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DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND
MANUFACTURI NG METHOD THEREOF Technical Field [00011
This invention relates to a perpendi cul ar magnetic
recording disk adapted to be nounted in a

per pendi cul ar magnetic recording type HDD (hard disk
drive) or the like. Background Art [0002] Various

i nformation recording. techdiques have been devel oped
followi ng the increase in volunme of information
processing in recent ye pcularly, the area
density of a HDD (hard 2&%&3%§ﬁ&@pcusing the magnetic
recordi ng techni que has been increasing at an annua
rate of about 100% Recently, the infornmation

r ReBPENRICYEARMAGNENIE RRECQRBINE DISK ANR MANYEACTURING
p 0= ] netic di sk adapted for use in a HDD or
t@ETFKﬁ%TﬂEﬁEgﬁ%er to satisfy such a requirenent, it
IS necessary to realize an information recording
density exceeding 100Ghits/inch2. In order to achieve
tTeehhicghFielgcording density in the magnetic disk for
use in_the HDD or the like, it is necessary to reduce
t he si Z&isdnveniignseliatesde psnerpenglicilarsmagneticrrgcardmggiisk i ¢

L _ nagnation
SR, E P FER PofibritBulsE Gvichete reokiea SPorHPRdhard

"cﬂéﬂeﬂrive?"g V8ike. I N the case of the conventionally

conmer c I'zed magnetic disk of the in-plane magnetic
rgmhgdung Arype (al so called the [ ongitudinal nagnetic
recording type or the horizontal magnetic recording
type) , Vasous iptesmiation eficordieg techaiques  bave beerofievdieped

neti¢c crystal.grains, ,there has arisen_ a thernal
OO e dnCTBRER BrTRS ok EYQImatieR perceseiagiin acpnbyears.
s Teten ool [ [ 5 _ . .
supe rbgé{{@”n%gaﬁgﬁ 0isis‘rrrlis tﬁ%gfts% ere Eg’aégﬂs%lé tdlﬂx(/)%)sus(:)?g {hgmagnetic
recwdidynectmiquesthas, beantineleakiag at B sinhegoa®R diRbolPesting

factor for the increase in recording density 2 of the
mggaety, shajinkimation recording capacity exceeding 60GB has been required
per-2.5-inch magnetic disk adapted for use in a HDD or the like. in order to
satisty such a requirement, it is necessary to realize an information recording.
density exceeding 100Gbits/inch®. In order to achieve the high recording
density in the magnetic disk-for use in the HDD or the like, it is necessary to
reduce the size of magnetic crystal grains forming a.mag-netic recording layer
serving to record information signals, and further, to reduce the thicknesé,of the
layer. However, inthe case of the conventionally commercialized magnetic
disk of the in-plane magnetic recording type (also called the longitudinal
magnetic recording type or the horizontal magnetic recording type), as a result

of the size reduction of the magnetic crystal grains, there has arisen a thermal

fluctuation phenomenon where thermal stability of recording signals is degraded

_.due to superparamagnetism to thereby cause loss of the recording signals,

which has thus become an impeding factor for the increase in recording denéit_y
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-3 rragnetlc i nteraction. at 1s, Inor

[0003] In order to solve this inpeding factor, the
magneti c di sk of the perpendicul ar nmagnetic recording
type has been proposed in recent years. In the case
of the perpendi cul ar magnetic recordi ng type, as
different fromthe case of the in-plane magnetic
recordi ng type, the easy magnetization axis of a
magnetic recording layer is adljusted so as to be
oriented in a direction perpendicular to the surface
of a substrate. As conpared with the in-plane
nﬁ@ﬁ@tmégﬁfﬁ@@%i ng type, the perpendicul ar magnetic

phonomegnisE PRBRIPBEARG pelS b Tadhakedp tae
I 86t ‘?dhﬁnbgc ré:c‘BFdég%Q@’@ {%s B8R d%%g ity ?éc)%ﬂ{ years. In

Publ'i cati on t ent cumsn

disctazeasf tiee pepbndiguiar aaghéticreperdirNigpe Lddiffer@bfiemitke
recordi ng nmedi um havi ng an under|ayer, a Co-based

pEasrenithe in-alane magnetic ceqasding dipegthesasy, mametlaatlon axis of a

P eBRli et avpR istod 1 Xl & oferdodi & rSaen”
6@%@3&@@%%@%}@9 ofégﬁfs&%‘t e.DOLLIEEA ar%ﬁ Mth%ﬁé%ﬁana

per pendi cul ar magnetic recordi ng nmedi u

Striagadtic recoltiicetyps, s Paargeioti Phaghebic Trda(fdrdlhghype can
lattice filmcontinuous |ayer (exchange-coupled

| aw?ss @eéhwe?ai auewa%prgpl@ﬁnmweﬂnon@@@rtbuw guitglle for increasing
Pat
B et PR 20 Foadale: UBkgamiMead i bsoatign Ne 2ooe-

- ShBgeS( Ijga?érﬁrﬁoc”%en@‘f'ﬁ&@c?lgﬁe%[’%&%cﬂh@ﬂ% aBBHt Q‘Dérﬂeﬂ a0 Of

the I nvention Problemto nven I on

[ fRQBéticTieeordimpmdtitgn kavisg biy uﬁiﬂeraayﬁ’ﬂw@@b@sdﬂ ﬁkrpeﬁdlcular
i nproved nmainly by reducing noise in a nagneti zation

t maaaeteq f@ﬁOW@@ '@Meroﬂn@arp&@tﬁ@weday%rdb%ﬁrﬁéomgﬂe@n a spipgirate

th S r
a0 8RS ARG FBfings Unido SREGBREY: ha bifett Spisgpaton
OfPA & USR Ut ©f ¥istiBkeh ﬁb@e%uéelaa%gfneg F@}%Pduﬁ% ffedRim
er to crease
t Ievineea strdétoge whersi dryexahahdecoupled artificial lattice film continuous
fayer (éxchange-—coupled layer) is adhered to a granular recording layef. -
Patent Document 1:
Unexamined Patent Publication No. 2002-92865
Patent Document 2:

United States Patent No. 6468670 Specification

Disclosure of the Invention
Problem to be Solved by the Invention
The recording density of a magnetic disk is improved mainly by

reducing noise in‘a magnetization transition region of a magnetic recording layer.

For the noise reduction, it is necessary to-improve the crystal orientation of the

magnetic recording layer or reduce the crystal grain size and the magnitude of
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medium it is desirable to equalize and reduce the
crystal grain size of the magnetic recording |ayer
and, further, to provide a segregated state where
i ndi vi dual nmagnetic crystal grains are magnetically
segregated and, for that, it is necessary to properly
control a fine structure of the magnetic recording
layer. In the neantine, the - based per pendi cul ar
magnetic recording |ayer disclosed in Patent Docunent

i. .| a - | P | C
ruaBiifo il Roh ThAT, whBEER (S RRRE G lora B ARG e
qaediena it isrdgsieblevidgpalizentd fAluch HRslBgsR0gERISSS blthe
field Hh to be a small value |less than zero and,
trhegnatigrecordingilayerand, ufhen ta provislermbedregated atdte whesn
he .i.ﬁHr’oved and hi%h SINratio ﬁan be achi eved, .
Mgt esnRtc St Bgine areinaghetioal Seotegaeniagdater that, itis
FROREhy S papeRy Sonkd el AE i Bl Foraig ever.
de Yreegetintiimaf the (Gu-badeesuigendiart magsetRfrecdimgmaghet i C
crystal grains to block exchange interaction between
irclasggrie Patent Bogumant broarinulartyteeCobibasat perpetdiadart o
i ncreasing the recqrding density.. [0006] Further, by
RATRGE SPRInGAEE o ef epsisivbroles T andspt Caise

. - N N bl e
PRAGEREM LorBaShlang REBRENT AP 5 sl PRBEICYS
ithepezkro ginelpthietefomd, raiftavide faifed termBnAdctiStiont d3@ beditipigved
such as Si2 or O is segregated at the grain
Bod adigh SN rafia eaneaciievednuivhtis thusnretesale.onFirétendsn
the .crystal grains of, the nagnetic recording | ayer.
ervaia AR s etEuERar G g b Lol Rinaskin So8 adieT or
BhadnBfic FECHRi i} 3 4y
g'razgn n %i zdéﬁ%\lﬂ% iat%?g d}rm%h ?)t%us(?%ﬁ?% éﬁe%lﬁégne “.“CEQPV F%M%Sa&f

ivet magneticerystakbgrafrisac bisgk ychidigyet ihieekdion bebhedr 8 magnetic
| ayers segregated at the grain boundaries or the

el graing theraby rortribytingte ingigasingjhur recagingdensitgi ng

t he t ,of Si.O? added to the, netic recardin
e PO R R RS i ST ARG o Frd G5B S
pEYeRERLIZP drese P&o&ﬁn%ﬂ?én R p¥AbiE il dh Bidllent
density recording is i oved. 'S causes a maxl mum
segregatedsruetuee githélut impediag ephiatiabdrowtredHCoMi CEhhiighnae

as .conpared with a conventi onal nedi um added 4
oxide such as SiOz or O is segregated at the grain boundaries to reduce the

‘magnetic interactiori between the crystal grains of the magnetic recording layer.

