e da Ybeh estiano€] byehemtingehe cidmnapnbtid rsbbstrate 1TheThe heating
heatin 20 tenperature of the nonmagnetic substrate 1 o

i eé?%afea?ﬁ e panmpgnetis sulstigte § tpreferehly @ the gaaget 100 to 400°C.

-~ h ) g4 | ; . C
of et i Mool RGP BEIHIAY oo FHEF AS 1B il adjusing film
nbasibepndoimed ubst rate 1, the orientation adjusting

layer %)nl t?xefn%%gnebt% 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



10

15

20

25

30

the sputtering technique using a sputtering target
which is made of the material of the 25 orientation
adjusting layer 2. As the sputtering target, it is
favorable to use the layer of at |east one alloy
selected fromthe group consisting of a Co-Wbased

all oy, a Co- Mo-based all oy, a Co-Ta-based alloy, a
Co- Nb- based alloy, a N -Ta-basé@-alloy, a N - Nb-based
all oy, a Fe-Wbased all oy, a Fe-M-based alloy and a

Nb-based al Ir¥g The ori ent ation adjusting |ayer
rr§§’ o ofrless. e the fotals camtprtqexneeds R0 4t%; ythe faverge ml result in

RIORTE R R

miimibef the tolal doneent s 81 a®ht Ehiheabtal leontedidfulls aheift0.1 at%, the

dhgr:f@?eéaglg@mafg%gz 5 thh Gers o disesdded Plemeds il ¢ | n B
i 3 e A, A s
i $0 G0mmt Uf the tmmeswoﬁthemummbnfadjdsung lﬁdmt fallé short of 1 nm, the

sopill {8l it e o Hﬁeglijelﬁctf e datst 3 ftom aoquiring
OlshifsThcbryOdtyidi Hﬁéﬂtﬁﬁbﬂ ﬂ@&e ?J: lf?]r'c@ tHihe thickness of

range of "1 "to 30 nm th| kness
orthe erisntation adjusting rﬁynf e:dcmdsam nms rthe tovafag& wilth resntite in inevitably

R@%’Eﬂa&gy g}e ?#gi?‘gﬁ‘lf t Ir’ﬁ\g/° ?t‘gmchge al Ceircumferential

OrdiretticH, | Morarpeletaasryaﬁﬂrrme pﬁ@os@sf Sﬂﬂéﬁcih rtﬁ@magﬁeﬁdﬂmsotmpy of
th| ckness of ~the orientdtion adjustin | m exXceeds

_ Sl inghe gircumiersntial directioythectbioknass of the orientation
d%ﬂuﬁﬂh ghﬁllwse Hﬁl”%’f% $§ 4Py of the magnetic film
in '{ e @ heren g‘;’ ) |

‘ Ircu rectron. More preferably for :
t he purdpissfavofabientvainterposet ttwssrgihet drieneation cideriyg ¢dyer 2 and the

t OO PRGRAHCSLHRE 1 a&%e@%ééé“ﬂ‘;n& 5 45 craimple; iR components
t hRerbSH e R garpbge 0P eftBincinf the aﬁﬁeépfeabése Tﬁbdgﬂttﬁé RR3gal for the

between the orrentation adfustin ayer 2 an
n dnterpgeet lagetsdﬂys nobtneed o he Ipax;tmulat‘lyt\restgctﬁ, BnGr, @rCr—Txabased alloy,

ob e Mok i@ RRST Theed ok it prefins seplipld g material

t e coRfeft BPﬁﬁcﬁeéﬁdeéleiﬂé}ﬁfin Piftise ARGY syfs@e&ﬁsﬁﬂéfefﬁw 1 th¥é range of

restricted, Ti, , a C-Ti-based alloy, a
cl0te76at%d al | oy and a Or-Ta-based alloy are

Pre cedb i SARIRURRLE o Bl 'y FfciPE BRiabon a sep of

prespesisghihg first supface afhe opfentaibn i&uﬁi@gﬁyéﬁ?{thé briérftation adjusting
c ndabl e to |ncoré)orate in the nethod of ductj on
JOAn almospaeteqok REYSAN, siThe grpasue 3 nr%ra y performed in an

