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TI TLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM 5 CROSS- REFERENCE TO RELATED
APPLI CATION This application is based on, and clains
priority to, Japanese Application No. 2004-262128,
filed on Septenber 9, 2004, the 10 contents of which
are incorporated herein by reference. BACKGROUND OF
TTHE ENYENTHN INVERTION t he I nvention 15 The present
invention relates to a perpendicul ar magnetic
recording nmediumfor read-wite of information, in
particular, to a perpendicular magnetic recor di ng

P%’é%ér. pti onEHf RM%d%at e'gI%R\%r r e]ﬂ@w} Mﬁgr%llﬂé/‘[

recordi ng nmedi a enploy a |ongitudinal recording

nmet hod, in which a magnetic |ayer of a cobalt alloy or
the 25 like is provided over a substrate through an
under| ayer conposed of chrom um chrom um alloy or

CHORS KPR ENCR TORITATEIPREPEICATION a6 ¢ he

need for high recording density of magnetic recording
nedia is increasing year after year, research and

ty. of di ti dj di
o of bEF ApticiBE oPasEd i SRR R LB LAt o abighese
Appqlcatlon No. 2004-262128, filed on September 9, 2004, the

contents of which are incorporated herein by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a perpendicular magnetic

recording medium for read-write of information, in particular, to a

perpendicular magnetic recording medium housed in hard disk drives

(HDDs).

2. Description of the Related Art

Currently, magnetic recording media employ a longitudinal
recording method, in which a magnetic layer of a cobalt alloy or the
like is provided over a substrate through an underlayer composed of

chromium, chromium alloy or the like, and the direction of recorded
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5 density recording. To inprove el ectromagnetic
conversion characteristics, typically noise
performance, and to enhance the recording density, it
iS necessary to pronote magnetic isolation between
ferromagnetic 10 crystal grains that conpose a
magnetic |layer and to mnimze a nmagnetization

nigyaeslatiohtis 1A theplhae of the mdistirate! aXethesneed for high
dr awi ng attentlon as suitable for this purpose. In the

ré¢@rdil MRIHEOf Mmbavetic recoiapneiédiLiy shete %r’ﬁg??e ar after

of coba t based alloy or the like are surrounded

yBape8seArch Girad delelagaion ©bf pergR riliclidap Ixhbg%tla Pecording

nonmagnetl c grain boundary has'thée effect to reduce

mMEdBRERre Bl %1? astried o6t ‘&%@I\/él&%ﬁ&f b?ﬂaaﬁﬂ%dcfo?rtﬁﬁ Aligh

gral ns and mnimze rragnet tion reversal unit

dERgstv adagkdifd kawa et al . " Dependence of rragnetlc
per?trmance 1o Pt, C conp05|t|ons ina CoPtCr-Si02 /

Ru per pendi cul ar magnetl c recording nmediun', J of 20
Magneti c Soci ety of Japan vol . 28, p254- 257 (2004),

f orT?Xﬁﬁgk‘SVé aqlgggri Y gﬁ%kﬁleﬁ‘%&s %Jt}%aqra@tafls‘ﬁqsa typically

coba Sed orfre acr
oSSBT G s
i L T S

K P B e 4R i
SNBSS BB L SEREIEE B oL
AERR wEe RIS ABA R RorUPLPHERPSSn 1 UARgtanlar
magnetic layer, ferromagnetic crystal grains of cobalt-based alloy or
the like are surrounded by nonmagnetic grain boundary of oxide or
nitride. The nonmagnetic grain boundary has the effect to reduce
magnetic interaction between the ferromagnetic crystal grains and to
minimize magnetization reversal unit. (See Tadaaki Oikawa et al.,
“Dependence of magnetic performance on Pt, Cr compositions in a
CoPtCr-SiO2 / Ru perpendicular magnetic recording medium”, J of
Magnetic Society of Japan, vol. 28, p254-257 (2004), for example.)
The ferromagnetic crystal grains of a cobalt-based alloy have been
formed with a crystal structure of hexagonal close-packed structure
(hcp). The cobalt-based alloy changes its magnetic property
depending on the crystal structure and the highest coercivity is
attained in the hcp structure. Accordingly, it has been believed that

the hcp structure is optimal for achieving best magnetic performance
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96950, for exanple.) 5 As the magneti zation reversa
unit is decreased in order to pronote high density
recordi ng by inproving noise performance and ot her
property, a phenonenon so-called "thermal fluctuation®
has becone noticeable, on the other hand. The thermal
stability 10 (resistance to the thernmal fluctuation)

afid EheHapetidenteady ebid SPARARY U CEY atid bEKEX cﬂayeal a

product of a uniaxial anisotropy constant Ku and

Sﬁ‘ilét\(ﬁtésoé.‘ré’ b ‘Bﬁeek’@lu(‘l‘@d Hedaud8MHoo? m%g‘ﬂéﬂlé‘tpﬁerformance

th a volune V of a magnetization feversal” unit.

(S@@U"é&iaﬁé@@@héx ﬁhfga PEan gi A?S%?éaﬂhﬁﬁ Pﬁgﬂ nNo He-

deteriorates as t ecreases

gbg@r ff){.%@a{rﬁmel)ndex the thermal stability

eteriorat n the nmagnetization reversal unit is
reduced for enhancing recordi ng density. Consequently,
the problem of thermal fluctuation still arises even

I T AT R AT AR
o ORIk S Dl B o
T LA
P A B R da
r%é'asmt;aé'wla B i Hatmal dleePdation o2 spEnedinbRo &
reRis el &&hﬁm@&%@gi%tpégo@9%@?&&5@5&5%960&0})3’
constant Ku and an activation volume Va, which is known to
correlate with a volume V of a magnetization reversal unit. The
thermal stability of a magnetic recording medium deteriorates as the
KuVa (or KuV) decreases. As is clear from this index, the thermal
stability deteriorates when the magnetization reversal unit is
reduced for enhancing recording density. Consequently, the problem
of thermal fluctuation still arises even in a perpendicular magnetic
recording medium. In order to ensure thermal stability even with a

small magnetization reversal unit, the Ku must be increased.

On the other hand, it is known that a magnetic field intensity
required by recording in an HDD is approximately proportional to the
Ku value. When the magnetic interaction between ferromagnetic
crystal grains are enough reduced as in the case of granular film in

particular, the magnetic field value required for reversing the
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where Ms is a saturation magnetization of the

ferromagnetic crystal grain. Wen the Ku is increased

and the V is decreased to ensure 5 simultaneously the

noi se performance and thermal stability, the Hk is

caused to increase resulting in increase of nmagnetic

field intensity required by recording. If the

. ) . i ol s
rAAEAEMALI U1 (ERIBH ey MERHIN i iqun (g approach

aﬁ’éﬁi&ﬁ%??ﬁ%@ﬁ E'PS TRERSHIZ AL FOfréShetet] BS' Hk Eo%‘ltbﬁ ! Ms,

emagnet | decreases, causi ng I ncrease

S ! > Y . rot
V‘{}% %%9% o §éﬁaraﬂﬂﬁsm5g‘ﬁeﬂ§%ﬁ5ﬁ Bif e fi:x‘rﬂﬁﬁgg?lbglﬁ crystal

_ y recording rncreases as he magnet
g?nﬁiél?.;%’ ?1?;21%;?1#% anlgféﬁ%f‘creJaieﬁ[ LU §1%s decreased fo ensure
ghetizdatron reversal "unrt an

<HUBFRRRIEE e Sholt B b Bbel i IR b, che Bk
iSEaTbarh el TRl aEdn ifRes?, APERTRACHE fpld intensity
B AiRerel A5 A oB OIS eFifE Pt Mrensity
. d d th [ A h I bili .and
lsegﬁﬁgﬁﬁdgtﬂ%eci'm% fﬂé‘a}r’ g;%gpit&?aéhé{"%{%@ﬁ?ncl udi ng

noi se performance w thout worsening the wite

performance. 25 4 SUMVARY OF THE | NVENTI ON The present

I Ny, { on has been .nade in view.of the above robl ens
oAbl SR E: WS TRoBRG B TION ks By nunLt, The
dj.cul ar,,. . . . .
dgﬁlrallogege 1%fn§rf1eld decreases, causing increase of the reversing field.
Thus, the magnetic field intensity required by recording increases as

the magnetization reversing unit reduces.

Although the miniaturization of magnetization reversal unit and
the enhancement of Ku directing to high density recording contribute
to improvement of thermal stability and noise performance of a
magnetic recording medium, both lead to deterioration of write

performance (ease of recording on a magnetic recording medium).

