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PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM USI NG SOFT
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PERPENDI CULAR MAGNETI C RECORDI NG APPARATUS THEREW TH

TECHNI CAL FI ELD [0001] The present invention rel ates

to a magnetic recordi ng nedium which may be used in a

hard disk drive or the like, to a manufacturing method

therefor, and to a mapFSCGRIPTI@Nor d reproducer

Priority is clainmed on Japanese Patent Application No.

2004- 091014, filed March 26, 2004, and U. S.
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per pendi cul ar magneti c recordi ng system can reduce the
magnet i ¥{GNBTIC RACORDING AP ARATISCTHEREWTEHboundar y
of a recorded bit by turning the magnetization easy
axis of a magnetic recording layer in the
perpendi cul ar direction to a substrate, the
per pendi cul ar magneti HNI A f dﬂgysten1is one whi ch
mooﬂs suitable for inproving recording density. As a
Aagnetic recordi ng nmedi um usi ng the perpendi cul ar
MR REdeht MGERIH BRites 1Y & REhetR R chidfs thedifA WEEh thay be used
per pendi cul ar two-layer nmedium 1In Ich a soft
in a hawiglisit didve drafeliké,So b araneficheingernhddiherafihis hfidioe Maghetic
t he perpendi cul ar magnetic recording |ayer, has been
recoriepeddpceised. The per pendi cul ar two- | ayer medi um can
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BACKGROUND ART
[0002]

Because a perpendicular magnetic recording system can reduce the magnetization
transition region which is the boundary of a recorded bit by turning the magnetization
easy axis of a magnetic recording layer in the perpendicular direction to a substrate, the
perpendicular magnetic recording system is one which is suitable for improving
recording density.

As a magnetic recording medium using the perpendicular magnetic recording
system, one that is called a perpendicular two-layer medium, in which a soft magnetic
layer is formed between the substrate and the perpendicular magnetic recording layer, has
been widely used. The perpendicular two-layer medium can acquire high recording
capability by using a single magnetic pole head as a magnetic head.

This is because the soft magnetic layer serves to return the recording magnetic field

from the magnetic head in the perpendicular two-layer medium, which can improve the



2 reading-witing efficiency. However, there is a
problemin the perpendi cul ar two-layer nediumin that
wo b@s/opise resulting fromthe soft magnetic | BgEIP2065/006228

t he perpendi cul ar two-1|ayer2 nedium particularly the
noi se resulting froma magnetic wall, is large. In
order to suppress the nagnetic wall formation of the
soft magnetic layer so as to control the noise of the

readimediiting efieciencyf or e, vari ous proposal s have been nade.
[.0003] Japanese Unexam ned Patent Applicatign, First
FEMITSVeRt thete 18 Profyer-in the pespendigilarfvordayss fagtium)in that the

. di scl oses magneti ¢ tecordi nmedi u ichis a ..
noise et i aF SOt et r PrRpiie e (ol Saediyma
: : ' [, = - Dl voltage to a

P amcsg%%l??% a?élsgg%g#m %&%ﬁergﬁ%rfgp tE rvﬁdgltg#el?ll%% | ayer gby a

SR kdeR td BApPresdBE maghetidWvall fBgirioh ©f HRCFidhikheE tydo as to

the direct-current bias voltage is applied to the
contrelithshoise of theponediomphergtaftve, saidusprgpretls bavalen male.

avoi d generation of a mcroscopic nmagnetic anisotropy
[0003]eadi ng to noise in the soft magnetic layer. In this

netic. recordi ium the_c i.ve. fqrc
e s B ot Bpbfbastoa BSRPRlESionghiE 2oPheas s
) . L

(PatobRbamb Lo BB e g e n e R RO RS e Bt
two-layamedumRvhich &f roaided byaf mb®sd of Bppl%zﬁ@ dRtt-citfett R Qoltage

preferably not I'ess than 100 nm As for the saturation
toa sn’eegn'@tugmf fomimgiﬂ magiBgic laygritsf aspettpting methothat t he

O i e SPeEF ERCRBHIDE FSEhadGe disedl-oBrept DignEPliRgE & applicd o the

eferably.not less than 1.2 T. However,.. in.thi.s .
subst eg‘%Pé’P?fkéj’r%é“c%tﬁ“S P “F?@&?%{E‘Y?Wé’ FrREHEPETtigR of 2 JFreRcopic
j: V] [ : ' : into a

magntfi bR P Iea Rl 16 RoSe o RO e Uy o hence |

viashis eeldnetitkdcotding tiridh@s,shé beerbiae $6rcof (e sbft magnetic layer is
generated fromthe soft magnetic |ayer. [0004]

prefethblyanoé baghan dlxani he@k) Padsrior thp phickesss ofithe Bpft snagnetic layer, it is
Pupl j cati.on . 2003-150544 Paf ent docunent 2
exemallgefi fg\%@eéh%?ﬁétm%y TerAREn S less than 80 o,

const -t d ch..th t he thickness di.stribution of a.
and o e dhind el b o e SRS Ph gt bty

e, FRSIRLLN 0, SR OB Ot 310 07
preferably not less than 1. T, and more preferably not less than 1.2 T.

However, in this magnetic recording medium, the magnetic wall which divides the
entire soft magnetic layer into a plurality of regions is easily generated, and hence it was
difficult to suppress the noise which is generated from the soft magnetic layer.

[0004]

Japanese Unexamined Patent Application, First Publication No. 2003-150544
(Patent document 2) discloses a magnetic recording medium which is constituted such
that the thickness distribution of a soft magnetic layer or the size of saturation

magnetization changes as a function of the distance from the center of a substrate.

In this magnetic recording medium, the magnetostatic energy of the soft magnetic



In this magnetic recordi ng nmedium the nagnetostatic
energy of the soft nmagnetic WO 2005/ 093719
weERADsSAMID5/ 006228 3 |ayer is reduced, such tPhaEr/Jr2es5/006228

soft magnetic layer has a single magnetic region
structure, thereby avoi ding generation of the noise
by the magnetic wall, and the deterioration of an
error rate, or the like. However, in this nmagnetic

layer issneduagilngrohabatithe sethmagnefirclayer Has @single magoeticrregion lstructure,
soft .magnetic. layer differs in radial gir ctions, and

therelpyraoddipg eenqIplip @ibe RotsRAY thhmpenelicayalbaad g dederioration of an

elﬂ%}even. Mor eover, the stability of the single

Ic

beco
ermrﬁeg%rﬁ)t eégi on structure deteriorates, such that

GERGERE, RN fmd[@ggg ]r&:GinHg RiRHiRE 1B RRERSRSTx emitted from the

sufficiently. Japanese Unexant ned Pat ent
soft nfygRtiichyéodiffeld ihghdiBUdikdctiahs, @Rd Niere HOprobRARin( thad that
docunment 3) discloses a magnetic reading-witing
charagiepsticshegemghiuoéveans equi pped with a magnetic recording
medi um \A/@{ﬂch has a, soft gnhetismlining |ayer and a
pdpiseNeh tha siabilt ﬂﬁ% plagledRygngtin gegian gructys gletgriorates, such

tat AT & I ool R B Er 2RSS Con bl v &

[Ooog]agneti c field to the soft magnetismlining layer. In
this magnetic reading-witing apparatus, the nmagnetic
rlapaitest Uger@mainedPatenc ApphasgiohBirs FublicapneNo. I106-76202qPatent
|l ayer formed by the RF weld slag nethod is used. As

documeyss 3) stisal oses graagnstic ir¢adingywrisipe appayaws wiiidhisieguipped with a
t hi ckness of 100 nm, .and the coercive.force of the .

magngiic BRCPIE Brediti WhHRh B gpRandgnefiam jiing|ayer e perpngicular

] e | < | . .
magnff fRORRITIETLE a8 a R hlc b, = RN RE heddin fpipoeg with
magnbfe£islafgen EREARE bichiBnk Whidkean! a?ﬁﬁy"a g RAR N ek 1. 3

T. Because the thickness of € sof% magneti sm | i ni ng
magnedyreiining 1240&. nm i f the magnetic anisotropy faces

inside a plane, the coercive force directed inside the

dnakie magpetieireagmgovveitioe ppparaius.(the magnetiroigegrdingtmediim which

o 08I MBI S ) 4 RSP SRS b A e
soft rﬁ%ﬂ@t?stnll ﬁﬁidg' 1Q§Ié}gone which has a thickness of 100 nm, and the coercive force
of the direction of the inside of a field being 10 (Oe), and which consists of CoZrNb is
exemplified.

It is thought that the saturation magnetic flux density of the soft magnetism lining
layer is approximately 1.3 T.

Because the thickness of the soft magnetism lining layer is 100 nm, if the magnetic
anisotropy faces inside a plane, the coercive force directed inside the plane should
become very low (it is thought that it becomes approximately 1 (Oe) or less).

Because the coercive force directed inside the plane of the soft magnetism lining
layer is set to be 10 (Oe), it is thought that the magnetic anisotropy of the soft magnetism
lining layer does not face inside the plane.

As the situation stands, it is difficult to sufficiently suppress the noise which is



| ayer is set to be 10 (Ce), it is thought that the
magneti ¢ ani sotropy of the soft magnetism |ining
wo 200809f0es not face inside the plane. As the BOCT/IR00096228
stands, it is difficult to4ufficiently suppress the
noi se which is WO 2005/ 093719 PCT/ JP2005/ 006228 4
generated fromthe soft magnetic layer in such a
magneti ¢ recordi ng medi um Patent docunent 1: Japanese
generiiad fom the dofeanagnetidppyker tatuch, mEgnetic reRobling ateidoum.No.
2003- 151128 Patent docunent 2. Japanese  Unexani ned
Ragend document le dapapese EnexamipgehPateniARphicajdon, FarshBublgtiomNo.
2003ASL t docunent 3: Japanese Unexam ned Patent
cation, First Publication No. H06-76202
Iqtéft:'d%tg:,ld &N&!@&&an{&&@%&b@p e 6! FidsPBE8ich@8h No.
was made I n view of the above-nentioned ci'rcunstances,
2002-ap054abj ect s of the present invention is to provide a
magneti c recordi ng medi um whi ch enabl es hi gh-density
Ratens ddeungertsy: sapppesesidinergntihed PaesteA ppdicatia, ddrst Pobtichtien No.
soft magnetic |layer, to provide a manufacturing
}Km'Bpggess and to provide a magnetic reading-witing
apparatus. [0007] In order to attain the
above-nenti oned objects, the present invention adopts
the follow ng @ﬁ9§ﬁ13$UREQ§FDﬁ¢Ehﬁﬁ€»f'rSt aspect of
the present invention 1s a magnetic recordi ng nedi um
including a substrate, a perpendicul ar magnetic
recording |layer, and a soft magnetic |ayer forned
Womﬂherebetmeen wherein the soft nagnetic | ayer has a
i ckness, of |ess than 100 nm magneti ¢ ani sotropy

