DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND METHOD OF
MANUFACTURI NG SAVME TECHNI CAL FI ELD [ 0001] The present invention relates to a
per pendi cul ar magnetic recording nmediumto be nounted on various magnetic
recordi ng devices. Mire specifically, this invention relates to a

per pendi cul ar magnetic recordi ng negserncapabl e of hi gh- density nmagnetic
recording to be nounted on hard disk drives used as external storage devices
for conputers, ,audi o, Ang %%NE'E‘H(‘Z RD .dmﬁh% a%m EROURD ART [0002] I n
recent years, magnetic recording nedia used in har i sk drives (HDDs) have
used a perpendi cul ar magnetic neeedi-RgriBt hedms a technique to realize high
densities in magnetic recording. As the layer configuration thereof, for
exanpl e an underl aver, a nagnetic recording |ayer, a protective film and a
liquid lubricating filmare stacked, in order, on a nonmagnetic substrate. In
a perpendi cul ar magnetic recording nethod, there is the advantage that at
recorded bits recorded in the perpeigicall aiTEmagneti c recording nmedium due to
the effect of the demagnetizing field of adjacent recorded bits, the higher

the recordifig gdensity. the mmore ;st.abl e.i s-d e Smgni Lude, of, t:heresi dual
magneti zation.  As a result, a perpendicular magnetic recording nediumwth

excel l ent (herwak stabidily «eanuhecread izadhtd0003]Yardouspiheds for further
rai sing the recordi ng density of perpendicular magnetic recordi ng nedi a have
been studiedorBangeranples. | Moaecmepbods LS Ny, What si sneaht &th acduaksl ayer

per pendi cul ar magnetic recordi ng medium a nedi um having a soft nmagnetic

under | ayertdbet weenethiecwhndemlaayer iande tdelisubstratie tspaisied.ofl highdual - | ayer
per pendi cul ar magnetic recordi ng nmedium the soft magnetic underl ayer steeply
draws in tdwesmagneticefielapenendt ed by nchetrelgnet herthedidsk soitvhat t he
magnetic field gradient is smaller, and the effect of recorded signal

spr eadi ng Us$ % edueélcysee Forragrafpl ecNontPatcerrURef ér enic®lcl a@dd sinmil ar).
[0004] In addition, in order t.(.5 realize still higher recording densities for
per pendi culi&FonBgREPTE" recd¥di*ng - reli a, finer magnetic crystal grains,

i nproved isolation of such grains, and reduction of the orientation dispersion
AO050 of the ¢ axis which is the axis of easy nmagnetization of the nmagnetic

| ayer, are being studied, and pe&g%ggﬁnggrAﬁpgnetic recordi ng nmedi a havi ng

various | ayer structures as descr e being proposed. [0005] For

exanpl e, Palept Refefence. . 0i-scLosgs, . per pendigular, [Ranelid tecor ding

medi um i ncluding a soft nagnetic underlayer, orientation controlling

under | ayer, :he qrai-ng oppoONeMrs ) oh 1 vhi ghe @re N Genandy N Cyand thavi ng the fcb
structure, and a recording |ayer conprising a perpendicul ar nagnetization film
havi ng t heedhepdstpuettiiel Furt heehnifat end rRefieeencen lidisicliesesnt hat  at

| east one elenent fromanong Fe, A, Rh, 2d, Ag, Pt and Au is added to the

ori ent at i omogenticokttngliunder 2ayene anget hatnfd gnenmagnetli<er<afor phous | ayer of
whi ch the main conponent is one elenent anong Ta, Wand M is used on the side
bel ow t he corirgAtatihomndontaed, i pgnanderiayercorandgt havean @ri entati on
controlling internedi ate | ayer conprising either an Ru alloy or Ti is used

bet ween t WEdeicéarat f ol contt el LiiAgt dnber] igisdrinandithea ¥ecoreditng | ayer .

[ 0006] Furt her, Patent Reference 2 discloses a nagnetic recording medi um havi ng
at | east £Tivder PAverCBrdEwtati 6 EbRt ro! 17avér PerBghet it d%ecor di ng | aver and
protective |ayer on a substrate, wherein the orientation control |ayer has a
Stacked SUFREIrE hAUTHG "TA5E" at Skt 19y&F And-ak i ntdrtedrate | ayer. the

seed |aver eicsor Egpg%gg roncotrh edSLﬂ)}S%Ece':lt eerSi dneciiocfult hemia nrgee{irgedrieacto%dl'% er, and
nor eover the See ayer  has a Cu-Ti al?oﬁxiaver fhe nEi n conponenf f which is
Cu. 1t is funsther disclased that the i eJJB%l%'n%tt‘iz%Lﬁ%iefiJ@c? @S the main
material at |east one anong Ru, Re, and an alloy o hese, and has the hop
structure.,ditaclescf Hé&@@&ecﬂ'bﬁcilsgs%ﬁef[ﬂﬁ%h&_y IOoviding; fywo d ayers cha the
internediate | aver, both crystal orientation and finer structure are attained.
[ 0007] Pat entr-Refereaces I il scl@sesqda perpendicubian 1 nmagnet ¢ Jtecar di ng nedi um
having, in order on a nonmagnetic substrate, an underl ayer, a magnetic
recording layer, a protective laver, and a liquid lubricating |ayer, and which
is characterized in that the underlayer includes nonmagnetic N FeCr. It is

al so di sclosed that an internediate |ayer including one anong the nonmagnetic.
materials CoCr, CoCrB, Ru, and Pd is included between the underlaver and the
magneti c recording |layer. [0008] Patent Reference 4 discloses a perpendicul ar
magneti c recordi ng nedi um having, in order on a nonmagnetic substrate, a soft
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Lai d- open No. 2008- 34060 Japanese Patent Application Patent Reference 2:

Japanese Patent Application Laid-open No. 2010-44642 Pat ent Reference 3:
Japanese Patent Application Laid-open No. 2002-356617 Pat ent Reference 4:
Japanese Patent Application Laid-open No. 2003-166207 Pat ent Ref erence
5: As a result, a perpendicular magnetic recording medium with

excellent thermal stability can be realized.

[0003] Various methods for further raising the recording
density of perpendicular magnetic recording media have been
studied. For example, in a method using what is called a
dual-layer perpendicular magnetic recording medium, a medium
having a soft magnetic underlayer between the underlayer and
the substrate is used. 1In a dual-layer perpendicular magnetic
recording medium, the soft magnetic underlayer steeply draws
in the magnetic field generated by the magnetic head, so that
the magnetic field gradient is smaller, and the effect of
recorded signal spreading is reduced (see for example Non-
patent Reference 1 and similar).

[0004] In addition, in order to realize still higher
recording densities for perpendicular magnetic recording media,
finer magnetic crystal grains, improved isolation of such
grains, and reduction of the orientation dispersion A850 of
the ¢ axis which is the axis of easy magnetization of the
magnetic layer, are being studied, and perpendicular magnetic
recording media having various layer structures as described
below are being proposed.

[0005] For example, Patent Reference 1 discloses a
perpendicular magnetic recording medium including a soft
magnetic underlayer, orientation controlling underlayer the
main components of which are NiCr and NiCu and having the fcc
structure, and a recording layer comprising a perpendicular

magnetization film having the hcp structure. Further, Patent



Japanese Patent Application Laid-open No. 2005-196898 Pat ent Reference 6:
Japanese Patent Application Laid-open No. 2006-277950 Pat ent Reference 7:
Japanese Patent Application Laid-open No. 2006-84413 Pat ent Reference 8:
Japanese Patent Publication No.4224804

Reference 1 discloses that at least one element from among Fe,
Al, Rh, Pd, Ag, Pt and Au is added to the orientation
controlling underlayer; and that a nonmagnetic amorphous layer
of which the main component is one element among Ta, W and Mo
is used on the side below the orientation controlling
underlayer; and that an orientation controlling intermediate
layer comprising either an Ru alloy or Ti is used between the
orientation controlling underlayer and the recording layer.
[0006] Further, Patent Reference 2 discloses a magnetic
recording medium having at least a underlayer, orientation
control layer, magnetic recording layer and protective layer
on a substrate, wherein the orientation control layer has a
stacked structure having at least a seed layer and an
intermediate layer, the seed layer is disposed on the
substrate side of the intermediate layer, and moreover the
seed layer has a Cu-Ti alloy layer the main component of which
is Cu. It is further disclosed that the intermediate layer
has as the main material at least one among Ru, Re, and an
alloy of these, and has the hecp structure. It is further
disclosed that by providing two layers in the intermediate
layer, both crystal orientation and finer structure are
attained.

[0007] Patent Reference 3 discloses a perpendicular
magnetic recording medium having, in order on a nonmagnetic
substrate, an underlayer, a magnetic recording layer, a
protective layer, and a liquid lubricating layer, and which is

characterized in that the underlayer includes nonmagnetic



Pat ent Reference 9: Japanese Translation of POT Application No. 2010-510536

[ 0014] - patent Reference 1: "Suichoku Jiki N roku no Saishin Glutsu" (The

| at est technol ogy of perpendicular magnetic recording), H Nakanmura, ed., CMC
Publ i shing (2007), pp. 127-131 [0015]1n this way, numerous techni ques have
been proposedcior raiss nglddelikecorsdti nghdensi tinesrobkdperpeaendicgul ar magnetic
recordi ng nedi a. However, the characteristics of a perpendi cul ar nmagnetic
recor di ng imedivdimdependaromd héec onpoaent tsi amnd teorposi ¢o@n, afotedchRst acked

| ayer, and on the stacking order and other matters, and in the techniques
proposed iand el pri drchrded tbedannot the walar ltahvatr ehésehaatawrssiare al |

optim zed, and hence nedium characteristics have nerits and denerits.

Ther ef or e 49¥€éeft lyeafrs there have been demands for further inprovements to
the characteristics_of fer endi cul ar nignetic recordiqg,nedia. [ 0016] I n order
to attain @WiIh si GRatLndigEFatto? (SN THtI%0) 2t Rrotghttitiases in the signal

out put and decreases in.the noi.se g%vgerpendic | ar magnetic re%ording medi a,
|

ori ent ati 6K %disper 57 OR° T H'S HE Hagn "$recot diTng Tl aer oSt DE mEde as snal |
as possible, Further, in.order r ce noi.se_in. netic .recarding nedia,
crystal gfgﬁﬁtgﬁ%ﬁét%réoﬁar% ge%gﬁng #% f%%%?dﬁﬁglgggéﬁg%ﬁééag%ygééreased.
[0017] Cu the,.gther -hand., the seed Laysr, qr,dntennedi ate.laver has the function
of controlling the crystallinity, orientation, crystal grain dianmeters and
simlar ofythecchegneliL:, recondingutayer fiomedqt hereabove; iandnarg known to
affect the characteristics of the nagnetic recorglng | ayer. Hence in order to
decr ease atystakhngrat nldjanmelensiotst heyragnetd-ctieeotith nbidsayer materi al
decreasing the crystal grain dianeters in the seed |aver or internediate |ayer
i s effectineneft@018} Homever a whenrthelditantthitcknesscofd trivgyrseed | ayer or
intermedi ate |layer is reduced, a decline in the crystal orientation of the
magnet i ¢ rlecerdi ngtl ayefurtdteer dakcanded nHiddi ttihen 1of e npgmietticc liagelrat i on of
magnetic crystal grains occur, and it is also known that the nmagnetic

char act er iSfiPEs s6F the? Heghetice Ufégor df ngbddy eredeé] ped 1 Herrde afang
consideration of these matters, it is necessary to control the filmthickness
of the seédd’l &fer For2ihtetr meditafe FlravesP viHi 1 Sréfnt ai ni ng or i mprovi ng t he

magnetic characteristics of the magpetic recording |ayer. D SCLOSURE OF THE
TRVENTI ON (B678] renfist S i SeEmBE Pt 57 oen i HOBRENGHE18 T o prowi de a
perpendic%kg%e n égr_ﬁgo%gjn o %»£n§£k\Mﬂs Qc gieg %&!eﬂ:%&s ersion in the
magnetic re org?%g%%ayé% IS rg&%cggga dlcr§%taﬁ ggaﬁn di ameters gre made
finer, whij@nsibAutlancously,cnablindqr el on ohatbe,fldmd highaess of the

seed layer and internmedi ate | ayer, and consequently enabling reduction of
noi se and jiJwprovenent, of perforeapce such as the SNratd Quaq2920] I n _
consideration of these matters, the inventors ascertaining that by stacking a
plurality wefccratngagaett codripiresredh at erh@yefesS iGOWpL LB fige specidkidc net al

all oys, the filmthicknesses of each can be made thinner than the film

t hi ckness mwhertacsiiagtes |@yerififsrusednase tid si.nt ecnedi &tecHeaver, and grain
dianeters in the magnetic recording |aver can be nmade finer w thout degrading
t he char actierilssidstioft tdre thegseteilclaecor di g fleayél oy ard @0 adtlvai néd t he
following features. [0021] A perpendi cul ar magnetic recordi ng nmedi um of the
present i nliist i"dhhcohptesds,onst asked Bn %Wré&>@ﬁdaMﬁoﬁ%ﬁgheﬂﬂCC§uB§trate, at

| east a first _nonmagnetic internediate | ayer, a second nonnmagnetic

i nt er medi ate ALayer © dﬁa“EiﬁhéﬁeﬂPésFe%%ﬁdWﬁﬁgl§ye?}'ﬁ%&i%?@%%?ééﬁerized in
that the fjrst, nat-manetic internediate |layer.is forned froma. CoCrRuW all oy,
bnd or covb SHBIseb ot HonGnGre Sht Bl a8y or TG ToPIaG Fr om an