J uggﬁﬂﬁfg%nf’a?ﬁlﬂi 5118 1P3d mdre OF BEyg¥n a8 Fhi Gfnospheric 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. Otherwise, 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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film to an atnosphere of oxygen. The exposure is

preferably perfornmed in an atnosphere containing 5

x104 Pa or nore of oxygen gas. The at nospheric gas for

the 25 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 exanple, the

produced orientation adjustinifZ/§ilmis preferably

exposed to the anbient atnosphere or the atnosphere of
oxygen after it has _been wi thdrawn fromthe chanber.

oP agly. adﬂﬂgamnm dhobvaaes thernecessity dap o compliosted step of

o BB el Bolf B 550 S8 o bty bl formation

i nfdns fitm ¢ ba‘mmplememeﬂbwﬁhncﬂ aontiduousFieries effibh |ﬁmn§tim including
t hod mhlch xecutes the exposure in the chanber

p tmation o Pflpememhyua Y Fomndthe magnetic layer 5. In this case,

rermw ng 1:1%8 ﬂ#@f&ﬁ%ﬁr e %é‘ggﬁﬁéh&tﬁfé ?3”&&011 gas when the

c oltimate degrey oﬁnmuhaﬂstlbé Fawrriessi 0t regdrds thiesuppet limitofike oxygen

E%w‘ BHESBH CHEnG dhe goursn o €8 RiRaskAs ot the\RxYBgh gweh fhe exposure
2%3‘ YR untlep Btb &ﬁgﬁﬂg&% : fe2ife’ o :@geﬂ Be? ﬁl’e%u?@ﬁ%referably 5

at nosphere pre ont al ns
m‘5r18 e asigsgen gas V\/nen the ultimate degree of vacuum

. S0 o 50 R 5L D50 RS o i

t tayeh® oPayERIdturk %@H@ﬁnﬁé@t REAGSCOF-Rn-bEéd RBloFRSARr is formed by the

underthe at m)spherl C pressure the oxygen gas "pressure

§Pytesing ragthgd.c The Mar content i the dir-Minthased elloy i preferably in the

EBEAR 6 ik 8 OB & S, The o

abasedaliby tayer mish-add M6 Wl Voaad| By ekSmple] fﬁi“ﬂh&p‘m’bb& of adding to
ﬁ]utterlng nmet hod. The ‘M) .content of the Cr-Inh-based

ttice constant, Jbes, the, a‘lkhéon P&Hg@déﬂ iseffestine inyrefining crystals and

P A o Sl L, U s of o

ermgpétic, reCandingmeediumpose of add| ng to 15 the lattice

oS e ticERkss bf Fac maR ner Ipker b it Breterhin i b, range of
VSWR0I 5 Am O Tf S ditknBd dfhe 1§ﬁ§n§ﬁ E?i]ess Offifnli‘ Ealls short of 0.5 nm,

magnetl c recordi ng medi um
thenshigriage Efﬂn!memlt llna;revelmngshp nemaugnﬂtry undet layer 3rfen acquiring

t t hi ss of th |
%‘fﬂdgi A 9tAP ofifepicn AndEode b e coRteiVe fordd, o e frickhess of the
Wotientatisi laljuistingd ke Rkédeds tlfsenﬁgnﬂmag@ﬁmg‘e wm%mllﬁuﬁreventuany
3 froma &gl ring suffjcient crystal orjentation and

henagaicc ppisotrenyc of the mpagnetiei fikmeins thy cingamferential
du'ectlon.

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 nonmagnpetic 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,



orientation adjusting filmexceeds 15 nm the overage
wll result in eventually degrading the magnetic

ani sotropy of the nmagnetic filmin the circunferenti al
direction. 25 It is advantageous to form between the
nonmagneti ¢ under |ayer 3 and the nonmagnetic
internmedi ate | ayer 4 at | east one | ayer selected from
the group consisting of a Cr~Nb~based alloy |ayer, a
Cr-Ti-based alloy |ayer, a C-Wbased alloy |ayer and

"a Cr-V-based allo yer for the purpose of ,enhancin

t f‘e‘amfee i%S?P“éF rtr%lagﬁﬁ ke Gp aflay in the nonmagngtic traﬁwledxa%e layer 4
b . i i r i . .

