; €3e22~46j T? MAGNETI C RECORDI NG MEDI UM PRODUCTI ON PROCESS THEREOF, AND

_ MAGNETI C RECORDI NG AND REPRCDUCI NG APPARATUS BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention: [01 ] The present invention relatemmmmwmmmmmmmric
recordi ng medium which is enployed in, for exanple, hard d to a
process for producing the magnetic recording nmedium and to a faggetic
recordi ng and reproduci ng apparatus. 2. Background Art: [02] The recording
density of a hard di sk device (HDD), which is a magnetic recordi ng and

reproduci ng appaVe{GNETIESRECORBEYC MEDIUM{ PRODBCTIONPROGESSN thi s
tendency is expected to continue. Therefore, magnetic recordi ng heads and

Tagnet ¢ I ecor SrpREda AN S\ GNETIE RPEIGRDINGHND REPRADOEIKEEOT O g

density are now under devel opnent. Magneti c recordi ng nedi a enpl oyed
in hard di sk devices are required tgﬂ%?i[%h recordi ng density, and

t herefore demand has arisen for inptov f coercive force and reduction
of nmedi um noi se. [04] Most magnetic recording nmedia enployed in hard disk
devi ces have a structure including a magnetic recordi ng nedi um substrate on
which a nmetallic filmis | BACKGROUNDOBH THFPINVERTION Al umi num substrat es
and gl ass substrates are w dely enpl oyed for producing nmagnetic recordi ng
medi a. An al um NUIMERIWISEE Biventich: Produced through the foll ow ng process:
an Ni-P-based alloy fTTm (thrckness: about 10um is fornmed through

el ectrol platin - V.: al i d mrror
pol i shi ng,%ﬂ;md t hegg%rrkfrg%gﬂo VM?[H% Jﬁ&%stg%?%@%ﬁf oy Oﬁ}?éjr?ll%gﬁgn ugljhgzgg %d to
mrror polishing., Gass_ substrates are cJassified into two types;. i.e.,
Bror phous. of adSTIRMRE in fELeRaH A I e U defiees dn B BB 4o TnAlBBR ther of

t hese two types of glass substrate is enployed to produce a nmagnetic

recor di ng nedimgnetipdeeqrdingrmediuing agd gp ¢t Magnetis rcprdng pad ireprodvcing OS] I n
general, a magnetic recording nmedi umenpl oyed to produce a hard di sk device
i ncl udes a noreppamghst i ¢ substrate; a non-magnetic undercoat |ayer (forned
of, for exanple, an N -Al-based alloy, C, or a Cr-based alloy); a non
magnetic internedi &t eBhkyedundfgi:med of, for exanple, a Co-Cr-based alloy or
a Co-Cr-Ta-based alloy); a magnetic |ayer (fornmed of, for exanple, a

Co-Cr- Pt based 0 : = Cr - Ple- | ; e, film
(formed 0[;6% for engrr}%l ge,cg(;:%r gdr%fg[){ E)tef ﬁgg@@sﬁgkﬁ&% r%@e%ék@gféc%s%i vely
formed on the subst.rate; ..and | ubrication film containing a |iqui

| ubr s cant. and TG e AR nd et bR deprby B PR A B W an
increase in recording density of, for exanple, a nmagnetic, disk deyice,
demand has ar iBSBryephrand thagadsreyy @cmptﬁgqﬁemnam'%xﬂlmfpwg MAARHREE i ¢
anisotropy in a circunferential direction (hereinafter may be referred to
sinply as "ci recorflingdeadssandmagnstic cecardispmediaywhich arecsuithble fenatiabiing ng
excellent read-wite conversion characteristics. Therefore, circunferenti al
magneti ¢ ani sdiiglomyoiding dguaity et o undendevedlomnenecording 2 nmedi um
including an al um num al |l oy substrate coated wwth an NiP filmthrough

plating ([ 87 ei naf t eVfaghtfic FEREin nfedP¥mPRyEE IEhird Hidkod@ced Are RlgHFENUM
substrate™), by neans of nechanrcally form ng grooves on the surface of the

NiP filmin a i nfrenent ] al: di necki o h inaft ey ar ure Wl be
referred to as?g"pr%‘(}:éhg‘%hc%&?gwgug ?r?]s%ﬂy) %"PO%C?%@%- ﬁ%@ﬁé&i%égsﬁglg% aftgres; for
exanpl e, glass substrates, are suitahle, for attaining.high recording
Gonsrty, of nodmBBF e pEscE vk Dot iuson OF bBEBIRARE °r i gi di ty. and
evenness. Therefore, when a magnetic recordi ng nedium including a

non- magndPfL subst rYest megnstiel resording medisegmpleygst Bnhagd disl demicss g@w erenti al
magneti c ani sotropy, the resultant recording nediumis envisaged to exhibit
excel | ent readinwiure incdndiagsa anagietic actending inogliurh O8ijbstBate eoral wiieb hods have
been proposed for subjecting a glass substrate to nechanical texturing, to

thereby form tpxhuiceilay 8xMaMmatcdehRAph shtferigramlliinunh SilRtHRS ab@?fhs@r oposed
a nethod for formng mnute, uniformtexture grooves, which enploys a

suspensi on co . :
v oxy! - or oup S &tted aS K8ty 16e uling HllhlBrefludthg medie, A0
fiber. See Japanese Patent No. 3117438. [09] There has al so been proposed a
nmet hod for formng mnute, uniformtexture grooves, which enploys dianond
abrasive grains together with Ce02 abrasive grains. See U S. Patent No.

6, 248, 395. [ 10] However, difficulty is encountered in inpangyi ielent
circunferential nmagnetic anisotropy to a magnetic recording “mmﬂm'm““‘“mm
including a glass substrate by nerely formng texture grooves ong.ihe.
substrate. 3




In View of the foregoing, there has been proposed a method in which an
_anorphous | ayer containing at least NN and P is fornmed through sputtering
on a glass substrate having linear texture grooves on the surface thereof,
to thereby inpart circunferential nmagnetic anisotropy to the resultant
magneti c recordi ng medi um See Japanese Patent Application Laid-Open
(kokai) No. 2001 209927. [11] The above-proposed nethod for form ng an
anor phous | ayer containing at least Ni and P on a gl ass substrate having

texture grooveguminugi subsirg® igProdute ot thdfalowiad pRIcEREan Ni/P-baedt 0 t hat
obtai ned by the aforenentioned N P-plated al um num substrate having texture

EQSEYZZRE”J E‘?{S’%&%ﬁ @@aﬁe?‘m%?@qsh&’éﬁ?‘&%ﬁ@@ﬁh@&%ﬂ@%@%ﬁﬁ%ﬁ%ﬂg | ayer
i bt t 5. g o BRI EPIEYS NSRS mSRIRHE PO AR P &4 SFcTrht ai ni ng

ul
at least N\ and P is enployed, difficulty is encountered in attaining high
coerci ve for ceofdheiNiPobased aiosefilim és yubjqcted taairenpphishing: oblasy aduirekes t e
conversion characteristics fail to be obtained. L12] SUMVARY CF THE
| NVENTI ON [ 13]ar¢ rclassdigdointe Hwvof typegjoi.eg,anzmpluhiseglassokubtstratesr ke iglass nvent i on
is to provide a nmagnetic recording nmediumincluding a glass substrate

havi ng gr oovescedinit heubstiittac EVh&releithér, ofVitiesd thBdiyyes oK hildds tbstrate is
circunferential magnetic anisotropy, high coercive force, high squareness

ratio, and exc&ﬁél@f@&%&?%ﬂ&é@ﬂﬁﬁ@%ﬂﬁ%&iﬂmg SOMANRGHRE bSishiaR is Z§ul%ie<1‘ste<§ 14]

Anot her object o esent ntion 1s to provide a proces or
produci ng the i ! Still another object of the present invention is
to provide a ﬁnéﬁgt%%dﬁség%ﬁ’ di ng and reproduci ng apparatus containing the
medi um | ] In order to, solve the af grenmenti oned prqblens, the present

i nvent or S[O%ﬁve per f18r&78erab & waghelis r%‘i‘lﬁ‘g‘f’éé’{‘edé% empleyef dpmrdusae hafhen an
orientation determning |ayer of a magnetic recording nediumis forned of
an al | oy | ayerdigodavigerinplgdesta nammiagegiis subsirate)a noatmagnetic indarccatbaygr Co, Ni,
and Fe and at | east one el enent selected fromanong W M, Ta, and Nb,
char act eri st i qforafedafnfogaeimpsie,raaddic Al-bgsed atloy, &t olaCi-based play Bau®n-
incorporating the nagnetic recording nmedi umcan be inproved. The present

i nvention has hgaRtiaRermdifad RfeOfoinhd dfafor exthplehd Eold8lsBg allde 604 di ngl y,
the present invention provides the follow ng. | 1’7] (1) A mgnetic

recor ding_medi S AMks Bt ShARSe RN Rl Bt AP SScoRy e surf ace

t hereof, an or at’i on-de a non ’na i‘c ’undércoat | ayer,

a magnetic |layer, and.a protectiye fil he layers and film bei

successi vel y ffﬂ"‘?ﬁ?ﬂd goy ﬁ%a ??fbéﬁ'yﬁ?&as%@toé’s’r? P‘%/‘?gecﬂ?"? gﬂ"f‘ étoir@ﬁg&g?fg’f m ni ng

| ayer contains at | east onpe elenment selected fromthe group consisting of
Co, Ni, and Fexamgleatcartoms thentayersepichdilmebeipg ecesssivelynformed upn dhsi st i ng
of W My, Ta, and Nb. [18] (2) A magnetic recording nmedium according to
(1), wherein tsubstoaté;eandea lubricateomefilm wontginingy# liquidntubiicesit and [femstd ane al | oy
sel ected from anong a Co- Wbased all oy, a Co-Md-based all oy, a Co-Ta-based
al l oy, a Co- N@hé&protdetisedilal | oy, an N -Ta-based all oy, an N -No-based all oy,
an Fe-Wbased all oy, an Fe-Mo-based all oy, and an Fe- Nb-based alloy. [ 19]
(3 ) A mgggptic reqardiiiafBRAigihRarkpdade ﬁgrécerdﬁn%lcliénsﬁﬁ of dbr eXMipIE) £ the

orientation-determning layer has a thickness falling wthin a range of 10

~to 300 A [20Q netigc r r di iu ording.to_any one of
(1) through (oot ARG Wenble Bah el BY L MBI AP rBNL "G o
[21 ] (5) A magnetic recording nedi umaccording to any one of ( 1 ) through
(4), wherein toBIDHREPAENGHSABISQUPPY, B @eﬁ@mﬁgr@%ah@rm%&her?lsefser(m%hes/ ) .
[22] (6) A nmagnetic recording medi umaccording to any one of ( 1 ) through
(5), wherein theerefereadeta sinaply sast Yarepmiferdatial omagretic ragsetiopy )l apdrthigoer ci ve
force in a circunferential direction/coercive force in a radial direction)
is at |east 1.eRhibitid3]excéllerd megirwtitec doncasidnnghamdietisticdc corkhergfotep any one
of (1) through (6), wherein the magnetic ani sotropy index of residual
magnet i zat i on ocamifctbiial RAgRLC ZalisdWopl Nisdinghdred Hoe heMapddtic recordin
direction/residual nmagnetization in a radial direction) is at |east 1.05.
[24] (8) A magnetic recordi ng nedi um according to any one of (1) through
(7), wherein the non-magnetic undercoat |ayer contains a Cr |layer, or a Cr
all oy layer containing at |east one elermpent selected fromthe group
consisting of Ti, Mo, A, Ta, W N, B, Si, and V. [25] (9) A magnetic
recordi ng nedi um according to any one of (1) through



(8)", wherein the nmagnetic |ayer contains at |east one alloy selected from
the 6 group consisting of a Co-Cr-Pt-based alloy, a Co-Cr-Ta alloy, a

" Co-Cr-Pt-Ta based alloy, a Co-Cr-Pt-B-based alloy, and a Co-Cr-Pt-B-Y-based
all oy, wherein Y represents Ta or Cu. [26] (10) A magnetic recording and
reproduci ng apparatus conprising a magnetic recording nmediumas recited in
any one of (1) through (9), and a nagnetic head for recording of data onto
t he nmedi um and for reproduction of the data therefrom BRI EF DESCRI PTI ON OF

THE DRAWNGS [gddiuhi fhclullingS aR AGHERBI laflof 'Bstra3€ CoheBait | HVNP filne
magneti c recordi ng mediumof the present invention. [28] Fig. 2 shows a

acordi ng modi Hvar PeE TRGERHR e SRR M R L TR T

I NVENTI ON [ 29] The netic recordin iumof the present .inv ion

ol udes . of UEEE ST sind 1 RE NP RalE 2o BE xdcds PR Sipmcd o the
orientation-deternining |layer, a non-nmagnetic undercoat |ayer, a nmagnetic

| ayer, and a H}I@tgh{’il\?ea fCiHFWinf@crﬁélall Q@F@OI‘&H&FrFmFWrb@enEf%‘%féé‘“eé’%‘ilvE@y f or med
on the substrate. A characteristic feature of the magnetic recordi ng nedium
resi des in thatfetred toas ‘Gnechenionl tegtteingii)ni ng | ayer contains at | east one

el ement selected fromthe group consisting of Co, Ni, and Fe and at | east
one el engoy] sel ect edorf-imapghdtivasubsteutds; farexambleNglasd subbtrdbs, al@suiabld db. [ 30]
Fig. 1 schematically shows an enbodi ment of the magnetic recordi ng nmedi um

of the presentybighibR fecoRRhSHERAT, HAERNE! exhibieBleRentAmPhdSSsistance,
substrate, 2 an orientation-deternmining film 3 a non-magneti c under coat

| ayer, 4 a nm | egtive fi . J I

subst rat e 1 el 4 Ehenh JrRBRl Chhb % raglbic Heordif Aol Jrous

gl ass may be gener.al - purpose gl.ass such_.as soda-line glass, . )

al um nobor osi MelE{BE 4t 49 -,ma(glngtéq Shpstats fqrﬁléae‘%gglé?s ?arGlbﬁs&rO}?é‘F%ﬁY‘@ may be
l'ithiumbased glass ceramic. Particularly, the glass substrate is
preferably forosdméfrentinbr pagngticglaisetrenshi tiet resyltami resordinghymedinm % operti es
(e.g., hardness), since texturing can be perfornmed uniformy on the surface
of the subst r aneisagedixp eXhiditgkedknsithdiwrit eodversorsehyrantdrisdcd.o, for exanpl e,
mechani cal texturing by use of a | apping tape containing fixed abrasive

grains OF[OB?/ use ofsehveREnRRI0AS hiwe BHeaipidposédidrREbj8Rhg DElERBAYAS tPN t he
surface of the substrate. The grooves forned on the surface of the glass

bstrate 1 | i j i ti
Substrate. Therararseckiifng @ el KL ERET Bk BB, 100 sRimly, 4
Lo 1 om (1 - tBgord) bécet pibHnd & Bsp%omS Hfng SpiflmofisBnh (B96r) ) 5]

