,e3e$ 1 d""#$6<$T$ej &1 MAGNETI C RECORDI NG MEDI UM Background of the

J rlyention: i~~~~~~ a~ This invention relates to a magnetic recordi ng nmedi um
for carrying out information recording and reproduci ng opeJmmﬂumnmmmmm in
particular, to a magnetic disk used in a magnetic recordin m
apparatus such as a HDD (Hard Di sk Drive). A magnetic recording,syggi um used
in a nmagnetic recordinglreproducing apparatus such as a HDD

Drive) is increased in coercive force in order to neet the m@ﬂ ﬂwmﬂ

for a higher recording density. On the other hand, in order

hi gher recording density, the decrease in nediumnoise is indispeieable. In
the past, the decrease in mediumnoise is achieved by reducing M t (the
product of residual nagnetization and filmthickness) or by inproving a
filmstructure or a film MA@NE%TICQQECORMMEIDIUMCOF di ng nmedium with
the .hel p of uninterrupted inprovement in output characteristics of a
magnetic head. It is noted here that M represents residual nagnetization
and t represents the thickness of a nagnetic |ayer. The reduction in M t
is extrenely effective in inproving RR'W (read/wite) characteristics but

si nul taneously causes a pr obI em of thermal decay. Cenerally, the decrease

in M t is desPghed §O10Q. t hi ckness t of the nmagnetic | ayer. The
reduction in th kness s. about mnl atur({lzatro of theggraln si ze of

the magnetic Ia P'”Y"e‘%tlﬂrﬁ § 10 ALBRRNSHGTESPrAIng MRS phbever ,

ith th it We) iy Z:

Fonger nalBoHTaRE %a%eéﬁﬁﬁrﬁsqgré%?lﬁr%é“sﬁéﬁ% 44 df ariciBice LZ'QE; 2at i on
gﬁeﬁorrenont agegﬁ%%opﬁ%%ﬁir@é%d%p uat e g eco%%jsssrl%#aar able. As a
magneti ¢ HEOD(WaroDizRdWB)capabl e of preventing the phenonenon (ther nal

decay) that the recorded signal is attenuated and of obtaining a high
coerci ve force, Aahagmticorecording merditradisied in avaggetlicracecdingfreggrodadingm
conprising a substrate having a texture formed on the substrate along a

ci r cunf er apparAtusIsycitas arHibRe(Hasd Digk Drive)isincrepsed in m@mweuforc@nns ot ropy in
the circunferential direction. Generally, the magnetic_ani sotrop

rﬁpr esent BEg5JO é’P\eQﬁﬂ"? C?‘F%mtd@ﬂ‘mﬁ;’é)a Righerrecerding densityor Qn _ ?T c

char act or a0y it oV 2 pidhiec biainacfeisly “%t%%%r%%”wt%%ﬁigmm| decay

resi st anchoisg ré‘ﬁmrfﬂé?gaﬁ{% Iﬂrtﬁé‘g)ﬁgt, é@ﬂé‘ébg’. %%Ié is %%hi’é\féﬁt eristic
orce ) or e'pro uct

may be a coercive resr magnet1 zatl on and
filmthi ckpesduding MrtX (the product of residual magnetization and f Im 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 RW
(read/write) characteristics but simultaneously causes a problem of thermal
decay. Generally, the decrease in Mr - t is designed by reducing the thickness t
of the magnetic layer. The reduction in thickness t brings about miniaturization
of the grain size of the magnetic layer, resulting in reduction of the medium 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



‘A magnetic recordi ng nedi um havi ng nmagnetic ani sotropy is proposed, for
exanple, in United States patent No. 4,735,840. The magnetic recording
medi um conprises a substrate with a circunferential texture fornmed on its
surface and an underl ayer, a magnetic |ayer, a protective |ayer, and a

| ubrication |ayer successively forned o the substrate. In this technique,
use may be made of an alum num substrat’e, a glass substrate, or a

pol ycar bonat e substrate having an NNP alloy film In recent years, the
demand for ' ec ' ensi OMET CO iC
recordi ng ?%8?%%?%%%%heg&%%%%ugﬂﬁﬁéhggﬂ§ﬁ¥?é & hgﬁgé%%?ggéggﬁﬂﬁﬁ%ﬁ%e Ni P

al loy fil met8idd S8nA i§9ﬁ8hh%ﬂeﬁe€6rﬁ€§$§m§ ple an inhibiting factor

agai nst the reductfon in cost. The glass substrate high in rigidity and

flatness allows /ﬁsia@M\agfdeticnﬁcbﬁii@tnéaﬁura_cﬁpgm%téfcpreea@lingTﬂh@r efore, the
gl ass substrate recently attracts attention as a substrate suitable for an

i ncrease ipherotesrbm@hetemslidecay)limet dieoretorddd signalieditteinedtddand bhe gl ass
substrate with a circunferential texture directly forned 3 on its surface
wi t hout f cohtaining adighi eoarciveyfofdel, attetioleisi atrdcteddnsymagneaticeepoeding

recordi ng nmedium provided with the circunferential texture directly forned
on the surfgdenyEOMpEsifuasubsite haviagrmiextiie deimed ea thesubstiatrplatg 2 h

msut 11 o1 RS dkestag BRteafqdiriebR mRregnasn e b araPRRPLIRLEL .
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directly fardimsfershtial dirééticnas&ndtienaghetd cHarabteriBhs imPeTabliRVaredidn. t hat
t he magneti c recordi ng nedi um having a high coercive force (for exanple)

about 2500Gereilipcexeellontthgrmal dédalyi repistarice iacbieved by agadater ORNted ratio
(OR) of, for exanple, 1.1 or nore. Summanr of the Invention: It is

t her ef or e Hereihjtbe magnetici charastensticomay dbepa coendiveafonesy(tie)i ar the poodiiatg

medi um hi gh in coercive force, excellent in magnetic ani sotropy (oriented
ratio), ar® resideal magngtizationand WarkycknessdMinde. 1t is another object of

his i [ i.d ' r di di ' | 1
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structur e%ne%w%r%gﬁsés A Jimehsid with %C&fdénhﬁgké?ﬁigi Téfﬂtfrerfemwé& g i@ 9l ass
which at [e

substrate having a principal surface on ast a magnetic |ayer is

formed, whsirice: ariden tngetayer, 4 esayribticdayada proteatvelayesrandve Itwicattowf 2500
oersted or nore in a circunferential direction thereof; 4

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 and 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



the principal surface of the glass substrate being provided with a texture
havi ng a predeterm ned surface roughness so that the magnetic | ayer is
given circunferential magnetic ani sotropy; the nagnetic recordi ng nmedi um
further conprising a nagnetic anisotropy inducing |ayer forned between the
gl ass substrate and the nmagnetic |ayer %o that the magnetic recording

medi um has an oriented ratio (OR) of 1.1 or nore, the oriented ratio (OR)
bei ng defined as a ratio of a magnetic characteristic in circunferenti al

direct | on oAt ARANTnG AL P SGR 1M Beb " Mbbyd pect ! on

Structure ghetic recor e escri in strutture 1,

further comgpy 'e‘ifc%céﬂ?ﬁﬁdr h@éidrﬁ?‘?{nﬁ@éd AR dreQthTerehtidCleXffe ditkefiyposed

bet ween t he gl ass substtate an e magneti c ani sotropy I nducing 1ayer.

