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DESCRI PTI ON  MAGNETI C REC(PDI NG MEDI UM AND MAGNETI C
RECORDI NG REPRODUCI NG DEVICE 5 TECHNI CAL FIELD
[ 0001] The present invention relates to a nagnetic

Gevice that uses the magneti cl recor i ng nect NN

BACKGROUND ART [0002] In recent years, the range,pi.
applications for magnetiRESEBBIIAON devi ces -such—as
magneti c di sk devices, flexible disk devices and
magneti c tape devi ces has expanded 15 enornously, and
not only has the inportance of such devices increased,

but the r8¢cQGNETIC RAEMSRDYNO MEREUNRARES VA EREFEI NO

nmedi a used in these devices has continued to |n8rease
mar kedl y. Sinc ROINGIREER! and PRML
techniqﬁes, th2R$§§rease |nﬁkgggggﬁgg?g$§?%§ densities
has beconme even nore dramatic, and the nore recent

i ntroduction of GVR heads and TuMR heads and the |ike
has nmeant that recording 20 densities continue to

i ncrease at a pace of HyIGAbHEEDy ear . [0003] In
this manner, there are strong demands for even higher
recolf80hly densities for magnetic recording media, and
neeti ng these demands requires further inprovenments in
t he Thepresene irfveniten miutessb gmadgnetic RRb&ENG AEAIOM(BNR) m&netic
the magnetic recording layer, and 25 higher levels o

rel’:@ﬁﬁigﬂ‘ébx@ﬂuciﬁﬁ dbaegihhteied tle ARARAE tof BRPLAHRM.

systens, which have been 2

BACKGROUND ART

[0002]

In recent years, the range of applications for magnetic recording devices such as
magnetic disk devices, flexible disk devices and magnetic tape devices has expanded
enormously, and not only has the importance of such devices increased, but the recording |
density of the magnetic recording media used in these devices has continued to increase
markedly. Since the introduction of MR heads and PRML techniques, the increase in
areal recording densities has become eveﬂ more dramatic, and the more recent
introduction of GMR heads and TuMR heads and the like has meant that recording
densities continue to increase at a pace of 30 to 40% per year.

{0003]

In this manner, there are strong demands for even higher recording densities for
magnetic recording media, and meeting these demands requires further improvements in
the coercive force and signal to noise ratio (SNR) of the magnetjc recording layer, and

higher levels of resolution. In longitudinal magnetic recording systems, which have been
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wi dely used until now, as the linear recording density

is increased, a self-demagnetizing effect that causes

adj acent recordi ng domai ns of -a magneti zati on _
‘"transition region to undergo a nutual weakeni ng of

magneti zation tends to become? doni nant . Accordi ngly,

in order to avoid this problem it has been necessary
widelyruifed uniié nergasehé ineae comoing dénsityeincreasgl e sai-dehygnetizing
t hi nner, thereby increasing the shape magnetic

effedtSigdt copys adibédflcofding MnQhHEST a AABAbtizASor Mhsition region to

t hi ckness of the nmagnetic recording |ayer is reduced,

uhdi@eo 5@@@%&&&@@@%@&%1@;&@%33 'thﬁgﬁg?rﬁ@m'. gxyctc&%ingly,

magneti ¢ domain and the size ner

. a i.he. | evel ., meani ng the enonmenon , )

il fREEB o8 TRyl By PR 2B Y HagiAst Rpavaigts weording

1m)derated qu to ttge ffects, of tenperature (the '

o) FaPRRIeSS Y LY LB AR IFEREIRG e BIERE HEERelicge¥SORePy.
ignored, and it is believed that. the limt for [|inear
recoﬂﬁpﬁb density is determ ned by these types of

factors. [0005] Against this background, the use of

AFC QArhé other hiandpayrthe ttickGossofithgmapreticarecckBinB asyer is reduced, the
recently been proposed as a technique for satisfying

sikdref the enerd$ bdler faquirb@to reif SiéeRmAbEec HSmhi@nk HREHe of the
recordi ng density of |ongitudinal magnetic recording

[ t
O R, B L A S Rl reh e PRIt the amount
' .be. a obl i.n.longitudinal magnet
o B 0er R0 s Tl Bl T B PR B Germa
f arnering nuch attentjon for, its potential to enable
CPAHBPIFRATIFIOD FRy R 08geTitg 1gRrsd. and diois drlieyed dis theylimis for
.the perpendicul ar magnetic recording technique. In
linegn treptdinghdansity ingletarmiined|byrthepedypes of éaterdi ng syst ens,
the nmediumis nagnetized in the in-plane direction,
wher @885 n per pendi cul ar nmagnetic recordi ng systens,
the mediumis nmagnetized in a direction perpendicul ar

E g t Agaifi® dhid Bhcleraindf B @se &ﬁCr(%Hl%nohhgﬁéictm#ﬁgﬂé) media
at the self-demagnetizing effect that répresents an
ha%recently been proposed as a technique for satisfying the demands for further . -
improvements in the linear recording density of longitudinal magnetic recording systems,
énd strenuous efforts are being made to avoid the problem of thermal magnetic relaxation,
which tends to be a problem in longitudinal magnetic recording.

[0006]

One powerful technique that is garnering much attention for its potential to
enable further future increases in areal recording density is the perpendicular magnetic
recording technique. In conventional longitudinal magnetic recording systems, the
medium is magnetized in the in-plane direction, whereas in perpendicular magnetic

recording systems, the medium is magnetized in a direction perpendicular to the medium

surface. As aresult, it is thought that the self-demagnetizing effect that represents an
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obstacle to achi eving higher recording densities in

| ongi tudi nal magnetic recording systens can be

ef fectively avoi ded, maki ng such perpendi cul ar

magneti c recording systens ideal for high density
recording. Further, it is al so t hought that because a
ertain magnetic layer thickness can be maintained,

Ogﬁ%CI%Fq ahievang higher iFedordiag Aensitesrin lengithidinal m&gnetit cévording
a significant problemin |ongitudi nal magnetic

syséeros chinry, effetwlyl abeided; amprrgaduck EipediBklhr mh&ME recoding
per pendi cul ar magnetic recording nediumis typically

spit@paided Oy high demdiyiraddriing deRAR it alfo HER t 8 Beeadla certain
intermedi ate | ayer, a maghetic recordi ng layer and an

nRgREO0a er ki v | trate. . -
Fur t her ?erf olc{gllcial::v?/i§ ggl }%Trfl%ngig%ggﬁ?’ i%gfr?htf%r oe%%[ {'82¢glis relaxation,
t.ective.|ayer, . a.lubricant |ayer. is often_applied
WP 8 SleificaBteraplefin onsiiidie! megadticarsaeies, Tiaukdiy
cases, ma Tetic filmknown as a soft-magnetic under
°W8V%?TW%%E%%-is provi ded beneath the seed | ayer. The
internediate layer is formed for the purpose of

furt B997knhanci ng the properties of the nagnetic
recording | ayer. The seed 15 | ayer controls the

cr y sAglermeniiznian tiagnetiefret didinig bR dd FhRall PpRbaAbylsBSuentially
magnetic recording layer, and is said to al so have

ddpositihpaceéDRY&a! i€ BidrmeliateN8ydrne naBaRR 1Ofordi i
grains. [0068] In ordé?etgygroduggﬂarpé?%@%g§%8%§¥&¥ovmcom

Gl r.di [ V] superi or r operties,
o R ent Bt Dol FIB o P i Bempafi@Bibeit™s e
di.nd. | ayer d 20 reduci the crystal grain size
PORE b AN AR BT S elifmraRRhiar B Metecs oS e eem ¢
recording nedia, a Co alloy material is used as the
F‘i&ﬁﬁ'@?‘i%”‘r@%‘&’r Sy 2 magastic flrknevem acs spftmbersticmotienleyer
adopts a hexagonal close-packed structure. It is
(St % prarided haneatthibe s@@dyyer c Mhs imtbrmpddiatelagér it figrmed for the
hexagonal cl ose-packed structure is parallel to the

Pwpdss toif fitréhes entanciag thd propdriied ofWBE Efagnétic reSoriBUyeRNThe seed
that the crystal c-axis ([002] axis) is aligned al ong

lajdi@oRiolp E1cRe il Ceatarich bRGE iRBmdidle B el drld'the nflbAQI8Eording
as possible. 4
layer, and is said to also have the function of controlling the shape of the magnetic grains.
[0008]
In order to produce a perpendicular magnetic recording medium having superior
properties, improving the crystal orientation of the magnetic recording layer and
reducing the crystal grain size are important factors. In many perpendicular magnetic
recording media, a Co alloy material is used as the magnetic recording layer, and the
crystal structure adopts a hexagonal close-packed structure. It is important that the (002)
crystal plane of the hexagonal close-packed structure is parallel to the substrate surface.

In other words, it is important that the crystal c-axis ([002] axis) is aligned along the

perpendicular direction with as little disorder as possible.
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[0009] In order to formthe magnetic recording |ayer
crystals with mniml disorder, Ru has frequently
been used as the internediate | ayer for the

per pendi cul ar magnetic recording nediumas it adopts
t he sane hexagonal close-packé&d structure as 5
conventional nmagnetic recording |layers. Crystals of
the n@@9¢tic recording layer undergo epitaxial growh
on the Ru (002) crystal plane, nmeaning a magnetic

r econglbfidr toWeeth YHB aykeRd r RYAHS !P.Jy@rp gr?gtﬁ{s%gg&krﬁﬁtapai%%aer, Ru

can be obtained (for exanple, See cunent
. [ ' h .
A0 e Bed LA B BSOS DL D e
5P TEFB B MG HBG IERF B ReR P Fg R dimictue as

i nproving the recording density of the perpendicul ar
CoRY§REPN Magadticoeerydingdalenm Covgialsrafshamagmpicovending liyer
the Ru (002) crystal plane orientation properties.

