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PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM

CROSS- REFERENCE TO RELATED APPLI CATION 5 This
application is based on, and clains priority to,
Japanese Application No. 2005-110431, filed on Apri
7, 2005, the contents of which are incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON 10 1.

Fi el EERPENDICETLAR MAGNETEC RECOR DIN GeMEEH UM

to a perpendi cul ar magnetic recordi ng nmedi um for
recordi ng and reproduction of information, in
particular to a perpendi cul ar nmagnetic recording

CROBS-REFERENCE 1O REBATEDARPPLICATPON 2.

Description of Related Art In recent years, the demand
for high density recording in magnetic recording
media i s increasing. The magnetic recording 20 nedi a

at F’I‘ﬁ§§%tp%’i@é brfid Bﬁgéﬂ%,”éhd’ﬁ%@ﬁféaeri&ﬁ gcio?:ga anese

systemin I ch a magnetic recording er o
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romum a oy or i ke on

r . (e I ' jon is aligned
e, £ RGOt Hete WP PRReAe. 20, *racent .
t he perpendi cul ar 25 magnetic recordi ng systemis

drawi ng attention in which recording is perforned

PACKGRAURTOETEHIEINFENTION, "o rect i on. 10
ei ther recording system high density recordi ng needs
hi gh thermal stability, |ow noise, and

1. Field of the Invention

The present invention relates to a perpendicular magnetic
recording medium for recording and reproduction of information, in
particular to a perpendicular magnetic recording medium installed in

a hard disk drive (HDD).

2. Description of Related Art

In recent years, the demand for high density recording in
magnetic recording media is increasing. The magnetic recording
media at present employ a longitudinal magnetic recording system in
which a magnetic recording layer of a CoCr alloy or the like is
provided through an underlayer of chromium, a chromium alloy or
the like on a substrate and the recording magnetization is aligned in
the direction of the substrate surface. Recently, the perpendicular
magnetic recording system is drawing attention in which recording is

performed with the axis of easy magnetization in the recording layer
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reducti on of magnetic spacing. In a neans to reduce

the magnetic spacing, a protective |layer forned on

the magnetic recording layer is 5 made thin. The

decrease of a protective |ayer thickness, however,

causes a reliability problemdue to increased el ution

of cobalt from the magnetic recording |ayer and

beprng bilgamdd dattie eeatical directiordabnl éitherSiovoeding system,
soft magneti c backing layer is necessary in the

hiv e givy ae cordingitesds drighnthepmiad stabikity obswtnoise, and

el ution becones 10 a nore severe problemin a soft

reduietion @ﬁﬁﬁ@ﬁet@@pagﬂf? Th & meakd to PadedeaHeO¥agnetic
a

A neans to avoid the co elution due to a thin

@PQ&' g ?Jﬂo%@tiveh_hﬁyé}eﬁfhﬁéﬁp@ﬁ%@lé ﬁld‘%ﬁéﬁcafécording layer is
el ement o tha

the platinium group other 15 n platinum

Alad® tRig el he Vdd &y 20226 F Mepﬁ%t%g:g{@ $a POt $RiERhebs, however,

added to the magnetic |ayer. for ‘exanpl e Japanese

RIETRAIBIET orBRb b Bicot RHBH 4644 1o of cobalt from

Qlﬁ%??%‘g%{ef%??% RISHE Loy of s Slemmloget deRoploddribhof

TIAbIBE G £3diP ?ﬁ?ﬁ% BElck IR R Y nkBRsdyin the
J'ustnen f o'npos I"on®a I()!F‘F?%Bri)%lﬁgegg@%on becomes

ég?ﬁeﬁhﬂ#&é’%ﬁsﬁcl SRR |

TuphtE ssy®rBbFo RG ldofh Mol B QG HR IpiChide of 2

I afte ssivation treatnment 25 is provided

%@%eﬁaﬁé ‘ﬂi@ﬁeti c layer and the protective | ayer.

(See for exanple Japanese Unexam ned Patent

Application Publication No. 2 H8-173155.) The

rovisi on of an interned ate, | r, however, .raises .
P means t6 avoid the cobalt elttion due to ' thin protective layer

has been proposed in which an element of the platinum group other
than platinum or an element with negative electrode potential is
added to the magnetic layer. (See for example Japanese Unexamined
Patent Application Publication No. 2003-223707.) The method to add
an element to the magnetic film, however, is hardly effective by little
addition, while invites degradation of magnetic and electromagnetic
conversion performances by too much addition. The elements in the
platinum group other than platinum have a large atomic radius and
needs adjustment of the composition and deposition process of the
intermediate layer and the underlayer. Another method has been
proposed in which an intermediate layer after passivation treatment
is provided between the magnetic layer and the protective layer. (See

for example Japanese Unexamined Patent Application Publication No.

2
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a problem of increased magnetic spacing due to the
addition of this layer. Still another techni que has
been proposed in which chromum and hard micro
particles are added in the protective |ayer. (See for
5 exanpl e Japanese Unexam ned Patent Application
Publ i cati on No. 2002-100036.) However, the protective

a7 3153.) pEheoproeidien of ancirtersédidtediayer, however, raises
i nsurance of slidability in addition to the

amoblenpofdhceolsbd wlagndtic s"ffadihgit duéhe thed eidditiod of this

the protective layer to avoid coba el ution inposes

0 _avol b % shrom
Luyfav oSalll encyle teching]wé Has b%%i;{@g@ EleiaNh% chromium

performance in other functions. S

ADEREF P¥nTéey @h@%ﬁ!lésidi‘éeaﬂﬂeﬂ ﬁﬁ;ﬁheemrbt@gﬁgvé Tayérew(See for

of the above 15 problens and an object” of

eRY AP IeCP %ﬂé%eolﬁi’é)@?nﬁn@ﬁ][ PaReht %ﬁgligﬁ%ﬂﬂ?@&bhcation No.

recordi ng dium having a soft nagnet acki ng layer

?gggf’i G)OOSGi.)WH?W@VéPr bgﬁté&%étlﬁ%?bxg{i%t &form other

wite per or mance y-aecreasi ng co ution

fﬁﬁé‘ﬁﬂhsgi]‘ilu%ghﬂiiﬁ i%t%ﬁeé\?%ce%f’ﬁhr il]%?ftﬁli C@ld‘iER)tne'Eé th

ayer 1n I'ng & pro ive layer ness,

gf@? felfiioqp of Q:?B?ﬁﬁ eh?fiolrfj‘y 9 ﬁ?ﬁi&cﬁi‘é ?réa{@ﬁail 'b‘sf?ﬂl}{&? @gotective

present I nven I'on "have nade extensive

BRBRY Ryt AR I o IR0, B8R obiHBIE Takgb destraint in
40K P oS 0000 Hhochtc

called a texture are generally forned in the
circunferential direction 3 on a substrate of al um num

SHABRICCHETLE BRI, 5ottt 5

The present invention has been made in view of the above
problems and an object of the invention is to provide a perpendicular
magnetic recording medium having a soft magnetic backing layer
exhibiting improved corrosion resistance and good read-write
performance by decreasing cobalt elution without restraint on the
construction of a protective layer including a protective layer

thickness, deposition process, or layer structure.

