b
; e3ei nBi j zz{} Fb} V6TBOZca. Per pendi cul ar magnetic recordi ng nedium and a
met hod f ri ng sane 5 Technical field of the inv M
present lmwmmmlmmmmm[Lt es to a perpendicul ar magnetic recorel lmﬂmmmmﬂ"and
a met hod for, \ut actiuring the recording medium |In particul ar,«ghRe present

i nvention relates to Ha per pendi cul ar magnetic recording nmediumthat is
nounted on an 1o external nenory of a conputer or other magnetic recording

Shekar ound otprdtelir HHaklo s M BEMY deTiih,Cahdld HhEPhdE LY
magneti c recordi 9, there is interest in a perpendicular magnetic recording
as an alter ﬁ%’{l{l}}g- .H‘Hlﬁgéaﬁ’(}%nu onal |ongitudinal magnetic recording. As a

magneti c recording |layer to carry magnetic recording in a perpendicul ar
magneti c recording medium a crystalline filmof 20 CoCr alloy having

hexagonal cl psest, Kk hep). crystal structure has principally been

st udi ed. °To 155@8§gpgl§ﬁ§rmh’§@ﬁ&nc recordi ng possible, crystal
alignnent is conhreol l.,ed so that c-axis of each crystal grain is i

per pendi cul ar t &hen@resent dnveadion tnedatass toca pperpendicydan| magneia he fil m
surface. For 25 addressing- higher recording density in a perpendicul ar
magnetic 1 recoxsbimgdimesdimsai aametiodsforamamefactweide the menording grai n
size and to reduce dispersion of grain size of the CoCr alloy conposing the
magneti c reanediwm. | ayer , partictlar; edhee pregmet | mvertéonc trebatebettoean

crystal grains. 5 A technique has been proposed to achi eve high density
recordi ng i pexpbadicilagi malgrwin etésrdiagomédignireHab s mouededi 61v amgnet i ¢
interaction between crystal grains, in which a |ayer of nonmagnetic and

non- net gl | @xIERFARNABNIGIBH G LXédHApUitef Ooi dtHede mhgnkicT8dcabdifpe 9rain

boundary of a crystal grain conposing a nmagnetic recordi ng |ayer. IS
magneti c | aygypdratas] hefd t8 HrABthéd BRIMGNTabAYEhy sAFH SlipebAdie i n
Japanese Un)eé;ﬂg)m ned Patent Appli ca?‘i'lon Publ i cgtlﬁgn I%els 8- 255342 aﬁ% Uni ted

States PatenhoMymd 679,473, for exanple. The magnetic 15 grains in the
granul ar magnet | cm] ayer are three dinensionally isolated with each other by
t he nonmagnetic and non-netallic grain boundary. Since magnetic interaction
bet ween the magnetic grai ns decreases, "zigzag domain wall" in the

transition region of or.ding,bit is suppressed to develop, which is
consi dered llgg(%'cgmég}ff?ﬂ%ﬁeﬁgiv?gt}oéhucti on. On this background, the use of

(he orany ar mgnet; ¢ bayer s SSEL. PLOROSEO LA Lhe el c iecor o g
Trans. Mag. ’th\égle'is?’?htgfes%g)lgr? §28319£>e19 .i%%llgrs er%aagn%%{cperggglg ilnagr a2s an
alternative to a conventional longitudinal magnetic recording. As
a magnetic recording layer to carry magnetic recording in a
perpendicular magnetic recording medium, a crystalline film of
20 CoCr alloy having hexagonal closest packed (hcp) crystal
structure has principally been studied. To make perpendicular
magnetic ?ecording possible, crystal alignment is controlled so
that c-axi§ of each crystal grain is perpendicular to the film

surface, that is, c-plane is parallel to the film surface. For

25 addressing higher recording density in a perpendicular magnetic



magneti c recordi ng nmedi umthat conprises an underlayer of ruthenium (Ru)
and a magnetic layer of a CoPtCrO all oy having granular structure. The
docunent shows that c-axis alignment of 5 crystal grains conposing the
nmagneti'c | ayer enhances as the rutheniumunderlayer becomes thicker, _
bri ngi ng abo%gbf&i’i@ fMEdurh " a'ﬂ?&ﬂﬁ%b %ﬁ@'b%%?}efﬂédé ¢85 MRAiIRIAS PraiRgnetic
conver si on perfornanfces of the maghetic recording layer. lo A study has
al so been ”Bél‘i%t IndRks ?ed‘@@é‘e&fsﬁei%?{ %f“gﬁéﬁi’ %fiﬁ?f oft t{h"er RESCH C4th

g oy O

magneti ¢ recordi ng nmedi um by usi an anor phous a a rare earth

el ement and It : a e l,l.0 to be
sol ved by t h(goqph\égﬁfé ghgwgégh%?gg&a(ﬁiﬁahﬁf c%hr%ctér%qq}é&i z%%é)ﬁgﬁ%l oyi ng
t he above- nent i oned gr ar%ul ar magnetic lLayer exhibits relatively good
magnetic propeRFaedo RS F &' onver si on characteristics. For
further enhancenent of magnetic recording 20 density, it is considered
necessary5 to further mnimze the grain size in the ferromagnetic |ayer and
to further reduce magnetic interaction between magnetic grains, by pronoting
preci pitation o okedEyiase nhas i Beant @rpn@segfatm Seee: Jhighs deresityr ai n
size in the magnetic layer is mnimzed and 3, nmagnetic interaction

bet ween crystesorging nanj & dlangitudinaly megnedis ngedordingamediums bxi de or
nitride precipitated at the grain boundary, thermal stability of,

i nf or mat i on yeshwingomagnetac Sntenpesiare betweeni enystal @ratagi i ywhich a
deteriorates. In the worst case, the problemof so-called "thermal

f | uct uat i on"layerseEfsnonmagnetic amk noacnretatlic sfibstamcosudhsepprads odue to

t hermal di sturbance. On the other hand, an anorphous filmof a rare earthl0
transiti on neiteldeyl ioyfhatied hitghhperpaidi bohadarggoét ac cepistdt rgapyn
constant Ku and is free of grain boundary because it is anorphous. _
Therefore, sgahpaBikd ™ Mashetid Febardibigdlaydier NThis tialighietie 18yed igRgnetic
recording layer. However, the free of grain boundary also neans |ack of a
core to ol dediieq Ong QietRAlage shadnétig "Blycth { Birfl (di8cHdH & Bhpasiesand the
recorded signal. is susceptible to the phenonenon of shift or di sappearance.
These pheno ! Lot he ECo T r gl ggh
frequency  ThaRsantiedRateht HpHlibpublC FRANGSp PR 6 Bl ey
magnetic rec ! i [ [.es} € hj Si sﬂ?@ LG
recording. T élq{f)%sset%t%? nl\s/aefrl’éltrl{togl‘f 'gbs’%(g‘gg%%ﬁagg‘hfzggy \% O;M} e ?glﬁée%i& ng,