- updenge epitaxiaf gt Ro thesRd éHE3 ctysthl diangahéapimyn magnedit rédoeding

anor phous SUL, then an overly 15 thick Ru filmis

miegfiit hedngd DIVORbRI dtyfalReieh@tiof EXSbabbtAntE thAbLRHble, see Patent
meani ng during recording, the non-magnetic Ru weakens

Dbb@nstllh. of the flux fromthe head to SUL
Accordi ngly, conventionally a seed |ayer oriented in
t he g#ﬁél crystal plane of a face-centered cubic
structure has been inserted between the SUL and the Ru
integﬂggiatedl er %for exanglg, ng Pat ent Docunent
2). YUY P ATEFISH AP IS thedesreeti Tieatrtiopif ¢he (002) crystal
structure yields a 20 high degree of crystal

plan¢ ehtha Rughteamediatgilayer alse improved the ofientpiierosd therelgpety:
(nm, and a Ru layer forned on top of the

rebamierglepireinguiovinpile mtordiigudeasitf oftthepapetitiyanadiatic fcording
hi gh degree of crystal orientation even if the |ayer

ediuteqtiieds dnfiapréveent MYRE RACOED ickReh] Plan Stikdtati ies.
rnof1 theeqarmsr phgﬁg §UL.n [ 0011] Qg(%l\%}?eo?er, ol%ﬂeftau&prtoBE’mes

HbREWH B4R RO debSsiRATERE PN {opof itllfg)é:tﬁ&jpﬂgust $L, then an overly
recording density Is S
thick Ru film is required to obtain superior crystal orientation, meaning during recording,
the non-magnetic Ru weakens the pull of the flux from the head to SUL. Accordingly,
conventionally a seed layer oriented in the (111) crystal plane of a face-centered cubic
structure has been inserted between the SUL and the Ru intermediate layer (for example,
see Patent Document 2). The seed layer having a face-centered cubic structure yields a
high degree of crystal orientation even with a thin film of approximétely 3 (nm), and a
Ru layer formed on top of the face-ceﬂtered cubic structure of the seed layer has a high
degree of crystal orientation even if the layer is thinner than a Ru layer deposited directly

on top of the amorphous SUL.

[0011]
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reduction in the size of the crystal grains of the
magnetic recording |ayer. Patent Docunent 2 discl oses
a magnetic recording nediumin which an internediate
| ayer having a three-layer structure is provided
bet ween the soft magnetic |ay®r and the 5 magnetic
recording layer in order to reduce the crystal grain
si zeMafredveg, oma gevdhique thar doesdémipl faay@provivpethe retoalin@eddsity is
or the |Iike having a hexagonal close-packed structure
rddictiotsiadhdisizé BEHE ickyital iRy SRHE AhendtR%EEordiR 'T‘é?eﬁl P&Ent
the |i ke having a face-centered cubic stru%t reis
. . e[ g - . r..a Ru
DHERet A%, SE SRR LR R o S0 P e
Furthernore, the document so di gcl oges the use of
nifhd AGCRlgSer yien e TR Bhe St Moot maasnale kg and the
second inéFrnediate | ayer. Mreover, in Patent .
freRtoraing gven i ordenigreducetbrigysiaharaingireafishomagnetic
structure is added to Ni that adopts a face-centered
regoasing leyeruwherein amgiel orida dike hevisg wihexagonalhoseeiacked structure is
sol ution region, thereby reducing the magnetic
used s thel firgt iatenmsdiate layer fa el of g ¢ike Mavingd fate-centered cubic
face-centered cubic structure. However, in order to
stAehire Weuskdl bd 1heIseddHANRNANEIALS 1hydr, 'R RueH AT A%yde Nsdd 4 the
e

15 additional reductions in the crystal grain’size ar

OEAERS Yl B AT B SIS el BEISERES. .
t he. sol4qd . [ .and th i -Wal l I
A bR 00 8R0S e Sl 5 s

meani ng orientation of the Ru of the internediate
Dpepipagnt gnW thaadeptsidtady-certerrdrubiy Stmpaire iseddediodd thagdopts a
[0012] Achieving further inprovenents in the recording
fageraenterpd ochic sirestursrungder ¢condigions sdthirr e salipiyiondegiohathereby
magneti c recordi ng nmedi um havi ng excel |l ent recording

- reduding the papreti¢ trystapgrafesizd @sa soadilgfer BAVIRY € $aca-ckhetdddubic

reduction in the crystal grain size for the mnmagnetic

stIcH 4. HoWER B, orddtth ScREROUPBEN VR nfaY ﬂ{cf%!:cﬁding density,
crystal orientation properties. A per pendi cul ar

RSB SRPT AR A e B AL 4 s

is ri]r?c:‘?.’ealcs)e:ecf rt]he%ev%gry WS>o &jaq Qtto'mic%, the mixture falls outside the solid solution

region and the Ni-W alloy is no lbnger able to retain a face-centered cubic structure,
meaning orientation of the Ru of the intermediate layer and the magnetic.recording layer
dégrades.

[0012]

Achieving further improvements in the recording and reproduction properties
requires a perpendicular magnetic recording medium having excellent recording and
reproduction properties, which enables a further reduction in the crystal grain size for the

magnetic crystal grains, while also maintaining favorable crystal orientation properties.



[ Patent Docunent 1] Japanese Unexam ned Patent

Application, First Publication No. 2001-6158 5

[ Pat ent Documnent 2] Japanese Unexam ned Patent

Application, First Publication No. 2005-190517

[ Pat ent Docunent 3] Japanese @nexani ned Pat ent

Application, First Publication No. 2007-179598 10

DI SCAQBUREd©Rlar RAENTH OrcRER iEMBumCh8Es Sk WERs@Ve THdbove

I NVENTI ON [ 0013] The present invention takes the
isains\and 63 aleaiabie aniseprotdinded easibshdieeah kedhly Whight. an

obj ect of providing a nagnetic recordi ng nedi um whi ch,

by 1 eshiGh PRclpencyystal grain 15 size for the
magneti c crystal grains while retaining favorable

er | Gul ' ' roperti.es for t.he tc
Fecoraned et S PHAEApBIARE). 115 b Rlealing O 20 s
repr pduci i nformation at a high density, as well as
prgvﬂgﬁ%@E§°WE?Hga for producing such a magnetic

recordi ng nedi um and a magnetic recordi ng/reproducing
devi tapansp UpexawinedPaiontApmieatiprdrseReblidagon M. 2005-190517

order to achieve the above object, the present
i nve[RatamhDadaptrs 3 he aspects described below (1) A
per pendi cul ar magnetic recordi ng nmedi umincl udi ng at

| easlapandiatisexdginay Phtent APplasation, FaRt BEBIRALEPNb! 2007-179598
| ayer, a nagnetic recording |ayer and a protective

| ayer provided 7 on top of a non-magnetic substrate,
wherein the orientation control layer is conposed of

two or nore |ayer sy ld,ﬁ%ﬂ? ET(\)I:T r and an
10 i nternedi ate | ayeﬁ?fsr%i’ r@iﬁi‘? g% fromthe
subs gh? Qﬁg§§3g layer is formed of a
nateé#@bﬁg ipﬁ%ggd; T%E%ﬁﬂ%@Ngyjﬁn el enent for
whi ch, in a phase diagram the solid solution region
wi t h[0§A3]
The present invention takes the above circumstances into consideration, with an
object of providing a magnetic recording medium which, by reducing the crystal grain
15  size for the magnetic crystal grains while retaining favorable perpendicular orientation
properties for the magnetic recording layer, is capable of recording and reproducing

information at a high density, as well as providing a method for producing such a

magnetic recording medium and a magnetic recording/reproducing device.

20 MEANS TO SOLVE THE PROBLEMS
[0014]
In order to achieve the above object, the present invention adépts the aspects
described below.
(D) A perpendicular magnetic recording medium including at least a backing layer,

25  an orientation control layer, a magnetic recording layer and a protective layer provided
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5 el ement having a face-centered cubic structure is
not nore than 1 atomc% (2) The nagnetic recording
medi um according to (1) above, wherein the el enent
havi ng a face-centered cubic structure is one el enent
sel ected fromthe group considting of Cu, Ag and Au,
and the seed | ayer contains not |ess than 30 atom c%

odftop B 8 neh-BMRAtic subdtatd RehePBE ML difeniRioR rcﬁht%ll dﬁ%‘{‘ iéérjrégﬁxtlposed of

according to (1) or (2) above, wherein the

I ' ! ' I: L hase di agram
(o B Bk ipaRAihe a SRl ol S kB RNES Fortped T Bt orcer
ody- cent ered .cubi.c structure.. (4). The nagnetic, . }

IR GRS Buedietn Ryt § Tofgdon i e Al poppining 5 t0 25
above, . wherein the element for which the solid

AINIGY] A degneK forvhiclyin sehaseadjrgrami thesolid sadntéon telgiom vith an
atom c% is one elenent selected fromthe group

cterenit bavinga ficextenteted cThic sBuctubbis nbSmarcthid 1 Gmidhe
magneti c recordi ng nedi um according to any one of (1)

2)p (Aheatpwetic resbrdirg mediti dobbrakipes$ %)beotfél Svieat thePdlShent
is within a range from3 to 12 nm (6) The magnetic

hb ¢S aGFhdtdeefRIEMENRACIRICHIO & iR AW er? Q?ecg d frdvh th® ﬁ]g)gl%) consisting

the rnter ace

above, wherein at |east one layer o

eR ol Sq fAQr I r..an alloy,.20 nmajerial

of RUrAgpfa bt Bt SO s el B0 0 a0 i s element

7) e magnetic recordj.ng medi um according to any one
(%)f ( 1PC FFEPRYC Bhydme m?/dﬁ\éf?l@F?Pré’tngﬁ%é@toré@ea P¥§sayhepgin the

t he magnetic recordi ng |ayer .adogt s a granul ar
elemegtion mhuch-Bapelikiplyionregion ima nbeseliagrams isnot guee ten 1

and crystal grain boundaries of a non-magnetic oxide.
a®@mi¢B)is T elemegtetving a Beiyradthregededicsmeanear di ng to any

one of (1) to (7) above, wherein the average crystal
(r ai The nagnétic rebrdimgaRetiug at @E8ind itd 8ny SERIF (1 Sto\s Mdved
range froml1l to 7 nm (9) A magnetic _

wheet! e REH @R FR Pz Ge d6ivd %uﬁ%ﬂegﬁé}g a ?I&%ﬁ%%‘aer;ré:gllsn réot more

recording 5 nmedium and a nagnetic recor

' th%ﬂq ﬁ&ﬁfc@gﬁccjng %lein{gnp gerlr&ttfi:do I{Jor%r{het Er%ug% nmesttllng of V, Nb, Ta, Cr, Mo

and W.

