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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
AND PERPENDI CULAR MAGNETI C RECORDI NG AND REPRCDUCI NG

WORHAERATIES CROSS REFERENCE TO RELATED APPLI CATPOR3P2006/307178

Priority is clainmd on Japanese Patent Application No.
2005- 100020, filed March 30, RO0O5. This application is
an application filed under 35 U.S. C. 111 (a) claimng
pursuant to 35 U.S.C. 119DEPCBIPTENT | |ing date of
Provi si onal Application 60/669, 893 on April 11, 2005,
pursuant to 35 U.S.C. Ill(b). TECHNI CAL FI ELD Thi s
invention relates to perpendi cul ar magneti c recordi ng

PREPENBIEILAR BTk RECOwNat WEEOTUM) AND Kv@mﬁ\ﬁ)r@ULAR

magnet i ¢ recordi ng and reproduci ng apparatus using t

et RO R DRI R RER RPN e

the easy axis of nmgnetization of the magnetic
recording | ayer, which in conventional nedia is
directed in the plane of the nedia, is directed in the

directi on_ pefpRAdheHhRENER FORETRD APPLICARRING . € he

denagnet|2|ng e vicinity o

t t
potgely Pelgedatgpresy B %ﬁ&&vggé\’ﬁon“@s Taze o0 HIeK Nrarcn 30,
her the recordlng densi t nor
ﬁ&% appkicptéen IsyansappbraionHied %@ﬁr&éoUs?t Gt $111() clpiming pursuant

|nproved resi stance to thermal fluctuations; hence the
tored BIRICi §11@0rodphe Alieg daie of Pmnwtsfmiahgpﬁﬁwiomﬁ@wm% on April 11,

2005, pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
This invention relates to perpendicular magnetic recording media used in a hard disk
apparatus or the like, and a magnetic recording and reproducing apparatus using the

perpendicular magnetic recording medium.

BACKGROUND ART

In the perpendicular magnetic recording method, the easy axis of magnetization of
the magnetic recording layer, which inl conventional media is directed in the plane of the
media, is directed in the direction perpendicular to the media; as a result, the
demagnetizing field in the vicinity of the magnetization transition region, which is the
boundary between recorded bits, is decreased, so that the higher the recording density,
the more magnetostatically stable the recorded state, with improved resistance to thermal
fluctuations; hence the method is appropriate for increasing areal densities.

When a soft magnetic underlayer, consisting of a soft magnetic material, is
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When a soft magnetic underl ayer, consisting of a soft
magnetic material, isprovided between the substrate
wanaetoaeper pendi cul ar nmagneti ¢ recordi ng | ayePCTOP®06/307178
functions of so-called perpendicul ar doubl e-| ayer
medi a are obtained, and exceld ent recording
performance can be obtained. At this tine, the soft
prosigled t betweand érel substratceande ther perperdir@lar magaetic meqoading layer, the
for the recording magnetic field fromthe magnetic
funeichs ando-calted pprpendicilae doeblerayengmadid arepstasined,i @anl excellent
efficiency. In general, perpendicular nagnetic

BRI B riBR Aead R db%ﬁﬁécg Wt QRls Wnid) 1R s‘b@tfﬁla%ﬁﬁe Rhbérlayer serves
underil-ayer prOV|ded on a substrate, on whic

' [
togtp 2% & b o g&% e G HoRY e plflnElle head, and can
| ayer to be Jperpendi cular tg the plane of the
inaprRs thgrecording apdh gpap P%?eﬁﬁﬁﬁ%ch recording | ayer
consisting of a Co alloy, and a protective |ayer.
Howdv generaln pemsadiculae anagnetieae froedigvage confggd adth a soft
Erasure, or Wde Adjacent Track Erasure) phenonenon
mAgsetiRouRddriaybe preddghioned ssbsarage( all evhichn are formed, in order, a
per pendi cul ar magneti c recordi ng nedia. The

nNOHERRGRONRR ARy dr SwRicR [(RRLE Thé e@sgﬂ i€ of thaRREPRANGA GRS magnetic
nagnetlc recording nedia, and i$ a phenonenon in

[

rllag 'be Spg g 1§l§?12%!& etlrl}g g}ﬂ ogglﬂg Véglrbgtrﬁ a@éfgé}{dlcular magnetic
extend for, several r t he recoyde

QeRidRIEYFronsistag pEt CRGLH @?@dﬁp@ﬁﬁ%@m OpRFGuihecent years

the structure or nagnetlc ani sotropy of the soft

thealyAEEi(for IMidlerArgy dirackHrasnr s Vi meo‘g%g@m ('zasks Bragure) phenomenon
exanpl e Patent Reference Docunent 1). It is also known

hashaimeatoi tgnecugnided adiarpecblemrin perpeadigulax immgndtic recording media. The
magneti zation of the soft magnetic underlayer in the

WAIES bhéHothendAl iidla [SHobRATL §RRificStoehdrB&ididt@arl RAgriedic Mebdding media,

t he above

and is a phenomenon in which, when a signal is recorded in a particular track, signals are
demagnetized over a broad area extending for several pm from the recorded track.
Methods for alleviating the problem, mainly through the structure or magnetic anisotropy
of the soft magnetic underlayer, have been proposed (see for example Patent Reference
Document 1).

It is also known that aligning the direction of easy axis of magnetization of the soft
magnetic underlayer in the substrate radial direction is effective for solving the above
problem. The following methods are proposed for realizing this magnetic structure;

1) depositing the soft magnetic underlayer under a magnetic field in the radial direction
2) stacking a soft magnetic layer and an antiferromagnetic film as a soft magnetic
underlayer (see for example Patent Reference Document 2 and Patent Reference

Document 3).
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problem The follow ng nethods are proposed for
realizing this magnetic structure; 1) depositing the
weabds/wrgset i ¢ underl ayer under a nagnetic fi ePdTiyP00é1807178
radial direction 2) stacking a soft magnetic |ayer and
an antiferromagnetic filmas3a soft magnetic
under | ayer (see for exanple Patent Reference Docunent
2 ankin Pedneple oRe fregnetiseretrdinganedisn, usingessimplheallsfy enstitution to
magnetic recording mediumusing a simlar alloy
thizGRwdntibi id @Opdsed (dte Patenv Referaite DocpmepiobeHoweea, i @minple is
Ref erence Docunent 4). However, this exanple is a

a lltoﬂgig‘\((fﬁ%% ?{%betg@%gﬁtdhfg thESAOInAgh & B Hh WitiaRes MeChirlafer is thin.