St ruct ur e fgrrfed'BAMGS bGrfAGS 6f te§las® dibSr &8 S & @&ﬁe@'r@ﬁ@#@ﬂp%m\t e having
a principal surtace on which at |east a magnetic layer is fornmed, wherein:

t he pri ncihaadly satitferea desirée leplehs sTisud) suchtgtassssybystratelsdngaffibieat toext ur e
havi ng a predeterm ned surface roughness so that the nagnetic |ayer is
gi ven ci r coedtdhemecant demaret for adnigbet raneyding ldensiyynet i ¢ recor di ng nedi um
further conprising an AlRu alloy |layer fornmed between the gl ass substrate
and the magnet i Adcajding imthentagearsh by the presant byantersithg akPveal umi nun) and
Ru (rut her}ri\grmdne%tcg#ecnttgé ?ati40 (OR) is as small as about 1.03 when the underlayer, the
magnetic layer, the protective layer, and the lubrication layer are successively
formed on the glass substrate with the circumferential texture directly formed on
its surface. In particular, it has been found out that the magnetic recording
medium having a high coercive force (for example, about 2500 oersted or more)
is difficult to be given a high oriented ratio (OR) of, for example, 1.1 or more.
u t vention:
It is therefore an object of this invention to provide a magnetic recording
medium high in coercive force, excellent in magnetic anisotropy (oriented ratio),
and superior in thermal decay resistance.
It is another object of this 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 order to achieve the above-mentioned objects, this invention has
following structures.
Structure 1
A magnetic recording medium comprising a glass substrate having a
principal surface on which at least a magnetic layer is formed, wherein:

the magnetic recording medium has a coercive force of 2500 oersted or

more in a circumferential direction thereof;



A magnetic recording nmedium as described in structure 3, wherein the
magneti c recordi ng medi um has a coercive force of 2500 oersted or nore in a
circunferential direction thereof. Structure 5 A nmagnetic recordi ng nmedi um
as described in any one of structures 3 5 and 4, wherein the magnetic
recording medium has an oriented ratio (OR) between 1.1 and 1.5, the
oriented ratio (OR) being defined as a ratio of a magnetic characteristic
in circunferential direction to another nagnetic characteristic in the
radial directio . iC ' ' : LHked in
Structures 3 t ot PHiEERE Rt R AR U RRA e bR TROIMEY SR A SR LR

struct ur e HaiRy R predbtBRhinRaB AR $bagineuslsd that therthghBeic Ry igiven | ayer.

In the invention described in the structure 1, the magneti ¢ ani sotropy

i nduci ng Imgmfé,%nqafﬂnlaghgfwiangoﬁo{;yr,ncti on of assuring that the magnetic
recordi ng nmedi um has the coercive force of 2500 oersted or nore and the

oriented ratio (thEBRmagnetickeocording medaine furttiertdoenpyisisg asnaégnetit e is provi ded
with the texture for giving the circunferential magnetic anisotropy to the
magnet i ¢ |anjsotropByinfioeing dayerfermed hetweenihesgiass pybstrate @ndghe agagnetist ween
the gl ass substrate provided with the texture and the magt;neti C Ia1y§r, t he
oriented rayersqibrt thg magnete repardinginedive hagyAn @sientad @tipd Ak ffT-b9ho

q b . . di di
excel | ent MAre s Aenasalo OB sl doindd 5 FTHES of SubSGHkiec T ani sot r opy
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Among ot hghs.r @iapaﬁﬁétion‘?a”i cularly, an alloy is preferable in view of the
crystal growtﬂ of the underlayer and the magnetic |layer. A specific

enbodi nent is degtaidip@d2in the structure 3. In the invention described in
the structure 3, the AlIRu alloy |ayer nay be made of, for exanple, an AlRu
al | oy havi ng a BRnagretialresdrdingt mediunTapidesttilyed trhstradtiiey1,Hfagher conposi ti on
ratio of 50 at% Al and 50 at% Ru. The alloy has the lattice constant of

0. 295 nm aMprEsing andlioy daysrflaneaamorphouststivsturadnterpespdpetweendhender

| ayer and in mniaturi zi nﬂ function. I n view,of, tﬂgYIattice mat ching with

t he magnet9'@s$ sykstrate RndARRMagneSlc JpiSOURRY IRAHCIAgNRYESlI such as Ni, Co, and

P. 6 In order $’o gontéol the crystal grain size of the AIRu alloy, an
additional ele as O N H He, B, C, and Ne may be contai ned.

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

the principal surface of the glass substrate is provided with a texture
having a predetermined surface roughness so that the magnetic layer is given
circumferential magnetic anisotropy;

the magnetic recording medium further comprising an AlRu alloy layer
formed between the glass substrate and the magnetic layer and made of a
material containing Al (aluminum) and Ru (ruthenium).

Structure 4

A magnetic recording medium as described in structure 3, wherein the
magnetic recording medium has a coercive force of 2500 oersted or more in a
circumferential direction thereof.

Structure

A magnetic recording medium as described in any one of structures 3



By form ng the above-nentioned AlIRu alloy | ayer between the glass substrate
provided with the texture and the underlayer, the magnetic recordi ng nedi um
having an oriented ratio (OR) of 1.1 or nore and a high coercive force and
excellent in thermal decay resistance is obtained. The AlIRu alloy |ayer
preferably has a thickness between 80 agd 400 angstrons. If the thickness
is smaller than 80 angstrons, an excellent oriented ratio (OR) is difficult
to obtain. IF the thickness exceeds 400 angstrons, |ow nmedi um noise (high

SIN rati O)aﬂos4,%ﬁérjeﬁ’r’{% @ggggﬁgﬁo@@g rﬁrrg@pﬁi)@gmgﬂhmst(@am sotropy

i nduci ng layer' or the _ _ ormed bet ween e gl ass
substrate @é}@ebhq.ﬂ%aaqt.t),qhb?af@meci RRioEIREbiAg 'dRAAEd ARG Ftididfg of this
i nvention covers those enbodi nents I n ich an“additional |ayer is

i nt er posednBghemethdraetedists in Gvhiihfcréstisiditetlien tRgnsther nagneder opy i nduci ng
| ayer or the AlIRu alloy |ayer or between the magnetic ani sotropy inducing

| ayer or tdimrédtBristid inahelragal dimactidrhe nmagnetic | ayer. For exanple, a |ayer
(for exanple, a layer (such as a Cr alloy) having an anorphous structure)
for suppressi ng Sthectunef® uence of the surface condition of the glass

substrate may be formed between the glass substrate and the nagnetic
ani sot ropy i nduch AtRANg}ie reeprdingsmadidin as|depcripgdin stregtdias, 3 55 fwgther

bove- ti d.l havi t t , | |
Pavi g an CABRBG NPT dr (RS STPTIBLE Sthisture 2 ded idweg) thE” mrde of
C-(Ti, N ' th tent of Ti, N, Ta, Nb,
?he Ii(kia. |§5§%£§%}Egg? %rth%eﬁwgrowﬁ%@haviengognegrn)?pho;m s!truc?ure orO;
substantial | y_anpitRe fentioh dstfiBed fetiegucive ARAY tradibticHisotidpyt U e of
te an g or 't

the gl ass substra the magnetic ani sotropy i nduci ayer he Al Ru
al l oy | ayehduting I&yeras baiim [engig BIMhEHbrodr AERFRG NGt the MiadnBtR reeoidisg t O
enhance the magnetic ani sotropy of the magnetic layer. In this respect, use
i s pref er alpedium had¢hetoarceliored bHY5@0 oarstedNor aldreankahe ngieatedaratiophous
structure. In this invention, the type, the glass species, the conposition
of the gl a¥Rpolbkdraiteors; evaoif thpaiags substiate @smrpwci%ddmtm igxtuse felubst rat e
in this invention includes an anorphous glass and a crystallized gl ass

