WD 2007/ 074585 PCT/ JP2006/ 322415 DESCRI PTI ON MAGNETI C
RECORDI NG MEDI UM AND MAGNETI C RECORDI NG AND

wWiehtioeidekd\NG DEVI CE USI NG THE MAGNETI C RECORDI Nﬁﬁﬁﬂ@%nns
5 Cross. Reference to Related Applications: This

application is an application fj]ed under 35 U S. C
111(a) claimng the benefit pursuant to 35 US.C 1
19(e)(1) of the filing date of Provisional Application
No. 60/755,790 filed JanDESCRIPTIOD6 and Japanese

Pat ent Application No. 2005-373681 filed 10 Decenber
27, 2005 pursuant to 35 U.S.C. 111(b). Techni cal

RVRIGNETIC S RECGBINGG MEBIEH { AND "RENSNETIE CRECHIBING AND

medi um and a rmagnetic recording and reproducing
dREPRODIHING []]Eé/ ICEGUBING THEC MAGNE THE RECORDINGMEDIUM
particularly to a 15 perpendicul ar nmagnetic recording
medi um of hi gh recording density. Background Art: The

PEFdRERefefdica o RBERAA DIIcATRHsd Ng systemis a suitable
system for inproving ‘the areal recording density

becaUSB“S'aﬁp'@@ﬁ@wleﬂﬂc@mamﬁiwgunm Bal)S. §x|§sllb(fa) claiming the
SPEROREMATYY SPUR. 0 8 BEDBrofe fRELH RS WP RISHiiir) ppiication No.

r@ﬂiﬂmtmﬁlled éanutar)t th,e2006 rahdl ¢@aneder Featérit ApplitatioRENOEXDOSB7368 1 ﬁled
st e t he demagnet i ﬁla@$fl eld in the nei ghborhood

10 °h%br?@p§i’8fs%'ﬁ te G- 84k1(b}.egi on constituting

the boundary between adjacent recording bits is
decreased and therefore the magnetostatic stability is
i Frsheigalddeldnd the resistance to thermal fluctuation is

- enhancgd L n _accor nce as th 25 r,ecor dj nsi t
ror ans Eits itvetfianfIRas R £ Gapkiic BRulieqhEiin afdduppdneti recording
rendreproduding 6viad udifig R REGHREE deddrding @&dﬂ;m %H@?ﬁdré‘b%tlcularly toa
and a perpendi cul ar magnetic recording fi

15 r%ﬂﬂnf’tfﬁlaf pragaetia recerdingongriemext hnghm@@rdm chgs'as a
, . so-cal.led vertical two-layer nmediumand acquiring a
. high recording ability. In this case, the soft
' rﬁmhgltoiuuds'&mft under layer is fulfilling the role of

reflu t.he, recordi.n neticfi,eldfr?mthe
magnet m&wd&ﬁ&ar rUAZIRE Fes@TAIBS Sysiem ina sHiable system for improving

the areal recording density because, in consequence of causing the easy axis of
- 20 mégnetization_ of the magnetic recording layer heretofore laid in the in-plane direction of
" the medium to lie in the vertical direction of the medium instéad, the demagnétizi ng field
in the neighborhood of the magnetization transitional region constituting the boundary
between adjacent recording bits is decreased and therefore the magnetostatic stability is
increased and the resistance to thermal fluctuation is enhanced in accordance as the

25  recording density is heightened. :

‘When a soft under layer made of a soft magnetlc material is interposed between a
substrate and a perpendicular magnetic recording film, the resultant product is capable of
functioning as a so-called vertical two-layer medium and acquiring a high recording
ability. In this case, the soft magnetic soft under layer is fulfilling the role of refluxing

30  the recording magnetic field from the magnetic head and is enabled to enhance the

recording and reproducing efficiency.
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recordi ng and reproducing efficiency. WO 2007/ 074585
PCT/ JP2006/ 322415 -2 Cenerally, as under fil ns,

w(monwmsﬁg nds of materials have been proposed. pf-p,ﬂpzoomnﬂs

exanple, Ti alloys (refier to Japanese Patent No.

2669529, for exanple), N -Fe-Cp-alloys - (refer to JP-A

2003- 123239, for exarrpl e), etc. having an hcp or fcc
structure and Ta or other elenents having an

anmor phGensralty; as tunder fibms, vericis kinds 5f Siatereals hevmh&har proposed For

B TSR BTE P EABE e, w.rccr oy

$feF tErH-At 20082028039 Tdr BRANRE), Gtd. REANE 2R Nep BY Tée structure and Ta or
acked thereon, the selection of the materi al

tmmr@m@twmm ynerphows sructyso magbe cited.or der to

L TR RN I AT R ——
I dnidesrientatichOof de ihfefmediste rla)fdr|aml eigned rdcbalisg fayeistaléited thereon,

ﬁyer and the rraa%é_etl c 10 layer results in cauysi nqg
tthe selpctionfidhe Mafssiah thereforfaprokes 1© Brovrly AmBORMY 18 GFdesde determine

She el g ABRRLCh Bl AR S ocbling mesom.

enabl i g inteepasitioni ofghe ondee fimdetvwednl the soft usdexdayer iahy the magnetic
therefoe t he. neﬁ Sity arises . that the of t unde

ARz Fesylss i) CAUSIng Ahe, disiands betwasTbibg aagnetss head apd dhe suatape of the soft

firldes l]rh?,f%ﬁ t@ bEBhEleh R byP %S BHiknRss of Y LindBRINRL. 1 For the purpose of
progle owever, it i1s.enabled to.-fulfill the.role
%%ﬁ“![

gingrid &e m@y@llgmls&gmfﬂmthgrp@rg rthe negessity arises that the

| ?sﬁg?ﬁe}%d%} Ila?(%hgggﬁ c%" é&qgﬁgltﬁ Ené ?%f%rbc%l ting g? f l&; uses a material

imjsmimg uf Soficimapieticopropérty, mowe&cr e Nevabled e doNidi 1@ role of a soft
|um exc II|n n the recording and reproducing
eayer an$h:9gtro k“h eygakeremationaf thy intermadiate laver dlsposed thereon.

recor dig st?&gﬁl%nbf hitddigf! ﬁfr%gogeta' ﬁer@#o?&'lge@ A0 sARWE to obtain . a

easy nan ture as we S been i ng
rreagnghc réconding edhing extmblmg inghe hewrdieg nancp remoﬁmchg property. Thus,

S bl of Moo BrorRie ity ol L prpblemprsgiows easy

RhANGFALNRE a8 WER 3RS bédh ﬁrﬁﬁﬁgféwgnumdl um and a magnetic
recording. and _re produci ng device excellent in

pr oduckhit invpntigiihaschgsamrepesed ﬂ%empﬁgneaﬁwe p@pﬂ“@@mnm@ aimed at

@ftlmlgﬁé tﬁ?mq erﬁl o} e Héryﬁ rrE 3hd %tgpél%‘?/fcﬁ @fa magnetic recording

conp ng the obje |one
imediurhiand dhaagnedid reﬂ:imlhgdmti heprbdﬂ:d:mgvdengce excellent in productivity and

conf.i ati
capablg of recor%mg and reproducing information of high density.
For the purpose of accomplishing the object mentioned above, this invention has

-adopted the following configurations.