It Mayer 1s thin. The use of Ir in

t he soft netic der | aver .i t .

per pondiss GEE e oA Shdr LB R ofa pepengicy
which is filled with a functjonal erjal, (see Patent
reffling anRiUIAEeR APATORY MatkT] %WEJ@H& @ﬂ?«fawb é@B‘ichﬁli"HE} material (see
medi um whi ch uses Ir as a dividing | ayer between soft
Patearg Reférende Yapument 5 k Aavanpgisiéanl g econdinRafediumn edich uses Ir as a
Docunent 6). Patent Reference Docunment 1. Japanese
diliagpanydiedtiiahebit nfypatiic RiyeRiis kidwis {(sePRhehtcRéfbencé\NDocument
S58-166531 Patent Reference Docunment 2: Japanese
6)Unexam' ned Patent Application, First Publication No.

HO6- 103553 Pat ent Ref erence Docunment 3: US

2002/.0028357 Patent Referenc 4 D o .
O SR RRPotA ORI Fo TR0, A by RAPRGRBftication, Firs
Number 2003-1325 15 Patent Reference Docunment 5:
Puplisaiiasbo Sk 188°3kd Pat ent Appl i cation, First

Patent Reference Document 2: Japanese Unexamined Patent Application, First

Publication No. H06-103553

Patent Reference Document 3:  US 2002/0028357

Patent Reference‘Document 4: Japanese Unexamined Patent Application, First
Publication Number 2003-132515

Patent Reference Document 5: Japanese Unexamined Patent Application, First
Publication Number 2004-237429

Patent Reference Document 6: Japanese Unexamined Patent Application, Fifst

Publication Number 2003-203326

DISCLOSURE OF INVENTION
When the SUL (soft magnetic underlayer) of perpendicular magnetic recording
media is deposited, there exist the following problems.
(1) It is difficult to control the magnetic field uniformly in the entire radial

direction.
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I NVENTI ON When the SUL (soft magnetic underl ayer) of

per pendi cul ar magnetic recording nmedia is deposited,

there exist the follow ng problens. (1) It is

di f €2) dbk magpetiofieldds smaller fmthedance digraster Rpstiemefthy spbstrate.

the entire radial direction.(2) The magnetic field is

smajk enedi® sizBe willnehtigiicatebe smphert inothe dlnturéie(2) becomes a serious

substrate. As nedia sizes will.continue to be smaller
pﬂgﬂlehﬂe future, (2) becomes a serious problem As

escri bed above, when a soft magnetic underlayer with

? io rn‘%ls ggfcgl;lbgé §é5\}éc {V%f a is?t]t Hﬁlglqetié dnde g?'%%th?%%#?ﬂ“ sthRture is

of magneti zati on uni

radi al direction.. This probl em needs.to he sol ved to,.
S useqie rvesy BRI Lo Com R LR DA Y o il
produce. In addition, even if the easy axis of ) )
direetinet Thisiprobleni geass te bosdleef tednednd e anagpeljareceoding medium which
net hods, the WATE phenonmenon occurs because of sone
iseasypepddducear nmagneti zati on conponent remains in the
SUL. This invention was devised in |ight of the above

Ci I GHAREGIL @Fen AME B3P afiS ofthafMdtBation e oRireNeFisAbo®E by various
per pendi cul'ar magnetic recording nedi a enabling

o551 S8 S5 g R Ps Hcl GEAF AR gncsion
10  component remains in the SUL.

This invention was devised in light of the above circumstances, and has as an
object the provision of perpendicular magnetic recording media enabling recording and
reproduction of information at high densities, and a method of manufacturing a magnetic
recording and reproducing apparatus for such media, by studying functions of magnetic

15  anisotropy in the soft magnetic underlayer in depth.

In order to resolve the above problems, the following inventions are provided:

(1) A first invention to resolve the above problems is a perpendicular recording medium

having at least a soft magnetic underlayer and a perpendicular magnetic recording layer

on a non-magnetic substrate, wherein when Ku-L (erg/em®) is defined as a perpendicular
20  magnetic anisotropic energy, and Ms (emu/cm®) is defined as a saturation magnetization

of the soft magnetic underlayer, Kul of the soft magnetic underlayer has a negative

value and KuL- = - 2 iMs? + Kuf®" <0,

(2) A second invention to resolve the above problems is a perpendicular recording

grain

medium described in (1) above, wherein when Ku®*" is defined as a uniaxial crystal

25 .magnetic anisotropy energy, the soft magnetic underlayér comprises a material which has



10

15

20

25

recordi ng and reproduci ng apparatus for such nedia, by
studyi ng functions of magnetic anisotropy in the soft

worgsaniws under | ayer in depth. In order to reseCvaPi00&307178

above problens, the follow ng inventions are provided:
(1) Afirst invention to resdfve the above problens is
a perpendlcular recordi ng nmedium having at |east a
negstive Kafjhetand algdaxia pEmagraiizatioreelihe 80% magneticagnderlpyer is
recordi ng |layer on a non-magneti c substrate, wherein

pabendidilar to a(sabgtaterfjrfdcs pthabi ned as a per pendi cul ar
magneti c ani sotropic energy, and Ms (emu/cnB) is

jrjra h8GnRDtién ?@fe’ébl% 'tliéna%ﬁg PRIbleha is @@e%enﬂféﬁla? ®ddording medium
gneti c underl ayer, K - the soft "‘magnetic

RGPL R o] a TR e A=

problens is a per pendi cul ar recordl ng nmedi um descri bed
aﬁ%“%@%“%%%ﬁ%n wherein when Ku 11 s defined as a
uni axi al crystal magnetic anisotropy energy, the soft

(Defyfrarthdnvention kaseselve dhmprtioye prablaves is eipgrpepdicylar recording
hasnegati ve Kugram, and a hard axis of nagnetization

mefivnh dessribdd ifapR @he enmng €1) tay®rabose,petigreindi conteat of kp imthe Colr
substrate surface plane. (3) Athird invention to

all&p @ﬂtﬁ@s6ﬁ1§1ag WEurRIeARY B TS frbH ?atp/etdmgd gul ar
recording medi um described in (1) or (2) above,

( Af fiﬁh nn‘}egﬁox? Pof fesSRIRR ?V@M?fe flg 5 lpt‘éﬁa%H nl\(/: eﬁf reg&ld{lrég medium

as a I'n conponen

res e the above obI endj cul ar
?Séeg?cﬁmr?&yr?aaiamng LRI @Labav: DRI qryytaliige pagerlayer
above, wherein a content of Ir in the Colr all oy of
Wlhhée lwagonﬂhglneq—p@ch@d@&emay evbip plape efilE caystakis Balakbel to the
.% (5) Afifth invention to resolve the above
sWs&hiee;nﬁaéesplmqoer pendi cul ar recordi ng nmedi um

