12 June 2006 1 MAGNETI C RECORDI NG MEDI UM Background of the$nyahsgggn: This
invention relates to a magnetic recording nmediumfor carrying out _
i nformation recordi ng and reproduci ng operations and, in particular, to a
magneti c di sk used in a nmagnetic recording/reproduci ng apparatus such as a
HDD (Hard Disk Drive). A magnetic recq;ding medi um used in a magnetic
recordi ng/ reproduci ng apparatus such-as a HDD (Hard Disk Drive) is
increased in coercive force in order to neet the recent denmand for a

hi gher recording density. On the other hand, in order to achieve a higher
recording density, the decrease in nmedium noise is indispensable. In the
past, the decrease in nediumnoise is achieved by reducing M - t (the
product of residual nagnetization and filmthickness) or by inproving a

filmstructure or a fil mymtRETRE @Cbﬁlmﬂ-ﬂ@:ﬂlﬂﬁﬁ ecording nedium with.
put™ cha

the help of uninterrupted inprovenent in out racteristics of a
magnetic head. It is noted here that M represents residual nagnetization
and t represents the thickness of a magnetic |layer. The reduction in M t
is extrenely effective in inproving RNV (read/wite) characteristics but
si mul t aneousl y_causes a problem of thermal decay. Generally, the decrease
in M - t is déackgfedndiof thednventipnt he t hi ckness t of the magnetic |ayer.

- The reduction thn thi ckness t brings about miniaturization of the grain size
.~ of the magneti ¢t fpEntion &elglesitp @ Magpetie cecasdingfmediemfod canyingics.

However ;.4\ : increase in recording density, miniaturized crystal
~ grains ﬁ%%%ﬁégse%éi@@gaa%@%q "?Q)PE%"’(“HB? aggs inj paréieilar o Aol d recor ded
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HDD (Hard Disk Drive).

A magpetic recording medium used in a magnetic recording/reproducing
apparatus such as a HDD (Hard Disk Drive) is increased in coercive force in
order to meet the recent demand for a higher recording density. On the other
hand, in order to achieve a higher recording density, the decrease in medium

‘noise is indispensable. In the past, the decrease in medium noise is achieved
by reducing Mr - t (the product of residual magnetization and film thickness) or by.
~ improving a film structure or a film material of the magnetic recording medium,
with the help of uninterrupted improvement in output characteristics of a
‘magnetic head.
it is noted here that Mr represents residual magnetization and t
_ represents the thickness of a magnetic layer.
The reduction in Mr - t is extremely effective in improving RAW
(read/write) characteristics but simultaneously causes a problem of thermal
| decay. Generally, the decrease in Mr - tis designed by reducing the thickness t
of the magnetic layer. The reduction in thi'ckness t brings about miniaturization
of the grain size of the magnetic layer, resuiting in reduction of the mediﬁm noise.

However, with the increase in recording density, miniaturized crystal grains no

longer have a coercive force (Hc) sufficient to hold recorded magnetization as a




recorded signal is attenuated, becomes remarkable. As a magypgiiLodggcor di ng
medi um capabl e of preventing the phenonenon (thermal decay) that the
recorded signal is attenuated and of obtaining a high coercive force,
attention is attracted to a magnetic recording nediumconprising a :
substrate having a texture fornmed on the substrate along a circunferential
direction thereof to thereby inprove nRgnetic anisotropy in the ‘
circunferential direction. Generally, the magnetic anisotropy is
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char act erregbided slgh#lgs HAEH i | |1y, excellent thermal decay
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magneti zation and filmthickness (M g cordi ng nedi um
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patent No. 4, 735,840. The magnetic recording nedi um conprises a substrate
with a ciobdifingrahighatoereive foroe f atterdibnois attrscted t6 bharggmatit okt | ayer, a
magneti c | a%er, a protective layer, and a |lubrication [|ayer successively
formed ofMEHENSEABPHHRGA suhsiralehadag nitgtare iesmeden the submsttateodioagaal unmi num
substrat ass_subst.rate, or. a, polycarbonate substrate having an NP
alloy fi ?FW‘%%@B@%W@@%’P L’?er?ﬂ‘{etod@eﬂﬁ%’ infro¥e Maginetic asissitraipydn ﬂm%si ty and
a |l.ower .hesmagneti & recaordi,ng nmedi um heconmes, nore and nore
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process aRHf | kLDt A ainst the redyction in cost. The
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Herein, the magnetic characteristic may be a coercive force (Hc) or the product
of residual magnetization and fitm thickness (Mr - t).

A magnetic recording medium having magnetic anisotropy is proposed,
for example, in United States patent No. 4,735,840. The magnetic recording
mgdium comprises a substrate with a circumferential texture formed on its
surface and an underlayer, a magnetic layer, a protective layer, and a lubrication
layer successively formed on the substrate. In this technique, use may be
made of an aluminum substrate, a glass substrate, or a polycarbonate substrate
having an NiP alloy film.

In recent years, the demand for a higher recording density aﬁd a lower
cost of the magnetic recording medium becomes more and more strict. The

‘substrate with the NiP alloy film requires a complicated process and is an
- inhibiting factor against the reduction in cost.
‘The glass substrate high in rigidity and flatness allows a low flying height
of a magnetic head. Therefore, the glass substrate recently attracts attention
as a substrate suitable for an increase in recording density. Therefore, it is

predicted that the glass substrate with a circumferential texture directly formed




3 onits surface without formng the NP alloy filmis desisgghe spaever, a
magneti c recordi ng medium provided with the circunferential texture
directly formed on the surface of the glass substrate has an oriented
ratio (OR) which hardly satisfies a desired |evel. Thus, such gl ass
substrate is insufficient to neet theJ,‘ recent demand for a higher recording
density. According to the research by the present inventors, the above-
mentioned oriented ratio (OR) is as snmall as about 1.03 when the

der| . i : . ' . . t he |ubri ’ ti |
e Y8 its sfact ARG forkibiine NS ROPBRE IS kitell Phiqifignfle ' UPr! eatton

. of . e . . . icular, it
e boor TRGhef MG mEyiLRFbloUiddd IR 180 drodratitdderatdiapadly oL ar |

coer Ci vefotaed o thersueralifehe ghid s ARAAORLS hAGrRM&IFADb (OF) Whithi cult to
be given a high orientéd ratio (OR) of, for exanple, 1.1 or nore. Summary

of the |mardiytsatisfies a desitcddeeslor Thar, shiteglase subxtaar!ie iitifakbimat s of the
present invention to provide a magnetic recordi ng nedium high in coercive

force, exeetiherecent demgndforca highewtreoqyingodéresityed rati o), and superior in
thermal decay resistance. It is another object of exanple enbodi nents of
‘the present i fye&ordipg te dhe prssardia by thegnesdnt inveritordi the atetieum havi ng
characteristics such as | ow nedi um noi se
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predet erm ned surface roughness so that said magnetrc [ayer 1s~given
ci r cunf enediuimehaving adiigic casichas forTpy (fob @ikEmiphs) Rl 2560 ebfited ofRdirgym f ur t her

is difficult to be given a high oriented ratio (OR) of, for example, 1.1 or more.

Summary of the Invention:

It is therefore an object of example embodiments of the present invention
to provide a magnetic recording medium high in cdercive force, excellent in
magnetic anisotropy (oriented ratio), and superior in thermal decay resistance.

It is another object of example embodiments of the present invention to
provide a magnetic recording medium having excellent recording/reproducing
characteristics such as low medium noise (high S/N ratio) in addition to the
above-mentioned characteristics.

In accordance with one aspect of the present invention, there is provided
a magnetic recording medium comprising a glass substrate having a principal
surface on which at least a magnetic layer is formed, wherein: said glass
substrate comprises an amorphous glass substrate, the principal surface of said
amorphous glass substrate being provided with a texture having a
predetermined surface roughness so that said magnetic layer is given
circumferential magnetic anisotropy; said magnetic recording medium further

comprising an AlIRu alloy layer of a B2 crystal structure formed between said




conprising an AlRu alloy layer of a B2 crystal structure fgs R ween
said 12 June 2006 4 anorphous gl ass substrate and said magnetic Tayer and
made of a material containing Al (alum nun) and Ru (rutheniunm; said
texture having a radial pitch equal,to 0.005-0.05 pm both inclusive, when
said glass substrate is made of said anorphous gl ass substrate; said
magneti c recordi ng nmedium having an oriented ratio (OR) of 1.1 or nore

when sai ' J: nor phou ass.,suhstrate and
when S%ﬁrﬂo%i@%éﬂ? ﬁéq%%;é ?gggg%t'ﬁégégﬂcgwgf gf'g rgqf%cggt%p@tegaji d oriented
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circunferenti al irection to said magnetic characteristic 1na radial

di r ect iestval &a §0Re B 1IN, kothiincitsive, svihen baidglass sulsstrte s mhadeof (He) . I n
accordance w th anot her aagt?ct of. the present jnventjon, there is provided
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said glass substrat’e conprises an ano ass sub e principal
sur f aceamarfphsas glassmubstrate ghdwhehzsd AR a6y RYeplsVfitHe BMryap texture

havi ng a Eqriedet_ernj ned surface roughness so that said magnetic |ayer is
‘gi ven SHUCEURT 83id prieatedhialindOR) heing definey as saiatio igrmeagreticecor di ng nedi um
further AR Al Il qy layer of .a B2 crystal structure forned
ot veortERIBrIE A Afuinyeterial fecivle Sia hasinginbRBstenstisjad and made of
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gl ass substr #nt accardande with arsxdihet supecpobihe [reasnt inudigmtitires@i d magnetic

recordin ge(gl umhaving an oriented ratio (OR) of 1.1 or nore when said
gl ass fog‘ﬁ 8% AdNAGNSlicH@crding mediymnopnyising h glassssuhstrate baving avhen sai d
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di r ect ighisstqubstratt EHOPASES af RMGIBhE4 §ibisE duBsRate, the principal surface
of said amorphous glass substrate being provided with a texture having a
predetermined surface roughness so that said magnetic layer is given
circumferential magnetic anisotropy; said magnetic recording medium further
comprising an AlRu alloy layer of a B2 crystal structure formed between said
| amorphous glass substrate and said magnetic layer and made of a material
containing Al (aluminum) and Ru (rutheniumy); said texture having a radial pitch
equal to 0.005-0.05 um, both inclusive, when said glass substrate is made of
said amorphous glass substrate; said magnetic recording medium having an

