DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND MANUFACTURI NG METHOD
THEREOF Technical Field This invention relates to a perpendicul ar
magneti c recording di sk adapted to be nmounted in a perpendi cul ar magnetic
recording type HDD (hard disk drive) of the |like. Background Art

Various information recording techni ques have been devel oped foll owi ng the
i ncrease in volune of information processing in recent years. Particularly,

the areal density of a HDD (hard OESKR#EPTION using the magnetic recording
techni que has been increasing at an annual rate of about 100% Recently,
the information recording capacity exceedi ng 60G has been required per

2, 51 nch mgRetiGyuleo) BIORERTI RSSO ODD Bk FyRhE or der to

satisfy suc hecessary eall'ze an” i hformati on
recordi ng depstiignexgaadbng 100CGhits/inch2. 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 formng a

magnetic recordi.ng_layer serving to record information signals, and
further, Q‘Dafau%fgﬁ@% t hi ckness of the | ayer. However, in the case of the

conventionally c Lad j i j netic
y ;@g{r@g 1:6%:%%%%9%%&5@@50%'&(%&9%@@0 iRoRiRNasKRgnet i

recordi ng type ( ed the longitudinal nmagnetic recording type or the
hori zont al nEgpetitc be emamtkdng atpependicakr enagestid ecafinghessiize (naduct i on of
the magnetic crystal grains, there has arisen a thermal fluctuation
phenonenon V& Vehe thaIk&t abi ity of recording signals is degraded due to

superparanaqﬂﬁ&&%nh&gﬁthereby cause |l oss of the recording signals, which
has t hus becone®an i npeding factor for the increase in recording density

Various information recording technigues have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal density of a HDD (hard disk drive) using the magnetic
recording technigue has been increasing at an annual rate of about 100%.
Recently, the information recording capacity exceeding 80GB has baen required
per 2.5-inch magnetic disk adapted for use in a HDD orthe like. Inordertc
satisfy such a requirement, it is necessary to realize an information recording
density exceeding 100Gbitsfinch?.  In order o achieve the high recording
density in the magnetic disk for use in the HOD or the like, it is necessary to
reduce the size of magnetic crystal grains forming a magnetic recording layer
serving to record information signals, and further, 1o reduce the thickness of the
layer. However, in the case of the conventionally commercialized magnetic
disk of the in-plane magnetic recording type (also called the fongitudinal
magnetic recording type or the horizontal magnetic recording type}, as a resuift
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 1o superparamagnetisi to thereby cause loss of the recording signals,

which has thus become an impeding factor for the increase in recording density



2 of the magnetic disk. In order to solve this inpeding factor, the
magneti c di sk of the perpendi cul ar magnetic recordi ng type has been
proposed in recent years. In the case of the perpendicul ar magnetic
recording type, as different fromthe £ase of the in-plane magnetic
recording type, the easy magnetization axis of a magnetic recording |ayer
is adjusted so as to be oriented in a direction perpendicular to the
surface of afgithakdrtiedishs conpared with the in-plane nmagnetic recording
type, the perpendicul ar magnetic recordi ng type can suppress the therm
fluctuation phenoteidsi taseve Hisimpedingifacpy) hefraranetie dBkSf H§ t he recordi ng
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medi um havi nge 8 ¥des haryehdicidar GRadpase ehRIMENSE ¢l dffergMmdnet ihe recor di ng
| ayer, and a protective layer that are formed on a substrate in the order
named. Furt hese oUhetredlase atagseiRaresntinbidypes 41685F0 nSiretifdtionrkis®! ¢Pat ent

Do t 2) di |, di.cul ti di,.ng .nedi havi
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Pat ent Docu 1: Unexam ned Patent Publication No. 2002-92865 Pat ent
Docunent 2: rhimjrietid r8ioatiestyPat teapeidendi6d§86ZonBpaeeidrdioatipertab scl osure of

the Tnventi OsQJppress the thermal fiuctuation phenomenon and thus is suitable for increasing
the recording density. For example, Unexamined Patent Publication No. 2002~
02865 (Patent Document 1) discloses a technique about a perpendicular
magnetic recording medium having an underlayer, a Co-based perpendicuiar
magnetic recording layet, and a protective layer that are formed on a substrate
in the order named. Further, United States Patent No. 6488670 Specification
{Patent Document 2) discloses a perpendicular magnetic recording medium
having a structure where an axchange-coupled artificial lattice fiilm continuous
laver {(exchange-coupled {ayer) is adhered {o a granular recording layer.
Patent Document 1.
Unexamined Patent Publication No. 2002-82865

Patent Document 2:

United States Patent No. 6468670 Specification

Disclosure of the Invention
Problem to be Scived by the Invention
The recording density of a magnetic disk is improved mainly by
reducing noise in a magnetization tfransition 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



Problemto be Sol ved by the Invention The recording density of a magnetic
disk is inproved mainly by reducing noise in a nagnetization transition
region of a magnetic recording |layer. For the noise reduction, it is
necessary to inprove the crystal oriemation of the magnetic recording

| ayer 01 reduce the crystal grain size and the magnitude of magnetic
interaction. That is, in order to increase the recording density of the
medi um it ingagdlesd inebdcBion.0 Bgal Inzedarnd incedaseaht heoddiystalsitgotthe si ze of
the magnetic recording Ia?/er and, further, to provide a segregated state

wher e i ndi vireRsium. iy Aesifablece pataizengiraaucstae ﬁ@@ﬁé@“a@a?ﬁ%/o BYregat ed and,

for that, ecessary t e of the
magneti c reé%%ga’leﬁ ‘"“"P%%’rg EaWEQ aB ﬁl%rﬁr@e{h O%?&L(E‘?h Sg%[f,ob%%g%](&?ﬁéjp@b%rendl cul ar
magneti c r eGRiiR magi&ic hstslesedalemPpicanilyRegtaganid shd, patfatcutarly a
CoPt - based perpendi cul ar magnetic recording layer, has a high coercive

force Hc anmecmacfduwwﬂmgmlBzf@fﬂ|Sﬁhctﬁ@v@”rt§%maﬁﬁ@mf@?¢fgm getic field Hn

to be a small val ue |es zero and her ef or.e tance agai nst
thermal fl ud?dﬁm%?mggnaﬁ ‘R TOERPRLIE 2’ﬁ‘i‘aggrqejé‘?f\efc §W® €4n be achi eved,

whi ch is thtb%so%@éﬁ{ Bk & D&d&h@eﬂ?ﬁ nePNCURRY S D8P aRcek gémhdlémgfh as O to be

contained in such a perpendicul ar nmagnetic recording layer, C can be
segregat ed ahageiic rechoiingdaysyr, ipeerd h!@h&oﬁﬁlveﬁﬁ’cﬁﬁ@mﬁw@n@ﬁyﬁal grains to

bl ock exchange interaction between the f%gﬁg gLy yst al &ﬁl ns, thereby
cont ri but i ngNedetFRPR ARSRR! PHEUFEE SRR nitp oea smal ¥er, by adding
an oxi de S“%ﬁax@?ergjaﬂg tﬁéra%réq é&%n%%an%%%’m@ﬁr QREbS Ub@be Bféd c

recording |ayer, posSsi bfe to m an excel ent segr egat ed structure
wi t hout i rrpeﬁdrwhsgaastr‘amnalcagrbe\at:hleméd GoRth. is Thatpréfsrablehe Farthelebsuch as Si 02
or O is segregated at the grain_boundaries to reduce the magnetl C

i nteraction ¢etREER eﬂ%@rﬁﬁy@}@a Cylodiarrenginadia sHalyASeirenfiedsr di ng | ayer .