(5) The magnetic recording medium according to any one of (1) to (4) above,
wherein the thickness of the seed layer is within a range from 3 to 12 nm.

(6) The magnetic recording medium according to any one of (1) to (5) above,
wherein at least one layer of the intermediate layer is formed from Ru, Re or an alloy |
material thereof, and has a hexagonal close-packed structure.

(N The magnetic recording medium according to any one of (1) to (6) above,
wherein at least one layer of the magnetic recording layer adopts a granular ﬁructure
composed of ferromagnetic crystal grains and crystal grain boundaries of a non-magnetic

oxide.
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recordi ng nmedi um wherein the magnetic recording
mediumis a nmagnetic recording mediumaccording to
any one of (1) to (8) above. EFFECT OF THE | NVENTI ON
10 [0015] The present invention is able to provide a
per pendi cul ar magnetic record8ng nedi um havi ng
superior high recording density properties, in which
(8he cheshapetid reveddirgemeditimt dv€ordR@ne kg oh €60 tN) above,
| ayer, and particularly the crystal c-axis of a

1

WIRYAS @talvefabO e 8/staP B d 7S bf tHE ?-rléét@'{?etici éc&?iﬁg%}ﬁe‘gs r'fat{i'ig arange

m ni mal angul ar di Spersion re ve to

ot Pk@Re, @nd in which the average grain size of the

crystal ‘grains that constitute the nmgnetic recording
ayer, i s extrenel, mal | . .BR| EF DESCRI PTI ON OF THE _

@RAV\AE%@TIGGE@FQ%E?H@WI% Vicedniuding A imagnstie rcoiding

the cross-sectional structure of a perpendicul ar

madineenda magertigi hegd durdeenrdiageod dipreducingtihforpaBereot the magnetic
invention. FIG 2 is a diagramillustrating the

repording tediuof, wheprin fhenuiignetiarecoriimgmiedium is a magnetic recording
recordi ng/ reproduci ng device according to the present

mediien bécdfdingloG@nydnk S @1 )ab (&Y abobhrase di agram for N -W

25 FIG 4 is a binary phase diagramfor Cu-W 9 FIG

5 is a binary phase diagramfor Au-W DESCRI PTI ON OF

THE REFERENCE SYMBOLS [0017] 5 1 Non-magnetic

ZuE?%g?kﬁgggfﬁggﬁgﬁgﬂﬁi§gﬁbacking | ayer 3 Seed | ayer

[0015]

The present invention is able to provide a perpendicular magnetic recording
medium having superior high recording density properties, in which the crystal structure
of the magnetic recording layer, and particularly the crystal c-axis of a hexagonal close-
packed structure, is oriented with minimal angular dispersion relative to the substrate
plane, and in which the average grain size of the crystal grains that constitute the

magnetic recording layer is extremely small.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]
FIG. 1 is a diagram illustrating the cross-sectional structure of a perpendicular
magnetic recording medium according to the present invention.
FIG. 2 is a diagram illustrating the structure of a perpendicular magnetic
recording/reproducing device according to the present invention.
FIG. 3 is a binary phase diagram for Ni-W.

FIG. 4 is a binary phase diagram for Cu-W.



5 Second intermedi ate layer 10 6 Magnetic recording
| ayer 7 Protective |ayer 100 Magnetic recording

medi um 101 Mediumdrive unit 102 Magnetic head 15
103 Head.drive unit 104 Recordi ng/reproduci ng signa
syst em BEST MODE FOR CARRY!I NG OUT THE | NVENTI ON
[00181‘@2_0_ Specifics relating to the content of the

pr esEHE- J isadinary phagedliggran dort 4u-Wel ow. [ 0019] As
illustrated in FIG 1, a perpendicul ar magnetic
recordi ng nmedi um 100 of the present invention

i ncludes at | east a soft magnetic backing |ayer 2, an

or i ent at | on DENURMATIONRYPTHIREPERENCINBORASHOE @ seed
ayer 4 an

layer 3 and a first internedi ate control s
t he E@lgTientation of afilmformed directly thereon,
a second internediate |ayer 5, a magnetic 10

recofdi ng layer .6 in which the axis of easy
1nagggP??%ﬁ?%%:TpﬁgnﬁrystaI c-axis) is oriented

subs tially perpendicularly to the plane of the
2subs%%gF@gmﬁ%&gﬁLBE$ﬁ@Etive layer 7 formed on a

non- magneti c substrate 1, wherein the orientation
3contPesd laygyer is conposed of a plurality of |ayers.

These types of orientation control |ayers are expected

4t 0 pfiostirdernfediai Iager | nprovenents in the recording
density, and can al so be applied to ECC nedia and new

5perg§ﬂgﬁ@ﬁmgﬁheﬁﬁ&m§9&c recordi ng nmedia such as
di screte track nmedia and patterned nedia. [0020] The

6 Rggi-%‘g%&i{%éﬁm?ﬂy@}e used in the nmagnetic recording

7 Protective layer

100  Magnetic recording medium
101  Medium drive unit

102 Magnetic head

103  Head drive unit

104 Recording/reproducing signal system

BEST MODE FOR CARRYING OUT THE INVENTION

[0018]

Specifics relating to the content of the present invention are presented below.

[0019]

As illustrated in FIG. 1, a perpendicular magnetic recording medium 100 of the
present invention includes at least a soft magnetic backing layer 2, an orientation control

layer which is composed of a seed layer 3 and a first intermediate layer 4 and controls the

orientation of a film formed directly thereon, a second intermediate layer 5, a magnetic
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10 present invention may enpl oy any non-nmagnetic
substrate, including substrates forned from Al alloys
containing Al as the main constituent such as Al -M
al l oys, conventional soda glass, alumnosilicate

gl ass, anorphous glass, silid@on, titanium ceramcs,
sapphire, quartz, or any of a variety of resins. O

rdcBRERg 1885 #SWhieh it hxfY Qfaéagfﬁlaéﬂ@&ta{i&{ ﬁh@érﬁlﬁaﬁé-%ﬁig)sig oriented

substrate of a crystallized glass or anorphous g

[ : : strate

SR e rpehic 8 8RB bt et Bthee BT AR Eigyer 7
which Ra < 1 (A). are rticularly desirable. The .

ot Pnahonigeshic SURtTaR Ay MRy Msnen o egmERl [T is composed
texturing is light. [0021] In a production process

of Hplugalify ghlayers. a%gqe,tym@f Srisstation eontel layges dry expectet] to provide
cleaned 20 and dried. This also applies in the

fuythes amprovements ingthe rexnriing densttiieandi canpbso ive appliceits WG O ghedia and
favorabl e adhesi on of each of the layers, it is

new eépeaditidat agnetio eecordiag nitdipdtdh d¢ Mist@teack ihilia and patterned
substrate is perforned prior to the formati on of the

mea@ers. The term "cl eaning” includes not only washing
with water, but al so cleaning perforned using etching

(revwo?g]o sputtering). There are no particular

limtations on the substrate size. 25 [0022] 11 Next
is a.description oé each qf the |ayers of the _
per pLRGRTARNGHe SHRTHAEE used &b the Aggrista rgRTdippmedpm of the
soft magnetic backing |ayer is provided in many

PrigEsh EHENEQN RAY fEgleytany nonmeagsete mepstralgi includingrsubstrates formed
signal is recorded on the nedium the soft magnetic

frizaci allgys tetaningasl 4 fiee hainatonstituadt sgeh 48 AlgMghloys, conventional
recordi ng magnetic field fromthe head, and

sodlh fglash, eMinhiviodiipdty p1ags, bR 8ReY, GUlcah, HAHRRNEImRE, sapphire,
the magnetic field to the nmagnetic recording |ayer.

loralyaf - SOf ngt.i j I
quile, sBineira Va.flg[{y JrR&iROIdr B! ﬁ]l élge gg%ng%boX%%ﬁﬁ%ra@gr a glass

use any_ nat er | havi ng So- c_a
suB5PRELFL g&staﬁ&%g gﬁ%s & a'ir?cg'%ﬁgl?ssgqgss% Ilar%}(e’rreg.oﬂ %%'cgé"esc%d a glass

substrate, mirror-polished substrates and low Ra substrates in which Ra < 1 (A) are

particularly desirable. The substrate may be textured, provided the degree of texturing is
light.

[0021]

In a production process for a magnetic disk, the substrate is usually first cleaned
and dried. This also applies in the present invention, and from the.viewpoint of ensuring
favorable adhesion of each of the layers, it is preferable that the cleaning and drying of
the substrate is performed prior to the formation of the layers. The term “cleaning”
includes not only washing with water, but also cleaning performed using etching (reverse
sputtering). There are no particular limitations on the substrate size.