(6) A sixth invention to resolve the above problems is a perpendicular magnetic
recording media described in any one among (1) to (5) above, wherein the non-magnetic
substrate is a disc-shaped substrate with a diameter of 28 mm or less.
(7) A seventh invention to resolve the above problems is a magnetic recording and
reproducing apparatus, comprising the perpendicular magnetic recording
medium described in any one among (1) to (6) above, and a magnetic head to record
information onto and reproduce information from the perpendicular magnetic recording
medium.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of perpendicular magnetic recording media of the
invention;

Fig. 2 shows an example of the configuration of a magnetic recording and

reproducing apparatus of the invention;
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described in any one anong (1) to (4) above, further

conprising a crystalline underlayer whose hexagonal
wohosaopmsked pl ane or cubic plane of the crysear/JP®06/307178

paral l el to the substrate surface plane. (6) A sixth

invention to resolve the above problens is a

perpendi cul ar magnetic recording nedia described in

any Fig 8 Asshowg tiagh prodil¢ssip antiniviel steipéx Examplad ;

non- magneti c substrate is a di sc-shaped substrate with

a dFigr8Behows traék piofides ihassate £fdr 1808@times Fecoriiag i Btample 1;

to resolve the above problens is a nagnetic recording

and pi RACHHG/s R cle BRATIE! i Sin ikiBAPStAtE i GoBeri le 1;
per pegﬁdi cul ar Iiﬁ%}%gneti c recérdi ng nedi Sdeessoélrl?)t)aén&)?n’

any ye na i c..head & .

e BN b gl in RCan B o FRRE Risfain B chfiparison

t he perpendi cul ar magnetic recordi ng nedium BRI EF
ExgoaplilbTI ON OF THE DRAWNGS Fig. 1 is a

cross-sectional view of perpendi cul ar magnetic

r ec §t@PAghowdiagidsiviewiof pﬁmmcrit@ﬁ targ¢tgnd Subsstiates an

exanpl e of the configuration of a magnetic recording

andFige pBatiows adompipar ditplscenfent dfaigovaidt substidte;g. 3A

shows track profiles in an initial state in Exanple 1,

Fi 0Fig3B sBHR¥helrERESnIMiPEF I @8ntefk MdThEKEEE hexah{HROP.

times recording in Exanple 1; Fig. 4A-shows track

profiles in an initial state in Conparison Exanple 1,

Fig. 4B shows track profiles in a state after 10000

times T ec otk FRIREARING BT fuk vvENTION

This invention uses a material which has a negative Ku¥®" (a crystal magnetic
g ry gn

anisotropic energy) in the axis perpendicular to the substrate surface for the SUL. For
example, Colr alloy is such a material. When a Colr crystalline structure is a hexagonal
close-packed crystal (hep), its Kuf™™ in the C axis has a negative value.

When the C axis of the material which has a negative Ku®™" in the C axis, is
perpendicular to the substrate surface plane, the material is strongly magnetized in a
direction parallel to the substrate surface plane. Therefore, when Ku-- is a perpendicular
magnetic anisotropic energy of a soft magnetic underlayer, Ku-l- (= - 2 © Ms? + Ku&®™) is
smaller than that of a conventional soft magnetic underlayer. The substrate surface is
magnetized more strongly in an axis parallel to the substrate surface, so that the
possibility of occurrence of a WATE phenomenon decreases significantly due to the
magnetization component perpendicular to the surface suppressed significantly.

The following is a detailed explanation.

As stated above, it is quite important in a perpendicular recording medium to

control magnetic anisotropy and the direction of the easy axis of the SUL. Especially, in
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Fig. 5A shows a side view of placenent of target and
substrate; Fig. 5B shows a top view of placenent of
woangan7mad substrate; Fig. 6 shows the rel ati eashiPwoes07178
Ir content and the Ku8ramin Exanple 7. BEST MODE FOR
CARRYI NG OQUT THE | NVENTION Thi s invention uses a
materi al which has a negative Ku " (a crystal nmagnetic
order teatippesthe VEATE) (thenWideeAreri/ Adjagepb hrtick Hragurd)phememenon and
substrate surface for the SUL. For exanple, CoL: alloy

so-éalled e shilkPh@sd which Wiehutal ©oahe novesiea of the neighétit dongain of the
is a hexagonal close-packed crystal (hep), its Ku 11

s&tﬁﬂnaélgtlgl \/\E ﬁﬂ%ﬁﬁg 9Bt bMG 1y Bliti-thdBaY a&ﬁ%f(ﬁl@ﬁbﬁ’zaﬁﬁn in the

terla a negative Kugramin the

B s RS ATT b HDBLER R0 e

parallel to the substrate surface plan Ther ef or e,

ungee thei@HE fo jmpege fherpavIMY phit rsi@gwgtt pallsog 59 maenetlc layer.
energy of a soft magnetic underlayer, Ku- - (= p
Vs 2ThisKavaition has anebjedivet thasolventie prbblanxsdmhaehtqrxgme from the
soft magnetic underl ayer. The substrate surface is

SUBJBEL petpshditulf SdcoRiif Ymediaabyaxelsctitgy ahd edoftt ndghetic material
substrate surface, so that the possibility of

@ggéﬁa? g.ce of a WATE phenonenon decr eases
antly due to the magneti zation corrponent

R
T e B b B e

the direction of the easy axis of the SUL. Especially,
isi qoofigered thy upjnge ds otdee onATEO-NHagneticieubsirata I a/pinniog dayer 2, a
Track Erasure) phenonenon and so-called the spike

néiPingSnotfei \@ldeilsyer 8| 8STL 4,@stwid] asmesrpstallioé otibstatiggewitiot layer 5,
domai n of the
perpendicular magnetic recording layer 6, protective layer 7, and lubrication layer 8.

As the non-magnetic substrate, a metal substrate consisting of a metal material
such as aluminum or an aluminum alloy may be used, or, a nonmetallic substrate,
consisting of a nonmetallic material such as glass, ceramic, silicon, silicon carbide,
carbon, or similar, may be used.

Glass substrates include amorphous glass or crystallized glass; as amorphous glass,
soda lime glass or alumino-silicate glass can be used. As crystallized glass,
lithium-containing crystallized glass can be used.

As the non-magnetic substrate, a glass substrate or silicon substrate are particularly
preferable.