Ru- base al | oy.. [0022] 1 n the present invention, it _is_desjrabhle that the

Co0r RIW a1y hia a6 Eonant o 14 EarTk (dr REgnat- s 2875 A oor | over
a Ru cont .qf 4. hi r d . r_l , a copntent of 4.5
at % or higﬂgFggﬁd g?gééﬁooiﬁfwﬁg&eF?Qaﬁﬁgt éﬁ&Fﬁéergﬁ§$ﬁﬁ€?deégg.géhrther, t he
filmthickness of ptheaf nst neneegngti ¢ dnter nedi,atg, layer is F. to 14 nm and
preferably 6 to 12 nm Further, it is desirable that the magneti ¢ recording

| ayer include a granular structure. [0023] The present invention also includes
a nmet hod of manufacture of such perpendi cul ar magnetic recordi ng nedi a.

[ 0024] The present invention provides a ‘perpendi cul ar magnetic recordi ng nmedi um
in which noise is further reduced and perfornmance such as the SN ratio and
simlar is inproved, and which can realize high-density magnetic recording.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0025]Fig. 1 is a schematic cross-sectional
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Conparative Exanple 1; Fig. 6 plats M-spi SER val ues versus RON in Exanple 3
and Conparative Exanple 1; Fig. 7 plots Squash val ues versus RONin Exanple 3
and Conparative Exanple 1; Fig. 8 plots Mespi SNR val ues versus ROVin Exanpl e
4 and Conparative Exanple 1; Fig. 9 plots Squash val ues versus ROWin Exanple
4 and Conparcabilve Exatplte Fefericgcel0 @l @il ddsFsphbSNReva@l vesiver sus ROV n
Exanple 5; Fig. 11 plots Squash values versus RONin Exanple 5; Fig. 12 plots
MFspi SNR valgues iversusrROW imedExanpbep 6 siand Eitgckdd jph otisicSquash val ues
versus RONin Exanple 6. MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0026] Bel ow,
enbodi nentrengfanhels nventtionecar e expr aiawd:t iThendabbdiwentan descri bed bel ow
are nerely exanples of the invention, and various design nodifications can be
made as apprepirratetbylayger sofagketted d et p@ignt 1s[ 027 Figset is a
cross-sectignal _view showi ng a perpendi cul ar nagnetic recordi ng nmedi um of the
i nvent i on.2 e ﬁéVBﬁnd?dﬂF&Pcﬁﬁgﬁe F ¥t ecBtditng THBdF ul oL 4 "Pnvent i on

conprises,, i n _order on a _non netic substrate 101, a soft magnetic underl ayer

103, first'NoAmaghet e mter %gfnﬁ%e%‘i/e Y8, CCEBEORT® nonfREgeEirc i nt er nedi at e
| ayer 109,_.and netjc. recordi.ng,l r 110. A _per icul ar netic

Fevor di ng Had inea CEhE s TRIGIE oA ep Bt i Y ERESE B Ak aTRNe ot
magneti ¢ underlayer, 103 af JﬂfS&tnQQWﬁﬂﬂ?&hﬁxﬂ%&@&”@%&@?ﬁm!ayer 108, a

pre-seed | ayer 106 and seed |l ayer 107, as shown in Fi Further, a

per pendi culafle fagNgt & C1 4 ecordipg i AEdi 8 afethe alpugnti orrdBR ORLIoRal |y have a
protective | ayer 114 formed on the magnetic recording |ayer 110 and may have a
[ ubri cati ngidiayerhd li-f ottt taret be pfoiecti veclayenqgldd, 1 astshewn in Fig. 1.

[ 0028] (Nonmagneti ¢ Substrate) The nonmagnetic substrate 101 used in the
i nventionnexad nonnaghet ife,membenyd vari ous substrates which can withstand the
conditions (solvent, tenperature and simlar) used in formation of the various
| ayers, desérlilBed behowt dird<trkecsur f dteclofsashiachapsetlatyecaniibe used.
Specifically, substrates conprising an Al alloy with NiP plating, reinforced
gl ass, cry$tE 2edigd asy Ssigednatand? otHer material sndedmysé - used. [ 0029] 1t
is preferable that the nonmagnetic. substrate 101 be cleaned prior to formng
the ot her f&6mwSt PRGNt ¥ oneritss STt Br 115 Y QdanFhg tan Be perforned using a

scrubbi ng nmet hod_enpl oyi ng a brush or spo , & high-pressure water spraying
ot hod. 3 ECHGALETET MR i THIRRC BF ko Tl At or QAT G tn o ALt o
perform ng cl| eaning I hg t.hes hods,_.rradi.ation.with ultraviolet rays can
Purther be bGrr ol ot TDOdA Sinesr ve 1 aybr 2103 hay b OBtIGHATS or ovi ded on
t he nonma i.C:SU f LS | i T [V r 102 is
used in oggg%rt3§hg?gﬁ%iﬁh%%éagdﬁgg?ge%ﬁgs Jéﬁcggnmgﬁggso téﬁﬁgﬁéﬁic
underlayeﬁn%@ﬁakehﬁEﬂi;hﬁ;qugncaDdRBhemnonﬂngmeti@1§u@§t£@§ex401- As the

mat eri al of the adhesive |layer 102, a O Ti alloy or simlar, or another

mat eri al wdthngoedradhesd viengss 1wsth & hestglass ronaatihest stbsifrate material can
be used. [0031] (Soft Magnetic Underl ayer) The soft magnetic. underl ayer
103 is fonnedeonitheanommagnett cesubsti@tree it opmphes adhesitvekkayen 102, and
is a constituent el enent which serves to secure an adequate

per pendi culr@erdirneet homarmgtei cubpeldte sgtad skotpreventesipneadi ng of nagnetic
flux generated fromthe 'nagnetic head at the time of information rec. ording.
As t he mat&dirglti6f reherdofe lnaghet fePumoetiaifer2¥03, 2t Niligdigy, Fe alloy, or
Co alloy can be used. In particular, by using anorphous CoZrNb, CoTaZr,

CoTazr Noy G5 ZeRb, 1 CoFeN "2 N 1 "Co FeTaZr Nb S ICHPE FRZFS TOHREZASTATi Mo, FeCoTaB or

simlar, satisfactor | ect romagnetjc transducin har acteri sti.cs can be

obt ai ned. T0032] Fhe- Lot (% HEgnett 6o bidert Hyerci09=can aiso bEPorRed as a
single-layer fi.lmhaving a specific c osition. Further, the soft magnetic
underlayefff@flg n?ﬁ%% ?%fghfﬁgﬁynéQC gygmgfgcggasgi%%1?%ﬂhﬁfkﬁug’plurality of
mgnet | ¢ e ane, fergqmeaneti calby gt antidetromponeti 4l v goypl ed, - such
that the magnetization recorded in the magnetic recording layer 110 is

stabi | i zed: gng -AOREOVErsdha IRINGLI a4k O d ntensht gl eaking Jfomsthe medi um
surface is increased, so that noise in the recording nmediumis reduced as a
result. It is preferable that the soft magnetic. underlayer 103 include a

| oner soft magnetic underl ayer 103a and an upper soft magnetic underl ayer
103b. [0033] The design of the total filmthickness of the |ower soft magnetic
under| ayer 103a and upper soft nmgnetic underlayer 103b can be nodified
according to the structure and/or characteristics of the magnetic head used in
information recording, but when productivity is considered, a filmthickness
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and simlar and does not have a characteristic crystal structure, can be used.
[0037] As the material of the seed |layer 107, an N -base alloy having the fcc
structure can be used. Further, a highnelting-point netal, of which M, Ti,
Ta, Wand simlar are representative, nmay be added to the seed | ayer 107.

[ 0038] No pardtiredkare | ¢4 1at iz0nsaanea i nposed ionwhhenf £im tddaknessesrof the
pre-seed | ayer 106 and seed | ayer 107, so long as the orientation and grain

di anet er s ofccChét] avery flornednt berl éaponcicars Be Ocont riold: edeghoywenser atr especti ve
filmthicknesses of 1 to 20 nmand 3 to 8.5 nmare preferable. Still nore

pref er abl ehar @raifi bemtdvclasess for the pre-seed layer 106 of 1 to 9.5 nm and
a filmthickness for the seed |ayer 107 of 3.5 to 6.5 nm [0039] (Nonmagnetic.
| nt er medi at® dyer) O the oAhganiragfet Fet9Ht érredrare ¥ ayeiciiséd Pn the present
invention includes a first nonmagnetic internediate | ayer 108 conprising a
materi al GGMPIFTSTAGT AT CEMRIW alrFoy T ol e S&eond nbhneagmetised llrtgg?ﬁedi ate

| ayer 109 co rLsing a PA-ba%e aIIo§. Theipongggne%'c inggr diate laver is a
consti t uerit” al @Rt “RaVi hy = Funct FEHTS1 ot rar Fhy Y HE CrYSUATI i ni ty,
orientatioaon, Cr al..grain, da r nd. simlar th netic recording

| ayer 1103f8?%€%%%hg%éﬁ%%2W %%é%?ﬁn%?ﬁéiu%buggﬁgg%y ﬁéﬂggfﬁtal grain

di amet ers \of  Lhe magnet | ¢, [e£cordlog: ) ayer, malerl alghedycings the crystal grain
di aneters of the nonmaghetic internediate |ayer is effective. [0040]On the

ot her hand;nd tcp:S uknowns $hat when1tbeafid mdhi cknesst of s thes sinpermedi ate | ayer
is decreased in order to reduce the crystal grain dianeter- in the nonmagnetic
i ntermed atteit ayele @ueal e r@@dueedsarysialrotingntat bonrafotde immgmheti c
recording layer material, the magnetic characteristics of the nagnetic

recor di ng dsayerssdecti icom lwiithbansicderatdom.of this fact, in addition to sinply
reducing the filmthickness of the nonmagnetic internmediate |ayer, it is
necessary W 1silnul t Bneous|Re frgientai h: ofaparprsevé&athet nagnetdad ichar act eri sti cs
of the magnetic recording layer 110. [0041] This invention can provide the
advant agedus resart 80 - by &tadki®dg a plurality of nonmagnetic internediate

| ayers conprising specific nmetal alloys, of reducing the respective film

t hi ckness §t€6ﬁpg?€ﬁrﬁﬁ?ﬁzﬁ cagenrac whi ¢ fa ASPigra T Ra” | sfét s uded as t he
nonnagneti%nthﬁéggdiate | ayer, and of making finer the nagnetic recording

| ayer grafﬁ dia rs wthout degrading the characteristics of the magnetic
recordi ng yer 110, [0042] 1t i ref erabl.e .t hat al . filmthickness of
the Tiror HaaTe o haTsE T rt of moaF Al e T agbr T Log Thad t hoo b ekar honmighet |

i nter medi atg  l_ayer;109 be from 10 to 30 nm By naking the total filmthickness
10 nmor greater, satisfactory crystallinity is obtained and superi or
orientatiagnican Rertealized inphatbethe did stonenargneticid-niennedi ate |ayer
108 and the second nonmagnetic internediate [aver 109. Hence superi or

orientati amoandecsuperi or crystal grain isolation is also obtained in the
magneti c recording |layer 110 positioned above the first nonmagneti c.

i nt er nedi &g chayerfd08nand seepndenonpagnet iZppilater hedi bt ei-Hqyer N209.