and an oﬂect of the gresent |1nventi on J.s o L[)‘rovi a p@rlgl%ndi-culgr
magneti c ec%’f%nﬁgl turp ity m&n%ﬁlgﬁayg dBhgi tY ey Pﬁb(,m% Nibits
excel lent electrp netic conversion 4, characteristics, and thernmlly
Stabl e perf ol Witheach SENeE Phetlis UTERASDPHE Srek SN TRV on has
been acconplished to sol ve t.he above problem and.a perpendicul ar gnetic
Fecor di ng meBTakR BRRBAAIHG TECeHBAERSEI MIRTe P HatS g th hpaneneEe
substrate, and at | east a ngnmagneéi c uynderlgyer, a first magnetic | ayer, a
second rragnegr%msaglﬁﬂeae@eﬁr ofEZGByaomaIBr wa dlrhth?d?ﬁﬁﬂsl@%@ir@gh@nﬂf | ayer
sequentially lam nated on the substrate. The first_magnetic | ayer_ conprises
crystal grai ﬁsI‘QﬂOI‘dlm@rbl@mﬁgﬁéppﬁe@f—dirtodﬂﬂ?‘(ﬁloﬁyé@’blﬁ}hnﬂ qemmiagrad ite grain
boundari es substantially consisting of oxide or nitride. The thickness a of
the firs0mypesultdnineiperredaidtion.he range of 10 nmto 30 nm The second 15
magneti c | ayer conprises an anorphous all oy conposed of rare

On this background, the use of the granular magnetic layer
has been proposed in the magnetic recording layer of a
perpendicular magnetic recording medium. For example, IEEE

25 Trans. Mag., vol. 36, p. 2393 (2000) discloses a perpendicular



earth elements) and transition netal elenent(s). The thickness b of the
second nmagnetic layer is in the range of 2 nmto 15 nm A ratio a/b of the
‘t hi ckness a of the first magnetic layer to the thickness b of the second
magnetic layer is at |east two. 20 Advantageously, the nonmagnetic
under | ayer is conposed of a netal ors an alloy of hexagonal closest-packed
crystal structure. The netal is selected fromthe group consisting of Ti,

Re, Ru, and Cs. 'Iéhe al | Oﬁ.cont aqi:sﬁs at L%ﬁ\st one. el ement S§I§e ted frfomthe
25 group coMAENgty THRCOFHINgK. megium  khaf, " CIMPIIgEs, 41, ;up F&yetrhé) second
magnetic | ayer, cantai at l.east one netal el gne t from.N , Fe,
ondCo. - anaraiheiR: @Rns and R ool ikterenf T LB milh BAVRE .
Tb, Dy, and Ho in a 5 concentration from 10 at%to 35 at% . Advant ageously,
t he nonnagngra%uf;a}b%&rmtgrﬁf-st*l?lm dogusteny shews thali ¢raxig aligRnRBY %lccor di ng
to the invention for manufacturing a perpendicular magnetic recordi ng

medi um conperyséal sgraigsorompesing the ampgnetiealayey ephangesr asatbethe film
included in the perpendicul ar magnetic recordi ng nmedi umaccording to the

i nventi on asutheminmed widedayend bacomes t Hhigkens dfridgposi t mbguts5 t he

| ayers and the fil mare conducted under a tenperature of the substrate

| ower than BAGrovewemtr inetrhagnatiworadiargcteristiesi avehteleatfomagnetitact uri ng
a perpendi cul ar nagneti c recordi ng medi um conpri ses steps of depositing and
| ami nati ng éhevémien perfcrmbsnceslof thechagedtiorédwrddngdaypendi cul ar

magneti c recordi ng nedium according to the invention as described above,
and the depositing steps are conducted w thout preheating the nonmagnetic
substrate. Advantageously, the second nagnetic |ayer is deposited by 25

sputteriyng undes @RERN RS aksS o hdd o hpdke L xﬁggnﬁ:ﬁér fecddinB' i ef

description of the awngs Fig. 1 is adrawmng for illustrating a

d
structure o j g LhEial i i ding..t o the
oresent 1 nvERToar Brpgroddiouta AEh fi REBHE AENIUE BAfite dn
bet ween D50_ya d_argo r rel r i.cul ar. i C
recordi ng n%é?aulm%é)éﬂéo?gpgg& %qt%ﬁg %&gg eﬁeﬁ%@%ﬁﬁdgﬁadff%ﬁﬁg‘%8§f‘§‘%§%‘1’

enbodi nents_of, t he mb\/ﬁﬁ’nﬁt}l oag Now, aspects of sone preferred enbodi nents of
t he present S}lﬁb@ﬁt? P Loydescri bed in the followng with reference to
t he acconpanying drawings. 15 Fig. 1 is a schematic cross sectional view of
a perpendi cul ar magnetic recordi ng nedi um according to an enbodi nent of the

present inventjon. a npn netic, substrate 1, nonmagnetic underl ayer 2,
first nﬁ@ne?ﬂ'ebfeé?efg]@? SQE‘&E%Y mventieler 4, and a protective |ayer 5
are deposited jn this order. On the protective )
perpendicular magnetic recording layer employing the
above-mentioned granular magnetic layer exhibits relatively good
magnetic properties and electromagnetic conversion
characteristics. For further enhancement of magnetic recording
20 density, it is considered necessary to further minimize the grain
size in the ferromagnetic layer and to further reduce magnetic

interaction between magnetic grains by promoting precipitation of

oxides or nitrides to the grain boundary.

