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WD 2004/ 090874 PCT/ JP2004/ 004994 -1 DESCRI PTI ON
MAGNETI C RECCORDI NG MEDI UM  METHOD FOR PRODUCI NG

wq biskiaeds74 AND MAGNETI C RECORDI NG AND REPRCODUQPISCAIP2004/004994

APPARATUS 5 Cross Reference to Rel ated Applications:
This application is an application filed under 35

U S C 111(a) claimng the benefit pursuant to 35

U S C 119(e)(1) of the filing date of Provisiona
Application No. 60/462,298 filed April 14, 2003
pursuant to 35 U.S.C. 111(b). 10 Technical Field: This
invention relates to a nmappstRPTIO®Er di Ng nedi um whi ch
is provided on a nonmagnetic substrate with at | east
an orientation- controlling | ayer for controlling the

%ﬁgﬁgﬁ%ﬁt@y magnet Wﬂ%aw ng aan%HEREOF AND

MAYODETIC RE CORBING IANTY BEPRODUGINGG APRPARIACISr | y
relative to the nonmagnetic substrate, and a
protective layer, to a nethod for the production

ideds Rafferaitd td ReRt itatlonst ecor di ng and repr OdUCi ng
apparatus Background Art: 20 The hard di sk dr

( HDD) Thisapplication s aeanglietion filednagerety U S &di atahglararﬁag the benefit
#)Eﬁ[lﬁﬁi ugi 84 gRRAr ?I lr?r?egggsoft b HEAO' %f qﬁ@%&x‘iﬁ{?l ég%cauon No.

ereof growng a at an annual
60/462288 filEdeAprd dARAOB putsuantge dWIIS.Cs§Haity. to last in
the future. Thus, the devel opnent of a magnetic
recordi ng head and the devel opnment of a magnetic
Imeckaichl Bld: mredi um that fit the high recording density
are being pronoted. 25 The nagneti ¢, recordi ng nmedi um
mount SBISOAVENEN FRkEREP @ F’éé’éﬁ"&l isgerding medipmottyieh rig provided on a

%Bmég’}te{ié G RN LAY AVidld: ah! @nénfhnt)ﬁ‘%oﬁ'@(ﬂgﬁ rl]dg%{ @ Bddrolling the

an i n-plane magnetic recording nmedi um
@asmthb}omwfganbwzﬁongecadmptly nhtaecmag petpienditularly orageeticddyer having an
hor.i zont al rel.at| ve Lo t he substr.ate. The.term .
'6%511¥| Pagrg%lé%gt 'ftxthc. K dleg )?d mai E, ggné)an(’;gt}lgﬂ)h g]ﬁlve to the nonmagnetic
BOK3GARIAH /A pidkettiVPROOI DD ARMd forthe hr@fustibrothieRdf axd f a magnetic
that alloms egw%norlentatlon of magneti zation and, in

ferarding.andJeprg g apparatus

Background Art:

The hard disk drive (HDD) that is one kind of the magnetic recording and
reproducing apparatus has the recording density thereof growing at present at an annual
rate of 60% or more. The trend of this growth is said to last in the future. Thus, the
development of a magnetic recording head and the development of a magnetic recording
medium that fit the high recording density are being promoted.

The magnetic recording medium mounted on the magnetic recording and
reproducing apparatus currently available in the market is mainly an in-plane magnetic
recording medium having the easily magnetizing axis in a magnetic film oriented

horizontally relative to the substrate. The term “easily magnetizing axis” as used herein



10

15

20

25

based alloy, refers to the ¢ axis in the hcp structure
of Co. In the in-plane magnetic recordi ng nmedi um of

wo boog/okismd, an addition to the recording densPeEIP2004/004994

results in unduly decreasing the volune of a magnetic

| ayer per recording bit and 5 possibly degrading the

read/ wite property due to the effect of therna

fluctuation. Further, during the_augnentation of the
recording density, the nedium noise tends to increase

under the influence of the diamagnetic field that is

Rehe E@hﬁdaxhéﬂthamlo%%gﬁweﬁ@@drp& ﬁegﬁ@ﬁ%onaﬂ.uaﬁlemb case of a Co-
recording bits. In contrast, the so-cal

l;mccpehhm wafiératd the gagman the hceetomqﬂurngfﬁedl um vvhl ch has

t he easi

ori en]{lQlae la.l%/ s reﬁée %;]e ) %fgar %:cﬁmjn%\f/‘ %? %garﬁea'iihliflﬁﬁ 't$ e recording
dengite rdsaltd Mrundhilyt deereasiag ik \Vtguxﬂe of aimagaetid laya pen key:ordmg bit and

fro the nfl uence f t he net fiel
Poo B AR A PRBE T i (e eiier SR BEGah tsusiiang Further,
htthg tRVAShenGitibh @f thﬁe%d@dlhg aer@.fty Rhé BlRBIuROAIERENs b ik rease under

represses the increase of noise. Mreover, it defies
thadnflegnee of ther digmagnesic faldthat iy Bensraiedc mythe boundagy region between

essing the decrease of the volunme 15 of
#ﬁ%%?d?ﬁgﬁﬁﬁﬁggdue to the augnentation of the

r ecor ki cogtrabe, e soycallsd pbrpbmdicidartyheagresie recotiing medlum which has the
er,pendi cul ar | netic ordin has been arre n )
ERIE g S i axts MO FiaggetediRY S POAD PRy riten during
fhetatipehthti JTRRPROSHIE Médivm RGRAL drly MRaAdIgifideh dnavmuence of the

been” proposed in recent years. In_recent years,

diemagnsitic ifreld ipfthelrypdanigesion befyren aidnsat eeorpive é’lthé%fb owing to the
%%éd &gm Pglgldtmg &bfép dsdestie }%Le'é?e (ﬂ{hotlgée Moreover it defies the

perpendlcu etic a er wt Vi ew
effizwef thegndl flactudgorabatadserit & wapetbéer oﬁmgmmtlgﬂue cdncrezisetolﬁ ¢he volume

cor density of the m i c recordi i um
REBCistiaR B oL HEBLR PR A P eSSy iGR ot SUH bk the case,the
ﬁaf;&rdh@nar@l r}@agtnbms fcodlng "mgNBédnC Pprbtthg hied, afthRion, and the
netic recording nedi umwhi ch has |nproved t he

iguragigesy obe weeHEN Jiings the pegpradicularly magnstiGdesprding have been
ﬁeg&kgnpﬁggﬁgbgspole head and the magnetic recording
y

I'um 25 I nterposing the so-called Iining |ayer, o
i .e. Inrecapeyedry rthmfd:amblha/ sﬁﬁfctOptmwm etngle magnet¢ pole head excelling in
n.the. perp ndlcu ma netl aye whi.ch a
e ARV 1t VFisb &P G e Pl PR R ey il ¥ 360 b Bpveing the
Wiedndt ftﬁ? fﬂ&ﬁé}eﬁugindn&ﬁ@ﬁ diMthenieEbrdimgiiéngity iof themedgnetic recording

provi ded with the n ayer as descr.ibed above is
mediym has hesrebeing %tuqhsqi | gg@ﬁg? pbig¢t of materraliping t q?‘h gingle magnetic pole

h&RAMMthi Rt ARETdIN: MENAROHH{R A8Y dnpiotid) ﬁ’\%%l@@?%dexchange of

-3 during the course of reproducing the record
pegptictiipxdietwesnithe singlemiagneted pdle head pndithbs magnetic recording medium

by interposing the so-called lining layer, i.e. a layer formed of a soft magnetic material,
between the perpendicularly magnetic layer which is a recording layer and the substrate has
been proposed.

When the magnetic recording medium which is merely provided with the lining

layer as described above is used, however, it falls short of satisfying the read/write property
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and the record resolving power. Thus, the desirability
of devel opi ng a nagnetic recording nediumthat excels

w0 mootheses properti es has been finding recogni t POTIIP20642004994

reconciliation of the augnentation of the ratio of

signal to noise (S/Nratio) 5 during the

reproduction, which is particularly inportant for the

read/ wite property, with the gnhancement of the
resistance to thermal fluctuation constitutes an

essential matter for the sake of the future

AHMEHeAbLRE PhrefrEaR Y t.'Hg rElQRE ithy pro-'p—E‘I%$ Bf I‘éﬁ@uﬁ?%e%a?‘l fluctuation
have a contradictory relation such that one

ded themesord, rﬁsgllvylgvﬂwwr t Bhusotheatesirabiley I@éde‘eqibpmgr h gagnetic recording

51%81 C{hl L'lg ese ;Qg;;n@és Kds Déﬁgnt}'rﬁi%v eljecc%?n Tton. V\,h

encouiﬁhe recbhcﬁha&rnpzﬁ’mble @ugmedtyndmwme irgtio ef sxgdalrtg noise (S/N ratio)

the fact t t he use of et I r of .
dranecie PRrodydion D o PRLC g Rerae 4 thF e Vit groperty, with
fHebnh&ReAdHICIMBe PBRAAES o thayR HuéBSidnt donbthtufe® AAl 8¢skMeh] matter for
difficult the acquisition of a proper read/wite

Hreoppketaf the cfatuse apgmentatiognef recordage densitydeTheseetto fagtors have a

SERRARAL 000l Clon ARLIEBE WIS SLERE bOWA) ALP sRMRL R bnhanced.

separ at | ivision and magnetic 1'solation

The razgmelidton gif mensatraﬂyglblevei ipbsd an impoéremt pehlenhi | €, t he

ut|I| ation a ter| conta|n|

ot dhe Rt ﬂcsfafouafert pfiRensf %ﬁaélyn@aﬂm gecording

hﬁa%d hMa&Qﬁ’dtlﬂlE@ lth@%f bﬁﬁgnarcqms 8flthe LHICHP29598m whilY B 2ommon to

for exarrpl e The magnetic I ayer of this construction

pld recorbnand teproduring megnesic lavers resplisain tendering difficylt thy acquisition
Sk

g? g&géﬁgﬁ/{gﬂ% }%te)?%'; bnetcéehxst@tghéhﬁ lé}%& %%eﬁé%ﬂﬂﬁ%&érg&tlon of Cr

pt pesoficoanit atDI-':ytarmghysuaat sefesia tipm f'ﬁhedlmdmumd magnetic isolation of

construct.ed as Wgcrl bed above uses a material that

FREPLeSLUNS MAY begifedn: " of O to be added thereto and

adds Bnthexiedewhils tigadilizhtion éfhemabaileon@itifd &So:H8€ M CoCrPt in the
problens as suffering the coercjive force of the

ragreticileyer 80 Be 1n-plage siagasticaseqrdiveynedium has hegn prapgsedJP-A 2000-
ehd-Bo! fob h recording of data with the head

bec%gsg ?H;{en%g I ness of the anmount of C to be added

r esul The magneter lepei ofghtsh@nstalqtlon of elﬁtblﬁdn by hsingeegnetide instead of

Lains in t nde | argi ng the :

HitoP i oate e BT & i Rl refh BTt perain extent even
o1 the perpendiclabonBmeticardmaty, therefore, to adopt a

nmet hod for |owering the coercive force t

magnet e Mmedrgy capdrusted &gt q%@“tteﬁo"}bBU@WS?Se%cS‘PQﬂ?r;’é that decreases the

ARSI {oObSHEdRd TRAES A8 B 20Q4{RQINRLA  1t, therefore, entails such
PCT/ JP2004/ 004994 -4 decreasing the thickness of the

peohleans as suffeang shredcoenaive fagie gf theemagnstintlayst t@gravo ekessively and
%ilgng to effect thorough recording of data with the head because the smallness of the

amount of Cr to be added results in increasing the ratio of Pt in the magnetic grains in the
magnetic layer and enlarging the constant of magnetic anisotropy, Ku, of magnetic grains.
It becomes necessary, therefore, to adopt a method for lowering the coercive force

of the magnetic layer and effecting thorough recording by resorting to such means as



In the neantinme, the fact that the decrease of the
t hi ckness of the magnetic | ayer and the increase of
wo be4/yoscont ent result in decreasing the magnePCTIP2004/004994
ani sotropy constant Ku of magnetic grains and
degradi ng the nucleation as well entails degradation
of the property of 5 thermal fluctuation. Further, the
fact that the output during theyreproduction of data
di m ni shes results in decreasing the ratio of this
output to the system noise inherent in the recording

8dkas 7B "t}%th{%kHé};s Ve %‘Qgﬁ@tﬂ: IRt ah® H(:réihn%é Rl drftfint 5‘19Cr to be added.

acqui srtion of a sufficient ~reproducing gro perty

b thesugantime Hibe fycd theat theedecraashef téc duickness o thleon@@ptlcf layer and the

{nﬁ%agﬁeve hgdéngﬁéntté(r%t rg&‘i’t 91' @et%reag'lg% Ctlgef blﬂgré&irﬁrs %}l{um \ﬁ%i gﬁStant Ku of

magnetio @mﬂan\m de@raﬂmgehdﬂﬂlmtenio@ nopell eitaidd dégﬂaﬂ’aﬂaﬂl of the property of

fluctu tlon a sufficie wite p

meﬁﬂal 19n tb nflgctptgptt Fh@u?lgpqtygﬁﬁmgpélp ragrpguctlon of data

ARGRTKHs T8sulRs G}D&é&éﬁsm@ﬁﬁ’e fatiBioF his %mgﬁado/m@ bys@ent 56&@ inherent in the

rati o during the reproduction _has been yearned fo

Eeprlingrandniepodueing gvsiem agd ipassile digsppting the |aé<ﬂv1%ﬂors aEp sufficient
t af r S n

}eﬁ%%aakg p??po% di é]sgh ar§srtrlgtg Ig]heet rgﬂ?{e](%go{r% d?% guacﬁ;grgg n%nl\%}]%é fit the high-

WBSB¢&$mduuﬁn exalted read/ wite property and an

enha pr o ert qu tuation and al | ows. S

"0t o e GHOBTSHeGR b ASTIGPTE BE & ataseite fFarfie Medium which i

ERRed Wathn cAhiRled Qﬂ)pfeﬂf of fh@nﬁ?dl QﬂUﬁﬁaﬁ&ﬂ a suffRid@tead Atfle property

a magnetic recordi ng and Pro uci ng apparatus. 20

for shiglydensity gecarpiag, avm%fﬁ y mep daw@et¢cordmge propery, and a high

S TR AU i sl o0

or i enTlas |10V\ermomtorlgutat¢¢g i al)eelaplbreciammtof chth rigpet tate of affairs as
orient er forped dir ere

ip SNy pat 8 PeoVTdiics aEHgocaiing S| which possesses
sreefted ZdaBGvra¥ pfopefty end 8l effRnfddyprogirgesfdhaiabildtuation and allows
relative to the nonnagnetlc 25 substrate, and a

miesmation of highydensityt tocbeieapigad Bad epredused @ wethed dog the production
oAt tan@anf%gﬁé}ﬁﬂg«f&%g%d/regﬁgﬂ%g GppAMEL, COnprises two

nore magnetic | ayers at at "l'east one of the
nagnetlc | ayers is a layer having Co as a nain

onent.and containing Pt as well and containing an
%)(Scn}é’éurgﬁgﬂ‘teﬁ%‘feng?nl east another of the magnetic |ayers
i s a TRy gfes@avinkentlon pRvides rmhﬁgﬁampmemingambdmm provided on a

containing Cr as well and containing no_oxi de.
DRTRARDGTE Tubsistis) Wity @b Agagh Ay @atentation- ?Prttwél%w%rt f% controlling the

b&& At 8 2 TR Y6PmeldNfireBRY ﬂﬁ‘:t'éoﬁ 3 BUBEn G MR MhgHEtit Mer having an

oxi de has nagnetic crystal grains dispersed therein
eastly tthagnetzing aaxisgoeented paaielyr perpendimuldrhyy eglative to the nonmagnetic

substrate, and a protective layer, the medium being characterized in that the

perpendicularly magnetic layer comprises two or more magnetic layers, that at least one of
the magnetic layers is a layer having Co as a main component and containing Pt as well
and containing an oxide and that at least another of the magnetic layers is a layer having Co

as a main component and containing Cr as well and containing no oxide.
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columar forms. In the magnetic recording nmedium the
oxide is an oxide of at |east one 5 nonnagnetic netal

weedogovmds from anong Cr, Si, Ta, A and Ti. | np¢Ti@P2004/004994

magneti ¢ recordi ng nmedium the oxide is Cr203 or Si02,

In the magnetic recordi ng nmedium the magnetic |ayer

containing the oxide has an oxide content of 3 nol %

or nore and 12 nmol %or less. Ix.the nagnetic

recording medium the magnetic |ayer containing the

oxi de has Co 10 as a nmin conponent and has a Cr

cont efyf thef m&bmtic YRR hedansl the mdgndidlaybiesentaifganéloxide has

content of 10 at % or nore and 25 at %or less. In the

magnetici oy stelcgraitis ndjspessed uheretrhandythgnerystal peansy penetrate the layer in
n t he oxide contains at |east one el ement

8& m?eangsromthe group consisting of B, Ta, M), Cu,

Nd Wn Mbs nSigneticlvecorling nedtemarthle hesdea it @habxidendfent least one

of the at e el enment at, . % less. 15 In
ORGPl ST, SHEBE GinSic Fo ARG | ¢ 1 ayer
cont ajnthB thaPRetRibbRding eluim, #fe Gkideik CrARWPSIEHNt and
has a Cr content of 14 at % or nore and 30 at % or

| ess. In Weﬂ%n#&'gﬁé‘l’rﬂ@gr@%wai the %aﬁm#yqrw@nm%fhe@mde has an
g%lgg %@Qrgt g’.} Md19, meg?é'aqgib?r?‘ol%or [@s. @ Main conponent

cont ent % or nmnore and 30 at % or
| ess hntlie ma@hetlmuctrdmg médngn ahe Magnetivdayer gnata@ingathe dxide has Co
or |ess. In d,ln nedi u
A BT oTRRPER SRR g L S e oA AL 4 fosgdss and a
biertlof 18 Bt % o2 hited &l 13 4% bhRsYr ourJ consi sting of B,
Ta, Mo, Cu, Nd, W Nb, Sm Tb, Ru and Re and .ha

a . .
t ot al IctbAMagRetisregasding medwus thepagnelie FRypR cqn?I'Bn%j’eWéﬂe contains
L £ Sst oh@efe %n Rl ok ﬂﬁ%r&iﬂ“&mg?ﬁﬁ%@BtfheMo Cu, Nd, W, Nb, Sm,

per pendi cu rmgnetl c layer has t magnet’i ¢ | ayer
dbnRaamd Rg ambhasxu tqltel domteme of tbn at least nmgﬂemcm 13 &9@% or less.

cont ai n t he.ox e nmaanet r

rodi ulf e Binged o B AR i SRBATE g ovide hos Co
2 ¥\® maflf coiPofer®ihd BaLD0F onténn gf 143tE6 or mbfe dnlds Ormynmtless

recordi ng medium the perpendicul arI ga%netl c.| a

cont alththemggnety; regeRding medipm, @Grﬁ‘aﬂ‘ﬁ FoBRInIRS \’/\@“de has Co
29 9%@99&3&@&%& %Q Q4 QR of 14@‘: bhor HSreHRE @@tak % or less and a Pt

recordi ng medi um the perpendicularly magnetic |ayer
lasterzt of 8 @htegymedre end 29 et %loeleawen t he magnetic Iayers

Inth {ga ?rgaeteelztcl:c r%ﬁg% mgl n&ilurﬁ?qhgmagr;elﬁ% IGR’%F QMh&gln% dee contains

magneti
at least one element selected from the group consisting of B, Ta, Mo, Cu, Nd, W, Nb, Sm,

Tb, Ru and Re and has a total content of the at least one element is 8 at % or less.

In the magnetic recording medium, the perpendicularly magnetic layer has the
magnetic layer containing no oxide formed on the magnetic layer containing the oxide.

In the magnetic recording medium, the perpendicularly magnetic layer contains two
or more oxide-containing layers.

In the magnetic recording medium, the perpendicularly magnetic layer contains two

or more layers containing no oxide.
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plurality of magnetic |ayers each constituted of
crystal grains, in which the crystal grains 5 on an

waippendsrde are epitaxially grown fromthe cryBtEIP2004/004994

grains on a |lower side. In the magnetic recording

medi um each of said magnetic layers is constituted of

at | east one crystal grain and, during epitaxial

growth of the at |east one crysiql grain constituting

an upper magnetic layer fromthe at |east one crystal

grain constituting a | ower magnetic layer, a ratio of

the fif sfie MRBheRNELoRtInd @RATunONBeChpmiculiBl MafeticNByer has a
second 10 nentioned at |east one crystal grain

sormagnete sethetween thoymagnetic dayerst o plural ity or

pl ural.j - ' ' [ :
The pt b mufeRefiEperebBu IR INE bL B ERLA A IREMA comprises
plurdite of enagndte lpyars adchtopnstituted wf ahyistay gtatnsp mewhishitbdicrystal grains

ratio is %iven to.q&fleas% on%ﬁchﬁsﬁal. graHn of .t he
RBGRUPREL STU5PEG CPUBFIRSY #PNG AR MGG SFRYPSA 4 '8%EL S'She
cryst gl the mitighet® rebdt@ing ondBAEA QJatlc of QYEMaSklicAdyRtsNg cBftituted of at
oxi de, and wherein the at |east one crgstal ?raln on

tmastupprecrysel @aain andpiunng gpitaxialr grapth ebithe RE least pesgtystal grain
?&%ﬁ&gi?'lﬁ taﬁ'ue%%&n@ﬁb l@#(;gyéﬁ?% }h%'tal‘q feastTcJﬁg Sb{glﬁg gltag?&éxstituting a lower

urt provi des —a net e pro
magnetic kyere@omdo g thedolstumemramed de deast oae montmh@ren ite the second

substrate . with at ast an orientatiop-controlling. .
FitgRoneRig oSkt ote Ryt Bin FrporBR e prelb G ape iy or pluaity
toéed directly thereon, a perpendicularly 20 magnetic

| ayer having an easily magnetizing axis oriented .
nai nl In themeaneticaegosding medjug, theperpendichiarly gragagfirdayes has a ratio of

SHORS &AL Bne gygﬂgﬁliw H Ralid ol Y Chvhich RGiTR I &k ﬁgsti one crystal

characteriz by “formng-the perpendicularly. nagnetic
gaye of die magnasic laperecomtegmag ithe baderand atHeastione afrystal grain of the
| east.. gne of e '

. the two or nore.magnetic,layers is.a .
g iitAr don el e ol AR S HLRe = 1elis iy Bin gy an upper
Wﬁh s epitaxigidygrdivhifrogn thie aﬁbéhde)lnaﬁdrsﬁl grhﬁl&ﬁllta Rnet §hi&é. of
the t or npre 25 nmagnetic s is a,layer having. i
Co- as 1he RUPHHARJHIRH EFtY des Grinetho 5 e praduchier pf a pyenetic recording
6RALA Pio el Bn Pt HfaghdtictsOBs AR WAkl at (B8 aHBABRIGh-L A8 ling layer
contai ning the oxide has nagnetic crystal grains

tirspatrodihgt ther eiientatiod ofhe loyers farmedr dirastly phereon, aa epetiieadicularly

N TR N AT 7B ——————
kayernonangadticl substrute, axtl depiosectiies pyse dhomethod beagnetataterized by

Bt el AGEC HyeF oL iR Y ERE seRiic oy, wherin a

kil SFARE B b BiokedMBrfetic layers is a layer having Co as a main component,
containing Pt as well and containing an oxide and at least another of the two or more
magnetic layers is a layer having Co as a main component, containing Cr as well and
containing no oxide.

In the method, the magnetic layer containing the oxide has magnetic crystal grains

dispersed therein and the crystal grains penetrate the layer in columnar forms.
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5 1n the nethod, the perpendicularly magnetic |ayer
contains two or nore |layers containing no oxide In

wo be4nomishod, the perpendi cul arly magnetic | ayePCT/sP2004/004994

provi ded between the magnetic |ayers with a

nonmagnetic layer. In the nmethod, the perpendicularly
magnetic | ayer has a ratio of one to one, one to 10
plurality or plurality to one, which ratio is given to

at |least one crystal grain of the magnetic |[|ayer

contai ning the oxide and at |east one crystal grain of

t he NROMEthkethddaHRI m&sRBE @iafbrE@nbfnin® b @Ride andispdied h fthe magnetic
the at |east one crystal grain on an upper side is

taye coxtadning thgroside. f r om the at | east one crystal grain

on a {ower I -
magnel 1 EhOE; thb (beliaRgRERIP inaghp REEPERRAERE of more oxide
tentavhing Hayars. oxygen gas is added The invention further

g;g\é:g{t a§ n@ga’ rﬁﬁ%ﬁ{gdigq and {eea gegg:r Ota%a tvr\rfce)dor more layers

aolaiding@@Ridec head for recording and reprodum ng
information in the nmagnetic recording nedi um

appar i the neé}ngthe@ﬁeﬁ%eéﬁr?&@agwcew t lstnﬁ%“#éigtf?é\tf?ee the magnetic
Eas,ggr‘ggggnm 84d 1§ydche magnetic recording nedium 20
S

I ef crlptlono the Drawings: Fig. 1 is a cross
secti hnthnelmeubctdr dltei pagpmﬁeubdmsnaguemq leyerdfas @rlretlceszfam te one, one to

PI‘N%HY o malg to 0212 e\gl?lrlglra%g 1snglvenu {y ag ?]egg ﬁfsﬁ? gxg}/n équ)ec‘ magnetlc

cross-sec I

Wﬁéddﬂiﬁmg Iﬂnlexnc& Fddnpragdiond lc@[staygrﬁ‘ﬁgcrfehe magridhic Ila@yecontammg no
Fi 3 is a .diagr mlllustr?tlngacasell{amhlc r f
sRCCVSTeIR HS AN &b R AR eRer S i eRipgally grown from

'iﬁkeat@mte'cﬁls&aﬁgl%{n of 4 hweftsids @ diagramillustrating

one exa he MH curve. Fig. 5 is a diagram

i 11 usfr Eltm mefherh dhéhperpendéanidrly magnetie layer sufoyaed yging a film-forming
2004/ q§74 PCT/ JaF;.Zl 4141904994 -8 Fig. 6 is a cross

BTN 11 UEFAE Ny THe construction of anot her

exanpiTae oﬁvdhhen frigen pirovidesex araghety reediding arehteprquluaing capparatus

RN COAEY R -
hprbdiRingTBABRhAtfon! 8 Othei RlgheRidi WiBoFdRY eBdidhe Ah®Yapphiatus being

I nvent i on.
characterized in that the magnetic recording medium is the magnetic recording medium.

Brief Description of the Drawings:

Fig. 1 is a cross section illustrating the construction of one example of the magnetic
recording medium contemplated by this invention.

Fig. 2 is a cross section illustrating the construction of a perpendicularly magnetic
layer.

Fig. 3 is a diagram illustrating a case in which the magnetic grains do not form a
columnar structure in the magnetic layer.

Fig. 4 is a diagram illustrating one example of the MH curve.

Fig. 5 is a diagram illustrating another example of the MH curve.
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5 Fig. 8 is a cross section illustrating the
construction of still another exanple of the nagnetic

w0 emandisng nmedi um cont enpl ated by this i nvent i BpOT/JF200@1/004994

9 is across section illustrating the construction of
a further exanple of the magnetic recording nedi um
contenplated by this invention. Fig. 10 is a cross
section illustrating the constrigction of another
exanpl e of the 10 magnetic recordi ng nedi um
contenpl ated by this invention. Fig. 11 is a cross
secti pfy, gl IsUstFodl is@dioh NAutANAE W EdRBuGionSbf Adotied? QxB@ble of the
exanpl e of the magnetic recording nmedi um contenpl at ed
pgneticseaidiag medwm gungempligted By this@Wentioni ¢ di agr am

illus [

Lnd rg{%{"g dgglcgéés?gg%fgggitlﬁ%&g%?‘% dEﬁﬂHﬁg&g of ?ﬁ% h8ih3Pexample of the
imageetic recordiki teditid{ egntehaglated by thig ineenmm e 15
const i.on and Fi d |ct|n € etic

hond. FHoEiS Rt pesron asyTing R eaRoion o A Hpotef grample of the
infagfetf1OECTdIAL GledRin Edntdimilated by hiOmeertioanpl e of the
conflgﬁ;atlon of the magnetic recording nedi um

cont eFi$} Qtiad HYs sstipn é&@mtmgn%ﬁpn%swcthrhef Aefyrberj example of the
%Qigﬁ&&%s’dr&‘iﬂg R T AN B1atRE b tris B@éntf&féo“t magnetic

mary coat 2, an orientation controlling layer 3, a
per pefid d0liaml grossespoean dlustatang the cangpruotiert bf ewotharyexample of the

Biindicrerng Birobih S meRer P BRERRa e 1 The

sof t FRYDEI L£crpssl sFBtioh ileAtatidg @iectoh&ifuction of still another example of the
orientation-controlling layer 3 constitute a prinary

augheticraeordiag B@Hm“b%ﬂ“&e@%}mﬁ%ﬁ@t‘% WVentiear 4 i s conposed
of a gRINetd Qsél@’rﬁ'ﬁc ﬁ?agra%?ﬂﬁﬁgatﬂlgmr@éfn le! PHRE nfhiBnetidSecording

t he nonmagnetic substrate 1, a netallic Substrate
fnd repdodoting apparatub ngntmapkawdahy, thisgoednties, B.uld(mudepoting the whole

al um num al d. Non ta lic substrates
PRt R Y ot R ma bR S oe e
ceramic, silicon, silicon carbide and carbon, are al so

avail able. WO 2004/ 090874. PCT/ JP2004/ 004994 -9 The
BrestMods foE earryingoyt the lyentiophst r at es of naterials, such

as anmp{gPhous ; WreeSsRsh iGlsdagns %ﬁ@'@x&ﬁplepéf ﬁf@o&ﬂﬂ@'ﬂﬁnxon of the
gl ass, general - purpose soda-line glass and

alagnétisosdchiding enedijina swonteamplased byethe Pieesnt iagention. glThssmagnetic
g% f'dr;'ﬁéc%ned n.Ii th q{% l?hgg %85‘ ff %{a% t(l:c Hp%ryb%ozﬂsf dan orientation-

ceramc S ers

gemerlig yepSse @bxtpmxdlwtmwmnem Lluyenm,n D protedtivéelagerd5 and a
ilicon nitrjde as main, conponents and
i boGRtINeRoRk {)*b Wgﬂy gy thgorder mpentioned on a nonmagnetic substrate 1.