From the above background, a method 1s demanded that
improves thermal stability and electromagnetic conversion
characteristics including noise performance without worsening the

write performance.
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5 magnetic recording nediumthat inproves wite
performance without inpairing thermal stability and
el ectromagneti ¢ conversion characteristics including
noi se performance. To achi eve the above objective, the
i nventors of the present 10 invention have nade
extensi ve studi es and sol ved the above descri bed

SRTVAVEAR YaOIF SCHEM N VR TIENI nventi on by

i ncorporating an appropriate proportion of fcc
structure in ferromagnetic crystal grains conposing a
magnetic | ayer, 15 Specifically, a perpendicul ar

g?gpﬁ‘ei ?réé’&% Shign R WA dsof)?éﬁemddé’ PRNiaR SP'E‘HE'%ve

east a nonmagneti c un ayer and magneti c

p%é‘%ﬁfm%eﬁﬂﬁrﬁl% %llrad Bf"tﬁétﬁﬂzé%‘i‘tlenn&nf@g?ﬁ%&e a perpendicular

strate gnetic Iayer conpri se errona

O%ﬁéﬁl g@r%ngqﬁ%oun art?fatanﬁ 685589?%% nﬁ%}fg}hﬁﬁﬁce without

magnet i

irjpaifing FhegRal %ﬁﬁa‘?‘l‘%%%h? i%%%\?“?%ﬁé‘é@ﬁﬁ%%‘?&?mn
Clﬁﬁééﬁfsé@ﬁ?@CEr}h%&@@gﬁQ?&%? Heftorbfadeds c"9'1) peak

obtained at a X-axis angle of 69.5 and B represents
an int egrat ed intensity of hcp (101) peak obtained at

f .60 25. Advant I d
" ay B8 4 chigtR, fhd et abicctie st HEaRtoFs o (B8 Present
d th nder | Th I
nﬁ\?eéﬂépe %%aa@aifec% Lensivg Phedipsand %@@%f Yhe 2bqes
3G7bed DI ble BRI Qs OTabHshest A daventigR by bfodporating
crystal structure of fcc r hcp in this
an dppropriate proportion of f%c structure 1n ferromagnetic crystal

grains composing a magnetic layer.

Specifically, a perpendicular magnetic recording medium of the
invention comprises at least a nonmagnetic underlayer and a
magnetic layer sequentially laminated on a nonmagnetic substrate.
The magnetic layer comprises ferromagnetic crystal grains composed
of a cobalt-based alloy and nonmagnetic grain boundary composed
mainly of oxide. In measurement on the ferromagnetic crystal grains
by grazing incidence X-ray diffraction, a ratio A/B is in a range of 0.2
to 1.5, in which A represents an integrated intensity of fcc (111) peak
obtained at a y-axis angle of 69.5° and B represents an integrated

intensity of hep (101) peak obtained at a y-axis angle of 60.2°.

Advantageously, a seed layer is provided between the
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5 order; The seed | ayer preferably contains at | east

an elenment selected fromNb, My, Ta, W C, Zr, N,

Ti, Fe, Co, Si, B, and P. 10 The nonnmagnetic

underl ayer preferably contains at |east one el enent
selected fromRu, Re, Ti, Zr, Nd, Tm H, and Os. The
nonmagneti ¢ underl ayer nore preferably contains Ru or
nBﬁmégﬁetfdléhB@tr&ﬁH‘h?ﬂd‘ﬁhétndﬁﬁﬁégﬂéﬁcQ_lﬁ&@f‘lager. The seed
selected fromTi, Zr, Nd, Tm H, “GCs, S, P, B C

1 er @gﬁ%bﬁ?&ﬁ@%&@%ﬁ&s%ﬁh@@f f&38r thdp!! MBPE preferably,

3 nmto 20 nm
R SRELRAR Y for g BE 1AM A g 23358 8 An amorphous
tO i i r 0, . .
stdidiep dhE LA P AR SR fadine BFICE 8 HOp in this
O{.@é(dle_r is preferably selected fromS @&, C203, ZrQ2,
and 'Al203. 25 Advant ageously, a soft magneti c backing

| ayer is provided 6 between the nonmagnetic substrate
and the seed |ayer. The nonmagneti c substrate can be

corRERGRA] AV SESTAR B i Rl Remf sected
g WPEABOAS, 4R CEPRE, R ML W GBMHR! B dSWBl s

The nonmagnetic underlayer preferably contains at least one
element selected from Ru, Re, Ti, Zr, Nd, Tm, Hf, and Os. The
nonmagnetic underlayer more preferably contains Ru or Re, and
further contains at least one element selected from Ti, Zr, Nd, Tm, Hf,

Os, Sy, P, B, C, and Al

The nonmagnetic underlayer has a thickness preferably in a

range of 3 nm to 20 nm.

Advantageously, the magnetic layer comprises a CoPt-based alloy
containing Pt in a range of 5 at% to 26 at% and an oxide occupying

from 5 mol% to 15 mol% of the magnetic layer.

The oxide in the magnetic layer is preferably selected from SiOg,

Cr203, ZI‘Oz, and A1203.

Advantageously, a soft magnetic backing layer is provided

6
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stability and at the sane tine, good wite
performance. 10 The best node of enbodi nent of the
invention will be described in detail hereinafter with
reference to the acconpanyi ng draw ngs. BRI EF

DESCRI PTI ON OF THE DRAWNGS 15 Fig. 1 is a schematic
sectional view of an exanple of a structure of a

brefpand it bl ﬂbnﬁﬁ@%ﬁbti@ $€b 9t ¥H teva el hensebddayer.
enbodi nent according to the invention; Fig. shows

t he dependence of the output decay on the ratio Al B;
and 20 Fig. 3 shows the dependence of the nornalized

noi §4Om oA aleHdtec stibBtr & ChkEPe lorhPoBed@Y SfuhiBum, glass,
I NVENTION 25 Fig. 1 is a schematic draw ng

orl dluski@teésih an exanpl e of a perpendicul ar magnetic
reé:ordi ng nedi um of an enbodi ment 7 according to the

i nvention. The medi um conpri ses a nonnagnetic
substrate 1, and a soft magnetic backing |ayer 2, a

rmonePELBPicRlaf RBHBEL] fecbRBHEHRAmAN cBastrugted in
the, Gy Heltiibed B BEEGhe KRB, IS A0SR, anfiBigH thermal
S{aBUFRT AD Ak R0t flm, BEGR B bR TR

construction of the magnetic |ayer. The magnetic
| ayer of the invention conprises ferromagnetic 10

o Vi) pREF Ryl B FaRAE e R RRTERE decribed

irfl Hetal ré%telir(faftr S\gv"i%h reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional view of an example of a structure
of a perpendicular magnetic recording medium of an embodiment
according to the invention;

Fig. 2 shows the dependence of the output decay on the ratio A/B;
and

Fig. 3 shows the dependence of the normalized noise on the ratio

A/B.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a schematic drawing illustrating an example of a

perpendicular magnetic recording medium of an embodiment



10

15

20

25

grains incorporate an appropriate proportion of a

cobal t-based alloy wth an fcc structure (hereinafter
represented as an fcc-cobalt-based alloy phase) anong

a cobalt-based alloy with an hcp structure 15

(hereinafter represented as an hcp-cobal t-based all oy
phase). By this construction, the wite performance
acsordimgtecthdhihee meion.alfhegne ddnnedaepEsds H glonmagnetic
thermal stability. The follow ng describes nore

ssietiratedl lahd éosé’ftrmg?%@blbadﬂb@ Isyer 2, eagedd layer 3, a
in

substrat e commonly use a magnetic recor di ng

7 fghne?lﬂél widedssérod, Aad @&ﬁﬁ@r@tl@llady@f %é@ﬁéntlally
al | oy

aving a N P plating, strengthened gl ass,
fermeidbhi tied sﬁ'b%%faté/\ﬂe Arid furﬁlﬂ@pr@tpme@ﬁv@ul%atéxae @nd a

heatlngls controlled wthin 100C, a plastic

%Ntﬂéﬁcﬁﬁl;]@ 788 "0 réVfdb@%r?@h@%&g@féﬁ?@@é el &3 N

or pol yol efi n cah be used. 8 A so magnet i c
backi ng | ayer prevents spreadi ng of the magnetic flux
generated by a magnetic head in recording process and

SR T Tk B s
(%1%1?&158% é'l ttlgﬁ ({ﬁ%@é e £ Abﬁgf,leﬁ('f‘ﬁén of f’ﬁe tIﬁ‘i‘lgnetlc

rragne ayer can e Se

IR el iy et -
G S e
SRS eI IAT RO ) Bfhosi crvor

har acteri st

head
efAhShebrBatate RnoApBREBTkite BGRoTEOSH Al (ALt Bised alloy

ngﬂSI d%g tsltlc“)lqcture (hereinafter represented as an fcc-cobalt-based

alloy phase) among a cobalt-based alloy with an hep structure
(hereinafter represented as an hcp-cobalt-based alloy phase). By this
construction, the write performance is improved while maintaining
low noise and high thermal stability. The following describes more

specifically.