[0022]
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10 all oy or CoTaZr-based alloy. The soft magnetic
backi ng | ayer preferably has an anorphous structure.
By enpl oyi ng an anor phous structure, increases in the
surface roughness (Ra) can be prevented, and the head
fl oati ng height can be reducdd, enabling a further
increase in the recording density. Myreover, in
addi Negtistalebdptidalof efohdiTahd ayerSion gie%el’p"‘é)ﬁ&fcﬁlaﬁrﬁﬁtgh&fbed
above, structures in which an extrenely thin
4L film15 of Ru or the Iike is sandw ched
K%g?%ﬂgﬁﬁgﬁgﬁlayers, t hereby causi ng AFC between the
t wo gﬁb? magnetic | ayers, are also frequently used.
The ové LII t hi ckness of the backing |ayer is
typically within a range fromapproximately 20 (nm to
120 (ot magnetc parking layienis providedie uny pewendineldr magndtis
basi s of achieving a favorabl e bal ance between the
recewsigngiinagia. Aenraepgrad iscecadedonthemddben ahel sdfo aghiétic backing
properties. 20 [0024] In the present invention, an
lager lexsttlae funntiaooftguiding hearecdriml neapnetioficd fiven the head, and
orientation of the filmprovided i mediately thereon
eﬁ%ieﬁﬂ?ﬁ%ﬁ?&g% ﬁ&ﬁeﬂcﬁzﬂ%oﬁgﬁheﬂﬁg Bfelth£orRAC K1 q the magnetic
| ayer. e orientation control layer 1s conposea ot &
Lt : and t he .
PR ik ot S PR PR S e B Gy matera
the substrate side.of the 25 structure. .1 0025
b R S e i Rrp b e ustean kg -vaved B ZAND-based
rain size of a seed |ayer having a face-centered
alglytﬂrcc%Ttalz{ré’ﬁﬁfﬁi@?b& L Beisrit meengtis hepldng lavenprefaralyly hag an
grain size of the internmediate |ayer to not nore than
arjorpheys ssmntube By binployihg ddeameqrphdus struetnseg incedayat ialthdsurface
grain size is determned by inspecting the crystalline
roaplapes (Ha)tche bé preeented,iangd tike hdat ARSI Gt cBh BE kédRBed, enabling a
m croscope (TEM or the like, nmeasuring the dianeter

fubther! iNORGse 1A NESBbrdHeAeAS L. NbreddE, REaddht&Ath Yhe soft magnetic

di sti ngui shed, and then statistically processing
PR el AL (B0 0,05 ST B9, BYST S8 i
ofg{}gﬁi){ntgg !Hzcg jﬁosf vlvqi(i":hesci3 ge‘%wleg t%o 12%2,' tge(:"rg’b)‘;Jl gaclilisirrllgg 1{119 Ctl b!ct%vségn the
two soft magnetic layers, are also frequently used. The overall thickness of the backing
layer is typiéally within a range from approximately 20 (nm) to 120 (nm), with the actual
thickness determined on the basis of achieving a favorable balance between the recording
and reproduction properties and the OW properties.

[0024]

In the present invention, an orientation control layer that controls the orientation
of the film provided immediately thereon is provided on top of the soft magnetic backing
layer. The orientation control layer is composed of a plurality of layers termed the seed
layer and the intermediate layer, with the seed layer disposed on the substrate side of the

structure.
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10 and not nore than 25 atom c% of an el ement for

whi ch, in a phase diagram the solid solution region
with an el enent having a face-centered cubic structure
is not nore than 1 atomc% Here, the "solid solution
regi on" describes a region wlZhin a binary phase

di agram for an el enent having a face-centered cubic
strupoo2se and an added el enent, and refers to the
region of the face-centered cubic structure phase when
the . . . ﬂ[@%?; i i~C O, .
Usu aﬁ@? B?efse%th%@élg g’d@gﬁgﬁ%ﬁ% do esStér%%tTQg gfgg{@f g {geg c1 %}-]er having

t cuhi c t - unt of t

BB S b RS B B P il B ST
.different crystal structyre is adopted roan
iSSR0 PEGTEF e%fzrgla%@ndae aghiexech - He Ge aueraggrystal
structure and a different crystal structure is fornmed.
grRirGizgisidgteppimed Hyjingpgstingthe chisialling sbaresef the kayemusing or

Ni -W Cu-Wand Au-W 20 respectively. Ni, Cu and Au all
trivzsng ssi@cdedromt miceascopsh(IEM) ontbe like sneastmingeths diabiesey of those
body-centered cubic structure. As illustrated in FIG

crystalNbrafh@d $ha c&0bé Eles®¥ HistiffhidhRd) M thérLdtaistéally SroWssing the
anounts of not nore than approxi mately 15 atom c%

pl\ﬁﬂﬁ{tﬁ 88diheleh Qaltbls 1/ deRRARR Al aaagfa?,émhlhle.u $hé ?écﬁﬁﬁh%ﬁéh%r

ere is alnmost no solid solution region fo

i.1.hi nag th anmu I.S._ not no than 1 .
refbte Do, i o8 of R Lyl R it s 5 tomies
iJ]lustrated.in FIG 5, the solid soJution region for W
a‘?zd’%%l?f’f HlaPQDr?ERHHG‘f{’{?%f Fment fon Whickom aRiesn{iagreme e solid
el ement, having a face-centered cubic structure that is
sqlgféan Fgion (it edemerhhavings fpee-¢antered eahin struatyre it ias more than 1
preferably enploys an el enent having a nelting point
atofnie?ot Hers thet‘sakid 8610@n regionlidbsceiben® regforawithip raefiesry ehase

in ternms of reducing the crystal grain size of the

diageeh foayeelemeBPRAlng 4 act RentBre@ BRI striMtaRtdndin ad8ed element, and
anount of the added° el ement outside of the solid 10

ref 9k t e Redi &b eif&e%ﬂf%gedt(ﬁbk%ﬁb@'{%«{/@%e Bl BR fhount of the

ace-centere cubi c structure.
added element is 0 atomic%. Usually, if the added element does not adopt a face-

centered cubic structure, then once the amount of the added element exceeds a certain
amount, either a different crystal structure is adopted, 6r an intermediate region
composed of a face-centered cubic structure and a different crystal structure is formed.
FIG. 3 to FIG. 5 illustrate binary phase diagrams for Ni-W, Cu-W and Au-W
respectively. Ni, Cu and Au all have face-centered cubic structures, whereas W has a
body-centered cubic structure. As illustratea in FIG. 3, Ni has a solid solution region
relative to W amounts of not more than approximately 15 atomic%, whereas in the Cu-W
phase diagram illustrated in FIG. 4, there is almost no solid solution region for W within

Cu, and the W amount is not more than 1 atomic%. Similarly, in the Au-W phase
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in the case of an elenent for which the solid solution
region is several atom c%or nore, the base el enent

and the added elenment will jointly generate a crystal
lattice that maintains the face-centered cubic

crystal structure for anountd3of the added el enent

within the solid solution region, but outside of the
dsstdntlilERirsield ANFIR W, 62, solill kStufiby fdg@dn 59 W Withirt Al & fioRbhore than
no | onger be maintained, resulting in a deterioration
liabhhfae, orientation of the intermediate layer and the
magneti ¢ recording | ayer, and a concom tant

deter@g&gtion in the recording and reproduction

propé 'és. In contrast, in the case of an elenent for

whi ch_t he solﬁd,solgtion,re ion is not nore than 1

at oml Beglemeahhavings fagenseniered cublisjructyes thntds useddes thoseed layer
added, the added elenent is not incorporated within

irt the pfesert-iveantion eref@@bly eniptostaniat¢rners hating ainseltiggt pednt of not less
segregat ed between crystals of the face-centered cubic

thath 1800t CLrag sacglos exts efe ﬂrﬂ@rrb@ﬁﬁteﬁh@ﬂﬁféﬂuci@% tH¢kystad ghdin size of
voids within the crystal lattice of the ace-centered
ﬂggg&flg&{ucture. Accordi ngly, provided the anmount of

the added el enent is not nore than a certain val ue,
it hﬁﬁ)zinnst no effect on the crystal structure of
t he ag 1 centered cubic structure, but rather only
controls the crystal grain size. 25 [0028] 14 The ]

el enBhihe PEsentdaEHion: Heamonsb ot ba pddesrlenpitoutsidenf the solid

of the present invention is preferably Cu, Ag or Au.
sqliitionatggion 1 addsidde the alrrecht havinpe famt@nieadd dubic structure. However
conventional seed |layers tends to have a broad solid
irsthe bise@f ah ephment fr twhich the soled &y@nSregio i9édVeral at¥RiS or more,
when anot her elenent is added, the NI tends to

the HEQ AOhait@nt AR LIBE EleBleRMRNL jomiM %eﬁlblrétet ehgg&gllyl ig&lz }hg}

lattice, neaning it is not particularly deSira

achi-evj ) . ' i-ze reduction addi ti.on

R R, SR bl SHyEird REHEOPEE o e 2itd 48R
spol ution. region. l.n th resent. i nyentiaqn, the added

w3t i SR Eap i AR b e i eo oA region, s crystal
body-centered cubic structure. .Specific exanples

stryelire gen &0 brsenbe mejataingd, rgsulipg in Fdeteyioration irthie wxentation of the

~Because the crystal orientation properties of the

infranpadiateday e @od thergaditit segerdih@biyeq tndia ooncoatanf detdri@ration in
internedi ate | ayer are determ ned substantially by the

the recording and reproduction properties. In contrast, in the case of an element for

which the solid solution region is not more than 1 atomic%, even if an amount of only
several atomic% is added, the added element is not incorporated within the face-centered
cubic structure, but is rather segregated between crystals of the face-centered cubic
structure composed of the base element, or exists in voids within the crystal lattice of the
face-centered cubic structure. Accordingly, provided the amount of the added element is
not more than a certain value, it has almost no effect on the crystal structure of the face-
centered cubic structure, but rather only controls the crystal grain size.

