WD 2004/ 090873 PCT/ JP2004/ 004959 | DESCRI PTI ON
MAGNETI C RECORDI NG MEDI UM PRODUCTI ON PROCESS

WO REREMBRS AND MAGNETI C RECORDI NG AND REPRODUSE NMBP2004/004959
APPARATUS CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application. clainms the bendfit pursuant to 35 U S.C
119 (e) of U. S. Provisional % lication No. 60/461802
filed on April 11, 200PDESGRP gbi ication is based on
Japanese Patent Application No. 2003-103367 filed in
Japan on April 7, 2003, the content of which is

MAGNE TIQrRECORDEING MEDUMFREDUE TIONGROICEAS THIEREFGREAND
present invention relates to a nmagnetic recordin
medi uMAGNEISE RECQRRING AUPRERRDDD GNGASPA
apparatus, to a nethod for producing the magnetic
recording nedium and to a magnetic recording and
r epr oduci GROSFRIEBERBNCETQ RBLATERA PPLIEATROBSe nt

|nv tion . relates to a magnetic rec in dlum
ﬁﬂm ligatinsy Ci%mr% ?Eﬁ@%éaursr@tgo ﬁiﬁ 9 @ ot UsS.
ProwsfaMCA ichiién g@%‘tﬁtr h&RA G AGrIPAbEm. and to a

magneti c recor reprodu I ng appar at us.
BACKKHRI}MIDcaﬂtRSﬁ mbamdeseﬁapaneseléaiemtrk@lmm Ny. 2703h3d67 filed

in SR R 00 dis S A ishas letwStated FARR i dpfrepnse.

a rate of 60% per year, and this trend is expected to
continue. A magnetic recording nediumfor use in a

hard disk drive is de’EE(EHw@ALthIEbDan |ncreased
reco

r ecolr:hcé dtelnse tt% éafgtge orel Rl oq' in. c{ % 1n arllr]ard
a R ﬁha B P e T e R 4R

is reqgdi

dlSkf @ﬂwmdt stmﬂmpp&:aﬂm 1054 e hol RPIeducing 186 aiaghett Reshiing
npl oyed in a hard di.sk drive has a structure in
mectmrlcrrldéo epagnets repprding andoieprpduping appaspes. clnragisularnge

preé@ﬁﬁn%ﬁt WOShfR4E a b Qﬂcgfécgﬁﬂ{g ﬁédgﬁ& in éﬁ fn%ﬁﬁshmse is reduced,

as magneti ¢ recor I'um substrate
to armgihcnrti‘@r aroduaing themag s steoadiag aredivan gindscs amdgaemmeordmg

which are wd used. A typically enployed alun num
andggmg?l}c&geagpgr 1I‘syduced by forning an NP filmhaving a
t hi ckness of about 10 mon a mrror-polished A -M

all oy substrate through el ectroless plating, and WO
2004/ 090873 PCT/ JP2084106GBS9ND ART

At present, recording density of hard disk drives (HDD) which are a type of
magnetic recording and reproducing apparatus, is increasing at a rate of 60% per year, and
this trend is expected to continue.

A magnetic recording medium for use in a hard disk drive is desired to have an
increased recording density, and therefore, the recording medium is required to have
enhanced coercive force and reduced noise.

A mainstream magnetic recording medium employed in a hard disk drive has a
structure in which a metal film is stacked on a magnetic recording medium substrate
through sputtering.

Substrates employed as magnetic recording medium substrates include an
aluminum substrate and a glass substrate, which are widely used. A typically employed
aluminum substrate is produced by forming an NiP film having a thickness of about 10

pm on a mirror-polished Al-Mg alloy substrate through electroless plating, and
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the overall recording layer becomes large; therefore, thermal instability can be improved.

Media adopting this technique are generally called AFC media
(Anti-Ferromagnetically-Coupled Media) or SFM (Synthetic Ferrimagnetic Media).
Here, this is simply called AFC media or medium.

In the magnetic recording medium disclosed in Japanese Unexamined Patent
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second invention to solve the problems is a magnetic recording medium
comprising at least a non-magnetic undercoat layer, a first magnetic layer, a non-magnetic
coupling layer, a second magnetic layer, a non-magnetic coupling layer, a third magnetic
layer, and a protective layer, in this order, on a non-magnetic substrate, wherein the third
magnetic layer is antiferromagnetically coupled with the second magnetic layer, the
second magnetic layer is antiferromagnetically coupled with the first magnetic layer, and
the first magnetic layer is made of a CoCrZr alloy.

(3) A third invention to solve the problems is a magnetic recording medium as
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(10) A tenth invention to solve the problems is a magnetic recording medium as
described in any one of (1) to (9), wherein the second magnetic layer is made of at least
one of a CoCrTa-based alloy, a CoCrPtTa-based alloy, a CoCrPtB-based alloy, and a
CoCrPtBM-based alloy (wherein M denotes at least one of Ta and Cu).

(11) An eleventh invention to solve the problems is a magnetic recording
medium as described in any one of (2) to (9), wherein the second magnetic layer and the

third magnetic layer are made of at least one of a CoCrTa-based alloy, a CoCrPtTa-based
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enbodi ment of the nmagnetic recording nedium of the
present invention. FIG 2 is a cross-sectional view

showi ng a sepRNEF GHFRIPEFIONF ThE DRAVEINGS recordi ng
medi um of the present invention. FIG 3 is a
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FIG. 3 is a cross-sectional view showing a third embodiment of the magnetic
recording medium of the present invention.
FIG. 4 is a cross-sectional view showing a fourth embodiment of the magnetic
recording medium of the present invention.
FIG. 5 is a cross-sectional view showing a fifth embodiment of the magnetic

recording medium of the present invention.

FIG. 6 is a view for explaining a Hex measuring method.
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The non-metallic material is preferably glass or silicon, from the viewpoint of
surface flatness. In particular, a glass substrate is more preferably used, from the
viewpoint of cost and durability. Examples of glass materials which can be employed as
the non-magnetic substrate include an amorphous glass and a glass ceramic.

Examples of the amorphous glass include generally used soda-lime glass,
aluminoborosilicate glass, and aluminosilicate glass. Examples of the glass ceramics
include lithium-containing glass ceramics.

Examples of the ceramic substrate include a sintered product predominantly

containing generally used alumina, silicon nitride, or a similar compound, and a
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progiyct .of KLM Te ) as surface rage
oo e oudo St SO R sl i 5 B B A, o sutace
averhgeerongihrelBgie i (B-13 Uisthic bEKLMATeAcorqUSHH it sueface average

undercoat layer 2 is forned. The non-nmagnetic
roughipeps valyg tas megaredinyprangeo8bia- | ayer structure or a

lngly E)’rngh@xc?r{-m%%ﬁé{?ct SdbStraté P,'{Ré hg'ril-prgggetgzl ﬁ{lrd‘réltl*cbgtyla?efr 2 is formed.
The non-magnetic undercoat layer 2 may be a one-layer structure or a multi-layer structure
comprising a plurality of layers.