e ndeRuiD YRS A6iet bRl Bheic GHEE el 8o bifest crysal
ebfientstiof merenstromglyy(1410). magneti c properties, such as

the .coercive force, for exanple, and enhanging. the )
recor d?\f@f &ﬁﬁ pARAZReLG engaYSNF'e', rﬂnagzeenoﬁ’r@g%g}eemﬂma@wc
b a”ﬁﬂ. |+ 20, j nat. ' .
i%ermd#%%@gﬁgig?o%%aﬁgmtaﬂg &glﬁestl C |§yer 5 fﬂgr %sputtenng
otargét Sormeshefythet natetialdfor al ropenagseticoCowmllof dayer hayimgalo as a main
.orientation, nore strondl 11.0),. After,t . '
EARBREE  ThE R Smastegie et Naér 4 pisably gontains any one alloy
N glemed 'ﬁ'bitpthefﬁgbﬁﬁ E6r¥Rting of al COLEY-bisddSalloy! B €D-Cr-Ta-based alloy, a
simlarly by the sputtering nethod using a sputtering

{ GpgarRaesdkrlley, & ko-Fuebhs aloy snd AHHEEREbResdaloy. When the
a [ . .

R BRIV Bihotdd, 83 T Bl s BBABG o Bies of 25 10 45 ats

%gmgmg \dévgml?tl aﬁbﬁahacggfct}h@_erREeFmEMﬂmmaitmi ofB of effective in
- - pase all. oy, a - - la-pase all oy, . a .,
crfininggrysalsend sdvapagegueony the vieymaues ot enByncingthg SNR property

3 S BRIl ol THE Aok O 10 el itprmedito
2layen4 dbpreférablyfin tio tdnge of 6\fpoi hhmdfomarthe niswpgirt fof enhancing the

S Further, the addition of Bis effective in
rériming crystals and advantageous fromthe vi ewpoi nt

of enhaig ERGrdtle 1offrmRy iidotetiCdlldy 18y FRRRRIRE either exclusively or -
recording medium The thickness of "t he nonmagnetic
i A% emattcamponentgnthenonmagneticdCaplloy layen he range of

SR 1 AL T, kRt BB IR 5, Bty Riped ipe magneric
URlyed5 Ravigg althickfselof S teelyniRis forfned sifildtiyCHienpifteritiy method
t he nonmagnetic Co all% | ayer. After the nonmagnetic

i RYIBE AsEiering tagget madp oF thecpterial ofithe magnetilgpient 3.c The sputtering
| e BDRARRE HRSESHT 8 sk ot B consig o
S QotCrePt-Inged, aColr-PrEBdagdd, tCeCrPt-B-Tabaseti ddde CovCrrPi-BaCu-based
| ﬂ({?yrs. 5].n ’tl-1|-¢iq gasg% ti:ltlee(rJio-E](E'Jr-Ptt-bawed 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 6f 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 enbancing 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



dvant ageously contai ns any one all oy sel ected
group consisting of Co-Cr-Pt-based,

- B-based, Co-Cr-Pt-B-Ta-based and

-B-Cu-based alloys. In the case of the
-based all oy, for exanple, it is advantageous
to fi the & content in the range of 8 to 28 at % and
the Pt content in the range of-18-to 18 25 at% fromthe
Vi evvpoi nt of enhancing the SNR In the case of the

ad E?t %&Eﬁ gaastséggﬁtﬁ? %ér—éﬂ@%%@ﬁ' %ﬁiﬁm fm mb df isgudvantageous
L ong 8 o Cr oo e A Ue § B 34 v, OBy Bluti's? e yfide 875 10 18

Iﬁ%(ﬂm@@nmuh therrange ofl § t6 D@ afSblEnd thie Cb eortestdn eHe rahige of 1 to 8

arget a
omthe
Cr-Pt
Cr-Pt
Cr-Pt

et
t
Co -
Co- Cr -
Co- Cr -
X

8

Ta- b d I'lo | t
'aﬁg?#ﬁﬂégﬁg'%wafﬁ?f%n& éﬁé@ﬁ:{arﬁ ?heI raln;e of 8

to 25 arfs ﬂﬁ@ukﬁ?oﬂhe%ﬁ%&?an P §rd 9f10 Q}rg]ﬁore from the

at% the B content Iint of 1 at0
t Hdewpoigbef termal fluchationn giis cpﬂ'efm'ably 310 nm%rfles:rmt\dnm of the request