[ 0043] Further, by nmaking the total filmthickness of the first nonmagnetic

i nt er medi at%@>l-ayér°408 and second nonnmagnetic internediate |ayer 109 30 nm or

| ess, excessive enlargenent of the grain dianeters in both the nonmagnetic

i nt er medi dteé endy BeSeFsnsuppr ésvedesexbesyitvereniarenmentaof-apeai Hodi ameters in
the magnetic recording |ayer 110 is suppressed, and as a result a superior SN
rati o tan 45¢ %bt’'arnéd, due to noi se reduction in the magnetic recording |aver
110. The space between the magnetic recording layer 110 and the soft magnetic
inder | ayer 165 AL BERF Euicad SRR tr F{ | TEy CiA b ot HEAREd St a hroh

| evel . [0Q§ﬁkL%4h§3preferable that the filmthicknesses of the first
nonmagnetic 1 nternedi ate | ayer 108 and the second nonnmagnetic internediate

| ayer 109 b 4 to 2 tol r : t fiiolsm t hi ckness of
t he firstE%%%%&gﬁ%%%gg%ﬁ%é?nggfggés a%%%ﬂ?%§%§é§2%2ﬁ$gaﬁ%’%%Zégﬁq;nd stil

nore preferable that the filmthickness be from6 to 12 nm It is preferable
that the filmthickness of the second nonnagnetic internediate |aver 109 be
from48 to 11 nm and still nore preferable that the filmthickness be from?7
to 9 nm [0045] The first nonmagnetic internediate |ayer 108 in the present

i nvention conprises a CoCrPJ3Wal loy hdving the hcp structure. It is
preferable that the CoCrRhWalloy have a O content of 14.5 atl or greater and
25.5 at.: or less, a Ru content of 4.5 ati or greater and 20.5 atl or less, a
Wcontent of 4.5 at%or greater and 6.5 at% or |ess, and that the renmai nder be
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the invention of the present application, an exchange coupling force
controlling layer 111 nmay be provi ded between a magnetic recording |ayer and a
magneti c recording | ayer. The exchange coupling force controlling layer 111 is
provi ded between a first granular magnetic recording |aver 110a and a second
granul ar magnreti cereconct ng: | amemncki0lyraandabyoweak eimgpibhecexchange. coupl i ng
energy, reduces the demagnetizing field with hardly any degradation of therma
stability,2tand5ilApBéves the wite characteristics. [0054] As the material of

t he exchange coupling force controlling layer 111, PA, RuCo, RuCr, NN Cr or
simlar malyO8d]lusediomThetoptti Aalfefehaethi ckivdssosf Thel exichlangeccoupl i ng force
controlling layer 111 differs depending on the material used, but it is

pref er abl €AFAE Nt eI RF M t HilckAessShet st He FargePorO7 457038 nm When t he
filmthickness is thinner than 0.07 nm there is ferropmagnetic coupling

bet ween t REFEFSE GFantd dr magnet'fCaFecdr dithg FAVef 310y dHy ¥Ne 'second

gr anul ar nagnﬁggg 5fcording | ayer 110b, and wite characteristics are

degr aded. Siie {hé&>fiI'mthickness is thicker than 0.8 nm nagnetic ouplin

bet ween t he fi.rnst granul ar netjic recording |ayer 11 nd . th cond

gr anul ar Hggéggic r%%o?%?%dﬂggyg%m§i8§giE?%ﬁﬁ%&u§¥e ?V%g%ggég?oggsg at therma

stability f'osf Cj!%%%ﬁ&dthé Mﬂd@ngngegmm gg%g@ﬁ&?@@ﬂiﬁ%a%e@gﬂe“ c

recordi ng medi um of "t he present invention nmay urther provided with a
nongr anul afe IBRGNEL T Gl ££01 diNG vkayer hd 10¢ (ot rshewn) . o Ahe nongranul ar _
magnetic recording | ayer 110c secures excellent durability for the magnetic
recor di ng gmdicumi cangdr mygevar irscargonstiddient debenentn pasi ti oned above the
exchange coupling force controlling |ayer 111 or above the second granul ar
magneti c reogodiengs| ayércddsitinnoptesadlo ssuictkabl yagent raold tdhe thmmgneti ¢
characteristics of the entirety of the granular nmagnetic recording |ayers 110a
and 110b. ke insedrasr aarconstietturat tefenentd iin dhperpemdicidsar nmagneti c
recording nedium it is preferable that the nongranul ar nmagnetic recording

| ayer 11014R¢éecd $Brlet uredmerbdihgederttorggietictierystiaissgraitiseonpri si ng
a Cc-base allo% and nonmagnetic crystal grains of a netal not containing

oxi des or Afi%t FildeSPbim i Gt &Y TRECHORYH HRtIAR REGRELF ¢l Fodbrdi ng | ayer 110c
can realize superiogr durability for_the nagnetic recordjn di um by bl oclinr
Go atoms diited FPOMERY HoTmagREET EOLT yat 41 GPAi HoBbUNUATIBe=0F t he first

granul ar anetic.recordi ng,Javer 1103, and the segond, granul ar. qagneti c
recordi ng lTayer 10 , and noreover can control Cin a pre?era e State the
magneti c r LSL .ent | - first granular magnetic
recordingqﬁg§%%5%%ggégﬁ g%%%%ﬁlgr%%ﬁ?%¥”%géﬁgﬁfé recording |ayer 110b.
[0056] As thengtal pRterdal tfooramta_gntQ%i@nr&%ﬂ%m@ogw%aﬂ!i&m@mn boundari es
of the nongranul ar magnetic recording | ayer 110c, at |east one type anong Ta,
Pt, B, Si,rd¥ao)CdhandydiidmyeabesusedchdnngdihesepuR exdididsasupenhor
performance in magnetically isolating ferromagnetic crystal grains conprising
t he above-tdesceriibedo Cosdgsecdlduays, mandtsio: irscprefegabt@ia,[ 0057] The film
t hi ckness of the nongranul ar nagnetic recording |layer 110c can be set to an
ar bi trary odleugasdooh ongsras: tilve per e nencestafc trheopeipendicul anstebor di ng
medi um of the present invention is not inhibited, but is preferably from1 nm
to 5 nm andeses| Fnabk e prefseddBry f FORE 3 hmitto °4dam t P 00BB]RUNPRER, t he
magneti c recording |layer 110 of a perpendicul ar nagnetic recordi ng nmedi um of
t he present” MVEARETONT ST P& BPARA: by- vptdlodPry eb/bt Hing andhst acki ng t he
above-descri be qpetic recording |ayers 110a and/or 110b, exchange
I

: q.granulqﬁ.na C ( _
coupl i ng FHIRETEONEFOPTS Y IFaAyEF 111" Bnd'Tidiwgranful ar magnetic recording | ayer
110c, in o r..to optain a uat e gnetic recaording performnce. |In one
enbodinentﬁgﬁﬁé secg%dt%?éﬂ%ﬁﬁfaﬁgggrp%%js(%Foﬁ#Ffe%? %%ﬁﬂ?ﬁélangngranular
magnetic r r. di e . y 9%9 i di e exchange
coupling ﬁ%&%@ %ggt%g¥l§ﬁékﬁgyeggli§$t€0 53T%§r8t§%??€%y{§§e ‘and Lubri cati ng
Layer) orienkBtiPg, CLOSS-Sectihonak; yvhew of Jtheargneticr rgcordi ng medi um of
the invention in Fig. 1, the protective layer 114 is a constituent el enent
whi ch protects each of the lavers 102 to 110c positioned bel ow the |ayer 114,
and in particular is positioned so as to prevent elution of Co fromthe | ower
soft magnetic. underlayer 103 and upper’ soft magnetic underlayer 105. The
protective layer 114 can use nmaterials nornmally used in perpendicul ar magnetic
recordi ng nedi a. For exanple, dianondlike carbon (DEC), anorphous carbon, or
ot her protective layers the main conponent of which is carbon (preferably

P - | 1 " 1. I e P . R P 1 . . - R T 1 L R . I |



110c was a nongranul ar magnetic recording |aver, and the filmthicknesses of
these layers are as indicated in Table 1. [0068] Thereafter, a CVD net hod was
used to forma carbon protective |aver 114 of thickness 2.0 nmon the magnetic
recording layer, and then a lubricating |ayer 115 of perfluoro pciyether was
formed tomadnRiceknessoodify nmyetro rhabed caterdane vapgaet | £rd egordi Ag medi um

C) g01 4,HO 044 4,0/---. 0 5g 140C. OZ 0*Z 03 03 allTOC), 0 04-44
14' . -- 0144 f@Va 00e- clOACGI kY i6t4440000t ke 4400 <- retOIdidbT a8<Er5 8' 6T 34
0Cl HLTA O ()CH Pt 0/414 &00---- cou>g U, (0/0G g

Hence in order to decrease crystal grain diameters of the
magnetic recording layer material, decreasing the crystal
grain diameters in the seed layer or intermediate layer is
effective.

[0018] However, when the film thickness of the seed layer
or intermediate layer is reduced, a decline in the crystal
orientation of the magnetic recording layer material and
inhibition of magnetic isolation of magnetic crystal grains
occur, and it is also known that the magnetic characteristics
of the magnetic recording layer decline. Hence in
consideration of these matters, it is necessary to control the
film thickness of the seed layer or intermediate layer while
maintaining or improving the magnetic characteristics of the

magnetic recording layer.

DISCLOSURE OF THE INVENTION

[0019] Hence an object of the present invention is to
provide a perpendicular magnetic recording medium in which
orientation dispersion in the magnetic recording layer is
reduced and crystal grain diameters are made finer, while
simultaneously enabling reduction of the film thickness of the
seed layer and intermediate layer, and consequently enabling
reduction of noise and improvement of performance such as the

SN ratio.
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[0020] In consideration of these matters, the inventors

ascertaining that by stacking a plurality of nonmagnetic
intermediate layers comprising specific metal alloys, the film
thicknesses of each can be made thinner than the film
thickness when a single layer is used as the intermediate
layer, and grain diameters in the magnetic recording layer can
be made finer without degrading the characteristics of the
magnetic recording layer, and so attained the following
features.

[0021] A perpendicular magnetic recording medium of the
present invention comprises, stacked in order on a nonmagnetic
substrate, at least a first nonmagnetic intermediate layer, a
second nonmagnetic intermediate layer, and a magnetic
recording layer, and is characterized in that the first
nonmagnetic intermediate layer is formed from a CoCrRuW alloy,
and moreover the second nonmagnetic intermediate layer is
formed from an Ru-base alloy.