CPTEITPY AN VRS ma ¢ inYlgWpf ke ahaye-gtioned irgumstirices,
and ogiregtg W& thed \};re nt i%% Oco Ig)ﬁ?@? =4 'm%tg%elztyc ggr%.\ %ec? ?Tovrs}ﬁich

coerCl or ce S
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I's a magnétic recordi ng nmedrum i ncl udi ng
layer, to provide a manufacturing process, and to prov1de a magnetic reading-writing

apparatus.
[0007]

In order to attain the above-mentioned objects, the present invention adopts the
following constitutions:
(1) The first aspect of the present invention is a magnetic recording medium including a
substrate, a perpendicular magnetic recording layer, and a soft magnetic layer formed
therebetween, wherein the soft magnetic layer has a thickness of less than 100 nm, a
magnetic anisotropy in a surface direction, and a Bs- He, which is a product of a
saturation magnetic flux density Bs and a coercive force He, of not less than 79 T.A/m
(10 kG.Oe).
(2) The second aspect of the present invention is a magnetic recording medium including
a substrate, a perpendicular magnetic recording layer, and a plurality of soft magnetic
layers formed therebetween, wherein the plurality of soft magnetic layers have a total

thickness of less than 100 nm, a magnetic anisotropy in a surface direction, and a Bs- Hc,



a substrate, a perpendi cul ar magnetic recording | ayer,
and a plurality of soft magnetic |ayers forned
wao b@seisstaveen, wherein the plurality of soft neQnaR20e5/006228

| ayers have a total thickmess of |less than 100 nrn, a
magneti c anisotropy in a surface direction, and a Bs -

He, WD 2005/093719 PCT/JP2005/006228 5 which is a
product of a saturation magnetic flux density Bs and a

whichcig @rpeodrst ¢lor saturpidon mhgnetot flivedensithidls and acoervive {oi@ HG of

Ce). In the magnetic recording nediumin the
not leé‘b%%?g%rhé/%bqﬂé@fge)ani sotropy of the soft nagnetic
Laver is preferablv.in.a.surface direction.of the
(3) In g ppriig Mepiing et AR givcboR e BRARNY ity of thyrot
magnéROMGer i?pﬁ?errgblg’?tgg Slriffod @YeRbion WRte bubSiHRer esses a
magnetic wall formation in the soft magnetic layer, is
(4) Inphemasadiic Yeddr &G ardiun &h WReIbov b 1t Sideabec RFEr, iWhich
soft magnetic layer. (5) In the magnetic recording
suppressell amagmeticiveallbfoowatjort inethe aofl megpeee layet, ayprefdrably disposed

constituted so as_to be nagnetized in a direction
betwegp ps; suhstraig pad the paft magnetc 3yer-di rect i on of t he

netic. _ani sotro of t.he,soft etic l.ayer..(6) ..

) i fREGicis SRk PR o FRGRLBRE AR el tep i st
so as fo¥e MAGHHEATE 2HiFREHEH SstartRAY E)gfaﬂ‘lgl {5ade agbaﬁ)\ﬁ; $19h@magnetic

substrate, a perpendi cul ar magnetic recording | ayer,
anisotddyy ¢f thesift maggnietlayer] ayer forned therebet ween,

wherein the soft magnetic |ayer is formed, such that
(6) Thettbird hpskinefshe pieseri enveaition img patcess foapemrdusingal agnetic

.ess than 100 nm_the magnetic _ ani sotropy thereof

recordipg fediutphaying subsupier a PErRgpdisuler m@,gn%.twesélﬁgﬁ laygr, and
soft nsgg{ﬁét& ll)a}f‘eéq’oﬂe H&Iebé)ttveeﬁ &fﬁérgfnaﬁllﬁggﬂs %Bl?%[lz %gelhigtyfo%egs such

S and a COercrve torce

that tHe B}k &s of the Ao haBek G ayeR 2;h01{13 )&_e {d3s H%ﬁ 18IS (the magnetic

readi ng-witing apparatus including the magnetic
anisott@yotheieofishivaldi toe ih b stfacadigsctionpadl ABsHgs evlich keastoduct of
for recording and reproducing infornmation to the
a saturpiignanagpeticwr dénsify Msdindr costaivefarce He, shoglibbs motHessdhan 79

IS i ngl e magnetic pole head. It should be noted
T'A/lpr(ﬁkgi'@&) is approximately 79 A/ m and that 1 Gis

(7N In %lge' %ﬁ%netic 'r%d@%q{g&ggg \E/lP]rgl!l}gtutS %&h@iﬁg ?heo%ﬁgﬁe%fo@frle?(#gfng%&ium

( al ne g a Cross sep
in the@B6Vd/Bhd & ﬁfagﬁé@f@gggg ]f&%e@oﬁ&g did RPFIFUSRIZQRIRPMERSE Rthe

m croscope).
magnetic recording medium, wherein the magnetic head is a single magnetic pole head.

It should be noted that 1 (Oe) is approximately 79 A/m, and that 1G is10™T.

In addition, the thickness of each layer can be obtained by observing a cross
section of the medium, for example by a TEM (transmission electron microscope).
[0008]

The magnetic recording medium of the present invention has a soft magnetic layer
which has a thickness of less than 100 nm, a magnetic anisotropy in a surface direction,
and a Bs- Hc which is a product of the saturation magnetic flux density Bs and a coercive
force Hc, of not less than 79 T+ A/m (10 kG- Oe).

By making the thickness of the soft magnetic layer to be in the above-mentioned



The magnetic recordi ng nedi um of the present invention
has a soft magnetic |layer which has a thickness of
wo e®s/o93tan 100 nm a nagnetic ani sotropy in a BCUI/iR065/006228
direction, and a Bs - He which is a product of the
saturation magnetic flux density Bs and a coercive
force He, of not less than 79 T - A/Am (10 kG Ce). By
maki ng the thickness of the soft nagnetic |ayer to be
rangej, thetnrgneiosrasatraplyiod teddivegdtRO06 s098 2 rection can be stabilized.
PCT/ JP2005/ 006228 6 range, the nmgnetic ani sotropy of
Morep, Mpgnsiqstaic engrey fen e dnerepssd splicianly yemakiagithe Bedic to be
R eover .. grnet ostatic energy can be increased
n the by ¢ E1eBHoRst 1808 aki ng the Bs - He to be in the
g St O R B e Rk e pgetic
anisofBpySiatd pficé diréctiouié %i@@n db fRGolftGRagdetig 1MRP ah@thehBagRidstatic
magneti c | ayer and the magnetostatic energy is
energyneinesssrd, themeagnetjosiall fomabtior inrthesofo maignetidiaysiofah be
magnetic | ayer can be suppressed. Therefore, the
supprggede generating fromthe soft nagnetic |ayer can be

ryessed, . and hj.gh=dengity.recordi can be
SHRPLP o % i RN ART PR B R TR LRI PR: Y BipBapssed
' o t .qw showi ng a first exanple
and hc% t{}nglt}lngééﬁr(ed??gsc@%e%eg‘%glfor%ieahedi um of the present
invention. Figure 2 is a sectional view show ng a
second exanple of the magnetic recording nmedi um of
the present_invention. Figure 3 is a sectional view
show ng a tBRIEF PXaGRIBRTHEIN: Gk THEHR&AWINGSor di ng
medi um of the present invention. Figure 4 is a diagram
[0009§pr ai ning the advant ageous effect obtainable fromthe
resent invention. Figure 5is a schematic view

gigel\eﬁ N9 aRBctRAB PR Bbwidlea FRIRMhFle R AR ng-gfé@qc;rleg&ding

paratus of the present” I nventioh. Figure
mediga e Rt presedt @veiiva ng a magneti zi ng device used in a

I\*!iglrlrl(el 2nig a sectional view showing a second example of the magnetic recording
medium of the present invention.

Figure 3 is a sectional view showing a third example of the magnetic recording
medium of the present invention.

Figure 4 is a diagram explaining the advantageous effect obtainable from the present
invention.

Figure 5 is a schematic view showing an example of the magnetic reading-writing
apparatus of the present invention.

Figure 6 is a schematic view showing a magnetizing device used in a Working
Example of the present invention.

Figure 7 is graph showing a test result.

Figure 8 is graph showing a test result.

Figure 9 is a sectional view showing a fourth example of the magnetic recording

medium of the present invention.



Exanpl e of the present invention. Figure 7 is graph
showing a test result. Figure 8 is graph showi ng a
W e®b/093sul t. Figure 9 is a sectional view shoR€TigP2005/006228
fourth exanple of the magnetic recording nmedi um of
t he present invention. WO 2005/ 093719
PCT/ JP2005/ 006228 7 Expl anation of synbols [0010] 1
... Substrate, 2 ... Hard nagnetic |ayer, 3, 3a, 3b
ExplanatiorSoff sympalgneti c | ayer, 4 ... Seed layer, 5 ... Base
| ayer, 6 ... Perpendicular magnetic recording |ayer,
[0010} ~ . . Protective |layer BEST MODE FOR CARRYI NG OUT THE
1 SI %ENTIO\l [0011] The nmgnetic recordi ng medi um of the
- SYPEEG i nvention is a perpendicul ar rmagnetic
2“_}{3?&9{&1%&&1 jum which has a substrate, a
per pendi cular’ magnetic recording |ayer, and a soft
3, 3a,BBANSbitendpayed laker Ned t her ebet ween. As the substrate,
a netal substrate which consists of a netal material,
4 ...Ssethyas al umi num or an al um num al | oy, may be used,
and a nonnetal lic substrate which consists of
5. Basmisgeral | i ¢ materials, such as glass, ceramcs,
silicon silicon carbide, and carbon, my be used.
6. Pﬁ%?%ﬁ@ﬁ%”‘ﬁﬁ%%%%?‘%é@g?@{eﬁl li zed gl ass can be used as
7 . PrdtEctfled As the anorphous gl ass, general -purpose
soda Ii gl ass and al um nosilicate glass can be used.
Lithiumtype crystallized glass can be used as a
crystallized glass. As a ceramc substrate, a
sintered conpact which contains an al um num oxi de,

al um nuRERTMOBE FOR CARRYING OUT THE INVENTION
[0011]

The magnetic recording medium of the present invention is a perpendicular
magnetic recording medium which has a substrate, a perpendicular magnetic recording
layer, and a soft magnetic layer formed therebetween.

As the substrate, a metal substrate which consists of a metal material, such as
aluminum or an aluminum alloy, may be used, and a nonmetallic substrate which consists
of nonmetallic materials, such as glass, ceramics, silicon, silicon carbide, and carbon,
may be used.