¥ B it Yoot WARE) i Bipiness foeds, A il th Stecae will result in

aduevitablje addingt ¢ fthe driialCparticle! Bidineteat bPehs %ﬂ@eﬁ& @yer 5 and

~t0.,28 at/q, the Pt_content 1n the range of 8 tD

10 ¢

'at%8 truetingrthe eegeisition of tsnusfaqmgreregordmg and@peadugingpfoperties. The

| HsgniC RS ody bO ek B biehe? s, ol fatepial for this
Nesprueture miag be lobtained Wy @insbiaiag blldPs ?@p@ﬂy Balédted ﬁ'@ﬂi thb group of the

i's prefera y

Vi oi nt of thermal _fl uctuation. _
nrALSYS PR ¥e-oWhegcthe amlialayer weie@tqu éhertg:nmagnenc
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d
i e iy ? i f‘%’%‘*&i SRERa AR by AL I TR0y or a Co-
p aﬁlt-PterCldbmd tatloy of atGueCrmg-Belbased hm;geﬁ-oﬁl the &iewpoint of improving

arlié S eliene B divontine 8 fopsodisingganties.| Sjvopsritost laye is

meyteferblyp forRed dfaacmdrlptlmc%tba%&d ggé bEa er-ﬁb%dsé& alloy from

fo thls structure may be obtain y conbi ni ng
althe ydewpainte of \impeodng e.‘ue fSNRn prbpertyr mugh@fmdrdmgaandquaroducmg

e gﬁé d above. Wen the nultilayer structure is

3# dae t he nonmagnetic under layer 3 is preferably

over | alAiﬂei'l theqhhgndﬁ)t 1311505 Gas BEexBthi&iebbthﬁité&Ne(ﬁlnﬁ such as a
Cu-based a or a Co B- based al

f rPG%e?tH@ @%%ﬁpspmpnuaﬁﬂr@wm@mn@m fanmamplsp éy f(}mlﬁd by using
t
5y 0 i, 0 0, M CVC o o
rombingich theeeof dombiampler a Co- Cr- Pt - B-based al | oy

1™ gk SR ol B Sl o B B bty formec
gﬁg%glsﬁ%é ﬁlmmﬁe-hﬂﬁdklﬁﬁﬁbﬁﬁ”éﬁﬁﬁi as b&fﬂuefdyoﬁfeme\‘et fthd Bist 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.
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20 protective filmhaving carbon as a nmain conponent,
for exanple, is formed by using any of the known
nmet hods, such as the sputtering nmethod, the plasma CVC
nmet hod or the conbination thereof for exanple.
Further, on the protective film the lubricating film
may be optionally fornmed by applying a fluorine-based
| ubricant, such as perfl uoropef@ether, to the first
surface 25 of the protective filmin accordance with
the dlf met hod or the spin coat nmethod. The magnetic
m medi um of this |nvent|on i s enabl ed, by

Il?:lp?gdUCI %ﬁﬁﬁo&wnﬁgfoﬁ“r? yrs he@%ﬁgr ordl‘ﬂgs‘)ﬂ]undel’ the

mehidesarkt aestgnaﬁuﬁ fMBRLY §§dsCusel GR' # nBmaARHtic substrate The glass
reproduci.ng device of prom nent performance. -

E>§ meagreds D nin db Suipides diametess 20 mam mamsldwdtmrlﬁer and 0.635
aﬁ {hﬂkg gnder the tradenmark designation of
én S used a$ a nonmagnetic substrate. The gl ass
substrai‘hes ghas gulsytrab wae subj e&éﬂ&b@nﬁcﬁﬂéﬂﬂeﬁﬁﬂnﬂ‘ﬁwé&s The
i nsi e d| ter and, 0, 635 mmin plate thickness.
TP almﬂ&%xtﬂm dEeeess (wasaasnfeliows. cafhe sturry used