- oriented ratio (OR) of 1.1 or more when said glass substrate is made of said

amorphous glass substrate and when said AIRu alloy layer is of the B2 crystal
structure, said oriented ratio (OR) being defined as a ratio of a magnetic
characteristic in a circumferential direction to said magnetic characterfstic ina
radial direction, said magnetic characteristic being a product (Mrt) of residual
magnetization (Mr) and film thickness (t).




radi al direction, said nmagnetic characteristic being a prog gg %6(%)
residual nmagnetization (M) and filmthickness (t). 12 June '2) In the
exanpl e enbodi nents of the present invention, the AIRu alloy |[|ayer of the
magnetic recording nediumis made of, for exarrpl e, an AlRu alloy having a
62 crystal structure. Typically, the | oy has a conposition ratio of 50
at% Al and 50 at% Ru. The alloy has t | attice constant of 0.295 nmand is
therefore excellent in lattice matching with the under |ayer and in

mniaturizing function. In view of the lattice matchi the magneti c
layer, the Al kthg ex@mplesgmbesimants QthﬁﬁB'TeS%t:WVﬁ@t'q{l? tﬂ%&‘\i\h 12 June
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provided with the texture and the underlayer, the magnetic recording

medi um hatdendl and 50 aehtRu Thet alloy(IeR) thet lattice constant of 8295%nmi ad tsoer ci ve

force and excellent in thernmal deca i stance i s obt.ained., The AlRu
all oy |ay@remrefee<paw¢rgt I S B T P R S e Y

the thic f t ratio
(R s iaRe.f FEY oibelatets ﬁ%tﬁm? e g B e AR ) o
nedi um nehBecdrtaiha ﬁ;{éﬂargudh@s NB c;b,fa‘ncppjt to obtain. The above-mentioned
magneti c ani sotropy inducing |layer or the AIRu alloy |layer nust be forned
bet ween the gl ass substrate and the nmagnetic |ayer. Enbodi nents of the
present invention have an additional |ayer interposed between the glass
substrate and the magnetic ani sotropy inducing |ayer or the AlIRu alloy

| ayer or between the magnetic ani sotropy inducing |ayer or the AlRu




alloy layer and the magnetic layer. For exanple, a layer (fon,exsyple a

| ayer (such as a Cr alloy) having an anorphous structure) for suppressing
the influence of the surface condition of the glass substrate nay be
formed between the glass substrate and the magnetic ani sotropy inducing

| ayer or the AIRu alloy Ilayer. Hereing as the above-nentioned | ayer having
an anor phous structure, a C alloy |layer having an anorphous structure. is
suitable. For exanple, use my be made of a Cr-(Ti, Ni, Ta, Nb, or the

li ke, whé erderdo contrehtheddryStal ghdin st of th.AIRG 1BE, drl X&ditie %PeléFn%h?f mor e)
al l oy |l ayer havi 2\%, an anorphous structure or a substantially anorphous

st ruct ur 8UciBasR N, tihdeaBoCe amdrie omedbé eshiaireeddf  the gl ass substrate and
the magnetic anisotropy inducing layer or the AIRu alloy layer, the Cr
al | oy layer habydgmaingdhe apevesnentionadiARisalloydiayeobetaleancibetdlass magnet.i ¢

ani sotro f .the etic layer. In this respect, use is preferably 12
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chem cally strengthened gl ass subjecte Wt enperature 1on'e

Typi cal Imtio (BR)ds diffieuil tozststaigl. a3F theYhiBEnass SiaselaliooZithsHlonss 1Nt ai ni ng
lithiumdisilicate, quartz (a-quartz, (3-quartz), spinel”, ‘carasite,

enst at i teedign neise (bighc®MNiaio) fsediicult toribtaiar ystal . 1 n the exanpl e

enbodi ments, the anorphous gl ass substrate is preferable anong the
above- nent i onddeReve-mentionad sragritic anisotpdpyiadatiag sayer or the AIRu

alloy layer must be formed between the glass substrate and the magnetic layer. |

Embodiments of the present invention have an additional layer interposed
between the glass substrate and the magnetic anisotropy inducing layer or the
AlRu alloy layer or between the magnetic anisotropy inducing layer or the AlIRu
alloy layer and the magnetic layer. For example, a layer (for example, a layer
(such as a Cr alloy) having an amorphous structure) for suppressing the
‘influence of the surface condition of the glass substrate may be formed between

the glass substrate and the magnetic anisotropy inducing layer or the AlRu alloy
layer.

Herein, as the above-mentioned layer having an amorphous structure, a
Cr alloy layer having an amorphous structure is suitable. For example, use
may be made of a Cr-(Ti, Ni, Ta, Nb, or the like, where the content of T, Ni, Ta,
Nb, or the like is 30 at% or more) alloy layer having an amorphous structure or a
substantially amorphous structure. Between the above-mentioned texture of
the glass substrate and the magnetic anisotropy inducing layer or the AIRu alloy
fayer, the Cr alloy layer having an amorphous structure serves to enhance the

- magnetic anisotropy of the magnetic layer. - In this respect, use is preferably




substrate allows the above-nentioned texture to be successtyl d so
that a high oriented ratio (OR) can be obtai ned. The glasgggh%%%@%¥§ I n
the enmbodinents is preferably made of an alum nosilicate glass. The

alum nosilicate glass is adapted for chem cal strengthening and provi des a
high-rigidity glass substrate. In the exanpl e enbodi nrents, the shape and
the formng nmethod of the texture directly forned on a principal surface
of the glass substrate are not specifically restricted as far as the

magnet i ¢ ageof asCyiiatioy bhe GriNbealidyetianihg ah a@@nell Srragiget ropy. For
exanpl e, the shape of the texture rryg;i/ beg(a) concentritc,h’?%) helical, (c)

a cross texture,nl | | 0 es _havi the shape
of (a), (b), or I("cf?bﬁgq?pz?%%@ﬂ*%tﬁ’?@%ﬁt&p?e{ﬂﬁg@%%%&&@&ﬂ??the
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a tape tex of formng a recess (groove) by pressing an
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roughness and the radial pitch of the texture are™a dence

upon t held loy-tegnperaturetion esthanges ﬂ%idﬁ!ﬂ,ﬂﬁbi&yﬁﬁﬁﬁeépﬁs%gﬁ?/y pRgpetic

characteristics of the magnetic recording medium Prefera the surface
r oughnes§stallized glass eoetairing lithivee wisilicata gt @mﬁ@aﬁ,@qﬂﬁﬁ& Tépinefel ght
Rmax (measur ed bg an atonmic force nicroscope (AFM. The radial pitch of
the texttRRasHe, gletedte mylite.Qnassdie0teoas aanadinerystal. nore preferably, between

| In the example embodiments, the amorphous glass substrate is

preferable among the above-mentioned glass substrates. The amorphous glass

substrate allows the above-mentioned texture to be successfully formed so that a

high oriented ratio (OR) can be obtained. The glass substrate in the embodiments

is preferably made of an aluminosilicate glass. The aluminosilicate glass is

adap@_ed for chemical strengthening and provides a high-rigidity glass substrate.

In the example embodiments, the shape and the forming method of the
texture directly formed on a principal surface of the glass substrate are not
specifically restricted as far as the magnetic layer is given the circumferential
magnefic anisotropy. For example, the shape of the texture may be (a) concentric, (b)
helical, (c) a cross texture, (d) a discontinuous pattern of grooves having the
shape of (a), (b), or (¢) and islanded or intermittently disposed in the
circumferential direction.

In order to form the texture, use may be made of a tape texturing method
of forming a recess (groove) by pressing an abrasive tape wound around a
rotary member, such as a roller, against the principal surface of the glass

substrate while a slurry is supplied, a method of forming a recess (groove) by




0.005 and 0.05 pm This suppresses the crystal grain grovxﬁlf?i%etmsradi al
direction. If the radial pitch of the texture is substantia lJy regular with
respect to the crystal grain size of the nagnetic |ayer, the crystal grain
size in the disk plane can be rendered uniform Exanple enbodi ments of the
present invention may conprise a seed 8 | ayer and an underl ayer interposed
bet ween the gl ass substrate and the magnetic |ayer. The seed | ayer serves
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control the orientation of the maghetic or ‘exanp under | ayer
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mul tilayer structure of these materials. In particular, case ere the

magnet i dekiying methmtis péfenalfie-ih aprdontiieepicdiuctivg 8osBy be made of a

material such as CoCr, CoCrNb, CoCrB, CoCrTa, and CoCrPtTa having a hcp
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9 In the, exanpl e enbodjnents, the naterial and the thickness of the

magnet | deReRdencg upordhe diyingi ehagastelistic of thaimagneticrhead iaad thed t he
are_appropriately adjusted in dependence
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in a nonmagnetic film of SI§02, BN, ;B?)St e Pﬁsk‘é ) %Oggpﬁ%%l@gs@%tﬁeteﬁ'e
0.005 and 0.05 um. This suppresses the crystal grain growth in the radial '
direction. If the radial pitch of the texdure is substantially regular with respect to
the crystal grain size of the magnetic layer, the crystal grain size in the disk plane

can be rendered uniform.