[0022] In the present invention, it is desirable that the
CoCrRuW alloy have a Cr content of 14.5 at® or higher and 25.5
at% or lower, a Ru content of 4.5 at® or higher and 20.5 at®
or lower, and a W content of 4.5 at® or higher and 8.5 at® or
lower, and that the remainder be Co. Further, the film
thickness of the first nonmagnetic intermediate layer is 5 to
14 nm, and preferably 6 to 12 nm. Further, it is desirable
that the magnetic recording layer include a granular structure.
[0023] The present invention also includes a method of

manufacture of such perpendicular magnetic recording media.
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[0024] The present invention provides a perpendicular

magnetic recording medium in which noise is further reduced

and performance such as the SN ratio and similar is improved,

and which can realize high-density magnetic recording.

[0025]

Fig.

BRIEF DESCRIPTION OF THE DRAWINGS

1 is a schematic cross-sectional view showing

the layer configuration of a perpendicular magnetic recording

medium of the present invention;

Fig. 2 plots MFspiSNR values versus ROW in Example 1 and
Comparative Example 1;

Fig. 3 plots Squash values versus ROW in Example 1 and
Comparative Exzample 1;

Fig. 4 plots MFspiSNR values versus ROW in Example 2 and
Comparative Example 1;

Fig. 5 plots Squash values versus ROW in Example 2 and
Comparative Example 1;

Fig. 6 plots MFspiSNR values versus ROW in Example 3 and
Comparative Example 1;

Fig. 7 plots Squash values versus ROW in Example 3 and
Comparative Example 1;

Fig. 8 plots MFspiSNR values versus ROW in Example 4 and
Comparative Example 1;

Fig. 9 plots Squash values versus ROW in Example 4 and
Comparative Example 1;

Fig. 10 plots MFspiSNR values versus ROW in Example 5;

Fig. 11 plots Squash values versus ROW in Example 5;

10
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Conpar ative Exanple 1-2 [0070] (Eval uation Test 1)

Fig. 12 plots MFspiSNR values versus ROW in Example 6;

and
Fig. 13 plots Squash values versus ROW in Example 6.
MODE FOR CARRYING OUT THE INVENTION
[0026] Below, embodiments of the invention are explained.

The embodiments described below are merely examples of the
invention, and various design modifications can be made as
appropriate by a person skilled in the art.
[0027] Fig. 1 is a cross-sectional view showing a
perpendicular magnetic recording medium of the invention. The
perpendicular magnetic recording medium of the invention
comprises, in order on a nonmagnetic substrate 101, a soft
magnetic underlayer 103, first nonmagnetic intermediate lavyer
108, second nonmagnetic intermediate layer 109, and magnetic
recording layer 110. A perpendicular magnetic recording
medium of this invention may optimally have, between the soft
magnetic underlayer 103 and first nonmagnetic intermediate
layer 108, a pre-seed layer 106 and seed layer 107, as shown
in Fig. 1. Further, a perpendicular magnetic recording medium
of the invention may optionally have a protective layer 114
formed on the magnetic recording layer 110 and may have a
lubricating layer 115 formed on the protective layer 114, as
shown in Fig. 1.
[0028] (Nonmagnetic Substrate)

The nonmagnetic substrate 101 used in the invention is a

nonmagnetic member; various substrates which can withstand the

11
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El ectromagnetic transduci ng characteristics of the magnetic recordi ng nedia
obt ai ned were eval uated by MSpi SNR, SqzSNR, Squash, and RON Table 2 shows
the results of evaluations of the el ectronmagnetic transducing characteristics,
at a radial position of 31.37 mm under conditions, at maxi rum of a |inear
recordi ng d@densictiynef (approxd, mtebyr2000- kirei sandlart raekd pirt ch of 400 ktpi.
[0071] MFSpi SNR is the SN ratio at one-half the frequency of the Maxi num

recor di ng ffarequeéncyof t hiee highenst heywas ueje tche bhidghetot heardengiet y at whi ch
recording is possible. At a linear recording density of approximtely 1000
kfci, the suatfiageob it helcleprodueti onasilgnalssout pare¢Sfiamdit/he total noize (N)
was neasured using a spectral analyzer, and the value was cal cul ated using the
fol | owi ng BHFAEREAS MESPIISNRI=2204m RbgES/NDE NO67R] SHZSNR 45 ERECFEt i 0 of the
signal output Ss renmaining in_the center track to the total noise (Nt) when

the center?irgck FESi+tt6t 9dRd St neh! P adj e At REF BBKESighalr iF€"er ased, and
i's given g%/ thedf ol owi ng equation. SqzSNR = | og(SI/Nt) [0073] Squash is the
fraction of t¥i€“si gnal output renmining when, after witing to the center

track, the adigcent irack sianal has been erased. [0074] RN Js the,ratio of
i or PG ap

the intensity of the original recorded signal e I'nconp “stel y erased
signal i ntensity,whep, f,Signal, Leaqrded at, i ghdensily: is Querwripben by a

signal recorded at |ow density. The value resulting when a signal with a

i near reqordiing densifynPfc-315KEek taS VRN Lt eRrbYb e Sirghabawi th a | inear
recordi ng density of 108 kfci was neasured. [0875] Table 2 RON-d M-Spi SNR( dB)

SgzSNR Rd <oguashvg Exanplie ck- kp26g6, 13. 191 did-pk B s%6e Exarpt espgh=2,i3%. 9 14.0 13.0
0. 70 Conparative Exanple 1-1 27.4 13.3 12.6 0.76 Conparative Exanple 1-2 33.0
13.7 12. 4 f:t66d, a method of immersion in an alkaline detergent, or

similar. After performing cleaning using these methods,

irradiation with ultraviolet rays can further be performed.

[0030] A adhesive layer 102 may be optionally provided on

the nonmagnetic substrate 101 of this invention. The adhesive

layer 102 is used in order to heighten the adhesiveness

between the soft magnetic underlayer 103 formed thereupon and

the nonmagnetic substrate 101. As the material of the

adhesive layer 102, a CrTi alloy or similar, or another

material with good adhesiveness with the glass or other

substrate material can be used.

[0031] (Soft Magnetic Underlayer)

The soft magnetic underlayer 103 is formed on the
nonmagnetic substrate 101 or the adhesive layer 102, and is a
constituent element which serves to secure an adequate

perpendicular-direction magnetic field, so as to prevent

spreading of magnetic flux generated from the magnetic head at

12



[ 0076] (Conpar ative Exanple 1) As the first nonmagnetic internedi ate

| ayer 108, a two-laver filmof Co25Cr5Mb5Ru of thickness 10 nm and Co246r 4W of
t hi ckness 3 nmwas used to fabricate the nagnetic recording nmedium In
addition to the material of the first nonmagnetic intermedi ate | ayer 106,
Conpar at i wencExanpl ef 1i masrnditfifoar eatofaom Exanplteclnbhbet hat & FecoZr TaTi Nb

all oy was used as the material of the first soft magnetic underlayer 103a and
second sofd¢ofragaetieciundeiddyerrl08b, 4helif idlmotyhi €kneskownf drhe€opre-seed | ayer
10 was 14 nm and the filmthickness of the first nonmagnetic internediate

| ayer 103 addsvdickhebentsedHowdverart heukff edty ofsinbesecdhfder enéadbot her t han
the material of the first nonmagnetic internediate |ayer 108 on the

el ect r omagditétiiZe - t FAR3EEET ng Clrardet ef 5t s Nhas CoF AT eFifR,, Sffeffhérval ue of
MFSpi SNR for_ the sane %er all within approximately 0.1 dB. ,

[ 0077] El edt¥6ragaetie tl ciPhg S CRar Akt e’sﬁ%ltsifé@tBFyf%]o‘?‘?tc%F@&“ﬁﬁbﬁeti C
recordi ng nedia were eval uated for Co rative .Exanple 1 also, simlarly to
Exanpl 6 1.0 THE F6SUrt S G SHOWE H TADIE £4rd TR Fig. 2 and Fig. 3. Compared

wi th Conp ive Ex lesc 1-1 and.1-2, .in Examples_1- 1, and 1-2 uUsing a
Co25Cr SRQEWaIZ;foy Ig}\%rg%t tn}%gcl?gegsuﬁ%e nnln%yéasrr?ﬁg i s?l%%%r?aé‘%e i%(O:1
i nt ermedi afe | asxi%rgléoﬁayébefi\frﬁma%ﬁagw@s sBRPL Oxi At el 1Q.14,dB higher, for the

samre RON The SgzSER and Squash were 'the sane val ues or higher, and results

for Exanpligcl swekenon & satirsfaghory than £ aniGonpacative Examel ¢ 1.
[ 0078] (Exanpl e 2) Except for the fact that the soft magnetic underl aver

103 was f orowedehr ema HeCGalrch N Niakhoysy tdre raaekttibatiihe f14d m t hi ckness of
the Ru single |ayer 104 between the first soft magnetic. underlayer 103a and
t he secondesoftnanaghetaLly undemnttayer rd@3matasa0l4 noppbad, tshehf agtitt hat the
material and filmthickness of the first nonmagnetic internediate |ayer 108
wer e each tdirangedeaszshiown lewoTablel 8, timagretiied irecordi hignaredivarsithil ar to
that of Exanple 1 were fabricated. The el ectromagnetic t.ransducing
char act er iist is¢gPéft 1 Ea@ Fbricdared nhgnetd ¢ adcordrngt wedh vl hierleéaévaP uat ed
simlarly to Exanple 1. The results are shown in Table 4 and in Fig. 4 and
Fig. 5. T@PSIRA By g cr- 76- 12003 dy- £41 6hey. teise Aot 'z 0z 02
17 _ _ n _

2L5thgzlﬁ%;%rgggﬂa§%§$ﬁg%s ge%u%g gs%?Q&i? tq) &% %s%mgﬂiéa%1%4 00&00. '

that the soft magnetic underlayer 103 include a lower soft

magnetic underlayer 103a and an upper soft magnetic underlayer

103b.

[0033] The design of the total film thickness of the lower

soft magnetic underlayer 103a and upper soft magnetic

underlayer 103b can be modified according to the structure

and/or characteristics of the magnetic head used in

information recording, but when productivity is considered, a

film thickness of 10 to 100 nm is preferable. By making the

thickness 10 nm or greater, an adequate perpendicular-

direction magnetic field can be secured, whereas by making the

thickness 100 nm or less, productivity can be improved.

13
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[0034] It is still more preferable that the soft magnetic
underlayer 103 include, between the lower soft magnetic
underlayer 103a and the upper soft magnetic underlayer 103b, a
Ru layer 104 which severs the RKKY coupling between the soft
magnetic underlayers. The Ru layer 104 is used for the
purpose of inducing an antiferromagnetic coupling between the
lower and upper soft magnetic underlayers. Further, in place
of the Ru layer 104, a nonmagnetic alloy the main component of
which is Cr, Cu, Ag or similar may be used.

[0035] (Pre-seed Layer and Seed Layer)

In the invention of the present application, a pre-seed
layer 106 and seed layer 107, or a seed layer 107 alone, may
optionally be formed on the soft magnetic underlayer 103. The
pre-seed layer 106 suitably controls the orientation and grain
diameters in the seed layer 107 formed in contact with the
layer. The seed layer 107 is a constituent element which is
positioned so as to suitably control the orientation and grain
diameters in the first nonmagnetic intermediate layer 108
formed thereupon, suitably control the orientation and grain
diameters in the second nonmagnetic intermediate layer 109 as
well, and as a result suitably realize a favorable
perpendicular orientation and favorable grain diameters in the
magnetic recording layer 110.

[0036] As the material of the pre-seed layer 106, an alloy
or intermetallic compound of Ta, Ti, W or similar in the

amorphous state, which exhibits broad diffraction lines in XRD

14
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and similar and does not have a characteristic crystal
structure, can be used.

[0037] As the material of the seed layer 107, an Ni-base
alloy having the fcc structure can be used. Further, a high-
melting-point metal, of which Mo, Ti, Ta, W and similar are
representative, may be added to the seed layer 107.