It is desirable that the non-magnetic substrate 1 have an average surface roughness

Ra of 0.8 nm or less, and preferably 0.5 nm or less, from the standpoint of high-density

recording using a low flying-height recording head.
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soft magnetic layer, it is necessary not only to

orient the easy axis of magnetization in the substrate
weundeaomepl ane, but al so to provide a ferronmagReETiIR2006/307178

| ayer (called a pinning layer) under the SUL to inpede

the novenent of the domain waggls of the soft magnetic

| ayer. This invention has an objective to solve the

pr olilie desinabiecthab surffica aravifass Wa focbeSVB rmuh opdespeardi prafeaably 0.25

recordi ng nedia, by selecting the soft magnetic

niiBérelek2! fr@a Pihe PétArlp6iny - ofﬁh?h—dénsﬁtbowaoﬁihgeﬁﬁﬁ@ael@fr ing-height
first aspect of perpendicu magneti c recordi ng nedi a

s invention. The perpendicul ar magnetic
reré(grgg{gﬁ ng medi a 10 shown here |s confi gured by

i n or n a _non-m subst rat e
o nfin Btafesgle G o JRxiigs FEARREhdus PN e gcaghaess Ra of
as well as an cryst alline orientation control | ayer 5

the esubsetrate da10a} nAmghareaterrandd)-8inwy or dsssr pungsy G bam.\the effect of

| ayer 7, and lubrication layer 8. As the non-nmagnetic
testubing t@bimend ininsafficenbstd theenagnet¢ stisotgppyf ofaherSUAl deviates. This
mat eri al such as al umi numor an alum num all oy may be

sitBf6n i®und&iABRMY ddughbessUbebédhL 0.8 aRf isS tihd@irdble Fince the low
nonnetal [ic material such as glass, ceramc, silicon,

ﬂ%‘ng Ctﬁ“rljﬂéqﬁ nefit tlfégd Bhngt! aﬁﬁeveﬁa)&nﬁeSNReg reduced by the

ubstrate ncI ude anor phous gl ass or

B R GRS pripiafey of tﬁé’ﬁg’f@%w? filen B3R gTording layer
crystallized glass, |ljithiumcontaining crystallized
gl & thicianenyion, 3 pinning layercandios amegrieagnetic yadqriagercande used, but,
gl ass substrate or silicon substrate are particularly
theredf ep afluence on the effect of the invention without these layers. In this invention,

it is necessary that Kuf™" of the SUL has a negative value. When Colr is used as a soft
magnetic layer material, it is necessary to make the C axis of hep Colr crystal
perpendicular to the substrate surface plane. An underlayer is sometimes provided to
control crystal orientation. In this case, usually, the underlayer has also an hcp crystal
structure, such as Ti and Ru.

We found that it is suitable for Ku¥™" of SUL to have a negative value in the axis
perpendicular to the substrate surface plane.

grain :

The method for determining Ku®“" is shown below.
A perpendicular magnetic anisotropic energy, Ku-, is estimated by extrapolation for
20 components of the toque to the saturation field. The toque curve is obtained by

rotating the magnetic field in the plane perpendicular to the substrate surface plane of the

coupon sample.



10

15

20

25

It is desirable that the non-magnetic substrate 1 have
an average surface roughness Ra of 0.8 nmor |ess, and
wonrefeawate8y 0.5 run or | ess, fromthe standpoi RCTEOP2006/307178
hi gh-density recording using a | ow flying-hei ght
recording head.lt is desirabl® that surface wavi ness
Wa to be 0.3 nmor less, and preferably Q.25 nm or
| o8 isriculatedstsinmtborsletiorshin gL ceAB MS) TIoeSF dlMe: saturation
using a low flying-height recording head. It is
mpgRhieatd g forheBUL af tichtthe Curisngf the esitxinhdrysthlhaagnetic
aver age surface roughness Ra of the substrate be 0.1

m@ﬁh@@g%ﬁ&ﬂi&ﬁ&t@t& JbktRdte 5@$e pldneunder 0.1 nm the

_ exturing treatnent is insufficient and the
e e Bl . B3t Bl ey o the
n g e R S ampiav a5 T lioh B soticive

by the degradation of the magnetic orjientation of the
toreoyidediSEll such tey Sehdse negetivelvalue iFK et is exprassrds2nMs™+X .
i nvention, a pinning |layer and/ or a non-nmagnetic
ungietheaysy ofeadonbentitsatiSUDUK, ustifibyr leasiassniudl posftivesahe dus to
the effect of the invention wi thout these layers. In

A0S ah WG ritRE Inithis irfveR86£ 3826 YKulta forKePthd madhetiAfiontd-be
as a negative value. Wien CoOlr is used as a soft

. netic | ! P r . .

RO i WHEL P RIRULL i oy SRR TRl B TR Rublfridn of the
substrate surface pl ane.. An_underl ayer is soneti nes

g RRAIZARRR e ISiaL Hldh B DS APGTRESaH PBFRUSH P PRATEY cidtecbecomes
usual |y, the underlayer has al so _an hep crystal

mere sighlevhien makingdbe direction oRunagugtization én the sbbstratg syurface plane.
sui tabl e for Kugram of SUL to have a negative value in
t havier Bu DeliRentboativavalia thd@agndnshtiont #ats of fhaceatprialie the

substrate surface plane is the most stable energy state. Therefore, such a kind of soft
magnetic layer will magnetize itself in the substrate surface without a special effort.

As stated above, the inventors invented that a Colr alloy is quite suitable as a SUL
material of a perpendicular recording medium.

When a Colr alloy has the Ir content 5 at. % or greater, its Kul will take a negative
value in the C axial direction of the Colr alloy. However, it is necessary to control the Ir
content because the saturation magnetization Ms decreases as the Ir content increases.

The substrate temperature range during deposition of the Colr layer is preferably
from room temperature to 400° C.
It is preferable that the coercive force He of the soft magnetic layers be 30 (Oe) or

less, and a value of 10 (Oe) or less is still more preferable. One Oersted is equal to

approximately 79 A/m.