A nonmagnetic substrate 1 can be a substrate commonly used in
a magnetic recording medium, and composed of for example, an
aluminum alloy having a NiP plating, strengthened glass, or
crystallized glass. When the temperature of substrate heating is
controlled within 100°C, a plastic substrate consisting of such as

polycarbonate resin or polyolefin resin can be used.
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productivity. The seed layer 3 is preferably provided
for favorably controlling 15 the crystal structure of
the magnetic |ayer. The seed layer 3 is fornmed in a
single layer or a lamination of plurality of |ayers.
In the case of a single layer, the seed layer is
formed having a crystal structure of fcc or hcp. This

forp Q(f)ftanﬁ@(ﬂeﬁi@)f@dckﬁl%’@iﬁéf‘ pireoentk es‘;ﬁreraezﬁntg%ﬁﬁhé magnetic

crystalline seed | ayer n the case of ['am nated
flhay generdbed B ¥em abhbtiemheaR st rdlingchrddss and ensure

(hereinafter refereed to as an armrphous seed | ayer)

pb?péh’dﬁ&ulé’f E‘ﬁg gnéfft ﬁ@?@ q'Kké Mﬁ'ﬂlhgﬁe%fcegacki‘ﬂg']ay%r 2 1s

f or med [anT nated layer 1's nore effective

The
ROV BBORA BN HokUBAIATAL M tESOHIAihE o8 material
f(%gﬁlh? IO VRS oMt O BB 1ﬁg lﬁy%rrycse{ e é‘ gggﬂo\l\%ﬁr PﬁCkel alloy,

he anor ous see can e om

aﬁgﬁfo"ﬁcﬁll% 5 & Seeéfpﬂﬁ%eéd lkﬁaflgﬁ)gg%oﬁl%’ﬁrle 'lf‘k? "ﬁﬂ alé'?rtlcular

ayer prerera al ns

a?‘?‘?‘“l@?ﬁ%&b@%'a@wﬂ ERBRE (MZNB alfl ChTodi pbbvide
fe}‘%ea{}g@l %ﬁ:(gﬁ#aaéﬂ%ﬁc% (}W%ﬁ{)ﬁhﬁg&rg%tgtré‘%w ' The thickness
0@@%@3@%%&%&5@&3 3555 SRisteBbRi i fding to the
s r%t'y%?ef 488 p BRAEISGS of i EagBEL BeRd Grodii anemcordmg,
aBg ShIEEESNInES ek ppID ardsa S BiRtia B0 ASidsntiap of

di st ance, between the soft magnetic backi ng Iayer and
p??\‘i ABYi ¢ head.

The seed layer 3 is preferably provided for favorably controlling
the crystal structure of the magnetic layer. The seed layer 3 is
formed in a single layer or a lamination of plurality of layers. In the
case of a single layer, the seed layer is formed having a crystal
structure of fcc or hep. This form of a seed layer is hereinafter
referred to as a crystalline seed layer. In the case of laminated layers,
a layer with an amorphous structure (hereinafter refereed to as an
amorphous seed layer) is first formed, and then a crystalline seed

layer is formed. The laminated layer is more effective.

An amorphous seed layer flattens possible irregularities on the
surface of the soft magnetic backing layer, and improves alignment of

a crystalline seed layer. So, the amorphous seed layer can be omitted

9
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The crystalline seed layer is provided for inproving
grain size distribution and alignnent of the above
formed nonmagnetic 15 underlayer 4. A crystalline seed
| ayer preferably contains at |east one el enent
selected fromNo, Mo, Ta, W C, Zr, N, Ti, Fe, Co,
Si, B and P. A conposition of the crystalline seed

wherrthessapfacepsf shelsoft dﬁagmti@%a@kﬂﬁgrl lyed fssrioeth. An
| atti ce constant of the nonmagnetic underlayer

ammégyhalis skedhiyen pgefisk £ lyocoRtaimd at leasbeve élermeat

20 nonmagneti ¢ underl ayer 4 and good per pendi cul ar

séldcgedefibn®NbhdoaTas WL GRSEy BN F&L 106, 50 Bheind P.

magnetic layer 5, a material of the crystalline Seed

Plag¥RiulRidy $a9bribldmabefiads 2o dKthitt & Ysddd @méfphous
particular, with the fcc (111) plane or  the hcp (002)

it o i Ll !
sgﬁtﬁn‘% iftlude T3, ARG TeINiB, ‘I‘i@r”?ggﬁBn%tﬂcP CrB.

rate surface’ By nminimZzing thé gfain size o

thi¥kissbpbl Qg% oﬁ@é%rgdt ngﬁlgi@g)ﬁgg faﬂﬂé/oéely?:tf%g in a range

nonmagneti ¢ underl-ayer an err netic Cryst
of Gl 58 ¥nr g\ BHCRHSs BHIAAMAE A Bl Bt Have
b 0ot B i U Ao
B e B A RGBS e e A R Y PRI KB AV B 10 nm
h [ . [ h | fl ' ki
IgpEks g RBEAER Al hilshuck oSt Shndattid bl BELiRen the
soff HEEEHE RS L h AR Thaeditic Bl than &
nmfails to obtain favorable fcc (111) or hcp (002)
al i gnnent, deteriorating alignnent in 10 underl ayer 4

an netic.].ayer 5, A thi.ckness re than 20.nm . .
dl’ﬁ%gcrystaﬂm% seed layer is prov1dgtc)i for 1Improving grain size

distribution and alignment of the above formed nonmagnetic
underlayer 4. A crystalline seed layer preferably contains at least
one element selected from Nb, Mo, Ta, W, Cr, Zr, Ni, Ti, Fe, Co, Si, B,
and P. A composition of the crystalline seed layer is appropriately
determined conforming to the lattice constant of the nonmagnetic
underlayer material. To obtain good alignment of the above-formed
nonmagnetic underlayer 4 and good perpendicular alignment of the
axis of easy magnetization in the magnetic layer 5, a material of the
crystalline seed layer preferably has an fcc or hep structure, in
particular, with the fcc (111) plane or the hep (002) plane aligning in
parallel to the nonmagnetic substrate surface. By minimizing the
grain size of the crystalline seed layer, the grain sizes of the

nonmagnetic underlayer and the ferromagnetic crystal grains of the

10
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swells the grains of the crystalline seed |ayer
resulting in swelling of the grains in above-forned
under| ayer 4 and magnetic layer 5, which causes noise
enhancenent. 15 A nonmagnetic underl ayer 4 regul ates
generation of the fcc- cobalt-based alloy phase in the
magnetic layer 5, inproves perpendicular alignment in

rrf&% enaliet ¢ Hlso ﬁﬂﬁ%?ﬁ?ﬁ?sﬁd&twﬂ'dﬂ Brdi ot h

er of he magnetlc ayer nonmagneti c

PHOSBHAE o EbhY SONNADS NG B8 pPARLSL B Layer
THR S heprih ol ROBOREbAABIETANE(E Songldering the
e |4 Boe SR FERRRORTE 0 HEkabes% and the
sige G M TR O chvstdl erhths sht e niBered to avoid
AR B hlalidr [ 8564 ik ghw%r#e%%?%f e dpAas3i¢ Sager into
a%ﬁm@' tl;}?%ttm@gmﬂé% g?“’tjler ey gﬁéﬁé‘&iﬁi‘ay”ﬁgtls‘preﬁérably in a
rAREe R4 1 ytogzév@a”dé\fyﬁﬂq%%%i R bBRneS Mapetaidt ¢4 obtain
oA B e (daamah Mﬁ%@%ﬂﬁéﬁ eﬁe%%"éﬁr&gé&gnmenfs in
u%“@é?l&%émpﬁé%%%tdé‘ﬂaﬁéwp thiaPaeSn mofe than 20 nm
SW@Q@ ﬁ{%éggmg ”%%?é%sfta”lﬂm% %S%&rlaé‘réﬁf' l Utipg in swelling of

magnetic .| ayer 5, which inyites |ncre e of noi se.
the gighasin ahgee- fgrnsedayd loyeret o mgagmttcniay%ﬁ, which

necessarily
causes noise enhancement.