Disclosure of the [nvention:
The first aspect of the invention is directed to a perpendicular magnetic recording
medium provided on a non-magnetic substrate with at least a soft under layer, an under

film, an intermediate film and a perpendicular magnetic recording film, wherein the soft
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Di scl osure of the Invention: The first aspect of the
invention is directed to a perpendi cul ar magnetic

woemor/oiasgs nedi um provi ded on a non-nmagneti c SpOBIPRLE322415
with at” | east a soft under | ayer, an under 30 film
an‘internediate filmand a perpendi cul'-ar magnetic
recording film wherein the soft WO 2007/ 074585
PCT/ JP2006/ 322415 -3 under |ayer is a soft nmagnetic
furiden keyer lﬁga anﬂamrphgddmshmm @neamarpbousniteicturg,| thej under film is

iBiate 5 hial) B kol R SloPRE BLF Rl =

I nventinQhe sédhd ia8dcy A€ Shel iM@ertivaf thauindhuded thef cdnifigufatibs lof the first
aspect, the Ni-Walloy_has an Ni content. of 80 atom %

asp%rtée MdWVaallpy depapiYi eontep of 8O atam b/opmoreaad ajW content of 20
&FB}HOF% aspect of the invention that includes the
|gura 'on of the first or second aspect, the W

cont erlh thé thikdeashect\Wfahé iwenon that heludesn e afnfigusitiomdfothe first or

tol atom In the fourt pect of the invention o
tSRERn .%e*r%dé%“(ﬁ@t%mw ?’@ Iov inths raTEe o6l Atorm % to 12 atom %.

first 1hQnd fjufd a@ﬁ&?%f the 1ED§|trNh‘tWt%él@&’esnﬁ§ c@hf' guratlorn of any one of”-

saturation flux density M 50 emnu/cnB

Ithe first td tHitdnaspeqigabe di-W Iaﬁoy hassmsatoratmh zﬂ.‘um deosltbdh@ aft5® emu/cm’
configuration of any one of the first to fourth

a?é'ﬂéo s, the Ni contained in the under film has a

cr yst dh thé@¥ifth@8péch oRiche indddtion ihhinkchides ﬂﬁddo&ﬁgulfahbmof any one of
has a crystal lattice_ in Ru (0002) and the crysta

Ithe firgde wervbaspactﬁ,aw é\lnwon(ameﬂ) in e@oéefzfilm ha& h@nfs&llé@twe i Ni

3?1 L@h?‘g lﬁt‘%{rﬁ a‘?ﬁf rf{' i’ﬁ gﬁ Icl:%%%' i gura 0% oédq&ef rysml lattices have

afratio e (Ti 1)@ (DOOI)uﬁtH‘e msgteaﬁ(wo td@gsinder filmfurt her
contains, at, | east o | ement eI ect ed from t he oup -
[ gg@? any one of

consi IPithySixh aspeghp t@‘? INYRBLiOY t a} mciudes the canfigucadi

Qhe fiREtd ﬂﬂﬁ Bi[ie@t@ thB @hddrMhUkiARer QRN 1EH3t 8hd QQm@tflt selected from
any one of the first to sixth aspects, the under

Ithg/erioup gansistingiof Baddis Sopndiél.nm or 1ess. 20 In the
ei ghth, ?ﬁ‘efs%%ntg ]aspgggot* otﬁ‘\é/ ?r{)\]/]ght%}h%gf Itang?th tgg ?éte/tl&.ﬁﬁtion of any one of'_

configuration o

abphiat & sitthasgidtsatbeamderelays hadathiokness 6f 10 masor 1dss. t he
ni nt h _aspect f the invention that includes the
Conf i dg the ;lslpf @ppe&hy gﬁén‘(ﬁntlon that includes the configuration of any one of

the first to seventh aspects, the Ru alloy has a 4850 of 6° or less.
| In the ninth aspect of the invention that includes the configuration of any one of
the first to eighth aspects, the soft magnetic film contains a Co-Fe alloy. |
In the tenth aspect of the invention that includes the configuration of ninth aspect,
the Co-Fe alloy has an Fe content in the range of 5 atom % to 40 atom %. -

‘In the eleventh aspect of the invention that includes the configuration of any one
of the first to tenth aspects, the soft under layer has a film thickness in the range of 20 nm
to 80 nm.

In the twelfth aspect of the invention that includes the configuration of any one of

the first to eleventh aspects, the intermediate film has a thickness of 16 nm or less.



the first to eighth aspects, the soft magnetic .film
contains a Co-Fe alloy. In the tenth aspect of the
WO200m074385 t hat | ncl udes the configuration of nporigr2006/322415
aspect, = 25 the Co-Fe alloy has an Fe content in the

range of 5 atom%to 40 atom %44 n the el eventh aspect

of the invention that includes the configuration of

any one of the first to tenth aspects, the soft under

Iayer Fags thirteenth aspeetiab dbe | Inventionr areyidest a Jwagnetict eecording and

 pfilethB diAEe ool ARt UGl (RO el gt any one of

tthe dirstvientiwelftts pspetts, antﬂaemgﬁarcnmuatha #sid map@e@icamonopole head for
t hi ckness of 16 nm or less. WO 2007/ Q74585

Froepline dfermation; 1o be gecprded; in prd serrpdussd dfrem ghe magnetic recording

