PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM BACKGROUND OF
THE INVENTION 1. Field of the Invention This invention
relates to a perpendi cul ar magnetic recordi ng medi um
nounted in various magnetic recording devices. Mre

oer penai et P ORLIRbE ERRLER Bt ARt 8 e A i n

hard di sk drive HDQB used as_an _external storage
devi ce of a coEﬁéE%E?QQEdQELgﬂEeﬁﬂYEﬁEEBHEnt, and
simlar. 2. DescrigtLon of the Related Art From 1997
1. ofiledfepd RBE BBERNEIPAN d increase, at an annua
pace of from60 to 100% in HDD recordi ng densities.
As a result of such remarkable growth, it is thought
that the in-plane_recording nethod that has been used
i AhtRe 1pasPtion &FPpRE&ENIEARYSt RETPERIL CHf afi §RIBERI L v
recordi ng. G ven such  circunstances, in recent years
recorfapg RS ibEe MONEHET Atferestiqus Prgpenet cifaprding devices.
recordi ng nethods.enablin%.higher recordi ng _
Moredepsictifésa Ly clihBg&s IPEE8ATERE SGBRECE 6P AueRracndjeular
research and devel opnent. And from 2005, at |ong
magniegdc, rHpRsdaagpiieadunpappaigdcahar heser dilnd satleds HDD)

i n sonme nodels have been commercialized.
usedpaspendegicanamghetriager desideng fmedicampiitedi paludyo-video
conprises a magnetic recording layer of hard magnetic

equipaesaiti abndasimiderl.ayer to orient the magnetic
recording layer 1 in a target direction; a protective
2. fiDemctropprionectt tthe ReueftadeAgft t he magnetic recording
| ayer; and a backing layer of soft magnetic material,
whi ch serves to concentrate the magnetic fl ux
generated by the magnetic head used in recording
From 1997 on, there has been a rapid increase, at an

annual pace of from 60 to 100%, in HDD recording densities.

As a result of such remarkable growth, it is thought that the
in-plane recording method that has been used in the past is
approaching the limit of high-density recording. Given such
circumstances, in recent years there has been much interest in
perpendicular recording methods énabling higher recording
densities, which has been the subject of much active research
and development. And from 2005, at long last, HDDs adopting
perpendicular recording methods in some models havé been

commercialized.

Perpendicular magnetic recording media principally
comprises a magnetic recording layer of hard magnetic

material; an underlayer to orient the magnetic recording layer



onto the magnetic recording layer. In order to inprove
the basic characteristics of the nedium the signa
out put-to-noise ratio (S/N nust be inproved. That
|s the signal output fromthe medi um nust be
nproved, ~and noi se nmust be reduced. One cause of
in arEéEE%H déF@ﬁSFOBUtBuPrﬁﬁﬁcﬁéV§efﬂﬁ8rEQSQrP§e§ﬁ the
increase in orientation dispersion (cryst
Surfé??eﬁfa?b%nmﬁﬁpéﬁaFaF?FQFdPﬁgtﬁéyﬁégnéﬁgca Pé&&ﬂ&gnéayer
I n perpendicul ar magnetic recording nedia, the
of S@§¥ymaﬁp§téﬁ RAGRELAZat FBACPN SERECRa§ReEPECPBESRARNG RS
| ayer nmust be oriented perpendicular to the medi um
magn@@#ﬁaééuxlﬁen?ﬁéFédi?YIégﬁemé9§6é#§|Bﬁaﬁnuﬁﬁé in recording
orientation of this easy axis of magnetization, then
ontot ReecHasequéht rrEdUELEnon lpFethe
per pendi cul ar-direction flux causes a decline in
signal output. According to the results of studies by
the inventors, in a nmediumwth large orientation
difsperdeonfot h@pmgﬁetth@ bdisger @bémé§§e@ﬁsén§z§t aff the
grains declines and magnetic cluster sizes increase,
mediand thseigsaﬂn@néagédtps@@iShumptiwaKéﬁBDrMpstYégush
Sakai, Kazuo Enonoto, Sadayuki Watanabe, Hi royuk
improwezum ThabDevel ophrent ignd lprabbets fobmCoPeCneS8iiR must be
per pendi cul ar nedi a", 135th Topical Synposium Magn.
imprSeed,Jpnd (2064) husktnbaddietuord.t héne khauweebeénreduced
proposals in the prior art 2 to use a two-I|ayer
signandenltayer aotl apniakl ancekake, 1€r aor iCorande Ro agiantation
under | ayer or intermediate | ayer positioned between
dispthe ipagnetriyetneécotrdieng altdyper iamdgtiharsaft Hmagneti eaagnetic
backi ng | ayer (see Japanese Patent Lai d-open No.
recozd@29100§3@, car pespendiintlHrSmagatent appbirdahgomedia,
2002/ 0058160A1, correspondi ng Si ngapore patent
the apphki eatiison f9h34bAt)Y zadAdnofin WhienGagnedke akkeydsobt 1ayer
magneti ¢ backing | ayer and Ru
must be oriented perpendicular to the medium surface. If

there is large dispersion in the orientation of this easy axis
of magnetization, then the consequent reduction in the
perpendicular-direction flux causes a decline in signal output.
According to the results of studies by the inventors, in a
medium with large orientation dispersion, the magnetic
discreteness of crystal grains declines and magnetic cluster
sizes increase, and noise is increased (see Shunji Takenoiri,
Yasushi Sakai, Kazuo Enomoto, Sadayuki Watanabe, Hiroyuki
Uwazumi, "Development and problems of CoPtCr-Si0O, perpendicular

media", 135th Topical Symposium Magn. Soc. Jpn. (2004)).

In addition, there have been proposals in the prior art



under| ayer (see Japanese Patent Lai d-open No.
2002-298323), in order to inprove the el ectronmagnetic
transduci ng characteristics by inproving magnetic
characteristics and reducing noise arising in the
soft magnetic backing layer. It h further been
to uﬁ?oﬁo§§% RAET BYOGSTAYSE 86f £1 ﬁi R&t PE ﬁ@rnﬁFle Co and
mat eri al_ as an under| ayer, and b% usi ng or a
Ru agy2pa¥BdgFl ey eas & é&ﬁﬁéf‘léﬁnlé‘éley EHEEKk Pﬁéﬁﬁé@ﬁ@@u petween
intermedi ate | ayer, orientation dispersion in the
the pagretie r?é@éﬁépﬁglﬁéﬁéraegntﬁ§ ﬁ@é&c@&gnﬁﬁéclﬁ@FﬁéPg
growt h | ayer can_be decreased, crystal grain
layeéléﬁé?eﬁépéﬁﬁsﬁePﬁé&@ée&alésééenJgganQQQ Pa0&RE0/
Lai d-open No. 2002-358617 and Japanese Patent
corregpareped NoS-20832123289) 1 crlidtRer0RY 0RAS 158éd /
proposed that, when using a soft magnetic Permall oy
corrﬁép@ﬁdamguﬁaégﬁapée pafigngn aRglécaRdopada 34PRdy » and of
material intermediate |ayer, by inserting a soft
usingagnérite @dllbayerisr magsl@fqlcm@gﬁé;tm@ devas@ndaRuoy
| ayer between the underlayer and internediate |ayer,
undetrReayefi | (Feehilekaasscofathati Apédmedicat éIOI-ay?éJMc—@%@éB) , in
reduced, and at the sane tine the coercive force and
ordegquiar engsoveatthe efl ecthremaggrétiicc tracsddicngal ayer can
be increased, and the 3 recorded signal S/ N at
chareeterdistg cdebyi tinpgovded magnkde ipr ichre raarterdan ioe and
i nproved (see Japanese Patent Lai d-open No. 2004-
redu288348piskHoweveringt her ¢ heewrifis magneed cf acking layer.
per pendi cul ar magnetic recordi ng nmedi a which affords
hi gh signal output and | ow noise even during
hi gh-density recording to attain a higher S/N, in
kgepihag \futrh hiefre bdent ewapd setd Ithahi,gher usdear di et
densities. In order to realize a higher S/ N through
magnietdre@eethadilgiakma tewtiput aandnr edueed ajeirse aofd tthe using Ru
per pendi cul ar magnetic
or a Ru-base alloy as a comparatively thick nonmagnetic

intermediate layer, orientation dispersion in the magnetic
recording layer can be reduced, the initial growth layer can
be decreased, crystal grain diameters can be reduced, (see
Japanese Patent Laid-open No. 2002-358617 and Japanese Patent
Laid-open No. 2003-123239). Further, it has been proposed
that, when using a soft magnetic Permalloy material underlayer
and an Ru or Ru-base alloy material intermediate layer, by
inserting a soft magnetic Co layer or a soft magnetic Co-base
alloy layer between the underlayer and intermediate layer, the
film thickness of the intermediate layer can be reduced, and
at the same time the coercive force and squareness ratio of

the magnetic recording layer can be increased, and the



recording medium it is necessary that the orientation

di spersion of the magnetic recording | ayer be reduced

as nmuch as possible. In addition to the above points,

in order to lower noise 1in magnetic recording nedia

it 1s necessary that the ¢crystal . grain dianmeters in |,
recopfigenigRBenc r Be ot dFRGOFATEr BEnadereastaey i CRysPaior

rain diameters in the nmagnetic recording |ayer _are

art géPgE? tRBROBPE t(F&Rs PRPERCPEYF8hE heLBHE PPPEglIPar 2004~

and transition noise increases. Hence in order to
2883fl@duce transition noise it is necessary that crystal

grain dianmeters be reduced, and that bit transition

regi ons be made |inear. Fromthe standpoint of raising

the recording density of perpendicul ar magnetic ,

r EeUFHRHg FEEIFE ASTRENS, 3 nees fREcessrePILrA aFofegnetic

be reduced in bit transition regions. To 4 this end, _
recogddnpi AgdRaip 1rec aifdiorgismiighst Sé Inpél @8 tREd FaKi Agw noise

transitions as linear as possible is effective. In _
evenggy&d ngo hightrdien sa tehaesorddanditrg aikgast ic hiicded, StNe in

di stance between the soft magnetic backing layer and
keepting mwaghetir€nheadomasd I5¢ 1 ldndé Jhs s wglclorad ngosienligies .

Furt her, because the recording magnetic field of the

magneti ¢ head declines as the recording density

rises, the distance between the soft magnetic backi ng

| dyepraed tle reagict @ hdégderust Naltdgobghy édyeedsienl signal

order to secure an adequate recording magnetic field.
outplut gewxeralducad monmegedt itheupdepleayecudar magnetdicat e

| ayer is provided between the nagnetic recording
recdrayjery arditime Sdf ti smagetsisa rybddlkitng hleayerie niatt 1an

present such nonmagnetic underlayers or internediate
displeaydion aife thiei alkegnatt im fidavddiingk ieys rofbe reduced as much

approximately 20 to 30 nm and are a factor increasing

as po@ible.

In addition to the above points, in order to lower noise
in magnetic recording media it 1s necessary that the crystal
grain diameters in the magnetic recording layer be decreased.
If crystal grain diameters in the magnetic recording layer are
large, then bit transition regions become irregular, and
transition noise increases. Hence in order to reduce
transition noise it is necessary that crystal grain diameters

be reduced, and that bit transition regions be made linear.

