;yzedenH (6THGW i MAGNETI C RECORDI NG MEDI UM AND THE METHOD OF
MANUFACTURI NG THE SAME Field of the Invention The present invention rel ates

rmanet o THMHMRINRUCS o “spec i oalty. The orecent - MMM = <s «o
a magneti c reggiekng nmediumused in a hard disk drive and tkgsnethod of
manuf acturing the nagnetic recording medium 10 Prior Art Recently, it has

been required for the nmagnetic recording nmediumused in a hard disk drive
to exhibit a higher,,r j { t,i nds for a
hi gher recording M@&?bﬁgaﬁ%‘mﬁmwmﬁﬁiﬁmwf orce of
a thin magnetic filmand t oMANDFACTURENCGOTHESSAMBed 15 therefromat a

| ow | evel . Various conpositions and structures for the nagnetic |ayer and
vari ous mat el{ji chs for. the nonmagneti c undercoating | ayer have been proposed
to inprove tH& ilp¥eRtiPRe and to reduce the noises. 20 A granul ar
magnetic layer, PHRCIMEMInTBHIS tQaks%s bahaghdld iR cflind rANFRIRRL e and
nonnmetal lic material such as an oxide and a nitride surrounding the

magnet i ¢ 5cr ysetdiod pf ahaufactsirkogothe. mgenetic raverdjngimedivom dwerifisallnribed of t he
nonmagnet i ¢ 304 NORIELAL bOER! £F L 3ha SERAr ALE AP IRADE! | Cadfh P

physi cal ly, Rhe magnetic i Aferact i on et ween t viX magne?l c'grains is
depressed andiskidgeg ainhahs wikthsd afenpnatentddg f tlemmagisitieg rédording
transient re i&),ns between the recording bits. Therefore, the granul ar
magnet i c Iay‘g? 1M81-f avorabl e to suppress the noises at a low level. 1  Wen
the conventional CoCr netallic magnetic filmis fornmed at a high
tenperature, O is segregated from Co magnetic crystal grains to the grain
boundari ¥s dfdort Aet segregated O reduces the magnetic interaction between

t he magnetic grgins.,,Si.nce the nonmagneti.c and nonnetal.lic terial, used 5
for the orain bataait el W PPRR PGRARG] fF Ui BHEPFae PRy re P Byk®dd mor o
easi |y than igra hhkedpendmenes echiditch hayhee traddrilthen@éddityalFol MdebgOthanul ar

magnetic filmfacilitates isolating the magnetic crystal grains from each

other. For s@yewgdamapdsfor g migheriecordpndenyityoit 1§ tmpertaRkite JORLNSl e to
heat the subgiraliv! foRQ0GF £thili lghet B Anfi %h FupPrdsOenCRGsel B @i ¢
magnetic 10 film In contrast, the nonmagnetic and nonnetallic material is
segregat Bd ebherefwhenatt lze lgw aleutlar Vamepse compositions sandotstivetires faurtheg t he
deposition ther ecp;c. Pr oblne({‘rs t.o ls)e spl vgd f(g)ly }tlheol nvent 't.onu 1p Far. obt ai ni ng
desirabl e chafalter }asytefcas, é’?ﬁlé?gl arfyrest obtta(? M Halagnﬁ l(éh TESEFGNE force
Hc, it is neag¢sshaye beemgdoposed!tatimpebye bled gseraive Ubiceodndto iredudactheo al | oy
in formng a nmagnetic recordi ng nmediumincluding a granul ar nagnetic | ayer.
In detail, fRHS&btaining a coercive force He of around 3200 Ce, it is
necessary to add 16 at. % of expensive Pt. For providing the CoCr 20
metallic magnetic filmw th the sanme coercive force Hc, it is enough to add
around 120 at. %afgrPnulaFonageetiq kHysg mchidihg magnedicdérstad eginsyand @ i s
necessary t 0, f6all 282 Ao SRSETY S @HSP oty Ofs 3808 8q | ALGS e
Therefore, i1 I'S hecessary T add 25" wre dnount. 6 EXPENSI ve :

i ncreasi ng tdersamihgcthe imgewaai! eragal pehinsheisdgmawnds Jiate cidet gigduct i on.
Since it has been require %o reduce the noises caused fromthe nedium it
is al so nece‘&ﬁ\%@ﬂ@a eaned oF thedopmasaetis éddoronmpiallicy materakeenpiyifet i

film 2 the magnetic grains physically, the magnetic interaction between the
256 magnetic grains is depressed and zigzag domain walls are prevented from
causing in the transient regions between the recording bits. Therefore, the

granular magnetic layer is favorable to suppress the noises at a low level.



In view of the foregoing, it is a first object of the invention to provide
a magnetic recording nedium that facilitates obtaining a high coercive
‘force and suppressing the noises caused therefromat a lowlevel. It is a
second object of the invention to provide a nmethod of manufacturing such as
5 magnetic recording nedium Means for solving the Problens According to a
first aspect of the invention, there is provided a magnetic recording

nediun1inc|udinﬂi aﬁgonnagnetic ubstratﬁ,a | 0 nonragneti ¢ undercqati ng
| ayer on the nohhggribeicenggnsianal CaCr mesalhisipagnedictdn sdermedet adighyer

having a hexagonatuf! 094s BEAKERGAHIHLI hfaghbrie oSANR MALIOR @ dalipxagonal

cl ose packing structure an center Cubic structure a nonnagnetic

i nt er nedi at boyrdagtesomd the seg Cr ceduvde thomeigngtit ayteractioneetweemgnet i ¢
internedi atg | [ Vi hexagonal 1 . o packi ng,.structure of a

conbi nat | on ot PEERelEEAT: S PEK 380 Wahmhan i B BREMIME BARMESRL . "cubi o
structurg af thergrgireboendaysr inOthet frannbrmmgprétic filmtiersapicated hayer, the
magneti c | ayer,_h ving a_granul ar structure forﬂed of ferromagnetic crystal
grains and Bgﬁlb’eﬁljﬁ‘a b Ysupripragnetisrand pppgetadie matgrahimthe gramfabundi ng
the ferromagnetibGe GI%s eddinQiad | Yan u 1tHGi X E {n
boundari es ?ﬁ%]hd%qgt F%%ggﬁt g§%§i e%gf N%?Q%?,é§¥?af?%u%?HG%%?Eg%’ Zr,
Ta, W or HbtheaAdVemnsezgegatsig/a suffecientt amaentgefaCmn ibouindaspieasabladh bdet at | east
the 25 nitride qf i, Ti,. Cr) M, Co. r H )

Advant ageou%li‘ey?ugqsﬁlél\é?%gﬁg%ﬁapr Riebex dégélﬁifﬁﬁng’tgrzt@ét(&?@ %l}\%ta?]ﬁcemr?gﬂﬁté‘gnet ic

i nter nedpat glhayekoht?abtld8s hnlLRstic Bhd AdnméBlliOmareriaAdVaRtageaysl y, the
conbi nation of. the hexagonal close packing 30 structure and the body center

cubi ¢ structwewsbntthe arenrlegroagrets film ng apibgatededyrine the depaesitéon at | east
the all oy Othé%oflr’ Rh) or Re, that contains from10 at.%to 50 at. % of
Ti, C, W M, or Cu. Advantageously, the hexagonal close packing structure
of the 5 nonnagnetic undercoating |ayer includes at least W M, or V.