The soft magnetic primary coat 2 and the orientation-controlling layer 3 constitute a
primary coat. The perpendicularly magnetic layer 4 is composed of a magnetic layer 4a
and a magnetic layer 4b.

As the nonmagnetic substrate 1, a metallic substrate formed of a metallic material,
such as aluminum or an aluminum alloy, may be used. Nonmetallic substrates formed of
nonmetallic materials, such as glass, ceramic, silicon, silicon carbide and carbon, are also

available.
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sinters may be used. As the nonmagnetic substrate 1,
the conposites obtained by formng a NP layer or NP

w@bdoapodsayer by the techni que of plating or spetT/@Er2004304994

on the surface of the netallic substrate or

nonnetal lic substrate nenti oned above may be used. 10
The nonmagnetic substrate 1 having an average surface
roughness, Ra, of 2 nm (20 A) .9r less and preferably
1 nmor |ess proves favorable because this surface
roughness fits the recording of high recording

densithe %laéél lsthd helage 5l of Matkrib RV 8B @fhorgiidas glass and
surface having a mcro-swell (W) of 0.3 nmor |ess

glptsceaamips. yADamarphayoglass) e@@)a wpmsqdadm%h&s andcadumiaosilicate

l%ssfﬂl%ﬁbehlﬁgd r ?ﬁ%g? gss rgnjﬂlcé QG Rut- Eg gﬂ% deY. oafn'ﬁ@é’}nQQ be used.

ead ‘egr ee. e use
Avahagerasiic fsabsrate) wghemslmvm@a gemefal lmrpme a@lurhipgm oxide, aluminum

ferab m or less) for at of t.he
i EcRlsha ptdRcps e Sivinoaiy Bod THEEi<iiafesy jcRpgies of such
{ifeR nidybeased.avorabl e for the sake of the flight
stability of the magnetic head. The m c¢ro-swell 3%3
can bAs themepmpenetic spbsraiela s compasitasipbtaied byferning p AR layer or

Nﬁ“glw g?,lljr l?&rat}{ehécl{ eot‘:’;glaf;ig%al néﬁg%w %B tﬁQ aﬁ?f%)é of the metallic

usi ng-a ce roughness-t
sﬁbméfenumnn@w]hn subkirade mentongd sbo @ rua}dlmusteﬂle pr oduct

code "p-12" 0 ma netlc r at 2,08

pr ovi eonqng]agltl g: SBE%%geSLB%\fmé%rr %‘ g% 5u{}%c rodd ness Ra, of 2 nm (20
ApbpRECid PréferabBpamestilessipravee fawagalbiﬁ bezaifse Ubis gerfe abwihness fits
fromthe magnetic head relative to .the subs{rate and

1P Ko@) gl Escording donsireharing theaad floated e low degree.
per perdl Gifaal hivigd %Efocswélﬁ(ﬂﬁﬁ) 6‘f .9"nnf BF Rs&(Ft8ferably 0.25 nm or

i nformati on nore Steadil ytot e direction
Jeen) peons danomable bedahge RHitn dmmgwémgcofslublswcatchn& derBity having the

A 3 R O SO g 09m
l&esa@reff&ablp or fpﬁrgldir ¢askpfor hEleast gitllﬁg of ﬁlﬁl.kfkﬁdlféisd pdreand the lateral face
cordin produci n ad. The so .
pa;S ﬁ? gndfaceRipyesdaygra dlé i thesale 6 e %égqg 5\4}&%%%? magnetic head.
T’Pé ﬁn‘idr@-kwel‘f@\’\’ﬁ%n HERieRihitled, ARSI PM, 35 BRMVBIaBE QEHATE roughness in
and Co are avail able. WO 2004/ 090874

the’rar&zl@mwmmgm of 80 unby veing retdacexanginess-testingdevice (made by
u « FeCoV) ,
@M&%ase Gﬁ%_\s? ?s%g(ﬁh %Xéﬁf pcrlg?—&il {%%éﬂlgc)r and
FeNi SThe sdfeAlaghaieprimaryl ayss 2(susrbvided FaerAthe fuepdsSiof enlarging the
St Sl oho e s A en S R sl syt
(h% Wabstage &Rl fixingerha dirdtebnF 6T AbYnetidaticRMF edlllc@MBy magnetic
(such as FeMO, FeZr-based al Ys (such as FeZrN)
ket § fob decar @gnformatlon more steadily to the direction perpendlcular to the
nonmagnetic substrate 1. This function is at an advantage in becoming more conspicuous
particularly when a single magnetic pole head for perpendicular recording is used as the
magnetic recording and reproducing head.

The soft magnetic primary coat 2 is formed of a soft magnetic material. As the

material, materials containing Fe, Ni and Co are available.
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FeN- based al | oys, FeSi-based alloys, FeP-based all oys,
FeNb- based al | oys, FeHf-based alloys and FeB-based

w@bdoaysosmey be cited. Materials of microcryst abdT/me004/004994

structures of FeAlO FewMgO FeTaN and FeZrN

containing 60 at % or nore of Fe, or granul ar

structures having fine crystal grains dispersed 10 in

a matrix, may be used. As the omj.erial for the soft

magnetic primary coat 2, Co alloys having an

anor phous structure containing 80 at % or nore of Co

and cAaftahéreRgexdinplast tHNMatBaah FeCostRkar bdysf (sABh taBEFeCo and
roup consisting of Zr, Nb, Ta, C and Mo may be used

FRG\Ge & ebaserteallons 4fush @ Jird¥ia FeRiMpobeNiCL SmGFeNiSi), FeAl-based
§f°?g${u%%%??’;qf ggé&h?%%mg% e%§lt,lli!l€u002r cf%Alg&,d@Cr%gsed alloys (such
BoFeCth-HeGsBdaral Feyr€upakeTacbased elloysTlsachc ae FeTa,eFdlacand FeTaN),

. of th t [ j t, 2
TR MR
FEN-bhded 411068, CFa8e-bhdet Catloys;ICE ePebas & dRoyish FeNbibated alloys, FeHf-based

nenti oned above, the exce%a wll be at a 20
dloys avhFeBrhased alloysduanbe &fér i ng the soft magnetic

Pr opeyfhdridh doiﬁhﬁér@%r%ﬁzﬂliﬁ@ Syl Yreeio, rl‘%ﬂ/fgg WedTaRNand FeZrN

to assunme a shape storted fromthe so-call

cantining 60 at Yoweveore Thige, snganulhedrushgesdiaiving fiing xrydahgiaing dispersed
%Sa’ o,g;i thgz é)fste magnetic primary coat 2 is preferred

Pdt BEG B8 %Dre (preferably 1 T or nore). If this
ngniwdﬁe rﬁ’zﬁeriaﬂ aflok shé hyofit m@%r}etfbgﬁriﬂlhxm toatet COnﬂfélﬁ having an
above, the shortage is at a di sadyantage in conpelling
FPIPRHFSTYFtHTEontasEng BHAA0F MO of 6o aad ghrearming %E}fést on& member

it & the gRubN&nSiSrirpabf 26 NS CEATIUInAMMYBKEy be used besides the
Furt her, the product Bs-t (1nm’ of the saturated

matgrials eguh¢rateddborvsi ty, Bs (T), of the soft magnetic

prima | tiplLi t i ckn n 0

The o P At ek BHPr BF AAEELG) sl G Loz
QEZAT2-, ) rOr- and CeZf{No-bhexdalibys May beleited) or nore). |If

:nrg”nts i U}r% rélgf%ﬁ;f{c,l :TC Bfﬁf@,t 'gﬁq%?ltsl glsa%g;tﬁc %fém%g%gll%stpreferred to be 200
@Y 4 RIOGIeR6TT/5ORBRPH 1844994 - 11 di sadvantage in

causi ng the waveform of reproduction to deform and .

degr ad %ng cenesveiproe; Bszeerxcwdgtth,f) lipit oppationed(appye, thegexcess will be at a
- r

BARREN bl SoBESISS S8 AT o TSRl AU et of

tepmdoctionnd assume-aGhayier didtbitedfrom yler sokaedlertahgulirovaved by

he 0 S b, R OGS B BB iy con 2 i
prefefed @by 0.61T& more (preferably 1 T or more). If this magnitude, Bs, falls short of
the limit mentioned above, the shortage is at a disadvantage in compelling the waveform of
reproduction to assume a shape distorted from the so-called rectangular wave.

Further, the product Bs‘t (T'nm) of the saturated magnetic flux density, Bs (T), of
the soft magnetic primary coat 2 multiplied by the thickness, t (nm), of the soft magnetic
primary coat 2 is preferred to be 20 (T'nm) or more (preferably 40 (T'nm) or more). If this
magnitude, Bs't, falls short of the limit mentioned above, the shortage will be at a
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material formng the soft magnetic primary coat 2 is
partially or wholly oxidized or the oxide of the

waoradoandmi4 i s forned and di sposed on the surfacBCDiP2004994

soft magnetic primary coat 2 (the surface on the
orientation-controlling layer 3 side) and in the

vicinity thereof, for exanple. 10 Since the nmagnetic
fluctuation of the surface of tjje soft magnetic

primary coat 2 is consequently repressed, it is nade
possible to allay the noise due to the magnetic

dilddChnage iﬂnzaaﬁgg 'tHEle)é?oth@f FepRfHuWidr © &?&Hﬁ%ﬁ&’ ﬁé@fra&nﬁ}fthe ow
magneti ¢ recording nedium The | nprovenent o

(CyadWarté)tpeogerty feritiyg propedyt)her wi se be attau ned by

finel t I P th

or 1 o) iz TelEEl 3 UF o borRE E neClo MEgnetic prmary goat 2 (e
SUBfcE bh qh@rdrmuoxﬁaatroﬂmgmeeroxmﬂez)dﬁ ﬁﬁmbddfy nmlg the material

urface of the soft net| 2 can
f?wwgage B9t snagpetoprt C?Pa&%n%ﬂ aj@sgrf wﬁﬁﬁm@xewgef {Preferably, the

AREAA fofmiRk R ER RfAghet pHifars WBSESIUEPAtiNly 8XRASIBxidized or the
I mary coat to an oxygen- cont al ni ng at nospnere

%;]cliezotﬁfbe mesgeriah isclormeshandsdisposed on ihe stface n@tl@)@wgenagnetlc primary
Jrcr)gf 2 %@1]; tsglg&%q} tﬂhg Bgﬁltg@c{r%co%?r%h{n% l?}%{ gdér) Qi%d % A g\z ?mgy thereof,

fapmamglemtl ng the surface thereof To be SpeCIfI C,

t he osure of t surfac of t netlc )

or e heech fagnects KB Eth8 Suhie ot Qicaet TgEnshis By coat 2 i

&h@eqlﬁéﬂtfya%brésged 6f8¢ Mdde FosIBRE W llay RS RIdRE AL tdTREE magnetic
oxygen or oxygen diluted with a gas, such

n@tlg@) anchimpio ertheeead/wride preperdy pfthe mageetis regopding mediue.
r angerp Oy Qs inleRt 6L1h %%Qd?%gaﬁop&w‘"g i 9m‘&ﬂrgﬁé yéf afififfied by finely

ybeexose totealr
dradinpotheectyftyl diainst ofhtheoxyigaation-dontrallmpgslayausd hfoased on the soft
argon or. nitrogen, is used, the production is stably
T?%e’éﬁafh%‘a% use the degree of oxidization of the

sur f R oxidiiddparts¥ithe RQBEHT e BoR MRLHetiOFHm Icsateﬁ&hlaé formed
adj ust ed. When the oxygen is introduced to t

Byed mthedawhich comprises frming asssﬁtmﬁengﬁewlelaeuw rZaQr@ spbsequently
g%%{{ggtgﬁs%dr&t c@atft? %\'Fb 5&@? ct)ﬁtﬁxlﬂpigqilﬁﬁ n%fherg‘;bq Fla){téltrl had W d1ch consists

ibyntu@iumyga)xpgmtesthe gefs mAGn @ROpH A & ddt 2 during the process of molding
PCT/ 4/ Q0 -12 incorporatin oxygen her ei .

B T R et S Pt AR RO e “HOAR Gy 1 be specifc
thé b)fpostﬁ@ olf fie: supfh&CEthe §6¥5 magn@Rprintiriesat k2}”(0 ex¥getdis accomplished

argon with 0.05 %to 50 % (preferably 0.1 to 20% of
nyﬁbwns the, Biriase to Enpan iins 2 (B3ERPUS AUBPSRRETY fOPPPFé‘ solely of oxygen or

&zgéﬂ&ﬁhémn&%&f Qhdn %glréo%y&rmt?ogeﬁ foPE?er {in tﬂ?]gﬂz%)[l&late range

€ orientation and gral nm di ane
P& periddi scodrgs] Ptireagisetthe surfagemay teexpesep tathedhind i Ragoullayly when
tBeh ?gase flmed by diluting oxygen with a gas, such as argon or nitrogen, is used, the
production 1s stably implemented because the degree of oxidization of the surface of the
soft magnetic primary coat 2 is easily adjusted. When the oxygen is introduced to the gas
being used for molding the soft magnetic substrate 1 in the form of a film, the technique of

sputtering adopted for the molding of the film may be performed by using a process gas
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Though the material for this |ayer does not need to be
particularly restricted, a material having the hcp

WG oowobasre, fcc structure or anor phous struct UPET/DIr20Wa®4994

favorable. Ru-based alloys, N -based alloys, Co-based
all oys and Pt-based all oys prove particularly
favorable. 10 As the Ni -based alloy, for exanple, the
material fornmed of at |east onejkind selected from
the group consisting of NiTa alloys, NiNo alloys, N Ti
all oys and N Zr alloys containing 33 to 80 at % of Ni

Iﬂk@%‘ﬁa’cﬁ%‘b&?@&' tBereihl ¥ P RIPERGTER GmBBHe Ecﬁhh&ﬂﬁlcﬁth@d)ﬁ’fﬂm As the
to 8 % of Ni and contai ni ng one or

erasasrees, asas Sormed by oRHNSRES A wilh 008118 1520 %g(pfﬂfera@& 0.1yto 20%) of
s available |ikewise. In

I%Ygse%é%‘s,&e_ﬁlmteﬁgl Mlﬁcs:%moﬁ?o s 15 preferred to fall in

the r ahgenerﬁtaﬁ@a -aintling 18gerad isvintepded ke conttod thé orientation and the

enabl,i n orlent t|o con | ayer .to ret

ERa et A e prEat PSR uE Byt 4o iR kel fbrdon

pr opeThyughHoe rhzhbﬁalﬁﬁﬁﬂﬁﬁ layehdomgstended tb eopattitidarly restricted, a

mediumin the present enbodinment is preferred to

mafrial hang meclva@e%@cwe P SBIER 06 AMGFRIOBH SirutITE Rgoves favorable.

%y@dﬁscﬁal \)@ tﬁ? a{s@@ QR0 Q- bisct,cpallo%rg AR Pe R &lSIRDE Yrove tplrticularly
en e t hi ckness of

éarvioeableat i on- control li ng | ayer 3 |s 20 in the range of

0.5t 0 : h

per p e%&iﬁéeulﬁ a(sg(? gli Y, far, e¥am%1% O{P a{é%)éﬂr %’éﬁ%ﬁ‘ of at leaFt one kind selected

fRgNed groupyshsiétingnof DETpallbys vt ylldye) MTEBE@SM NiZr alloys

t he di stance betwe ghet i &hhead and the so

. th
reABiNes oPidlat yo " BoNi Prove ‘N@bth & JaPBaSnstic mates Lmﬁalnmg 33

Q@E'O atbﬁs‘ ofRE hERSGhinihP Yse of rﬂ@rereféi‘x‘ije(n‘&wete%teﬁ rffw@fhte&r&@rbonsmmg of
be exalted wthout entailing any decrease

Eephfo&ucbd HYj @Irbaﬂaraedcﬂiwmgvagi@bvleﬂlkewsel fIntthISscase ‘the Ni content is
ﬁeée keﬁie t?)sf%l mn tlhS af’n%? ro‘i‘3 «%}8 SP a{n’/t forlj?rrét a%] gfjer%BﬁrYge the orientation-

esu

Rertpe ik 1@y|érads rmlh el&tlaherait eﬁhcttahé aﬂﬁd pandm(gﬂ magnetic property.
magneti c |.ayer 4 &nd degradi ng the read/ wi

Ite . .
or opeF ey thifdeasps PETRmSHE dGolps dRe-4im ip fbe (Pheseqempodiment is

toherkdd t%hﬁl@i@ ﬂleetﬁféﬁﬁ‘&lé of iR drieRiationTBaHtioMRNa POV R, the Rdhge of 0.5 to
excess Wil be at a disadvantage in unduly adding to

“A @m@gﬁeﬂabky IparZOinae Vdhemthe thickapsstdf shepertentatignwanisglligs layer 3 is
g%orgrf' 0%%; épegﬂ ‘]ﬁg&? éﬂl‘}%%% nm% %hgpgﬂégdﬁ&l:quxﬁﬁtaﬂon of the

pOS gr ad noi se pr
(ﬂ)bﬁ)éﬂd‘ladaﬂl;em\agm‘nlctlhykr 4mag r’uretpactlduhml& lmrgihtdnbé asdfhe distance between
coat 2 is enla t he coutse

t
G et BradgEn e S maptslsGRoRny Ht ioetap s (ouSger feording can

Qi)b FashéaRl ad8ud, RheRed/Alitd frop &8y éaﬂﬂfe@&ﬁﬁ&ﬂwnﬁélﬁ RAtailing any decrease
resol vi ng{&%omr and the out put of reproduction. 5 The

sfitegerrodussd signalgesolvieg BAW&nt ati on-control | i ng | ayer 3
af f ecifmlNficRisE 38 short of the limit mentioned above, the shortage will result in

lowering the perpendicular orientation in the perpendicularly magnetic layer 4 and
degrading the read/write property and the resistance to thermal fluctuation.
If the thickness exceeds the limit mentioned above, the excess will be at a

disadvantage in unduly adding to the magnetic particle diameter of the perpendicularly
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contours of the perpendicularly magnetic |ayer 4 and
the protective layer 5. For the purpose of

waolovsndsi Nng the surface irregularities of thePCEgIO04/0D4994

recordi ng medi um and decreasing the flying height of

the magnetic head during the course of recording and

reproduci ng operation, the average surface roughness,

Ra, of the orientation-controlljzng 10 layer 3 is

preferred to be 2 nmor less. By controlling the

aver age surface roughness, Ra, to a |level of 2 nmor

meifetic ildyer 3 anlPHRsBRS §éRading thedhdRepoPertyle Th [disMiRe between the

irregularities of the magnetic recordi ng nmedi um,

megneiip head jand dbe 6ol mpspeecgEmery €9 X hsyprlgrehdidyrng ghe course of
gn@gt: [ - car

FeQ IR UL GO HE ek 08 FAYRE Blaed SARRAUIN B0 foproduced

dignal hsolyag pessedaridthe oolpdi ofgeprbduction.

orienf,ation-controlli layer 3 int formo film

ory 1 Hi iR s o fhec Quarom it Jare: “tuidiecl e surface
Sl of i perpbiiliclikaly magslapRt Bgeras anll ke Pedtb@eOthyer 5. For the
mol di ng the film for_ exanple, the gas obtai ned

m by .
PHIRPSSPLHBpHsRg Hheatypface 1tpepigrities afthy, magnetie repordjng medium and
g L ORI B0 1 0L 88, e M an
@pdutiog bperdiomftheiaveragpe surfage vohghmessy Raj of tH2Qorzangation-controlling

f‘av r.able¥ us, d,a the1 rocess gas. The

o7 T ent JI5 SR ?88??6’1“??% >l ayer may be forned in a

st r ucByeénthNrgthePeabe SUrficd Soughh&9ERS,ad a lRvélriof@Xh&or less, it is

nmetal njtride aor. Hetal arhide. The formation. of this .

wade, pessible fosdinipig i%aurgaye deegtdarities af |tEfe/ mpgheti rgeording medium,

G0, S 2450 WS hs B ARl B PR coure o

wverdinglang repgodgingeperafidMandixatithe rEeddd @5 damsityCr N ar e

avai l.abl e as tal .pitrides, TaC, BC and, SiC,ar

avai | 5 g8 BBed Eqrdpolding e, SRentat iR coRtaMil JaSes 3 s fogp of a film

inbBe imdbipoyate fHerbin Sty@en alifierodén? OFherRhe SpirinEtechhidhédis adopted as
nd Pd- TaC nmay be_cited. Th ontent of the .oxide, .

fhe mathad ﬁ%@ﬁg rth%@f‘hlforc%‘%‘ipget o185 AR bR i g fidon with about

608548 9b lof NstefeBibB) 0.3 -1 50 W) RF %kf%’e?l ih @ oREne*rafiBlan Yot gd¥WtRained by

and 12 nol” % or | ess baséd on the WO 2004/ 090874

PG P200%ith 0He8H.01-t0 20 Sntrueferably G Oetoalq %oy of nifrogendn volume ratio
[ tal nitride or netal carbide

igrg?%vﬁghtbl}géslegﬁfg}%iﬁ%-%%s rTolling | ayer 3 exceeds the

upperThd srientationcomrdlingalageremayt beefoemed sis a wirbdtudechaviap neetal grains

i sadvant age.jn suffering the forned tal graing to )
%me‘rsglddn gn.r 4ed a@etadfmt@rxﬂg%aﬁ%eé’car a{lIE?] ?qqq%ﬂgn 8? this structure is
RBLAY HafhE8n allBPatdrRY cbNBinGioy S akide Nhbidl AiGdd H€metal carbide.
orientation of the netal 5 grains and _inpairing the

Si0pA kD @y Caatls, M, Do mchT iQuraravailplle pugrides: AIN, SisNs, TaN
in%y@ﬁ\l £r9 EUBgibfénas metal nitrides. TaC, BC and SiC are available as metal carbides.
As concrete examples of the alloy, NiTa-Si10;, RuCo-Ta;0s, Ru-Si0,, Pt-SisN, and Pd-
TaC may be cited.

The content of the oxide, metal nitride or metal carbide in the orientation-

controlling layer 3 is preferred to be 4 mol % or more and 12 mol % or less based on the
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the orientation-controlling layer 3 as well. If the
content of the oxide, netal nitride or netal carbide

WO mootheses | ent ati on-controlling |ayer 3 falls BtDI®200§004994

the lower Iimt nmentioned above, the shortage is at a

di sadvantage in preventing the addition of the oxide,

metal nitride or netal carbide from manifesting the

effect ainmed at. 10 FIG 2 is a;gross section

illustrating the construction o% a perpendicul arly

magnetic layer. The perpendicularly magnetic |ayer 4
bl GRSy TRUCLIAIRDCH SxliBehEAl nitflid SRR crbide in the
the direction” perpen ar 1o the nonmagnet
Stibxswamt-@mtrbﬂmgslayeome&@eds tluk uaperrimyn atennoded)pboveq,ﬂme excess will be

havi,n reof onpt.ain at .
e oPSaanys i iR dhecBE BRSER g B s 0o GBRAR iy of the oxide,
@ @itride bAjRtal %kbhﬁvirﬁ}gurﬁig the c@stmlhrntycazﬂnﬁa Ofiéntatidn of the metal
thereof, containing at. least O as well _and containin

BBINSANddmPTEES ﬁ%ﬁ‘é‘fti‘]&m}%%‘? the-prjeatatign of thegpagpetic layer fbrmed on
m%t &{énﬁitloHQXhﬁ?h@ uﬁé r 8 28Bidl. CHNAENSHent ofcm@tcﬁagé rﬂ.%iaatnimde or

| east further containing the oxi 41. .
Tietad carbidg¢an tlmornestatlpn@bmqlb@g laperefadlp shoet dfcthefov@r lingit mentioned

her_oxi des e .
Iyt sHopabe Mt TBRMBHEE n DefiTne T Faish Cof the oxide, metal
hithidd@methlharbigfieh intanifosting theaeffatt diied a0 present
enbodiﬂgnt contains. Pt., The ng}netlc l.ayer 4a is
pr ef eFIG & 183 Favsserhogrllpstiatipg defonstpiction gt a gpppnicularly magnetic

o vethe Pirbdhdifah Anbdithib by A2 Hod RS 8881y RgiRkiBing ThES thereof

magnetic grains 42 are preferably fornmed in a
oveniedh sy the dirgetiany perpendiculae tq theaionpaghnasicoubstiate It is composed of a

?ﬁ%gﬁ‘&fc lgﬁ%%q{aw %C@)ﬁ a§ L lm%?& ?cgt%ﬁglglelpﬂlle:llegf b%nta ngeat least Pt as well

str 0SSP nhance
il conthiditigadn oxidardd ztddea edagaétad layen 41}’ ha$in@ Td hea main component

t|c nain 42 of t neti.c | ayer 4a and
g%?ﬁ? %ﬁﬂ %asawela]\e ﬁ'ﬁgﬂ%ﬁﬁ&’%m %’%‘i‘?\l) ratio
sui t a@h@ nfa@ﬁetﬁ:' Berd@NS| thmdde 605 HMatdial hidVing TR as a main component,
acquisition of this structure, the ampunt of the oxide

gantpigingeat deast At e avelk ands further sentamingniheraxide 47.aihay oxided 41 s
008/ 2004/ 0 4 5
%f%g % éxxﬁgm' ﬁa §! 32/ %gg o Fr{% @:ﬁong Qbief %&M@g ﬁumerated

e OXiI IS prere Tré r-nore an
msﬂve?/EQ()g ahé S80h@sedpaticility favbablearRuuher, dfe agnetic le4a in the

Pt. Mor r ef er abl. the content is 5 nol % or nore

Bﬁﬁmﬁﬁﬂﬁ8$“$mUPWW@%? The range specified above for

t he copd ﬁﬁ%né@fb 14yee 49X ;ﬂ‘@fefr@d t Ve ReHARER CorhiRY Cryda gréins endowed
referab because the oxi de can be educed around

B cRystphlanityg 4§ dispersedstherein: | Thy mpgnetie grainst42qe prefesably formed in a
E@\M%axas'ﬁ%cfﬁ eet%aﬂ‘ \%?ld(dﬁ? é?etréeg Qheaxﬂggrfe'tlg ﬂer A ¥ 1Hhﬂ&tédhﬁ FIG. 2. By

magnetic grains
forming this structure, it is made possible to enhance the orientation and the crystallinity of

the magnetic grains 42 of the magnetic layer 4a and consequently acquire a signal/noise
(S/N) ratio suitable for high-density recording.
For the acquisition of this structure, the amount of the oxide 41 to be contained

constitutes an important factor.
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2). If the content of the oxide exceeds the upper
limt of the range nentioned above, the excess wl|

wheooanom74di sadvantage in suffering the oxide tPCEHIFOMD4994

as a residue in the magnetic grains, inpairing the

orientation and the crystallinity of the magnetic

grains, 10 further inducing deposition of the oxide 41

above and bel ow the magnetic grains 42 as illustrated

in FIG 3, and consequently preventing the magnetic

grains 42 fromfornmng a columar structure

vertiggble n@ﬁt@ff%é‘gxﬁgﬁl @Sﬁ?&feﬁ tb%%rméfi% def m&tlaeand 12 mol % or

content of the oxide I's short of the | ower

d)éss bif&ed oanigetorbanown eﬂCab@lvaald Rthdlasé meffa@}éy vthée torm;lt m5 mol % or
. (§ﬂ¥ # qglkn preventing the magnetic grains from

Bgfﬁal ac ?Fly separated and 15 finely divided

and C @Rs edrge Rpécifi@Xddove fig thé eortentSe thikiokitdg irt the mapneselayer 4a is
recordi ng apnd reproduc per ati on and