Further, by the dd| stal grain
si ze can be T&HUc 8(5%3?&@ %& ?FF%Q?%???%&%}%&‘%%@ B ﬁjea%r}gg |p{05 ng% t he
nmagneti c i nt@k agdghett @W&ﬂa@ré;ﬁ@ Ecﬂﬁio@{&’e;&cﬁ@ng&h%ﬁé&@ﬁ b@fwa%naae hayests
segregated at the grain boundaries or the crystal grain size of the

under | ayer. ®@ystalrgraiendhergby bentdriing fo pFregpg tritrsarding daméithmgnet i ¢
hat the s N raii BOEHIGHGEHE 090 SRR g CE0 Ry eea Fas Causes &
maxi mum ani SBérb Lﬁ’e{?%@heﬁyrécgrdi}% 302 JPPé';J&EIS’e%o B‘c%*ﬁ@w dicghet as conpared
with a conventli ona(f medi'um added

segregated structure without impeding epitaxial growth of CoPt.  That is, the

oxide such as SiO; or O is segregated &t the grain boundaries 1o reduce the

magnetic interaction 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 the

amount of SiC, 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 anisatropy energy Ku to be

approximately twice higher as compared with a conventional medium added



with no Si02. It has been found that the problemof the SINratio or the
thermal stability does not arise up to 200 to 400Ghit/inch2 in the case of
such a magnetic recordi ng disk. However, it has been found that when
aimng at a nmedi um adaptable to 400Goi4linch2 or nore, it is difficult to
produce the nediumexcellent in thermal stability or recording properties
only by adding the oxide such as Si02 or 0. That is, it has been found that
when, for exaApbesiol het larmwah faind$haahe probieen ebibe &/N aiBat Yotherroale,
degradation occurs in coercive force Hc and jperpendi cul ar nmagnetic

ani sot ropy EHOditgs N6} .3“%L{fﬁtoéogﬁ%ﬁga%b"i/‘éfﬂét*l‘é}%?ﬁsﬁ 8¥%2n a coercive
force Hc and _a SNR wh i hgreasing the anount of Si02. According to Fig. 6,
t he Ho decré‘éasggg{‘\éarsec?rﬁeﬁ]ga&r?r%{]nt of Si02 increases. It is considered that the

thermal stabilitydegkacessardn thedBatvdiesaimngreasesivinedagiabiedacti on in
coercive force Hc. On the other hand, the present inventors have found that
as the anmourIGhiUBIcH20 merehisetficyine PeMiRce I ReE UG excRigEIMEEIed al so

referred to : becgones better e to.si r i e ig. 6). In
Fig. 6, the® ‘@’N%Jfre%‘?rg'inﬂé’f@?dé%%y#d/ ?%é“%ﬁ%oégggg’éﬁ ggs’ ﬁ%ﬁéedr:' ences from a
reference valeispk AREEH 1981d faaﬂwh&gwréibﬁ%uzet, ehet dorebasicanshi p bet ween
Si02 and SN, It Is understood that when Si is added in an amount of Cat%

or nore, thenSdbdes to ApPabymbrepdesredationiterefon everavaridtaiici@gddesi rabl e t hat
mai ntains the thermal stability and, further,_is.added wth Si.O2 in an
amount  of 6&3%%‘%@‘%%{?0@’?%@”%(%3?&233 ket g}éqﬁs_arelaﬁo-ns PIn response
to such a I auesin, ble TBYIcAS AOBR JENGEhhen VeR-BARAAM0! B asi ng ¢ he
amount of Pt"1 R fhe magneti1c recording layer to thereby increase the

ani sot ropy. Ad@oeweyip Hid. 8 theknouerrédrat o6 ey emanitoé §iQ ineeagmsobliean t hat
sufficient recordi ng% cannot be achi eved foll ow n%éhe increase.in
I

ani sot ropy. Fasiptedithatitte thefmal siatity Braigierens 1y HoalRye @P*ﬁeﬁé%%%‘?et /inch2 or
more, the r Corﬂjcﬂgn gwaq%%l%hjé fBYCequC.aC%PTgQ%EHGQPQﬁ&%Qhé %r%%ﬁi ibvenfrd renel y
g trac and,

| ower ed fol |'OW narrow ng therefore, 1t I's necessary to
i mprove t he kRed6tH8atGRIBY BHicud: A1BI0DintkasengrReSNR (BE@atdi:ng | ayer si de,

whi ch arises as a new problem )
hereinafter also referred to as SN) becomes better due fo size reduction (see
Fig. 8). In Fig. 8, the axis of ordinates showing the SNR graduates differences
from a reference value properly defined. According to the relationship between
8i0, and SN, it is understood that when SiO» is added in an amount of Bat% or
more, the SN is rapidly improved. Therefore, a medium is desirable that
maintains the thermal stability and, further, is added with SiO; in an amount of
Bat% or more where the SN becomes excelient.

In response to such a reguest, 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 foliowing the increase in anisotropy.
Particularly, in a recording density range of 100Gbitinch? or more, the recording

capability of a magnetic head itself is extremely lowered foliowing track

narrowing and, therefore, it is necessary to improve the recording capability on



Enbodi ments of the present invention provide a perpendicul ar nmagnetic
recordi ng disk that can contribute to increasing the recording density by
inproving the S/INratio in high densisty recording w thout causing an
increase in DC noise, degradation in thermal stability, and degradation in
r ecor di thg ne@petid decordingdagbr aidepthiohl avfesrmanufcactrablemg such a di sk. Means for
Sol vi ng_t he..Probl e I.n a first .gspect of.the invention,.therg is

o v BB o e P HGarioR FRURF & pearick Y S RIShe OB EEi cul ar
nmagnet i @af &eQUolirtgite DahdeRAPERHIGHAE JERUNVY ifpr QGRS HeTINGLSK in high
characterized by conprising a substrate, a soft nagnetic |ayer of a

mat er i afensiéy ectedingr witheut graosipg casn sicsedse go oP Cancifs - drgsadtipmtierthemand a

Co- base erial,_on,said substrate . ferromagnet,i r said_soft
magnet i gatfqgé’e??(?ﬂ%@? °q 1@{%&‘8[}%1%% Oasqapﬁg%uarng,arg%t Oéggééa%éfaﬁgu?@rgysgflgﬁ gr ai ns
mai nly gmede of cobalt (Co) and grain boundary portions mainly made of Si02,
and a layer, on said ferromagnetic |ayer, conprising a material selected
froma group consisting of CoCrPt, CoPt, CoPd, FePt, CoPt3, and CoPd3, the
cont ent, of 5j in said ferromagnetic | ayer being 6at% or nore. In a
second %/fs%%%sc 09% ivtl%eﬁfag{/oebﬁ 1]i]on, there is provided a nethod of manufacturing
a perpendi culag fivegagietc of geoimdemipnditblrefiorprosided m pepaelihdilauhagnaiagnet i ¢
recordi ng and having at |east_a _soft nagnetic |ayer of a material selected
from a BEOGpCHns fertysadn gl planastivdeerding SParelighecdeshetsri al on