From the standpoint of raising the recording density of
perpendicular magnetic recording media as well, it is

necessary that noise be reduced in bit transition regions. To



di stance between the soft magnetic backing | ayer and

the magnetic head. In actuality, in currently

proposed configurations as described above the

nonmagneti ¢ underl ayer or internediate |ayer

. thickness is large (for ex le, 35 nm ar lLarger jin .,

thisy Rt oRPrHuLES GHE 8t LTA0AIa08 PADBRE LEatdedpsn anghhaking

2002- 100030, .correspondi n . S., patent application
Eran3063 0058 PoBATS CorPeblSAIPIE &P hGanbrs Igarend  Otder to

application 91345A1, and Japanese Patent Laid-open
Obta&lg. az@%é‘-r@%%@)r?lﬁﬁd maé?Pétilﬁaéé&j&vet%et Risdgpect Pegween

shaorteni ng the distance between the magnetic head and
the seft magreti-c Eé@%ﬂﬁ@ PéY@F and tgﬁt&?ﬁpﬁ§l§ ﬁ@@ﬁ»gpﬂt be

in high-density recording. Further, it is known that
made; 8 FHEArH @PePOSS 1Phter n%&iréﬁlérrsbﬁgﬁérsealt% fL{EFOEERY

to control the crystallinity, orientation, and .
magngiyst it edaion dhenBeers titg %ﬁédnﬁ@ﬁétm@% écorftdlicngecording

| ayer fornmed thereupon, and affects the . .
densdhar &dsesirsithes ddpteRee wageeinc theécspditngagapéric gcking

particul ar, when the magnetic recording |ayer is
layefropmed thye epiongtilal hgeswWimssn atlise Bedéckayged gn order to

internmedi ate layer, it is knowm that the crystal
secugeaian dicgmiedies recoriid nengaetict iceddredidng Hayeieneral, a

material conformto the crystal grain dianeters of
nonmglge erfeitce tingle rile vielte orundéelrapdii age ilatyermédi Brevigesy .

Hence in order to reduce the crystal grain dianeters
betvigent Héemagigetsitd o ecocdidigqd dyerer madertihal sdftt imsgnetic

effective to reduce the crystal grain dianeters in
backihg urderd;ayert et iprtesemedisatod nayeegndaiesy emderiltayiesrs or

known that when the filmthickness of the underlayer
inteomedintter Medicatse alray ehiick,r educed,ila [tbssdmasg off t he

crystal orientation of the magnetic recording | ayer
appradierdtal Ly @&td td rjedinnertsl taod ke famgoet it drs@sdticonhe

bet ween magnetic crystal
distance between the soft magnetic backing layer and the

magnetic head. 1In actuality, in currently proposed
configurations as described above the nonmagnetic underlayer
or intermediate layer thickness is large (for example, 35 nm
or larger in the configurations of Japanese Patent Laid-open
No. 2002-100030, corresponding U.S. patent application
2002/0058160A1, corresponding Singapore patent application
91345A1, and Japanese Patent Laid-open No. 2002-298323), and
are inadequate with respect to shortening the distance between
the magnetic head and soft magnetic backing layer and

obtaining a high S/N in high-density recording.

Further, it is known that the underlayer or intermediate



grains occur, so that the magnetic characteristics of
the magnetic recording |ayer decline. In |ight of
these facts, rather than sinply reducing the film
t hi ckness of the wunderlayer or internediate |ayer, it

Loyl TSR0 O BN 8 PR S oo,

sinult?neously reduci ng the Plln1 t hi ckness. Hence

and gpygtelof T ehisd FﬁW%E?anlPs & PrEVFEECa Ee2ording 13yer
endi cul ar magnetic recording nmedium.in mhlcE

form%?nEP?éﬁBBB%ky Rﬁtﬂ Lfedtet FBR 6 aFﬁQtSFFEH%SF|8 the

di spersion of 6_and shrinking of crystal grajn ,
magn@Féﬁef%?grﬁhnghéaﬁﬁﬁnetFE pPéEéFH#ﬁ@ I59§ CPRe™PEPRTLC

t hi ckness of .the under] ayer or |nterned|ate Iayer can
recopdipgdde¥gr éﬁdfﬁym?ﬂl?Yn§8ﬁ§axﬁé#f8FﬁﬂEEeon he

i mprovenents such as reduced noise, an inproved S/N
undeghdyPEpPEv AL RENEBIABRI Leyoar elfmdé BBSYNbEBatSURARYYStal

OF THE INVENTION In [ight of these circunstances, as
graiphdipmstiprsopf h58i BABUStiessaronddnpy lpHET| ROEALHRS,

it was discovered that by sequential |ayering of a
confpimstouhber FayeFalf prsin Aéamagaasi efi nher madratal in the

| ayer, second underlayer, and second nonmagnetic
UHdeKﬁﬁQﬁﬁe@FaﬂétE§V§ﬁlaﬁﬁvﬂdwﬁg t hEepsamagnerder to reduce

intermediate layer into two layers, as well as using
the gsyshel Piresn dndmséesndiondéel apencimateireabsdangofipyer

magnetic material having the fcc structure, that the
matefriibhin, t hitckses§feftile tseceddcromimegnetstailngepiedi at e

| ayer could be reduced to 0.1 nmor greater but 20 nm
diamerelresgnt 6hsecunderdaghkar prr ectedivegiatet érivalr .f i @bdever,

and that the nedium performance could sinultaneously
it ibekinpopnovedti mheuchhasgedtns tas ckedessedfnohseunderlayer or
intermediate layer is reduced, a lessening of the crystal
orientation of the magnetic recording layer material, and
impediments to the magnetic isolation between magnetic crystal
grains occur, so that the magnetic characteristics of the
magnetic recording layer decline. In light of these facts,
rather than simply reducing the film thickness of the
underlayer or intermediate layer, it is necessary to maintain
or improve the magnetic characteristics of the magnetic

recording layer while simultaneously reducing the film

thickness.

Hence an object of this invention is to provide a
perpendicular magnetic recording medium in which,

simultaneously with reduction of the orientation dispersion of



i mproved S/'N, and inproved wite-ability of the

per pendi cul ar nagnetic recordi ng nedium cul m nating

in the conpletion of this invention. A perpendicular

magneti ¢ recording mediumof this invention is forned

by | [ tially, , t] bstr at e,
ana. BXeLBYErEnaoRRURL) 2L, 000 BoneRTRODELLE, suBRLLaLe
first i c_int dj ate | d
recopRTI SRER Le 7 B8N nERNESHEEP coF nEBP nUANE B2 K85 P
. ti di I , tecti fil dliquid
intefRiERT ahnt LRUpEr CHBP oF ROUERE, f ARGt DUnHREFayerns
conpri ses a soft nmagnetic nateriaIREaving the fcc
perfgfp EFErémHHBVEHEBngFHﬁhaﬁslEEQPC BRdSRe, BAngmPREVEd

second under| ayer, conBrises a soft magnetic_materia
S/N, haRfngMPrRECAc Rt PuePhl et YN8 BoRPAFSPRESAPLPeast Co.

It is desirable that the first underlayer in this
nventi on conpr SSMUARIACE, JHE EWEMITENR 88 at % or
lower N and 0.1 at% or higher but 22 at% or |ower
Fe. Moreover, the first underlayer may further
conprise one or a plurality of materials selected from
afBn§iols, o5 thBseNg rNUMFanARs, pgs the HAGUMG. ofhe
first nonmagnetic internediate layer in this
assiflpguft reACREFhesnPrYi §Be anifenaPrsel et wdsf gdarpHered that
group consisting of V, G, Cu, Nb, M, Ru, Rh, Ta, W
by sraueahdalr lagerandabfoy fhsstaindesappasnt fis6twhi ch
Is the netal. Here, it is desirable that the film
nonmgpheknessnderingdipitestagonmagrerind bntlerhreseat eahdyeecond
be 0.1 nmor greater but 2 nmor less. Al so, the
nonmbpgnst iponmagmatidd atenfleyredi dtigibdaper tha thhmagnetic
i nvention may conprise a nonnmagnetic alloy conprising
inteameHéast Cayelrninhpstwaseéayetsi sasdesiiiabbeushay bkethe
filmthickness of the first nonmagnetic internediate
firskayed becand easkerlageromageeatés butsofb mapoetic material

having the fcc structure, that the film thickness of the
second nonmagnetic intermediate layer could be reduced to 0.1
nm or greater but 20 nm or less to secure a sharp recording
material field, and that the medium performance could
simultaneously be improved in such aspects as reduced noise,
improved S/N, and improved write-ability of the perpendicular
magnetic recording medium, culminating in the completion of

this invention.

A perpendicular magnetic recording medium of this
invention is formed by layering sequentially, on a nonmagnetic
substrate, a soft magnetic backing layer, first underlayer,

first nonmagnetic intermediate layer, second underlayer,



| ess. The second underlayer in this invention may
further conprise one or a plurality of materials
selected fromthe group consisting of Fe, B, A, Zr,
My, and Si. Here, taking as reference the total
g se der|
A T S i e

laye%? 8%0%8 B o, 58n8t%§§p¢dg §1céﬁgaﬁ%§8§3' r%ln

ess "Zr ess

th d
the flrsFyunde EXae;rpé %%? ogeagggga]gﬁetég %a%%nquS%aV1ng
f 0 N. Th d
the FRRSLRLLBRLEL, BB o Rer ] BEng oE T Fan MR 8! W%F.ssnﬂuthe
Al so t hat

or. a Ru- . it s r.abl e
SeCOPP|HpﬁhfgﬁxsgsC8@¥fﬁse§eéoﬁafﬁowﬁa REiT mﬁﬁ?%&ﬁéa%&?éng
| ayer be 0.1 nm ar reater nmor, |les
the fGnGERGCtrEEoPanGS WB§éFlPﬁ bt QoAb ohr on ey desirable
conpri_se mat er i al ranul ar structure
thatwﬁgghfﬁﬁaﬁeppéeeﬁﬁgﬁa|laraﬂﬁé gawsnaegaefgaarﬁﬁe 59 acs o
%f a nonnagneti c_oxi de 8 nonma ne i C o
hlghﬁurtP 8B§ tadopt LAY Eh¥LaBbde’ désé‘ﬁ"bé?& er but 22 ath
confi uratlon the film _thickness of the second
or lpyRkagRet | MOTrRPEFRediCAEe THayEr UNSeTladGed oo THITIRM
or greater but 20 nmor less, the _orientatiaon
Compé#§6ep§ﬁoﬁraﬁdpéP%éﬂéFngglWaaﬁéﬁéﬂér§elﬁcFﬁ€ from among
magnetic recording | ayer are reduced, and magnetic
Co, iSdol Bvi Ok: O Hagnéti c PeryStal 2§Fal’is i AEh Liggnet i ¢
recording |ayer can be pronoted. As a result,
nonmag@geticon NG redilarendpge rand thﬁﬁré@§ﬁ@ﬁﬂo@fm@HeCSNerse
and i nprovenent of wite-ability through reduction of
a metthd diedeanee Barnedhet Beospf comggréting ofi Vm &¥d Cu, Nb,
magneti ¢ head, can be achi eved sinultaneously.
Mo, Runt Rén, Ty Méd@@hn@nﬁhérbhpék@@s§ldetﬁ@en@@#@g@@mp@nent

of which 1s the metal. Here, it is desirable that the film
thickness of the first nonmagnetic intermediate layer be 0.1
nm or greater but 2 nm or less. Also, the first nonmagnetic
intermediate layer in this invention may comprise a
nonmagnetic alloy comprising at least Co. In this case, it is
desirable that the film thickness of the first nonmagnetic
intermediate layer be at least 3 nm or greater but 15 nm or
less. The second underlayer in this invention may further
comprise one or a plurality of materials selected from the
group consisting of Fe, B, Al, Zr, Mg, and Si. Here, taking
as reference the total number of atoms constituting the second
underlayer, it is desirable that the second underlayer

comprise 10 at% or less Fe, 50 at% or less B, 40 at®% or less



internedi ate | ayer, costs can sinultaneously be

| ower ed. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

cross-sectional schematic diagramof a 9

per pendi cul ar doubl e-1 ayer magnetic recordi ng nmedi um

f- thi,s _invention; d,. Fig, sh th eguenc .
AL, gge@t rum’of tte Zgrér pﬁ(ﬁltc‘blcgrr lzedsosu%}{%’- I%}ge% rr%%ﬁe ?cless SL.
di a,of enmbodient, 1.-and of conparison exanple 2.

