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 nmedi um capabl e of hi gh-density nagnetic
recording to be nounted on hard disk drives used as external storage

devi ces for conputers, audio and video equi prment, and simlar. BACKGROUND
ART [0002]In recent years, nmagnettféddrPli ng nedi a used in hard disk
drives (HDDs) have used a perpendi cul ar magnetic recording nethod as a
techni que to reeadPEreI VAR dROSET I @SRECURIAYAEE I e coDdiDTHOTASEt he | ayer
configuration thereof, for exanple an underl aver, a magnetic recording

| aver, a protective film andNUFgairdRINbrisglating filmare stacked, in
order, on a nonmagnetic substrate. In a perpendicular magnetic recording
nmet hod, there is the advantage that at recorded bits recorded in the

per pendi cul ar magnetic recordi ng nedium due to the effect of the

demagneti zing field of adjacent recorded_ hits, the higher the recording
density the nore stable is the i it £§he resi dual magnetization. As
a result, a perpendicular magnetic recording nediumw th excellent, thernal
stability[Egﬁlbe r é4Fi R S T00O3FVat TbUS REERoHS ¥ dFTPEFtHet 9 ai sing t he
recordi ng densigy of QgrgendiculaE q&gnetig éecording medi a nge been

studi ed. FoF examgi-6  in" % et hBd usind WAt @i ¢ cai'r el a ik 1 ayer

per pendi culac. magneLl¢ Leconding ged 4m. 3, medi um.hauleg,2 saklk.ragnetic
under| ayer between the underlayer and the sSubstrate is used. In a

dual - I ayer pgrpendincul-aramagneti¢.recondiing Aedi umeatbheisaoft Hmgnetic
under | ayer steeply draws in the magnetic field generated by the nmagnetic
head, so thatity hegmaghetia-drdehd gs ath entinksd séralHaer, dand dheeef f ect of
recorded signal spreading is reduced (see for exanple Non-patent Reference
| and si nmukad)as [€G0041kh addiaicondsvireorfder ctiopktealsi-zeudtd [dnchi gher
recording densities for perpendicular magnetic recording nmedia, finer
magnetic EFYSP a19GPEFAS; 3Hpriavedaf sol ati on of suc grains, and reduction of
the orientation dispersion A050 of the ¢ axis which is the axis of easy
magneti zation of the magnetic |aver, are being studied, and perpendi cul ar

magneti c recordi ng nedi a havingE%%%hgggﬁﬁqﬁgJ structures as described bel ow
e )

are bei ng proposed. [0005] For Reference | discloses a

per pendi cybas, ragneti ¢crecordiang nedipiicnebudinth Arsalt hBgNet ¢ _
under| ayer, orientation controlling underlayer the nmain conponents of which
are Ni Cr andd NIk anmdvhaviHigshheate€cusia ucburgsnandilarr eepidiing | ayer
conprising a perpendi cul ar magneti zation fil mhaving the hcp structure.

Furt her, PateniindRefehences b diesthoses tichataatz4 dasth dresetierent from anong
Fe, Al, Rh, Pd, Ag, Pt and Au is added to the orientation controlling

under | ayeRadapel ¢ Farcadavhmgietie anbiipheusiyasdriosf thhFeht t B Tmai n
conmponent is one elenent._anong Ta, Wand M is, used on the side below the

ori ent ati 6A° 8Nt rol FFAGT tihder| dyBro and that* ah oricefitatfon control Iing

i nt er medi : risi it he |l oy-.or Ti is_used between the
orientatig%ggénjrgiﬁggg’dﬁggglZié?l%n k?ﬁga?%%gr%ﬁﬁb SvgﬁééT%%ongurther,
Patent Refepence, 2 dhschoses ia mrgnetd< regording edium having at least a
under| ayer, orientation control |ayer, magnetic recording | aver and
protectivealayerc aRcarsubstitated, wiesei nst hee ofd-entrayeonhgonda ol | ayer has
a stacked structure having at |east a seed |ayer and an internedi ate | aver,
t he seed kaverddd bditsposedrat tthetsubsturandisnter ofaghheit nterareldnat e | ayer,
and noreover the seed |ayer has a Cu-Ti alloy |aver the main conponent of
which is @adipt idef Gpt et fifsclFosed-ichaemehestrtigrmédrat e aver has as the
main material at | east one anon and an all oy of these, and has the

Ru, . Re,
hcp strucfdr@seit ﬁe§ofﬁ??ﬁﬁﬁxﬂigE?o%§H“¥h§Peb9eiﬁﬁﬂﬁ“8iH@“Tﬁﬁ¥I2§$ers in the
internediate_|l {g%aQotEpcrE§%§ku§éith%kiggsg§gﬂf%gere§£;ég§$qe are
at tai ned. Fﬁﬁo%{ atent Reference di'scl osés”a perpeﬁalcuTar nmegneti c
recordi ng nmedi um having, in order on a nonmagnetic substrata an underl aver,
a magnetic recording laver, a protective laver, and a liquid lubricating
| aver, and which is characterized in tthat the underl aver incl udes
nonmagnetic N FeCr. It is also disclosed that an internediate |ayer
i ncl udi ng one anong the nonmagnetic materials CoCr, CoCrE., Ru, and Pd is
i ncl uded between the underl ayer and the nagnetic recording |ayer.
[ 0008] Pat ent Reference 4 discloses a perpendi cular magnetic recording
medi um having, in order on a nonmagnetic substrate, a soft magnetic
under | ayer, an internedi ate |ayer, a magnetic laver which is a CoCr based
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as possible fromwi thin the nmedium [0013] Patent Reference 1:Japanese
Pat ent Application Laid-open No.2006-34060 Patent Reference 2: Japanese

Pat ent pplication Laid-open No. 2010-44842 Pat ent Reference 3:
Japanese Patent Application Laid-open No. 2002-358617 Pat ent Ref erence
4: Japanese Patent Application Laid-open No. 2003-168207 Pat ent
Ref er ence

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



5: Japanese Patent Application Laid-open No. 2005-196098 Pat ent

Ref erence 6: Japanese Patent Application Laid-open No. 2006-277950

Pat ent Reference 7: Japanese Patent Application Laid-open No. 2008-84413
Pat ent Reference 0: Japanese Patent Publication

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 hcp 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