Amorphous glass and crystallized glass can be used as the glass. As the
amorphous glass, general-purpose soda lime glass and aluminosilicate glass can be used.
Lithium-type crystallized glass can be used as a crystallized glass. As a ceramic
substrate, a sintered compact which contains an aluminum oxide, aluminum nitride,
silicon nitride, and the like, as a main ingredient, and fiber reinforced composites thereof
can be used.

[0012]
The soft magnetic layer is one which consists of a soft magnetic material, and as

the soft magnetic material, one which contains at least one selected from the group



silicon nitride, and the like, as a main ingredient,
and fiber reinforced conposites thereof can be used.

WO 0®3/893719The soft nmagnetic | ayer i s one whi ch PONIR200%006228
of a soft magnetic material8 and as the soft nagnetic
material, one which contains at | east one selected
fromthe group WD 2005/ 093719 PCT/ JP2005/ 006228 8
consi sting of Fe and Co, as a main ingredient, is

consigiingfod Feadd Cbs asa mainangretlicnt is pricfereds t magnet i c I ayer
a FeCo all oy (FeCo, FeCoB, FeCoBC, or _the 1li
g maierigl for thengolt magxeip 2y e RifeF o afaxi(BpC OOEGQ FeCoBC, or

e SPGB S BES, i SEHS Sgntt rn

FeAls;g%%sx%F$%ﬁiTlR@EeA{Ef ko('g ;[ﬁ%qll%e'): F?I@J(i{%g NS%&IFPX FeCrCu,

or thetllk@ )| 4 K€Ta alfoy@ETa, HelTag, FFRET, Nr € lIklé aF 1Ry BEMO
al | 3 a all:ZNygﬁ l oy, a FeSi all oye a ?;eP 151lezgl‘rﬂoyy'fa FegN )

the hlafl) Ia)@QZrallllég I(FeZaNl ijhe kejeBle hldyy, adetoallay,ladyeSi allGgmR FeP
a CoN _al |l (CoNi, CogNi B, CoNi P, or the
alloyam al@ycefﬁHaalﬂ%ya FeBallng, 2 Col plfay. acoeP afloy.copNballoy

(NI B, Eihior BeR A oA PRz
or theﬁfk@? @er9 16}h% CdTs&l0§ A CHEr ﬁib%”gggfv&?%& aV%eC%Nl alloy

i's preferred t

(FeCONieF&®aNiP, HECGNIB at thelikepodndbe exediplitid@. (B4C), for the
soft magnetic Iayer 3. The soft magnetic | ayer may
Farticularlyait is preftrredrie useFe(caB{e whiabris theemgtepiapcontaining boron

at | east one of

sjstin 0, C, .and N. Ther eby,
Carbl(%r{%éb} é%rt%egqat{gp@gnetgr}ayqq@”, de generated at the gra| n

F@g&?ﬁ@fa%n%{] 9 | \g?ll n%lé]xl\écﬁtélﬂ %ﬁleg%ggg n?lt t?%g%}r'qm%e group con51st1ng
of O, 8CHRIRL € Th[e&@}:ﬂt leadt¥heHTah RNk bife. AX éﬂ%ﬂi@&f 4tGhe

ani sotropy in a surface direction. The rect on of

grain bbendamyg aed whicnefindsraapygetic ghn.SOAs a mﬂ@hlm‘aglnaﬁ@ twalls
preferably a radial direction of the substrate in the
beconagsalidiculbyo generaig t he direction of the magnetic
nisotropy to be a radial direction, it becones easy
[001330 suppress formng of a magnetic vval l.

The soft magnetic layer has magnetic anisotropy in a surface direction.

The direction of the magnetic anisotropy of the soft magnetic layer is preferably a
radial direction of the substrate in the above.

By making the direction of the magnetic anisotropy to be a radial direction, it
becomes easy to suppress forming of a magnetic wall.

The phrase “having magnetic anisotropy in a surface direction” means that the
saturation magnetic field in a surface direction is smaller than the saturation magnetic
field in a perpendicular direction. The saturation magnetic field is the minimum of the
external magnetic field which is necessary for the magnetic flux density of the soft
magnetic layer to reach a saturation state.

[0014]
The thickness of the soft magnetic layer is less than 100 nm (preferably not higher



The phrase "having nmagnetic ani sotropy in a surface
direction” neans that the saturation magnetic field
WO p00&/0%311d ace direction is smaller than the sapCr/ar20ei006228

magnetic field in a perperfdi cular direction. The
saturation magnetic field is the m nimum of the

external magnetic field which is necessary for the
magnetic flux density of the soft nmgnetic |ayer to

than §0emsh a saturation state. [0014] The thickness of the

soft magnetic layer. is | ess than 100 nm (preferably .
ot mﬁlﬂgs\g}e thpokpess of tePeiigniansiiy pygoiy thisesnms.- the PAgHEtigo

aniso i ip IR el b b SRR NOSaRR ey o e

incresxbid f ace direction can be stabilized. Mreover,
productivity can be increased. In order to obtain

St fobdet teoBtain@hiffidi@g 86t htaghhins dMatRtdritits; the thitdkness of the soft
t hi ckness of the soft magnetic layer is preferably

magnefix layerds prefierably Gonless haH16hm. The sat urati on magnetic
flux density Bs of the soft magnetic |layer is
[0015)r ef erably not |ess than 7000G (0.7 T). The coercive

f.Qrce . of the.sgft .nagnef i | a i s preferabl nogt
e R el Bl 4 RR0 B i el o G pler iy mot
1IBRCRY htts difficult to set Bs to be a high val ue,

less it bggé%sT)diffi cult to make the Bs He value to be

NitHe doeretfbe HofTthe oft Magheli® 1ifer iSeferdtlly nbbRess than 1 (Oe)
coercive force He is less than 1 (Ce). If the coercive
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[0016]

As for the soft magnetic layer, the product Bs- Hc of the saturati on magnetic flux
density Bs and the coercive force Hc is not less than 79 T+ A/m (10 kG - Oe) (preferably
not less than 395 T A/m (50 kG- Oe)).

A noise can be suppressed by making the Bs* Hc into this range.
The magnetostatic energy becomes large, if the Bs- Hc is large, because the
magnetostatic energy U of the soft magnetic layer is expressed as the following formurae:
U=(1/2)][]B-Hdv
B: magnetic flux density, H: magnetic field
[0017]

As for the soft magnetic layer, a plurality of soft magnetic layers may be formed.

In the case in which a plurality of soft magnetic layers is formed, these soft
magnetic layers may be laminated continuously, and may be laminated through other

layers.



The magnetostatic energy becones large, if the Bs He
is large, because the nmagnetostatic energy U of the
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is Pre%‘ﬁ%ﬁ%ﬁw e%%éa%%ﬁ@tlpéota isotropy in a surface

PR Al SR BOAFEEE o
soft nﬁ:ﬁﬂ@tl@-ﬁymé\r& th@ hﬁt@neﬂcnarﬁ’s%%f)y B sﬂrfa%e £} JH&tﬁJn' ty of the
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that thmgnémqtcBSI Hy of thei saturationanasnstia flox downtyiBs snddhe eastcive force

He st e 453 {HaBao e im0t ) refectuenorlessahguids beA/m
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single soft rmagneti'c |ayef. Noise can be suppressed

[0018)y making the product Bs - He into this range. [0018]
Bet ween the substrate and the soft nmagnetic | a

Heataeeraiga éubs@ratea@y@rthfv\mfémagmmdas@wel@rdra@ge@u amlwhlch
SUPPIORES ARG BT ot B T Il e e R Gonee
nﬂ{eq‘[ahflﬁ’agﬁé?g 15%? 1&%58(3 of a hard magnetic material, and the hard

magnetic layer preferably has a magnetic anisotropy in a surface direction.

The hard magnetic layer can heighten the effect of suppressing magnetic wall
formation in the soft magnetic layer, if the magnetization direction is made almost
parallel to the direction of the magnetic anisotropy of the soft magnetic layer.

As a material of the hard magnetic layer, a CoCrPt alloy, a CoCrPtB alloy, a
CoCrPtTa alloy, a CoSm alloy, a CoPt alloy, a CoPtO alloy, a CoPtCrO alloy, CoPt-SiO,
alloy, a CoCrPt-SiO; alloy, and a CoCrPtO-SiO, alloy can be exemplified.

The hard magnetic layer may have a two-layer structure. For example, the hard
magnetic layer has a structure consisting of the first layer which is made of V, and the
second layer which is a magnetic layer made of a Co alloy such as CoPtCr formed on the

first layer.



magneti c | ayer preferably has a magnetic anisotropy in
a surface direction. The hard magnetic | ayer can
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formation in the soft magnédtic layer, if the
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consisting of the | ayer which is nade of V, and
[00191he second |ayer which is a magnetic |ayer made of a

Co all oy such as CoPtCr fornmed on the first layer. WO

mwﬂ@&@YmYﬁ@beﬂﬁ’@D@SVh@@@@mgnmic Iaye. har d magnetic

| ayer Ierabl has a coerck\ée force He of not |ess

tFIﬁ’éFhe?G ayeran alloy epripinieyat legst ang selegtrd fronnihe Sraw) ) .

oSS TRV, Mo HEpRgRE

HARIsGRsEHal %Nﬁeggl@ aiNiRg aHf)y,%FNi‘I%Crh‘?l ?ea H@Thl’?ﬁloy,

prevent ed. seed layer may be forned on

CoNiS@élloyragiise laHojf aMeNMlomeNm allay,erNiFew aalolypand a NlCO
containing at | east one selected fromthe group
alloy@n@rpsci:fgtred}g of Fe, Co, N, Cr, v Mo, Nb, Zr, W Ta, B,

a?&eda‘gg’%ftyp%% ’f{ﬁ?yr : I%’%“!%@ Cf.‘/éta Rt:r%urg?qa%g'\lb elp@lilcéé crystal
grain, %ré%&el\?ealé\grggﬁ?mggnﬁmea Ni FeCr alloy, a N FeV all oy,

oy are preferred. The seed | ayer

Wof RAGHIY nth@élaa iy HeQrséd 168 HR! debd Riyet I Yok UkEnMaVhBY a
detailed crystal grain, or a face- centered cubi ¢

saturasibn ucdgnetic flgofénsity @mehay:bermit dask eanr0el/ Thehilsthe chativelferce
seed | ayer. For exanple, the saturation magnetic fl ux
Hcm@bebenctt;}ng@rmlw(@@ less than 0.2 T, while the

rcive,forc be not her
ehe case in w. ﬁ the soft mggnegc materlha used %oralqe seeg lzgyer the seed

layer serves as a soft magnetic layer.

In this case, the above-mentioned soft magnetic layer and the above-mentioned
seed layer can be regarded as a single soft magnetic layer having a two-layer structure.
In this case, the characteristics (thickness, magnetic anisotropy, and Bs* Hc) of the soft
magnetic layer of the two-layer structure are preferably in the above-mentioned range,
respectively.