The non-magnetic undercoat layer 2 may be made of a Cr alloy containing Cr and
at least one of Ti, Mo, Al, Ta, W, Ni, B, Si, and V. The non-magnetic undercoat layer 2
may also be made of Cr.

When the non-magnetic undercoat layer 2 has a multi-layer structure, at least one
of layers comprising the non-magnetic undercoat layer 2 may be made of the Cr alloy or

Cr.

The non-magnetic undercoat layer 2 is preferably made of at least one of an



The non-magneti c undercoat |ayer 2 may be made of a Cr

alloy containing & and at |east one of Ti, M, A,
waago4Mgosis , B, Si, and V. The non-magneti c undeCT/OR2A004/004959

| ayer 2 may also be nmade of Cr. Wen the non-magnetic

undercoat | ayer 2 has a nmul8i-layer structure, at

| east one of layers conprising the non-nagnetic

NiAubesed elbeyt, ah Ryéd-basadeallopeanded@r alfoytdenta@ringCr eyd atrleastene of Ti,
n netic dercoat | ayer 2 is preferably nmade
Mo, éﬂ%%ﬁgﬁ;g S’né‘n% "an WD 2004/ 090873 PCT/ JP2004/ 004959
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is praﬁerw inpHengawic we@snmf(mpf?@rﬁ’@rﬁb%%g el emyndé fﬂ@ofétckness of
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IS insufficient
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the r{ g:é? ’g%: ﬂﬁ&e@@é&%%{%gﬁ ad® ﬁl— ;Qﬁtﬁ@&ré@ 1§ &re orientated and

ayer prefera as a nulti-Tayer
elecmmmgnem: eransldfumnglmhanaoﬁermiugm&tlnmrawder coat |ayer 2 has

| t t t t d
o1 coviea g moen e g hen o he e B ey g e s
formledPhe VG Blne e 1ah&r dbRi¥RGRE h@n—ﬂﬁgﬁdﬂéﬁﬁhﬁeﬂc@mﬁy@: 2 may be in
having a nulti-layer structure is forned

arangsiafrie 46 ngf (ngorE pyederablynp .a,rgmg¢g)ft3ﬁ@ lﬁ@m)rméﬂ@@ thickness of the
n aye an 4
toyet R ek LG O ontedy™ 8FqBluadt HOpERictilss excocds
40 nind) ltlﬁ‘dﬂgﬁﬁél drhing P}? tob dires andSthmeﬁ utcl’mmmg ntiedin naisey st al
IS I nsu cient. In contr ft t.hi ckn
ex cdég 1%0"31413“’%55 fh gleéWSrfl%%neB? Ll CO&F ié’y?%gﬁ‘?v VR méﬁtéljayer
Stmgtﬁl%rlg bd RGF fiata o0%hppoi se. The total thickness of
n-magnetT c undercoat |ayer 2 having a

nrul tThe ffiay eragnstic lagend & malg dfe Gqﬁl’r&-b@a@g elloy. 3nithe figo

magégtﬁ, lg}ee B’Ia ! Stog?m ggf &{Wﬁr%% yrlgta ralﬁ%e ﬁfeﬁo re} g@l aé ang the content
of Zk kﬁ)rgﬁfﬁbgnﬁl Dhange of BtoP1R4tSh b theViewpEingss @f Sl\5Rt 0 22
% and the content of Zr is preferably in a ran

of The ghigkneas oﬁx;le firss pragnetic/faggigois preferrblyin grpagem{d. o 10 nm
o SRR el 0 TR s, o
epitidaigeowth i irﬁufsziéit,rmii.thérébyt hﬁﬁtlhntcdomm foscel casgottok abtained.
In cgﬁt?astn ri?'the thickness exceeds 10 nm, the part, in which an anti-ferromagnetic
coupling is not occurring, increases medla noise.

A CoCrZr-based alloy makmg the first magnetic layer 3 may contain an
additional element having an auxiliary effect (e.g., enhancing orientation, grain size
reduction). Examples of the additional element include one or more species selected
from among Ti, V, Mn, Hf, Ru, B, Al, Si, and W. . The total content of the additional
elements is preferably 10 at.% or less. If the total content exceeds 10 at.%, the effect

(enhancing orientation or grain-size-reduction) is reduced. If the content is less than 0.1



epitaxial growth is insufficient, and thereby
sufficient coercive force cannot be obtained. In
waeoowoasys i f the thickness exceeds 10 nm t heP@EIR2004/004959
whi ch an anti-ferromagnetic coupling is not .
occurring, increases nedia foi se. A CoCrZr-based all oy
maki ng the first magnetic layer 3 may contain an
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t he SHRAURRE maferihRI8vé Bk Sichad¥e A8 yY/BRQSM3when the

PCT/ JP2004/ 004959 9 at.% the effect is al so reduced.
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opp@ite agash ofer gyd argpgrali§l.- Re- based al | oy. Since these

mat i . .

o NG 2688, NS SIRL K31l ey W
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couplngdhyesprefemblydas pdargerrcouplingencrgy ¢ngéficiend. | ar gest
Coupli ener coefficient n e terd .
o B PRPERR RERST BRERAL oA T o SRGFRLY inHange
of 0l5ap & Bt (8im8re phérerabbuinl 4 rafgeoi).gyo C.oehf)i ciftht non-magnetic
denot es st rengt h of _exchange interaction between _t hF
couphgriayqre 4 pag 8 have m%%ewe%@wngmh%aw-ﬁ@%% Ggling layers 4
e - L&ingcoupl i ng | ayer
and %%ﬁgggg‘gnen ﬂﬁ?feﬂpa?gige?ﬁ%hg pgeoupling Iay

pre y has a coupl i ng energy coefficient.

The Thhinok-mepsetaf caupbing bryyeryadust is explompd alayel wyet agpligddo the

8 is preferab in .aran f 0.5.to0 1.5 ri a
nongigpsaef}t Erilipiayer AsBagaCos: niuisistn b g ot R tptena
seccﬁh@ﬁ{oﬁﬁﬂéﬁkﬁ@ co@?Eg Hdyess 4 aweg showvrARd18. have a thickness

in e

is range, t non- magnetic coupling |layers 4 and
8 hdihe sewwhfliani drird mpgretit dayerragnes nede @ﬂpﬁﬁeﬁgl.s othyge than a

N magneti ¢ goupl kNng:l . Whi ' ; ' .
CoRARANEH SofPHE RS TS St OB e
hepshamirel N FIG 1, and this can be used for the first

and second non-magneti c, goupl [ ngi | ayers_4 alad shown

i n Bpesifipally, the second and third magneticlayers may be made of one or more
alloys selected from among a CoCrTa-based alloy, a CoCrPt-based alloy, a
CoCrPtTa-based alloy, a CoCrPtB-based alloy, a CoCrPtBTa-based alloy, a
CoCrPtBCu-based alloy, a CoRuTa-based alloy, and a CoCrPtBM-based alloy (wherein

M is at least one of Ta and Cu).