@Eﬁf?f 'leett?eﬁﬁusf' ng Q&Hgicenre o?fﬂg?‘i)é“’é‘lﬂé; B FREnetie grajng)42 during the

tStidaflos BF 5 akeandhREd For Hdtaiap ahd ¥iné19 @®Vidih g the mMdetic grains 42 (FIG.

content of in the magnetic |ayer 4a is preferreé

Be & the coptopt qﬁjh@ogd@ ex@edsgthe yppgr ljrais of thegpege mentloned above the

|Céxces? rv?ﬁl Be zgl %Esa(ﬂ/a% gq;l %uﬁgﬁn%flheaaxu{% 3 slu%f’vcé) s ;,_ rItgsxdue in the
eason Speci ng t e nenti oned

anfgnéthE gfainsg nﬁjbzeﬂﬂig ItlB: dattatioh eandr the mn&seeﬂhmtw of ﬁieﬁmagnetlc grains,

e il Gy of BBt IT RiSve i Haow 1Y e sains 42 as

il @RkRRd fif FIG LA coidihently PrsVeRfing TR ighefit BAids2 from forming a
magneti zation at a high level, and consequently

enkIpinan stryatere yagically piercagasthetraagneticiiaver 4a.r éfa@/swpmeét of the oxide
@e{l%psq{o'ftyo@ﬁlg lgweﬁ LgﬁteS %eonfanéé1ﬁ{eﬂmgxe]ccll &B%%ga?-k cEﬁﬂrtag&wnll be at a

propriate f ensi ty“recor
(dmatimtage Xo @d\&ntlﬂigé thepmegneitic ngraine ffrofrh <bemg rsg’esfwﬂnmllyowpwkated and

ove,. t cess at .a di.sadvant age in
T ainiE B RS PR B ik B saguiis ol Hgdrding and
'Fﬁﬁ&ﬁichrfg &Peitiof aAd dbsiRghiaihe Acdsition szﬁﬁfgis{alﬂfom% ESINJHhtxo suitable
fluctuation and degrading the crystallinity an

dor agh-denssy resprdinge magneti ¢ grains and consequent |y
| mpai FI‘hﬁ Qorfthi§t of @%jfhomergﬁf&{ ﬁ?&r 4aYis R}effe&egeto Gk 6GP 94 Srnrhore and 16

falls ort of e range nentio
AO%2 00 4ds8 408764 pfefeTdhlP2 00t/ % ot ABdre anﬂGl‘hbt)%epr tes®. The reason for

. be at nt i n .undul o
e e Benfinel b Yok P Epl R SR Ml Cr septentn this range
i propRE A6 the glirpésasof prélérting N@e tigynPeE RBRGHIEPY Sdnstant, Ku, of the
coercive force to increase excessively and conpelllng
AN gams dropplpieg sndulyalpareredomaintaining the mpagnstizatie at a high level,

Rh@Rohiequ nqtﬁ)’ edaBRAP AR GaBhett! [aG¥ OO a&HHidk] &'r&am’vl/ﬂte property and a
writing on the head during the recording

anepeay of thgoraal tllugtuatdr apprcmrlatﬂ fghhlékmlsnsmy rcmngh ng. The

:F;to g? ?%}%gt of ?ttgrq e%glea %lt\e upper it oﬁhe fanBt rerfe%{loneeg a‘i)(o)ve? The excess
will be at a disadvantage in unduly lowering the magnetic anisotropy constant, Ku, of the
magnetic grains and degrading the property of thermal fluctuation and degrading the
crystallinity and the orientation of the magnetic grains and consequently impairing the

read/write property. If the Cr content falls short of the lower limit of the range mentioned
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at % or less. The reason for specifying the range
menti oned above for the Pt content is that the

WOoR@Aeises ani sotropy constant, Ku, necessary fBCT/IP2004/004994

per pendi cul arly magnetic layer is obtained, that the
magnetic grains manifest fine crystallinity and

orientation and that the 10 property of thernal

fluctuation and the read/ wite_property consequently
acquired are suitable for high-density recording. If

the Pt content exceeds the upper limt of the range

4608 | fie chRABY Gwilll BE £X£ Cfisidvatitdde RE uAlulg RUiSREMAL RO Snagnetic
In suffering the magnetic grains to form a |layer of

fasptrepy oorstang K ofl theomagnistiy giamsasuffenigg thecperpendicular coercive force

AP bt b Lo ERE PP MG TRRP g ecoring
property (@W) hieapaditgel atlemindsusiciabyweritingen tediehdgering the recording
be, at di sadvant in.djsabling.the acquisition of
?fH’@taﬁ’é‘ar?@?ﬁe&“%mliyélé‘?i?g’ﬁb‘géﬁd?gflﬁ’ﬁ??oq%,g' necessary for

obt ai THieet doRRnPEOME Miagnic hipeI4a8l pfdfdFdduatbe0d 2P9REMmore and 20
for high-density recording. The magnetic layer 4a is

a1% onkess. tThegessonifer specifyingsthe snge gleahened abavetor the Bticontent is that
e .ar i i f , . . .

A ey R TR S B GC o Pered el ol taver i

dytaiaad) it nhe hapiediced reine ndanifest finke @ngsthlidigvand odientaiontad that the
ossi bl to 1r?lm)te.the fine djvision of the mar% etic. d
PRYTHs © hermh Herutanstng fhenfepd/ Wity PFORETSY rGoRRqayerinacquired are

Jueb1e - RetdderB ¢ HichRIigy. F €ad/ write property and a
property of thermal fluctuation suitable for

hi gh-l§&resPt (y)n.tqnégmeqcisﬁg_e uwrmt phthgrangsrinenionesd ahaye, the excess
ﬁll%ﬁtﬁs?i%hstggeg?la Rk it RASHeRE | ?a‘}irgttg f?ﬁn g lQ}ter B e structure

ess. content exceeds the excess
anidl doshiely ampairidg sreechrystdl ey dnd tbeibhiantitiog of ke magngtiegiams. If the Pt

rains.to forma,phase.other than the hc hase :
el iis Seorted he R i idES et Renckieg by P sbgrage il beata
dibRIverith@ntimtdigubling thbeacqB@itohi 6f Hedinkgnetédnisotropy constant, Ku,
consequent|ly obstructing the WO 2004/ 090874 _ )
mcyysaw? a4 pemgwy the. propgey efsthersyl Gpctyatianagraper tfer high-density
Igwgg%ty and a property of thermal fluctuation

suitable for high- density recording. As concrete
exanpltesmadnetib ayepdersidlowsditd edritan fableasttome rebegment selected from the

EvEForsBiipsb Bi B B0 N B 'Sk 1 B R SRsighs Gy O prand
th8 oride VB9 cofaintfnthe BlenRA nidh€iohl abB0€ 1006 nfade PO ibIOtFbmote the

% of, an oxj de conposition conpri si n? _5102(%l , .
fé%ﬁxmqngﬁttblggag@t@ggn%%alﬁg}e aysallinitygn fhe orientation thereof and

SATIEE KLU A ol GO 3oy
Rordmg.

The total content of the elements mentioned above is preferred to be 8 at % or less.
If this total content exceeds 8 a %, the excess will be at a disadvantage in suffering the
magnetic grains to form a phase other than the hcp phase therein, causing turbulence of the

crystallinity and the orientation of the magnetic grains, and consequently obstructing the
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conmposition conprising Si Q2},
(Co8Crl 4Pt 4Nb) 94- (Cr2@3)6 {94 nol % of a netal

W@ o0upo%istd on conprising 8 at % of C content, BAdT/a12084/004994

of Pt content, 4 at % of Nb content 10 and the bal ance
of Co and 6 nol % of an oxi de conposition conprising
Cr2@}, and (CoCrPt)-(Ta206), (CoCrPtM)-(Ti O,
(CoCrPtW-(TI02), (CoCrPtB)-(AL24B),
(CoCrPt TaNd) - (MJO), (CoCrPtBCu)-(Y233) and
(CoCrPtRe)-(Si02) may be cited. The magnetic | ayer 4b

0 v, .
alqyiHATF G ead PR Fbhety S BSpé SnEpiaTh e SATANIRINC for high
idmsatysdsqouhngjre haV| ng magnet i c gral ns 43 15

epi taxi al | rown f neti ¢ 2 in the

magnetf cYayer Z4MR eSI f’{ 3@? rrg%%réal ﬁ‘“gf’% rfl‘f Lt]}f % pagngiic layer 4a,
COSEICr1 8PR)IUESITY 1 O {YT Bloh%s 6Pa @lﬁetztlrte,mmgmeﬁ IchbﬁMﬁg 14kat % of Cr
and t he na netic ains_ 4 t he neti ¢

feRferto ftap ot B copfat P e alarrce@ﬁé?%a&dgﬂémlm’ atan ?’E‘éﬂ gagnposition

@ﬁﬁpnﬁﬁ‘gsﬁﬂ? (CtO(PO@Jl'QPgbZ gS‘O )-§|'{92 &RJ1 DRYE el @(‘Mlﬁbsﬂfon comprising

magheti ¢ grains netic layer 4b from
tlﬂet %23 Gragnieni, ¢6 gt ‘aiof &t a@t@ﬁ anth ebalgnes ¢fcCa mde&mnh%uﬁ an oxide
an.advant a r €o
ﬁgxaﬂ%stmon a?mpxqsm%g&af} 't eoggglg“ne 89+ géxsbgﬁb dx&cﬁ % of a mgtal
fcompéiitioneoomprisihg 8 ek of ¥'s fcalhtbmtnM ¥t %rtd' Pttcbﬁtent 4 at % of Nb content

orient t on thereof content of the magnetic
and e Byjance off Co SR SumPLber 55 Sdd saRPsiioe SPTSHE GROs), and
‘(e@d:rP't)eﬁﬁzo Zhe %@@@fpfﬂweﬁ(mw of (d;&@rpfmgg iOIENt | @RYPB)-(ALOs),

above for cont ent antage in

@@@HW@KM&%M&C@M&%&{ amCh(QQQr?M)-(SIQz) may be cited.
Suffi Eﬂug M Egel{{cqwefr ﬂp Ciis ﬁ)%t% %?fluc ua?w(l)a?.d% ?5‘ fa%é n%}n component and

proper proper her nma
coithiaitly #Xeseds. the pmfembb} forinked adf atdmacnmbﬁ/nngnta'gnm'mcgrains 43
above,  the e?ces wll. be.at _a dj sadvant Z%GEI n u

ul :
GPYA%R lyrgrom {18 gﬁgleqﬂfgg 3§ A% t hRAgREYG 43 ngstra¥ed in FIG.

4b 1n tif cdsB) the Fagh@Rto@dihs 4261 the flABRdticQhyer BB ah@®WMRMAgnBiid grains 43
of the r ange nment i oned above, the shortage WO

26 the/mED et laperHa S0 G0% 9bthe ratig ofone toenegplugality to one, and one

tage in preventing the nmagnetic grains from
g%ﬁlﬁngggt isfactorily separated and finely divided,

suf f eThegpitdxéal poowth afuhé mggndtie groos 42 obthermagredt tayendld from the

r epr oduci.n rease and obstructin he,. ..
TR F BN 40P e oGRS G 5 SRR A i Bl e aivision of
iy mBgrdbic @eAsd 4 of @eAh&LnBG: 1a§er 4b aifd firtheveehitidiathe Ichgtallinity and
magneti c Iayer 4b is formed of a material containing

the esieatagien thegefand Cr. The Pt content of the magnetic
| ayer ofb Cr%o%ﬁfcﬁftﬁ@glaé&n@% r @ %rgfen%@ k&b M4 at %lordhore and 26
% or |ess he reason for s g the range
aeit oolessd Bhospecilioatignhef the rangntmsemtloned above for the Cr content is at an
advantage in enabling the reproduction of data to yield a sufficient output and ensuring
acquisition of a proper property of thermal fluctuation.

If the Cr content exceeds the upper limit of the range mentioned above, the excess
will be at a disadvantage in unduly diminishing the magnetization of the magnetic layer 4b.

If this Cr content falls short of the lower limit of the range mentioned above, the shortage
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that the satisfactory coercive force suitable for
hi gh-density recording is obtained, that the high

wouiopoosed reproduction is maintai ned during tPeT/TR00404994

of recording and reproduci ng 10 operation and

consequently that the read/wite property and the

property of thermal fluctuation suitable for

hi gh-density recording are obtajgied. If the Pt content
exceeds the upper Iimt of the range nentioned above,

the excess w1l be at a disadvantage in suffering the
WRDBetdtGa daY@fantage fiRrgfeenfh@ e afaghdticl @inst frotat bl satisfactorily
therein and consequently inpairing the crystallinity
separatadeanst fively odivigad.osuftenias the moisecdurme| gy egourser of Freording and
RprERE el © FitRabe B btEuciihe sbBlifiigy o Rid@DRse (sm0
dtieadimlﬁﬁ»ghighfdeodomramdmgg t he acqui sition of the

ek R RO BB s

Ub ghd d)?nsﬂlé Pt cot@niof ih&naéﬂ&ﬁc mRendt Ispréfayed tode 8 8t % or more and
owed to contain st one el enent sgl ect ed fro

17-(?1 et %2’(9 i OEBC s fg‘f FRFG githe reyge pgntiqngd ahgye foy B’t content is
) th-glgatls%&t(ﬁ'g Lokfeive @01%9 guﬁdbfenf& RighQUenHly rea;rdm%rlg obtained, that the
ox1 de. taining the el enent nentioned above, the
higly oetput Of ayeqductmneln atdintdingd dupngthotcourse oéregowding @mi rgproducing
magneti ¢ apce LLinity a h

rega(ra{n atl oﬁ hsg %f%{l% etﬁgr gl%aretra%&a%\nyﬁép% %ﬁer eyglsagﬁémg of thermal
fli @patiohyuidbld fmehtghldeﬁht;o’ectaﬂmg @reSdhtztxﬁdail e for high-

density recording. 2 he total. ent of th
ol orelits Peshiesh Bireaove upger Jpif & theqanas Tpentgnad abgsy the excess
{;vﬁl3§e at al disdd0gntitiRkkufQHeanE nﬁé&e@fé‘ja%reg t@fom{‘?a phhg &PeRTSSstructure

be at a disadvantage in sSufferi ng magneti c
gxﬁenlmgnd GOﬁseqwndy pmslenetthﬁs erystalmity laa ﬁbcpormasteonaﬂﬂthe magnetic

1a?1| en{ g?l 144 o%rft qg’l?s rtt {@the %ééér lﬁMt of It}‘iey ra%gg lgéeﬁ? ?riled above, the

and cons
shmegb ng bt a\MlaﬂOﬂﬁdgégﬁ &Bstrde&ﬂ'é ﬂﬁ%@lﬁélﬂ&ﬂ@ﬂtﬁe maigﬁetlc amsotropy

Bk s SR RS Y30 REORE Y S dnsy

feeglg ng. As concrete exanples of the materi aI
suitable for the magnetic | ayer 4b, Col 6-28Cr {16 to
28 at The whgratic Jayer ¢hés ajbowed de comtaiag} least angelanei selected from the

B0 Sl P H g T3y Mo e e 0% Hadtongg o, o

£al} oxide. t B cGin@ming thy eleamnt Menticheld GBo Ve, HkanagnéBc (dy4ér tsoenabled to
o of,. Cr. tent,. 1 t.o 5 at, % of Tac tent t 0. :
BroYa, P FivEiar it EAENLE BT Ob APAAKG MG N il the rientation
QQQCE@Be 8 ¥&ddeRRite GRopettydadid prop&ily dfNthefnd# fluGtuatiéh aditalte for high-
Cr content, 1 to 5 at %of B content, 1 to 4 at %

%nsmreee&ﬁitrent and the bal ance

The total content of the elements mentioned above is preferred to be 8 at % or less.
If the total content exceeds 8 at %, the excess will be at a disadvantage in suffering the
magnetic grains to form a phase other than the hcp phase and inducing turbulence of the

crystallinity and the orientation of the magnetic grains and consequently impeding the
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of Co} in the CoCrBNd system Col6-24Cr10-18Ptl-6B (16
to 24 at %of Cr content, 10 10 to 18 at % of Pt

w@oniessy4 1 to 6 at % of B content and the bal prmar2004/004994

Co) in the CoCrPtB system Co 16-24Cr10-20Pt1-7Cu (16

to 24 at % of Cr content, 10 to 20 at % of Pt content,
1to7 at %of Cu content and the bal ance of Co} in

the CoCrPt Cu system Col 6-26Cr (. 20Pt 1-4Tal-4Nd (16

to 26 at % of Cr content, 10 to 20 at % of Pt content,
1to 4 at of Ta content, 1 to 4 at % of Nd content
é}ﬂdlshi&ﬁ o%'ré!{w&n@ iaRd ta PR ANIL cRABIbE BhitabRe for high-
Col 6- 26Cr 8- 18Pt | -6 16 to 6 at % of Cr content, 8
depstgregerdingof Pt content 1to 6 at %of No content

and w%&ﬁ%k%&%’n%?eé&?h&%@%b%% REhSHEARIL 1984, Col6-28Cr

QGBGD (2433 Iae%rmfﬁrkaﬁd thet tathncd bEC plempbka@oCudyatent Cotdc30Er1-4Ta {14 to 30

th ndi cul ar | netic.laye j
sYRBECt iterd, 1o Barl of B foriem: 3ot tre Tainge ef Codhe, GobPra system,
C@f £26¢al9Ta1 8o 14 1812620 9Dof O Lontdn el t@@a@)ﬂ%‘fﬂ@%nt@hﬂ hto 4at%
be at a di sadvantage in degradin _E@t"he read/ wri

B pentent and thedwlance of Goll i the Lot rlaltwistep, Epéﬂ;vépfiyl -5B1-4Nd {14 to
édTPt oro'f 9 c{)ﬂtgntp | RSt ¥ &f B E&%rﬁai (I l1 Yed Ut TNCPE]on"Si‘é}g and the balance

renderi ng roduced magnetit ayer un
bfi Qb nhehs beJrBNd eystiem,gCotselddir 0-THRt 1 rolic { Iatoi 28rat e fir obntent, 10

toul® Be6 8T PRufesh 1 SRORrot coiiond hShdins S i the cocrpin
s;a{laféhi Cofl 62400 0L 202} 1-7CH €16 0024 296 of\Ct Eorlt@@t100 287t % of Pt content,
sadvant age i n renderl t he roduced %

netic |l a
RCy S ptEm, %qrh@-ZéCrlO-

b 7 et enef Gihcantent gpd fherhalangs of Rt e
{bﬁi-ﬁ‘i‘%ﬂ -Qﬂd (161 26 at %W@Sc%ﬁ%nw %880 q{ & @Fﬁ%ok@ﬁl 11to 4 at % of
romtne axis to ol nt c In an curv

Theaitengdl wst 4530 VENH cpmtemnd thet b@aqg@ pﬁCOhnr thp Ce@el?rPél“ alNd system,

o i BReRePhel s Ball CRrotBRaEkt o o Adf Bbctift 1 106

MO624F04h RI8rtdarkdGhe H2RAOL 6D TP 4 the 20CIRANB &Y sté@] aad Co€rPtBNd,
sat ur at ed reaches Q and_the point _c r egr esents the

ot B W Coiritvo, feCrhthuRu prg GaGrHRe may Bagitsdy ¢ he
t angeme bérp&nduldr tE%etlc\fk‘ecﬂ’hrc YRS of e RepdRlichIaAY dﬂ‘@n@hc layer 4 is

t he rragné-?&zatl on of curve i's I ntersects
prafemedtte berdf§a dOe} at mme IIﬁdxedmcan forcet fadls rshoit @dtZS@ﬁ [Oe] the

it FEBTE AT PR NP Rgp Co T futaty e

frsquaﬁ@atpmpartﬁr I ehpdiring th‘d (ﬁrop@)tyadstdt}aarmﬂg fluttustionv ahdi@endering the
gnthe omtcfgllsmthe rel c\{\/mchthe

weduief mashefiriaysr anht asahighed ‘a&m«w nq'ine BR- {5 FIG

5) . I'Thd RecIReibR que)ces melpsérﬂsa&e@lfaﬂp hadBic fhyet BEs preferred to be
average particle diraneter of
1000 [Oe] or more. If the nucleation (Hn) falls short of 1000 [Oe], the shortage will be ata
disadvantage in rendering the produced magnetic layer deficient in the property of thermal
fluctuation.

The nucleation (-Hn) is expressed by the distance [Oe] from the M axis to the point
¢ in an MH curve obtained as by VSM, in which the point a represents the point at which

the external magnetic field in the process of being decreased from the state in which the
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magnetic grains is preferred to fall in the range of 5
to 15 nm This average particle 10 dianeter can be

wo eooadoashy ough observi ng the perpendi cul arly nBONER2064/004994

| ayer 4 under a TEM (transm ssion el ectron

m croscope) and processing the observed i mage. The

t hi ckness of the perpendicularly nagnetic |ayer 4 is

preferred to fall in the rangggpf 5 to 40 nm If the

t hi ckness of the perpendicularly magnetic |ayer 4

falls short of the lower |Iimt of the range nentioned
%yeﬁzatmels §£}gfam%a&@ b4nd @RHpdint d'red &ftéjme'ﬂg)%ttalﬂ Shidh the line

ursition of a satls actory out put of reproduction
ﬁmded:lebgr edemigng the pmgeerline of thehMhhedurvef Atutheupaintoh. at| which the

R L R S T T AL ST AN

t he emewssialy,/the ﬁl&:le’iﬁonﬁl( -Hin asdumes iﬂg&lm‘m ﬁlﬂeaw@enrtige pbiat c falls in
gnetic grajns in the per icul arly netic | a

ﬂpe region i which fe extsreal ‘%H&“F‘ilfgfn éhés nec,gam% T o, K1 f‘b%ﬁ{;ﬁ negative

A6k VAR eﬁgﬁnﬁq; fane r@ﬁlb%%&m HRRhakd E‘)&ertnglemﬁ%ﬂ:QE Weid 8 positive

property represented by the signal/noise

ﬁﬁ%r@fﬁﬁ@5lhe recor di ng property (OW. The protective

| ayer; 5 nded, t Ve t heqperp [ ar |y

magneti E:hel %e'gen% v afrl fhebl ST 0121 eorng aﬁh% ¥ e?%%héé%glﬁe%amewr of the

inb gitetic Hrein e iy pfe&rtehetoSﬁaH finake edngelf 5 &C0S dinng ’Iﬂli&dii\mmge particle

from sustaining.injury when the na net.i
SRl 640 DadbuBLAHED, st 6 PaPigE by Masgetis Jayprsd under a
@W@ﬁﬁ%l%l&ﬂ&%&n%fcf&c%s amg;s}sce@gsa e%bs&vé@i_f?}rﬁ@b al

containing C, Si02 and used

t hi ckHessthigkhesshef the memndlv@aﬂiayragnguf bwr thds preferrrd to fall in the
{]aggﬁgf 9 {o 30 }118 :kpthg% ?lrcr%%seg'f thgg&?ﬁﬁcﬁ&ﬁ%ﬁr&l ettlgrl o&g‘alls short of

recordi ng densi ecaus ss a
'dhe ddi\easlﬁmlt of tltehen@l mér&med bieivesthn shctr&agla eaakldaresult heobstructmg the
\PO 2004/ 090874 P 004/ 0043 ~-21 The h [
‘I“iSlB}SF‘{S’&tq ﬁgsafl%\fﬁ%tf’rye"‘ft%“tp?ﬂ%? ugfor gnd, destading His prapgriyiof therma

AG@RtionS UE ih@ thickaessk bfUMe GRAJME Ay nﬁdgﬂ@t‘id Rgéed exceeds the upper
al cohol or fluorinated carboxylic_ aci i ncor por at ed

timgrofithe rangg @%@Wétqbé"?:é%?’meﬁgwﬂ’ebﬁ #n gqsacmqmgge in enlargmg the
YRR, i RO A A AN ot SRR sbse quine

counder of Irecngdlmg1 and rrepmtating nperﬁtlorﬁ and Idagleadlngl the exdad/write property

dlrectl er eo e d|c I etic | r 5

ieateimedty B8sing o iS DT sl whoit e BN

per PeTKl srdteRtive/ lay&l Ris Meeni&d tohﬁemn ﬂﬁ:%b@ﬁdnﬁlcﬁléﬂgtﬁla%hetlc layer 4
and a protective layer 5 and characterized

&@mﬁeﬁewermm pYthgagmetime, prayenting thecsyrpeg %.thgrqcmhrzgrmedlum from
fa?mﬁ?g'g@r% v@hér@)ﬁ%rlﬁa r@t‘lc lh@ﬁ?ko%%ge_ hB&FRIRELH Quse any of the

ayers nagne | ayer 4a having Co as a main
wetepals dm:tetd'pda bmvtratonmngirtCr Fersexawiple, anmaterial containing C, Si0; and
ZrO; may be used.
The thickness of the protective layer 5 falling in the range of 1 to 10 nm proves

advantageous in terms of high recording density because this thickness allows a decrease in

the distance between the head and the medium.



10 contai ning an oxi de and anot her thereof being a

magnetic | ayer 4b having Co as a nain conponent and
w@eoniarisrag Cr and contai ni ng no oxi de. Ow ng POT/IIF064004994

configuration, it is made possible to obtain a nmedium

whi ch pronotes fine division and magnetic isol ation of

magneti ¢ grains, markedly enhances the signal/noise

(S/'N) ratio during the course Q4§ reproduction, exalts

the property of thermal fluctuation by inproving the

nucl eation (Hn), 15 and possesses an excel |l ent

recor 4 ~ t o r d : '

this ?iﬁ(?/ gﬁﬁ%ﬁﬁét %‘é&per E)Se %?%%a??yh%gﬁeﬁ{bg %i a%e?régﬁﬁ’ such as

perflubepblyethed fluorimatest al codib Lordluobinated eatbbwylicacidi mgorporated therein.

magnetj c Igﬁer 4b ontaiginnggioxid%. as i1l tratqg netic

in FI G B2ERH s GPHCHE BABR Y EoRY AP iy PRAGHE: ¢ @ nonmagne

k@ hite 4awith 8f 18850 an DHbMatishvéedntrbling adylep BFor dvtrolling the orientation of

per pendi cul arly magnetic layer. 4 to be fornmed of three )

arlayer oplagsdedisecdy cthereon.ay dregengigplagly gpggngtic jlgyer o having an easily

Hﬁ%ﬁ@tﬁﬁigqﬁs & Rentddl FhITRISEbéndicuRYIS relaftPe b BB RoftMagrtic substrate 1,

contal ning no oxi de on an oxi de-contai ning magnetic

hiad @r prbtective ilayenst rand echafagteFiped by . thptperpendicularly magnetic layer 4

alternativel ermssible to form ic. | r.4 :

BRET S 08 e caBiel Jolel. 'R LollP 48 h SR 198 being &

hRyestR haerl 4anthviha- oas hlhaidt coripddentnartd ContBiningt Cr 21 well and

otherwise permissible to ve oxi de-containjng . .
FRRIMBIE D) s S dygnotnes estond bpmay BB ébeét‘{helgw%go as a main
CompRRREidLecdn®Nfhe CHhnd cambintie - &8¢ agﬁﬂéﬂggtgnﬂgis%hﬂguration, it is

and between the nagnetic |ayers 4b-2 and o
owde apssibigytonebtair iadeedagm iwHichspromoted fing divjigion gnd magnetic isolation of
Particul arly i nce opi pat. | f J: .