25 When grain size in the magnetic layer is minimized and



20 layer 5, a liquid lubricant layer 6 is fornmed. A soft magnetic backing
| ayer nmay be provided between the nonmagnetic substrate 1 and the
honnagnetic[underlayéf 2, to construct a socalled doubl e-1ayered

per pendi cul ar magnetic recording nedium if necessary. A seed |ayer may be
provi ded between the substrate 25 1 arid the underlayer 2, to control
alignnent of the crystal grain 7 conposi ng the underlayer 2. The

nonmagneti c te . of _Ni.P-pl at al. unjynum al 1,0

st rengt henedﬁégiéél,% dp%%#%lngﬁl F’%@%gf‘as%%@i cg%aggar & E@gﬁqa%eg gt%st rate

of a usual magneti.c regordi ng . nediuym_JIn a case.substrat egting,s

unnecessary & pHULE; Sﬁguﬂgf“%ﬁ{tﬁ{ r?gd%x}ﬁi)e Ohj B(‘:ttril‘i‘ﬁ %?Q}Pﬁ@qﬁ agp?}}fsti c

[im's consiGRibpOuidRT: HiermabssBustsnar ifoanatiomghconisd SRt o The

liquid lubricant |ayer 6 is clorrposed, { erfl.uoropol yet her |ubricant, for

exanpl e. 5Thénﬁgp§§1°n%®ﬁ%'fliﬂégl ayer I@ng k%&elﬂﬁm@ﬁ-g BrktheaWvaors fésee 15

| ayer. The | ayer conprises crystal “tglr ains, of a ferromagnetic, all oy of CoCr
al

system and ribenpyablem gf ssaicalleddathermab dhivatan’ arisemein whighal oxi de

or netal nitride formed between the crystal grains. 20 The magnetic |ayer
wi th such staneetxgoerded indorimadson ddisa:gp@anspgue éoithgrnzalhdistuzbayce.
ferromagnetic nmetallic target containing the oxide or nitride that
constructs the grain boundary. Alternatively, the magnetic |ayer may be
deposited by a reactive sputtering nethod using a ferromagnetic netallic

target under an(hp thgootlgas ledmdspher emeephausi filnoxyfien wrenidarehen. 8
One of the favorable materials for depositing ferronmagnetic crystalline

layer isjan @hheitioh GAGtaBYalBR hasOordehigl GRirpendiseRly epfagmanet i c

characteristics and recording performance, it is preferable to add at

east one. elamsgxcif) echthlt RY Bhd & froB ™l daihbdid A pethligy it 9 or der

to forma stable gre ar structure, i erable t¢ form nonmagnetic
The oroup conEpipHBba, PReRiHE, Ehofan Ebnltd fIf AER ighPulfEhdl | O
stability for a magnetic recording layer. However, the free of
grain boundary also means lack of a core to hold the once recorded
15 signal within the written place, and the recorded signal is
susceptible to the phenomenon of shift or disappearance. These
phenomena occur particularly in the magnetic recording at a high
frequency.  Therefore, such a material is unfavorable for

perpendicular magnetic recording that is directed toward high

20 density magnetic recording.

The present invention has been made in view of the foregoing,
and an object of the present invention is to provide a
perpendicular magnetic recording medium that allows high

25 density recording, exhibits excellent electromagnetic conversion



The t hickness of the first magnetic layer 3 is preferably at least 10 nmin
order to stabilize magnetization bits of the second 15 magnetic |ayer 4. On
the other hand, the thickness of the first magnetic layer is preferably at
most 30 nmin order to achieve high recording resolution by decreasing a
total thickness of the nmagnetic recording |ayer consisting of the first
magnetic | ayer 3 and the second magnetic |ayer 4. 20 The second nagnetic

| ayer 4 is ¢ .0f « i f carth el enent -
transition é{%%%g%lggmg%o@h%@%ﬁm %#m"ﬁ}lg r\)/eai’l‘lféglfn%‘lnn%r)arti cular, the second
magnetic | ayer 4 preferably contains at |east one 3d transition netal

el ement 25 selected fromN, Fe, and Co, and al so contains at |east one
rare 9 eg\rqth el enent sﬁec%{gb fromPr, Nd, Gd, Th, Dy, and Ho in a
concent r at | oHeAPSEORP Y EkNEP Y6 Thi ckness of the second magnetic |ayer
4 is preferably, at |east 2 nmi.n oEder to hold hiﬁg Ka gal u«i, a&c}j at nost
15 nm i nrder  tldeadHesoBt ningreTHden  hasberinsasepmphehed ote s0lye, the

| am nating the second nagnetjc | ayer 3 ii preferably conducted by a
sputtering QY@dpmblﬁﬂ, G PeEpeRAIlan MAgNEAlY KeRreAnsy ¥ g
preferably controlled in the range of 10 mTorr to 200 nfTorr, nore

pref er abl y iaccondingirige theomventimr compriss mraonmagoetisr substrageove
recording performance in a high density recording condition., 15 Besides

t hese condi tawhst ldestratmenmagnstia naderiayer s firstfmalgmetia tayemanet i ¢

| ayer to the thickness b of the second nmagnetic |ayer is preferably at

| east two i rseeondr magsetabilayee, anpretectiavei laydr, tand & liquadshdmridantignet i ¢
| ayer 4. If the first nagnetic layer 3 is relatively too thin and the
second nugneiyer|seyeientialy ahéinated o2 thé cubstirate. The flreghaidgnetier gy of
the second magnetic layer 4 is dom nant, =and therefore, the contribution
of the firstlagegnesinprisescrgstal (iRinBIsL Zortomaateasi CoCr t4kophol e
magnetic | ayer consisting of 'the first and the second magnetic | ayers
relatively dé,§§t€h§he§ndr e‘ﬂdﬁhﬁﬁgh@@icef fg%ﬁn_t hBbupdahibde Q?RiﬂWUt by
25 the doubl é | ayer structure of the magnetic layer. 10 Next, the
nonnegnet i ¢ 5ligelof2oidé 8F AR%AIA.Pedrhd ehRRMERENG! ioF ﬁeﬁgeﬁr@ver 2
may be formed using a nmaterial that appropriately control crysta
orientation, QRS (o[ A=Y e i-on j ifies in
the first rra%%gﬁec@lﬁsgz?r gg%o@%&%}éﬁo gtP gﬁ/%c%nﬁ W%’:rﬁgnqrrglr?lt gpé#sllt“%e

crystal i ent.ati i i IS ef | L a11BvP r

under | aygé; iléha%_&{ee? {ebr é%y%/pgcg%hpégﬁesgggz?ﬂaﬁ%tr gﬁ%\%s t %llgyhg%ﬁl?ragéﬁa?f %9 ?%ct ure
R AL e B TR R
nonnmagnetic u ﬂtparla er,21s n%t ljjimted.tg a specif{.% ran?e, he m pi mum

t hi ckness re‘?fﬂ & §eB9nd JnaeRetic serels:iny, Lhe range, et g Buh o b nf.,

magnetic layer,,.3 is 1 esirable in order,to.enhance recording resolution
in the case HUQ %’&tﬂ?e&%y@ﬂ@ nEes R ridi &b?aﬁr?ﬁadﬁ@gl’“@ace %Y%qgﬁﬁ i@%i um and
to increase producti _it% of the perpendicul ar rragnat@i c recording nmedium 20
A per pendi cu RE§H& ? the sseem dnasBetis layer 4§ adysastéwe:i bed structure
exhi bits excellent magnetic performance even if the process of heating the
substratéis onmitted. The substrate heating process has been requisite for

manuf acturing a conventional magnetic recordi ng nedium The manufacturing
25 process had bedviastageauslyd thednenmagnatiasmdenayends deasposeth of

o

a metal or an alloy of hexagonal closest-packed crystal structure.
The metal is selected from the group consisting of Ti, Re, Ru, and
Os. The alloy contains at least one element selected from the