Example embodiments of the presént invention may comprise a seed
layer and an underlayer interposed between the glass substrate and the magnetic
layer. The seed layer serves to control (miniaturize) the crystal grain size of the
underlayer. For example, the seed layer is made of NiAl, AICo, or the like having a
B2 crystal structure, or Cr-(Ti, Ni, Ta, Nb, or the like, where the content of Ti, Ni, Ta,

- Nb, or the like is 30 at% or more) having an amorphous structure or a substantially

amorphous structure.

| The underlayer sérves_ to control the orientation of the magnetic layer.
For example, the underlayer may be made of Cr or a Cr alioy (CrW, CrTa, CrV,
CrMo, or the like) or a multilayer structure of these materials. In particular, in
case where the magnetic layer is made of a Co-based material, use may be
made of a material such as CoCr, CoCrNb, CoCrB, CoCrTa, and CoCrPtTa

having a hcp structure same as the crystal structure of the magnetic layer.




magnetic | ayer preferably falls within a range between 50 %QUI?GO 06
angstrons, nore preferably, between 80 and 300 angstrons in Vview of the
decrease in Mt. In the exanple enbodi nents, the magnetic recordi ng nedi um
has a high coercive force of 2500 oersted or nore. The coercive force of
the magnetic recording nediumhas theegetical upper Iimt which does not
exceed the anisotropic magnetic field (Hk) of the magnetic material. To
achi eve a high coercive force in the magnetic recordi ng nedi um neans to
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Coer cf ve oy & Pl BB P SN, iRl e, S, CoRGHtaton, by T or m ng
(0 or ot o e amuuctn e IREH% CRRNS) (FeNabTBoEN, o e IRIcADTP R By ed 1o

1.1 or mbawingTsfucluhe inRBRAhSghEROb SN cel! enfidi,ragnetic
ani sotropy can be obt ai ned: Forgthe m‘%&si C h;gﬁefé’agh §§fq A gh -

coer ci vedispecsed inse noamalAeticalie opfSi(_IQ_;H @D PR2 ke TR TRE! tﬁickp@snsa%f%lgb ased
y

material, and a Fe-based nmaterial. e CoSm based materia CoSm or

‘CosnB. TREGBSHE laysipsefenably falls within DeargePbetweeht 53 an@8Bb @nfRtroflt O B,

CoPt Cr Ni '
more preferably, between 80 and 300 angstroms in view of the decrease in

Mr -t

In the example embodiments, the magnetic recording medium has a
| high coercive force of 2500 oersted or more. The coercive force of the magnetic:
recording medium has theoretical upper limit which does not exceed the
anisotropic magnetic field (Hk) of the magnetic material. To achieve
a high coercive force in the magnetic recording medium means to increase the
coercive force to the level of the anisotropic magnetic field. Therefore, in the
magnetic recording medium having a high coercive force, the difference from the
‘theoretical upper limitis small. Thus, a further increase in coercive force
| becomes difficult. Generally, in the magnetic recording medium ha\fing
magnetic anisotropy, the coercive force in the circumferential direction is
improved by the texture. In case where a higher coercive force is sought, it is
becomes difficuit to improve the oriented ratio (OR) because of the above-
mentioned reason. In the past, the magnetic recording medium having the
oriented ratio (OR) of 1.1 or more can not be obtained in case where the
magnetic recording medium has a coercive force of 2500 oersted (Oe) or more.

In this invention, by forming the AIRy alloy layer, a high coercive force of 2500




CoPt Cr TaB, or CoPt Cr TaNb. The Fe-based material may be Fe .
Anmong ot hers, the CoPt-based naterial is preferable in vi gl\?vgggﬁecgtﬁjrg:si on
resi stance. More particularly, a CoPtCrB alloy is preferable. By the use of
the CoPtCrB alloy, other characteristics.including the coercive force can
be kept excellent without increasing j§fpe thickness of the underlayer and,
therefore, wthout deteriorating the S/Nratio. Preferably, the
conposition of CoPtCrBis 10-30 at% Cr, 4-18 at% Pt, 0.5-15 at% B, and the

bal ance Goersigd () GXROR: 8al BRAUHHBREBWhiID thePbii Eﬁ‘ijat'fﬂdiﬁ&{saqr?ﬁ)r?& he

magnetic recording nediumfalls within a range between Wth

this strdetller modee (Themsytie trgaptic esécrtrRCRetfim BREAIAEIAREghLE: | oW
medi um noi se (high SIN ratio) is achieved so that the

recor di n@Hegreeamyectdainederi stics are excellent. The oritented ratio
(OR) can be contralled by adlj usting the surface roughness and the radial
pitch of the tdardhe magnetic layer achievingachkighfcoehevefass, wdsaydice, the
conposi tign an? t he deposi in(t:] condi tion (such as gas pressure) of he AlRu
alloy |d)29€otq 5 @%ﬁﬁ{e\m,a effieh 2 iratesigk andanbedmsed. Bri ef

recor df ndraslhl o TheCbREgsed Tiatenalntg keoapRaner GHSTHH < Tf’r{wgng?-gﬁft and
record vd | . | .

5.2 Uil LSR5y KRB coprgte SR eceorol v Lo

Pr ef e r eCIPRPRIBTRIH CoPRSITaNSeS Thiftd BRsu HatBﬁal’Fﬁ%f B%ffﬁW&FFtﬁb&oeci e

recordi ng nedium according to this invention rrnc

enbodi meAnwong Gthess, thetCsPipedinbeS 4] @p#é?e Atk inlvied dFRBAGLIH " ecor ding

medi um according to a first enbodinent of this invention conprises a glass
subst r at eeslstancevhi Merapaiidalarly, a CoPtCrB alloy is preferable. By the use of the

CoPtCrB alloy, other characteristics including the coercive force can be kept
excellent without increasing the thickness of the underlayer and, therefore,
without deteriorating the S/N ratio. Preferably, the composition of CoPtCrB is

10-30 at% Cr, 4-18 at% Pt, 0.5-15 at% B, and the balance Co.

In the example embodiments, the oriented raﬁo (OR) of the magnetic
recording medium falls within a range between 1.1 and 1.5. With this structure,
the thermal decay resistance is improved and the low medium noise (High S/N
ratio) is achieved so that the recording/reproducing characteristics are excellent.
The oritented ratio (OR) can be controiled by adjusting the surface roughness and
the radial pitch of the texture formed on the surface of the glass substrate, the

composition and the depositing condition (such as gas pressure) of he AlRu alloy

layer, the underlayer, and the magnetic layer, and so on.

Brief Description of the Drawing:
Fig. 1 shows a film structure of a magnetic recording medium according

to a first embediment of this invention; and

Fig. 2 shows a film structure of a magnetic recording medium according

to a second embodiment of this invention.




alloy layer 2 as a magnetic anisotropy inducing |ayer, an i eI r 3, a
magnetic |ayer 4, a protective layer 5, and a lubrication layer are
successively deposited and lamnated in this order. The gl ass substrate 1
is a disk substrate nade of an anorphous glass which is an alum nosilicate
gl ass chem cally strengthened. The gl ass substrate 1 is provided with a
nunber of concentric grooves fornmed i nld recording/reproducing area of the
surface of the substrate 1 and having a nmaxi mum hei ght (Rmax) of 5 nmand a
radi al pitch of 0 025 mgas red by an atomc force mcroscope). The AlRu
al loy |ayer 2 i £S3gHRleR obth : BRISI ng of 50 at% Al and 50 at%

‘Ru and having a st r ctur he AlRu all oy |ayer 2 .has the

t hi ckness of 25 gvné?%%%[ﬁko §?|°£@énagnmre§orcum madiemst ructure of a

CrWthlnééédm(r@atl 10Q. an and a CoCrPtTa thin

film (having a thlll)ct %’e@‘s’e’%w”z'é%%iﬁﬁ?ﬁf’eﬁf’esh GRRadimants hcp structure.

The CGrWthin fifFmitasbad osition ratio of 90 at% Cr and 10 at% W The
eposite

CWthin filmis y sputtering in a mxed gas atnosphere

contai ning 0. 75Refs@Bn@rsIFRY. 1 B ri4&fdticie Nl i zation of crystal
- grains. In the CoCrPtTa ti%rn fil n%%:{lr?e 88@@?@6%'%%8%@ %t ? Bid Ta are

- equal t o ersBodingntad this thvehBionicdmpiizds 2 G sib ty h'z netic
| ayer 4 c?nprl ses a CoPtCrB all oy F?hl n f%m Sha\éltlpén% L (\!ﬁk‘h n%gé of 150

angst r ons}loy fakercbas enmegoeticanisairopyPinduaing | @7 anemdatajér $h 12 June 2006
12 at% 12 at% 20 at% and 7 at% respectively. The protective |ayer 5

serves t O"PIRRLSIRYERS 7 PEItaEtiveaper §.andhadulmrication laye e are suct@ssivély of
hydr ogen eeds B BER FRAleA T s eBr hi ckness of 45 angstfoms. .

The glass substrate 1 is a disk substrate made of an amorphous glass

which is an aluminosilicate glass chemicalty strengthéned. The glass substrate
1is provided with a number of concentric grooves formed in a |
recording/reproducing érea of the surface of the substrate 1 and having a
maximum height (Rmax) of 5 nm and a radial pitch of 0.025 pm {measured by an
atomic force microscope).