When the average surface roughness (Ra) .is less than 0,1 nm the_glass
substrate 1 be&ERWes &by ¥ nBspenisiom gontaining [Rerasivee 8tains aphfanci ng
the magnetic ani sotropy of the magnetic layer 4 is |owered. In contrast,
when t he aver aghitisunof adwdraxylygrospscopRining xempoisnd] andia wavke tapecformeds of t he
surface of the nediumis |owered, |eading to poor glide height

characteri sti of plaific fibée SéeUapaticéd PaedtNo. 31 B138ount ered in reduci ng the
flying height of a magnetic 8 head during the course of recording and

reproductfpop of datpherd ﬁéslallmgewﬁxfo?aﬁedoi nlefddofoR FSmBHP BlihdfeCudiffthel er abl y
has grooves having a |ine density of 7,500 (lines/m or nore. The line

density is ne d O A: j ks i f .t t e. The
reason uhy t oot ena plich by UhEEh ABtaiive tpf iR W CROF, 1T
effects of the grpoves arg reflected.in i vement of magnetic
characteristi @an(slé’.e(ﬁr?m%nﬁ%@@nﬁﬁ?n&ﬂo'&%wg%e force) and inprovenent of
read-wite conversion characteristics (e.g., enhancement of SNR (signal to
noi se rat[l®) or PWEdowewslf diffierityni it hendountesecht dul riowerting seyfficiemhe | i ne
density is nore preferably 20,000 (lines/mm or nore. \Wen the grooves have
a line densit yirohmPQefitd) (agnal/ mmsoadpyote,a theagmtior esverding neddiehf ect s of
t he grooves beconme nore remarkable. [35J The upper limt of the line
density is 20@1&@9&%? lai JMRS 5B rate Wi edeRefolin i tHeied %Mo@éfb‘ﬁ&ﬂé sutdftaf@00
(l'ines/mm, the distance between adjacent grooves becones |ess than 50 ~,
which is smaller than the size of individual grains in the non-nmagnetic
undercoat |ayer, and thus the magnetic ani sotropy of the magnetic recording
mediumis |owered. [36J Preferably, the mrooves run generally along the
circunferential direction of the substrate. As used herein, the term
"grooves" refers to irregularities of the surface, in which the distance
between the top and the bottom of each irregularity shown in a radial cross
section of the substrate preferably falls within a range of 0.02 nmto 20
nm (nmore preferably a range of 0.05 nmto 10 nm. Wen the distance falls

- . . o N Y o o



A probe is radially noved for scanning the glass substrate serving as a
_sanple, to thereby obtain a scan imge of AFM A flatten order is

determ ned at 2, and plane-fit auto-processing, which is a type of
flattening processing, is carried out with respect to the X-axis and Y-axis
of the scan image, to thereby flatten the inage. A box area of about 0.5 um
x about 0.5 umis defined on the flattened inage, and the line density
within the box is calculated. The line density is obtained by converting

the total nu (g S} . - ] | Jj ogye top
and the bottgﬁnﬁa‘ﬁg&tﬁéﬂ%-go%g@“%r}%%?l@sﬁ?%ﬁ ;frﬁéﬁs%lﬁse{ gﬁé@dbfé{]\%ggﬁ e groove
top and the bottomto,the corres di pg. nupber. per pecjfically, the
line density i%"¢R OWL}ﬁ’f)eéFO%tﬁlnilqi)aggfﬂsggf ?r?@ls P‘Pﬁ%ﬁ’{& E{tifr‘%% per nm
in aradial direction. [40] Ljne densities are neasured at different points
on the surfacesl®® Stlh%ramhaw'%hmaé tQturg grogvse og |ﬂaes%ur§ef>§fter%ﬂfetp,th%rﬁay the
average val ue and standard deviation of the neasured densities are

obt ai ned. The impertaifeumédrential magogjieranieptrapy thihe resuitanfanagnetic sfcordieg gr ooves
of the glass substrate. The nunber of points at which the line density is
measured i s dehetinmne®es uaparichatPatdne Apsicaten \[aid+Opam dkding) Noark(dil d

devi ati on can be obtai ned. For exanple, the nunber of points at which the
l'ine density igogpasured can be determ ned to be 10. Wen the average and

t he standard deviation are obtained at 8 of the 10 points after excluding

t he poi nt whi ch e Line 1fy. i i ' e i 0t at Lch the
l'ine dens[ilﬁ/ ism n?ﬁr%un%lboggﬁgospﬁg‘%& n%lgtzlﬂggﬁerde@g tggn aﬁq&r@'rolu% rl1a§4t3ed, and
t hus accuracy in, neasurenent .can, he enhanced.. [4 The

o' entat | one SSOBIRAR iy TP AR BoPBE GRS FUPHILE DAY U 83 a
orientation of the non-magnetic undercoat |ayer,_3 forned directly on the
film2 and forcoadtititesian Adempietoc pYiaingpn gffeshsimilasoothat ebtainggnby ithe | ayer 4
formed on the layer 3, to thereby enhance the circunferential magnetic

ani sot ropy of aftwemeatoretdi NiR-platad dumithen enbstrateahadng detterengroowes. f In m 2
serves not only as a filmfor determning the crystal orientation of the

layers 3 and 4eally! wib$@ @Bbaselliundefcost fink #Wozba3ed wiaghedd 1Geridnd 4 n the
non- magneti ¢ undercoat |layer 3 and the nmagnetic |ayer 4. [42] The

orent ot on- dgh66 A B TR RP (HARIPGnCho M BbhaN: IRUETroRAR 21 i ng

at | east one enent Selected fromthe group consisti 0 and Fe

and at | east e el enent sel ect fromthe gro consi st i of W. M, Ta,
and fb. [a3] NBrosEh FERhor? Speihbd e Eldn S nghR ioRRS edfatisbid on of
the alloy 11 | ayer enpl oyed.in the aforenentioned orientation-determ ning
film2. I-lomevé?l?gnﬁP%?%‘tggth’Ry; dlflwe\few erh%@mormouegéyemf:?ntaw% leagt | s
within a range of 25 at%to 70 at% and the total anmount of W M, Ta, and
No falls withiMi and Enigecraplogel, alifficully 76 eacountanhd in tafteining highaensigive of Co,
Ni, and Fe is less than 25 at% the crystal orientation of the non-magnetic
under coat | ayebrdeeandresigh nsuhfenedse Ritio, adid tsitisfactargr edadewiiter ceénvessidrower ed,
whereas when the total anount of Co, N, and Fe exceeds 70 at% the

ori ent ati on- degfatieRkinG thilkdbé shitamemet i zed, which is not preferable.
Meanwhi |l e, when the total ambunt of W M, Ta, and Nb is less than 30 at%

the circunferenti al magg ﬁi c§ §4'Li§gr Q nhg g ic layer is |owered,
wher eas when the total 2 g ,‘P ﬁﬁ_iE EREION ds 75 at% the crystal
orientati of the non magnetic undercoat,.l gy becones .i nsufficient, and
t hus coer[(cwl/e f or el %‘eWo&gﬁ@dﬁ’rTgﬂ]g’ 'ﬁﬁ‘eog?%r‘g{ngﬁt?rﬁ?@ﬁ invention 15 10
orientation-determning film2 is nore preferably forned of a |ayer

cont ai ni ng at Hrevde %megaplicoyeovediag traedipmoinctudingg aoglpssc sibsiraiei eying a

Co- Wbased al |l oy, a Co-M-based all oy, a Co-Ta-based alloy, a Co-Nb-based
all oy, an Ni - fgedasedn athk oyurfage therebi- basbd neddiwy , exhibifse citdlnafeeshtial | oy, an
Fe- Mb- based al |l oy, and an Fe-Nb-based alloy. The present inventors have

performed ext efgdnéfc %MQ&@?, highdedRpeiee foRed) thidhhfuateied ratio, aint @k célRyit Ng an
Fe7Ws structure 1s enployed in the orientation-determning film the

circunferenti Cﬂa' gihel | i . the magnetic layer is further
enhanced. \/\he?lrl%t1 e gﬁdg&ﬁgyz@%@g%&ﬁé%ti ng the orientation-determ ning
filmcontains an Fe7Ws structure in an anmount of 25%or nore, the
circunferential 12 a magnetic ani sotropy of the magnetic layer is further
enhanced. The Wcontent of a CoWbased a]loy preferably falls within a
range of 30 at%to 85 at% The Mo content of a CoMb-based alloy preferably
falls within a range of 30 at%to 85 at% The Ta content of a

Col a-based_all oy preferably falls within a range of 38 at%to 65 at% The
Nb content of a CoNb-based alloy preferably falls within a range of 37 at%
to 86 at% The Ta content of an N Ta-based alloy preferably falls within a

Y ~ Y. Y A ~ o~ .Y 2 N o o Y



content of an Fe-Whbased alloy preferably falls within a range of 37 at%to
86 at% The Mo content of an Fe-M-based alloy preferably falls within a
"range of 35 at%to 85 at% The Nb content of an Fe-Nb-based all oy
preferably falls within a range of 40 at%to 86 at% [45] Each of these
alloys (i.e., Co-Wbased, Co-M-based, Co-Ta-based, Co-Nb-based,

Ni - Ta- based, N -Nb-based, Fe-Wbased, Fe-M-based, and Fe Nb-based all oys)
exhibits the aforenenti oned characteristics, and an alloy containing a
conbi nat ' [Qﬂl:gf SOMEARGthéMEHiectabtt ﬂﬁé%%x@&hlt bh%’ittl@h%'t@rpr&haé ACHREés3tfofs. For
exanp W Mb- based aI | oy, Ni - Nb- based al I'oy, or a

Co- Wl\/b Ta- baslﬁg &”[1% ts simlar characteristics. [46] In the
present invention | Ckhess of the orientation- determ ning film

pr ef er abl alls w e thickpess of
Phe or rerkidl  on- det%tmﬁaﬂ‘%h ABFshatsn? kel inyentign.is 1 REOHHS & HAEERF ont at f on
of the non-nmagnetic undercoat | ayer becones |nsuff| cient, and thus coercive
force is | ower@eordingandaeprafesing #rparainsgontrdaing the medipm; ent at i on- det er i ni ng
film13 exceeds 300 ~, the circunferential magnetic anisotropy of the
magneti c [1&)er is |lowendedtio saivathgeaforementibmescproblemsc ithecprefent dmvangdrs magnet i ¢
ani sotropy of the magnetic |layer, nore preferably, the thickness of the

ori ent at i on- deliage rperforiged extondivd stadies,tdnidrhave faungethaf, wien-ant erich@ion- _ [ 47]
In the present invention, the orientation-determning filmmy contain

addi tive el e“‘d@te"rmuﬁﬁéﬂ'@e%f 2ina %H&l@t@%ﬂdldgem@dlﬁﬂ%tf&rrleﬁ(‘df‘éﬁeall& layér C, M,

Zr, Hf, Ru, B, The total anmount of the additive elerrent5|s
preferably 20 e upt, 0 %. it he

af oremsntionecf%lﬁ;h%1 aﬁ St%% glrefn}eéﬁ't E%Cgéndgxaﬁle ?\ﬁ’l %dar%e c(%wgred The
lower limt of the totia unt. of additi at % en the
total anount |§aqt8§§°£eﬂ§ﬁt ‘i"t%tjtg@mt%onéf‘x’e&\? ﬁm il‘f&datltrf‘%}%ﬂ%t% nts
fails to be obtained. [48] The non- magneti c undercoat |layer 3 is preferably
fornmed of a Cra m@gaeticorecardig and sRprodueEls apparaiisinggrroratingdthe meagnetieror e

el enents selected fromthe group consisting of Ti, M, A, Ta, W N, B,

Si, and V. [49%cdrdimg niedium evgnoibat ingfrovedor o Therepresent iﬁwﬁhtiohahax:tbeelh stics of
t he magnetic recordi ng nedium the non-nagnetic undercoat |ayer is
preferably fOfs[éBé'm@ﬁstﬁd'o%Ytﬁé b&is 8f s Ahdify. ARBSINglY)ghdvpresdit idienbn Ti

(e.g., a Cr-M-, , C-V-, or Cr-Ti-based aIon) (such a C alloy has a
| attice const that of Cr), so as to establish lattice

mat chi ng bet de eg%rﬁ)ﬁ(fw‘ﬂ% and a Co alloy in the magnetic layer. [SO

Addi ti on Btot or ene ntion er _or.

breferredl/bince ( na) & PagrtgeaaPg mod ) Sorphis s B e bdiTErang sk 14
characteristics of the magnetic recordl ng .nedi,um_are enhanced. [51 ]
Preferably, crgeessopfthe h?é“f@fe Ithsreet, gin efleraﬁtlﬁydtta%tlmso}?yﬁt,t'rhtmﬁg t he
non- magneti ¢ undercoat |layer 3 are predom nantly oriented along a ( 100)

pl ane. As a revagnetic omgercadtdaydr, a n@gnati¢ ayer, mnd keprotegties fibm) thgdaydror ned on
t he non-nmagneti c undercoat |ayer are strongly oriented along a ( 11.0)

pl ane, | eadi ncanddfilivbeiny soressially forgedtdncthe Rabsh@tes whetdile she( erightationoer ci ve
force (Hc)) and recording and reproducti on characteristics (e.g., SNR).

[52] As used heh&idming NGysY BRRAins -at 1@£sttdh% a@eﬁ%ttateleét@mr&@ttﬁtl@eu}s efers to
the abbreviation of a M?, er-Braval s index. In general, crystal planes of

Co (hexagonal : f qur I ese

i ndi ces, the ic%égfsﬁtﬁg of g NLAREES %F Pﬁ\éf‘t e eltrﬂ%‘t‘éﬁﬁct&w ratt}%’gm{?ﬂg t he
|nd|ces(hk|I) can . be vi_at e (hk~l'). [53] The nmagnetic |ayer 4is
preferably for%ﬁlswg%%@ﬂ%yamh predom nantly contains Co, which has
an hcp structure, and which establishes excellent lattice nmatching wth,

for exanpll@] a ( 10@) Hl magnstic teﬁeﬂmﬁl megiirat aesotdhigrte odd, Whpesin ghovi ded
directly below the nmagnetic layer. "Predom nantly Conations Co" neans that
Co is present driendtioasrdetennirdhg yeecdhains 50kast Ohe attag selected fimyreampngf er abl y
cont ai ns any one species selected from anong, for exanple, a Co-Cr-Ta-based
alloy, a Co-Crg Bo: Wa&%e'd %ll#QYa ®-Ie= tﬁfsed’htla'ﬁ D EETh- BASE@WIO? £eENLPt - B
based all oy, a Co-Cr-Pt-B-Ta-based all oy, and a Co- Cr- Pt - B- Cu- based al | oy.