Advant ageous| y,. t he conbi najj on of the hexagonal cl ose packing structure
and the bod?rglélﬁfnérto&?b?oé"gil’&&‘%ﬁ’é"%\‘t“{%e nonmagnet i ¢ undercoating | ayer

I ncl udegsthe al kgy o@lfair‘ﬁﬁlgl\&sir%le Hardotetib@ds, %Ml[&sfoﬁ*r&miﬁg}eglgfhﬁ‘%h %to 50

at.%of Ti. Advantageously, the nonmagnetic substrate is m
cryst al | i zedogybia $orce Hehétnis aarbespast ot healetively dsxgemmenntadiliy to the

Accor di ng t%o?aﬁ&P?deo?rifnec% o hgﬁcirQXo‘%gM OﬂiedﬁxPx%r&clédiRroa‘” 9§9u1%rhe et hod
of manuf act uti Nig ~a magnet ¢ or ecarai g redidm 1 ncl udinig a nohfagnet c
substrat e anupmetgisydrc Indedit, ofat iobtaihaiges cosrcivieeforce He of around 3200
Qe, it is necessary to add 16 at. % of expensive Pt. For providing the CoCr
20 metallic magnetic film with the same coercive force Hg, it is enough to add

around 12 at. % of Pt.

For realizing a higher recording density, it is necessary to realize a
high coercive force He of 3200 Oe or larger. Therefore, it is necessary to add
25 more amount of expensive Pi, increasing the manufacturing costs against

the demands for cost reduction.

i
Since it has been required to reduce the noises caused from the
medium, it is also necessary to control the properties of the granular

30 magnetic film.



nonmagneti c substrate, the nonmagnetic undercoating |ayer having a
hexagonal cl ose packing structure or a conbination of a hexagonal close 20
‘packi ng structure and a body center cubic structure a nonnagnetic
internedi ate | ayer on the nonnmagnetic undercoating |ayer, the nonmagnetic
internedi ate | ayer having a hexagonal close packing structure or a

conbi nati on of a hexagonal close packing structure and a body center cubic
structure and a etirg laver.on.the PG dntermediate |.ayer, the
25 magnetic | aygg%geav?%ghea%é? oh%]éér &s% ﬁgéc%t%ﬁ)?eg%gghﬁel VS?@%F? Bh v(j efi c
crystal graingnabid reddrdénggi@idiurhothad gheitisates obtdifiingea Bigh focdveive dadce s
surroundi ng the ferromagnetic crystal grains, the nethod jncluding:. setting
the spacing? drwoRr oI Lo geised Faysed fglsmffcgmaﬁga iQsp dave & e sonad
substrate fQpjebOrof iHe 1RNBRANBINRSVife | NUREIIRE M endR¥SItuAAG/ Qich @5 form ng
the 30 magnetic |ayer at a spacing between 70 nm and 100mm 4 Bri ef

Descri pt on nedgnehie repaadinggmpdligar-es Fig. 1 is a cross sectional view of a
magneti c recordi ng medi um according to the invention. 5 Fig. 2 is a curve
relating the T/S spacing at the deposition of the nonmagnetic internediate
| ayer and t Meaoefoeisvvihgthe Préblgms3 is a curve relating the T/S spacing at

the deposition of the nonmagpetic internediate | ayer and .the sjgnal noise
ratio SNR Fig. #oqrding dgy g elyst| aineRy qf@w@%@ei fgeE i RyoudEdstti on of

the 10 magnehidnehRY Gbcdthd NReARRA CiNQudREECa Molmagnkfic @ sGhtYel hat i ng
the T/S spacing at the deposition of the nagnetic |ayer and the signal

noi se ratdi o rSNRaghetjc @nfdgrcaang viayee! ani e t henwegnetic esyhstuade,artbiet he T/ S
spacing at the deglg ictin(an c%ftit h‘fa no m%nget ihgxai1 nt gicogei ateiﬁl ayer @ng t he
magneti c Iayné)P.maf |§1. 7PEHES U Y ETEAT | ng SN S|gn8?c OF &Pt To SNR
and the T/ Sogpaeiniinatioh ¥ adR@apohabelosd padiéng etregiietdand 4 body wedieat e | ayer
and the rragnei)i c | ayer. Modes for car,r%iéng put the Inve}?ti on 20 Now t he

i nventi on wiCHPICHETHEIMERT Bedonmagnetis [inframerinde t layeryionh the monaingaetis t he

acconpani ed \(jaWioRtink 189 e tha'RbsagndtiSihtahR didte 1Ry & IIvifg a tiERgb BNt s Of
the invention. The granular magnetic filmaccording to the invention, that
facilitalbes cliseapankneg sthichirec oeraicombimatian afich rhedagineg close matkisg and t he
25 manuf act Yl ng EOStP o L BIMERASIME S B, ATl UL N0, JNEiSRac] Bg Ret veen

t he target art‘]d1 e SUpdt PEPe“TH®t e spuf‘f ring appa us ' ( &rerharter
referred to mandg@etid/ ntepaading’ JayeYhehe thegnktc fpaei hgvinhg $eirantila40 mm or

| onger in formng the n&nrr??gnetic interrreﬁgi ate Ia%er,or t he, magneti c | ayer,
the growt h rsiustie foreed ghfeagpinagneticrestabayaine and pgidegraibo ¥ic | ayer
is 5 low %}Qﬂﬁlfaeté}aﬁ%éﬁx:iuér% SORIRANGS %l‘fé fe Yol hggiétcﬁrskﬁ)/g%irﬁf own

uniformy or the nmagnetic layer grown uniformy. tthe initial growth
of the g#anul ar magnetic filmis inproved and the anmount of Pt staying in

the ferromagneti,c, grains. .isS increased,. Thereafaore, i coergive. Jforce is
5 obt ai ned easi IAyd.V% ?agg.e%hfsglsh?ae 8’9@%§r%13clfqu3§3fle§il%§vu@? ggler?égﬁ%% [ )éldF ecordi ng
medi um accordgfiMyg AlpSt, e, Cr\Mnf Cer¥r, Ta, W, or Hf.

Advantageously, the nitride grain boundaries include at least the

25 nitride of Mg, Al, Si, Ti, Cr, Mn, Co, Zr, Ta, W, or Hf.