The inventors of the present invention have made extensive
studies and have found that the cobalt elution due to thin protective
layer is caused by the following reasons, and have accomplished the
invention. In a longitudinal magnetic recording medium, grooves

called a texture are generally formed in the circumferential direction
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irregularities are formed on the surface and the
irregularities are reflected up to the magnetic | ayer
surface. Even when the 5 irregularities by the

texturing are lowered, the layers fromthe underlayer

to the magnetic |ayer are polycrystalline filnms and

the grain boundaries are dent parts formn
onregubstiateof alurhmaim oraslass Mplreveﬁdaggmqugnetic head
per pendi cul ar magnetic recording nedia, the texture
fromadhesidniehd torgive aamstropywel hiwgretkic @roperties. Thus,
granul ar 10 magnetic | ayer of CoPtCr-Si 02 (Takenoiri

BAtregiul aritdeftaie iride dosanhieasupkrqeeadidcthenrreguktiities are
recordi ng nmediunt, Journal of The Magnetic Society of
veflectedalp t@TheNmaghetic 194@ 1% or{a2@03Eviear wiea thiee)

and a magnetic filmof Co/Pd artificial lattice (H

Nekgudnrities B the "texBluliniliitd laversdwhé 1 § frdn th
I\/gog‘lyﬁt e% %edikgie aners 15%%” Per pendi cul arag,%/ggneti c ®

h08Y tol i ; I 13
SRRt Lt T neLiORRY a)elpolfinys il iy and th

i b Alfeanars dmcpattd fertthani Fiir?éghméﬁtié@ on the film as

ongi tudi nal magnetic recording nedia. protective
0 : .
A RELE g i o FRARTAA Ar Si i SR B, the
ﬁf}?ﬁﬁ%sfs ﬁfott}gfo\fi'dle'& %ﬂi‘ 'rﬁBQ@?éseE.hq\Ié%?EH@Fess a granular
et ue to the a

eriorates he surface irregularities.
BRSNS oA Of CARY L FRPCTaREEBibLEr o] SO LEhBi02
GERR b b A S A0 5Ll of The
BLEFBEHCSoP AP TRBRFLVPE, 41 U oA, A0S for
&gﬂﬁtﬂes PR§K rr‘lqalg%)é%{c PP bPC S A5t eial 1attice (H. Nakagawa

et al.: “CoB/Pd Multilayers with PtB / Pd / MgO Intermediate Layers

for Perpendicular Magnetic Recording”, IEEE Trans. Magn., Vol. 39,
No. 5, p. 2311-2313, 2003, for example), for example, exhibit more
significant surface irregularities than the longitudinal magnetic
recording media. A protective layer formed on a surface with such
irregularities, although causing no problem in the thick film, with
decrease of the film thickness, the coverage deteriorates due to the
surface irregularities. As a result, the irregularities generate the
regions that are scarcely covered by the protective layer. The cobalt
elutes out through these regions. The moisture in the air and the
moisture adsorbed on the protective surface penetrate through the
uncovered regions and reach the recording layer and the soft

magnetic backing layer causing corrosion.

4
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Consi dering the above, a perpendi cul ar magnetic
recording nediumof the invention conprises at | east
a soft magnetic backing |ayer, a magnetic recording
| ayer, and a protective |ayer sequentially [|am nated
on a nonmagnetic substrate, the soft nmagnetic backing
5 layer containing iron and cobalt, and further

cont@oniside Fity ﬁhe rab@ve eégmp@n@ﬁhﬂamﬁafgrm@mecbkdmg

Ta, Nb, Zr, Ti, and having a surface

fudinass e ﬁﬁeemidn '@S@@ﬁpﬁsﬁééﬂ’éﬁ heast haystt maghetic backing

range of 0.2 nmto 0.8 nmin center |ine average

T8:a9 e Bfa g hB tRdveds 1 aeURd ver, %ﬁd%@@bté’éﬁl@@ lalyeirh®quentially

iron’in the soft magnetic ‘badking layer is in a range

Bim#Aadédod:p agﬁoﬁWagﬁ@‘Kﬁ:“éﬁBgﬁ’f&ﬁé’ the §8ft°ﬁﬂi Rétiebacking

of the cobalt in the“soft nmgnetic backing |ayer is

l ér EGRESing i it ono%]it‘(p ﬁﬁagf O{irll\ﬁfﬂﬁ%éﬁl c‘i‘ﬁﬁ%‘iﬁiﬂg two or more

taI concent b, Zr,

?%%%’B&S?%q‘zﬁé [P SENITIAIN, Aot 10 Tt BPand
?ékfﬂé@ﬁ?g%?%%"?g’ﬁ% AR T ﬂef’“’f@ 'baC?“Pg”-‘a%’er ina
138 & BE o0 5cHE 3 Sl BheCa iR E“%a@io%ses

the cobalt elution can be 5 decreased wi thout
restriction on the construction of a protective |ayer

SPSV&@ end| Cu ar , a ”c‘?ér'l€rat18%rc9f' e q%gntin Eﬁe soft magnetic

backing layer is in a range of 40 at% to 85 at%.

Advantageously, a concentration of the cobalt in the soft

magnetic backing layer is in a range of 10 at% to 45 at%.

Advantageously, total concentration of the Si, Ni, Ta, Nb, Zr, Ti,
Cr, Mo, and B in the soft magnetic backing layer is in a range of 20

at% to 50 at%.

Advantageously, a thickness of the soft magnetic backing layer is

in a range of 20 nm to 300 nm.

Advantageously, crystal grain diameters in the soft magnetic

backing layer are at most 5 nm.