The AlRu alloy layer 2 is made of an AIRu alloy consisting of 50 at% Al
and 50 at% Ru and having a B2 crystal structure. The AIRu alloy layer 2 has
the thickness of 250 angstroms.

The underlayer 3 has a laminated structure of a GrW thin film (having a
thickness of 100 angstroms) and a CoCrPtTa thin film (having a thickness of 25
angstroms) of a nonmagnetic hcp structure.  The CrW thin film has a
composition ratio of 90 at% Crand 10at% W. The CrW thin film is deposited by
sputtering in a mixed gas atmosphere containing 0.75% CO, and Ar in order to

promote miniaturization of crystal grains.
In the CoCrPtTa thin film, the contents of Co, Cr, Pt, and Ta are equal to
68 at%, 20 at%, 10 at%, and 2 at%, respectively.
- The magnetic layer 4 comprises a CoPtCrB alloy thin film (having a

- thickness of 150 angstroms). The contents of Co, Cr, Pt, and B are equal to 61




The lubrication |layer 6 conprises a liquid |ubricant of pe%%Ingg(#plyether
and - serves to buffer the contact with the magnetic head. é |%l? cation

| ayer 6 has a thickness of 8 angstrons. Next, description will be made of
a nmet hod of producing the magnetic recording medi um having the
above-nentioned structure. At first, each of opposite principal surfaces
of the glass substrate is subjected td2precision polishing- The gl ass
substrate is chemcally strengthened by | owtenperature ion exchange.
Thereafter, a_nunber of concentric grooves (having the maximum hei ght
(Rmax) oPt%. Adakte 20md%:, 280 ai%htrespeeth@25 m) are formed in an entire

regi on of the [FFncordHéﬂ/r roguci ng area of the glass substrate by the use
of a tape-type ‘' t'&:fd 6‘9;”8@& Seiees thrrevgpkdeteperatientalthegagpglie at us used

in this ' t.has a .spindle for fixedly supporting the glass
subst r at gﬁggg ﬁ&?&%’?&BBﬁffgwﬂgﬂ mﬁSPe{*? E@B@ﬂg?ﬁggé%?gé‘ﬁge\)@)’era%d a roller
wth at T | ass ubgtrate fixed to the spindle is
r ot at ed gﬁ@]pyﬁgggb asé@%{%%&g%bﬁg‘e@ﬁ}g@f'(}%%eg GKheys PﬁSLﬂB‘SFVB'a‘Sf romt he
slurry dreemibrLaEeRt ﬁg@ﬁ he: ' 4.nej f s of the
gl ass substrateagrgl%*éa}rgpgﬁngy t %]}gggggag%én'ﬁ%&p%tﬂr@%@%@eﬁﬁrlaﬁf Thus, the
concent r servgs dovaffepthe domasvitithbtRaghdichel. St RBASatn Iag&eﬁ ghgss
substrate. The roller with the tape wound therearound 1s rotated at a

pr edet er &ithickhesst aft8 angstpmas. so that a new surface of the tape is always
brought into contact with the glass substrate. At this tinme, by sw nging
the spindle, Mextdescriptionwili bermadeef aoakthgdariproduring the magrdtic Next , on
each of thegj)rig%ifci)al surfaces of the gl ass substrate, the AIRu all oy

| ayer 2, TQCREIRS figdigRpdiaving Kigmabavengenfienasl wirueiure.f iAtfirst, rechragneti c | ayer

4, 12 Jupe 2006 13.and the protective |ayer 5 caonprising the hydrogenated
carbon fTHRASEEPringpal éggﬁ?fe%bﬂ&?@pﬂﬁﬁ’st b gitate fesyljectsd ta peecisipe” opposed

sputt eri OaiAMRR" Fdylass substrate is chemically strengthened by low-temperature
ion exchange. Thereafter, a number of concentric grooves (having the
maximum height (Rmax) of 5 nm and the radial pitch of 0.025 pm) are formed in
an entire region of the recording/reproducing area of the glass substrate by the
use of a tape-type texturing apparatus.
The tape-type texturing apparatus used in this embodiment has a
‘spindle for fixedly supporting the glass substrate, a slurry dropping port for
feeding an abrasive, and a rolier with a tape wound therearound. The glass
substrate fixed to the spindle is rotated and the abrasive (diamond abrasive
grains) is supplied from the slurry dropping port to the tape. The opposite
principal surfaces‘ of the glass substrate are clamped by the tape wound around
the roller. Thus, the concentric grooves are formed on the principal surfaces of
the glass substrate. The roller with the tape wound therearound is rotated at a
predetermined rotation speed so that a new surface of the tape is always
brought into contact with the glass substrate. At this time, by swinging the
spindle, a cross texture or a helical groove can be formed.
Next, on each of the principal surfaces of the glass substrate, the AIRu

alloy layer 2, the underlayer 3 comprising the CrW thin film, the magnetic layer 4,




The underlayer 3 is deposited by sputtering in a mxed gas aymmsphgre of
Ar+C02. The protective layer 5 is deposited by sputtering in a mXxed gas

at nosphere of Ar+H2. The renmining |ayers are deposited by sputtering in an
i nacti ve gas atnosphere of Ar. Then, a perfluoro polyether lubricant is
applied on the protective layer 5 by dipping to formthe |ubrication |ayer
6. In the above-nentioned manner, tha3magnetic recording nediumis

obt ai ned. The nmagnetic recordi ng medi umthus obtai ned has the coercive
force (Hc) of 3500 Ce (oersted) in the circunferential direction, the
product cind ibeipatEictivertayes 5 caahpusing tite hydrogehatekinesbof Mmarg ) of 0. 38
menmu/ cn®, the coercive force squareness ratio (S*) of 0.79, the solitary
wave reprd§aessivly dappsited by thetisa obg statie, oppesediputtering waparatus.se wi dt h
(PW .of .4 nsec, the SINratio of 29,1 dB, the oriented ratio (OR) of
1.21 for ‘U‘E@éﬁ'ﬁdﬁoé I$ gepesiiedby spyigrinadnaaimied oy abnogphese of or the -
pr-oduct ' filmthickness, and the signal

f i dyal I Qn, d 2 |
out put a?’_fréph’ﬁgt i ?d?n'%%.ncggéi%r gpﬁﬁ’oﬁéeq R¥ SPHERHRY IR &Riyed €38 st ance. | n
i rect |y ABSRREERHAEH, 2B HGIide BIRE Sttty FhulienBS iei on ¢ he
; Y o . . ! . ; .
o5 f ot P . IO b g 1

force as ohithd praechrORYEE 5Ly digPing8 YoM thd fﬁ%ri&é‘ﬁdrﬂgdlye%?a}’n figSi stance is

excellent. For all of "'the recording/reproducing c acteristics including

-the sol i Baoyewerdiopedsaanvérdtie Bdheti¢ holdihg haédiam iBrubtaiiedsol itary wave
reproduction output (LF), excellent results are obtained. The coercive

force (Hc), théhpmeagraticobcorting nwdiumdgmet okt@ireshhanthd cdercive forckness (M -
t), the El_olercive force squareness ratio (S'), the solitary wave -
r epr oduc{ierPicir09UPe (egrsted)ra the cireumierertial drectien ihapmod NS residuag/ N

ratio, the oriented o (OR), d the thermal decay resistance are
measur edrqqgnpﬁéatﬁn glﬂfi]g!tn?gyékq%gs (?\Wr . ts of 0.38 memulcmg, the coercive force

squareness ratio (S*) of 0.79, the solitary wave reproduction output {LF) of 1.25

mV, the solitary wave pulse width (PW) of 12.4 nsec, the S/N ratio of 29.1 dB, the
oriented ratio (OR) of 1.21 for the coercive force, the oriented ratio (OR) of 1.28
for the product of residual magnetization and film thickness, and the signal
output attenuation of 0.08 -dB/decade as the thermal decay resistance.

In the existing technique, the magnetic recording medium with the
texture directly formed on the glass substrate has the oriented ratio (OR) on the
order of 1.03 as described above. [n this embodiment, the oriented ratio (OR)
is remarkably improved to 1.21 or more. In addition, the coercive force aé high
as 3500 Oe is achieved and the thermal decay resistance is excellent. For all
of the recording/reproducing characteristics including the solitary wave pulse‘
width (PW), the S/N ratio, and the solitary wave reproduction output (LF),
excellent resuits are obtained.

The coercive force (Hc), the product of residual magnetization and film
thickness (Mr - t), the coercive force squareness ratio (S*), the solitary wave
reproduction output (LF), the solitary wave pulse width (PW), the S/N ratio, the

oriented ratio (OR), and the thermal decay resistance are measured in the




followi ng manner. In other enbodiments, a conparative exanpd §unsHshsd
reference exanple, neasurenent is simlarly carried out. The coercive force
(Hc), the product of residual nmagnetization and film thickness (M t),
the coercive force squareness ratio (S'), and the oriented ratio (OR) are
nmeasured by the use of a VSM (Vi brating Sanpl e Magnetoneter). The coercive
force (Hc) is preferably as high as pdssible in order to inprove the
solitary wave pulse wwdth (PW and the thernmal decay resistance.
Specifically,. it is preferable that the coercive force (Hc) is not |ower

t han 2500/0tRwWingdranee) . InTtkerembedinents raeompamteeesampd,iand$*) is an

i ndex representing the in-plane orientation and magnetic isolation between
magnet i ¢ r&fed'?ﬂ%‘? EXRBINR i regagemeant is simdryly icarded oul at ed as descri bed above.