Tt is preferable that the saturation magnetic flux density Bs of the soft magnetic
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The method for determ ning Kugramis shown bel ow. A

per pendi cul ar magneti c ani sotropic energy, Ku-Kis
webicrnmatoesl by extrapol ati on for 2Qconponents oPCTAR2006/307178

toque to the saturation field. The toque curve is

obtained by rotating the nagriétic field in the plane

perpendi cul ar to the substrate surface plane of the
layenspe 9. Ziop highkr, &ad a vakie 4l duordtightr isstilgmpreepreferable.

relationship Ku-1- = -2p Ms2 + Ku " (Ms: saturation

mag itk ipzeférable that thotota 165k thickneks efthe beft Giagiétic 1afert be 20 nm or

uni axi al crystal magnetic anisotropy is perpendicul ar

xttheI' &t q?‘.@%ﬁ Q)tr QestULARGHI Fih@t@eprefefraﬂlé e QU éﬁi@l@ﬁes? be 20 nm or

'm sampl e a strong demagneti zing fiel

g*??@@%ﬁ?é@@'eara ey stlfr® o il Mg € JbhotlSs 88720 nm or

4 ti e to E)row de a SUL such that X has a negative
grpalenBu 60 B OF 1958 expressed - 2pMs2+X . In the case of a
conventional SUL, X usually has a small positive val ue

dueIn additérs it wasdound thatia eriiiest filmrihickness pASBRtis dependent upon the
large | Ku-L | force s the magnetization to be

Irdionesdit.€Thd oritidad fdmr thivk@edsVis ik filvg thicRndse datvitich thenmaagnetization
In addition, the fluctuation of the magnetization by

d&ﬁéﬁhr\%l[r%ﬁﬁ&href d12hBesCROM MG RELERREH BEIAUSRICRIC. qﬂed'tﬂéir words,
stat e becones nore stable when nmeking the direction of

WEBgQ %{1 o%l?etnlt Wy ar}a}lv%efrgrﬁ Rsh ot ‘te“/s Whd ﬁgg et Ic %gﬁlalwgﬁl c%'c*nges from

negat the

SR iR %Qﬁg%?%tw%m &ciq%%{né‘%ﬁgﬁ%ﬁoé st Gl alloy. It

sof t na%gstlc layer will magnetize itself in the
ks thegtNeek gtraefure 18 praterable te papeds thef WeYEE phenomespadhowever,

above, the inventors invented that a Colr alloy is
Bipiehtserustuid sihprefezabla fdBlWeduwnidgetheahedifimangisy. iesdiecessaty to consider
recordi ng medi um
the above facts in designing the film thickness.

As the method of formation of the soft magnetic layers, a sputtering method can be
used.

The SUL may be a sandwich structure composed of soft magnetic layers, and a Ru
or Re interlayer. Both of the soft magnetic layers can be coupled antiferromagnetically
by designing the thickness of soft magnetic layers and the Ru or Re interlayer. In this
case the film thickness of the Ru or the Re is usually 0.3 nm to 1.5 nm, or preferably 0.5
nm to 1.2 nm. The above constitution can impede the WATE phenomenon, which is the
problem peculiar to a perpendicular magnetic medium.

The crystalline orientation control layer is for controlling the crystal structure
and grain size of the perpendicular recording layer. A preferable structure of the material

used in the crystalline orientation control layer is an hcp structure or a face-centered

cubic structure (fcc structure), for example, such as Pt, Pd, NiCr, NiFeCr and Mg or the
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When a Colr alloy has the Ir content 5 at. % or
greater, its Ku-L 6 a n egative value in the C axi al

wdadiomsabies of the Colr alloy. However, it i s nECEIBEN307178

to control the Ir content because the saturation

magneti zati on Ms decreases agilthe Ir content

i ncreases. The substrate tenperature range during

likepowhen arstakhtré eti@o ltharl bgpeand fccpstefcbired [for Exampleooibody center
tenperature to 400 C. It is preferable that the

cG1€ sEuMerd @oeestiietRé) bMemePphbusre@ieide id ayRl shd eridRation of the
(Ce) or less, and a value of 10 (Qe) or less is still

. . q p X " y
PIRERFANE] Bepil nPIRF hE el S ILLIRS A S s o
dflux dﬁg ity Bs of .the.sof.t na net.i.cl ayers be 0.6 T or

FEAYE O QST s BT ERSERYE. ('S "sti 1| nore
preferable. It is preferable that, the total |ayer

t hi cFhe swstllineriengationpagel layer| Saip dpungbiron awpeddayer 5-1 and an
greater but 120 nmor less, and still nore preferable
intératediabelayén TRNB $s jrefe?blnas the nopteriet] of thwuteed Gyen tr lofor example.
| ess, and still nore preferable that the thickness be

RA0is PRfefably £AHRI mBtelialbof thid igferhmediste laerasidi Td Brprefefable that the
was found that a critical filmthickness of SUL is

) T A fyel :
tHRRERAT eyt bty oA B ayer 6 %0 hin s’ I thickness o the
etizatjon domain. wal |, structure es.from Ne
uigepliSen P st G iR Gopsrldny ) S AR e ofine fetween the

Ir content is in a range from5 tqQ 20 at.% .the

megpsiiothead gadiianSURI4 dumgigerding snd nerpdeciion) i iigrepsed; jga that the
critical thickness with increasing the thickness of

ovérevriGo (@ W3l dhayactdristic snd mepundudedtsiguet resetutivotane degded, which is
preferable to i npede the WATE phenonenon, however,

ullitiblet ructure is preferable for reducing the nmedi um
noise. It is necessary to consider

The easy axis of magnetization of the perpendicular magnetic recording layer 6 is

directed in the direction perpendicular to the plane of the non-magnetic substrate 1. As
the constituent elements, at least Co, Pt, and an oxide are included; and Cr, B, Cu, Ta, or
Zr can be added in order to improve the SNR characteristic or for other reasons.

Examples of oxides for use in the perpendicular magnetic recording layer 6 include
Si0,, SiO, Cry03, Co0, Tay0s;, and TiO,. It is preferable that the volume fraction of
oxides be from 15 to 40 volume percent. If the volume fraction of oxides is less than 15
volume percent, the SNR characteristic is inadequate, which is undesirable. If the volume
fraction exceeds 40 volume percent, the coercive force necessary for high-density
recording cannot be obtained, which is undesirable.