FAEMAEL LA PRSP BB, ABRUAD: € o3l gy g ounse of
adpiodudeorg @ikalstthe pfopeity ybithemmd fluptuater by @sprowing kheasiclehtton (-Hn),
property of thermal fluctuatio ecordi ng property
e_@?vosa%aesm %%l;?f‘b@e‘g‘i‘}i‘grﬁ@ﬂeﬁg%h/ 004994 - 22

si gnafy{ fRe nfode NF emBbdyIng this inSerRidRSHE ?Eﬂp}éndicular]y magnetic layer 4
advant ageous to have the erpendlcular y magnetic )
Iy de farnfedripactupture qmarl@féip Wt forraing 2| mgametic laypy 4b containing no oxide
[ - 0 r C - [
OGRS R BRALEHL e AFBNEE 16, B

bet we®histifventiomplicventhe papaeticutarlyapagretic hyeedta belfonsed of three or
structure 5 results in preventing the magneti.c,grains

FIo5% PRI s @ XareRledit PG RUCSAS Q7Y BoGCHiAVeR 4B and 4b-
beof@inghd &ddabel af oRidedb@Rining aghklic Agerd 436as illustrated in FIG. 7. It
signal / noi se (S ratio further. It 1Is permssible

tro2lpramasivalynesamisgiva tocfaraya magneticnlexerpds sentpiaingetn oxide on oxide-
mﬁﬁfgcmla%e%rcsla_ S JAa-fJ‘QHSAf&_@ as ofPl'iJ?t'ra{éécﬂgn 9GO A6t 30 Gtherwise
have a~nonnmagnetic | ayer 92 1 nterpose et ween t he

pegnssitle td bave ogidéaottamind Mdgretie lybrs dotit adriarlgintanpasd bigween the
?nr;gn&lcalg)?e% Elg- ra%8 ”4b9f cclmltalmlilf?ltg rngto?cgdel arrlld b1e9weiln%1e %ggnetic layers 4b-2
and 4b-3 containing no oxide as illustrated in FIG. 9. Particularly, since the combination of
various magnetic materials results in facilitating the control and the adjustment of various

properties, such as the property of thermal fluctuation, recording property (OW) and



The nonmagnetic layer 9 to be interposed between the
conponent nmagnetic |ayers of the perpendicularly
wor@aeises | ayer 4 is preferred to use a mat eri BET/IP2004/004994
possessing an hcp structure. It is advantageous to
use a CoCr alloy or a CoCrX1 alloy (wherein X1 denotes
at | east one elenent selected fromthe group
consisting of Pt, Ta, Zr, Re, Rp. Cu, No, Ni, M, 15
G, Si, 00 N W M, Ti, V, Zr and B), for exanple.
The Co content of the nonmagnetic |ayer 9 to be
Elgﬁﬁf nBRS BNy %twe ﬁr]s EQRCIETRARRREoUTRE ASVe! the Fé—)ﬂ@rﬁﬁc&érly magnetic
erpendicul arly nmagnetic layer 4 is preferred
faabd4fqmne<hellthahrgeomore3@'em 70 at % The reason for
this n vi i .
oo oonpanerighdfibe’ 4R BARIRARHy dRE (47el 3btave ofimagneric
wyb@yntp@@meregclﬁbbth@@x the comp orieat mlagleuns da efsotheriebe Thls structure
nonmagnetic l.ayer 9 to be int ed between t
G Jo R R MgeiRs B3I, Fy B e IR a gbling the paricl
BRAREL kE bl 83tffolldd an@édn@ c?leﬂtfly Elhltirfgethe &'gnal)ﬁmsb'f(SMdatquﬁmher It
are avail abl e. Then, he nonmagnetic |layer 9 to be
isrneanjseibleco bmee@qmqgeetmlﬁmr?é rinterpasadhetween thy magnesic layers 4b-1
r
5+1 85%&8)21%%&1& 8‘ dee Plg%r'teﬁar h&%{%&gné’nc ﬁggfe%is"e é&:boﬁﬁ between the
anphstic liyerd 423D anch41t-h eaa‘rmmgmmlmg ahoxable arttbplwexisheibdn asiitlystrated in
chg the orientation of the magnetic |ayers vertically
d9d across the inter posed | ayer are not inpaired.
As  COREhERagRXITRY &9 & bd Merpoike bitdeed Me dofifponent magnetic layers
nonmagneti c layer 9, eI enents, such as Pd, Pt,
A@themprpqnfilcumy nwgnq:‘rac amgr 4\35 pmferregrtp useja, mg&prlal(posg;ssmg an hcp
artl cu ar%jdy,g}l tlggé/oér {gﬁegﬁgﬂgpofgr &rbgéggl %‘%"y (gvcleler(ﬁ,rukzl denotes at
(eaktameicterméit snddonotie gwupmneisomg ﬁtm#ﬂ' 0 IORe} Ru, Cu, Nb, Ni, Mn,

S S o TR 52 LT

and Zthe Calcbit¥ist-of tHe donhfaghdRdayer Do 6 itetpésedbetwien the component
preferred to be 60 at. % or nore. The nonmagnetic | ayer

qageetisdayeny ef the pemepdicwibnmesretic dash Adh prefaepdap ifall in Vthe range of
:3@3{@ 78 at ﬂ}on?%é Hfdgdrpﬂ)r Y€ rRfleAS Bk rﬁfnh%gﬂ@&rlﬁ%érc%havmg this Co

ayer ornmed I1n astructure having t
oeritert agsumesla notﬁmagwtlabtopyrtyrentl oned above di spersed in
ggvg)r(]bgggo@g%%%?ﬁgﬁ%{}gﬁ% S ! tluhesan ggg& é § lEhe nonrn %e%c layer 9 to be
$iitérg6detd betwieer tHeGahipgnend hﬁgﬁéﬁﬂ:ga)teli’@oﬂ’tmmmiduMIyay@hetlc layer 4,
9. The_formation of this strug‘t ure is realized by
alovsef By ReyTioY. Iﬁ‘é"’c”é‘r@‘h@reéﬁﬂa €ni ng an oxi de. Si02,

AlzogThJﬁgQﬁhe n@u% er Y&t infeshsdd Bedwddthe H%pclnf‘ent magnetic

as oxi des, N4 N and CrN as netal nitrid
fayerspdGhe mead@u@lscnmant@ lovpar ), a oetadioders allgysasewniog @tl@r structure

exa g ldlgéc’d 1{r)1fantatrlneougé flaﬁl¥1g mc%e rar§ge01‘121 'whiC %e crys%ﬁlmt‘y and the orientation
of the magnetic layers vertically opposed across the interposed layer are not impaired. As
concrete examples of the material for the nonmagnetic layer 9, elements, such as Pd, Pt, Cu,
Ag, Au, Ir, Mo, W, Ta, Nb, V, Bi, Sn, Si, Al, C, B and Cr, and alloys thereof may be cited.

Particularly, as Cr alloys, it is proper to use CrX2 (wherein X2 denotes one or more
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Ru- Si 3Nd and Pd-TaC may be cited. The content of an
oxide, a netal nitride or a nmetal carbide in the

wmoovamgset i c | ayer 9 to be interposed betweenpdi@2004/004994

conponent magnetic |layers of the perpendicularly

magnetic layer 4 is preferred to be 4 nol %or nore

and 12 nol %or |ess based on the amount of the 15

alloy. If the content of the oxpgle, netal nitride or

nmetal carbide in the nonmagnetic |ayer 9 exceeds the

upper limt of the range nentioned above, the excess
GlelrlentigeRtted fbins ddvigoim oesisting 9£Ti, W] Mp, Nbe TapslAlL B, C and Zc)
grains to retajn_the oxjde, nitride or netal

alowsi dpthisscage, thaCrgpatent fsr?ﬁ%fpv?% berdd 3¢ Y4, 4tmBe™ei ni ty and

the omheRbahdARHOTayt S tdTHE Rltersal Btwekh Wo}{ent magnetic layers

i nducing precipitation of the oxide, netal nitride or

nmsatutmarﬂm mmw@rhn@gwl@w@m mtbalforgredu ing, strppture having the
gral gfqﬁe gﬁ?oére}nengt «L.cp §botvg dis % lisec?l &qu&arg n?ett{l n‘ft‘i‘xﬂ% r a metal

ver e nonmagne ayer only w

darbfdec le;e @dwdmpgamslbj thei mptal giaing gdeees< b wolumbrlar Rirtigture vertically

and .t he orientatiqn of herranetlcla er forne

PifEcing Misdtoamegpet wcj%‘ar %, *}eff°f1n iRt St putes rfﬁiﬁlﬁfﬂby using an
ABSPnateRhl donthenif allBkidk. SRVPIALD;I Taj0IECHONMPOCYLO;, and TiO, are
layer 9 falls short of the Tower Iimt of the

nge

wsabld amexides N, StNe EMbARAGEN: a5 meabniedeacvrTayd and SIC as
the :

BSR40 Qe LRl St S, SHSOTRIR T 0n musio,

RioeSi1edfand PldeTdChmaekbesisedof t he nonmagneti c Iayer 9 |s

g: e|f 2 egc'mé%(t% ﬂéggﬁ{:n él.?rr@géless g%% éﬁ&?}{lﬁ e 1H tl%/qq%onmagnetlc layer

D&’b BE Bﬂérﬁéﬂeﬂ'bleﬁve@ﬁﬂiﬁohﬁ)onérﬂﬁﬁ@n&lcﬂbﬁm &t e gét@gﬂhémﬁly magnetic

signal / noi se (S/ ratio dur[ggg t he course of

taypr bisrrefersed torberdyaolfp oz owue erubEZrmoPETr Jesp baserd 9o Altamount of the
ﬁér 'I{P?l{ e&%f‘eﬂt gf i gliGE &&leiﬁ%e %ps e%ﬁ?%ﬁfd%e ‘rf]raﬂlggl%nﬂlggnetlc layer 9

magnetic primary coat
dmledajtab ruppercbl&mt bfcthe enge mmgomﬂdqbem yhe( Mssa;vid belat a disadvantage

vin I n.an of , enbpd t hi,s
5 Rtetin8 e aroioy eDiRRain Bre oy el BBt st ag o residue,
hﬂpMﬁﬁQ the ErytailBiy adnid Othe CRIRhfatibik lomghé MRl aiad)dinkhigbly inducing
perpendi cul arly magnetic. 5 | ayer as illustrated in

Pregipitation\pithe p¥ide.apgtelatitrige og e e@rhgietah@vecq{vshem thginpepal grains,
f
?P@wﬂh@ %he ﬂ&ﬂa?%'aﬁats kQForfla &d1 e Gg&gfe%lnﬂffée¥ gEF&H?{He%oamagnetlc

ayer Nt er medi at e I's pre or me
tfyem9 matyethlaldlfﬁhdty puspesblysimpairingphe stystaliinity end ithe prgentation of
dvant age r.a Xl all .
BPRHE BRn hitmed Snne Rp i tosBf ofdF e selfenfit the oxide, meta
hitade bh ﬂleglﬂ Qb):fbldéolﬁsﬂlshbﬂ@a@feu?ﬂayeﬂ'a fally shdreof Rd, lo@dr limit of the
Nb, Ni 10 Ge, Si Ti.,, V, Zr and 3
f"é‘lget"rfé‘“Pﬁ‘ﬁdébﬁﬁ% ithe ﬂwna%»s aea dmevaeaage dh PENENtHE tlf“h addition of the

g?i‘dg,gﬂ«t?(%l' BirRe bAMEfal Barbidle PoRf RALiRGHALHE Bbtbctrddre range

The thickness of the nonmagnetic layer 9 is preferred to be 10 nm or less (more
preferably 5 nm or less) lest the enlarged magnetic grains in the perpendicularly magnetic

layer 4 should degrade the signal/noise (S/N) ratio during the course of reproduction or the
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70 at % The reason for specifying this range is that
the internediate |ayer 8 retains a nonnmagnetic

w@empeisy4 when the Co content is in this rangepPCiige004/004994

internedi ate layer 8 may be forned in a structure
having the netal grains of 15 the alloy nentioned
above dispersed in the oxide, netal nitride or netal
carbi de. More advantageously ti}p netal grains possess
a columar structure vertlcally pi ercing the
internedi ate layer 8. By assuming this structure, the
i eﬁl’cfigtﬁicgble h tH thapnBfieRiA BQhéJs%?t ak b 2 should
rrrlg{eggr cont a‘i%r%l ng anac:gc?xtl?dea da,n O?}le &2) arycoat shou
@d@@aegte@@;on\(g‘me ap@diﬁmﬂom (Owa:bﬂ eheassqimng egwerAl N,
and tal jnitrides., and,TaC

3 O\ opteRfode B BRndRh Y, ol ienfn, Al fudPitioRl1afis may be
ﬂhkdr@c}éed Getweesdithe? orléﬁlﬁidiit-co]iﬁaﬂ'ﬁg 152e3Rnd ﬂieq%rpendlcularly magnetic
CoCr Ru- §.3N4 an, Pt - TaC nmay. be cited.. The cont
Byeri has dkwsaréteanlet%lﬁ il twﬁaéheop ifgl off enhanging|dhe Frysta inlty and the

br'i@n%ﬁ%ﬁ@fﬁfe%ewg&uﬁrl imdeRitRfiffergd to be 4 mol % or
nmore and 12 % or ?ess based on the anpunt of the

al | oyThe mtermh@atsdnxeér& is prefetablyofpimed ofrematerial thet gessesses an hep
{{ﬁxcﬁ‘xlre CRES ﬁtcf:\izgntfageofuIsq ?(hus%tae('fc;@rdall% Sr afi‘élr 1 a§o¥/ gwﬁet % S%ﬂ denotes one

upper € range ne neT dne
exnee2lemdnts selecetl f@ntlihs gebuprioageing of Psfa &t iRRgRUNEU, Nb, Ni, Mn,

tal grai to.r oxi de, taI ride or
FecSi O 24, ¥, Ko, ié‘?t%? ﬁiﬁg rthwt?grl ‘ﬁ‘ﬁ‘*’cyﬁég
crystpld €4 'c&MerﬁrU# the iR tePnbiie AyePB i9prefdiRd B ] indh@kdie of 30 to
i nevi tably inducing g,rem pitation of the oxide, netal

T at YodeThe ressemfor saed thirotaage tid thiak thevintemediate dayer 8 retains a

n%a etic eﬁhé?&xlg% ttfx‘eecgné&ﬂlentgsr@tﬂﬁ r&r@gf orma col umar

Iy rercrn rmedi ate WO
2004/ D%ﬁ?eﬁn&ﬁikl&}%@%ﬁww%med% al stryetureBhavin gy theiridial grains of

ﬁdl llp}% EIL%]}/IP and ng zilxsgpéec{ HE% Itn{:js%l & g ?)lb llrrlrﬁrg%t%fpide More

édﬂzﬁnthg‘éoﬁﬁlmw&&al ayfhs Posskds 4 fB%hﬁﬂﬁfr Gdﬁtucﬁfe thlecﬂlS‘ gﬁrcmg the
met al nitride or metal carbide in the internedi ate

msey@pdlsteflwer §. Bygesunpng thiestrusiise. the mitgrmediateHayer §rigienabled to use
%}I:" allo g%‘ﬁ&ﬁ%@ﬁ@mx g}ﬁ o§mr S AWd Tgés,‘%m %O, ng03 and Ti0; are

vantage 1 n preventi ng ddi T on” 6
webldeaas axides) ANVt SiiNle TaN arsit GfN aamtntaimnfnrdesmandmafeﬂd mngi SiC as

PAGLEVBIF, (P GPBFEAXPaPI LBy CPEESdmbRGAPt 13205 CoCrRu-

$I0sf CSIRLYSi I, HNCYCPEBS) mag st cle enl arged magnetic
grains in the perpendicularly magnetic |ayer 4 should

degr abte qomtens pigthgioxidlsi wetal wjinde oranetal ahide i thadntermiedipte layer 8
réfgn%cptg%u drqgl %rortxme a}%cp% P ‘?dorqlss%tlﬁg&ﬁorpﬂe \ﬁﬁl%gnttcj? %he alloy.

netlc hea the soft magnetic prinary coat
¥ Hb@llcdnteﬂ.tOOf tidueede) agetaldait denon metah earbédeo md thegintermediate layer 8

BRSSP PR A B savanse
nGQfEGhd e MR @FAi @ to retain the oxide, metal nitride or metal carbide as a residue,
impairing the crystallinity and the orientation of the metal grains, inevitably inducing
precipitation of the oxide, metal nitride or metal carbide above and below the metal grains,

allowing the metal grains to form a columnar structure vertically piercing the intermediate
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t he aforenentioned construction (the node of Fig. 1)
W Il be described below. To produce the magnetic

wo emandisng nmedi um of the construction menti onepCEDEROGL004994

a soft magnetic primary coat 2, an
orientation-controlling layer 3 and a perpendicularly
15 magnetic layer 4 are sequentially forned
respectively by the sputtering ggchnique, vacuum
evaporation technique or ion-plating technique on a
nonmagneti ¢ substrate 1. Subsequently, a protective

[ f
l g%rﬁé;] oxﬁa »@t}{ gln ga%ﬁtpgéﬁﬁ}rérggylg?é‘ gtbegét:r?it?i;ﬁﬂw Bhd the orientation of
theciragnqmrelayél’rlfenﬁeﬂ om thieonteahedisre lgyer Bedfitheudoatent of the oxide, metal

RS B BT BB B 00 R A0 e e

inBetidned ABeve, BetshottPeawlEwd at 4 dicalvaiage ANstesdtiag (ﬂhbeznidllt)bn of the
form ng a magnetic |ayer 4b containing po oxid The

pEfe l@mﬂs«? pymﬁtab%blrl%ﬁplﬂy@nlf&swr@%afé%aﬁfhegﬁ or med

may  benSHHKRES S the iRBmAARGAlLa08 id En%?etrfg@% b 20k less (more
obj ect of enhancing the crystallinity of the magnetic
predrabdy lﬂ\smtdiéesnbhsﬁagmetlarge@ ml@smqtla@allls lnethmra¢ndlcularly magnetic

%gbszf nat ngdgfl}fgesqgn&ﬁén%{g%‘g@} 1z th anl}'lg e le Colurse OF %?re%yocﬁlctlon or the

ﬁlulfb‘éiefdailﬂarfc@ IbeReben theamaatiehedd! dnd therifiehagiletic Sptlﬁiar)afbat 2 should
glass, ceramc, silicon, sili 08n car.bj drgsqcir car bon,

w&yced?g{féém Hfdheregordngrrepesy (ON had Xing ROWET- | n

vari oNgwKbiSxahipid ufith@qnaﬂm %%@a&l@sasn@ ki B&ding medium of
ceramcs, for exanple. As the anorphous

ass,
gwem&raherpwngbg@sg@@@nl(thn@@baﬁElgah)jmlhb serthed beloat e

01 assTEbPgHRARe Spgtis HirdrB3BaOT BERF Srnbh bR ie sbove o

sofb magadiicepririaryt dvat Qg ra& rﬁrlbnﬂubﬁ;-bblatcél_,in s layee B sariday @erpendicularly

gener al - pur pose aIu m nitride and
SEETEGRT £ S aH LY P EE e B ARe spittering fechfide, vacuum
E&a@@faﬂ&? | RlRiigRd & ng—‘fola‘i’mgf téeeHRiQué | Bk €4S nofdh ﬁé‘bkﬁbstrate 1.
t he nonmagnetic substrate 1, the products obtai ned

Sbeﬁmemlhgt protgctivey lgyesrS @rfOﬂ@dtméfe@bb‘f bycths pisma VD technique, ion
metal lic substrate nentioned
g%?)@ee%nqq‘fehu&%&%gﬁgﬁ%ﬂ?gg ni que or the sputtering
t echnTlegpu &;rﬂhﬁomsﬁlﬂleeperﬁhﬁilammlyagagtdtic Isyeo st may behimgplanented by
ver age surface .roughness, 20 or
B i Pl 5ait B SHABRAE 1 e tef SHOPAIE Y fofged yer o a hear
hedhestentd Sybse@eeatig oeminkt ) ntighiticd ldy@W4bf b&aalﬂﬁl Orfb okide. The
the head. 10 Further, the mcro-swell (Wa) of t
perpensicalarly maghefiglayier Beconseapenslycionmed, rrwias stbphaemsd to an annealing
he

L ﬁ.)erg \% EHI 1t%§ 'o§ ggto rfgl}{friza[éx%%g%%ef &Z{Tﬁlilﬁ&* 8fthk thahdtlc find.

As the nonmagnetic substrate 1, a metal substrate is formed of a metallic material,

such as aluminum or an aluminum alloy. A nonmetallic substrate formed of a nonmetallic

material, such as glass, ceramic, silicon, silicon carbide or carbon, may be used instead.
The glass substrate is known in various kinds including amorphous glass and glass

ceramics, for example. As the amorphous glass, general-purpose soda lime glass and

aluminosilicate glass are usable. As the glass ceramics, lithium-based glass ceramics are
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floatation of the head. At |east one of the chanfered
part and the | ateral surface part of the end face has

wa@amoawaisage surface roughness, Ra, of 10 nm orPCEIR004/004994

(preferably 9.5 nmor less). The adherence to this
restriction is favorable for the sake of flight
stability of the nmagnetic 15 head. The m cro-swell
(Wa) can be determ ned, for exappl e, as an average
surface roughness accurately within 80 mby using a
surface roughness-testing device (made by KLM Tencor

@%E AsLih§ctﬁ‘amﬂ:néiilb§5t§9c'1téj sHRé}?ha\Fergén&ﬁPﬁ%bse%ﬂﬁmﬁfn oxide, aluminum

"P-12"). The nonrragnet| C substrate when necessar
higridgeandstlican dltnﬁ%as/m@ln@dmpﬂmﬁﬁa@déihet:rmfb@pd aradugts pgsuch sinters
%J%?%?d i nside the chanber of a filmformng device.

G ‘he nonmagnetic substrate 1, the soft magnetic
pri maAy theomdnniagnétivesubstrare i athie pmeducsndbtohdd byg fdrmyrer a Nimlel layer on

the Ffe#er%r}hcul ar{ﬁ% ‘g}g et| g@%&wfﬁ %gr{}glrnegogéa the by the

§l@tiﬁg ﬁﬁhrﬂ@let(ﬁrtlﬁkﬁsipﬁttérﬂfglf@&nﬂfuew wablel s identi cal in
conposition with the materials of the rel evant

The f bhg RRpmagnetisiybsiragiaas ap averagopridge fayghaesy Ra, 5o (20 &) or
t r

BRY" Tt D2 SRS Plhrlcon SR FREINE g &L oldingRith only a low

ﬂvaauimtqﬁfdhetlhdaﬂ. t he degree of vacuumreaches a IeveI in

the r 10"4 t V' cRa. The ¢ er adm ts.t

nonmeiaerdhs migeFxed (AR of if sl SCLRE oy T GRgHy 025 nm

Bloléssgxarm@ lifa fadBraBlesBittiéteoni iR gmgrag,smamghafehﬁ@t @csrimgtwithConly a low

dis e to induce formation

thf@r ﬁ'@e hepde A daetone i thg @&mfﬁeé ai"é alada@é Iateraksurfagg part of the
ﬁy@ﬁas a0 2488 J ﬁl’?ﬁ@e R)fuél)nels tl& gf M pre/spgﬁ) <fbly 9.5 nm or less).

CT/ JP2004/ 004 -27 justin dur at'i on
Ghe adherenke tt thlscreslrleminas @fombbla ftbh Ghermlgenoﬁ flight mblhthepf the magnetic

r—.Su i S 0SS to obtain th
PRt e ARBisftn el Ryl RRGUBAR e, for SulilC al 4 fremee suruce
tdmghﬁdai hedie@ele twithiPBO AT by GsiAg a%uﬂf@cefreﬁglﬁdssl-t@stﬁlg device (made by
thickness in th range .of 50 to OOgdm ya ustlng

KikM-dgnoor CoFP-df- gtAh @nd P%létupfi%r thg ReAYgt §

magni T &onmaetic NSutRANET 1, |vﬂ1ehh§ed‘e§¥af§at iSOQ/aEHedt BRd the washed
soft magnetic primary coat’ 2, the use Of a sputtering

nerypnetigwdstrasd 1 & digfosehmgidethechamberof alfilinfofmamg datite

in f I t e i of t ef | . .

or i mi@% tlé: Ik rrﬂ%sét 1C sufct:)rgté etl E@a 58{1 éllisalgg?tﬁi &Iém%rg]?ctggt ﬁ tfie orientation-
cagrodingClayataadi thé perﬁeﬁlemmmagﬂéticdy&r (dsare ffoaﬁed:b}Cthe DC or RF
and FeCo FeNi - based all o ésuch as .FeN

PaRReEON SRt eHalnague uSEAPIE gy lazg s, frmed (of H“aé%“ $ identical in
E&@osnﬁﬂ%@h , thE Rt of Eﬁé\'rg!bJHanaﬁfkd el fllowin condmons are

based all oys (such as FeCr, FeCrTi and FeCr

wmioptedifas b savttesys reavired furdomama the rElevent filmel Eber@m)nber to be used
{o@ %ﬁﬁ?&%%dn‘ﬂ %ve‘cﬁyt%g' tlfﬁhcf (%ggeg)df vE&lZur #%%&{%‘3 a%ve?}ﬁ the range of

10* to 107 Pa. The chamber admits the nonmagnetic substrate and then introduces an Ar

gas, for example, as a sputtering gas and effects electric discharge to induce formation of a

film by sputtering. The power supplied in this case is set at a level in the range of 0.1 to 2
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FeZrN), FeC-based all oys, FeN based alloys, FeSi-based
al |l oys, FeP-based alloys, FeNb- based all oys,

wao-eddii/olmsed al | oys, FeB-based al |l oys, and FeAl B T/FeMy@®o4994

FeTaN and FeZrN 15 which contain 60 at % or nore of Fe
may be cited. Further, CoZr-, CoZrNb-, CoZrTa-,

CoZr Cr- and CoZr Mo- based al |l oys which contain 80 at %
or nore of Co, contains at |eash. one el enent sel ected
fromanong Zr, No, Ta, C and Mo and possessing an
anor phous structure may be cited as concrete exanpl es

8. Y 4dj sy.bgrtwdm@érﬁsf e MY Sischhhe d&g{tﬁgbagﬁmde%%e power

above 1S an alloy target or a sintere _ ar get
sppeltdcie & thade pResiblh¢o ohiainrie ﬁlecimmncpxeectd&th@knetshe sof t
g??gﬁ{ Ir%{re]rr%r;ﬁg {l%t t% antZ a@ﬁg’ncgﬁr?rﬂ%r‘;f%éw i& fltmﬁr?ead in a thickness in the

rmkgeaifrsesa 4001 g aﬂﬁl@@ﬁg mé dGraﬁoﬁ of the elkbtricdichagabhd/thd magnitude
to 20 nm by adjusting the duration of the electric
ofthedifivee and the magnitude of the power supplied. As

CONCIEHR BXANRINST thé sctfhﬁlagﬁ?etti%rﬂrﬂa& QéatchﬁleSBE“bf & shitbring target
target to be used in the mat i on of 25 t

mpdeetft RSPl rmagnatie maltqmg iy égwerabiﬁ er@cua@tmg ﬁtlelfgysauon of the soft
PR ?ﬁmgxlar c%\éls et? %§§rg%1§l PR so agglgtlcc h??e%al geCo -based

er en P e ayer
aIFlbYScsucl’t dxFe@ol aﬁhd Reﬁhl\/a,l FeNidasmigiiiels (sublayﬁFeNhaFeNlMo FeNiCr and

Rl o erd ol oo AL, EEMRE e Sic PRSPl rento)

FeldbhfRMiaNgyd gﬁéheis FCDReMi@i 200 #60RNG 'FeTa-based alloys (such as FeTa,
PCT/JP2004/ 004994 -28 used herein,

Hegat sod) Bria]NYoF ¢Mp bpseronlioye (ssh ag, BMgO)diedir-based alloys (such as

FPPRE Tl AR, N anfls Koy RO ool Moyl Fenve

baxddddloys; FeHbbased aﬂoysoﬁﬁ-&bhsed gllofs, ShcfEf}AlO, FeMgO, FeTaN and FeZrN

QoCr 1.6 SI 0 0 f tal
U GEE G 2L 3 ST GF B e s, e oF S G CaZafbofoZiTar
CYZ1rEt- 260 @oﬁﬂ(’[oﬂﬁgedtzm%yb&lhﬁﬂ%nﬁfn §00at3, dn thode HDC 0, %0ffains at least

an oxi de conposition consisti ng of Si

cpestrarent Felentes) @am(m%@s%vé Nty Ja, frpland Mo }é@d pegsggsing an amorphous

%
SEREBR P ERIPLIR A s U BioiClaAgRicied oy oo
of Cdhamatg& mentiofedodbome 1soani aley copgias iatsimered elboystagdet prpduced by
%%%}mand (CoCrPt)-(Ta305), (CoCrPtM)-(Ti O,
02) (CoCr Pt B)-(A1203),
( COQPREeTﬂNCEbﬁ(Iﬁ%:w pE@aIyRIOBECR had Beédmadddthe orlentatlon-controllmg

<&

(CoCrPtRe)-(Si02 10 may be cited. The content of th
leyer dre fqraedh i p shickeess an 5*@ nngg Pt x> 4fore (arederatdy oto 3)@ nm) by

afl usin?gsﬁle cfﬁ?ﬁi%q oPhd Q@ctf'letd?slchﬁgpm th%fm 1tu@ ofhd otwer supplied.

re pre erab y this content Yo Or
As concrete examples of the material for the sputtenng target to be used in the formation of

the orientation-controlling layer 3, Ru-based alloys, Ni-based alloys and Co-based alloys
may be cited.

Next, the perpendicularly magnetic layer 4 is formed.