[0028]



10

20

crystal orientation of the internediate |ayer,

controlling the orientation of the internediate |ayer

is an extrenely inportant factor in producing the

per pendi cul ar magnetic recording nmedium In order to

I mprove the orientation of tHed fine internediate

| ayer crystals epitaxially grown on top of the seed

| aye !'Fhete%egl@ﬁ'xapﬁcﬁy?)%@ féi@fdeﬁﬁréha:u@%%t:ﬂ@& Ak phdi€nt invention
initial growth portion of the internediate ayeP 'S

: A f r l_ara IS .
EEEIERTRCN AE AT WAL L Wi oA HE p BPUIAS: ygntiona
crystal grains of the internediate |ayer are nore
stediBr g 1S iRt Ga bid ole SHEEOH e ot th et PiYBERE. In other
grow h process. The crystal grains of the magnetic

Wasds MineR gnothsrealenent ieaslded, the Bi tesds saiimhorporatethe @ther element
crystals of the internediate | ayer undergo epitaxi al
wythomthie cagstad ilatgtes n2Bniog ytsis abspartieaaiyndesaalie ¢l azbieairgseaystal
in that the crystal grain size of the magnetic

g sivel retgctidroyesdditudy abesthtpelembstiaahiadlbolt duigde the solid
crystal grain size of the coal esced crystal grains

i t-hi . i i . . t
) et 0 R LR ol POR ks 45, A5 bt
er,medi at e

I S5cwmth a firnst. in
Y 50 Bier L Qo ey B Gt me B R i s V.
ordey fr 1 the side qof the substrate. In order to
w%r Wpeand iy iﬁewss#lem {ORENBHOP PEperties g5 thsrmagnstic recording
internediate layer, the first internediate |ayer of
laygelapyrajedhen fomed the igtermnedigiedaxsr eedesermaned| substautially by the
pressure, and is preferably deposited at a pressure of
crystal opematidnaot the ihRanediafedaydrecamrodiingithe ordh@atidnf the
i nprove the crystal orientation and suppress

it GaledfRenEr i9bn blteenfel§ iSdrint BiciriS prddéinf e Berpendicular
thi ckness of the first internediate |ayer is

R R R e BT I AR onapRk B RbidR Tl R inkiediae
. .10 . [0030 Th [ di ng.

R Gyt by GO O TaR bheeLEEoh e

eI s Lt FEPAP OB R B PRy aver S preferably ow.

However, if the crystal growth is continued with the gas pressure in a low state, then

crystal grains of the intermediate layer are fnore likely to undergo coalescence during the
crystal growth process. The crystal grains of the magnetic recording layer formed on top
of such coalesced crystals of the intermediate layer undergo epitaxial growth as single
crystals, meaning a problem arises in that the crystal grain size of the magnetic recording
layer increases to substantially the crystal grain size of the coalesced crystal grains within
the intermediate layer.

[0029]

As a result, in the present invention, at least two intermediate layers are provided,

with a first intermediate layer and a second intermediate layer formed in that order from
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adopts a hexagonal cl ose-packed structure or
face-centered cubic structure. Further, Dbecause
coal escence of adjacent crystal grains can be
suppressed by generating voids between the crystal
grains by perform ng the depdsition under a higher
pressure, the deposition gas pressure during

tisteyidsof the sutsiratehén sR12e Riniprd@ the eiyatat otiemefion Sroperties of the
preferably 15 at least 1.5 (Pa) and nore preferably 3

iktEedPte ﬁ'yglh He- ﬁ%ﬁhtéi‘ﬁ@ﬁﬁgfe% drlof tH&%r@sreﬁtsﬁl@gntg{fnqls Beposited at a

are surroiunded by grain oundarles conpose

can cenc
1%"‘%2 ARl bid BB, ARy RRL SRR BB
th of the raln bo ndari es, the size of the
rpore, dn a5ds toclgtPfB%e & FENE Orenigiionand sypprsss ‘iﬂaéfé@‘ﬁlﬁe of the

i nvention, by suppressing coal escence of the crystal

cyyistal graing thhlﬁimtthwﬁnm of thedfirat istetmgdiate layesiisypreferablly not less than
crystal grain of the magnetic recording |ayer is

ldpim) bt reot moreythamn 5 dnmézcant nsire gtederably stoaless traaisnno bttt more
internediate layer. [0031] In the present invention,
ﬂhhqoﬂhmgt and second internediate | ayers nmay be

lam nated as thin filnms of Ru, Re or an alloy thereof,

and (BbFaSt one of the intermediate 25 | ayers is
preferably oriented in the (002) crystal pl ane of a
hexagonal cl ose- structure,

per pendl REIgf T, oorﬁlé’Fﬁ%yef & %"P&i‘ﬁéy ﬁéod?'%on {9 qu hs/sseand
structure of the magnetic¢c recording |ayer adopts a
IneRegaley ¢ 4o Rragek Ve QR AR Hereapig the sqeend mmediste layer
that the (002) crystal plane of that structure is

afnptad hevagerpl clese-patiedstuetupsl errface-gentasechenbic storctige. Further,

is inportant that the crystal c-axis ([002] axis) is
bedaiiginedlea¢anng of adenpenypahgha art belsuppedss@hbywbdrratiag voids
little disorder as possible. The full width at half

bERVELETHR B st gFREKbY Berfotiey BB AeRRitiiAthddsa ﬁlgtt&te Hegdurs the

eval uating the crystal structure. Firstly, th

d%lﬁgg t((g[‘igglfelsitﬁ% Qﬁlﬁ%}@ep% gltl 'E)ﬁ,}lt% slaccbnﬁqltl ehﬂ Alke ﬁtafe?% qrefFrably

n appar at sta Fane

t.0 ate su V4 [.n those ases
o{ifat IS REP B e SETERET VB0 e
adopt a 2 xaganal cl| ose-packed structure such 10 as
ALEFHITPHRGS ﬁé&%{lg YRgpEies sRTAPRRaE AE T eXife ebRididRy theayet only can

described above, the diffraction
coalescence of the cryst'al, grains be inhibited, but by thickening the width of the grain

boundaries, the size of the crystal grains can be further reduced. In the present invention,
by suppressing coalescence of the crystal grains within the intermediate layer, a single
crystal grain of the magnetic recording layer is epitaxially grown on each single crystal
grain of the intermediate layer.

[0031]

In the present invention, the first and second intermediate layers may be
laminated as thin films of Ru, Re or an alloy thereof, and at least one of the intermediate

layers is preferably oriented in the (002) crystal plane of a hexagonal close-packed
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peaks corresponding with these crystal planes are
observed. In the case of a perpendicular magnetic
recordi ng medi um that uses a Co-based all oy, because
the c-axis ([002]) direction of the hexagona
cl ose- packed structure is orijgnted perpendicularly
relative to the substrate surface, a peak that

S ' | I i Lye 5
srdthfes %Q%ﬁytﬁkyﬁn&laﬁlaf nggﬂetﬁ 805 ding PREE S %V%%li Sgructure of the

Subsequen e opticaf system1§ Swirg r

u r.af ur f.ac ile th Bra ngl e caysi.n
rieRe R e e R s OFS o Whteedpb ose ot 88, 3R, B R iBffmvortan
platting the 002) crystal plane diffraction '
@%MQP&F%% e ofpleatisuetireds peralleligitee swbstrate plope.i keother
system a singge di ffraction peak can be drawn. This

wokds; 1tjig inaprrtaatithat the ckistay ceniisE002Namis) ishadignéd0@)g the
crystal plane is aligned in an extrenely favorabl e

pppeaditwibr disdcaibh ouithius pitthé dibordBreas3dssibies tThatfell sudth ackulf a
rocking curve with a very sharp peak i s obtained,

mMARBA@ADT b BodkiS Qirve 8RS WBEhEa hitehad dfg:"\'lﬁﬁﬂttin%ﬂqe tA8tal structure.
(002) crystal plane is dispersed broadly, a broa

i ' ' Al ' . ful |

R o R o P 8 SRR Eh A i Rubi rprays ame
be used.as an.ipdicatqr of t ual ity of the crystal

T N aBPLel e BB AEar o AHelbtet 16 TRBEGHas hgere the
medium 17 The present invention enables a

sateRip Sride cudlartedinshudes Elpe thek aapy 2 hexpeonelrdesermgckedsimpiure such
0050 value to be produced with relative ease. [0032]

aytbe infermeslinte bayguast magretie revagling layer desoribidrapoba ier diffsaction
the layer on which a signal 5 is actually recorded.

petike coméspondihg frdth théwe cigl @lanes arr@dEEvEd Ina}eEask Bf a
frequently a thin filmof a Co-based alloy such as

PGPSO B R N I SR i e

(00 Bhredsfar i Rahot) SPscp i MR onlid aeroehurty

n. t he .above material s, and Y represent Ti, Cu, M,
rolfive 45 G SRS TR I U CORe PR AL 00T aneghbserved
oxi de magnetic | ayer is used, by enploying a structure
Subseqipangly, the patieal syRien &y y5Ing rglativeitothe stbstretesnefacehwdrile the
surrounds the magnetic Co crystal grains, the
Bragg angle causing the diffraction of the (002) plane is maintained. By plotting the

(002) crystal plane diffraction intensity against the inclination angle of the optical system,
a single diffraction peak can be drawn. This plot is called a rocking curve. When the
(002) crystal plane is aligned in an extremely favorablé parallel relationship with the
substrate surface, a rocking curve with a very sharp peak is obtained, whereas in those
cases where the alignment of the (002) crystal plane is dispersed broadly, a broad rocking
curve is obtained. Accordingly, the full width at half maximum Aeéo for the rocking
curve can be used as an indicator of the quality of the crystal orientation of the

perpendicular magnetic recording medium.
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magnetic interaction between the Co crystal grains can
be weakened and the | evel of noise can be reduced.
The crystal structure and magnetic properties of the