[ 54] When a Co-Cr-Ta based alloy is enpl oyed, preferably the G content
falls within a range of 10 at%to 25 at% and the Ta content falls within a
15 range of 8 at%to 16 at% fromthe i ewpoint of inprovenment of SNR

[ 55] When a Co-Cr-Pt-based alloy is enployed, preferably, the C content
falls within a range of 10 at%to 25 at% and the Pt content falls within a
range of 8 at%to 16 at% fromthe viewpoint of inprovenent of SNR [56]
When a Co-Cr-Pt-Ta based alloy is enployed, preferably, the C content
faIIs wi thin a range of 10 at%to 25 at% the Pt content faIIs within a

Y ~ Y. Y A ~r—n 7 " o o 4 ~ Y. Y A A~



and the Ta content falls within a range of 1 at%to 4 at% fromthe view
_point of inprovenment of SNR [57] Wen a Co-Cr-Pt-B-based alloy is

enpl oyed, preferably, the C content falls within a range of 10 at%to 25
at% the Pt content falls within a range of 8 at% to 16 at% and the B
content falls within a range of 1 at%to 20 at% fromthe vi ewpoi nt of

i nprovenent of SNR. [58] Wen a Co-Cr-Pt-B-Ta-based alloy is enpl oyed,
preferably, the Cr content falls within a range of 10 at%to 25 at% the Pt
content falls wictdialigh EFNGETL0aRd ! AnlKi-FbXasd1 G CANURNY-LALAS Wi Lhin

arange of 1 at%to 20 at% and t content falls wwthin a range of 1

at%to 4 at% firomthe,yi i f (LIRLQYE SNR. [59] Wen a

Co- Cr - Pt - B- Cu-%ifge%flg?'%vgﬁgg%’%?gﬁﬁﬁ?'g%ggIagg}y’t he Cr content falls
within a ge of 10 at%to 25 at% the Pt content falls wthin a range of
8 at%to M8l at ( HO) B waRRiTeoxing MFdYn RCeOTHingde (Boriolwhergindbe a5, and
the Cu content falls within a range of 1 at%to 4 at% fromthe viewoint
of i npr ovementorishtagr-deteamining tiyeSas| aothigkagsstfaking wiithim a sangsfoft1feA imgnet i ¢

|l ayer 4 is 15 nmor nore, no problemarises in ternms of thermal stability.
However, from3ad®eAvi ewpoi nt of high recording density, the thickness of the
magnetic |ayer is preferably 40 nmor less. This is because, when the

thi cknessppgxceeds 4@ mnagﬁai%_treéoraihginﬂbﬂiﬁrﬂ abRdifR 46 ehy 6né 8V €l theegie | ar ge
in size, and preferred recording and reproduction characteristics fail to

be obtai ned. |T(§$ v@egélﬁttﬂecgl%%ys%stﬁ?%iswwaqm bdu@flss Structure, and a

plurality of ers constTtuting e nmagnetic yer “may be forned of

conmbi nati gns of the aforenenti oned materials. en the ma i.c layer has a
1 - Loyl ser uct b A BeIRereuroiphdenasutig ey alk of @ sigheied
directly atop the non-magnetic undercoat | ayer is preferably fornmed of a
Co- Cr - Pt - B- Ta-Basderein thy groavasdayy a fipe gdensity i9f aklgas 74399 (lings/tamgo- r - Pt

B- based all oy, fromthe viewpoint of inprovenent of SNR characteristics
anong recl@2Hi ng and6) dpmegheticiresording maelivm ias¢drding td hay uppef (shrobglyer of
the magnetic layer is preferably formed of a Co-Cr-Pt-B-Cu-based alloy or a
Co Cr - Pt-B-bas@yl whérein the rlﬁ?ﬂeﬂ@ anisewdey iMdeRfofl th meALREEN layef (&rtive
characteristics anmong recording and reproducti on characteristics.
Preferably, a QAR FRIBRLIGrdiel BRMiBhRLRNR! folct i LHIARE HiREINGAN ot N

non- magneti ¢ undercoat [ayer and the nmagnetic |ayer for t pur pose of
pronoti ng epi tlaxi ?Iosgrowth of a Co alloy. Through provision of the

i nternedi ate | 5@/% i “fmagnetic characteristics (e.g., coercive force) and
recordi ng_and reproduction characteristjcs (e.qg., SNR) are_inproved. The
non- magneZBt i nt er ddliPaMagnelif dpCosdipe Jrssium aesstiado ey ofeh(1p prough
non-magnetic intermediate layer is formed of a Co-Cr-based alloy, the Or
cont ent pr ef er(@hiwhefreinitke miagietis anisplapeingdex of refsidegl maguetizatym (aesidual r om t he
vi ewpoi nt of inprovenent of SNR. When the non-magnetic internediate |ayer
is formed of amfmeCratiripasecbualfteytialtdiectial/msidaaionagnedfationein@ radiatl Ru
preferably falls within a range of 25 at%to 45 at% the C content
preferably faldigcwbh)is bt Radtan@e of S at%to 30 at%and the Ru content
preferably falls wthin a range of 5 at%to 30 at% fromthe viewpoint of

I nprove of SNR. e . - [ o ned] [ med of a
cor G Tatadked al o) A RebifedpebaRE AR i oROSHRE L) B ohO¥E) b h T2, <
within a range _of 25 at%to 45 at% the Cr. content .pref rrabl fall.s within
a range of 15 (g&%" Felnsthg nonmagneHt Upgereas 1a%sr ?9}’%1418% gb(?‘ryay bI°%S &t hin a
range of 1 at%to 10 at% fromthe vi ewpoint of inprovenent of SNR The

i on-magnet i c i Aloyrlpxatican@ining afrlepst one elemeont pelected framctia @seurf cansisHBE wi t hin a
range of 0.5 nmto 3 nm fromthe viewpoint of inprovement of SNR [61 ] In
order to i nproofelis Me; Akl Ta)&¢,ayi, Bf Si,land Magneti c recordi ng nmedi um an
antiferromagnetic coupling |ayer may be provi ded between the non magnetic
underCQat[fszyer 3 BMAtHﬁgﬁ@m@édr@inFaﬂ&iﬁmﬂac&?@ingn& hf bAO BRAN ehiotglg OUpP! i Ng
| ayer is fTormed of a stabrlization Nayer and a non-magnetic coupling |ayer.

The stabilizat r : : -1Rtl= d all oy,
a Co- Cr-based (g?{%ﬂ;&}{@ t&%g? %tlé g‘ggﬁgo@{up%%?rega%@gts-%g g?lle(gggﬁ?oy, or a
Co- Cr - Ta- based al l oy, which exhibits nmagnetic property. The non nagnetic
coupling layer is preferably forned of Ru. The thickness of the Ru |ayer is
preferably 0.8 nmor thereabout. This isgbecause, when the Ru layer has
such a thickness, the antiferromagnetic coupling intensity becones a | ocal
maxi mum 18 [ 62] When the magnetic | ayer 4 contains B, preferably, the Cr
content of a region in the vicinity of the boundary between the

non- magneti ¢ undercoat |ayer and the magnetic layer, in which the B content
is at least 1 at% is 40 at%or |ess. Wien the C content is 40 at~o or

o -, Y 1 o o . e



mat'eri al ; for exanple, a single-conponent material such as carbon or SiC,
or a material predom nantly containing such a conponent. The thickness of
"the protective filmpreferably falls within a range of 1 nmto 10 nm from
t he vi ewpoi nt of magnetic spacing |oss or durability when enpl oyed at high
recording density. The term "nmagnetic spacing” refers to the distance
between a read/wite el enment of a nagnetic head and the magnetic |ayer.
When the magnetic spacing is snaller, read-wite conversion characteristics

are nore enhaen%rgﬁig cgﬁtﬁgq;fgcéé.@.ﬁjbhggd AME{Z,CQ _(j'os(ljxpTQ%ﬁ&% lab@c‘i-‘(ﬁqj?-ﬁahe

read-wite el head and the naghetic [ayer, ays a role for

i ncreasing the magnetic _spachng. »L64], L§ desiyed | ikeat i gn . ayer
formod of a f10GFF 9P5a§e§°rc¢fgﬂr%%ﬁ§4d( 8&%’{’, and 5 Fa%?ra%%fe-?ﬁsee?) allo% be

provi ded on the protective filmb5, [65] The nagnetic |ayer of the nagnetic
recordi ng medi ¥ ‘B¥V§ﬁ§”$$8§ oriGiyent i on preferably has a magnetic

ani sotropy index (OR) of 1.05 or nore 19 (nore preferably 1.1 or nore).
The magneﬁ/2i63c ani sot (lGp\A inrrpisrti¢ seqoeding Sad treprofycing Gppaetue dommsisinignaa
circunferential direction/coercive force in a radial direction). [66] Wen
t he magneti c amahgticapyordingdesdium ds. bited invame pnerad (B theoughaoacarer asti cs
(e.g., coercive force) and read-wite conversion characteristics (e.g., SNR

and PW50) are fhugddfemetd forresstdingfifiatadéhté @8y @bdiam’ #dcRr edprbd\RtioRGFEt i C
recording nediumis increased to a high level, in sone cases, the nagnetic

ani sotropy in 1 LS defined by the ratio of coercive force (Hc) in a
circunferentig@égﬁgggﬁpggﬁﬁo He in a radial direction, is neasured to be

| ower than the actual val [ S0 i ,on, in order to
correct such an error, tnﬁaﬁgéﬁéigéﬂgﬁgﬁ%gﬁupy‘iﬁgg%%gbbresidua

magneti zation is enployed in_conbination. The nmagnetic ani sotropy index of
resi dual Rdfneti zat¥ignl(ime sohgmptic geoss-sesdionyl Yipw ofathp gnagnetie spaguding

magneti zation (Mt) in a circunferential direction to residua

magnet i zat i on fbditin éfithapresehit advedtiorection (i.e., MtOR = Mt in a
circunferential direction/Mt in a radial direction). Wen the magnetic

ani sot r opgsj ndex of Figesl dihakvsmag ieighétdd iredortihgl afd @proltiag Rppfremably 1.1
or nore, maghetic characteristics (e.g., coercive force) and read-wite
conversi on cha Sk r: iwehhanced. [ 68]
When all the ?r%lgn ;8 faglﬁggﬁrféa?él@eiaﬁ T%cﬁgﬁn ngg%ggl}t}ggﬁ)tgg ?esgl?éﬁ‘tc?rilhgﬁ't ed in a
circunferential directi i o | ! --.oenoninator of the
formul a for cal cul ati ng=tHhe—Trag ot opY e et nes zero, and
thus OR or. MtOR becones infinity, 20 _ [69] The magnetic, ani sotropy i ndex
(OR) or tKHE] magnet i Ehaxmagasticorsgoidingeediun @ iﬂ%FuBTes?ngH‘éftnit‘?atlf‘%lHd?SlWt OR) is
nmeasured by use of a vibrating sanple magnetoneter (VSM. [70] Fig. 2 shows
an enbodi ment gasstsubstrasghasing groeves ofi itgsuafade rasprisdtationgleteppinieg lager,

i ncorporating the aforenenti oned magneti c recordi ng nedium The nagnetic
recordi ng and g api-adigaetiiguadeparaalaysr, shmapndtic 1By, atl ancodtaciee flmugeaet i c
recordi ng nedi um 20 having the structure shown in Fig. 1; a nmediumdriving

section 21 whigerk @hdiBs E%ag% BRQEd40eBO formedRBNGE isGbdtRfd AZhARcedistie

enpl oyed for recording of a onto t'he medi um 20 and for reproduction of
the data there - dr . vi t 3 i Y g netic
head 22 relati%é&'oo?ﬁ@?ne&ﬁﬁ%¥fgg“§ﬁgIgaggébpﬁgﬁg?%gp%dﬁ%e%mgnﬁﬁg’

si gnal -processing system 24. In the recorded/reproduced-signal - processing
Syatem ba "t nARCtRt B aPES PRt & R i SRy SePgr Tor Be BRE r ot ne
magnetic head 22, or reproduction signals fromthe head 22 are processed
and the resul tepssisdag af &peNb@ng Fie. anttiaé lepsigenea ¢lementsslegied dram dher &EBduci ng
apparatus of the present invention may enpl oy, as the nmagnetic head 22, a
head suit abl e domsistingbEW, Me diagdambNbensi ty contai ning a reproduction

el ement such as an ani sotropi ¢ nmagnet oresi stance (AMR) el enent or a giant
nmagnet or egigst i ve ( GMR) 1 akkdiRAically $Hovls dhemBBaInRht 6f HRGAAH S rédddding
reproduci hg apparatus of the present invention is inexpensive and suitable
for realizati hi | E it J a oys the
magneti c recoﬁﬁ?ﬁgnhgg?B%ﬁ%%%gt@gﬁgﬁﬁiod%ﬁkghggglh%%?ogggﬁg%gégigﬁgmhich
the glass substrate is directly subjected to 21 texturing. [72] The
magneti c recordi ng and reproduci ng apparatus of the present invention

enpl oys the magnetic recording medi uminywhich average roughness and

m cro-wavi ness are snmall, and thus read-wite conversion characteristics
are inproved. In addition, even when the magnetic head is used at a | ow
flying height in order to reduce spacing | oss, the apparatus




exhi bits excellent error characteristics. [73] The aforenenti oned magnetic
_recording and reproducing apparatus is suitable for attaining high

recordi ng density. [74] An enbodi nent of the production process of the
present invention will next be described. [75] The glass substrate may be
formed of anorphous glass or glass ceranic. However, the glass substrate is
preferably fornmed of anorphous gl ass, since, when the anorphous gl ass
substrate is subjected to for exanple texturing, grooves are nore uniformy
formed on the i« e : m c
substrate. [7 6‘?“ %%éetg’?v%} %3%“@%?‘%?%’“&8‘&8 ff}t}fg’s% g?ézg)n?%fl&{ﬁﬁ%ﬂge ?%%ts E‘Sﬁ’gst rate
is preferablyg nm gZO ?ﬁ Oé\_ﬁigss, nore preferably 1 nmor less. [77] The
m cro- wavi ness” ¢ WRENEHC ke APRIHIVEAE Y| ass substrate is preferably 0.3
nmor |less, nore preferably 0.25 nmor less. Fromthe viewpoint of flying
stability[3d] a magnthe glasesubstratie 1 amay dyefosiied of camerphonsesiasy raglass at

| east one of an edge portion and a side portion of a chanfer section of the
end surface ofcdrdmics ulstorgiioas ighsp medfyebeapénerdl urpnsergldse ssch avs@lapliraé er abl y
22 9.5 nmor less. The chanfer section can have a wwdth of 0.1 to 0.2 nm

and an angl e oflag0akughiASbAGEIRES gladd) Or Bluedifosladatdglass. (W¥aks eaamiemapt ai ned
as an aver age surface roughness as measured within a neasurement range of