In addition, other types of materials, such as Co / Pt and Co /Pd multilayer, ordered
alloy such as FePt and FePd, and RE -TM alloy and the like, can be used as the

perpendicular recording medium material.
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t he above facts in designing the filmthickness. As
the nmethod of formation of the soft magnetic |ayers, a

wepmistieriesg net hod can be used. The SUL nmay bePar/Jr2006/307178

sandwi ch structure conposed of soft nmagnetic |ayers,

and a Ru or Re interlayer. Bd2h of the soft nmagnetic

| ayers can be coupl ed antiferromagnetically by

desilgid prefetablet that Khe swclgatian fiel t 9 theapempendinglar magnetic
the Ru or Re interlayer. In this case the film

rdchtdihgRger 8 1.5 eOBUorqredterelfRae inscletsioalfleyd OHR) ivMeésothdn 5.5 (kOe),
nm or preferably 0.5 nmto 1.2 nm The above

tHePRST fldcaiatioRs 66dkr, WRSH S Und8siMAE phenomenon, which is
the problem pecul’iar to a perpendicul ar magnetic

medi-u r L1 Leptation.c rol |ayer i
for 5 prstafiofd At @ Pt bP B MRl igmeft Rigpling layer be
of {he_ perp icular recording lLayer. A preferable .
figpy 69 1 BpAL ‘Sﬁéhl cs# phfhe pemRfigtih Bagpelia terpiding layer is in this
orientation control layer is an hep structure or a
rénge.cuffenens oatbut and goast ovgrwiited OW pehagactaristia aes) achfayed.
exanpl e, such as Pt, Pd, NiC, N FeCr and My or
t helThk @erpdhdivular shagnetic! teondilg layiehatn heye anthdl®®iyer structure, or
structures, for exanple, a body center cubic structure
AP BVt YGhdHR) oPiwB B R Javthd WohMbtthe bf HfeHa)s W8N different
orientation of the perpendicul ar nmagnetic recordi ng
-.ecomes insufficient. As a result, it causes a
cé@%&éﬁ%@'of SNR and coercivity, which is not :
desirable. The crystal]jne orientatian cg trol | eye{ 5 )
is f FnPéQie‘ft’rVSﬁ?‘ I iR vidsd & pisvent gaposiAn ohihemeERengdicalar magnetic
layer 5-2. Pd is preferable as the material of the
reserking layetrangl to preyenbdamagedo tRumedia sudaceruponeogtact ¢fthe magnetic
material of the internmediate layer 5-2. It is
headedith el mediltadontéreionhl mkterials, sich as Yateaxhmpleematerials containing C,
orientation control layer 5 be 30 run or less. If the

Sty GKIVEB Scf bd Bid. It is preferable that the thickness of the protective layer be 1

nm or more and 5 nm or less, from the standpoint of reducing the distance between the
magnetic head and media to enable high—density recording.

As the lubrication layer, it is preferable that conventional materials, such as fér
example perfluoro-polyether, an alcohol fluoride, carboxylic acid fluoride, or similar, be
used.

Fig. 2 shows an example of a magnetic recording and reproducing apparatus using
the above perpendicular magnetic recording medium 10. The magnetic recording and
reproducing apparatus shown here is provided with the perpendicular magnetic recording
medium 10, a spindle motor 11 which drives rotation of the perpendicular magnetic
recording media 10, magnetic heads 12 to record and reproduce information to and from

the perpendicular magnetic recording media 10, a head actuator 13, and a recording and

reproducing signal processing system 14. The recording and reproducing signal
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under | ayer (crystalline orientation control |ayer)

exceeds 30 nm the distance between the nagnetic head
wanaetoaeSUL 4 during recording and reproducti 8aTiJB2006/307178

i ncreased, so that the overwite (ON characteristic

and reproduced signal resolutlBon are degraded, which

i s undesirable. The easy axis of magnetization of the
pIoeessisgdiystemal4 pangprocess e slets ayl seag apcogding signalsctodtie magnetic

in the direction perpendicular to the plane of the
headp-1apgid cint peocbss repreluted Signalbdrannbkd ntagadtic RéISEI and output

at least Co, Pt5 and an oxide are included; and Cr, B,
d&y, Ta, or Zr can be added in order to inprove the SNR

characteristic or for other reasons. Exanpl es of

oxi d cul ar magnetic recording

| aye ﬁecs %ﬁg d(%l ﬁ@gﬁo%%%&ﬁ@éé O Co3 Taz2(3, and

Ti referabl e that the vol me.fracgtion )

oxi Belovh e dionoend. s gy Resulg oL Zhi§ inyeptip érevﬁmﬂ%d through

fraction of oxides is less than 15 vol une percent, the
Esnpplen daveaver, this invention isawemited to theifellowing Examples.

undesirable. If the volunme fraction exceeds 40 vol une

per (eaimplé p coercive force necessary for high-density

recordi ng cannot be obtained, which is undesirable. i

addi AtfﬂeP '%asHitnE Ghe t@f:&@ Ssu9§trdi@t(&5'§t§ﬂf‘zed SH6SrafS TSP0S X tdiameter 2.5

and Co /Pd multilayer, ordered | oy such as FePt and
d
1ntcﬁé3 maﬂ'lpen d' %ﬂérég%% gélg's% dsluum W%QQPBF q‘ﬁ?letﬂe fifin deposition

‘%&ebﬁ blcﬁptal{lg%t&ﬁgtsgﬂcfl?r@%géygf]eﬁg '(/Sge;jg . éde@rkl&g 0), and the

greater. If the nucleation field (-Hn) is |ess than

: ﬁlxn gepasifias) chapther W evaanatedatoi aobacksround pr@mur@rpf. k10” Pa. On this

undesirable. It is preferable that the thickness of
glhdsesybatrpe fiinaulbfia Tatpyet was rdepositbdn ThemBenmbef Ru, and 20 nm of

88Co-12Ir (Co content 88 at.%, Ir content 12 at.%) were deposited, to form a SUL with a
double-layers structure.

On this sample 6 nm of a Pd-seed layer, 20 nm of a Ru intermediate layer, 10 nm of
a CoCrPt-SiO, magnetic recording layer, and 5 nm of a C protective layer were deposited
by sputtering method. Then, a dipping method was used to form a lubrication layer of
perfluoro-polyether, to obtain the perpendicular magnetic recording media.

(Comparison Example 1)

A 60 nm 91Co-5Zr-4Nb (Co content 91 at.%, Zr content 5 at.%, Nb content 4
at.%), a 0.8 nm Ru, and a 60 nm 91Co-5Zr-4Nb were deposited to form the stacked soft
magnetic underlayer on the same substrate as that of Example 1.