No. 4224804 Patent Reference 9: Japanese Transl ation of PCT Application No.
2010- 518536 [ 0014] Non-patent Reference 1: "Suichoku Jiki Kiroku no Saishin
G jutsu" (The |l atest technol ogy of perpendicul ar nagnetic recording), H
Nakarmura, ed., CMC Publishing (2007), pp. 127-131 [0015]In this way,
nuner ous techni ques have been proposed for raising the recording densities
of perpendicul ar magnetic recordi ng nedi a. However, the characteristics of
a perpendi cul ar nmagnetic recordi ng nmedi um depend on the conponents and
conposi ti §1PFCeacH tstacked |Gyerosand-lot PRelstackichgter derefand ot her
matters, and_in the techniques ﬁéogosed,in t he Prior art it cannot he said
t hat thesé“ﬁﬁf?ﬁF%CﬁFea%?Wg6§Fi YE NG Rehck TediCGnt chardétefi'sti cs have
merits and,degprily, Tnerefane ln [eeanl.years, e ¢ naye, been demands for
further inprovements to the characteristics perpenﬁlcu ar ‘magnetic
recording. pedi@nd QQ16L1n order to attain a high signal-noise ratio (SN
rati o) through increases in the signal output and decreases in the noise of
per pendi cybaos magneticent ecordicnge medi ias c 10kent atd :grendiispessi on in the
magneti c recording |layer nust he nade as snmall as possible. Further, in
order to medueelmaoieserimmgragnetinchaecar,diingonéel agn er ystad grgrtaicn di aneters
in the magnetic recording |aver nust he decreased. [0017] On the other hand,
the seed kayerradre i nt ephedictretiaverdtds vehe functticsnedtatontaysitling the
crystallinity, orientation, crystal grain dianeters and simlar of the
magnet i c Fe@%?ﬂ?ﬁéjﬂﬁyéF Florired St Aer Saboie S ant A ¢ KAdbwn" to af fect the
characterisg%cs of Ege ma ng&ic teco qi@g.layer. Hence in,order .t o decrease
f I‘t u 1Ccatl

TOteCkt1lvVe er a~ 1idgu . ng laver; and in .whic
crystal gPaln di'ameters o € magnetic recordl%gé?hyér material,

deCfea?'nghéhﬁmﬁk%ﬁkahagéﬁkﬂmgkéggéQ£%nb%uﬁQ§f§@ﬁQﬁh§¥eEiﬂﬁz'”ter”Ed'ate
| ayer is effective. [0018] However, when the filmthickness of the seed
layer or hayesimdilater! ayera insnheduerd,-sa rdeehidesddantihga gratstaal
orientation of the magnetic recording |ayer material and inhibition of
magneti c ilsptati ot ok magnetd clierystal tgrai nse cocuwrnedndtd tldysral so known
that the magnetic characteristics of the magnetic recording |ayer decline.
Hence in consideratinonl bby tivedadimay tel sleaist pre mefcessaryf 1@ e¢onwtgol t he
filmthickness of the seed | ayer or internediate |ayer while maintaining or
i mpr ovi ngTtheRftradiefi'e chatacter Fati'td o 't'he"hagnetic recordi ng | ayer.
DISCLCSU?EP§§9QHE IN¥EN§H§NEL%019]g@gﬁgﬂ%gegbéect ofdggglgresent i nvention

isto pr pefpendr il 'ar “Magnet§ ¢ TeE6r di iy edi tm't A" whi ch

orientatign,dispersi.ongif, the;nRIpetic Siecor ding dayer .is. £ educed and
crystal grain dianeters are nmade finer, while sinultaneously enabling
reducti onnefinidiediicd Bubbi ekness ofed heigeedahayeleandekNt ere@i-ate | ayer,
and consequently enabling reduction of noise and i nprovenent of perfornance
such as thecSNiirmat ilayer[ H02Q] lcnveonsy denatr, onhofe trhese majteris, the
inventors ascertaining that by stacking a plurality of nonmagnetic

i nt er medi acectdyer dagonprirmimgespecs fiwstmgealn attioys arehet§¢4ew t hi cknesses
of each can he nmade thinner than the filmthickness when a single |ayer is
used as t RBITAtET fedrat et i cranl & edrametler's TATERHE" magneti ¢
recording layer can be made finer wthout degrading the characteristics of
e magnefl e Feeo aAs Taydie AR Lhvelve i Motk tHe ol T ot g Featr o
[00211 A pgt peng Gul.ar 1 0RONELILC REFOTE N0 TR LM A, LRRCRI eset, Lavention
C.unprises, stac ed in order on a onmagneti c substrate, at |east a first
nonmagnet g Lnter medicat g1d1a%8r 1eassesandpagnagnet i ¢l niier nedi-ate | ayer,
and a magnetic recording layer, and is characterized in that the first
nonmagnet ¢ hadetr,medi ated) ayer thstfor med unoar B oCr RuW atdr@yle and nor eover
t he second nonmagnetic internediate |layer is forned froman Ru-base all oy.
[ 0022] I n tohea preigénthenbvantitomnctite i sucdesisr @bl e2t/hat, t Ae, COCr ReWbal | oy have
a C content of 14.5 at% or higher and 25.5 atk%or |lower, a Ru content of
4.5 atkk 6r™higherrand™20r 5 Yattdh ke | bitersrafbu e WEOntént  off4. 5dat % or

hi gher an% 8.§ a%k or | ower, aﬁd that.th% remai nder he Co. Further, the

film thi ckAess off vhe'tifst* Hohmaghet i ¢ Ater eti%te layer is 5 to 14 nm
and preferably 6 to 12 nm Further, it is desirable that the magnetic
recording | aver include a granular structure. [0023] The present invention
al so includes a nethod of manufacture dof such perpendi cul ar nagnetic
recording nmedia. [0024] The present invention provides a perpendicul ar
magneti c recordi ng nmediumin which noise is further reduced and perfornmance
such as the SN ratio and simlar is inproved, and which can realize

hi gh-density nagnetic recordi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0025]Fig. 1 is a schematic cross-sectional view show ng the |ayer
configuration of a perpendi cul ar magnetic recordi ng nmedi um of the present
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Conparative Exanple 1; Fig. 5 plots Squash values versus RUN in Exanple 2
and Conparative Exanple 1; Fig. C plots Mespi SNR val ues versus RONin
Exanpl e 3 and Conparative Exanple 1; Fig. 7 plots Squash val ues versus Rg7R
in Exanple 3 and Conparative Exanple 1; Fig. 0 plots M-spi SNR val ues versus
ROWin Exanple 4 and Conparative Exanple 1; Fig. 9 plots Squash val ues
versus ROVin Exanple 4 and Conparative Exanple 1; Fig. 10 plots M-spi SNR
val ues versus ROWVin Exanple 5; Fig. 11 plots Squash val ues versus RCN in
Exanpl e 5;00FP . 1735kt SRVESFINSRR valifee seer 3uss IROW LA Eanpl e 6; and Fi g.
13 plots Squash, val ues versus P.C J in Exanple 6. EgR CARRYI NG QUT THE
| NVENTI ONV 80261 Be1°6wF &b i et SOBF - tHE I nvent'i6h *dr 8Z€xpI4i Aled. The
embodi ment.s, described, pel ow are merely. exapl es,oh Lhe igyention, and
various design modi fications ‘'can be nade as appropriraté by a person skilled
in the art,[00Z7]:FiQ. 11,15 & GLOSSe sectiQnal, yiew show,ng &, per pendi cul ar
magneti c recordi ng nediumof the invention. The perpendicul ar nagnetic
recor di ngamedy umsefr,t hepidentivenlzpsi, sesd hnlofder 1anracyaommpgnet i c
substrate 101, a soft magnetic underlayer 103, first nonnmagnetic

i nt er nedi ateet ayerd ¥08resecdnrd maonaagnetave ri nbtreymiedisategtayerart09, and
magneti c recording |ayer 110. A perpendi cul ar magnetic recordi ng nmedi um of
thi s i nveatrontingy fToper meddnethaveéaybetangen thedsoftlapaghetitciaender | ayer 103

and first nonmagnetic internediate |ayer 100, a pre-seed |layer 106 and seed
| ayer 1075°898"% SERCEYS . EhrthetlSCadparpeifdi ¢hrar thagnetic recording