Further, by the addition of the oxide such as SiO; or O, the crystal grain size

can be reduced. The crystal grain size and the magnitude of the magnetic

. interaction are affected by the thickness of SiO; layers segregated at the grain

boundaries or the crystal grain size of the underlayer. By increasing th'e

amount of SiOz added to the magnetic recording layer, the size reduction and

- the magnetic segregation proceed so that the S/N ratio in high density recording

is improved. This causes a maximum anisotropy energy Ku to be

~ approximately twice higher as compared with a conventional medium added
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 rReTerRYEdal magee

with no Si02. It has been found that the probl em of
the SIS Nratio or the thermal stability does not arise
up to 200 to 400Ghit/inch2 in the case of such a
magneti c recordi ng di sk. [0007] However, it has been
found that when aimng at a nedium adaptable to
400CGhit/inch2 or nore, it is difficult to produce the
medi um excel lent in thermal 4%tability or recording
properties onIy by addi ng the oxi de such as SlCE or O
That is, i been found that when, for exanp

THh A0 P2 BBas Bosi aunadaaIne Hraemoh e SRy At of the thermal

gg@g@g@y DA B 102605 ShERFFoFo B roucpa,

\gﬁeﬁcfe@bmmg)agal p between a coercive force He and
when increasing the anount of Si02. According

to Fi g. H@tye\tdﬂ,et hizs biey foasd shatsvitaneaimingatta médIBrrO&:Iaptable to
inéééa_ses is .considered that the therma

b'ﬂwhd@waﬁeg s Afiquiido prodisedhe me@rt@agé%e"au@n theymal
f&QHmM&f}e&&d eﬂr&b ifled S@Q%Hgéqdhngkhé%ﬁ té&%ﬁ agﬁiéaP f8e

prese |nven ave
STK&R is,TERLAESSN fohh@tiﬁ}\'ﬁlh%ﬁ'\lfo?@&ﬁﬁlp[eh ﬁ{eeérﬁ@uﬁﬁﬁ sihSig
referred tows SN) becones better due to size reduction
(imereaskd fp 681 ot moFa, glegfadatibe casirs imtoarcise lfm'cech and

showi ng the SNR graduates differences from
'g*%%‘?‘f‘ipydéﬂe i 6)- Ad%@rféjﬁl?@vq a relationship

(Bl R 2 o R el SRR W inblesb P Yo RLACE -
th@;o‘ﬁfﬂnlt_;f'to Fapieding Hemeseases d9 @bt oS dhéiﬂhgés It is
desi rab that nmaintains the thermal stability and

feonsidered that Hudibdrmadlitstatditppiegrades aadmiumDOa‘imseﬁmb%aees due

nore where the SN becanes excel | ent . 0008% n .
riedpenEion'g cegrctyedorcedifestOn the oragr Bisprgesridnyeptors
Ys&edolRd f1RH 28 eam Lﬁa&ﬁ@zﬁ@ ut'% N Bn'Rbip"e
rragnetl C recor a er i ACT ea

Adremiafteralso wﬂé@w fo as EN) %e&é}ﬁé@ béﬂ?é‘rtddeh@ rs&ea{n.uts&ﬁma(see
new problemthat sufficient recording cannot be

dogi @ edn Fig. Bothierayist M@rdmatasﬁ@wmg thei SR gcqn;guates differences

Partlcu n a recordi sity ran

SRR BI rRtevalfe Rigpery SRINw . AGsPHANG Bfs sriRtienshis bajween

r@@f‘ SlnSsaad dnﬁér% kdod lf\ﬁ{s%h?ﬁ @:“r’d);}’ is a‘?ﬁ WEG §ad QoW (Fl%at% or
ack narrowi ng c? 'S necessary to

'rﬁ”@feQMﬂa §Ras t’f_a?:f.kﬂ? dh@@vé@.p abhéréfo)‘e,@medlum is des:ra_ble that

‘maintains the thermal stability and, further, is added with SiO: in an amount of

6at% or more where the SN becomes excellent. |

In response to such a request, it may be considered to use a method of

- increasing:the amount of Pt in the magnetic recording layer to thereby increase

- the anisotropy. However, it is known that there arises a new problem that

sufficient recording cannot be achieved following the increase in anisotropy.
Particularly, in a recording density range of 100Gbit/inch® or more, the recording
capability of a magnetic head itself is extremely lowered following track

narrowing and, therefore, it is necessary to improve the recording capability on
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5 the magnetic recording |ayer side, which arises as
a new problem This invention solves such conventiona
and new probl ens and has an object to provide a

per pendi cul ar magnetic recordi ng di sk that can
contribute to increasing the recording density by
inmproving the S/INratio in high density recording

wi t hout causing an increase Pn DC noi se, degradati on
in thermal stability, and degradation in recording

bilit and a. net hqd of. nufacturin ch a
glﬁgﬁja!gﬂé%rsecpbqqn%@y%ﬂ e’t‘ﬁlé‘cggag?seﬂ? %G'IG@%T“’ ufT‘-soI vi ng
: : - . _ _
{1 P A0 B B LR ol g it
egvide B @ermliclian gnaliredic resording digk thaecredsivgbltato

magneti c recording, the perpendicul ar magnetic
AR BRRING Hhedesrdingrianstly by imeroving the diNirsiionip kigh density
strate, a ferromagnetic la f.ornmed on.the
TP Ao Al e ParaRea i DG it B oratRaop dhthermiehg |
| | .
SR, S a0 Inkordif oAt o melldd i ingirdcturing
andh hadiskng a first |ayer containing cobalt (Co) or a

Co alloy and a second | ayer containing palladium (Pd)
or platinum (Pt). (Structure 2) A perpendicul ar

t] di i sk di t St t 1,
R P08 % PR ot or romagnet i o 1 ayer has
) LR Bl 8

boundary portions

strictomss. (Si ), or the oxide of silicon (Si). (Structure

3) A perpendicul ar magnetic recording di sk according
to  StiSyeciwre ) Hpemendiaignagnatiedesordingadisk foe use in

tent. e silico i) inthe ferro neti g .
PEREPOluBk rladfefi tasPing 3hd aethehdRuiar HasBieRe ferecding disk
BRaaeicrited BF 86MbAsing hSbaRSRT 4 &b AgnaticIAfr Y6 fndd 8h the
2, characterized inthat the content™of the silicon
c@hstrate) haling & granolamginedtue, bay eoniahid@afokide1Sinéda (Si), or
an oxide of silicon (Si), and a stacked layer formed on the ferromagnetic layer

and having a first layer containing cobalt (Co) or a Co alloy and a second layer

“containing palladium (Pd) or platinum (Pt).

(Structure 2) A perpendicular magnetic recording disk according to
Structure 1, characterized in that the ferromagnetic layer has dr_ystal gains
_main‘ly made of cobalt (Co) and grain boundary portions mainty made of the
oxide, the silicon (Si), or the oxide of silicon (Si).

(Structure 3) A perpendicular magnetic recording disk according to

Structure 1 or 2, characterized in that the content of the silicon (Si) in the

ferromagnetic layer is 6at% or more.
(Structure 4} A perpendicular magnetic recording disk according to
Structure 1 or 2, characterized in that the content of the silicon (Si) in the

ferromagnetic layer is 8at% to 15at%. -
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FRERHNG in rf}‘Fﬂﬂ'@ Qﬁﬁ atrpes

6 (Structure 5) A perpendicular magnetic recording

di sk according to any of Structures 1 to 4,

characterized in that a spacer |ayer is provided

between the ferromagnetic | ayer and the stacked | ayer.

(Structure 6) A nethod of manufacturing a

per pendi cul ar magnetic recording disk for use in

per pendi cul ar magnetic recor i ng and having at |east a

magnetic recording layer on a substrate, the method
zed [ st of form ng the magnetic

characteri , e
r ecor dit %é”q uree? d%ﬁﬁ'ﬂegﬁﬁﬁlgr BrRANBIC eREding disk agcordmg to

S ATOPAS 1Y e B Sl P Bl
q;rerwé@h thef fdirBMagRBlidiafbndhdF PR dcke&Pdyernd a st acked
| ayer having a first |ayer containing Co or a Co

-al | oy é‘ﬁtwcau@eﬁ)ormmwymmfcnmmamtumm a papeadiaubar (Pahnedic

platlnuqéé rmngtheferromagnetlcla yer an the
JEBYAIS: f@%@m PYPERGCHIAT BRIAplfRCEMiNG AR BRYiag at least a

9% eﬁﬁ%é&ﬁ[ﬁgq%&% asélﬂfslfr%ge ltﬁé/% tl@ﬂ chE (%téﬁfécﬂ%h a[ﬂa gtep

rgon ere at a’'gas pressure 1 ower
Qﬂ%rw@rﬁf%&hﬁgh’é&%@emﬂ 3ffayénd@mﬁr’amgf 8h m&*&mta'té a
layer. [0010] As recited in Structure 1, in
perpoagialic layermd grgganaar siamtmerc@ntmmkg siti€ort tﬁu)sor an oxide of

i nvent the magneti ¢ recordin i ncl udes at
SiE6F (S, Betesn Gyslgrarpine coaTNg JotCoN A stacked layer
Conﬁ.graaﬁrgt Iagélyéd?ﬂa HﬁSS&f &y b%zagﬁ raHg auge%b Q?%gr gpntaining

inrng an oxi icon
?jaliamom (68} br plafsum ey sfopalgdnd ?éfﬁfmaérfé‘hﬁ%&é? Bntthe substrate
erromagnetic |ayer and having the first |ayer
byrspalteinginGn agoa ga@@tmb$@3eraadd them foenimgdhé ataeked layer by
cont ai ni.n Pd or As a Co-based magnetic
gha ons Pregpure lower than agas-

e s, ™

CoPt Cr Ab?é@l@dﬂﬁmbﬂuﬁe TEihehé pbrpeadicalal niiynehe fé‘dovcﬁng disk
force He and can cause a rragnetl zation reversal

- of Bnmwwﬁ@lqmmmgnem@ecomg lay&rdndudesral leastdhee | ess

TR AG FAVSE S8 T SHER iR A 16 SEPRE Ik i e Tei and

. t i .
Qﬁn@ﬁmgeéfﬁ gﬁdas 5&1'{ @Jhgt%‘ BLAE BF ehtsh f ,%éﬁlﬁ%é H&?g&glgyer

ement” suc or ‘an oxli ereo
¢srical orefle ferromagnetic layer and having the first layer containing Co or a.

Co alloy and the second layer containing Pd or Pt.
As a Co-based magnetic material forming the ferromagnetic layer, -

particuiarly a CoPt-based or CoPtCr-based magnetic material is preferable.

- The CoPt-based or CoPtCr-based magnetic material has a high coercive force

He and can cause a magnetization reversal producing magnetic field Hn to be a

_ small value less than zero and, therefore, resistance against thermal fluctuation

can be improved and a high S/N ratio can be achieved, which is thus preferable.

By causing an element such as silicon (Si} or an oxide thereof to be contained

- in the CoPt-based or CoPtCr-based magnetic material, Si or the like or the
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[0014]

in the CoPt-based or CoPtCr-based magnetic material,

Si or the like or the 7 oxide thereof can be
segregated at grain boundary portions of the nagnetic
crystal grains to reduce the exchange interaction
between the magnetic crystal grains, thereby reducing
t he medi um noi se and i nprovi ng t he S/N ratio in high
density recording. Si may be ‘added to the CoPt-based
or CoPtCr-based magnetic materlal not only al one, but

9855050 ol T P e ol
segieqphing t@tedUcBahd BRHRNBB WRERIHSS béﬁ/ereﬁqHQ ﬁ]atr?hgtu% crystat

magnetic interaction between the crystal grai
tgiemmaigaahya'edwng thengediayenoisd aed isiyroviag s SN td!ﬁ in high

um noi se and oving the SINratio in hig
sy teeoting o1 Siqnay b eHietip e GaRs baned or CRBHG basedde
b d t t
e PR G Y B8 3 TR A Shh s
Wh6@S] isfaeidﬁa@l@ltﬁ@st balle Wh&Nad B 24 &ﬁd@%%g@ga@d at

or the Si oxide is |arge, ﬁe cryst a:F grai ns

ttloe geamboyndaries hateduice théeragmétid inteshctan mweas fheagstal
Ther ef for exanple, the adding amount of the Si
&l Of@esfﬁw%ge%mﬂ@g layeroheieby seducinmibermedinal nojse and

bI | h
RIS i BB B ont st © 1 1 thi s
| Avent BPaddRY e or thd Stox@iiionfe C%WEEE?QB%(%PR; r-Bdi8a S

oxide is increased, the degradatio

sagielic materizsthb e:r);staé‘gmn sitelmpntbearetiosdd) Magivadvies, thénser
cqont aj ni n the oxide, silicon (Si), or the silicon

@%?‘?3 bieinieblgpthahwhen thaddinggaeutiter Shar the Simxide is large,

U SRS DA BN roo A Y e Pt Bbshy@thinareases.