Advantageously, the hexagonal close packing structure of the
nonmagnetic intermediate layer includes at least Ru, Ir, Rh, or Re.
Advantageously, the combination of the hexagonal close packing

30 structure and the body center cubic structure of the nonmagnetic



Referring nowto Fig. |, the magnetic recordi ng nediumaccording to 10 the
i nvention includes a nonmagnetic substrate 1, a nonmagneti c undercoati ng

4 ayer 2 on the nonnagnetic substrate 1, a nonmagnetic internediate |ayer 3
on the nonmagnetic undercoating |layer 2, a magnetic |layer 4 on the
nonmagnetic internmedi ate layer 3, a protection layer 5 on the magnetic

| ayer 4, and a liquid lubricant |ayer 6 on the protection | ayer 5. 15 An Al
all oy substrate 1 n all ypstrengt hened gl ass
substrate, a glr’msé ‘%q%yea lch%dsgss% la%gttgé a(illo sucH &5 Iﬁﬁsf)?g%eq?}ggd for

t he convent b@rtainsma@ﬁat(la:t%esﬁodzltngoh'ﬁdl(hV%,rMo,uﬁe@u.f or the nonnmagnetic
substrate 1. Since the substrate is not heated according to the invention,
substrates forned by injection nolding a polycarbonate resin, 20 the

pol yol efi n resi p4ongka ?H&&blﬁ r@%i Mhehgordll S IREPLaviahkLe sfcﬁfctﬁxlée d?OQH@g“et' c
substrate 1. Preferably, e nonmagnetic undercoating |ayer I's made of W
Mo) or V5 Qnonmagnéfdghwadgreedtingilager vwhdesgtleasé W, Mpsom¥Bde preferabl y of a
Walloy, 25 a Mo alloy, a C alloy or a V alloy, each containing from10 to
50 at. %of Ti. Preferably) the nonmagnetic undercoating layer 2 is fromb5
to 100 nmin thAdkﬂE&geoﬁily hahghconttyinhtion t 6ft ithe lﬁh)&goﬂﬁ)lt chsk Spadking he

t hi ckness of the nonrrggnﬁ nder coat i g | ayer fgﬁ:?l Preferahly, the
nonmagnet i ¢ SPHERTRedPdt & §@ 3°Gi“§e‘ha l‘bfs"ﬁd"t“f”"r 0 eoPORMAagpetic t he
nonmagnet | Cuhﬂ&ﬁBé‘ﬁﬂé M;%r 1ﬁMﬁHes3tHeSa1'I®d&f Wr Moer(ﬁ'bbzy Voth#t Butdhl @bman Ir
alloy, a Rh alloy or a Re alloy, each containing from10 to 50 at. %of Ti,
C, W MiOor 10at-%reb@atli of Tit he nonmagnetic intermediate layer 5 3 is from
2 to 50 nmin thickness, although any limtation does not exist in the

t hi ckness of the nonmagneti c internmediate layer 3. The magnetic layer 4 is
a granul ar magnaidventagyeiisly otlietdomhagseticosmgnate ¢s eiadet & a grpitaldizedd
nonnmagneti c grain bound ries Igwurr undi ng the ferronmagnetic crystal
grains. The SfSEnRghfIRICca kjlsﬁ'eﬁg RA&19%8 8T ATesilide a netal oxide or a netal
nitride. The above described structure of the nmagnetic |ayer 4 is fornmed by
the sputtering nethod using a ferromagnetic nmetal target containing an

oxi de fdb const Acearding the sesnndgspedt ofghhai lmemmdatrheees igpromidedighe eact i ve

f
gas cont o ity Hor et /e BRRC Branre (Brcty Wl R0 Che

f err omagnet menfivagsétat , sabdthauegh at hemmdgereual surferdod€ingerlapemgoet itke cryst al
are not limted to the t aIons For redumggthe noj ses caused fromthe
recordi ng nmEgpRagpeti¢ o ?Je(q‘%ll ‘i‘%}m&‘gé?eé’lcaﬂp xegatipg tayer NkaYBRE T4 to t he

Copt al |l oys heEQg‘on‘aPtc?ds@'&Q:k% fs%'cﬁugréi“h”c%hb%ﬁét%ﬁ W & hbiaég%a?%l%@&' ally
preferable to enploy the oxide My, Cr, Zr, Ta, W or

Hf for t2%e maﬁlélngastr@ﬁtltrheandnﬂagm|C@nt§ﬁfamblboafrrdatmr@:sa Irtonnglgnebessary
for the nmagnetic laye l 4 ta

etic hayer 4 Re t hi cknen((:)yl h to t(i)bt lﬁf fi IOCI ent |y high
repr odaced- Srtgrar SR e bBRE rsAranEE UHleykatit Pvdn 0k ot epe i
contai ni ng GatebmBdiase | lagermhiviagnmpohesdgonal usesd fpackinige structure or a
combination of a hexagonal close packing structure and a body center cubic
structure; and a magnetic layer on the nonmagnetic intermediate layer, the
25 magnetic layer having a granular structure formed of ferromagnetic crystal
graihs and oxide grain boundaries or nitride grain boundaries surrounding
the ferromagnetic crystal grains, the method including: setting the spacing
between the target in the sputtering apparatus and the substrate for

forming the nonmagnetic intermediate layer and/or for forming the

30 magnetic layer at a spacing between 70 mm and 100mm.



protection |ayer 5. Perfluoropolyether l[ubricants are used for the liquid
| ubricant layer 6. 30 7 Now t he nmet hod of manufacturing a nmagnetic
‘recordi ng nmedi.um according to the invention will be described below It is
preferable.to set the T/S spacing for form ng the nonmagnetic internediate
| ayer 3 and the magnetic |layer 4 at any spaci ng between 70 5 mm and 100 mm
The nmet hod of manufacturing a magnetic recording nmedi um according to the

i nvention fagjld t ad Al i ¢ recording medi umas shown in
Fig. 1, tha@ééfhégéc?%t%%&g@e%a% erﬁgg?%sle and suppresses the noises 10
caused therefromat a |low |l evel, even when the step of heating the
substrate incl u%d iLn the conventional .manufacturing nmethod is qmtted.
Therefore, the %u#ao‘?u?i‘ﬁ@s%ﬁ?ﬁwagc"d%‘f’d? nf Taee ir?ﬁPéglt“igoﬁ‘ qPitates
reduci ng t hgcoaaifae! theiiRGertidips and the manufacturing costs. 15 First
enbodi ment A chem cal|ly strengthened gl ass substrate (N 10 supplied from
Hoya Cor.) haviliig & il atcuayel relasimehthaudfSceaciag afethe depesidomminthgnet i c

substrate 1.n0£§%$g§%gge§ia\?\%r%g%hgﬁe Eéer&kr@?&%g el aborately and | oaded

in a sputterin nonnmagnetic undercoating | ayer 2
20 of 30 nmin tHigcBness dusvd aelmeihgutice /3 kpadihg gats tlpr deparidowfof the mTor r
and at the T/S spaci.ng of 4Q, Then, rut heni um (Ru onmagneti c

it I f s

i nt er nedi at SOPRASNCTC fptegme Yleﬁ'raeﬂﬁg%élgi"é‘ RYperERfiQ the Ar gas

pressure of 15 ey And i helatid BRATIOGpREhECANHO aBRAGh, L20nEm Then.