[0020]

A base layer containing Ru can be disposed between the seed layer and the
perpendicular magnetic recording layer. Ru or a Ru alloy can be exemplified as this
material. As the Ru alloy, a RuCr alloy, a RuCo alloy, and a RuPt alloy can be
exemplified.

By disposing the base layer, in the perpendicular magnetic recording layer,



In the case in which the soft magnetic material is
used for the seed |ayer, the seed |ayer serves as a
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soft magnetic |ayer and thd2above-nentioned seed
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structure are preferably in the above-nentioned range,
[Oozl]respectivel y. [0020] A base |ayer containing Ru can
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layer “{aﬁglﬂqai’ﬁlélcﬁf‘e‘?lﬁf@hﬂ‘ieé siregtused greavlas steeBirel ng | ayer is
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COCrPﬁZ%‘% ailiﬁﬁ‘gg(??tgt& garll,o ?gwcg@g#%%}ﬁi\’/\iﬁ&?h contains a
Aetha metalxiigieh e6nsétB&The shldGhaitioadddaetaboidef & nedra, Zr,
The perpendi cul ar magnetic recording |ayer may have a
Mg, Tipmdte@me belexemplifiedeandsSirand tRicam Hegraeruplbifiedsas the semiepnductor
.. As the Co alloy, a Coé:r all oy, a CoPt alloy, a CoCrPt
which canstitptes 2 segticodpetoneids, o CoCrPtO all oy, and a

O IRE b RS AATEA  Sea o RO,
ALOs, 18,020, M0, Bhd T8OScat &%&eﬁgliﬁé& MplAfd &%ic@ﬁ&gﬁ% oidd,

B can be exenplified as the Sem conduct or

Si0, aebBs£Y4 dantbeexampified:onduct or oxi de. As a netal oxide,
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Whesthepepgadiculat aRgnetitag@Bdingilger Ta@0ls ganulal sd@:twe the

Ee exenplified. As a semn %onductor .oxi de, . .
perpendicular magnetic recording layer may have a cons-titution in which the magnetic

particle consisting of the above-mentioned Co alloy is di_stributed to a mother material
which consists of the above-mentioned metal oxide, a sexmiconductor oxide, or the like.
[0022] |

Because the baée layer will be excellent in uniformnity in particles, clearness in
particles, smallness of particle diameter, and orientation din particles, in the case in which
the above-mentioned base layer is disposed, the perpendiicular magnetic recording layer
which grows epitaxially under the influence of the base Layer will be excellent in
uniformity in particles (magnetic particle), clearness in prarticles, smallness of particle
diameter, and orientation in particles.

In particular, the perpendicular magnetic recordings layer which consists of a Co
alloy containing a metal oxide or a semiconductor oxide will be excellent in uniformity in

particles, clearness in particles, smallness of particle diarmeter, and orientation in particles.
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is preREAV]Y R2 DO 6 2B8er HE3tikgeoniditions (@ sRampls LA @lsubstrate
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[0024$er pendi cul ar magnetic recording layer is preferably
ornmed under the conditions (for exanple, at a

swhsih G5hea COMIRY A HEIRIsFee (RS a A DxIRbr DseRbcoR@ictor oxide
heating. If thisS tenperature is too high, particle
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consistp ehCagllpys (@ S rallopya GaPichloysa CpeePtiatloyn aCofetla aloyde
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j sl r n .
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[0025]ecor di ng | ayer, segregation is likely to be
i nsufficient, . . .
Onto the perpendicular magnetic recording layer, a protective layer which consists |
of C, SiOy, ZrO», or the like, may be disposed.
Onto the protective layer, a lubricating layer which consists of perfluoropolyether,
fluorinated alcohol, fluorinated carboxylic acid, or the like may be disposed.
[0026]
The above-mentioned each layer may be disposed at one side of the substrate, and
may be disposed at both sides. The above-mentioned each layer may be disposed by a

sputtering method.

[0027]
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gi ving exanpl es. The magnetic recordi ng nedi um shown
recording nfelifim hdvasin 6. ¢ anat thetHaed nagngicdhyenQ i@fnot dispo kel d
magnetic | ayer 2, the soft magnetic |layer 3, the seed
[0028]| ayer 4, the base layer 5, the perpendicular magnetic

rding |ay 6,, and e protective |ayer 7 ich .
Tty ithans HothopRiebls fensk i predcat Supionral be cxpjained
magneti c recordi ng medi um shown in FIG 2 differs from
the magnetic recording nediumshow in FIG 1 in that
Th\ener Xl Ehe%ﬁriﬁign%tﬂ: f)/8F Sf thé pe %1&9&%5%36@@&95%{; medium
instead of the soft nagneti c Fayer e magnetic
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netic recording nmediumshown in FIG 1 in that the
writinghyggre%@lﬁggdlgg,an gamesafsmagnetigilayso savies as a promoter for

promoting the magnetic flux leakage from the magnetic recording layer.

below.

Heretofore, it is thought that the soft magnetic layer is preferablyy thick and the
coercive force is preferably small, in order to fully exert the effect of mnagnetic flux.

Moreover, it is thought that it is more desirable to suppress the rmagnetic anisotropy,
in order to prevent the fine magnetic region which causes a noise in the soft magnetic
layer from being formed.

In addition, because the magnetic wall formation will advance by a formation of a
flowing-back magnetic region when the magnetostatic energy of the soft magnetic layer
is large, heretofore, it is generally thought that it is desirable to suppress the
magnetostatic energy in order to reduce noise.

However, the inventor of the present invention researched thorowighly and
discovered that in the magnetic recording medium having the charactexistics which have

been thought to be desirable, it becomes easy to generate magnetic walls which roughly



[ 0028] The advant ageous effects obtainable fromthe
present invention will be explained below 1In
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present T'nvention researched or oug
above-lemstiomed raget hat in the magnetic recordi ng nmedi um
havi ng the characte3ristics which have been thought
In theyeaghetic regording medboe ofiths present invengtaors bacasathproagnetic
. . walls which_roughl %OO /093719 PCT/JPZOOS/ 006228
anisotrofy ifPHace FEHERAT an\ﬁﬁa & the spii magnetdelavar gnd i a
c al | f. ' ' .
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can be duppted§&l.t han 100 nm the soft magnetic layer has the

magneti c anisotropy in a surface direction, and the
Tiheredore) thBaioistieesattirigfeors diesothametiagipdr canfleydpplesseifand a
) Bs: and the coercive force He is not less than 79 T
high-densify eeordie® is@svid®ly maki ng t he thi ckness of the soft
magnetic | ayer into the above-nentioned range, the
[0030] magneti c anisotropy in a surface direction can be

Wit pésbé& 8 the YRASR YR fortfifon of the magnetic wall is suppressed when

the soft magnetic layer has the magnetic anisotropy in a surfa ce direction and the
magnetostatic energy is large, the following is hypothesized.

As shown in FIG. 4, a soft magnetic layer in which the magnetic regionss 24-27
which are flow-back magnetic domains are formed is supposed. The magnetic regions
24-27 consist of the magnetic wall 21 elongated radially, two magnetic walls 22 and 22
elongated towards a perimeter edge from the end of the magmetic wall 21, and two
magnetic walls 23 and 23 elongated towards an inner circumference edge from the other
end of the magnetic wall 21.

It becomes easy to expand the magnetic domains 24 an.d 26 of which magnetization
directions shown by an arrow are identical with the direction of the magnetic anisotropy

radially, by giving the magnetic anisotropy in a surface direction (radial direction in the
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[00313s shown by a dashed line, it becomes easy for the
magnetic walls 22 and 23 to be forned in a position
6 S tiva perppactineview shdgingpattexamplaofthe elapaetd adingevriting
edge, respectively, such that the magnetic domains 25
apparaig (m‘pqy)émiﬁé neagaetic rependingapparatusy ebthe présent invention.
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%%% B9 TSRV FRpatabys S § Rasjagpse 1] Raying g ghape
ofa ré&ﬂﬂgjufé!r 6% b¥ whidiGhe upper surface side is equipped with an opening, and a

top cover which closes the opening of the case 11.

In the case 11, the magnetic recording medium 12 which has the above-mentioned
constitution, the spindle motor 13 as the driving device to support and rotate the magnetic
recording medium 12, the magnetic head 14 (single magnetic pole head) to conduct
recording and reproducing of a magnetic signal to the magnetic recording medium 12, the
head actuator 15 which has a suspension of which a tip end is equipped with the magnetic
head 14 and supports the magnetic head 14 movably, the rotation axis 16 which supports
the head actuator 15 rotatably, the voice coil motor 17 which rotates and positions the
head actuator 15 through the rotation axis 16, and the head amplifier circuit 18 are stored.

Working Examples
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formed. Thus, because formdfion of the magnetic walls
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by the magnetic walls 22 and 23 can be reduced. In
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magnefi€R9EM s ﬂﬁgl'eﬁ' 9 420 Hab@ tHBSHfubion BR%dlL the' 'f?él h&er (40
magheti ¢ pole head) to conduct recordi ng and

nm in thithhexdywhith cohisigts oRYraatitlee sicgndilay&n(20men imehicRhéss) which
recordi ng medium 12, the head actuator 15 which has a
consistg gEper$iap bo, &t:8wh e B Crii fprnagrton thediystilpyrsd with t he

Ve icping Be Bt dasel e ?&é@sméhﬁﬂn"ﬁ%%%%’@%?ﬂé’ﬁae%ng
the targr%‘f‘ W?éhocrongl ts O?Kiamlnﬁo?ﬁlgg t}% Sncf la gi;é%%é; ﬂniZer ou

es an ositio

chambérr\ﬁasr&¥ Rites B¥ 'u§né the tBFRdt w&h%ﬁﬁs@wkﬂefabs&e Copreyi t
are stored. Working Exanples W 2005/ 093719

S%ﬁiéqlﬁﬁﬂﬁ&h@ﬁﬁﬁﬁ&gneﬁ% layfe®B3&) nitvinkhiokndsx)awiyitie cdnsikiseof Fe:
etic recording nediumshown in FIG 1 was produced

27 at Y 05 Rl B P, 2nh i s foraalion gl swansiciencioned

e Kot i e Gaettiiena M fOFene s pedamd
while cﬁgpogf'ﬁ%%fmev@ﬁh ?)gﬁnatn%ntblﬁaé}@t to the back of the target which consists of
the above FeCoBC (Fe: 27 at %, Co: 8 at %, B: 2 at % and C), so that the magnetic flux
might leak radially from the center towards the perimeter of the target (pressure in the
chamber: 0.6 Pa).

Subsequently, onto the soft magnetic layer 3, the seed layer 4 (7 nm in thickness)
which consists of NiTa was formed (the pressure in the chamber: 0.7 Pa), using a nickel
30 at % Ta target.

When forming the above-mentioned each layer, electric power supplied to the
target was set to be DC 500W.