2 PO LI, 2, AL S LoV S sel s

said ne racteri ze ep of form ng-said hagnetic recording
| ayer ceelqtddsirig,a @ousedmdissof bf amferbhied thatyeal and af(@rbordgreedriat ohagdr of a

granul ar structyre conprising 5i 02 between.crystal .grains containing cobalt
(o) © oSt A BARe BYBOOT T 0 TGP e AETE Ay R HBET 56 or
nore, a T i i HBGN Sih bouBIRE | poktitths a

mat er i afjmjsg?rg}%?sgl?% yg%ygfaaﬁsggﬁlﬁ?oﬁg?i? |f gg of @C%%ngta@f CoPt , C(S)/Igg),~t FgPt ,

CoPt 3, wmathlCoRds,off $0n ayl 8 ddydrfer soddgmenagnetiayeyeroepaprisins afmatee@net i ¢

ayer b g | _ ik orPrepisths b e
¢ meked el b D draib SRR Br PaP Bl R GoR IR by ot SRR g o
CoCr Pt , o408t of SR, AR fefr@Rh gncto Bly3s bahg 640Pddmbe. sputtering in an argon

gas atnosphere at a gas pressure |ower than a gas pressure used when

fornmi ng sai dif sacondigipseti of thaipaention, there ipipseiidaletimibed ohmaguficiygpgendi cul ar
magneti ¢ recording. di sk for . use.in.perpendi net i.. rding, the
per pendhear P igHaRt B ey R B oL E R P Bty IRHREA S g A

subst r ahgin@af RES QNRENBAdGtiL Biyerf of OuARdiabEelthie] BubSt gratp coldstingfangr anul ar
structure, and containing an oxide, silicon (Si or an_ oxide_ of silicon

(Si), aferbasesiaeried adydro-hirdmaberal e 2 wpp I@%éﬁ mRgnelfeteca i aviing a
T R AL R
' magnetic recording layer comprising, on said soft magnetic layer, a ferromagnetic layer
of a granular structure comprising SiO; between crystal grains containing cobalt (Co), the
content of the SiO» in said ferromagnetic layer being 6at% or more, and a stacked layer,
on said ferromagnetic layer, comprising a material selected from a group consisting of
CoCrPt, CoPt, CoPd, FePt, CoPt;, and CoPd;, forming said ferromagnetic layer on said
soft magnetic layer by sputiering in an argon gas atmosphere and then forming said

stacked layer comprising a material selected from the group consisting of CoCrPt, CoPt,



Di scl osed herein is a perpendi cul ar magnetic recordi ng di sk characterized
in that the ferromagnetic |ayer has crystal gains mainly nmade of cobalt
(Co) and grain boundary portions maifly nade of the oxide, the silicon
(Si), or the oxide of silicon (Si). Di scl osed herein is a

per pendicitd, ZePiraghet and Celkdrigi spyttetimgkinehargot gasiageospbereta atgas hewssont ent  of
the silicon (Si) in the ferrqnagnet.ic Iﬁier S 6§t%90r nor e.

Di scl oSl@HThErR R §2§ RICSSUER PS54 tee ?%Pm%ﬁ?j eTTEHEERY iy di sk characteri zed
in that the sRAbLeRt Wfeit N8 3 bbgeRdibdh) hicddie fRbFPIRINGE ifr! agelini s 8at %
to 15at% 6 Di scl osed herein is a perpendicular magnetic recording
di sk charpadeniaednignetihatrecardpacedhe | gpmendlisuler oviagaefich etogerding hédisk

ferromagnetic. | ayer and the stacked l.ayer. : i scl,ose iLnis a
et hod SRsAaraEE e TRGs e baRa peraro s et BrRRRgRe M ' Dee i s
per pendiGidoad %fmgraetsir@ctﬁl%g:@ﬁcﬂwﬂa@ﬂ@ oG sdicohg8B! oBarTBgidelof gilices or di ng

| ayer on a substrate, the method characterized by, in a step of formng the
magnet i Gik eodradbtackadalpmer Eomed iogi thg, feprmereeticulsyer and having @r Atadyicet i ¢

| ayer of a.granu ruc e  ni.n i{.1.c0 X f
sili conco(“%”%n%ecf) {\?\%{eﬁé@r §l:s%a © %lffog’in%@ con an?inﬂlak%r goog%l%g %&g?ﬂgﬁd@;ﬁ?g acked

| ayer hgiwiifign @i rst |ayer containing Co or a Co alloy and a second |ayer
contai ning palladium (Pd) or platinum(Pt), formgrr:(% t he ferroga]%g%ti c layer
on the substPatlessyhapiars emergniisulan MHepdir yardmenspRaretadd théi! f or mi ng
the St agh fd@ifielVa 8P GLid%aldl AlnR AOM AL (OSPRAFaiflbofndRP
pressure [ ower an a gas pressure use en formng the Terromagnetic

| ayer. portions mhiflyanadndite oeide, the biicorm(ie bt tereaoderadisiigoh &yier i ncl udes at

| east the ferromagpetic |ayer fqQrned on the substrate,, having.th ranul ar
structure, aRdclsfH BRI AR SR Eepeidne Gk ahrrgstrrd of g con
(Si), apd hhenSdrRekatcdARs infid fBdnRBnditRaa{ & omonehée. | ayer and having

the first cFayer containihg Co or a Co alloy and the second | ayer containing
Pd or Pt. Disclosed herein is a perpendicular magnetic recording disk characterized in that

the content of the silicon (Si) in the ferromagnetic layer is 8at% to 13at%.



As a Co-based magnetic material formng the ferromagnetic |ayer,
particularly a CoPt-based or CoPtCr-based magnetic material is preferable.
The CoPt-based or CoPtCr-based nmagnetsic material has a high coercive force
Hc and can cause a magnetization reversal producing magnetic field FIn to
be a smal | vRisaskeddwereinan xpempeaditylarireagieficerecoeding tisicehargaiienzedt her nal
fluctuatign can be inproved and a high SINratio can he achi eved, which is
Lhus prBr B1aLoE Gt JRVE Ry PER e Rt dreaterimadstic BPr i iingi de

t her eof gihekdre|£@pt ai ned in the CoPt-based or CoPtCr-based magnetic

material, Si _or the like or the 7 oxide thereof can be segregated at grain
boundary porPisclesedfharginn isagmeethod afysaalfaghuingsa erpentlicdat magmetinange

i nt ti bet the . ti t al i .t dugci h

a um TG Ak fop e Rt R eRey Bidtre Rk kPSR LT R LA PR "S ey
be addeghagRetideedBingbagedopra Sabitite bieesetaneharacigtizeti g, imatstepl y

al one, but also as an oxide or Si oxide such as 5i02. When Si is added as

the Si okifaenisgcthesmsigogtic t rasogiingx |ayer i eorspysiagat@d B SHESHAE na

boundar } I Cl L.an. het. . I : rai ns of
he magrEorerls i ESer BF 2 ARG, SeBh e EhIARBIINERT Sifier SV aae

i pr ovi sigedh €SS Detvakhocrystdhigghindefigitaiingecobalt 1Go) and a stBykedithyey Si or
the Si oxide to the CoPt-based or CoPtCr-based magnetic material, the