25 group consisting of Ti, Re, Ru, and Os.



gl

reduced by the present invention. Because substrate heating is unnecessary,
a nonmagnetic substrate of plastic resin such as pol ycarbonate or
‘pol yol efin can 'be enployed. 5 Sone specific exanples of preferred
enbodinents of the present invention will be described bel ow. The exanples
are nerely intended to illustrate the spirit of the present invention, and
shall not Iimt the scope of the invention. 10 Exanple 1 The nonnmagnetic
substrate used wa ol y
Substrate used VoA RNaRRLRReH, SURShAME e, Tyl Shnthineoraaspy
holder in a spuld {dng eless ocMbidd A 191, 9P OhnICheahl A he SHRRY rat e

15 before deposition proce: nonmagnet’c Under| ayer conpos
aas pr essur o gt sk oRF SdpiCAERRIAPE HRRPLING GAPHD: Ty dind 15 i "

t hi ckness in the 2o0.range £ro t.9, 40 s deposited by RF sputtering
met hod usi Ag £OPEEDEER 18? ff&‘i@%l?#ﬁﬁ% he addition of 10 nol % Si 02
under argon gas pressure of 5 mlorr. Then, a second magnetic |ayer having a
t hi ckness in the range from1 to 20 nm was deposited by RF sputtering

met hod using a target of Tb2oCoso,25 under argon gas pressure,of 50 njorr.
12  After deposi 'ﬁ@@%@@b‘é&pr@@edﬁ%a{ e rﬁ}ﬂ?ﬁﬁﬁat% oz Qg nm

by RF sputtering method, the resulted substrate was taken out fromthe
sputtering de\nlaétch‘eSllqm d lubricant was coated to a 5 thickness of 1.5 nm
on the carbon protective |ayer. Thus, a perpendicul ar magnetic recording
medi um having structure shown in Fig. 1 was produced. Table 1 summarizes
characteristics of the thus |am nated set 10 of perpendi cul ar magnetic
recordi ng l9edi a. Zhanethdd acmirdieg thahehinkentiom fof nmendfactarimeyreet i c

| ayer, the thickness b of the second nagnetic |layer, the ratio a/b of the

t hi ckness a ofparpentlicslarmagaghieticl ayeording trnedihir keanprisest stéyps sefond
magnetic | ayer, the indicator D50 of the maxi mum magnetic recording

density, 15 whiepositingedndddndinatingtbediayersensd thedilmhineludée inwhait is

a half of the output of an isolated pul se waveform and an output signal

ratio as an i pigpeddit T apialtid | F¥cor@ihgh haddeh ngecdrdidg! abl alf a

regenerative output at 1000 seconds after writing to a regenerative out put

| mredi atel v afih0enioit b8 WleRRiFAP BRRc2dhd BACRUSPie $6A8 off dA bR

measured by using a spinning st~.nd tester and a GVR head with a witing

W and '3 <R HeRs R FR%Hn g cofdlhid LARRACK Bt e OF I 25
Fecording and SPSHTR A AEPRRARIELT {5 have been achieved in the o
per pendi cul ar mgﬁ%&tﬁe?%ﬁ%iﬁ&@%c@%ﬁué fo ¥4 GRvEABion for manufacturing
a perpendicular magnetic recording medium comprises steps of
depositing and laminating the layers and the film included in the
20 perpendicular magnetic recording medium according to the
invention as described above, and the depositing steps are

conducted without preheating the nonmagnetic substrate.

Advantageously, the second magnetic layer is deposited by

25 sputtering under argon gas pressure of 10 mTorr to 200 mTorr.
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5 thickness of the first magnetic layer is from10 to 30 nm the thickness
of the second magnetic layer is from2 to 15 nm and the ratio alb of the
first magnetic layer thickness a to the second magnetic |ayer thickness b
is-two or larger. to Table 1 thickness of first magnetic | ayer a
(nrii)thickness of second magnetic la er b (nma/bD50 (kFCl)regeneration
output ratio

(9 522. 5836 1011 052244981010166992012017373202102229
72054266992%@%3%%6 L’(‘)%ﬁg’gﬂg@%g 100302151989730562199930103248100301
5221098402201819640104170980 ~ 201- 2_ |- 147~97 14 Exanple 2 A set of
per pendi cul ar magnetic recording nmedia having structure a~ shown in Fig. 1
was produced,using vari ous erials 5.for the second.magnetic,layer. The
Ui ckness_offiEnd 11 Polringret HBirtrating' s tEnetiRoot Aeot irenieldShi (e
second gnetic layer was.5 nm ,The condi,ti ons for the |am natlion process
wer ot he PoadBogoetlotecttRing dpALTS SSREHiNgNE the RFARant BV IS ond
magnetic |ayer. to Table 2 sunmarizes the materials for |lamnating the
second magnetic | ayer and the coercive force He of thus | am nated

per pendi cul ar. magnetic recordi ng nmedia. The coercive force He was_ neasured
usi ng a vi brig fyisangravhdgndtlystxatinggprelationship hatweencDsq wplue
perpendi cular to the filmsurface. As the results in Table 2 show, it is
pref erabl e tand zatgen gasheressure imagneerpendiarlaysmagnretiat recoatingat
contains at |east one 3d transition netal selected fromN, Fe, and Co, and
al so at | easneduomaceandingdra the present seteattien. from Pr, Nd, Gd, Tb, Dy,
and Ho in a concentration from10 at%to 35 at% 25 15

-

10
Aspects of embodiments of the invention
Now, aspects of some preferred embodiments of the present
invention will be described in the following with reference to the
accompanying drawings.
15 Fig. 1 is a schematic cross sectional view of a perpendicular

magnetic recording medium according to an embodiment of the
pre;c,ent invention. On a nonmagnetic substrate 1, nonmagnetic
underlayer 2, first magnetic layer 3, second magnetic layer 4, and
a protective layer 5 are deposited in this order. On the protective
20 layer 5, a liquid lubricant layer 6 is formed. A soft magnetic
backing layer may be provided between the nonmagnetic
substrate 1 and the nonmagnetic underlayer 2, to construct a so-
called double-layered perpendicular magnetic recording medium,
if necessary. A seed layer may be provided between the substrate