A nonmagnetic underlayer 4 regulates generation of the fcc-
cobalt-based alloy phase in the magnetic layer 5, improves
perpendicular alignment in the magnetic layer, and suppresses the
initial growth layer of the magnetic layer. The nonmagnetic
underlayer 4 preferably contains at least one element selected from
Ru, Re, Ti, Zr, Nd, Tm, Hf, and Os. More preferably, the
nonmagnetic underlayer is composed of an alloy consisting mainly of
Ru or Re and further containing, corresponding to the lattice constant
of the magnetic layer 5, at least one element selected from Ti, Zr, Nd,
Tm, Hf, Os, Si, P, B, C, and Al. A thickness of the nonmagnetic
underlayer 4 is preferably in a range of 3 nm to 20 nm. A thickness

less than 3 nm fails to achieve good crystallinity, which deteriorates

11
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has an axis of easy magnetization aligning
perpendicularly to the substrate surface for use in a
per pendi cul ar magnetic recording nmedium Preferably,
the crystal lattice plane of hcp (002) aligns in
parallel to the substrate surface. The magnetic |ayer
5 has a so 15 called granular structure in which

aligd RERENE! the q&@hﬁfagﬁeﬁccaﬁabﬁa;b@ﬁ qdaﬁalaqxgﬁheent in the

surrounded by nonmagnétic grain boundary main

nﬁ%gﬁeﬁfc' é%%%h‘éﬁuﬁﬂfev\lg . %rte§t%'ql yﬁért?oﬁ%i‘t‘}ﬁesl?ltlal

Here ng " mai consisting o

gfoRth Ry téx”{hg I;l;ﬁ;éﬁ%atgqg Q5. m}ﬁcli‘ﬁ%'é‘%rd%e ?hBS1 20 nm

ABECRASLE O B Ry 30 aSGEDf%%thbﬁg SAPIBSRY s,
ingEfOFRO Wil Hobat R ot Bl ¥l 86 BB OrER of fec
A NS ﬁ%ﬁﬂéﬂl&}i‘ﬁiﬁenﬁ%ﬁ{ BcBPthe
nﬁb?éﬁrg?@hﬁ(‘d%ﬁf?ﬁﬁxg'a?é 15 Va'tﬂ?{ri%‘%f’%w%g of the grain

h exh it favorable

siethe magritic fHgey \ﬁeéﬂmﬂ% e Ot Poise.

grai ns of cobalt-based all oy. The SiQ2 is preferably
used because of superior functionality of magnetic

'Sgéaéiqoél%g@% en %éggggqgi;lr%g%&' E}E%bg&rgﬁg’cmn necessarily
orti.on of anfcc cr stal structure is 10
Y P8 oeasy magnetizatagneatligningenpepdicarly to the

chi eve t he stability, nois irformance and
‘\?\b ar%f,cg ypmin amerpgndicular magnetic recording

medlum. Preferably, the crystal lattice plane of hep (002) aligns in
parallel to the substrate surface. The magnetic layer 5 has a so-
called granular structure in which ferromagnetic grains of a cobalt-
based alloy are surrounded by nonmagnetic grain boundary mainly
consisting of oxide. The granular structure reduces noise level. Here,
the wording “mainly consisting of’ does not inhibit containment of
small amount of other component, and means that oxide exists in a
proportion more than about 90 mol% of the nonmagnetic grain

boundary.

A cobalt-based alloy composing the ferromagnetic crystal grains
can be selected from CoPt-based alloys including CoPtCr, CoPt,
CoPtSi, and CoPtCrB, and CoCr-based alloys including CoCr, CoCrTa,
and CoCrTaPt. A CoPt-based alloy is preferable because high Ku
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In measuring the crystal structure of the

ferromagnetic crystal grains by 20 scanni ng of

grazing incidence X-ray diffraction, provided Ais an
integrated intensity of an fcc (111) peak obtai ned at

a x-axis angle 15 of 69.5 and B is an integrated
intensity of hcp (101) peak obtained at a x-axis
vahgé eaef beQkRabli¥hédti o AAB ranges from0.2 to 1.5 in
the present invention. If the proportion of the
fcc-cobalt-based all oy phase increases to 20 an

extent of A/B over 1.5, thermal stability worsens to

an "PRECOLRIALAA be ugledte PR SR, CRLOGATHD), and Al.Os,
al t hough wite performance I nproves. I's I's because

. | - . | 1 1 .

whibH &ghitfit %v%rﬁ%@?txhggﬁ‘l%gse de I1€61a‘%¥%1'1 Ebéjc'vxff%&:i ﬁ@#lé%magnetlc

between 1 n hcp-cobalt- alT'oy phase an
AL RS Lo PhasEd A6y Db SIH 1Y phfeShly used
bEEadE o SRR o PR P b BB Eygen
(et OREASRRH CLHIE iy T MRt o GO B o JRIREL .

the proportion of the fcc-cobalt-based all oy phase 5
decreases and the ratio A/B becones |ess than 0.2, the

Lt ] ith f. the.fol ' .1
i A2 ehirfakSepfPPoftion 6 o I ISt ERRR e cc
iniorbdEaai@ 185 0p PR e G5aEa] BrBUSS dpraeievesthermal

erformance ;or the thermal stabil

.. the.noi .
s e S5 ReHB R oA dus o pe i rBAnce Simultdneously.

In measuring the crystal structure of the ferromagnetic crystal grains

by 20 scanning of grazing incidence X-ray diffraction, provided A is
an integrated intensity of an fcc (111) peak obtained at a y-axis angle
of 69.5° and B is an integrated intensity of hcp (101) peak obtained at
a y-axis angle of 60.2°, the ratio A/B ranges from 0.2 to 1.5 in the

present invention.

If the proportion of the fcc-cobalt-based alloy phase increases to
an extent of A/B over 1.5, thermal stability worsens to an
unacceptable level in practical application although write
performance improves. This is because a Ku value of a cobalt-based
alloy is different between in hcp-cobalt-based alloy phase and in fec-
cobalt-based alloy phase, and specifically the Ku value is lower in the
fcc-cobalt-based alloy phase. As the proportion of fee-cobalt-based

alloy phase increases, the KuV, an index of thermal stability,

13
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Ei ther of the two actually occurs depending on the
conposition of the ferronmagnetic crystal grains
conposi ng the nmagnetic |ayer, the 15 proportion of
nonmagneti c grain boundary in the magnetic |ayer, and
the structure of the nonmagnetic underlayer. In any
case, aratio AAB less than 0.2 can hardly achieve

dbbﬁ?é@és thaleirhhé Yof thel Eg?eélfiﬁ%%%%all %ﬂéﬁbqatyer thus

performance sinultaneo a practic acceptabl e

vd(%\é%hinggt}géﬁn@ﬂa%gbtiggybof f ee- cobal t - based al | oy

phase c e reqgul ate y the conposition of
ferromagnetic crystal grains conposing the nmagnetic
| ayer, the proportion of nonmagnetic grain boundary in

Lﬂﬁn%g”ﬁ%?.@%é%ﬁhgﬁg%@ﬁ% i 80Pt pulteg alloy phase
4 ..
d%*ff%%%%%sakl%ﬂf g%f%icfﬁﬁtﬁ@%gﬁg%%a?%’%éiegﬂés%ff%ﬁtea%ﬁ%%ﬁﬁs either
offs ol K80py g B0 @t eor ding t o desired property.
When platinumis added to cobalt, for exanple,
platinumis preferably added in a range of 5 to 26 5

t%.0f, the cobalt-pased.alloy. Wth increase of added .
15 Wit HhariRal shaRihy i gopti thenHoise ReEipumpge OF the write
hase increases, ,provided the.other conditipns,are
pRPSE I Ree ASETAAET Bt HIAGHOY i eedStihlk BYRIS he
fcc-cobalt-based all oy phase is forned insufficiently.
A Ku val ue of the hcp-cobalt-based all oy phase being

2§ tilp o e nRARIETTRARGY dF S, (RO pEToFmAnCe or the
thermal stability degrades to practically unacceptable level. |
Either of the two actually occurs depending on the composition of the
ferromagnetic crystal grains composing the magnetic layer, the
proportion of nonmagnetic grain boundary in the magnetic layer, and
the structure of the nonmagnetic underlayer. In any case, a ratio A/B
less than 0.2 can hardly achieve thermal stability, noise performance,
and write performance simultaneously in a practically acceptable

level.

The proportion of fcc-cobalt-based alloy phase can be regulated
by the composition of ferromagnetic crystal grains composing the
magnetic layer, the proportion of nonmagnetic grain boundary in the

magnetic layer, and the structure of the nonmagnetic underlayer.