On the soft magnetic underlayer 6 nm of a Pd seed layer, 20 nm of an Ru
intermediate layer, 10 nm of a CoCrPt-SiO, magnetic recording layer, and 5 nm of a C

protective layer were deposited.
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i s p) Afbasiaiprtiemiveas recondesiatiln Xifci ilroughait $he asercof Hsumor
exanpl e perfl uoro-pol yet her,

car DpAYie iaderagé Gutbliiff ictléh tradk Whdtinkadured@vetafdracks, tinddvas taken
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to 5O etk

magneti c
and

ecor
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ing me |
R R e Tl

11 which drives rotation of the
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fluoride,

reduci ng the di stance
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uskDg the above perpendicul ar
ium 10. The magnetic recordi ng
rovi ded wi

almef d),n 8ne

ek in the

10 cenigrd s A6*-ar nmgnetic recording media 10, nagnetic
heads 12 to record and reproduce information to and .
f r ofp tThe track peofile ovds aanceragristmeasmed pamdl thg rewdi wad Oompared with
head actuator 13, and a recordi ng and
the initial state.
The track profiles obtained in this way are shown in Fig. 3 and Fig. 4.
In addition, the crystal magnetic anisotropic energy Kuf™" for the C axis, output
15  reduction in tracking profile, the vertical magnetic anisotropic Kul- and value of - 2z Ms?
are respectively shown in Table 1.
As shown in Table 1, in the perpendicular recording media of the invention, it is
clear that there is an effect of suppressing the WATE phenomenon.
Table 1
20
Soft Crystal
Underl magnetic | structure of |  Ku®™" Ku -2nMs* 3““:}“ Track
NECraYer |, nderlayer| soft magnetic (10%rg/cm’) | (10%rg/cm’) | (10%rg/em®) re (1(1;)10n profile
(at.%) | underlayer o
Example 1 TR'ﬁzgr':% 88Co-12lr|  hop -48 -106 58 0 Fig. 3
Comparison Example 1 none 91?‘;};32'- amorphous 0.3 -48 ~56.1 12 Fig. 4
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heads 12, and can process reproduced signals fromthe

magneti ¢ heads 12 and out put 1data. (Exanples and

Conpari son Exampl es) Bel ow, the action and

ad&gﬁ%@%@@ 62@wmp@rlmﬁmlq8@\ﬁ@@i on are clarified

through Exanpl es. However, this invention is not

| i Ndxgah peopdndeculariréconding niedamp biesilar (Eshanfor Exignphf 1 &1d

washi ng the gl ass substrate (crystallized substrate

ChSlpatison ExxiniIell Sas Prépatdiic i6ihig a BIRUA a6BsubRbLAYIIENSS fim as a

Inc.), the glass substrate was placed in the film

SHRRER B DR Oresg s PR AT S e MR OR Y™

chanber . evacuat.ed to a_ background pressure of 1x1
PR s STy S pioths eSS P ATSBRIcE BF i s Process as
.was deposited. Then 3 nmof Ru, and 20 nm of 88Co-12Ir

i Exanande d épd tiwsother Spieess of sanplgtby the sameprogess@s in Comparison
deposited, to forma SUL with a doubl e-1ayers

EsampletluiThe astngehnient sefihp ksebsGratesdofingtieaiegosityeprocd inshown in
of a Ru internediate layer, 10 nmof a CoCrPt-Si O
Fizag®tic recording |layer, and 5 nmof a C protective

'ayer were deposited by sputtering nethod. Then, a

di pRbRg)dTB B, YR Sitite | S8hb RG] %&F}n k
per ?ﬁaﬁ%r 0- pol yet helr, Fgogg%%%rq%g %@? egﬁsglhcu a?ye§§t86were
mgneti.c recordin ia. (Conparison Exanple 1) A 60
St %Q%Wlsﬁ’ﬁ%’iﬁ%@?{gmem 91 at.% Zr content 5
at. % Nb content 4 .
WATE measurements which are the same as those in Example 1 and Comparison

Example 1 were performed for the above samples. The dependence of the WATE
phenomena on the positions of the substrates was also estimated. The results are shown
in Table 2.

Table 2
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As shown in Table 2, no WATE phenomenon was observed, regardless of the

position of the substrates in Examples 2 to 6 of this invention. The result suggests that

the easy axis of magnetization can be strongly directed in the substrate plane, regardless

of strength, and the direction of the external magnetic field from sputtering guns.

On the other hand, in Comparison Examples, not only was the WATE

phenomenon observed, but also its extent depended on the substrate position. This is

because the soft magnetic properties of the SUL were dependent upon the magnetic field

from the magnetron gun and the spattered particle incidence angle from the target and the

like.

(Example 7)

A special vacuum chamber of the magnetron sputtering system (Anelva Corp.

model C-3010) which has two rotatable targets was used for co-sputtering experiment of

two different materials on the crystallized glass substrates. The chamber was evacuated

to a background pressure 1 x 107 Pa. As two target materials, a pure Co and a pure Ir




As shown in Table 1, in the perpendi cul ar recording

media of the invention, it is clear that there is an
wehbwan7ws suppressing t he WATE phenonmenon. TaBC®JP2006/307178

1(Exanples 2 to 6, Conparison Exanples 2 to 6) Next, a

per pendi cul ar recording nmedi ath simlar to that for

Exanpl e 1 and Conparison Exanple 1 was prepared, using
weregised.con substrate of radius 22 nmas a substrate. In

the depositing process, 5 pieces of substrate were

subfaet 8@ crestdllized glaseabdtiatwas naakddan 8603 ysingalemp heater.

pi eces of sanple were prepared by the sane process as

Neft, PIasRh e ¥ iddshd ahRu FHREIE 3R 'vx%?@&eﬁéglt&ﬁmr&‘erbé‘nd th€n a

safre process as I n Conparison Exanple

b el ot % cﬁ ST 0
5 ¢ SI T@I 4 q@ @ﬁi@%@%@%@ﬁ%ﬁ 2115%(1 1scharge%ogver to the

rreasurerrents whi ch are the sanme as those in Exanple 1
taggets Conpari son Exanple 1 were perforned for the above
sanpl es. The dependence of the WATE phenonena on the

pos Fhithdrmond, thd€ peetbivediys wag depdsitod asthendpethosiTager of the
results are shown in Table 2. Table 2As shown in Table
sagnpl@0 WATE phenonmenon was observed, regardless of the
p05|t|on of the substrates in Exarrpl es 2 to 6 of this

Irrggﬁlet h%pdtl %ﬁ%técn é&r r ong%ﬁgl r ectf tﬂlgiec nw‘l ?ﬁ}ré vilth various

substrate ane, re rd ess of sfren and t
10 copstidiopg e m?aﬁgreéx?g? ?’FJHFenP’Fé’&ﬂ’é?‘i (1% gﬁroaqwerlamnetometer was used
sputtering guns.
for the measurement. In addition, the film composition obtained by adjustment of
discharge output of the two targets was measured by fluorescent X-ray analysis. The
results are shown in Table 3. Furthermore, two Ar partial pressures of 3.0 Pa and 0.6 Pa

were used during deposition of Coygglry film.