[0038] No particular limitations are imposed on the film
thicknesses of the pre-seed layer 106 and seed layer 107, so
long as the orientation and grain diameters of the layer
formed thereupon can be controlled; however, respective film
thicknesses of 1 to 20 nm and 3 to 8.5 nm are preferable.
Still more preferable are a film thickness for the pre-seed
layer 106 of 1 to 9.5 nm and a film thickness for the seed
layer 107 of 3.5 to 6.5 nm.

[0039] (Nonmagnetic Intermediate Layer)

A nonmagnetic intermediate layer used in the present
invention includes a first nonmagnetic intermediate layer 108
comprising a material comprising a CoCrRuW alloy, and a second
nonmagnetic intermediate layer 109 comprising a Ru-base alloy.
The nonmagnetic intermediate layer is a constituent element
having a function of controlling the crystallinity,
orientation, crystal grain diameters and similar of the
magnetic recording layer 110 formed thereupon. Hence in order
to reduce the crystal grain diameters of the magnetic
recording layer material, reducing the crystal grain diameters

of the nonmagnetic intermediate layer is effective.

15
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Co- 25Cr - 5Ru- 5W My- oH5- a0SZ- 03 ms- nas- 23sz-op  ng- nHg- . 2303- 0D
ng-ritis- 7@sz-09p On the other hand, it is known that when the film
thickness of the intermediate layer is decreased in order to
reduce the crystal grain diameters in the nonmagnetic
intermediate layer, due to reduced crystal orientation of the
magnetic recording layer material, the magnetic
characteristics of the magnetic recording layer decline. 1In
consideration of this fact, in addition to simply reducing the
film thickness of the nonmagnetic intermediate layer, it is
necessary to simultaneously maintain or improve the magnetic
characteristics of the magnetic recording layer 110.
[0041] This invention can provide the advantageous results,
by stacking a plurality of nonmagnetic intermediate layers
comprising specific metal alloys, of reducing the respective
film thicknesses compared with a case in which a single Ru
layer is used as the nonmagnetic intermediate layer, and of
making finer the magnetic recording layer grain diameters
without degrading the characteristics of the magnetic
recording layer 110.
[0042] It is preferable that the total film thickness of
the first nonmagnetic intermediate layer 108 and the second
nonmagnetic intermediate layer 109 be from 10 to 30 nm. By
making the total film thickness 10 nm or greater, satisfactory
crystallinity is obtained and superior orientation can be
realized in both the first nonmagnetic intermediate layer 108
and the second nonmagnetic intermediate layer 109. Hence
superior orientation and superior crystal grain isolation is

also obtained in the magnetic recording layer 110 positioned

16
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above the first nonmagnetic intermediate layer 108 and second
nonmagnetic intermediate layer 1009.

[0043] Further, by making the total film thickness of the
first nonmagnetic intermediate layer 108 and second
nonmagnetic intermediate layer 109 30 nm or less, excessive
enlargement of the grain diameters in both the nonmagnetic
intermediate layers is suppressed, excessive enlargement of
grain diameters in the magnetic recording layer 110 is
suppressed, and as a result a superior SN ratio can be
obtained, due to noise reduction in the magnetic recording
layer 110. The space between the magnetic recording layer 110
and the soft magnetic underlayer 103 can be reduced, and
writability can be maintained at a high level.

[0044] It is preferable that the film thicknesses of the
first nonmagnetic intermediate layer 108 and the second
nonmagnetic intermediate layer 109 each be from 4 to 20 nm.
It is preferable that the film thickness of the first
nonmagnetic intermediate layer 108 be from 5 to 14 nm, and
still more preferable that the film thickness be from 6 to 12
nm. It is preferable that the film thickness of the second
nonmagnetic intermediate layer 109 be from ¢ to 11 nm, and
still more preferable that the film thickness be from 7 to 9
nm.

[0045] The first nonmagnetic intermediate layer 108 in the
present invention comprises a CoCrRuW alloy having the hcp
structure. It is preferable that the CoCrRuW alloy have a Cr

content of 14.5 at® or greater and 25.5 at® or less, a Ru
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5E Exanple 2-1 |
9-3 91dnex2

Exanpl e 2-2 Exanple 2-1 Exanple 2-3 p-E eTdnvxa Exanple 2-5

content of 4.5 at® or greater and 20.5 at® or less, a W

content of 4.5 at® or greater and 8.5 at® or less, and that

the remainder be Co, which is the main element. It is still

more preferable that the Cr content be 15 at®% or greater and

25 at? or less, that the Ru content be 5 at% or greater and 15

at% or less, that the W content be 5 at® or greater and 10 at®

or less,

[0046]

and that the remainder be Co.

Adding a high-melting-point metal, of which Mo, Ti,

Ta, W and similar are representative, to the thin film alloy

material is expected to promote growth of finer crystal

grains; in particular, this effect is expected to be greatest

for W, which is the metal with the highest melting point.

However,

when Mo, Ti, Ta, or W metal is added in amounts of 24

at® or greater to Co, intermetallic compounds such as CoW; and

similar are formed, and undesired crystal structures occur;

hence addition amounts equal to or less than this are

desirable.

[0047]

The second nonmagnetic intermediate layer 109 in the

present invention can be Ru alone, or can be formed using an

Ru-base alloy having the hcp structure. Because the atomic

radius of Ru is large, W or Ta with larger atomic radii may be

added to the second nonmagnetic intermediate layer 109. A Ru-

base alloy is an alloy including 5 at% or more Ru, preferably

including 70 at% or more, and still more preferably including

95 at®* Ru or more.

[0048]

(Magnetic Recording Layer)
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Exampl e 2-7 Exanple 2-8 Exanple 2-9 Conparative Exanple 1-1 Conparative
Exanple 1-2 [0080] Table 4 ROW-dB) M-Spi SNR(dB) Sg2SNR(dB) Squash50 Exanpl e
2-1 31.214.1 13.5 0.78 Example 2-2 2714.0 13.6 0.84 Exanple 2-1 31.214.1 13.5
0.73 Exanple 2-3 32.714.2 13.4 0.74 Exanple 2-4 29.914.0 13.4 0.82 Exanple 2-5
32.714.2 13. 4 Thxanplee2rd 290683n9 13y 0.181 is the constituent

element positioned for recording information. When used as a
constituent element of a perpendicular magnetic recording
medium, the magnetic recording layer 110 must have the easy
axis of magnetization oriented in the direction perpendicular
to the substrate plane. Specifically, it is preferable that
the hcp (0002) plane be oriented parallel to the substrate
plane.

[0049] Further, it is preferable that the magnetic
recording layer 110 present a so-called granular structure, in
which ferromagnetic crystal grains comprising a Co-base alloy
are surrounded by nonmagnetic crystal grains the main
component of which is an oxide. By using a granular structure,
the electromagnetic transducing characteristic of the magnetic
recording layer 110 is adequately secured, and a superior SN
ratio, due to reduced noise in the magnetic recording medium,
can be obtained. Here, "the main component of which is an
oxide" means that inclusion of other components in minute
amounts is not excluded, and means that the oxide exists at
approxzimately 90 molar percent or higher in the nonmagnetic
crystal grains.

[0050] As the Co-base alloy forming the ferromagnetic
crystal grains, CoPt-base alloys, and similar, such as CoPtCr,
CoPt, CoPtSi, and CoPtCrB, and CoCr-base alloys such as CoCr,
CoCrTa, CoCrTaPt, and similar. Of these, CoPt-base alloys are
preferable in that the magnetic anisotropy energy (Ku) can be

set high.

19



Example 2-7 32.614.1 13.2 Exanple 2-8 29.214.0 13.4 0.81 Exanple 2-9
Conparative Exanple 1-1 32.614.1 23.413.5 13.4 13.1 0.76 0.82 Conparative
Exanple 1-2 33.613.8 12.9 0.73 [0081] For conparison with Exanple 2, the sane
Conpar ative Exanple 1 used with Exanple 1 was enployed. In Exanple 2, in

addi tion t@ashe matefiahe ofzitdae rhirhshg nomagnekigeck Dt e Ppdi-At grhayer 103,
differences with Conparative Exanple 1 were the fact that the fil mthickness
of the Ru sitngl erltayefr Q42 t hed sofrti Imagnethiichuadert iaydry t@8ainds 0.4 nm
that the filmthickness of the pre-seed |ayer 106 was 14 nm and that the film
t hi ckness «f rehecfirstlnommgienivcthat &enedicate tiayervy108l was idisf Pérent; the
effect of these differences other than the material of the first nonmagnetic

i nt er nedi dthe PaRyER~-108-BPachécebeeer ohbgfiet et Panddedi ng e Har AGEEFT sti cs was,
in terns of the value of M-Spi SNP. for the same ROW aqverall within

appr oxi mat &Y BRYES HO682P Eonpat Bd W Eh LEolpai At i ve Exdrprestid 1 and 1- 2,

t he MESpi SNR f or thg.sarre Rtﬁof t he Exar%.l es, %—1%0 -Q%V\GB.HS at . egst 0.3 dE
hi gher approXiHatery: < Further, A Examples 24 "o 2567 T 0" WhiCH "t h&“f i I m

t hi ckness of .the first_non netic_internedi ate layer 108 was nade the sane 10
nmas in t%ebéggpg% Ve rgg%f))l tég ]_?L-(Z:L and 1-2, the MFSpi SNE was at |east 0.4
dB hi gher approxi mately, comared whth; t he Conparative, Examlgs l-1 and 1-2.

The SgzSNR and Squash were al so the same or higher, and nore satisfac.tory

resul ts werie @bt ai pegyfori Bxanpbe 2 than.domLoaparahpves fxanple 1.
[ 00e3] Hence it was found that magnetic recording nedia using a Co25Cr 5SRuS5W

alloy in thefilist, apnnaghet i @oicnteewed] ate liayeke108aeXxhitidt superi or
el ectromagneti c transduci ng characteristics conpared with nagnetic recording
medi a usi ngoaecstiackedoidirer nedieat @1 ayera conpridesi ngmiae Co25Zr<ZMiTRu al | oy | ayer
of thickness 10 nm and a Co24Cr4Wal |l oy | aver of thickness 3 nm
[ Heti ] (Exanplrelity of Except flocltHénd actplithatl itheoSofidgmegvet i ¢ under | ayer
103 was forned from FeCoZrTi Nb all oy and the fact that the material and film
t hi ckness BfctHé i t3Yefionmagneti c i ntermedi ate | ayer 108 were both changed as
shown in Table 5, magnetic recording nedia simlar to that of Exanple 1 was
fabricated?PHé el ettrotmgiI e "Eranstiuct i ERaract erPstits 61 Re f abri cat ed
magneti c recor.di ngtn”edi a v%re evaluated simlarly to ar'g)l e 1. '[he results
AN oM

are shown 5% TABFET 6 and i M FPG =S8 antP i = 7. o0~ a) S5F P21 0 1L

(r).--- force controlling layer 111 may be provided between a magnetic
recording layer and a magnetic recording layer. The exchange
coupling force controlling layer 111 is provided between a
first granular magnetic recording layer 110a and a second
granular magnetic recording layer 110b, and by weakening the
exchange coupling energy, reduces the demagnetizing field with
hardly any degradation of thermal stability, and improves the
write characteristics.

[0054] As the material of the exchange coupling force
controlling layer 111, Ru, RuCo, RuCr, NiCr or similar may be
used. The optimal film thickness of the exchange coupling

force controlling layer 111 differs depending on the material
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used, but it is preferable that the film thickness be in the

range 0.07 to 0.8 nm. When the film thickness is thinner than

0.07 nm, there is ferromagnetic coupling between the first

granular magnetic recording layer 110a and the second granular

magnetic recording layer 110b, and write characteristics are

degraded. When the film thickness is thicker than 0.8 nm,

magnetic coupling between the first granular magnetic

recording layer 110a and the second granular magnetic

recording layer 110b is completely severed, so that thermal

stability is degraded.