By featuring as described above, the cobalt elution can be
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soft magnetic backing | ayer exhibiting inproved
corrosion resistance and good read-wite performance.
5 Some preferred enbodi nents of the invention will be
described below wth reference to the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Fig. 1
is a schematic sectional viewillustrating a structure

décreasad peitiiotit! ostrbetioni on theocshsigruvt to of of B&Otective layer
enbodi nent exanpl e according to the invention; Fig. 2

afdaa ?@Peﬂdidﬂﬂht&lhia ctidepespdiee méditim ife‘r?t.tbtri@éd having a

elute 5 cobalt on the surface roughness of the soft

Sefaneid endriekd dekimy Biye Rsthib#ing iip2o9Bdrdorrosion resistance

illustrating a dependence of the SNR on the surface

484 Se@ld-Wits YdrfoPanaiée backing |ayer. 20
DETAI LED DESCRI PTI OF THE INVENTION Fig. 1 is a

schematic sectional viewillustrating a basic
structure of a magnetic recordi ng medi um of an

enbogh, iR b YefSrR & e A5 08 tinfdtht <L OF t1HE ih%ﬁ*ﬁidzxg%ni&g@g described

magneti c &)GCOI‘ I Ng nmedr um conprises a so

BEESYIRip¥Eterond: B TR AVimpbarly HREIRANLES,

sequentially lam nated on a 6 nonmagneti c substrate 1.
On the nmagnetic recording layer 5, a protective |ayer

B R O L THE RR AL g e omi <

Fig. 1 is a schematic sectional view illustrating a structure of a
perpendicular magnetic recording medium of an embodiment
example according to the invention;

Fig. 2 is a chart illustrating a dependence of the amount of eluted
cobalt on the surface roughness of the soft magnetic backing layer;
and

Fig. 3 is a chart illustrating a dependence of the SNR on the

surface roughness of the soft magnetic backing layer.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic sectional view illustrating a basic structure
of a magnetic recording medium of an embodiment example according
to the invention. The magnetic recording medium comprises a soft
magnetic backing layer 2, a seed layer 3, a nonmagnetic underlayer 4,

and a magnetic recording layer 5 sequentially laminated on a

6
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5 to use an appropriate material for the soft magnetic
backi ng | ayer 2, thereby nmaking the soft magnetic
backi ng | ayer posses a mcrocrystalline or anorphous
structure, which decreases surface irregularities
originated froma soft magnetic backing | ayer, and
thus suppresses cobalt elution. Therefore,

hoRmRYgeRbic subgefatsésnor()lpth@&hﬁtgqfét@c BEoR@ELL layer 5, a
read-wite performance are achi eved w t hout

{)Féﬁédtﬁé 98596 APl Rr194ad 'liﬁbri(?é/ﬁf léy'éf‘ T7gre formed.

hi ckness, deposition process, and |ayer structure,
The fO||0MAng describes nore in detail. A nonnmagnetic
substrate 15 1 can be conposed of a material comonly

UsedI‘Pg:t B%Siﬁe%%écfa%ﬁoﬁ\'ﬂl’ﬂa {®@bAted tha ?ecordmg medium is

Ni P-p num-a st rengt hen gl ass,

L3kt %ﬁg&%ﬁ%@gg&l tbgf%slgbtiiﬂggtgg ; %ﬁﬂgﬁ?@f&ﬁﬁckﬁlg layer 2,
ﬁéﬁﬁ% N S S
c£§%#>ﬁsgtf4l i 8 B50BHBHoRS SR ‘?&tﬁ#flig‘icngéﬁ%% surface
ihSerabied JTEEIARL Plohof S5 bo ARl Bacie fider, and thus
Q1B b:8008 BBt WPublon™ T S FTRE nF 0§ el enf i oFrosion
PULHEMHGE A L VL P Bl DRy i
Ad%wiééﬁp%%@&h&iﬁg@vﬁ%vé’nﬁaﬁﬁr';S»bé“l?rt JHickigsis, dengsition

an anorp hogﬁ |ike filmstructure. Fromthe viewoint
process, and layer structure.

The following describes more in detail. A nonmagnetic substrate
1 can be composed of a material commonly used in magnetic
recording media, for example, NiP-plated aluminum alloy,
strengthened glass, or crystallized glass. If the substrate
temperature is confined within 100°C, a plastic substrate of

polycarbonate resin or polyolefin resin can also be used.

A soft magnetic backing layer 2 prevents the magnetic flux
generated by the magnetic head upon recording from diversion, to
secure vertical magnetic field. For a material of the soft magnetic
backing layer, a FeCo-based alloy provides a high Bs value. Addition
of two or more elements selected from Si, Ni, Ta, Nb, Zr, Ti, Cr, Mo,

and B makes the film structure to be microcrystalline or amorphous,

7
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corrosion resistance, addition of an el enent that
facilitates to forma 5 passivation film such as Si,
Ta, C, or My, is favorable in particular. The anount
of each additive elenment is adjusted taking the soft
magnetic property and the corrosion resistance into
account. lron concentration is preferably in the range

rdddlirad theswHaek%rregulhrities annkobestivity .| dsddithen of Nb, Zr,

40 at%results in a small val ue of saturation nmagnetic

Tiusr Bnisi partBulazniks paeddyalplofddebt 4iafithg Aidrimiidddecrystal

performance. Iron concentration |arger than 85 at%

g\f&irﬁs aPidod hoh Atbrp Kb @s-111eé e rRfsteacbusé | drdtotied Miewpoint of

ux density, results in large crystal grains in the

EHosTHA R St NEK | A i3V A 0P AR ERIMAEAETHhEY facilitates to form a

irregularities on the surface of the soft nmagnetic

%%@fvaﬂiaﬂsﬁﬁﬁg S¥¢PSas gjggféﬁ{f Or¢ NP i8HaSRrabde in particular.

orrosi on resi stance. t’ concentration is

'gp?‘;%??&(}?ﬂg ('g)g detth hadeeivwy e@n@&%@efsg?éggt%g/ taltifg tge soft

alt’'1s simlar to t I ron;

Eghi 0GR 501 O BBELb el BoBA el b

(Bs) and hardly provides good read- wite perfornmance.
A cobalt concentration |arger than 45 at% while

Gena T €oBethPlatifi . e PRSI FpETHTR 5640 B to 85 at%.
U FbEaRPEAO LEHREtn AR (R R aRE ity up ' B AN Vafte of
e e DR RIS e Roe Brrdly Wiovides good read:
BititsoPir i asisent IOt coagesr Rt 1Asasy HBAn Bhis o while
at % cannot }?'r%/i de the, effects of mini at.ur_filzat' on x%f .
Bro¥idng a high value of saturation magnetic {lux density, results in
large crystal grains in the soft magnetic backing layer and enlarges

irregularities on the surface of the soft magnetic layer, thus degrades

read-write performance and corrosion resistance.