15 Table 3
Ky
Ir Content (at.%) (10°erg/om’)
Partial pressure 1: 3.0Pa |Partial pressure 2: 0.6Pa
0.0 3.0 26
4.0 4 - 20
7.0 -1.0 -
8.5 - -1.9
Example 7
14.0 -5.0 -
17.0 - -3.0
20.0 . -5.2 -2.0
210 -34 -
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On the other hand, in Conparison Exanples, not only
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the soft magnetic properties of the SUL were dependent
upon the magnetic field fromghe magnetron gun and the
spattered particle incidence angrl.e fromthe target and
t h&h¢ rdtation§ltipdepreen 1) contensend Klu*Vaiswsbawo fia Figere @n theebasis of
magnetron sputtering system (Anel va Corp. nodel
thé&rexQitdin MHleh has two rotatable targets was used for
co-sputtering experinent of two different materials on

the, GiyatéldonZ gsargéls@éﬁrysfdp Klypait ﬁy%avgﬁ%eg%’cﬁgt{%gue\!\ﬁghte value of

evacuated to a ground pressure 1 x

WO
tamget terials, a pure.Co d ur.e lrwere
kyr Shont o] bl o d ¥ B PR BRI ot R Bt bt
350C using a la heat er, Next a Ti fjlmof 7nmaq_l
coteny; of rinhsrranee 06 376 % tR1d0rssTorie theiRoss swidable am therhagiy Ogt e
Col0O- XIrx filmof 20 nmwas deposited, by rotating
abosie-gensiondd :€sulsnd Ir in the sanme chanber. The x in
ColO o-XIrx filmwas adjusted by changi ng the

di(BLdiaglees ROVE Contpatiden Erdgsies 8 ks her more, the C
protective | ayer was deposited as the uppernost |ayer

R Lt T
were formed by the same methods as those in Example 1 and Comparison Example 1.
Then their WATE characteristics were measured.

Five types of substrates with diameters of 95 mm (Example 8), 65 mm (Example 9),
48 mm (Example 10), 28 mm (Example 11) and 22 mm (Example 12) were used, and
four samples per type were made. As the material of the SUL, Colr was used in
Examples 8 to 12, and Co-Zr-Nb was used in Comparison Examples 8 to 12. The

measurement results are shown in Table 4.

Table 4
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ar %Nﬁgno&@-zrﬂ\lg?sbllls%d Le"l's the material of the SUL, the WATE phenomenon of the

medium with a smaller diameter became more noticeable. Therefore, the effect of this

invention is significant for a substrate with a size below the diameter of 28 mm.

INDUSTRIAL APPLICABILITY

In accordance with this invention, it is possible to provide a perpendicular

recording medium in which the easy axis of a magnetization of a soft magnetic

underlayer is oriented in the substrate surface plane, which is effective to suppress the

WATE phenomena and spike noise and the like.
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Tabl e 4When Co-Zr-Nb is used as the material of the
SUL, the WATE phenonenon of the nediumw th a smaller

wdiersanass becane nore noti ceabl e. Therefore, theTabPioees07178

of this invention is significant for a substrate with
a size below the dianeter of 228 nm | NDUSTRI AL

APPLI CABI LITY I n accordance with this invention, it is
possi bl e to provide a perpédddBNBar recordi ng nedi um
in which the easy axis of a magnetization of a soft
magnetic underlayer is oriented in the substrate
surface plane, which is effective to suppress the WATE

1 ph pegRBiduiaNfbcoRliEmediugehaA it dtheast 4 Keft Qagﬁé‘zﬁ &deﬁa;%etr and a

per pendi cul ar recordi ng nmedi um having at least a soO
PRSI AR RFaRE b BEL RERALEHL R nEBGNE e phen K-
whensKu-L.(erg/cnB) i.s defined.as .a perpendicul ar )
RN deaprl i Bepenalonl R RS B ey st rs (emuwiem i
defined as a saturation magneti zation of the soft

defingd @s psalyraion magnetizaten of the sofianagretic yadarbyri

under| ayer has '‘a negative value and Ku-L < 2pMs2. 2.

AKwbof thediofiuhagnetie andetlayer s dinspatisecailul ang Kel- € -aihis?,
wherei n when Kugrain is defined as a crystal magnetic

2 N ipeRkhdipylaCiRblling tb@umictordBgetd1ainy NORRdrad&ihen Kus™™ is
conprises a material which has a negative Kusrain ,

dﬁ%g?rg%&tﬁﬂ nBfic &J?I%ﬁ)'g%ﬂ%ljgw of the soft magnetic

ayer 1s perpendicu a substrate surface

SR e BB b S RA A B R A58 08, ng

Caolga?crl L}?ig %f %{gﬁet?zla!tigg ot{‘jl Ele {jslog?rilagngt(i)cnl?r?d%?lg;ér is perpendicular to a
substrate surface plane.
3.A pefpendicular recording medium according to Claim 2, wherein the soft magnetic
underlayer comprises Colr alloy as a main component.
4. A perpendicular recording medium according to Claim 3, wherein a content of Ir in the
Colr alloy of the soft magnetic underlayer is from 5 at.% to 30 at.%.
5. A perpendicular recording medium according to Claim 2, further comprising a
crystalline underlayer in which a hexagonal close-packed plane or a cubic plane is
parallel to a substrate surface plane.
6. A perpendicular magnetic recording media according to Claim 2, wherein the
non-magnetic substrate is a disc-shaped substrate with a diameter of 28 mm or less.
7. A magnetic recording and reproducing apparatus, comprising

the perpendicular magnetic recording media according to any one of Claims 1 to 6,

and

a magnetic head to record information onto and reproduce information from the



4. A perpendicul ar recordi ng nmedi umaccording to Caim
3, wherein a content of Ir in the Colr alloy of the
weabde/wegaet i ¢ underl ayer is from5 at. % to 30rParJproo&307178
A perpendi cul ar recordi ng nedi um according to Caim 2,
further conprising a crystal [2lne underlayer in which a
hexa cl ose- packed pl.ane or a cubic plane is
P?}BF@Q?‘QW agngtig El%‘é’!‘ilﬁg g1edi% f ace plane. 6. A
per pendi cul ar magnetic recordi ng nmedia according to
Claim 2, wherein the non-magnetic substrate is a
di sc-shaped substrate with a dianeter of 28 nm or
| ess. 7. A magnetic recording and reproduci ng
apparatus, conprising the perpendi cul ar nmagnetic
recordi ng nmedia according to any one of Clains 1 to 6,
and a magnetic head to record information onto and
reproduce information fromtheperpendi cul ar nagnetic
recordi ng nmedi a.