(gl ass cer@iMngdhe cropmterential magng ?Bﬁ@ggpljﬁ‘hﬁ‘ae magnelic RYer| iBy gl ass, a
soda lime gl ass,,an alkali-fre | ass, . an_al um nosil.jcate gl as a

bor osi |1 oo 8 maandis anisffiody Bbisu et B gRRohE BsssulRtet e nnance

t he mechanj t t S5
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Typi cal |y, mdpe afél Xi%é RldH dstcibasfce 2509 GerStedSdrahbiez8sh Bbaghicealsd) Ni ng
lithiumdisilicate, quartz (a-quartz, ~3-quartz), spinet, canasite,

enst ati t e, thatithid mpagoetic escbrdingtraedisinnexeelient inytheahal decdyhesistancgnsi on, t he
anor phous gl ass substrate is preferable anong the above-nenti oned gl ass
subst r at esobtaivedandhehvagngliaasisstribpy indusing layesistrhade bbasaomsragnetied

texture to be successfully fornmed so that a high oriented ratio (OR) can be
obt ai ned. mﬁ@réﬁ'M%C%Wt%@@qtﬁ' matesial ﬁ(/étﬁ‘@ﬂdﬁe'iaé"]ﬁt%ﬂ‘@r(aﬁl"]f)fﬁﬁﬂ'éf an

afum nosilicate gl ass, .The alum posilica | ass, is adapted for chemi cal
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restrict ede@bolimheSs HBScime pithe dtMRirei 0iven the circunferenti al

magneti c ani sotropy. For exanple, the shape of the texture nmay be (a)
concentric, (b) Inahet@ention)desctibedsn tiexétriicture 8)tha AIRsICNIBYilaysryRapbet er n
of grooves having the shape of (a), (b), or (c) and islanded or

i nterm ttemade o fopesanhple) anhalRei altoyrifairena iBY crgstabstructore. | nlypicadly, the f or m
the texture, use nmay be made of a tape texturig% net hod of formng a recess

(groove) bgllgrhasa egmpestionaatiootSrt’ablLiard 80 @i%dRe. r bhamlloybasdie such as
Surry s Gl O RGraRerer S o s et o e
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by di . . L . ‘ Ccioal
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Anong others, the tape texturing nethod is preferable in view of the
producti on cost.



The surface roughness and the radial pitch of the texture are adjusted in
dependence upon the flying characteristic of the magnetic head and the
magneti c characteristics of the magnetic recording nedium Preferably, the
surface roughness of the texture is between 1.5 and 10 nmin the nmaxi num
hei ght Rmax (neasured by an atom c forcg m croscope (AFM . The radial pitch
of the texture is preferably between 0.005 and 0.7 p.m nore preferably,
bet ween 0.005 and 0.05 pm This suppresses the crystal grain growh in the

o e RSBt bonthd] e 8RS Pl S Obt HacAIRRI Pah BaBithREADEh R

regular with respect to the’cry grain siz magne ayer, the
crystal graidh & e N, e Blickaid RBenaRBelkdntAnggr ed uniform The magnetic
recordi ng medi um of this invention covers another enbodi nment in which a
seed | ayer and aBy foreng #yeabovesniontionpd PeRu RdbyERRr betvebntte ghbst rate and
the magnetic | ayer. The seed | ayer serves to control (mniaturize) the
crystal grsubstrate proidedwith tbe téxiyrer and-the enderiayer, thé enagrediciregending nade
of NNAI, AlCo, or the like having a B2 crystal structure, or C_)r-éTi, Ni ,
Ta, Nb, orMerkim hR¥ing@repdentad rabm(@RY obfl-Tror mere amd a hiph ceerdiveefarege i s 30
at % or nore) , havi an_anor phous structure or a substantially anorphous
struct ure.aﬁgx%ﬁ{@g’f‘ f’h(}\?ﬂ“égﬁt}%‘@s)’ ?@'W@@Ioﬁtﬁée%i entation of the magnetic

| ayer. For exanple e_ynder | aver e e, of or a al, | (W
G oV o Vs AR EyeR Brreriy Fs aheioon e éd Bt aUlat o i i 5.
In partic e C G| j =
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CoCr Ta, angti id iffiéntt oktalicP i ucture
of the nagneltgichplata{ye#. 9 | na{hﬁi f?’?\%‘/g&%‘f%ﬁ%géﬁg?ggiﬁﬁgﬁﬁﬁ ?ew

t hi ckness wkdiune nolen@ighcSINtio) 3¢ diffitallt topsteaihi cal |y limted. The naterial
and the thickness of the nmagnetic |ayer are appropriately adjusted in
dependence upon Tineabaygrmentiookd magreticsanisatrepyiindheingdayardirthé Pdiduoduci ng
characteristics. As the material of the magnetic |ayer, use may be nade of

a Co al | oyallaydaygr myetbe fyrjed bgiweendbediass substrate atd theomagnebe tayer.

CoN Cr Ta, Pt CrNi .. CoPt Cr Ta Pt . CoOPt Cr TaB, Cr TaNb, ..or the |ike),
a Fe alloy %met'ﬁé?_ﬁ?r%}g ftnﬁgﬂini‘ &E'!'S H‘V&f‘gﬁa’ﬂuPﬁyergﬁﬁtﬂ??lﬁmbr?@'raegt_tsr'ﬂct ure
R L e B e
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pr ef er abl y@%@g%ﬁ\%éﬁisggogﬁ éjoﬁb'%arﬁggfﬁi)@n‘% in V|Ie I%?&t e ecrgéetlég in Mt. In
t he i nventin@gnees ahisbEpy hdudthPlalyebtiR AIRU ARy TagEANFtHeaRagAE® nedi um
has a high coercive force of 2500 oersted or nore. The coercive force of

t he magnetlayger. edardixampied layehfor axaimets, @t layed (suppas d Criatloyythasiinglaes not
exceed the anisotropic magnetic field (Hk) of the nmagnetic material. To

achi eve a #imngrhaysriugdure) farsuppressingriigiafluencaceibthei swgfage donditienafs t o
i ncrease the

oercive force to . the |evel of the anisotropic nagnetic field.
Therefore,thﬁrgﬁ??ﬁes%%?inlawg%@rﬂ? betwgenhe %@S@%ﬂ@fﬁaee&% ve force,