cryst al Ngyiag @ §ist dayeincoaaing &8dor Adwealiey nkPeserqrskayeh&opiadbingm t hat

when th i f Siear i i i r rains
becone %l%%@nrﬁﬁﬁ@!@g ’b}(iaﬁg\tu n?lg%ﬁt %E&Wl}e?%t%ﬁ%%@oé%@i I%%re%‘%s] g-‘sé: 5%@%?%? g re, for
exanpl eby speattardict hgammpgort gaé athesSierexdrdkbttics upprebeestatkedEty®s by | ess
conventional |y. Accordingly, there is inevitably alint to the increase in
( ecor di FRUERING ity A% ArGH O SAMASPhER Gi Sndiats PESSUFR JOWRT &R Gh 938ven | f

t he addbf&sgf?ﬁ%d %e@foﬁﬁinghﬁe%rr&éh& ﬁcslalygﬁreased, t he degradation of

t her mal " st abi yt

Ity can be prévented e férromagnetic | ayer containing
t he oxi de, sin iscoamb8idjment; thhemsgheéttome¢Sidinmtdyts innlideseakiaaskdbiel ayer

b e Bk o gVBR Bl X FE Bl Bkl el iRl M afppi " @
contri b%ﬁtﬁﬁﬂﬁ@ah%&%”}%ilﬁﬁnﬁqﬁ% Sl&/)e@gré;jid@ ofj@ﬂiébiﬁ YSHi EhOUio SaieRbatafdre

degradation of” thermal stabili _In an enbodi nent, the
f er r onafpieteidcon e femamaghetic fayer andghaving Mag Airst IauefecoMtabinG @ ohe grain

boundar y_portions, nainl d f . 1 | silicon (Si), or the silicon
(S) oxﬁaea%wta“51398é§§°é83€¥%ﬁ§f’faﬁﬁ%§§ﬁ%&| |y shield between the
si ze-reducedAgr wSt@d-bassd Nfagnetic makdri@nferingi tentferrbhmagaent ertyenf
silicon (Si) in the ferromagnetic |ayer is 6at% or nore, and nore
pr ef er aBaKicBlArya EoPthased or CoPtCr-based magnetic material is preferable. The
CoPt-based or CoPtCr-based magnetic material has a high coercive force Hc
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 CoPiCr-based magnetic material, Si or the like or the



8 When the content of silicon (Si) in the ferromagnetic |layer is 6at/0 or
nore, the SN is rapidly inproved. However, 8at%to 1l5at%is preferable for
the follow ng reason. Wien the content is Iess than 8at% the effect of
reducing the nmediumnoise is small and, further, the SINratio in high
densi t yoxide dherety camibet s@gregata*dmécgramf boumcm‘ryl yortions tdfethet hagnietiod, when
the content ater t han 15at % th di.cul ar, magnetic anl tropy
Starts 5oEbGrabe TB0UFS Mo RXaEPReS MIRGUDGIVEeP B8 dEgeasitE Pos

t her el gehbithblah 'rednb&p HeNSkb) i feNedbng lrﬁ’llprcS\nﬁg 'tl'i'&@?ﬁsr%hbﬂa%%ﬁ‘o' se.

For the sanme reas o 15at% 1 s particula referable an to 15at4
i s furtdensifyr eecmrdimge $in neay debedidednto diﬂetﬁoet-basecﬂmtwm@oﬂtﬁebased :
ferromagnetic | ayer .has the gran r. structure, containi,ng S| or.the oxide

t her cor MBENeke A Re g Arty iy BLERISH: 44 Ho e B BT RGBS Slickness  of
t he ferpEnooEs iidedRy thesSihede sash ¥s Z0M Bk Siesdde esddragbted 4thRer ange of
8 to 16nmis preferable. The stacked layer is adjacéent to the

f er r oma@itén beundgrias torredhee B Mmagnelp dideractian detwaen élmememi grenne oft acked

i an the BageEBalrig e ridsbbieo iy BB G’ RSL AN o v
t he sampedbMeettioan highdéhgtysieaekisy | ayer, crystal grains are magnetically
coupled to each other. In ternms of the ferromagnetic |la er made of the

Co- based magREEEINGES e the, Sitaxidas iakrddoPtbased or bobteranssd magacks
| t | | d
LS DB CRY AP offip cba! dord B2 rfuce o W%H?S{tﬁ%fye Bfidegpbac um

pl ati nu;mo(blﬁrh th&l whentthe aaddiey Iaatcmrita}je?u&ﬁ thiel Sisoxideds tdrgsutie opiseri al s
have | arlge netic Ku, onai n, wa dth in the stacked |ayer can be

|1
r educedd afHe ‘Fﬂ"ﬁ?ﬁ‘e%§mlaﬁie§‘e atjtae frexmal ﬁ%q:tya&oqaaﬁcgﬁﬁee%‘ghergmre fo5 to 5nm

is pref o] ith ggg@mount of
bt " Cort ipy, T et nt, Bt F e e e B s oy er

i nst eadcanivarﬂhenéldy eyoiangingly, thdrayeindvitbbly & haitdo thé éncredse it recardibg

obt ai ne er, jn ord t 0_achi eve sui erpend| ul ar
magnet | Cereor i RgERD I ATt BB TR SRl el Meddies Bt oscar y
to set & gy %PQhetﬁ' 6%66% lhé‘i"e‘ageaem’ée%gﬁdb%t;ﬁﬁréfoﬂ%gﬁ%%? 'sfaHfi Y%ranaﬁg the
stacked | ayer such that when the thicknéss of the ferromagnetic |ayer is

i ncr ease@venteei bhitbrfesromegnetic leverclzeutairwy@rthesoxude,r e!hece'd (Sor ontied t he

kTSR (S L AIIABI o S, PR BTl

| ayer Iﬁa\ﬁngnmet h%tt!%yékrtﬁﬁﬁalﬁfngt% excihand® eney dnd¢ antr §dodrdly @iyers B, A/B
(ratio of A'to B Fgre erably in the range of 2 to 5. Desirably, 3 to 4

i s preferBinng | hﬂberemnponvﬁétle@d@emcreﬂﬁ@ag itge pieepeting|densHivi ded
bet wee f e ed | ayer. By providing the
spacer nY"‘é@‘g‘%‘ é‘a{m{?iilié gh%ér%%b%%ﬁ{ ]atﬂg”hgite%téb the ferromagnetic |ayer and the

stacked | ayem aaFErbBodilmetrﬁb’the cmmm@gmam lafer he thpacestal guiis mistlyi s
preferably made of, for exanp a Pd |ayer or a Pt |ayer depending on the
st ackedmaé"‘?e‘? Covrtd th?egr%mb&wﬂané Pogiodsi athe madec REENg Qy'é’@; sfiggnpd | ayer
is also a

or et er aBE o 415 SHeFn £80 kaa, W Boco e pdsSinhs KPHRGnblin SRARHREYY

nmanuf acther singrrepmdadrystal Jieind.hi ckness of the spacer |ayer is preferabl y
2nmor |ess and de bl t he e of 0.5 1o 1.