5 1 R¥AREL on provides a magnetic recordi ng and
reproduci ng devi ce conprising the magnetic recording
madl urThae tm'lednmg int mpapynd:cnﬂanhagnehe récurehhg nediume pfdvided on a non-

h
TBRGRHE soRiale MR 5 S SR WHFOIES RO dE Bl & intermpdiate fim

Iﬁdwﬁewaﬂms‘gﬁ.@ %éoh‘ﬁngﬁﬂﬂle'id EndbRAypiNihg soﬁ magnetic film
medi um This invention, in per pendi cul @& “nmagneti c

rfeabm&thgsriﬁundmlweo\an @mrmua StHuenrararing the s:ué@tﬁlat ef an Ni-W

n a der f.1,|
10 Y:erlllttog a%td Il’éé }he] i englﬁ%ﬁ ge II% rp%fﬁ%l ?lélue}rflgl)( °n°¢£8¥1‘8 magnetlc recording
rrﬁétﬁmdl a’iﬂ a‘ inlagReticTeeurding afd ¥protiding déwﬁ@feiceﬂaﬁtﬁlﬂtprﬁductmty and
fi. l‘{BJ?H?r mng t he soft under_ | ayer an. anprphous

gecotding g repre uma%rnfmmwoafof arshrden'Wno al | oy
and meigenghold'nd BiheF Eﬁ’ggété‘tc‘fla}a@%ﬁhl@f‘eaﬁr%’anﬁl aldQXnthes of the present
e a nmagnetrc

provi de a magnetic r ording nedi um an
rigeamtion nillabetomepappdrent ng thizsei skélledximethleeart fiom the description made

roductivity and c bl e of recording and reproduci ng
15 FHefes Rl owt Plfrenss B i e MEtE Siinding of her
. Objects, characteristic features and advantages of the

present _invention wll beconme apparent to those
ﬁ@qﬂ%c"m'qnm‘tmprwm the description made

her ei o fee Cc n
R S e TR —
aesrtiagmiddiun aesurdihg ustheq:nsagt inbentwhacked structure of
t he e recor medj u ccqarding to, the
20 pr esgﬁﬁ& h\%q,]fhlagwm 1 Iust ating ti‘ne {-Tl]b?as of the prgsent invention.
' FIG. 3 is a schematic view illustrating the magnetic recording and reproducing

device according to the present invention. -

Best Mode for carrying out the Invention: | .

25 FIG. 1 illustrates one example of the magnetic recording medium according to
one embodiment of the present invention. A magnetic recording medium A illustrated
herein is configured by having a soft under layer a consisting of a first soft magnetic film
2, a Ru film 3 and a second soft magnetic film 4, then an under film 5, an intermediate
film 6, a perpendicular magnetic recording film 7, a protective film 8 and a lubricating

30  film 9 sequentially stacked on a non-magnetic substrate 1.
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20 FIG 2 is a diagramillustrating the Hbias of the
present invention. FIG 3 is a schematic view
w0 100%b74888 ng the magnetic recording and repr odpet/eoos/322415
devi ce according to the present invention. Best Mbde -.
for carrying out the Inventi on:s25 FIG | illustrates
one exanple of the magnetic recordi ng nedi um accordi ng
to one enbodi ment of the present invention. A
nagnetAstheetmrmgrgmmubanmw i Imetallic sntstrates enagie ofingetallic materials,

RO B ERip PR lIops S aSedtic, UBslesaade of non-

s:ﬁ&am@ ﬁﬁfetnarﬁagusﬁla@ glabs ArarkiB e BilRBn UBHKRHN fdaktilé .an@Ncarbon, are
intermediate film6#6, a perpendicul ar magnetic

ravgtiatdeng film 7, a protective film8 and a

Inggr Ima qg% 52}9% 5"2"3@ ok c?@é‘i%%#féy}%@ﬁm@%lag?aﬁ crystallized glass.

H@’kh?&@ﬁﬁjhaﬁs?ﬁ%s soda-limis glabe and Rhiimgosilicate gui@stdfahe all-purpose
netal lic substrates nmade of netallic materia

s&IE‘FF 378 ugabler Asthesnystallizadiglass alithyye- ba%ﬁﬁ'chYﬁSﬂllﬁ%‘lt &lpqsn&usable
subst rghgs tWQE»\S{orrlﬁggfh h&gp@b@gctﬂpt'%lbggﬁ% gﬁé@h tﬂ§ non-magnetic

gl ass, ceramc n car
bstmw diis ahdferredbtoThaveginamerapezatface eoughness Rieoft @163’@1 or less and

_ ?rﬁ%%fp%qrgﬂo BJ[SJ? Erbrlrz l & S'J(‘]l'gg fdsi l?ﬁrg St A Iﬂéﬁanigé acgr?s'eque%?ly occurring in
ahe! Mdﬁ%%deﬁat SibHrAES) %sm@ emahé.gméhm Sﬁhe e@adﬁ G?ireﬁtatlons of the
usab stallized gl ass, hi um based

dﬂ%ﬂ@dlmﬁz&lm él thes perpamdieu alFmsmtlcempedm ifim f enhancing the

%&Pﬁlgr&hg &rgfuc'ing: Eé@g%n%e%ébﬁy%%mger %ﬁae‘%ﬁ%iﬁé 3) to generate |

age surtace
nowghMﬂ&m Ra of 0.8 nmor less and 10 nore favorably

0.5 n less. This is because the flattenin
conseghli‘nfalcﬁ/ that dhe r"i"ﬁ‘gtel ypdujation diy ﬂa@}ﬁgﬁ W@G%s‘tﬁ‘é? diop-magnetic

rsg6ttates 1 lido. bﬁ‘inQBF fé@é efulg fﬁ ¥5hi orol’ébsg 2“@%’5 o) §e ®lvotdbfe from the

internediate film®o per pendi cul magnet i c
rvéeyepradintn gf fsulltlng The ernmdumgrrgerfdnmed rwitho hag gecanding density while the

ert bI ing a magnetic head 14
('%D%gpgﬁea\dg] g'éﬁ ?'3?%'“81 v\ﬁl f5tion. 15 The fact that
t he MTHetdftunsliel Blyepn i§ YomhpodedtdfanaUaiais @ £k 4 BEsoft magnetic film
non rm%netlc substrate i 1s 0.3 nmor |ess

4R 3 intgrvening betyyeen dbe ywp laness of sofb anagactin Simefor example.
f’lrh%rgowqﬁlagnetlc films 2 and 4 overlying and underlying the Ru film 3 -are coupled

together by AFC (AntiFerromagnetié Couploing).  This configuration enables
enhancement of the resistance to the external magnetic field and the resistance to the
phenomenon of WATE (Wide Area Track Erasure), i.e. fhe problem inherent in the
-perpendicular magnetic recording. |

The soft magnetic film is preferably made of a Co-Fe alloy énd vested with a
saturation flux density Ms of 1.4 T or more, Using the Co-Fe alloy for the soft magnetic
film allows realization of a high saturation flux density and using Ni-W for the under
film enables acquisition of excellent recording and reproducing property.