Among these, at least one selected from a CoCrTa-based alloy, a
CoCrPtTa-based alloy, a CoCrPtB-based alloy, and a CoCrPtBM-based alloy (wherein M

is at least one of Ta and Cu) is preferably used.



The second and third nmagnetic | ayers may be made of

materials other than a CoCrZr-based alloy, such as a
w@e00alopasy3 cont ai ni ng Co as a mai n conmponent ankPICTaR2A00MH004959
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Cof B- base al | gy.is ed, the content of C is
to46?8;EP’5’HB9V16WPQHF%%S§?{ 10 to 25 at.% the content

of  KhdnS OSEIPeBERIYsd dllod i ARAEhe oRehtLf 1] idprePbratsifiéh a range
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of 1@ita 24 atf%oiie chmtenti o Rib & mefersbliain ;ompee yikie K at.%, the content of B

. Cr.Pt BTa-b | iy i
s RS B S P 058 BSOS belo i Bpec o
to 4 af. YoProhSthe WRfgoahlof an SNR.range of 8 to 16 at.% the

content of B_ is preferably in a range of 1 }o 20 )
at . 95 thsmepenrlc resaiding mediumcomprisigrtap gpagpeticlayers fthgbis, the

ich ' h GO VIR &cond

firs Qe e gy Tl SFa AL TAGOL (AN ees WL Reon
magpetid layald i prefemblyalgem oo frea@r.tfoord BheaticWhoitthef thantabsipbility

of Pt.is preferably in range qf 8 tao 1 . % th
chargeifRie. oPtoR eg pIRANB S o e iR tiofhedhickhesg of the
secoll miAgneidial Bes LPReRblyf0 feH ok fesPr eT18E attekaish, ifltHeARRness

of 1 to 47at.% fromthe viewpoint of an SNR In the
excardg A ning thedeorahla georeding b ispdusing ghiragergign spmot be
Obtlaaéers (that is, the first and second magnetic | ayers

%And 5) as shown in FIG 1, the thickness of the

sec i the ABGREE kot duyEmediuinscapipefsargathtey nidgnatic layers (that is, the
Firs G ERELPRENSSE 1DSTS oo s PhEWpOR IO o T GRKHESE BF hergeond
medlS5SL s LRNFITE S R o Rt o
antitfhirokagstic coxgredetwi@niting seched fagastizbiyer 5 eod tiei fingt maghetic
laye{“ g%g %Jecs!tr%%gt%ho%ragg}fgr;ci)rﬁéén%ac %ggprffr)ltg bgteween the second magnetic layer
5 and the third magnetic layer 9.

The thickness of the third magnetic layer 9 is preferably 10 nm or greater, from
the viewpoint of thermal stability characteristics. From the viewpoint of high recording
density, the thickness of the third magnetic layer 9 is preferably 40 nm or less. This is
because, if the thickness exceeds 40 nm, the favorable recording and reproducing

characteristics cannot be obtained.

Each of the magnetic layers (the first to third magnétic layers 3, 5, and 9) may



obtained. In the magnetic recording nmedi um conpri si ng

three magnetic layers (that is, the first to third
woragaevises | ayers 3, 5, and 9) as shown in FlI G PCT/JR20€4/004959

t hi ckness of the second magnetic layer 5is
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exceeds 40 nm the favorable recording and reproducing
layecRar act eri stics cannot be obtained. Each of the
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multi - a%er ructure. Fht present “’nvention, In
o r d aiheto@ienfaﬁmh@uﬁmehamyalngrmjemfedttb -] smfmeertaegtnnetntm which

erco | ayer 2, an_orientation adjustnent
the HiH1%6h 3 ROEaH0 GPAR! P DL o MR M SBED FUg s, The
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nonhSWMRAL Qﬁbsﬁfateelpéﬂdatﬁé @hetﬁﬁtﬂiﬁt d&lj&ftméﬁ’c%ﬁ@ nomagnetic

under coat | ayer 2. shows one enbodi nent of the

magrigtei &dhttse@ml‘aﬁﬁlﬁgammad@ @ﬁﬂf}b?aséﬁ)rrﬁgOl"t(FIeTa,ole at Wt i die

L e
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of adhes10n and productivity.

FIG. 4 shows another embodiment of the magnetic recording medium comprising
the adhesion layer of the present invention. The magnetic recording medium comprises
the adhesion layer 11 between the non-magnetic substrate 1 and the orientation adjustment
layer 10.

In order to promote epitaxial growth of the first magnetic layer 3, a non-magnetic
intermediate layer may be formed between the non-magnetic undercoat layer 2 and the

first magnetic layer 3. When the non-magpetic intermediate layer is formed, the effects



t he non-nmagneti c undercoat |ayer 2. Furthernore, in

order to inprove adhesi on between the non-nmagnetic
wanbge@re 1 and the orientation adjustnment |BGEIP2GL/004959

an adhesion | ayer nmay be fornmed between the

non- magneti c substrate 1 ang the orientation

adj ustnment | ayer 10. The adhesion | ayer nay be made of
for iipréwéngnagiicehacterifiics (dig,, caerdivéforte)andthearitingssprofucing

t he ,adhesi on referably in a range of 1 to
chargqgn.ﬁwﬁ %r@%ﬁgé%%gtﬁﬁe -a range of 5 to 80 nm and
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substrate 1 and the orientation adjustnent ayer 10.
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c Ont’[‘ﬁ@ hifkneSE of e PJt@Jt%QQJeY6 idprdfel A Qfaﬁ J of Pt(ﬂﬁ nm,
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from meokemntaff sphang tms whgne técording denysi mmereBWeimd idgrability of
the &rgferably in arange of 0.5 to 3 nm fromthe
1€ PC@WBbi nt  of enhancing an SNR. FIG 5 shows anot her

embqsli e ProtedtivNe BN RibkiCaticRaeyaiTngadewsl M e @BROhS gy
t he non-nmagnetic internmedi ate | ayer of the present

lubriqaviesuch emperfiverapalyiseicr may de doweddn apscadance vdtiirdes
the gQ qeg};?&ﬂg%eﬁ cth ggg}@‘}?és@ﬁﬁnlé ([3 151%1 R?E:"iﬁ&ﬁuﬁlﬁﬁ which the
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i ncripated wvands, duthabidgietic sfordinganerdiginghthe present invention, the

second magnetic layer 5 can be an anti-ferromagnetic coupled with the first magnetic layer
3. In addition, the third magnetic layer 9 can be an anti-ferromagnetic coupled with the
second magnetic layer 5, and the second magnetic layer 5 can be an anti-ferromagnetic
coupled with the first magnetic layer 3.