i ner case | HpReVERUEOREPRIRRIE BRrPPREARBayBr&Ty i 't he magnetic
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circunferential direction is Inprove y e texture. case ere a

hi gher coegeaNsy @é?ﬁa%ﬁg%brpﬁdus's%rdéﬁﬁ@ﬁﬁui@éﬁlé! CHbf ek&mplEpugee the
oriented ratio (OR) because of the abovenentioned reason. In the past, the
magneti ¢ rgaghd maderdiaudr-(TAVvNDJal Ne, or thenliked whaté the Edtitenf of ITiLNQITagor e can
not be obtained in case where the magnetic recordi ng nmedi um has a coercive
force of 28bponiedikeds G0At%oer more). alloy laygrdhavingan iaomrpbous structute oha Al Ru
all oy layer, a high coercive force of 2500 i 0 oersted_(Oqe& or nore can be
achi eved viHiséantiadly ameipheus siivriyire orpetwesniheahayerpentign texy#re of Thus,
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Copt - based material is preferable in view of corrosion resistance. Mre
particularly, a CoPtCrB alloy is preferable. By the use of the CoPtCrB

all oy, other characteristics including the coercive force can be kept
excel l ent without increasing the thickness of the underlayer and,

therefore, without deteriorating the SINratio. Preferably, the conposition
of CoPtCrB is 10-30 at% Cr, 4-18 at% Pt, 0.5-15 at% B, and the bal ance Co.
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‘within a range between 1.1 and 1.5. Wth this structure, the thernmal decay
resistance is inproved and the | ow nmedium noise (high SINratio) is

achi eved so that the recordinglreproducing characteristics are excellent.
The oritented ratio (OR) can be controlled by adjusting the surface
roughness and the radial pitch of the texture forned on the surface of the
gl ass substrate, the conposition and the depositing condition (such as gas
pressure) of he AIRu alloy |ayer, the underlayer, and the nagnetic | ayer,

and so on. i %f L P~ | b, i h afilm

str uzt ure rg?&%%frggne ?{':d’?%“c%?&@%é”@géﬁ)’m@@SF“athgW%Si”ﬁpf%t elnbodi ment of
this invention; F AnS I ; f td ecordin
medi um accor di néﬁ?ﬁs&h%&é@&ﬁ%‘é@ggi t];rr\elgnq%%[f Eﬁé‘%'ﬁﬂ%éﬁﬁdﬁgmﬁ (?Lf%h%)escri ct igon

of the Pregjfiasd SsbJtERe arémbt Spediislly Festeiticdf. | dhevdlass Babspste ivthia magnetic
recordi ng medi um according to this invention in conjunction with specific

enmbodi mentiaverttionsihcluabe anremdrpRelis gidsataridoa EntalllzedhglaBg (fhss cér@ticsh ng
medi um according to a first enbodi nent of this invention conprises a gl ass

subst r at e TypigallyhtheramorphioRs giddsayaly e sificaglassnagodailimeagiasst ampy
i nduci ng Ia@_r an under | ayer 3, a magnetic |ayer 4, a protective |ayer 5,
and a | ubralkal-ireq glaspe An@luminosilicatesainse) g barsticpteglasadandannat ed in this

e Rt oo T R o e O
Eéiiiﬁ@sﬂ'a%s?s@ﬁ%%e@%e&ta&fba% rﬁéﬁgf#@igﬁ%ﬁﬂ%ﬁéﬁg;ﬂéﬁéﬁ 5%3%%&%{2% 2
an at om cq %ﬁéwggbg’g%%@% RE@F?@)’/%%}E/@? P%Ilzl(%goﬁéﬁinﬁy He;!ralgAl Ru y
al I oy con%r@éthm e%la}lgl %;\Y?imngaﬂﬁliuﬁggégﬁ;cfa@ q@aﬁzhasdmtzgg&?uﬁzy,%;ﬂﬁeu

9
structure. The Al ayer 2 e thickness' of 0 angstrons. The

under | ayercahaits, endtatitenaiutite, oF coadienite a3 a andin \8Hdtaln fil m (having a

t hi ckness of 100 angstrons) and a CoCrPtTa thin film (having a thickness of
25 angstrons) ofindhisimverdivet the aroprpftousglassesubidtateis/prefiénable amohgdhea
conposition ratio of 90 at% Cr and 10_at% W The Ct-Wthin filmis deposited
by sputt erdbfyernentionsdtalags subsiiaiesnel Beaimerphars glassasthstiote aloyvsathg n

order o PAIB SR BHSLIAGE 3B SRR o Pl 57 s AR B ot 1
o, 0, AT EOBRAT, Moo U TRIPEAG AT BB ORRERRALE o,
Cr, Pt, angt 4B SUmiksHiRaté @i1dds. The aluminosilicate glass is adapted for chemical
strengthening and provides a high-rigidity glass substrate.
In this invention, 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 magnetic
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 (c) 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



12 at% 12 at% 20 at% and 7 at% respectively. The protective |ayer 5
serves to prevent deterioration of the magnetic |layer as a result of
contact with a magnetic head. The protective |ayer 5 conprises a

hydr ogenat ed carbon fil m having the thickness of 45 angstrons. The
lubrication |ayer 6 conprises a liquid dubricant of perfluoro polyether and
serves to buffer the contact with the nagnetic head. The lubrication |ayer
6 has a thickness of 8 angstronms. Next, description will be nade of a

method of HAGHAbGARhDC, FRARGH P?f&rﬁﬁﬁ%ﬁ'rﬁ@e#?@ppost%)aoy DSk a apeedl

above- nent’i one ruc Irs princ surfaces of

the gl ass |xaladéemer dn‘él & HUtR6d %ﬂfdr&nrﬁgoﬁcdr&r@é]oﬁ@r'a%b@gs ?BSV@}

substrate I's chemcally strengthened | owt enperature on exc ange

Ther eaf t erdisgolVingteg relov epécifie r@gueﬁmeﬂwe( Pavdipal SurRcBRfithe ldsei ght
(Rmax) of 5 nmand the radial pitch of 0.025 pnm) are formed in an entire
regi on of sumstratﬂ:byunmgseet)opMMnm_prwmmés aheseyl aAmongbstheed, ¢hdjapehe use
of a tape-type texturing apparatus. The tape-type texturing apparatus used
in this erBydirngrnethed ia pseferahle in view ¢ofidbalpfodugiooreastg t he gl ass
substrate, a slurry dropping port for feeding an abrasive, and a roller
with a tape woundhd siéifags Wneﬁénaltﬁ%@@ﬁkﬁtqh&féh?1@(’6&!@ Grecﬁ“fﬂu%tﬁﬂrlﬂl eis