a magnetic | ayer 15 nmin thickness is formed by the RF 25 sputtering

met hod udi ngnagrediCriagem andl theragetciveofores. ni ng ? nole % of Si Oz under the Ar

gas pressure of ﬁg E‘Tﬁr% A %lta%{h?kﬁ(es'r?@%ﬁhgeiggoét f‘}% ﬁlﬂja%s;{lﬁﬁ':ofgth%ar bon

protection | ayer of 10 nmin ness is sited. iquid
| ubri cant | ayaegndbicdhydr dndthd sighdli rokseassiol3NRoat ed on the | am nate forned

so far and renovyed fromthe sputterjng apparatus, .res ing in a 30
magnet i c r_ecordi\iﬁg- ﬁt‘ré%jPGHFYF‘a RGP e 3??5@@ﬁ?réeagdstﬁl@ﬁ{éiw%ﬁng.atﬁeThe 8
substrate i gjpetitiBRIT kb h@nxﬁ%’@&f&n&&n%l%}%'léyé}gaﬂd%ecxﬂgl%r_{ét{c%?ér.| ayers.
Fig. 2 is a curve relating the T/S spacing at the deposition of the

nonmagnetic i nternmedi ate |ayer and the coercive force. The coercive force
is 5 neabured wiltig d i Bravagebding ehergigned diriteeratinYNR naid dhe (BPerred to

"VSM') . As: Fi Lndic . e f i
bt i ned by TRTEE [t WRPTAEDS AP ERCRGNEDE ERRLENMG RHES < 1P

maxi mum coermagretfcdager.i s obtained at the T/S spacing of around 85 mMm In
t he neasurenents, the product Br 8 of the remant nagnetic flux density and

Modes for carrying out the Invention
20 Now the invention will be described in detail hereinafter with
reference to the accompanied drawing figures which illustrate the preferred
embodiments of the invention.
The granular magnetic film according to the invention, that facilitates
obtaining a high coercive force and reducing the noises and the
25 manufacturing costs, is manufactured by adjusting the spacing between the
target and the substrate in the sputtering apparatus (hereinafter referred to
as the “T/S spacing”). When the T/S spacing is set at 40 mm or longer in
forming the nonmagnetic intermediate layer or the magnetic layer, the

growth rate of the nonmagnetic intermediate layer or the magnetic layer is

5



| 0 the thickness of the sanples is fixed at 50 G,u m Fig. 3 is a curve
relating the T/S spacing at the deposition of the nonmagnetic internedi ate
1 ayer and the signal noise ratio SNR The signal noise ratio SNRis
nmeasured im a spin stand tester using a giant 15 magnetoresistance (GWR)
head. The sanples for the nmeasurenent are prepared such that the equival ent
signal outputs are reproduced fromthe sanples. As Fig. 3 indicates, an
excel l ent signal naise ratio SNR is obtained by sitting the T/$ spacing
bet ween 70 1 snaaeo r#ﬁalaﬁhem@n}?&%ﬁﬂﬁﬁ?@mﬁ§1atﬁ@wé %raY"ino‘_“S?ﬂPé"}q%

obt ai ned at ofhge ThISPRE 18Gr0krdd P URGLBRAIFTTHRY $RCANH AP HRPAHHTBALLA

chem cal ly strengthened glass substrate (N-10 supplied from Hoya Corp.)
havi ng a f| sramdr gnagneticsiiinh e dmipgovedeand dhe tameoundofaljnetayins ubgheat e 1.
The nonmagnei | trate. 1l i.s cl eane tely .and | caded.25 i.n a
sputtert ng. pperaPRRe Bediy 1S FriRE muBR Rt S BRC st RRE 1852 ot a0
nmin thisckrbsanededslynred under the Ar gas pressure of 15 mforr and at the
T/ S spacing of 40 mm Then, a ruthenium (Ru) nonmagnetic internediate |ayer
3 of 30 nmin thickness is formed under the Ar gas pressure of 15 nmforr and
at the T/ S spacifg f i4Q BFss TheeflonA VRUNQFI £ BAdANEredbrdng LmeArh N
thickness is formed by the RF sputtering nmethod using a 9 CoCr 10Pt 14

t arget cont acedrdipertortbkénvergionsi Oz under the Ar gas pressure of 30 niforr
and at the T/S ing b 4 n 20 .Then, ,.a_car rQtection
faver 5 of 10 niCTe U RRhag e ol Rogreadt stiaiflo et MgRloBiR an

| ayer 6 1@f 1hd MWdnBiohhiiaklndss kS mofaisghetitt thisstlatel nMat @ frohmegne6icS far
and renmoved fromthe sputtering apparatus, resuLting i_.n a nmagneti c

recordi ng rrgémdﬁFﬁoﬁH\?gnglyﬁﬁez sk U ufl%méég%fﬁ'&ﬁ/\ﬁu ?Frﬁeg.l’ 12 “ﬂﬁ‘é‘_‘%&lﬁat eis
not heated ijftRd%angte 1ArrdeBaShe MAnidiRefOnSidetddalhe 18Y& 8- 2 Fldknefici S a
curve relating the T/S’'spacing at the deposition of the 10 nagnetic |ayer
and the coerlayaret émthenomhegnetis vitenmédiatedayer fremprotection kakend vBNhe As Fi g.
5 indicates, the .cqercive forge . owers W th incr i T/ S spacing. The
coercive force nclq% errié % daar %Wlldg‘sﬂ){lﬁaen@? %ersé;;%%?lﬁegggi?:%g) sl/a?[f)rog‘rrm toward
the w ders si de. Am Alhallsgasubsti®tet proviliel prHudNiPBpldtind, thehdmivalnt
magnetic flux density and the thickness of the sanples is fixed at 15 50 G
am Fig. 5 %tgenga&wéeglﬁa a?t“l%ﬁﬁjafemea Trstaliged rrjass syhriratepssft R 8f the
magnetic | ayeh.aRe HOQ B 4RelcoRPirtforalhnetiR reddifirny gaala BRI S&d Aki 0 SNR
is measured in a spin stand tester using a GVR head. The sanples for the 20
measur ement the emopragaetd substnatehhtSin¢retheqrbstiatnis sotgedtedacoudingdee
reproduced fromthe. sanpl es. Fi g...5. i.ndi cat an cell ent signal noise
ot o SR | G abietiich” BB SRt Ry SR i B RS RRls e 200" o
and t he goaxithigmpsiyghdin nesise andt istcloNR r&inbhsd ndeb aémplogalleS fepabeng of
around 85 mm 25 Third enbodi ment A chem cally strengthened gl ass substrate
(N-10 suppl idMaesstiasyasestepl) having a flat and snooth surface is used
for the nonmagnetic substrate 1. The nonmagnetic substrate 1 is cleaned

el aborately and | oaded 30 in a sputtering apparatus. A wolfranaévv
nonmagnet i ¢ undéireteaablygtheagenmagnedic unsler@atimg layert hisciade of Ws Meoroted under
the Ar gas pr f 15 mrlorr ;an h /.S._spaci.n f en, a
rut heni um (%’ﬁﬁ%h?ﬁgrﬁ@a f:letiln Ié(rigrrrgg"’l‘tgﬁgef glil-érégl a@? piﬁgﬁgnbl?'g)?fﬂ W&%{éggs i's
fornmed uzglera Moaaly, ga& glidsaus ¥ dlioyleadhl@nkaiaing fibmt Ietold®at faet Tg bet ween

40 mm and 1 . . . .
zgre?gpably, the nonmagnetic undercoating layer 2 is from 5 to 100 nm in
thickness, although any limitation does not exist in the thickness of the

nonmagnetic undercoating layer 2.