First, the oxide-containing magnetic layer 4a is formed similarly by the sputtering

technique using a sputtering target. As concrete examples of the sputtering target to be
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nore and 10 nol % or |ess. The reason for specifying
the af orenenti oned range for the content of the oxide

w0 m0042808the magnetic |ayer 4a is that the partPCTIRE004/004994

content permts the oxide to be precipitated around
the magnetic grains and the isolation and fine

di vision of the nagnetic grains to be attained during
the formation of the relevant Lgger. If the content of
t he oxi de exceeds the wupper limt of the range

menti oned above, the excess wll be at a disadvantage

ugedsuéfefne 1 (0004 C11 BRI {S10,)1 © {SV 6] Y8 ofl& ndetdlphiPesitibm c&rlﬁﬁrlsmg 14
netic grains, inmpairing the orientation and the 2

etr of Qrwiometﬁy 13t Yo Fraghtentiand ghebatance of @@@mﬁdotmré % of an oxide
a gnRet

S5aAIGS LR}, O SIS cHipaeNso Ao elon AROSEtUca mel

pcrremsrttmrcgmphemgdg aetd of Crgoatents laat Yora it i:cmtmtmgd ahe balance of Co

co r,, Ster uct ure vertical |

PR s it O ekl o BnEt 1By (R PEHAPND g crons
{ SemoK Vst af rﬂéﬂchcﬁrﬁ}ibEitlo@fcoﬁlbﬁsng%t’ % ¢ﬂEﬁ coﬂfenf he af 8Pt content,
nment i oned above ﬁ?g Portage wi ||

fidk 2aveintagentent grd e balarger cl’fecﬁ'e@ﬁeq ,n&ol gﬁia?fngn oxide (qomposition
slsisah@co f%@ﬁpﬂﬁ@t (R PETS, DR cbowrﬁm {TiQ), (CoCIPtW)-(TiOy),

consequently exalting the noise during t cou
(eaPB)r(dlAhY (CofrRsdaNdn@zPe r(@oCd’nBﬁn)al(mhbmd (GG iReRe)-(S102)
?‘ggﬂh%%d on of the signal/noise (S/N) ratio suitable

0 gh-density recording. The magnetic layer 4a is
pr ef eThecbritent bAthe oxidgrie prefergidatore MdobYesgransrednd N2 tn % or less

ayer as illustrat in F . Further, the magnet|
b@%& 8 thetotal @moppt %fre(S‘é ﬁt%df%d-r ﬁ{lafecpa?fja]wﬁb{r thjgppontent 1s 5 mol % or
2004A90844A P6T dP2004/ 004994 -29 structure (the

structure of FIG 2) vertically piercing the magnetic
| ayer Theareasomefor spegying the afprementioned rangeforthe content of the oxide in

ﬂ)?crgaf%h{l@tlasr% EQ ?s th% Itl?%aﬂﬁcu‘iﬁ‘”%n‘ien? %gxérgl?ss%lge%c}e.rﬁ l%lesgrempltated

et e escri ove
srpumd ﬁuelrmgnémd gnafns lamhtheomlatmmmdrﬂredimubn bf theshapgetic grains to be

%&%@ nad%&eo{?{'a?t}ﬂ dg& re eé(ggtﬂaw nggtggép?te%mgahe oxide exceeds the

GSpek A STAh&FANGX dBtioneRaBHRY tHaGxE&S will 88RES dfsfdvahBiBe in suffering
filmformation in a state evacuated till the degr ee of

thgouride to sBEvEYeeas arepidyein tha magaetiqgrgins ofmppgingt the 90ertation and the

t@rﬂ%algﬂ%g Wed B gt ; eéﬁ i#&5n 1ntg2tﬁ %g < r}}l&[lbrp gf fug %glcc)ire %tl aabove and

er an |ﬁg SO as
bélbmdm;gnstﬁmgrhms (ZY] gs illisteatep VG 3 mcb@nsa:qnpﬂlﬂ)eldewmtmg [1; magnetlc
case at a vel in the ra kWto
SRS A2 T foriinda, et et Ll HierOigh 5 eghelip fver 4a (the

aflictiié oNBIG. Y. deihatcdontodf théexigk @Mlsshert Gif SERWIL1MRDS the range
the magni tude of the power to be supplied. In this

wsRioned ghoye; @‘@ssbPléangWlier@ a g disedyaniage §a praventiiecthe megeetic grains
Fr@mbaﬁtls?fag BryNepiiRfién Q{Hjﬁlgeodmsmn, consequently exalting the noise during the

course of recording and reproducing operation and disabling the acquisition of the
signal/noise (S/N) ratio suitable for high-density recording.
The magnetic layer 4a is preferred to have magnetic grains 42 dispersed in the layer

as illustrated in FIG. 2. Further, the magnetic grains 42 are preferred to form a columnar
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Pa or less. Preferably, the power of electric
di scharge is set at the | owest possible |evel and the

waolewoansm of filmformation is el ongated to thecT/mloesio4994

extent allowed in ternms of process. 15 The reason for

adopting these conditions is that they enable the

magnetic grains to be dispersed in the oxide and

all ow the magnetic grains to fogmeasily the col umar

structure vertically piercing the magnetic |ayer 4a.

Argon is used as the sputtering gas in the formation

plictRERd R ueOsE BIG) QFGemE@Qriﬁérbﬁlgm@é/ RhgrftAc layer 4a. The formation

Optionally, this sputtering may i ncorporate

affthisestructvirg m@@@mtagvasth@rfollwewg@nogeabemdﬁs thetuse oflgech a target
trogen or oxygen, or both, may be

a%gnalagﬁeﬁ%"ae %/bogg ing a mxed gas that conprises

ar gorTr}amﬂu&ér&lgaﬁllm farmetiga semrmad dny tyeysangi edryget made of a matenal

i nfroduci ng the conmponent i_'P:‘qase g{ﬁhe mlxm% as.i.nto d
e ADB AT GORPRIoHG OB IR TR oo oxide,
$bpaink HROGAMBEr X HESTm BfmdtRinhn alstutdevaastdariill the degree of vacuum
preferred to be 20 vol ,% 25 or |ess (preferabl y %

reasthes/a dgvel sthyp rw@éxf 18 te A8 P rodantenduging g At ges g ghe sputtering

nt

A0 L e SROER i U8 R0 966h EYREUS okl oo
phivea ey bendupgBed in thmcmms ey at nkevel inshatahgaoff §/1 &Mdtot hkW. The film

ent at f the tic an nd. a resul,t,
?j"r | ﬁxg?%;eldgtggﬁged;ﬁ rlﬁg"t{tﬂg léyg%q_laﬁl : ?‘Hﬁfé?"t %E the/\ﬂect%g discharge and
RORALOAIIR 6f tHiRGHWEPRARALPHEDI4 - 30 As regards the

conditions to be adopted when the material of

( Col duithigraspgbe presiuppyitthe smiteripg ga 15 preferradita be 3 Pa or more and 20
° ! 1€level

R e L

the dmtideof:ﬁinpfmmﬁimrﬁs elongited torthe 6ifllestSixGA} allwvadsa derfng of process.

et ol POgRiegtheseccosdloal & ot ey Blabls e Bhenpi, sains to be
dfReed ﬁx@ﬂieQ)xlilfé dnd allb& théngenedic ghaihOtoBfolia eadilytthé BSlumnar structure

ampunt of . oxygen to be added to be in the range of 1
%I%IIV@FCY%ng%QeQ%quéﬁnat| on of the magnetic |ayer
@\1%819 ak 'r.“é@d ve! ﬁl@%ﬁu&%@séa{saﬁle ¢Hal ﬁﬁl)nan(ma)bf l%ﬁe oxide-containing
appll to the nonmagheti c substrate 1. By th
xaggjietxc Hyeosa. 0Optidmalipahmtsputtenng| das gay 1nq:c1rpqrgtertlmjem nitrogen gas or
(}%)( Si bI e 5o ggrom)te separation of the nmagnetic grains
i nduce fine 10 division and isolation

of t hﬂlermgrﬂﬁh lo€ n@rogemsr dx@gén, 9f Beth ahayebd mbmpnﬂxea &y hihg a mixed
the acquisition a read/wite prop ertq){ &
g5 thah BPTEPHSSE 21808 ﬁnéjﬁwgﬂ#'yvr 826¢ Of WsePpatel s Ingpdijcing thg component

galéd ﬂ%w@g&r D bRsnle? afPRbIRLhER ih AR hameer. of
-100 Vto -600 V. If the bias exceeds the upper limt
of t Heherammyat ofomtrpganeat oxigane or bath, tebe@ddedys Ipreféreed:p bg 20 vol %

or less (preferably 10 vol % or less) based on the volume of argon. If the amount of
nitrogen or oxygen to be added exceeds the limit mentioned above, the excess will be at a
disadvantage in impairing the crystallinity and the orientation of the magnetic grains and,

as a result, possibly degrading the read/write property.
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di sadvantage in possibly inpairing the crystallinity
and the orientation of the magnetic 15 grains. If the

wheag/odmid s short of the lower limt of the raPQBRIP2004/004994

menti oned above, the shortage is at a disadvantage in
preventing the use of the bias from mani festing the
effect ainmed at. Next, the nagnetic |ayer 4b
containing no oxide is formed sggilarly by the
sputtering technique using a sputtering target. As
concrete exanples of the material suitable for the

magnenk Ged 2y, Ehe"’%mﬁft?&ﬁ? ¢ ggad¥>ﬂt§d tv@leg &h@tma{érpafl o@(Col 4Cr18Pt)90-
content a ance 0 th system
0418320 ImodT/ao{ d metah cBDpositiGr @fmrmsmgdmaeﬁé of Cr bmtdntat 8 at % of

B S GBS o 1581 5 o g e Bonsisin o

Sy eiltused férothe Mhgiioflayba a0 ﬂieepdwerloft Spusteritig %eeifnchlscharge is
content and the bal ance of as the@CgCrTaB sy
ersfarescierhe Q4 W, Akg pressire 4o 95 Thherpane & i B and e gmount of

gxyg%htc/%ggdcﬁd@&mﬁ%era%ﬁé@fﬂto@vo%’@f Nd content and
bal ance of Co) as the CoCrBNd 25 system Co

16 24Dutiog ﬂ&FﬁormatBB qf1the magneticalpyey,4ef a @egatyatveHage (abstrate bias)
mr?a 36{83 ﬁlg;t) ed° totcheF:ltonC %%3 v Shb%ﬁte %OI%F & sBa;%)?c%t%n o?nl]ieerpegatlve voltage,

nce O
{ad ﬁtaaélﬁlislﬂﬂe?ﬁl:ﬁrbmoﬁ@ﬂpa{rdtﬁ)ntdf tEedmagnetic gfaxx@ andahé exitle, 1nduce fine

éOto 20 at. % of gt cont 1to at % of
fésion #d igalption of the “&Petﬁsgfﬁlﬁ%‘% E?ﬁetﬁ’“%‘s%"&ﬂe”@é the acq“‘s‘“on
4Pa faiwile g@ﬂty mﬂ@uétalﬂ%r(hjél A siPredbrdiftg. Of Cr

content, Pt content, 1 to 4 at % of
Ta cohtlemefermdttbatztheaqubwm bigl isAppReshi/ the g@a of -100 V to -600 V. If

B US04 3 SEORT S B P v

dBadstanBMpefin @ss@lﬂﬂhmpﬁmn@ the) ciyStaHinityoantl tRe otiemteod of ihe magnetlc

19,8 3% of fgﬁﬂ sonte Bf\l&e oggt;rgg%mgf Co%,fl@bve 1S shortage

m%ﬁs@'&mgQMp% Iﬁ% U¥BYf 18 bidsifRfh manifeiting el ePdbt¥med at.

condi tions, for exanp e, are adopted for the formation

of t hi¥extrbnanagaetiayasier 4t . Comieining e exidegist farmed similarly by the
e g pde of

AR B SE BUr, UL 8, LOLAGL SRR i

bwitable for thasnagaktic lapat 4bpQod Ei-28 Grg{ 16a0 8% atdk, of Gyrceptant amg the balance

b Eof A% B Gag Ve Gl REABelBlnrla b Eeomen dytn 4 ot % of

T8 cbhent'aaddRe Bflant@ oft CoP ad the' CAXTa kytdid), om&llmc&n-smmgasm to 26
as the sputterltn% gas into the chanber and operati
8

ﬁh"é offerrrvetents d 8o dtde PETmeantent inteyd as ek cppignt apeghe balance of
i 8) E] VWEE thd Cobfr aﬁ%pﬂehe@o'lﬁl 3bgf1351§:15‘-§ﬁd'{§4 %@@0 % ‘Vﬁof €Y 8ontent, 1 to 5

e range of
et ecof Bccontent kln@sé at Bs/o of)Ndl mdmbyn@d]edzaﬂamg 0&' (e} as the CoCrBNd

gylr'lsrtearrtl,i Cooq 6%4(3“53-1 fﬂt'ﬁ%hrh% tc()-j 5& gt orongr %Qr%ergt,hFO to 18 at % of Pt content, 1
to 6 at % of B content and the balance of Co} as the CoCrPtB system, Co16-24Cr10-20Pt1-
7Cu {16 to 24 at % of Cr content, 10 to 20 at % of Pt content, 1 to 7 at % of Cu content and
the balance of Co} as the CoCrPtCu system, Col6-26Cr10-20Pt1-4Tal-4Nd {16 to 26 at %
of Cr content, 10 to 20 at % of Pt content, 1 to 4 at % of Ta content, 1 to 4 at % of Nd
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magni t ude of the power to be supplied. 15 In this
case, the pressure of the sputtering gas is preferred
WO 000098 Pa or |ess. In the formati on of the PEDMED4C004994
| ayer 4b containing no oxide, argon is used as the
sputtering gas. Optionally, this sputtering gas my
i ncorporate therein nitrogen gas or oxygen gas, oOr
both. The addition of nitrogenszgr oxygen, or both, may
be acconplished by using a m xed 20 gas that
conprises argon and the additive gas or by separately

chRfehiOfH GhdBhIRE of OBP AN ARICOIRERANIRY stbR E018-26Ck808Pt1-6Nb (16 to
into the chanber and m xing themin the chanber. The

26rab Ynef @fcontent, 8gen 8 ot YanbiPg epntert, bist hat%e of baapaitent ang the balance
d l..%
BRI Gheri®n g i Chorkseg CRAMRR iy coctroun,

and CoCiRtRgany bercitekygen to be added exceeds the limt

ment i oned. above, the exgess will be at a. 2 .

0 5 ad PR URE e Coriion: T CRERLS BE ACPPRA (T dhes fomation of the
ndgh6id laydras. of the magnetic grains and, as a result,

possi bly degrading the read/wite property. The .
f or mdihp SRutETIng HimpfpgAstancis|carried ou biyglsinged (arget dppdg obyp material

olicati o . : i _
hggl?l :(go d&s'oéa &a?{}cé\}i@o&ﬁ% {)}%%Eglg%t 8%8{892 Bs Q&1 'ﬁﬁ@tcohﬁmmg no oxide,
pRPEHA P RRAGhARDDLIBUthe fibA faimmatigh it hstatessvpewastdurlbthefdegree of vacuum

heat application does.mnot d.to pe partjcul arl :
rPEbEs £ e the e Of 19 oft W TR, 1hSheicing 3 Arcar 3% the sputtering gas
N1 thd\cHafbeN @RI opR R Bk chamBeidtasGb fdirgea filke by ShaRen®f The power
t he nonmagnetic |ayer 1. Wien anorphous gl ass

ta.de perpdied frothisesagtsiset atiarevel i thsarnge afQ. § EWpoek 'é\%r ehetfgm of an
egs%c%&otgg:%esg g §btf1i?e?lsﬁy %gj&gﬂiﬁhgth% Q@lrdmﬂ rb?tthéé ele@¥i€ dictRark® and the

eated state, possi bl e to induce
nsapgitedeadfitimpofer @ bé supphed. magnet i ¢ | ayer 4b, pronote

fine_division and isolation_ of the. magnetij ,ns .to

a f uth H SRS DERIESIHEF S R EIG GFS S TENERS e 0P o te

r ead /et fornMtidpeTtle madiefic Gayehsb aslgihingmowlxideNrgbe @ @@d as the

state is so _favorable, it may be executed as, occasi on
speitRRNg s2as-1 (ORonalkYy Ah i sSPRHEFNEL SRS MAY ARCOMROTHE theeint ipogen gas or
s dbrmeterial of Col6Cr12Pt4B {16 at %of C

content, 12 at % of Pt content, 4 at % of B content _

and (The atiditiomofnitsbgeBojr oxggenuerdibth, anayt iecrcoemplished by wsjieg a mixed

4b he heating t er re i eferr tg fall i
spn trat SSPER nikPu “PARELAIN sRoP BT 550Rl irishing iy component
gafudtoff éis mikedlgacinkd the chaige ahdmiveing thielin alie dhambeiand t he

lp; eZS : gl_ntogntbo nitrnogteg gr g)?y%gr? oro lgoth2 tg lg)e ak_zidel:)gl is parlenfgrrgc? togoaeSZO vol % or
less (preferably 10 vol % or less) based on the volume of argon. If the amount of nitrogen
or oxygen to be added exceeds the limit mentioned above, the excess will be at a
disadvantage in impairing the crystallinity and the orientation of the magnetic grains and,
as a result, possibly degrading the read/write property.

The formation of the magnetic layer 4b may be preceded by application of heat.

This application of heat is carried out in vacuum.
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15 During the formation of the nmagnetic |ayer 4b, a
negati ve voltage (substrate bias) may be applied to

w0 be4nasmagnet i ¢ substrate 1. By this appli catPOnIEno4/004994

the negative voltage, it is made possible to induce
fine division and isolation of the magnetic grains and
permt the acquisition of a read/wite property nore
suitable for high-density reconding. It is preferred
that the substrate bias is applied in the range of
-100 Vto -600 V. If 20 the bias exceeds the upper

l'i m tTHhgh iR ferpeRNITE BF it Reht abpmnoﬁ hl@e:ﬁii@teﬁé‘ed%me Peticularly
at a disadvantage in possibly n%alrln
3%

restsietedl it isnprefprrad do fa%lemoqr raage i w&\ dhe hpt aﬂ?abwedqeé not change the
I 1

i O ey il Hd il gl

tdmpadeﬁSaﬁermi tpibe 36RIG WdeSLShe use of the bias from

mani f e effect t . )

per p ?%r‘t‘h’y § PREGRL 1a¥er| ﬂ’;‘é’r e%ad?s%seﬁ ¥ B’Pﬁ%am%bne to induce
s@@&gﬁﬁinl MEC} ay elie Magnetiddlyeasaty, Ipeorpstetfliet divisidnayelr isblation of the
having carbon as a mai n conponent, (s forne thrap

gRetis GRS AgfUrtherh i iEN] éAndr conprAvERLlys Rehanci thee Fd “%ﬁ% property.

Ghed e 0ptid 8F b hddfed! A8 s 56 FVYrABIE S mif BOOHHRAG L Dccasion
1 JP2004/ 004994 -33 Further, the protective |ayer,
dehendnecessary, may be coated with a fluorine-based

| ubrigatin ent i, r opal r

L el TRl BHET B2 R WA Yo MethBpus 1
dt 6 of e contsar, 1D an%d oflti dbﬁtehﬂg dtdyef B6conﬁme andhgreeialance of Co} is

re di ng nedlun1prod ced by this invention
POVPEEEF GFPEStE 4y Abg itk Ratiny Snarare. o heHed ol in the

@Br&ﬁﬁlstetrﬁigle%@q 9@4@ fOOiiow Othb %M@rér &Jpq&emw&ﬂlé emget #3%e 1 kW
orientation of a ayer orme di rectl 3: th ereon

qrdesp endithewiressiry torbryidhe mnpagich t045 Peagndpo gas 1s ed;l@dl y

magnegt |l z1 n rente pe

r el ateIit)l{/rén He ? esaﬂg% r?g Hln e‘% %n%{l S?El‘% taeﬁ]e%aﬁ\% %glta)ée (substrate bias)
1pEyobegiplicé td my ﬁbnrﬁagallaﬂc sibatrate tl enByzthrsJ applidatien of the negative voltage,

E%rdj c:;e r?ég%%b@é}) gnJm ? ?1?1% Iggylm% 0113?1 ] %:lf;tb\ﬁ gqaitg\é\gtrcg%r;ggg and permit
HREbishichb aFURT AR HREPE)Gnd0siibR FOPAIBh ABREYHELH i

containing Pt as well and containing an oxide and at
| eastlt irnsefheed it thesubsiigisduasds peilieddn Hisi aegenf]-29@V tapc00 V. If

tﬂ@‘f)?aggexggedgst{l@fl r]m%?'&?‘ﬁ{bemage ﬁ{éﬂu&&’é&t ?dﬁ)% Nle Gc@S will be at a

con ng no oxi de.
dicvdbargageaini msibly( insainivegcithe qnymaihiult;e amcb ther mmmelom ofethe magnetic

di .vi Sj eti ol ati a t he magnet i

it s e RS TR R b e s TinSl o Dhe it R i cCibgue e shortage
Woli1d B8 at haliGdvintfeah préRh@Ete! 88 of HeSBlaLframt mhdistidy the effect
nucl eation (-Hn) and consequently hei ghten the

%m@%@?ty of thermal fluctuation, and obtain a nedi um

POS SRR K %}p%ﬁ&ﬁﬂf}%%efig Fa%di R el Q&He)fl, ghg&otective layer S,

such as the protective layer 5 having carbon as a main component, is formed through the

sputtering technique or the plasma CVD technique or the combination of these techniques.
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FIG 12 is a schematic diagramillustrating one
exanpl e of the magnetic recording and reproducing

wa@ppansisas cont enpl ated by this invention; Fi gpCT/2€28)4/004994

depicting the whole construction and Fig. 12(b) the

magneti c head. The magnetic recordi ng and reproduci ng

20 apparatus illustrated here is furnished with a

magneti c recordi ng medi um 10 pggsessing the

construction shown in FIG 1, a nediumdriving part 11

for rotationally driving the nmagnetic recording

medi g, R JreeaRk 15yeh, e@ﬁ’enlr?ecfeﬁﬁry,r ﬁﬁ? 'b@'cBﬂediWiith a fluorine-based

reproduci ng 1 nformation in ic record |ng

Inetiating agent, auﬁe@sdp@ﬂmqrpw@yqﬂmrx b}it;'lefct»pplmnwhrngm the spin coating
ne I magnetic recordi ng

t% 1({1}% gﬁygﬁ‘@%er@% %Irbtﬁll\é%lr¥ ola%é;l%S r epr oduci ng

si gnaThepma)msslrag)rémgtmmldxﬂ prﬁhmedelgoﬂﬂi; mngnch is provided on a

r epr oduci n - oceSS|n stem ted t
P BeBRC Rk Dbl B SR b P eling By | R conroling the
Jri%ﬁeaﬁaﬁ Btk Ry&T8imdddifedy IHRERALd p‘eds@ﬂd:uiazly rﬁgﬂ@ﬁﬁﬁyérhﬁmavmg an
Edodu0|ng signal fromthe magnetic head 12, and

mageeyFinge £X1S cerianiadamabily emerdiskiagy . rela%Wt: He the nonmagnetic

?t c @eé%r&@mm B %Sﬁﬂir bifhra c&é}&e&r% ko grpg&ﬁg\ggﬂmagnm

repro uci'ng apparatus o I'S |nve
lh)fbatcoerlanwmj edm\ﬁ@ B8Ehet10 HY8iddatHETt R Gf)ﬁlle(]ﬁhfgﬁ@tdc lay&4 being a

as th eproduci ng el ement. wi.t h a.

1ier 17 Brvin RS § i Coniamans e cu v s S gptpining an oxide
an0dt REA Iah@tﬂexfdfl’thd}hﬁgiﬁﬁc [a 261@ bdinig @ 1642 3b hxviB@Tolae a main component
utilized. Accordlgg.to the magnetic recording a

and
and spofainae el FENHIVAY lem@a dgy Bwing todhip, é@‘ﬁ%‘l‘éﬁtlon it is made
dfggﬂglgttb Ordrittd ﬁ‘% i G4 éM&g@tw 1§olhﬁﬁﬁeg§ i@ Qndgﬁet‘ltsgrqms, enhance
or dium 10, 1t I's nade

gnetic recor
tb®$'@nbl/®1steo($dNQmmuce gidatlp dnrmgsﬂlemoamﬁ ofappedduction, also exalt the

i spl ati of the magnet.ic hapgce great]y.the .
r%ﬁc%ﬁ%?n/ ngp)saend(cgpmqu%g& %%ﬁiniath {’Orgglq% Eﬁlggg%ﬁﬁxcunon, and obtain
4 BEdieE potiesying amimmldghecm@g @adpeﬁ? (Owsn) and

conseqguent |y exalt .the rty of thernal . )
fl ucthglt 1Bi6 2 solipmpts d‘ﬁ%‘?ﬁ ﬁu%twén&@aa example Af the magnetic recording

aim O&M%W%@gra‘(ﬂst&né %cﬁﬁ}aﬂﬁg entloRC Ripdi @) Qéﬁaﬁ{gtt}ie whole

'ete an xcel l'ent magnetic recordlng and
qoepnmdmu: mdy Figl 02¢op ;ﬂm mbgretis lieadabThe magnemcq‘ncwémg iang reproducing

reco fil.mform n a

Figaee SRt TR Rlp et < Raiel ARG Rl Possessing he
chAEtANtiam Ghewh dn UFIdET, tdﬁmeﬁﬁmﬂ-dﬁflmgm of foﬁr&@ﬂ(ﬁha)ly driving the
adm tted a_washed glass 15 sub tr te gi ches

pagngtic respsding pedivicios o l@ﬁéﬁ%c pf/sﬁe lf&gnan%@mducmg

1ﬁfb§ﬁ%ﬂeﬂ tht klaghdit H&FHRE n‘i’é‘du}fﬁ‘qguﬂéﬁia&%‘i’g par¥ 13 @orimoving the

Pa and then operated to effect sputtering by using a
mmngm hedd €2 48ntivdto] theamagnetit ragordipgtregsium 7103 @ndsaofecoyding and
roEiucqug 1gna¥ Br%cgs%llngms:yeste% 14. The recording and reproducing signal-
processing system 14 is adapted to process data received from the exterior, send the
recording signal to the magnetic head 12, process the reproducing signal from the magnetic
head 12, and send the processed data to the exterior. As the magnetic head 12 to be used in

the magnetic recording and reproducing apparatus of this invention, a head that is provided
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Co) at a substrate tenperature of 100C or less to form
a soft nmagnetic primary coat 2 of a thickness of 100

wmpooanoashe gl ass substrate. By a test with a vPOT/ar2001004994

system magnetic 20 property testing device (VSM, the
product, Bs-t (T-nn) of the saturated magnetic fl ux
density Bs (T) nmultiplied by the filmthickness t (nm
of this filmwas confirned to Bg-120 (T-nm. On the
soft magnetic primary coat 2 nmentioned above, a N 40Ta
{40 at % of Ta content and the bal ance of N} target

a§riﬁle fepblulc f@gﬁémt\ﬂﬁ @it § GMR! dlghént WHRRSI the idnf nfagneti resistance
hi ckness off 5 nm and 20 nm respectively, to give

(Gﬂ\&) affectandadapted foribighetisperduig denytyl cap be utlizedn t he

O T8 6 AL g S s henond s

sﬂ%pl%inh'grmm cegpdihg integiubd ofathis¥inedntion i< osedefnt the]rﬁamm%ecordmg
cont ent and bal ance_ of .Co.and
’5’1”?1“5% 196 to15 faRde P??@l rpftosprﬁg}otqﬂgge gﬂ)sd%rf Pté% nwnetlc 1solfat10n of the

A€ drilfs, UBKHRARce gPdall§ SthE esifhalMoide R/NPD rdtldy mhﬁng the course of
magnetic layer 4a in a thickness of 10 nm

repodyqion.senhameTthe pegiestion GAbm and conseqysptly eéalf thegeperty of thermal
4 t c : t

B, el B e GBI ofh Shedlm ORORR it o ufbanding

réarding prapepg {OME ahy coppleteemi exgeliand eragaeticieesdimgand fre@oducing

Pa to far Zﬁ‘?nﬁ Eet C Ia%oé 4b in a thickness of 10

arﬁ’ﬁ?ra'gﬁﬁ‘é‘@m? f ‘% denpIPLLYPEe | ayer 5 was fornmed in a

t hi ckness of 5 nmby the CV/D 5 technique. Then, a

Iubrlcat|ng | ayer 6 fornmed of perfluoropolyether was
l by the dlpplng technique to obtain a magnetic

recorgdighg. g {mh%t ha neg O@Wﬁﬁ%ﬁﬁ Qpictende WAL (hade by ANELVA

consequent was rat magnet | ¢
(boTppeIAPlAth amy s¢ld einderethef praduce code bf e6t30tlés)t adngttdievlvwhed glass

S?B%e? t m? LG8 &}rﬁvgﬁle?ﬁidﬁgt o&’@} afg §et AP te'%,%’ was evacuated

tih ﬁleU&e%reSéf ofavaceat -récht® 1anaby Perand R 6F2atad do affsalsputtenng by
stand S1701MP nade by oGUZI K Corp of U S A The he&ﬁg1
SiEch tarest @ GOARIAN i f D Ergomien i T4 9 Epmigtand the balance of

(?ﬁgan%tshﬁstﬁ@ fempBdnie MO RIS td 1*8% aWoft ma‘%ﬂtet?@ﬁ"?rﬂa&%oat 2 ofa

nction i1 n the reproducing unit. The signal/noise
thiskigss 0ft10O mwasen tthesgless substeate. eBGredtengwetb rsyibiatiof syé@n magnetic

KFCl . 15.The rec er.t t
;} P?eﬁy thr%gl ﬁegwce éy %ﬁggﬁ %8 éﬁ&%n#ﬁ ent(gg usgéx?%gcg gmgl}(etlc flux
denSiyOBa( T)GhulfigifeddyGhe fi thislatesswynan) lof ¢iis filne gae benfirmed to be 120

component with a frequency filter and rating the
dtwriting ability based on the ratio of residue.