Qfﬂﬂ?ddigﬁ%ﬁ%@ fo tibph Inf i rerdRenste Gt fednonets 'b%:éﬁ) B &?'A%feéogft[] ﬁeh
Concont 11 (BBREIEEarBLRIRACS BY 1l FabRBf. MRS oMt | o ke 1"
substrate. suFEb%err%h%]ﬁﬁegg bth %H % B&Wé@ntf'ﬁ A R lhslhé %é}&r‘?\@nﬁt a

predeterm ned rotation spee at a new surface of the tape 1s always
brought i niglgetoRima&l(mdstrédiey ﬂh%&@n&ﬂbﬁdd Rickosdipd (NFM}.1 MEhe Ridigl\WiteBi ng
the spindle, a cross texture or a helical groove can be formed. Next, on
each of t hceftpe |teodumais praferablg hetwveen €. Searsd 6bs; atare préferdhlﬁtbe&Wbey | ayer
2, the underl ayer conprising the GWthin film the nmagnetic |ayer 4,

13 and t heD. Qﬂﬁta@dto 0% umy et his sewprrsses e crhstalyataipgrawtie ih hermadialfi | m are

?ﬁécﬁﬁigﬁfrﬁloﬁc’slﬁtﬁgﬁ? el el et st nddacoibos g%gggf of
Ar+Co2. T 5 1
At rospher OT6R rf%tifez'a'vn?ﬂég%ﬂmﬁ meRSieiet te 8allchoflady BpliskoBRs " an

i nactive 9@9}] ? @brA - Then, a perfluoro polyether |ubricant is
applied on e protective [ayer 5 by di pping to formthe lubrication |ayer

6. In the above-TRNhizynetc i@ciaing ﬁ'@éluﬁ%ﬂﬁﬁé MVEREEH Sb\AsksEHStER | S

obt ai ned. The nmagneti c recordi ng nmedi umthus obtained has the coercive
force (Hc)embodinthtiewhisr atsedyl layertamel an under®yesraire Mterfosedtbetweehhe
product of residual nagnetization and filmthickness (M ~ t) of 0.38
memul cnz, theglasesdisiate anddhe @mgrm@éeyerat iTbe(sseyl layertserges tcheontodli t ar y
wave reproduction u ut s&;—F of 1. Zg Qfge solitary wave pul se w dth
(PW of 1 ”l'”l?é‘éréz finsizg obheringderiayge d:rqr&ﬁa@@?atthieog%@?) of

ot oduct oﬁ'gﬁsﬁ‘ﬁﬁﬁ%ﬁ'@ ﬁgéﬂ'%lf 15045 1S I hevnb AR 2 eheit S’ Sgfafiout put
attenuat | oty Cf\ib %rqge 1|E§/ \gﬁ&%dtfneac%nu}ﬁ otfH?rNrfml'a Cﬁﬁa& tb%ﬁi%%t@? %‘Wl &t he

exi sting technr’ I'c recordi g hediu ure directly
formed on fges) %ﬁ%ﬁh‘%ﬁ’idrﬁh@u@@ﬁu&tﬁ% 8Fb%ﬂb§fé\nh§w oo stridyfy. der  of

1. 03 as described above. Ih th enbodi nent, the oriented ratio (OR) is
remar kabl y i npr otesluh@erlay&t sefvertoecontmdl gdbiiéraation Betheanaghetic fagese as

hi gh as 3500 Ce is achieved and the thermal decay resistance is excellent.
For all ofForhexamepler thengridesiayedowyhe otageanft@rorsa Ceallon{Colli 6gTa,KerVsol i tary
wave pul se wi dth §1P , the SINratio, and the solitaré wave reproductlon
out put ( LF¥TMexerdhedike) eéa@ntﬂlglaaeestﬁmturm@fdhewénai@éa i vé&n partiselarHe) , the

product of residual netization and fi mth M ~ t), the coercive
force squa?%‘ggerﬁamﬁd‘q?@*‘?t'c%%r l§dﬂ?@%Pba\ﬁéﬁf éréql, Gl Hlﬁypteﬁ (LF),

and the ¢ nBpHED! AaBFTRLELE: d oty oA o5 0 SR (9

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



14 follow ng manner. I n other enbodi nents, a conparative exanple, and a
reference exanple, neasurenent is simlarly carried out. The coercive force
(Hc), the product of residual magnetization and filmthickness (M t), the
coercive force squareness ratio (S*), and the oriented ratio (OR) are
measured by the use of a VSM (VibratinggSanpl e Magnetoneter). The coercive
force (Hc) is preferably as high as possible in order to inprove the
solitary wave pulse wwdth (PW and the thernmal decay resistance.

Speci fically, ititgig ?\%rﬁ{?ﬁpl% f3edridh :é‘ﬁd‘%ﬁé'ﬂ%wﬁeésoéﬁﬁe ﬁﬁné}@;%rsdrg‘r’]"er

than 2500 Oe (oerste The coercive force squareness ra

i ndex reprgstepecifigalimited P! #RE nesteAaL Ad e AkneBs @ﬂﬂé:niagﬂbﬁé |g@r bet ween
magnetic grains. The oriented ratio (OR) is calcul ated as descri bed above.

The sol it agine apprepriatplyaatijostedin dependeridelipors themaghetic biacterRticsvand e
anal yzer (Guzik). As far as other el ectromagnetic conversion

char act er i theiresordirey/repirod uimg dhartacteristics t aAy themraterigl rof themagnebeatayet, (LF)
is preferably as high as possible in order to i nprove the reproduction

oy'([j put ?f téser@@urbﬁemase@ﬂ@@oaﬂ@y@psﬂa@p%ﬁ@hﬂu_@get,\f@fnﬁ\fif B0ta, hal f
AT O ek T A gy ey
2 sol |t aryCOBRAaNhY B Tedhel Ee il EERRB. EPtl e of el & yhtvanfin
respect t%&iirﬁ’%?&t&%ureﬁﬁ&vr@%ﬂggﬁggégegégﬂc{% ngérf?% e, E\BBQ:dnﬁPfér"ef erably as

smal | as possi 'S IS ary wave pulse width

all ows a gairgﬁ%]r%%gf?h'%ﬁf‘&nn%gr@ﬂcsfﬁrﬁ 6f§&‘%i@%€\%ﬂ), of theP kel ifﬁeefhiél'{?\e@s%?ﬂgeear ea.

On the other ha a greater value 0 causes an iInterference between
adj acent pwbgAastid Riyenpteferably falle duithin arange Getwden 50ead 58D hhgstiorgsal . The
SINratio is neasured by the read wite anal yzer (Guzik). A magnetic head
used i n t hmonepmaierminynbetvwean 8@ andvdQthangsidng B vew dfHbaaecedResinst ance)
reproduci ng devi ce having a flying height of 20nm The head has 15 a
wite tracMrwitdth of 2.0 p.mand a read track width of 0.5 pm At the

di d it 520 kf.ci . ' [ | ] ded tf ti
Fecor di ng med: urh e dvei¥pRtesFuBEd iR i Lot the TRHGEIBEAAN cgion t o
the 1.2 ' fl: j i ' th . t
anal yzor . ‘TR 1S dyRTHERRA S BRERLaBay BEHBARE el TR BRVE I TEEN: o
0.548 i . L . ) S .
recordi ng deng T3 ERTPRAE freghh s TR EEupBy Aich BGSE pot
fol I owi ng @miRRErthe lahisotidpic ﬁi@Pﬁéﬁ@ﬁélUE(sz of Heunbignefit thdtéfalsi Foakhieve
attenuation due to the thermal decay of the magnetic recordi ng nedi um
wi t hout t ha highf tceezoive fofcetiheheratagrietictreearding medpine moesroito inocase be