FurtBESent BT ONCOR OTHE SRERERAED ENBLEF FENTS B8 oWPC OF

preferred aspects of .the invention are expl aine
matePdpdy PERGOLE L RECHT SengE TR GNP LPE TS SeRatid N The

cross- sectional, _view used tq explain_ _a.per.pendicul ar
seCORge SE ARG o, S ETERS v AT Eon L Tad T4 Rodn i LECg. can

1, a perpendi cul ar magneti c recordi ng nedi um_of is
comotihggnbion Ins R Hoagatie | Bdse 1 Lisof DBgaARLS that

backi ng .l ayer 2, first underlayer 3, first ,
the ﬁé&%é%éﬂkéleisﬁt S mEdiCat’e PR MOANAYEESAE dRdEFTSEYer TS,

second nonnmagnetic internediate |ayer 6, magnetic _
layere®6r §i-ng MM &Fel TP tsrotedt iAPe Mayér 185Sand Hhegipgnetic

| ubricant layer 9. As the nonmagnetic base 1, variaus
recod@BSdr dt¥S Tniltth tHigt 1ryentadds Maye CCMRAGwR ion Mefkieg 1al

technical field, can be used. A For example, an ,
havigopapddeed LA U WS Affordedigrasacticr yavaltpilz gFains

gl ass, or simlar, used in magnetic recording nedia,
are cHBDSE SEfplidy &d Mes e Ifofmagnerids hase Ok 1d&s Orhé sof t

magnetic backing layer 2, FeTaC, Sendust (FeSiAl)
nonmgldn@yE L comidtrigre -crystal line nmaterials, as well as

CoZr Nb, CoTaZr, or other nonmagnetic materials

conprising a Co alloy, can be used. Although the

opti mum val ue varies 10

By adopting the above-described configuration, the film

thickness of the second nonmagnetic intermediate layer is
reduced to 0.1 nm or greater but 20 nm or less, the
orientation dispersion and crystal grain diameters in the
magnetic recording layer are reduced, and magnetic isolation
of magnetic crystal grains in the magnetic recording layer can
be promoted. As a result, reduction of medium noise and
improvement of the S/N, and improvement of write-ability
through reduction of the distance between the soft magnetic
film and magnetic head, can be achieved simultaneously.
Further, by reducing the thickness of the nonmagnetic
intermediate layer, costs can simultanecusly be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional schematic diagram of a



dependi ng on the structure and characteristics of the

magneti ¢ head used in recording, it is desirable that

the film thickness of the soft nagnetic backing | ayer

2 be approxinately 10 nn1or greater but 500 nm or

et erm con with nuf rin

perp88§3| eratfj81r%§?g |rs éerlgﬁg?r ng %8Eﬁorngdthls
: ng.a_sqft nagnetlc naterlal havi ng the
lnve?i&@ ¢efit'®fed cubic (fcc) structure, conprising at

ast nd F usi n sof t gnet mat er
e &1 AN BaAT P BRELG N SRG=RE Donbhgr DegpeRticular
doubﬁﬁgﬁa'Eﬁ¥gggﬂggﬁgghg%§a5§%§8t gdghgnéagn ﬁggﬁgtpgmpaklson
characteristics of the first underlayer 3 can be
exampﬁﬁ 2ved and the crystal grain diameters can be nade
smal | er. Slntlarl to the soft magnetic backing
layer, td5 158} , ‘ 22
gui di ng the nagnetlc fleld generated by the nagnetlc
head to the magnetic recording layer 7, and so the
filmthickness does not pose any problens in
pgﬁﬁpUulQFeﬁPFﬁeﬂeéﬁééFtPoOﬁuﬁe?l dbRVENHbRBY e §&PLRdned
filmthickness is increased the crystal grain
refegiranst EFs tHFoRr 2HRAIS0 cERTIdér tAgat FERSIMEILIR REPSE~
and ot her aspects of magnetic recordi ng nedia
sectpeppdr afte Usgdf LPnexPhréRna@sBesPerdamidp rgresPrEr 1pat
20 nmor less is desirable. It is still nore .
medipgrePdr &bke infantiRe -t hAEkRESYNb&N3FAaM. of, §r P&EENPECUlar
10 nmor less. The first nonmagnetic internediate
magneayer récognibg fisdapad ofsithdsalnwealk isal Based heompghetic
group consisting of V, C, Cu, 11 Nb, My, Ru, Rh, Ta,
baseWl,Resofantabnetor beickgnan lalveoy 2t hé imaitn uncerpenent s,
of which are these netals. By providing a first
firsmomragreehiet licnt etredicdtie tkayeyes, 4noseonhny angetrleyer S,

second nonmagnetic intermediate layer 6, magnetic recording

layer 7, protective layer 8, and liquid lubricant layer 9.

As the nonmagnetic base 1, various substrates with flat
surfaces, well-known in tﬁis technical field, can be used.
For example, an NiP-plated Al alloy, reinforced glass,
crystallized glass, or similar, used in magnetic recording

media, can be employed as the nonmagnetic base 1.

As the soft magnetic backing layer 2, FeTaC, Sendust
(FeSiAl) alloy, or other crystalline materials, as well as
CoZrNb, CoTaZr, or other nonmagnetic materials comprising a Co

alloy, can be used. Although the optimum value varies
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crystallinity and orientation of the magnetic
recording layer 7 inproved, but there is the
characteristic that despite the fact that a
nonnagnetic material is used, there is alnost no
I npedi e e- abi Ilt LYpan re

dep=pHaFi P s&ﬁgsggrﬁnasﬁEsﬁafscgiﬁﬂ +{B8 g "EHE' Monetic
char cterls ic.to maxi mum_e

t ,
headg P8Py 4Bi SSFRACTCRe FFI Mot HEGRAERLSoEhan G F: F4em

onmagneti¢c internediate.l ayer 4 be greater
thichgess 831 5hel 808E FappRsic %ﬁgkﬂﬁps%aMSHngbﬁst.
i nterme ES | ayer 4 can formed using
“PPEHAREGR b LBapfog EcGrBarerng b Phastt 65 1385, determined
exang CoCr, CoCr Mh, CoNi Fewn, CoCrFeBN, and simlar
in cerduhpEigelithulaBPraFSUERRl CRRSBbESHEEECEFe not
limted to these. By providing a first nonmagnetic
internedi ate layer 4 conprising a nonmagnetic all oy

conpr|3|n2 Co, the %stalllnl%y and orientation of

t Reemagné |8nﬁ§6éﬁd?ﬁg | &8 be7 QF@eﬁnﬁﬁéQQda soft
simlarly to_the above description; in this case

magnRGwWey BE L By aknRPNGNEhE DT ERCENICERES§ I3 Cmier (§FEAt er
the effect can be further enhanced. Wen the film

strurhkiERneSSMPELE SERE Ritr LRENNAgREC: E'Si-nt BYnediate | &pér
is increased, there is a concern that the

m<_afr1\@rtii1<:eInf;ettjieufiit':l_\,1 6PPKé Shadir umtma@dié lopneddd; apgt Fe, one or
because during high-density recording the second

a plumdddltayerf sefegdaas aegeftenrndren emvagkiCrg ﬁayeB, Nb, N,
there is the characteristic that wite-ability is

Ta, BdndPg,i Gpededdatoal [the2 satf thinglynegdor dhag adéngilsitéss of
However, because even in high- density recording nedia

the tfhe sir iuneleallialvietry 3mgsin be dowsiodeded andultiheg crestrdi ggain
at low densities, as in the case of servo signals,

diamettenrsf orem hg taeef ismstl legnmagriatiilarilyt éomédicatse fitayegnetic
4 using a nonmagnetic alloy conprising Co, it is

backimef éragfelre the first underlayer 3 has the function of

guiding the magnetic field generated by the magnetic head to
the magnetic recording layer 7, and so the film thickness does
not pose any problems in particular with respect to function.
However, as the film thickness is increased the crystal grain
diameters grow, and so considering transition noise and other
aspects of magnetic recording media performance, a film
thickness of 1 nm or greater but 20 nm or less is desirable.
It is still more preferable that the thickness be 3 nm or

greater but 10 nm or less.

The first nonmagnetic intermediate layer 4 can be formed

using a metal selected from the group consisting of V, Cr, Cu,

11



that the filmthickness be 3 nmor greater but 15 nm
or less. The second underlayer 5 can be forned using
soft magnetic material having the fcc structure and
conprising Co. This is because in the case of

| h | - ked
wo, B3t okber Eav&an.§x|Exagﬁﬁéogﬁogé%aﬁgiégianéﬁéRégoFPe main
t t t b bt d. And
compfRERES oP FAVBBaY- cont ErBaccUBTE Cbacy TsPFARLHARS o Tirst

X|al r owm he se ond non netic
nonmERpgF AEai BLE MR (PolRUBTt fer BaPOrTRE SHPTFPEl . By
a_soft netic nateri.al risin
Crysﬁ@é&%P&ﬁytGnébogéﬁEtGFlSHpPSrEP?t 8Peﬁa?erﬁspgdlng layer
sel ected from the roup con3|st|ng Fe
7 impFOVRE; hHY SPerEndSsbfE CRAZAGLRE ﬁFbBeFPFEstPpﬁﬁg the
second under | ayer /5 can be further i mproved, and at
faCttH@a§aﬁeHPPW€g€€§§FaWa§?éFﬁ lditameeers Eﬁﬁrﬁelsré&WQé& no
In order to maintain the fcc structure whil
impefldBenEi (g $6Ft "REAGHBL & 1hPopBitLiiEy, UPP“|§GEP§ﬂ§9aEP§ film
that appropriate anounts of these materials be added,
thickngsehat [0 P&KicHg tes crefledénsechhe £bparchagrberisr to the
atons constituting the second underlayer 5, it is
maxigegi eaBEatyhat tihepsedemablendbrltafle Eonpr itoéckoessyrt
or less Fe, 50 at%or less B, 40 at%or less A, 15
the FEUSEr NPESEUZEt 162 iatorsediass Ngyeand Bs Oaflogdr Oless
Si. Further, the second underlayer 5 may conprise 13
greagre bateli am ol éetsed fromthe group consisting of 0
and N By including O or Nin the second underl ayer
5, the crystal grain dianeters in the second
underl ayer 5 can be reduced. In order to add O or N
t Guribesec e Undertl apema§neaddi tings roediexpgényer 4 can
nitrogen during filmdeposition is effective. Wen
be faddieng ueXygemr, nonmagngésicr allleyt ltatptrhe iagoant lelast Co.
oxygen contained in the filmdeposition gas is 5% or
For kessplandCsidd,l CoCrMn, CoNiFeMn, CoCrFeBN, and similar can

be used; but alloys that can be used are not limited to these.
By providing a first nonmagnetic intermediate layer 4
comprising a nonmagnetic alloy comprising Co, the
crystallinity and orientation of the magnetic recording layer
7 are improved, similarly to the above description; in this
cdse, however, by making the film thickness 3 nm or greater,
the effect can be further enhanced. When the film thickness
of the first nonmagnetic intermediate layer is increased,
there is a concern that the write-ability of the medium may be
impeded; but because during high-density recording the second
underlayer serves as a soft magnetic backing layer, there is

the characteristic that write-ability is hardly impeded at all
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nore preferable that the amount be approximately 1%
When adding nitrogen, it is desirable that the anount
of nitrogen contained in the film deposition gas be
10% or less, and still nore preferable that the

appr oxi ma esirabl e _that, t

t b ly 5% It i h
2t WP AR B0 (T e “BecoRd GHEE | ByEr 8° Bd A fsted™™
dens3igr A6CBFFITFoBeaa SPEcbroRRgROL e o ANBauEgonsdered

.Characterjstics are optinmum In addition, in

Auridg, SEGEFAETEN 35f LoPhES gt 1eRat 36T ySt dPSgraiSy °f servo

~ di,aneters increase in size with i ncreasi,n% film.

signgdiSck HESE, TaREINg IGGht 16f tndRef e Gty tntermediate layer
considerations, it i.s desirable that the film