-~ magnetic recording layer ultimtely determ ne the

recordi ng. and reproduction prl@perties. 15 [0033] A DC.
magnetron sputtering nmethod or RF sputtering nethod is

typi Thk pyeseiavenbbn eARRAS fdrpéhddful @ 36dbnbfic fel6rdiiya
{00, TR piestRathdiiOn ey ferBehdRu AN oul sed Dté% Edium

1 j H2 H2 gas or N2 gas may
hg‘fﬂs‘%gg%iggs??@s%lg%%%ﬁf ]iog}l?egg‘g‘gggelatbvf%%%r e during
deposjtion is preferably determ ned so as to optim ze
t he Bk@ grties of 20 each layer, but is typically
controlled wwthin a range fromapproximately 0.1 to 30
( Pa) As thyvaame suggpsis thaimpgneticaecradding daywer tshihd lager on which a signal
performance of the medium [0034] The protective
isl aapmtly irscopdealv i The dndterigd fat the inaghetiomecbrdifgllay@miRem@stly a thin
caused by contact between the magnetic head and the
filR 6F ¥ Wo-taxed il RSsueh a$ DECRICU@PL, e rb®) @oCrﬁt@-ﬁpebéﬂL‘%B-aX-Y,
carbon filmor SiQ2 filmor the |ike, although a
. retecti
CPEA SO P S, LRSS i0s o GRTRa s FRR B PLS Toliizro,
spu.ter ing or, thod, .and in recent
St e eeiR e s (A O
magnet ron, pl asma .CVD _net hod may al so be used. The
Ry clarfbs abgyre metpralp2oand ¥irgrrepenj di. Gus M,aF cFapn Mg. Particularly
within a range from1l to 10 (nn), nore preferably from
in3hgsetcas® wWheane in oxide msgidtic laperds psedf by ethplpyigant@ctuee i which
(nm. [0035] FIG 2 illustrates one exanple of a '
thpekjgerfdimsih grantlgsigichee e olbuids HRhAMEGE 08 crid@N igffns, the
that uses the perpendi cul ar magnetic recordi ng nmedi um

meeREiciiRRHhAP¥Ewed e (‘Iﬁ%’&ﬁf &rainS E%{e oH RedRR %gill{gh F&g/el of

device illustrated in 2 Tncludes a perpe r

| e I [ having the structure .

~chs SRIRSEAG TR (g TRELATAR DD BB AR S
re&%téfr}g:@%ﬁ@sgt%g’e&%%eﬁke P?c%?(ﬁﬁé gn r%gr%rdgclztpo% pr;ggértl{gs].

[0033]

A DC magnetron sputtering method or RF sputtering method is typically used for
deposition of each of the layers described above. An RF bias, DC bias, pulsed DC,
pulsed DC bias, O, gas, H,0 gas, H; gas or N, gas may also be used. The sputtering gas
pressure during dgposition is preferably determined so as to optimize the properties of
each layer, but is typically controlled within a range from approximately 0.1 to 30 (Pa),
and is adjusted in accordance with the performance of the medium. |

[0034]

The protective layer is provided to protect the medium from damage caused by
contact between the magnetic head and the medium. Examples of the protective layer

include a carbon film or SiO; film or the like, although a carbon film is the most
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head 102 that records or reproduces information on the
per pendi cul ar magnetic recording nedium 100, a head
drive unit 103 that noves the magnetic head 102
relative to the perpendi cul ar magnetic recording
medi um 100, and a recordi ng/ rigpr oduci ng signal 15
processi ng system 104. [0036] The

cbﬁﬁﬁrﬁim/g{r@@&%q&}e@ga%@ﬂﬁhee mgﬁgiaﬂéﬁgocf%{%h & 358%%@@

process data I nput” from externa

a, as_recorgin ignal.s to the magnetic d 102, as

bt 8P PELC YT e BhE iR dn teRriiveatioraramt CO mediod s Fost
rragn%i)ikc Eead 102 and transmitting the 20 resulting

CHBEROTAY HeFn 4t Tpgnetion BlasmafraD mgihed may pleade wsedyskhe thigkness of
the magnetic recording/reproduci ng device of the
the protestivé layenis preferably withén arange ffronin & tovb(mat), monepeerably from
that are suitable for higher recording densities,

2ita 6l (uoh) gpdRe R aisort priferabip foys 2 tag (i repr oducti on

el ement, a MR 25 (Magneto Resi stance) el enent that

uses [@gB5ani sotropi ¢ magneto resistance effect (AWR),

19 a (gi ant nmagneto resistance) el enment that uses

U161 5kt T L ol 0 R i
SR80 YRR B3 D20, DL RO OB T

1) A vacuum chamber. wiith HD gl ass substrates set
magaeiifreqRidingapadecng deyife illystzated i fiFed inpludesp perprendicular

nmore than 1.0 x 10"5 (Pa). [0039] Subsequently, using
mResetin reeording mestitrod 00 Aavog thestigoeté dlubatéd mgFIiGay es neflium
drive unit 101 that rotates the perpendicular magnetic recording medium 100, a magnetic
head 102 that records or reproduces information on the perpendicular magnetic recording
medium 100, a head drive unit 103 that moves the magnetic head 102 relative to the
perpendicular magnetic recording medium 100, and a recording/reproducing signal
processing system 104.

[0036]

The recording/reproducing signal processing system 104 can process data input
from externally and transmit this data as recording signals to the magnetic head 102, as
well as processing reproduction signals from the magnetic head 102 and transmitting the
resulting data externally.

[0037]

The magnetic head 12 used in the magnetic recording/reproducing device of the
present invention may use any of the magnetic heads that are suitable for higher

recording densities, including heads that employs, as the reproduction element, a MR

(Magneto Resistance) element that uses an anisotropic magneto resistance effect (AMR),
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ColOTa5Zr with a thickness of 50 (nm was deposited on

each substrate under an Ar atnosphere at a gas
pressure of 0.6 (Pa). 15 [0040] Next, a seed |ayer of
Cul OCr, Cu20Cr, CulOv, Cu20Vv, Cul ON Cu20WN AgloOv,
Ag20V, Aul OWor Au20W (atompPy) with a thickness of 5
(rim, and then a first internediate |ayer of Ru with

PGMR KRR 3RRlto §es(§té..rme) Qntdcﬁzmﬁ% g élvﬁgfq;ﬂg&gcigzal +1¥I\/[Rnelement

each “substrate under ‘an at nosphere a

. 0. Pa exanples 1-1 to 1-10). A 20
@%ﬁ%ﬁﬁ?ﬁpﬁg&eé& e)l gyer of Ru wth a thickness of 12
(nm) was then deposited on each substrate under an Ar
at nosphere at a gas pressure of 5 (Pa). In conparative
exanpl es, seed |layers of Cu, Cu30Cr, Cu30V, Cu30W
Ag, Ag30V, Au and Au30OW wWEXKMPLESi ckness of 5 (nm
wer e deposited under an Ar atnosphere at a gas
presqg0038]of 0.6 (Pa) (conparative exanples 1-1 to
1-8). Afirst internediate |ayer and second

I nt ergpeéltiatieaddot BY Bres¥lifvenlieh aﬁ%@&iﬂeﬁ%e}bﬁ\gﬁ{seé §§ a series of

same conditions as those used for the exanples.

A magnetic recording layer of 91 (Co
e%%%@%%Pt)-Q(SiCQ) (mol %9 and a protective |ayer
sed-of a Cfilm e then deposited, thus

(ggﬁgqgﬁi%amgFgﬂﬁg?Fgﬁm%¥)a series of perpendicul ar
magnetic recordjng media. 5 [0042] A |ubricant was

appl Fe¥rcHEmERm e Wit HDhglass sybsiratsrsetimaide waa e varugied down to a
recording nedia (exanple 1-10, and conparative
pesssurpbésotindre than1-B) 18RdPa)he recor di ng and

reproduction properties were eval uated using a

Readthb}e Anal yzer 1632 and a Spin Stand S1701MP

manut act ured by Guzi k Technical Enterprises, USA

Subs i net ropenties re

cval ooyl e b e LS L RRR bk YFor

t he cryﬁtal

F sy d der. .t ' ]
YRR a0 B R lF Shgmeceran o
recgﬁdi ng | ayer, a racking curve for the magnetic

AmRSRRErG A2 FAS PEFPWE ofi idakn
[0040]

Next, a seed layer of Cul0Cr, Cu20Cr, Cul0V, Cu20V, Cul0W, Cu20W, AgloV,
Ag20V, AulOW or Au20W (atomic%) with a thickness of 5 (nm), and then a first
intermediate layer of Ru with a thickness of 8 (nm) were deposited sequentially on each
substrate under an Ar atmosphere at a gas pressure of 0.6 (Pa) (examples 1-1 to 1-10). A
second intermediate layer of Ru with a thickness of 12 (nm) was then deposited on each
substrate under an Ar atmosphere at a gas pressure of 5 (Pa). In comparative examples,
seed layers of Cu, Cu30Cr, Cu30V, Cu30W, Ag, Ag30V, Auand Au30W with a
thickness of 5 (nm) were deposited under an Ar atmosphere at a gas pressure of 0.6 (Pa)
(comparative examples 1-1 to 1-8). A first intermediaté layer and second intermediate

layer were then deposited under the same conditions as those used for the examples.
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25