The Co-Fe alloy prefers addition of any one element selected from the group

consisting of Zr, Ta and Nb. The addition also enables promotion of the amorphousness



vi ewpoi nt of suiting the recording perfornmed with high
recording density while the magnetic head 12 is
wetaroedss n | ow flotation. The soft under | ayepctirsos/3zz41s
conposed of two |ayers 2 and 4 of soft magretic film
20 and Ru film3 intervening begween the two | ayers of
soft. -magnetic film for exanple.  The soft magnetic
films 2 and 4 overlying and underlying the Ru film3
aofethe CigpeFedlloyt ugieerﬂnncdmenmf:tl(eﬂmidnmioncnfagm dliW. The amount of Zr,

Ch SpENPb s adod, e R FEPAS s HGREES 1o BF 1 e amBRLafe atom % o

r esateineace to the phenomenon of WATE (Wde. Area
Track Erasure), e. the Er.obl eminherent in the 25
per penﬁh@:mracmrﬁg‘kemu the st anagnatic fiimd's posferredambe iin the range of S
f bl nd St
3 étbﬁ]%% gg?ﬂoﬁtg?}’l ol?]‘tlﬁac%%t g?]@lf‘%ﬁ]lgghﬁjf Lﬁé’ gtom %ﬂ' ?l'nﬁosﬁgrtage will be at

Us disad viahtagein feweingalie katoratiba ﬂiﬁfdenﬁmgmﬂ | K thé tdritent of Fe exceeds
al lows real ization of a high saturatl on, fl ux densi t¥|
atft ARM NG, Nhe \gxeess wHk benakra disadvantagsbine detgrigratiag t fhonquality of

Oéonqggg,@hé &nt recording and reproducing property. 30
-Fe alloy prefers addition of any one el enent

sel ect'ﬂub mmknesslmé'tlgf sofipundeolagersis ipraferoéd torbe in ahearadgd\bE 20 nm to 80
enapl e

10 6 Bhiba ek e a9 R oRaetay paas et A the sheptage wil be ata
‘ td‘i§hd¢@m§§e 3 |aabaRg sﬁﬂﬂﬁ’é?ﬁ %&bu@ﬁ thtﬁe Of e o 'tﬁhn n%fgnetlc head,

the N - The anpunt of Zr Ta and to be added
tRfevensing hey Wrisipg; fromrheing efferted swfécientlr laed rd&tag@raﬁngahe recording

a&nﬂme{?otdgcf‘m%%rﬁe?tg} % tl-w% 8&%5@@? h%fﬁoﬁ: d%r tl%e(r)f%géeted% 80 nm, the -

magnet | e erre

adxoess Wit be 40 a disadvatftagefin askedBndetériorath ng:me fq&hlh? of bevductivity.
of 5 om?9% the shortage WI|| be at a di sadvantage

15 P 1 outhe S0 MRENGE M FIUShbg 1nAn ABAGIoYS NEUCtyre. (HuS 1s because the
GRIpaREMorPhf R AXGPRASS stARnRt PRevintst (AE s‘ﬁ?‘fﬁ@ef?ou?l'lh%ss% from being

at a di sadvantage In deteriorating the qua
dmrcwﬂ,vemntg a meatsmmkhﬁegmoomt mfhmesﬂmatmmd%thel mygretic head and

h f :
Mol BRI ot eBO8 A older 1 ayer rai |

short Tife Hblag(hat ishke mEex Elﬂﬁﬁng\f(l{d m¥hitte f the AFC of the two layers 2
di.sadvantage in disabling sufficient absorption of the

20 rand @ of sof mmeﬁg&ﬁgppgstﬁ@m the soft under layer a is preferred to be 80 Oe or
 more. The Hbias will be explained by reference to FIG. 2. The MH loop of the substrate

in-plane component of the soft under layer (the direction of the easy axis of
magnetlzatton of the soft magnetic film formmg the soft under layer) is illustrated in FIG.
2. On the assumption that Ms denotes the saturation flux density, the magnetic field
25 - whose magnitude is Ms/2, i.e. one half of the saturation flux density Ms, is defined as
Hbias. The soft under layer can be obtained by bsing the materials mentioned above for
the soft magnetic film and giving to the Ru film 3 interposed between the two layers 2

and 4 of soft magnetic film a prescribed thickness of 0.6 to 0.8 nm. Consequently, it is

made possible to enhance the resistance to the external magnetic field and the resistance
30 1o WATE.
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preventing the witing from being effected
sufficiently and deteriorating the recording and

wWoeEponoasgsng property. If the thickness of the pefiro06/322415

under. | ayer exceeds 80:nm ‘the excess.will be at a

di sadvant age i n markedly deteriforating the quali ty of
productivity. 15 The soft rmgnetlc filmmust be in an
anor phous structure. This is because the inpartation

Cof t heTlmmemamﬁ)rse Hefuhesoft enagnetic filne isprefauced to be 10 Oe or less

IR BN Biaelne Os e Meipattilin 10¢ el dbonird Mo
and  aAd pYieamsiid Firfiiing helsbR nitigalbtid AMYtHE .qﬂm@ﬁﬁg heYhod%an be used.

well. The Hoias that is the index show ng

magni tindbe gserofdfonping she sofe undes lnygyeths fgrmmnaﬂdﬁw isf preferred to
t { 0

: SB%ereg?gﬁlr% eth@ P&Sergiegg ﬂgét lhli s'»t#g rhégggﬁelﬁé%n%ﬂg ?{ﬂc‘ {mpa ea thereto in

akptaliaditestjonr ef erence to FIG 2. The MH | oop of the

substr Iane conponent of the soft, under

(the dﬁ%}éﬂ%ﬁ P 1t giInedA gontrelling the qriggiation 2ad .tlamcw;tal size of the
tﬂ%?pe%@fch!am hE Hdéﬂ?nﬁoﬁlrﬁ&?g tcLI'IB@ stiiided ngl%nl a’?ﬁ{/émder film is-

i's 1llustrate e assunption t
dl!cfotabb/ nhde eﬁmruN&tW aﬁogf Iwhickl bassart Wj ccbrhentnﬁ@ﬁ@mm % or more and a

ey g 20 Rt SR AL 1455 pRRicplry e REbhadhe Mt cagtemvﬁ 4R the range

aﬁmedmd@éml%msam%nb% obt ai ned by using the
materi als nmentioned above for the soft magnetic film

and githenmain ceuse that fenpbles. thmtrecmpdmsdarwerm@ducmgepmmny to be

' tﬁl}ﬂ?{vn%cel § "&P%dﬁ%?{ ng @e L‘n g’seg&liom ly e erﬁe«“l ].!Slr[}% a'gnous under

fomsi blere tenlazgddabye at Wﬁﬂsﬁﬁ&s&inafma:tfdh Merd%w;ﬂ H¥EM) into plane
netic field therelstaq 30 to, WATE. WD