80 pm by use 0 qa‘hmm%ge(%lsﬁ S%@MFT? g:]%ﬂicru%glbgf‘esglﬁﬁ%%&;dt@& g@&?ﬂﬁ;us P-12

(product of K encor, Firs e surface e gl ass

substrate is subject t o texturing 0..as to.for on,the suyrf t her eof
grooves havi ngﬁj)&]nF‘?n(gfda@ﬂchPi'}s (%Iasi %@bltlpg nlgggo% %Sl%rpéf’quﬁ?s Z?C(ETTpI e, in
order to form_on the surface of the glass substrate, texture grogves

having a |ine RAEdRGSly sice fesuning FamBe Prylrmnd waifaemly e the surfacs qfdthe upj ect ed
to mechanical texturing in a circunferential direction of the substrate by
use of fixed admbasatee grains and/or free abrasive grains. For exanple,

texturing is carried out through the foll ow ng procedure: a polishing tape

is pr essegzﬁnt 0 t heThaiglhacsibsitaté Mes subistddab efot exdnnsle ahychanicaldektaging ape i nto
contact with the surface, a polishing slurry containing abrasive grains is

suppl i ed bet &Eéﬂngf taﬂ@%ei?%@aﬂeh@on%iﬁﬁgrﬂe@ab?&%et ARim%Ur Bhusdof #RE 1S

noved in a tape- I ng ction whilée the substrate is rotated. The

substrate may he rotated at,.2 I 0 |4 shi rry may
be supplied at P22 %t &8P thﬁ{%%xifﬁﬁ gp%oﬁeﬁgrgtﬂrﬁo rrﬁfa;]%? g&%ﬁg%% i ? ?ng t ape
may be noved at a rate of 1.5 mnyte to 150 mm m nute, The size of
abrasi ve grai n%roemﬁflam op the fpatage P QFﬁ%l@SSsﬁug?tFa;;e mefls@bky.w M&B® 0.3 pm
at D90 (i.e., cumulative mass%is 90 mass% . The polishing tape may be
pressed onto t¢irumferentialtdiregtiomof the sebsttel Thgfaverage surkage rogetgiess Rg) 147 N) .
These conditions are appropriately determned so as to formtexture grooves
havi ng a |ine efetiri glyssofutdttate prhatimpathe yordows Oon( fits rrashcarprederablyr falls mor e
preferably 20,000 (lines/mm or nore. [79] The average surface roughness

(Ra) of the gl@fRinARALE 8f €1 hnRVI A8 (1 KIHTEAYROEPfeRbIY G2 BT 08
preferably fall f 0.1

S wthin a range o .1 nmto 1l nm( 1 ~to 10 !~), nore
preferably O. tz0 nm(2 ~to 8 !~). [80] The glass substrate may be
subj ected to tznel{j%étr?;k g?ﬁcl uding oscillation. The term"oscillation" refers
to a proc i n whi a tape is caused to tr l. {n ci.rcunferenti al
directi onﬁgi t he su@g’teflé}fee Wﬁaeéuﬁﬁ‘ée ?&%‘é“%@/agd? kﬁ%@’ﬁ?gdl R 'glergiﬁis al
direction of the substrate. Preferably, oscillation |s performed at a rate
of 60 times/ niyibsated becowes exqessiyely snoath, prd thus-ths elfeqt od cpbance Barri ed
out by means of a method for form ng texture grooves having a line density
of 7,500 (Ii nemagnticanisotropy of the anigpnefioryend ihlewafedr dnentirgsheshenstbbani cal
texturing nethod, a nmethod in which fixed abrasive grains are used, a

net hod i n whi cyeldpeagirfabs ?eﬁigﬁﬁesgt(aasye@xceé@_ VR theddvendse lof akk Qirpicowifng | aser
abrasion may be carried out. [82] Sputtering for formi ng the respective

| ayers is carr} und of t fpl: ) LEi The
chanber enpl oyfggq?%;{h?lo{rgmﬁ)r(%r{dheleal%a ersE 183 s%cg%%@é%%ac({égﬁgbgpa%%alo-i Pa.
The gl ass substrate.having texture grooves.on.its.surface s plac in the
chanber, a spu‘i‘?@%’i%gﬁﬁgqf@%‘?uﬁt%’g&éﬁ yeing,ths flyipe ?"ﬁ‘lgﬁtef’tg rﬁﬁ%‘r?‘ggr and
di scharging is carried out, to thereby formthe |layers through sputtering.
During the course of sputtering, power to be applied is regulated to 0.2 kW
to 2.0 kW When the discharging tinme and,the power to be applied are

regul ated, the layers having desired thi%knesses can be 24  fornmed. [83]
After formation of the orientation-determning filmand before formation of
t he non-nmagneti c undercoat |ayer, preferably, a step of exposing the
surface of the orientation-determining filmto an oxygen atnosphere is
carried out. The oxygen atnosphere to which the filmis exposed preferably

T ] o o o =




preferably 0.5 seconds to 15 seconds. In the exposure step, for exanple,
_the substrate on which the orientation-determning filmhas been forned nmay
be renoved fromthe chanber, followed by exposure of the filmto air or an
oxygen atnosphere. Alternatively, air or oxygen nmay be brought into the
chanber to thereby expose the orientation-determning filmthereto, w thout
renoval of the substrate fromthe chanber. The latter exposure process is
preferred, since, when the orientation-determning i=ilmis exposed to an

oxygen at ”DSphﬁ{aﬁ du?ingfi’ﬁe &Jﬁﬁs’%&ecoﬁ’ﬁinggﬁlé %@%ﬁcﬁ%ﬁggé]agé removing the

substrate fromthe va€uum chanber 1s qui red, t he exposure step
and the fj formatipn ste i hel udi ng, formatio he non- netic

under coat 44i]yer andjrﬁﬁéurkﬁdongtiﬂg g*%?ﬁéﬁ?m@é%?@ée@[?ﬁyeé%si %@PYF%@% fred in
the chanber. In the case _where the exposure step is . perfornmed in the
chanmber, when Yipedesiypey.oPe (aesem) e, "l%hsrlméﬂams@é,s megsusedalopg a| ess,
preferably, the orientation determning filmis exposed to an at nosphere
cont ai ni ng an wiajdivegam afthdglassi@bstrate The reasan wity thedingldensity is set to
orientation-determning filmmy be exposed to an oxygen gas at atnospheric

pressure, the 7Sp@Nlihdsithin) @ rhére i®xkgeahe @ffectdof the eSS ard fefReRlBdhably 5 x
10-2 Pa or less. [84] Wen the glass substrate is heated, the crystal

orientation of;ifheydRkhiRENGhét MRAMRIGRALS (3 fhhadrcRtoMBIRGd faréezyer can
be enhanced. The heating teriperature of the glass substrate preferably

falls within a_range of 100 0, 400C [ ferabl. t he gl ass suybstrate
o heated af t o Bfalrmatay HRLVER s B ORLELORI (T rRCTRE A Lo
formation of th n- pagneti ¢, under.co yer,. the magnetjc | ayer

(thi ckness: 1 of SR ﬁlgcrgpmmows rw&)n%ﬁlg\‘)ﬁﬁd@@#ﬁ wwﬁﬁln@f Hyla@éereaﬁ a
sputtering target containing a material of the magnetic |ayer. The
sputtering tarpdse)vayleotineidensitys isamogey pieferablyal0,006 (lingsémepewri morsel ect ed
from anong a Co-Cr-Ta-based alloy, a Co-Cr-Pt-based alloy, a

Co- Cr - Pt - Ta- ba®dgnathk groovies Gvera Bhe Behsisedf 201009, (liaeon(yr ePinole, Tiaebased
all oy, and a Co-Cr-Pt-B-Cu based alloy. Wen a Co-Cr-Pt-based alloy is

enpl oyed, pref gloabhohtiohfPeffctCotheBloot e BetoMe nitirl réndrRale of " 10 at%to 25
at% and the Pt content falls withrn a range of 8 at%to 16 at% Wen a

Co- Cr - Pt - B<hased al ' | . e fahls W thin
a range o 5?0 at%thHéz(gbéetrggm%%g h@%ﬁ%@ﬁ? t}% gp?,ts)@@(lﬁesgﬁﬂgng%hegﬂh B at%to
16 at% and the B content fall ithin a rapge of ., 1 at%to 20 at% fromthe
Vi ewpoi nt of i i GEBHEExeRedmNIRO e MineSimymly the distapde (hebieriapliBgent s

enpl oyed, preferably, the O content falls within a range of 16 at%to 24
at% the Pt cofoenes begpmes Igss ithay 30 Aandiichos smallenthar thessizg 94 indhédwl cont ent
falls within a range of 2 at%to 8 at% and the Ta content falls within a
range of 1 at %timsdndbdmonAhmgneticGmdercokt laBerCand duwdhalagyeticsamsyidopy ed,
preferably, the Cr content falls within a range of 16 at%to 26 24 at%

t he Pt cont ent of tak hfagnétidveBordingangtumfis ovakdd.t 0 16 at% the B content falls
within a range of 2 at%to 8 at% and the Cu content falls wthin a range

of 1 at% il at% bRfkuTe HOnBANCkLe LAMRIGOINonka NS diuRaLALAD! Y

formed su that crystals re predom nantly oriented

along a ( 100) ,pl ane. 7] en _a non- net.i c i nternedi ate,,l ayer .is

o ovPdad bet vl PRE olofheh it ARPRoBePagly T PREV S gHETs O ayer
preferably, the internediate layer is formed by use of a sputtering target
cont ai ni ng, asirggpkaitinn ok theasurfagecin whichaibe digimcsybetweencBist toptandBeat o5 t o
45 at9% . When the magnetic | ayer contains B, preferably, the non-nagnetic

i nt er medi at e | boteom iof eholr mreegularide showe is putadel icngps csectihnt pHte Substiatehat t he
Cr content of a region in the vicinity of the boundary between the

non- magneti ¢ Up@edraslatfallsawRhinanfngd 6f 0BQ e 20 aye(mort profbiably 4 RegB cont ent
is 1 at%or nore, beconmes 40 at% or |less. [88] After formation of the

magneti c |ayeryr g o8 fheft 1Y Gund) ! weﬁr the; di@taﬂéémﬁ%t{vﬁﬁinf {Hemuyredaniant Iy

cont ai ni ng car%%g) is formed t’hrough a known techni que, such as sputtering,
pl asma CVD, or_a conbinatjon therneof, .[8 | f desired. . a.lubrdcation | ayer
is formed on tWEEHFGt «?Blsf)tfgmf i %ﬁﬁ“ﬁ% Jéhﬂlacp pﬁuft%%ﬁ i rFEpprtics Ielﬁ?%ﬁﬁeéy based

| ubricant (e.g., perfluoropolyether) by neans of, for exanple, dipping or
spin coating. EXAMPLES Exanple 1 [90] Anmorphous d ass GO 7 (product of

Ni ppon Sheet dass Co., Ltd.), which is 95 mmin outer dianeter, 20 M in

i nner dianmeter, and 0.635 mMmin 27 t hi Ckness, was enpl oyed as a gl ass
substrate. [91] The gl ass substrate was subjected to nechani cal texturing.
Mechani cal texturing was perforned under the follow ng conditions. A
polishing slurry containing di anond abrasive grains having a size of 0.15
~m at D90 was enployed. The slurry was added dropw se to the substrate at a

. Y .



m /'minute for two seconds before initiation of mechanical texturing. A
_polishing tape formed of polyester woven fabric was enpl oyed. The polishing
tape was noved at a rate of 75 mimnute. The substrate (i.e., disk) was
rotated at 600 rpm and reciprocated at a rate of 120 tines/m nute. The
tape was pressed onto the substrate at a force of 2.0 kgf (19.6 N).

Mechani cal texturing was performed for 10 seconds. The surface of the

resul tant substrate was subjected to neasurenent by use of AFM (product of

Dgital Instr Ué%?h%es~q5'§h-%?e S&levf:{ g%e é?ﬁfaﬁ{regk‘{g?&. to é&%é@esarha@y ge surface

roughness (Ra) Foand to Tncrude tex rooves-having a-ine density
of 25,000 lines/nm [t.92%d A(;.t er the substr ﬁé)twas tEorou hi % sBed and
dried, the sub¥PTEREIRAL HBRE iR ﬁx‘iﬁésn‘% MBh St CEFSSRY A ppdeat us
(nmodel : C3010,  product of ANELVA (Japan)). Subsequent|y, the apparatus was
evacuat ed to 2irsegulprifiesyanay qdyersely affgchurpiormity o neighborigg grooves.
orientation-determning film(thickness: 1 nm was fornmed on the substrate
at anbi enf37] enper at The givpves eregfreferabdly datmedahtomigh fog eaapleW\hmchanical Co: 45
at% W 55 at%. [93] Thereafter, the substrate was heated to 250C, and

t hen exposed t@xmxivngafaldhg Qis®f Ralappingf tay® cERERNES fix&l BBREWE NPrhifs o
non- magneti ¢ undercoat 28 | ayer (thickness: 8 nn) was fornmed by use of a

target contai nhﬁﬂin%g%é’éﬁré%lﬁﬁi@gﬁﬁﬁ 83 at% Ti: 15 at% B: 2 at%. A
: : (

non- magneti c inter ate layer hickness: 2 nm) was forned by use of a

target co i ni ng -Croall - 65 at% Cr: 35 at% ., A B all oy

| ayer (th Eness: %gﬁﬁnesi?\?%g&g%eagrr?%?ﬁeﬁ% bleag}lg?su\ll'\?ﬁ b’?’oﬁ%%’b Tuse of a
target containing a Co-Cr-Pt-B alloy (Co: 60 at% Cr: 22 at% Pt: 12 at%

B: 6 at%, andeXmpas.pnAFMb{atemic orég musrosaepepreduct of Digisl Instumentaeg.
During the course of formation of the layers and the film the pressure of
Ar was regul at@iS».o 3 niforr (0.4 Pa). Through application of a |ubricant
cont ai ni ng perfluoropol yet her by means of dipping, a lubrication |ayer