Hex (exchange coupling strength) or J (exchange joint coefficient) can be used
for an index showing the strength of anti-ferromagnetic coupling.

Hex is preferably 500 (Oe) or greater, and J is preferably 0.2 erg/cm2 or greater.

Moreover, 1 erg/em?=0.001 J/m?, 1 0e*79.577475 A/m, and 1 emu/cc =
12.5664 x 10™* Wh/m’.

Hex is defined as a magnetic field strength from the center of a minor loop to 0
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Next one example of the method for producing the magnetic recording medium

of the present invention will be explained.

The surface of the non-magnetic substrate 1 is subjected to a texturing process, if
necessary. As the texturing process, a mechanical texturing using an abrasive tape can
be adopted.

The texturing process can be performed along with oscillation. The process
"oscillation" refers to an operation of oscillating an abrasive tape in a radial direction of
~ the non-magnetic substrate 1 while the abrasive tape is moved on the non-magnetic

substrate 1 in a circumferential direction. The oscillation speed is preferably 60 to 1,200



starting to fall again (in FIG 6, the step:
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invention is made by the following processes.

On the non-magnetic substrate 1, the non-inagnetic undercoat layer 2 having a
thickness of 3 to 15 nm is formed using a sputtering target such as Cr, a Cr alloy, an
NiAl-based alloy, or an RuAl-based alloy.

Next, the first magnetic layer 3 having a thickness of 0.5 to 5 nm is formed using
a CoCrZr-based alloy.

Then, the non-magnetic coupling layer 4 having a thickness of 0.5 to 1.5 nm (and
more preferably in a range of 0.6 to 1.0 nm) is formed using a sputtering target such as Ru,

Rh, Ir, Cr, Re, a Ru-based alloy, an Rh-based alloy, an Ir-based alloy, a Cr-based alloy, or



| ayer 4, and the second layer 5 (or the non-nmagnetic
undercoat |ayer 2, the first magnetic |ayer 3, the
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usi a utitering rarget such as_Cr, Cr alloy, an
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nmis forned using a CoCrZr-base ,
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Ru, Wit tht bdheSlon 18Rr 12 if¥brinas Betwakh 8¢ nodinddicla s@btrate 1 and
alloy, an Ir-based all o}éimgggu_ based all oy, or WO

the onirpartpocd rstoeest PR b At cing thegrienéatipagdinstineng jayer 10,
e sghLGGR g SERRC, ERANEL Il B IR 09, Bl e

matatiedhc@asprisifigolbe Adhdsasddyalllioy, a CoCr Pt - based all oy, a
CoCr Pt Ta- based al |l oy,., a CoCr Pt B-based all oy, a .
CoCSBIB e BABRCApqoding sedpyer pppiEses t Gpgrgpicdyeg made of

a CSQRLbasAaBY, @bdifYoisébaiEhe fchidled. t he protective layer 6
is made by & conventionally known nethod such as

s puthhe miaggsticausdordingsrediQuas @shatmeepstistio othictea Cagefr-ised
T R T MR,
nondhdpReigsubsratd @6RAS apfuraliiyest thd@agieie Myatd. on adj ust ment

ay %E)r elyg)anilsle,fir? Ehréenqaé)neegi\é\?gc%r&igg mrégirl]l-mnﬁl%nw%t iin %’IG. 1, among two
magnetic layers, that is, the first and second magnetic layer 3 and 5, only the first
magnetic layer 3 is made of a CoCrZr-based alloy. In the magnetic recording medium
shown in FIG. 2, among three magnetic layers, that is, the first, second, and third magnetic
layers 3, 5, and 9, only the first magnetic layer 3 is made of a CoCrZr-based alloy.

Due to this, media noise can be reduced in the magnetic recording medium of the
present invention. In contrast, in the magnetic recording medium comprising a magnetic
layer made by a CoCrZr-based alloy, which is other than the first magnetic layer, media
noise increases.

Since the magnetic recording medium is an AFC medium in which the magnetic

layers are anti-ferromagnetic coupled, thermal stability is improved.
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medB@6BE tgn berduchdng and reproduci ng apparatus as shown
in FIG 7 conprises the magnetic recordi ng nedi um 20,
a mediumdriving nmenber 21 for rotating the magnetic

Ex gy di ng medi um 20, a magnetic head 22 for recording

ormation in and reproducing information fromthe

rragladbwcthle effoctd ofitherpeekeninin2tioa Wil dd-edplairied gvithengfrsence to
23.for nmoving the magnetic head 22 relative to the

embodiMERSc recor di ng medi um 20, and a record
reproduction signal processing system 24.

Example 1

On the surface of a substrate (outer diameter: 95 mm, inner diameter: 25 mm, and
thickness: 1.270 mm) made of Al, an NiP film (thickness: 12 um) was made by electroless
plating. Then, the surface of the NiP film was subjected to a texturing process, and a
non-magnetic substrate having a surface average roughness (Ra) of 0.5 nm was prepared.

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
107 Torr (2.7 x 107 Pa), after that, the non-magnetic substrate was heated to 250°C.
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Example 1, except that the first magnetic laycr was made of a CoCrZr alloy (Co 81 at.%,

Cr: 14 at.%, and Zr: 5 at.%).

Example 3

A magpetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 79 at.%,
Cr: 16 at.%, and Zr: 5 at.%).

Example 4
A magnetic recording medium was prepared in a manner identical to that of

Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 77 at.%,



the first magnetic layer. A second magnetic |ayer
(thickness: 20 nn) nmade of a CoCrPtB alloy (Co: 60
W@RoR9@Br3 22 at.% Pt: 12 at.% and B: 6 at. %CWar004/004959
fornmed on the non-magnetic coupling |layer. After
that, a protective layer (t{g.ckness: 5 nm nmade of
carbon was forned on the second magnetic | ayer.
Cr: BisiNGadaormetigfy). of each layer, Ar was used as a
sputtering gas, and the pressure thereof was adjusted
to 3 mlorr. Subsequently, a |ubricant containing
Exa%‘?)y% uor opol yet her was applied to the surface of the
Stective | ayer so as to forma lubrication |ayer
(t hixcluagsdic récoddihg ntediunk Rak pleparet épanenaenidegitieal o that of
recordi ng medium Exanple 2 A magnetic recording _ 0
Exapaplil Liexors that isditeianagnetic layahwas madsef 2 &pCr4s allgk(Cox 73 at%,
) I ) t that the first nagnetic |ayer was
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at. % . an‘pf’e 4 %\ magnet i c rgcor di ng nedi um was
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_except that the first magnetic |ayer was nmade of a
Cr@w%an;l”ﬁwae-@: 77 at.% WD 2004/ 090873
PCT/ JP2004/ 004959 18 Cr: 18 at.% and Zr: 5 at.%.