medi um of .the i nvention may optionally have.a protectiye |ayer 114 forned
on t he. mmaRGETE Latsr ARG, TBr 170 di g aberh b ot Sg Syer 118

formed onythe,prategtive: layer 114, . as,1shown, i, Fig: o1 1£0020]) (Nonmagnet i c
Substrate) The nonmagnetic substraté 101 used in the invention is a

nonmagnet et Aeneng var i ous substrates which can withstand the conditions
(sol vent, tenperature and simlar) used in formation of the various |ayers,
descri bed [belbw, amdtthe Bufrfracecof dwhicdhses film@tgnecan becwuseog
Specifically, substrates conprising an Al alloy with NIP plating,

rei nf or cetteglassiavingst al |4 Zedsgrass, sisloif¢onademid corteer hatseri al s, can be
used. [0029%It iscﬂreferable that the nonmagnetic substrate 101 be cl eaned

prior to foraf niFthe2dther Constitherit Grérent ST 1092 0°115. d eani ng can be
per f or med gnggla sc&ubbinqxgﬁghod ggqhg%i g.a b@g%hmgrnggggge, a

hi gh- presStre" Vatrer” sprayi ng Hefhod “ a nefgoﬁe57 I'mersion i n an al kal i ne

detergent, or, $i g hat. After per o rraﬂgst%he@m&gcat&loagcgn@lsdeur{%ghods,
irradiation with ultraviolet rays can further he performed. [0030]A

adhesi ve hayer 10Zmmydberaptinonabby pravidded on thernensegnetie substrate
101 of this invention. The adhesive |laver 102 is used in order to heighten
t he adhesifvenessorhetiweere t hr,sofif RBgMet,i edunder lzayerul®3d fzor.med t her eupon
and the nonmagnetic substrate 101. As the material of the adhesive |aver
102, a Cr Tetalt deferesimi § atiscdpsanot herthwdt ef irs nwliaklkugeodt adhesi venes
with the glass or other substrate material can be used. [0031] (Soft
Magneti c DRARPTEYRYRT madne ke repPt d g Aeri B urdstl ay8r 193G 6Fmed on

t he nonma ngtic substrate %91 orbtge_@dhe iYe I@ver 122kland is a

consti t uent et ement "WAI'CH Servés to Secufe an”adequate”™ =" “

per pendi c -di an. ic fi S reyent eadi ng of
magneti c H%gieggag%%?gglgfgﬁgkﬁé %ﬁgﬁg¥¥%qﬁgaﬁ%§?pa%ﬁegt%%ﬁpgﬁ i nformation
recordi ngiuhsithe materi alhofeithe sofd nmagnetihcounderhayere 103, an Ni

all oy, Fe alloy, of all oy can be used. In particular, by using anorphous
CoZr Nh. , GeHaZryi CaFadr NbloyCdakeZnNbh e CaoleNi e N, « 1CoFe TaZiN r 1GgEe TaZr ,
CoFeZrlaliNb., FeColaB or simlar, satisfactory el ectromagnetic transducing
char act er kstpessigan Rbecobtraiaiédy [00B2]iTheasoftasmmdmetiich mdérilayer 103 can
al so be forned as a single-layer filmhaving a specific conposition.
Further, FfHREIsdt¥*lmagheti RumdeFPayefiBr03uePCEhi % isniéhtt on ffaySbe a
stacked filmin ich a plyrali of magnetic filns are ferromagnetically
or ot 1t of PORRGnGPEEAPFsT il GHY SR Rt L FE Ty Ar 5 at B etor dod | o

t he magnetic recording |layer 110 is stabilized and noreover the

magneti zation intensity |eaking fromthe nmediumsurface is increased, so
that noise in the recording nediumisSeduced as a result. It is preferable
that the soft magnetic underlaver 103 include a | ower soft nagnetic

under| ayer 103a and an upper soft magnetic underlayer 103b. [0033] The
design of the total filmthickness of the |lower soft nagnetic underl aver
103a and upper soft magnetic underlayer 103b can be nodified according to
the structure and/or characteristics of the magnetic head used in

i nformation recordi ng, but when productivity is considered, a film
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under| ayer 103 include, between the | ower soft nagnetic underlayer 103a and
t he upper soft magnetic. underlayer 103b, a Ru | aver 104 which severs the
RKKY coupl i ng between the soft nagnetic underlayers. The Ru layer 104 is
used for the purpose of inducing an antiferromagnetic coupling between the
| ower and upper soft magnetic. underlayers. Further, in place of the Ru

| aver 104, a nonmagnetic alloy the main conponent of which is Cr, Cu,or
simlar may be used. [0035](Pre-seed Laver and Seed Laver) In the

i nvent i onaof CI ke Present capplireat i oh, Ly spr et seledl dyer ROG dildsseéd | ayer
107, or a seed |ayer 107 alone, r optionally be fornmed on the soft

magnet i c 6n8%$1f%1i/€ﬁlfé3ba%€“proég§%e Traver 81%26 °Suf tablfy9eont rsl §tt he

orientati and .gr ai 'gpeters in the seed | ayer 107 forned in contact
with the EESeggﬁgh%Ogggé é%ﬁi/'er 107 is a constituent elenment which is

positionedoso, s tousuhtably.contnolpiihe orientation and-grain diameters in
the first nonmagnetic internediate | ayer 100 forned thereupon, suitably
control therpsi@ntati-ronagnet igr akbo dil &t ters uinitdieicsegonds onmagaet i ¢
intermedi ate layer 109 as well, and as a result suitably realize a

favor abl eipeipéndi cubaphori €nt ati onnecheftavof abl el igrvaunder spetrers in the
magnetic recording |laver 110. [0036] As the material of the pre-seed | aver
106, an abheyudnd Atepnet’dl |4 ¢oevapotiid éfrTardaLavprorndiailar in the

anor phous state, which ezhibits broad diffraction lines in XRD and simlar

and does MB¥ have ‘dYEhar dtt etitSEr ettty strafust rubt it e 2 ¥eant hel ikt ds [ 0037] As
the material of the seed |ayer, 107 n. Ni - bas | 1.0y .having the fcc
Structure an He USeds it Kar. 2 hi el ngt Bl r fet afs SoT Nini oh M, Ti,
Ta, Wand gipilanareckepesentat iye, Jmybe,added o the seed Jayer 107.
[0038] No particular limtations are inposed on the filmthicknesses of the
pre-seed haygssdilbandosepdHiayerhe 144180 |ong as the orientation and grain
di aneters of the laver formed thereupon can be controlled; however,
respectiveofidm t hiteknessesteofentet 2: )T20nrAEand:<htt @p8lbcamcar e preferabl e.