Thbiciore] .Y eRemple, Mo addi®y 8RVURSI RS QP&%E@ ist Quppressed to
i ncreasi ng the recordi ng density W t hout caugl ng the

8aijh adless convintiohallyralAcsomliigly, there [i0@@labisa tieititd e i n
Structure 2, in this invention, the ferromagnetic

Ir&gﬁasenggecqrw@géﬁygwa| Inye@rHERSHR KIS invaakons BVeR if iriaddiag
S B S0 SO R B0 s Bl Hin g S
paxsse bltevehted pmRabeRbbNctRNERr&ohRin&s thd Bide, silicon (Si), or

si ze-reduced crystal grains.

the silicon (Si) oxide and the stacked layer formed on the ferromagnetic layer
and having the first layer containing Co or the Co alloy and the second layer
containing Pd or Pt; thereby contributing to increasing the recording density
without causing the degradation of thermal stability.

As recited in Structure 2, in this invention, the ferromagnetic layer has
the crystal gains mainly made of Co and the grain boundary portions mainly
made of the oxide, silicon (Si), or the silicon (Si) oxide. I becomes possible to
magnetically shield between the size-reduced crystal grains.

As recited in Structure 3 or 4, the content of silicon (Si) in the

ferromagnetic layer is 6ai% or more, and more preferably 8at% to 15at%.
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[0014] As recited in Structure 3 or 4, the content of
silicon (Si) inthe ferromagnetic |ayer is 6at% or
nore, and nore preferably 8at%to 15at% 8 Wen the
content of silicon (Si) in the ferromagnetic |ayer is
6at% or nore, the SN is rapidly inproved. However,
Bat% to 15at%is preferable for the followi ng reason.
When the content is less tha® 8at% the effect of
reduci ng the medium noise is small and, further, the
S/Nratio in high density recordi ng cannot be
i Yiheouke caniehi disdicoh ySi) nthelierrambgneticdaykr isvBatft ohmore, the
|s reater than 15at% the perpendi cul ar

e e fanidi eiared oy ehaerSa laciBREeds BiREIaPIS P ae fglowing
' }eaﬁo Ee\fcﬁﬁeﬂ ‘fl‘féj&%téllﬁs %%g :}P%%t o, tfﬁ’é eitf&z gdeEIB@%JJ He%hum

ensity recordin ncre
NEBiSEis SRl AME FHBER, the &3 RatioliR Hr%h ?@éé’ordmg cannot be
particularly preferable and 12 to 15at%is furt her
prmfrevmtméﬁcmrﬂyt hOs therothier hand, wien theeonwmhppeater than
as the ranul ar structure containing Si or

& {fePREN ﬁlé@weanfftwmﬁgm.Séar&wegrac&r%nqqéo"owmg it,

f@%e?b&gwwgﬁde TARyB5F G bl o R RRb g g e
qhm%a&@ in @@n—muees %efr@@mh@redsgﬂ 156 toT’f&t%t.@Ehﬁi@uiaﬂYe;

is adjacent to the ferromagnetic |ayer or through
speatezable apdr 2tthdSeBetsfadher dikterablac kﬁdhlsagmntme the

%netlcal I%/l coupled to the ferromagnetic |ayer an
figHemegnetia By hagj;nth? SEANSRS \BUHERIRR £PBIFININGSIHE dRe pxide H@VGOf

ARG Y A0S Bk TR TRl LR,

q@H@h’@@néﬁb 1896ts Qiéi@rfablw JornebRssf bESrablye EHeOrﬁﬁﬁé‘ 8t 8%
| ayer nade of the Co-based nagnetic nmateri al

s’t&mk@obrlewy@le is preferably made of alternate-|ayered
filnms ol an alloy thereof and

pal | adi Gﬁ]%af@?d &&eagstaéﬁmtq tgyé%amﬁgm@%@ lgyer Qg pyPHgh the

er
pRee Ry & pBloBlvieAT| 1He sifREa Rl ety S R
lfafrg@a hyér dfid fubidtong Wﬁhgh i@l dasyindhetivatidntaxes of the
stacked | ayer can be reduced. The thickness thereof
irespralive imrsystbstarma%mth@esmeatblrey:nom tlo teanstacled layer,

f b/ E Pt t
&W%&ﬁaigem%%gpgpﬁ%ﬂy gg:?plec? to eacﬁl otLer n term%% thae; ning

ferromagnetic layer made of the Co-based magnetic material, the stacked Iayér

is preferably made of alternate-layered films of cobalt (Co) or an alloy thereof
and palladium (Pdj) or alternate-layered films of co'bélt (Co) or an alloy thereof
and platinum (P1). Since the alternate-layered films made of such materials
have Iarge magnetic Ku, the domain wall width in the stacked layer can be
reduced. The thickness thereof is preferably 1.to 8nm. Desirably, 2 to 5nmis
preferable. Even when use is made of CoCrPt containing a large amount of Pt,
CoPt, CoPd, FePt, CoPts, or CoPd; as a material of the stacked layer instead of

the foregoing multilayer film, the similar effect can be obtained.
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CoPt, CoPd, FePt, CoPt3, or CoPd3 as a material of the
stacked | ayer instead of the foregoing nmultilayer
film the simlar effect can be obtained. 9 [0016]
Further, in order to achi eve suitable perpendicul ar
magnetic recording properties based on exchange
coupling, it is necessary tC)get a proper thickness
rati o between the ferromagnetic |ayer and the stacked
| ayer such that when the thickness of the

¢ nen od UMb Sn 67 fo pehikACE BBRGeh e ér%r‘%'e‘&fé@gesqrﬁmg
E?’? pbRieE DABENBH bﬁcﬂa”?‘bg‘érco'uéh ﬁdyﬁééesssgﬁ oldt &

stacked | ayer is’red uce Gven th the thi'c ness
othidkhesd mtumhm\@mtme féraymagmalc/!amdnu hiee stackddiager eifch that
t he exchan energy control layer is B, AAB (ratio
o‘f"h%ﬂ Ef@ thic n%sspﬁféh% WIeanetic fayer isiaereased: thethizkness of the
%’er %mg?eqsgg Q vrgfgegf {he%l%rlle':qlégotf g?eeflpgpgﬁgye ic Eiyer is
prfe@l\éb&f Ihd RENREES bhﬁefs%{dk@H‘RQ)éﬂé edliGE @0&1 EH%?}]he
st acked | ayer. By providing the spacer |ayer

ethichaeggeofdbe fériangagnetiodzyer isieand dier thithges ofahé ayetangad
the stacked | ayer can be suitably controlled. As the
gy conira !aveUfs‘»éB,.PéB dFadipef AdpyB) wﬁa@r@fesab!yﬁrbwee“ﬁag@ pt2 to 5.

SB35 5 b S S S BLET cor
I lﬁy@'ﬁs pkdierabl Jrévigéq betwdlemInd ?&%nﬁaﬁﬁeﬂ@ @@ﬁgﬁa tePMEEked

his is because it Is econom cal pre e to use

tlbwrs aBy pomiiiog tHei spaceniayer, the e»fchtah@e couphing ibetwear tha
manuf acturing apparatus. The thickness of the spacer

| QV@Wagget&{éY%fraéﬂl the staghed laypesan be guitably ecaﬁroyedn Anithe

RO B e BprorablD el bf Sty SR B e

- qidpend@g dnhh@ @%kédl" Ryep a‘Wﬁer‘l fﬁéelﬁd la&eﬁ‘i‘sﬁﬁéﬁ% the stacked

t her ebetween and, in’view of
[l ayery ihacF@ layértis lals;oprseﬁ asdbé epa@rmwposﬁhus Ischexinask @ds.
the ferromagnetic | ayer, as seen fromthe

ﬁ%&?%ﬂ@v PrRierablertp g gk 6ame (calppsitign inierms pfthesgendgion

S5 A Sy, M Mo RBEGF I e i

@it 8f lREDEnSdesifabhy i thé rangeds 083 P&nmconmbi ned with

‘each other, or a Co-based magnetic |ayer containing Si

or- t heTBe ferromagnetic layer and the stacked layer are disposed adjacent to
each other or through the spacer layer interposed therebetween and, in view of
HDI (Head Dfs‘k Interface), it is preferable to dispose the stacked layer above
the ferromagnetic layer as seen from the substrate. The ferromagnetic layer is
not limited to the single layer, but may be composed of a plurality of layers. In

this case, Co-based magnetic layers containing Si or the Si oxide may be

~ combined with each other, or a Co-based magnetic layer containing Si or the Si

oxide and a Co-based magnetic layer containing no Si or Si oxide may be
combined with each other. Note that it is preferable to dispose the Co-based

magnetic layer containing Si or the Si oxide on the side adjacent to the stacked
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oxi de and a Co-based magnetic |ayer containing no S
or Si oxide may be conbined with each other. Note
that it is preferable to di spose the Co-based
magnetic |layer containing Si or the Si oxide on the
si de adjacent to the stacked 10 |ayer. The

per pendi cul ar magnetic recording layer of this
invention is preferably f or hdd by the sputtering
met hod. Particularly, the DC nmagnetron sputtering

nmethod_js preferable because upniformfilmformation is
A% eahe PB@P@F!CA@W@&H@B@ reGordng [Ryppptih his, inygndion is

ey FdieBHARE Spitie o TBARR, | BarcBEAY HhBBC MéGheron
| g)terifg meltiitR is whsibFdlebeddusk undesh fildPioPmbfod R dRabRRY.

ferromagnetic | ayer on the substrate by sputtering in
t he ar deregiesl intSinchie 6ewhad fctrrmmg the degpenditudarsnagriadic

EEATI TN
th@ sﬁﬁétfa‘igqgﬂﬁésﬁaﬁl@f@ Farm! the ¢ dérré}ﬁ%g?ﬁ%ﬂrlé/etr BAlnk Eﬁbstrate by

erronagnetlc ayer orne S pressur
TdpRitte@Rgpthe arddibgad iﬂﬁwsWﬂoﬁh@ﬁ & formithe sta&kédm erb
ferromagnetic G?df;i\]f/‘ger can be dimnished in order to yersy
rspatiedng indheaamgasoitswsphere Ftihea bas preSsurerlowercthgh that