Subsequently, the base layer 5 (5 nm in thickness) which consists of Ru was
formed on the seed layer 4, using the target which consists of Ru. When forming the

base layer 5, the pressure in the chamber was set to be 3.0 Pa, and the power supplied to



hi gher than 3x10"5 Pa. A hard magnetic |ayer 2 which
has the magnetic anisotropy in a surface direction is
wo eooseeB7on t he substrate 1 which is nmade of a PUEHIER065/006228

a sputtering nethod. The hasd nmagnetic |ayer 2 was
formed so as to have the constitution including the
first layer (40 nmin thickness) which consists of V
and the second layer (20 nmin thickness) which

the tacgah sias sef tobe 062 28)Wt % Pt: 8 at % and Cr, fornmed on

the first layer. Wien formng the first |ayer, .the
prubsequently,the parpendisubarmagnstis sscording layer &(19nm &n éckness)

. the tar i consi sts,of V.. When form ng the
whicl dshfl PO BB SR ot Bleiber vas set 1o
| 0
il S R S S R
was u3ed.i MHTERTeSHD, tahiee Was progiusédbyomiNies a £6: 86 a4, BR128t %,
at % B: 2 at % and C was forned on the hard nagnetic
and UrapgiclowitiBed, patictesignifdrmly sbtthateignihi bedomeer m@lar tatie

el ectric _discharging was _perforned while disposing a
CoPter SiOpadd H B wasridrerefaghbs Pressurn it the chargberiwas %ﬁogt@&o Pa,
Co

whi ch consi st.s_,of, the abovye, F Fe: 27 at % :
and ﬂée_ RVt She; t%fheo}gﬁgwa S,‘eggoob? E’E?%m magnet i ¢ £1 ux
PSR 80, Gt Lo |1 EMBd DRI L or s

formddagn thSpbgendienlt Magbic@edodding ¢dyler FRGNE thectat gy @hich.cohkists of
seed layer 4 (7 urn in thickness) which consists of

C. Wher favagng depeetedtiviedaysr &sthe peesswretim theathamber waOse? toFlz) Q.5
' i ckel . 3 t %Tat t. W f ' th
Pa, aibig GOMENTIPB RIS Frachyee soaP e 6 dOFWer suppl i eq ¢ o
. oW o) | th
sbae B o SRR S A Tl R ER L oty
whicﬂ\@&lsisf%ﬂm%effnﬁroﬁﬁ%eﬁy ?gs ﬁgpllligé,' A9ndtke IRkaess might be

whi ch consists of Ru. r the base | ayer

set totbeel . primssnd the inaghéi ebadhigr mydiamse hatifg B dnStithhon Hotvn in
the power supplied to WO 2005/093719 PCT/ JP2005/ 006228
FIG. 1 gvasphigintedr get was set to be DC 250W Subsequently,

BB oA S PRl LT a0
layer Q,nthte REa %?a%ﬁeﬂical%%r Povhich consists of FeCoBC, the seed layer 4 which
consists of NiTa, the base layer 5 which consists of Ru, the magnetic recording layer 6
which consists of CoPtCr-SiO,, the protective layer 7 which consists of C, and the
lubricating layer (which is not shown in the drawing), each layer of which is laminated in
this order.

The radial pulsed magnetic field (10000 (Oe)) was applied to the medium A from
both sides to magnetize the medium A, using the magnetizing apparatus 31 shown in FIG.
6.

[0033]

In order to evaluate the characteristics of the medium A, the samples 1 to 3 shown

below were prepared. Constitutions of the substrate 1 and each layer which are used for

samples 1 to 3 were made to be the same as that of the medium A.



When form ng the perpendi cul ar magnetic recording
| ayer 6, a CoPtCr-Si 02 target was used. The
w@es@378 02 target was produced by m xi ng a QeCT/IER0&H006228
% Pt: 12 at % and C panticle with Si 02 particles
uniformy, so that it mght becone a nolar ratio
CoPtCr: Si02 = 11:1 and was sintered. The pressure in
the chanmber was set to be 6.0 Pa, and the power
@urﬁpﬂ jubstrite 11 the hamlgagnetiaayse, the SdfemREnﬂ'@dWer 3, the seed
bsequent | the protective layer 7 (7 nm
layer 4, ﬁaechag%@gyr i:ﬁpé Fhedz%ﬁ@qnétcg aéfna@n%@rsrewrémelayq;ré vere formed

per |cu etic recording layer 6 using the
Oneby S %ﬁﬁgﬁsts of C. Wen formng the
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Tlas gBiplyVA&s F@ba&@ bb dofind GRMAL Diubs@igUeydr 2y thets@fttrﬂ@netlc
protective layer 7, using a sputtering method,

layer 3| ‘di@ercxh}wer 4/;ﬁhh1a:lbasc tayst Stamddhe PEREdipearithagietp oetc;oahingrayer
was applied, so that the thickness mght be  set to be

6 one by anei{ih the SEPSITRE nn GrhetsAED ‘é?lérﬁﬂﬁeﬁ’rﬁ’éﬁ maepetined; wing the

Fl 1 bt d. Th di
o HATS P Gy efhf 2, 1o o0 2 o e um
”hé&’t HictBGA/Kd form! R%Qharés 1 EdiGy é&fhtsug;ﬁ\%}%tch{:oﬁta%ﬁ Hﬁ: samples

whi ch consists of FeCoBC, the seed |ayer 4

1 to 3. c Hush f thesd tebd plarced s drhage duel €liat dwvbideffaebipsto théh Gther are
Ru, the magnetic recording layer 6 which consists of
approxgsatelyraleibe radial dineotiercof sach bﬁt}le rsaﬂlplm ilah 3ctmp¢e$ltvslyof
s, not sho

ﬁwﬁ%ﬁ’p&%&%gﬂ'ﬁégé@% R 18 oo derprped i»glﬁwﬂawacw Otgothe
S ik e S

Theremaﬁé%evntlh%m%dv.umA usi ng the magnetizing
apparatus 31 shown in FIG 6. [0033] 1In order to

[0034]eval uate the characteristics of the nediumA, the
sanples 1 to 3 shown below were prepared.
Whas en exiefnehmagteticield hbdng amaximem @f éé&ﬁ)elvg@s@cppm ami the
were made to be the

square- géan%é‘fltl(b%gtaﬁg ﬂ?‘FE egﬁy%for@czbfggy eastiey as to the s;mpde 1 the
square- g‘ée‘a@g@g Ay gl‘gﬁ t?%galg] ?ﬁtgﬁea Bg t%ilsx’é@i]ﬁmg He regl!aﬁ%l ar

etrc nmagn yer he seed
magnetization with the saturation magnetization approximately both the radial direction

and the direction of the circumference was 0.96, and the coercive force He was 2800 (Oe).

When an external magnetic field having a maximum of 100 (Oe) was applied and
the saturation magnetic flux densities Bs, He, and RS were measured as to the sample 2,
the Bs was 16000G, the Hc in a radial direction was 0.7 (Oe), and the Hc in the direction
of the circumference was 50 (Oe) and the RS was 1.0.

Moreover, when the hysteresis loop (BH curve) was created as to the direction of
the circumference, the saturation magnetic flux density could not be decided even if the
external magnetic field was increased, hence it was judged that the magnetization easy
axis is directed to the radial direction (that is, the magnetic anisotropy is directed

radially).



| ayer 4, the base |layer 5, and the perpendicul ar

magnetic recording |layer, 6 were fornmed one by one to
wobicaiys7the sanple 1. Only the soft magnetic |BgEIP2805/006228

was formed on the substrat@0l to obtain the sanple 2.

The sanpl e was prepared by form ng the hard magnetic

| ayer 2, the soft nmagnetic |ayer 3, the seed |ayer 4,

the base |layer 5, and the perpendi cul ar magnetic
r Eeopididnet Bajlsrof i omwldy wand 1 kG e $8sTrame). 1. The

| h d. i zed, ing the |
n&%@%‘ﬁ&%@&%ﬁ% %ptv”%%gﬁéa'gﬁfﬁsg?ﬁ%ggﬁ@fs ?322t10¢§§ﬂ16
sempl, ES ool 6ot 8F Ao 848 1eRRted i e BB Nkt et oy
apprdg{il%ﬁ&F}SS@@e)Ein RARMt AcRidn A HOR Bk 8 ral f}gi;n'ﬂ or @ 1&@Cp

her "are approximately al ong the radi al rectron-o
creat@hadtoahe tddéal sasgioncofihd eandhle 2espectivel y. The test
pi eces of the sanples 1 to 3 were, as described bel ow,
slibjas shecket ghat ithee gapawidth efshatdop cehtaal poingof Hte samples 2 and 3
eval uati on usi,ng VSM (Vi bratj ng Sanpl e Magnetoneter).
becomﬁ%iar%‘éhw & HivTeRER ind i dreetion0p34] When an

' i el je ' f 15 k
SB5FT08¢ RRRE St SO PP T Rl Rl e 152
and dEREAGIVST tﬁé’fn‘égnéﬂ% MROBoPFEESHE S8kt AfghQid 18FerSHIR fidded to be a
the square-shaped rati'c RS which i's the” val ue

radiabdiretioad by di vi ding the residual nmagnetization with
t he saturation magnetizati on approxi mately both the
[003%]adi al direction and the direction of the
circunference was 0.96, .and the coercive_force He was
ShbE ety ehee Hoaniserbii R ArRapas e afe: RasnHgm
' ' t .sat ur at i
meas R Bhty e Rt TEa RAL FER 0l G RRTLER) G was
applié® ah@ mMdpRe®IERL Bhatactedigs Rere@aIvhRA00Phe Lh&GcHR fhide Rc, and
radial direction was 0.7 (Ce), and the He in the
the sqliarestidped ratnf R4 fiel the nocledrepeaeratomamngidic(f{ot] (&) atdvhoRB in
was 1.0. Moreover, when the hysteresis |oop (BH curve)
Tablgyhs created as to the direction of the circunference,

M8 L6 AR, it B Rl S By e,
herei%%ﬁée&f@ﬁ?gvalﬁh?&?ﬁy {hk pifiod &d%ﬁngd@ﬁg &gﬁiuﬁ?{lﬂgs%ﬂgzataﬁfﬁg

axis 1s direc other I Fec

magniefic bi&qlea@mbf&a@ﬁ%migh@pusiﬂégsarﬂmﬁéaad radially). WO
2005/ 093719 PCT/ JP2005/ 00622

In the R/W measurement, SNRm, the over-writing characteristic (OW), and half

breadth (APW50) were measured. The result is shown in Table 1.

The point of measurement was set to be the position equivalent to the radius of 20
mm, and revolving speed of the medium was set to be 4200 rpm.