On the soft magnetic primary coat 2 mentioned above, a Ni40Ta {40 at % of Ta
content and the balance of Ni} target and a Ru target were sequentially deposited in a
thickness of 5 nm and 20 nm, respectively, to give rise to an orientation-controlling layer 3.

On the orientation-controlling layer, a target formed of (Co14Cr18Pt)90-(Si0;)10
{90 mol % of an alloy composition comprising 14 at % of Cr content, 18 at % of Pt content
and the balance of Co and 10 mol % of an oxide consisting of SiO,} was deposited by

sputtering under a pressure of 0.7 Pa to form a magnetic layer 4a in a thickness of 10 nm.
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The property of thermal fluctuation was determ ned by
performng a witing at a recording density of 50

wB@h/oomsder the condition of 70C and t hen conpeetT/meRot4®4994

20 attenuation ratio of the output relative to the

reproduci ng out put one second after the witing on the

basis of (So - S) x 100/(So x 3). In this formula, the

So denotes the reproduction aggput after the el apse

of one second after the witing and S denotes the

reproduci ng out put after the el apse of 1000 seconds.

The nNest)lal Grget €orsledVet €l COME2RE4B YMTB at 9F oEXBWh&nt 12Mat % of Pt

Table 1. 25 WD 2004/ 090874 PCT/ JP2004/ 004994 -36

conignte4 Bt Po of Bieatentandythe balanggaefnCeli was dspositerhby\sptieting under a
B . TS : ] osition

P o PR e e A R, B G s

pr es Subsequdntigod ptéctigPldye0s Bas farmBidGa a]tﬁicltﬁbsé ofip nth By the CVD

tilaug o 12, o it P ¢ Jorslof peucroppfFhe e Tt by the
dml@emlqm taobtanarﬂagﬁaﬁerea&da{gqnedlm 6 Sanre as above

10 3_Ex. 5 Sane as above 10 8 Sane as above 10 3
6 SarhBe JRaggRs ée%is ing medin genseerpdly 19ptagnedeyvas 7atsbrf@r magnetic

%5 tHOuR oPaeerP SRR Q\Qe6 dSstedford H
goi)g\fs}ie% 18 uar?tcéS as above n% “Ex an se(’:olo4 HF% %rge( ¢) and
ngtlgg@niahs Sane as above 10 3 Ex 10 {(Col ACr| 8Pt)97

Si 02 ove { 4Cr 18

Si OZ?h% Ore%d/ga O\r{rlaes %%ergnnelzch( by t]ﬂe xgse of1 a reac? wrl)te analyzer
RWA1632 and a spin stand Sl701MP made by GUZIK Corp of U.S.A. The head used

herein was furnished with a writing single magnetic pole and a GMR element that was
intended to function in the reproducing unit.

The signal/noise (S/N) ratio was tested at a recording density of 700 kFCL

The recording property (OW) was determined by first writing a signal of 700 kFCL,
then superposing a signal of 116 kFCL, extracting a high frequency component with a
frequency filter and rating the data-writing ability based on the ratio of residue.

The property of thermal fluctuation was determined by performing a writing at a
recording density of 50 kFCI under the condition of 70°C and then computing the
attenuation ratio of the output relative to the reproducing output one second after the
writing on the basis of (So - S) x 100/(So x 3). In this formula, the So denotes the
reproduction output after the elapse of one second after the writing and S denotes the
reproducing output after the elapse of 1000 seconds. The results are shown in the column

of Example 1 in Table 1.



Ex.

12 {(Col 4Cr1 8Pt)88 Si 0212 10 8 Sane as above 10 3

Ex. 13 {(Col 4Cr18Pt)85 5i02 15 10 8 Sane as above 10 3
wWE20040908f4 Co4Cr |1 8Pt )90 Si 02) 10 10 8 Same as abpeBIP20042004994

Ex.
Ex.
3 Ex.

17 {

10 3 Ex. 18 {(Col 4Cr8Pt)90 Si

10 3

Ex.

19 {(Col 4Cr 10Pt) 90 Si

15 {(Co6Crl1 8Pt)90 Si 0210 10 8 Sane as above 10 3
16 {(Col 6Cr1 8Pt)90 Si Oz) 10} 10 8 Sane as above 10
(Co20Cr 18Pt)90 Si Oz 10 10 8 Sane as above

10 10 8 Sane as above

10 3 Ex. 20 {(Col 4Cr22Pt)90 Si 020) 1 10 8 Sane as

210 10 8 Sanme as above

above 10 3 WD 2004/ 090874 ‘I%M JF2004/ 004994 - 37 Tabl e
1-11 Magnetic |ayer 4 Magne ayer 4a Magnetic
layerl 4b Film Film ConposMapgmdicli®ening Conpositi on
fornmfng at% Mﬁk%&ﬁﬂéﬁk@@ss pressure (at Wiagheti€ lepess
presgure Comp. {( TERIA9d EX.T S 0210710 8 - | Film-
- Corpp. C%ﬁtpogltlé‘?ne as abov efo?er% ) Compm forming
{(at%)mol%} Thickness | pressure (at%) Thickness | pressure
{(Co14Cr18Pt)90-

Ex. 1 (Si0,)10} 10 (nm) | 0.7 (Pa) | (Col6Cr12Pt4B) | 10 (nm) | 3 (Pa)
Ex. 2 Same as above 10 2 Same as above 10 3
Ex. 3 Same as above 10 4 Same as above 10 3
Ex. 4 Same as above 10 6 Same as above 10 3
Ex. 5 Same as above 10 8 Same as above 10 3
Ex. 6 Same as above 10 11 Same as above 10 3
Ex. 7 Same as above 10 8 Same as above 10 0.6
Ex. 8 Same as above 10 8 Same as above 10 5
Ex. 9 | {(Col4Cr18Pt)98-

(S102)2} 10 8 Same as above 10 3
Ex. 10 | {(Col4Cr18P1)97-

(8102)3} 10 8 Same as above 10 3
Ex. 11 | {(C614Cr18Pt)93-

(S102)7} 10 8 Same as above 10 3
Ex. 12 | {(Col14Cr18Pt)88-

(5102)12} 10 8 Same as above 10 3
Ex. 13 | {(Col4Cr18P1)85-

(S102)15} 10 8 Same as above 10 3
Ex. 14| {(Co4Crl8Pt)90-

(S10,)10} 10 8 Same as above 10 3
Ex. 15| {(Co6Crl18Pt)90-

(S10,)10} 10 8 Same as above 10 3
Ex. 16 | {(Col6Cr18Pt)90-

(S10,)10} 10 8 Same as above 10 3
Ex.17 | {(C0o20Cr18P1)90-

(S10,)10} 10 8 Same as above 10 3
Ex. 18| {(Col4Cr8P1)90-

(S102)10} 10 8 Same as above 10 3
Ex. 19 | {(Co14Cr10Pt)90-

(Si02)10} 10 8 Same as above 10 3
Ex. 20 | {(Co14Cr22Pt)90-

(8102)10} 10 8 Same as above 10 3




Ex. 3 Col4Cr18Pt 10 0.7 Col6Cr12Pt4B 10 3 Conp. Ex. 4
- Sane as above 10 3 Conp. Ex. 5 - - -

w@bmvweo@B» 3 Conmp. {(Col 4Cr |

Sane as

Col4Pt 10 0.7 Conp. Ex. 7 Sane as above 10 8 Col2Cr

10 0.

7 Conp. EX.

8 Sanme as above 10 8 (Fe50Pt 10 0.7
Conmp. {Co(0.2 nm/ Ex. 9 Sane as above 10 8 Pd(0.5 nm

10 7 3 Comp. {Co(0.2 nm/ Ex.-310 Sane as above 8 Pd

8Pt)90 Ex. 6 Si OzpADIP0043004994

0.5 nm 20 14 3 WD 2004/ 090874 PCT/ JP2004/ 004994 - 38
Table 1-111 Magnetic properties Static magnetic
Read/write Property of theTati¢1-I¥ ope rty Pro erty
fluctu dn\ Ex
1 340p0(0e) 1800(Qe) 48 5 dMalgnen¢Hw4) m Ex_2 3500
1800[ 48. 0" 20 Magmetiglaygsda 3 3700 1850 46. Mapgetss layaygb
Ex. 4| 3800 1850 46.[0 21.4 Q. Fdm-Ex. 5 4100 1900 46.0 Film-
22. 0] 0. O8mpdsxtion6 3900 175Q fddnibg 21.ConthddBionEXx. 7 4000 forming
1750| 4 74(8%)thoB60. 0 Thidknes |PoSOrd 300 4@t%) 21. § Thifkhess | pressure
Cap. P{@R04CABOHo4. O 16. 5 |0. 24
Ex. 1 (S10,)10} 10 8 - - -
Comp.
Ex. 2 Same as above 20 8 - - -
Comp.
Ex. 3 (Col14Cr18Pt) 10 0.7 (Col16Cr12Pt4B) 10 3
Comp.
Ex. 4 - - - Same as above 10 3
Comp.
Ex. 5 - - - Same as above 20 3
Comp. | {(Co14Cr18Pt)90-
Ex. 6 (S10,)10} 10 8 (Col4Pt) 10 0.7
Comp.
Ex. 7 Same as above 10 8 (Col2Cr) 10 0.7
Comp.
Ex. 8 Same as above 10 8 (FeSO0Pt) 10 0.7
Comp. {Co(0.2 nm)/
Ex. 9 Same as above 10 8 Pd(0.5 nm)}10 7 3
Comp. {Co(0.2 nm)/
Ex. 10 | Same as above 8 Pd(0.5 nm)}20 14 3




Ex. 10 3400 1350 54.5 17.8 0.13 Ex. 11 3850 1550 52.0
19.1 0.11 Ex. 12 3750 1600 53.5 18.8 0.11 Ex. 13
wW@edma/0dBe0 52.0 17.5 0.16 Ex. 14 4500 2200 42pr&r/e2084/004994

0.05 Ex. 15 4300 2100 44.0 20.9 0.06 Ex. 16 3500
1400 53.0 20.7 0.11 Ex. 17 3300 1100 54.0 20.1 0.14
Ex. 18 3400 1000 56.0 19.6 0.19 Ex. 19 3600 1200 54.0
19.9 0.16 Ex.20 4500 1600 49.3419.3 0.12 Conp. Ex.1
4650 800 34.5 16.5 0.45 Conp. Ex.2 5700 900 21.5 12.3
0.40 Conp. Ex 3 2600 700 51.0 12.2 0.47 Conp. Ex.4
2750 100 57.0 13.4 0.70 Cpie 15gt- © 2800 100 57.0 11.2
0.63 Conp. Ex.6 2500 300 42.5 12.9 0.45 Conp. EX.7

2200 0 4B.2 11.3 0.67 CoMagnéic.BopkBiid - 200 47.0 5.7
1.12 Copp. Bxatid mag6ti®00 34. ORedd/Grite 38 | Kopgaty dbthert@!
4300 1000 29.0 pkdpetty0. 33 WD 200R/38R3 74 fluctuation
PCT/ JP20047 004994  } 39- Exanples 4 to 20:] Magnetic
recor di ngcgggllg,@fd/;@g e rcmuf cht@(Ned byshe! | oW pg dbsde
PTEEHUUTE Glhoo(6cd Pl Bob(FE] '4§ sfcﬁ;'j) AT AS "39'85.16 C
Lol 2 ol C 35007 TTPUTR00 (YR Y 203 °L . Q09
52 S A i L D i Y T N
[ AE)FAG of t h%@ mag. f185~0 [ cmn‘i’@l@ ngd nr%};{f_a_
Tabr.& 1.| ConfiH0at i vie ERmIles?60td 7228hgnet i ¢ 0.08
r eBortdi ng med?® wer e ABMUT act4B-2d |by2E. bl | jowi ng A0f
prBcddur e of 4000 1750 470 213 0.09
Ex. 8 3950 1800 455 215 0.09
Ex. 9 3300 1000 52.0 16.5 0.24
Ex. 10 3400 1350 54.5 17.8 0.13
Ex. 11 3850 1550 520 19.1 0.11
Ex. 12 3750 1600 535 18.8 0.11
Ex. 13 3600 1200 52.0 17.5 0.16
Ex. 14 4500 2200 42.5 20.8 0.05
Ex. 15 4300 2100 44.0 209 0.06
Ex. 16 3500 1400 53.0 20.7 0.11
Ex. 17 3300 1100 54.0 20.1 0.14
Ex. 18 3400 1000 56.0 19.6 0.19
Ex. 19 3600 1200 54.0 199 0.16
Ex. 20 4500 1600 490 193 - 012
Comp. Ex.1 4650 800 345 16.5 0.45
Comp. Ex.2 5700 900 21.5 123 0.40
Comp. Ex 3 2600 700 51.0 12.2 0.47
Comp. Ex 4 2750 100 57.0 134 0.70
Comp. Ex.5 2800 100 57.0 11.2 0.63
Comp. Ex.6 2500 300 425 129 0.45
Comp. Ex.7 2200 0 432 11.3 0.67
Comp. Ex.8 1800 -200 470 5.7 1.12
Comp. Ex.9 3700 900 340 14.6 0.38
Comp.
Ex. 10 4300 1000 290 11.2 033
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Exanpl e 1 whil e changing the magnetic |ayer 4a and the
magnetic layer 4b to the materials 10 of conpositions

w6 bawnoisi t he col uimms of Conparati ve Exanpl e 1P¢DIP20047004994

Table 1 above. The results of the evaluation of these
magneti c recording nedia are shown in Table 1.
Conparative Exanple 8. A filmform ng chanber of a DC
magnetron sputtering device (mgge by ANELVA 15 Corp.
JAPAN and sol d under the product code of "C-3010")
admtted a washed glass substrate (2.5 inches in
FRbhples be#19:h, product of GChara K K., JAPAN), and was
evacuated till the degree of vacuum reached 1 x 10-5

Pa Megnetire necoptinmtnenslia avess reaufaghiied dyi ﬁ:d,lowng ths mgpegdure of
t f %
Con Fé O\thgoéﬁz{néﬁlg gmécgg%}é’ue éo afng,fx@rl:h ; tg‘uc "lé}tar M8 to the

a subs r
cbmmmnans né cafditl®iB Ghdicatédeinghe mlﬁmnmﬁﬁﬂofrtlesrﬂatgri@tih dable 1. The

coat of a 20 .thicknpess f 10 0
bRt b Rk of wsefadept S DeS0 AR PRI YUY B
magnetic property testing device (VSM, the product
Bst (Tn of the saturated magnetic flux density Bs
Compapative Egpmplgs bie The fil m thi ckness t (nn) of thls

fil ml\)f@%et?co%d& %rﬁ&ilp%velgqhan(.l % HiRw Ta Ezﬁc)zedure of

magnet 1I°c pri mary nentlone a Ni '
Extmpdedf whide cliabgiog meemgnandlayhéamnahﬂ:magfetimla}yet 4y pahe materials

? Eg@a?ﬁé u(gltsggg‘g}\ Hﬂﬁ-nrgecgﬁg%xu e(#fd ) l%aetlvF xéinty 60n7 S Table 1 above.

Thee $&ult®ofrRe BvdlGition bf hiescciandnetit kdcoglingiiedia 31:e sﬁhwﬁ hﬁTable 1.
orientation-controlling layer 3, a target forned of
(Col 4Cr18Pt)90-(Si 02)10 {90 nol % of an alloy

(ﬁ@ﬂ%@ﬁ&%kﬂ&n?&@@riSing 14 at % of C content, 18 at %
0

content and the bal ance of Co and 10 nmol % of
an 0 film- &umrigs@han@eoéf @Gzpagmgom smisiingdevige (@de by ANELVA

0041090874, PCT/ JP2A04 9047
%) o3n d8 up er]c € prog uFrta codi le, 0 CE(P%J»E) g 5 Z?gglllt!rtl]e% £ waShed glass

n ayer
stllbﬁtﬁie’(e Ssinétes 10 omtdt lendtheprodis of ﬁ)chai‘iiﬂg et TAPABY,eindAims evacuated
Jﬁ%ers respectively of tar

t d Pd
&rdsgtee(of vacn pashed 1 X lgﬁ’c% i é&?ﬁ’ggrgef%?d i offest spyftering by
u§inFq tﬁr?émgr’mb 4 2 RIVEZL cHREAD Rat JIFNPEREnk 581 t'ﬁg })alance of

he nunber of layers thus |am nated was 10
Goput & @ubsmrgte tanmretymfel e oeleﬂato fmeh SO% npgmt@cmmaey coat 2ofa

ﬂa%es% E(f)O g Eu éﬂsﬁ l@ﬂg B? aqu ﬁiorp yysLe ¥nagnet1c

equen rlc |ng ayer
pospetty LtesrtmgOdeyle:bf(MSI\)[\)ashef pfoﬁ&d Ibg/t (’hﬂm) Gblf pie Baturated magnetic flux

LoGh s?{i‘?w?tgjgﬂ%l % e@ﬁhﬁgcqcfg}slt%m[n 8? this d fith \Evrgsdci:o%rfrl]nnél'cp to be 120
(T nm).

On the soft magnetic primary coat 2 mentioned above, a Ni40Ta {40 at % of Ta
content and the balance of Ni} target and a Ru target were sequentially deposited in a
thickness of 5 nm and 20 nm, respectively, to give rise to an orientation-controlling layer 3.

On the orientation-controlling layer 3, a target formed of (Co14Cr18Pt)90-(S5102)10
{90 mol % of an alloy composition comprising 14 at % of Cr content, 18 at % of Pt content

and the balance of Co and 10 mol % of an oxide consisting of SiO;} was deposited by
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15

20

Magnetic recordi ng nmedi a were manufactured by
follow ng the procedure of Conparative Exanple 8

wokiokeoshangi ng the nunmber of superposed fil nsPOf/Tr20€4/004994

magnetic |ayer 4b to 20. The results of the rating of
t he magnetic recording nedi a of Conparative Exanples
9 and 10 are shown in Table 1 above. 15 Exanples 21 to
39: Magnetic recordi ng nedi a wgpe manufactured by
followi ng the procedure of Exanple 1 while changing
the magnetic | ayer 4a and the magnetic |ayer 4b to the

spRHERDSiuhH&Spraftrelof8 FaQH Hirtn zprﬂﬁ%rfeﬁQMei I Eadtihi%kzess PE0 nm.

results of the ratlnlg of the magneti ¢ recordi ng
nedi dhen. Fsihenmagseterlayes 4 layes @hmﬁverlh of tsgess of Omzand Pd were

Qth%l[eR'ngl?/aéoE gﬁ%@&@f"ékqgs%%?g 2 nn4[ ind @dqm%%es's__y?ggqﬁﬁ fo form a

ayer netic lay er gnetic
1#ninated CCofRa iftlino nTheh nekberf aft layery tids rﬂpmmatedowasThﬁ).c KFhe sputtering
formn ég; % nmol % ness pressure at % ness pressure
Pé?és‘ﬁ“?f ?2Cr1 6Pt)93- 10 10 Si02 7 (nn) 8 (Pa)

( Col ZGed,6Ppotdcring 1ayef Paof a fitn ZACIEREL RS ndbDN4E fdfndd by the CVD

(Col 4Cr | 10 3 23 Sane as above 10 8

t %1‘19@ |Segeﬂu€mlysa @rl%ﬂséﬂa/sr qof pseioraylypther was formed by the
0 8 Co28Crl 6Pt

d%%%%%&ﬁfﬁ&e tg'gmﬁf’le %?%ﬁmfgl ,ggg &féﬁ"%’z 8 10 8

( Col 9Cr8Pt) 10 3 Ex.27 Sane as above 10 8 Col 9Crl OPt)

lbove 10 8 (Col 9Cr1 6Pt) 10 3
redeptigt FE SRRl E a08160°5° ool 0cr S0Pt 10 3 Ex. 30 Same
as abdagmetld réofding Qﬂcﬁeﬂﬁtre)re Ifandifacluréd byORIbAlg the procedure of

Comparative Example 8 while changing the number of superposed films of the magnetic
layer 4b to 20. The results of the rating of the magnetic recording media of Comparative

Examples 9 and 10 are shown in Table 1 above.

Examples 21 to 39:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the magnetic layer 4a and the magnetic layer 4b to the
compositions and the conditions shown in Table 2. The results of the rating of the

magnetic recording media of Examples 21 to 39 are shown in Table 2.



Ex.31 4Mb 92- SiO2 8 10 8 (Col9CrI6Pt) 10 3 {(Col
OCrl 4Pt - Sane as Ex.32 4Nb 92- SiO2 8 10 8 above 10 3
W@ ¢@aloiBcr | 4Pt - (Col 9Cr| 6Pt Ex. 33 3Ta 92- Si O2r@Gr/12084/004994

2Nd) 10 3 {(Col OCrl 4Pt4Ta-6W 92- (Col 9Crl 6Pt Ex. 34
Cr203 8 10 8 3B) 10 3 {(Col OCrl 4Pt 4Ta- Sane as Ex. 35
4W92-- Cr203 8 10 8 above 10 3 {(Col QOCrl 4Pt 2Ru) 94-
(Col 6Cr1 8Pt Ex.36 Ta2056 15 6_44Re2Tb) 10 3 {(Col

OCrl 4Pt)90- (Col 9Crl 6Pt Ex. 37 Ti 0210 6 3 2B2Cu) 24 0.7
{(Col OCrl4pPt)90- (Col9Crl6Pt Ex.38 S102 4- Al2Q3 6 25

15 2Ta2Nd) 15 2 {(Col OCrl-Bfthosy) 88- (Co23Cr 16Pt
Ex 39 g0 8- Y23 4 18 12 1Cu-1B 12 7 WD 2004/090874

PCT/ JP2004/ 004994 - 42 Tabl|Magnetic layebdnetic properties
St at i c_magnet i cMBewtit\ayet 48 Property qf t herMagnetic layer 4b
property property fluctuation | Gimicijve force -Hn O~ | Film-
S/ N (% dec@d@podition 21 3300Kible) | fbBAMEAeToMmpodiHiéiB) Thick- | forming
19. 3(dB) Q(al %)mbk932 3700 nk&O0 frbhsbrel9. 7 (M9}l  EXn&3 | pressure
BEL0D 180@(205},92@1-1%6?83_0. 120 kx. 24 4600|1700 50.5 2U.1h
srolro g SO 50 Sestontf oo s1ed L(ESLCREFO0n? 5 ey
BR2Y| 18- Y gimeds abdles’ 9PV V8 YV [t€of4Cr16PY) | 10 3
Ex.23 Same as above 10 8 (Col9Cri6Pt) | 10 3
Ex.24 Same as above 10 8 (Co26Crl16Pt) | 10 3
Ex.25 Same as above 10 8 (Co28Crl16Pt) 10 3
{(Co10Cr15Pt-
Ex.26 2Cu)92-(Si0,)8} 10 8 (Col9Cr8Pt) | 10 3
Ex.27 Same as above 10 8 (Col9Cr10Pt) | 10 3
Ex.28 Same as above 10 8 (Col9Crl6Pt) 10 3
Ex.29 Same as above 10 8 (Col19Cr20Pt) 10 3
Ex.30 Same as above 10 8 (Col9Cr24Pt) | 10 3
{(Co10Cr14Pt-
Ex.31 4Mo0)92-(Si0,)8} 10 8 | (Col9Cri6Pt) | 10 3
{(Col0Cr14Pt- Same as
Ex.32 4Nb)92-(Si0,)8} 10 8 above 10 3
{(Co10Cr14Pt- (Co19Cr16Pt-
Ex.33 3Ta)92-(Si02)8} 10 8 2Nd) 10 3
{(Col10Cr14Pt4Ta-6W)92- (Co19Cr16Pt-
Ex.34 (Cr;03)8} 10 8 3B) 10 3
{(Col10Cr14Pt4Ta- Same as
Ex.35 4W)92--(Cr,05)8} 10 8 above 10 3
{(Co10Cr14Pt2Ru)94- (Co16Cr18Pt-
Ex.36 (Ta,05)6} 15 6 4Re2Tb) 10 3
{(Co10Cr14Pt)90- (Col19Cr16Pt-
Ex.37 (Ti02)10} 6 3 2B2Cu) 24 0.7
{(Co10Cr14Pt)90- (Col19Cr16Pt-
Ex.38 (Si02)4-(A1,05)6} 25 15 2Ta2Nd) 15 2
{(Co10Cr18Pt5Cu)88- (Co23Cr16Pt-
Ex.39 (Mg0)8-(Y,05)4} 18 12 1Cu-1B) 12 7




Ex. 28 4150 1750 48.5 21.

1 0.11 Ex.29

4600 1900 45.5

20.8 0.10 Ex.30 4300 1750 48.0 20.1 0.10 Ex.31 3950

wda2ae/09B70 20.9 0.10 Ex. 32 4050 1850 48.5 20rer/9p2004/004994

Ex. 33 4100 1900 51.0 21.6 0.08 Ex.34 3500 1200 54.0
19.4 0.20 Ex.35 3950 1650 52.0 19.9 0.16 Ex.36 3750
1600 51.0 19.1 0.17 Ex.37 3950 1800 49.0 19.3 0.15
Ex. 38 3850 1600 54.0 18.7 0.2242Ex.39 4100 1650 52.0

19.3 0.16 Exanples 40 and 41:

Magneti c recording

medi a were manufactured by follow ng the procedure of
5 Exanple 1 whil e changi ngTuble 2qpnstructi on of the

perpendicularly pmagnetic | ayer

4 to the

sequence o

fi | mfarmation (nnonetM%gnleﬁQ/EﬁOp@HeSand magnetic | ayel
4a) . | The $tetsumeagnest the r Aeadiproe t hEPropgreof hermal
recondi ng npwpertyof Exanpl es pddpestnd 41| ar eflisdtmationi n
Tabl ¢ 3. WO 2004/ 090874 PCT/ JPR004/ 004994 -43 Tabl¢ 3
Examnbeexéa/e&‘mmnl e-Hil |Ma@wetic Isayer | 4b @agasd)t i op
Bab1 ) 1300(G&Y | 6P800(06P G EEPI B5kB) [N ckngss (nny | 10
B y@qnetggmy||n1rq@@bng PE§SSUN €10 7a) 4|9A1011ayer 4
BEGEPLTC by T 13 15yPS! %@” ({3 g7 O 015
Ex. 24 <~ 4600 7 771 \gnt [°=5057 ¥ 204> P DI UL,
23 A CL T e M T B A "*8' i N T A
Ex. 26| 3400 [" 1300 | 530 18.9 0.23
Ex. 27 3550 1400 52.0 19.2 0.20

Ex. 28 4150 1750 48.5 21.1 0.11

Ex. 29 4600 1900 455 20.8 0.10

Ex. 30 4300 1750 48.0 20.1 0.10

Ex. 31 3950 1750 490 209 0.10

Ex. 32 4050 1850 485 204 0.10

Ex. 33 4100 1900 51.0 21.6 0.08

Ex. 34 3500 1200 54.0 194 0.20

Ex. 35 3950 1650 52.0 19.9 0.16

Ex. 36 3750 1600 51.0 19.1 0.17

Ex. 37 3950 1800 490 193 0.15

Ex. 38 3850 1600 54.0 18.7 022

Ex. 39 4100 1650 52.0 193 0.16
Examples 40 and 41:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4b and magnetic layer 4a). The results of the

rating of the magnetic recording media of Examples 40 and 41 are shown in Table 3.
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Coercive force (Oe) 3650 3700
Magnetic Read/wite property proper-

-Hn (Oe) 1550 1650
OV (dB) 53 52.0

wWo peg/oBsh (dB) 18.5 18.6 Property of thernmal PCT/JP2004/004994

fluctuati on

Magnetic recordi ng nmedi a were manufactured by
5 Exanple 1 while changing
the construction of the perpendjgcul arly magnetic |ayer

foll ow

ng the procedure of

(% decade 0.12 0.12 Exanples 42 to 44:

4 to the sequence of filmformation (magnetic |ayer
4a, magnetic |layer 4b-1 and magnetic | ayer 4b- 2)
shown in Table 4 and changi Rgpi.Re conpositions thereof
to those shown in Table 4. T e results of the rating
of the|nmagnetic recording di a ofExEmaleplOes 42 [t o Ekdmple 41
are shoWmagnetic lhgdlad 4. 10 WO 2004/ 090874
PCT/ JP200468p45kh (at %4 Tabl g (Co2@mePy 42 Exanpl(€oZdr12Pt3Sm)
Exanpl ¢ 44}11013@351&&,; ayer 4310{(Co| OCr - Conposifig on
Magfi 12ﬂ1)n%m éq;gg 924- 6Py 94- {(at qonjol 7
?g Stcﬁl )U} |||| ckness—t4—(mm— 1413 Fr
Co:rg]oglct I?f,;mposmon (at5’ o?molb//%gn{?(&)&dr?gﬁbﬁb 1 'VB{QE&%' f14Pt)94-
(8102)7} (S102)6}
Thickness (nm) 10 16
Film-forming Pressure (Pa) | g 4
Static magnetic property
Coercive force (Oe) 3650 3700
-Hn (Oe) 1550 1650
Magnetic | Read/write property
proper- OW (dB) 53 52.0
ties S/N (dB) 185 18.6
Property of thermal
fluctuation
(% decade) 0.12 0.12
Examples 42 to 44:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a, magnetic layer 4b-1 and magnetic layer 4b-
2) shown in Table 4 and changing the compositions thereof to those shown in Table 4. The
results of the rating of the magnetic recording media of Examples 42 to 44 are shown in

Table 4.



| ayer 4 (at
(Col6Cr 12Pt 2B)

% (Co23Cr14Pt) (Co23Crl4Pt)
Thi ckness 6 (nn) 6 7 Film formng

we@emgsuses 0. 7 (Pa) 0.7 3 Magnetic |ayer 4b-2 PCT/IP2004/004994

Conposi tion
(Co22Cr |

(at

% (Col8Crl2Pt2Nd) (CA 4Cr|
6Pt1 W Thickness 4 (nn) 6 8 Film formng
pressure 3 (Pa) 2 0.7 Static magnetic
Magneti c Coercive proper-

forc

property
(Oe) 4000 4150 4200

8Pt 2Cu)

ties -Hn (Ce) 1900 1750 1850 Read/vvrlte property OW
(dB) 49 53 51 S/N (dB) 20.9 21.1 21.2 Property of

t her nal

La
2004/ 090874 PCT/ JP2004/ 004993lﬁ

fluctuati

on %Jlec

0.11 0.12 0.11 WO
45- Exanples 46 and

47 Mg

netic recor

di ngExampladder e

mafixaapladed

by Example 44

foll ow

Magnetic
layer 4

Mhgh&t& pr oc
layer 4a
Composition
{(at %)mol %}

edur e of

{(Co8Cr12Pt)94-
(810,)6}

{(Co8Cr12Pt)94-
(Si0,)6}

{(Co10Cr-
16Pt)94-
(Cr203)6}

Thickness

14 (nm)

14

12

Film-
forming
pressure

Magnetic

layer 4b-1
Composition
(at %)
Thickness
Film-
forming
pressure

(Co23Cr14Pt)

(Co23Crl14Pt)

(Col6Cr12P2B)

6 (nm)

6

7

0.7 (Pa)

0.7

Magnetic

layer 4b-2
Composition
(at %)
Thickness
Film-
forming
pressure

(Col8Cr12Pt2Nd)

(Co14Cr18Pt2Cu)

(Co22Cr16Pt1W)

4 (nm)

6

8

3 (Pa)

0.7

Magnetic
proper-
ties

Static

magnetic

property
Coercive
force (Oe)
-Hn (Oe)

4000

4150

4200

1900

1750

1850

Read/write

property
OW (dB)
S/N (dB)

49
209

53
21.1

sl
212

Property of
thermal

fluctuation

(% decade)

0.11

0.12

0.11
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Exanpl e 1 whil e changing the construction of the
per pendi cul arly magnetic |layer 4 to the
w0 2dommdosr4arat i on (nmagnetic | ayer 4b-1, nagneti cCPdEYRD04/004994

4a-1, magnetic |ayer 4b-2, 5 magnetic |ayer 4a-2

sequence of

and

magnetic | ayer 4b-3) shown in Table 5 and al so

changi ng the

conpositions to those shown in Table 5.
The results of the rating of tRhe magnetic

recordi ng

medi a of Exanples 46 and 47 are shown in Table 5.