t hermal expansion of a head suspension causes deviation or offset of the
magnet i ¢ heegicixetfarcedofbe leved of the aniaetopin nnagnetisdiald.i cThewehrgi igtheedi um
resulting in signal attenuation), preparation.is_nade of an MR head with
read and viAgBeHeRcMINg e 5"&%9*5’9 & haacRSTH o, the 4ifeTeie. 003 g
track width. The ead . i e i i i stem

t oget her v&“FR'%QWEM?% ?{QW'ﬁsr%ﬁ%u'd?R@J%fdag{lr&egﬁlcggﬁ%gmaé&r{é&??gﬁéd above.
Then, the | chasy S i i it :

control | abl'e I'n tgﬁrﬁ@at S%Ber%{?’z‘ra]ﬂ%}rggie in%b@gﬁ%g%&%fﬁtg@%g%ﬁ gé@ﬁéchani smto a
hi gh-t enp%éghéﬁc amsbfr@m{mﬁé cobfave fdiee Mty tifdundferdritRil engttioigent al  t ank
is stabilized at a preselected tenperature, a readlwite circuit sends a
write signigdproved bg the téxturdeviln easé whege dhigkadcderciveiforcet ibsoagihitlisi nt o
the magnetic recording nedium Inmmediately after the signal is witten, the
si gnal w i becamesdifficultrtadmerove thecanietited ratind(QR) becauselok theahgpivet he read

device of the MR head, anplified by the readlwite circuit, and then
measur ed byeatianemhegasonal lnthepagothe BagNehe resasiag eediimhavigd $28 t i on

records an anpl i tude ue of the read sjgnal at a. predeterm ped tine

i nterval . SHRIEH JRUQ (%gt Bﬁiua‘?rt@ﬁ[?af’?%ﬁoi 83 %Eﬁ%gcmyﬁﬁﬁ{ﬁeﬂ t he
above- nment i oned..manner. i s_ey.al uat e n.ktemer S i mal
decay resi 'E‘E"QHE%‘? reco %'n%n%ﬁgmc@%%lgtc?%ﬁgﬁ? ?c%rﬁg o&%@\f)g_oﬁég%t'te ?gﬁ)teez%rrr@;g%.r enment ,
the enviro i j f r : Jpr di ng
density of lr?"?ﬁ[eg '@%’%@1@}}(\9 ﬁ? ﬁﬂbitﬁét/ﬂgh%ngﬁel%% Fgehc hrg‘?%'g“%{e@f%ér}m@ﬁ s 100 kfcl.
The magnetic head used in this neasurenment has the wite track w dth of
12.0 pm the read track width of 2.4 pm the wite gap |length of 0.35 pm
the read gap length of 0.30 p,m and the flying height of 20nmat a part of
the read and the wite devices.



Referring to Fig. 2, a magnetic recording nediumaccording to a second
enbodi nent of this invention is produced in the manner simlar to the first
enbodi ment except that a C alloy film 10 (having the thickness of 300
angstrons) of an anorphous structure for suppressing the influence of the
surface condition of the glass substragﬁ&l i s deposited between the gl ass
substrate 1 and the AlIRu alloy |ayer 2.7"The magnetic recordi ng nmedi umthus
obt ai ned has the coercive force (Hc) of 3590 Ce (oersted) in the

i ckneas Qb (SRThaR odr i BRORIEN s e e PHRTORPE BB |, ™

(S*) of 0.4£8, | A T ; , the
solitary v&és‘é‘l E)Efnsoggw 'Eﬂ k{ilg'( rﬁg?ﬁ%@%&%&@@,@ rﬁ%@ﬂ@f%&;ﬁﬁ@ﬁoﬁa%ty dB, the
oriented rgisdtrdfyRarPbe bbidiné®r the coercive force, the oriented ratio (OR)
of 1.22 for the product of residual magnetization and filmthickness, and

the signal out puRorahe étrlapér AcHidving B kigh 2derdide fdie Ry mal béecay
resistance. By formng the G alloy 10 of an anorphous structure interposed

bet ween t headé af a Godmtbaded thaterialt & € oNtasal|rogterialy @and2 Fetbasedpossi bl e to
reduce the influence of the surface condition ésuch as a crystal structure)
of the supseteiicd ahie CoOSm-dasad naterinhmaydieceosm enbegmbhanthe 6aPt-he

in_crystal grain

EE‘QI??EUEI%%%H%%:&% %?Aﬁa??t{é;éiéféQ'tohfetplﬁ[n?iﬁiﬁ:fl{?g]bg%&taﬁt@ ise s
[,O i 17 i 0.3 i
the first GRESEIREnDr CRRICHRNEG e o basBarsieelains Fudg Faseal =’ ™!

nbodi nent i i L i ; f acCTi
S oy (60 ATBEUARES, fhd EPHfapt RRARHET i DORIIE T vk of Cortiord | & o T
structure reBistdes e Mot yeasulbhg agbmcmlaﬁég &l srefdtdblene BY (R (&l shthé ayer

in the second enbodi nent. Furthernore, as a Tourth enbodi ment, a magnetic

recor di ng QBRICHB albypothdiehdrditeridtiesuaciudingatherddereie frcé 68n dekept and 40
at% Nb) as the C alloy layer of an anorphous structure interposed between

t he gl ass sxdedentawitheutdneieasingRbedhickpessptihe ubdeciayet ard,dberaforegach of t he
magnetic recording nedia is simlar to that of the second enbodi nent. As a

result, t P@im\%{ﬁ ‘Pf@rfﬁﬁgﬂéﬁ BN faldR.unk wiferably, Ehﬁ eeMpasitan I%E{OP{@? ise

the. or oductO-aP &l S Ahridk Pt b et R bARRRAESS (N = 1) of 0. 33
remCTe e o RIS b P LS
(PW of 1%~ﬂhiﬂ%ﬁéng@‘€eft§b%‘n r2§ bAdof 5 2 Ot iRis étﬂ%tﬂf%, ﬁﬁc‘)l% ﬁ%r@%ﬁ PQcéP?) of

1.19 for the coercive force, the oriented ratio (OR or the

product ofresitaribeds impao\asd Zad tHenlodnheldiurmrioisecthigs SIN fdtib)tidiackiegedkoout put
attenuation of 0.05 -dBl decade as the thermal decay resistance. The

magnet i ¢ rtbabthei regording/reprotiucing dhawadtbristidsoatiensaelléets (The ardentedwvatid or ce
(Hc) of 3420 Ce (oerst ed&ﬂ; n the circunferential direction, the product of
resi dual ri&retan-be contralird by pajusking ke surfage roughness apd doe radial piteR oft he
coercive force squareness ratio, (S* f 0.79, the solitary wave
repr oduct i ﬁt‘éﬁ?&x?‘”ﬂ%%?“%&ﬁ?%@“ﬁﬁ&?ﬁﬂ%l{béir?t%%cﬁﬁ%é’ém\ﬂﬂm tPew of
12.4 nsec, ,the.SIN ratjo of 29.4 dB. _the ari.ent rati OR), of 1.12 for
the coor o SEBRELCS TS Fuchiasodbres e o 3R ARyl et oquet o
resi dual "RORGLNERHHItHMHadhdtR layer, and so on.