ST eISEREst By vt wed farcalcuiatingethe gizes PT ErEBlscia the relevant

g]‘ﬂfetlé RRoaiid RIRINRL 'a‘3re§1|lll 'ﬁ‘ Was R:ru‘ﬁ& Q;:Jt%ie EIQe QF cé@‘ap@ecreased in

ess (nore favorably or less). Incid
|acwdwgaﬂsshabmuunt7©f W ndddlswas mseaasedt oMehowhnlc;germehe results of

PR TG el Ml B LAPIO R 47 (B TR REEE the vrtical

foienmtiow of M de inmrirénnﬁg AfRBresk dederidrated O¢ SeradALs &5 HABW content
substr tels in a state havin gnetic field

"'%ﬁS%ﬁSF dltqsm rbétlaferrﬁd that dhe af&r%mwmge@e@ by r&he dereeagn @Eerystal size in
bmwrh g the @ o‘? ?hn& %Hrfaﬂjctd@&ob% BidwNiakt AR c%ﬂ&latrtbn%avmg the

stal™ size
W content of 20 atom % or less and- that the deterioration of the recording and

reproducing property owing to the deterioration of crystal onentatlon also grows under
the condition havmg the W content exceeding 20 atom %. ’

The Ni-W alioy of the under film 5 allows addition of elements with the object of
decreasing the crystal size and heightening the matching property of the crystal lattice
size with the intermediate film. For the purpose of decreasing the crystal size, B and Mn
prove to be particularly favorable. The content of B and Mn is preferred to be 6 atom %
or less. For the purpose of heightening the matching property of the crystal lattice size
with the Ru intervening film 3, Pt, Mo and Ta may be added.
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per pendi cul ar magnetic recording film?7 to be stacked
thereon. The under filmis preferably nmade of an Nl -W

W 200y/074648 ch has an Ni content of 80 atom % or p&PiR006/322415

and a 10 Wcontent of 20 atom % or less. Particularly
preferably, the Wcontent is i-i84he range between 1
atom % and 12 atom % The mai n cause that enabl es.the
recordi ng and reproducing property to be inproved by
usi ng Theesathratipm fbesr densityno$ thes NasW f alloly osumstitBiting nisluader film 5 is

TSRERE D SHRASTECF ayors,pE% SRS BETePrEhy 200 U s mage. I it alls

OdNBAIIf 30! i/ RS shorda& WillvBE @t &l IREUVaRlage 3 Gihinid}Othe function of
the sizes of crystals rn the relevant rmagnetic

riée omdendilm rirpariaof he csoffi undsrt lagers duting cthe heqursehef writing and

33 GeeRbnf 3 he HBBHEATES of fhe 1 BRARRHRT orDOun i RORHY
?f XF%he thtc]!m&s ofﬂwd ld)dtkrhﬁ!i'n fhr'&?prdfe‘ﬁaﬂﬂit $:nﬂﬂov(ﬂ8@tcb)ntde) nm or less. If
ace | ndil C I n e vertl ca orirentatl o
&Fe Pé\‘% %ﬂ has é.ﬂve'mqﬁg? lmg?ﬁhewvié Hpithe shortegeavill e at a dlsadvantage
0
BEBIBRG, 85 Wifer A" A" RASR nclhe SORBy, disabling -

ccqeisision of te dffect oﬁtphmmlmgedrmmgahe) paimnlg diarleter and deteriorating the
odu ropert r th condj tigQn havi

HBICIHERARHIOTER st 28 e gtbrciest oF shcurdsa i giceeds 10 nm, the
b &% vall Bk 1aRB abh dfsﬂ@varn%’g@ higl 5\FeTi nRe cr;y?tﬂf Qgélﬁa' iR&rease. '

property owing to the deterioration. rystal

ori entﬂpllmf'a%@ieé'ﬂ@\ﬁsls preferablytredecafiRdi or -"DRU h&% ng the

W contsgnt d h. of '

T AR R 10 DD g, o
;femblyofz nrd@¢ 1633 i Tigs preferabiliot :a|rea$llzé¢ b?ﬁﬁin@ GI@JF@Hf faloy for the

mat chi rty_of the_ cryst lattice _size
ﬁﬂ“%aﬁls"? i A8 R AEFS NG OFbs éc ERIPpRsitionofor the under film. By
@%@Je@s’iﬁ% Mk ik rfeky %F Qi\e ?‘dtﬁ edBedMimMy iPHAYE p'stle@ to shorten the
articularly favorabl e content of B and
p#'-‘é#l@prhsﬂmt&n the lﬁaaneomh%d and thessoft Emdertlh)eermndpnmartoef pl‘empltous

AL 3 P AR ARl 58S bossle 0 aecrse

vhe thivikndss ofthe soft makdrtlc AW fKARF/20d 4RiSnce the Crroductlvnty of the film,
PCT/ JP2006/ 322415 -8 The saturation flux density of

t he NilPfy BEIPERdiIEYA tmaapetingrecadingh fim 7 [ppssesses an easy axis of

| 'Ma%%@t‘iﬁ%ﬁ( in0a edﬂé/cffi&? p%%peﬁpircﬁlaﬁqg {EQO% gggfcﬁ’r @k@ n%)bgt?%e 1. The

emu/ cnB or nore shor
shmpoa@m elenientstfer dos &lmlichdiean eageCo nniPaksdiley nidyeallow addmon
%lg)%tdlaso I&roﬁ Cu, Ta and Zr with the object of improving the SNR property.