OXi eca be se ated in uni form t hi ckness
H@?&é@ﬁ H%“'Hﬁé'?ﬁ‘ef‘%%”ﬁ%@f‘%ﬁ‘yﬁf ailhig "eee Mg e at

R AR, ARIAPI A o Aol Biurd | TR ESGT R e
Thagrictiag@din iszetiR#iie fdh@nfdgnekie hybAya bé Snnﬁlﬁﬂhétﬁ aflorder ke
magnetically uniformfor Tixing domain wal

(raSWIamdlmn rtonmct rfwrhqaoﬁmré.be Samvydﬁeare bb)%egnelgatadgn a

force mth rai,ns of the ferronpgn
|uRFgEm th ‘q‘r\?ssf’SP"’% nefie CuSHL OrRIRRFIYaING 5 éf We

ichy uanhgac &S Bofltfach, h? rfe%éé%?%%ﬂﬂe %%aé’et%‘;la?tgﬂ R RRhed

the's [ ayer, era

tdﬁ ow gé@ﬁﬁé@duﬂeay dhe &éaédh\/i’s HRg iy SraskecPlaler isrédqdired to be-
purpose. In this case, the stacked |ayer is

pﬁ@r@tiaailywrﬂforrné@r fbwﬁgmmmerwaﬂg (magaetgmuon (B‘iatpelilaltl pois}s)
e of 1 A1

- f 0
armeReR I Snging o iohaiadnndlisgaing o s feramagnotic aver,

..er i dudiing %ﬁa&@ﬁﬂ%k 8 (82% METPEA LU0l AATTOr T

or nore. € perpen ma ne 1 C recordlng

- dersdmagndtioilsyor adErehbid tha stagked RSE, and it is preferable to form the

stacked layer at low gas pressure for that purpose:  In'this case, the stacked
layer is preferably formed by sputtering at a gas temperatire, for example, in
the range of 1 to 10mTorr. On the other hand, the ferromagnetic layer is
preferably formed by sputtering at a gas temperature of 30mTorr or more.

The perpendicular magnetic recording disk of this invention has at least
the foregoing perpendicular magnetic recording layer on the substrate and
preferably has various functional layers in addition thereto. In this invention, a

soft magnetic layer may be provided on the substrate for suitably adjusting a

~ magnetic circuit of the perpendicular magnetic recording layer.  In this
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the foregoi ng perpendi cul ar magnetic recordi ng |ayer
on the substrate and preferably has various
functional layers in addition thereto. In this
invention, a soft magnetic |ayer may be provided on -
the substrate for suitably adjusting a nmagnetic
circuit of the perpendicular ?ngnetic recordi ng | ayer.
In this 11 invention, the so magnetic layer is not
particularly limted as Iong as it is made of a

R s Aen o)l e leu B8 R RUBRESS h imace

mrmﬁgueta: tfd@ﬁrtﬁatvee(hfb% %6ﬁ tagPrefid piopefifesQpiusid @%amﬁféd

" nore preferably 0.01 to 50 oersteds. Further, it

prefesakiy hgs has raggrestic pagpestyi &cqmmpe fdrge af .01 o 80ioersteds

- ma etlcflux density (Bs) of 500enu/cc to
T30

RiFy rgterakly §-(Hetpei0; oarstgsis. Heurtitertit prafsially bas ag ér |

gt Btontiof3 b e Bk MMy B ofbemifae

ofg2agmioicddaded wafdial®eRe bk rrl%h@f‘ i¢ Rlyes Widte B8N be cited an
FeTaC- based al l oy, FeTaN based all oy, FeN -based

d’?a bgﬁedﬁnwﬁabaékﬁbaﬂedmatedal, Bethe-likas e Hoodtamyple, e can be
ased % net| c material such as CoTaZr-based

OfRn o Sofbaagnali gterighsych@s wéé‘nba_aﬁqd@ﬂogof t
| nveﬁit?a%ﬁﬁa%”ﬁ% Faéﬁ" bihed o) FGomRed id of PCoased oy,

R €b-2pabd ¥oft ﬁﬁ@ﬁbﬁ@m&%@i@ﬂm% A6 TdZrHak¥d alE bt QoNbZr-
200nm When it is less than 30nm there is "a case
wireea alley, Iae dia@&sbaﬁeﬁfailow soft magheticrmatesial, tomtheslikmgnet i ¢
circui %net c head - perpendicul ar

magnet I't hfse'EBef'H'ioﬁg a&ve'rnessscwhe S%@ﬁ@@‘i’t@ Ipygrds preferably
Winhfio B dndasiady SAPABochNeT Svhen B i BRE NS dhm,

ace roughne I'ncr eases. "Fur

_ emee@la ca68 Gihate it B@dﬁ(ﬁné§d|ﬂlcuﬁ ﬁﬁ%rf\‘%%tﬁtab@nﬁghﬁtfc@r‘cﬂig

filmformati on beconmes difficult. In this invention, a
heiwesynargoeticited a;emencmcqlﬂreﬂmrmubyemdmgdmm esoft he

SRBETiR 61 iR 1 et SOREM Tiese W & casamvherethen
esﬁgwmuauh%s ih6re %19@3 S%E?%eﬁq{ éﬁgsﬁ%&mmﬂs% is

oy is-preterable as a noBmagnet T &
caskewheasethe spgerrig fmsotmatdndecorlds BEEMES 16 this GRBAGIE, a

crystal axes (c-axes) of the CoPt-based perpendicul ar
ragmegnetic underlayer is preferably prowded on the substrate for orienting the
crystals of the perpendicular magnet:c recording layer in a direction ,
perpendicular to the substrate surface. A Ti-based alloy is preferable as a
material of the nonmagnetic underlayer. The Ti-based alloy well serves to
control crystal axes (c-axes) of the CoPt-based perpendicular magnetic

recording layer having the hep crystal structure to be oriented in the

“perpendicular direction.  As the nonmagnetic underlayer made of the Ti-based

alloy, there can be cited, other thén Ti, a TiCr-based alloy, a TiCo-based all'oy, or
the like. The thickness of such a nonmagnetic underayer is preferably 2nm to

30nm. When the thickness of the underlayer is less than 2nm, the control of
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recordi ng |layer having the hcp crystal structure to be
oriented in the perpendicular direction. As the
nonmagneti ¢ underl ayer made of the Ti-based all oy,
there can be cited, other than Ti, a Ti Cr-based all oy,
a Ti Co-based alloy, or the like. The thickness of .
such a nonmagneti c underl ayer is preferably 2nmto
30nm When the thickness of #Be underlayer is |ess
than 2nm the control of 12 the crystal axes of the
per pendi cul ar magnetic recording layer is

i e pigl @xas of t%P@"@e"Wﬁ@'ﬁr mgéﬁ%@@@rmwew imdnsyfifcient,

St a ral ns,formn
ol ER B oS AP el s eyl < annigs fprina the
BfpRATR N fh t
| R Rl e g ey e B o IR ¥ Foise, which
aisrthai;nngpnefsarala!eessary for control ling magnetic
domai ns of the soft magnetic | aye the substrate is
pr ef er apItisipgation, vshem magnetig; fi anm@af@g dsBeeassanriart e

A FebngdR b o (P 36 RifonstC BBt b Rbsicets i

F@éraﬁ@rméaﬁ‘@oﬁé@l%é atGincd ﬂ'?er @a@&ﬂ%@ra?é fseéjcc@lfént jn_heat

um nosilicate glass, an alum noborosilicate gl ass,
arestadande, the lipaiag ternpeﬂatwe lof ke substrap ¢dreve sdtthigh.  As the

~alumnosjlicate glass is preferable. Further, an

afigp$ Fsdae gv%‘g@t% itheye C@f‘)b@t%‘leﬂlai'e%lu@“f%ﬂlcﬁfﬁrmw @8ed.

oft netic t he
ARR RIS BRES A forliit oafs ATaRE R o AmANG ez the
7o t B ReRr e
¢ e ﬁ‘;"*‘b?‘:i? RS RIpIoEL, TR, S ARk PubSRs of A
| oystatiized glash ean befused. r'dhghnhs sofmdgmetictzryer sumierphous,
of the substrate is preferably 6nmor |ess in Rrax

athg ybsiateds pr%%@blwaeﬁ ofgpe grmnrpapygiaseh Wher gsdemically

f’é&%@‘? ne%I @y 5 IQ %%%@ﬁﬁe P‘ﬁgﬁﬁ g:{jrlngH | @@l&ﬁ%@ﬁ% lEaéefgreqble in this

CiRpShiM ﬂﬁ-;osdrﬂﬁb rblﬁ%Hn%sﬁ) ﬁﬁﬁiet}hﬁints‘&rffa@é BF fheSdtibkR

magnetic circuit between magnetic he - perpen cuI ar

nprgfarably 6necoridssip Riayand 0.6wf br leag msRac Bgmvudmg such a
0022 In this i-nvention, it is also preferable to.

f%ﬂ“?ﬁ’ [FUHBRR A GRP belyeen petrRagicular feagnalis recarding fayer hsoft

frﬁébn&ﬁqgférjc%nl B St coﬁytaﬁtogo%gglt sf}?os%%hee ?o t%ﬂnl 223 ifble -

magnetic circuit between magnetic head - perpendicular magnetic recording
layer - soft magnetic layer.