Brief Description of Drawing:

Fig. 1 shows a film structure of a magnetic recording medium according

to a first embodiment of this invention; and
Fig. 2 shows a film structure of a magnetic recording medium according

to a second embodiment of this invention.



18 thickness, and the signal output attenuation of 0.07 -dBl decade as the
thermal decay resi stance. Taking the results of the first through the
fourth enbodi ments into consideration, it is understood that the SINratio
can be inproved by formng an all oy Iayer of an anor phous structure, such
as a C alloy layer, interposed betweeq_ t he gl ass substrate and the Al Ru
alloy layer. It is also understood that’,” between the texture and the Al Ru
alloy layer, the effect of |nprOV|ng the thermal decay resistance can be

obt ai ned. Next, _ prepared in the manner
simlar to the f@?% > film (having a thickness

of 100 angstromsyg wsdggeg%fﬁoﬁ%wbtehﬂaae g?hafngagnéttberef*bfah hdiuhaver . The

magneti c recordi ng he us obtal ne he coerC| orce (Hc) of 3570
Ce (oer st eggcdrin gh@ tﬁisrlﬁ%ﬂtﬁfﬁﬁtdoﬁhrﬁ‘hbﬁ%ﬂ%becﬁﬂl?evﬂb@ﬁﬁﬁént@f resi dual
magneti zati on an I m t hi ckness 0. 33 nmenu t he coercive

f orce squar enessFigtiEmbo&imerntf O. 77 the solitary wave reproduction output
(LF) of 1.24 nV, the solitary wave puI se width (P11~ of 13.1 nsec, the SIN
rati o of 28.4 dBRefdrengto Eig. dd armmagueticOfcooding niiidraradcbeding éo aifivet f or ce,
the oriented ratio (OR) of 1.04 for the product of residual magnetization
and fil m t&mbrdiaent oft lStlh‘eelﬂIO@rmmULﬁqaﬂ glassswbatratent on whiclh anddBRoecade as
t he t her mal decazbéem stance, Thus (ﬁ&ncpar ed with the aboye-nentioned

enbodi nent 3o% Ig¥ELE B8R mgpsf'ﬁ:antsehppw ngriaver, ap wﬂﬂaygréea Al t hough

h f hi
ﬁeﬁo?é’?ﬁél %%an%éﬁfav'ﬁz 7 paBkere 125RE 3. S5d S ihatA e} 'easﬁ‘éar'aswawsafa%e

wi dt h (PW ear% Hnﬁt@f&& lp%%eotr{fgr thermal decay resistance are

det eri or at e e er ence a magnetic recording mediumis

produced by the TRE gPissasu‘-’HéP%Eé @ﬁsea‘ﬂlémstﬁa?é Md2 & &PQP&%EPIRIUSC@QQ? ntr ' c

grooves on the surface of the 19 gl ass substrate. Instea

llayer is fwhithds@n dibmitdsifcats sk ohemically strangisiedd TrRglass éUBstgéteoves
are formed on the surface of the NP alloy |ayer by the use of a tape-type
texturing dpppravidest witha mugbet ofccanseotriti grgoweslfarmestintzhe ref erence exanpl e
has a filmstructure conprising a & film an NP alloy |ayer, an

under | ayer rqceédlnaérﬁ@roguenwarﬁar@ffthe suEace af theubstiate 1 iang hayinwar Pt B

magnetic |la er, e carbon rofective | nd a perfluoro

ol yet her MBI HiaN (7 St Scua i trdkamieh o Uamigi ieasuliby &fe i n
this order er is formed by sputtering and has a thickness
of 800 ang%& Eﬂﬁé‘wcﬁﬁack%%gpﬁyng | ayers are simlar in material,

conposi tion, an % o ts.

a result, the oﬁ%%fl\%gﬂ ?YWFEZ?§?“ QE@%@?{‘({?E@F %?r‘%e equa iJ?\g 1. 19
and the Oraﬁ@sgcbt%iRu%r{dCF@wrﬁ%h B?éryl@faf?@ﬂﬁbtu@é r'Eeé AIRL all®p Rifer 23idson and
filmthickness is equal to 1.26. The magnetic characteristics and the

recor di ngl thephiwiuess of 26@aagseomst i cs are sinmlar to those in the first
enbodi nent. However, in a recording/reproducing test by the use of the MR
head, a signal eTh@Nnﬂgrlmfe%h@%Ia|€|Tﬂ11ma§e@ﬁHIJCfeif¢@falc's’V\éthlhéllf’f‘réha‘é@@@r|ty A

B Sper oi velik ““h‘?m? nﬁﬁ%gesﬁgg# %%ﬁgé&g&f?rﬁaﬂwhﬁvmb Vo HIeESSEN % | o d
¢ 7 ot et

o those | HTETel oG igenbel FEA stedte afte FrWGR B e &Ce T Coghness

and the i LGhoBLiibA%aficd 80 Sk @iy A9 foﬁwsw{suc eVl ify @ A3oREaBy 2L ©

t he conposi positing con I'tion a gas

the underl nt ORI heyifhy 94 eet bAd (AP of el the

i mproved t%‘y e{ﬁ’g’d‘ H%ﬁ]e n@%hg?éé era%CB Fab gxeen 1.1 4and 1.5. By adj usti ng
the ori ent§|d>nﬁ@tblmlmm|zétmrt@fecryggggrm ween 1.1 and 1.5, a rragnetl c
recordi ng nmedi um havi ng excel | ent recordi nglreproduci ng characteristics,
such as | ow nedi lnthedCe@rRtha dghin S, thet ¢asitents anf G GrpPhiamddla 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



20 As described above, according to this invention, it is possible to
obtain a magnetic recording nmedium high in coercive force, excellent in
magneti ¢ ani sotropy, and superior in thermal decay resistance. Furthernore,
excel  ent recordinglreproducing characteristics such as | ow nedi um noi se
(high SIN ratio) can be achieved. 21 T IS CLAIMED I'S: A nmagnetic
recordi ng medi um conprising a gl ass su% trate having a principal surface on
which at |east a nmagnetic layer is fornmed) wherein: said nagnetic recording

nmedi um hase}tﬁoeﬁgﬁét%‘?@ét%%ﬁ gﬁgpesﬁ%ﬁ\t,qu or nore in a circunferenti al

di rection Incip urface ot said glass substrate being

provided Wth a fexsidfeuiIe st Sishedes prelentdefitiohaich bomafagReo t hat

said nmagnetic layer is given circunferential nagnetic anisotropy;, said

nmagnet i ¢ Naga 4l & GeSROGUIBHtACIVAET a fedgHdtiBiHRda MhensbtectitilaRirmopy | nduci ng
| ayer forned between said glass substrate and said nagnetic | ayer so that

sai d magnejontprisesc Hydvogendiednedrben fitm diavietthd thiskness 65 ahgstrdmer nor e,
said oriented ratio (OR) being defined as a ratio of a magnetic

char act er i'&e lubrination lyef 6rcompridesd liquid ilubticaot ahpetfisoraypalyethec and
characteristic in the radial direction. 2. A magnetic recording nedi um as
cl ai med i rsefves o huffardhe gentasbwithitee magnetiaiheagd. | dpedubricationdaysrghbas
strueture GRS ehsmgtioms® ¢