(thicknesg9]120 nm TR liner deadity [i94leadlied agideethe Fdlviihg Sopditidhe estaagnet i ¢
recording nedia were subjected to a glide test at a glide height of 0.4

finch by use of: @ .0f i " r g ! ugkl
characteristics ol?' {Hggﬁggﬁ%ﬁcl ?g’g%l{ i né)q}r?e P%rgﬁdzv%é?@%&ﬁégpgg%srg%d%he glide
test were eval yated by of read/wite anal yzer RWA1632 (product of GUZI K
(UD) . In or def Rrapeeis apdiaemputc Ristapninedhe Sl Caberals FoamsrRaempls | cs,
read-wite conversion characteristics, including reproduction signal output
(TAA), hal f potecthergbyitobtait aissan image oleABVpuAsBatienvidyr isSiarermined @vier wri t e
(ON were neasured. Recording and reproduction characteristics were

eval uat ed by usel pfane-fit capd-eroctyspe, twhich fis lantypagefeflattenier pratiessing) ead
containing a giant nmagnetoresistive (GVR) el enent at the reproduction

section. RecorgirAgd 8t Wit tedpétt % tRaX-axisand Pehti9 oM sehn fRbekfGhereBd
integration noise was neasured at a frequency falling within a range of 1

MHz to a frequ 4 ORA| LR [.Qn; put was
nmeasur ed at 25@51&%&?18 léﬁgﬂq S%%o\%%g&aﬁgﬁ%bﬁqugtﬁ gd“ %yfgé@ﬂ?ﬁ P ﬁlew@ﬁ%(\fl)\nmrl]g
equation: SNR = 20 x | og(repraoduction outpyt/integratiqn noise as, neasured
at a frequencythedlattengs Wags *Hldéﬁ? Lﬂ@@efﬁﬂyi‘”ﬁﬁl&ﬂl"g’%& 1$ Pé&‘ﬂléﬁéyeréﬁilpsspondi ng
to 375 kFCl). Coercive force (Hc) and squareness ratio (S*) were neasured
by use of a Kedensiy ischtaingdy eagvasting thehiateh ovmbersef gossings oni thg Xappiar at us
(rmodel : R01900, product of Hitachi Electronics Engi neering Co., Ltd.
(Japan)). Magngintetliadbs e @pyvd fopeand(t@Rboaod areigthetY-axigeswetlinepof thadex of
resi dual magnetization (MtOR) were neasured by use of a VSM (nodel:

BHV- 35, pr Oduc%isﬁfxcé(}éﬁ%e SPtboveltop ahll fhe bRRRED the doX@EPInEMgdninBepugh 33

[ 95] The procedure Exanpl € 1 was repeated, except that the conposition

of an alloy for_faorm rientation-deternn nj f il .t he ckness
of the filmwe?@ %Wangg%f%g%a <h \?ﬂlﬁ}en&flggfés %’.rggng%ﬁlog 1%&{]%&5&‘ ftetlﬂ'rfl:)r ocedure
of Exanple 1 was repeated, exce&)t Fp'ahgt .an.orientation determning film
(thi ckness: 5 WKUGQEQOVES PREEAD & Fadial direetifher at ure by use of a target
containing a Co-Walloy (Co: 45 at% W 55 at%, an antiferromagnetic
coupl i ng ?Aé)}er was pingvdenesities arepmaasirask att didferah painghen itke swfaceraidthat e

| ayer, a stabilization |ayer (thickness: 2 nm was forned by use of a
target containing a Co-Ru alloy (Co: 80 at% Ru: 20 at% was formed, and a
non- magnetic coupling layer (thickness: Q.8 ricn) was formed by use of a
target containing Ru. 30 Conparative anples 1 through 33 [97] The
procedure of Exanple 1 was repeated, except that the glass substrate was
not subjected to mechanical texturing, and the conposition of an alloy for
formng an orientation-determning filmand the thickness of the film



wer e changed as shown in Table 2. Conparative Exanples 34 through 36 [98]

.The procedure of Exanple 1 was repeated, except that the conposition of an

alloy for formng an orientation-deternmning filmand the thickness of the

filmwere changed as shown in Table 2. [99] Tables 1 and 2 show the results

of eval uations of coercive force (Hc), squareness ratio, magnetic

ani sotropy index (OR), nmagnetic anisotropy index of residual nmagnetization

(MtOR), and read-write conversion characteristics of the magnetic

recordi ng nedi a g § : t hr ough
sam ¥e @érﬁﬁﬁl §ssisu%ﬂ¥égﬁgﬁn@ﬁeaﬂgragﬁgﬁlg§ d ¥t§n§f3mﬁ§%&

36. The results npl es 7 show ects t he thickness

of the orientatdon-determ.ning filmfor qf Co- W hased al .o Co: 45
2o 55 at ot (R BB P s e, Shtaells Thg Bl vPlaB 3 reaflenurt
including the orientatign-determ ning fil m having t hi ckness falling
within a rangélr@fc?ﬂzlgltx of isngrogvessoh i 81assebeiraten i et &f ounta ot magnet i c
ani sotropy and read-wite conversion characteristics, and the nmagnetic
recordi ng mediwirch the lind depsitids measmednisi daterodnash svichithaj the pvarage/valye a

thi ckness falling within a range of 25 to 100 ~ exhibits nore excellent

ci rcunf er ent i alndnthgndnidardadedaticropyn dadbbtanett. WHot exampléegitiss aomber of
characteristics. In Exanples 8 through 30, the conposition of an alloy for

form ng the 3lintordt Mtich 1R 1€ IRAY i thehduréd WaS b¥ Aekdfhinein® b0l ts show
that the magnetic recording nediumincluding the orientation-determ ning

filmformed of - Mo- e , - ed

all oy, a Co- Nb- gngglg\%lpﬁgg,gnﬁ]}le%li’qnﬁigr_dgaa%gggoglgfeo(%tﬁg%c?ﬁ8_ﬁ“bt_ﬁggg@gh‘gfl oy, an
Fe- Wbased all gy, an FEe-Nb-based all oy, ..or an,Fe-Nb-based alloy.exhibits
excel l'ont i r AUl EROMITE e ARGt PRI NG BEF S5y SamauirganEihe SPink i
recording and reproduction characteristics. In Exanples 31 through 33, the
ori ent at i on- devliehithe dinef densityais minimpen, ofbngrmalr mgaspremensydataipany besul t s
show t hat the nagnetic recordi ng medi umincl uding the

ori ent at i on- dedlieinatad,ra@d thusmactwacenh méasareGenyédbexmbented! | oy, a

Co- W Ta- based all oy, or a Co-N -Wbased alloy exhibits excellent

ci rcunf er[aq tal magngt bediMiPddtERYnAB dfilne 3disWprokRied ORRY Aefr@thing the
characteristics. [100] In Conparative Exanples 1 through 33, the gl ass

substrat es havd.r%galr&ietnﬁfﬁtoﬂgo?ft?% ?régé{-\;\?rzargg&}é Dﬁde‘}co%r 'ieé@fgsfo}‘}ﬁ&?flﬁémfgo%/rg?’ and

the orientation determnin ornmed o oys enploye
form ng the orjentatjon:determning.fil of . t ma tic recardi ng nmedi a
of Exanpl 65 1 PhAghas5oF dEleMntaR e’ shnl iRl 16t mpehticiey o
recordi ng nmedi a of the Conparative Exanples, which includes the glass
subst rat e havifRgne onetheulayeryBodo ethieishy | anhanggr thec sircusnderastiok magngtignet i c
ani sotropy, and exhibits read wite conversion characteristics inferior to
t hose of the rmipoabpy of teanatinetic baydr 4. dhe phientBiampétesnininglfil@ 2 s¢rven
Conpar ati ve Exanpl es 34 through 36, the glass substrates having texture

grooves on t hejot ol dsackion R Ideteeiiliny 8¢ crivid orieptafon 6Nihatla@s $2nd 4,
determning filnms were forned of an Ni-P-based alloy (Ni: 80 at% P: 20

at%9. The res : t i . di : i

Commar at ve. Beaalr3at fiior fAtnging cAUTINGS bt REPRANGTRRlcRecil

ani sot r opy, bLit e§hi iﬂgls | ow o ereci4ve force and squareness ratio; i.e.,
poor read-wi t LRSI DRSS BT &ri stics. 33 Tabl e 1-1 Conposition of
alloy for orientatjon- d i, | | fThickness, of oyientation- determnin

fil nCoerdiek for cégm%ﬂ%@w-dqt%l@eg w2 maynﬁﬁgwﬁweaﬁ%ﬁ alloy Tayer
145Co- 55W43250. 75Exam | e 245Co- 55W 2. 544610. 77Exam | e

345Co- 55452 c0n2dEngat leasttns GlerBSinselesizd dromd theagroug consisting of Co, Ni,

545Co0- 55W2045320. 79Exam | e 645Co- 55\\8045610. 79Exam | e

745Co- 55045 7pQ . Fedndamldast Seldlomdid\88ikditd Gron8 theagtohe céiiiting 65 WBAM310. 78Exam
| e 1060Co- 40Mb544580. 76Exam | e 1145Co- 55Mb544650. 81Exam | e

1225Co- 75M0544£8Q, /ixam | e 1355Co- 45Ta544850. 76Exam | e

1440Co- 60Ta544920. 80Exam | e 1555Co0- 45Nb544510. 80Exam | e

1640 COURBASE0. 100 e Al SRR o o e s

2060Ni - 40Nb544750. 79Exam | e 2145Co- 55Nb544560. 76Exam | e

2225C0- 75Nb544860. 78Exam | e 2340Fe- 60Ws44760. 76Exam | e

2425Fe- 75\W44740. 76Exam | e 2555Fe-45Nb531630.80Exan1Ie

2640Fe- 60Mb544550. 78Exam | e 2725Fe- 75Mb544880. 78Exam | e

2855Fe- 45Nb544690. 78Exam | e 2940Fe- 60Nb544620. 79Exam | e

3025Fe- 75Nb544860. 78Exam | e 3145C0- 25 W 20Mb544740. 78Exam | e

3245C0- 25W 20Ta544700. 78Exam | e 3325Co- 20Ni - 55\W544690. 78Exanpl e

3445C0- 5554525 ~0.80 34  Table 1-2 ORM t ORTAAOWPWEOSNRV( dB) ( ns) ( dB) Exam

o a A P~ — AT A NI/SPN AA NN A A A PN - o ~ A A N A PNPNA A AP A PN "N NN NSN SN



8.9120.6- 35 Table 2-1 Conposition of alloy for orientation- i i f |
_dThi ckness of orientation- determnin film Coercive force Squareness
ratioetermn ng i nm\nOeCom . Ex. 145Co-55W18920.43Com . Ex.

245Co- 55W 2. 525780. 56Com . Ex. 345Co0-55W34510. 65Com . Ex.

445C0- 55W038950. 69Com . Ex. 545Co-55W20421 50. 71Com . Ex.

645Co0- 55W\8042000. 71 Com . Ex. 745Co-55W5042120. 67Com . EX.

860Co- 40W2042330. 67Com . Ex. 925Co- 75W2042] 60. 71 Com . Ex.

1060Co- 40Mb2042040. . 1 ) 042130, 70 . Fx.
1225Co- 75%202%%0."@3’%‘1. 1@&%%@%@9&%@Oﬁ%@%‘{l%ﬁ%ﬁ%ﬁm@_ film 2.
1440Co- 60Ta2042380. 71Com .. .Ex. 1555C0- 45Nb20421 | 0. 71Com... . EX.
1640Co. 60Nb2043AHE EGIRrablE the %é@@?—“?%&%@ﬁi%? %%‘”{“h@(? range of
1855Ni - 45Ta20424271 0. Com . Ex. 1940Ni - 60Ta204221  0.69Com . EX. |
2060Ni - 40Nb20425830 1o €9 870, and the tatslameenyed 0i o Mtyp TroarshNb falls within a
2255Fe- 45\\2042390. 69Com , Ex. 2340Fe- 60W2042450. 67Com . EXx.

2425Fe- 75\\2042080: 3D8Dat% &5 %5 5Wherd Bivh20d 2000nt7df0on Ni, Brd Fe is less
2640Fe- 60Mb2042310. 71 Com . Ex. 2725Fe- 75Mb2042480. 70Com . EX.

2855Fe- 45Nb204d40 257 400 Mhe Eystal Yidhation) NI204 4eH00maH 00 undeicoat layer
3025Fe- 75Nb2044600. 68Com . Ex. 3145Co- 25W 20Mb2044550. 69Com . EX.

3245C0- 25W 20T, - - 20N - 4 B (hEX-
3480Ni - 20P533 1%%9%%%“%@{ i g’gﬁﬁ‘,{ﬁs g’%’%%ﬁ@%‘?@?%%ﬁf Qégfeg? thé>
3680Ni - 20P2038110. 68 36 . -Tahl.e 2:2 ORM t ORTAAONPVBEOSNRY( dB) ( ns) (.dB) Com .
Ex. 11.001. 009‘2%ag§.“}é’i’8€8f £9: gf(’ao?ﬂd. lg%?’.‘cefis. fﬁgﬁfﬁz&%ﬁ%’(ﬁé@‘%&%m. Ex.
31.001. 00117843, S9. 7716. 6Com .. Ex.. 41.001. 001267 -42.59. 4518. 1Com . EX.
51. 001. 0012904HIm3ds m@ﬁtﬁ&s‘mwh@ s gipt omf‘.erfgfesoé%q&w.ﬂ% Tg?eBdi‘Fn totagy
71.001. 00128741. 19. 341 8. 7Com . Ex. 81.001.00128241.19.2518. 7Com . EX.

91. 001. 001 27644mont 2671 8/, 4¥kwen Ta, Bud WO 1isolBss Oom2 36 41%2 ahe BirgumGential Ex.