4 uSERGc RN ESETGINER C SedONd CORBEISHPSr OF b T2 ifmpgieferable
greater but 15 nmor |ess. The second nonmagnetic

thati’ {her FddiMaftd Lckpers s6 Pear BE ©dr MEG2 e Ry R Sommapr less.
all oy the main conmponent of which is Ru; but other
materials may be used as well. The second nonmagnetic
intermedi ate layer 6 has a filmthickness in the range
of @ spopmcbrrgegdtgie bt C20 MR droamess usgmg soft magnetic
preferably 1 nmor greater but 10 nmor |ess. By o

mategniloyiag rg fiilemfcsi sleressuing angl samigeing Co. This 1is
characteristics necessary for high-density 14

becaussoridi rigec &3 sige dfimpartead atlo halve neagn drsi=a goeedr dilisge-
| ayer 7, w thout causing degradation of the magnetic

packsivar dcper isstrives uore, @l etiseriegnetniic dtrrapyd geipgg rs, and
characteristics of the magnetic recording layer 7. It

softi sngqureftercalyrpdrdti asheamagrietiec abdedrgicng 1Panger 17 idne case
formed using a ferromagnetic alloy conprising at |east

of LChaahd cePtteran aruberc tiagse sttheiatagret iep irtecaradi mrowth of
medi um of this invention as a perpendi cul ar magnetic

the regordi mprmedinegmid het aragnetatzatliagre redypmed Shedeipon is
axis in a hexagonal close-

difficult. By using a soft magnetic material comprising, in

addition to Co, one or a plurality of materials selected from
the group consisting of Fe, B, Al, Zr, Mg, and Si, the soft
magnetic properties of the second underlayer 5 can be further
improved, and at the same time crystal grain diameters can be
reduced. In order to maintain the fcc structure while
realizing soft magnetic properties, it is preferable that
appropriate amounts of these materials be added, and that,
taking as reference the total number of atoms constituting the
second underlayer 5, it is desirable that the second
underlayer comprise 10 at% or less Fe, 50 at% or less B, 40
at% or less Al, 15 at% or less Zr, 52 at% or less Mg, and 33

at% or less Si. Further, the second underlayer 5 may comprise
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packed (hcp) structure) of the material of the
magnetic recording layer 7 nust be oriented in the
direction perpendicular to the surface of the
nonnagnetic substrate 1. For exanple, single-I|ayer

e LATHE BT AP S
By lPﬁiH§a§§ZE a2, écapd.ﬁa Fsyaﬁgb g%f%gysFegerﬁﬁﬁeCFﬁsFal

. . I [t I t di
ovai ARoFid S R nieu) ronTRTEL GEEIALPRLENET
t t h t t al .
ordeg; EgepaddO :HrﬁﬂhﬁanEE%QSeéSs NR68F kB hngnorfgition of
nitride matri x. eri_a mCgawn granul r structure

OXYJR{Hi eh eaﬁrﬁaeasaarﬁﬂa|éa 9PO§?EEO gective.  When
CoCrPt-Si 02, CoCrPt-A1203, CoPt- Al

addipgCPpyYISanNst BﬁtdﬁﬁﬁéﬁbﬁﬁtEP?BIEh%aﬁm88n558é CFHIFRI s
i nventi on, using a material having a granul ar

Contéﬂﬁéét&Pethenﬁéﬁ@t8EPP§éFéPPoHaBe%ﬁegﬁ BF oxPREY eand still
magnetic crystal grains 15 in the magnetic recording

more|ayéﬁe¥abéepF8ﬁ6tgae $BOURAL Pei ABPEVERBALS LYo 1Phe MhED
medi um characteri stics such as noise reduction, SNR

addipgppétErent, aﬁdlénﬁaﬁééab#@c6haFn§hﬁe§@Pu9|oﬁf gigrogen
possible. No limtations in particular are placed on

contphaefl Lim thRi EkABsdeppsthéonngaét Pe FBEoPdi A§SPayapd7still
However, from the standpoints of productivity and

morehpgﬁf§§ﬁ§ﬂﬁythé@oﬁﬁﬁngmopﬂﬁpbﬁtﬁé@roﬂﬂma§eéWeﬁérabﬂé is
that the magnetic recording |layer 7 have a film

desitrhbdknésetoth80 fadmothiieksesandfnbhe peebadabhylerigyain 5
or less. The protective film8 is a |ayer provided to

be aprfoséetd sheh Ghdér thiengamagheti cerecdidigndgayeandagaehic
of the | ower

characteristics and electromagnetic transducing

characteristics are optimum. In addition, in consideration of
the fact that crystal grain diameters increase in size with
increasing film thickness, and in light of manufacturing
considerations, it is desirable that the film thickness of the

second underlayer 5 be 2 nm or greater but 15 nm or less.

Thé second nonmagnetic intermediate layer 6 can be formed
using Ru or an alloy the main component of which is Ru; but
other materials may be used as well. The second nonmagnetic
intermediate layer 6 has a film thickness in the range of O.

1 nm or greater but 20 nm or less, and preferably 1 nm or
greater but 10 nm or less. By employing a film thickness in

this range, characteristics necessary for high-density
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constituent |ayers; for exanple, a thin filmthe main
conponent of which is carbon can be used. In addition,
the protective film8 can be fornmed using various
thin film naterials knomn as naterials of protective
fiLnB for gnetic g ng N _this dtech Lca
recopdipy, C‘?’H‘e a{&ParFuSru 8a |51y8 s TR CPAJ s WA LR T
ubr cati.on.when .t recordi ng/ readou
wienpfPeEadgi0d BrSBatRBLones Lom Je0PRreh FRar AR ﬁé&sglcs or
ecordi ng. r erfluoro ol yet he
cLeckRGRPAnP LB CAAPS  arnE 6 RgRPESOE LoF i Aol P Bagpet ic
erials kngown in this technical field, can be used.
recog%lﬁgc 3gPTthe | ayers on the nonmagnetic substrate 1
can be formed by various filmdeposition techni ques
normal ly used in the field of magnetic recording
nmedi a. For exanpl e sputterln nmet hods (DC, magnetron
sﬁﬁtﬂér?ﬁ@fe@?gﬁﬁ hBEFoRD esPaPPErihg F e adépﬁe#ayer 7 be
nmet hods), vacuum evaporation deposition methods, and
formgh g 1Rgt RodeTEaRaBB G4 Ed 2t d Mo FRITBALR 188 ﬁﬁeleP§§eF§ and
fromthe soft magnetic backing layer 2 to th
Pt. phot etpve tP; Pﬁ-ﬁsthﬁnmﬁapﬁétlu%ﬁegpr&lﬁ@ofﬂééﬂﬂ% ofi FRL8
the main conponent of which is carbon, in addition to
invepfdorhaved RELREASLCH . pradRereVDCnEeRedddan Besdupe the
used. On the other hand, the liquid |ubricant |ayer 9
magnean ZB& 1PBr MBEYUSKRE, (FBE Cerarsl 6N a BEBPPRGakeCtheES a
spi n-coating nethod, or simlar. In perpendicul ar
packeglgriérciod s&coctiong) medi &hef mefties 1ajlnpéntthenmapyetidicng
material having the fcc structure as the first
recognde dpeer3,’ tiketcbgsalleoticghtiat itbre idd riegpioved in
the nonmagnetic internediate |layer and simlar forned
perpeherievgerm, toafteatsutriecsamd ttihge nonyegalk tgrcaispbstrate 1.
di aneters can be reduced.
For example, single-layer films of such alloy materials as

CoPt, CoCrPt, CoCrPtB, CoCrPtTa, or similar, as well as
multilayer films such as [Co/Pt], and {Co/Pd],, can be used as

the magnetic recording layer 7.

It is preferable that a single-layer or multilayer
magnetic recording layer 7 be formed using a material having a
granular structure in which magnetic crystal grains are
dispersed in a nonmagnetic oxide or nonmagnetic nitride matrix.
Materials having a granular structure which can be used
include CoPt-8i0,, CoCrPt0O, CoCrPt-5i0,, CoCrPt-Al,03, CoPt-AlN,
and CoCrPt-SisN4, but other materials can be used. In this
invention, by using a material having a granular structure,

magnetic isolation between proximate magnetic crystal grains
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Through these advantageous results, even when the film
t hi ckness of the nonmagnetic internediate |ayer is
decreased, the nmgnetic characteristics and
el ectromagneti ¢ transducing characteristics of the

. gnetic.recaording.layer. 7 can.be_ maintained. .ln

i CRRAREERL by TAVEALAG CRY SFonndgnBECROtRLer REdITRES

, layer into a first nonmagnetic internedi ate | ayer .4

LMD TG REREN o kG o AIRAGNEL [C T AEGFadiate PayEr %, TPH o8
structure in 17 which a second underlayer 5 is .

redugc €8Ppo§§<§{ I OTEN TR, 28 FREREES FS%SF&HH& FEGCdmELon
of this invention can attain the follow ng three

are Q&?éﬁ#jﬁeous results. First, by perfornming film
deposition intermttently rather than continuously,
crystal growth can be suppressed. |In this invention,
through the formation of three layers, which are a
f Nestl IAGHREGRES ¢ ReSEediiate 3F8y &l ageds eBon@e Tilm

_underl ayer 5, and second nonmagnetic internedi ate

thickagss 6f oSy SPINSGLGWITCGOF %¢abh 16 hdse PaY&ENSTearfrom
be suppressed, and crystal grain dianeters can be

the ph@ecPRaits i Lradvattagdousnd ddgihrdgeedty recording
synergistically wth the advantageous result of .

propegdieti-on tofl & e ediysdie dhaitn tdicamegdrs 1icn rere rabe\de-Layer
described first underlayer 3 to reduce the crystal

7 hagicaian fidimafdtiergss e Iagietdrc liedGor @intg MeapePreterably
enabl i ng high- density recordi ng. Second, by enpl oying

15 ey oof tlassgnetic material having the fcc structure as
t he second underl ayer 5, epitaxial growh of the
second nonnmagnetic internediate | ayer 6 becones
possible. In contrast, if a material with the bcc
sthhgc tource ecs- nsedtidgn & He sedentk wupderlialger t9, prwgect the
above-descri bed epitaxial growth

underlying magnetic recording 7 and each of the lower

constituent layers; for example, a thin film the main
component of which is carbon can be used. 1In addition, the
protective film 8 can be formed using various thin film
materials known as materials of protective films for magnetic

recording media in this technical field.