Cobalt concentration is preferably in the range of 10 at% to 45
at%. The effect of cobalt is similar to the effect of iron; a cobalt
concentration smaller than 10 at% results in a small value of
saturation magnetic flux density (Bs) and hardly provides good read-
write performance. A cobalt concentration larger than 45 at%, while
providing a high value of saturation magnetic flux density, results in
large crystal grains in the soft magnetic backing layer and enlarges
irregularities on the surface of the soft magnetic layer, thus degrades

read-write performance and corrosion resistance.

8
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grains in the soft magnetic backing | ayer and
passivation by the 5 additive elenent, failing to

i mprove corrosion resistance. A concentration |arger
than 50 at% results in | oss of magnetic property,
causi ng the soft magnetic backing layer to lose its
magnetic function. Grain dianeters of the crystal

gr ai e tothh eoswientragivat of Sil NHaEk] Nb,| Ay,eTi,aCe, Mo, and B is

preferably at nost 5 nm Control of the grain
preferadly in the rangeof 20use%h 60 atBIulaconeenteition smaller

the surface of the soft magnetic backing |ayer,

geah 0 pe%0 eathidePravidet Rerdffsdmnemidiid t aglatibarof crystal
resi stance sinultaneously. 15 This reduction of

gkﬁfrﬁm'th@e&bﬂt%af%‘lﬁtlé%dﬁiﬁ 2hoyeEr ﬁ%gh%ﬁba’cmn by the

appropriate materi a sel ection decrease the cobal

gaaim@ elEMmERt aff[ﬂlﬂ @H%ﬂl?i‘o% fc%?i'o&oﬂ Pesiz@hRlce. A

['ution, the surface rregu arities need to be int

r ou gigast(?o%%a'%'f‘g’egot?lea%b r‘Heq gp éﬁf?élg%ts 11{‘130%" @f ﬁgﬁgnﬁtlc property,
%%‘fj.l%f;rggﬁeoéoftr}ﬁ %S{étlg% B%IIS r uc% 6%k 5@ flaghBticfunction.

correspomrdi ng t re an
characteristics of the magnetic head used for
recording, needs to be at |east 20 nm for obtaining

or ef G A AR e BERRE G G oy oIRR R Y ol yeRse
OB RN RV e PrbfeTatifent pRf 58, Cfiticl Bf the grain
ki 'ts§éwf*«h19 Srdpcry ﬁégﬁghﬁé&gtgggaiaﬁed of e slbface of the
?,,%ﬁﬁa?\%é‘r? R o RCHGAT 0 PRy ormanc

er 5 as well to i ali gnment of the
ABHreRyToSIaN Fesisianes gl?“ﬂ\{ﬁfﬁl@@ﬂs Mhat can be

This reduction of surface irregularities and the above-described
appropriate material selection decrease the cobalt elution. To obtain
reduction effect of the cobalt elution, the surface irregularities need to
be in the range of 0.2 nm to 0.8 nm in center line average roughness
(Ra), more preferably at most 0.5 nm. The thickness of the soft
magnetic backing layer, while adjusted corresponding to the
structure and characteristics of the magnetic head used for recording,
needs to be at least 20 nm for obtaining satisfactory soft magnetic

performance, but preferably at most 300 nm in view of productivity.

A seed layer 3 is preferably provided to control alignment and

grain diameter of a nonmagnetic underlayer 4, which is formed on the

9
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5 used in the seed layer is a Permall oy material with

an fcc structure, for exanple N FeAl, N FeSi, N FeNb,
Ni FeB, N FeNbB, Ni FeMo, or N FeCr. A thickness of the
seed layer 3 is adjusted to obtain desired values of

magneti c properties of the magnetic recording |ayer 5

and read-wite performance, and preferably in the

seegdager? ThetseedDlayer 80ispréferiandscorhpbsed éhamaterial

nm deteriorates alignnent in the nonmagnetic

hagengayefcd sérdctine orgnethicp seestdiredtd abeni®.godd vertical
t hi ckness thicker than 20 nmresults in large grain

dligiehentiin the magektie@yecordaiE lape 86 g8 avellhauetiniprove
al so in the magnetic recording ayer 5 through the

alipaaoeti of the elormmelg btidetidérlag oreqd 'A\'frhhgerﬂaﬂ that can be
es

performance. A nonnmagnetic underl ayer 4 provi

akbdniethe !S@Bﬁo}éfy@“is adPeraiAllHy ¢haterill Wit ael f&f structure,

the magnetic recording layer 5 and suppression of

%C%éﬁi‘ﬁl% NiFdit iNinSY,eNi'ggN”ﬁeNi%B} Ni FEPB!i NgFeMo, or

yer. The nonrfmgnetic underl ayer 4 is preferabBly
RAFROF o thfel BB The Q09a Rr P s BUUELAA Zpirthin dosired
DRNIEI0E chAcHRIR PRYFRrlidS ol haRne S rbibrd fEMiver 5 and
PR iR R B ARER: BHld Brelle LT SRt ABERY 2 to 20 nm.
AR LROI T2 B AR RIS pl it [n thE
HBERREHEH IR EayREi4 b ek niGirefhBdtly 18Y8E 5:
TR KRR W Epe0 5, E s e Rxnlly Uapeter in the
éggd %?rieg 3 and large grain diameter also in the magnetic recording
layer 5 through the nonmagnetic underlayer 4, degrading read-write

performance.