25 1 and the underlayer 2, to control alignment of the crystal grain



Table 2 material of second ma neti!C la erHe (Ce) Co-20p/

Ce<100Co- 20%Pr 5100Co- 20p/ oNd4280Co- 209Pm<100Co- 20%Bnx

100Co- 20%Eu<100Co- 20%d3090Co- 5%ab620Co- 20%'b8230Co- 30%9ab6550C0- 40%b810Co-
10%-e- 15%9b7240Co- 20%6970C0- 20%403510Co0- 20%Er <100Co- 20%n<100 5 Exanple 3
A set of perpendicul ar magnetic recordi ng nedia having structure as shown
in Fig. 1 was produced |am nating the second nmagnetic | ayer under various

argon gas prc\%ﬁﬁg{)gﬁg {leﬁ%eﬁgg&sﬂ of the first magnetic | ayer was 20 nm

and the thickness o 0 second fagnetic layer was 10 nm The conditions
for the producti e a e ol anplg:g. t the
argon gas press Bﬁoﬁ%ﬁé@&‘%@{g SP%%B@%:L ﬁbﬁk?ﬁge sf%lg&blgg ggglﬁg[;ipgéfg@er. 16
Fig.2 is a graph. show a relatjon between Dso of the thu roduced

e pendt cul RHER elBys At AE SRS RES, RE adguilie el WIS | 1e

| am nation process, .As the result,of Fig. 2 5 shows, it is preferaple to
cont rol | & gUHreH80H B SRDSHRRE S § aiirnBenedi asor ding SpBARYEr r IR ror o
preferably from 20 milorr to 150 mJorr, for enhancenent of, recordin

per f or mance 4 faf¢ gﬂ\lrﬂféﬁ%?q epEH)g & Ngneressasyypdaglig suhstyate, madedi cul ar
magneti c recording media having strycture as shown in Fi,g. 1 was produced

| ami nati ng thie 1nigatiemanplding of Implastiawesyns Erehnms pdycabaonatespng
various materials. The first magnetic |ayer having thickness of 20 nm 15
and the secopelyelefim: may heeusdéthvi ng t hi ckness of 10 nm were deposited on

t he nonmagneti c underlayer. The conditions for the production process were
the sane as those in Exanple 1 except the materials of the nonmagnetic
under | ayer. 20 Table ~ shows a result of evaluating crystallinity of the
first magnetic IThepeotedtivéddnpodonsdtyef pethlirc fillar corgrudtedcnradndy di ng
medi a by neans of X-ray diffraction nmethod. The value 0 8 so is a

hal f-wi dt h péf earborkifog examplef ThepliqQfR Jubrichhadayer 6l isrcompbseded w th
the first nmagnetic |ayer. Values for nonmagnetic 25 underl ayers of Ta and

G having begeslisrdpblgethier dibricaRoorf Ofarhple.

The first magnetic layer 3 is a so-called granular magnetic

15 layer. The layer comprises crystal grains of a ferromagnetic alloy
of CoCr system and nonmagnetic grain boundaries composed of
nonmagnetic metal oxide or metal nitride formed between the

crystal grains.

20 The magnetic layer with such structure may be deposited by
a sputtering method using a ferromagnetic metallic target
containing the oxide or nitride that constructs the grain boundary.
Alternatively, the magnetic layer may be deposited by a reactive
sputtering method using a ferromagnetic metallic target under an

25 argon gas atmosphere containing oxygen or nitrogen.



conparison. Table 3 shows that O B so values in the cases enploying a
nonnmagneti ¢ underl ayer nmade of the various materials having hcp structure
are suppressed small as conpared with O 8 so values in the cases enpl oyi ng
a nonmagneti c underl ayer nmade of Ta and C having bcc structure. The X-ray
di ffraction peak has becone sharp as a result of enhancement of c-axis
alignnment of |0 the crystal grains conposing the first nagnetic |ayer Table

deqr ee) Ruhes. SROE Sthe (AVEARR, SEHIAR, oL HEbUn (AOBIATIEE (00, cc
e A R b
overt ot (e RIS th e Rt add Rep Mg piiErd fde TAECT
o i de” OetSrabid SN RS S SlenSert Sota bEN REGT, BE M, ARA Y O 0C

anor phous fi | m,of rCrarﬁ earth - transition netal 5 alloy. Thickness of the
first nagnettloct}}ea@ 5 3UPK-the range from 10 nmto 30 nm and thickness of
the second magnetic layer is in the range of 2 nmto 15 nm In addition,
the ratio a/b of the first magnetic |ayer thickness a to the second
magnetic | ayer thickness b is at | east twy. A perpendicul ar pmagnetic

recor di ng nedi uknirdexviontprayenstabhle granalan stectvreeibisprefesableotexhi bi t
a favorabl e el ectromagnetic conversion characteristic under a high

recor di ng deogint porunagnetic gradnehownhdaniest hangaanixidel oft gt ledstgoment of
the first nagnetic |ayer can be favorably 15 controlled by nmaking the
nonmagnetd ¢ eledemtayelectsd fippm thet glhoup consisting of Cr, Co, Si, Al, Th, Ta,

Hf, and Zr.

The thickness of the first magnetic layer 3 is preferably at
least 10 nm in order to stabilize magnetization bits of the second
15 magnetic layer 4. On the other hand, the thickness of the first
magnetic layer is preferably at most 30 nm in order to achieve
high recording resolution by decreasing a total thickness of the
magnetic recording layer consisting of the first magnetic layer 3
and the second magnetic layer 4.
20
The second magnetic layer 4 is composed of an amorphous
film of a rare earth element - transition metal alloy. To achieve
high Ku value, in particular, the second magnetic layer 4
preferably contains at least one 3d transition metal element

25 selected from Ni, Fe, and Co, and also contains at least one rare



— il

selected fromTi, Re, Ru, and Gs having hcp crystal structure, or an alloy
‘containing at |east an elenent selected fromTi, Re, Ru, and Gs. 20 A high
‘Ku value is obtained and thernmal stability is inproved by naking the second
magnetic layer to contain at least a 3d transition -netal selected fromN,