The solitary e reé)rodufctio utr%ut (LF) is nmeasured by a read wite
anal yzer (Guzi k)¢ ¥eICHE ggceo@ﬂgft RietivehRigesidue! waauetization and film |
h t er | I nt ai d, th lit duct.i tput (LF
s pr of or BRSSO S 1 bR Ripis S Br eSS P S GBY RORRRPAARE | on
t put of dedsi |} I i dt PW5O: hal f
\(/)\nudfﬁ 019 (gkis):‘:)aﬁieggry sr;égngl ev%%g?f%Wn§Wé%R@V6r€%nsﬁ Wﬂ%"‘f%he 'ng ?ranner.
2 L, | e SecrtnosoRlo iR i Bkl 44 HorElk MR PRIRELAEAUbIARIpE"ST, 2

solitary reproduction signa rac ai n & width

of a sol isblilayy wavefpuise aidthQPVDfarl Beakerahialy bBRIRHEPUSHSE wi t h
respect to ground (0). For gp?\‘?gh recorgi ng der¥sity,aq%%\%obpébig?ﬂyérably as

smal | as itg® peeforable Thatthesoeeteairca (OB ot lower thaA 60000 (Fersff)) Wi dt h

al | ows aT%reater, number of pulses (signals) to be witten in a sanme area.

On the ot!hErcagssive fercgrasmiaeenassi ratio ¢5*)WE@ indes esprasentirf thefieptame bet ween
adj acent Hul Sﬁé gi ghal s) .to ﬁ{épduce an error upon reading the signal. The
SI'N rati §'PRiafian addpagpelinisofation batween smagnetisrgraibszi Khe ofentadyratioi ¢ head

repr oductU) BEGTEUBRE b gBs5ir R Meel ght of 2onm The head has - o -
The solitary wave reproduction output (LF) is measured by a read write
analyzer (Guzik). As far as other electromagnetic conversion characteristics
are maintained, the solitary wave reproduction output (LF) is preferably as high
as possible in order to improve the reproduction output of a recorded signal.
The solitary wave pulse width (PW50: half width of a solitary signal
waveform) is measured in the following manner. By the read write analyzer
{Guzik) with an MR (magnetoresistive) head, a solitary reproduction signal is
extracted. PWS50 is obtained as the width of a solitary waveform at 50% of a
- peak value of the output signal with respect to ground (0). For a high recording
density, PW50 is preferably as srﬁall as possible. This is because a smaller
solitary wave pulse width allows a greater number of pulses (signals) to be
written in a same area. On the other hand, a greater value of PW50 causes an
interference between adjacent pulses (signals) to produce an error upon reading
the signal.
The S/N ratio is measured by the read write analyzer (Guzik). A
magnetic head used in the measurement is a head with a GMR (Giant Magnetic

Resistance) reproducing device having a flying height of 20nm. The head has




12 June 2006 15 a wite track width of 2.0 mand a read tras | gody of 0.5
gm At the recording density (520 kfci), a carrier signal r1s .recorded on
t he magnetic recording medium Thereafter, nedium noise fromthe DC
frequency region to the 1.2 x recording frequency region is nonitored by
the use of a spectrum analyzer. Then, the SINratio is cal cul ated.
Generally, the inprovenent of 0.5dB insS/N ratio contributes to the

i mprovenent of 2 Goit/inch2 in recording density. The thermal decay
resistance is evaluated in the following manner. |In order to accurately

eval uat e awrife traek sidihalf 2:0 panard basad teck widtheof 0. HphiTal AdBea¥ceidghe
magneti c recordi ng mediumw thout the influence of thermal-off-track (the

phenonendiensily K52Giicilt aerrrigr signalisiesordsd en theamagrsetiprErsrding crdian.
deviation_or offset of the nagnetic head with respect to the track on the
magnet i ¢ HEISALEmEESEET Meise Bem theRC ifiequegeaaregion tmthet 1.8 recopdiagar at i on
I s made c%f an MR head.vm'th.reé"i(g arhdﬁwrite devices having a wite track

wi dth at 'TEEENCY frgian & mositoredby NG W of aseesiuma@lyzers eThem the head/ di sk,
mechani sraj opgether wi.th the magnetic re di medi um obt ai ned
as nentiggr{é‘g'aggi%gélgmﬁt%cg tﬁgnﬁrgg&ﬂﬁ?é@p@’%ﬁﬂt%q%mg‘m\f‘ﬁ‘(’an

environ I ' erat.ure in.order .to expose the
head/ di rsTE:B hﬁkebé{%%#)s@]gp %{p g"l’Yﬁa'g%ﬁE"lé%gﬁﬁﬁ?'b 'EWWTQH% RNSfnen the interior
.of the envirommenhéimalddes Icbi; r : merature, a
read/wite circuit sfgnds ay\s{??l%gawgibg;%glqalt%%tﬂ@ t\ﬁ??@gﬁ{qﬁgiﬁe of  the MR head

to wite the simgorleritthoctiaeely sRaneté 6n!§(6tﬁ@rsi§jdégaﬁéﬁlhéﬂﬂn dueRAtRt el y after
the signal is witten, the signal witfen in the nagnetic recordi ng nmedi um

is read theroajdecaeof thadndgnetieramording méduineaithowtithé inffiuetichyft he

read/ wite circuit, and then nmeasured by a signal evaluating portion. The
si gnal etharmabofigraskrthepherepeden suchtiptitberdealexpanasion ofahtesadead si gnal  at
a predetermned tine interval. The si@?nal out put attenuation (-dB/decade)

neasur edSHYIPENROTHEMRES RSWatTeer offsat of thesmagaktiehead adthaiespeelio the

track on the magnetic recording medium, resulting in signal attenuation),
preparation is made of an MR head with read and write devices having a write
track width at least twice a read track width. The MR head is set in a head/disk
mechanism in a system together with the magnetic recording medium obtained
as mentioned above. Then, the head/disk mechanism is put into an
environmental tank controllable in temperature in order to expose the head/disk
mechanism to a high-temperature environment. When the interior of the
environmental tank is stabilized at a preselected temperature, a read/write circuit
sends a write signal to the write device of the MR head to write the signal into the
magnetic recording medium. 'Immediately after the signal is written, the signal
written in the magnetic recording medium is read through the read device of the
MR head, amplified by the read/write circuit, and then measured by a signal
evaluating portion. The signal evaiuating portion records an amplitude value of
the read signal at a predetermined time interval. The signal output attenuation
(-dB/decade) measured in the above-mentioned manner is evaluated as an item

representing the thermal decay resistance.




representing the thermal decay resistance. 12 June 2006 161@§uﬁ{§0@ondition
of the above-nentioned neasurenent, the environnental tank is kept at a
tenperature of 60 C and the recording density of the signal witten in the
magneti c recording nmediumis 100 kfcl. The magnetic head used in this
measurenent has the wite track width of 12.0 m the read track wi dth of
2.4 m the wite gap length of 0.35 miethe read gap length of 0.30 m and
the flying height of 20nmat a part of the read and the wite devices
Second Enbodi ment Referring to Fig_ 2, a magnetic recording nmedi um

accordi ng to a Arthermenddienoefi thermbavk-mbntoretvasssaementptheduced in the
manner simlar to the first enbodi nent except that a G alloy film 10
(havi ng t¢¥IoRMSNRE éanlols kepbat atgupemteie of 60AC and it recording densityeoff or
suppressi&gg the influence of the surface condition of the glass substrate
1 is depdSFSabyiien i thenpmonelic reepsdingdnediumisdi Qhkfch Rtheanagyeticayer 2.

The magngtic, recordi.ng nmedi um thus obtai ned has. the coercive force (Hc) of
3590 Oe ?fbeequlgseeaﬁn%Hs RASUrEEIGH g‘?“é ¢ Writgjtragiewidih of (IR0 prv thecieadt resi dual

force f QBRI AR e g G lpnater Lot um 4 a”éfécfig%eér%ﬁaé? Féﬁihéﬁt put
i o of 5o HTREnd e TR Ao ACFRR &t ARkl e fedd sRA EWBLT T or e,

the ori emdeitesatio (OR) of 1.22 for the product of residual magnetization
and filmthickness, and the signal output attenuation of 0.08 -dB/decade

as the thernmal Sgeomy Endsidimante. By forming the Cr alloy 10 of an anorphous
structure interposed between the glass substrate | and the AlRu all oy

| ayer- 2, it isRefrengleFip 2 aduagnetiheedondihg evediurafaddoeding ité agecendidi ti on
(such as a crystal structure) of the :

embodiment of this invention is produced in the manner similar to the first

embodiment except that a Cr alloy film 10 (having the thicknéss of 300

angstroms) of an amorphous structure for suppressing the influence of the

surface condition of the glass substrate 1 is deposited between the glass

substrate 1 and the AlRu alloy layer 2.

The magnetic recording medium thus obtained has the coercive force
(He) of 3590 Oe (cersted) in the circumferentia! direction, the product of residual
magnetization and film thickness (Mr - t) of 0.39 memu/cm?, the coercive force
squareness ratio (S*) of 0.78, the solitary wave reproduction output (LF) of 1.31
mV, the solitary wave pulse width (PW) of 12.5 nsec, the S/N ratio of 29.4 dB, the
oriented ratio (OR) of 1.19 for the coercive force, the oriented ratio (OR) of 1.22
for the product of residual magnetization and film thickness, and the signal
output attenuation of 0.08 -dB/decade as the thermal decay resistance.