X-ray diffractoneter. [0043] 15 Based on the results
of the above neasurenents, the signal to noise ratio
(SNR), the coercive force (Hc) and the value of delta
050 for each of the exanples and conparative exanpl es
are listed in Table 1. Each @0 these paraneters is an
i ndicator frequently used for evaluating the

per f pgomnce of perpendi cul ar nmagnetic recording

media. 20 [0044] From Table 1 it is evident that when

t he [t ' LAayer, was ..
10" of: DR sec R e B o PRI R Ao B ol i aiftotective
1and a favc?r)gbteﬂSNR wer e ,obtai ned for {he magneti c .
PELETHHRRGT P &r IO EHR LI REP 9 Atts cPPietaS Praduckn gfpeseries
geed L%&Srs cont ai ni ng no_added el enent, although the

of pgraendictaarimaganstic seoptinmmediaes were not 25 poor, the

SNR val ue was consi derably | ower than the val ues

obt ai®¥@] for the exanples. 21 It is thought that this
reflects the fact that because the seed | ayer

cont & Inbdcanowaslaigtlieded esobnif,thé bﬁaﬁé@ﬁﬂm&ﬁcﬁ@l%ﬁa tic recording
able to be controlled. Further, in the case of the

28R exdr@)€1 5100 & e a3 GxhabRR1IC A, p-fS% LEme g%gpding and

el ement,” the crystal orientation properties

S 08TE) IB10, S HELUPR PGt 81 B s
SERRSEL T PR o R ShES SEBE B Dby,

t he sanme, manner as exanple 1. A _seed |ayer of CulOv,

SO mREneHS IPERRCEieS Y ORY Hirated Bsing p Keramsassiing apnamiys. was

t hen deposited under an Ar atnosphere at a gas

Fyntlarmgres inpdrder. t6 eg@ajne(tbx enypabsrigifatibnlofitioe Qo-bpsedAdloy of the
conparative exanples, a seed layer of Ni, NI OV,

mipRd, reddrdiQl Jayet\ial ro€hitg bl Yérahe MagOMoNayd? vhstniaGltBE 8Sing an
of 8 (nn) was deposited under an Ar atnosphere at a

Xgﬁgdﬁﬁ%§t§ﬁﬁ%§r_of 0.6 (Pa) (conparative exanples 2-1to
2-7).

[0043]

Based on the results of the above measurements, the signal to noise ratio (SNR),
the coercive force (Hc) and the value of delta 850 for each of the examples and
comparative examples are listed in Table 1. Each of these parameters is an indicator
frequently used for evaluating the performance of perpendicular magnetic recording
media.

[0044]

From Table 1 it is evident that when the amount of the added element in the seed
layer was 10 or 20 (atomic%), favorable orientation properties and a favorable SNR were
obtained for the magnetic recording layer. On the other hand, in the case of the seed
layers containing no added element, although the crystal orientation properties were not

poor, the SNR value was considerably lower than the values obtained for the examples.
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[ 0045] Subsequently, a first internediate |ayer of Ru
with a thickness of 10 (nm and a 15 second
internediate layer of Ru-2TiO2 (nol% with a thickness
of 10 (nm were deposited under an Ar atnosphere at

gas pressures of 0.6 (Pa) an@110 (Pa) respectively. A
magnetic recording layer of 91 (Co 19Crl 9Pt)-9(Si O2)
Tt oubhanst BisREQLRCHE Vit HAY BEcausLiR gééﬂqa%fr c@'nt(éinfekl:crﬂ)n a?dded

were then deposited, thus conpleting production o

' of..: ' ar, net i,c ;r ecor di ng, nedi a.. .20

Rl Per i HoRg TP e PR e e Bt e e

exanpl es,. I k mpasurenment s re used to determ ne )
IS5 COPERRE §0 (A RPETor ol hPICSRE TRl (84 8y S dleqripniation propertes

capability (OWN, Kerr neasurenents were used to
hgtbdtenigrateds meaninethe SR Fdpesewetad) (ABantmygre layver than the values

diffraction neasurenents were used to determ ne the
obteined f@3be vedreles. Mor eover, using a planar 25 TEM i mage

of each magnetic recording | ayer, crystal grain size
(Meaflé BNEothpari@vecexdrpld®y f ormed for the Co-based all oy

of the nmagnetic recording layer. The results of the

abov IS ' .1 Q047 Fr.om

Tabl SRR RS WA b ol fost 3R afesth B R s

r l's, of ;Ni._havin 2 t ubic ..

e Fu P ed e S R0ne B8R R prRoRDnE Pab s ickaess of

deteriorated,, although the average crystal grain size
(ng1) Wasdhemesnosited wden i An gtmesphere dha casariesits, of e (Pa) (examples

deterioration in the orientation caused by the added
24 |tereht Aspomprrativmexamplds.arrsed fayerofdVieNi i Mo ROV N8B0V,

grain size was reduced, the SNR val ue peaked at 10
N{IOVOIN29V of NidoaV adtierthizkaesnif 8 (nah tradl@ékite el afar

the anobunt of the added el enent was increased beyond
attrfodphereed gas%ﬂes@@ém!@(tﬁ) gcgﬁ'fﬂaraﬁ'ﬁg BeidSed Y G S-HET €

deposited on gl ass substrates in the sanme manner “as

exanEbgsg. A seed layer of CulONb or CulOMb with a

t hi ckness of 8 (nn) was then

Subsequently, a first intermediate layer of Ru with a thickness of 10 (nm) and a
second intermediate layer of Ru-2TiO, (mol%) with a thickness of 10 (nm) were
deposited under an Ar atmosphere at gas pressures of 0.6 (Pa) and 10 (Pa) respectively.
A magnetic recording layer of 91(Co19Cr19Pt)-9(8i0;) (mol%) and a protective layer
composed of a C film were then deposited, thus completing production of a series of
perpendicular magnetic recording media.

[0046]

For each of the examples and comparative examples, Guzik measurements were
used to determine the signal to noise ratio (SNR) and the overwrite capability (OW),

Kerr measurements were used to determine the coercive force (He), and X-ray diffraction

measurements were used to determine the delta 650 value. Moreover, using a planar

TEM image of each magnetic recording layer, crystal grain size measurements were
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- deposited under an Ar atnosphere at a gas pressure of

0.6 (Pa) (exanples 3-1 and 3-2). As conparative
exanpl es, a seed laver of CulONi, CullOPt, CulQwvh or
CulOMg with a 15 thickness of 8 (nn) was deposited
under an Ar atnosphere at a gas pressure of 0.6 (Pa)
(conparative exanples 3-1 to 3-4). [0048]

pOHBRESLRPtHG 0-bikell AR P %ﬂrﬁe \;!&?at'gﬂagc @%oﬁé%gﬁi'& ?‘hi Sesﬁ.xk%ﬁf the

intermedi ate | ayer of thic Ss o

B RS E h BEEH e ey o e deposited under an

Ar at[% here at gas pressures of 0.6 (Pa) and 10

(Pa) @gectivel y. A magnetic recording |ayer of 91

(Co 19Cr|l _9Pt)-9(Si2) (nol% and a protective |ayer
conp&sed TebleZ itistavidenhhatwhere N it dl oeistadded to coymtgds ef Wi having a
the perpendicul ar nagnetic recordi ng nmedia. [0049] 23
fabablesteted dublesstiuhenre, elsaitrystalf @rientdtion Sperthds datediogtbd, although the
050 val ues determ ned for each of these exanples and

avaapecaithveraie st elte mh @8R recordifflalabies dided. STHel ®BHioration
that when an el enent for which the solid solution

il Qﬁ}gio?i@ntagioﬂvi:édge@y jdéoaﬁ%leci ﬁéﬁ‘ﬁeggwéf’s: f%éﬁ]elgl(rg‘{%}@g}-‘&ggo?g el though

~in an amount of 1 atom c%, _ _
S B a4 B AR i, SR BB GioBB o5 Of B8 a8 dement
l.ower, than that tai ned when an el enent for
aéeﬂi?%ﬁ“?fﬁ@d% camalit of \?16 e slerRentsvas ducgeaspdh heyond that level.
atom c% was added. [0051] 10 [Table 1] Sanple Seed
(Bxapere $hi ckness SNR He Delta 050 (atomic% (rmm) (dB)

(Ce) (deg.) Exanple 1-1 Cul OCr 17.45 4201 3.0
Soft magnetic layers were deposited on glass substrates in the same manner as

example 1. A seed layer of CulONb or CulOMo with a thickness of 8 (nm) was then
deposited under an Ar atmosphere at a gas pressure of 0.6 (Pa) (examples 3-1 and 3-2).
As comparative examples, a seed layer of CulONi, Cul10Pt, CulOMn or CulO0Mg with a
thickness of 8 (nm) was deposited under an Ar atmosphere at a gas pressure of 0.6 (Pa)
(comparative examples 3-1 to 3-4).

[0048]

Subsequently, in thé same manner as example 2, a first intermediate layer of Ru
with a thickness of 10 (nm) and a second intermediate layer of Ru-2TiO; (mol%) with a
thickness of 10 (nm) were deposited under an Ar atmosphere at gas pressures of 0.6 (Pa)
and 10 (Pa) respectively. A magnetic recording layer of 91(Co19Cr19Pt)-9(SiO;)
(mol%) and a protective layer composed of a C film were then deposited to complete the
perpendicular magnetic recording media.