As the oxides that are allowed to partake in the formation of the perpendicular
‘magnetic recording film 7, SiO,, SiO, Cr20s, CoO, Ta20;5 and TiO2 fnay be cited. The
volume ratio of the oxide is pi‘ef‘erab[y in the rahge of 15 vol. % to 40 vol. %. 1If the
volume ratio of the oxide falls short of 15 vol. %, the shortage will be at a disadvantage
in preventing the SNR property from being manifested satisfactorily. If the volume ratio
of the oxide exceeds 40 vol. %, the excess will be at a disadvantage in disabling

acquisition of coercive force conforming to the high recording density.
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the under filmas part of the soft under [ayer during

the course of witing and 5 consequently inducing
widezoe1/07a688t | on of the recordi ng and reproduci NgpCT/IP2006/322415
property. The thickness of the under film5 is

preferably 1 nmor nore and 109wmor less. If the

under filmhas a thickness.falling short of 1 nm the
shortage will be at a disadvantage in preventing the

under The muctestien pragnetic figdd fldn of therperpradisgiar magnetic recording fitm 7

W50 o R RN 9] R Gl Sl i b5

otﬁiaetwamgamr@vmgaselfb theranal ficibtied. i entation as wel .
If the_thickness of.the under filmexceeds 10 nm th

excessTHg tickpess of the RarPendisuia AgRetigEecPHiing filme 7 |l-°ngfefqm=d to be in

| n
S 78 A7 Y58 o Y REABAS i i e,
tﬂtevdsrtbdmrmﬂaat’a@eduslb&‘ciﬁlsest 1[9roabﬂabfyedﬁlnQﬂ‘h@buipﬁSSufﬁciemly and

(.nore fera or less). This preferability
-:gca,pgl&lp 6‘°B9raﬂé$ﬁlf CYORYIH - al l oy for the 15 soft

magnet ,béndmﬁa a $REC :
conpos'{.}tﬁl %én for tt{eﬁa%eg’rée?eﬁﬂd%gf%?cr egs!?% &Tﬁd in a monolayer
tSHUElFe 98 iof a t stictune cofowvd airembrd Aayers ma;ienaﬂenatenals differing in
Q:%%sbb&l to shorten the distance between the magnetic

head and "t he soft under Jlayer and inpart a precipitous

shape The grbectiveUiinf 8 (aikfed I BEAGKING tﬁ@?&peﬁﬁcuﬁarrrﬁﬁgﬂeitc recording
i s al so made possible to decrease the thickness of

i
fIH@ 5 dtom fefgenien and preyenting thermagngtie dwath Sem Hdlicting damage to the

© ROARMCSH thE trl)/edgjdnw&/r&:l rE?n?a(cl,t*.; HE nRffine Ay quﬁJXwed tg,use any of the

magnetic recor 0Ssesses an eas
meayeréls heretoborei Inwwrﬂtortbetmmnﬂneemmle thtaﬂalt Q:ohiammg C, SiO; and

DL 3 uSbte MRS 6 e 00 OB Ao g =L g 10 5 nm
Eplrdm:’él todst AdvaRtagdusophl @ABs of'hi I\ﬁ{l&rec@ﬁdmg Qieﬁﬂ@ gécaﬁ&et this thickness

t he oég‘ect of inmproving the S roper
dllpye Etdﬁsi@ncarbstvmendbmagmﬁahewm 1hn qu@um &0 hadmwsgd

', " GPb R hftcgtig SR TN N GprefEgith U gl i & pertiucro-

\polylet‘mr rfhiorioated alcbhole shd QubsSnnedéababllic dciiisttha haddB&n heretofore
3;215 v& %to 40 vol. % If the wvolune ratio of the
PHRtFthe|a short of 15 vol. % the shortage will be

at a dipg Bli@8Rordifg H{eSM‘ﬁ{‘H' 1ﬂ Ghd Pﬁsﬁg%n%gﬂﬁérﬁ Ys cflggﬂi‘endlcu}ar

bei ng mani f'ested satisfactoril vol une rati
ofagnetc tﬁ%pl{j}gl&méwdspmldcdlon ﬂdﬁ rtohemag«teassubuttate bevitit at least the

R I e Y S ——
tevasdingy fili0, 3k Vit Sk MaghedDZIAS 23hd UL Forming the soft under layer a
is vested with an amorphous structure, the under film 5 is made of a Ni-W alloy and the
intermediate film 6 is made of a Ru alloy. The magnetic recof'ding medium A
consequently obtained, therefore, is excellent in productivity and capable of recording
and reproducing information of high density.

FIG. 3 illustrates one example of a magnetic recording and reproducing device 12

using the magnetic recording medium 4 mentioned above,
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-9 The nucl eation magnetic field -Hn of the

per pendi cul ar magnetic recording film?7 is preferably

WO Do/®mses nore. |f the -Hn falls short of 2. Op&fpaoes/322415
the shortage will be at a 'disadvantage in giving rise

to thermal fluctuation. The thigkness of the ,

per pendi cul ar magnetic recor di ng film7 is preferred

to be in 5 the range of 6 to 20 nm Wen the oxide

gr anul Bhe magneticiiegording And kapeesiicing dedice 12zhgen hetein is provided with -

P Y55 R R R s LRSS oty motion

dtet tﬁélrﬁig’hbtlﬂg‘ed(ﬁlainww @RETC, Ya mhBRetRERMANIY GoF dusing the magnetic
magnetic recording film?7 may be formed in a nonol ayer

sf@?qrétnsrfeedwmu 1) 19 reeord and rrepreduqevmfommam @ heag-airiyingophst 15 and a
pr ot ec @@"ﬁ{# §%r“wgfd°gﬁ"gosﬁwﬁ?g§{ It'ir']igen {eﬁmﬁng-repmducmg signal

mrommdg System 16agadapted to @cavesk ingut datd MdArdnsoni0 the resultant recordmg
corrrsm and Y\F{HIH the magnetic head from
i SR 49 iR "&“&HE N5 PROCESSea SEPrPRCIng: dlanal recgived from the
'rha ft & dﬁ?ﬂi | oned to use any of

gmmat grdls]:@ﬁherettgﬁeol?ggﬁhgaﬁbto the art. For
_exaanI‘éOWnﬁMemvantmmwﬂi &empru@d iBoe2speoidically Belosy by eeference to

?e Tn? t hick esE‘ % rotective, film8

rangé’ of ﬁﬂgn{);ga VAP sYes %'“H@“%ﬁn‘?%d@f}ﬂgtepdn any way by
tth¢inBesofiptidi@h recordi ng density because this tHickness

all ows the di stance between the magnetic head and the
medi umto be decreased. For the lubricating film9, it

’ i@iaa%y‘ﬁpt ageous to use materials, such as perfluoro-
yet

pol fluorinated al cohol s and fl uofi nat ed
car boxy lass aMSdaet(h!aamqueubaﬂjstrhlerH ichesein difnéten Wiade by MYG

RS TN ROV R A——

rs@srat NAndPHcbdPh Q‘Nindl%ﬂ'n E dHARMbBOBE mﬁ{agﬁetron sputtering device
substrate | with at least t soft under a,