By forming the Cr alloy 10 of an amorphous structure interposed
between the glass substrate 1 and the AIRu alloy layer 2, it is possible to reduce
the influence of the surface condition (such asa crystal structure) of the |
substra‘te and to prevent the influence of contaminants on the surface of the

substrate. As a result, the uniformity in crystal grain distribution in the AIRu

alloy fayer 2 is improved and the noise is decreased so that the S/N ratio is .




substrate and to prevent the influence of contam nants on qgglﬁy%é e of
the substrate. As a result, the uniformty in crystal grain distribution
inthe AIRu alloy layer 2 is inproved and the noise is decreased so that
the SSNratio is 12 June 2006 17 inproved by 0.3 dB as conpared with the
first enbodinment. Third and Fourth Enbodi nents Next, as a third

enbodi nent, a magnetic recording nmediamis produced by the use of a CTM
alloy (60 at% Cr and 40 at% Ti) as the O alloy layer of an anorphous
structure int eéﬁrgsed bet ween the gl ass substrate and the AlIRu alloy |ayer
i n the sdaopnavesnbyfidwdBtas dcamparedwittetheawsberhbudintergnbodi ment, a magnetic

recordi ng medium.is roduced by the use of a COrNo alloy (60 at% Cr and 40
at % Nb) as t he ldyird oufihppbedi tsanor phous structure interposed between
t he gl ass substEate and the AlRu alloy |layer. Except the above, each of

the magnetic r A5y eehogligept, pdpagpetic regerding mesivadeawduesddi nent .
As | t., th ' ' ' f_the third enbodi t h th
coerci ve necE G aoh 68 Sttt Aioh RLAS e AURORYPEST Al 1 oot i on.
th d ' tilzati d filmthi M, .t f 0.38
g ool o FASRE-EA YA IRADN: LoboL AL GHREHS b mrlai s o0
wave repj G m}gse&;t thD%re R&Hi@ieﬁf 1.26 nmV, the solitary wave pul se width

(PW of 12Z.4 nsec, ratio of 29.5 dB, the oriented ratio (OR) of

1.19 for the ceerthbMRole)bee fduith erfbbdiHef 4 g?:e(i%cd?&iné-rﬁﬁdiﬁﬂf ist he
product of residual nmagnetization and film thi'ckness,-and the signal

out put apreducedi nthefus?: 6fa CHRbAHEAEB0 aBkttraarid\e0 B NileRathe'@salRdyance. The
magneti c recordi ng medi um of the fourth enbodi nent has the coerci've force

(He) of &eooben@Eoeerpheus stroctuie interposet detwmeemthalgiass substratemd the
- AlRu alloy layer.

Except the above, each of the magnetic recording media is similar to
that of the second embodiment.

As a result, the magnetic recording medium of the third embodiment has
the coercive force (Hc) of 3580 Oe (oersted) in the circumferential direction, the
product of residual magnetization and film thickness (Mr - f) of 0.38 memu/cm?,
the coercive force squareness ratio (S*) of 0.79, the solitary wave reproduction
output (LF) of 1.26 mV, the solitary wave pulse width (PW) of 12.4 nsec, the S/N

| ratio of 29.5 dB, the oriented ratio (OR) of 1.19 for the coercive force, the
oriented ratio (OR) of 1.29 for the product of residual magnetization and film
thickness,-and the signal output attenuation of 0.05 —dB/decade_ as the thermal
decay resistance.

The magnetic recording medium of the fourth embodiment has the
coercive force (He) of 3420 Oe (oersted) in the circumferential direction, the
product of residual magnetization and film thickness (Mr - t) of 0.39 memu/cm?,
the coercive force squareness ratio (S*) of 0.79, the solitary wave reproduction

: ‘output (LF) of 1.29 mV, the solitary wave pulse width (PW) of 12.4 nsec, the S/IN
- ratio of 29.4 dB, the oriented ratio (OR) of 1.12 for the coercive force, the

oriented ratio (OR) of 1.22 for the product of residual magnetization and film




product of residual magnetization and filmthickness (M gﬁ J?ﬂe Do
menmu/ cn2, the coercive force squareness ratio (S*) of 0.79, the solitary
wave reproduction output (LF) of 1.29 nV, the solitary wave pul se wi dth
(PW of 12.4 nsec, the S/IN ratio of 29.4 dB, the oriented ratio (OR) of
1.12 for the coercive force, the oriented ratio (OR) of 1.22 for the
product of residual magnetization andl8ilm 12 June 2006 18 thickness, and

t he signal output attenuation of 0.07 -dB/decade as the thermal decay

resi stanﬁg.. Taki rég tne results of the first through the fourth enbodi nents
into condiFlfysk idp thesignal guipst sttepdatiomof 0.0 -8BMecade asdhe themiafpr oved by

form ng |1 ay, | ayer of an anorphous structure, such as a C all oy
| ayer, i%@?gfﬁﬂ%{anﬁét ween the glass substrate and the AIRu alloy layer. It

ci tect of i mpr dachg teaesBontie rudiipuBb be folombiobeeempnea. -
et fim _ ._ i R d
ranner s e Nt 1S Siae SIOTROREL e, S Rt i 0% KvPHveR LBl BPG ng o
thi cknesalley la}éP opgashictpRous sEuBLRDILH 44 4 bouliol R} HgctNcdy Ru al Loy

| ayer. The magnetic recordi ng nmedi urht obtain cive force

(Hc) -of BEfePetheasiass sWbstiate bAE tisé F\%ﬁ%ﬁéf%ﬁ' tlgis{ﬁ?%hggerﬁ%%@a duct of

residual rmagnetization and filmthickness , the

coer ci vebelwesn thedexiuemeand theAlRu 685y layker,Qhd bifebhef iIFRFb¥iag Yh i
reproduction output (LF) of 1.24 nV, the solitary wave pulse w tah (PW of
13. 1 nsedecayesistangecambeobkdnad.dB, the oriented ratio (OR) of 1.02 for

the coercive fqQrce, the oriented ratio (OR) of 1.04 for the product of
resi dual mgne@?@@@@wﬁaﬁﬁiﬂﬂ@m thickness, and the signal output
ottt et e R R
the first embodiment except that a Cr fim (having a thickness of 100 angstroms)
is prepared without forming the AlRu alioy layer.
The magnetic recordirig medium thus obtained has the coercive force
(Hc) of 3570 Oe (oersted) in the circumferential direction, the product éf residual
magnetization and film thickness (Mr - t) of 0.33 merﬁu/cm'ﬂ the coercive force
squareness ratio (5*)-of 0.77, the solitary wave reproduction output (LF) of 1.24
mV, the solitary wave pulse width (PW) of 13.1 nsec, the S/N ratio of 28.4 dB, the
oriented ratio (OR) of 1.02 for the coercive force, the oriented ratio (OR) of 1.04
for the product of residual magnetization and film thickness, and the signal
 output attenuation of 0.09 -dB/decade as the thermal decay resistance.
Thus, as compared with the above-mentioned embodiments, the
oriented ratio (OR) is as smalf as about 1.02. Although the coercive force is as
high as 3570 Oe (oersted), the recording/reproducing characteristics, such as
the solitary wave pulse width (PW) and the S/N ratio, and the thermal decay
resistance are deteriorated.
Reference Example

Next, a magnetic'recording medium is produced by the use of a

substrate without forming a number of concentric grooves on the surface of the




oriented ratio (OR) is as small as about 1.02. Although th | force
Is as high as 3570 Ce (oersted), the recordi ng/reproduci ngzg%%dée
characteristics, such as the solitary wave pulse width (PW and the S/ N
ratio, and the thermal decay resistance are deteriorated. Reference
Exanpl e Next, a magnetic recording nediumis produced by the use of a
substrate without form ng a nunber of ggncentric grooves on the surface of
the 12 June 2006 19 gl ass substrate. Instead, a NiP alloy layer is forned
on the glass substrate and a nunber of concentric grooves are formed on

the surf agl@ssfsubstratd. P lasteag, & NiRrallopyaydnes fiimedlorfthcafSsd ¥!E’l§‘stFaQ%5Hﬁi ng
npl e

apparatus. The magnetic recordi ng medium of the reference exa as a
film struBtiHebers NSERiGCArgpves arg foametlidn thklsuyfack @Y gie N allb\dRLEAY €r

including,a,GWthin filmand a CoCr thin film a CoCrPtB magnetic |ayer,
a hydr ogeR&E'?eed”%%Pterﬁaliﬁféitp@ct@m'nga@ma,rawﬁd Ahpenddnaticaepoidireg hedium
lubricatig Iegggrr successi }/elgg/ fg,r med on the glass substrate in this
order. The N-Pcalfoy” FAYBPIS ks 8l listure sopmrising a6d filmsan NiRiallayess of
800 angst I Nj.ne. | a are.sim/lar. in material, conposition,
and t h?i‘%kgg?ntuo @ hr%ggpilgfq 'u?iﬁp gm-tmﬂﬁ'fm&ﬁ’gcﬁ ERbSHhifdimsa GaCrRtBesul t
the ori ' ' rce is eqgyal tg 1.19 and the
or' ent ed Tap oy Eek Ay BlehoBTaS) Kok AT SR RaTHE and 111 m

-t hi cknesolgethgribritati ‘ é&g@%}' enhlsti .t he

rel:or di ﬁg??%eptr gguc{Ingtlc?:nh%?g{:tg-gﬁ stics g@%@ﬁfﬂfﬁ;ﬁ@%&%@@%@?w{}m first

enbodi merdrder. HAkMIR allay tayerisqbrinag by putaHRY Bd 1a3ta NcKHIES i 0g! the MR
head, a signal error is detected. The signal“error is a thermal asperity.