Forromagnet i B Pagarbofirelhdhe ok BT ayBondcd i bE euamagnete ads each

ot her o t RN t her ebet ween and, in view of
HDI (Fbg%@/bubgﬁg%?ﬁt%ﬁ ggg)g%’mﬂ |spglrag%g§§g’légﬁto di spose the stacked | ayer
above the ferromagnetic |ayer as seen fromthe substrate. The ferronagnetic
|l ayer is not limted to the single |ayer, but nay be conposed of a
plurality of layers. In this case, Co-based nagnetic |ayers containing Si
or the Si oxide nmay be conbined with each other, or a Co-based magnetic

| ayer containing Si or the Si oxide and a Co-based nmagnetic | ayer
containing no Si or Si oxide may be conbined with each other. Note that it
is preferable to dispose the Co-based nagnetic | ayer containing Si or the
Si oxide on the side adjacent to the stacked



10 layer. The perpendi cul ar magnetic recording |ayer according to an

enbodi nent of this invention is preferably formed by the sputtering nethod.
Particularly, the DC magnetron sputtering nmethod is preferable because
uniformfilmformation is enabl ed. As recited in the above

enbodi nathien thiesontartnefngliddme(Sie ip énad farudraagmetgnieyec is 686 dirmgoteqyies

f the f i | t tacked t bstr at
COTPOS NS apei Brrraa e weya L Raichae 1A b e reTenE L e fuliRg St
sput t erdgBgoh N When %ﬁ@ean%% iR fdERSPRAT AN Ghd REBf 6 FéHu@lﬁd‘@ﬁesﬁw@@K!ﬁﬁi | ayer

by sputtering in the argon gas atnDsphere at the gas pressure | ower than
t hat usedsetiersrhal mndgfmrltlmrf éne chﬁJgrﬁtq m higredensity irecereings samiott bait t he

ferrona netic,la at h| re Th reasq t hat the
manet ; EgPuh ittt « RGeSt Tt WBEE AR FonsgnEid e SRe dfh o der
to red U%t%"%hé‘%@m&ﬁd’@!iéﬁm@ﬂet:& léhﬁdWopy%tar@é td B8gRidedl FolkAing &,
segregated in a uniformthickness between the magnetic crystal grains

Cﬁnt ai rimge @scms thaglagradaiiaoahthermes stabiity snhichsdensity tesorbeeosdhy t Eat
St acked P ayse e DG SRa. Ftp sty BE855 18 19 A G P T R B 1

wal | s (pregsteblez ahd oTR tto arsattd on fpahat prefarybMdier i Byl pinbobmgerdtost enigrom t he
magnetic grains of the ferromagnetic layer, i.e. for allow ng the domain
wal | s tiovent, hendereomiagaatic {ay@f@aﬁs‘theméalﬁ'éﬁf é%@wé@ cenfaijag A @rdednt to

t he st [ b o t |ow
gas pr 558 INFESH peffied thel BBRBICERANA s UARPSCET T LkFsS

pr ef er adil thefforromeighytis pyet & prederablya2@as dreeamrlaeslraa!y,ftbe rengepf 8foin the
range of 1 to 10mlorr. On the other hand, the ferronmagnetic |ayer is
preferab@@“ﬂ%PH%ﬁ”%Vasputtering at a gas tenperature of 30nforr or nore.
The per pendi ¢yl fadRRANGYLE 14 SARIAND%o Uhs KeRBARIGHEND Ihferddr BFBOH TRE! Of
this invention has at ast foregol ng perp Icu magnetT c recording
| ayer ospddae iayé}smemkmtwndnpr é’hersibbfyemwyevammagnémnaﬁwmtajied &ydhg in

ddi ti th t | t ft t |
may. bo BRI 6rioP P SRR AT P 1o Al aLAgPaMAGRP PO REEMET N6 i r cur

of the ;@%beemé Fa%?srsurwmiéng ih 26O dh0ditadiRh. Ihnhaktaneadhp@ntnefait his 11
invention, the soft magnetic layer is not particularly limted as |ong as

it is n@twsoﬁirea nmﬁm:atty lo:odpletdhm eaghidhers dnflermaghdhedegooraneties and,

f h t f 0.01
to 80 oBvEr e oG oG Gl P SBRCE P U R ele Py ©
prefer aﬁulawehﬁsmﬁeﬁrn@tema i mm@ @p§d5i§e)/lt ECopbuaAtdiey thegaetdne paladidensi ty
(Bs) of 500emu/cc to 1920e a_material of the soft magnetic Iayer

t here c@if)sy alterraledaygred 6@@@@ ﬁﬁbé’ﬁi(@@) oraralion heteaikand platintg (Rthe | ke.

Ferac, pabes o Pl RRe BBt a6 ARxiHabils RSB BBl Ky 31110, °°
or FeCotheag®daial walywidah @Dtk@&édk@d)fatyeﬁ&gﬂ@bw@dﬂ”ﬂécﬁr‘fhé tisiokiesasth€mtd Zr - based

all oy or CoNbZr - based a||0é an FeCo-based all soft _magnetic material, or
the 1i ki, preferably  tarBrifthoblPRERRY0P tPhPRMiAWIR qrawe t Ruel Whahese 18t t he

sof t ”B%%%' &t CAYRt b&wt@{q\gﬁfg%gi%h%}’e 3 ! er& Q)Sf Wo%rﬁta@%%e%ﬁbb%@os%m to

200nm en 1t s less case’ wheré it beco

di f fi cuCbPte s madersalidf dbt etagddbyer tistead of thetfossgoimpgndiiagerhiéad -
perpend cul ar netic recording layer - soft magnetic |ayer, while, when
it exce gﬁW@bﬁﬁ?cﬁﬁ@ﬂﬁa?eaﬁ‘ se where the surface roughness increases.

Further, when it exceeds 1000nm there is a case where the sputtering film
fornation becones difficult. In an enbodi ment of this invention, a
nonmagneti ¢ underl ayer is preferably provided on the substrate for
orienting the crystals of the perpendicular magnetic recording |layer in a
direction perpendicular to the substrate surface. A Ti-based alloy is
preferable as a material of the nonmagnetic underl ayer. The Ti-based all oy
wel | serves to control crystal axes (c-axes) of the CoPt-based

per pendi cul ar magnetic recording |ayer having the hcp crystal structure to
be oriented in the perpendicular direction. As the nonmagnetic underl ayer
made of the Ti-based alloy, there can be cited, other than Ti, a Ti C-based
all oy, a TiCo-based alloy, or the |ike. The thickness of such a nonnagnetic
underl ayer is preferably 2nmto 30nm Wen the thickness of the underl ayer
is less than 2nm the control of



12 the crystal axes of the perpendicular magnetic recording |layer is
insufficient, while, when it exceeds 30nm the size of the magnetic crystal
grains formng the perpendicul ar magretic recording layer is enlarged to

i ncrease the noise, which is thus not preferable. In an enbodi ment of
thi s inventi bosthahen ordgndbi actiewt dsudiableapenpepndculac esagretict cecoedingr ol 11 ng
magneti ¢ domains of the soft magnetic layer, the substrate ig.preferably

made of p@p@rtégsspag%e@ S RRARIS SR 9k LIS NECPESAY (R 158 RtPTPREHEYEAEESi st ance,
the healtdtﬂgbét@\}&?lrtﬂbbféﬁoﬁ{?ghaﬁc LAy ﬁxe_cét@cgi’?d Sfer gul%-thﬁ‘?v\ﬁhﬁﬁ tgbass for

the substrate, there can cited an alum nosilicate ass, an
al um nothiclosiski afathe fgrrassgnatis dagel ismcrgassd, the thinknéskeof therstagketliem t he

alum nosilicate gl ass is .preferable. Further, an anor.phous .gl ass of a
cryot a BYBBEF csdsteb o iGiestint B8 erRgRBRIE 'Rt de PadStbr phous,
the subgld #ickressRiraher #bbedRIRr 8 réMecaTOGNAHIShA ®eSthiolhRRs fahem cal |y
strengthened glass is used, the rigidity is high, which is thus preferable.