4mada by iAnsi, Comt andeali aidert produa. carel o SEAHBI Tl interior of the
nei n e soft
RS g chEBEOW AP eisctild RE HRds b Gyl reJGHAT + G0 pa. O
\tbstmiﬁktmd; Itheasb faomitep Naie8 aswisifirhed by tshkiNBOe filth |dfml@o-20Fe SZr-
@%2@3 o}qlg Wall oy and the internediate film
eﬁ‘?ﬂ“ 4 G ogomTheoilig Mool Yeelbftipnt 4r?é@r1umq£ Nb) in
CRIBERISI0 ¥mORlR Bt ma gh&fceﬁlﬂ{ g ‘2, R§ fﬁl)ﬂolﬁlal Hl%knd of 0.8 nm as the
productivity and capabl record
intervening film 3 and a film of 71Co-20Fe- SZr-4Nb in a thickness of 30 nm as the soft
magnetic film 4. The soft magnetic films 2 and 4 were confirmed by XRD to possess an
amorphous structure as a crystal structure. 7
Subsequently, a film of 80Ni-10W was stacked in a thickness of 5 nm as the
under film 5, a film of Ru in a thickness of 12 am as the intermediate film 6 and a film of
60Co-10Cr-20Pt-108i0; in a thickness of 10 nm and a film of 65Co-18Cr-14Pt-3B in a
thickness of 6 nm as the perpendicular magnetic recording film 7.
Then, the protecting film 8 was formed in a thickness of 4 nm by the CVD
method.
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and reproducing information of high density. FIG 3
illustrates one exanple of a magnetic recordi ng and
Weposdmwsssg device 12 30 using the nmagnetic rﬂ@@[jﬂjoﬁg322415
medi um A nmenti oned above. WO 2007/ 074585 ,

PCT/ JP2006/ 322415 -10 The magpgetic recordi ng and

reproduci ng device 12 shown herein is provided with a
rragnetl c recordl ng medi um 10, a nmedi umdriving. - part

13 forT thetperpgndisular Wagmtlmcordmgtlhedlmaghwas obtained by forming a

r n 14 for . causin

fﬂ?‘*’é@* W@‘Wv%?af s eireling £l Sbwibe dinwinageinod

reproduce information, a head-driving part 15 and a 5

recordi ng-reproduci ng signal processing system 16. The
(Z%'BPEHFW%’ ’@ST%%FUI:M@ Si gnal Ioprocessl ng system16 is

adapt I | t

oo {dabl O R o WU QARG b 2R Hibe WiChracecyye of Example

alnethibe using Ni-20F ¢ (T and: tra rin@staldgmiammgfov% tftfd@f'fﬂnli"e
magnet.,,c head .14 angl out put the resultant_ data.
this i HFeREgsHe ipardipg af ﬁémnﬁrba%g@m@@w ;Examples 1to3

Redre Ve t I RY A
L0UELs Baieh ARG | ke SUAID g o RS B, eroducing

tfopertyei For dkes evalyation o€ thdamaglp:ltesmtc propertys $htslib|stef‘iattemeasurement

h h
SRAR=EE BN ARK Bofh. g Bt « Fot iR RIMGHGH G 4kS trgording and
Oéproﬂﬁixﬁg brdp@ﬁy,ttﬁedeaaswhi&ean@% ﬂTﬁﬁ@dﬂct Eodes‘tﬁ?wtﬁf-%ﬁ”) and the spin

aced in filmformng mber of

Hé??@ﬁ%‘fﬂﬁ'@t“éﬂ 7oigMBahath. ma(dmeGbylkAthmalcﬁmprpnses of USA

e usl d under product. code of "C- 3010"). The -

|nter| or of the filmform ng chanber was evacuat ed
till tThe rdeopdmg arid mdumrrgepmbeﬂlek was1éahuabal bpmsmg a magnetic

rat t he, soft. under | ayer a was forned
HEAE pBHREL 6 el P arviskso enpidle meaters 1ok g oy rided i the
G@pro&ﬂ:u?g pan Wit aFeMID eidnvdht Yavith the t%g?rdﬂ‘lﬁgh@ciﬂtel{%)o Set at a linear

in a thickness of 30 nmas the s
23‘305‘111‘-'& dFM“r)h 9fn1000t Kk nEhe overwaits (QW)am’t)ptmy was evaluated by first .

of 11 Zr - 4Nb
S0 of SOARPCE ey AR Plendi SF7ACH (B A gsuring the
s&nfsue mﬁgmeﬁrstcslgnal Nﬁhére@tflds df‘t the evahe@idhs ﬁr@%ﬂofm inCiREbIE @ below.
0ssess a rphous structyure as a_cr
FSJt r uc?mrg?rabﬁtn? Q%Pow 1t 'was confirmed that Exa%gle 1 surpassed Comparatwe
Examples 1 to 3 in SNR and found that the recording and reproducing property excelled

even when Ru had a small thickness, such as 12 nm.
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t hi ckness
wonze7/0hisgkness of 12 nm as the internedi ate fipOrOrRoss224is
. 60Co-1 OCr-2@Pt-10Si 2 in a thickness of 10
‘nmand a filmof 65Co-18Cr-t4Pt-3B in a

a film of

' of

5n

a filmof 80N -1OWwas stacked in a
mas the wunder filmb5, a filmof Ru

t hi ckness of

6 nm_as the perpendicul ar .magnetic recording film?7.
: Ther,mt% rgo ectlimg film8 was forned in a thickness
of 43ng g~ (MR| 30 net hod. WO 2007/ 074585
PCT/ EP&@E@ E5%)- 11 Then,” the perpendi cul ar
rragr&tic&_'la'@o d| ng|medi um A was obtained by formng a
fil rref—perfilgio pol yether as the lubricating film?9
by tide, ¢ Bi¥lng_ngihed. Conparative Exanples | to 3: 5
Magrg 2 & Eeg@|S|a&| medi a were obtained by follow ng
the |gr® Vg@ BfF|Btanple 1 while using N -20Fe, Ti
and Ia—i-ns.t_eacufi_nmteri als for the under film The
magrg't%q‘i %ord ng|medi a of -Exanple | and Conparative
Exangl sﬁ'é, S{3lefrere eval uated regarding a
magrgtg)g ,tgc prcperty and recordi ng and reproducing
propertiy grithd eval uati on of the nagnetostatic
progel t \§ & Hejkpilk|ef f ect neasurenent 10 system nade
by NEDARKSCHr {™w®s used. For the eval uation of the
'recc%‘i ng_ard gpy oduci ng property, the read-wite
anal g‘ze%gprgbuct fode "RWA-1632") angd the spin stand
(prchcF_ gode|ZE4P01 MP') both. made by Guzik Techni cal
Enteﬁar s8s |o]l UJSJA.  were used. The recording and
repr@fuc Ng |pyoparyi es was eval uated by using a
rragré'i@ﬁlégg pdapted to effect witing with a:
monqppl ﬁgﬁgg( “2* ole and provided in the |
reprogucggg ( --?'qthaGVRelerrent with the .
recqrfli ®y frlequency set at a linear recording density
of 1000 kkClf. g overvvrite (OWN property was
evalluat Ebycﬂngt witing a signal of 500 kFCl, then
wa tli hg 2si|gMJ°|8f 67 kFCl thereon and neasuring the
rei gspie of tthe filrst signal. The results of the
evallupti oRsSjaref ghewn in Table 1 bel ow. 20 From Tabl e
I be%)m%ig Was cantirmed that Exanple | surpassed
Compgf afgi ge |"ExdlfBles | to 3 in SNR and found that the
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even when Ru had a snmall thickness, such as 12 rim WO
2007/ 074585 PCT/ JP2006/ 322415 =12- z~ '07 V? t&\".10
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*tExamples 2 to 12;