In the SNRm, S denotes a peak value in the 1 flux reversal of the isolated wave
form of 716 kFCI, that is, 1/2 of the difference between the maximum value and the
minimum value. Nm denotes a rms value (root mean square-inches) at 60 kFCI.

An overwriting characteristic indicates a ratio of the output signal before
overwriting and the residual output signal after overwriting after the recording signal in

358KkFCI is written, and when the signal of 48 kFCI is overwritten.



20 The product Bs - He of the sanple 2 was 11.2 kG -
Ce (88.5T- AAm. Mreover, when the hysteresis | oop
weR®sovsat ed as to the radial direction of thePCEHarRPIF006228

3, the central point of thi2¢ | oop was |ocated in the
position which is shifted by approximately 50 (Ce) in
the right direction of Hfromthe central point of the

|l oop created as to the radial direction of the sanple
2Thg dPWa9 it e whightdenetes the reseprtisindhhracteristine thad op the width

ce al. point of the sanples 2 d 3, becones | argest
() iy g{%"%i qf tﬁ"sllf’?%avéll}}eég th%lsgi%?eng %Fq“nam abtangd by fd#fé%@m?ﬁt@g the

each of the magnetization directions of the
readﬁ'g?%{)hn%gneti c layer 2 and directions of the magnetic

[0036yni sotropy of the soft magnetic layer 3 was judged to
be a radial direction. [0035] As to the magnetic

ComparativediExegnptedl] w3 A, using the Kerr effect magnetism
measur enent apparatus, the external magnetic field
hilagrgjicaeemrdingumedid B20', #r@eDimsvhichahe seftimagmetic layer 3 which

. ostatic characteristjcs were evaluated. The
consigg g Loy B 2 b & ﬁi:?t%}af?dld i subifipted Lordpesrl megrrtindayend
. i . net i iel - Hn), ar hown
wich B UE PRECAROBE R A TR Nk RUSelidCh, 2 gAeks of
the sdfBraBh&id186kr30ARe MeMaBaS Whe TPRAs set REHESM R B60 niBShd 240
eval uated by the nmethod of witing in the nmediumA
nm, regpentjvedy.si ngl e magnetic pol e head and of reading a

signal using an MR head. In the R/'Wmneasurenent, SNRm
tIndogpimg the saft mggediigrlayer 8 thetelastricaliycharging Was performed while

cspof o} SISOl T € TSt TR UL S, SR
I i,\eal 2r ' d.
abovér)@tQSZle? E%& %‘Ht\‘/g, ftml? %g%%%gﬁ lﬁlﬁf, s %haﬂ ezig%gngeg& Elggamglﬁtr}]eak

evol vi spee of was Se

radially frofethebEifer SWARRGAHE PerdmBeAYE thakdtSet! NThESthr Eddditions were
reversal of the isolated wave formof 716 kFCl, that

the sansg aslihzhoWdrkiag xbfnpieence bet ween t he maxi num val ue
and the m ninmum val ue. Nm denotes a rns val ue (root
[0037dean square-inches) at 60 kFCl. An overwiting

RS S A0 e e S e AR e,
C, an@'D, $he QUGN 4 1 ' Rhichonfytfie 5SE BlGhAR lgﬂ./eg B8 nitR consists of the
above CoZrNb was formed on the substrate 1 were produced. The constitution of the
substrate 1 used for the samples 4 to 6 and the soft magnetic layer 3 was the same as in
that of the media B, C, and D, respectively. .

The test pieces of the samples 4 to 6 were subjected to a magnetostatic
characteristics evaluation, and as a result, it was confirmed that the magnetic anisotropy
in the samples 4 to 6 was directed in a radial direction.

Each Bs of the samples 4 to 6 was 12000G. Hc(s) of the radial direction of the
samples 4 to 6 were 0.7 (Oe), 0.5 (Oe), and 0.1 (Oe), respectively.

Bs- Hc of the samples 4 to 6 were 8.4 kG- Oe, 6.0 kG- Oe, and 1.2 kG- Oe, respectively.
[0038]

Comparative examples 4 and 5



358kFCl is witten, and when the signal of 48 kFC is
overwitten. WO 2005/ 093719 PCT/JP2005/006228 21 The

W@ BW50937¢9 one whi ch denotes the resol ution PCT/JP2005/006228
characteristic, that is, tB2 width (nm in 50% of the
peak val ue of the isolated wave form obtai ned by
differentiating the read waveform [0036]

Compar ative Exanples 1 to 3 Magnetic recording nedi a
BIn forming the soff mggnetic ayer 3 ovhichrapgsisisiof theeabove BeGhBChthe

consi st s,. of : at % Zr: 10 at % and Nb. is .
mag§HiStefordingmediim s s BloShiddes wmcay Y asin thh Narking Example

' t ' i rki anmpl e
1w B R Sp i SR B e Gt MR o BAR PR,
memhedndBnefie redBAHiRY MRGIUSEF Wal pRAIBA Mthe 160 WY aflﬁldthé“o
nm respectively. In formng the soft magnetit [ ayer
WorRingtxanglle tf with thehi escebystiogi ofgnabérsy the eificlkereeslofvht keft magnetic
di sposing a rare earth pernmanent nagnet at the back of
layex avhichropasistatif dhe dhovgiFsCoBErtobrd20 almove CoZrNb (Co: 6
at.% Zr: 10 at 9% .and Nb), sq that the nmagnetic flux
i é‘ﬁtsa‘inB%?ﬁ% and h iaiich pe e uapgnetic {asrs denvifiig of the
' ondi t4 ons re
oSS Ao 5 I0E ARG 008 s o e
substrteeMalet #6:&tht BAnFIRS T 368 8! iR the §of@fna%ﬁ’&ic319§ér INERER Lame as
| ayer 3 of the nedia B, C, and D, the sanples 4 to 6
that ohMetiadb awhF yrespeetiself/t magnetic | ayer 3 which consists
of the above CoZrNo was forned on the substrate 1
waihe spnplercwas mygectesiaicelly isofrepicand was nosatisatropice  iThe

cor§E b SR, BT AP e BTy v
dire&&fjiéx% radfaf Bﬁg&io\ﬁea!ng thel BB E5drcivk ?({1‘9%{5 Hgfof ttﬁleesafiﬁ)@k Was 6.8
to 6 were subjected to a magnetostatic

(Oe)c h@aale BS loF Sel sapRisd 4788 Whs 16000Gas a result, it was
confirmed that the magnetic anisotropy in the sanples

4 BsoH6(s\wabthdisamples d and Saweradiodl k@liOeatd I8 kGadk, Bspeafively.
the sanples 4 to 6 was 12000G Hc(s) of the radial
[0038] rection of the sanples 4 to 6 were 0.7 (Ce), 0.5

( 9?12: ma?glﬂgtogta&c gl%r‘)idterris":f‘fc(’: %vcetreI gveahl}é’ted by the same way as in the
Working Example 1 with respect to the magnetic recording media E and F.  The results
are shown in Table 1.

[0040]



Bs He of the sanples 4 to 6 were 8.4 kG Ce, 6.0 kG

Ce, and 1.2 kG Qe, respectively. [0038] Conparative
we2@spEse 4 and 5 WO 2005/ 093719 PCT/ JP2005/ 00P2R 820852006228

In formng the soft magneti2¢ | ayer 3 which consists of

t he above FeCoBC, the nmagnetic recording nmediumE was

produced in the sane way as in the Wrking Exanple 1,

with the exception of not using the pernanent nmagnet
[Tabél}k he back of the target. The magnetic recording

medi um F was produced i nthne [Sane way_ as i the

Wrking Exanple 1, wilHp (Re gxHept|i QWK PgV1thiegBs - He

[ f
t hi ckness of the sof gnet i l.ay 3 {.gh consj st.s
of the above FeCoBC kl%drege?léc?]ﬁ?ﬁ) TE@B)sa\le@)es (‘?mgno&é'oe)
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or the sanples 7 and 8, |and [the goft magnetjic | ayer 3

ComperateeERmmded(medismC) hat2z off 09Bdi2e0 E (@208 F,| 48.6Spedsi vied.y.
The sanple 7 was magnetostatijcal |y isotropicg and was
CompgsativgRramenle¥pedivmiPhe 4. 2coed @0y -¥ or|cd-8He | #aE (1. 04 ( Qe)-2

@ #ag
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Comééj{#n?‘ﬁggﬁn}ﬁéséﬁg‘guémﬁm )%"20?)( \é@aF %"ISW%%%) of ’;‘?%h EZ‘??SI eltsﬁg

— o

and 8 were 16.0 kG Ce and 12.8 kG Ce, respectively.
[0039] The nmagnetostatic characteristics were
[004éYal uated by the same way as in the W rking Exanple 1

w th respect to the magnetic recording nedia E and F.
TH@bledssiors thatithe gigdinm Arof WenkénglExqnarda d]giwee values which are

supeégoﬁﬁ){ t&?\% %gi]epéémqge{rgt%%%}?amp%g as Jo-l’;ﬁeb Ll%grﬂticlfaralﬁetﬁy "
performance (SNRm, OW, and dPW50).

Moreover, the medium F of Comparative Example 5 is excellent as to SNRm and
OW compared with the medium of other Comparative Examples. It is thought that this
is because the Bs- Hc is relatively large.

Moreover, although the medium E of Comparative Example 4 has a large Bs.Hc of
the soft magnetic layer 3, the SNRm is low. It is thought that this is because the
medium E does not have anisotropy.

As to dPW50, the medium A of Working Example 1 is superior to any of the
Comparative Examples.

FIG. 4 shows the waveform for disk 1 round after DC erasing of the medium A of
Working Example 1. Almost no signals were observed as shown in this figure.

FIG. 5 shows the waveform of the medium B of Comparative Example 1. The
spike noise was observed as shown in this figure. As to the media C to F of
Comparative Examples 2 to 5, the spike noise was observed similarly.

After magnetizing the soft magnetic layer 3 as to the media B and E of

Comparative Examples 1 and 4 using magnetizing apparatus 31, when the waveform was



(kCe) (-) (kCe) (dB) (dB) (nm) (kG O&e) Wrking
Example | (mediumA) 4.3 1.00 2.1 22.1 44.2 68 11.2
w@oparH1e veExanpl e | (nediunB) 4.3 1.00 2.0 ZRCT/JRLBOSI006228

73 8.4 ConparativeExanpl e2¢nedi unC) 4.2 0.99 2.0 20.8
43.0 73 6.0 ConparativeExanpl e3(nmediunD) 4.2 1.00 2.1
20.8 43.2 74 1.2 ConparativeExanpl e4(nedi ung) 4.3
1.00 2.1 20.8 43.9 71 16.0

obserysayeithent petaamipg BEWmadisureR)ent, aBmast @O spike ndike ©bskBval A%
12. 8 [0041] Table 1 shows _that the nmedium A of

longghy bW spkeitrovas qbseﬁveié‘f?%ﬁé‘é’smmu&m% was perfetmedr t o

; di um of the Conparative Exanple as to the
Contlhgg%ggi c paranetric performance (SNRm OW and

dBWEAS ot P hERY 8% forttllihemgﬁginuﬂ‘é)[f W&ﬂ(@%&é@%@%& %ﬁ&oﬁ?ﬁ:‘g{&se was

5 is excellent as to SNRm an

obsenedieven after® V¢ incaqurpaedt i ve Exanples. It is thought
that this is because the Bs He is relatively |arge.