The liquid lubricant layer 9 is a layer which imparts
lubrication when the recording/readout head flies above or
comes into contact with the magnetic recording medium; for
example, perfluoropolyether liquid lubricants, or the various
liguid lubricant materials known in this technical field, can

be used.
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is difficult. Fromthe standpoint of crystal growh,

using epitaxial gromh, insertion of the second

underl ayer 5 has the sane effect as increasing the

filmthickness of the nonmagnetic internediate |ayer,

apd .as @ tgaubL Lhe ogrkﬁgt%%'ﬁggg%%Rgréhggt LebNe can pe

nmagnet 1c recorayng | ayer” can be reduced. By

reduci ng_the orientation.dispersion, the
rormkd S Poat PG Eadl Bkb8%i f PRe Rk uckes, sesranay uoed in

arrag%ed in a.single direction (in ge

gHe i
the GiFeh PonRaPREAt: GGFaFO TS FRE Surf A6 SF°TR

ti b te 1 th th [ | t put
ot RP A oo LR Ho | PHeP G4BA> SAndP FSALT g FRQnaohoeton

orientation dispersi i.,s . equival ent to haying the
SPUCERVINAY 2GRaPib oEnPRECHRYnel PEPECEYaPAG J-agr CgPGR: ¢ ton

in a single direction; consequently the frequency of
methogep; ﬁ&doPtQSFa@Sﬁi‘Odﬁa(jﬁQt ?38 EPyst %P gPéimn?glcg of the

reduced, and magnetic isolation of _ magnetic crystal
laYe&ﬁaﬁﬁ§mi§h6r895%e@?98§tﬁF0Hﬁ?ﬁﬁ&gnéﬁﬁggi? tPsbhat i on

of magnetic crystal grains in the magnetic recording
protegfdier LidBdifum e S8rFaR1BE Péddc@dCTPRitr-de By 1m 8" the

~form ng the second underl ayer 5 using an fcc

maingceogeenes trafeibarh e rarbasy 8 PRpart csofP Magnétrye

properties to the second underlayer 5. On the other
methieghgd, ai Plapae EXEAnPréEhadneesr PalSoh&¢i H§eFhe REpthe other

structure were used, a _uniaxial nagnetic anisotropy
handwoihg¢ dppedd, laRdisent Aagrét 9c capr Hgerfoireedcdgiddnotior

be easily obtained. By inserting a second underl ayer
exam® ligavieng ipofingmagharide pr spantices thaowaenhothe ofj pgmilar.

nonmagnetic internedi ate | ayer 4 and the second

nonmagnetic internedi ate | ayer, the di stance between

the soft nmagnetic filmand nmagnetic head (in this

i Mvepeirpendilbe ladi stgnes lvetrween dilng secdad odndérilsayer

5 and the magnetic head,
invention, by using material having the fcc structure as the

first underlayer 3, the crystal orientation is improved in the
nonmagnetic intermediate layer and similar formed thereupon,
and at the same time crystal grain diameters can be reduced.
Through these advantageous results, even when the film
thickness of the nonmagnetic intermediate layer is decreased,
the magnetic characteristics and electromagnetic transducing
characteristics of the magnetic recording layer 7 can be

maintained.

In addition, by dividing the nonmagnetic intermediate
layer into a first nonmagnetic intermediate layer 4 and a

second nonmagnetic intermediate layer 6, in a structure in
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and not the di stance between the soft magnetic backing
| ayer 3 and the magnetic head) is shortened, and
wite-ability of the magnetic recording nediumis
i nproved; in addition, a sharp 19 recordi ng nmagnetic
. fiel i b LN bt .tr r.e
il 81 GoBgROLALIRY 0 OLL 57 SPLLLB0-Lopl 80y coR0, o
ns_qf _the confiqur n.of t [ n
magnsﬁécersegaﬁsgdms Ikt e Zhe® aBipbl 3n, 2H8 %E?aiﬁegﬁe
the ?ecurre ce of gr Qlens arising from

fOlngaﬂgtuéﬁGSfa ﬁgntﬁgg€ﬁgs 8t her constit uent

| ayers of the magnetic recordlng medi um (for exanple,
reduced reliability due to the thinness of the

tect | d t t abi th
PRENRE L R I
h t d th h f t
R e R

ans of the above ad ageous result er pendi cul ar
In tﬁéénéf‘u"@“Fé&’Brd “Ag OHEd; 5%8f %Pﬁf‘@tnlﬁ{}eﬁ i & Erﬁéh evessa
nal output and .| ow noi se even during
Whlcﬁl 6Hedéngnltr;7tr BEOMEPRG L Cand teaRAteaPn léyﬁﬂfgﬁ SPRCERRE
high wite-ability. Enbodi nents Enbodinent 1 As the
u“deﬁéﬁﬂﬁﬁnétl€n§u§§FP§@enanégéﬁéﬁFcéPF?rWEQﬁ?SFCéSYer 6,
glass substrate with a snooth surface (N-5 gl ass
cryssafseraré manGrat Gled 5y SHORKSEST F8PabPofPRES SH&Ed; and
after cleaning, the substrate was placed in a DC
crysiagnetrén Spafeseinsg Ceyisenfnadgngng lée3z BN pavgefageous
(taking as reference the total nunber of atonms, 3 at%
resuzt agtgt GYNErIiehdicadery @d:thsithiel aﬂwymﬁéeeefltseﬁ:)%su\késof
used in an Ar gas atnosphere at a pressure of 0.67 Pa
reducd iogepdsithea CCyBitRE areriphddensser smagnétiec abayking
| ayer 2 of
descrféed first underlayer 3 to reduce the crystal grain

diameters in the magnetic recording layer 7, enabling high-

density recording.

Second, by employing a soft magnetic material having the
fcc structure as the second underlayer 5, epitaxial growth of
the second nonmagnetic intermediate layer 6 becomes possible.
In contrast, if a material with the bcc structure is used as
the second underlayer 5, the above-described epitaxial growth
is difficult. From the standpoint of crystal growth, using
epitaxial growth, insertion of the second underlayer 5 has the
same effect as increasing the film thickness of the
nonmagnetic intermediate layer, and as a result the

orientation dispersion of the magnetic recording layer can be
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20 filmthickness 60 nm Next, a Co35N 4Fe2Si target
was used in an Ar gas atnosphere at 0.67 Pa to
deposit a CoNi FeSi first wunderlayer 3 of film
thickness 6 nm The CoNi FeSi film obtained has the

f st ucture. .Nex a_Ru N Ar
reaugdf.2 ) Y rHbE 18 el o b T by B SR s hep it a
Ru. _fir 260 G r late | r._4.of .
naonilizRiedt BTt orn e T A a0 Ko P5 84 %G, hadaFeds
at _pressure.0.67 Pa, a, .Cod4Fe t et,.wa d t .
arralgteil & COROTH Setshiianddirayer BitER eI Rkdegngtoutas
m The CaoFe-N _fil m obtained has, the fcc. structure.
to tHReilgoRa Chr GOF NROTHEATTA SUCRLTGEE 40 fosgndiat G
. _a.pressure of 4.0 Pa to, deposit _a Ru secaond :
SO h RO RET ED PAPBFnearabE FAy&Fa8°0F 1 RPCRNESSUS R the
. Then .a two-1ayer, nmagneti ¢ recording,|ayer 7. was
oricglgodiTed SPRIEIAN y° &IUS8eCEN30r PoReY T s s CavGEe’
was ,used at a pressure of 5.3 Pa to deposit a.
graipsolipr L§e0BpnFEst Cra§het e "Ped8Y8ing TPoyer 6f Stgme
. __thickness 8 nm agd tgen a 96(Co20Crl 2Pt) - 4Si t ar get
direghd ofde FOrSE IR PlredsiPE SFCHUSNBY CF dEpasiy g adjacent
CoCrPt-Si Q2 second magnetic recording |ayer of film
MagNERitCk FeYS T8 In T 3t SoBtSair f I3 CChmg AEET B2P8ESH S ﬁ&qléﬁépn of
7 with a total filmthickness of 16 nm Next, at a .
magnGitdss Gy S6R 10 913 1pE, EheIpMRSRE - CVBYmRIRE® tidy magnetic
, enpl oyed using ethylene as a material gas to deposit a .
isoledrdisen ofpreudettilve CHYISTRE O afiRiSc Kie $6 84 N S&fliCerecording
whi ch the sanple was renoved fromthe vacuum chanber
layem fal IMgdigndinggistg Cametifod efisedsed to form a
perfl uoropol yether liquid [ubricant |ayer 9 of
thickness 2 nm to obtain the perpendicular nagnetic

recordi ng medium 21 Enbodi nent 2
Third, by forming the second underlayer 5 using an fcc

structure material, it i1s easy to impart soft magnetic
properties to the second underlayer 5. On the other hand, if
for example a material having the hcp structure were used, a
uniaxial magnetic anisotropy would appear, and soft magnetic
properties could not be easily obtained. By inserting a
second underlayer 5 having soft magnetic properties between
the first nonmagnetic intermediate layer 4 and the second
nonmagnetic intermediate layer, the distance between the soft
magnetic film and magnetic head (in this invention, the
distance between the second underlayer 5 and the magnetic head,
and not the distance between the soft magnetic backing layer 3
and the magnetic head) is shortened, and write-ability of the

magnetic recording medium is improved; in addition, a sharp
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Except for using a Ni| 2Fe4Si target to deposit an

Ni FeSi first underlayer 3 to a filmthickness of 6
nm the same nethod as in Enbodi nent 1 was repeated
to manufacture the perpendicul ar magnetic recording

reCOQEQB ?% Eic erF%g gﬂifﬂ%%tﬁ{Q§9th@9 ﬁgftigﬁ reglons,

strutur rrent cet r using a Ru targ

and §9€H§E%§ ﬁ FoRUef | ESEhe 8”%%%&% %CcﬁHtSE”§@dﬁE%d'ay%Ed by

Pckiess © e sanme net hod

means O%n? H‘fléﬁ O%pg%t %gl tSo 1%@5155 8¥1ur %rrgot g%ove—

erpen |cu gnRet i c recording me diment 4

descrlgegtadogn%gﬁ?gP ggsh§%ge a%p %68%%'§ % Ehr%E the

Aet’ e ate Iayer ness
t t.hod i nmbhod
OCCHFﬁsagﬁea%‘grﬁﬁﬁﬁﬁggﬁ T ?hé%%giﬁsﬁa.§UFEfOEaénet?hlckness
di di Enbodi
of OFEESLFBE%tEEu' 35052, B bR ESGERL L0 oUR 00,8 BRAR un

9

6347
"1

89 Pa to depos econd rlaye
(for BATPHPeR BR800 6eAMAOiNd WWahonstnoheaehinpess ol the
nt 1 was repeated to nanu ur e t he
protEotadRaieurdr  LRaYIE .%%Fé@@#dﬁﬁ bt anﬁu?héocégeo
f|In1obta ned had the fcc stru;ﬁure 22 Enbo%
thinpessp it PCuEPAGEE0FEEPTONA St aPYEL i HOARCAFYy
at nosphere at a pressure of 1.3 Pa to deposit a CbCTNh
charpotef 1 shdifaghét ite thEethediass ngéPe4nP8m§gPFF&P
thickness of 5 nm the sane nmethod as in Enbodi nent 1
integgedigpcatiéyers néﬁﬁféé@&rér t-he per pendi cul ar
magneti ¢ recordi ng medi um

1um

By means of the above advantageous results, perpendicular
magnetic recording media of this invention achieves a high
signal output and low noise even during high-density recording,
and can attain a high S/N and high write-ability.

Embodiments

Embodiment 1

As the nonmagnetic substrate 1, a chemically reinforced
glass substrate with a smooth surface (N-5 glass substrate
manufactured by HOYA Corporation) was used; after cleaning,
the substrate was placed in a DC magnetron sputtering system,
and a Co3Zr5Nb target (taking as reference the total number of
atoms, 3 at% Zr, 5 at% Nb, remainder Co; similarly hereafter)
was used in an Ar gas atmosphere at a pressure of 0.67 Pa to

deposit a CoZrNb amorphous soft magnetic backing layer 2 of
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Enbodi ment 7 Except for using a Col 7Ni 2Fe50wvh t ar get
in an Ar gas atnosphere at a pressure of 0.67 Pa to
deposit a CoNi Feivn first nonnmagnetic internediate

| ayer 4 to a filmthickness of 10 nm the same net hod

filmSéP%EkggEQd%6e%h 1 ﬁ@%treBeégggNEQF EEEUEQEE%%ew%Eeusgd in

i'cul ar magnetic fecor I Ng ﬁE odi ment

an A§X§88t ﬁ%%@% gtg€3%97ﬂ§e%§ ?ééggﬁﬁ'g g A%e%ls%ﬁﬁét

pressure O epos It a

unde%ﬁ%&??hlcﬁgf%lﬁﬁ Ryo gﬁgnggl natef$ﬁglﬁg§l%gggffilgp a

ess of t he 'same net

obtabg?g h8|nEF1 %% %%eto anUfackur%aéget was Hsed in

nagne |c recordlng “wedi G

Exa e. 1 Ex ce t for _not depositi.n S derla er

an 25 37R, SchosthERE h8§ &Wﬁ%ﬁfﬁsd%ﬁfgi FRetrepsEPsTh G o

nuf actur t he r pendi_cul, ar ordin

£iTsi HORRE S é&nﬁ&F ZoRe RS bRt e Tedcapt ThaFipges 8.7 o,
deposi ti rst non netic ternedi ate | ayer 4,