The quantity of additive elements to the cobalt-based alloy can

14
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quantity of added plati num exceeds 26 at%in a
granul ar type magnetic |layer, while a Ku value of the
hcp- cobal t - based al |l oy phase inproves, the

f ee-cobal t-based all oy phase is forned too nuch,
resulting in decrease of a Ku value of the magnetic

| ayer as a whole. 15 As a result, thermal stability

r? Qe Piee Aich [dFFeecod ltbased G pEAdeS The amount

vorabl e. "The quantity of the oxide conposing the

o QUTRERSH, | £1s9" $f8 cti?%??@rKucgﬁgﬁ(fé}cWRgh 3k %ﬁﬁrhﬁoepriate ly

proportion o CC-cCOo - base oy 20 ase.

. 1 1 f 1 t . .
ag Btdd NcBbr@ithg®o #ésiPed éf@%@fyusygla&/g %&jcénum is added to

ercivity, Is ~appropriatel) rding to
c5ElE s SKOROAY, IAISHIR ol A5 ANASR N of 5 to 26
i i : 0/ .
o Rt 35 oA Bl oo,
AR b ¢ 2oRe 1k HABIT AIRY, it eifienpst BrbRidgq the other
Gt LR e ERe U5 GREA ik Pdb BB IS ats, ehe
feCriale Bte Al By AihAct IR E0RRR b FuriiRunlier iA Kirvalue of
tl%cé StH@'golﬁggt:%%sEp{%?g& phakdhdind SR e a1 ¥edbllity cannot
- 7 . [ X Y 5
e, G 0r80: tROUEH ALUEE DEHGF MADEE ABTAFOYALLHndY hsa the
afient i Bk pTaGaRa EXCoRTBeg A foth pr Evabiday type
t he pr,opiorti on of fcgscob It-gflgﬁd al | oybagg_ se can

magRele laygy akdesy Kue e hgpch alloy phase

. 10 underl| ayer 4. .
improves, thg fcc-cobalt-based alloy phase is formed too much,

resulting in decrease of a Ku value of the magnetic layer as a whole.
As a result, thermal stability cannot be secured although write

performance is favorable.

The quantity of the oxide composing the nonmagnetic grain
boundary can also regulate the proportion of fcc-cobalt-based alloy
phase. The quantity of oxide, also affecting the Ms and coercivity, is
appropriately adjusted according to desired property. The oxide is
preferably contained in a range of 5 to 15 mol% in the magnetic layer.
If the amount of oxide is less than 5 mol%, the fcc-cobalt-based alloy
phase is formed insufficient and isolation of ferromagnetic crystal
grains is insufficient. As a result, the noise performance and the

write performance are poor, while high thermal stability is attained.
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The proportion of fcc-cobalt-based all oy phase can
still be regulated by the conditions including the
sputtering power and the gas pressure in the process
of depositing the layers fromseed |layer 3 15 through
magnetic | ayer 5. The thickness of the magnetic |ayer
5 1is selected in consideration of the bal ance between

Whenhé dx¢deakidteint &f 14 h015“iﬁ91%”@hetﬁk§ﬁg§é2%netic

stability, and is preferafly in a range of 5 nmt

ghiin %lﬁl@é?% sagitl}ié’x?dé M tﬁleCthil?f‘ s dOHTPRE Ye PRRQASk tic

protective | or ‘exanpl €; @ protective Iayer
EPSRASEELITR ShEifl I ORY refioh WHEREhSLrallf sie is foo
@gi}g?&;‘ﬂg% #‘(ﬁrﬁﬁ%%ﬁ'o'f%@%k}m-g%éﬁ Ia‘fﬁf})f @;ﬁ%lfggls excessively

ew se use a conmmon naterila

ofRfReR P foetll PR SeabiBRy iilugl bhiuELAFEE, while
nBER SRy Baut BB R R K BT RS R P kBl g
nmedia according to the invention nore in detai
referring to specific enbodi nent exanples. It should

D S R Bk VAR08t e Gased alloy
p ; ETI)q:naertl% S(S) %er Irégﬁilgtes(f %%et}?é stc{‘lﬁcflgl\"/g r(])%lt?lré' n(:)Lrolmagnetic

underlayer 4.

The proportion of fcc-cobalt-based alloy phase can still be
regulated by the conditions including the sputtering power and the
gas pressure in the process of depositing the layers from seed layer 3

through magnetic layer 5.

The thickness of the magnetic layer 5 is selected in consideration
of the balance between the write capability of a magnetic head and

thermal stability, and is preferably in a range of 5 nm to 20 nm.

A protective layer 6 can be a commonly employed protective layer
for example, a protective layer composed mainly of carbon. A
thickness of the protective layer 6 can be the thickness employed in a

common magnetic recording medium.

A lubricating layer 7 can likewise use a common material for
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Exanple 1 and Conparative Exanples 1 and 2 were
manuf act ured enploying the structure of Fig. 1 with
varied platinum quantity added in the nagnetic | ayer.
15 A nonmagnetic substrate 1 used was a di sk-shaped
chem cally strengthened gl ass substrate (N-10 gl ass
substrate manufactured by HOYA Corporation) having a

SPRRIC R Pt LRI Bkl 1OBIRRIE, £ PpRngRS ofhe
IFBYERihEHaTRRTT Ehithe A1E, RaRBle i ldy ¢ o Sommon
R e g AR corocent 8 atvhol

zirconium 5 at% of niobium and the remai nder of
cobalt; the notation is simlarly applicable in the

f ol i i ption 25 h I $ .
s ieIOEHiE Fidibee RrRERERTAL Hagihei 2hBoftfhg media
t ant al N d | . 3 . d.b .
atSBnCin by THE iRy 855 nitNE UL dithil B TiRk t ecific
et el T SRR R SR bda e the inpntion is
o TATEET b et kA e b e Rl RS ok pssible
wishga ¢ i ST arsh ceRBROTdMd TOVBtiE 6 5 02 under an

argon gas pressure of 4.0 Pa. Subsequently, a carbon
protective |layer 6 having a thickness of 5 nm was

formed by nmeans of CVD. Then, the substrate having

Exganpledsi t ed | ayers was taken out fromthe vacuum

chapber. The depo(siiti on of these Ia{ers except for
Example 1 and Comparative Examples 1 and 2 were

manufactured employing the structure of Fig. 1 with varied platinum

quantity added in the magnetic layer.

A nonmagnetic substrate 1 used was a disk-shaped chemically
strengthened glass substrate (N-10 glass substrate manufactured by
HOYA Corporation) having a diameter of 65 mm and a thickness of
0.635 mm. After cleaning, the substrate was introduced into a
sputtering apparatus, and a soft magnetic backing layer 2 of
amorphous CoZrNb 200 nm thick was deposited using a target of
Co8Zr5Nb (the numerals are in atomic percent and represent 8 at% of
zirconium, 5 at% of niobium, and the remainder of cobalt; the
notation is similarly applicable in the following description).
Subsequently, an amorphous seed layer 5 nm thick of tantalum was

deposited of tantalum. Then, a seed layer 3 was formed by depositing
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10 the carbon protective |layer was carried out by a DC
magnetron sputtering nethod. After that, a liquid

| ubricating layer 7 of perfluoropolyether having a

t hi ckness of 2 nmwas formed by a dipping nethod.
Thus, a perpendi cul ar magnetic recordi ng nedi um of
Exanpl e 1 was manufactured. 15 Conparative Exanple 1

.t f .
am?ﬂm\é%é@@m&r b wase thRek sy sctdlgelthff KaIBFe 8fB.

as In Exanple 1 except that” the Conposition o
SHUSASAY SOk Yo AR IR ERboc o 1
oL Rt o PSSR LRy 85 dfom s
pe BBHRE L ORATTHED, Bt el ey Hagintd g itkness of 15
nf RS Bprin @ sl FarBEGEY0 thDe @b CILBIR" Fhol% SO
oA A0 g BRe T BRLP BT SRy a carbon
p@%gc%tn'ng lla%%% ‘h\%svinsgsa TR L SRIUF %Pr}l)whslf%r%é%’by means of
CVD. Then, the substrate having the deposited layers was taken out
from the vacuum chamber. The deposition of these layers except for
the carbon protective layer was carried out by a DC magnetron
sputtering method. After that, a liquid lubricating layer 7 of
perfluoropolyether having a thickness of 2 nm was formed by a

dipping method. Thus, a perpendicular magnetic recording medium

of Example 1 was manufactured.

Comparative Example 1
Comparative Example 1 was manufactured in the same manner
as in Example 1 except that the composition of a target for a magnetic

layer was 90 mol% (Co8Cr2Pt) - 10 mol% SiOs.

Comparative Example 2
Comparative Example 2 was manufactured in the same manner
as in Example 1 except that the composition of a target for a magnetic

layer was 90 mol% (Co8Cr30Pt) - 10 mol% SiOs.