Exanple 5 A nmagnetic recordi ng nmediumwas prepared in
ExamplaAner identical to that of Exanple 1, except that

the first magnetic | -0f :
(Co:A P0G B wiR 1R iR firiRlocha bt of
Exaﬁtgdl@g,r&t:élﬁ thee Clgy filisn@agidi lperaas pladp af 2 CoCnZmalivar(er 79 at.%,
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Cr: g ghée ped FH) et “Nas nmade of a CoCrzr alloy (Co: 71
at.% C: 24 at.% and Zr: 5 at.%.

Example 8

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCiZr alloy (Co: 77 at.%,
Cr: 20 at.%, and Zr: 3 at.%).

Example 9

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 73 at.%,
Cr: 20 at.%, and Zr: 7 at.%).

Example 10

A magnetic recording medium was prepared in a manner identical to that of
Example 1, except that the first magnetic layer was made of a CoCrZr alloy (Co: 71 at.%,
Cr: 20 at.%, and Zr: 9 at.%).

Example 11
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B g“hfil c recordi ng nmedi um was prepared in a manner
Xafog cal to that of Exanple 1, except that the first

mag r)i?fﬂa%rlétﬁ%@éor&ﬁg AN Yas @r@@ﬁﬁZﬁ afhlldnﬁb‘r 1ﬁ§ﬁlca17tl) that of
at and Zr: .9 e 11

- anpl
Exagplet] GR08T 3hae R ﬁn@tzmegae@o&%g waa gade nﬁg feCrérE @lﬂyr(éﬁon@ at.%,
a manner identical to that of
Cr: @a%nzv\%saté@%at]ae%ﬁ v the first magnetic |ayer was
made of a CoCrzr alloy (Co: 69 at.% Cr: 20 at.% and

Zr: 11 at.% . Exanple 12 A magnetic recordi ng nmedi um
Commatmee%@mﬁe n a manner identical to that of Exanple

e Uy

thataf ‘Ex&nplk lafex%pt tHao thedlrsttrhapmetix liypt wasdmAdeafipp@o@t alicy (Co: 80
netic recordi ng nedi um was prepared in a manner
at%@gin@;g&a 79 that of Exanple 1, except that the first
magnetic | ayer was made of a CoCr alloy (Co: 80 at.%
and Cr: 20 at.% . Conparative Exanple 2 A conparative
Compuga!ﬂeiExarrqﬂ@Edi ng nmedi um was pr epar ed in a manner

identical to exce at thefl
ok e Rprafes agiet e SRR iaben TS BRI R Hifink ibdhical 1o
that of Example 1, except that the first magnetic layer was made of a CoCrTa alloy (Co:
75 at.%, Cr: 20 at.%, and Ta: 5 at.%).

Comparative Example 3

A comparative magnetic recording medium was prepared in a manner identical to
that of Example 1, except that the second magnetic layer was made of a CoCrZr alloy (Co:
75 at.%, Cr: 20 at.%, and Zr: 5 at.%).

Example 13

A non-magnetic substrate having a surface average roughness (Ra) of 0.3 nm was
prepared by subjecting a glass substrate (outer diameter: 65 mm, inner diameter: 20 mm,
and thickness: 0.635 mm) in a texturing process.

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
10”7 Torr (2.7 x 107 Pa).

On the non-magnetic substrate, an orientation adjustment layer (thickness: 5 nm)
made of a CoW alloy (Co: 50 at.% and W: 50 at.%) was formed, and then this was heated
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t hatSub@ecﬁfeﬁt‘l@(étlhyﬁcah%’&ﬁatﬁﬁl?|p@ﬁﬁﬁ>5®ol3&tﬁmv 5 ?@h&[fto the

carbon was forned Durin ormati on of eac ayer, Ar

surﬁm%oﬁtbe gradective gt sealy tng‘O@ag lubgisatiomleyerr@xelpess: 2 nm), to
re rr. Subsequently, a
therIe Pre%%rﬁ%%ﬁ%hg%&%gdl%ér]%flﬁﬂg{r)opol yether was applied to
t he
Example 14
A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 87 at.%,
Cr: 8 at.%, and Zr: 5 at.%).

Example 15

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 85 at.%,
Cr: 10 at.%, and Zr: 5 at.%).

Example 16
A magnetic recording medium was prepared in a manner identical to that of

Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 83 at.%,



surface of the protective layer so as to forma

| ubrication |ayer (thickness: 2 nn), to thereby
w@r@pases7a magneti c recordi ng nedi um Exanpl e RAT/AP2004/004959

magnetic recordi ng medi um was prepared in a manner

identical to that of Exanplie 13, except that the

first magnetic |ayer was made of a CoCrZr all oy (Co:
Cr: B7atdb, #0d ZrCs at.B)at . % and Zr: 5 at.% . Exanple 15 A

magnetic recordi ng nmedi um was prepared in a manner

identical to that of Exanple 13, except that the

t- magnetic | ayer was made of a CoCrZr alloy (Co:

Exa%gfesﬁ Cr: 10 at.% and Zr: 5 at.%. Exanple 16 A

mag lAerha@neltle eauonding nivd blinu wammpqmeé pas evinier identigalferthat of

i denti cal t hat. of e 13, t .t o
Exappleid, RRRbULE ggv%ﬁn%ag%"ﬁa%r W R R a@oy( g 79 L%,
Cr: ?@ata% a(?diQOS%PQ‘%/ 090873 PCT/ JP2004/004959 21 C: 12

% an .% . Exanple 17 A magnetic recording
rredl um was prepared in a manner identical to that of

Ex%g&oe 13, except that the first magnetic |ayer was
Exappifel®%f a Ccocrzr alloy (Co: 79 at.% Cr: 16 at.% and

Zr: omabndte redof @B nfdhin A8 BEPetedGn b aCAnEl 16&1tii§ﬁﬂ1lol1mt of
was prepared in a manner identical to that of

Exa
Example & exgept thanthetfivet magnstic Inxeiwes madegicy Cofair gHaw (Qﬁ 73 at.%,

) 77 at.% Cr: 18 at.% and Zr: 5
Cr: ?%’. rl'i%n'él €19 A magnetic recordi ng medi um was

prepared in a manner identical to that of Exanple 13,
except that the first nagnetic | ayer was nmade of a
Exapplg B/ alloy (Co: 85 at.% Cr: 14 at.% and zr: 1
at EX b Eord /ﬂxéﬁ‘?\gﬂ%&b g a&arﬁhwﬁuameam that of
prep%rrne?én & manfer enta z tolthat of Exanple 13,
ExaepbelR, ekt tah theffirsishagnatio Wﬁnwhsﬂyﬁede olesCo@tfs alipy £Co: 85 at.%,
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Example 20

)

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 83 at.%,
Cr: 14 at.%, and Zr: 3 at.%).

Example 21

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer was made of a CoCrZr alloy (Co: 79 at.%,
Cr: 14 at.%, and Zr: 7 at.%).