A nonmagnetic underlayer 4 provides alignment improvement
and grain diameter control of the magnetic recording layer 5 and
suppression of occurrence of initial layer in the magnetic recording
layer. The nonmagnetic underlayer 4 is preferably composed of a
material having an hcp structure such as Ru, Re, Ti, Zr, Nd, Tm, or
Hf. A thickness of the nonmagnetic underlayer 4 is preferably in the
range of 3 nm to 20 nm. A thickness of less than 3 nm fails to achieve
good crystallinity degrading alignment in the underlayer, resulting in
deterioration of alignment and isolation between crystal grains in the

magnetic recording layer 5. Further, that thin underlayer promotes

10
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di aneters of the magnetic |layer 5, increasing noise. 5
A magnetic recording layer 5 records information. A
magnetic recording |ayer for use in a perpendicul ar
magnetic recording nmediumnust have its axis of easy
magneti zation aligning vertical to the substrate
surface. In particular, the hcp (002) plane preferably

tdfedona ipdtialll @towthtlbgesubsthetraagmdtic eecdiding layer 5. A
magnetic |ayer 5 preferably has a so-called granul ar

thickeiagseof ordthAnf 20rempenailis thergislial diHi@eterofin the
cobal t-based all oy are surrounded by nhonnagnetic

Abanapasbiethderiayel v aa@asedresdultiiflso siWells the grain
granul ar structure "~ can reduce noi se. The wording

dishRit¥rs ofrdReth Kfneticaldy 105, Trciddingenfdy. ai nment

of alittle anpunt of othér conponents, "and neans
that the oxide exists in the conposition of nore than
about 90 nol % in the nonmagnetic grain boundary. A

or o TSRO APARIRYRY, & REDRN RERSAR (TR, YA Bemetic
AchvEng <l Tox BRE'I0 o D ERHIC R ASICHE eR0Rling
PRl h8Ve s AT Rl In BB e A R FRR K g vertical to
S STH R SUTRRER, TroRRTliTal] £ 07T Hippe preferably
<HriERatdfeljo FLITPERS oS THE MR eHetl Fayer 5
BECTIEDIY B8 Rogn drile & eruflagdnfictBel tmhigh degromagnetic
gx'&s%’l grains of cobalt-based alloy are surrounded by nonmagnetic
grain boundaries mainly composed of oxide. The granular structure
can reduce noise. The wording “mainly composed of” shall not
exclude containment of a little amount of other components, and
means that the oxide exists in the composition of more than about 90

mol % in the nonmagnetic grain boundary.

A cobalt-based alloy composing the ferromagnetic crystal grains
can be selected from CoPt-based alloys such as CoPtCr, CoPt, CoPtSi,
and CoPtCrB, and CoCr-based alloys such as CoCr, CoCrTa, and
CoCrTaPt. A CoPt-based alloy is favorable in particular because a

Ku value can be set at a high value.

The oxide is preferably selected from SiOg, Cr20s, ZrO2, and
Al203, which exhibit good magnetic isolation ability between the
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5 A protective layer 6 can be a commonly used
protective layer, for exanple, a protective |ayer
mai nly conposed of carbon. A thickness of the
protective layer 6 can be a thickness enployed in
common magnetic recording nmedia. 10 A lubricant |ayer
7 can al so be conposed of a commonly used nmaterial,
faxroexagnkeic erystall gieriogodf thédbolbsmdd abloy. ASiO; is

thi ckness of the lubricant |ayer 7 can be a thickness

paptieyddriynfavorable begatte off exarlteny magneticlisclativn ability
enbodi nent exanpl es according to the invention will be

BetweeheférroniAgnkoid erystal gt nendbdi 08Pt -Isxeeddloy.

are merely typical exanples for illustrating the
present invention and shall not |imt the invention.
20 Exanpl e 1 Perpendi cul ar magnetic recordi ng nedi a of

Exarm dﬁrdtectm& vaf 'W@aﬁW‘ Corhm6Apaigid ‘p‘i'oEééﬁ”I%elayer for

Conparatlve Exanple 3 were nanufactured in th

éké frot:ééhvé 1359 @i hy coﬁ‘ﬂ?b&é eofeéz?ﬂ%‘ﬁ %“%hlckness

thic ess f the soft rmglnetlc back ayer I
RIS A R *ﬁeiﬁﬁ%éﬁﬁé%?%%@?ﬂéﬁeﬂ ﬁf‘ﬁommon
ﬁ{s ﬁ{; fgco%lﬁg'lz{é?ic 5@ thickness of 0.635 mm was

or a nonnma Substrate 1. After cleaning,
the substrate was introduced into a sputtering
apparatus and a soft magnetic backing | ayer 2 of

FeCo [ r [ t

FeCoNIR200: 30 ks A% bO'ABRH pReRCoPal AiiShofly used
material, for example, a perfluoropolyether lubricant. A thickness of
the lubricant layer 7 can be a thickness employed in common

magnetic recording media.

Some embodiment examples according to the invention will be
described in the following. The embodiment examples are merely
typical examples for illustrating the present invention and shall not

limit the invention.

Example 1

Perpendicular magnetic recording media of Example 1,
Comparative Example 1, Comparative Example 2, and Comparative
Example 3 were manufactured in the structure of Fig. 1 and varying

additive element and thickness of the soft magnetic backing layer.

A chemically strengthened glass substrate (N-10 glass substrate

12
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nunmeral represents the content in at%of the follow ng
el ement, indicating 20 at% of Co, 12 at% of Nb, 10
at% of Mo, 8 at% of B and the bal ance of iron; the
same representation is valid in the foll ow ng
description.) Subsequently, a seed |layer 3 having a

t hi ckness of 5 nm 10 was fornmed using a target of

hi AR aEAR urBb by HOY A Carporatimghetith arbdemetear of65 mm and

havi ng a thi ckness of 10 nmwas forned using a

athieRnerstcfr QB35 AT waiks alsgdnfies moRAfdERetit shliktrate 1.
Pa. Subsequently, a nagnetic |ayer 5 having a

Mteakemlq{gélﬁh@ gubsratowms intrdtuéed aho6ta Spubtering
nmol % ( Co8Cr | - 10 nol % Si 02 under 15 an argon gas