18



10

15

20

25

10 Conparative Exanple 3 Conparative Exanple 3 was
manuf actured in the sane manner as in Exanple 1
except that the conposition of a target for the
magnetic | ayer was 82 nol % (Co8Cr16Pt) - 18 nol % Si 2.
15 Conparative Exanple 4 Conparative Exanple 4 was
rmnuf actured in the sane manner as in Exanple 1
@ e that the conposition of a target for the
magn Ic |ayer was Co8Cr30Pt. 20 Exanple 3 Exanple 3

t‘sZEé‘%@n%B#s%ﬁ%iﬁﬁagb?’ﬁﬁg?nﬁ’%ﬁﬁ“@%%?? HPEERe 11

nESTRRRALRN, Shrfing R HESIOR0PE] bind XMy Womadietic

le 4 used CoSiPt for a material of ferrorragnetlc
rystal grains. 5 Exanple 4 was manufactured in the
same manner as in Exanple 1 except that the
conposition of a target for the nmagnetic |ayer vvas

m’ﬁ%&%ﬂﬁ%# a’éomaiﬁﬂﬁ"%t?{‘ir%ﬁ? tﬁ%n%f? Ryfint SEAPLS Exarmple

under | E%gaq Eh%)ggl%pgsnlon ofa %El%%tef' Irfer thd Itnhzfgne{r% layer was
85 mol% (Co10Cr25Pt) - 15 mol% SiOs.

Comparative Example 3
Comparative Example 3 was manufactured in the same manner
as in Example 1 except that the composition of a target for the

magnetic layer was 82 mol% (Co8Cr16Pt) - 18 mol% SiOs.

Comparative Example 4
Comparative Example 4 was manufactured in the same manner
as in Example 1 except that the composition of a target for the

magnetic layer was Co8Cr30Pt.

Example 3

Example 3 used an oxide of Crz20:s.

Example 3 was manufactured in the same manner as in Example
1 except that the composition of a target for the magnetic layer was

90 mol% (Co5Cr16Pt) - 10 mol% Cr20s.
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1 except that a nonmagnetic underlayer 15 nmthick was

formed 15 using a rheniumtarget and the conposition

of a target for the nmagnetic |ayer was 88 nol %

(Co8Cr20Pt) - 12 nol % Si 02. Exanple 6 Exanple 6 had a

seed |layer 3 consisting of a single |layer of a 20

crystalline seed | ayer. Exanple 6 was manufactured in

manner as in Exanple 1 except that an

anor phous seed | ayer of tantalum was not formed. 25

Co I r I ;

Chi BEeaBIe £ Py CoRiPPIE P feu SR OT B rbofiRnfetic qrystal
dranuf actured in the same manner as in Exanple 1

except that a nonmagnetic underlayer having a

t hi ckness of 30 nmwas fornmed using a ruthenium

target. 5 Perfornances wi Il be described on the

CR el GRS o] TN 00T i, g m Bxample
1%&%&@%@5&2@@&%&%‘ B8 B R er was
ORI CYSSEIOTRLS S HESSHLe O umneh are o ven

Example 5

Example 5 used rhenium for a material of nonmagnetic

underlayer.

Example 5 was manufactured in the same manner as in Example
1 except that a nonmagnetic underlayer 15 nm thick was formed
using a rhenium target and the composition of a target for the

magnetic layer was 88 mol% (Co8Cr20Pt) - 12 mol% SiOs.

Example 6

Example 6 had a seed layer 3 consisting of a single layer of a

crystalline seed layer.

Example 6 was manufactured in the same manner as in Example

1 except that an amorphous seed layer of tantalum was not formed.

Comparative Example 5

Comparative Example 5 had a thick nonmagnetic underlayer.

20
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(kA/ m noi se (dB)decay A/B ( Vrns/ nV ) (% decade)

Exanpl e 1372. 625360. 260. 25 Exanpl e 2338. 321420. 281. 48
Exanpl e 3358. 726400. 310. 21 Exanpl e 4382. 627370. 250. 45
Exanpl e 5330. 826410. 290. 48 Exanpl e 6342. 727380. 250. 26

Conp Ex 1157.828470. 850. 15 Conp Ex 2271. 832450. 751. 95

Conp Ex 363.820511.251.90 Conp Ex 4181. 742250. 150. 08
Co”@o@igégégn%g #ﬁﬁ@ Hvas W nﬁ’fﬁfzﬁﬁi’éern"ﬂ?e same manner

measured by a Kerr effect magne omet er
af dyExatifled ScAPE RRES Ry ehtRt FHALHIALRE having a
tHRASIdSs of 30k ks KM Ut PGBk Belbbet T

was measured e spinnin
enpl oyi ng the value overwitten with 45 kFCl signals
10 over 340 kFC signals. The output decay was

nme by _t he inni st an tetera a i
reiﬁﬁ%f%dné@ﬁgwfﬁfﬁ”%é%%ﬁ% Oﬁﬂal @ié&m&ﬁgf Sbé%lsh 6 of
60C Th measur ed o duI tor eam

B Toxbhtion Al T pEC RS B 1 fEfheh's
Spring8 (Super

Measurements were made on coercivity (Hc), normalized noise,
overwrite (O/W), output decay, and A/B in the Examples and

Comparative Examples, the results of which are given in Table 1.

21



5

10

15

Photon ring -

8 Gev).

The neasuring nethod was a

grazing incidence 15 X-ray diffraction using a 4-axis
diffractonmeter with X-ray energy of 10 keV

(wavel ength: 0.124 nm,

reflection
(hori zont al

Tssk ving silt of double slit,
scintillation counter.

with a angl

condi ti

on (0.20),

direction) x 1 mm 22 (vertical

e

X = nngl e of 60 2 for detection of

hrn

(10

incident angle in a total
incident slit of 0.1 nm

di rection),

and a detector of
The 20 scanni ng was conduct ed
of 69.5 for detection of fcc (111) and

) 5 The Q1W

is an indeX ofHerite perfirxlizede. VO/W¥s ot cartgiuter A/B
than 30 dB ie( RESJPL abl practic pplfic he
out put decay 1s Zn (‘hd% el malﬂisiﬁ?abl (\)aﬁée#%de
upper limt| of the 1}1 mmsm ay is commmnl decade)
Ebmnqiﬂeeld a3BBijn 5 ye2hs, which 86rre$ponds26o 0.25
Bt & | o oL enai e ol bl i nds2® 1.48
iEé@dn@lﬂcﬁ derdhi87 flor the2Game mbdi ud)  Uhder O.Ra 0.21
Bsaghilens || Bghese measygpnents| thgyval es qpps 0.45
I ger | Al VST TV dl SeSs| Mo acticat—p Or eIl
,plen'i-- Qﬁ@v%c pF?\éh‘ nean Qﬂgl and 3 25 0.48
Exandplé & |peSd@ fio peak A% Fig. |2 sB8ws {he 0.25 0.26
Gsnrpaence of gl decaygor VB Iharhe | 085 . | 0.15
C1 lJ 1 roulral 1Tyl ll |93 LIAAYAYA] UI LI} mTeuUr A Ul LA ATl 1. TS L
R3] and’ cénpar at | Exarrg s 45t hr pughB79Fi g.| 1.95
CospvExthe dgpeddence of2(Qnorna izeglnoi se on . A5B. 20 1.90
Comp Ex4 | 181.7 42 25 0.15 0.08
Comp Ex 5 | 558.9 30 28 0.18 0.14

The coercivity was measured by a Kerr effect magnetometer.