Magnetic recording mediums were manufactured by following the procedure of
Example 1 while changing the composition and the thickness of the Ni-W alloy
constituting the under film. The results of evaluation are shown in Table 2 below.

It was found from Table 2 below that Examples using Ni contents of 80 atom %
or more and W contents of 20 atom % or less were able to obtain an excellent recording
and reproducing property and that Examples usmg W contents of 1 atom % or more and

12 atom % o less were able to obtain a partlcularly excellent recordmg and reproducing

property.
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the intermediate film, The results of evaluation are shown in Table 3 below. Examples

5 13 to 21 were able to obtain excellent properties as shown in Table 3 below.
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excel'l\ént in productmty and capable of recording and reproducing information of high
density. Th_erefore, it is made possible to provide an inexpensive a hard disc drive of

“high recording density.
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-17- Industrial Applicability: The magnetic recording
medi um of the present invention has a filmstructure
excel lent in productivity aqﬁycapable of recordi ng and
reproduci ng informati on of high density. Therefore,

it is made possible to provide an inexpensive a hard
disc drive of 5 high recqﬁg&ﬁgsdensity. -18- CLAI M5

1. A perpendicul ar magnetiC recordi ng nmedi um provi ded
on a non-nmagnetic substrate with at |east a soft
]under | ayer,. ﬁn under fil an_jnternediate filmand a
‘per pErRSTREAAK IR magnstic ceGoring mediym proyided,ar 2 8pRrmaggetic
sisb3frhte Withedt 1dasdiBdoft 1hddr 18! anRHIREHIn, anfihtkﬂi\é@lﬁgé ﬁ?n &H a
anor phous structure, the under filmis forned of a
pRIpengicylarsyagngeti segording; filmg whersin the sofonder tayenis arsoftonagnetic

fif ﬂa‘ﬂ?%\érl? %?Een%ﬂ{)llxﬁosﬁﬁu?@r?h%rﬂn(gélgﬁllﬂaﬁ prme; IQ% ﬁtﬁ}gw a}:{oy having a Ni

I nter orne
cordgnt of 8Q atoectrodimuge ametia Wheantand 6f20Mgtoind% oF RissNaid the intermediate

ﬁx\ﬁ%rf%%%‘fﬂr}%#'\ég@%t- ent of the N Walloy is in a range

atom % 3. A magnetic recording
medi um according to any one of clains Ito 2, wherein

the N -Walloy has a saturation flux density Ms of 50
2o u/ AegHetiGRsE@rding medium according to claim 1, wherein the W content of the

NiW alloy is in a range of 1 atom % to 12 atom %.

3. A magnetic recording medium according to any one of claims I to 2, wherein the

Ni-W alloy has a saturation flux density Ms of 50 emu/cm? or more.

4, A magnetic recording medivm according to any one of claims I to 3, wherein the
Ni contained in the under film has a crystal lattice in Ni (111), the intermediate film has a
crystal lattice in Ru (0002) and the crystal lattices have a ratio Ni (111)/Ru (0002) in a
range of 0.90 to 0.95.

3. A magnetic recording medium according to any one of claims 1 to 4, wherein the

under film further contains at least one element selected from the group consisting of B,
Mn, Si and AL

6. A magnetic recording medium according to any one of claims 1 to 5, wherein the

under layer has a thickness of 10 nm or less.

7. A magnetic recording medium according to any one of claims 1 to 6, wherein the

Ru alloy has a2 AB50 of 6° or less.



4. A magnetic recording nedi um according to any one of
claims 1 to 3, wherein the N contained in the under
filmhas a crystal lattice in Ni (111), the
internediate filmhas a crystal lattice in Ru (0002)
and the crystal lattices have a ratio N (111)/Ru
(0002) in a range of 0.90 tg,0.95. 5. A nagnetic
recordi ng medi um according to any one of clainms 1 to
4, wherein the wunder filmfurther contains at | east

ne g| : I . . ar onsd st.ing.o .
SOML % ﬁ%&]ﬁ?&o@ﬁﬁ%&ﬁ%&%&%@ﬁ} Ctgkajrggf ﬁlbe an&ﬁ? t0 r7, v?herem the
sait amgni¢tivdilinocontuynsan@o-be altdbyai s 1 to 5, wherein the
under | ayer has a thickness of 10 nmor less. 7. A
magneti c recordi ng nmedi um accordi ng to any one of

ocl ai MEmdgrefic @ecoﬂi&% SkdiuReorfihgdb bRYn §23h&enMROCETFe Slloy has
8 um

or less. -19- 8. magnetic, recording nedi

aXeconigntip atranggrof Satam &4 toctlitors %. to 7, wherein the

soft magnetic filmcontains a Co-Fe alloy. 9. A

magneti ¢ recordi ng nedi um according to claim8,

I0her &i magrietic E&ceﬂ?ﬂhbﬁ;ﬁnhﬁ@ogdﬁg fte ayosieasticldims & éd angderein the
of 5 atom?%to.40 atom % 10. netic recording

SO ST SEL RS T DB mnianis OLFERRE BOPE o wherei n

the soft under layer has a filmthickness in a range

of 20 nmtq 80 nm 11. A magnetic recording nmedi um ]
ke coAdneapetiprespdingraedipmeregrding to any arg of wlagme| to 19, eherein

tHeThRFrE4t8 ifm hhd AMHiaGe® itk GliNGS8ss0f 16 nmor [ess.