111.001. 00126141. 39. 3618. 5Com . Ex. 121.001.00124141.19, 2618. 4Com . EX.
131. 001. 00l 294hagridic AnlisBtréfp 6T theagntd 14384 isO0W2RA4WhOBas3Whén fHeadtal EX.
151. 001. 00126141, 29. 2818. 4Com . Ex. 161.001.00124641.59. 3518. 5Com . EX.
171.001. 0012844} .99 of R4S 18CMA NbfekcectS 5 Q. 812084 1ri2Riad0d 81 dBn- EX.
191. 001. 00' 126941. 39. 3878. 5Com . Ex. 201.001.00128541.59. 2818. 4Com . Ex.
211.001. 00125241, 39, 3518. 6 . 1, 2 29 4118, . Ex.
531 001, 001 2ogRTeiRe A Mver Beordés indicial Skl nfs bt Jolihis =
251. 001. 00126541. 49. 2318. 4Com . Ex. 261.001.00126241. 39, 3518. 6Com . Ex.
271.001. 001285@Merey. 331 8. 5Com . Ex. 281.001.00125641. 49. 4018. 6Com . Ex.
291.001. 00126741. 19. 2418. 6Com . Ex. 301.001. 0012634l . 49. 4018. 5Com . Ex.
311 . 001. O» 4541 . 39T aferaa@mtonedqriergationsdeterotning Fm 3 & Bocgprefesshly Ex.
331.001.00128841. 19. 4218. 6Com . Ex. 341.041.15131144.59.5615. 7Com . Ex

351. 061. 18132568ma®.of24 8ayerosumtaifing &3 6lkadd 8dne? dlloyl 3&l2cted ~fBor? 5thS. groGy [ 102]
The present invention is directed to a magnetic recordi ng nmedi um i ncl udi ng

at least a gl aghsBHRS bf 809-Wibasbd &lloy 'aQQY-8fo-Based hRGYTRACH-Tatbaséd WY er enti al
direction, an orientation-determning |ayer, a non-magnetic under coat

| ayer, a magnef g \RYeled A0 G Wi-‘%‘a%%%&e’ Qll%'ea@el}li‘é‘ﬁﬁfbﬁééa iy L??Fg{]\ﬁ- and film

are successive%y Formed oh the substra he orienta

determning layer ig forngd, of an alloy |aye n{ ai ni at..| east one

el ement sel ect 54 Fﬁ?ﬂ’t%nﬁﬁ'}\&lBaségﬁillo& ?‘H’Szlb% e%gtf'{’ﬁe‘,i "’Qﬂ}ﬂ PSS | east
one el ement selected fromthe group consisting of W M, Ta, and Nb. Wth
this constitut mwmtomsrh@vmqﬁmeg exteasive swglemadnﬁ/@fanmérth% wiiep gngtley ent i al
magneti c ani sotropy and enhanced read-wite conversion characteristics.
Thus, the nmagneving ae&e7Witngrucade isremployed tim thecordiantativngdetaansing \filmgcor di ng.
[103] Wiile the invention has been described in detail and with reference

to specific enfediifeniferehi@r BRbnetict aiisdtiogie ofRREMBAENCO @@ BKiAldiRe in the
art that various changes and nodifications can be made therein w thout

baced on Japantearsdl o en RS R RESRRYe e 1SR P EARIARERTD, ©
2002, i ted h ' fer, init tiret 38 I.1S
CLATWED |5 " 1 CRARALL VY el kGO L aat PP, eGP aue e ot o

havi ng grooves on the surface thereof, an orientation-determning | ayer, a
non nmagneti c undercoat |ayer, a magnetic |layer, and a protective film the
| ayers and fil m being successively for on the substrate, wherein the
orientation determning |ayer contains | east one el enent selected from
the group consisting of Co, NN, and Fe and at | east one el enent selected
fromthe group consisting of W M, Ta, and Nb. 2. A magnetic recording
medi um according to claim1l, wherein the orientation-determning |ayer




wherein the glass substrate is formed of anorphous glass. 5. A nmagnetic
recordi ng nedi um according to claiml1l or 2, wherein the grooves have a |line
"density of at least 7,500 (lines/mj. 39 6. A nmagnetic recordi ng nmedi um
according to claim1 or 2, wherein the magnetic ani sotropy index of the
magnetic | ayer (coercive force in a circunferential direction/coercive
force in aradial direction) is at least 1.05. 7. A magnetic recording

medi um according to claim1l or 2, wherein the nagnetic anisotropy index of

st el manehl S S) dk oMRAOR A AP ALIE LRI | o
5 Tl Cecor) o8 el o Rosor 09,10, 8Dl 80y YREEST Myt

containing at | east one_ elenent selected fromthe group consisting of Ti,
M, A, Ta, WMgicontgnt oja CaMe-hpsedalloy prafprebly Eallrse@gmaa ﬁ@lgﬁ@éﬁgr&%g@or di ng
to claiml1l or 2, wherein the nagnetic |ayer contains at |east one all oy
sel ect ed from §8ha%gr GheTe costestt ofrgCoTa-hase€d-alloy peeftrablydaldd Within arange
Co-Cr-Pt-based alloy, a Co-Cr-Pt-Ta based alloy, a Co-Cr-Pt-B-based all oy,

and a Co- Cr - PtofB38Yathaeces aloh.0The MiLERitdht Vf AEDINS-BiMed alidy Prefbiablylflls A
magneti c recordi ng and reproduci ng apparatus conprising a nagnetic

recordi ng medi : i i b, Gty ; SRR T L r
recordi ng of d‘g{{}éﬁzan{aglgét: tﬁg(ine?Eibi/ ﬁtbn%gnnaci%f g?h??g%r%gﬁlﬁ@u on @}Taf%%@%ﬁ%lé?

t herefrom 40 Cors 0 o

A% A e, As@eiRrably flls witkin a\raneq of 28 aido 19 63 AL6.\ The Nb gontgpt ofhgn Agp A A
f2. ALy, Al@. AS, Al f, . AS?. Ay. AR A R A Aly. AS?. Af . Ay. AXy. Af . Asf . A@ . AGE. Al y
_ASE/ |8/ xA o/NmINb-based alloy preferably falls within a range of 31 at% to 86 at%. The

zupkf a\ W ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ¢
a] ca] ca] ca] ca] ewhiint af art H¢-ddbasddcaloy Ra¢ ferablydfall$ within a range of 37 at% to 86
LQO{C\9~B} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] £%{d. CBhecRioCavheal 6pHE BE-040-baded allB@b}efethbly falls within a range

X. VRy~| vql gb] X] ] ca] ca] ca] ca] ca] ca] c*a]ca] ca] cal ca] ca] ca] ca] ca]ca] ca]ca]ca]c

i e dNKA

??)/} ??] Za] fi]sﬁ?JJi %ﬂ] ?ﬁc@ﬁcﬁ%ﬁéﬂ:ﬁ%g%@ﬂ?gg] ce;]]mégfl %]eél]a(lzlgfrgéifgg]bl aﬁag%] calcalc
al ca] ca] ca] ca]gaj.calcalc cal cal! " " ##n##HHSC ISV BB &WEE' *' p'
(](<( ]( ( (1 ) T% )) ]9W3+\er rﬁﬂéwaﬁ@g%t%’gt}’ﬁ}ai%} CAL] cal] ca] ca] ca] c™a] ca] ca] ca] ca] cafca

P**+f ++4+ . Q\ 282b2229333
! G 445550UBbbe 107 7D SEMELE AlTTCATod ol Cafafoayieres (o TaPesea) cal ca
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal 888-9999: L: p:::;
;5 0<| <<=h==>N>Co-NH-bRERAGEL basednNetNB-hds ]F@a‘]Veéa]Seé]Fmal}’I@dqa@@q,@a]idJ&} calca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal AABLBBB/ C} C
CDADDDS$ EO E{ EEBRBbate«@tedsiHickhibits khd JafsrementZdret calaer}celics |and] anlatlay ca] ca] ca
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formed of a layer of a Cr alloy containing Mo, W, V, or Ti (e.g., a Cr-Mo-, Cr-

W-, Cr-V-, or Cr-Ti-based alloy) (such a Cr alloy has a lattice constant larger
than that of Cr), so as to establish lattice matching between the Cr alloy and a
Co alloy in the magnetic layer.

[50] Addition of B to the aforementioned Cr layer or Cr alloy layer is

preferred, since the effect of micronizing crystals is obtained, and SNR
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“Predominantly Conations Co” means that Co is present in an

amount of more than 50%. The magnetic layer preferably contains

any one species selected from among, for example, a Co-Cr-Ta-based alloy, a

Co-Cr-Pt-based alloy, a Co-Cr-Pt-Ta-based alloy, a Co-Cr-Pt-B based alloy, a
Co-Cr-Pt-B-Ta-based alloy, and a Co-Cr-Pt-B-Cu-based alloy.

[54] When a Co-Cr-Ta based alloy is employed, preferably, the Cr content

falls within a range of 10 at% to 25 at%, and the Ta content falls within a
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content falls within a range of 10 at% to 25 at%, the Pt content falls within a
range of 8 at% to 16 at%, the B content falls within a range of 1 at% to 20
at%, and the Ta content falls within a range of 1 at% to 4 at%, from the
viewpoint of improvement of SNR.

[59] When a Co-Cr-Pt-B-Cu-based alloy is employed, preferably, the Cr
content falls within a range of 10 at% to 25 at%, the Pt content falls within a
range of 8 at% to 16 at%, the B content falls within a range of 2 at% to 20

at%, and the Cu content falls within a range of 1 at% to 4 at%, from the

viewpoint of improvement of SNR.
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10%u&' () - #_E, vimagugie'1gyer hapsgnlti-Jaygy styucture, a layer of the magnetic layer that is
provided directly atop the non-magnetic undercoat layer is preferably formed
of a Co-Cr-Pt-B-Ta-based alloy, a éo-Cr-Pt-B-Cu-based alloy, or a Co-Cr-Pt-
B-based alloy, from the viewpoint of improvement of SNR characteristics
among recording and reproduction characteristics. The uppermost layer of the
magnetic layer is preferably formed of a Co-Cr-Pt-B-Cu-based alloy or a Co-
Cr-Pt-B-based alloy, from the viewpoint of improvement of SNR
characteristics among recording and reproduction characteristics. Preferably, a
non-magnetic intermediate layer is provided between the non-magnetic
undercoat layer 3 and the magnetic layer 4 for the purpose of promoting
epitaxial growth of a Co alloy. Through provision of the intermediate layer,
magnetic characteristics (e.g., coercive force) and recording and reproduction
characteristics (e.g., SNR) are improved. The non-magnetic intermediate

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

formed of a Co-Cr-based alloy, the Cr content preferably falls within a range
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O%J&I O-# 10%%%1 (a%noﬁnt 0 \e/: Clroocéi%u preferably falls within a range of 25 at% to 45
at%, the Cr content preferably falls within a range of 5 at% to 30 at% and the

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

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

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

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

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

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

SNR. The non-magnetic intermedi;ite layer preferably has a thickness falling

within a range of 0.5 nm to 3 nm, from the viewpoint of improvement of SNR.

[61] In order to improve thermal decay of the magnetic recording medium,

an antiferromagnetic coupling layer may be provided between the non-

magnetic undercoat layer 3 and the magnetic layer 4. The antiferromagnetic

coupling layer is formed of a stabilization layer and a non-magnetic coupling

layer. The stabilization layer may be formed of, for example, a Co-Ru-based

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

or a Co-Cr-Ta-based alloy, which exhibits magnetic property. The non-

magnetic coupling layer is preferably formed of Ru. The thickness of the Ru

layer is preferably 0.8 nm or thereabout. This is because, when the Ru layer

has such a thickness, the antiferromagnetic coupling intensity becomes a local

maximum.
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layer and the magnetic layer, in which the B content is at least 1 at%, is 40

at% or less. When the Cr content is 40 at% or less, coexistence of Cr and B of
high concentration can be prevented, whereby the amount of a covalently
bonded compound formed from Cr and B can be reduced to a possibly
minimum level, thereby preventing deterioration of crystal orientation of the
magnetic layer resulting from formation of such a compound.

[63] The protective film 5 may be formed of a conventionally known
material; for example, a single-component material such as carbon or SiC, or a
material predominantly containing -such a component. The thickness of the
protective film preferably falls within a range of 1 nm to 10 nm, from the
viewpoint of magnetic spacing loss or durability when employed at high
recording density. The term “magnetic spacing” refers to the distance between
a read/write element of a magnetic head and the magnetic layer. When the
magnetic spacing is smaller, read-write conversion characteristics are more
enhanced. The protective film, which is present between the read-write
element of the head and the magnetic layer, plays a role for increasing the
magnetic spacing.

[64] If desired, a lubrication layer formed of a fluorine-based lubricant (e.g.,
perfluoropolyether) may be provided on the protective film 5.

[65] The magnetic layer of the magnetic recording medium of the present

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

[67] In the present invention, in o-rder to correct such an error, the magnetic
anisotropy index of residual magnetization is employed in combination. The
magnetic anisotropy index of residual magnetization (MrtOR) is defined by
the ratio of residual magnetization (Mrt) in a circumferential direction to
residual magnetization (Mrt) in a radial direction (i.e., MrtOR = Mrt in a
circumferential direction/Mrt in a radial direction). When the magnetic
anisotropy index of residual magnetization is 1.05 or more, preferably 1.1 or
more, magnetic characteristics (e.g., coercive force) and read-write conversion
characteristics (e.g., SNR and PW50) are further enhanced.

[68] When all the magnetic domains in the magnetic layer are oriented in a
circumferential direction (which is the ideal case), the denominator of the

formula for calculating the magnetic anisotropy index becomes zero, and thus

OR or MrtOR becomes infinity.
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[70] Fig. 2 shows an embodiment of the magnetic recording and

reproducing apparatus incorporating the aforementioned magnetic recording
medium. The magnetic recording and reproducing apparatus shown in Fig. 2
includes a magnetic recording medium 20 having the structure shown in Fig.
1; a medium-driving section 21 which rotates the medium 20; a magnetic head
22 which is employed for recording of data onto the medium 20 and for
reproduction of the data therefrom; a head-driving section 23 which drives the
magnetic head 22 relative to the ‘medium 20; and a recorded/reproduced-
signal-processing system 24. In the recorded/reproduced-signal-processing
system 24, input data are processed and recording signals are sent to the
magnetic head 22, or reproduction signals from the head 22 are processed and
the resultant data are output. The magnetic recording and reproducing
apparatus of the present invention may employ, as the magnetic head 22, a
head suitable for higher recording density containing a reproduction element
such as an anisotropic magnetoresistance (AMR) element or a giant
magnetoresistive (GMR) element.

[71] The magnetic recording and reproducing apparatus of the present
invention is inexpensive and suitable for realization of high recording density,
since the apparatus employs the magnetic recording medium produced through

a production process in which the glass substrate is directly subjected to

21



HLO%H& ()-!c HLO%H& ()-!c HLO%H& ()-!-27=BGL_?QD7c HL0%ic HLO0%& ()-!c
CHLO%H& ()-!c HL0%& ()-!c H10%4& ()-!c HIO%& ()-!c
HLO%H& ()-! LMAf af knN. QD7c HL0%H& ()-!c HLO0%H& ()-!c HLO%H& ()-!c
HLO%H& ()-!c HLO0%& ()-!5W] uEkpuvmv QD7c HLO%H& ()-!c HLO%H& ()-!c
HLO%H& ()-!5W] uEc HL0%& ()-!c HLO%& ()-!l1-QD7c HLO0%& ()-!5W] uEc
HLO%H& ()-!c HLO0%H& ()-!c HLO0%H& ()-!c HLO0%H& ()-! 2QD7c HL10%c

HLO%H& ()-!c HLO%H& ()-!c HLO%H& ()-!c HLO%H& ()-!c HLO%H& ()-!c
H10%4& () - ! nN.{QR{Enk10%4& ()-!c HI0%H& ()-!c HI0% ()-!c HLO%& ()-!c
HLO%H& ()-!5W] UEnW QD7c HL0%H& ()-!c HL0%& ()-!c HL0%& ()-!5W] uEc

rossie ()UPE noseie ) TettOER e BB el Rl T ioRte .