VBrase these reshilts diig thauight thetisuor heatedBonpacfWordngKaample 1,

4 ha | arge Bs. Hc of _the_ soft magnetic |ayer 3, the
even 53/3"’ P%ﬁﬂ.gufF@eliﬁsttsrmf@ﬁpe% [Rpagnstie regionweasi dornppd, but as

i ve ani sotropy. As to dPW0 e
for 0y o P B s e Sprned
uRSnerfEONRIRh 3khsée o EXAIINST spikk Goisd, HORinBRNERAKD
measfor edi sk 1 roundgafter DC gr aglohg’ o?&?ﬁ% rre%l%ﬁm of
measdrdkvahge. Exanpl e 1. Al npst no signals were observed as
shown in this figure. FIG 5 shows the waveform of the
[004%edi um B of Conparative Exanple 1. The spike noise

R AT N R AT W RN R
senoARYE, MR ERPOR AL T Ko O 95 TOGRTH B B
s BITRASLINEFUS Bl S5 TN s on o
thickRS§/of RROMFY DOGRAB lay24 3 ddlesy thed 100 hfaout performing RF'W

nlt\e/l%igor\gg?cﬂé fesglltsnct))fs(tlonrl]gar:t?\ileklgxarr]r?;il;% gntzls3e (rn;/eed?a gna)tlld D) show that
spike noise is generated, in the case in which the thickness of the soft magnetic layer 3 is
not less than 100 nm and the Bs*Hc is less than 79 T+ A/m (10 kG- Oe).

In addition, the result of Comparative Example 4 (medium E) shows that spike
noise is generated, in the case in which the magnetic anisotropy is low, even if the Bs-Hc
is not less than 79 T A/m (10 kG- Oe).

Furthermore, the result of Comparative Example 5 (medium F) shows that spike
noise is also generated, in the case in which the thickness of the soft magnetic layer 3 is
not less than 100 nm.

In every case, the spike noise deteriorates the R/W measured values.

As mentioned above, by using the soft magnetic layer having a thickness of less
than 100 nm, the Bs- He value of not less than 79 T+ A/m (10 kG Og), and magnetic

anisotropy which is directed in a surface direction as a lining layer, formation of the

magnetic wall in the soft magnetic layer 3 can be suppressed, and the magnetic recording



| onger, but spi ke noi se was observed when RF'W

nmeasurenent was perforned continuously. On the other
whaond/09x$9 f or the nmedi um A of Wbr ki ng Exanpl e RCT/oRe005/006228

spi ke noi se was observed é@¥en after R W neasurenent.

Fromthese results, it is thought that as for the

medi um A of Working Exanple 1, even when RR'W

measur enent was performed, a magnetic region was not
mediugy whigh iperceHent in ghe RIVE charastamstisfcatbrphtaaiddve Exanpl e,

magnetic region is fornmed by RI'Wneasurenent, which

[004glauses generati on of spi ke noi se, thereby affecti ng

Worjﬁﬂgp a}%l 2 ured val ue. [0042] The result of

anple 1 (medium B) shows that spike
NThS & RetiiR0giA d{n'ﬁ h&%%@ﬁﬁ}@w
IS Iesag et:han A S kG Qe), %V%I%aPééaﬁwE&enn'aﬁed
belowngneti c ani sotropy of the soft magnetic layer 3 is
directed in the radial direction and the thickness of
t hbe swgneticagoending m@@lem (B wias praslysed inghe 400 way as in Working

et 353 St e 8 P R S e Bt s
at %I @o ll%eatc’/aslf 4& )Nh An%rb tfor(:%h Ill(]?lgliﬁlci Bn?rgﬁ%?%ql}geth%s

et ¢ ayer I'S ~not
thlckh@ssb?tlll@% ﬁlﬁ@ﬁbu%%y-%r 3%%5@9111‘6 Ce). In addition,
the result of Conparative Exanple 4 (nmedium E) shows

t Rdtenapagoetostatic sharastejeive W€ evaliaied RGhE fge Way WhincW orkmg
the magnetic anisotropy is low, even if the Bs He
Exalmi@ 1} ekt tyraed g that thag mf(m@gnc@c laysy 3 hadammnnm mlsctttwy ina

amm e SRS B8 BBt (O o o s i e Bk 0c
(150? ess lﬂm%dé &‘Fentge\%{elfrtﬁl%@t %ﬁél%ys%{ kg Ingi Sgot

[0044fet eriorates the R'Wneasured values. As mentioned
above, by using the soft nmagnetic |ayer having a
[Tablelﬁ]ckness of less than 100 nm the Bs He val ue of
not less than 79 T A/m (10 kG Ce), and magnetic
ani sotropy which is directed in a surface di rectl on as

a Tining layer, Ton of Ttiie [magnet|

soflt Irr:algnetlyc Iayerngi a{ be | sHpp e%l%%@ ana @ﬁ@VSO Bs-He

magneti c recordi ng 05/ 09 P A2 /1006228 )
YOS CLPTHSS |Pdby BT P 08578 G- 0e)

Working Example2(mediumG) | 4.4 1.00 | 2.2 222 (443 71 190
Working Example1(mediumH) | 4.3 1.00 | 2.1 21.8 43.8 71 16

[0045]
As for the medium G of Working Example 2, values which are almost equivalent
to those of the medium A of Working Example 1 were obtained.
Moreover, similarly to Working Example 1, DC erasing was performed after R/W
measurement, and as a result, no spike noise was observed.
As mentioned above, by using the soft magnetic layer having a thickness of less
than 100 nm, the Bs- He value of not less than 79 T+ A/m (10 kG- Oe), and magnetic

anisotropy which is directed in a surface direction, formation of the magnetic wall in the




25 medi um which is excellent in the RRWcharacteristic
can be obtained. [0043] Wrking Exanples 2 and 3 The
wora@seeized r ecor di ng medi um shown in FIG 3 wasPQT/orkocwid6228
as nmentioned below The magnetic recordi ng nmedium G
was produced in the sane way as in Wrking Exanple 1,
wWith the exception of not formng the hard magnetic
| ayer 2, using Fe: 24 at % Co: 16 at % B: 4 at %
soft mpgnetic {ayier B lvan bo fuppresgere and theayegnele rexndlisgieiivgn whieh is
hi cknpe f the soft netic layer 3 to be 50 nm )
exce@m’é i ﬁ’&éﬁ?&? gharagterestic wa?ngg P@r"ilie@i %\Zenm nohard, magaeticayer is
usec1the same way as in Wrking Exanple 1, and it turned
‘out that the soft magnetic |layer 3 had a magnetic
[004@ni sotropy in a radial direction, the Bs was 19000G
the He was 10 (Ce), and the Bs - He was 190 kG Qe

WorkidgB8RarhpleS/ ) . The neasurenment result is shown in
Table 2. [0044] [Table 2] He Rs -Hn SNRm OW dPWs0 Bs

Hehe mirgestic(rejordingadediutBH waBprofdnedd bykiOsgme Way ks imgWorking
I di 4.4, 1.00 2.2 22.2 44.3 71 190
Examplt by Wi S RGRIOn L FSHERRFRT &L % GO0t 2t %, arrl 1 Forshesoft
gpg,S] As for the nedium G of Working Exanple 2,

e

ue€s Wwhich are al nost equivalent to those of the

P W . R g B

magretic layen? dvas iniapnetiRied/ byrgartutiagehé magisicateldof BRIO0YOeNBom
spi ke noi se was observed. As nentioned above, by using
the elepfgomgegnet whila sotpling tg electiombgipt at 2000ckmesxsl wévihe e
A e B S B b St o, o
o O L

The direction of the magnetostatic characteristics of the soft magnetic layer 3 and
magnetic anisotropy and the direction of magnetization of the hard magnetic layer 2 were
investigated similarly to Working Example 1.

The Bs of the soft magnetic layer 3 was 16000G, the Hc was 1.0 (Oe), and the
Bs-He was 16 kG- Oe. It turned out that although the magnetic anisotropy of the soft
magnetic layer 3 was directed radially, the direction of magnetization of the hard
magnetic layer 2 was a direction which shifted in the direction of the circumference 10
degrees to the radial direction. The measurement results are shown in Table 2.

[0047]

As for the medium H of Working Example 3, although any measured value was
slightly inferior to that of the medium A of Working Example 1, the R/W characteristic
which is superior to that of the media B to F of Comparative Example was obtained.

Moreover, no spike noises were observed in the DC erasing which was performed
after the R/W measurement.

As mentioned above, by using the soft magnetic layer having a thickness of less

than 100 nm, the Bs- Hc of not less than 79 T+ A/m (10 kG- Oe), and magnetic anisotropy



26 soft magnetic |layer 3 can be suppressed, and the
magneti ¢ recordi ng nediumwhich is excellent in the
woRMsOPEIBCt eri stic can be provided, even whenP@DJIas#06228
magnetic |ayer is wused. [@D46] Working Exanple 3 The
magneti ¢ recordi ng nmedi um H was produced by the sane
way as in Wrking Exanple 1, with the exception of
. using Fe: 27 at % Co: 10 at % and B for the soft .
whichdg diseqted tosamufage dirersionws pliming lagss, firwpidereds the nmgsgtiacegion

AR e Sy R e B e
RAr . t . .
o3IO TR e b5 SRR oo

i i lyE£E hhPshiféd BRETR! i
oSSR S M BRCA T g

aniscitopyif g dolfiemagiietit iayer ®f t he medi um H- The direction
of the magnetostatic characteristics of the soft
magnetic | ayer 3 and nagnetic anisotropy and the

directio f magnetization of the hard magnetic | ayer
Wor nﬁgf‘@nprerfgesti gated sinmilarly to Wrking Exanple 1.