[0055] In one embodiment, a perpendicular magnetic

recording medium of the present invention may be further

provided with a nongranular magnetic recording layer 110c (not

shown) . The nongranular magnetic recording layer 110c secures

excellent durability for the magnetic recording medium, and

moreover is a constituent element positioned above the

exchange coupling force controlling layer 111 or above the

second granular magnetic recording layer 110b, in order to

suitably control the magnetic characteristics of the entirety

of the granular magnetic recording layers 110a and 110b. When

used as a constituent element in a perpendicular magnetic

recording medium, it is preferable that the nongranular

magnetic recording layer 110c¢ have a structure including

ferromagnetic crystal grains comprising a Co-base alloy, and

nonmagnetic crystal grains of a metal not containing oxides or

nitrides of a metal. The nongranular magnetic recording layer

110¢ can realize superior durability for the magnetic
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recording medium by blocking Co atoms eluted from the
nonmagnetic crystal grain boundaries of the first granular
magnetic recording layer 110a and the second granular magnetic
recording layer 110b, and moreover can control in a preferable
state the magnetic characteristics of the entirety of the
first granular magnetic recording layer 110a and second
granular magnetic recording layer 110b.

[0056] As the metal material forming the nonmagnetic
crystal grain boundaries of the nongranular magnetic recording
layer 110c¢c, at least one type among Ta, Pt, B, Si, Nb, Cu and
Ti may be used. Among these, B exhibits superior performance
in magnetically isolating ferromagnetic crystal grains
comprising the above-described Co-base alloys, and so is
preferable.

[0057] The film thickness of the nongranular magnetic
recording layer 110c can be set to an arbitrary value so long
as the performance of the perpendicular recording medium of
the present invention is not inhibited, but is preferably from
1 nm to 5 nm, and still more preferably from 3 nm to 4 nm.
[0058] Further, the magnetic recording layer 110 of a
perpendicular magnetic recording medium of the present
invention can be formed by optionally combining and stacking
the above-described granular magnetic recording layers 110a
and/or 110b, exchange coupling force controlling layer 111,
and nongranular magnetic recording layer 110¢, in order to
obtain adequate magnetic recording performance. In one

embodiment, the second granular layer may be omitted, and the
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00 9 9 9ng®anular magnetic recording layer 110c may be deposited

directly on the exchange coupling force controlling layer 111.

[0059] (Protective Layer and Lubricating Layer)

In the cross—-sectional view of the magnetic recording

medium of the invention in Fig. 1, the protective layer 114 is

a constituent element which protects each of the layers 102 to

110¢c positioned below the lavyer 114, and in particular is

positioned so as to prevent elution of Co from the lower soft

magnetic underlayer 103 and upper soft magnetic underlayer 105.

The protective layer 114 can use materials normally used in

perpendicular magnetic recording media. For example, diamond-

like carbon (DLC), amorphous carbon, or other protective

layers the main component of which is carbon (preferably

diamond-1like carbon), as well as various thin layer materials

known to be used as protective layers in magnetic recording

media, can be used. As the film thickness of the protective

layer 114, a film thickness normally used as a constituent

element of a perpendicular magnetic recording medium can be

applied.

[0060] The lubricating layer 115 is an optional constituent

element, provided in liquid form with the object of reducing

the friction force occurring between the protective layer 114

and the magnetic head (not shown), and obtaining superior

durability and reliability of the magnetic recording medium.

As the material of the lubricating layer 115, materials

normally used in magnetic recording media can be used. For

example perfluoro polyether based lubricants or similar can be
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used. As the film thickness of the lubricating layer 115, a
film thickness normally used as a constituent element of a
perpendicular magnetic recording medium can be applied.
[0061] (Method of Manufacture)

Each of the layers stacked on the nonmagnetic substrate
101 can be formed by various film deposition techniques
commonly used in the field of magnetic recording media. 1In
order to form each of the layers from the adhesive layer 102
to the protective layer 114, for example sputtering methods
(including a DC magnetron sputtering method, RF magnetron
sputtering method, and similar), vacuum evaporation deposition
methods, and similar can be used. In forming the protective
layer 114, in addition to the above-described methods, CVD
methods and similar can also be used. On the other hand, the
lubricating layer 115 can be formed by arbitrary application
methods which are known in the field, such as dip coating
methods, spin coating methods, and similar.
Examples
[0062] Below, examples of the invention are explained.
However, the following examples are merely representative
examples used to explain the invention, and do not limit the
scope of the invention in any way.
[0063] Using the configuration shown in Fig. 1, Examples 1
to 7 as well as Comparative Examples 1 and 2 were fabricated,
with the materials and film thicknesses of the layers modified.

[0064] (Example 1)
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93 Sz Sz Exanpl e 3-1 Exanple 3-21 Exanple 3-11 Exanple 3-3 Exanple 3-4
Exanpl e 3-5 Conparative Exanple 1-1 Conparative Exanple 1-2 [0086] Table 6
ROWN - dB) MFSpi SNR(dB) SqzSNR(dB) Squash50 Exanple 3-1 34.4 13.8 13.0 0.75
Exanple 3-2 31.2 13.7 13.9 0.79 Exanple 3-1 34.4 13.8 13.0 0.75 Exanple 3-3
38.4 13.9 F2.t8e0ndmagnetic substrate 101, an Al substrate of diameter

95 mm was used. The Al substrate had a roughness of 1.2 A
(Angstroms) or less, as measured by an AFM in a measurement
region of 10 um by 10 pum. On this substrate, sputtering
method were used to deposit each of the layers except for the
protective layer and the lubricating layer, and magnetic
recording media having the configuration described in Table 1
was fabricated. Unless indicated otherwise, the sputtering
methods in this Example were executed using a DC magnetron
sputtering apparatus.

[0065] First, a CrTi adhesive layer 102 of thickness 13 nm
was fabricated on the nonmagnetic substrate 101. Next, a
first soft magnetic underlayer 103a comprising FeCoTaB alloy
of thickness 13 nm, a Ru layer 104 of thickness 1.2 nm, and a
second soft magnetic underlayer 103b comprising FeCoTaB alloy
of thickness 12 nm, were formed in order, to form the soft
magnetic underlayer 103. A pre-seed layer 106 comprising CrTi
alloy and having an amorphous structure was formed to a
thickness of 9 nm, and a seed layer 107 comprising NiFeCrWTi
alloy was formed to a thickness of 6 nm.

[0066] Next, a first nonmagnetic intermediate layer 108 was
formed to a thickness of 12 nm on the seed layer 107 by a
sputtering method using a Co25Crb5RubW alloy target (taking all
of the atoms as a reference, comprising 25 at® C, 5 at® Ru,
and the remainder Co; similarly below), and a Ru single layer
was formed to a thickness of 8 nm to form the second

nonmagnetic intermediate layer 1009.
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Exanple 3-4 32.5 13.6 12.9 0.77 Exanple 3-5 35.8 13.7 12.8 0.72 Conparative
Exanple 1-1 31.2 13.4 12.8 0.78 Conparative Exanple 1-2 37.9 13.7 12.6 0.69

[ 0087] For conparison with Exanple 3, the same Conparative Exanple 1 used with
Exanple 1 was enployed. In Exanple 3, in addition to the nmaterial of the first
nonnmagnet i @darter mediat £ drayer 108ondi fderences cwi hbe Examplte Lawete the fact
that the filmthickness of the pre-seeci layer 106 was 14 nmand that the film
t hi ckness 10f9 tieeef Epstedonnegnret meghat er medicatde nbayere 108 wasindi Bf erent. The
effect of these differences other than the material of the first nonmagnetic

i nt er nedi ateednaly 8ro1681i onradve déhect a otraghiett,c comansdued ngpdharcact eri stics was,
in terns of the value of M-Spi SNR for the sane ROWN overall within

appr oxi matellyye, 1vdB: § 0068]iCorparedcin ¥t FCorrparatPvecBxanplies 1a¥eand 1- 2,

t he MESpi SER for the same RONof the Exanples 3-1 to 3-3 was approximately 0.2
to 0.3 dRHilgherrerartHet, dM Eranpfesc 31U IRGPST5C1 hewhi tH Ca206F5V6P al | oy

was used he material in.the first nonmagnetic inter jate | ayer, the
VESp! SR {0r 1t HE o RO WS 10, TSR BS B Hdr o Hhe SHFONR and Squash ver e
al so the same or.highe n re satisfactory,resul re obtained for

Exanpl o S ThaR F et Conpar At Ve Exhapl & 1 10088  Hancs T b vias Fodrd that
magnetic necording nedia.using a CogsC bMBRy al Loy .o a, e2QCnaVbRu al l oy in

the first nonmagnetic internmediate layer 108 simlarly exhibit Superior

el ect romagnetd ¢nt. sansgucing gchar acteristd cseonpaned,sd hy nrgneti ¢ recording
medi a using a stacked internediate | aver conprising a Co25Cr5MRu all oy |ayer
of thi cknessnk@inm-antr @ fep24Ge4W at hoyr il avemaghet hi: ckaesisiig)y nayer

[ 0090] (Exanpl e 4) Except for the fact that a gl ass substrate of

di anet er 65 mmwaklowan@ormnumier Naynwasc usedas npheéapenmegnettine substrate 101,
the fact that the filmthickness of the Ru single |ayer 104 between the first
sof t magnethiclkunderk ayertkQ3a landrt hersecondidsobtepagnetdlclaunder | aver 103k was
0.25 nm the fact that the thickness of the pre-seed | aver 106 was 3 nm and
the fact tWattSthe nbbefsaiteandaf PV Batkkhess dFcfheofieEt monrmRghet i c
internedi ate | ayer 108 were both changed as shown in Table 7, nmagnetic
recor di ng REHEA TSV R Faret o that 6PTEXanDt & 1 Wis OPabhf CBEEIC C) v, -.-1AA
4-101 0 00

recording layer, and then a lubricating layer 115 of perfluoro

polyether was formed to a thickness of 9 nm, to fabricate the

magnetic recording medium.
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[0070] (Evaluation Test 1)

Electromagnetic transducing characteristics of the
magnetic recording media obtained were evaluated by MEFSpiSNR,
SgqzSNR, Squash, and ROW. Table 2 shows the results of
evaluations of the electromagnetic transducing characteristics,
at a radial position of 31.37 mm, under conditions, at maximum,
of a linear recording density of approximately 2000 kfci and a
track pitch of 400 ktpi.

[0071] MESpiSNR is the SN ratio at one-half the frequency
of the mazimum recording frequency; the higher the wvalue, the
higher the density at which recording is possible. At a
linear recording density of approxzimately 1000 kfci, the ratio
of the reproduction signal output (S) and the total noize (Nt)
was measured using a spectral analyzer, and the value was
calculated using the following equation.

MFSpiSNR = 20 x log(S/Nt)

[0072] SgzSNR is the ratio of the signal output S: remaining
in the center track to the total noise (Nt) when the center
track is written, and then an adjacent track signal is erased,
and is given by the following equation.

SqzSNR = log (S,/Nt)

[0073] Squash is the fraction of the signal output
remaining when, after writing to the center track, the
adjacent track signal has been erased.

[0074] ROW is the ratio of the intensity of the original
recorded signal to the incompletely erased signal intensity

when a signal recorded at high density is overwritten by a
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signal recorded at low density. The value resulting when a
signal with a linear recording density of 815 kfci was
overwritten by a signal with a linear recording density of 108

kfci was measured.