Theng pB9s gt M titol: s P A Ehggaren: A0 GressyBncar B Par
manuf acture the per.pe di cul ar netic recordin

CoAFrn ARG FCHRTal SN (Ex SRBPE 13 Bx CopE-FoPSRERodER g ©
a.first nonmagnetic |nterned|ate | ayer 4 or seco

of thig&rersyver @“ganghgepplﬁg tﬁélmfppﬁﬁgﬂﬁékﬁé§st$8 %§Cnm
for the Ru second nonmagnetic intermediate | ayer 6,

struchireame ThEChod &Y (A TERboHPTeNECE s 20r Apedfad dgosphere

manuf acture the perpendlcular magneti c recordi ng
at ampdiegsmure of 4.0 Pa to deposit a” Ru second nonmagnetic

intermediate layer 6 of thickness 8 nm. Then a two-layer
magnetic recording layer 7 was deposited. Initially, a

90 (Col2Crl6Pt)-103810, target was used at a pressure of 5.3 Pa
to deposit a CoCrPt-Si0O, first magnetic recording layer of film
thickness 8 nm, and then a 96(Co20Crl2Pt)-45i0, target was used
at a pressure of 1.2 Pa to deposit a CoCrPt-S1i0, second
magnetic recording layer of film thickness 8 nm, to obtain a
magnetic recording layer 7 with a total film thickness of 16
nm. Next, at a pressure of 0.13 Pa, the plasma CVD method was
employed using ethylene as a material gas to deposit a carbon
protective film 8 of thickness 4 nm, after which the sample
was removed from the vacuum chamber. Finally, a dipping
method was used to form a perfluoropolyether liquid lubricant
layer 9 of thickness 2 nm, to obtain the perpendicular

magnetic recording medium.
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Eval uati ons The perpendi cul ar magnetic recordi ng
medi a obtained in the above-described enbodi nents and
conpari son exanples were subjected to neasurenents of
coercivity H, using a Kerr effect measurenent device.
I Ltion, ~a read/wite tester was used to neasure
tﬁg%%gébggﬁogse, S/I'N, and overwite (OWN
characterist|i Eva [ .0 i,a,Nnoi n [ N, . .
o M A O R
._Media _noise i shown .nornal.i zed by th L gn out put .
e RS HEYEr d By S TALLT T T80 Ging (VoL S Srals
on a trac t @ recordin densi, t f 510 kfci
methiBL 85 f g AR TGRE T oleRur SE TR SHorot RanubrGhirs, thid
th%n ogerwwiting.the sane.track with sgcond tﬁigﬁalss.
perpgndl clags, BrRGCtefsi By 6 188 REEH "readlaritng Hiffe N24 51
.. _residuyal signal  output of the overwitten first
filmgio ﬁéﬂgeéTégg tgﬁdfﬁgiﬁgrPﬁéuﬁgrlomﬁng equation (where
"l og" indicates the conmmon logarithn) to obtain
val ues used for evaluation. ON= 20 x |l og. (T2/T1)
(units: dB) This overwiting ONVin which signals
r 686PFedSAC High density are overwitten with signals
recorded at |low density is called reverse ,
oVECRET iR, USAAS & &N TRJER Cet&bIdeRg Sditegr Ru first
eval uation of wite-ability for perpendicul ar magnetic
nonmegdgitdicng sdig diEt eadditatorf, @ yatat IR riheihemetefsl- 6 nm,
of the magnetic  recording |ayer 7 were eval uated
the |saged Mok Nofagss 18bSEPPdRF e 1 pagnd epsiaigda to manufacture
transm ssion el ectron mcroscope (TEM. Also, X-ray
the gefroeactiohardr MEXRB) 16q Fiemrasti Ndasagdsed -t o measure t he
rocki ng curve of the CoCrPt (002) peak in the magnetic
recording |layer 7, and the peak hal f-nmaxi rum w dth was

t aken
Embodiment 4

Except for using a Cu target to deposit a Cu first
nonmagnetic intermediate layer 4 to a film thickness of 0.6 nm,
the same method as in Embodiment 1 was repeated to manufacture

the perpendicular magnetic recording medium.

Embodiment 5

Except for using a Co6B target in an Ar-1% O, gas
atmosphere at a pressure of 0.89 Pa to deposit a CoB-0O second
underlayer 5 to a film thickness of 6 nm, the same method as
in Embodiment 1 was repeated to manufacture the perpendicular
magnetic recording medium. The CoB-0 film obtained had the

fcc structure.
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to indicate the orientation dispersion (0650) Table 1
shows the layer configuration of the perpendicular
magneti ¢ recordi ng medi a of enbodinments 1 through 8
and conparison exanples 1 through 3. Table 2 presents
the, valyes.of H , electronagnetic transducing
arac erlstlcs (S/'N, nedia noise (normalized val ues),

Oé\l;be %”‘E ‘rh%sﬁ(‘}];% ‘aa'cO%%' [}091#1 %%g%e%{g& né%tg the

recordrng la
atmosp e %h % angrg%%g%%zb ?X% %Sdep%g?%u C%Cgﬁa)girst

co_m m-m

nonm@gngglﬁ‘%ptéﬁmﬁglaﬁe &a&e% 4 %% g %l%% t%lckness of 5 nm,

the same method as in Embodiment 1 was repeated to manufacture

the perpendicular magnetic recording medium.

Embodiment 7

Except for using a Col7Ni2Fe50Mn target in an Ar gas
atmosphere at a pressure of 0.67 Pa to deposit a CoNiFeMn
first nonmagnetic intermediate layer 4 to a film thickness of
10 nm, the same method as in Embodiment 1 was repeated to

manufacture the perpendicular magnetic recording medium.

Fmbodiment 8

Except for using a Co32Cr4Fe2B target in an Ar-1.8% N; gas
atmosphere at a pressure of 2.6 Pa to deposit a CoCrFeB-N
first nonmagnetic intermediate layer 4 to a film thickness of
10 nm, the same method as in Embodiment 1 was repeated to

manufacture the perpendicular magnetic recording medium.

Comparison Example 1
Except for not depositing a first underlayer 3, the same
methoed as in Embodiment 1 was repeated to manufacture the

perpendicular magnetic recording medium.
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intermediate layer 4, the same method as in Embodiment 1 was
repeated to manufacture the perpendicular magnetic recording

medium.

Comparison Example 3

Except for not depositing a first nonmagnetic
intermediate layer 4 or second underlayer 5, and setting the
film thickness to 15 nm for the Ru second nonmagnetic
intermediate layer 6, the same method as in Embodiment 1 was
repeated to manufacture the perpendicular magnetic recording

medium.

Evaluations

The perpendicular magnetic recording media obtained in
the above-described embodiments and comparison examples were
subjected to measurements of coercivity H. using a Kerr effect
measurement device. In addition, a read/write tester was used

to measure the media noise, S/N, and overwrite (OW)

characteristics. Evaluations of media noise and S/N were
performed at a recording density of 510 kfci. Media noise is
shown normalized by the signal output. OW was measured by

initially recording first signals on a track at a recording
density of 510 kfci, measuring the signal output (T1l) for the
signals, and then overwriting the same track with second

signals at a recording density of 68 kfci, measuring the
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OW = 20 x log(T2/T1l) (units: dB)

om
sg% for evaluatlon

This overwriting OW in which signals recorded at high
density are overwritten with signals recorded at low density
is called reverse overwriting, and is an index enabling clear
evaluation of write—-ability for perpendicular magnetic

recording media.

In addition, crystal grain diameters of the magnetic
recording layer 7 were evaluated based on images observing the
plane using a transmission electron microscope (TEM). Also,
X-ray diffractometer (XRD) equipment was used to measure the
rocking curve of the CoCrPt (002) peak in the magnetic

recording layer 7, and the peak half-maximum width was taken

to indicate the orientation dispersion (AB8sp) .

Table 1 shows the layef configuration of the
perpendicular magnetic recording media of embodiments 1
through 8 and comparison examples 1 through 3. Table 2
presents the values of H., electromagnetic transducing

characteristics (S/N, media noise (normalized values), OW),
and the crystal grain diameters and ABs; of the magnetic

recording layer 7, for the embodiments 1 through 8 and

comparison examples 1 through 3.
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[Or mmmOIOco 0 d d 0 d Md d dLnl9r

co 4-3JJJJJJJJcCccCccccCcCCOONOM (Da) a)
G-Lo EEEEE-HN-r1d) rA (1) 00000 a EaEa

E 0OxO0x 0> WWWWWUOUOU O First,

enbodi nents 1 through 5 and conpari son exanples 2 and
3, which have a first underlayer are conpared with

CRERACr nSmegRRERYEs 1 PhiOyER, énéﬁéu%gggéﬁgﬁ8%:Sé%mples %

ecor di nmedi um_of son_exanp le 1
and dr; SALET BA Vi §p£e§ﬁsnunﬁ S5 6F 1 REC it Falkareg with
recordi ng | ayer atly Lncrease and noreove .
comppRESEFy SHAT D Eain_ HLERePE) ST RE: HACHEGALETC 1 BgordPHg Ln

| ayer , are simlarly increased. And, in ar
Tabl@xéin@ Ih€h8€r88§P&FVéaFoP€8“9tlerFHSIHﬁgEePFQlum of
recording mediumis sharply reduced, and there is
compprréminerkadedeadat ton @ﬁflﬁhéatépecﬂﬁ@ﬁégﬁépnc (ABsg) of the
transduci ng characteristics, including a lower S/'N
magnéaﬁborandrﬁm@geasgdrn&di@reat3§.iEb@ﬁasbd,abndemoreover
results, it is clear that the first underlayer is
the cfpertanyrbah diedwekirenief thhemaghentat recodidiper Skhger
and decreased crystal grain dianeters in the magnetic
are segandirng Layeeasadd i andef fiactbw@airi sbApeawmpd et he the
el ectromagneti ¢ transducing characteristics of the

coerbekperdircel ar, sBONEEi Gafre01di RGcHBEL N mefuihhes, shheply
per pendi cul ar magnetic recordi ng nedi a of
reduced, and there is prominent degradation of the
electromagnetic transducing characteristics, including a lower
S/N ratio and increased media noise. From the above results,
it is clear that the first underlayer is important for
reduction of the orientation dispersion and decreased crystal
grain diameters in the magnetic recording layer, and is
effective in improving the electromagnetic transducing
characteristics of the perpendicular magnetic recording medium.
Further, the perpendicular magnetic recording media of
embodiments 1 and 2 have equivalent crystal structures in the
magnetic recording layer, despite the different materials of
the first underlayer, and moreover exhibit equivalent
coercivity and electromagnetic transducing characteristics as
perpendicular magnetic recording media. From these
comparisons it is seen that it is important that Ni and Fe be

used as the material of the first underlayer.
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enbodi nents 1 and 2 have equival ent crystal structures
in the magnetic recording |ayer, despite the
different materials of the first underlayer, and

nor eover exhi bit equivalent coercivity and

ti [ t i sti .
olgol oTRERELLE Lransdhc ng cbor aelec oL e g8 e ven,
eninCRTREL BEMR b S Re e B SRS EEL AR wien
der | . 29 Next, enbodi its 1 th h. 5, hayi .
conpiiSTlorer, 29 Yot enbodl mnle 1 Lo, %. REVLDOLA v

| ayer, are conpared with conparison exanple 2, havin
layego’ f T8t Pﬁc’Sﬁﬁﬁ&ﬁEPgéri W@P%&Fatrécorfgfré‘ﬁm‘?ﬁéum ot M

per pendi cul ar magnetic recordi ng nedi um of _ conpari son
compayadipleZefRdcan 8fdaPof IEaHeRhat (MEWER tcdoWEFyECSTCLVe

force H, and sonewhat increased orientation dispersion
forceAB509nd conpaveat windrenbedi aehestdtion odgbpsrsion (Abso)