In this invention, it is aiso preferable to form an adhesion layer between
the substrate and the soft magnetic layer. By forming the adhesibn layer, the
adhesion between the substrate and the soft magnetic layer can be improved
and, therefore, it is possible to prevent stripping of the soft magnetic layer. As
.é material of the adhesion layer, use can be made of, for example, a Ti-

-containing material. In terms of practical use, the thickness of the adhesion
layer is preferably set to 1nm to 50nm. In the perpendicular magnetic

recording disk of this invention, it is preferable to provide a protective layer on
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adhesi on between the substrate and the soft nmagnetic
| ayer can be inproved and, therefore, it is possible
to prevent stripping of the soft magnetic |ayer. As
.a material of the adhesion |ayer, use can be nade of,

for exanple, a Ti- containing material. In terms of
practical use, the thickness, pf the adhesion |ayer is
preferably set to 1 nmto 50H In the perpendicul ar

magnetic recording disk of this invention, it is

0 RN 7 A Rt L 5 BB e
i BosHiNb &S protéct kRY Sirfadelof the ﬁéﬂcpﬁl@k Fr@mﬂh@tn%dneﬁ@ €

surface of .the magnetic disk f e magnetic
rre«;mdmlri@atiéiamgfdvpr the rnagnetictiskragieed inaitatias bt thAmotective
material of the protective |ayer, for exanple, a

B JRL BxrBRle R GbeRibased Rleipctive lpyesieprefirableThdhe

SRS TR pbB3afE R8PS fter AP BT 6 {8 provi e
a l Ubrlt@@éﬂe@ablé&@furﬂi&rb%sdﬁ Qﬁtﬁﬁkél‘g’r?g Ia?@ry the\ﬁgtﬁcttl e

providing, the lubricating |ayer ras e
reenet By ployiing iaedubirivating tayet, iabratickbetwgeb themppnetisinshd
sothat the durability of the magnetic disk can be

PRE R BN alic diskaarbe SHPReSERRkSe | ﬂteedurﬁigiﬁnyay &he magnetic

L e
p@ﬂﬁl&%ﬂdﬂ(&héﬁ@ prbferétﬁep r ?ﬁ@f@@n@si@ﬁhe tIIHF’IC%RIfIé layer

rmgne(tl c layer e underlayer, the adhesion layer
&srmrefdnabfp mbbeicd.5rre tb dyfmmbelt i efdrasiodithtbiye séfhmagnetic layer,
tterlng met hod. Particularly, the DC magnetron

nagriayey. e adesios layareand tel Rrotsetieaonei b alse fRrmedry

[ bl ref erabl
HRLSHRle g o SRR eyl Do RS By e miiiod i
Ek&éﬂaﬁlﬁt bet@ub@MBforhShilmPlogh el cﬁjp*s)énfaBFeHEdlt i Ao E}Y@Qi%ij?e to
the dip coating nmethod. Effect of the Il nvention

ps)@me] inAioedym filg fooninpirsethod e nFurter, the lutsicptreglapeeist o
5 e ang%ézgnm cul ar magnetic recording di sk that

@Bl es XIS é%Ystf‘ﬁ@“R@F@tmgmtBW}g density by
[ nprow ng the S/Nratio in high density recording
W t hout causing an increase in DC noise, degradation

Efledthtgtidinvehtdd | ity, and degradation in recording

According to this invention, it is possible to provide a perpendicular
magnetic recording disk that can contribute to increasing the recording density
by improving the S/N ratio in high density recording without causing an increase
in DC noise, degradation in thermal stability, and degradation in recording

capability, and a method of manufacturing-such a disk.

Best Mode for Carrying Out the Invention
Fig. 1 shows one embodiment of a perpendicular magnetic recording
disk according to this invention. According to Fig. 1, the embodiment of the

perpendicular magnetic recording disk 10 of this invention has a structure in
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capability, and a nmethod of manufacturing-such a disk.
Best Mbde for Carrying Qut the Invention [0025] Fig. |
shows one enbodi nent of a perpendi cul ar magnetic

recor di ng di sk according to this invention. According

. to Fig. 1, the enbodi nent of the perpendi cul ar

magnetic recording disk 10 of this invention has a
structure in 14 which an. adifesion | ayer 2, a soft
nagnetic Iayer 3, afirst underlayer 4a, a second

3"’" i S seeaiongier 2. % 308 FAan6Un R 8ch oD LRRTTVET faor
str ang qgﬁfér%%thrf&ré &Te?cﬂ&%r Ekg\ét)gﬁeq' I%r ﬁ% kad layer

n the or

i P‘V@Bérb@ﬁ-b‘afsédi pRfectile $5/er Beghd 8 llﬂﬁkéti gzl@%egg \arenﬂrowded ona
exarrpl es and conparative exarrpl es. [00 (Exanple 1) .
Aglaamm@ﬂt@tm i tnei ordeii hdreed. e Fgerambemsthmirmedtmrmm ba
|sk aFe bg_ di rect ress t hereb rodu0|n a gl ass
dF‘%SFF" ihBy gyinge %ﬁ%imq'aomp 8 Y%ﬁ’é%"ﬂ
chem C?EM éra ﬁngt hened in order, thereby obtai n| ng a
snoot h on etic glass substrate 1 in the formof a
chem caid ym@ﬁphenghnmﬂﬁ@bnﬁiaeesglas@wag mold&d MK dikamapeby
was 65nm The surface roughness of the main surface
ofliradh pregs atherahyiwodating & giess diskas Thisdyldgs disk wad/ground,

R S o e P S

%ﬁ@nrﬁ@q}r{eﬂ% ﬁ%‘é’S‘l‘.ﬂB 89 |h[9l‘fjé‘f?)tr d ac ﬁ%ﬁ”ﬁ&ﬂ&%ﬁgﬂbtﬁamd glass

e use an evacua e

agiBRr arhesmslaa.aa%anméramer The s@ﬂﬂc@r&@hheé@mﬁé infain
| ayer 3 were forned in order on the obtained glass

ssifaceaf the glass substratent mas pesaseraatioyan ARl (atornicdome:
netron sputtering thod. In thi vent, the
a’&‘ﬂ’é%‘?CSHg] %I%‘l‘ W?S\ﬁa‘g“?fgg ﬁEHaCE%/S't%’é witeReraxpeg 4.8amqnd Ra
t
PO HZRE , Bt o Aa (O Mblebe eEERT sinaaR sl
byhdr) ey lth?éiuslef of%r@ﬂébﬁéteﬁ&ﬂrﬂ&brnﬁﬁg appdratude an adhesion layer 2
am)rphous CoTaZr (Co:88at% Ta:7.0at% Zr:4.9at% _
| ancba stiariaggetic layel 3 weesstormed froander on the obtained glass
substrate 1 in an Ar atmosphere according to the DC magnetron sputtering
method. In this event, the adhesion layer 2 was formed by the use of a Ti
tair_get so as to be a Ti layer having a thickness of 20nm. On the other hand,
the soft magnetic layer 3 was formed by the use of a CoTaZr target so as to be -

an amorphous CoTaZr (Co:88at%, Ta:7.0at%, Zr:4.9at%) layer having-a

- thickness of 200nm.

- The substrate for a perpendicular magnetic recording disk thus finished
with the film formation up to the soft magnetic tayer 3 was removed from the film
forming apparatus. The surface roughness of the obtained perpendicuiar
magnetic recording disk substrate finished with the film formation up to the soft
‘magnetic IayerS was measured by the AFM in the samé manner and it was a

smooth surface shape with Rmax being 5.1nm and Ra being 0.48nm. Further,
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[0027] The substrate for a perpendicul ar magnetic
recording disk thus finished wth the filmformation
up to the soft magnetic layer 3 was renoved fromthe
film formng apparatus. The surface roughness of the
obt ai ned per pendi cul ar magnetic recording disk
substrate finished with the {f I mformation up to the
soft nmagnetic |layer 3 was neasured by the AFMin the

" same manner and it was a snooth surface shape with

TR thogh e pDnbnBSoF e Foshald Wole ARIre Y] S (Hbrating
IDanple/Bdghwidmnetef) NgAs Saaplis i goatioaedret He\Wad2 Oe and the

‘result, the coercive force al—lc) was 2 Ce and the

satugation magneiigfbixidensituwas 8heemy/ogathus Shewingstijtablrseft
Si nce

oW suj t.abl e soft netic properties. .

TR pRifier iR, Syl WP anclamBer o 2aRriny
. , ' |
[RGB cr QLERPE oyl SO nddRRRE B> R Tn B0
bedacesttiperwikaRbeix k@il S.8nmair 1€stsand/bt Ra beingw.§@hlce less, it
for reduci ng noi se. Then, by the use of an evacuated
i§ S\iipblejgr Educivgaoisenartieny the usgpd ani evachaiedisingle-wafer
ratus.. a,first underlayer 4a, a second underlayer

SRtoAty Kieindyprdiin COFIa APEATasS 5 (B undageyer @, § second
8 ; oY =0 _ r
B oo Ry P 8 SR Pk 6 ek By 7 and
arasonabasesiproketiaciapscd nerd forinbe iPordengRahd Bbtained
sputtering nethod. [0028] On the substrate finished
SiRstraiain 4n Anatmaspheiecccaisdingta the RGMagnetine speticringy er
i}’eﬁl%td first, the first underlayer 4a made of anorphous

I"Ta (N : 45at% Ta: 55at% and having a thickness of
10nm anfl &y iSHMIRA : : .
havi n;maﬂiehhi c%ﬁgfsb;mgf 3On||}rr1wv\§:fgl4‘fq gr rregj.n '%;etroeali‘l %geﬁm%agnetlc
laggred,sat disst htherfiesteindri&Rer maymbde bbamBbhons INFRO(NiHEBa1%,

' by form ng the upper-layer side Ru at a gas

| S
Fr55alim ansrhaving athielmess phHim eneihe Begondsentienhyar 46 made

L T S, e N Ay -

RS 1T PSONLE TGS, THRLEl BN A o
By atiaigas pregssird of tredirigas digher than that used when forming the
lower-layer side Ru, the crystal orientation can be improved.

Then, by the use of a hard magnetic target made of CoCrPt and SiQ»,
the ferromagnetic layer 5 having a hep crystal structure was formed to a
thickness of 15nm. The composition of the target for forming the ferromagnetic
layer 5 was Co:62at%, Cr:10at%, Pt:16at%, SiOz:12at%. The ferromagnetic
layer 5 was formed at a gas pressure of 30mTorr. Then, the spacer layer 6
made of Pd and having a thickness of 0.9nm was formed. Further, the stacked
layer 7 in the form of alternate-layered films of CoB and Pd was formed. CoB

was first formed into a film of 0.3nm and, thereon, Pd was formed into a film of

0.9nm. Accordingly, the total thickness of the stacked layer 6 was 1.2nm.
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t hi ckness of 15nm The conposition of the target for
formng the ferromagnetic |ayer 5 was Co: 62at %
Cr:10at% Pt:16at% Si O2:12at% The ferromagnetic

| ayer 5 was forned at a gas pressure of 30nTorr. Then,
t he spacer layer 6 made of Pd and having a thickness
of 0.9nm was forned. Further gt he stacked layer 7 in
the form of alternate-layerea films of CoB and Pd was
formed. CoB was first forned into a filmof 0.3nm

d in il f .9n
bl plRe By 7l omed A aqtbBsGrelordofiTamiei® hgn
bugirpwher ininkfine TElforid@atRdajeryer 7 was formed at a
gas pressure of 1 QOmlortr |ower than that used when
f or m ngrheneby drer weeaafreeixed| gageoontaining 0893 %6TeinggdnyintArand
use of a m xed gas contai ning 18vol %hydroggn in Ar

aGSPUleriag @& GasbomisrgetclheserPanabagad Protestivefayend masiedf
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in the form of hydrogenated carbon, it is possible to
pefdtydotgenatedoearipen dliis pbssibledg pedtect the peqpediditgldr anagnetic
ar%ai nst an inpact froma magnetic head. Thereafter, a
I
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Beiding layer a ap ippae fm pepeanatisherdor bprieaiemar )
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RYAsha Fiathodld THOBRREeRSofdRS iRt RO¥E walanm.
per pendi cul ar magnetic recording disk of this exanple

was obtlareegih. thd meanusactdringepnooesshas desaibet labood tthe ned
p}%ggendi cul ar magnetic recordi ng di sk was neasured. by
t

SIFYIAF PRENARTECRHEINSISIE RIS XTI WaRBIaNaslr (T4t
e s e B eRlinda BB el Pto ki biskas

trhgaguted B9 hd AFRINA BSSsAFAB aMer BAd Aviad ABMBY¥RGurfatB&hape
surface roughness is further inprovedby increasing the

rwittbBmaxfbeing4.68nmaindd3dbeing 0RE0roh. t Befsingkibd spaganriayer 6

7. This als rovi des a new effect _that lide .
ﬁf&&irfg&s%ﬁﬁk%a i'%’@"gn@‘efﬂuﬂﬁﬁ‘@ roughaess Rerasindda greimproved.

i'lrﬁy%‘ée%g%éﬂ}%gs id @ﬁf‘thelt 0GP Sy PlorddMhdth8 hEfideY 6 cycles
| ayer can reduced.
of CoB and Pd of the stacked layer 7. This also provides a new effect that
glide characteristics and flying characteristics are improved so thatthe - -
thickness of the protective layer can be reduced.