ﬁp@ﬁ%ﬁtﬁs nd- apsB’ﬂ; meRetieaa tlirfe $avePD Bf MATENHMoB 200

| 'ayer 6 having a thickness of 5 nmwas fornmed by neans

A 2heMP wastHethed fﬂeﬂn maegeﬁwfaﬂ‘ezt)emw\lbnwow (Each

[ayers was taken out fr vacuum chanber

ﬁh?ﬁéfﬁf—‘ﬁeﬁ)f’e SERes 'l:hetdﬂf‘iﬁ% e hg% of 3Bb ' f&ﬂlo&ﬂ? element,

car bon protective ayer wer e conaucte Yy rreans

ﬁ@i‘ﬁ r%{g a%%b?‘(?é g9, Aok f Niatr( %g‘;/d gi’ o, B a1i</o of B and

rican yer perTluoropolyet

t’ﬁ‘é bfaqg,?i%g & 1@?%@%%@ 'rBQ[nge F’éffb‘?ij1§ 3%@ }Tlglt(}elelfollowmg

perpen icul ar ic recor

per Pe %@?ar L%s ergﬂggcor%ééqa%g er@)%:%lrigkness of 5 nm
SRR éa%*ﬁ%@”?%eﬁf;ﬁﬁﬂzfeéﬁr S el "
Jég%éegpeg E{%‘it@'yér RSiNg 4 SEkAelsS A Wasformed
using a ruthenium target under an argon gas pressure of 4.0 Pa.
Subsequently, a magnetic layer 5 having a thickness of 15 nm was
formed using a target of 90 mol% (Co8Cr16Pt) - 10 mol% SiOz under
an argon gas pressure of 4.0 Pa. Subsequently a carbon protective
layer 6 having a thickness of 5 nm was formed by means of a CVD
method. Then, the substrate having these layers was taken out from
the vacuum chamber. The processes to deposit these layers excepting
the carbon protective layer were conducted by means of DC
magnetron sputtering. After that, a liquid lubricant layer 7 of
perfluoropolyether 2 nm thick was formed by means of a dipping
method. Thus, a perpendicular magnetic recording medium of

Example 1 was manufactured.

Comparative Example 1

A perpendicular maghetic recording medium of Comparative
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A perpendi cul ar magnetic recordi ng nmedi um of

Conparative Exanple 2 was manufactured in the sane

manner as in Exanple 1 except that the conposition of

the target for the soft nmagnetic backing |ayer 2 was
Fe20Col1OTi . 10 Conparative Exanple 3 A perpendicul ar

magneti ¢ recordi ng nedi um of Conparative Exanple 3

Exa mphbeflavtas ana nufadeussden idrensa nas manBeanps enlxample 1
except that the thickness of the soft magnetic backing

¢xgept thatshbScotfpositidixefiithe thrget fomt €hie abfoimagretic
soft magnetic backing layer in this exanple was

backizigdhbBr 28vas 3u§ErdNdyl ar magnetic recording

medi um of Exanple 2 was manufactured in the sane
manner as in Exanple 1 except that the conposition of
the target for the soft nmagnetic backing |ayer 2 was

Co20palrativehaapde 25 14 Exanple 3 The material of

the soft magnetic backing layer in this exanple was

Fe CoAadaipdRdidulaPai HenetieUctordaa el «d ieA BACB parative
medi um of Exanple 3 was manufactured in the same

FaRH1ED WhFneaRUadt @@ Rh tHeka® manner as in Example 1
except that the composition of the target for the soft magnetic

backing layer 2 was Fe20Co10T:i.

Comparative Example 3

A perpendicular magnetic recording medium of Comparative
Example 3 was manufactured in the same manner as in Example 1
except that the thickness of the soft magnetic backing layer 2 was 15

nm.

Example 2
The material of the soft magnetic backing layer in this example

was FeCoCrMoNDbB.

A perpendicular magnetic recording medium of Example 2 was
manufactured in the same manner as in Example 1 except that the
composition of the target for the soft magnetic backing layer 2 was

Fe20C012Cr10Mo6Nb5B.

14
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conposition of the target for the soft magnetic
backi ng layer 2 was Fe 15C012Tal0Ti 10Cr 8Nb. 10
Exanpl e 4 The nol ybdenum content of the soft magnetic
backi ng | ayer was changed in this exanmple. A

per pendi cul ar magnetic recordi ng nmedi um of Exanple 4
was 15 manufactured in the sane manner as in Exanple
Exempps 3 hat the conposition of the target for the
soft magnetic backing |layer was Fel7Col5Mb10Nb8B.

ExarPhe materiakof bhersoftnmagin@tic dadkingyledenuin this example

content of the soft magnetic backing | ayer were

wiaanFe@dNaThCeNIxanpl e. A perpendi cul ar nmagnetic

recordi ng nmedi um of Exanple 5 was nanufactured in the
same manner as in Exanple 1 except that the 25
conposition of the target for the soft nmagnetic

backingetposdiddar iRddolie FdcoVabhbYBedinidf Esaple 3 was

Exanpl’e and Conparati ve Exanpl e, neasurenents were

Hﬁﬁ‘?u%bttdl%c?tﬁggwes%?nfé ﬁﬂ&ﬁn%?b%%g%%ﬁpaélg’l ea)%c(fptthtéhat the

structure of t nmagnetic

AR OE PR gt rlld soP AR AL REE BUERE 2 was

Fe15C012Tal0Ti10Cr8Nb.

Example 4
The molybdenum content of the soft magnetic backing layer was

changed in this example.

A perpendicular magnetic recording medium of Example 4 was
manufactured in the same manner as in Example 1 except that the
composition of the target for the soft magnetic backing layer was

Fel17Co15Mo10NDbS8B.

Example 5
The chromium content and molybdenum content of the soft

magnetic backing layer were changed in this example.

A perpendicular magnetic recording medium of Example 5 was
manufactured in the same manner as in Example 1 except that the
composition of the target for the soft magnetic backing layer was

Fe20Co015Cr12Mo6Nb5B.
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grain surface roughness cobalt (dB)structure

(*)di aneter

(*) Ra (*) (n /cn2)(nm (nm Exanple
10. 0389. 3pol ycrystal | i ne30. 35 Exanpl e

20. 0459. 1pol ycrystal | i ne4. 50. 48 Exanpl e
30. 03510anor phous- 0. 25 Exanpl e

40. 0239. 7pol ycrystal | i ne20. 27 Exanpl e

50. 0F39 .t

recordi ng nmedium for 96 hr

e2sn AddpnipatativelBxamplghneasii@inents
Comp Ex 20.528. 2pol ycrystal line251. 53 Conp Ex
BRrelsihdpolnythy sirablintedPe B2tdd robhlt, HBNRf theragmattiwre of the

backi ng | ayer The anobunt of eluted cobalt was neasured

softl dvie ttiriclsiny iager, ldnththesupéact eslighrmeagnef the soft

in an

at nosphere at a

hea@esticb 2ckingsyand Bhoudstilty adk Siven intTalble 1.

generally recogni zed that an anmount wthin 0.05 ng/cnR

is no problem

stand type tester equipped with a GWR head at a

Tigkgary recordi ng density of 400 kFCl.