ST B SR O T N O T A U
ocor 90 peph RIS b H0dRIRA A geaL 0 o 1 Lmproved by cont ol

in the range from 10 mforr 5 to 200 mlorr, nore preferably from20 mlorr to
150 mlorr. Since satisfactory perfornmance can be achi eved by manufacturing

a perpendi cul ar netic or di ng ,medi um havi n he= oves descri bed
Structure under Thiccnses of 268 seroRd TBaRBEtitoRyeY ¢t BhBECIROLY &) 1petbmes
unnecessary, leading to lo sigplity_the nuf act uri ng,pyocess. and. achi eve
reducti off i a%aa&ndf% fobold highiEuyabia, ard astnmq%x%‘gﬁgw& pragt i c
substrate day be .enplqyed. 20 , Cains 1. A perpendicul ar nagnetic

recor di ng né@ﬁﬁﬁﬂ@ﬁﬁﬁﬂg irppording de@gHoti ¢ substrate and 5 at |east a
nonmagneti ¢ underlayer, a first magnetic | ayer, a second nagnetic |ayer, a
protective layer, and a liquid lubricant |ayer sequentially |am nated on
said substrate wherein said fixst nmagnetic |ayer conprises crystal grains

of a ferromagnellihe @roGessifboylagymatmgnthewerandemagpeticnlayerbduisari es
mai nl y conposed of oxide or nitride, and a thickness a of said first

magnet i ¢ | ayaefémiflygoniductedt oy 30sputteain swethok c Angompgae piresswneer
conpri ses an anor phous all oy conposed of rare earth el enments) and

transition rfatthe ¢hgripation prasekaid preforaddy wosftreled isethedamenefi c
| ayer is from2 nmto 15 15 nm wherein a ratio= a/b of said thickness a to

sai d thi cknelgp MTosr &o ROTBMTHRr, dor® peefeably Unatheesiegé dfroar @i ng
medi um according to 20 claim 1, wherein said nonmagnetic underl ayer is

conposed of JATEREab O ARTBLE M JIAEKND MEPASE *bcidingShefBiRih@ St al
structure, said netal being one elenment selected froma group consisting of

Ti, Re, Ru, ARLIFerd¥Y recording condition.

15 Besides these conditions, the ratio a/b of the thickness a of
the first magnetic layer to the thickness b of the second magnetic
layer is preferably at least two in order to stabilize magnetization
bits of the second magnetic layer 4. If the first magnetic layer 3 is
relatively too thin and the second magnetic layer 4 is relatively

20 too thick, the magnetic energy of the second magnetic layer 4 is
dominant, -and therefore, the contribution of the first magnetic
layer 3 to the magnetization behavior of the whole magnetic layer
consisting of the first and the second magnetic layers relatively
diminishes, reducing the effect that would be brought about by

25 the double-layer structure of the magnetic layer.

10



25 said alloy containing at | east one el enent selected froma 21 ,
group consisting of Ti, Re, Ru, and Gs. 3. A perpendicul ar nmagnetic
rTecordi ng medi um according to 5 claim 1, wherein said second nagnetic | ayer
contains at |east one netal elenent selected froma group consisting of Ni,
Fe, and Co, and at |east one el enent selected froma group consisting of
Pr, Nd, &d, Tb, Dy, and Ho in a concentration in a range from 10 at%to 35
10 at% 4. ~ A engli c i i i iing claim
I wherei n sai dNSatdsc AP A ARARAL, indERRYELTE JRY BTRSERMLITIR T2
A et hod for f I rpendi.cukar tic recordi.ng. I um
conpri si ng sqog%gggﬁ%hg:eBglg%e?}%gelg%ngiﬁ%g&%eﬁ}gggﬁd%%nzgsér ng#égl#g%neti C
substrate 20 deposi t.i a first magn tic layer that .conprises crystal
grains of a SEATOBRANLY; Corggol eryistal ajentiiiony BlaiNagier | angr giam
boundari es inly conposed of oxide or.nitrid nd, a thickness a gf said
first magnetoRndRR SPETegailoRPInPTHACH AR His Ut (TRGERCEEL ¥ Tmignet | c
| ayer that nprises an 25 anor phous alloy c osed of .rare rrth el enents)
and transitiidhappropria Ya¢oréﬁr9ﬂ@ﬂig%men&naf 9hP¥t§kﬁ#@%sOIBeB€a @Rdisecond
magnetic layer ig from2 nmto 15 nm- depositing a protectjve filmand 5

| ami nati ng #hei goret | magrelic 1layer, wier gastigular,i o b%!deé'iaﬁelt hitkness a
to said thickness b is at |east twd, and each of said depositing steps is
conduct ed urprefexahlymconposesl off saimetabsvitht @ |bowrcrysial ssicuctars. ~ A
met hod for manufacturing a perpendicul ar magneti c recordi ng nedi um

accor di ng t set¢ctied fromhEi,eRe, Rudamedt Rsdor ampraldeys cansabpngf at deastat i ng
said second nagnetic |ayer by a sputtering nethod under an argon gas
pressur el0i n dieenretadaeleded from Ti, Re, Ru, and Os.

Although thickness of the nonmagnetic underlayer 2 is not
limited to a specific range, the minimum thickness required by
controlling the crystal structure of the first magnetic layer 3 is

15 desirable in order to enhance recording resolution in the case of a
double-layered perpendicular magnetic recording medium and to
increase productivity of the perpendicular magnetic recording

medium.

20 A perpendicular magnetic recording medium having above-
described structure exhibits excellent magnetic performance even
if the process of heating the substrate is om’itted. The substrate
heating process has been requisite for manufacturing a
conventional magnetic recording medium. The manufacturing

25 process has been simplified and the manufacturing cost has been

11



!