Example 22

A magnetic recording medium was prepared in a manner identical to that of
Example 13, except that the first magnetic layer Was made of a CoCrZr alloy (Co: 77 at.%,
Cr: 14 at.%, and Zr: 9 at.%).

Example 23



A magnetic recording nmediumwas prepared in a manner
identical to that of Exanple 13, except that the

wo peogoeseyneti ¢ | ayer was nade of a CoCrZr al | PGT/§R2004/004959
79 at.% O : 14 at.% and Zr: 7 at.% . Exanple 22 A
magneti c recordi ng medi um wgs prepared in a manner
identical to that of Exanple 13, except that the
firsgg mﬁ@:ﬂﬂﬁtrbébrcﬂlag efedWis waB pepaded dn Eaanrher 1&431&‘[&}&1 {o@hat of

% 14 at. % d Z 9 at
Exenpiial h9wErpS it S oigou 059 WA AL CERPBe e g 2%
Cr: E%%W rﬁgp@ged in a manner identical to that of
anpl e :

except that the first magnetic | ayer was
made of a CoCrzr alloy (Co: 75 at.% C: 14 at.% and

Zr: at. % . Conparative Exanple 4 A conparative
Co%ﬁg@, aF"é%%?di ng nmedi um was prepared in a manner

| dent &cﬁ‘ﬁféarﬁt?ve &F@Etl@?ec dﬂi?h w§§( ed Hﬁénﬁaﬁffer 1dent1ca1 to

first nagnetic layer was al | oy 86

thatalf E¥@apkk 1G; excbat that ﬁrswmga¢tat lay@ @samdeeafa G!oCr alloy (Co: 86

gt magneti ¢ recordi ng nedi um was prepared in
at.> ‘éalggﬁrngr a1\t/°(ﬂ/‘8nti cal to that of Exanple 13, except that

the first magnetic |ayer was made of a CoCrTa all oy
(Co: 8l at.% Cr: 14 at.% and Ta: 5 at. 9. Exan'ple
Comﬂhrmetmﬁace of a substrate (outer dianeter:

mad éL{ 8‘?1%%1’ G anr%%%fﬁtlf rﬂg%%l%gglﬁ.éghsc ﬁrgsg’r%nsl ita ﬁlzcxgné(]:%%ntlcal to

thatQJf @B{bﬁl@leeﬁ exd¥pbihai@e fifhemgnétielagerwaatady oftah@oCrTa alloy (Co:
X based alléj%yfllmvvas subjected to a texturing

81 %f@&ﬂ%%“%ﬁ’d hsrR-#deheti c substrate having a surface
aver age roughness (Ra) of 0.5 nm was prepared. The
prepared non-magnetic substrate was placed in a DC

Examgden24 r on sputtering apparatus (C3010, product of

?QE ';é{%% uffgceégf)g %s gat%;%erg]tnber r\l\ﬁg{n%/,?lﬁlge%t agmétgr 3_5 )1(nm and
thicRAs "RINEEIND mARIr Al & NashkeahiRlndse: 2506) wihimbAeby electroless

non- magneti ¢ substrate, a non-nmagnetic undercoat | ‘ayer
plat\tm fiengte surfdve of ﬁw—Nnﬂdmetd dloyrider vensubj Qp;;e@lrto ldextaring

oo B A P S8 g s (e 05
wadprBpdrkness: 3 nm) made of a CrM alloy

The prepared non-magnetic substrate was placed in a DC magnetron sputtering
apparatus (C3010, product of ANELVA (Japan)), and the chamber was evacuated to 2 x
107 Torr (2.7 x 10°° Pa), after that, the non-magnetic substrate was heated to 250°C.

On the non-magnetic substrate, a non-magnetic undercoat layer was formed.
The non-magnetic undercoat layer had a multi-layer structure comprising a first layer
(thickness: 5 nm) made of Cr and a second layer (thickness: 3 nm) made of a CrtMo alloy
(Cr: 80 at.% and Mo: 20 at.%), which was formed on the first layer.

A first magnetic layer (thickness: 2 nm) made of a CoCrZr alloy (Co: 75 at.%,
Cr: 20 at.%, and Zr: 5 at.%) was formed on the second layer of the non-magnetic
undercoat layer. '

A first non-magnetic coupling layer (thickness: 0.8 nm) made of Ru was formed
on the first magnetic layer.

A second magnetic layer (thickness: 4 nm) made of a CoCrPtB alloy (Co: 69 at.%,



(Cr: 80 at.% and Md: 20 at.%, which was forned on the

first layer. A first magnetic |ayer (thickness: 2 nm
worae/0of87a CoCrZr alloy (Co: 75 at.% Cr: 20 BCT/382004n@4959

Zr: 5 at.% was fornmed on the second | ayer of the

non- magnetic undercoat laygy. A first non-magnetic

coupling layer (thickness: 0.8 nm made of Ru was

Cr: a9 opt: oat.vhend Br 4 bt. vl gne firmedayahe {iAt sec-argnetgeapling
layer (thi ckness: 4 nm mnade of a CoCrPtB all oy (Co:
13}’%9 at.% WD 2004/090873 PCT/JP2004/ 004959 23 Cr: 22

f }% sebnd éor?ha?ﬁeti@%@uéfl}%ﬂla?érl (HhicIRSs; b%rxﬂﬁjjmgéﬂe 318 was

non- nagnetic cou yer. A secon
fonﬁadmnrthgsmimdnmgu@ﬁdlagerl ayer (th| ckness: 0. 8 nm made

Chi Al GRS P aipk st 0 L0 G ot gHog{Co: 60 at%,
Cr: %%ﬂ' ot lBt ‘Tb Iap% QJQPB @Qt ) Wé% forfded oA%h@$ecthd Fén-mhgnatic-c¥upling

% was forned on the second non-nmagnetic
layec.oupl i ng Iayer After that, a protective |ayer

(thickness: 5 f. b

(I ckages’ ol dBoE, MRt BRed Ron PR

gas ’Dlﬁlﬁlg THARtRINT SHEElaydrNBF QaS uvdasadipuBératl d¢:0, ahd the pressure
mrorr ubsequently, a |lubricant containing

therpefrwaslﬁdllﬁtﬁdltyétmﬁrrms applied to the surface of the
protective I
P SR RS ot PR A2 8 bR e
surfa@CoTthl pgtadeide Lyer sooasna f@in & Ribbixatigyl ley& (ﬂnmmaa ahi)ye
magneti c recordi ng nedi um was prepared in a manner
thefp@éﬁtep%rﬁla pagnetip copkngmsdigme 24 except that the
first nmagnetic |ayer was nmade of a CoCr alloy (Co: 80
at.%and Cr: 20 at.% . Conparative Exanple 7 A
Compnmmedbdang)lmﬁgneti c recording nediumwas prepared in
a manner identi cal at of. Exanpl e exc t.hat.
he A PorbpA i arstett Ssrar i i VoY P A iiRhddhical t
that(F®xampR Bl eepfinat 6 fadt nYagnaidiayér whs Bbddifa (E@ccmm/ (Co: 80

magneti c recordlng medi a produced in the above
at.Yesathpr: @8 abbi@- Conpar ati ve Exanpl es was subjected to a

glide test by use of a glide tester, with the glide

hei ght being adjusted to 0.3 inch (1 inch= 25.4 nm.
Conlpeatiedotaghiplg7nedi a whi ch had

A comparative magnetic recording medium was prepared in a manner identical to
that of Example 24, except that the first magnetic layer was made of a CoCrTa alloy (Co:
75 at.%, Cr: 20 at.%, and Ta: 5 at.%).