of soft magnetic backing | ayer was confirned by

The SNR was neasured using a spinning

15 The structure

sectional TEM observation. In cases of polycrystalline
strictiure fthe average qrain dianeter was npasired by
pl anar TEM elosed vat SNR | structure (*) grain surface roughness
cobalt diameter (*) Ra (*)
(ng/cm? | (dB) (nm) (nm)
Example 1| 0.038 9.3 [ polycrystalline 3 0.35
Example 2| 0.045 9.1 polycrystalline 4.5 0.48
Example 3| 0.035 10 amorphous - 0.25
Example 4| 0.023 9.7 polycrystalline 2 0.27
Example 5| 0.013 9.9 amorphous - 0.23
Comp Ex 1 0.58 10.3 amorphous - 0.28
Comp Ex 2 0.52 8.2 polycrystalline 25 1.53
Comp Ex 3| 0.018 7.3 | polycrystalline 3 0.32

(%) of the soft magnetic backing layer

The amount of eluted cobalt was measured by ICP-MS after storing

the perpendicular magnetic recording medium for 96 hr in an

atmosphere at a temperature of 80°C and a humidity of 85 %. It is

generally recognized that an amount within 0.05 ng/cm?2is no problem.

The SNR was measured using a spinning stand type tester equipped

with a GMR head at a linear recording density of 400 kFCI.

The structure of soft magnetic backing layer was confirmed by

sectional TEM observation. In cases of polycrystalline structure, the

average grain diameter was measured by planar TEM observation.

The surface roughness of the soft magnetic backing layer was

measured in the area of 10 pm x 10 pm using an atomic force
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The surface roughness of the soft magnetic backing .

| ayer was 20 neasured in the area of 10 umx 10 um
using an atomc force 16 m croscope (AFM. Fig. 2 is a
graph showi ng a dependence of the anpbunt of eluted
cobalt on the surface roughness Ra of the soft

magneti ¢ backing |layer 5 for Exanples 1 through 5 and

Sopesedpa € AT le 2. Fig. 3 is a graph showing a
dependence of the SNR on the surface roughness Ra of
the soft magnetic backing |layer. Referring to Fig. 2,
it can be seen that as the surface roughness Ra

i ncrPageg igay erdph Showime aad@pehdeincel of gte eaahstint of eluted

rapidly increaseS to a practically 10 unacceptabl e

t68lt ontheapuficorotbiscRa0f the @Bfﬁ&nb?ﬂe%ic Backing layer
8 nm In the Ra

values in the range of 0.2 nmto O.

f(ﬁnEB(zﬁhg?eé’f 1nﬁhh9ugﬁ- g i ChRpaRtive x8wpRA2, Fig. 3is a

cobalt varies depending on the “structural conditions

%g?gp]esélgsggggfé %ﬁén&@ﬁ@ﬁitdgocﬂéswfﬂ of tgiggyggance roughness Ra

i ptiton on t poi nt "W

bE1 B lf RRAIIRR Al SR 199, 2. it can bo seen
LR 500 ST oA RO ARG, R DRAAE the

ol oy A8 Lol AR A AnrBatel B SRR o
HABRBLRRREL el TRREhAMERSE I PR pins ow et Re
)k L LG . (BT R S B 02 nm o
ORIt heamATRE 8 21ut0d DPa1R $arfids HEIeRa Ry On HhE
structural conditions of the perpendicular magnetic recording
medium. Detailed description on this point will be given later.
Referring to Fig. 3, as the surface roughness Ra of the soft magnetic
backing layer increases from 0.8 nm, the SNR becomes worse. In the
Ra range of 0.2 nm to 0.8 nm, the SNR is relatively large. In the Ra
range of 0.2 to 0.4 nm, the SNR value varies depending on the
structural conditions of the perpendicular magnetic recording

medium. Detailed description on this point will be given later.

Description will be made more in detail below.

Comparing among Example 1, Comparative Example 1 and
Comparative Example 2, the surface roughness Ra of the soft
magnetic backing layer varies depending on the additive elements to

the soft magnetic backing layer. Accompanying this variation, the
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25 magneti c backing | ayer varies depending on the
additive elenents to the soft nagnetic backing | ayer.
Acconpanying this variation, the 17 performnces al so
changes. Exanple 1 having surface roughness Ra of the
soft magnetic backing |layer of 0.35, exhibited high
SNR and resulted an anmount of cobalt elution within a

pgﬂblmbhﬁcéymgo charniges. Exemplent hieimasatrface roughness Ra

anpl e 1 exhi bited an anorphous 5 structure in the

Sotle wofh i—ﬁagnbﬂfd&b%kiﬁg 4k é@%ﬂ@%%)ﬂﬁlﬁlﬁ@df}iﬂgh SNR and

surface was smal | val ue of 0.28. The SNR was | arger

tewilted aﬁ@ﬁb‘tﬁltlof tebakeelutiba W‘T@Mﬁ aotfoléibﬁblé range. On the

el ution was beyond the tolerable limt. This is

SHESCH M, L DB nepaRRtIVE BERa®hplde éﬁh‘ibff@@lnﬁh' émorphous
backi ng | dyer of Conparative Exarrp el that does not

uPed tH@ g ??ﬁﬁgp%%i@B%lhﬁg%‘ﬂg@ arﬁé tlﬁ Re{VBf the film

Fe an I's vulnerable to corr e sof

éﬁ’ﬁ'&%@ of ﬁq Ellé‘ Rie Of (}CQ@D& SNW%' t g%r' than in

conpose ree e enents and a pol ycrys

Ekﬁu&ﬁ)% 9. H(W {73{' gﬂ&ér Vaﬁ)ﬂntg{)f‘bgbg taﬂﬁiﬁbn was beyond the

resulting sur

ﬂé&éﬁ?t‘iei‘?'@ e ﬂ%ﬁsjlrs el B e, qﬁkﬁﬁpﬁéﬁl&‘ t§g soft magnetic
Backde Eé%ﬁ%ff ‘ﬁ%i%@a*&?et FReiPREL Shatrd gk cangein any
AUt A S0
SN S I SHPLSGLA in Bl
i ool SRS o
A A 5 2 AUEF 5 e R vl of
surface irregularities of 1.53. Both SNR and the amount of cobalt
elution are worse than in Example 1. The degradation df SNR due to
increase of noises is caused by the increase of the surface
irregularities, which resulted in degradation of vertical alignment
dispersion of c-axis in the magnetic layer and degradation of isolation
between crystal grains. The increase of the amount of cobalt elution
can be attributed to the increase of surface irregularities of the soft
magnetic backing layer, which affect the surface irregularities of the
protective layer. Consequently, the coverage became worse and the

dew condensation was apt to occur at dent locations, which worked as

a corrosion path.