Still nore preferable are a filmthickness for the pre-seed lave/ 106 of 1
to 9.5 nmtahd @9 Nm-t AP ekneds$0f or the seed | aver 107 of 3.5 to 6.5 nm
[ 0039] (Nonmagnetic I nternedi ate Layer) nonmagneti c i nternedi ate

y A non .
| aver used?Fna"t HETFresent i nVeAtron T HE idesPa 1 r sy hanregiraét e
internedig%golgﬁgb 108 conprising a material conprising a CoORuW al | oy,
and a second nonnagnetic internediate | ayer 109 conprising a Ru-base all oy.
The nonmagnet ¢ dditernediat e layer.is,a,constituant, ekement, haying a
function of controlling the crystallinity, orientation, crystal grain
di anet er syand-siggilyar of the magnetic recording |ayer 110 forned thereupon.
Hence in order to reduce the crystal grain dianeters of the nmagnetic
recor di ngrhayetr RrEteehat, 4 r etdpennge t hecgrryspal i gridion deatetens Nof t he
nonmagnetic internmediate laver is effective. [0040]On the other hand, it is
known t hatOWhehr@d¥e filmthi ckness of the internediate | ayer is decreased
in order to reduce the crystal grain dianeters in the nonmagnetic
i nt er nedi AFESTaVELCratES tOF rledaesEs cry/stal ABP T et @t ok 6f " t1E Agneti c
recordingZF8¥§{%%ﬁ%erial, the magnetic characteristics of the magnetic
recordi ng l'ayer decline. In consideration of this fact, in addition to
sinply redyclng é&%éhk?‘éh'ﬁﬁaﬁ%e ofdhe Qggi'?&@to'ncmg&%%%d'n@?e layer,
it is necessary to sinultaneously maintain I nprove the magnetic
characteripsticsyofsct he magnetic recording |ayer 110. [0041] This invention
can provi de the advantageous results, by stacking a plurality of
nonmagnet et ¢t erdredicate 1 ayripsnest | qrdnsi Agp spediifdnc Laetabpaal oys, of
reduci ng the respective filmthicknesses conpared with a case in which a
singl e RuZPaye¥44ls used as the nonnagnetic intermnedi ate | ayer, and of
maki ng finer the magnetic recording |layer grain dianeters wthout degrading
t he char abeeristhisde 6t he' magRetfre ?%ﬁﬁ@ﬁd%ﬁ@l+%ﬁﬁﬁonlﬁe: fO04911t i s
preferable that the total filmthickness of the first nonmagnetic
internedi ate | ayer 100 and the second nonmagnetic internedi ate |ayer 109 he
from10 to 30 nm By neking the total filmthickness 10 rimor greater,
satisfactory crystallinity is obtained and superior orientation can be
realized in both the first nonmagneti ¢ i nternedi ate | ayer 108 and the
second nonmagnetic internediate | ayer 100. Hence superior orientation and
superior crystal grain isolation is also obtained in the magnetic recordi ng
| ayer 110 positioned above the first nonmagnetic internediate | ayer 108
and second nonnagnetic internediate |ayer 109. [0043] Further, by nmaking the
total filmthickness of the first nonmagnetic internedi ate | aver 108 and
second nonmagnetic internediate |ayer 109 30 nmor |ess, excessive
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[ 0050] As the Co-base alloy formng the ferromagnetic crystal grains,
CoPt - base alloys, and simlar, such as CoPtCr, CoPt, CoPtSi, and CoPtCrE,
and CoCr-base alloys such as CoCr, CoCrTa, CoCrTaPt, and simlar. O these,
CoPt - base alloys are preferable in that the magnetic ani sotropy energy (Ku)
can be set high. [0051] As the oxide form ng the nonmagnetic crystal grains,
Si 02, Cr203, Zr02, Al 201/2 and simlar, which are highly capabl e of
magnetically isolating the ferromagnetic crystal grains of the

above- deséribed co-Ba8ecall oynanmay beaused.loAnBAgPthesel1SreRoexii bit s
superi or Bﬁrgp%gﬁg%e in magnetically isolating ferromagnetic crystal grains
conpri sed § t ove-descri bed Cc-base alloys, and so is preferable.

[ 0052] Fur t her ]theg%%gggér& re¢arding 1';ayv%(li%%&-ﬁ%’ifp;'?%ﬂé&er a single
me [ |

| ayer, or a stacke er conprising a plurality o ayers (ﬁbt shown). It
i s preferabke,ihal;sthe,ma hereecordimgibayers 110 baqa-stacked menber
formed froma plurality of layers, including a plurality of nmagnetic

recor di ngnhaveris: He0093]hd) ome erbadirEntd.| nca magnethend ecarndi ng medi um
of the invention of the present application, an exchange coupling force
controllipg.la%eri3lll may be provi ded between a magnetic recording | aver
and a magnetic recording |ayer. The exchange coupling force controlling
layer 111 [P8lptovi dedtbet vicen avffrgits dgreahul drewdgivet Pect ecorrdisng | aver
110a and a second granul ar magnetic recording |ayer 110b, and by weakeni ng
the exchahge tbupling enet gy S reduces tie dénegietiZirng>f iAW th hardly
any degr adatl on of (Lhermal, Stabilily, and.iuproves.the write
characterlsflcs.gTaﬁ ifAs}Fhe mat eri al of the exdhange coupling force

Conj[ rolli Bgr}L@ﬁ/c?ircul{%%’ m etaL&CQeCBPQng Ne@iuﬁrdééé’ndl an MRy be _used' The
optimal filmthickness of the exchange coupling force controlling layer 111
di ffers depgpéidigoantiheom@iariiah dsedthcrbutatked s pref enable tdhat the film
t hi ckness be in the range 0.07 to 0.8 rim Wen the filmthickness is

t hi nner thaacBiQy crert het eothsrf eat onegnendcicoup itrghbétween the first
granul ar magnetic recording |laver 110a and the second granul ar magnetic
recor di ngPrayeyed i0b thaner Wi e tchratrarti 5ei esidartdadeghatediathen the film
t hi ckness is thicker than 0.8 nm nagnetic coupling between the first
granul ar Aagnett CHeESFET ng 1cayEr c1 104 Afd Ot e Se€ddnid 1§ amtif%ar  nagneti ¢
recording layer 110b is conpletely_severed, so that thermal stability is
degraded.mfﬁ%%%ffﬁi%ﬁgeéﬁ%%diﬁ%ﬁf%f%f%é¥béﬁa?%ﬁl%?”ﬁhén%f?éu?gbording

medi um of ,the present cLpvention mRy, befurther grovided w th.a nongranul ar
wagnetid recording |aver 110c (not shown). The nongranul ar nmagnetic

recor di ngokayerpditieuseeuiemexcebt entqidyr abhlity for the magnetic
recordi ng nedium and noreover is a constituent el enent positioned above

t he exchangelepupl itngotescecccantraodhla ng dhagesndl-indGrseaboves t ftel second
granul ar magnetic recording layer 110b, in order to suitably control the
magnet i ¢ echaracttériosthcsnofeasie ent iretsyigok 1t hetigrtanuHade megpretsi énr ecor di ng
| ayers 110a and 110b. Wen used as a constituent elenent in a perpendicul ar
magneti ¢ F88or eIy el ting "4 uile f pPefertall cthat i th&SAdAgr anul ar magneti ¢
recor di ng_LYSL A0 fave, & Stryclur el ackud! ng. Jefrorpanel i, ar yst
grains conprising a Co-base al oy, an onmaghetic Crys grains of a
met al not taini (0)'¢! Fonitrg f h r ar

magneti c ?gggr%%%gﬁ?éyé%q%%ﬁgbégh r%a |fg'sgﬁg$%%%fé§rg%&9?%;% g% t he
magnet i c Eﬁ?ﬂé%ié&c”%éb&'m% hleacki ng-Ca -at gus: el utedcErom t hgnonmagneti ¢
crystal grain boundaries of t.he first granular magnetic recording |ayer
110a and thensecondcgranud aravaagnett cod eeordingdl ayer 110b, and noreover
can control in a preferable state the nagnetic characteristics of the
entirety oPOthe fi st the anulcar haagdnetlic seedotdiqg drayereirOaadamd second
granul ar magnetic recording |ayer 110b. [0056] As the netal material formng
t he nonnagndtt d'ar feeaf ' yfldidt boéufdaries 6f the TotfgranttarY magnetic
recording |aver 110c, at |east one type anong Ta, Pt, B, Si, Nb, Cu and Ti
my b LSS S NG Y hEoks R SHRLD: ¢ S isatt O peltoraibe 19 magnet i cal |y
isolating ferromagnetic crystal grains conprising the above-described