Tabl e 5 Exanpl e 46 Exanp

EXaiB

Thi ckness (nm
NagnMag@emcay@orda@g m

Expilenh M e R

|l e 47 WMagnetic |ayer 4b-1
RS ub ka1 at % (Co20Cr | 4Pt 2B) (Co20Cr | 4Pt 2B)

4 4 Filmformng pressure
impvess thaswfactused dynfiligving the procedure of

tlof]i%tf)tl?e's?ergés A e@a(lg r?g%n%tlc layer 4 to the

ormng pre

(Pa) 0.7 0.7

séhgnet ofcﬁlmgnmettwo (inagreatlc 4@e24b-aymagr¢t1®¢aypoéa -1.imagngn¢ layer 4b-2,

“ng‘

(C}203)5)
regeitiag media
Co20Cr 14Pt 2B Thi ckness (nm

o

> Ghg st syt 53) Mauhit 18

%?J%lgo fgangmg the

brisi @nt}rbée’ikh&@rﬁm Rable( £0 17K k&Rt %-thé (rﬁihg of the magnetic

Thi ckness 4 6
&) Examples 4ty

Flhnform
S F

15T
4 4 Filmfor

Tabfé 1,

essure 6 3
20Cr 14Pt 2B
m ng pressure

(Pa) 0.7 0.7 10 WD 2004/090874 PCT/JP2004/ 004994

Table 5
Example 46 Example 47

Magnetic layer 4b-1
Composition (at %) (Co20Cr14Pt2B) (Co20Cr14Pt2B)
Thickness (nm) 4 4
Film-forming pressure (Pa) | 0.7 0.7

Magnetic layer 4a-1
Composition {(at %)mol%} | {(Col14Cr18Pt)95- {(Co14Cr14Pt)95-

(S10,)5} (Si02)5}
Thickness (nm) 4 4
Film-forming pressure (Pa) | 6 6
Magnetic | Magnetic layer 4b-2
layer 4 Composition (at %) (Co20Cr14Pt]12B) (Col4Cr16Pt2Cu)

Thickness (nm) 4 0.7
Film-forming pressure (Pa) | 6 2

Magnetic layer 4a-2
Composition {(at %)mol%} | {(Co14Cr18Pt)95- {(Co14Cr18Pt)95-

(8102)5} (Cr203)5}

Thickness 4 6
Film-forming pressure 6 3

Magpnetic layer 4b-3
Composition (at %) (Co20Cr14Pt2B) (Co20Cr14Pt2B)
Thickness (nm) 4 4
Film-forming pressure (Pa) | 0.7 0.7
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-46 Table 6 a2netic properties Static magnetic
Read/wite Property of thermal roe pro erty

wo bagapomtdi on  Coercive force OCe -Hn OCe Owv dB SPAN/aiR0¢4004994

decade) Ex.46 3950 1550 49.0 22.5 0.11 Ex.47 4150
1600 49.0 22.7 0.10 Exanple 48: A magnetic recording
medi um was manuf actured by followi ng the procedure of
5 Exanple 1 while changing the_4 onstruction of the

per pendi cul arly magnetic | ayer to the sequence of
filmformation (magnetic | ayer 4a, magnetic |ayer
4b-1, nonmagnetic |ayer 9, rfRggetic layer 4b-2) shown
in Table 6 and al so changi ng the conposition to that

of Table 7. The resulMagnetic prbgertiest i ng of the magnetic

r ecof di ngaRdhatieid ExAnpl Reddwaite ShiaBpdrty of tiedimal |7.
10 WD 2004/ 9808%A PCT/ JP2004/3ed994 | 47 filRlagor

!

Exanpig.ARe riagNetic Tdyer 4a|Conposifion {(at %) no|

% 1 CoT768] 700 |l 5o (PR T TR FKNess, debile 10

=il £ - e_)
Ul LI ZS) Fd VBRRIEUTC T d PD-1
SAMHEL T B A Tl e 1 A A
ﬁ?\:eti C4E$Q m-for 416%: ,tre{?s‘;ru (Fa)—3—taye fOAL

I\Ioﬁmagneti c layer 9
Example 48:

A magnetic recording medium was manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a, magnetic layer 4b-1, nonmagnetic layer 9,
magnetic layer 4b-2) shown in Table 6 and also changing the composition to that of Table

7. The results of the rating of the magnetic recording medium of Example 48 are shown in

Table 7.
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Conmposition (at %9 (Co35Cr) Thickness (nm 2
Magnetic | ayer 4b-2 Conposition (at %9 Col9Crl 2Pt| 3Re

wdbooakosss (nm 6 Filmform ng pressure (Pa) 2PCBIRD4004994

magneti c property Coercive force (Ce) 3850 -Hn (Ce)
1700 Magnetic Read/wire property properties Ow (dB)
48 S/N (dB) 22.9 Property of thermal fluctuation (%
decade) 0.13 Exanple 49: A magnetic recordi ng nedi um
was manufactured by follow ng the procedure of 5
Exanpl e 1 whil e changing the construction of the
perpendi cul arly magnetic | ayssle# to the sequence of

filmfornmation (magnetic |layer Aa_l_,__ag_atm?_n_eu_g_j_ayer
9, magrietic layer 4a-2 and fmgnet i EXamped4h) shoy
i n Tabl|Manatielasersle changi ng|the conposition to that
shown |i nCombbstigh {(@té)melda} t $(Gofl 2ENEPHIV )N o AbO3) 6
magnet ijc Thckueds (mn)nedi um of | Exanpl e 49 are shown |in
Tabl e §. mmma@@tdaaesmw%/ JP2004/ 004994 -48
Tabl e § agnetl clTayer 4a- I Compositio
{(at % 11Pt 1 }  Thi ckness
(nm 12 FEE% essoﬁma ressur /Yc?&lle\ﬁsg)“r“agre €
NiagiReic 9 Film-forming pressure (Pa) |3
layer 4 -
Nonmagnetic layer 9
Composition (at %) (Co35Cr)
Thickness (nm) 2
Magnetic layer 4b-2
Composition (at %) (Co19Cr12Pt13Re)
Thickness (nm) 6
Film-forming pressure (Pa) |2
Static magnetic property
Coercive force (Oe) 3850
-Hn (Oe) 1700
Magnetic | Read/wire property
properties |  Ow (dB) 48
S/N (dB) 229
Property of thermal fluctuation
(% decade) 0.13
Example 49:

A magnetic recording medium was manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a-1, nonmagnetic layer 9, magnetic layer 4a-2
and magnetic layer 4b) shown in Table 8 and also changing the composition to that shown

in Table 8. The results of the rating of the magnetic recording medium of Example 49 are

shown in Table 8.
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Conposi

tion (at %9 Ru

Thi ckness (nm 1
Magnetic | ayer 4a-2 layer 4 Conposition (at
W@ 80260814 Pt 4B) Thi ckness (nm 4 Fil mform ngpQr/a

(Pa) 3 Magnetic |ayer 4b Conposition (at

Magneti c
%

DOH/(B4994
% Col 9Cr|

1Pt 3B Thickness (nm 4 Filmformng pressure (Pa) 3
Static nmagnetic property Coercive force (Ce) 3750
(Ce) 1600 Magnetic Read/witegroperty properties Ow
(dB) 49 S/IN (dB) 21.5 Property of thernal

fluctuation (% decade 0. 11

Exanpl es 50 to 53:

Magneti c recordi ng nedi a wefpgygrnuf act ured by

- Hn

following the procedure of Exanple 1 while changing
the corstruction of the perpéndi cul &xepplesifnetic | hyer
4 to tHoMagegukgetaof filmfornati on (magnetic |ayer
4a-1, nongampesitien {(@yBImél, % hagiGlDCrl1RyeV)924Me0)ahd
magnetijc {rBiRfiesd¢fhmshown in Taple 9 and al so changl ng
t he COﬂ‘pOFilﬁqu@ﬂﬁmg(prdsﬁﬁsg)a)S TV T Tapte 9. T1he
result ‘”nc LI g of —thermagnetic recording nedi a
of Exan‘[w ﬁlc are sh )wn in Table 9. 10 WO
2004/ 090 @SI*” f)(ﬂ/ 004994 lu 49 Table—91—FExanpl e
anp tic layer-4a-1
f}%ﬁ?ﬁg Magnetlc layer 4a-2
Composition (at %) (Co25Cr14Pt4B)
Thickness (nm) 4
Film-forming pressure (Pa) |3
Magnetic layer 4b
Composition (at %) (Col19Cr11Pt3B)
Thickness (nm) 4
Film-forming pressure (Pa) |3
Static magnetic property
Coercive force (Oe) 3750
-Hn (Oe) 1600
Magnetic | Read/write property
properties | Ow (dB) 49
S/N (dB) 21.5
Property of thermal fluctuation
(% decade) 0.11

Examples 50 to 53:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the construction of the perpendicularly magnetic layer 4 to the
sequence of film formation (magnetic layer 4a-1, nonmagnetic layer 9, magnetic layer 4a-2
and magnetic layer 4b) shown in Table 9 and also changing the compositions to those

shown in Table 9. The results of the rating of the magnetic recording media of Examples

50 to 53 are shown in Table 9.



Conposition {(at

% mol % {(Col 2Cr 15Pt ) 90-

((Co

12CrI5Pt)90- 0 Y203 10 (Y203)1 Thickness (nm 8 8
wo-doadmsr4n ng pressure (Pa) 5 5 Nonmagneti c | BYBEIP2004/004994

Conposition {(at

Si02 7

| ayer 4a-2 |layer 4 Conposition {(at

{(Col 2Cr 11Pt) 90- (Col 2Cr 11Pt ) 9Qg- Thi ckness (nm)

Ti

% mol %4 {(Co50CRu)93- {(Co50Ru)93-
7 Thickness (nm 2 1.5 Magnetic Magnetic
% ol %

(Y203)1 0 (Y203)1 0 Filmformng pressure (Pa) 8 8 8

8 Magnetic | ayer 4b Conposition (at
Thi ckness (Mmplke 94 4 Fil mform ng

1 Examle 52 Examm

(Col 9Cr | 1Pt 3B)

% (Col 9Cr 11Pt 3B)

e 53

pressure (Pa) 3 3 Table O- P ]
Magnet | c layer 4a-1 Conposiflion {ExampleaB|og | Example 5]
{ ( Col 2{OMagn¥ticdayer §§-Col 2Cr | 5Pt ) 90- Y203) 10) (Y203)1 O
Thi ckngs Lanmposit®n§ (dFE2)mdBE mi{(Cp13CePyoe- (Pa) b{&o012Cr15Pt)90-
Nonmaghetic | ayer 9 Conposi (60108t % nol % (Y205)10}
{ ( Co50CRUHickneds((&mPORuU) 93- $i802 7 Ti 7 Thi cknesgs (nn
2 1.5 vagnﬁ{ljf@nﬂ\,'/ﬁgp@gguee (payes 4a-2 Tayer 4 Conpesition
{(at YTBhKi el @ T TPT) 90- (Tol 2Cr IT1PT) 90-
Composition {(at %)mol%} | {(CoSOCRu)93- {(Co50Ru)93-
(S102)7} (TiN)7}
Thickness (nm) 2 1.5
Magnetic | Magnetic layer 4a-2
layer 4 Composition {(at %)mol%} | {(Col2Cr11Pt)90- (Co12Cr11Pt)90-
Thickness (nm) (Y203) 1 OJ (Y203)1 O}
Film-forming pressure (Pa) | 8 8
8 8
Magnetic layer 4b
Composition (at %) (Col19Cr11Pt3B) (Col19Cr11Pt3B)
Thickness (nm) 4 4
Film-forming pressure (Pa) | 3 3
Table 9-11
Example 52 Example 53
Magnetic layer 4a-1
Composition {(at %)mol%} | {(Col2Cr15Pt)90- {(Co12Cr15Pt)90-
(Y205)10} (Y205)10}
Thickness (nm) 8 8
Film-forming pressure (Pa) | 5 5
Nonmagnetic layer 9
Composition {(at %)mol%} | {(CoSOCRu)93- {(Co50Ru)93-
(Si0,)7} (TiIN)7}
Thickness (nm) 2 1.5
Magnetic [ Magnetic layer 4a-2
layer 4 Composition {(at %)mol%} | {(Co12Cr11Pt)90- (Col12Cr11Pt)90-
Thickness (nm) (Y,03)10} (Y203)10}
Film-forming pressure (Pa) | 8 8
8 8
Magpnetic layer 4b
Composition (at %) (Co19Cr11Pt3B) (Co19Cr11Pt3B)
Thickness (nm) 4 4
Film-forming pressure (Pa) |3 3
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Thi ckness (nm (Y203)1 0 (Y203)1 0 Filmform ng
pressure (Pa) 8 8 8 8 Magnetic |ayer 4b Conposition

W@ 20048908¢4Col 9Cr 11Pt 3B) (Col9Cr 11Pt 3B) Thi ckneBST/fIrm094/604994

4 Filmformng pressure (Pa) 3 3 WD 2004/090874

PCT/ JP2004/ 004994 -50 Table 9-111 Magnetic
properties Static nmagnetic Read/wite Property of
thermal property property flugpuati on Coercive force
Ce -Hn Ce Ov dB S/N (dB) (% decade) Ex.50 3900 1700
50 21.1 0.13 Ex.51 3800 1650 50 21.5 0.13 Ex. 52
3950 1700 51 20.8 0.13 ExTabhe3o-3#00 1450 53 19.4 0. 15
Exanple 54: A filmform ng chanher of a DC magnetran

sputfering device (nadaghsticugspesties 5 Corp. . JAPAN and
sol d| und&taticheagneticiuct |codBead/wti@ 301Prppeatymifthernak
washed gl asmopatybstrate (2. properghes i|n odluetuatiemgt h|,
produCbhedfve@aea K. K. ,| JAPAN), and was evacuat ed
till|thedegree| gin (GHYOW (@) Ised (dB)X| 10(% deaadepnd

50| OPERaGET 10 qhh@ECy SBYtiarizmg) by usirngisa tar get

AZr 3Ry {7 it 1§e@f [Z7 560N1EM, 57 AT % qf 130

-\rni-uvf\n ° [|

BEX 5 . L 001
E‘; "III. t_s’lbl D l. [IB g Z@dlbtf UI51 LL 268 d bUDb[ roifjd
.F

5 O VTIOR3 1 M O AU Yl A Al

le +ho
gI ass substrate By atest with a vi bratlon system
g,?fetﬂc property testing device (VSM, the product,
(T-nm of the saturated magnetic flux density Bs
( T) dufilm-forming phambiseof 3 P magr@nﬁegmlttenp& dyvies (mame@y ANELVA

R e
shbﬂttal@l’\(eésinolﬁesﬂﬁ) onter kength, product of Ohara K. K., JAPAN), and was evacuated
till the degree of vacuum reached 1 x 10® Pa, and then operated to effect sputtering by
using a target of Co4Zr7Nb {4 at % of Zr content, 7 at % of Nb content and the balance of
Co} at a substrate temperature of 100°C or less to form a soft magnetic primary coat 2 of a
thickness of 100 nm on the glass substrate. By a test with a vibration system magnetic
property testing device (VSM), the product, Bs't (T'nm) of the saturated magnetic flux
density Bs (T) multiplied by the film thickness t (nm) of this film was confirmed to be 120
(T-nm).

On the soft magnetic primary coat 2, a film was formed in a thickness of 20 nm by
using a Ru target to give rise to an orientation-controlling layer.

On the orientation-controlling layer 3, a (Co12Cr20Pt)90-(S102)10 {90 mol % of an
alloy composition comprising 12 at % of Cr content, 20 at % of Pt content and the balance
of Co and 10 mol % of an oxide consisting of Si0,} target was deposited in a thickness of
10 nm under a sputtering pressure of 0.7 Pa to give rise to a magnetic layer 4a.

Then, a target formed of Co20Cr13Pt3B {20 at % of Cr content, 13 at % of Pt
content, 3 at % of B content and the balance of Co} was deposited under a sputtering

pressure of 3 Pa to give rise to a magnetic layer 4b in a thickness of 10 nm.



15 using a Ru target to give rise to an
orientation-controlling layer. On the

w®eooandmri on-control ling layer 3, a PCT/JP2004/004994
(Col 2Cr20Pt ) 90- (Si 02)10 {90 nmol % of an all oy

conposition conprising 12 at %of Cr content, 20 at %

of Pt content and the balance of Co and 10 nol % of

an oxi de consisting of Si02} tajget was deposited in a

t hi ckness of 10 nmunder a sputtering pressure of 0.7

Pa to give rise to a magnetic |ayer 4a. 20 Then, a

targ { % af

13 a?ubﬁéﬁ%@ﬁﬁl qf 6%@%%?1&)%&3?}@ 2 tggzkﬁ‘Bés(s: g‘a t@ élr?ﬁvaé:%}ﬁﬁmby the CVD
toetinaquee TifenO@}lubmatn@bssn ¢ ofl parfaieropalysthet wes iforgqued by the dipping

t ?P%z(futléqu? c‘f%%l@ieétg) %f rtno #}i\ﬁ/q%ewgéh%c%‘%“ggﬂleet }ecs:ulltsagfe {he4rg.ting of the
B@Hed?%@:@ﬁ@&ﬂ&ﬂém of Barbplle Saqeeghohy,in Taleddbect i ve

| ayer 5 of a thickness of 5 nmwas fornmed by the CVD
techni que. Then, a lubricating |ayer 6 of

per fl uoropol yet her was for nggley-1t he di ppi ng

technique to conplete a magnetic recordi ng nedium The

r esul|t sOnéntatipa-qoatroligg ddyet he | magnet i dntemrashade lager 8
medi ym ofCdogasjror 54 |dFleclele i n Talneodfion5 Tabl g Thickness
10-1 |Ori gat@hmelnspont|rolthinng || ayer fal Whmolomdi at e (nm)

Eagerl 8 Conpgsition [Thi ggnes|s Conposition Thi ckneks .

Bl 551 % (pg) L (at o gk % (T EX. b4_Hu 20 - - X, .
5 | i ;:B I./I\I' AI'TT'AA ?51'7'

AP T O N AW IS

580 1N TRJOS4T105)S) |5 25 5 izmr‘r QI\?QT;LE; Ex. uéq

b ek 75 b SR 2 Ry
%5‘%‘; 208EBE-Ta0) 202 63%  Ex 64 Ru 20 Co3 8Crapt6R. -

0 60 A1 N{@D84-($1xNa)6E Ry 280 Cn Co38Cr 4Pt 6B 92- BC 8 5
Ru 20

Ex. 61 {Co035Cr} 2
Ex. 62 Ru 20 (C40Cr8pt3Ta) 3
Ex. 63 Ru 20 {(Co30Cr5Pt)94-(Cr,03)6} 5
Ex. 64 Ru 20 {(Co38CrdPt6B)92-(AIN)8} 5
Ex. 65 Ru 20 {(Co38Cr4Pt6B)92-(BC)8) 5
Ex. 66 Ru 20 {Ca38Crd4Pt4B}92-(Al1,0,)8} 8
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Ex. 66 Ru 20 {Ca38Cr 4Pt 4B} 92- (Al 203)8} 8 WO
2004/ 090874 PCT/ JP2004/ 004994 -52 Table 10-11 M

woatoioogsroperti es Static magneti c Read/ wite PrOpErngs/004994

of thermal prope property fluctuation Coercive force
Ce -Hn OGe Ow (dB) S/N (dB) (% decade) Ex. 54 4200
1600 50 20.9 0.13 Ex.55 4300 1550 51 20.5 0.14 Ex.56
4500 1800 49 21.5 0.11 Ex.57 3600 1400 54 20.8 0.15
Ex. 58 3400 1100 55 19.6 0.21 Ex. 59 3500 1250 54 20.4
0.19 Ex.60 3600 1100 54 19.4 0.17 Ex.61 4500 1750 50

21.5 0.11 Ex.62 4450 1800r#4% @lo8 0.11 Ex.63 3900
1550 50 211 0.14 Ex.64 3800 1600 50 204 Q016 EX.

65 3400 1200 51 19 3 Mapoetigpropgatiessnq 1350 51 19.5
0.17| Ex&tasicanaghstic o 6(: MRgadwite r eqdiroparty ofthirmalyer e
manuf act ur geopsrtyf ol | owi| ng t pepetyocedur e dluctustidixanp|l e
54 whCbeacwbdsrge ng the fgateriall of the
ori ent at i(0g)y cont M {0e)y Avagdd) | SN (dB) |mat idekade) Shgwn

Exnsdabl e4ddp The nesapl s g the z@di ng of ity magndtic

BE59[ i Ng3@Edi a| ofjskxanpl 5 95 356U are gmpn i n

Ekﬁ%‘ T0,5decaPi € 18dg 10 ﬁng f ITF 0% TTT1Tg qujrﬂer of—ja

NI ANLA

A O Y D OARC AN 50 S i SN

Ex 581y a0t o hadipe 1 BSOS o e )

E;FIU;S% |pﬁ§90;; n"nAZM“ of Ohar: E20-4<

i . 'IADAIQ)19 and was

Eecng at ed0600 | 1100 54 19.4 0.17
Ex. 6 4500 1750 50 21.5 0.11
Ex. 62 4450 1800 49 21.8 0.11
Ex. 63 3900 1550 50 21.1 0.14
Ex. 64 3800 1600 50 204 0.16
Ex. 65 3400 1200 51 193 0.19
Ex. 66 3600 1350 51 195 0.17
Examples 55 to 60:

Magnetic recording media were manufactured by following the procedure of
Example 54 while changing the material of the onientation-controlling layer to the materials
shown in Table 10. The results of the rating of the magnetic recording media of Examples

55 to 60 are shown in Table 10.

Example 61:

A film-forming chamber of a DC magnetron sputter device (made by ANELVA
Corp., JAPAN and sold under the product code of “C-3010") admitted a washed glass
substrate (2.5 inches in outer length, product of Ohara K. K., JAPAN), and was evacuated
till the degree of vacuum reached 1 x 10” Pa and then operated to effect sputtering by
using a target of Co4Zr7Nb {4 at % of Zr content, 7 at % of Nb content and the balance of
Co} at a substrate temperature of 100°C or less to form a soft magnetic primary coat 2 of a
thickness of 100 nm on the glass substrate. By a test with a vibration system magnetic

property testing device (VSM), the product Bs't (T'nm) of the saturated magnetic flux
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till the degree of vacuumreached 1 x 10-5 Pa and then
operated to effect sputtering by using a target of

wEoshLndads {4 at % of Zr content, 7 at % of Nb POTIEN004/004994

and the bal ance of 15 Co} at a substrate tenperature

of 100C or less to forma soft magnetic primry coat 2

of a thickness of 100 nmon the glass substrate. By a

test with a vibration system nggnetic property

testing device (VSM, the product Bs-t (T-nn) of the

saturated magnetic flux W 2004/ 090874

dt &T{th’?(Q(?ﬂ{u@Qﬁ%%y the5§lng§1'ft§dn€§é t%&?m? &9 thiithd R &ﬂﬁm{e to be 120
filmthickness t (nm I mwas confirne

(T@nﬁe 120 (T-nm). On the soft magneti c primry coat 2

ment o] fil for hi ckness

20 nrq?lb@gusglﬁnlég nefic ptng%y\@%tof gﬁgoﬁ}e%sa‘}otv% aa?lfm was fc))rmed in a

tlockresd @t20am by niiﬁg)h Runggéay grve3lse %o fmorid?neltlon controllmg layer 3.

orientation-controllin Ia e a film rmed in

" o SEeriftor-pnrafe PR i ¥ationres st DugkgessceT 2 am by
uSiap tae0s3 5T 35 e oh 3k aneenteht #altht BaEREe $OCEH) ¥Sudt s %wteorlse to an

an internediate layer 8. On the internediate | ayer 8
infermedina fayeri8ayer 4a was for msd in a thi ckness of 10

nm bbnutﬁé rllrgcel?negig?é ?cl rzig:)tl)ng%ne( ?da éllg w(a? Qo e&lé)aotﬁnc%ness of 10

al l oy conposition c
ngoby esibg aZOthC%BD%P(LSl@f)m €90 mah & bfien bhd))ﬂmﬁpdsftloGCbomprlsmg

n % of ,an . oxige consis f Si
13368 O6CE sonte e 25 4 utiodtent ait tpe bafines TN abiPnol 9o of an
oRTlg B sisting @YSfOz‘}alﬂarQﬁilnﬂé}ra@\Bdttér réBirelopeIPa0f 10 nm
by using a target forned Crl 3Pt 3B (20 at % of
Cr cSHeseaentlyn magugtisrlayer 4bcymSefmmed3meat thigkagss f 10 nm by using a
b, oA 0
PRSI OCR LR ER 014 O WAL B APy 3ot
c&ltwasand drerimthnwofdM}mmilemaswtteﬁnépmmubsyoﬁm CVvD
tech T en ub

o 1 PSRt hofectide B baS By efn & fipknggs of S nm by the CVD

tdcBAiq0é.  TBer, & KIBAPtAE Gayer BBESrflGorb Sl péthlrNGasn@ethe by TREdipping
results of the rating. of the magnetic recording

tGFRRIAEENIQ COPR ISt dnagnetis Eecettiigh medivmp The resulty @f the rating of the
nfaS AR r@&r&% mdﬁﬁl Hﬁ;ﬁé@ L€ SRIVH ROrBRA R ver e

nanufacture by fo e proce ure 0 Exanpl e 61

whi | e changi ng the naterlal to the materials shown in
Jhe results of the rating of the nagnetic

Ex%n8§%%%§ %gdla of Exanple 62 to 66 are shown in Table

10. Rbaghtimpdcoflifiy niedia/ SverdVagin@iacturdde 69 B inEE tHedprocedure of
wer e naanachured by fol ] ow ng the Procedure of
Example 61 while changing the material to the materials shown in Table 10. The results of

the rating of the magnetic recording media of Example 62 to 66 are shown in Table 10.