The normalized noise was measured by a spinning stand tester

equipped with a GMR head at a linear recording density of 400 kFCI

(kilo flux change per inch). The O/W was measured by the spinning

stand tester employing the value overwritten with 45 kFCI signals

over 340 kFCI signals. The output decay was measured by the
spinning stand tester at a linear recording density of 300 kFCI and at

a temperature of 60°C. The A/B was measured on an undulator beam

line BL16XU in a large synchrotron radiation facility Spring8 (Super

Photon ring - 8 GeV). The measuring method was a grazing incidence

X-ray diffraction using a 4-axis diffractometer with X-ray energy of 10

keV (wavelength: 0.124 nm), incident angle in a total reflection

condition (0.20°), incident slit of 0.1 mm (horizontal direction) x 1 mm
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Referring to Fig. 2, it can be seen that the output
decay abruptly rises with increase of A/B beyond 1.5,
to a val ue unacceptable for practical use. In the
range of A/B from0.2 to 1.5, the output decay is

low. When A/B is smaller than 0.2, the output decay
changes its 25 val ue depending on the structure of the

(@@ftﬁ@aﬂ d@pé@ﬁoﬁ?gf@elvmg ealy Qf deubididlig, d%d a Hetedtor of

this point will be described later. 23 Fig. 3 shows

sbh@ﬁﬂl@%i@i@'dolﬁﬁ:e@@' ‘Theaf %Mlﬂ?‘v@i’é@énﬂd&ed W1th a x-angle
decrease of A/B below 0.2. In the range of A/B f

0%6@ 51 fér aetébﬁonr@f ﬁ‘,ﬂ (zed) ﬁ?ﬂ(ﬁ%ﬁdé@ﬁé@f 60. W‘ﬁﬁ' HQ?ectlon of

is larger than 1.5, the nor ed noi se changes
H?S(]}@i e dependi ng on the structure of the 5
per pendi cul ar magnetic recording nmedium Details on
this point will be described later. Mre details are
descri bed bel ow. Conpari ng Exanpl e 1 with Conparative

Y05 b, JE A O, RIS A maer
AR AR e
@@%iﬁiéhﬁraﬁéstgﬁﬁaﬁé FhE et RERAS GRS AP decay is
§ﬁ1hr'y§>{ntls fav%%?'? S el S PSS rhit B o eeBlnls to about

O Qplee: fﬁh&b% atlfd w38 Grngtiiniisg ?Pf’m%ﬁ%??er&es
dBpendig dn b lue s fesomling dousinin B samove dium.
[@%%B@tcé}lg&tgqa]lé%zlgdtﬂ]eosles?négs?lax?g%%shtsa%ﬂeomfues not larger
than 27 pV.ms/mVyp raises no practical problem; here, “rms” stands for

root mean square and “pp” stands for peak to peak.

Fig. 2 shows the dependence of output decay on A/B in the
perpendicular magnetic recording media of Examples 1 through 6 and
Comparative Examples 1 through 5. Fig. 3 shows the dependence of

normalized noise on A/B.

Referring to Fig. 2, it can be seen that the output decay abruptly
rises with increase of A/B beyond 1.5, to a value unacceptable for
practical use. In the range of A/B from 0.2 to 1.5, the output decay is
low. When A/B is smaller than 0.2, the output decay changes its
value depending on the structure of the perpendicular magnetic

recording medium. Details on this point will be described later.
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20 significantly. This can be considered that the

smal | content of platinum|owered the Ku val ue of the
hcp- cobal t - based al | oy phase. Conparative Exanple 2,

in which platinumcontent was increased, the output
decay al so deteriorated as conpared with Exanple 1

t hough not significant as in Conparative Exanple 1. In
the F35. Gostewatilyet BoamPhHzad ﬁdsn%ef s6rapbp} inbasas W1th

al | oy phase so increased that the A/B excCeeds 1.5 and

dielepe 586 'of A/B boele®F 0azed €Hé‘|1¢ar{@ bf A/Bf¥sm 0.2 to 1.5, the

deterioration of output decay. a description is
n&Hea A2t foRle i%cénfﬁllt Wm%@ {UB%CP%rﬁ%?%ﬂ n.5hehe
magneti ¢ | ayer. 5 Conparing Exa Conpar at | ve
{
oS RS Py ERPAEe of he

PRI P R BSR le, AL Difall g hig point wil

er conditions. Wth the i ncrease of
bk/w%%%ﬁqge%qﬁ%gproves Conparative Exanple 3, in which

the SiQ2 content is larger than in Exanple 1,
exhi bited favorable O Wand nornalized noi se, but

mot Mk e tails, A5 BR3EF lf?@l@éﬂ%%ﬁf? V. the 0

et A AR BRSBTS ana 2. i
CQH‘Z’%&ssm ﬂﬁé’}fé’ﬁ%@yﬁﬁéﬁ PR S e} S the

ﬁg géldté oy Yo éggee% téﬁdlv%¥t . 1r|1(r:]re%)s % %ile quantity of

platinum under the fixed other conditions, the A/B increases.
Various characteristics change accompanying the change of A/B.
Example 1, in which A/B is 0.25, exhibits favorable normalized noise,
O/W, and output decay. On the other hand, Comparative Example 1,
in which the quantity of platinum is less than Example 1, exhibited
the A/B of 0.15. As mentioned previously, when the A/B is less than
0.2, two cases occur. In the case of Comparative Example 1, O/W is
favorable, normalized noise increases, and output decay deteriorated
significantly. This can be considered that the small content of
platinum lowered the Ku value of the hep-cobalt-based alloy phase.
Comparative Example 2, in which platinum content was increased,
the output decay also deteriorated as compared with Example 1
though not significant as in Comparative Example 1. In the
Comparative Example 2, the fce-cobalt-based alloy phase so increased

that the A/B exceeds 1.5 and the coercivity decreased resulting in the
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contai ns no oxi de phase of SiQ2. Wile two cases occur
when the A/B is smaller than 0.2 as descri bed

previ ously, Conparative Exanple 4 exhibited favorable
out put decay, increased nornalized noise, and | owered
QW This can be caused by |arge Ku val ue due to
addition of 25 30 at% of platinumand by degradati on
deteriv@hsiowofVutrit deeapetic crystal grains from
each other due t0 absence of SiO2. Low value of 25
coercivity can be attributed to the degradation of
isolation. It has been clarified that a magnetic

| ayRlex thAEECcAPtshds rRb@eondHe bR gt hnfount of SiO»

performance and nol se performance. 5 Exanple 2, in

aﬂ’ﬁieﬁhirpegatlﬁiﬁééﬂgig}égg ent and Si2 content were

I ncrease e 1, exhibited favorable
values in all of OW output decay, and nornmalized
noi se. The A/B of the Exanple 2 was 1.48. The

D oPREAL98) 5 16 AReL e e R I e A
COARBRSL R S0 OB i be oo
tl’i‘%ﬁ%ﬁ%‘% A Svféﬁ;ﬁﬁé@%‘i%% Pﬁﬁ?ﬁéﬁa&ﬂtmsioz and the
A R i A B
ofbePGRRGNLRER. | PYRIEPhE -5L0ep SAB UlRe I hbroves.
nonmagneti c grai n boundary of oxide. Exanple 4 having
a conposition of ferromagnetic crystal grains 20 of

Co4Si 16Pt, exhi pited favyor.abl e .val yes 01W, out pu
de M BRI T aRAIaRIA o 48, WEPER i STOagMitert Fhjarger than
irP Xnalgl% Q f,ng)gh{bhl%zzd favorable O/W and normalized noise, but

significantly increased output decay. Seeing the noticeable decrease
in coercivity, the deterioration of output decay can be attributed to
the minimum size of ferromagnetic crystal grains. It has been
clarified that excessive addition of SiO2 to increase the A/B too much,

worsens thermal stability.

Composition of the magnetic layer in Comparative Example 4
contains no oxide phase of SiO2. While two cases occur when the A/B
is smaller than 0.2 as described previously, Comparative Example 4
exhibited favorable output decay, increased normalized noise, and
lowered O/W. This can be caused by large Ku value due to addition of
30 at% of platinum and by degradation of isolation of ferromagnetic

crystal grains from each other due to absence of SiO2. Low value of
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replacing chromumin ferromagnetic crystal grains by
silicon still provides favorable perfornmances. 25
Exanpl e 5 has a nonmagneti c underl ayer 4 of rhenium
Since rheniumhas a larger lattice constant than

rut henium an adjustnent 26 was inplenented to

i ncrease platinumcontent in the nmagnetic |ayer not

coddrcibity ugh Ippiatexibaited povthe dégrdiativoreopisolaitbbhedt has

favorable values of OW output decay, and nornalized
b8ehsdarifiedahdtes i aghiithié 18¢et W@it}i‘oﬁitoéﬁhbgide phase

performances are achieved in a nonnmagnetic

detekdblrayes vatite BB PENnE athd WohSS ipePfoPERIn@y er by

selecting a conposition not to obstruct epitaxial
growt h. Exanple 6, having a seed |layer 3 of a single
crystalline seed | ayer, exhibited favorable val ues of

v ??ﬁ?ti’é ggﬁﬁ%hieﬁ%éﬂ; g%ﬁt%ﬁgrtxﬂgoﬁ%ﬁg FnE{ SHO:Nontent

resu s been confir t favorable
weRt JHARACER difn iy @égﬁﬁi‘%%l??é%%i#%g‘?%?.ﬁ?ér@%@ngﬁ‘gﬁgg in all of
OfFF, Gt BRE AT AR KBt The KTHBERHR' Bfample 2
P RGP LD L RGP PR st
by BN Al ORI CaR i R bt al hBbapripte grain
sigE e 361 04o R R Tnge EidRipCa IEVRTRRNGY Bhuseypbermal
ARF SR cho R S R UG L1 o0 Pl ot

tPat I ncreasing a thickness of nonmagnetic underl ayer

0

Example 3, comprising an oxide of Cr203, exhibited favorable
values of O/W, output decay, and normalized noise. From this result,
it has been confirmed that Crz:03 also provides favorable micro
structure in which ferromagnetic crystal grains are surrounded by

nonmagnetic grain boundary of oxide.