[0075] Table 2

ROW (-dB) MESpiSNR (dB) SgzSNR (dB) | Squashb0
Example 1-1 | 28.8 13.9 13.1 0.76
Example 1-2 | 31.9 14.0 13.0 0.70
Comparative | 27.4 13.3 12.6 0.76

Example 1-1
Comparative | 33.0 13.7 12.4 0.66

Example 1-2

[0076] (Comparative Exzample 1)

As the first nonmagnetic intermediate layer 108, a two-
layer film of Co25Cr5Mob5Ru of thickness 10 nm and Co24Crd4wW of
thickness 3 nm was used to fabricate the magnetic recording
medium. In addition to the material of the first nonmagnetic
intermediate layer 108, Comparative Example 1 was different
from Example 1 in that a FeCoZrTaTiNb alloy was used as the
material of the first soft magnetic underlayer 103a and second
soft magnetic underlayer 103b, the film thickness of the pre-
seed layer 106 was 14 nm, and the film thickness of the first
nonmagnetic intermediate layer 108 was different. However,
the effect of these differences other than the material of the
first nonmagnetic intermediate layer 108 on the
electromagnetic transducing characteristics was, in terms of
the value of MFSpiSNR for the same ROW, overall within

approxzimately 0.1 dB.
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[0077] Electromagnetic transducing characteristics of

fabricated magnetic recording media were evaluated for
Comparative Example 1 also, similarly to Exzample 1. The
results are shown in Table 2 and in Fig. 2 and Fig. 3.
Compared with Comparative Examples 1-1 and 1-2, in Examples 1-
1 and 1-2 using a Co25Cr5RubW alloy layer of thickness 12 nm
as the first nonmagnetic intermediate layer 108, the MFSpiSNR
was approximately 0.4 dB higher for the same ROW. The SgzSNR
and Squash were the same values or higher, and results for
Example 1 were more satisfactory than for Comparative Exzample
1.

[0078] (Example 2)

Except for the fact that the soft magnetic underlayer 103
was formed from a FeCoZrTiNb alloy, the fact that the film
thickness of the Ru single layer 104 between the first soft
magnetic underlayer 103a and the second soft magnetic
underlayer 103b was 0.4 nm, and the fact that the material and
film thickness of the first nonmagnetic intermediate layer 108
were each changed as shown in Table 3, magnetic recording
media similar to that of Example 1 were fabricated. The
electromagnetic transducing characteristics of the fabricated
magnetic recording media were evaluated similarly to Example 1.

The results are shown in Table 4 and in Fig. 4 and Fig. 5.
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and ROW

Squash,

Sgz. SNR,
position of 22.3 mm under

| [ 0092] (Eval uati on Test 2)

El ectromagnetic transduci ng characteristics of the nagnetic recordi ng nedia

obtained in Exanple 4 were eval uated by MESpi SNR,

simlarly to the Evaluation Test 1,

at a radial

Exanpl e 4-2 Exanple 4-3 Exanple 4-4
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[ 0095] (Exanpl e 0) Except for the fact that a glass substrate of dianmeter 60 mm
was used as the nonmagnetic. substrate 101, the fact that the filmthickness
of the Ru single layer 104 between the first soft magnetic underlayer 103a and
t he second soft magnetic underlayer 103h was 0.25 nm the fact that the

t hi ckness afostohe preaiseedi | ayer 106 was 3 nm and the fact that the materi al
and filmthickness of the first nonmagnetic Internediate |ayer 108 were both
changed as shown in TcilBJOBT 9; dlBHgm/EEtSip(iSNac«)dBii r@qpr@IRa(SBm ImatschSDhat of

Exanpl e lI-was—fabticat +—4-1C)C )4 44a)—0 crz
o0 07 03765 65 o 93° 0 3 “Ends (ac) ) GOar i, £0)4|00G 1o3--1D, 0
0244al a) |E=2140EKkZ0Z- || 27 .8) >, alldar.01 - E G 13.06 0.84

Example 2-1 31.2 14.1 13.5 0.78

Example 2-3 32.7 14.2 13.4 0.74

Example 2-4 29.9 14.0 13.4 0.82

Example 2-5 32.7 14.2 13.4 0.77

Example 2-6¢ |29.6 13.9 13.4 0.81

Example 2-7 32.6 14.1 13.2 0.75

Example 2-8 29.2 14.0 13.4 0.81

Example 2-9 |32.6 14.1 13.4 0.76

Comparative 28.4 13.5 13.1 0.82

Example 1-1

Comparative 33.6 13.8 12.9 0.73

Example 1-2

[0081] For comparison with Example 2, the same Comparative

Example 1 used with Example 1 was employed. In Example 2, in

addition to the material of the first nonmagnetic intermediate
layer 108, differences with Comparative Example 1 were the
fact that the film thickness of the Ru single layer 104 in the
soft magnetic underlayer 103 was 0.4 nm, that the film
thickness of the pre-seed layer 106 was 14 nm, and that the
film thickness of the first nonmagnetic intermediate layer 108
was different; the effect of these differences other than the
material of the first nonmagnetic intermediate layer 108 on
the electromagnetic transducing characteristics was, in terms
of the value of MFSpiSNR for the same ROW, overall within

approxzimately 0.2 dB.
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[0082] Compared with Comparative Examples 1-1 and 1-2, the
MFSpiSNR for the same ROW of the Examples 2-1 to 2-9 was at
least 0.3 dB higher approzimately. Further, in Examples 2-4
to 2-6 in which the film thickness of the first nonmagnetic
intermediate layer 108 was made the same 10 nm as in the
Comparative Examples 1-1 and 1-2, the MFSpiSNR was at least
0.4 dB higher approximately compared with the Comparative
Examples 1-1 and 1-2. The SgzSNR and Squash were also the
same or higher, and more satisfactory results were obtained
for Example 2 than for Comparative Example 1.

[0083] Hence it was found that magnetic recording media
using a Co25Cr5RubW alloy in the first nonmagnetic
intermediate layer 108 exhibit superior electromagnetic
transducing characteristics compared with magnetic recording
media using a stacked intermediate layer comprising a
Co25CrbMo5Ru alloy layer of thickness 10 nm and a Co24Cr4dw
alloy layer of thickness 3 nm.

[0084] (Example 3)

Except for the fact that the soft magnetic underlayer 103
was formed from FeCoZrTilNb alloy and the fact that the
material and film thickness of the first nonmagnetic
intermediate layer 108 were both changed as shown in Table 5,
magnetic recording media similar to that of Example 1 was
fabricated. The electromagnetic transducing characteristics
of the fabricated magnetic recording media were evaluated
similarly to Example 1. The results are shown in Table 6 and

in Fig. 6 and Fig. 7.
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[0086] Table ©

ROW (-dB) |[MFSpiSNR (dB) [SgzSNR (dB) [Squash50
Example 3-1 34.4 13.8 13.0 0.75
Example 3-2 31.2 13.7 13.0 0.79
Example 3-1 34.4 13.8 13.0 0.75
Example 3-3 38.4 13.9 12.8 0.71
Example 3-4 32.5 13.6 12.9 0.77
Example 3-5 35.8 13.7 12.8 0.72
Comparative 31.2 13.4 12.8 0.78
Example 1-1
Comparative 37.9 13.7 12.6 0.69
Example 1-2
[0087] For comparison with Example 3, the same Comparative
Example 1 used with Example 1 was employed. In Example 3, in

addition to the material of the first nonmagnetic intermediate
layer 108, differences with Example 1 were the fact that the
film thickness of the pre-seed layer 106 was 14 nm and that
the film thickness of the first nonmagnetic intermediate layer
108 was different. The effect of these differences other than
the material of the first nonmagnetic intermediate layer 108
on the electromagnetic transducing characteristics was, in
terms of the value of MFSpiSNR for the same ROW, overall
within approximately 0.1 dB.

[0088] Compared with Comparative Examples 1-1 and 1-2, the
MESpiSNR for the same ROW of the Examples 3-1 to 3-3 was
approximately 0.2 to 0.3 dB higher. Further, in Examples 3-4
and 3-5 in which Co20Cr5W5Ru alloy was used as the material in
the first nonmagnetic intermediate layer, the MFSpiSNR for the

same ROW was 0.1 to 0.2 dB higher. The SgzSNR and Squash were
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also the same or higher, and more satisfactory results were
obtained for Example 3 than for Comparative Example 1.
[0089] Hence it was found that magnetic recording media
using a Co25Cr5W5Ru alloy or a Co20Cr5W5S5Ru alloy in the first
nonmagnetic intermediate layer 108 similarly exhibit superior
electromagnetic transducing characteristics compared with
magnetic recording media using a stacked intermediate layer
comprising a Co25Cr5Mo5Ru alloy layer of thickness 10 nm and a
Co24Crd4wW alloy layer of thickness 3 nm.
[0090] (Example 4)

Except for the fact that a glass substrate of diameter €5

mm (Hoya Corp. no. N5) was used as the nonmagnetic substrate
101, the fact that the film thickness of the Ru single layer
104 between the first soft magnetic underlayer 103a and the
second soft magnetic underlayer 103b was 0.25 nm, the fact
that the thickness of the pre-seed layer 106 was 3 nm, and the
fact that the material and film thickness of the first
nonmagnetic intermediate layer 108 were both changed as shown
in Table 7, magnetic recording media similar to that of

Example 1 was fabricated.
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ai dwex2 P-S aidul ex2 Exanple 5-5 [Exanple 5-6 L-S ai dnexa Exanple 5-8 6-S

ai dul ex2 Or-S aldulex2 [0097] (Eval uation Test 3) El ectromagnetic
transduci ng characteristics of the magnetic recording nedia obtained in
Exanpl e 5 were eval uated by M-Spi SNR, SqgSNR, Squash, and ROWsimlarly to the
Eval uati onobest] 1, atvalu=adical Tpesi tion of 29.0 nm under conditions, at

maxi mum of a linear recording density of approximtely 2000 kfci and a track
pitch of 400 kEpkctResudres iar e rshevwncimg Tablme ct@randiecn & g.hel0 and Fig. 11.
The ROW val ue nmeasured when a signal with a linear recording density of 926
kfci was ovemnwtitt enchbydasingnak mbthilaedliiﬁeérxameéer di ngrdensiltptefl 123 kf ci
was used. [0098] As shown in Fig. 10 and Fig. it was confirned that

Exanpl es 31 WEEP5SHD, af 42 HEd §ﬁﬁ?§hao%@ﬁy¥< ééﬂ‘rléﬁﬁéﬁew cthe ansduci ng
characteristics. [0099 TabI e 10 RQ/\% MESpi SNR&dB% quSNR(dB) Squash
Exanpl e 5-E7234381871T98%5 1o 6 ExARDE P96y 732207 STVBENpIe 5-3 32.8 8.3
0.1073Exar(§ple5426277

1tions, at maxzimum, of a linear recording density of
approximately 2000 kfci and a track pitch of 400 ktpi.
Results are shown in Table 8 and in Fig. 8 and Fig. 9. The
ROW value measured when a signal with a linear recording
density of 997 kfci was overwritten by a signal with a linear
recording density of 133 kfci was used.
[0093] As shown in Fig. 8 and Fig. 9, it was confirmed that
Examples 4-1 to 4-4 all had satisfactory electromagnetic

transducing characteristics.

[0094] Table 8

ROW (-dB) | MFSpiSNR (dB) | SgqzSNR (dB) | Squash
Example 4-1 41.0 10.09 6.48 0.57
Example 4-2 34.4 9.68 7.28 0.65
Example 4-3 41.7 9.75 5.99 0.56
Example 4-4 36.9 9.43 7.08 0.66
[0095] (Example 5)

Except for the fact that a glass substrate of diameter 65 mm
was used as the nonmagnetic substrate 101, the fact that the
film thickness of the Ru single layer 104 between the first
soft magnetic underlayer 103a and the second soft magnetic
underlayer 103b was 0.25 nm, the fact that the thickness of
the pre-seed layer 106 was 3 nm, and the fact that the

material and film thickness of the first nonmagnetic
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7.6 0.81 Exanple 5-5 30.4 8.4 8.1 0.77 Exanple 5-6 22.8 7.2 7.2 0.84 Exanple
5-7 30.4 8.6 8.3 0.75 Exanple 5-8 22.1 7.4 7.3 0.84 Exanple 5-9 32.1 8.0 7.7
0.75 Exanple 5-10 26.3 7.3 7.2 0.82 [0100] (Exanple 6) Except for the
fact that a glass substrate of diameter 65 nm was used as the nonmagneti c.
substrat e il3krrtheataciafhatiost herki botit hilcknesss aef shben Rih siangke ol ayer 104
between the first soft magnetic underl ayer 103a and the second soft magnetic
under | ayemab@dh iwase 8o 25i mymmetdie Baoildhato tthett hifcknesslofl the pre-seed | ayer
106 was S nm and the fact that the material and filmthickness of the first
nonmagnet ifabimcetrddi ate | ayer 108 were both changed as shown in Table 11,
magnetic recording nedia simlar to that of Exanple 1 was fabricated. a, ycr
a
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in.0 PC.)CO 03-1-47?H '44-)"0W-1 7CDPP+ CCOa)a,- a,cn0>c,a, Praa)rar-ie 05

6'S ES6'S Es69EG6'S 6'S coad.-. --1IM-p-Hecs 0'00 Ca,-4 "2'4N%, O
S5WW- 0C43> E a)c)erde coe-Hi- |. |I. a) 04-) -Hco
[0097] (Evaluation Test 3)

Electromagnetic transducing characteristics of the
magnetic recording media obtained in Example 5 were evaluated
by MFSpiSNR, SqgzSNR, Squash, and ROW similarly to the
Evaluation Test 1, at a radial position of 29.0 mm, under
conditions, at maximum, of a linear recording density of
approximately 2000 kfci and a track pitch of 400 ktpi.