Examples 67 to 78:

Magnetic recording media were manufactured by following the procedure of
Example 1 while changing the conditions of the perpendicularly magnetic layer 4, such as
the material, added gas and substrate bias, to the conditions shown in Table 11. The results

of the rating of the magnetic recording media of Examples 67 to 78 are shown in Table 11.



Exanpl e 1 whil e changing the conditions of the

per pendi cul arly magnetic | ayer 4, such as the
woradoandml4 added gas and substrate bias, to thBCT/JP2004/004994

conditions shown in Table 11. The results of the

rating of the magnetic recordi ng nedia of Exanples 67

to 78 are shown in Table 11. WO 2004/ 090874

PCT/ JP2004/ 004994 -54 Table 11,1 Magnetic |ayer 4
Magnetic | ayer 4a Conposition I ckness Filmform ng
Added gas Substrate bias {(at %9nol % (nm pressure
(Pa) Ex. 67 {(Col OCrl 6Pt)9%al§%:g/?)18} 96 - - Ex. 68
Sane as above 9 6 02 - 0.3 VO - Ex. 69 Sane as above
9 6 02 - 0.6 vol % - Ex. 70Mdpastic Agerabove 9 6 02 - 1.2
vol %9- Ex. 71 Sanme as aboNmpfetle I8Rr4a 2 VOl % - EX. 72
§a$ as C@g@&ﬁtlli%i} 6 U&iéktﬁss‘é@i%ﬁ-‘forﬁﬁngo \i éd%&‘l 5 gs Qggs\éﬁtesoias
vol % - {%ﬁ.ﬁ)};{% égeims aénéﬁov?}%s 6%9 0.6 vol % {150 V
Uvtc I U Z - U, O VUl 70000V A 11
ar% g’gﬁg\r/@ﬂ' 02 -, 0.4 vol Oél 600| V Ex. 78|Sane as
aboye 4000 0 g veile Table A1 1| Maghetic +ayer 4 |
h S YOVEL. (‘gmr?gsi tlion Thickne9z" (Eﬁlvﬁl%nr m ng
BBy gawegppbaveatle hi%hs |(at B (nn)Opr@&yal|(pa) -
E% 7067 Sempaceb®pt Cull® 9 0.7 - 6 Ex. [@8- Bawel%s above
Ex. (017 Samef@xab®2 Sane %s dbove @ 0. 7| -0x-2 vol% -
Ex. 72| Same as above 9 6 0, - 4 vol% -
Ex. 73| Same as above 9 6 N - 0.5 vol% -
Ex. 74| Same as above 9 6 0, -0.6 vol% -
Ex. 75| Same as above 9 6 0, - 0.6 vol% -150V
Ex. 76 | Same as above 9 6 0, - 0.6 vol% -300V
Ex. 77 Same as above 9 6 0, - 0.6 vol% -600V
Ex. 78| Same as above 9 6 0, - 0.6 vol% -
Table 11-11
Magnetic layer 4
Magnetic layer 4b
Composition Thickness | Film-forming | Added gas Substrate bias
(at %) (nm) pressure (Pa)
Ex. 67 | (Co23Cr16Pt1CulB) 9 0.7 - -
Ex. 68 Same as above 9 0.7 - -
Ex. 69 Same as above 9 0.7 - -
Ex. 70 Same as above 9 0.7 - -
Ex. 71 Same as above 9 0.7 - -
Ex. 72 Same as above 9 0.7 - -
Ex. 73 Same as above 9 0.7 - -
Ex. 74 Same as above 9 0.7 0, - 0.3 vol% -
Ex. 75 Same as above 9 0.7 - -
Ex. 76 Same as above 9 0.7 - -
Ex. 77 Same as above 9 0.7 - -
Ex. 78 Same as above 9 0.7 - 200V
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Ex. 70, Sane as above 9 0.7 - - Ex. 71 Sane as above 9

0.7 - - Ex. 72 Sane as above 9 0.7 - - Ex. 73 Sane as
waboweB7H. 7 - - ExX. 74 Sane as above 9 0.7 02PeT/0P2804/004994

vol % - Ex. 75 Sane as above 9 0.7 - - Ex. 76 Same as

above 9 0.7 - - Ex. 77 Same as above 9 0.7 - - Ex. 78

Sane as above 9 0.7 - -200 V 5 WD 2004/ 090874

PCT/ JP2004/ 004994 -55 Table |_sk-111 Magnetic

properties Static magnetic Read/wite Property of
thermal property erty fluctuation Coercive force Ce
-Hn Ce Ow (dB) S/N (dB) (% @fcadg) Ex. 67 4300 2000
1.5 21.5 Q.09 FEx 68 4450 2000 50.5 21.9 0.09 Ex. 69

46002000 49 22.5 0. 0Maghgtic fioper8&0 2000 49 22.4 0.9
Ex. 71 4504iclafghetd 22.[1 ORRAd/wiite 72| Ri3pétyldAlermal
19.7(0.13 fwepek® 4300 1850 padpeady 8 0.[09 fluctubfiot400
1900 | BbeeiveZoReD. 09 EX. 75 4100 2050 49 22.6 0.09
Ex. 16 4700) 2000-49 (G| DW(dH) | ST (dBY| 4694 £LAR) 49
(BL6?|U- U300=X. [B 28RV [2UUs 49 25 § U UY TTj g

ELEE i e?_zﬁgd)[p e 26057 T 5578 gf Ef‘g‘”p{l e 5 vy 4

Ex 691 <4860 = 'F'2odo ~| “49 225 0.09

Ex. 70 4550 2000 49 224 0.09

Ex. 71 4500 1950 50 221 0.09

Ex. 72 4200 1600 53 19.7 0.13

Ex. 73 4300 1850 52 218 0.09

Ex. 74 4400 1900 51.5 229 0.09

Ex. 75 4700 2050 49 226 0.09

Ex. 76 4700 2000 49 228 0.09

Ex. 77 4650 2000 49 225 0.09

Ex. 78 4750 2000 48 235 0.09

It is revealed from the comparison of Example 5 with Comparative Examples 1, 2,
4,5,6,8,9and 10 in Table 1 that in the formation of the perpendicularly magnetic layer 4
contemplated by this invention, the construction of this perpendicularly magnetic layer 4
with a magnetic film having Co as a main component, containing Pt as well and containing
an oxide and a magnetic layer having Co as a main component, containing Cr as well and
containing no oxide manifests an effect peculiar thereto. It is noted that Example 5 of this
invention enhanced the nucleation (-Hn) to a great extent and manifested the property of
thermal fluctuation and the read/write property (S/N ratio and recording property)
favorably as compared with Comparative Examples 1 and 2 which formed only oxide-
containing magnetic layers.

It is learnt from the comparison of Example 5 with Comparative Examples 6, 7, 8
and 9 that for this invention, the fact that the magnetic layer 4b has Co as a main
component and contains at least Cr is important.

It is learnt from the comparison of Example 1 with Comparative Example 3 that the
formation of a perpendicularly magnetic layer 4 necessitates a magnetic layer having at

least one layer containing an oxide.
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4, 5, 6, 8 9 and 10 in Table 1 that in the formation
of the perpendicularly magnetic |layer 4 5

w@eontemsiat ed by this invention, the constructPONIED4/004994

this perpendicularly magnetic layer 4 with a nmagnetic
filmhaving Co as a main conponent, containing Pt as
wel | and containing an oxide and a magnetic | ayer
having Co as a mai n conponent,_sgontai ning Cr as wel |
and containing no oxide manifests an effect peculiar
thereto. It is noted that Exanple 5 of this invention
enhamncig dealrktfrdih! el eLvhpafisd SNBxdntplés YLAAD 168X8 @t 4 Ehntent of the
mani fested the property of 10 thermal fluctuation and
oxifle in edyxige-qontaining aegheticdayer datis prefamgd te bo B dneldpe or more and 12
ngiggﬁqég) favorably as conpared with Conparative

anples 1 and 2 which fornmed only oxide- containing
magnétis eatna frensthe bompaisbe af Bxanfiple fahd &4 trommm theCr obntent in the

A e e R B AR 8 of e or s

| ayert i$Reat@Sfrded tiRScomnpiBikéh ofiéxamn@mam 181061 20 Y B &bhtent in the
at least Cr |S|n‘r;§rtant is learnt fromthe

oxisigrsantaEdle Magnesia ypidars metfweédﬁﬁa.lﬁﬁﬁ *peor meapIde2 0t % or less.
t hat Timgi?m ’fﬁﬁé@tﬂt gr\eﬁ-ﬁt FoMGhe cgl'g;?a(fl{él)x?ﬁ Ex Qse 1I &)I Zesatshf“ the Cr

| ayer 4 necessitates a nmagnet | ayer
coment| im flermagmatialagenyth cntaiinglao oxi@e Ps(tﬁéfkﬁ@d)&?o@ 14 at % or more and
§CT,{JP%OO4/ 004994 -56 It is learnt fromthe

on of Exanples 5 and 9 to 13 that the content

of tRheis Iethtdfeorh thé bEmParisdR -of Bxhapts 78 10BN Bhi thel BY®Rhtent in the
da is preferred to be 3 nol%or nore and 12 nol % or

nagaglic 19yqr§ centpingmodera prefmisd te 8 gh%agtr nporaapd 20 8 %4 g less.
14 1§ id fealdd #ont (NS el e c?l@ldé ?f &Q Bxide- con mmlgeraa%netl% layer 4a is

oxi de-cont ai ni ng magnetic layer 4a Is
peferterh tor bmﬁ’ré)aarSdOz’L@r akeor It as Surther leasmtl that it mhy dra a material

. CONp Exanpl es 5 and 18 to 20 the Pt
c%r;}‘ﬁlfl ent* R raf f‘%‘)? Ye- cont ai ni ng magnetic layer 4a is

pr ef &ris Rdrmt dlabﬁlelﬁhtaial %o b¢ usEaIfer the PerphdiduldyhadrRES layer 4 may
arnt fromthe conparison of

Then |ge§TabIe 2, it 4&
stope;elemant selagied fiemche BioNp SARSSHRZH S, g Ca, Nd, W,

Nbas&rrﬁhz&mtreéwsms@e Sxdddepti s preferred to be 14 at
% or nore and 0 at%rless. It is learnt fromthe

conplris amt (ﬁtforrEJZaiﬂpB dhat fe qonstB@tiph af thetpergendicalatly magnetic layer

lLayer 4b, con a|n|n no_0x i . .
4 rgg ‘té??lgc t{h @ea a tlc laXBr so Bxgar%o 9}(1%7 apci g;se O)iliie-fzcgltammg
niagﬁsrtmtla)felr amﬁabd;@naaumaceah@tmm@he nfEintibied.

oxid ntainin gneti¢c Layer_4da is preferredto be
Cr 20 %f *g?m g@s‘.‘, T%b?er s 9n ﬂiaﬁ@rﬂﬂ@éﬁbﬁ perRerdigularlygpagnetic

1Rer Aﬂmﬁ?b@ bbritructed of three kinds of magnetic layers.

It is learnt from Table 7, Table 8 and Table 9 that the nonmagnetic layer 9 may be
formed between any of the adjacent component layers of the perpendicularly magnetic
layer 4.

It 1s further learnt that the perpendicularly magnetic layer 4 may be constructed of a

plurality of oxide-containing magnetic layers.
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20

15 containing a plurality of oxides. It is |learnt that
the material to be used for the perpendicularly

woreyaetises | ayer 4 may contain at | east one el BITBM2004/004994

selected fromthe group consisting of B, Ta, M, Cu,

Nd, W Nbo, Sm Tb, Ru and Re besides Co, C and Pt.

It is learnt fromTable 3 that the construction of the
perpendi cul arly magnetic |ayer.5720 4 may be such that

the magnetic | ayer 4b containing no oxide and the

oxi de-containing magnetic |ayer 4a are sequentially

pl ac gds idardt HRnPTERE 1070k U@%Qntah&n—b&&o@lﬂﬂﬁyér@% T8l material
4, Table 5 and Table 6 that the perpendicularly

Cﬂ@tgmélgl an oXidg anetal niigide pad ot carthidechesiges a matallik matbsiabdssuming

]ggajgg ' q;f?{s s learnt from Table 7, Table 8
tan '?’grgﬁgtg}eQ “a?t %Itr?ed nonmagnetic |ayer 9 may be 25
f or mitdis bfatthereleamn yhan fthé h&e@téjdﬂﬂaetat}remrm@nbahnﬂe@pwdsbaﬁveen the

t.he end cuI ar | netic .l is further
OGS G0\ 56 BB AR S N FBETEIBFER 4 oy

be Cﬁnﬁtlééﬂ&i #8mOoTatde 1Plthdtahd badiddn OKhdRs GARhAIMY f¥mation of the
magnetic | ayers. WO 2004/ 090874 PCT/JP2004/ 004994 -57
pefpendicylardy magretisAayeatbped the subsiraterbins result in enhancing properties.
orientation-controlling layer 3 may use a nateri al
containing an oxide, netal nitride and netal carbide
IbsirdbApplicabilay:| i ¢ material assunming the hcp

stru ure o d. s further

*he ThE BrgRtiedrtoiiagdpediyob i it S deromb N ingrovided
oh anohﬂlﬁgﬁeItllcQﬁbsfﬁ@fH widh hi lﬁﬂ;t bR ¥RéntatiRbntrBRing layer for controlling the
perpendlcularl magnetic |layer 4. It is learnt from
omgnptéoniaf 4 layer %ﬁéecgém% ly sheredn, & ngependignlaHy mageetic layer having an
egﬁfg ‘!’t?églzﬂlf I? aosrf%rﬁfGegﬁ %anﬁu p@ﬁ)&fdl% rkﬁtlbé‘xg rth rf%ﬂglagnetxc
sﬂllm;i‘a‘st alndila pﬂ&pipbmmlayd:rl ztryl c}fhfhcﬂélneedmgﬂfalt Itlme papeltdiclrhgly magnetic
1msdl %&IS i nvention, r (gﬁg I
%FB%‘?‘B%I&)“S 0 & H}S’ﬁ%ﬁ‘ﬁﬁfé"t"icc‘a%eﬂso&f e&ft °‘\Rn %{nafv”éeé‘é?t aygps being a
l4yet Ravtigd COrs @0Mkih Wohipdfierlt A€ Cortt@ihingaMttas Aldll £ &dﬁ&lnmg an oxide
orientation of_ a layer forned dlrectl¥%thereon

apd plend |aE?#1§fr?f¢hﬁﬁ&ﬁé%tI°cla}’e&§/ Being g\Jaysg haying Losas|a/main component
2R YBEhinFIg"Er 3X 'ﬁell%dd%ﬁ:ﬁé%ﬂ@'d&' xiB& @gﬂﬁlﬁs@‘ BbiHgwdation, it is made
relative to the nonmagnetic~ substrat nd a
ppysdtleta pmmolteaijee: devrdorcéral megretic 2wdation dfiibe rrtagmetic grains, enhance
eredlcu 5Ia I‘IS t or .
RHBTRGRTD B0 Beaf ety L w3 8 Rl Rl mprove e
nhdya&foﬁ (Hﬁl)r@da:onéeayaftlyfb&ultl’ﬁl& fiopérby &f tiiBinfl FRERAHENEN acquire a

gd containing Pt as well and containing an oxide
medium possessing a proper recording property (OW).




and at | east another of the magnetic |ayers being a
| ayer having Co as a nmain conponent and containing Cr
wa@soowedds7and cont ai ning no oxide. By this PCT/JP2004/004994

configuration, it is made possible to pronote fine

di vi sion and magnetic isolation of the magnetic

grai ns, enhance 20 the signal/noise (S/N ratio to a

great extent during the coursesgf reproduction,

i nprove the nucleation (H1) and consequently exalt

the property of thermal fluctuation and acquire a

medi um possessi ng a proper ciageidi ng property (ON. WO

2004/ 090874 PCT/ JP2004/ 004994 -58 CLAIMS 1. A

magneti ¢ recordi ng medi um provi ded on a nonmagnetic

1Substy | a [ n-control l.in

1P ayer Rafhellstetofting &FnloyiBd G BAngfTi Pl Bgh ateastan

oﬁlleliteﬁdid-gbntlbﬂfngldﬁyer for cpeumlmgl bﬂwtardnwfﬁamgfdrmeﬂ lay&rtly thereon, a
avi an easi nefl zing axis oriented maln

PEF @%&P%I’B‘?ﬂ“ﬁy it PSR f}%w% h £258 n FREGREHZNS S Prged mainly

peipendiclA®y RLdtivEQo HRVRInmagAdtt sWBatand 8 ipRGective layer said medium
characterized in that sard perpendicularly magnetic

bemg etharastepreds ks thatweaid pemsndiculady meagnetic layer eomprings tep or more

sAi vin
nlla?ﬂg‘tsc 8?&5 qg%t n%g%aép’?ﬂgﬁgéag% hﬁéﬁ‘&rg{: layiﬁ‘ 14 9¥a&eli Faavu}%@o% a main
comporaanh antycantaining de aﬂmdlltahdtcoammh@at odidoamethaoit leg@aabther of

SER e SHHS o s TVALE o 208 R FOmBmSTLORk GriaTige g as wel

agab&ﬁmnﬁgnAogmgnetlc recordi ng nmedi um according to
claim1, wherein said magnetic layer containing the

oxi de has magnetic crystal grains dispersed therein

sand I

CO| u%na{grg Fe'il}fsttec%lr%}gé %ﬁeﬁﬁlmn gt&?%&l{l :t:cg ?%Hﬁ 1, %g{elﬂ g magnetic layer
camtginingi the okide d)lasmmgxietmrcrpdtaii gnigs dx&bﬁst&i there@ ghdosdiidlerystal grains

a de .of east one nonmagnetic netal selected
pP?&ﬁFéﬁBhﬁ“cho Pmmﬁgnnil and Ti. 4. A magnetic
recording medi umaccording to any one of claims 1 to
3, wherein said _oxide is Cr203 or Si02. 5. A magnetic
3¢ ecoAdnpgIeHE Caling med amragcordingriy chwa logr Jaim wlrren@ said oxide
Ao PRI Pl Icf
SO IS ot pORPAIRE el Qeckircih Bl £ i1 Afna i
or Iess 6. A magnetic recording nedlun1accord|ng to

Qne of rein said net

on & rdhs 6 r@oBindimeRug oiOTHES 457 e SFRAEN fouhpberein said
okids 1 2CLD; 6:8iDent of O at % or nore and 16 at % or
|l ess and a Pt content of 10 at % or nore and 25 at %
or |ess.

5. A magnetic recording medium according to any one of claims 1 to 4, wherein said

magnetic layer containing the oxide has an oxide content of 3 mol % or more and 12 mol %

or less.

6. A magnetic recording medium according to any one of claims 1 to 5, wherein said
magnetic layer containing the oxide has Co as a main component and has a Cr content of 0

at % or more and 16 at % or less and a Pt content of 10 at % or more and 25 at % or less.



WD 2004/ 090874 PCT/ JP2004/ 004994 -59 7. A magnetic
recordi ng nmedi um according to any one of clains 1 to
w®20mbeisei N sai d magnetic | ayer contai ni ng t hBCDI®P2de/004994
contains at | east one el enent selected fromthe group
consisting of B, Ta, Mo, Cu, Nd, W No, Sm Tb, Ru and
Re and has a total content of said at |east one
element that is 8 at % or |essg98. A magnetic
recordi ng medi um according to any one of clains 1 to
7, wherein said magnetic |ayer containing no oxide
7has @Oomasn e@:c%o?dxﬁ%%@ﬁ%ﬂ&cc@ﬂﬁné“@%n? ohE o?emrﬁ:{‘i 196, Wherein said
at % or nore and at % or |ess . A magnetic
magoeticdiaygy qentinimg theauxidsi qegtains attepstoms e¥mait aelested from the group

- I 8ikn C 0 e _has
c?%sﬂgﬁg o??aT% tlglgh%%%gcﬁt\*’ CN%% Tbaﬁgra%g géﬁta%ﬁ thgs Of% conent of said
abteast oneelemamcthadGs &at Yoavilesk.ess and a Pt content of 8 at
% or nore and 20 at % or less. 10. A magnetic
recordi ng nmedi um according to any one of clainms 1 to
89, WASHK&HEtis Rbcdrdif@aRBluhTadcadg t%%i%r dnBlohelalis PXd #ewherein said
contai ns at | east one el enent selected fromthe group
magReticlayes gowpinmg npoxidghas €, as manaiycomponeghandtias afy cantgnt of 14

Q ntent of said at |east one
g?eﬁe%rgﬁat ihs%?L 1e§§3% or less. 11. A magnetic
recording nediun1accord|ng to any one of clainms 1 to
erein said ﬁendlcul nagnet c Ia

St e MagHEISRE TreayipE BHHEH ACHE o CAD GRera) AR drfo in herein the

mMRgaRs lhyer |calytﬁfmr{?g<}fbt SXidy Hag Coh8 aQ%dxﬁi Sompehentar¥BH8 8 [0r Content of 14

recording ne |%n1accord|n to any one of claims 1 to

at %o oryse and3Qafi%g or }f&g@mﬁ%@emn of 8t e herejaag @p at % or less.

contains two or nore oxide-containing |layers. 13. A

magneti ¢ recordi ng nedi um according to any one of

18] ai Asmdgretic 1®ord1it®mdi|unsa:icdrdirrgempen ohe uf elainys hag?geleharein said
two or..nore [.S cont

ST B SRBB T THIBOaTBEa oIt 688 CETeTASHHLEPE the sroup

coiisting onNB, TeNILNTE O WAINItY Sinf) TANRu @A Refang had ABotal chent of said
13, wherein said erpendlcularly magnetic | ayer has a

ah%ﬁﬁﬁ@%%@?%nm%ﬁé%sE%@WEBﬁSsald magnetic |ayers. 15. A
magneti c recordi ng nmedi um according to any one of

clains 1 to 14, wherein the perpendicularly nmagnetic

llayeA mamrptib wgr@lgxhadiaini dcyording magm}ednieooflcmjms $ te &0 hwherein said
ons ai ns h .the crystal

BRI R Srsgdp T B b BB e i SrB g on the

nmgyatcahyeg bmmﬁu@nhaoix@dver si de.

12. A magnetic recording medium according to any one of claims 1 to 11, wherein said

perpendicularly magnetic layer contains two or more oxide-containing layers.

13. A magnetic recording medium according to any one of claims 1 to 12, wherein said

perpendicularly magnetic layer contains two or more layers containing no oxide.



16. A magnetic recording nedium according to any one
of clains 1 to 15, wherein each of said magnetic
wo a00e090876 constituted of at | east one cryst al PQI/ar2004/004994
and, during epitaxial growh of the at |east one
crystal grain constituting an upper magnetic |ayer
fromthe at |east one crystal grain constituting a
| ower magnetic layer, a ratio @h.the first nentioned
at least one crystal grain to the second nentioned at
| east one crystal grain corresponds to one to one,
19ne  LOmBEdbEiR |réctoYd1ﬁ7§ mid Mfrfadc'(:SﬂdlnthO ahy oné]-gf clzﬁmgﬁ 4 QB | \Qherem said
recordi ng medi um according to any one of clains
pmen«tm@a&v magngitig laysehasarmbinonaizaeticylayen eter satx@yr@gndmaslasars
ratio of one to one, one to plurality or plurality to
one, which ratio is given to at |east one crystal
1§r ai A mbgridtie remgdiag imeduay rcoriny @i ani Rge bfielatis Heo 14weherein the

at one crystal ai.n of the netic |ayer

FEBR P R PRGTE orer cSIHERSER 8Pl T e Rl cagh gonstituted of
cBys¥ad Ainsd ir2vRicR Thed ey MBIPERinS lofl @niupp&iiNidedark 3 itakidllyOWPwn from the
fromsaid at | east one crystal grain on a |lower side.

cstal grajfstancdower side production of a magnetic

recordi ng nmedi um provided on a nonmagnetic substrate

wth at | east an orientation-controlling |ayer for

l6ont Aoinhgregic rexordiung mediom actordinigay eny érarofethids i @c1$,ywherein each

ggﬁdlexﬁggpggﬁier ot gclog%%tgtre% qf ga??%g% Iﬂ%ﬁ lﬁniygtaf gramVIar?ag d%rmg epitaxial
gPEVREITAhE bl féﬁit)bné ratdl \teaih Qoﬁdﬂmﬁ@mqgﬁ netic layer from the at
substrate and a protective layer, sai ﬁ bel ng
RASLOTISCHEY | 25N [5ntiBHRB g OWal magnetie wﬁauacratl%pf ghe first mentioned at
drfstzll% A o%e %‘Qn{i’%ﬂ@é&ﬁg‘ré‘%gﬁ oh€ clpé%ﬁérg%é’&%r T Eé—’dnﬁs to one
td> almpnhmlmgh@o)rahtrdttyrm gneconponent , cont aining Pt as
WD 2004/ 090874 PCT/ JP2004/ 004994 -61 well and
contai ning an oxide and at |east another of said two

107 N RagfR@b eddofdih@inedism decérdingdy 8hy Bitd/dfidaifid 136 18, wherein said
mai n_conponent,. containing C as well and contalnlng

Pﬁﬂ’eﬁ%f"déﬂy magnetic/layenrs adatie PEPIego LBe.Angithp gl itupretlwility to one,
I

AR IPAFLbED Aas SRRl e kTP HP0 TR fe oxide

agd ati Inast peneystaligzais af thelraagaetic hayerqohtamiag nd oxide an@ @herkin said at

le {onec sq"?l rdtln% L0 SkAlL, elselxlargl Whlretis crystal

g TSt S AP SR GRRPRT HE® SR e e s Todm frup saidt inst g oy

gﬁﬁ@ﬂﬁhhﬁw&@&ﬁr containing the oxide. 21. A nethod

according to any one of clainms 18 to 20, wherein said

perpendi cularly magnetic |ayer contains two or nore

18X1 dar GRIMAA! for e |p%(c§kﬁon 22 a MaBRLOR AR gt'eﬂ‘iglnta?ro@méd on a

one of clains 18 to 21, mhereln sai d perpendi cu
nonmagnetic substrate with at least an orientation-controlling layer for controllmg

orientation of a layer formed directly thereon, a perpendicularly magnetic layer having an
easily magnetizing axis oriented mainly perpendicularly relative to the nonmagnetic
substrate, and a protective layer, said method being characterized by forming said
perpendicularly magnetic layer of two or more magnetic layers, wherein at least one of said

two or more magnetic layers is a layer having Co as 2 main component, containing Pt as



magnetic | ayer contains two or nore |ayers containing
no oxi de. 23. A nethod according to any one of clains
wd Booo9B®24 wherein said perpendicularly magnePCTIFay004994
has a nonmagnetic | ayer between the magnetic |ayers.
24. A nethod according to any one of clains 18 to 23,
wherein said perpendicularly magnetic |ayer has a
ratio of one to one, one to plélality or plurality to
one, which ratiois given to at |east one crystal
grain of the magnetic |ayer containing the oxide and ,
wall and gentainingeancaxyder and ayleastrpngthet pesaighfrreen mofegpegnetic layers is a
C i Ni 0 [ ' [ I - -
BRI GPam B SRoe B, SRl PR s Bl iR A ovide.
fromthe at | east one crystal grain on an upper side.

5. A nethod acgordi to a one .of cl ai 18 to. 24, .
Ger Aimoibel teepEibioatam B Prerahae reendis) Bver cobPigfisae oxide
hikSiBghefic bhsiat gﬁr@@ege& tHefeiMVBhd$hi R BryRsl §18Ths Pofetiate said layer in
added. WD 2004/ 090874 PCT/JP2004/ 004994 -62 26. A
codagnatfoens ecor di ng and reproduci ng apparatus furni shed
with a magnetic recording mediumand a magneti c head

for recording and reproducing information in said
20ra g nAtrmethodawodiingtoridmuid) or shimd 18pwhereinuke megnegjic layer containing

characterized in that said magnetic, recordi ng nmedi um
P SRR Finghet e BBy KEUTEMEde PEFLh | n any one
of clainms 1 to 17.
21. A method according to any one of glaims 18 to 20, wherein said perpendicularly

magnetic layer contains two or more oxide-containing layers.

22. A method according to any one of claims 18 to 21, wherein said perpendicularly

magnetic layer contains two or more layers containing no oxide.

23. A method according to any one of claims 18 to 22, wherein said perpendicularly

magnetic layer has a nonmagnetic layer between the magnetic layers.

24. A method according to any one of claims 18 to 23, wherein said perpendicularly
magnetic layer has a ratio of one to one, one to plurality or plurality to one, which ratio is
given to at least one crystal grain of the magnetic layer containing the oxide and at least
one crystal grain of the magnetic layer containing no oxide, and wherein said at least one
crystal grain on an upper side is epitaxially grown from the at least one crystal grain on an

upper side.

25. A method according to any one of claims 18 to 24, wherein said perpendicularly

magnetic layer is formed using a film-forming gas to which an oxygen gas is added.



WO 2004/090874 PCT/JP2004/004994

-62-

26. A magnetic recording and reproducing apparatus furnished with a magnetic
recording medium and a magnetic head for recording and reproducing information in said
magnetic recording medium, said apparatus being characterized in that said magnetic

recording medium 1s the magnetic recording medium set forth in any one of claims 1 to 17.