15 10 mlorr to 200 mrorr. 7. A nethod for manufacturing a perpendicul ar
magneti c recordi ng nmedi um conprising steps of depositing a nonmagnetic
under | ayer on a nonmagnetic 20 substrate depositing a first magnetic |ayer
that conprises crystal grains of a ferromagnetic Co-Cr all oy system and

nonmagnet i ¢ LRl AIIRE! BredBHlnty SHIBRSBeBhusY Atbetiath Hoadfng 300

t hi ckness a sal r st gnetic layer 1Is

SFESS' Elﬁ%giuﬁﬁg?&%a gear%ﬁn*‘?aya‘?{eetil@agu‘?%%aﬁ@?P??Sﬁ%e egin, budh 28R P1OUS
2 15 5
deposi ting Agmerelondt Pr HREABAEARRRT rbfIBVels: o Mlbri cant tayer

wherein a ratio a/b of said thickness a to said thickness b is at | east
two, and said dep05| t| ng steps are conduct ed Wi t hout preheating sai d to

nonmagneti c subs§rat .. /A method,for ctuyin er pendi
rragne'?l ¢ % ecor di ﬁedPGFH c‘%ﬁ%eﬁ oO 9}.’ ‘?rec{/\ﬁfé‘?](}:] } F%& m@?h €15
conprises ~ step of . lam natin i d 0 etic er b sputterin
7ot hod underPEaRey AV RHOBy sl he’ ﬁﬁ)e,da"%@iowr o B6 hratatles” bb norr
20 25 24

. A2. ANY. A2. AmeEehLantmc]qedm illngtrate theospinit afLhe presewtyinventiong. A uy. A
&Y. A3. A . Au. A>QX &dA=y6
G wr mhc”Y] caf}nd]S&@]ﬂcaP&el]mai] the sappe Uf dhpdavealttatl.ca] ca] ca] ca] ca] ca] ca] cal ¢
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W#Zi } xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]lca]ca]calc
aJca]ca]calcalcalca]calcalca]calca]cal 7t- e
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*$+j +}++, 1, U, , , 'Fhé. honra@heticDiaBsttbxsiset] ZWad] @a] palywairbahasgca)l cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calu

4} 4956 8999: @ystrate +ob: 5" disk shape made by injection molding. The
<b<<<=F=<>e>k>s>?ABB({ v pkf a\ W ca] ca] ca] ca] caU| ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]Gca] ca] ca] c"ghkatradd GRheadleaned aRldc MEdhtel ol erkadst e ChBIRERPEFFFFFFG
GGGEQRGEEHHH [ ] C : a aj cal ca
oo A ena e o el s asieaten o
R ikl 5}5%& ng\%ac 3 C%f;]ﬁ;?%‘;@ﬁ@;ﬁ*@*ﬁm .
f & T Hidkpsrs et b rir e AR Ty o
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gbwb} b| wr mhc ]gf? ]% ]) ]I{:l 5‘5] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal ca] caI } bbb) cl ccccBd{ d~dddeeef fffff{gggg
]hhh-iRiii R }xsnid_Z]]]]ca]ca] ca]ca]ca]ca]ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]

o) 1 oSG0 BB CRGRG Eh Pse BT L L
ca] ca] ca%ca] c] ca] ca] ca] ca] ca] ca] caU] caU] ca] c ] ca]ﬁ%q fHF z10% h& &) 10%

h& ()- @8% heapge frempd e 4 rgn#“cﬁﬁ%iﬁaoe‘)te RpH&tering | medh

h& () - F&di K- @
using a taiget of Co76CrizPtiz with the addition of 10 mol% SiOs

under argon gas pressure of 5 mTorr. Then, a second magnetic
layer having a thickness in the range from 1 to 20 nm was
deposited by RF sputtering method using a target of Tb20Coso

25 under argon gas pressure of 50 mTorr.

12
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perpendicular magnetic recording medium having structure

shown in Fig. 1 was produced.

Table 1 summarizes characteristics of the thus laminated set
of perpendicular magnetic recording media. The table includes
the thickness a of the first magnetic layer, the thickness b of the
second magnetic layer, the ratio a/b of the thickness a of the first
magnetic layer and the thickness b of the second magnetic layer,
the indicator Dso of the maximum magnetic recording density,
which is defined by a recording density at which the output is a
half of the output of an isolated pulse waveform, and an output
signal ratio as an index of thermal stability, which is defined by a
ratio of a regenerative output at 1000 seconds after writing to a

regenerative output immediately after writing.

The Dso and the output signal ratio were measured by using a
spinning stand tester and a GMR head with a writing track width
1 um, a gap length 0.25 u m, a regenerative track width 0.7 um,
and a shield gap length of 0.12 u m. The head flying height was

about 20 nm.
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the perpendicular magnetic recording media in which the
5 thickness of the first magnetic layer is from 10 to 30 nm, the
thickness of the second magnetic layer is from 2 to 15 nm, and the
ratio a/b of the first magnetic layer thickness a to the second

magnetic layer thickness b is two or larger.

10 Table1l
thickness of | thickness of a/b D50 regeneration
first magnetic second (kFCD) output ratio
layer a (nm) | magnetic (%)
layer b (nm)
5 2 2.5 83 65
3! 5 1 52 90
10 1 10 160 62
10 2 5 213 95
10 5 2 244 98
10 10 1 66 99
20 1 20 173 73
20 2 10 222 97
20 5 4 266 99
20 10 2 270 100
20 15 1.3 54 99
20 20 1 32 100
30 2 15 198 97
30 5 6 219 99
30 10 3 248 100
30 15 2 210 98
40 2 20 181 96
40 10 4 170 98
40 20 2 147 97
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A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced using various materials
5 for the second magnetic layer. The thickness of the first magnetic
layer was 20 nm, and the thickness of the second magnetic layer
was b nm. The conditions for the lamination process were the
same as those in Example 1 except the material for the second
magnetic layer.
10 |
Table 2 summarizes the materials for laminating the second
magnetic layer and the coercive force Hc of thus laminated
perpendicular magnetic recording media. The coercive force Hc
was measured using a vibrating sample magnetometer applying a

15 magnetic field perpendicular to the film surface.

As the>results in Table 2 show, it is preferable to laminate the
second magnetic layer using a material that contains at least one
3d transition metal selected from Ni, Fe, and Co, and also at least

20 one rare earth element selected from Pr, Nd, Gd, Tb, Dy, and Ho

1n a concentration from 10 at% to 35 at%.

25
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magnetit layer
Co-20%Ce <100
Co-20%Pr 5100
Co-20%Nd 4280
Co-20%Pm <100
Co-20%Sm <100
Co-20%Eu <100
. Co-20%Gd 3090
Co-5%Tb 620
Co-20%Tb 8230
Co-30%Tb 6550
Co-40%Thb 810
Co-10%Fe-15%Tb 7240
Co-20%Dy 6970
- Co-20%Ho 3510
Co-20%Er <100
Co-20%Tm <100

5 Example 3

A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced laminating the second
magnetic laryer under various argon gas pressures. The thickness
of the first?lmagnetic layer was 20 nm and the thickness of the

10 second magnetic layer was 10 nm. The conditions for the
production process were the same as those in Example 1 except
the argon gas pressure in the step of laminating the second

magnetic layer.
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density recording.