30



5 Then) a magnetic layer 4 of 15 nmin thickness is forned by the RF
sputtering nethod using a CoCr10Pt14 target containing 7 nole % of Si Oz
under the Ar gas pressure of 30 niforr and at the T/ S spaci ng between 40 nm
and 120 mm. Then) a carbon protection layer 5 of 10 nmin thickness is
deposited. Finally, a liquid lubricant layer 6 of 1.5 nmin thickness is
coated 10 on the lamnate fornmed so far and renmpved fromthe sputtering
apparatus, resul LC Le i i i Rycture as
shoan in Fig. 1. Pigebl S RO R L AR LT IR £ B8 B A e
consti tuent dnaRer@r the reinfnagnetis iAteetiedinte ¢dyatridnG mhde poderibleof afie and

the TI'S spaC| e deposition of t onmagneti c |nterrred| te | ayer and
t he magnetic? (gﬁr rTﬁ]éoycoae?%l %]ioyf B Eeﬁ‘l‘? §ﬂ PNiRINNE, r\9§M18APt§90ugh t he

coercive forge okigr @p@rwh NG 4roCh.ereldtably, ﬂﬁ@ﬁéﬁrﬁsgﬁethcsldtwﬁédIQMQyéme

coercive force He according to the first enbodi ment shown in Fig. the
coerci ve §or@as Hempd taddormiinghicknesss althongh emydimitation d@e%y@g’@emetnm at the

TI' S spaci ng t [ggreq oercive force is
obt ai ned at ﬁﬁeet H%egé)%@r?gﬁof&afr%gunénégﬁegﬁ%% é measur enents, the

product Br b of the remant magnetl C fI ux den5|ty and the thi ckness of the
samples is fixe t 50 G, u rr~. iSs a curve relati i gnal
noi se rati o SNR ﬁ Pagnetie ]Sqﬁ%]f:l g‘sal"‘1 tgﬁ%mél@ﬁomaﬁpﬁﬁc Yehe og?i‘ﬁﬁa@ieti C

i nt er medi at efdrAyRigrRRe t BEsPRINSEifs | %ﬁﬂf niEHﬁlaghQﬂi@' grairse voahiLris\R i s
measured in a spin stand tester using The sanples for the

measur emgtit Sw@owRdipar Hap :f@rr@u@rgntehat crvnf@l egising| dhe §pgrnagn@m (EXam ar e
reproduced f éﬁ@&a@f‘es ?Md@ da 5@%‘5‘%?’{“‘1‘3 Fdrtgeh erXelt;ig%tgﬁfee%‘he o%ccﬁa‘lsl}tggéd Si gnal

noi se ratio 16 °6bt al ne i'ng spaci ng b
100 mMm i n t hetraenee Uﬁﬂmerha@ﬁetid‘lleyé}i giaformed b§ thakpateriagandthed usingh gs 3

and 5 in conpection wth t first and .second enbodi pents, res ectlvely
The maxi mum r%?g%}csén?téf i RIERIR GOREANH A ‘ngecel*?%‘ BBE

around 85 Mo ]RggRdid@aiNBbaRALBEd & BNERd Roakfife BRS8N MdtRH u@ﬁ%oj d' ng to
the third enbodi nent. According to the first enbodi nent of the invention) a

magnet i c 15 ecﬁirmm%nﬁém medal target axan Birtsputteningigas centeiniagfosygan.-He, is

obtai ned. 10 According to the third enbodi nent of the invention, a nagnetic
recording medium that exhibits the nost excellent signal noise ratio SNR)

i s obtained. TheCePbakoysaarengeferalle facihednatgriabof the) fetroaiagaxtic biyissalf he

desired ch t bt b t t he T/ S
paci ng {0 PEPRISHY R S HBRATGHC TR S PL9Er of MEREPIrIS b aci ng

for form ng tept Qﬁoi@m%aﬁhﬁg'tﬂé flotREicatifd RYAI RN SlIgnH aumgnetd c
internedi ate | ayer depending on the specifications of the nagnetic

r ecor di ng0 megsnesialixavafarabledesdef €ud¥isorcFa theha GoRhallews. Kor gbtainingeti above,

t d
Smanet e SRR TRLILEX ROl ARl SRGALEOR Syt foBaFAL S,
the T/ S spaciMyg AbhrSi, ofiy 0g Mie @@nﬂngﬂ‘et iVE, IontHfrfﬁﬂltth,‘mh&tr&ﬂ aﬁuﬂhé he

magnetic layer. The magnetic recording nedium according to the nventlon
facilitates SOPPREREGHErAIALOHBAAS. E%%s‘éf’&eﬁsﬁ&& tg‘ﬁm"é% netiCdgy sy %/

thick enough to obtain sufficiently high reproduced signals outputted from
25 the magnetic head.

A thin film containing carbon as its main component is used for the
protection layer 5. Perfluoropolyether lubricants are used for the liquid
lubricant layer 6.

30



25 Since it is-not necessary to heat the substrate in advance to depositing
the constituent |ayers, the manufacturing steps and the nmanufacturing costs
‘are reduced. Since it is not necessary to heat the substrate, inexpensive
pl astic substrates are used with no problem 30 12 VWhat is clained is= 1.
A magnetic recordi ng nmedi um conprising: a nonmagnetic substrate a
nonnmagneti ¢ undercoating | ayer on the nonmagnetic substrate, the 5

nonmagneti ¢ und n r 1.0 ucture
o 3 Jcombi nati oevbine el of 1K BB B0 neller BEGRARE' BIARNE TS,
cubi c strucbuneda@nnnhagmeﬁnnnuwﬂbbm@dmabedbdywr on the nonnagnetic

under coati ng Ia er t t er nedi te | ayer havin hexagona
cl ose packi ng 1 b is Pﬂ%?’ﬂ?rq’g ga gébﬁb't/ a‘fHaGH‘go orpfopRng, § %Ino eBacki ng
structure angkedmb@iYe ¢AHres anllthe MmhgmElidlgeRAthtPaMPapRiihe Ved¥&n 90 the
nonmagnetic internedi ate [ayer, the magnetic |ayer having a granul ar

structuré f@ﬂﬁ@wiﬂOQQﬁnonagnetlc crystal grains and oxide grain boundaries
or nitride grain boundaries surrounding the 15 ferromagnetic crystal

grains. 2. The magnetic recording nediumaccording to aim1, wherein the
oxi de grain bouﬂﬂbarmetélodmfpméméactthein@d dmgottiancoordimg mhedieheatcorlihgom t he

Tnet o T edbrpngvRRaTh fRcbEde AP e e bR nSBUR P do

grain bound@hb@ﬁ 15%)& $Rat &anmté 5&% &feréwe @dreérsﬂa sﬁﬁ;!n%gééﬂh@rr@meghe group
consi sting of Ta, Hf ).

10 caused therefrom at a low level even when the step of heatmg the substrate
included in the conventional manufacturing method is omitted. Therefore,
the manufacturing method according to the invention facilitates reducing

the manufacturing steps and the manufacturing costs.