The orientation of the perpendicular magnetic recording layer (the
ferromagnetic layer 5, the spacer layer 6, and the stacked layer 7 will be
collectively called the perpendicular magnetic recording layer and the same

shall apply hereinafter) in the obtained perpendicular magnetic recording disk

' was analyzed by the X-ray diffraction method and the c-axis of the hep

(hexagonal close-packed} crystal structure was oriented in a direction
perpendicular to the disk surface. Further, the ferromagnetic layer 5 in the

obtained perpendicular magnetic recording disk was analyzed in detail by the
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[0031] The orientation of the perpendi cul ar magnetic
recording layer (the ferromagnetic |ayer 5, the

spacer |layer 6, and the stacked |layer 7 will be
collectively called the perpendi cul ar magnetic

recording |ayer and the same shall apply hereinafter)

in the obtained perpendi cul agymagnetic recordi ng disk

was anal yzed by the X-ray diffraction method and the
c-axis of the hcp (hexagonal close-packed) crystal
Sﬁéé"@ﬁé"fl‘@ﬂéﬁ§8!8ﬁ RS n'n@ro@c&’éé ﬁ@l\}g)%d lpﬁécpﬁ arss{terructure.

to the disk surface. Further, erronagne

5Spetifidady, italdscondidnpe tee gekin Ibbﬂfldem}l@t)ﬁiohg nmiéof;ﬁfdai Rgide
di sk was anal yzed in detail by the 17 wuse of a

t VaiiedATned beiwere erysti onains ebibedwpcrEtyl simdture cmtammg Co.

o8 80 R lnaThort T aRavais idtane Feiambicpelial s 5 sy ants of he
f ABGREiCRFANE BPabE N BnAl atti enéod?lfday}%ﬁfgﬁ?r Felc tc?ﬁhe

structure contal ning Co.

avainyagretic bedies beah@ut2orag @ e dthyctiark, WRSstaekde 18fer 7
the netic grains of about 6nm and t he boundary

ke %ﬁ@qﬁm@b@ve thederramagagtirlayer Hbavieg thsf grabular sPugiure

g B cHE b TR R e

ga”tr%ﬁtﬂré” i W s M@%t bydaid Saé gtr@é{uretébqnggse

of the TEM a |dn aveagranu stru

'ﬁmbstanbﬂly&mann@oushaagmm@aw aclkedis| Bierepredents Wat the
structure bei nl% substantially continuous
[Faggnatic asaing of ﬁé@rm@agmeﬂcday%r&@fﬁéﬁgmrIUMtstruh@re are

PP RR Plouahind SERETRVE 1y LB Betiefan bl

‘t,mgr@bgqﬂf@mehﬁg@wgm It is consider ed that this

i mproves the thernal stablllty [0032] (Exanple 2) A
perpen(&xampdan}mgnetl c recording disk was obtained in
the sane manner as in Exanple 1 except that the

st ackef neagﬁ’é\d!cw'afrﬁnm&ﬁ|r%cozdbna§hskom@aame@ in the same:

1.0 cl.es nd, Pd
PR e i ERRAR Y sl Bk IneHadR 0 eritn ESGR  Mie
EhhAgdd® a@l‘él‘rih@é%y@%cﬁf !nﬁﬁtﬂ BRb icfcled 8?96@&1“9 R @afiple 2).
this” exanpl e was he orientation of a
géepetatihiokhess of the stacked Iayer 7 in the perpendicular magnetic -
recording disk of this example was 2.4nm. The orientation of a perpendicular
magnetic recording layer in the obtained perpendicular magneﬁc recording disk
was analyzed by the X-ray diffraction method and, like in Example 1, the c-axis

of a hep (hexagonal close-packed) crystal structure was oriented in a direction

| perpendicular to the disk surface. Further, a ferromagnetic layer 5 in the

obtained perpendicular magnetic recording disk was analyzed in detail by the
use of the transmission electron microscope (TEM) and it had a granular
structure like in Example 1. Spéciﬁcally, it was confirmed that grain boundary
portions made of Si oxide were formed between crystal grains of the hep crystal

structure containing Co.
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magneti c recording |layer in the obtained perpendi cul ar
magneti c recordi ng disk was anal yzed by the X-ray
diffraction nethod and, like in Exanple 1, the c-axis
of a hcp (hexagonal close-packed) crystal structure
was oriented in a direction perpendicular to the disk
surface. Further, a ferromagnetic layer 5 in the
obt ai ned per pendi cul ar nagne?ﬁc recordi ng di sk was
anal yzed in detail by the wuse of the transm ssion

el ectro nig&ggcope (TEM and it had a granul ar

struct ok ¥ n Exanple 1. Specifically, it was

f f
ot de vipe PRRHcARR rRRBHORRbM e WARDLI finebame
Cmanhal as RLEXGHMEa @Bbiahal tRE stRked fayet @%@karﬁﬁéalnwhg

3) A perpendicul ar nmagnhetic recordi ng di sk was
obharigeddo iahetnate-byeted fimaoéfiveasydas abGoiphard Pddikrapple 3).

that th ked | 7 Ex 1 h dt
| TR nEhages atdhg Rk bRven T B B DeaengRUE Beg Iy

( Fe?&@ﬁ{?rbéd%p( ‘of thTQSxé ;5I8|wagg ﬁéﬁﬂesfhé) Bné@gtlér‘ é‘f:é(égr&eﬁéﬁgﬂlar

magne recor

t hia@n@ﬁ’cﬁfébbﬁilrv@féy@r |ﬂ e oﬂ'thﬁhe@ e rfidufit rﬁ‘égr@tic recording disk
per pendi cul ar magnetic recording layer in the

owas anaialngbp tdeﬂ:au dlﬁnglm etethod zuh lile mgExtireRle it c-axis

ana%%ze b f( fraction nethod and, like_ in
' & vl ck ) crystal ﬁﬂyﬁ%ggﬁ griented in a direction
db&@&&%@&lﬁ?f@thﬁr&&é&} tagh " Lﬁ‘—EdH{FLe? é"f%?roﬂ{ &‘?‘? .@%yb{;ﬁ ‘i’}} the,

i on  perpendicu ar to ace
aoﬁtﬁfné@'ﬂi&ﬁi&ﬂ@lér&ﬁ?neﬁc rétordifg d%llltv?é Hnﬁﬂdtaﬂ ahe
magneti c recordi ng di sk was anal yzed in a| I

ugse offthe ransmiasion aledtan reicexscopa (TEM) asd B |b1ed (aEEMlu!an d

<ot P EXRPPleCE (e PAlclt aacopRTR okl Goundary

pﬁéﬁnbr‘i’é“ H? SEBXI& ﬂfm@ﬁ%%tv@ H‘Fr?stgng§r%§rbf ?ﬁéé%ct.p%rystaf

gral ns O ruc ure  co

[ﬁﬂfcﬁ]re(cﬁﬂtmﬂﬁ@t]ove Exarrpl e 1) In Exanple 1, by t he
use of a hard nagnetic target made of CoCrPt and Si 02

( Co: 624Comparative %plepﬂ) 1 6at% Si02:12at%), a
ferr MRS E?(ta}n%ha! ? by the uss of a hard magnetic target made of CoCrPt and
Si0, (Co:62at%, Cr:10at%, Pt:16at%, SiO»:12at%), a ferromagnetic Iayer 5 was

 formed to a thickness of 15nm, Then, on this ferromagnetic layer 5, a carbon-

based protective layer 8 and a lubricating layer 9 were formed without forming a
spacer layer 6 and a stacked layer 7. Except this point, a perpendicular -
‘magnetic recording disk was obtained in the same manner as in 'Ex-arﬁple 1.
The surface roughness of the obtained perpendicular magnetic recording disk
was measured by the AFM and it was a surféce shape with Rmax being 6.26nm
and Ra_being 0.48nm. This is rougher as compared with the foregoing
perpendicular magnetic recording disk formed with the spacer layer 6 and the
stacked layer 7. Further, the orientation of the ferromagnetic layer 5 in the

obtained perpendicular magnetic recording disk was analyzed by the X-ray
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formed to a thickness of 15nm Then, on this
ferromagnetic layer 5, a carbon- based protective

| ayer 8 and a lubricating |ayer 9 were forned w t hout
formng a spacer layer 6 and a stacked | ayer 7.