Co- base alleys, and so is preferable. [0057] The filmthickness of the

nongr anul ar magnetic recording | aver 100 can be set to an arbitrary val ue
so long as the performance of the perpendicul ar recordi ng nedi um of the
present invention is not inhibited, but is preferably from1l nmto 5 nm
and still nore preferably from3 nmto 4 nm [005 2] Further, the magnetic
recording layer 110 of a perpendicul ar magnetic recordi ng nedi um of the
present invention can be formed by optionally conbining and stacking the
above-descri bed gran] alar nmagnetic recording |layers 110a and/or 110D,

A A A



[0065]First, a O Ti adhesive |layer 102 of thickness 13 nmwas fabricated on
the nonmagneti c substrate 101. Next, a first soft nmapnetic underlayer 103a
conprising FeCoillaB alloy of thickness 13 nm a Ra |layer 104 of thickness
1.2 cm and a second soft nagnetic. underlayer 103b conprising FeCoTal 3 of
thi ckness 12 urn, were forned in order, to form the soft magnetic
under | ayer 103. A pre-seed layer 106 conprising O Ti alloy and having an
anor phous structure was forned to a thickness of 9 urn, and a seed | ayer
107 conpr MSP Y- N FECPW! @l J20fF Twas ot g TEePave 1 mindk AES sk &our n,
[ 0066] Next, _a. first nonmagneti.c in%etrn'edi ate | ayer 106 s formed to a

r

t hi ckness®6f 12 iR &A%t He" diraye’ rtifo7es)ehtC SEUtEerfhg hetthoex usl ng. a
Co25Cr 5Ru5r Il oy targ t aki_n | _.of the.ato. f.erence,

conpri si ngegggaltr%oérd,%%@%t%%%,aSg g‘hﬁ\ﬁ/laﬁgg%ﬁeg%ﬁg%ﬁ e§§é§1:e simlarly

bel ow) , apdygeRU. siholqil@yel s forined heca-1hickngss.pfs@ nmto formthe
second nonmagnetic internedi ate | ayer 109. [ 0067] Next, on the second
nonmagnet geainteraedeateil ayer s109 were feor mete anddist DMaghetisc recordi ng

| aver 110a and a second magnetic recording |laver 11b, conprising Cc-base

al l oys, wetheatRwe.single |ayer as a coupling controlling layer 111

t her ebet ween, and on the second nagnetic recording |layer 110b was forned a
third magné?iel recderdengri avern thocteonprhiisingsa CoPheabtoy,laverf abri cat e
the magnetic recording laver 110. Specjfically, the first magnetic

recordi ngol’faiﬁé‘ferffﬁléagﬁdl%%%roﬁ& rBgHEtd ¢ % 886%0‘?‘?191” ayer 140 'wer e granul ar
magneti c recording, | ayers, Lhe third manetic recording.|ayer 110c was a
nongr anul ar magnejtl ¢ recordi rs?g lFaver, “and the {51 Mt hi cknesses of these
layers are,as,indicated.inTablie 1.+ {0068] Thereaft er. .a. CVD nethod was used
to forma carbon protective laver 114 of thickness 20 nmon the magnetic
recordi ngckavey ,arandtt hennasd wheigating thayehqdds of-hpes £ aora ipel yet her
was formed to a thickness of S nrn, to fabricate the magnetic recording
medi um  Pf-th® @lmEtl}O0re @xHiQg- LOG O @ Q1703 Her@R40n(a0OH 0 O, t

, - ACCD14H 440C00- 44-.-iCr,05,0 0.04-1MM g FOEOH.., _|I. '"DT L 6T 8 bT

8 'bT U P4opspig¥ation 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]
the layer
medium of
Fig. 2
Comparative
Fig. 3
Comparative
Fig. 4
Comparative
Fig. 5
Comparative
Fig. ©
Comparative
Fig. 7
Comparative
Fig. 8
Comparative
Fig. 9
Comparative
Fig.

Fig.

Fig.

BRIEF DESCRIPTION OF THE DRAWINGS

the present invention;

plots MFspiSNR values versus ROW in Exzample
Example 1;
plots Squash values versus ROW in Example 1
Example 1;
plots MFspiSNR values versus ROW in Example
Example 1;
plots Squash values versus ROW in Example 2
Example 1;
plots MFEspiSNR values versus ROW in Example
Example 1;
plots Squash values versus ROW in Example 3
Example 1;
plots MFspiSNR values versus ROW in Example
Example 1;
plots Squash values versus ROW in Example 4

Example 1;
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1 is a schematic cross-sectional view showing

configuration of a perpendicular magnetic recording

1 and

and

2 and

and

3 and

and

4 and

and

10 plots MFspiSNR values versus ROW in Example 5;

11 plots Squash values versus ROW in Example 5;



L CoCr MbRu/ CoCrWOo- .137?ct";E 40,-,-- 9 99 9 [,s3.- 006..CDO HO O O
CP.IIH-1- 06 06 DI DT 74 0- 3(>0.'gg 04 HH- 31 ZTZT ZT

1.4 O, - - d(OE 4-'H HOWi k?000)0 000 O CO00--E 92 SZ Sz Sz Exanpl e
1-1 8-T ebdurexa

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 layer
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



Conpar ati ve Exanple 1-1 Conparative Exanple 1-2 [0070] (Eval uation Test 1)
El ectromagneti c transduci ng characteristics of the nagnetic recordi ng nedia
obt ai ned were eval uated by MESpi SNR, SgzSHR, Squash, and RON Table 2 shows
the results of evaluations of the electromagnetic transducing
characteristics, at a radial position of 31.37 mm under conditions, at

maxi mum of a linear recording density of approximtely 2000 kfci and a
track pitch of 400 ktpi. [0071] MFSpi SNR is the SN ratio at one-half the

f r equency cefdt HeonfaxiF ALt Hec draPAg® FHequédc Sint b hivgher 1% he val ue, the

hi gher the densijt t which recording is possjible. At a linear recording
density o%oéﬁﬁ?ﬁﬁyﬁgtépﬁ‘Tﬁﬁ@uﬁfE?Ye%ﬁeC&ﬁbeb%éﬁFﬂgwreﬁ?% i on signa
out put (S d.t 0 ( Lvas negsured usi; spectral anal yzer,
and the vé gg maggbgﬁ%§+a?e lggfg%gtﬁ%ang$0mj§g g%hgg%g%( RI RSpi SNR = 20 x