However, the nmedia noise is increased and the S/INis
compb@wer withe empasiamehas thithrought Boughbwtoche the media

i ncreased crystal grain dianeters in the nagnetic
noiskecer dnagckager anfheher ggtali sgraiardi agekersaisont fer this

magneti c recording |ayer of conparison exanple 2 are

is theekeased by tapphraxirgakeldy cl@¥ravelyrhhe afiyskalergr dnnthe
di aneters in enbodinments 1 through 5, and as a

nagne@skl tredotrdisigt Nayeht, MR aryRege grsinneieasedrs in the
Anot her cause may be the fact that the second

magn®der ayerdihaviingesoblr FReRatliG R @RAMHI1eS2 Wa® increased
| ayered directly on the first underlayer, with soft

by afRIRSlinGtdAROReLt i@Sr Fing o%yahaws e nl ewshikeauangy
conmponents of the frequency spectrum of the

embRBIRERA quUla IRANSL | 6 neeQr di RG s TRdi 3 +0f; seRPRUIIRNt nedia
1 and conparison exanple 2 when signals are recorded

ol 15 ARSI, AT el vaeRRg che
second underlayer, having soft magnetic properties, was
layered directly on the first underlayer, with soft magnetic
properties. Fig. 2 shows the low-frequency components of the
frequency spectrum of the perpendicular magnetic recording
media of embodiment 1 and comparison example 2 when signals
are recorded at a recording density of 510 kfci. The
frequency spectrum is the result of Fourier conversion of the
signal output and plotting against frequency; the output other
than that at 120 MHz (equivalent to 510 kfci) and at
frequencies which are integral multiples thereof is all noise.
The perpendicular magnetic recording media of embodiments 2

through 5 exhibited frequency spectra equivalent to that of

embodiment 1. As is clear from Fig. 2, the perpendicular
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signal output and plotting agai nst frequency; the
out put other than that at 120 WMHz (equivalent to 510
kfci) and at frequencies which are integral multiples
thereof is all noise. The perpendicul ar nmagnetic
rgcording gedia oE.enbgdinents.Z throug? 5 eghibLted g
magnetihusREy - SpREL FEYqulval 8iP2E 5 SPRat *8F  8nbotf Renf 1 ease
[S.C r fromFi

. As | . 2, th ; di cul 3 ti
noi5Pagby PHg REAPS Bf “CoRRBPRBH BkAplBo3 ARE F ndr cagdlt e
. ' l f I es, d_w th. enbadi t 1. .
in Rabt R PP LPRLL RASEachis GaI TROBRACIRE TG oA CCREY moioe

. lowfreqguency noise arises in the soft, netic, ,
arispgyap CHEKPALLI REGNEEAS! ABVALT on  SKRBIAITFEr GRBELIERAt fon
| ayer configuration of enbodinment 1 and . conparison
the @kﬁﬁﬁrgnﬁ?Siﬁni WWREUGRP Lt AAF LA Ay eFIRGT Shgji fegpd
contact of the first underlayer and second underl ayer,
comp@iitEANhEVETEOFt “maghet Fc CPPYPBIFt Fe8L F&Soh@YFELREr 1D
~causing the increase in noise. Fromthe above results
direpg P@ngééﬁ PhathRof 118k YrPsTiRESri RBE ABARRENEBRPETLaver,
_internediate |ayer effective for reducing the crystal
whicr hpiedEaktt BAENRR IChBTRREHELPE 1 é€oPBPNg2ClayeF2UBERY the
. separation of the first underlayer and second
incrgpger fayepiweth SePM fhgnebpryepreperttesti dSefrest that not
for reducing nedia noise, inproving the S/N, and
onlyj gpr 6%iend Leshenonspesetérngnéeireetdiafsddeyryg effective for
characteristics. Next, enbodinents 6 through 8, having
reducénparichei ¢elvytehi gikaihi déangdrmagaat tbei neenstdicatecording
| ayers, and enbodinents 1 through 5, wth thin first
layemeoniagnetpe riantieonnedi dhe Ifayerts undgre ayempandd saicohd
conpari son exanple 2, without a first nonmagnetic
undeiribgemediidabhe slodyenagTkes ipe ppepdirtikar isaghideict ive for
recordi ng nmedi a of enbodi nents 6 through 8 have
reducaemcinedtiy HO1isand AP0 WabuehceGudll, bodt hopeomfing other
enmbodi nents 1 through 5. And
electromagnetic transducing characteristics.

Next, embodiments 6 through 8, having comparatively thick
first nonmagﬁetic intermediate layers, and embodiments 1
through 5, with thin first nonmagnetic intermediate layers,
are compared with comparison example 2, without a first
nonmagnetic intermediate layer. The perpendicular magnetic

recording media of embodiments 6 through 8 have coercivity Hc
and ABsq values equal to those of embodiments 1 through 5. And
compared with comparison example 2, the coercivity Hc is
somewhat high, and the Afsy value is somewhat low. The reason

for the lower media noise and higher S/N in embodiments 6
through 8 compared with comparison example 2 is thought to be
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conpared with conparison exanple 2, the coercivity HO
is sonmewhat high, and the AO050 val ue is sonewhat | ow.
The reason for the | ower nedia noise and higher S/'N
in enmbodinents 6 through 8 conpared with conparison

is.th to. be 31 tha tirel i | ar

thaty sSPRe e o8eS BE Bhobal RBR S3Te N bughbE Eg Fﬁ.ﬂéaﬁrough 5
above, st al 9 E?E di anet rs age reduced and

explAdnes app PrgCFYBhftharaoft ﬁﬁ@ﬁ Ere BACKIF qugePnﬁsthe
reduced. Here, ar.i ng enbodi rough.8 with

“OlS8nﬁSaFﬁﬁﬂt§rTm Fﬁﬁggaﬁt %aaﬁéﬁﬁFgEFﬁ lP&cEaﬁﬁ t 1fphgeduced.
crystal grain dianmeters _and A050 alue% are equal , in

Hereenseapﬁéhpg 6 PRAGUGATE RelNaCuABi BeWiEh serdiugats 1

%her S/INis obtained. The reason for _this.is

thropghepy edeFB1be £h&t F2Ghi FBaEhENEr FE¥AFadr SFA LRI dhBTEESTS
in the magnetic | ayer are unchanged, nagnetic

and A8al atiloes sref gauedr, pmorpbed imodssiond ha udthe 80Omedia
val ue, in enbodinments 6 through 8 the values are

noissoHewWnatielrpwandcanpagad rwe/R ienbbdietreatls 1Thbr eygBoh for
and conparison exanple 2, but the anounts of decrease

thisahie SA#kkredndovakuesabel awii30tdB argsnall gebtai Aedmeters
so that the wite-ability can be judged to be

in tadeguaherikr oankhesabovachasyktls hbghstekeakothat caves
when a conparatively thick first nonmagnetic

furthetepredioate .| ayetuissngus@dsher blievaliuki t Y ni emBeHiments 6
I npeded, and inprovenents in medium characteristics

throtdeh sas needuaed smediea sBRksBaandoach gbebaselN wean be
attai ned. Next, enbodinments 1 through 5, having a

embo%g%%&qsuad%h&@mgﬁ 5 ang cepparedow Lhar@TRAn S@Nt the
exanpl e 3, not having a second underlayer. The

amouﬂ%%p%%db%%kgﬁs@a%@%t%ﬁaﬁ%coﬁgﬁngaq%@%u%bqgw CopPaAR $98 not
exanpl e 3 has coercivity H, equal to that of
obta8MRedi mBnts .l thEeoygh t3.-a37d 12Seahag aRRLeHITRLELY
t he sanme
adequate. From the above results it is clear that even when a
comparatively thick first nonmagnetic intermediate layer is
used, write-ability is not impeded, and improvements in medium

characteristics such as reduced media noise and a higher S/N

can be attained.

Next, embodiments 1 through 5, having a second underlayer,
are compared with comparison example 3, not having a second
underlayer. The perpendicular magnetic recording medium of
comparison example 3 has coercivity He equal to that of

embodiments 1 through 5, and also has approximately the same
crystal grain diameters and orientation dispersion (A8s¢) of

the magnetic recording layer. The perpendicular magnetic
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crystal grain dianmeters and orientation di spersion
(4050) of the nmagnetic recording |ayer. The

per pendi cul ar magnetic 32 recordi ng medi um of
conpari son exanple 3 is not divided by a second

under | ayer, and has a_singl e _nongagneti c inter.nmedi at
recof B8R RLRLURASRORRREAEIFETT SEaPRAG, d: 6o BYer S RecRe By a
film thickness equivalent to.the total of the film._,
secopf BRAESLEE 6! ALAeNFEr §1 HEAEGREITE P AL mad aEBetiate
| ayer, second underl ayer, and second nonmagneti_G
layernigprearat e agar i é%&&FﬁgﬁF‘%el aﬁ’ﬁr‘%u&ﬁtg. FLim s
. known that by increasing the filmthickness  of the
thlcﬁaﬁﬁﬁgﬁepﬂaaﬁﬁpérﬁ@dﬁaﬁetpéﬁérgf the fagRetidcknesses of
characteristics (HQ) of the perpendi cul ar nmagnetic
the fde&stdPREMaFBETtm dRdSEREIdAYSt aPYPAIt FECOPY s VRACGLAYRT /
di aneters and orientation dispersion) of the magnetic
and sgeeprdi RENragerter théermedilartcarYsé itRpeBPediments 1
However, in the case of the perpendicul ar magnetic
thropgdofdi ng tnédi dRren Ebdfabivsdrcéganpng the tngH‘O?\PleneSS
value is sharply degraded conpared with the .
of ther pendipgurar Cragierrnediedsr dieng Tiedita cofmagRrBédicnent s
1 through 5, and this is acconpani ed by an increase
charpgtegdissd 1choi(de) apll Bhsi rarpandbasldechageet hc Srarpeding
approximately 0.5 to 1 dB. This result indicates that
medigue ang the cadsted limiltte- (glivisitey COALD &h aimededgs éndn
medi a noi se and decline in S/IN have occurred. From
orientie tilbov e ispsulstion)t dfs tdleeaagniedt chyecorovingi dgyer of the
second under | ayer and maki ng the second nonmagnetic
medijumt exametheatieplrayed .a towevied, mina ther pesdi odl &he
magneti c recordi ng mediumis obtained which has
perpraghnetilar chanadctier irstdoosliegualedtiont kedseoofpaaison example
per pendi cul ar magnetic recordi ng medi um having a
3, tsiengive vadmeadgreisiha roitve eediaateel  doayereaf wliidhgehiel | m
t hi ckness, but which has inproved
perpendicular magnetic recording media of embodiments 1

through 5, and this is accompanied by an increase in media
noise and a simultaneous decline in S/N be approximately 0.5
to 1 dB. This result indicates that due to the reduced write-
ability (OW), an increase in media noise and decline in S/N
have occurred. From the above results it is clear that by
providing a second underlayer and making the second
nonmagnetic intermediate layer a thin film, a perpendicular
magnetic recording medium is obtained which has magnetic
characteristics equal to those of a perpendicular magnetic
recording medium having a single nonmagnetic intermediate
layer of large film thickness, but which has improved

electromagnetic transducing characteristics due to improved
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el ectromagneti c transduci ng characteristics due to
inmproved 33 wite-ability. Nonmagnetic internedi ate
| ayer materials, of which Ru is representative, are
expensi ve conpared with the soft nmagnetic |ayer
.. materials used in the . underlayer, and.so by reduci,n
wri tERE R ER eSS BT ERE o ARG Set CiP e el ATt t S dydry OF
. in_thi,s invention, reduction of the cost of the .
Whlck}eﬁbleﬁ&i CTPAF SREGARELVE 11 8C6T GFRG TedPuCERA tas §ifd the
achi eved. Next, enbodi,nents 6 throuygh 8, havin
softe BREREA Y SRy Sthi'ek S 11| USGHinagnétte ui“ﬁteéﬁ‘?é/%ﬁrat gnd so
| ayers as _well .as a second. underl ayer, are conpar.ed
by TR IOGMEAS SO CERETS é’fs.t“?hélonﬁlén‘fé&’i&icc&lnz}rer Gee
recordi ng nmedi um of conpari son exanple 3 has a
layegserld & 150 idd oG 10Gualr LG tHER 6F éRSodoménted ghe
t hrough 8, and a sonewhat | arger 0653 value in the
lar ilfrg r]eg}pé,d’ln@ufneldﬁélmc &t él|lS§r &ien achieved.
di aneters are the sane. The suns of the film
t hi cknesses of nonmagnetic internediate |ayers in
enbodi ments 6 through 8 (the totals for the first .
néerdgneicedimeatred e dugyed af@ vVs&dor@MerPagvetlic thick
intermediate |ayer) are 13 nm (enbodi ment 6) and 18 nm
firstermeodiagsstts <7 lan¢ @ diittiec H agiea sagsr okildatd 2 aqeand
to, or even larger than the 15 nmfor conparison
undeglaysite JreHEwERELed aoriiarcedpaintis ogo pFraricden Jexanple
3, enbodiments 6 through 8 have a an OWval ue which
perpes dsigerdE o magyn edger exdaratdeing GegBum arid colpag/igdrs example
al so higher by 1 dB or nore. This is an advant ageous
3 harsesuldoegfcipreoVicdiarg Ha squendtontdbriayér emhadiingntsofbt
magneti c properties, between the first nonmagnetic
thrdudrergrediral & |Ryefwvrand thejeseqmnd ronmgnetite magnetic
internediate layer; it is thought that the ONis not

recé¥a¥H§k¥¥J¥¥)Mﬁﬂkt€H%:%%ystal grain diameters are the same.