{
B o S A1 LT i s o i
cdrapaviseeat diratenofdS(imlasinvfer @ sscosdspridm® theRfit of the prdcess. A

B A e . e v
AfddatiD3RBd bAPS ufi “ﬂe ok r@ﬁhb‘fa‘i%um? & aRE w %80 rpm. The

abr asi ve tape. The abrasive tape at a spee
oflisgswasrvibtated atrreraterofil 20 swings/minu dﬂne)prmmwed onhstape was

SR BRIy, B8 5edB0i Brdlhotat B e ol dRmmgioo o
kpfoduted §labh subbate vas esstddnith %atlmmmqn&& B¢ Digitl Mstrument

the first surface of the produced gl ass substrate was

i fold apderrthe trademark denignayion ofi TAIM) nther glassriubstrate was

t &R
1?3!@?“99%‘29%9 B igfBhnchy Ra S B3R ped PERRBIAEKARe Heak baving »
alinearglensityugfi 29666 pRedinnd. 3 nm and contain a texture

st reak, havi nqg a lineagr den |t{qof 29000 ,pi eces/ mMm
Th| s s ya[sh epedh aad aﬂéledjrapédthﬁhoﬁet in a DC

ppuERin bitnBdi deogTRMOS), ARUNARIDrAtAAGH Ger T8 Soldunder he

thQﬂ&th C@dﬁdef 6C30EB'().10Aﬁer ﬂiet devitdh hadi@eemevhaﬂtddeﬁlh the ultimate

e ey uatedtlll

25

30

vacuum reat:fedJ ﬁt | f?" Torr (2.7 x 107 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

€e O

thickness of 1 nm.

Thereafter, the substrate was heated to 250°C. Afier this heating, it was
exposed to oxygen at 0.05 Pa for 5 seconds. As a nonmagnetic under layer, 2 Cr-Mn
alloy (Cr: 70 at%, Mn: 30 ai%) 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
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. the eval uati on

degree of vacuumreached 2 x 107 Torr (2.7 x NO Pa),
an orientation adjusting film was deposited by using
a target forned of O at normal roomtenperature to a
t hi ckness of 1 nm and subsequently a Co-Wall oy (Co:
45 at% and W 55 at% was deposited by using a target
formed of the alloy at normal roomtenperature to a
25 thickness of 1 nm Thereaft2ks the substrate was
heated to 250C After this heati ng |t was exposed to

oi%gen OéoPa for 5 seconds. nonma neti C .
a -Er-BirB almggp (ﬁgrat%yg‘.ram@t"/ gbatg(@,%: 7 at%)to a

pﬁiﬁﬁgﬁmff ifﬂ@bmﬁg@&& AR Gl gc{egaafe Gh Hhickled? of 3 nm

ness of a non
| et the, maglﬁuc(llyew Thy A(rq‘messﬁi thli-i%g tBé)cdittSe dfthe féfnation of film was

dﬁ?ﬁﬁi L3 Fors WA bef oo lobplcasi fayer woe formed B, %&l%egalubncant
{ Brafe o berflubtopllyestsy 6 *ﬁgf‘ﬂ%%ﬁw ‘*’?3%“%%*%? .

at % Pﬂ‘hetbaﬁw the glidertestt Whs perfoamed fbyaisiress ghﬂe fiedten nmd Aixing the

protect. m car bon depqQsited in a thicknes )

el fijeht ofeR o The iSTsHe Jetarung JRedigm which
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opart @%h%a?ﬁﬁﬂgx%eto?ﬁaﬁaﬁ&ﬁ(@lﬁllz Gl_inA?ﬂt Wh@ﬁal CTItRﬂumse used for the
erti es u gste | ude reproducti on

sregﬁ&fas @&t’ﬁ wmrqcﬁaf efl hstvresn b l\éﬁ% m'% # Hsapensy gquyalent to

| BY$s S ﬁh&f‘ﬁ o@atteﬁ?ﬂi%enﬁl\ﬁ 833, 9 / PRk %ﬁ‘g{éﬁt in°the H8dium. The

cordi ng repro uci ng
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20 effect type magnetic property tester
El ectroni ¢ Engi neering K K
"ROL900") was used. For the

i ndex of nagnetic ani sotropy,

Hi t achi
t he product code of
measur enent of the
VSM (made by Ri ken Denshi sha K. K.

under the tradenmark designation of
results are shown in
Recordi ng and Nonmagnetic under
properties reproducing

es

Tabl e |-22}ow.