Except this point, a perpendicular magnetic recording
di sk was obtained in the sa manner as in Exanple 1.
The surface roughness of the 0Obtained perpendicul ar
magneti c recordi ng di sk was neasured by the AFM and

i . * - i i . 6 d
S5 righidsfs Heeahl bV B0 Bghad i Pl dibB

f s @goicngas SRINENM L&t tioNPERRINIGUlR ¢ disk slirkie. Further,
formed with the spacer layer 6 and the stacked |ayer

7thedaromagneticisyens isrthabblaimedfparpendi@daronagyedit recdrdipg disk
5in the ptai ned perpendi cul ar magnetic recordi ng
JivaR apayzedin @'%@g%{ﬁetlﬁ@ okihesjansgniseipn plegkren licragaoRed

i X I - .
oML Py RIS 0ol A vt ora
plsdurRiaey pertishs hadk bl Sibhde Sird REMed betWdf orysthifains of the

ferromagnetic layer 5 in the obtained perpendi cul ar
negeystet stauturgicoptaitingkCowas anal yzed in detail by the
use of the transm ssion_electron mcroscope (TEM and
it had &ogwaRivaE@MP&ure. Specifically, it was

SRR 1} BRI DR R T S e
Ty B8ths, $itH1REERAY, & f6rPdthaditiitdayed 5 UR0BRhed fPARAcIRLLY 8f

Exanple 2) In anple 1, by the use of a hard nmagnetic

tErget Rt His God; Rpefi@makdder¥eagnete ra®ading ditk wias
2(}1%0/% a ferronagnetic I_av)éer S was formed to a

tHIRRAG LL NGrSamEHANNGEASIR XM hoi Hie OrerRaliaseidi cul ar
PApEicieu e apth Sha ir i P e BB magnote
recoeing disk abs ERGNLd By fROVFEY Mbrdcae mettibd d1R1 BBkanesk a

per pendi cul ar magnetic- recordi ng di sk was anal yzed by
thee (Rexagengl elpserpecked) oerstabstrastdretwias crientédingf dieectibo p

h | close- d | - .
SRRSO PGB RIEAT. pet pondi cul ar Lot he di sk
surfacey eb@&%@h%ﬁéﬁf ?Eﬁ%r%eﬁ?@gBb&ir%ﬂcb%%érid?&fé?fmédh%ﬁc

obt ai ned per pen i
recording disks of the examples and comparative examples were evaluated by

- the use of the VSM and a polar Kerr loop tracer. Fig. 3 shows MH curves

measured by the VSM, wherein the thickness of the stacked layer was changed
by:-increasing n in the multilayer film [CoB/Pdin. Therefore, n=1 (Example 1),
n=2 (Example 2), n=5 (Example 3}, and n=0 {(Comparative Example 1). On the
other hand, Fig. 2 shows a magnetization reversal nucleus producing magnetic
field (Hn} and a saturation magnetic field (Hs) in an MH curve. That s, the
magnetization reversal nucleus producing magnetic field (Hn) is a numerical
value at a point on the axis of abscissas corresponding to a point of intersection
between a tangent of a line showing saturation magnetization and a tangent of

an oblique line. On the other hand, the saturation magnetic field (Hs) is a
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recordi ng di sks of the exanpl es and conparative
exanpl es were evaluated by the use of the VSM and a
pol ar Kerr | oop tracer. Fig. 3 shows MH curves

nmeasured by the VSM wherein the thickness of the
stacked | ayer was changed by: increasing n in the
multilayer film][CoB/ Pd]n. Therefore, n=t (Exanple 1),
n=2 (Exanple 2), n=5 (Exanpl%os), and n=0 (Conparative
Exanple 1). On the other hand, Fig. 2 shows a

magnet.i zat j on .reversal nucl eys, pr.oduci ng magnetic

f Pﬂm"%ﬁrv)alugr?a apaitonthe Ayl qL{r&Bg‘“éﬁa@ qqr%ﬁaor(qlgg t9 pgit of

Mﬂ@gg&%n Q'Elglq{ Ste?esi% I[&@Pdmagneti zation reversal nucl eus

produci ng nmagnetli c (Hn) is a nunerical value at

a poi ntFem Fihes,axis enBérstldsahasine ndneAsaRRtbRd shihiitleus
point of intersection between a tangent of a line

s hsiugigseagnedic fisld (hinbinetdaseas wbile thedsatunation evagnefic field (Hs)
ohlique line. On the other hand, the saturation_ .
gpEERRS ePdTe ngioase Ta THTeRS AP IRCke Herat This

PR , £ Lesp -
o epscafs afharap BRI SRR B BRAR A% racording
3is fatilitatedusyderming dek pé\@bnaih@lamgﬁétiioz@bbmg lay&tsMave the
nucl eus produci ng magnetic field (Hn) increases while

t lgetestalugiure of tradercemagridtiellayer 8s the specerlagerss, dund the

BB Rtk B AR i e
fko‘?éh&é\fb%qgﬂo}’ » THSS"ERP collettild !shb&?ﬁ%de\}%{(ud‘trﬁh%&?ﬁ of
e perpendi cul ar magneti ¢ recording Tayef 1o haveé the

| styieie RAghblicisropeie®bnd Bfécfr@ﬁfa@ﬁéﬂi@iriv’éfdicﬂi/ﬁbpéﬂiebBﬁhe :
spacer layer 6, and the stacked layer 7. Note that Hn

degrpeadiewaamagesic rapdrdingi disksor dinel rrspdctive dxamples and

R P VRS S SR B s

netic reco
r efipedbh eaghstdiéle so antinusairesdioal | ve exanpl es. Note
that Table 1 shows absol ute val ues of Hn val ues
(feasllval ues) that appear when applyi ng an external

S{an:ﬁigiéén giﬁfgg:ﬂgﬁétca QOVERSH QBnifig %g.féé{tés‘rﬁgl‘?ﬁ?éﬁig field from a plus

~magnetic field froma plus saturation magnetic field

to a mnus direction. [0037] [Table 1]

R Hoe | arn Hn | OW [ S/N(DC) | S/N(MF)
_Example. 1 3800 1.000 200 295 | 26.0 | 220
Example 2 4010 | 1.000 | 1740 | 34.6 281 | @222
Example3 | 3780 1.000 | 1600 | 493 | 320 | 235
Comparative ' | _
Example 1 2900 1.000 500 28.0 250 | 15.0
Comparative | : s
Example P 3882 0.989 100 | 27.4 242 | 21.5

It is understood from Table 1 that, according to the perpendicular'.
magnetic recording disks of the examples of this invention, the magnetization
reversal nucleus producing magnetic field (Hn) measured by the polar Kerr loop
tracer increases by about 100 to 1600 oersteds (Oe} as compared with the

conventional type perpendicular magnetic recording disk as shown in Patent
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Table 1 He M/Ms Hh OWS/N(DC) SIN(MF) e Ce (dB)
(dB) dB Exanple 1 3900 1.000 200 29.5 26.0 .22.0
Exanmpl e 2 4010 1.000 1740 34.6 28.1 22.2 Exanple 3
3780 1.000 1600. 49.3 32.0 23.5 Conparative 2900

1. 000 500 28.0 25.0 15.0 Exanple 1 Conparative 3882
0.989 100 27.4 24.2 21.5 Exgpple 2 [0038] It is
understood from Table 1 that, "according to the

per pendi cul ar rmagnetic recording di sks of the

epaRRh&S Zo\ﬁrhc%:%lns Irk@égﬁ%hpa{lwet@& e 25 %‘i‘[%q?lqgijcular magnetic

reversal nucleus$ producing nagne refiel

neasriireglabsr Hdzahe tyafed<SiuctliRall thd fdfagnbs RRRES, fh)é
about 100 to 1600 oersteds.(Oe) as conpared with the

cenagentayent andythe staskerd layec vlbat thwgagmett\rhreemrdn'@ l?agir does
K 21 Do t 2

i SaRBT SESTsisisko. BUrthite ap@ bR dad mPaRugmA ef the

r&é&hﬁh e'tué%S vet@sn ?ﬂ?qehﬁé’se [tﬁéjo?é éﬁpﬁgﬂnegk@?\m are

ferroma et| C ayer spacer

siaayelgamdrambyﬂ Db 21108 iNEAeipIS 1! seqr)d'l B 1n3c‘:i/>%rm;§|8 @Sand
not contain Si or Si oxide. Further, accordi ng to the

melad te hBeiB I@Examele Tavcompanedveth Gomparative Examples 1 and 2.
p‘éﬁﬁ% P RRet 808y bioeety Rak i S kskapis 1634 08908
n E4Briple gﬁﬂﬂpf ﬁt@? 8aBYn E%&nfﬁgﬁ ag %ré(f\g@( f%?rllpargnve

as conpar Conpar at’i

FEwanipdes 1 ShiIEDCFuitsed 8/INIBIP) is Mabrov t
in Exar%)l(e 1Q Santo 3. rgdBBMl nmExaﬁ%b?m %B;Rd&a%ﬂrﬂgs

P. m: a&&ﬁﬁgt and289¢Bdo xample RiastcoGpaped with Gomparative

1 2. E
FER a@s:éifﬁﬁ{oaeﬁ by i ?@r&%sﬁpvgd@"@ﬁéﬁ?l@%smqh
D e SRRy Win YRS B s B0, as

m@sulBoﬁdBawn ngep rgted u&&eﬁmﬁ‘ﬂﬁ\haiﬁom Wﬁe@ﬁ?@é@&:h@ Rlensity
reover, as
of 188Gblmnch can be achieved, an improvement by about one to two digits

- was obtained. This value represents that this invention can achieve a

recording density about two to three times larger than that of the conventional
type mediums like Comparative Examples 1 and 2.

The electromagnetic conversion properties were measured in the

- following manner.

The measurement was carried out by the use of a RAW analyzer (DECO) a_nd'-a
magnetic head for a perpendicular magnetic recording éystem having a SPT
element on the recording side and a GMR element on the reproducing side. In
this event, the flying height of the magnetic head was 10nm.
Measurement methads of S/N(DC), S/N(MF), and overwrite property (O/W)
were as follows.

Given that a maximum recording density (1F) was 960kfci, S/N(DC) and
S/N(MF) were measured as S/N ratios. S/N(DC) was calculated by recording
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a result of neasuring error rates under the conditions
where a recording density of 100Gbit/inch2 can be
achi eved, an inprovenent by about one to two digits
was obtai ned. This value represents that this

i nvention can achieve a recording density about two
to three tines larger than that of the conventiona
type mediuns |ike Cbnparativ%zExanples 1 and 2. [0039]
The el ectromagnetic conversion properties were

measur ed i q foll om ng manner. The neasurenent was

e ersland oinihe perResgIcylA énﬁgf\ﬁ'ﬁﬁ%ﬂ%i%g TSy ZAE
gegé@ﬂgﬁdaé@g@g(‘m@?ﬂf% RGN mIBERTI0 ESL EMY

Blto @MirdienELRINGEUC? AtheS i 1EEpy the usbmf% et
the flﬂ%@hm ghtd(%f t}ﬁe rﬁ’%gnetl c heag 5% m

raaee nE(ME) Wael salolaidNgDEcordiid\Ng WEjrier argdlabmthﬂ ite
! g{gﬁeqrﬂ_f %Jé&g %@]qtlgrr%qo%awg\%é Ig%wggvrggghhmat ansggﬁsnﬁfm) and
S cler i rdtRaR HoRi, i ¢ Do Rnc oot i equuoncy

pen@enditendsa F BREEISCoN 16 @pEbim @ﬁdlyh'@ﬁ aFudhér, the overwrite
recordi ng density (40kfci) and then observing nedi um ‘

pedRsstyfwamderived byfreeqtdmg:q camieqsighal an theqepueerdjculamge
1.2 tinmes 1.F of ectrum anal yzer.
e f%é’éd'esrf{%ﬂi N &4 235 ey EﬁCﬁ@d'&g gangive eglogﬁavrltmg a

?2@‘3?%% 1P Rl e e (FBERED o PR i
Reprogudtionrouie abthd 6rasitie ey (mam@?‘ récorélig dehS@H SR
range 1.2 times 1 F by the use of the spectrum

serapipingrreprogucticn Qutphteofca/ d2hvcatrier aﬁerdpe thyo\Amsnm i ved
O o ] b e S o
h }ﬁakl g@ Sﬂ? }anlg&?l%dqnmg af flvee{gyc?és c}fFC(5§ 88& P the

ensity hen ‘measur

seRked laybi wr\amcamﬁoaasttwb I aBipig i e raécﬁu&]‘kﬁiiﬁdﬂt the spacer
recordi ng densi ta/ and a remaining reproduction out put

&tyens ppd tlceasﬁap@e lryeer)- t Ndelevaluaiion wf thei thgrmal stability was

- carried out by recording a sngnal on the magnetic disk and then conflrmmg a

reproduction output after the lapse of a predetermined time. Accordingly, the
thermal stability was evaluated by measuring the decay rate of the signal with
the lapse of time.