l'oq( S/ Nt. )| 00721302 SNR 1 $i dhenr ati 9 of twli%hsﬂigﬂneglaQQBEptregi'nfro%@_@!jm ng in
the center track to the total noise (vff) when the cenfer track is witten,
and - Men anaadj acentatnackd sjigral & s1ef@asedndanthd:s ngikvenaby, tdae fol | owi ng
equation. SgeSNR = |l og(SL/Nt) [0073] Squash is the fraction of the signal
out put rebui nsery when, after witing to the center track, the adjacent
track signal has been Erased. [0074]ROWNis the ratio of the intensity of
the origi naP2¥kcor dédisigrrdlle o lehehithddwpretetyrigsedlsigrial LAt ensity
when a signal _recorded at high dens%%% is overwitten by a signal recorded

at | ow defi§i t§52 e PYaPte" ¢ €Ul MAg-tihéit "a " sFoali* With & fTHiear ‘recor di ng
dengi 1) of 108 ki & “Was" Fegduredy S 6078 Tabr a2 RN uE) VRS TSR dB)
SqZSIR(dBLm§9&ﬁ§QE% E%Qgﬁgh;%%onié;%a%ﬁg%—grg§aE&QQBk@r155&55&&% 14.0 13.0
0. 70 Conparative anple 1-1 27.4 13.3 12.

method, 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



0.76 Conparative Exanple 1-2 33.0 13.7 12.4 0.66 [007(Conparative Exanple
1) As the first nonmagnetic internediate |ayer ne, a two-layer film
of Co25Cr5Mb5Ru of thickness 10 nm and Co24Cr4W of thickness 3 nmwas used
to fabricate the nagnetic recording medium In addition to the material of
the first nonmagnetic internedi ate | aver 108, Conparative Exanple 1 was
different fromExanple 1 in that a FeCoZrTaTi Nb all oy was used as the
material of the first soft magnetic underlay r 103a and second soft
magneti c GhRderier/ & 103prmaHeNf FRAPIhiTckness bie théeprel seedicayer 106 was
14 nm and %he film.thi ckness of %) e first ﬂgnma netiﬁ i nternedi ate | ayer
108 was difffer&tit e HoweVeT: e &Ffect” OF fhes¥ diF Férénced other than the

macerial otibhe.fi st oonrmanetie, | nteredl abe, | Aar 100, o1 S%y,

el ectromagnetic trans racteristi in rnms of the'val ue of

HFSpi SNR tor.ihe sane -RONVcoverall widiin approgdmayely O:-JrdBy,, _
[ 0077] El ectromagnetic transduci ng characteristics of fabri cat ed magneti c

recor di ngceed: aravane, evataatred of ofm Cotmparati veaExanpkecdt ahis@nesiai larly to
Exanple 1. The results are shown in Table 2 and in Fig. 2 and Fig. 3.
Conpar ed wirthsQonpar athvecttanplies darl randbtaped.n Exanples 1- 1 and 1-2
using a Co25Cr5RuS5W al |l oy | aver of thickness 12 nmas the first nonmagnetic
i nt er medi aPe3t hyer T1e8s0t henavESHi SNR s 2appr 6%i ratreby 0. 4= dR1Hiegher for
the sane RON The SqzSNR and Squash were the sane val ues or higher, and

hi
resul ts for Exanpl’e Lovwer el hoh e Gat'Psfadtory than™Por Copar ngg%erExan’pl e
1. [0078] a e 2) . cept fo he fact that the soft nmagnetic
Qgéoqyabgmpnetlc %JQEf%QyﬁgcgE%ngggéfl1nventlon m%¥ q

i nder| aver ormed froma oy, the fa “hat the film

thiCknesss@éc%@?18Hm$&ﬂgw@hh@%e§l&9§1£@§%@eﬂagﬁgj&i&§Em§ogﬁenagnetic
under| ayer 103a and the second soft nmagnetic underlayer 103h was 0.4 nm

and the faetrihadndcheamat eri alhrandrfidapdeRieknessebithe fidist-haennagneti c
internedi ate | aver 108 were each changed as shown in Table 3, nagnetic
recor di ngthedhagrsitmizbat ot orddvatieof i Ex@anpe gite wer erfcabriicat BdierTheo

el ectromagnetic transduci ng characteristics of the fabricated magnetic

r ecor di nglAedid Weredevad uated vsi nt harapned i Bxaipl e ntenThey rlesdling are
shown in Table 4 and . in Fig. 4 and Fig. 5. 0 ,. |--,,-1 0 4-PI|-,0.- 0>14
kraG 0Z 63°93thrgdivg PRty GG ULE3 0010 r &06yE- 1" (P

recording medium is reduced as a result. It is preferable
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 i1s 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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[0040] 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 lavyers
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 109.

[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 ¢ 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

17
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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, and that the remainder be Co.

[004¢] 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; 1in 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)

18
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Exampl e 2-4 Exanple 2-5 Exanple 2-6 Exanple 2-7 3T4i nPx3 Exanple 2-9
Conparative Exanple 1-1 Conparative Exanple 1-2 [00801Table 4- Exanple 4
ROV - B) MFSpl SNR( ds) S zSNR(dS) 13.5 Squash,3 C) ..78 Exanple 2-2 14.0
13.6 0.84 Exanple 4.2 13.4 Exanple 3.40.82 ruple

The magnetic recording layer 110 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 hecp (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 1is not excluded, and means that the oxide exists at
approximately 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.
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[0051] As the oxide forming the nonmagnetic crystal grains,
S10,, Cr,0;, Zr0,, Al,0; and similar, which are highly capable
of magnetically isolating the ferromagnetic crystal grains of
the above-described Co-base alloys, may be used. Among these,
510, exhibits superior performance in magnetically isolating
ferromagnetic crystal grains comprised by the above-described
Co-base alloys, and so is preferable.

[0052] Further, the magnetic recording layer 110 may be
either a single layer, or a stacked member comprising a
plurality of layers (not shown). It is preferable that the
magnetic recording layer 110 be a stacked member formed from a
plurality of layers, including a plurality of magnetic
recording lavyers.

[0053] In one embodiment, in a magnetic recording medium of
the invention of the present application, an exzchange coupling
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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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¢c 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¢, 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 110c, in order to
obtain adequate magnetic recording performance. In one

embodiment, the second granular layer may be omitted, and the
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nongranular 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
110c¢ positioned below the layer 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. In
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 Exzamples 1 and 2 were fabricated,
with the materials and film thicknesses of the layers modified.

[0064] (Example 1)
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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 pm by 10 pm. 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 Co25Cr5RubW alloy target (taking all
of the atoms as a reference, comprising 25 at% Cr, 5 at% Ru, 5
at%$ W 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 109.
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of Exanpl e1dc-wass faalﬂbhgﬂiﬁdl-ar Qaghettd irdvokdi QN Q4 1a4P0 e G21g Rlq a .-
1'4-- 00z 0 zZz 0 Z 0* Z00) 0t4)C 0-,0-,-1 04451 N, k01-41 COUCO
44511 T1.) thicknesses of these layers are as indicated in Table 1.