Japan,
" BHV- 35'

| ayer

and

(rmade by
and sol d under

a
sol d

'). The test

-22- Table |
Magneti c
Coercive I ndex of Repro

First Iayer Second Iaver ford’abl&ril sotropy PWO0 SNR

ot 0/

Cgnpe Fhiekress wup Fhi-elress—atD6—
ﬁ/ nsgc dB “*E%“‘%Q%%P%W o7 é' 59 é, %IL; )
Cr - 5M 32 948 . . 4
» C= AUNDLJQZU LS4 T 73 ATt 80ekcive OTndik o' LR
Cr-20Nb TFrifPfager 1. 42 Second isfer] 5| fhice O
Cr E20 1| Atomp. Prickfesd .| Comp, Thickdesslp 18- L © O - fOVh 5
Cr-2 t% 4240 #mQ&t%. 69 4nih6| 3d8. 0 7 C - 6PN 5 nsec  dB
Cr-p S0M0l0 5 47 1. NenedZ1 [I467¢ S Ui 38U &IFZE £0 172
Cr -2 ON 060 5. G&rdoMd 4. 18/ 0L 9 (B2 3PVBe Vif22 174
Cr -20145-10MA030 51 [49200Md 1 41 2(39%0. 8 10547 | B3 4g 101 arrs
-PONtCr20MI830 5. GLr20M8 4. 10] 408008 11163 - P&WN- 2\ 517.9
DOMECrBOMI 20 B, {CrPOMO 4. 16j 41800 121.0x PEI#- 5Ms 518.1
o ©OouCrd0Mno0 § 5Cr20MF 4 15(42800 CobfR ‘FX69 M.16r 18.0
paNh__ 4 QabfMn0g@¢ | Cr20Mo71 X DIBlA6, 7 24T | 562y -42AD\VDI7I |
3adh | Cr30NnSR 4§ ALr96Mo 31 (r4080\h .5 L8 2 1 4183018.1
dh | CrP0Mn28i 5 |€r20Mo 1 | 4030 149|171 420 178
10 | Ct-30Mn-2Ta 5 | Cr-20Mo 1 | 4030 .53 [1.73 419 178
11 | Cr-28Mn-2Mo 5 | Cr-20Mo 1 | 4120 L70 | 179 416 180
12 Cr-25Mn-5Mo 5 | Cr-20Mo 1 {4120 1.55 167 415 180
| Comp. '
Ex
1 Cr-20Mo 6 None 4280 124 171 420 167
2 Cr 3 | Cr-20Mo 1 ]3990 1.17 1.64 429 169
3 Cr-80Mn 5 | Cr-20Mo 1 | 2480 1.06 141 440 153

Examples 2 to 12;

The relevant treatments were performed by following the procedure of
Example 1 while changing the compositimi 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 gingle 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
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Exanples 2 to 12: The relevant treatnments were

perfornmed by follow ng the procedure of 5 Exanple 1

whi | e changi ng the conposition of the nonnmagnetic

under |l ayer to various conpositions shown in Table 1.
Conparative Exanples 1 to 3: The relevant treatnents

were perforned by follow ng the procedure of 10

Exanpl e I whil e changi ng the-2baposition of the

nonmagneti ¢ under |ayer to various conpositions shown

in Table 1. The results of the tests for nmagnetic .
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ani sqtr,o and recordi ng and reproduci ng properties
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B st e iEne BoretiHl bl dafeioblo YK b Eramples

OuRd 156iHddGibeve fornmed of a C layer and a Cr-M all oy

| ayer. Conparative Exanple 3 covers the case of usi

a Cr - NBhug, [the magpetic mesordigg megiumont &rs 1ayendignhag, an ottentation

T, . Y d indi f ' j . .
ok By 8 1BRBE ol e, RORMRRY imtermetiste layer, »
axﬂdgﬂeﬁé g?f& th @ 1%%2&#6 1|a9&' dequ?itiallijza Is;ewicetfJI en 'gmonmaglgetic substrate
t hose arn In a es . o Cl JeJe)VAS) T
ThrQ¥1ded 08 the, vefacedbgioat Wih fdidin Sreak AR reon ¢ Agnetic disc