Example 4 having a composition of ferromagnetic crystal grains
of Co4Si16Pt, exhibited favorable values of O/W, output decay, and
normalized noise. From this result, it has been confirmed that
replacing chromium in ferromagnetic crystal grains by silicon still

provides favorable performances.

Example 5 has a nonmagnetic underlayer 4 of rhenium. Since

rhenium has a larger lattice constant than ruthenium, an adjustment
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rut heni um excessi vely to decrease A/B too nuch, causes
deterioration in noise performance and wite
performance. 25 27 CLAIMS Wiat is clained is: 5 1. A
per pendi cul ar magnetic recordi ng nedi um conpri sing at

| east a nonmagnetic underl ayer and a magnetic | ayer
sequentially |amnated on a nonnagneti c substrate,

wifiengiple hien ted tetinereaye ;pla‘tﬁlifﬁfﬂ gontéatiangdnenhgnetic layer
crystal grains conposed of a cobalt-based alloy and

nﬁﬁ%&ibsxrwc@iépi*egxm{;mmhpd@h@ Faiathplef exhdsitedafatorable
as

10 ferromagnetic crystal grains having a structure,

vERISS bEONY, AitpAithdeta§i ﬁﬁglcgoti(giﬂlizgﬂfﬁéi%%t. ' Rnhhﬁé been

ratio AABis in"a range of O. .5, in whic

claRfiea¥H £t BivorAS ﬁb?ﬂ)ﬂrﬁh?l%%gtééré;%ghﬁévé&]iﬁ) a Mfitfmagnetic

obtal ned at a x-axis angle o B represents an

SRS st LenhiupptmoiA gy Selecing o
e T T T N

substrate and the nonnmagnetic underl ayer, the seed
| ayer having a crystal structure of fcc or hcp. 20 3.

{ o DARRHIE S rHr P BRb bR 8 R Ral L P Joed layer,
et RfulPO AV A e SRS 3L O/ I phEBRGIERAN 40d normalized

noise. From this result, it has been confirmed that favorable

performances are still achieved with a seed layer of a single

crystalline seed layer.

Comparative Example 5 has a thick nonmagnetic underlayer 4 of
ruthenium. While two cases occur when A/B is less than 0.2,
Comparative Example 5 exhibited good output decay, but increased
normalized noise and degraded O/W. Seeing the very large value of
coercivity, the thick nonmagnetic underlayer of ruthenium is
supposed to decrease the dispersion of c-axis perpendicular alignment
of the magnetic layer. In addition, the increase of normalized noise
suggests swelling of the ferromagnetic crystal grains. It has been
clarified that increasing a thickness of nonmagnetic underlayer of
ruthenium excessively to decrease A/B too much, causes deterioration

in noise performance and write performance.

27



10

15

20

25

a layer with an anorphous structure and a layer with a
crystal 25 structure of fcc or hcp | am nated on the

| ayer with the anorphous structure. 28 4. The

per pendi cul ar magnetic recordi ng medi um according to
claim 2, wherein the seed | ayer contains at |east one
el ement selected froma group consisting of Nb, M,
CRAIMSC, Zr, N, Ti, Fe, Co, Si, B, and P. 5 5. The
per pendi cul ar magnetic recordi ng medi um according to
claim 3, wherein the seed | ayer contains at |east one
el emrent selected froma group consisting of Nb, M,

Whatis dainedd idd, Ti, Fe, Co, Si, B, and P. 10 6.

The perpendi cul ar nmagnetic recordi ng nmedi um accordi ng
to claim1l, wherein the nonmagnetic underl ayer
contains at | east one elenent sel ect ed froma group

1c0nsi st Ange ie‘éeﬁﬁl TRr Ma ﬁétlc'\fbc gfmeéﬁ‘ﬂﬂn%m%ﬁ*lsmg at

7 The pe dicul ar nagn tic recor

%25%6‘19& nétiidh er%ﬁr}?%: bid Hem% E%X qneentlally

rliayer ntalns and east

liﬁhﬁ&t@ﬂéﬁ Od;hﬂg?ﬁ%’%ﬁ’laeﬁg@%ﬁfs%ggé’fqzﬁergﬁ ptyr%% ugﬁbtlc layer
cOREPEELS fePrOhti e (TR LA AT 6255hB %o posed of a cobalt-based
alloy and magnetic grain boundary composed mainly of oxide, said
ferromagnetic crystal grains having a structure, as measured by
grazing incidence X-ray diffraction, a ratio A/B is in a range of 0.2 to
1.5, in which A represents an integrated intensity of fcc (111) peak

obtained at a y-axis angle of 69.5° and B represents an integrated

intensity of hcp (101) peak obtained at a y-axis angle of 60.2°.

2. The perpendicular magnetic recording medium according to
claim 1 further comprising a seed layer between the nonmagnetic
substrate and the nonmagnetic underlayer, the seed layer having a

crystal structure of fcc or hep.

3. The perpendicular magnetic recording medium according to
claim 1 further comprising a seed layer between the nonmagnetic
substrate and the nonmagnetic underlayer, the seed layer comprising
a layer with an amorphous structure and a layer with a crystal
structure of fcc or hep laminated on the layer with the amorphous

structure.
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claim1, wherein the nonmagnetic underl ayer has a

thickness in a range of 3 nmto 20 nm 25 9. The

per pendi cul ar magneti c recordi ng nedi um according to

claim1, wherein the magnetic |ayer conprises a

CoPt - based alloy 29 containing Pt in a range of 5 at%

to 26 at% and the oxide occupying from5 mol%to 15
41mol % O_fTh@epé‘ﬂgé‘ﬁai(ﬁﬂ'aﬁyﬁfagﬁ@ticm&ﬁﬁﬁgﬁ‘i‘ﬂeﬁih@ﬁ according to
magnetic recordi ng medium according to 5 claiml,
cMifh 9 RwhBeefxitHe ddbd Tﬁ%éﬁ%p%ﬁthﬁ?né WTedst e %@éﬁféélt selected
fromthe group consisting of SIQ2, G203, Zr2, an
fiIR03 grbt i MG CCpegR! Wor TR i
acc%gﬁgqggﬁgﬁgpﬁggﬁ}Wf %{e[?’ corfpeW’g(P%’ng’ gl{([)??h’ ,"Co, 5i, B,
aﬁagpeti c backing layer between the 10 nonmagnetic

substrate and the seed layer. 12. The perpendi cul ar

magneti ¢ recordi ng medi um according to claim3

further conprising a soft nagnetic backing | ayer

50t e ey ROORANkL o ERY L B0 DB A rding
IBiFEH 1 e héin EhABat LIVEF Ehbrbits MRS HE slempant selected
frotn a. gr(znolpsgonsisting of Nb, Mo, Ta, W, Cr, Zr, N1, Ti, Fe, Co, Si, B,
and P.

6. The perpendicular magnetic recording medium according to
claim 1, wherein the nonmagnetic underlayer contains at least one
element selected from a group consisting of Ru, Re, Ti, Zr, Nd, Tm, Hf,
and Os.

7. The perpendicular magnetic recording medium according to
claim 1, wherein the nonmagnetic underlayer contains Ru or Re and
at least one element selected from a group consisting of Ti, Zr, Nd,

Tm, Hf, Os, Si, P, B, C, and AL

8. The perpendicular magnetic recording medium according to
claim 1, wherein the nonmagnetic underlayer has a thickness in a

range of 3 nm to 20 nm.

9. The perpendicular magnetic recording medium according to

claim 1, wherein the magnetic layer comprises a CoPt-based alloy
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containing Pt in a range of 5 at% to 26 at% and the oxide occupying

from 5 mol% to 15 mol% of the magnetic layer.

10. The perpendicular magnetic recording medium according to
claim 1, wherein the oxide in the magnetic layer is selected from the

group consisting of SiOs, Cr20s3, ZrO2, and Al2Os.

11. The perpendicular magnetic recording medium according to
claim 2 further comprising a soft magnetic backing layer between the

nonmagnetic substrate and the seed layer.

12. The perpendicular magnetic recording medium according to
claim 3 further comprising a soft magnetic backing layer between the

nonmagnetic substrate and the seed layer.
13. The perpendicular magnetic recording medium according to

claim 1, wherein the nonmagnetic substrate is composed of aluminum,

glass, or plastic resin.
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