15  First embodiment
A chemically strengthened glass substrate (N-10 supplied from Hoya
Corp.) having a flat and smooth surface is used for the nonmagnetic
substrate 1. The nonmagnetic substrate 1 is cleaned elaborately and loaded
in a sputtering apparatus. A wolfram (W) nonmagnetic undercoating layer 2
20 of 30 nm in thickness is formed under the Ar gas pressure of 15 mTorr and
at the T/S spacing of 40 mm. Then, a ruthenium (Ru) nonmagnetic
intermediate layer 3 of 30 nm in thickness is formed under the Ar gas
pressure of 15 mTorr and at the T/S spacing between 40 mm and 120 mm.
Then, a magnetic layer 4 of 15 nm in thickness is formed by the RF
25  sputtering method using a CoCr10Pt14 target containing 7 mole % of SiO2
under the Ar gas pressure of 30 mTorr and at the T/S spacing of 40 mm.
Then, a carbon protection layer 5 of 10 nm in thickness is deposited. Finally,
a liquid lubricant layer 6 of 1.5 nm in thickness is coated on the laminate
formed so far and removed from the sputtering apparatus, resulting in a

30 magnetic recording medium having the structure as shown in Fig. 1. The
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4. The magnetic recording nedium according to Caim1, wherein the
hexagonal cl ose packing structure of the nonmagnetic internediate | ayer
‘conprises a netal selected fromthe group consisting of (Ru, Ir, Rh) and
Re). 25 5.. The 'magnetic recordi ng nmedi um according to Claim1, wherein the
conbi nati on of the hexagonal close packing structure and the body center
cubic structure of the nonmagnetic internedi ate |ayer conprises the all oy
of 13 a net al selected fromthe group consisting of (Ru, Rh, and Re),
and the al | 8Ybsteaipis Beishqatedin adyancesde dempiting b)aeoqonaﬁt‘eqrérlreyﬂmsel ected from
the group consjsting of (Ti, C, W M, and Cu). 6. The magnetic recording
medi um according to Caiml1, wherein the 5 hexagonal cl ose packing
structure of thEiganchmagnetive telsiengdhei ™V spacarg adbrjbei dgwsaiomedhikhesel ect ed

fromthe group consistin neti.c r.ecordi ng

e o o RabmE SR Sl fliata Vv et and Rle it S0e BT ek p B ba ! ose

packing str Hfétablul%dawﬂhtahﬁbmw l%rmﬁg&KEwm%EerrL(ﬁéwiﬁat@ér tefarepr@gnet i c
rlsest ean 10 a netal selected fromthe

under coating | aye

group consi 8tV ﬁé’l §5f ig-\b Jndigategngn %cellaﬁacwevalfpw Hoigpebtaedthom 10
at.%to 50 OﬁlTTf BRENST con i @glgggl s Ranfo daim
1, whereint tg%onr?agnsetl C llé%lla)st raﬁevgéﬁrrlglr?lgesl a mat eérjrpia ag(ltlzt egffrom t he
group consi stereige dbrqeaisc ohstingd |aZetheg1I‘é83$paangthrramallnldySétmengItnhehred gl ass,

d 15 f act di
o ot he TR eriente St ok R ety e e PSR Yat o
nonfagngy | ¢ WIARKGARE bPthd AYEIO. (1A AAEYIEL ¢ Substrate, 'the

nonnmagneti ¢ undercoating 1 ayer having a hexagonal close packing structure
20 or a conbination of a hexagonal close packing structure and a body
center cubic st ucture a nonmagnetic_i redi ate | yer on. the magneti c
under coati ng | aji& 3 iheé RBRaEHRINE that e aft ﬂ%@lﬁﬁ‘a ﬁ agona

cl ose packi BQnﬁEEH@t‘i@ﬁﬁe%ecﬁaE&%P%ﬂQHe Qfgrdl hefg@gfaﬁalswkoeﬁe BR%kI N9
structure and a body center cubiC structure and magnetic | ayer on the 25

nonnmagnet i cnpm3 eratiali SNB linyweasurhd raghetrie $faylér terher rieping gt agiantr
strupt “.r e gra%?xgtqg*gmgt ncé’”@ﬁﬂﬁ heaﬁrylsrl lts%gr n?oraﬂge gtﬁ(éa%ereg{lg%t Fpoundarl €s

or nitri oundari es surroundin erromagn IC Crys gral ns
t he net hod peemlredslsn@h thet secpguiohlehd s1gn(ah))ufp).rtma’lrg repeduosdragne the

i nternedi ate | ayer sputtering in a utterln g.ap an form ng
the magneti €218 Bflep%m disategy AR nbsigRam %ﬁ’ﬁaélgf{dé Sbidindd
by settlng the T/S spacing between 70 mm and 100 mm, and the maximum

signal noise ratio SNR is obtained at the T/S spacing of around 85 mm.

20
Second embodiment
A chemically strengthened glass substrate (N-10 supplied from Hoya
Corp.) having a flat and smooth surface is used for the nonmagnetic
substrate 1. The nonmagnetic substrate 1 is cleaned elaborately and loaded
25 in a sputtering apparatus. A wolfram (W) nonmagnetic undercoating layer 2
of 30 nm in thickness is formed under the Ar gas pressure of 15 mTorr and
at the T/S spacing of 40 mm. Then, a ruthenium (Ru) nonmagnetic
intermediate layer 3 of 30 nm in thickness is formed under the Ar gas
pres'sure of 15 mTorr and at the T/S spacing of 40 mm. Then, a magnetic

30 layer 4 of 15 nm in thickness is formed by the RF sputtering method using a
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5 the step (a) 'corrprisi ng setting the spacing between the target in the
sputtering apparatus and the substrate at a spaci ng between 70 mm and
'100mm 10. The nethod of manufacturing a magnetic recording medium the to
magneti c recordi ng medi umincludi ng a nonmagneti c substrate a nonmagnetic
undercoating | ayer on the nonmagnetic substrate, the nonmagnetic
undercoating | ayer having a hexagonal close packing structure or a

conbi nati on ' : r d t cubi c
structar e GAAQEEKPARR o ARTET HNES: S S aE: BREAT cBP BrocRR &

under coat i n@d aylary amideatn ol dE® esphcing Ntetwred 48t mnh adr 12G1mmg Thehexagonal

cl ose packing structure qr a coppination.qf a hexagonal ¢l ose packi.ng
truct bre. anfdSPTBRySKciH: ay oG Bt 10 St e ihifedt SEPARGbd BAIGyERIGH Che
nonmagnet i ¢ |uBfiesdEdy et 6 of 3¥ehm inh@idREESTd GatRY S thaiiithate Brafddl Qr _
structure forned of ferromagnetic crystal grains and _oxide grain boundaries
20 or ni thi dar gindi rerheneddireme she gpriderias rapranetuse redEnedni € reagnstisl