| n an efesodnagiaticdayerts £ and /et thinkness of he exahangewryiaiey sooirokiageniai n

sur f aceyof, subsir.atg .. S far.abl n Il l£8S.i 0.,6nm or

| ess | nBRﬁ‘./é’j g&%r%%&?r%-'§féﬁfega@ﬁgttﬁega%‘gcoé,f@ aa?%ﬁmgn@&ﬂp@ndi cul ar
magnet i graf@@idli M ahastRbodinfi ! thERgRRidr dayayieprefitablg mevidednisdtarbnso t hat
it is possible to forma suitable magnetic _circuit between magnetic head -

per pendiheufesiomagnedicilaysranst iiengackseblaver. s Bytoravgingt the spager layer, the 1 an
ol A . TRy . .
Cayer pergtion i ¥ERkb e ne forioindrplicla et RO Sdol e Byaoades 7

?dhesi Oﬁuitsl!;:yﬁponﬂrdﬁ@dgdh@gieoxphm?w, mmis@bwratalyg?ad@of, lier exdrhplemgnet i ¢
ayer can be inproved and, therefore, it is poss|ble to_prevent stripping
of the E6fayeryrebi @YPRJBPENARY Qnﬁﬁﬁét"i"%eddfiy@hz’vﬁﬂﬂé@?g% Ipys/de Usgde can be

made of; I k- i Ni i pragtkigal use,
the t i DS SRR Byaf e DO LTI BT Bls 114 SpB er RS e | T he
per pendbecdise itdgreepnomicdigrphefegadiesto ase plee sanimdompositioh inhiesmisfent i on,

it is preferahle t rovide a protectjive_layer on 13 the perpendicular
manet | B GUBToHG! PRyERERy BB RRr S M PiREees 5L thesRRcT BYF LS possi bl o
to pr](c)]t BRdfetdhy §HﬁL@QES§§n@ B@si’f@&g%ﬁgefﬁn@'é dfiesnd hespggnet i ¢ recordi ng

head yi ng over the magnetic dis a material of the protective |ayer,
for exanpl e, Thederrboradnatie dayarcant the stackedrlayer preetlispaised. adfagentiockness

of the gzrac% %%érvgr tlh"ri a?éh {hse gggaec]:ce?rlg%ry in?ebrggée rﬂwnér% et?wrf]enén and, in view of
HDI (Head Disk Interface), it is preferable to dispose the stacked layer above the
ferromagnetic layer as seen from the substraie. 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



It is preferable to further provide a lubricating |ayer on the protective
| ayer. By providing the lubricating |ayer, abrasion between the nmagnetic
head and the nmagnetic di sk can be suppressed so that the durability of the
magneti c di sk can be inproved. As a material of the lubricating |ayer, for
exanpl day®FPEn¢ perpéndicdpo meamidie reterdingelayenlbiceordinte ta Bhaknbedmsnt t he

| ubri catj | ayer is preferab about . 0. 5nmto 1.5 |t f bl e t hat
the sord! isgharnton i Bifedhl tmea e St dhnete ) Brdo il %de

pr ot ecthremhayfroR &patising AR Y pldhsrabRubéSdie0udRirkOfim Ranidtioulier |y, the
DC magnetron sputtering nethod is preferable because uniformfilmformation

i s enabdmabled.t is also preferable to use the in-line type filmformng

hod. ) i ' ' ' .
by the di p Bt PRISTIOE SBIVERM b, ADERTICRRING 'Re BitpehduBETT

embodi npaGEetd rédtirgingnuest toMpobéd ics the Seirbiraghetip layerdmd e sierdd cul ar
magnetic recording disk that can contribute to increasing the recording
densi t ylapgr ionpihey SHBStrae. 81 18 fasirable donfogm Hnderrgmageeiiaiag vt Hogt

causi ng ICr LA DC .noise radat.j ' h tabil i and
degrada%l?dc]i:‘ril'lal@% !ﬁg% r ggﬂ%&ﬁp@% Ff@g g%%dggﬂgn%é%gé %ﬁ%ﬁﬁf%ﬁ%ﬁ ﬁgesuch a
di sk. Beatkdddsydropy Spuityiimg iDuhe targoh rgesnbtnoosphere at thieggad psésmse one
enbodi nent of a perpendi cul a%cr)rinniggnet iC recordl ng di sét accordin %o this

i nvent i ‘gwer Ao thati¢pacowhey HBe dRBBENAIBRIC HYerhd! [SePpRavrEuInat
nmagnet |t%_er@%%eq}%§€'|§{$% e Wrntdd st h@}l’l:@%ér Bgéﬁaﬁe.aﬁbrﬂé‘ékb'ﬁ s kbt 184 Wwhi ch

an adhesion lay magneti c , a first underl ayer 4a, a
second miadeetiaygaindbizeanf ther teragnagnatid Eyer @an hesgimimishédyiarorder 4ost acked

e ot ThE R REt HaBh A e RLST Lo R foH S BB 2
'e;‘éﬁ{if 'egﬁﬁfcynﬂ thid 38 HrtivBsH thd miRimatiL cRYstall gralg @ rAamIrRsCand tkogranat i ve
boundaries. In contrast, it is necessary that the stacked layer be formed at fow
gas pressure. The reason is that the stacked layer is required to be magnetically
uniform for fixing domain walls (magnetization transition points) anywhere by
pinning force from the magnetic grains of the ferromagnetic layer, i.e. for allowing
the domain walls to freely move unless there is the ferromagnetic layer adjacent
to the stacked layer, 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 temperature, 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 according to an embodiment 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 an embodiment of 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 an embodiment of this



(Exanple 1) An anor phous alum nosilica e glass was nolded into a

di sk shape by direct press, thereby producing a glass disk. This glass disk
was ground, polished, and chem cally;gstrengthened in order, thereby

obtai ning a snooth nonmagnetic gl ass substrate 1 in the formof a

chem cahlgntidm, ehgtsofimadggétics Rydr sknofTpartidulsky dinsitest es lovgs adSinim matie surf ace

APNE ( at GnP eGP eC i atvo Lyt SRt (R0NBYE TUBPRILES: Fae T BRATIR h T
A ! _ R
ei ng Apd%f@}}agwhé;ﬁ gl%eé Bga%]éel%”ﬂﬁopgﬂ?xa 2BErdire FHb AW J8RARESE Jensdgt i a

St andar use of “an _evacuated filmform ng apparatus, an
adhesi oand snpee prefanably 0BT to Shgarstéds. | bydher3itweeferdkly ined asrm oageetion t he

obtai ned gl ass sybstrate 1 in an Ar_ at npsph accordi o the

mmanet roRPe e SathraoReTageeth A% AnsBRP BF b adRiRied O BpblEs s ¢ or e
by the ysgatefialoflihet &if0Rlagheti@faye? therécdh Hedditld A8 Fiellfased Matdgss of