A por t i oRngREPESt hd hegegraahingrayers are simitat ih nABALY 26fpBYIERYaAENET Y

Dispersi\{e. é;ray ..t has been found out that a foreign matter of NNPis
present . tHif ﬁ‘ﬁg‘)ﬁéh%e pktherahong-meationed embudimenteent i on is not restricted

to As a result, the oriented ratio (OR) for the coercive force is equal to 1.19
and the oriented ratio (OR) for the product of residual magnetization and film
thickness is equal to 1.26. The magnetic characteristics and the
recording/reproducing characteristics are simitar to those in the first embodiment.

“However, in a recording/reproducing test by the use of the MR head, a signal
error is detected. The signal error is a thermal asperity. A portion where the
signal error occurred is analyzed by EDX (Energy Dispersive X-ray). Ithas
been found out that a foreign matter of NiP is present.

The magnetic recording medium of this invéntion is not restricted to
those in the foregoing embodiments. By adjusting the surface roughness and
the pitch of the texture formed on the surface of the glass substrate, the
composition and the depositing condition (such as a gas pressure) of the
underlayer and the magnetic layer, the oriented ratio (OR) can be improved to
1.1 or more, more preferably, between 1.1 and 1.5. By adjusting the oriented
ratio (OR) to the range between 1.1 and 1.5, a magnetic recording medium

_ having excellent recording/reproducing characteristics, such as low medium

noise (high S/N ratio), can be obtained.




those in the foregoi ng enbodi nents. By adjusting the surfaqutgr% ess and
the pitch of .the texture fornmed on the surface of the glass subsirate, the
conposition and the depositing condition (such as a gas pressure) of the
under |l ayer and the magnetic layer, the oriented ratio (OR) can be inproved
to 1.1 or nore, nore preferably, between 1.1 and 1.5. By adjusting the
oriented ratio (OR) to the range betwegn 1.1 and 1.5, a magnetic recording
medi um havi ng excel |l ent recordi ng/ reproduci ng characteristics, such as | ow
medi um noise (high SINratio), can be obtained. 12 June 2006 20 As

descri bed aboveAsalesoribéd gbtve, tducarding e thi®mvehtion St RAssPIetd Sbahiai n a
magnetic recording mediumhigh in coercive force, excellent in nagnetic

ani sot r opfagaetic seeudingrmediunhbigheh cdeziye foarse, shaalient ikwiddisticor e,

excel l ent recording/reproduci ng characteristics such as | ow nedi um noi se
(hi gh S/ NBRigeirepy. ansksuperige i beanal decayuresistanes. 2 FutthariBre, Excallergnet i ¢
recordi ng_nedi.um conprising a glass substrate having a principal surface
on whi ch rﬁcof‘aﬁéqre%mﬁﬂﬁﬁétq raggesliGssuchrarelow madiua noisedhighgbhbeatiohbst r at e
conpri ses hous gl ass substrate, the principal surface of said

anor phouscgpggg%é%ﬂgﬁr ate being provided with a texture having a
predeterm ned surface roughness so that said nagnetic |layer is given
circunferential magnetic anisotropy; said nmagnetic recordi ng nmedi um further
conprising an AIRu alloy layer of a B2 crystal structure forned between
sai d anorphous gl ass substrate and said nmagnetic |ayer and nmade of a
material containing Al (alum num and Ru (rutheniun);




said texture having a radial pitch equal to 0.005-0.05 pm, g% (?'tj%lusive,
when said glass substrate is nmade of said anorphous gl ass su ra sai d
magneti ¢ recordi ng medi um having an oriented ratio (OR) of 1.1 or nore
when said glass substrate is made oflsaid anorphous gl ass substrate and
when said AlRu alloy layer is of the B2 crystal structure, said oriented
ratio (@3% §e| ng defined as a ratio of a nagnetic characteristic in a

ci rcunt I direction to said nmagnetic characteristic in a radial
direction, said magnetic characteristic being a coercive force (Hc). 2. A
magnet i c r ecdr difEiagnetic recardisganedivm eoropesing 7 gites stibstrate dvawirigsi ng an

al 1oy |znpicipdl suifREHRAIA o 16t LithBghiClRBP RPpRRbUARerdf. 0 ol ass

substrate and said magnetic ani sotropy | nduCi ng ayer magneti c

recor ding medimass SLBLIE dongisi il amMiRSidbaseldhargashbe recor ding

nmedi um has_ a coerci ve or e cunferenti al

di r ect iREWRCIR pUGRCe ehsaid Anaprebpes gl@@@rswbﬁgateemlnmmwmql withqa a magnetic
- ani sot negyire haﬂuglar\s}euét@fmrﬁ@f S@fhRefOMRARCSSSE tl‘i’étas?a'ﬁ ﬂé@ﬁbﬁ@i Fepnd said

magneti.c | a ﬁ ¢ ﬂﬁ gagnetlc recording nmediu as anoriented
ratio (CR)VE fc'rfuT ‘3'?3” p@agng nispireRYied ratlo (OR) being defined as a

rati o of the nmpgnetic _characteristic (Hc) in a circunferential direction
to the magnefPE WREPEIE Eaosding newym further gamarisingiarediRualloydaver magnet i ¢

ani sot ioppyB2 Bﬁilstal Istrubmrélforhﬁ?émﬂet&@eﬁ s‘éildRﬁrrﬁerﬁdué @Dé@é suBstrdieBgneti c
I n, claim wher ei n sa neti c recording

recordin cl ai.me

medi umsﬁg’sngg%ﬁgf %\V\?éaf‘ﬂr"&%deo?fazﬁtﬂi rURInte W@@m'ﬂurﬁﬂ@ dRthe 2006 22

ci r cunf{rutleenium); direction thereof. 5. A magnetic recording nedi um as
claimed in claiml1, wherein said nagnetic recording nmedium has an oriented

ratio ( OR) beawet@ntu]:e haam@ dreflial ;ﬁl%h%cf?fal £0 ©B5LEDSE nt, Bdth Rdiigvalef | ned as
a rati 9vh%n sa1§ g[mé Ubsfrafe %rrﬁgé l’sald amorphous glass substrate;
said magnettc recording medium having an oriented ratio (OR) of 1.1 or

more when said glass substrate is made of said amorphous glass substrate and

when said AIRu alloy layer is of the B2 crystal structure, said oriented ratio (OR)

being defined as a ratio of a magnetic characteristic in a circumferential

direction to said magnetic characteristic in a radial direction, said magnetic

characteristic being a coercive force (Hc).

2. A magnetic recording medium as claimed in claim 1, further
comprising an alloy layer of an amorphous structure interposed between said
glass substrate and said magnetic anisotropy inducing layer.

3. A magnetic recording medium as claimed in claim 1, wherein:

said magnetic recording medium has a coercive force of 2500 oersted
or more in a circumferential direction thereof;

- said magnetic recording medium comprising a magnetic anisotropy
inducing layer formed between said glass substrate and said magnetic layer so
that said magnetic recording medium has an oriented ratio (OR) of 1.1 or more
said oriented ratio (OR) being defined as a ratio of the magnetic characteristic
(Hc) in a circumferential direction to the magnetic characteristic (Hc) in a radial
direction, said magnetic anisotropy inducing iayer being said AlRu alloy layer.

4. A magnetic recording medium as claimed in claim 1, wherein said
magnetic recording medium has a coercive force of 2500 oersted or more in a




(Hc) in a circunferential direction to the magnetic characggg%&gé&xgkb) I n
a radial direction. 6. A magnetic recording nediumas clained in claima1,
further conprising an alloy |layer of an anorphous structure interposed

bet ween said glass substrate and sd2d AIRu alloy layer. 7. A magnetic
recording nmediumas clainmed in claim4, wherein said magnetic recording
medi um has an oriented ratio FCIQ between 1.1 and 1.5, said oriented ratio
(OR) b&TRYMRIENHRLdiERCtign theregT.of * t he magnetic characteristic (Hc) in a
circunferential direction to the nmagnetic characteristic (Hc) in a radial
direction. 8. A magnetic recording nediumas claimed in claim4, further
conprising an alloy |ayer of an anorphous structure interposed between said
gl ass subst r & e AamdgseiiciretbRiing Inhediulregeclairfed h cagnd! ivhersinaaitl ng medi um

| ai ' i & L S| | f h
ot et (e [EoacPmedllih RS anfHRILE ri AR Pholesrtt S 18R, a1 by
| ayer . Saisl orenigd f@iia (ORpbeingidelined disaratio of themeagneticaharasteristiher ei n” sai d
gl ass gMbpin AtRcUrBfrRSfl @fr_eé‘l'ibrﬁfﬂ)ﬂ"@”}ﬂﬁﬁn@ﬂi@éﬁarﬁ&f&'fi%fi@m?ciﬁedﬁ‘ iy

strengthened. 11. A magnetic recordi ng nmedium as clal In clarm1,

wher ei ATESHRN: t exture conprises means for rendering a crystal grain size of
said magnetic l|ayer uniformin a plane parallel to said principal surface
of said gl as8- sAysegnetic reconding i as elamediimgaimedi turhesnpri sing a gl ass

subst r sbmiprisitiy dr9akoPlaBcHa afidrpRGEs %&Uf&iﬂtéboéé‘@ﬁétv@eéf%’dlﬁ;isg layer is

formed,, wherein: sai I substrate conprises an anorphous g
subst r Ji88S ﬁé{}aﬁr??@?%glﬁéﬂﬂﬁ% Y& sai d anor phous gl ass substrate being
provided with a, texture having a predeterm ned surface roughness so that
sai d magnet i é- | &yaagnetic rgeoeting crsepiaimad insgjaim #cwhareinsaispy ;
magnetic recording medium has an oriented ratio (OR) between 1.1 and 1.5,
said oriented ratio (OR) being defined as a ratio of the magnetic characteristic
(Hc) in a circumferential direction to the magnetic characteristic (Hc) in a radial

direction.