grai ns) the I Si 0 i tic
ot er medt at dornate R Hathe % ShERECs b RLIER, e SBHRRDSL T
t he magnet i cndtdigatedoin Bipahtetd depobitidghtthesprstittiehtithy2bs. appar at us the step
(b) conprising setting the spacing between the target in the sputtering
apparatus and the substrate at a spacing between 70 nm and 100nm 15 11.
The nethod of meanpf actupi figve RBANEL tike MOS QpELnG SBEhe WepbdiBoRBANGel C
recordi ng medi um I'ncluding a nonmagnetic substrate a nonimagnetic

under coatld ngmpgnesic loser ard hlon eeegeize iferce ubla eagraive favee 5 measrgAetitl a

under coatin year Vix s ex i St 1, Or A

conbi nat i ongY) ﬁa%ﬁelf(‘%ggn%fi%g F’l%%ggigogg%acﬁ)ﬁofg?cre B%?Eé‘g‘gfgndl tgqh%gs%gn’ffgr cubi c
structure a dgpasinggTaé iceerciviedorre Haloererayietrpbnad the TSrupagingtdxceddzd@dcoat i ng

| ayer) the nonmagneti ¢ internedi ate | ayer having a hexagonal ¢l ose packing
structure ormf E%Hﬁdnélei %ﬁéfm -H@xﬁﬁoﬁéﬁs‘t}'ﬁwégﬁaébﬁima ‘I“lﬁa%’fgu?:ftg‘tee and a

body center Gyl GSh e%iérﬁuéﬁgnﬁfm&‘ & Ehib Y& o97nd :Agm%? Wl &

i nternedi ate Tayer, %%g magnetrc ["ayer %ﬁaw ng a granular s#?%gp%re formed
of ferromagn# Go marystal grains and oxide grain boundaries or nitride grain
boundari es surrounding the ferromagnetic crystal grains, the nethod
conprising the steps of 15 (a) form ng the nonmagnetic internedi ate | ayer
Dy Sputtering | g, S Lei0 ARARKALHS 198 ddobing! O hOGcPBGUIRMICHICC | aver
by sputtering in the sputtering apparatus the stgeps a) an ) conprising
setting the mpgoétiglapet aedbhd sien@0ndise xpaio SNRt Tibe sipwil poisagatappdifatsus and

Uy Ao A A RS04 1B & ARARET RO P BCNE TARY. ABe defies for the

9} t x} } k+id vangdutbs@he adre apephes] eadic ahatlthe]aivadenkizabt ahepltsadea] cal cal
ca] ca] ca] ca] ca] ca] ca].ca] cal] ca] ca] cRaU] c<al ca! y>d ; . )

#HSHOBR, ' (( (TePresuSedifrom the iSPU'@teFSf*X%Iﬁsﬁilad_IZfﬁleéa]’E&]"&%}%]sé%l]aééloéS&] calcajc

2l cal cal cal caliabn] saliahial Rplanhetheahaakaeke ddakenloPhes ol ol cal Xih2

6<Y=\ =n=] ?? 2ACEEEREIHe JBlaMropkf aignht ajois] catic NR ] isadlrdajedaht dhe dl/Sa] ca] ca]
ca] c”a] ca] cal cal] cal.ca] ca ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cal MM-NNNCJOO' PO
QQ]%RRg]S7T]QTTAF’afJL1§c fﬁf}“ﬁﬂt&/@ﬁf?{/w\%/\mm]l X} Lsn% d_]Z] c} caj I:a] I:a] I:a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!/ X
VXXSYiI YYBZZZ[ [[[\\]]"* __a:c@yd*i 0i <jj| ArKnnm} xsni d_Z] c] ca] ca] ca] ca] ca] ca]

cal ca] ca] ca] EE! gal [(ja]dcal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca! mm YY: * arc@yd*i0i <jjl AnKnmm} xsni d_Z] c] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] gahemli&A fﬁ]r@ﬁétﬁ@h&ii}gpa%]; GabshtalN-abcRlppake FtaRIKalcal cal ca
] ca] ca] caOGM F 10% & () -

Corp. having a flat and smooth surface is used for the nonmagnetic

substrate 1. The nonmagnetic substrate 1 is cleaned elaborately and loaded

30 in a sputtering apparatus. A wolfram (W) nonmagnetic undercoating layer 2
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109%65&' ( 2_) z,4109%& ()-fk4y>*?MB7! 10& M 109%X&' () -!#& M 10985& () -
109%& ()51 " Whewo@smagnetic |laxer dogh dd(pm @ thogkyesy is @medby: the IP( 9
sputtering method using a CoCr10Pt14 target containing 7 mole % of SiO2
under the Ar gas pressure of 30 mTorr and at the T/S spacing between 40
mm and 120 mm. Then, a carbon protection layer 5 of 10 nm in thickness is
deposited. Finally, a liquid lubricant layer 6 of 1.5 nm in thickness is coated
10 on the laminate formed so far and removed from the sputtering apparatus,
resulting in a magnetic recording medium having the structure as shown in
Fig. 1. The substrate is not heated in advance to depositing the constituent

layers.

15 Fig. 6 is a curve relating the coercive force and the T/S spacing at the
deposition of the nonmagnetic intermediate layer and the magnetic layer.
The coercive force is measured with a VSM. Although the coercive force He
according to the third embodiment is lower than the coercive force Hc
according to the first embodiment shown in Fig. 2, the coercive force Hc
20 according to the third embodiment is excellent at the T/S spacing between
70 mm and 100 mm. The maximum coercive force is obtained at the T/S
spacing of around 85 mm. In the measurements, the product Brd of the
remnant magnetic flux density and the thickness of the samples is fixed at
50 G u m.
25
Fig. 7 is a curve relating the signal noise ratio SNR and the T/S
spacing at the deposition of the nonmagnetic intermediate layer and the
magnetic layer. The signal noise ratio SNR is measured in a spin stand
tester using a GMR head. The samples for the measurement are prepared

30 such that the equivalent signal outputs are reproduced from the samples. As

11



o0& ()-"1 (A9 M10%& ()-"!1(9 M10%& ()-  @Ll0%& ()- 105 105
gﬂoégﬁ‘(lg%&'(()-a; !V\)E/Zb\:!((L%!lOfV&'(%)- L9% ! 100& ()-1L:110% ()- !, (9
M 109& ()-"!,(9 M 109 ()- 'P9 M 109& ()- !"#HHHSHAEY: 1 (1 , 109%& ()-!
109& ()-3 10 10'10° y8 109%& ()-!; |
L%!lO%&'()-!PL%!lO%&'()-#0/670/8/&&,'(z[<{Y:!(8310%&'()-9 110% ()-!9
1109 ()-19:110% ()-!,S 10% () -

10%9&' () -y(#ig)? 1n&5({e§{ Xn egcbfe)ll?e:h? @%Aa)l Jo@se ratio SNR is obtained by setting
109& ()-!69*! 10%&' () 09%&'
109&' ()-! (9%ke lﬂ%%naelpgthsew VFOVMXE "and HO( tnlm 10%BA&a)e flanh@pBA&hE) - F

: — ()1 -
| - 10%& () - Jsg%ﬂ%i Bé%b? t:,ligg/ ﬁ‘es(cllblég ]1“19 Ol{&gs( ).3 dnd 5 in conne?:<t910‘ stlthlvtl;heofg/r%t gig‘ld 7S

M 1098

109& () ( ? s Msd @l dmbddlﬁﬁwg@lg‘&;ﬁpe(ciwally/ AR LAY L 261 R YK @se 1A tihOSNR is
VR 109&; 9

3%08/&'1 ?)/&I ;t')O a?B@ §h¢?é1my>€49f4@wxew@mmmh£mna& 'O} seQdtiOINR is

& ()-! &M 10%e faokd ex eﬁg%écglﬁmé‘té Yhe thiddetht §81§r)ent(
10% " & () -556/ 7Y8888}

According to the first embodiment of the invention, a magnetic
recording medium, that exhibits a high coercive force He, is obtained.