20nm On the other hand, the soft nagnetic |ayer 3 was forned by the use of

a COTaZGOflm:sgétmgﬁer'@t @roth@eﬁ@nkﬁ%ﬁmab,@@aaa@n pednadaipnTe-Pacad / ?,
Zr: 4. 9at 9 . havi i T
e pendrahmad g B % Sadoh B e bpRed how EeTapac, AL FANE or e fon

up to tiheserPalloyF@RIB-Bas@y alloy ondFeCepayed aflopn Caebddddsdiomigretic

apparatus. The surface roughness of the_ obtained (gerpendi cul ar magnetic
r ecor di Mgtetiad eushibas ree B4raassdedon oh GoNbLi-pasedaliay. on iglebashe soft

matgnetigllﬁf o‘?{m%ﬁwgﬁc Hﬁ?%h%ﬁg&&% jkie AFMin the same manner and it was a

snooth S ace sHape w elng 5. 1nm and Ra being 0.48nm Furt her,
15 t he magneln enpsropedimas of thidérambish| dte thiekeese aé uhe ddily magvishit

Vi brating Sanpl e netoneter). As a result, the coercive rce. (Hec) was 2
Ce and EHE" SaPUEA A IAEGNE | Q00N DrriE SR P kDTG e RUDEE: WV LB ng.
sui tabl @ safby, MRS E%r@rigpﬁrc%bé%hé'enﬁe%é&%é ARER /N Pordhn %%Qﬁékﬂéc.“' ar

I ng t I 3

magneti c recor layer are formed on the soft nagnetic | ayer avi ng the
snoot h swaghatie dirajiebefwdenRmagneticngedd 5npegrendisdaramEgnetiRardseirdigg0. 5nm or

less, it is sujtable for reducing noise. Then t pe use of an ,evacuated
Si ngl e. PET SOk EHIRAF PYSEOMHE OO KrrreTer MRS Rp e e CasS pIHELE

under | auﬁ%rsaﬂ?ac@mi@mags WseRsey e Fufifer, avh &l itOSRGRELT MOIOANE thare & §Ppacer

| ayer 6, a stacked™ ayer 7, and a carbon-based protective layer 8 were

f or ned caseowdere the spidtasingafiimetdremaben becemes difiicalt. dnpospnbedimariefdi ng to

the DC netron sputtering,nethod. . O, 1t he substrat.e fini,.shed with
the 111 1Y BRRREPanE dsn A REC St v s, e TRyl Srg TR T SUBHEET, o
under | agper odéntirrd ehedfergetarcpbp ise Netpehdiculdbahigndias seednganslchavi A9 a
thi ckness of | Onm and the second underl ayer 4b made of Ru and having a
t hi cknedisediongerrpendicelar ée theisubiraie surfete. Palidiascdallpyiaaeelerabig afay be
formed | j i u r:l ! S
br cssur 8 BPEFRL ok b cmdiac® RhAS AR, | RE"THEXEH AR uRH, S B 20% o,
si de Rugorithst ceystat alesock@misiof tie CaRt-basedrpemerdicular magnetic recording
layer having the hcp crystal structure to be oriented in the perpendicular
direction. As the nonmagnetic underlayer made of the Ti-based alloy, there can
be cited, other than Ti, a TiCr-based alloy, a TiCo-based alloy, or the like. The
thickness of such a nonmagnetic underlayer is preferably 2nm fo 30nm. When

the thickness of the underlayer is less than 2nm, the control of



Then, by the use of a hard magnetic target nade of CoCrPt and Si 02, the
ferromagnetic |ayer 5 having a hcp crystal structure was fornmed to a

thi ckness of 15nm The conposition of,the target for formng the
ferromagnetic layer 5 was Co:62at% C:1 0 at% Pt:1 6at%, Si02:12at%,
The f erthenenysed i axelsagkihsd psaseridicuted nagretigascqordisg ulagenfs dsdfigient, Then,

t he spacer |ayer 6 nad Pd and. havi a thickness of .0.9nm.was, forned.
Fur t horilen ST EiRGoP Sy P 56 S8 9TdPe BPORR e STl PG g of - CoB
and Pd yers herIRe m&QR: e cbiding 14RIMESnidth8daofiht@aeé tRe FHomeaRthick her eon,
Pd was to ?negg P%?oma f1l1mof 0.%nn31%AccordPngl y, the total thickness of the
st ackedslthyenobpredarable2nm 16 The stacked | ayer 7 was forned at a gas
pressure of 10nmTorr | ower .than .that used en formmng .t ferr etic

| ayer 5. In anTﬁrgh?gmeqtthEc}yg 'BYe'?L;“Orﬂ'x‘@( e@a@ge%?(giﬁﬁ,}ﬁgn%g@@mﬁydr ogen
in A apgbdadagPybt Rbhfi8iliAgCATHRRBLE ad@Rhinst BE thar sm-raagestinajectihye | ayer
8 made of hydrogenated carbon was forned. The thickness of the carbon-based
pr ot ect $ukstiaty i peforblumadmof g glesst Bingg the glapsisebstrate is gyeelad ifn t he

f f, hvd i i ] i cul
o o LR o B b PSR S bR e R AVl =
Thereaf%igés for| vy | Qiisirage,| et 2anrnde efte®PFRE GRanihbsilicapolgiaishea) was

formed by the dip coating nmethod. The thickness of the |ubricati ng | ayer 9
was nm aluminoborosiligaiggalaske angrde abhar OR§Spobcess like GBS BRMalil%e, the
per pend] AL [ G I i f J SRS, } The
surfaceélﬁ%‘gé]sﬁleﬁ%gggiéstgﬁé%g%ﬁegémng'dgjgﬁpggnadrlFé(;'lalézar ma I%%‘@Fgét?%@é{ﬂ%d di sk was
measur eglaby chhéeAlddd. nViHen $ensimumgectiatayer ts aawrphoum ditd sabsifateds shape

wi th Rrax _being 4.53nm and being 0.40nm By faornjng the spacer |ayer 6
Bhdl 't hepfarakbumAgs & The Brsbat ABss SUghacherIcAN SRS st aved.
The sur: i Siaif T | LNCr-easi ic Of
tyel oo i, HOMRRES IsSyigh! Whith ISTRLE ek bl Seas htbddifelt 8P Sisl

ef fect inkantigl,i the chafzmet eoughness ahdhel waig shviecetadr thet i stbsiate iiapr oved
so that the i ckness, of t rotective |layer c be,reduced. The
ori ent sRIGHToBY SR oleRE B CuRE ey RE0 B fetol A PaysivgiReuch a
ferromegngbirt shAes, &.gdp1BchPBsehelRicfar AUriche eka lhyarer séitwi |1 be
col lectively called the perpendicul ar magneti c recordi n)gm ayer and the sane
shal | appypetieraysratarrhe iset tdonstant o dkipéripepeBsiiieaio rugnét peitaldeor di ng