Next, description will be made of a method of producing the magnetic
recording medium having the above-mentioned structure. At first, each of
opposite principal surfaces of the glass substrate is subjected to precision
polishing. The glass 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 um) 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 roller 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,



gl ass substrate and said nmagnetic anisotropy inducing |layer. 3. A magnetic
recordi ng medi um conprising a glass substrate having a principal surface on
which at |east a nagnetic |ayer is formed, wherein: the principal surface
of said glass substrate is provided with a texture having a predeterm ned
surface roughness so that said nagneti33layer I's given circunferenti al
magneti c ani sotropy; said magnetic recordi ng nmedium further conprising an
AlRu alloy layer formed between said glass substrate and said magnetic
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circunferential direction to another magnetic characteristic in the radial
di r ect i on.atfhospheegobAi+dlr eddredientpiniedilayerasre ldeposited by apytterrg of acl ai ns 3
to 5, further conprising an alloy |ayer of an anorphous structure
i nt er posednBetiveegas atmosphere of Ar. Theén, a perfluoro polyether lubricant is applied
on the protective layer 5 by dipping to form the lubrication layer 6. In the
above-mentioned manner, the magnetic recording medium is obtained.

The magnetic recording medium thus obtained has the coercive force
(Hc) of 3500 Oe (oersted) in the circumferential direction, the product of residual
magnetization and film thickness (Mr - t) of 0.38 memu/cm?, 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. In this embodiment, the oriented ratio (OR)
is remarkably improved to 1.21 or more. In addition, the coercive force as 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 results 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
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it is preferable that the coercive force (Hc) is not lower than 2500 Oe (oersted).

The coercive force squareness ratio (S*) is an index representing the in-plane
orientation and magnetic isolation between magnetic grains. The oriented ratio
(OR) is calculated as described above.

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. PWH50 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 small 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
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a write track width of 2.0 pm and a read track width of 0.5 um. At the recording
density (520 kfci), a carrier signal is recorded on the magnetic recording medium.
Thereafter, medium noise from the DC frequency region to the 1.2 x recording
frequency region is monitored by the use of a spectrum analyzer. Then, the
S/N ratio is calculated. Generally, the improvement of 0.5dB in S/N ratio
contributes to the improvement of 2 Gbit/inch? in recording density.

The thermal decay resistance is evaluated in the following manner.

In order to accurately evaluate only the signal attenuation due to the
thermal decay of the magnetic recording medium without the influence of
thermal-off-track (the phenomenon such that thermal expansion of a head
suspension causes deviation or offset of the magnetic head with respect to 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 evaluating 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.
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environmental tank is kept at a temperature of 60 °C and the recording density of
the signal written in the magnetic recording medium is 100 kfcl. The magnetic
head used in this measurement has the write track width of 12.0 um, the read
track width of 2.4 um, the write gap length of 0.35 um, the read gap length of
0.30 um, and the flying height of 20nm at a part of the read and the write
devices.

Second Embodiment

Referring to Fig. 2, a magnetic recording medium according to a second
embodiment of this invention is produced in the manner similar to the first
embodiment except that a Cr alloy film 10 (having the thickness 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
(Hc) of 3590 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 0.78, 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 AlRu alloy layer 2, it is possible to reduce
the influence of the surface condition (such as a crystal structure) of the
substrafe and to prevent the influence of contaminants on the surface of the
substrate. As a result, the uniformity in crystal grain distribution in the AlIRu

alloy layer 2 is improved and the noise is decreased so that the S/N ratio is
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Next, as a third embodiment, a magnetic recording medium is produced
by the use of a CrTi alloy (60 at% Cr and 40 at% Ti) as the Cr alioy layer of an
amorphous structure interposed between the glass substrate and the AlRu alloy
layer in the second embodiment.

Furthermore, as a fourth embodiment, a magnetic recording medium is
produced by the use of a CrNb alloy (60 at% Cr and 40 at% Nb) as the Cr alloy
layer of an amorphous structure interposed between the glass substrate and the
AlIRu 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 - t) 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 (Hc) 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/N
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
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thickness, and the signal output attenuation of 0.07 -dB/decade as the thermal

decay resistance.

Taking the results of the first through the fourth embodiments into
consideration, it is understood that the S/N ratio can be improved by forming an
alloy layer of an amorphous structure, such as a Cr alloy layer, interposed
between the glass substrate and the AIRu alloy layer. It is also understood that,
between the texture and the AlRu alloy layer, the effect of improving the thermal
decay resistance can be obtained.

Comparative Example

Next, a magnetic recording medium is prepared in the manner similar to
the first embodiment except that a Cr film (having a thickness of 100 angstroms)
is prepared without forming the AIRu alloy layer.

The magnetic recording medium thus obtained has the coercive force
(Hc) of 3570 Oe (oersted) in the circumferential direction, the product of residual
magnetization and film thickness (Mr - t) of 0.33 memu/cm?, the coercive force
squareness ratio (S*) 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 small 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
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0 111V3S>!g9¢&sstrate. Instead, a NiP alloy layer is formed on the glass substrate and
a number of concentric grooves are formed on the surface of the NiP alloy layer
by the use of a tape-type texturing apparatus. The magnetic recording medium
of the reference example has a film structure comprising a Cr film, an NiP alloy
layer, an underlayer including a CrW thin film and a CoCr thin film, a CoCrPtB
magnetic layer, a hydrogenated carbon protective layer, and a perfluoro
polyether lubrication layer successively formed on the glass substrate in this
order. The NiP alloy layer is formed by sputtering and has a thickness of 800
angstroms. The remaining layers are similar in material, composition, and
thickness to those of the above-mentioned embodiments.

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 similar 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). It has
been found out that a foreign matter of NiP is present.

The magnetic recording medium of this invention 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.
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As described above, according to this invention, it is possible to obtain a
magnetic recording medium high in coercive force, excellent in magnetic
anisotropy, and superior in thermal decay resistance. Furthermore, excellent

recording/reproducing characteristics such as low medium noise (high S/N ratio)

can be achieved.
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WHAT IS CLAIMED IS:

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

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

the principal surface of said 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 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 a
magnetic characteristic in circumferential direction to another magnetic
characteristic in the radial direction.

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

the principal surface of said glass substrate is 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
formed between said glass substrate and said magnetic layer and made of a
material containing Al (aluminum) and Ru (ruthenium).

4. A magnetic recording medium as claimed in claim 3, wherein said

magnetic recording medium has a coercive force of 2500 oersted or more in a
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5. A magnetic recording medium as claimed in any one of claims 3 and
4, 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 a magnetic
characteristic in circumferential direction to another magnetic characteristic in
the radial direction.

6. Amagnetic recording medium as claimed in any one of claims 3 to 5,
further comprising an alloy layer of an amorphous structure interposed between

said glass substrate and said AIRu alloy layer.