H10%1&' -1 H10%1&' -1 H10944& -l.c H109 ' -1, . \
oo () | COMPRIR. EEPov: Qi aradrieliS FEOUAIG (edifim dmopubich, avprage

H10%44& ()-!c HL0%H& ()-!5W] uEchmy~mv QD7c H10%4& () -!c .
roughness ‘and micro-waviness are small, and thus read-write conversion

characteristics are improved. In addition, even when the magnetic head is
used at a low flying height in order to reduce spacing loss, the apparatus
exhibits excellent error characteristics.

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

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

[75] The glass substrate may be formed of amorphous glass or glass
ceramic. However, the glass substrate is preferably formed of amorphous
glass, since, when the amorphous glass substrate is subjected to for example
texturing, grooves are more uniformly formed on the substrate as compared
with the case of the glass ceramic substrate.

[76] The average surface roughness (Ra) of the glass substrate is preferably
2 nm (20 A) or less, more preferably 1 nm or less.

[77] The micro-waviness (Wa) of the surface of the glass substrate is
preferably 0.3 nm or less, more preferably 0.25 nm or less. From the
viewpoint of flying stability of a magnetic head, the average surface roughness
(Ra) of at least one of an edge portion and a side portion of a chamfer section

of the end surface of the substrate is preferably 10 nm or less, more preferably
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by use of, for example, a surface roughness measuring apparatus P-12

(product of KLM-Tencor, CA, USA).

[78] Firstly, the surface of the glass substrate is subjected to texturing, so as
to form, on the surface thereof, grooves having a line density of 7,500
(lines/mm) or more. For example, in order to form, on the surface of the glass
substrate, texture grooves having a line density of 7,500 (lines/mm) or more,
the surface is subjected to mechanical texturing in a circumferential direction
of the substrate by use of fixed a‘t;rasive grains and/or free abrasive grains.
For example, texturing is carried out through the following procedure: a
polishing tape is pressed onto the surface of the substrate to thereby bring the
tape into contact with the surface, a polishing slurry containing abrasive grains
is supplied between the tape and the substrate, and the polishing tape is moved
in a tape-winding direction while the substrate is rotated. The substrate may
be rotated at 200 rpm to 1,000 rpm. The polishing slurry may be supplied at a
rate of 10 ml/minute to 100 ml/minute. The polishing tape may be moved at a
rate of 1.5 mm/minute to 150 mm/minute. The size of abrasive grains
contained in the polishing slurry may be 0.05 pm to 0.3 pm at D90 (i.e.,
cumulative mass% is 90 mass%). The polishing tape may be pressed onto the
substrate at a force of 1 kgf to 15 kgf (9.8 N to 147 N). These conditions are

appropriately determined so as to form texture grooves having a line density of
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texture grooves on its surface preferably falls within a range of 0.1 nm to 1 nm
(1 A to 10 A), more preferably 0.2 nm to 0.8 nm (2 A to 8 A).

[80] The glass substrate may be subjected to texturing including oscillation.
The term “oscillation” refers to a process in which a tape is caused to travel in
a circumferential direction of the substrate while the tape is reciprocated in a
radial direction of the substrate. Preferably, oscillation is performed at a rate
of 60 times/minute to 1,200 times/minute.

[81] Texturing may be carried .out by means of a method for forming
texture grooves having a line density of 7,500 (lines/mm) or more. In addition
to the aforementioned mechanical texturing method, a method in which fixed
abrasive grains are used, a method in which fixed abrasive stones are used, or
a method employing laser abrasion may be carried out.

[82] Sputtering for forming the respective layers is carried out under, for
example, the following conditions. The chamber employed for forming the
layers is evacuated to 10 Pa to 107 Pa. The glass substrate having texture
grooves on its surface is placed in the chamber, a sputtering gas (e.g., Ar gas)
is brought into the chamber, and discharging is carried out, to thereby form the
layers through sputtering. During the course of sputtering, power to be
applied is regulated to 0.2 kW to 2.0 kW. When the discharging time and the

power to be applied are regulated, the layers having desired thicknesses can be
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carried out. The oxygen atmosphere to which the film is exposed preferably
contains, for example, an oxygen gas of 5 x 10 Pa or more. The exposure
gas may be brought into contact with moisture. The exposure time is
preferably 0.5 seconds to 15 seconds. In the exposure step, for example, the
substrate on which the orientation-determining film has been formed may be
removed from the chamber, followed by exposure of the film to air or an
oxygen atmosphere. Altematively: air or oxygen may be brought into the
chamber to thereby expose the orientation-determining film thereto, without
removal of the substrate from the chamber. The latter exposure process is
preferred, since, when the orientation-determining film is exposed to an
oxygen atmosphere in the chamber, an intricate step for removing the substrate
from the vacuum chamber is not required, and the exposure step and the film
formation step (including formation of the non-magnetic undercoat layer and
the magnetic layer) can be successively performed in the chamber. In the case
where the exposure step is performed in the chamber, when the chamber is
evacuated to, for example, 10° Pa or less, preferably, the orientation-
determining film is exposed to an atmosphere containing an oxygen gas of 5 x
10" Pa or more. Although the orientation-determining film may be exposed to

an oxygen gas at atmospheric pressure, the upper limit of the oxygen gas
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~10%& () - %4 heating temperature of the glass substrate preferably falls within a range of
100°C to 400°C. More preferably, the glass substrate is heated after formation
of the orientation-determining film.
[85] After formation of the non-magnetic undercoat layer, the magnetic
layer (thickness: 15 nm to 40 nm) is formed through sputtering by use of a
sputtering target containing a material of the magnetic layer. The sputtering
target may contain, as a raw material, any one species selected from among a
Co-Cr-Ta-based alloy, a Co-Cr—Pt-i;ased alloy, a Co-Cr-Pt-Ta-based alloy, a
Co-Cr-Pt-B-based alloy, a Co-Cr-Pt-B-Ta-based alloy, and a Co-Cr-Pt-B-Cu-
based alloy. When a Co-Cr-Pt-based alloy is employed, preferably, the Cr
content falls within a range of 10 at% to 25 at%, and the Pt content falls within
a range of 8 at% to 16 at%. When a Co-Cr-Pt-B-based alloy is employed,
preferably, the Cr content falls within a range of 10 at% to 25 at%, the Pt
content falls with a range of 8 at% to 16 at%, and the B content falls within a
range of 1 at% to 20 at%, from the viewpoint of improvement of SNR. When
a Co-Cr-Pt-B-Ta-based alloy is employed, preferably, the Cr content falls
within a range of 16 at% to 24 at%, the Pt content falls within a range of 8 at%
to 16 at%, the B content falls within a range of 2 at% to 8 at%, and the Ta

content falls within a range of 1 at% to 4 at%. When a Co-Cr-Pt-B-Cu-based

alloy is employed, preferably, the Cr content falls within a range of 16 at% to
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%g ~10%&I ('}h;/()n?)n -magnetic undercoat layer is preferably formed such that
crystals of Cr or a Cr alloy are predominantly oriented along a (100) plane.

[87] When a non-magnetic intermediate layer is provided between the non-
magnetic undercoat layer and the magnetic layer, preferably, the intermediate
layer is formed by use of a sputtering target containing, as a raw material, a
Co-Cr-based alloy (Cr content: 25 at% to 45 at%). When the magnetic layer
contains B, preferably, the non-magnetic intermediate layer is formed under
the sputtering conditions such that tile Cr content of a region in the vicinity of
the boundary between the non-magnetic undercoat layer and the magnetic
layer, in which the B content is 1 at% or more, becomes 40 at% or less.

[88] After formation of the magnetic layer, a protective film (e.g., a
protective film predominantly containing carbon) is formed through a known
technique, such as sputtering, plasma CVD, or a combination thereof.

[89] If desired, a lubrication layer is formed on the protective film through

application of a fluorine-based lubricant (e.g., perfluoropolyether) by means

of, for example, dipping or spin coating.

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

which is 65 mm in outer diameter, 20 mm in inner diameter, and 0.635 mm in

27



ql 9 ~109%&' () - %Y9+7q ~10%& ()- %y ~10%& ()- % ~10%& ()-%?] qlq ~10%& ()-
~109%&' ()- % Y9+7q ~10%& ()- % ~10%&' ()- % ~10%&' ()-% 2] q|gq ~10%& ()-

" ~109& ()- %Y9+7q ~109& ()-%g ~109& ()-%g ~109& ()-9%9 2] qlq ~10%& ()- %
~109%& () - %$ yY9+7q ~10%& ()- % ~10%& ()-% ~10%& ()-%?] q|gq ~10%& ()-
~109%&' ()-% , 12?HKyY9+7q ~10%& ()- % ~10%& ()- % ~10%& ()-% 2] qlq

~109%& () - %1 ~109%& () - UKPUVenpyY9+7q ~109%&' () - % ~10%&' ()- %y ~10%&' () - % ?]
ql g ~10%&' ()- % ~10%&' ()- Y%puz{yY9+7q ~10%& ()- %y ~10%& ()- %y ~109%& ()- % ?]

al g ~10%& () - %ﬂlckil;Qs"s’«Ewés)ex%@X%d?& Sé%ubatra‘m ~10%& () - % ~10%&'() %”] al g
~109%&' () - % ~109%& ~109%&" () - Ye ~109& ()- % ~10%& ()-

108 10 -10E i g i s
0% ()91 100 ()0, SARCRIYSLT9 AU ()9 0O () L 0N ()07

containing diamond abrasive grains having a size of 0.15 um at D90 was
employed. The slurry was added dropwise to the substrate at a rate of 50
ml/minute for two seconds before initiation of mechanical texturing. A
polishing tape formed of polyester woven fabric was employed. The polishing
tape was moved at a rate of 75 mm/minute. The substrate (i.e., disk) was
rotated at 600 rpm, and reciprocated at a rate of 120 times/minute. The tape
was pressed onto the substrate at a force of 2.0 kgf (19.6 N). Mechanical
texturing was performed for 10 secc;nds. The surface of the resultant substrate
was subjected to measurement by use of AFM (product of Digital Instrument),
and the substrate was found to have an average surface roughness (Ra) of 4 A
and to include texture grooves having a line density of 25,000 lines/mm.

[92] After the substrate was thoroughly washed and dried, the substrate was
placed in a DC magnetron sputtering apparatus (model: C3010, product of
ANELVA (Japan)). Subsequently, the apparatus was evacuated to 2 x 107
Torr (2.7 x 107 Pa), and then an orientation-determining film (thickness: 1
nm) was formed on the substrate at ambient temperature by use of a target
containing a Co-W alloy (Co: 45 at%, W: 55 at%).

[93] Thereafter, the substrate was heated to 250°C, and then exposed to

oxygen at 0.05 Pa for five seconds. Subsequently, a non-magnetic undercoat
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(thickness: 2 nm) was formed by use of a target containing a Co-Cr alloy (Co:
65 at%, Cr: 35 at%). A CoCrPtB alloy layer (thickness: 20 nm) serving as a
magnetic layer was formed by use of a target containing a Co-Cr-Pt-B alloy
(Co: 60 at%, Cr: 22 at%, Pt: 12 at%, B: 6 at%), and a carbon protective film
(thickness: 5 nm) was formed. During the course of formation of the layers
and the film, the pressure of Ar was regulated to 3 mTorr (0.4 Pa). Through
application of a lubricant containing perfluoropolyether by means of dipping,
a lubrication layer (thickness: 20 nm) was formed.

[94] Thereafter, the thus-prodx-lced magnetic recording media were
subjected to a glide test at a glide height of 0.4 pinch by use of a glide tester,
and recording and reproduction characteristics of the magnetic recording
medium which had passed the glide test were evaluated by use of read/write
analyzer RWA1632 (product of GUZIK (US)). In order to evaluate recording
and reproduction characteristics, read-write conversion characteristics,
including reproduction signal output (TAA), half power width of isolated read
pulse (PW50), SNR, and overwrite (OW) were measured. Recording and
reproduction characteristics were evaluated by use of a complex-type thin film
magnetic recording head containing a giant magnetoresistive (GMR) element
at the reproduction section. Recording of pattern signals was performed at

500 kFCI, and integration noise was measured at a frequency falling within a

range of 1 MHz to a frequency corresponding to 375 kFCI. Reproduction
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output was measured at 250 kFCI, and SNR was calculated by use of the
following equation: SNR = 20 x log(reproduction output/integration noise as
measured at a frequency falling within a range of 1 MHz to a frequency
corresponding to 375 kFCI). Coercive force (Hc) and squareness ratio (S*)
were measured by use of a Kerr-effect-type magnetic characteristic measuring
apparatus (model: RO1900, product of Hitachi Electronics Engineering Co.,
Ltd. (Japan)). Magnetic anisotropy index (OR) and magnetic anisotropy index
of residual magnetization (MrtOR) were measured by use of a VSM (model:

BHV-35, product of Riken Denshi Co., Ltd. (Japan)).

Examples 2 through 33

[95] The procedure of Example 1 was repeated, except that the composition
of an alloy for forming an orientation-determining film and the thickness of

the film were changed as shown in Table 1.

Example 34

[96] The procedure of Example 1 was repeated, except that an orientation-
determining film (thickness: 5 nm) was formed at ambient temperature by use
of a target containing a Co-W alloy (Co: 45 at%, W: 55 at%), an
antiferromagnetic coupling layer was provided in place of the non-magnetic
intermediate layer, a stabilization layer (thickness: 2 nm) was formed by use
of a target containing a Co-Ru alloy (Co: 80 at%, Ru: 20 at%) was formed,
and a non-magnetic coupling layer (thickness: 0.8 nm) was formed by use of a

target containing Ru.
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Comparative Examples 1 through 33

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

Comparative Examples 34 through 36

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

[99] Tables 1 and 2 show the results of evaluations of coercive force (Hc),
squareness ratio, magnetic anisotrol;y index (OR), magnetic anisotropy index
of residual magnetization (MrtOR), and read-write conversion characteristics
of the magnetic recording media of Examples 1 through 34 and Comparative
Examples 1 through 36. The results of Examples 1 through 7 show the effects
of the thickness of the orientation-determining film formed of a Co-W-based
alloy (Co: 45 at%, W: 55 at%). As shown in Table 1, the magnetic recording
medium including the orientation-determining film having a thickness falling
within a range of 25 to 300 A exhibits excellent circumferential magnetic
anisotropy and read-write conversion characteristics, and the magnetic
recording medium including the orientation-determining film having a
thickness falling within a range of 25 to 100 A exhibits more excellent
circumferential magnetic anisotropy and read-write conversion characteristics.