10 Example 4
A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced laminating the
nonmagnetic underlayer having thickness of 50 nm using various
materials. The first magnetic layer having thickness of 20 nm
15 and the second magnetic layer having thickness of 10 nm were
deposited on the nonmagnetic underlayer. The conditions for the
productionvprocess were the same as those in Example 1 except

the materials of the nonmagnetic underlayer.

20 ‘Table 3 shows a result of evaluating crystallinity of the first
magnetic kiyer of thus produced perpendicular magnetic recording
media by means of X-ray diffraction method. The value A 50 1is a
half-width of a rocking curve of hep (002) diffraction line obtained
with the  first magnetic layer. Values for nonmagnetic

25 underlayers of Ta and Cr having bee structure are also shown for
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Ta and Cr havmg bee structure. The X-ray d1ffract1on peak has
become sharp as a result of enhancement of c-axis alignment of

10 the crystal grains composing the first magnetic layer

Table 3
material of crystal structure A Oso
nonmagnetic of underlayer (de )
gree
underlayer
Ru hcp 5.6
Re hep 5.2
Os hcp 6.1
Ti hcp 7.9
Ru-20%W hcp 5.0
Ti-10%Cr hep 7.2
Ta bee 25.0
Cr bce 19.3
Advantageous Effect of the invention
15 As described so far, in the perpendicular magnetic recording

medium according to the present invention, the magnetic layer
consists of two layers. The first magnetic layer that is a lower

layer comprises crystal grains of a ferromagnetic alloy of CoCr
18
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f AKi KnKoKxK} K~KKpX<710) f10% $ & ()-p* f) f10%$ & ()-p) f10%$ & ()-p ~ f)
f10% $ & ()-p) f10% $

& ()-
& ()-

system and nonmagnetic grain boundaries of mainly oxide or
nitride. The second magnetic layer that is an upper layer
comprises an amorphous film of a rare earth - transition metal
5 alloy. Thickness of the first magnetic layer is in the range from
10 nm to 30 nm, and thickness of the second magnetic layer is in
the range of 2 nm to 15 nm. In addition, the ratio a/b of the first
magnetic layer thickness a to the second magnetic layer thickness
b is at least two. A perpendicular magnetic recording medium
10 having such structure has been demonstrated to exhibit a
favorable electromagnetic conversion characteristic under a high

recording density condition and excellent thermal stability.

Alignment of the first magnetic layer can be favorably
15 controlled by making the nonmagnetic underlayer using a metal
selected from Ti, Re, Ru, and Os having hep crystal structure, or

an alloy containing at least an element selected from Ti, Re, Ru,

and Os.

20 A high Ku value is obtained and thermal stability is improved
by making the second magnetic layer to contain at least a 3d
transition metal selected from Ni, Fe, and Co, and also at least a
rare earth element selected from Pr, Nd, Gd, Tb, Dy, and Ho in a
concentration of from 10 at% to 35 at%.

25
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The recording performance in high density recording is
improved by controlling the argon gas pressure in the step of
depositing the second magnetic layer in the range from 10 mTorr

5 to 200 mTorr, more preferably from 20 mTorr to 150 mTorr.

Since satisfactory performance can be achieved by
manufacturing a perpendicular magnetic recording medium
having the above-described structure under the above-described
conditions, preheating step becomes unnecessary, leading to

10 sim‘plify the manufacturing process and achieve reduction in
production cost. At the same time, an inexpensive plastic

substrate may be employed.

20
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Claims
1. A perpendicular magnetic recording medium comprising:
a nonrﬁagnetic substrate; and
5 at least a nonmagnetic underlayer, a first magnetic layer, a
second magnetic layer, a protective layer, and a liquid lubricant
layer sequentially laminated on said substrate; wherein
said first magnetic layer comprises crystal grains of a
ferromagnetic Co-Cr alloy system and nonmagnetic grain
10 boundaries mainly composed of oxide or nitride, and a thickness a
of said first magnetic layer is from 10 nm to 30 nm; and
said second magnetic layer comprises an amorphous alloy
composed of rare earth element(s) and transition metal element(s),
and a thickness b of said second magnetic layer is from 2 nm to 15
15 nm; wherein
a ratio'a/b of said thickness a to said thickness b is at least

two.

2. A perpendicular magnetic recording medium according to
20 claim 1, wherein
said nonmagnetic underlayer is composed of a metal or an
alloy having hexagonal closest-packed crystal structure,
said metal being one element selected from a group consisting
of T1, Re, Rp, and Os, and

25 said alloy containing at least one element selected from a

21
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SMLOWR & ()- ,109R & ()- & 109R & ()- @I 109R & ()- ,s109R & ()- F
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@O%! & () - g, @R(y‘%!e%g}laic@?mg‘lgﬁ%ﬁc@'8%71"&%1&) medium according to
5 claim 1, wherein

said second magnetic layer contains at least one metal

element selected from a group consisting of Ni, Fe, and Co, and at

least one element selected from a group consisting of Pr, Nd, Gd,

Th, Dy, and Ho in a concentration in a range from 10 at% to 35

10 at%.

4. "A perpendicular magnetic recording medium according to
claim 1, wherein

said nonmagnetic substrate is formed of a plastic resin.

15
5. -A method for manufacturing a perpendicular magnetic
recording medium comprising steps of:
depositing a nonmagnetic underlayer on a nonmagnetic
substrate;
20 depositing a first magnetic layer that comprises crystal grains

of a ferromagnetic Co-Cr alloy system and nonmagnetic grain
boundaries mainly composed of oxide or nitride, and a thickness a
of said first magnetic layer is from 10 nm to 30 nm;

depositing a second magnetic layer that comprises an

25 amorphous alloy composed of rare earth element(s) and transition

22
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recording medium according to claim 5, wherein said method
comprises a step of laminating said second magnetic layer by a
sputtering method under an argon gas pressure in the range from

15 10 mTorr to 200 mTorr.

7. A method for manufacturing a perpendicular magnetic
recording medium comprising steps of

depositing a nonmagnetic underlayer on a nonmagnetic

20 substrate;

deposi;ting a first magnetic layer that comprises crystal grains
of a ferromagnetic Co-Cr alloy system and nonmagnetic grain
boundaries mainly composed of oxide or nitride, and a thickness a
of s;aid first magnetic layer is from 10 nm to 30 nm;

25 depositing a second magnetic layer that comprises an
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said depositing steps are conducted without preheating said

10 nonmagnetic substrate.

8. A method for manufacturing a perpendicular magnetic
recording medium according to claim 7, wherein said method
15 comprises a step of laminating said second magnetic layer by a
sputtering method under an argon gas pressure in the range from

10 mTorr to 200 mTorr.
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