[0049]
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Exanple 1-2 Cu20Cr 17.65 4176 2.9 Exanple 1-3 CulOv
17.72 4079 2.9 Exanple 1-4 Cu20v 17.80 4035 2.9
Exanple 1-5 Cul OW17.53 4092 2.8 Exanple 1-6 Cu2OW
17.59 4024 2.7 Exanple 1-7 AglOv 17.34 | 4282 2.8
Exanpl e 1-8 AZ-20V 17.33 421®@32.8 Exanple 1-9 AulOW
17.79 4329 2.6 Exanple 1-10 Au20W 18. 02 4287 2.5

Conpaadtel VEstEH '?Psluﬁs ForlthOINR, 10204 3384 85 @vﬁu%s determined for each
Conpar ative exanple 1-2 Cu30Cr 15.62 3568

Cu30V 15.35 3451 5.1

%ar&%ﬁve ex}%pgm%‘v% '15.18 3420 5.3 5 '

ve exanple 1-5 Ag 16.85 3892 3.3 Conparative
exan'g{)@oi 6 Ae30V 15.44 3382 5.3 Conparative exanple
1-7 Au 16.91 3925 3.1 Conparative exanple 1-8 Au30OW
15. 8§rgBIrble it i chers hat avhen Al glemenpfor SerigH the Selétisdlatyeer region
Thi ckness SNR He Average grain Delta 050 (atom c%
withn@u (sttiB)eaftQedtomii 6 was aiidddie Cy in aﬁwﬂﬂhﬁole'ol(a%l@é) the crystal
18.46 4201 5.6 2.5 Exanple 2-2 Cu20V 18. 63 4183 5.
odieskaBon properties of the magnetic recording layer deteriorated, and the SNR value

Was also at least 1 (dB) lower than that obtained when an element for which the solid

solution region is less than 1 atomic% was added.

[0051]

[Table 1]

Sample Seed layer Thickness SNR Hc Delta 650

(atomic%) (nm) (dB) (Oe) (deg.)

Example 1-1 Cul0Cr 17.45 4201 3.0
Example 1-2 Cu20Cr 17.65 4176 2.9
Example 1-3 CuloVv - 17.72 4079 2.9
Example 1-4 : Cu20V 17.80 4035 2.9
Example 1-5 CulOW o 17.53 4092 2.8
Example 1-6 Cu20W ’ 17.59 4024 2.7
Example 1-7 Aglov 17.34 4282 2.8
Example 1-8 Ag20V 17.33 4216 2.8
Example 1-9 Aulow 17.79 4329 2.6
Example 1-10 Au20W 18.02 4287 2.5
Comparative example 1-1 Cu 16.74 3873 3.6
Comparative example 1-2 Cu30Cr : 15.62 3568 4.8
Comparative example 1-3 Cu3ov _ 15.35 3451 5.1
Comparative example 1-4 Cu30w } 15.18 3420 53
Comparative example 1-5 Ag ’ 16.85 3892 33
Comparative example 1-6 Ag30V 15.44 3382 53
Comparative example 1-7 Au 16.91 3925 3.1
Comparative example 1-8 Au30w 15.89 3637 4.9

[0052]
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Exanpl e 2-3 Cul OV 18.49 4104 5.6 2.3 Exanple 2-4
Cu20W 18. 35 4066 5.8 2.5 Conparative exanple 2-1 Ni

16.

79 4829 10.4 2.5 Conparative exanple 2-

2 NIOov

17.52 4522 8.2 2.8 Conparative exanple 2-3 N 20V
17.23 4278 7.6 3.5 Conparati2de exanple 2-4 N30V 8
16.72 3737 7.2 7.3 Conparative exanple 2-5 N 10N/
17. 5874413921 8.0 2.8 Conparative exanple 2-6 N 20W
16.56 3820 7.4 4.6 Conpar ative exanpl e 2-7 N 30w
16.03 3351 7. U Bsed lafeP PPrddicndsd A0 Soig.d “XH‘“ grain| Delta 650
Seed $aplr Thi cknes?teSN ’ Del ta 05( ga eaég ©
for el ement (at dAPBEE® rlﬁ‘lﬂ) adddd?X o CuO(’bIB) ("’6‘e()1m) (deg)
Eéﬁdugpz)l Exanpl e 3uloCu] ONb | ess 18.n@n | 1%0dB. 24 4895 2/ 6 25
: Q9 A—tess t har—1%-18-.33 /I’)7§ 2_5
L Cgl O\ 1BB% 16. 48 3921 250 24
2 Cul OPt 88.49D0% M10493 {39846 3. 9 2.3
3 Cul OV 19996 T 1§34 357851 55
—Comarat | va oyl Cul O\ 3 79 1 ﬁ nA '247( 5 8 5
CPmié’mxwl%@bbL TY [00pA4J6-The | nmef§Pfetic 104 25
Cbmmhde erxgn;msm umwaiovt he present 17 swenti@sp and ags 2.8
COmﬁ’a:a‘ﬁve Stample 23 | N0V 17.23 4278 7.6 35
Comparative example 2-4 Ni30Vv 8 16.72 3737 7.2 7.3
Comparative example 2-5 Nilow 17.58 4439 8.0 2.8
Comparative example 2-6 Ni20W 16.56 3820 7.4 4.6
Comparative example 2-7 Ni30W 16.03 3351 7.0 84
[0053]
[Table 3]
Solid solution :
Seed layer | Thickness ) SNR Hc Delta 650
Sample (atomic%)|  (am) region for element B o 4
atomic%o nm
added to Cu (@B) (Oe) (deg)
Example 3-1 CulONb g less than 1% 18.24 4305 i 2.6
Example 3-2 CulOMo less than 1% 18.33 4278 | 25
Comparative example 3-1 : CulONi 100% 16.78 3921 4.0
Comparative example 3-2 | CulOPt g 100% 17.03 3984 39
Comparative example 3-3 | CulOMn 100% 16.34 3574 5.1
Comparative example 3-4 | Cul0Mg 7% 16.04 3479 5.8
INDUSTRIAL APPLICABILITY

[0054]

The magnetic recording medium of the present invention and a magnetic

recording/reproducing device that uses the magnetic recording medium can be used in

the field of information technology, and has a high level of industrial applicability.
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recordi ng/ reproduci ng device that uses the magnetic
recordi ng nedi umcan be used in 10 the field of
i nformati on technol ogy, and has a high | evel of
i ndustrial applicability. 25 CLAIMS 1. A
per pendi cul ar magnetic recor@Sng nmedi um conpri sing at
| east a backing layer, an orientation control |ayer,
a magnetic recording | ayercapdveg protective | ayer
provided 5 on top of a non-nmagnetic substrate, wherein
said orientation control |ayer conprises two or nore
| ayers including a seed | ayer and an internediate
1Iayer, formed.in that order fr(?ma side of said )
subs £y RFRSIAKTHIRT CofseuisaoTdingemediimy soTRpising atdesshe basidng layer,
conprising 5 Lo 25 atom c% of an elenment for which,
2R AUCPIFIPONEP LY einp MBS Tgcding: [y apd gipsetestiveraxen provided
el enent having a face-centered cubic structure is not
omrtopeofiarm-rhagitetinisel¥dtratt)wherelihsidrageraation doatrol iy¢rgomprises two
medi um according to claim1l, wherein said el enent
ohmvierigyas frebelimenteed éayee il an Bhternetiatelay s, iRee iet@Nérder
selected fromthe group consisting of Cu, Ag and Au,
fromch §ad r Il HiG
S L R B Py O F R S A 2B 5 10
. cbi ' -y ' id el ement, for. whi.ch .
2ZSERICH ob B1EIR! B ot B et Ul 0BT P Bl ki it an
than .1 atomc%is an .element having a bpbody-centered
cIEBER Ay e ot S0 §U0 REoHS o B TS (B! AGTHRYAH um
according to claiml, wherein said elenent for which
a solid solution region in a phase diagramis not nore
than 1 atomc%is one elenent selected fromthe group
2.consThe inagnatic regording nikdjunCaccoiding fuclyim 5, whdreinrsaigredérent
recordi ng nedium according to claiml1l, wherein a
havinCk fies etbredaiublic s#bctared oh@y¥RmehSseldctddl flord theBdt88p consisting
from3 to 12 nm 26

of Cu, Ag and Au, and said seed layer comprises not less than 30 atomic% of this

element.

3. The magnetic recording medium according to claim 1, wherein said element for
which a solid solution region in a phase diagram is not more than 1 atomic% is an

element having a body-centered cubic structure.

4, The magnetic recording medium according to claim 1, wherein said element for
which a solid solution region in a phase diagram is not more than 1 atomic% is one

element selected from the group consisting of V, Nb, Ta, Cr, Mo and W.

5. The magnetic recording medium according to claim 1, wherein a thickness of said

seed layer is within a range from 3 to 12 nm.
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6. The magnetic recordi ng nmedi um according to claima1,
wherein at | east one layer of said internediate |ayer
is formed fromRu, Re or an alloy material thereof,
and has a hexagonal cl ose-packed structure. 5 7. The
magneti c recordi ng nmedi um ac@6rding to claiml,
wherein at | east one layer of said magnetic recording
-l ayer adopts a granul ar structure conposed of
ferromagnetic crystal grains and crystal grain

6PoUNGRL hign&ic Rcalk %ﬁﬁlia%c&ﬁing?o C%ﬂn\?mw-ﬁgl%uf%g&%{ ofe layer

recordi ng nedi um according to c m erein an

I grain .size,of ,said netic .recordin
of L Rt eeR, Bler VPG O R RE Bt & R Gl GRS piPhos o
recordi ng/ reproduci ng device, conprising a magnetic
h?’@é%?%ﬁ%e Pﬁ&fﬁd@ﬁﬁuﬁw-a magnetic head for recording
and reproducing information on said 15 magnetic
recordi ng medi um wherein said magnetic recording
mediumis a magnetic recording medi umaccording to
7cl ai thd magnetic recording medium according to claim 1, wherein at least one layer

of said magnetic recording layer adopts a granular structure composed of ferromagnetic

crystal grains and crystal grain boundaries of a non-magnetic oxide.

8. The magnetic recording medium according to claim 1, wherein an average crystal

grain size of said magnetic recording layer is within a range from 1 to 7 nm.

9. A magnetic recording/reproducing device, comprising a magnetic recording
medium and a magnetic head for recording and reproducing information on said
magnetic recording medium, wherein said magnetic recording medium is a magnetic

recording medium according to claim 1.