10 According to the third embodiment of the invention, a magnetic recording
medium, that exhibits the most excellent signal noise ratio SNR, is obtained.
Therefore, a magnetic recording medium, that exhibits the desired
chafacteristics, is obtained by appropriately setting the T/S spacing for
forming the nonmagnetic intermediate layer or the T/S spacing for forming

15 the nonmagnetic intermediate layer and the nonmagnetic intermediate

layer depending on the specifications of the magnetic recording medium.

Advantageous Effects of the Invention
As described above, a magnetic recording medium exhibiting a high
20 coercive force Hc is obtained and the addition amount of precious Pt is
reduced by optimizing the T/S spacing for forming the nonmagnetic
intermediate later and the magnetic layer. The magnetic recording medium
according to the invention facilitates suppressing the noises caused

therefrom at a low level.

25
Since it is not necessary to heat the substrate in advance to depositing
the constituent layers, the manufacturing steps and the manufacturing
costs are reduced. Since it is not necessary to heat the substrate,
inexpensive plastic substrates are used with no problem.
30
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::1,2-5‘(&; %RK(SN& (O)O/ %@(zﬁé}rﬁ@?ﬁ%’i& hndert&i@ngd EYPH thh- fontPa@itlc) substhhteBfie () - 91 10%
5 nonmagnetic undercoating layer having a hexagonal close packing structure
or a combination of a hexagonal close packing structure and a body center
cubic structure;
a nonmagnetic intermediate layer on the nonmagnetic undercoating
layer, the nonmagnetic intermediate layer having a hexagonal close packing
10  structure or a combination of a hexagonal close packing structure and a
body center cubic structure; and
a magnetic layer on the nonmagnetic intermediate layer, the magnetic
layer having a granular structure formed of ferromagnetic crystal grains
and oxide grain boundaries or nitride grain boundaries surrounding the

15 ferromagnetic crystal grains.

2. The magnetic recording medium according to Claim 1, wherein the
oxide grain boundaries comprise the oxide of an element selected from the

group consisting of (Mg, Al, Si, Ti, Cr, Mn, Co, Zr, Ta, W, and Hf).

3. The magnetic recording medium according to Claim 1, wherein the
20 nitride grain boundaries comprise the nitride of an element selected from

the group consisting of (Mg, Al, Si, Ti, Cr, Mn, Co, Zr, Ta, W, and Hf).

4, The magnetic recording medium according to Claim 1, wherein the
hexagonal close packing structure of the nonmagnetic intermediate layer

comprises a metal selected from the group consisting of (Ru, Ir, Rh, and Re).

25 5. The magnetic recording medium according to Claim 1, wherein the
combination of the hexagonal close packing structure and the body center

cubic structure of the nonmagnetic intermediate layer comprises the alloy of
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alloy comprises from 10 at.% to 50 at.% of an element selected from the

group consisting of (Ti, C, W, Mo, and Cu).

6. The magnetic recording medium according to Claim 1, wherein the
5 hexagonal close packing structure of the nonmagnetic undercoating layer

comprises a metal selected from the group consisting of (W, Mo, and V).

7. The magnetic recording medium according to Claim 1, wherein the
combination of the hexagonal close packing structure and the body center
cubic structure of the nonmagnetic undercoating layer comprises the alloy of

10 a metal selected from the group consisting of (W, Mo, Cr, and V), and the
alloy comprises from 10 at.% to 50 at.% of Ti.

8. The magnetic recording medium according to Claim 1, wherein the
nonmagnetic substrate comprises a material selected from the group
consisting of (a crystallized glass, a chemically strengthened glass, and a

15 resin).

9. The method of manufacturing a magnetic recording medium, the
magnetic recording medium including a nonmagnetic substrate; a
nonmagnetic undercoating layer on the nonmagnetic substrate, the
nonmagnetic undercoating layer having a hexagonal close packing structure
20 or a combination of a hexagonal close packing structure and a body center
cubic structure; a nonmagnetic intermediate layer on the nonmagnetic
undercoating layer, the nonmagnetic intermediate layer having a hexagonal
close packing structure or a combination of a hexagonal close packing
structure and a body center cubic structure; and a magnetic layer on the
25 nonmagnetic intermediate layer, the magnetic layer having a granular
structure formed of ferromagnetic crystal grains and oxide grain boundaries
or nitride grain boundaries surrounding the ferromagnetic crystal grains,

the method comprising the steps of*
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(b) forming the magnetic layer by sputtering in the sputtering

apparatus;

5 the step (a) comprising setting the spacing between the target in the
sputtering apparatus and the substrate at a spacing between 70 mm and
100mm.

10. The method of manufacturing a magnetic recording medium, the
10 magnetic recording medium including a nonmagnetic substrate; a
nonﬁlagnetic undercoating layer on the nonmagnetic substrate, the
nonmagnetic undercoating layer having a hexagonal close packing structure
or a combination of a hexagonal close packing structure and a body center
cubic structure; a nonmagnetic intermediate layer on the nonmagnetic
15 undercoating layer, the nonmagnetic intermediate layer having a hexagonal
close packing structure or a combination of a hexagonal close packing
structure and a body center cubic structure; and a magnetic layer on the
nonmagnetic intermediate layer, the magnetic layer having a granular
structure formed of ferromagnetic crystal grains and oxide grain boundaries
20 or nitride grain boundaries surrounding the ferromagnetic crystal grains,
the method comprising the steps of:
(a) forming the nonmagnetic intermediate layer by sputtering in a
sputtering apparatus; and
(b) forming the magnetic layer by sputtering in the sputtering
25  apparatus;
the step (b) comprising setting the spacing between the target in the
sputtering apparatus and the substrate at a spacing between 70 mm and

100mm.
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cubic structure; a nonmagnetic intermediate layer on the nonmagnetic
undercoating layer, the nonmagnetic intermediate layer having a hexagonal
close packing structure or a combination of a hexagonal close packing
10 structure and a body center cubic structure; and a magnetic layer on the
nonmagnetic intermediate layer, the magnetic layer having a granular
structure formed of ferromagnetic crystal grains and oxide grain boundaries
or nitride grain boundaries surrounding the ferromagnetic crystal grains,
the method comprising the steps of:
15 (a) forming the nonmagnetic intermediate layer by sputtering in a
sputtering apparatus; and
(b) forming the magnetic layer by sputtering in the sputtering
apparatus;
the steps (a) and (b) comprising setting the spacing between the
20 target in the sputtering apparatus and the substrate at a spacing between

70 mm and 100mm.

25

30

16