Comparative Example 3 is different from Example 1 in that the
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dew condensati on was apt to occur at dent |ocations,
whi ch worked as a corrosion path. 25 Conparative
Exanple 3 is different fromExanple 1 in that the 18
t hi ckness of the soft magnetic backing | ayer was
decreased. The SNR was significantly decreased and
-the amount of cobalt elution was decreased as

tleinkaiask of the @@ﬁ'@hagheﬂ@ba@kﬁhgdl@yeqﬂw@s &é\&éaﬁsed The SNR

caused by smal | reproduced output resulted from snal

@gqlﬁlmﬂgtdécﬁea@e@l and the Iain@h@ﬁt@ieéobaltael\tﬁtﬁan was
thin I

m t hi ckness of 15 nm while the materi al was

db6rease] 38f do | fritBUEkh#pRS 1L MTHEX@eR&ddtion of SNR is

Regardi ng the anount of cobalt eI ution, the anmount of

@&i’ﬁééﬂt% %llt&}ﬁ%%&ﬁﬁ?dtor&éiﬂ't@a'ﬁBn‘i‘%‘fﬁ&ﬂSl%%kage

si nce SS wa 10 Ne
g5 R0 W YOS, s o 15
g‘(}g, V%‘Hﬂe bl hr 2 ﬂe%@?ﬁ{‘dé"ﬂhé% it ! %’i%ec‘f? I%’Ha’cerial as in

I"es every conposi ticon,

FRRDTE D, SR ST 5 AT GphoUE #unt o
t. r.es
?f?rﬁﬂt itsE1 4 BE, 5isRBR P A B; dobiedeBl SRR, Fhp filmm
g favorable corrosion resistance.
éﬁﬁﬁgﬂ%ﬁg¥%agiﬁiﬁnvely | ar ge anount of nol ybdenum or
chromumas in Exanples 4 and 5 remarkably 20 reduced
t he anount of cobalt elution, denonstrating that

addi Niegcnc, %lfescription will be made on Examples 2 through 5. The

composition and chromium and molybdenum contents of the soft
magnetic backing layer were changed in Examples 2 through 5. In
every composition, the roughness Ra of the soft magnetic backing
layer was in the range of 0.2 nm to 0.3 nm and the amount of cobalt
elution was suppressed within the tolerable limit. The amounts of
eluted cobalt were less than in Example 1, showing favorable
corrosion resistance. Addition of relatively large amount of
molybdenum or chromium as in Examples 4 and 5 remarkably
reduced the amount of cobalt elution, demonstrating that addition of
molybdenum and chromium can suppress cobalt elution. Some
differences can be seen in the SNR. The films exhibiting favorable
SNR generally have a soft magnetic backing layer with fine grain
diameter or amorphous structure and exhibit a small value of surface
roughness Ra of the soft magnetic backing layer. Thus, the difference

in SNR can be attributed to the difference in surface irregularities.
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nol ybdenum and chrom um can suppress cobalt el ution.
Sonme differences can be seen in the SNR The filns
exhi biting favorable SNR generally have a soft
magneti ¢ backing layer with fine grain dianeter or
anor phous structure and exhibit a small val ue of
surface 25 roughness Ra of the soft magnetic backi ng
GQhus, the difference in SNR can be attributed
to the difference in surface irregularities. 19 CLAI M5
What is clainmed is: 5 1. A perpendicul ar nmagnetic
recordi ng nedi um conprising at |east a soft magnetic
% nd ol Sfkd &:magnetic recording |ayer, and a
prote |ve ayer sequentially lamnated on a
nonnagnetic substrate, the soft magnetic backing |ayer
containing iron and cobalt, and further containing at

Leest. 198 ok B e TRl obfprsing o

i B8 b e RRELT Pk BB R8T g hhesif 3%?09@19%@8.‘/61’ and a

ﬁ%o RIS 129G SRENE 1 ia S BRI B AORPRALDRLIC substrate,

o 5othe Sefhagiet® Sarking Jafer O Oﬁiﬁgri%%ﬁ‘é%ﬁﬂrﬁobalt, and

i ot aming e icask P%Z'a%%e@%her odef Bipiie Ni, Ta, Nb,
e of, 10 at oto 45 at% 4. The

%Er?éng‘ﬁrcwgr aﬁ’é’g tqlé recordi ng medi um according to

any one qf clai 1 thr 3, ., Wherein.total

concd ACQ FORKS (,essz? t?le soft magnetic backing layer being in a

range of 0.2 nm to 0.8 nm in center line average roughness.

2. The perpendicular magnetic recording medium according to
claim 1, wherein iron concentration in the soft magnetic backing

layer is in a range of 40 at% to 85 at%.

3. The perpendicular magnetic recording medium according to
claim 1 or claim 2, wherein cobalt concentration in the soft magnetic

backing layer is in a range of 10 at% to 45 at%.

4, The perpendicular magnetic recording medium according to
any one of claims 1 through 3, wherein total concentration of Si, Ni,
Ta, Nb, Zr, Ti, Cr, Mo, and B in the soft magnetic backing layer is in
a range of 20 at% to 50 at%.
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Ta, Nb, Zr, Ti, C, M, and Bin the soft magnetic
backing layer is in 25 a range of 20 at%to 50 at%
20 5. The perpendi cul ar nmagnetic recordi ng nmedi um
according to any one of clains 1 through 4, wherein a
t hi ckness of the soft magnetic backing layer is in a
range of 20 nmto 300 nm 5 6. The perpendi cul ar
Hagnet i cCThegseherad imrdiawnmagnesticiecoedingymedéudh according to
claims 1 through 5, wherein grain dianmeters of crystal
%nyl dl’iez liﬁf cdapmsof threapdi 4c whekéiip al thiekrse @f thewoft
nm

magnetic backing layer is in a range of 20 nm to 300 nm.
6. The perpendicular magnetic recording medium according to

any one of claims 1 through 5, wherein grain diameters of crystal

grains in the soft magnetic backing layer are at most 5 nm.

21