Fig. 4 is a diagram showing a refationship between an elapsed timé and

aratioto a reproductioh-orutput immediately after recording, wherein the resuits

“of Example 3 according to this invention are plotted by o and the results of

Comparative Example 1 are plotted by . As shown in Fig. 4, it is understood
that the reproduction output weakens as the time elapses in the case of the
magnetic disk of Comparative Example 1 being the medium without the spacer
layer 6 and.the stacked layer 7. On the other hand, it is understood that the

reproduction output hardly weakens and thus the thermal stability is excellent in
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[0040] Then, the thermal stability was eval uated with
respect to Exanple 3 (the nedium having the
alternate-layered filns of five cycles of CoB and Pd
as the stacked |ayer 7) and Conparative Exanple 1
(the nmedi um wi thout the spacer layer 6 and the
stacked layer 7). The evaluajion of the thernmnal
stability was carried out by recording a signal on
the magnetic disk and then confirm ng a reproduction

ARty B e maqton AR ot Bl £ AL o Rl Byt Bty
measur iThgnf Aldc dag avedsake iaforddiqo ekamile 24 fdhwhdiRaubaPsR
of time. [0041] Fig. 4 is a diagramshow ng a

rigipseveprashirpSNetswiesnrized abaves edHciisma diffedenae betivieon Boratue

r oduct ion .output .imedi ately after recording,

a1 8% Fet S5 G P ghoresnaiprtbalon Bisona mpcr hiprang 2

[ i . : . l.t,s. of .
(BTG QRPN SRyl AN £k e cre
FA galud stantiardizedsiens lsardd dehat inti&eior @BEOIHG digBbraigh Rt
weakens as the tinme elapses in the case of "the

raggradte forai eiknagnetio gpainat | RyethExmenli ¢éhd valee o AHbC, it is

medi ym w t hout the spacer, |ayer 6 and. the stacked .
|P£§8'5[g7‘9 eéﬂf%@i?ewavﬂ a*ﬁmwm"ﬁr and mageetia Wilermiar Harein,

I i I .
RO AR Aot o BV s RRFA TS o bR cbllag & e
magretic teldits beerdlemrd SatdraliBROT B Mg. 8,Qal Bh@ Fig. 5, (bt),
i nvention. [0042] Then, AHc was neasured in order to
@VaIAgRdings aremadunied tamsardondheurvesapeatadindesanib&tilagdurality
g$§cribed above. AHc is a difference between a val ue
'M®4t a half position of saturation nmagnetization Ms
i n a ngRpo a fant f. Ltigon of
sat ur o Cort hanar i & oy estoliel uBere ior REgb HhE"
\hgbteeests andey of the thdpnetile disk ads@dingSoTorhpaiativd Bkample 1
observing dispersion of coercive force of magnetic
Ghdithsmagpetin@diskigecanding e Example H6f thlddhwentiont  nblc/He was

N R

DL SRS o Ha ARSI SBo Tl BatBRPs oGP ERDS,

a magnetic fo bé zero before sa

%) wam) redockdiog). 15 and ithas baea fagrl thanee dspsorsidaRr e6brcive
from anong curves repeat edlc?/ described a plurality
force of the magnetlc grains can be reduced by forming the spacer layer 6 and

the stacked layer 7. It is considered that this caused the SN to be excellent.

Brief Description of the Drawings _
[Fig. 1} is an exemplary sectional view of a perpendicular magnetic recording

disk according to one embodiment of this invention.

[Fig. 2] is a diagram showing a magnetization reversal nucleus producing

magnetic field {(Hn) and a saturation maghetic field (Hs) in an MH curve.
[Fig. 3] is a diagram of MH curves in examples and a comparative example.

[Fig. 4] is a diagram showing a relationship between an elapsed time and a ratio
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of times. [0043] Fig. 5 (a) and Fig. 5, (h)

respectively describe mnor |oops and hysteresis
curves of the nagnetic disk according to Conparative
Exanple 1 and the magnetic di sk according to Exanple
3 of this invention. AHc/Hc was observed with respect
to Conparative Exanple 1 shown in Fig. 5, (a) and it
was 0.26. On the other hand®?AHc/ Hc with respect to
Exanple 3 shown in Fig. 5, (b) was reduced to 0.15

‘and it has.been found that the dispersion of i
B AsrRRi AlpETRed Ryt sfePBoauced by for m ng

t . . . t i .
158 SRR it oo it DRSS UAER ookt
Rfisled! Desmpamtiveexanhpie@dR m?nas: di904ddortiing 3o thid invention.
an exenpl ary sectional view of a perpendicular
hignél is @ diagrarmishaying agrlationsiripl balyveen erereind fotcerkletand a
his i.nvent.ion. [Fig. 2].Ls a diagramshow ng a

%‘é‘ﬁé‘i‘"ﬁe?é??fSﬁS'PQ%é@Pg%@%@@ produci ng magnetic
field (Hn) and a saturation magnetic field (Hs) in an
MH curve. [Fig. 3] is a diagramof M curves in
Desapption efr@yrabslonpar ati ve exanple. [Fig. 4] is a
di agram showi ng a rel ati onship between an el apsed tine
dnd a glass substrateo a reproducti on output inmmrediately

ter recording. [Fig. 5] is diagrans describing m nor
“oops ﬁ‘ﬁbe%%gg?'ési s curves of a magnetic disk of a
%onparggf{m%gﬁém% and a magnetic disk according to
this invention. [Fig. 6] is a diagramshowi ng a
del at i firgsbnderkgemeen a coercive force He and a SNR
when increasing the amount of Si Q2. Description of
4Pnbol secondousipriayell ass substrate 2 adhesion | ayer- 3

| of t nA netic {.a er 4a first underlayer 4b second
: § g@'gfnagne ic-fayer

nder |
spacer layer

7 stacked layer
8  carbon-based protective layer
9 lubricating layer

10 - perpendicular magnetic recording disk




(1]

2

3

[4]

[5]

| o

5 ferromagnetic |ayer 6 spacer |ayer 7 stacked |ayer
8 carbon-based protective layer 9 lubricating |ayer
10 perpendi cul ar magnetic recording disk 25 CLAI M5
[1] A perpendicul ar magnetic recording disk for use in
per pendi cul ar magnetic recording, said perpendicul ar
magneti c recordi ng di sk characterized by conprising a
substrate, a ferromagnetic |layer formed on said
substrate, having a granular structure, and
cont ai ni ng an oxi de, siliqgﬂ @g%), or an oxi de of
silicon (Si), and a stacke % r formed on said
ferromagnetic |l ayer and having a first |ayer
containing cobalt (Co) or a Co alloy and a second

| ayer éqrrpemdicdar padhetitiracorgid)disk fopusé inparpéftlidulad 2]
A perpendi cul ar magnetic recording disk according to
dnagnatie recordingasaid Pesmendicylar mﬁgregc fedosdling diskvbarasterized

I I ins _nmainl de. of  caobalt (Co
AT A s BReRrls FFG toated of SRR R TR,
HaQingi d §ra@blar 6Rlidtured anll kBnRiristEaR bxdk! Lifdh (§§', &r arl Hidéof
per pendi cul ar magnetic recording di sk accordi'ng to
siligom($i).aand’a stacked geeioimed onhsaidatromagnetiyiagataref having
the silicon (Si) in said ferromagnetic layer 1s 6at%

(.S L 7
Glirpidryer qontaining epbalhdrd @ & Coalipveanda seediiddryry agnisining
i |aj r 2, characterized in that the
?’%ﬁ é%lt"rtg’fjs ?hé‘a@il'tl%ilgﬁ' (Si) in said ferromagnetic
layer AperseHdidfar Radibtic rédording efdReRLbihdo JRANELT C
recording disk according to any of clainsg 1 to 4,
chaegterized rethat paidfiatroraagnsticdaydrduwe crystal paing mgidly made of
bet ween said ferromagnetic |ayer and said stacked
pg@@; (Co) and grain boundary portions mainly made of the oxide, the silicon
(Si), or the oxide of silicon (Si).
A perpendicular magnetic recording disk according to claim 1 or 2,
characterized in that the content of the silicon (Si) in said ferromagnetic layer is
6at% or more.

A perpendicuiar magnetic recording disk accerding to claim 1 or 2,

‘characterized in that the content of the silicon (Si) in said ferromagnetic layer is

8at%to 15at%.
A perpendicular magnetic recording disk according to any of claims 1 to

4, characterized in that a spacer layer is provided between said ferromagnetic

layer and said stacked layer.

A method of manufacturing a perpendicular magnetic recording disk for
use in perpendicular magnetic recording and having at least a magnetic
recording _Iayer ona éubstrate, said method characterized by,

in a step of forming said magnetic recording layer comprising, on said
substrate, a ferromagqetic layer of a granular structure containing silicon. (Si) or

an oxide of silicon (Si) between crystal grains containing cobalt (Co) and a




[6] A nmethod of manufacturing a perpendi cul ar magnetic
recording disk for wuse in perpendicular magnetic
recordi ng and having at | east a magnetic -recording

| ayer on a substrate, said nmethod characterized by, in
a step of formng said magnetic recording |ayer
conprising, on said substrate, a ferromagnetic |ayer
of a granular structure cont&Pning silicon (Si) or an
oxide of silicon (Si) between crystal grains

containin% cobhalt (Co) and a 26 _stacked | ayer havina
aSterked laygraavinga fitt HygpcesaipngLesr alGaslloxmnda saces dayer

I - Ml ' d ' Pt ).

¢ B¥ e g ROSHAbENT A B kLU EFetorBind sl I vgyon
S Baltitsebbigte by s@ﬂtt@ﬂilﬁﬁiﬁ %?aﬁ gBs ahRssHrRerdahdrRniGhihd daid
said stacked [ayer by spuftering in an argon gas
astaokgrhlayer at sputigasg pr &% agoe dasvetmosplere ahagms pressure lower

pressure used when form ng said ferromagnetic |ayer.
than a gas pressure used when forming said ferromagnetic layer. :