[0068] Thereafter, a CVD method was used to form a carbon

protective layer 114 of thickness 2.0 nm on the magnetic

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 MFSpiSNR,
SgqzSNR, Squash, and ROW. Table Z shows the results of
evaluations of the electromagnetic transducing characteristics,
at a radial position of 31.37 mm, under conditions, at mazimum,
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.

SgzSNR = 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) | Squash50
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 Example 1)

As the first nonmagnetic intermediate layer 108, a two-
layer film of Co25Cr5Mob5Ru of thickness 10 nm and Co24Cr4w 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

approzimately 0.1 dB.
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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 Example
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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[0080] Table 4
ROW (-dB) | MFSpiSNR (dB) | SgzSNR (dB) | Squash50
Example 2-1 | 31.2 14.1 13.5 0.78
Example 2-2 27.7 14.0 13.6 0.84
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

approximately 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 approxzimately. 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 approzimately 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
Co25Cr5Mob5Ru 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 FeCoZrTiNb 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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Co- 15Cr 15Ru- 5W Co- 15Cr 15Ru- 5W Ms- TI UST -203T-00 My -u691 -339T-03
bas-nsi nEs Co-200r-5WRu 54 to- IP>0> OM0OG 00-4 .-1-+ 66'E 66E 66'E
66' E 617E [0086] Table 6

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 3-3 38.4 13.9 12.8 0.71
Example 3-4 32.5 13.06 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
MFSpiSNR 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 Co25Cr5WSRu alloy or a Co20Cr5W5HRu 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
Co24Cr4w alloy layer of thickness 3 nm.
[0090] (Example 4)

Except for the fact that a glass substrate of diameter 65
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.

36



T-3 aldurerg 3-9 oTdnpx3 G- 3 eTchT62E [1 4-3 i

0 0>5 +lraE I-)aG a)s-1- a,CD OHCPlict OroCO CnEri-1 33 93 33 93
33 93

a/dnera 3-3 06dmra Exanple 5-6 L-9

93 SZ SZ

93' 0 +I

wig wlv.
0°¢ G'€T 8"V 0°'9 L 9 -MG-ID0Z-00 9°¢€ € §2°0 0€ | o1duexy
ngg €-7
0°¢ S°€T P g v°S L 9 -MG-ID0Z-92 9°¢€ € SZ¢°0 0¢ | erdwexy
MG-14ST [4ad 4
0°¢ Q€T 8% 0°9 L 9 -ID02-90 9°¢ € §Z¢°0 o€ | sTdwexy
MG-¥GT -7
0°¢ S'€T 7°S ) L 9 -ID202-90 9°€ € S2'0 0¢ | @1dwexy
(ura)
01T x2Aet (uru)
butpaoosa (wu) | AOTT+BOTT (urur) (uru) 80T IdAeT (uru)
oT39ubew D011 I9Aet saoket 60T I2AeT 80T ISA®T | 93ETPAWIS]UT () 90T (wru ) (wu) €07
(uru) Jo butpIoosx | bUuTpIOOSI | 91BTPSWIDIUT | 93LTPSUITSIUT oT39ubeuruou LOT | a0keT $0T | a9keTaspun
PTIT I2AeT | ssauydoTyl oT1subeuw o139ubew oT3oubewuou oT32ubeuuou 1saT3 | asAket pods | a9keT OT3oubeur
SAT1D9301d Te30] | aeTnueibuoN JeTNURIY puoosg 1SITd JO TBTIDIER | pPoos -92a4g ny 3308
L 9T9®lL [T600]

37




oTdmexz 0) ,-1 0, EMXr : 700 | tr) 0) (3. O M(4 Vvi1 C | ul 01-c
aTdlurva [0097] (Eval uati on Test El ectromagneti c transduci ng
characteristics of the nagnetic recording nmedia obtained in Exanple 5 were
eval uated by MSpi SNR, SqzSMP, Squash, and RCN simlarly to the Eval uation
Test 1, at a radial position of 29.0 nm under conditions, at maxi mum of a
l'i near recording density of approximtely 2000 kfci and a track pitch of

400 ktpd. Results are shown in Table 10 and in Fig. 10 and Fig. 11. The ROW
val ue nmeastred mhedEéaéPﬁﬁﬁﬂlﬂﬁﬁﬁ & i near recordlng density of 926 kfci

was overwitte nal Ilnear recordi den of 123 kfci was
Lsed, [oogs]AansTf’&mm Fy ELtata ffaCF? A S P e Chat Exanpl es
ohar act o Pt es ROG50] TEbIG 6 RO iy VECHIENR a8 51T SRHCdE squash

Exanpl e 5y, 1 6 | tQini 1 Exanpl e 5-3
32an’p863 8§1§ﬁs;%35%§xa§r%§%1@% %qﬁé@ﬂp @nc'@'R%w Qifiardy/ 8 Oud anpl e

Evaluation Test 1, at a radlal position of 22.3 mm, under

conditions, at maximum, of a linear recording density of
approzimately 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) | SgzSNR (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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7.7 7.6 0.81 nple 5-5 30.4 8.4 8.1 Exanple 5-6 22.8 7.2 7.2 0.84
Exanpl e 5-7 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 4)

Except for the fact that a glass substrate of dianmeter 65 mm was used as

t he nonmagnetic substrate 101, the fact that the filmthickness of the Ru
single layer 104 between the first soft nagnetic underlayer 103a and the
second soft magnetic underlayer 103b was 0.25 nu, the fact that the

t hi ckness 1of ¥ iprte- seeer | d\fere106Pvds Gaurnd andhrne tactaltifat t he
material and filmthi cﬁness of, the fjrst nonagnet iC igt ernedi ate | ayer 108
wer e bot h"@ARNGEd "48 5 holh 159 Fabt8 17, Tagneti et FfécBFPitng fedia simlar to

that of Exanple 1 was fabricated. U

5-
7.
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[0097] (Evaluation Test 3)

Electromagnetic transducing characteristics of the
magnetic recording media obtained in Exzample 5 were evaluated
by MFSpiSNR, SgzSNR, 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
approzimately 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) MESpiSNR (dB) SqzSNR (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 6)
Except for the fact that a glass substrate of diameter 65

mm was used as the nonmagnetic substrate 101, the fact that
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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 6 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 Exzample 1 was

fabricated.
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[0102] The electromagnetic transducing characteristics of
the fabricated magnetic recording media were evaluated under
conditions similar to those for Exzample 5. Results are shown
in Table 12 and in Fig. 12 and Fig. 13. As shown in Fig. 12
and 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 Col5Crl15RubW alloy film of thickness 6 nm resulted in
more satisfactory characteristics than a ColOCrl5RubdW alloy

film of thickness 6 nm.

[0103] Table 12

Disk ROW (-dB) MESpiSNR (dB) SgzSNR (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 Exzample 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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[ 0102] The el ectromagnetic transducing characteristics of the fabricated
magnetic recording media were eval uated under conditions simlar to those
for Exanple 5. Results are shown in Table 12 and in Fig. 12 and Fig. 13. As
shown in Fig. 12 and Fig. 13, it was confirmed that Exanples 6-1 to 6-10
all had satisfactory el ectromagnetic transduci ng characteristics. Further,
as the fi Wéﬁn?@rﬁm@ﬁéﬂ%ﬁ%tl@@%edpé%e’seleéﬂyéw%@O@sﬁﬁ@dal@(ﬂ%@toERnSW al | oy
filmof thickness nmresulted in nore sati g%actory cpar]{i\cterl stics than a

Col OCr 15a %WEMO&W&WFH%HQ%%@H&E@ 6N 1T 010346l e 12/ Di'sk RO - dB)
NFSpISNR(g§§O§éI%ﬂ§£g§gt§9%§ﬁgrgxgﬂy! 1%y%r2§0& r%i%lg 9r%xné¥§nple 6-2

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.