Each of magnetic recording media produced in the above Examples and
Comparative Examples was subjected to a glide test by use of a glide tester, with the glide
height being adjusted to 0.3 p inch (1 inch=25.4 mm). The recording media which had
passed the test were further investigated in terms of record reproduction characteristics by
use of a read-write analyzer RWA 1632 (product of GUZIK (USA)).

The record reproduction characteristics were investigated in terms of
electromagnetic transducing characteristics (track average amplitude total (TAA), 50%
pulse width (PW50), an SNR, and an overwrite (OW)).

The record reproduction characteristics were evaluated using a complex thin-film



passed the test were further investigated in terns of
record reproduction characteristics by wuse of a
wo e@dows7s e anal yzer RWA 1632 (product of GUZI KCT/28)4004959
The record reproduction characteristics were
Investigated in terns of ejgectronmagnetic transducing
characteristics (track average anplitude total (TAA),
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(OW). The record reproduction characteristics were
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2004/ 090873 PCT/ JP2004/ 004959 27 In Exanples 1 to 12,
and 24, and Conparative Exanples 1 to 3 and 6, an Al

Squh'EXbﬁl Wag tUSQdardeM Hﬁﬁcsﬁpaﬂaﬁwgkarﬁp@yb% 8 ah&e, dnnAl
npl es fsto 23 and ~Conparati ve Exanpl es 4 and 5,

Subgtraé%gva%wétfﬁraﬂlé nmag@éf@p ptrathe Emoﬁmmgﬁrﬁeﬁ to 23 and

copBtiA Srlis 5y e SIRBEATRIRR b e st
firgtisrokgpbhCELayses 1 o 6 fhaﬂwhélﬂ@le Gifcodttnt B 2Co@iZrHused alloy
netic recording nediumhas an inproved SNR |In

malea&fhea%rﬁt magReHic [ager toi a sHEe of 1 go Zasl, et Teconing
medTBAITAL b A0 SNRIS Ul Eifkentuanthat SIR-Acrepses. |

I'S c ear anpl es and en the Zr
magnatlta&mm i$ msafficlenCantt arb&NRdieadehs@y rrakl ng the first

I f 1 9 at.% th
agrbkicear BEG B e Tl A G o 4 coRieat g
Co(@@%-tb'a@dl Aby n¥R&Y hé %rs%ha%ﬁ&ﬁ@l Vé% r 1§1 é ﬂm e bADESo of °I/03th&=o

7 at. an SNR I's a nmaxi cont ent
magtetlé/qecordmg medium has an improved SNR. In pamcular when the Zr content is

in arange of 3 to 7 at.%, an SNR is a maximum. When the Zr content is 11 at.%,
magnetization is insufficient and an SNR decreases.

It is clear from Example 12 that an SNR is improved by adding B as an additive
element to a CoCrZr-based alloy making the first magnetic layer.

It is clear from Comparative Examples 1 and 2 that when a CoCr-based alloy or a
CoCrTa-based alloy is used for the first magnetic layer, the magnetic recording layer has
an inferior SNR to that of the magnetic recording layer comprising the first magnetic layer
made of a CoCrZr-based alloy.

It is clear from Comparative Example 3 that when a CoCrZr-based alloy is used
for the second magnetic layer, coercive force remarkably decreases and an SNR also
remarkably decreases.

It is clear from Examples 13 to 18 that when the Cr content in a CoCrZr-based
alloy making the first magnetic layer is in a range of 8 to 18 at.%, the magnetic recording
medium has an improved SNR.

It is clear from Examples 19 to 23 that when the Zr content in a CoCrZr-based
alloy making the first magnetic layer is in a range of 1 to 9 at.%, the magnetic recording
medium has an improved SNR. In particular, when the Zr content is in a range of 3 to 7
at.%, an SNR is a maximum. When the Zr content is 11 at.%, problems are not caused in
magnetization but a squareness ratio and an SNR decrease.

It is clear from Comparative Examples 3 and 4 that when a CoCr-based alloy or a
CoCrTa-based alloy is used for the first magnetic layer, the magnetic recording layer has
an inferior SNR to that of the magnetic recording layer comprising the first magnetic layer

made of a CoCrZr-based alloy.



magnetization is insufficient and an SNR decreases. It

is clear from Exanple 12 that an SNR is inproved by
wa@adaiogsB as an additive elenent to a CoCrZr - beEaRb004/004959

alloy making the first magnetic layer. It is clear

from Conparative Exanples Iygnd 2 that when a

CoCr-based alloy or a CoCrTa-based alloy is used for

t he th hSon RABES iR AN Eim of BRamBlPet dotnprReOhdifitg rhapetic

has an inferior SﬁR to that of the magnetic recording
layet,dhefirst norpmiaghetiy qompling lager, tba@ﬁ@xnﬂén%%? laygia dee ssFond

%t}éuf (?(%1%? H%? yl?\ﬁ Yind h}e(%%j Elaggg%cel (fljﬁfrﬁfalgﬁbdéa etl(% recording

medithﬁ cERBARA threg ﬁﬁghétld lay&gs andc oy mmmagxmm&ouﬁrrg lkyé:rk)y In the

: decreases and_an SNR also renarkagﬂg Creases, { d
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. magheﬁ@fedbﬂalglg wedih UﬁCbﬁ@amnve Epmnplesmshlﬂ?? .1t is clear

from Exanples 19 to 23 that when the Zr content in a

CoCr Zr-based alloy making the first magnetic |layer is

in arange of 1 YRR ARPLIBOBRNTY recor di ng

medi um has an inproved SNR. In particular, when the Zr

c 0 nt%nrrIe themiagneicrremgedingmedim of the presyit iaver$iuR compaises the first
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and an SNR decr ease. is clear from Conparative
Exanples 3 and 4 that mhen a CoCr-based alloy or a
CoCr Ta- based alloy is used for the firstnagnetic