In Examples 8 through 30, the composition of an alloy for forming the
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orientation-determining film was varied. The results show that the magnetic
recording medium including the orientation-determining film formed of a Co-
W-based alloy, a Co-Mo-based alloy, a Co-Ta-based alloy, a Co-Nb-based
alloy, an Ni-Ta-based alloy, an Ni-Nb-based alloy, an Fe-W-based alloy, an
Fe-Mo-based alloy, or an Fe-Nb-based alloy exhibits excellent circumferential
magnetic anisotropy, as well as excellent recording and reproduction
characteristics. In Examples 31 through 33, the orientation-determining film
was formed of a ternary alloy. The results show that the magnetic recording
medium including the orientation-determining film formed of a Co-W-Mo-
based alloy, a Co-W-Ta-based alloy, or a Co-Ni-W-based alloy exhibits
excellent circumferential magneti; anisotropy and read-write conversion
characteristics.
[100] In Comparative Examples 1 through 33, the glass substrates having no
texture grooves on their surfaces were employed, and the orientation-
determining films were formed of alloys employed for forming the
orientation-determining films of the magnetic recording media of Examples 1
through 33. The results show that each of the magnetic recording media of the
Comparative Examples, which includes the glass substrate having no texture
grooves on its surface, exhibits no magnetic anisotropy, and exhibits read-
write conversion characteristics inferior to those of the magnetic recording
media of the Examples.

[101] In Comparative Examples 34 through 36, the glass substrates having

texture grooves on their surfaces were employed, and the orientation-
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determining films were formed of an Ni-P-based alloy (Ni: 80 at%, P: 20
at%). The results show that each of the magnetic recording media of
Comparative Examples 34 through 36 exhibits circumferential magnetic

anisotropy, but exhibits low coercive force and squareness ratio; i.e., poor

read-write conversion characteristics.
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Table 1-1
Composition of alloy El;il:rl:;etissno_f Coercive Squareness
for orientation- determinine fil force ratio
determining film gemining nm
Nm Oe

Example 1 45C0-55W 1 4325 0.75
Example 2 45Co-55W 2.5 4461 0.77
Example 3 45Co-55W 5 4526 0.79
Example 4 45Co-55W 10 4521 0.79
Example 5 45Co-55W 20 4532 0.79
Example 6 45Co-55W 30 4561 0.79
Example 7 45C0-55W 50 4570 0.79
Example 8 60Co-40W 5 4411 0.78
Example 9 25Co-75W 5 4521 0.78
Example 10 60Co-40Mo 5 4458 0.76
Example 11 45Co0-55Mo 5 4465 0.81
Example 12 25Co-75Mo 5 4468 0.77
Example 13 55C0-45Ta 5 4485 0.76
Example 14 40Co-60Ta 5 4492 0.80
Example 15 55Co0-45Nb 5 4451 0.80
Example 16 40Co-60Nb 5 4496 0.77
Example 17 25Co-75Nb 5 4493 0.78
Example 18 55Ni-45Ta 5 4451 0.79
Example 19 40Ni-60Ta 5 4494 0.81
Example 20 60Ni-40Nb 5 4475 0.79
Example 21 45Co-55Nb 5 4456 0.76
Example 22 25Co-75Nb 5 4486 0.78
Example 23 40Fe-60W 5 4476 0.76
Example 24 25Fe-75W 5 4474 0.76
Example 25 55Fe-45Mo 5 4463 0.80
Example 26 40Fe-60Mo 5 4455 0.78
Example 27 25Fe-75Mo 5 44388 0.78
Example 28 55Fe-45Nb 5 4469 0.78
Example 29 40Fe-60Nb 5 4462 0.79
Example 30 25Fe-75Nb 5 4486 0.78
Example 31 45C0-25W-20Mo 5 4474 0.78
Example 32 45C0-25W-20Ta S 4470 0.78
Example 33 25C0-20Ni-55W 5 4469 0.78
Example 34 45Co-55W 5 4525 0.80
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Table 1-2

OR MrtOR | TAA ow PW50 SNR

©v) (dB) (ns) (dB)

Example 1 1.07 1.15 1360 41.5 9.11 19.5
Example 2 1.19 1.32 1445 40.7 8.89 20.3
Example 3 1.21 1.37 1497 39.8 8.95 20.6
Example 4 1.22 1.36 1468- 394 8.94 20.5
Example 5 1.13 1.24 1422 38.9 9.05 19.8
Example 6 1.10 1.16 1370 38.5 9.11 19.5
Example 7 1.05 1.09 1317 38.7 9.15 19.1
Example 8 1.14 1.24 1353 40.1 9.02 20.2
Example 9 1.18 1.32 1411 39.5 8.99 20.4
Example 10 1.13 1.26 1373 387 9.03 20.2
Example 11 1.13 1.24 1331 38.8 9.06 20.1
Example 12 1.13 1.27 1372 389 9.03 20.1
Example 13 1.16 1.25 1320 38.8 9.07 20.0
Example 14 1.14 1.27 1376 38.9 9.03 19.8
Example 15 1.15 1.28 1358 38.9 9.04 20.0
Example 16 1.14 1.21 1268 38.8 9.10 204
Example 17 1.19 1.26 1416 38.9 9.00 19.6
Example 18 1.15 1.26 1351 38.8 9.05 19.9
Example 19 1.13 121 | 1279 38.6 9.10 20.3
Example 20 1.14 1.23 1362 38.6 9.04 19.8
Example 21 1.16 1.23 1359 38.7 9.04 20.2
Example 22 1.12 1.22 1349 38.9 9.05 19.8
Example 23 1.18 1.23 1351 38.8 9.05 19.9
Example 24 1.15 1.24 1374 38.7 9.03 20.1
Example 25 1.14 1.24 1348 38.6 9.05 19.6
Example 26 1.13 1,28 1394 38.8 9.02 20.2
Example 27 1.16 1.24 1302 38.6 9.08 20.0
Example 28 1.12 1.24 1359 38.8 9.04 20.0
Example 29 1.16 1.24 1358 38.8 9.04 20.1
Example 30 1.18 1.23 1332 38.7 9.06 20.0
Example 31 1.14 1.25 1374 38.8 9.03 19.9
Example 32 1.19 1.24 1330 38.8 9.06 19.9
Example 33 1.18 1.21 1319 38.8 9.07 20.3
Example 34 1.23 1.37 1311 385 8.91 20.6
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Table 2-1
Composition of alloy Th.lckne.ss of Coercive Squareness
for orientation- orlel}ta.tlon- force ratio
determining film determining film
Nm Qe

Comp. Ex. 1 45C0-55W 1 1892 043
Comp. Ex. 2 45Co-55W -2.5 2578 0.56
Comp. Ex. 3 45Co-55W 5 3451 0.65
Comp. Ex. 4 45Co-55W 10 3895 0.69
Comp. Ex. § 45Co-55W 20 4215 0.71
Comp. Ex. 6 45Co-55W 30 4200 0.71
Comp. Ex. 7 45Co-55W 50 4212 0.67
Comp. Ex. 8 60Co-40W 20 4233 0.67
Comp. Ex. 9 25Co-75W 20 4216 0.71
Comp. Ex. 10 60Co-40Mo 20 4204 0.68
Comp. Ex. 11 45Co0-55Mo 20 4213 0.70
Comp. Ex. 12 25Co-75Mo 20 4233 0.67
Comp. Ex. 13 55Co0-45Ta 20 4225 0.67
Comp. Ex. 14 40Co0-60Ta 20 4238 0.71
Comp. Ex. 15 55C0-45Nb 20 4211 0.71
Comp. Ex. 16 40Co-60Nb 20 4248 0.68
Comp. Ex. 17 25C0-75Nb ) 20 4218 0.72
Comp. Ex. 18 55Ni-45Ta 20 4242 0.71
Comp. Ex. 19 40Ni-60Ta 20 4221 0.69
Comp. Ex. 20 60Ni-40Nb 20 4236 0.71
Comp. Ex. 21 45Co-55Nb 20 4239 0.70
Comp. Ex. 22 55Fe-45W 20 4239 0.69
Comp. Ex. 23 40Fe-60W 20 4245 0.67
Comp. Ex. 24 25Fe-75W 20 4201 0.70
Comp. Ex. 25 55Fe-45Mo 20 4208 0.71
Comp. Ex. 26 40Fe-60Mo 20 4231 0.71
Comp. Ex, 27 25Fe-75Mo 20 4248 0.70
Comp. Ex. 28 55Fe-45Nb 20 4470 0.71
Comp. Ex. 29 40Fe-60Nb 20 4469 0.69
Comp. Ex. 30 25Fe-75Nb 20 4460 0.68
Comp. Ex. 31 45C0-25W-20Mo 20 4455 0.69
Comp. Ex. 32 45C0-25W-20Ta 20 4487 0.67
Comp. Ex. 33 25C0-20Ni-55W 20 4461 0.69
Comp. Ex, 34 80Ni-20P 5 3316 0.64
Comp. Ex. 35 80Ni-20P 10 3561 0.67
Comp. Ex, 36 80Ni-20P 20 3811 0.68
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Table 2-2

OR MrtOR | TAA ow PW50 SNR

uv) | (dB) (ns) (dB)

Comp. Ex. 1 1.00 1.00 926 45.6 10.51 10.2
Comp. Ex. 2 1.00 1.00 1021 44.2 10.11 12.5
Comp. Ex. 3 1.00 1.00 1178 43.5 9.717 16.6
Comp. Ex. 4 1.00 1.00 1267 | 425 9.45 18.1
Comp. Ex. 5§ 1.00 1.00 1290 41.3 9.32 18.7
Comp. Ex. 6 1.00 1.00 1300 41.5 9.35 18.6
Comp. Ex. 7 1.00 1.00 1287 41.1 9.34 18.7
Comp. Ex. 8 1.00 1.00 1282 41.1 9.25 18.7
Comp. Ex. 9 1.00 1.00 1276 41.1 9.25 18.4
Comp. Ex. 10 1.00 1.00 1275 41.2 9.23 18.4
Comp. Ex. 11 1.00 1.00 1261 413 9.36 18.5
Comp. Ex. 12 1.00 1.00 1241 41.1 9.26 18.4
Comp. Ex. 13 1.00 1.00 1294 41.3 935 18.7
Comp. Ex. 14 1.00 1.00 1292 41.0 9.31 18.6
Comp. Ex. 15 1.00 1.00 1261 41.2 9.28 18.4
Comp. Ex. 16 1.00 1.00 1246 41.5 9.35 18.5
Comp. Ex. 17 1.00 1.00 1284 41.2 9.35 18.6
Comp. Ex. 18 1.00 1.00 1266 41.2 9.30 18.3
Comp. Ex. 19 1.00 1.00 1269 41.3 9.38 18.5
Comp. Ex. 20 1.00 1.00 1285 41.5 9.28 18.4
Comp. Ex. 21 1.00 1.00 1252 41.3 9.35 18.6
Comp. Ex. 22 1.00 1.00 1252 41.2 9.41 18.6
Comp. Ex. 23 1.00 1.00 1298 41.4 9.23 18.7
Comp. Ex. 24 1.00 1.00 1288 41.1 9.25 18.4
Comp. Ex. 25 1.00 1.00 1265 414 9.23 18.4
Comp. Ex. 26 1.00 1.00 1262 413 9.35 18.6
Comp. Ex. 27 1.00 1.00 1285 41.1 9.33 18.5
Comp. Ex. 28 1.00 1.00 1256 414 9.40 18.6
Comp. Ex. 29 1.00 1.00 1267 41.1 9.24 18.6
Comp. Ex. 30 1.00 1.00 1263 414 9.40 18.5
Comp. Ex. 31 1.00 1.00 1245 41.3 9.35 18.5
Comp. Ex. 32 1.00 1.00 1242 413 9.31 18.7
Comp. Ex. 33 1.00 1.00 1288 41.1 9.42 18.6
Comp. Ex. 34 1.04 1.15 1311 44.5 9.56 15.7
Comp. Ex. 35 1.06 1.18 1325 43.2 9.42 18.1
Comp. Ex. 36 1.08 1.21 1332 42.6 9.25 19.2
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[102] The present invention is directed to a magnetic recording medium
including at least a glass substrate on which grooves are formed in a
circumferential direction, an orientation-determining layer, a non-magnetic
undercoat layer, a magnetic layer, and a protective film, wherein the layers
and film are successively formed on the substrate, wherein the orientation-
determining layer is formed of an alloy layer containing at least one element
selected from the group consisting of Co, Ni, and Fe and at least one element
selected from the group consisting of W, Mo, Ta, and Nb. With this
constitution, the magnetic recording medium exhibits circumferential
magnetic anisotropy and enhanced read-write conversion characteristics.
Thus, the magnetic recording medium is suitable for high-density recording.
[103] While the invention has been described in detail and with reference to

specific embodiments thereof, it will be apparent to one skilled in the art that
various changes and modifications can be made therein without departing
from the spirit and scope thereof.

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

242518 filed August 22, 2002, incorporated herein by reference in its entirety.
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WHAT IS CLAIMED IS:

1. A magnetic recording medium comprising a glass substrate
having grooves on the surface thereof, an orientation-determining layer, a non-
magnetic undercoat layer, a magnetic layer, and a protective film, the layers
and film being successively formed on the substrate, wherein the orientation-
determining layer contains at least one element selected from the group
consisting of Co, Ni, and Fe and at least one element selected from the group

consisting of W, Mo, Ta, and Nb.

2. A magnetic recording medium according to claim 1, wherein
the orientation-determining layer contains at least one alloy selected from the
group consisting of a Co-W-based alloy, a Co-Mo-based alloy, a Co-Ta-based
alloy, a Co-Nb-based alloy, an Ni-Ta-based alloy, an Ni-Nb-based alloy, an

Fe-W-based alloy, an Fe-Mo-based alloy, and an Fe-Nb-based alloy.

3. A magnetic recording medium according to claim 1 or 2,
wherein the orientation-determining layer has a thickness falling within a

range of 10 A to 300 A.

4. A magnetic recording medium according to claim 1 or 2,

wherein the glass substrate is formed of amorphous glass.

5. A magnetic recording medium according to claim 1 or 2,

wherein the grooves have a line density of at least 7,500 (lines/mm).
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layer containing at least one element selected from the group consisting of Ti,

Mo, Al, Ta, W, Ni, B, Si, and V.

9. A magnetic recording medium according to claim 1 or 2,
wherein the magnetic layer coﬁtains at least one alloy selected from the group
consisting of a Co-Cr-Ta-based alloy, a Co-Cr-Pt-based alloy, a Co-Cr-Pt-Ta-
based alloy, a Co-Cr-Pt-B-based alloy, and a Co-Cr-Pt-B-Y-based alloy,

wherein Y represents Ta or Cu.

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

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

40