8. A magnetic recording medium as claimed in claim 4, further
comprising an alloy layer of an amorphous structure interposed between said
glass substrate and said AIRu alloy layer. '

9. A magnetic recording medium as claimed in claim 5, further
-comprising an alloy layer of an amorphous structure interposed between said
glass substrate and said AIRu alloy layer.

10. A magnetic recording medium as claimed in claim 1, wherein said
glass substrate is made of an amorphous glass substrate chemically
strengthened.

11. A magnetic recording medium as claimed in claim 1, wherein said
texture comprises means for rendering a crystal grain size of said magnetic
layer uniform in a plane parallel to said principal surface of said glass substrate.

121 A magnetic recording medium comprising a glass substrate
having a principal surface on which at least a magnetic layer is formed, wherein:

said glass substrate comprises an amorphous glass substrate, the
principal surface of said amorphous glass substrate being provided with a
texture having a predetermined surface roughness so that said magnetic layer
is given circumferential magnetic anisotropy; ' -




12 June 2006 23 sai d magnetic recording medium further conpsijgidwpan Al Ru
alloy layer of a B2 crystal structure fornmed between said anorphous gl ass
substrate and said magnetic |ayer and made of a material containing A
(alum num and Ru (rutheniun); sai@&3texture having a radial pitch equal to
0.005-0.05 pm both inclusive, when said glass substrate is made of said
anor phous gl ass substrate; said magnetic recording nedi um having an
oriented ratisq BRENGHC fecording %@@W%&PG‘P@EW%A@! playelayer made of

i?' gt glrafraommymm?gaﬁrbg?fmé@ bafwrbervmﬂ amsrﬁhéu Iag,lg,:cs‘%%s{ra%éeér;d faff Ot gfe 52
i i i i
maénet |Séﬁ(i h%rgg'g qy&r 2pd; rnag f%ﬁe leéﬂqt%'f"r@ A'&g Lm'ﬁ'uﬂﬁ aé"gi magneti c

char act{guthenium)i n a radi al direction, said magnetic characteristic being a
product (Mt) of residual magnetization (M) and film thickness (t). 13. A

magneéI i ¢ receaill ryturetavings radial ;ﬁmﬁh écﬂ%eﬁ k@0 ru0520 O\tsdm ehdth indlisvemagnet i c
recor di erciv rce 0 rste nore in a
ci rcunf‘@%em?%gﬂ%ai strgﬁe lsn'BF‘g‘BP?S@Q.%I“ é'ﬁ raﬁ% nedi um

conprising a _magnetic, ani sotrop i nduci_ng | ayer for med between sai d gl ass

substrate and@ m@gng%gqqo&drpg;égdlgg] having ag grientrcyralto (ORERIGH-4i0hg nedi um
has an moieonhen saigtdlasy Sid)stadte Is hade dfeak] am@ﬁphbusrgléé% gabgtadte @ndOR) bei ng

def

v cuomdieh it P by Ielfer TEENRE i BRI S BRI aig PEBMed BIB(OR) o 1 adi a1
di r ect ib&ing éaflrtedmﬁgaéaﬁlcm0ﬁa|reagrrejp>chamaMenstg: lhaarCMiwml d AlRu al |l oy
layer. dldctidh f@??lﬁtrhf%ﬁeﬁfé% rQ&eHEﬁH Mné ?a%léllcﬁfééﬁgn' hid ln‘?é@e]t% furt her

conprlzb Eq er of an anorpho structure 1 nterposed between said
gl ass &8 qt%"ﬂ%lcahﬁ!ngsa.RﬂO%@r{Mﬂ)@fm@@alrraggnetw@u@nr{@ﬂr) ap@film15. A nmagnetic
r ecor ditiigkmess yn as clainmed in claim12, wherein said

13. A magnetic recording medium as claimed in claim 12, wherein:

said magnetic recording medium has a coercive force of 2500 oersted
or more in a circumferential direction thereof:

said magnetic recording medium comprising a magnetic anisotropy
inducing layer formed between said glass substrate and said magnetic layer so
that said magnetic recording medium has an oriented ratio (OR) of 1.1 or more,
said oriented ratio (OR) being defined as a ratio of the magnetic characteristic
(Mrt) in a circumferential direction to the magnetic characteristic (Mrt) in a radial
direction, said magnetic anisotropy inducing layer being said AIRu alloy layer.

14. A magnetic recording medium as claimed in claim 13, further
comprising an alloy layer of an amorphous structure interposed between said
glass substrate and said magnetic anisotropy inducing layer.

15. A magnetic recording medium as claimed in claim 12, wherein said
magnetic recording medium has a coercive force of 2500 oersted or more in a
circumferential direction thereof.

16. A magnetic recording medium as claimed in claim 12, wherein said
magnetic recording medium has an oriented ratio (OR) between 1.1 and 1.5,
said oriented ratio (OR) being defined as a ratio of the magnetic characteristic

(Mrt}in a cwcumferentlal direction to the magnetic characteristic (Mrt) in a radial
direction. -




magneti c recordi ng medium has a coercive force of 2500 oergbq(,ObpdgPre in a
circunferential direction thereof. 16. A magnetic recording nmedi um as
claimed in claim112, wherein said magnetic recording nedi um has an
oriented ratio (OR) between 1.1 and2%. 5, said oriented ratio (OR) being
defined as a ratio of the nmagnetic characteristic (Mt) in a

circunferenti ﬂ%recti?n to the magnetic characteristic (Mt) in a radial

direction. 12 JurfeMASHEUS fecerding madiNe: as cladpgd dn iie®, fWRhes ¢l ained in
cl ai m kymprisingren aliogngydrif ag Anohboy strakiire fitefidseiYPReLs saidr uct ure

interp id: substrate and said AlIRu alloy |ayer. 18. A
magnet @g%e§®ﬁ§ a?r@d%ﬁfg!@?%“% €8 i n cl ai m 15, wherein said magneti c
recordi ng med‘i m has an,oriented ratio .between 1.1 and 1.5, said
oriented rati (?L'J( agoelg repardinggnedium as claimed in glaimdgn whereingaidact er i sti ¢
(Mt) imagnetia recofding médilmdiaseant drented ratfie (ORYbetwders harawd e/5, stic (Mt)
15, g priefiedalia PR beind Ui & i Gt e e AR SR aBIRIE  nt or poced
bet weedMiRii a qircaserantiat disecticartd thaimaghetie chiarastetistiosiMrt}df.a radisgnet i ¢
recordidy@ctiggli um as clained in claim16, further conprising an alloy |ayer
of an anorphous structure interposed between said glass substrate and said

Al Ru all | . : N dj i l.aj npd i | ai m 16,
Sherein sai d 0 AmeonButRARRIG MEGa < daie Mt BT o e bst r at o
cheni c&Cmprisiig an glley lver opan amarabeks stuctdo niénpgsed detweerssaidai ned in

cl ai m YPassitystiafe éﬁﬂ@aidﬁlﬁd’él%y‘]@j@fi ses neans for rendering a crystal
grain size of said magnetic

20. A magnetic recording medium as claimed in claim 16, further
comprising an alloy layer of an amorphous structure interposed between said
glass substrate and said AIRu alloy layer.

21. A magnetic recording medium as claimed in claim 16, wherein said
glass substrate is made of an amorphous glass substrate chemically
strengthened.

22. A magnetic recording medium as claimed in claim 12, wherein said
-texture comprises means for rendering a crystal grain size of said magnetic
layer uniform in a plane parallel to said principal surface of said glass substrate.




layer uniformin a plane parallel to said principal surface;gfinssdgs 9! ass
substrate. 12 June 2006 25 MAGNETI C RECORDI NG MEDI UM ABSTRACT I n a nmagnetic

recordi ng nediumincluding a glass substrate (1) having a principal
surface on which at |east a magneti €l ayer (4) is forned, the nagnetic
recordi ng nmedi um has a coercive force of 2500 oersted or nore in a
circunferential direction thereof. The principal surface of the glass
substrate is provided with a texture having a predeterm ned surface

roughness so that the nﬁ%@ ' [ 1V i rcunferential magnetic

ani sotropy. The magnetic %‘Eﬁb‘#%ﬁ@ﬁﬁ?}mdﬁk i ncludes a magnetic

ani sotropy inducing layer (2) fornmed between the glass substrate and the
magnetic | ayer so that the magnetic recording nmediumhas an oriented ratio

(OR) of 1.1 or nore. The orient edABSITIRACTOR) is defined as a ratio of a
magnetic. characteristic in circunferential direction to another nmagnetic

characteristi cl in the radial directjon, FIG 1

N & magnetic recording medium including a glass substrate (1) having a
principal surface on which at least amagnetic layer (4) is formed, the magnetic
recording medium has a coercive force of 2500 dersted or morein a
circumferential direction thereof. The principal surface of the giass substrate is
provided with a texture having a predetermined surface roughness so that the
magnetic layer is given t:ircumferential magnetic anisotropy. The magnetic
recording medium further includes a magnetic anisotropy inducing layer (2)
formed between the glass substrate and the magnetic layer so that the magnetic
recording medium has an oriented ratio (OR) of 1.1 or more. The oriented ratio

(OR) is defined as a ratio of a magnetic characteristic in circumferentiai direction

- to another magnetic characteristic in the radial direction.
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