3R AR 119 tho 38t 15kt nbBEneti? WHARIRGRP boftains ot least a
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25
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ayer, a nonmagnetic Internediate |ayer, o
layer formed of a Cr-Mn-based alloy. Owing to this specific structure, it is enabled to

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 whiéh 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.



magnetic | ayer and a protective |ayer 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 the fact
that the nonmagnetic under | ayep4contains at |east a
20 layer fornmed of a Cr-Mi-based alloy. OMng to this
specific structure, it is enabled to nanifest strong
magneti ¢ ani sotropy having the circunferenti al
direction as an axis of easy(raggsti zation and
enhance the characteristic properties of the magnetic
recordi ng medium This invention, therefore, is
capabl e of producing a magpetic .recordin [

medi um N
whikth is sui tAbmasagic Fﬁ@ﬁ%@b@dmlﬁgcoa@@?%ﬂﬂﬁemamﬂ adjusting
.I ndllziiérr 5ﬂlz)m‘ﬁ %&étﬁ%‘dlfﬂ LaYer, @‘hﬁlg %ﬂlﬁ RtekEdiRfeasRRL a magnetic layer
i nvent ! on, nmagneti c recordi n an repr oduci ng _
devingdea pmtcmhve $ayeo spperdalbf stadked rmgm@rimagneti@ slchsngte provided on a

ned. above and a_magneti ead
e OGRS BT ROBCIRETT APl B0 1 AES R diseo wherein the
r eCH hkdn 3 Jéﬁﬂg %{?e{a BahbRsestah FéaEt%ﬁ?éF R8madef an alloy selected from
r epr oduci ng of gnetic signal in magnet i c

r ectbe growp cmanstm Df:)CbéNéfaB@bal&YSJ ﬁoﬁﬁgﬁa@d@how G-t a-based alloys,
t d t g
TR RR R S RROAP s RSt 8B b s o, Fe-

adJ MotHaRE alléyselind Be-Nbbaed allbds bh{tﬂ%eirea‘y e néhmagnetic under layer
nonnagnetlc internedi ate | ayer netic | ayer

ma and
a phastactackod stlr'egt@rne coBpIISRE; a1 Mnsba&eié'é%hyg Having an Mn content in
no §.e..or [
B
di salloyvagsrand pr‘BEssc@ taghétic maﬁ)tﬁb@y hating@nlaaisarf easy magnetization in
conprises_ at st .a |l .ayer, forned of an all oy sel ected
fro?r?lr‘f"]%fe’@ﬁ“%]ﬁ??f‘ﬁﬂg‘i‘ therso§ of Co- Wbased al | oys,
Co- Mb- based al | oys, Co-Ta-based alloys, Co-Nb-based
all oys, N -Ta-based alloys, N -Nb-based all oys,
Fe-3¥ based al Aowsgnefie remdimgsraeﬂlaml apyerdargjtol:elamb-lbaé@cﬂm the Cr-

allo erein the nonmag tlc un has

ot alikenroed i comen AR POPGE St oo oty BRlp dpnsisting of
havpﬁﬁgﬁn¢§@j¢pntent in the range of 10 to 60 at% and

a -based all oy |ayer forned on the Cr-M-based

al oy layer and possesses magnetic ani sotropy having

an axi s of eagy_nagneti zat.i | e a .
di rection t hefeBpemeyc rﬁ“ﬂé‘é‘% eIPed’}um ac%orgﬁﬁr:gg{o Elgﬂﬁ 15 lwher'em the Cr

IC recor

accomdbhaed ﬁl%)ﬁl's%ﬂﬁieﬂowmnnmmﬁog- Mh- based al | oy
contai ns one or nore elenents selected fromthe group

consi sting of
4, A magnetic recording medium according to any one of claims 1 to 3,

wherein the nonmagnetic under layer contains an element B.