[010¢] (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
Co25CrbMobRubMn 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-maximum 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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0.73 Exanple 6-3 27.4 8.7 8.3 0.60 Exanple 6-4 20.8 7.5 7.5 0.7
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
8.3 0.68 Exanple 6-8 20.6 7.8 7.7 0.78 Exanple 6-0 25.4 8.6 8.1 0.67
Exanple 6-10 18.7 7.3 7.3
[0107] Table 13
Material of first First Half-maximum
nonmagnetic nonmagnetic width
intermediate layer |intermediate 42 .2° | 42 . 6°
108 layer 108 (nm)
Example 7 CoZ5Cr5RubwW 12 3.002 | 3.017
Comparative Co25Cr5RubMo5Mn 12 3.029 | 3.027
Example 4
EXPLANATION OF REFERENCE NUMERALS
[0108] 101 Nonmagnetic substrate
103 Soft magnetic underlavyer
106 Pre-seed layer
107 Seed layer
108 First nonmagnetic intermediate layer
109 Second nonmagnetic intermediate layer
110 Magnetic recording layer
114 Protective layer
115 Lubricating layer
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0.80 [0104] (Example 7) Except for using a Colli layer as the
pre-seed | ayer 106, a nethod simlar to Exanple 1 was used, to fabricate a
measur enent sanple for KaD crystal structure analysis by formng, in order
on a nonmagnetic substrate 101 conprising an Al substrate of diameter 95
mm a adhesive layer 102, first soft magnetic underlayer 103a, au | ayer

104, second soft nagnetic underlayer 103b, pre-seed | ayer 106, seed | ayer
107, first nonmagnetic intermedi ate |ayer 108, Ru single |ayer, second
nonmagnetic internediate |ayer 109, tah#’dirst nagnetic recording |ayer

110a, and_then forn1ngbthereu on a protective |ayer 114. %0105](Cbnparat|ve

Exanple 1 ‘ERSEFETOFtHe "PERETT a]ieczfréb?%@ SWR"ai 1’6y “was used in
the fi t - 08 npl f XRD
the f1rst ctoomanctl,e Lot smdlte. aver 108, & mesytspent. sarml o for

[ 0106] (Ev%'cléhh&ﬂa'@%sﬁa dr Ak raMaQAthJca%bQPdﬁbeo%l%Hsé@écklé'dt pa |1
manuf act ured by Ri gaku was used to perform XRD, crystal structure

anal yses ofet heldreasureneitasanptesuf abrziceat ed in Exanpl e 7 and Conparative
Exanpl e 2. Table 13 shows the | ayer configurations and XED cryst al
structure analwsiszinesuttSirConpanednanild iCopparditdatee LExanple 2 in which
the 00250r51' 1o05Ru5Mh al l oy was used in the first nonnagnetic internedi ate
| ayer 108foBradpler7a Whieh"usedor hex'CoZHEr SRUGW aldngypdfi¢tiin the first
nonmagneti c_i nternedi ate Ia er 100 showed tendencies for reduced

hal f - naX|ﬁﬂﬁ?€W?ﬁH?t€F9@WeS At °49°2 Giif 42. BY%biT €spodi ng to the hop

(002) pl ane of he sagg 59 that the c axis orl%ﬂh%tgggor_Féfszlsfactory

[ 0107] Tabl'e 13 IiF%?“?ﬁ%%fI¥ﬁ Fl%%XIﬁUﬁ1 nonmnma

nonmagnet k¢ y, dt Q«her@&ﬁr{ﬁ?éj'c%tc‘%Rh@Vﬁlo%p%a%”Be&f“%,f!ﬂn%%t gyery 10§¢nm 42. 2
42.6' Exanple 7 'Co25Lr5Ru5W 12 3.002 3.017 Conparative Co25Cr 5RUSMb5M 12

3. 029 3. 027 Ei@ﬂﬂﬂ e@nd 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.
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 laver,
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EXPLANATI ON OF REFERENCE NUMEEALS [0108] 101 Nonmagneti c substrate 103 Soft
magneti ¢ underl ayer 106 Pre-seed | ayer 107 Seed | ayer 108 First nonnmagnetic
internedi ate | ayer 109 Second nonmagnetic internediate |aver 110 Magnetic
recording |layer 114 Protective laver 115 Lubricating |ayer CLAIMS 1. A
per pendi cul ar magnetic recordi ng medi um conprising a first nonmagnetic
internmedi ate | ayer, a second nonmagnetic internediate |aver, and a nagnetic
recording |ayer stacked in the order on a nonmagnetic substrate

wherei n the fivkireaanignetlisc |“ﬁf“@@%ﬁﬁ3§t énfayerdisgef ophed Heidm a CoCr RUW

al | oy, t he second nonma inte diate layer is fornmed from an
e base arpEyse B AR i By L f}égtﬁ&%% %}O&fﬂﬁan%b%um according to
Claim1, ‘Q’E%Pme the (Egggguubel%l I %FQ&? f} 8 tI 3%1%4 5 at A or higher

and 25.5 omer At en “and 20.5 ati or
l'over, and a VW%QQ%%GEaE@ufEH@ %Ekh&@ JB&H?%En@”QDQnél%t%bOWhéf@M%' and that
t he renalnder thereof is . . The perpendicul ar magnetic recording

medi um aceeE diag- e Qlad;ynﬁlas wher_rewnrtehﬁ Fagneld cd-ecer didiged ayar incl udes
a granul ar structure. 4. The perpendicul ar magnetic recordi ng nedi um
accordi ng2to5 CGai mrllowher e mut henfedtimctthidckness wof httheefiast 2hoAmagneti c
internediate layer is from5 to 14 nm 5. A nethod of manufacturing a

per pendi caFarofagieti carecordicngtaediam?-> at® ehéigéehodn€onpr f§ing a step

of stackin?, in order on a nonna%getlc substrate, a first nonmagnetic
i nt er medi &t et P"fer 274 Sktbordd ndnftaghéti ¢ eﬁ?%?nﬁﬁﬁﬁte | ayer, and a nagnetic
recordi ng Iayef mherelnegpe first nonneg tlc gnt rnedlate | ayer

bei ng forned fﬁghﬁgnﬁbff?iﬁh%ﬂ Od dxFﬁdlE%con nonnagne ¢ internedi at e
| ayer bei ng.foried from an Ry Qa§@r61 The saanyf actuni-ng s pethagd accordi ng to
Caimb5, wherein the CoCrRuwWall oy has a O content of 14.5 at% or hi gher
and 25.5 at%or lower, a Ru content of 4.5 at% or higher and 20.5 at % or

| oner, and a Wcontent of 4.5 ati. or hi gher and 8.5 at% or | ower, and that
t he remai nder thereof is Co. The manufacturing nethod according to
Claim5, wherein the magnetic recording |ayer includes a granul ar
structure.
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