115 B TR 4 SRR e

to th@Bfawlih@t al t hough the magnetic anisotropy of the soft
magnetic |ayer 3 was directed radially, the direction
ofTheraggetticzatirdingahiedilra shawnl in Ry Pekacprbéuyced a8 folsvs?  The
direction which shifted in the direction of the

magnetic seqordipg mediurg [ was grodueed in thtreamewanhs it Wetking Fxariple 1,

with; ?esx?r H)F}r)g(%}‘ll%tﬁjrsq%'llltags e%%ﬁl{%\ﬁ%gg%ﬁ-r%ggtﬁe iie@ﬂ%gigqéiztéﬂ@snetic
oy IS o S By o0 B BBl P
o hsing il bkl Doy B o
Exammi¢ 4 eimsteed of sémp\thehand nidpnefC]agesd hndthelbft napastic layer 3.

perforned after the R/'Wneasurenment. As nentioned
Each}ieGeBC 1t magnegicdayer § bk wagraymed by al spyigeringamethgd similar to the
one utsQé fnkll)qrgga?rin%fthle Stibstrate 1 in Working Example 1 so as to have a thickness of
25 nm, using a target which consists of Fe: 24 at %, Co: 16 at %, and B: 4 at %. Each
Ru layer 112 was formed by a DC sputtering method to have a thickness of 5 nm, using
an Ru target. In comparison with the recording medium G, the thickness of one layer of
the soft magnetic layer in the magnetic recording medium I is thinner, but the three soft
magnetic layers are laminated with an intervening layers made of non-magnetic
substance therebetween. As a result, the total thickness of the soft magnetic layers is
greater.

As the result of performing the same measurement as in Working Example 1 on the

FeCoBC soft magnetic layer, it turned out that the FeCoBC soft magnetic layer in the
magnetic recording medium I of the present invention has anisotropy in a radial direction,

Bs 0f 18,000 G, He of 8 Oe, and Bs-Hc of 144 kG-Qe. The results measurement of the

magnetic recording medium and the R/W characteristics similar to those in Working



than 100 nm the Bs He of not less than 79 T A/m (10
kG - Ce), and magnetic ani sotropy WO 2005/ 093719
wERADsSAMIOD5/ 006228 27 which is directed to a BUI/IR065/006228

direction as a lining |layer$ formation of the nmagnetic

region in the soft nmagnetic |ayer 3 can be

suppressed, and the nagnetic recordi ng nedium which

is excellent in RRWcharacteristics can be provided,
Examplen amhshowrhia Thbiee®:t i on of nmgneti zati on of the hard

magneti c | ayer 2 had shifted to the direction of the
[Tablﬁagneti c anisotropy of the soft magnetic |ayer 3.

Worki ng Exanple 4 The fTdurth odient [of __I he_pregent
invention will be 9x§Fa' #é% S dPglﬂoheBS’HC

: pxplai peibw, SEHer @ W | di
0w sradneed ao ] e RSN PIRSTE S SBBED, g | TkG-0e)
WorkBgliEtBinblodpfieti@dy¢ad | 1 1L6IE| S3Te | WBYs as gk N’W}L”Q 144

Wit he—exdeptl bn of [I'am nat.i ngleac

Dbl o ~
the three | ayers of the FeCoBC soft magnetic |ayer
111 and each of the two layers of the Ru |layer 112

alrt the magettyc regerdstgonediim IRIfGh@presdny irvestion, tchatactgristics of
met hod, sim | one _used in preparing the

h
SNRg gk ¢t QW are g‘llipe%igf l}a fﬁgse @h%g!eéium Aj a?ilétoé the @Pdiﬂm:rﬁﬁhoﬁgle
L cd ti 2 I ti . .
RNV THITAEY B i .
the B3 - BBYh{uBtd BOIndBELRQHS1 Tkt 306 e E@?ﬁg@@icqéﬁs éx% aminated so

1
preparing the substrate 1 in Wor anple 1 so as

that the tdtalvthicRndsh itledeeut3s 79hm, RlorabistabdliAigy the nHpefic Misdtfopy
consists of Fe: 24 at % Co: 16 at % and B: 4 at %

furthggs c An adlitipaysémilarite imd¥orkingixanipje & aOCspasitgewasyperformed
f ﬁWOd to have al?t hi ckness of 5 nm _using an Ru
aftter R Wymeasuremend i absesE v aedar e dmesaikgingdse remid e detectade It

' | f h ic.l [
sl GEB RS P LRGBS, e
effectdYoRR] 5ebBtainBRERRY i the YK 18 viHli&h hvidla ?lj(é: %r%a&ﬂinﬁ@d or in the

i ntervening | ayers made of non-nmagne substancé

case irhehieh éowwdayers Asredamémtdd; suchhiBatithé ®ktal tlhitlede’essthe kot he
soft magnetic layers is greater. As the result of
magnedie fayierisdesstthan neasurenent as in Working Exanple

1.on the FeCoBC soft netic layer, it turned out
t A foept %ﬂﬁée‘ég@tﬂ ¥P1aG to dhg preRsnt iyeptien, bydgmmefipg the

.di ' . nt, in iQn_has .
o EGRAERR AT AL PR IE0 HOF6 S0 e
anisotropy in the direction being parallel to the surface (radial direction), such that the
total thickness of the soft magnetic layer is less than 100 nm, it becomes possible to
prevent a magnetic domain from generating in the soft magnetic layer, to maintain the

magnetic anisotropy stable further, and to provide a magnetic recording medium which

excels in R/W characteristics.




Bs of 18,000 G He of 8 Ce, and Bs - He of |44 kG -
Ce. The results neasurenent of the magnetic recording
woreasiom7and t he RFWcharacteristics simlar toPChoRe03/006228
Wor ki ng WO 2005/ 093719 PCTR29P2005/ 006228 28 Exanple
1 are shown in Table 3. [Table 3] He Rs -Hn SNRm OW
dPW0 Bs - He (kCe) (-) (kCe) (dB) (dB) (nm (kG Ce)
Wor ki ng Exanpl e4(nedium ) 4.3 1.00 2.2 22.5 44.6 71
144 I n the magnetic recording medium| of the present
i nvention, characteristiGsABYIS SNRm and of OWare
superior to those of the nmedium A and of the nmediumG
of the present invention, respectively. It can be
thought that this is because while maintaining the Bs

LR NP R ol R A T e
recordtigdkyie send Nerebgretic THyef fofnel RS &R YwSdn2 Whkieki 143 sbfi€
magnetic anisotropy further. In addition, simlar to

magretic Veyiek hamp thickmps$seof 1gss ¢haBQ 00 mas iangagiesic pRISGLOPYER a surface
., after RFWneasurement to observe wave form and no
directipn.iaad addss Eloe wiich ipe pindvetcf agaturationghegrietic x onsiy Bs and a

coergEud O BEpbl st R ERATRATKDEOEDD) G be obi ai nec

either in the case in which two |ayers were | am nat ed,
or in the case in which four layers were | am nated,

2. Auehnétiedecsidmg mbcahmwahfpkl@ﬁ%? sbsthdiE, aSRpendiBRLR Sdofietic
| ayer is |less than 100 nm mentioned in the above,
recordingdaytirapdtagplttaditypofcoémagnatie lyesforrhad tharsbeateengvlidiein the
of t gnetic |ayer having a Bs - He value of not |ess
PluraﬁWan Sg% magnetiglnysgshaye ﬁﬁﬁ%ébwknesa & kess thapyl 0D sy, lganagnetic
.. di tion:bein arallel, to the surfac radi al .
anisoffobZft § G2 uligs i Bed € e ofie® Bra st 6 s mpgion o
magrBO Bk ldEndiBVSY ardfa deRdvd £30d HOQf QER lekd th?x? 9875 A /m (l? kG- Oe).
possi bl e t prevent a magneti'c domal n from generating
in the soft magnetic layer, to maintain the nmagnetic
ani sotropy stable further, and to provide a magnetic
3. A swgnetiangcordtigumedilineh setdetle irsclaim R Wierkimrthe mghetici cs.

. WO 209?1/ 091;3[719 PCT( JP2005/ 006228 29
anisotropy of the soft magnetic layer is in a radial direction of the substrate.

4. A magnetic recording medium as set forth in claim 1, wherein a hard magnetic layer
which suppresses a magnetic wall formation in the soft magnetic layer, is disposed

between the substrate and the soft magnetic layer.

5. A magnetic recording medium as set forth in claim 4, wherein the hard magnetic
layer is constituted so as to be magnetized in a direction substantially parallel to the

direction of the magnetic anisotropy of the soft magnetic layer.

6. A process for producing a magnetic recording medium having a substrate, a
perpendicular magnetic recording layer, and a soft magnetic layer formed therebetween,

wherein the soft magnetic layer is formed, such that the thickness of the soft magnetic



CLAIMS 1. A magnetic recording nedi um conprising a
substrate, a perpendicular magnetic recording |ayer,
warwsaoreft magnetic | ayer forned therebet weenPCTimE0ei/006228
the soft magnetic |ayer has a thickness of |ess than
100 nm a magnetic anisotropy in a surface direction,
and a Bs Hc, which is a product of a saturation
magnetic flux density Bs and a coercive force Hc, of
layerdgpless than 10%am, the magnafieraisoirae thaedf is &1 a funfrgnitetiton, and a
ecordi ng, nedi um co I sing a substrate, a
Bs-Heds B@ 8?%1]%% ﬂ‘a‘é{?\’ézﬁﬁ‘érg rding layer, and a
plurality of soft nmagnetic |ayers forned therebetween,
wherein the plurality of soft magnetic |ayers have a

7. A @laghetidVesdingswitth a#)ﬁ&ﬁtuts Q@ng%l?%ﬁ %a%l%daéﬁ%g]@éo%—@ng \I/\I}?Id%}’l{n as

ani sotropy in a surface dire

set forth ia chimdyatd #hagnaRtiend téascordagaad &@réduahggehﬁfoiﬂaﬁo@ﬁ) the
and a coercive force Hc, of not less than 79 T A/'m

magnetio rgegrdimpinediug, wheregiy thetrnagnetic beadi in g simgth magasicpoie head.
forth in claiml, wherein the nmagnetic ani sotropy of
the soft magnetic layer is in a radial direction of
the substrate. 4. A magnetic recordi ng nedium as set
forth in claim1l, wherein a hard magnetic |ayer which
suppresses a nmagnetic wall formation in the soft
magnetic | ayer, is disposed between the substrate and
the soft magnetic layer. 5. A magnetic recording
medi um as set forth in claim4, wherein the hard
magnetic layer is constituted so as to be magneti zed
in a direction substantially parallel to the
direction of the magnetic ani sotropy of the soft
magnetic | ayer. 6. A process for producing a nmagnetic
recordi ng nedi um having a substrate, a perpendicul ar
magneti c recording |layer, and a soft magnetic |ayer
formed therebetween, wherein the soft nagnetic | ayer
is formed, such that the thickness of the soft
magneti ¢ WD 2005/ 093719 PCT/ JP2005/ 006228 30 | ayer is
| ess than 100 nm the nagnetic anisotropy thereof is
in a surface direction, and a Bs He is not |less than
79 T Am(10 kG Ce). 7. A magnetic reading-witing
apparatus conprising the nagnetic recordi ng nmedi um as
set forth in claiml, and a magnetic head for
recordi ng and reproducing information to the magnetic
recordi ng nmedium wherein the magnetic head is a
singl e magneti c pol e head.