| ayer, the magnetic recording |ayer has an inferior
SNR to that of the magnetic recording |ayer conprising
the first magnetic |ayer nade of a CoCrZr-based
al l oy. WO 2004/ 090873 PCT/ JP2004/ 004959 28 The
magneti ¢ recordi ng nmedi um of Exanple 24 conprises the
first magnetic layer, the first non-nmagnetic coupling
| ayer, the second nagnetic |ayer, the second

non- magneti c coupling layer, and the third magnetic

| ayer (that is, the magnetic recording nedium
conprises three nmagnetic |ayers and two non-nmagnetic
coupling layers). In the magnetic recording nedi um
having a such structure, when the first magnetic |ayer
is made of a CoCrZr-based alloy, the magnetic
recordi ng medi um has a superior SNR to that of the
magneti c recordi ng nedia of Conparative Exanples 6 and
7. | NDUSTRI AL APPLI CABI LI TY Since the magnetic
recordi ng medi um of the present invention conprises
the first



magneti c | ayer made of a CoCrZr-based all oy, nedia
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| east a non-nmagnetic undercoat |ayer, a first

magnetic | ayer, a non-magnetpbc coupling layer, a

second magnetic layer, and a protective |layer, in

this order, on a non-magn€LAEMSubstrate, wherein the

second magnetic layer is anti-ferromagnetically

coupled with the first nmagnetic. layer; and the first
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magnetic recording nmediu rrsing a
firshiagredig hayter, @ nomelvagietit couptimg, layer, 4 secend magreticilayek aydr,

0n-magneti c _coupling |ayer, a second magnetic
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on a non-magnetic substrate, wherein
magngiadayes ahdyer is antiferromagnetically coupled with

t he tic. layer, Lh econd magnetic | ayer
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magnetic |ayer; and the first nmagnetic |ayer is made
of a CoOrZr alloy. 3. A magnetic recording nmedi um
2. s sxensticgeesdime agdium spmprisipg at kspst atriga-magnstic nadpenat tayer, a
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nonemagrefic cogiling ldyet,a tBird wheghetinlaydreand Hpokdr€ss 198r, ihehis order,
_first magnetic |layer is in arange of 0.5 to 10 nm 5.

O SEGRESE SRSt ng nmedi um according to any one of
cl aivierdin #R third WEHh&INa} &8s aﬁﬁ@?&%&@%&%&llf%@dﬂ%ﬁe second

layer is made of at |eaSt one o
magpgtiRlaybased al | oy, an Rh-based alloy, an I|r-based
nd an sed al.lq

al | a - based .al | 0 e- ;. and

¢ he oSl edBiTe R R fatpriteg Sl 3ohne vt Rt
maghetiahger;ahd 0.5 to 1.5 nm 6. A magnetic recording

medi um accordi,n% to any one of clains 1 to 5, wherein

t he the bt magneticilayen igapdeefia Cogdr aHay a nulti -1 ayer

structure conprising a |ayer made of C or a |ayer

made of a Cr-based alloy containing C and at | east
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4. A magnetic recording medium according to any one of claims 1 to 3, wherein the

thickness of the first magnetic layer is in a range of 0.5 to 10 nm.

5. A magnetic recording medium according to any one of claims 1 to 4, wherein the
non-magnetic coupling layer is made of at least one of Ru, Rh, Ir, Cr, Re, an Ru-based
alloy, an Rh-based alloy, an Ir-based alloy, a Cr-based alloy, and an Re-based alloy; and

the thickness of the non-magnetic coupling layer is in a range of 0.5 to 1.5 nm.

6. A magnetic recording medium according to any one of claims 1 to 5, wherein the
non-magnetic undercoat layer has a multi-layer structure comprising a layer made of Cr or

a layer made of a Cr-based alloy containing Cr and at least one of Ti, Mo, Al, Ta, W, Ni,



7. A magnetic recordi ng nmedi um according to any one of
clains 1 to 5 wherein the non-magnetic undercoat
WO 2001090823 a mul ti-1ayer structure conprising BCT/aB2004/004959
containing one of N Al -based alloy, RuAl -based all oy,
and Cr-based alloy; and the3@r-based alloy contains
Cr and one or two or greater of Ti, M), A, Ta, W N,
B,®,al V.and V. 8. A magnetic recording nedi um accordi ng
‘to any one of clains 1 to 7, wherein the non-nmagnetic
substrate is one of a glass substrate and a silicon
S o . t C .
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clains 1 to 9, wherein the second magnetic |layer is
made of at |east one of a CoCrTa-based alloy, a

Ta- based al l.oy, CrPtB-b || qy, .
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according to any one of clains 2 to 9, wherein the
second magnetic layer and the third magnetic | ayer are

: t f . CoCr Ta- ba .al 1,oy,, a .
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of.. Ta and ],%é). 12. A nethod for producing a magnetic
and,siliconyom hirh i film cataining iopg obNIR andsan NiP alley isdasmeti
undercoat layer, a first magnetic |ayer, a
non- magnetic coupling layer, a second magnetic |ayer,
10. amd magpetistreetriing nhealjren acéanding its amyr aterof chima 1 to 9, wherein the
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in which the first magnetic layer is made of a CoCrZr
onef|Tgyand ). A met hod for producing a magnetic recording
medi um conprising at |east a WD 2004/ 090873
PCT/ JP2004/ 004959 31 non-nmagneti c undercoat |ayer, a
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second magnetic, L ayer, a non-magnetic caoupling |ayer,
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magnetic |ayer being antiferromagnetically coupled
with the first magnetic | ayer, wherein the nethod
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i's made
non-magnetic undercoat layer, a first magnetic layer, a non-magnetic coupling layer, a

second magnetic layer, and a protective layer, in this order, on a non-magnetic substrate,
and the second magnetic layer being antiferromagnetically coupled with the first magnetic
layer,

wherein the method comprises the step in which the first magnetic layer is made
of a CoCrZr alloy.

13. A method for producing a magnetic recording medium comprising at least a



of a CoCrzZr alloy. 14. A magnetic recordi ng and
reproduci ng apparatus conprising a magnetic recording
wore@iamsazcordi ng to any one of clains 1 to 11PGFaP2a04/004959
magnetic head for recording information in the
magneti c recordi ng nmedi um ang reproduci ng i nforrratl on
fromthe nmagnetic recordi ng nedi um
non-magnetic undercoat layer, a first magnetic layer, a non-magnetic coupling layer, a

second magnetic layer, a non-magnetic coupling layer, a third magnetic layer, and a
protective layer, in this order, on a non-magnetic substrate, the third magnetic layer being
antiferromagnetically coupled with the second magnetic layer, and the second magnetic
layer being antiferromagnetically coupled with the first magnetic layer,

wherein the method comprises the step in which the first magnetic layer is made
of a CoCrZr alloy.

14. A magnetic recording and reproducing apparatus comprising a magnetic recording
medium according to any one of claims 1 to 11 and a magnetic head for recording
information in the magnetic recording medium and reproducing information from the

magnetic recording medium.