5. A magnetic recording medium according to any one of claims 1 to 4,
wherein the magnetic anisotropy in an amount of residual magnetization has an index
of 1.3 or more that is an amount of residual magnetization in a circumferential

direction divided by an amount of residual magnetization in a radial direction.



Mo, W V and Ti. 3. A magnetic recording nmedi um

according to claiml1l, wherein the Cr- WMh-based all oy

is formed of a Cr-Mh-M alloy. 4. A magnetic recording

medi um according to any one of clains | to 3, wherein

t he nonmagneti c under | ayer contains an elenent B. 5.

A magnetic recordi ng nedi um according to any one of

claims | to 4, wherein the magnetic anisotropy in an

anmount of residual magnetization has an index of 1.3

or ¢ror e Ahadgnietic adtodiDg Riediim bedirditigho BRgomd b élhinen] ton5, wherein
a circunferential direction divided by an anmount of

r estha nanmagnstie spbsiplcs 19rmed of amozphoys glass OroAysiphzegglass.
magneti ¢ recordi ng nmedi um according to any one of

claims 1 to 5 wherein the nonmagnetic substrate is

f orfred oA magnepbowsrdihgsrdom acopsdiag ito amydong abdaimé. 1 & 5, wherein
magneti c recording nedi.um accor di to any one,of .

ol A BoRmegnesic Sybliale 1y T8 41 R EoPiel S RoN Y Si

formed of a single crystal Si or a polycrystal Si. 8.

A magnetic recordi ng nedi um according to any one of .
cl af.ns 1Atmagnetioresorling medbm asqonding &0 prsarnoaf elpigns 1 to 7, wherein

MONIRIBGHC (Pb Y s Bhadiafc THARBL fordhd GodifRid disc has a linear

MagRakitE of BSUOsidédagnRA inkire.according to any one of
claims 1 to 3, wherein the nonmagnetic internediate
| ayer is fornmed of at |east one |ayer of alloy

selgct ed . . isti -C - :
o150 AL RESRALRAAT bl gl PO SRR 1 3. wheran
Co-the néhmhagseid iatdmigdiardlate- iSrfofthedoasd adlecait! ige. lafdr. ofAnlloy selected
magnet it%er ecor di ng medi um accor dj nﬁ to_an

ne o
cl alrer theigsoup copistivgrol €A rrhasemalieri€o- t"g‘flﬁ’éa‘; allgy, Co-Cr-Ru-
| a Tt %) ng of a
| o e ORR R 2r BA0 My B0 LE R MRRPARS. S G oup
consi sting of Co-Cr-based alloy, Co-Cr- Ta-based

al | oy, -Cr-Ry- based allqy, Co-Cr-Zr-based alloy a .
o Q. e Autc BPGYnE FFlm HOrOInE (RATDPTEEL SR 1o O wherein
forme %oﬁﬂﬁ?&%@i@-int%ﬁned%at@qgfé?ﬁalbéée%%?grs@jck‘&i SR consisting of a layer

accordi ng any one of clainms 1 10, wherein the
magefettileast apealloyoseledtersfromehe granpresnsisting sf Set(achased alloy, Co-Cr-

f h i St f - G- Pt b | | oy,
o bR AR CRREIR LR ey R RIS, hRY co-crprbased
Co- MoyRind B-laylr o R%A Rl ARy faiflediBedebn Pt - B- Cu- based

alloy. 12. A magnetic recordi ng nedi um according to
any one of clains 1 to 11, wherein

11. A magnetic recording medium according to any one of claims 1 to 10, 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.

12. A magnetic recording medium according to any one of claims 1 to 11, wherein
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 first surface of the orientation adjusting |ayer
has undergone a treatnent for exposure to an anbi ent
gas containing 5 x 10"4 Pa or nore of oxygen gas. 26
13. A magnetic recording and reproduci ng device
conprising the magnetic recordiesg nmedi um according to
any one of clains 1 to 12 and a magnetic head for
enabling information to be recorded in and reproduced
fromthe magnetic recording nedium
13. A magnetic recording and reproducing device comprising the magnetic

recording medium according to any one of claims 1 to 12 and a magnetic head for

enabling information to be recorded in and reproduced from the magnetic recording

medium.