per

The sums of the film thicknesses of nonmagnetic intermediate
layers in embodiments 6 through 8 (the totals for the first
nonmagnetic intermediate layer and second nonmagnetic
intermediate layer) are 13 nm (embodiment 6) and 18 nm
(embodiments 7 and 8), which are approximately equal to, or
even larger than the 15 nm for comparison example 3. However,
compared with comparison example 3, embodiments 6 through 8
have a an OW value which is superior by approximately 6 dB,
and the S/N is also higher by 1 dB or more. This is an
advantageous result of providing a second underlayer, having
soft magnetic properties, between the first nonmagnetic
intermediate layer and the second nonmagnetic intermediate

layer; it is thought that the OW is not degraded between the
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second underl ayer functions as a soft magnetic backing
| ayer during high-density recording. Based on the
above results, it is clear that even when the first
nonnagnetic internediate |ayer is conparatively

, rovi.ding.a second erla er
%5 Feogdleles fgnﬁgeoasrésnsd%%ﬂr FREVEEirt ABGaR Enaaver
h|ckne s of no net i nter dla e layers
durlpgr 3@93 SRR SSRGS RE T ni BRSFAy 6T Tt SkRenrraItY, it
poss b e t reduce the thickness.of Ru
i clsr HbeheRitve ggs tEoys n.OﬁmnafJQealgcént%erﬁ&e%e
medi um cost s Can Si neously be reduced. As
Layedodcr FOEEABEvACL efs.”ﬁ Bl GCCORRTguPacFER 8 t i s
i nvention, the orlentatlon di_sper si on |n t he magnetic
u“deFéééﬁévn&hﬁaﬁgﬁlwﬁsWFé&ﬁc@@l&ﬁ&yh&GnQP c "PE6FEEPon of
magnet i c st al ra ns in the magnetic recordi ng
FurtPigyer AEOBEBnbTEd Lo and thy KOGESI Ag PRETGEART 161 zes
of nagnetlc crystal gralns noi se was reduced and_t he
integmQdiatieo liensrsved. LArSS, Fﬁ@hGKOﬁﬁ§@n€§ﬂ@g thick layers
internmedi ate layer filmthickness was decreased, th
of edPerERde Bt wedn LEh&OSSEP LRadReticd Utel Mhgnd Nk RsEd of Ru
shortened, and wite-ability of the perpendlcular
and jEgndfieEPeNSAFEd CRgOREE Gl waS iiWprdve®laksd, Sy that
reducing the film thickness of nonmagnetic
medijuft SOPEG e [SaPers aneestEd Yndrce resiuggict-aneousl y
reduced as well. 35 What Is Clained Is: 1. A
per pendi cul ar magneti c recordi ng nedium fornmed by
sequentially layering, on a nonmagnetic substrate, a
séfst deragridteidc dbagiei ng sliagers, medisim woeddrilgayertion ot this
nonmagnetic internediate | ayer, second underl ayer,
invesgdomd ridrenegrienitat liomt erimpdiratieon dyerthenaguyetsts c
recordi ng |layer, protective film
recording layer was reduced and magnetic isolation of magnetic

crystal grains in the magnetic recording layer was promoted,
and by reducing the grain sizes of magnetic cfystal grains,
noise was reduced and the S/N ratio improved. Also, the
nonmagnetic intermediate layer film thickness was decreased,
the distance between the soft magnetic film and the head
shortened, and write-ability of the perpendicular magnetic
recording medium was improved. And, by reducing the film
thickness of nonmagnetic intermediate layers, costs were

simultaneously reduced as well.
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and liquid lubricant |ayer, wherein the first
underl ayer conprises a soft magnetic material having
the fcc structure and conprising at |least Ni and Fe,
and the second underlayer conprises a soft nmagnetic
Whatﬂgteﬁial hgv&ng the fcc structure and conprising at
per pendi cul ar magnetic recordlng
di um_ accordin the firs
urder | éﬁﬁ%ﬁﬁﬁ%@@r EEEHE AT rﬁﬁ%%&f? B iy o ormed by
| e ess ? .1 at % or nore but a Qbortless Fe =
sequgn T:ﬁ‘éflé(e Bé(ﬁ&lEGH' P“nﬁ‘gﬁlé’PF“é‘gPSE&FdFH SEE& Gm & Soit
accor% aim1 or 2, ﬁln the fir
magnghdé&r PAy l’“Jf PYR&r o S0SEREYSE  a fpi§ alrﬁotf’;rﬁa&f“etlc
mater.ials selected from Co, Si, B,
integmedpgteclavsid F6ECES PR eﬁé%ﬁ@ﬁdu éﬁF&P%&@ﬁ@ﬁ%etlc
recor.di ng_medi um according to any one of Clains 1
integmegHets nayRe f@@gpetﬁ8nl¥§§ﬁéfjllégl ﬁtaé(reﬁedlpartoéel%éfre film,
conprises a nmetal selected from the group conS|st|ng
and éﬂq91Q3luQ@}cang ﬁgerRuwh@ﬁelﬁath@/fgést g@@qr Y&
an alloy the main conponent of which is the nmetal. 5.
Comprﬁéeﬁe@péﬁéﬁc@@@Peﬁégnépﬁ@rﬂééoP@Wﬁ@gwééﬁu@Cca§66ﬁﬁﬁﬂ§e
to any one of Clainms 1 to 3, wherein the first
and gOMPEGRENTc AtntlearedNat @ncdaysr easpithses g omchragieatliayer
al oy 36 conprising at least Co. 6. The perpendicul ar

comprdgiret iac SIoddoFdianG trisd Marke raedol@ivitg ot & Neny cone tafucture

Cains 1 to 4, wherein the film thickness of the
and-Kkmgﬂﬂnﬁﬁwn@ﬁeﬂﬁ@Sﬁnﬂémnediate layer is 0.1 nmor

greater but 2 nmor |ess. 7. The perpendicul ar

megnet iTher ecopdingg avedinuma saeddcd ineg otrol Langy mevd uof

Claims 1 to 3 or aim5, wherein the
according to Claim 1, wherein the first underlayer comprises
30 at% or more but 88 at% or less Ni, and 0.1 at% or more but
22 at% or less Fe.

3. The perpendicular magnetic recording medium
according to Claim 1 or 2, wherein the first underlayer
further comprises one or a plurality of materials selected
from among Co, Si, B, Nb, N, Ta, Al, Pd, Cr, and Mo.

4. The perpendicular magnetic recording medium
according to any one of Claims 1 to 3, wherein the first
nonmagnetic intermediate layer comprises a metal selected from
the group consisting of Vv, Cr, Cu, Nb, Mo, Ru, Rh, Ta, W, Re,
and Ir, or an alloy the main component of which is the metal.

5. The perpendicular magnetic recording medium

according to any one of Claims 1 to 3, wherein the first

nonmagnetic intermediate layer comprises a nonmagnetic alloy
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filmthickness of the first nonmagnetic internedi ate
layer is 3 nmor greater but 15 nmor less. 8. The
per pendi cul ar magnetic recordi ng nedium according to
any one of Clains 1 to 7, wherein the second

under | ayer further conprises one or a plurality of
CompﬁéFéP9a¥g l§8Ft0§8d fromthe group consisting of Fe,
B, A, _Zr, , and i. 9. The, perpendi.cul ar netic
Ccor dPAG REAPGAN SECBF dAGNEL E APRPETLHRAPEI Phe
second under | ayer conpri,ses_ 10 at% or | ess Fe, 50 at%
aCCOSSlpgsé‘DB?“XoO Eopor EE@%@SAIl, £952ay b5 GEPlPe§EezF}9§‘2
at%or |ess N@h or 33 at% or ,less Si, taking.as ,
thickgfrerenle "PRe’t 6EaI "RUNBEF S Cat BRETEGASELCULPHG t HE ©- 1
second. underlayer. 10. The perpendi cul ar nmagnetic
nm ofegsratRg REEI anf™MafEort8Ffg to any one of Cainms 1 to
9, wherein the second underlayer further conprises
offe nat BEi BPTREREECRE L BROPRE 1 CyrEGRTEdRSI BEARY of 0
and N. 11. The perpendi cul ar magnetic recordi ng nmedi um
accozedppditRgabd aRy BheCopitBailmsCl 3t 6T162wWRerei WRERELN the
~_second nonmagnetic internmediate |ayer conprises Ru or
filmgtRichasesapfofhe3first TRemgangéndi cnlrarmREgAER ¢aver 1s
recordi ng nmedium according to any one of Clainms 1 to
3 nmlor @lepéen PHE DI AN OHi ¢kBEss of the second
nonmagnetic internediate layer is 0.1 nmor greater
bt 20Thm perpesdicudarThegpeitiendiccorai nangRelia
recordi ng nmedium according to any one of Clainms 1 to
accor@inghé&reinyt baemagnétlied msr éc diodi’ng whayer nc oivpr isseong
mat eri al having a granular structure in which
undemagetd ¢uctystraktogpaiiss saceediogper pedriedigdy of materials

selected from the group consisting of Fe, B, Al, Zr, Mg, and
Si.

9. The perpendicular magnetic recording medium
according to Claim 8, wherein the second underlayer comprises
10 at% or less Fe, 50 at% or less B, 40 at% or less Al, 15 at®%
or less Zr, 52 at% or less Mg, or 33 at% or less Si, taking as
reference the total number of atoms constituting the second
underlayer.

10. The perpendicular magnetic recording medium
according to any one of Claims 1 to 9, wherein the second
underlayer further comprises one material selected from the
group consisting of O and N.

11. The perpendicular magnetic recording medium
according to any one of Claims 1 to 10, wherein the second

nonmagnetic intermediate layer comprises Ru or a Ru-base alloy.
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matri x of a nonmagnetic oxide or a nonmagnetic
nitride. 38 '

12. The perpendicular magnetic recording medium
according to any one of Claims 1 to 11, wherein the film
thickness of the second nonmagnetic intermediate layer is 0.1
nm or greater but 20 nm or less.

13. The perpendicular magnetic recording medium
according to any one of Claims 1 to 12, wherein the magnetic
recording layer comprises a material having a granular
structure in which magnetic crystal grains are dispersed in a

matrix of a nonmagnetic oxide or a nonmagnetic nitride.

38