Results are shown in Table 10 and in Fig. 10 and Fig. 11. The
ROW value measured when a signal with a linear recording
density of 926 kfci was overwritten by a signal with a linear
recording density of 123 kfci was used.

[0098] As shown in Fig. 10 and Fig. 11, it was confirmed
that Examples 5-1 to 5-10 all had satisfactory electromagnetic

transducing characteristics.

[0099] Table 10
ROW (-=dB) MEFSpiSNR (dB) SgzSNR (dB) Squash

Example 5-1 34.9 8.1 7.5 0.69
Example 5-2 26.9 7.3 7.2 0.81
Example 5-3 32.8 8.3 8.1 0.73
Example 5-4 26.2 7.7 7.6 0.81
Example 5-5 30.4 8.4 8.1 0.77
Example 5-6 22.8 7.2 7.2 0.84
Example 5-7 30.4 8.6 8.3 0.75
Example 5-8 22.1 7.4 7.3 0.84
Example 5-9 32.1 8.0 7.7 0.75
Example 5-10 26.3 7.3 7.2 0.82

[0100] (Example ©)
Except for the fact that a glass substrate of diameter €5

mm was used as the nonmagnetic substrate 101, the fact that
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01-HOC. 1 40C--1-i ngra413001 00 MPI USTJOOTOO Col OCrl 5Ru5W MSM ST. 700- 100

MSTI 1ST130T00 MSTI LTSTaDoToo MSM S1335103 1135 103 MSTI NSTJOSTop

MANUSLI OS5 Pi1Q0th@}Prdss Bf the Ru single layer 104 between the

first soft magnetic underlayer 103a and the second soft
magnetic underlayer 103b was 0.25 nm, the fact that the
thickness of the pre-seed layer 106 was ¢ nm, and the fact
that the material and film thickness of the first nonmagnetic
intermediate layer 108 were both changed as shown in Table 11,

magnetic recording media similar to that of Example 1 was

fabricated.
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3.4 a, 0> -.-1RI-5 43.0G6Wsi- -Pg0 40ls "OmCa,C0 0)5 SZ SZ SZ SE SE Sz
sz S SZ Exanple 6-1 Exanple 6-2 Exanple 6-3 Exanple 6-4 Exanple 6-5 Exanpl e
6-6 Exanple 6-7 Exanple 6-8 6-9 oTcluxex2 1 Exanple 6-10 [0102] The

el ectromagneti c transduci ng characteristics of the fabricated magnetic

recordi ng madica wer ehevaldiatrethaynder c condiddwensigscnklart4:0 dese ofor Exanpl e
5. Results are shown in Table 12 and in Fig. 12 and Fig. 13. As shown in Fig.
12 and Fi g:hel3abict cwasd confriatied rehatdbBxamplds 6etet evftidr<al lunhad
satisfactory el ectromagnetic transducing characteristics. Further, as the
first nonmagnétiionsnseniedi dtce thayer fA0&;zaigilieg Sa CB4530r<l5R¥5Whalhoy fil m of
thickness 6 nmresulted in nore satisfactory characteristics than a

Col OCr | 5RuBW a6y 1£i #d of? tthidckAeéssn® v - [{0103]Tabhe1 2Dt - ROW( - dB)

MESpi SNRB) | .
nd Fig. 13, it was confirmed that Examples 6-1 to 6-10 all

had satisfactory electromagnetic transducing characteristics.
Further, as the first nonmagnetic intermediate layer 108,
using a Col5Crl5RubW alloy film of thickness 6 nm resulted in
more satisfactory characteristics than a ColOCrl5RubW alloy

film of thickness 6 nm.

[0103] Table 12

Disk ROW (-dB) MFSpiSNR (dB) SqzSNR (dB) | Squash
Example 6-1 28.1 8.7 8.0 0.66
Example 6-2 21.6 7.5 7.1 0.73
Example 6-3 27.4 8.7 8.3 0.69
Example 6-4 20.8 7.5 7.5 0.79
Example 6-5 26.4 8.4 8.1 0.71
Example 6-6 19.8 7.4 7.4 0.79
Example 6-7 26.8 8.8 8.3 0.¢68
Example 6-8 20.6 7.8 7.7 0.78
Example 6-9 25.4 8.6 8.1 0.67
Example 6-10 | 18.7 7.3 7.3 0.80
[0104] (Example 7)

Except for using a CoTi layer as the pre-seed layer 106,
a method similar to Example 1 was used, to fabricate a
measurement sample for XRD crystal structure analysis by
forming, in order on a nonmagnetic substrate 101 comprising an
Al substrate of diameter 95 mm, a adhesive layer 102, first

soft magnetic underlayer 103a, Ru layer 104, second soft
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SgxSNR(dR) Squash Exanple 6-1 28.1 8.7 8.0 0.66 Exanple 6-2 21.6 7.5 7.1 0.73
Exanple 6-3 27.4 8.7 8 0.69 Exanple 6-4 20.8 7.5 7'.5 0.79 Exanple 6-5 26.4
8.4 8.1 0.71 Exanple 6-6 19.8 7.4 7.4 0.79 Exanple 6-7 26.8 8.8 8.3 0.68
Exanple 6-8 20.6 7.8 7.7

magnetic underlayer 103b, pre-seed layer 106, seed layer 107,
first nonmagnetic intermediate layer 108, Ru single layer,
second nonmagnetic intermediate layer 109, and first magnetic
recording layer 110a, and then forming thereupon a protective
layer 114.

[0105] (Comparative Example 2)

Except for the fact that a Co25Cr5Mo5RubMn alloy was used
in the first nonmagnetic intermediate layer 108, a measurement
sample for XRD crystal structure analysis similar to that of
Example 7 was fabricated.

[0106] (Evaluation Test 4)

An X-ray diffraction apparatus (Rint-Ultima III
manufactured by Rigaku Corp.) was used to perform XRD crystal
structure analyses of the measurement samples fabricated in
Example 7 and Comparative Example 2. Table 13 shows the layer
configurations and XRD crystal structure analysis results.
Compared with Comparative Example 2 in which the
Co25Cr5Mo5RuSMn alloy was used in the first nonmagnetic
intermediate layer 108, Example 7, which used the Co25Cr5Rubw
alloy film in the first nonmagnetic intermediate layer 108

showed tendencies for reduced half-mazimum width (FWHM) at
42.2° and 42.6°, corresponding to the hcp (002) plane of the

sample, so that the ¢ axis orientation was satisfactory.
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0.78 Exanple 6-9 25.4 8.5 8.1 0.67 Exanple 6-10 19.7 7.3 7.3 0.80
[ 0104] (Exanpl e 7)
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Conpar ati ve Co25Cr 5RuS5Mc5vn 12 3. 029 3.027 Exanple 4 EXPLANATI ON OF

REFERENCE NUMERALS [ 0108] 101 Nonmagneti c substrate 103 Soft nmagnetic

under | ayer 106 Pre-seed | aver 107 Seed | ayer 108 First nonmagnetic

internedi ate | aver 109 Second nonmagnetic internediate |aver 110 Magnetic

recording |layer 114 Protective |layer ciibmkubricating laver CLAIMS. 1. A

per pendi cul ar magnetic recordi ng medi um conprising a first nonmagnetic

i nt ernedi dt.e | ayerrpandecond mengmaghnet iecdmtienmediatie ¢ayerisiandaa magneti c

recording |layer stacked in the order on a nonmagneti c substrate, wherein

the first fomragnenienenterimgdicacdipayeraisr f or medofid ompranaCo@tReTi i al | oy, and

t he second nonmagnetic internmediate |ayer is formed froman Ru-base alloy. 2.

The per perﬂdit@lﬂ“&glﬁﬁ%nﬁﬁf%rrr EE6r di Ry et uhcacEaraPng? Yor AtashcPL1twherein t he

CoCrRuWal l oy has a Cr content of 14.5 at or higher and 25.5 atg or |ower, a

Ru cont entt6f 94957 apR: @ gtOTRIAgHEF Tand 205 & or | ower, and a Wcontent of 4.5

ati or higher agd 8.5 and that. t he rgma' nder thereof is Co. 3.
"R

t |
The per pendi cul 8 ErBnetT ¢ retordliG? Nedt ur eeBFar Ab t 5+ I L, wher ei n i he

magnet i ¢ reqQrdi pgc) ayatod neliides g SLANUAr SLLUGE UGy, i iThe per pendi cul ar
magneti ¢ recordi ng nmedi um accordi ng’ to alm f, erein the Tilmthickness of
the first nennagnetic infernediate hayes, s am3.t014, nm 7. A method of
manuf acturi ng a perpendicul ar magnetic recordi ng nmedi um t he net hod
conprising a strgp pErsiacking:r kAgREHer QA NARMRGALHH Casubstinat ec a first
nonmagnetic internediate | ayer, a second nonmagnetic internediate |ayer, and a
magneti ¢ r@caidiinghtayef ,the CoCrPhRr €l hend iar st nentagnetd a4.nt eenedi at e

| ayer being formed froma CoCrRuWall oy, and the second nonmagnetic

i nt er medi atre hliayer bed ngp fooraned ofr oowvan, RU-Hhasenakhoyof 6.5 Ee manuf act uri ng
met hod according to Claim5, wherein the CoCrRuWalloy has a Cr content of

14. 5 at % dridhieghendah@d. 2315 atr%lorvekowerd aa "Reoooatentf of . 4.28 “at@ or hi gher
and 20.5 at6 or lower, and a Wcontent of 4.5 at or higher and 8.5 at % or

| ower, and'ihat £RE feneinder tthereofaid Wt the ThEea hadrif ddtedeiPnglfret hod
according to Caim5, wherein the magnetic recording |ayer includes a granul ar
structure.“©-

3. The perpendicular magnetic recording medium according to
Claim 1,wherein the magnetic recording layer includes a
granular structure.
4. The perpendicular magnetic recording medium according to
Claim 1,wherein the film thickness of the first nonmagnetic
intermediate layer is from 5 to 14 nm.
5. A method of manufacturing a perpendicular magnetic
recording medium,

the method comprising a step of stacking, in order on a
nonmagnetic substrate, a first nonmagnetic intermediate layer,
a second nonmagnetic intermediate layer, and a magnetic

recording layer,
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wherein the first nonmagnetic intermediate layer being
formed from a CoCrRuW alloy, and the second nonmagnetic
intermediate layer being formed from an Ru-base alloy.
6. The manufacturing method according to Claim 5, wherein
the CoCrRuW alloy has a Cr content of 14.5 at® or higher and
25.5 at® or lower, a Ru content of 4.5 at® or higher and 20.5
at% or lower, and a W content of 4.5 at® or higher and 8.5 at®
or lower, and that the remainder thereof is Co.
7. The manufacturing method according to Claim 5, wherein

the magnetic recording layer includes a granular structure.
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