di sk was _anal.yzed hy.the X-ray diffractio t G- aXl S+ t he hcp
( hexagoﬁ‘ﬁgngil%s%tcﬂﬂciggmee& %%/g({]etigt b%@% ur §95§§5§%@%‘%ﬂﬂ‘ e%}'féﬁga'a%o?%ﬁ ion
per pendjzge} asoft ehddietidiigyersur face. Further, the ferromagnetic layer 5 in
t he obtai ned perpendicul ar magnetic recording di sk was anal yzed in detail
by the in an embodiment of this invention, it is also preferable {6 form an
adhesion layer between the substrate and the soft magnetic layer. By forming
the adhesion layer, the adhesion between the subsirate and the soft magnetic
layer can be improved and, therefore, it is possible to prevent stripping of the soft
magnetic layer. As a 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 fo 1nm to 50nm. In the perpendicular magnetic
recording disk as per embodiment of this invention, it is preferable to provide a

protective layer on



17 use of a transm ssion electron mcroscope (TEM and it had a granul ar

structure. Specifically, it was confirned that grain boundary portions made
of Si oxide were formed between cryst{al grains of the hcp crystal structure
containing Co. It was found fromthis analysis that the ferromagnetic |ayer
5 \évas aneph @bemdiieulmagrmg,n't?micgeed}rd?wg)%yaboﬁw pﬁ:midiagﬁhé bec;;tbommh Eaggr, Iitﬁgi ons ced
made of the nonmagnetic bodi es about 2nm t ot her hand, the stacke
| ayer 7PPRSIBIG tp@g‘iegpg}e é‘b‘g@@ Pﬁg‘ﬁ‘ @aeaﬁﬁgﬁﬁﬁ%om ErmagPRtis rr?é’ofcﬁi@ggranul ar

SUTUCt UREad@InRNBLAZ otk ibdiRhi! disky AD'S HRfeld) 6#‘&&@&?2@1@ fy@f.dpopot have

a granul ar strudcture. This represents at the stack as a
st ruct uexarnpieng sattonamadseal pbyoteciva tayeuds magieedibleal The thltahess of tthes

ts that th ti i f the f tic | 5 of th
0r anut aPrOLeGEIRYE T8 PeeThne PRl FImdBdBiba ¢ hrough the st acked |ayer 7 1t
i s consi der eg d PafefdblStd M%Y??oﬁi@giatslgﬁﬂé‘aln g8 bh e p(cﬁééﬂm By,

A perpendi cul ar magnetic recordin was oObtained in the same”manner as
i n Exaniy eravidingelpe luhacatingelayeacedsipaystwaen thexeagnaticlherts astidhged to
alternate-| ayered fil of two cycles,of B.,and Rd_(Exanpl.e ., The total
hi cknaeagptE A% RE apalieed o, Findhe, PRV clttaf RETRIE €% 628r ai ng

di sk of pé hingore¥adp! Asnas raatenial ofh ehedrllBdRINGO Ty, doPahi@nsle C HFEPE magnet i ¢
recording |layer in the obtained perpendicular magnetic recording di sk was
anal yzedreuarppolyethey) ds frefarablen shabicknass |afkthe AdlBcalipgelayer tie c-axi s
of a hc - d), ar t r I: in a
i r oot B e Bl ARG ERER I R RSP e e S PRoREICBNEE P & 1 ayer

5 in t henddiapieneithepadnssich ¢ayerr andanetprotacaeeayarobelistdo Yarmeaanpl ytaed in
detail by the use of the_transnjssion electron mcroscope (TEM and it had
a gr anupRittesingudpethed| i kBarticuatynpihe PC spegnetrenl sputieringyaet sk ii8 med t hat
grain b i : : J i f | grains
of “the RETEIZble BaAISTIERACHA fopinalth i€ ehEERY, Of B PLIRRIE YL

the in-line type film forming method. Further, the lubricating layer is preferably

formed, for example, by the dip coating method.

Effect of the Invention

According to embodiments of 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 sfructure in



A perpendi cul ar magnetic recordi ng di sk was obtained in the sane manner as
in Exanple 1 except that the stacked layer 7 in Exanple 1 was changed to
alternate-layered filns of five cycles of CoB and Pd (Exanple 3). The total
t hi ckness of the stacked layer 7 in thé& perpendicul ar nmagnetic recording

di sk of this exanple was 6.0nm The orientation of a perpendicul ar nagnetic
recording |ayer in the obtai ned perpendi cul ar magnetic recordi ng di sk was
anal yzed by whish ax-achgsion fafendta ot meaneddlayaa3. @ iReunderBYeifgl @ 1, the c-axis
of a hop (hexagonal, cl ose-packed) crystal .structure was aqri.ent in a

di rection pé&fF Hdﬁ”éﬁrﬁaé’lf"r?% %af%go Eﬁeféﬁ?#eéée? S%(Fetrﬁaé"ﬁ\,g\@‘aa %@#I%gr%%ﬁeti c layer
5 in the obtajped.peLReNIbEUlid! iajBaNeh 6 1H9eaiH Bl sk pasdans! yzed in
detail by the use of the transm ssion electron m croscope (TEM and it had
a granul ar gtassetipatetd 1 kehe ordEx anpled. 1HerSpdelo, ted hyention wilalse confi rned t hat
grain boundary portions made of Si oxi dg wer e forned l?etween crystal grains
of the hop EESEP& NFHREINGU"E EREEPHE AGC BITPEElpRFIe Exanpl e 1)

In Exanple 1, by rE?ﬁ“E,l?ef of a hard nmagnetic target made of CoCrPt and 5102
(Co:62at% Cr: 10a(t () :lGat% Si02:12at%, a ferronmagnetic |ayer 5 was
formed to a thi ckiessogholddaiomindzéinateaiast vizs hededmgadskehémyir 5, a

car bon-based protective layer 8 and a |ubricating |ayer 9 were formed

wi t hout f or firagl rEeXp REELYIPEGEHCIS glashdigh ackeuolpey @k was 08Bt this point,

for @ EPVIRECITS Tl S
' Eximpl ¢ 2R, €y et SRR K o B BRI A NS et ¢

recordi ng dirgkmagseitRamdlsadstiite tihe dFMmota theriasiyastenghassl ghepe W th Rmax
bei ng 6. 26nm and Ra being 0.48nm This is rougher as conpared with the

f or egoi ng petigrendhe dish diameigrerasctiraBor dicngureics KOYINAEHONVNE Mathe spacer

I 6 dt t acked | .. Further, th i ti th
f or r onagnet ispes ohs Sess Bira LPRR SRS A RERIORE | ocor di ng di sk
vas anal yzed bbb Xnd Aas EosHbdth a6id=anaPBURARRAIChARPs endving R @ hcp

(hexagonal cl ose-packed) crystal structure was oriented in a direction
per pendi cul areitgo0 £2ren.di Skas and KedolicRudapaeese inHestfigtanvaghelSic |ayer 5 in

t he obt ai ned_perpendi cul ar magnetic.recording disk was, anal yzed.in detail
byt he Use oFrHEY PEARE I &8 PUrPLBIeei S TR FRSER X PRFS QR VE 2 had a

0o eacAUE R e Ly, G301 bPRGiRL gk povnda
crystal str usibhstrg&ecdnbaiin etngodpbers LonpingdtitveDExaagpledrof pputtering

method. In this event, the adf\esion layer 2 was formed by theuse ofa Tt

target 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.4.8at%) 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 layer 3 was removed from the film
forming apparatus. The surface roughness of the abtained perpendicular
magnetic recording disk substrate finished with the film formation up to the soit

magnetic layer 3 was measured by the AFM in the same manner and it was a

smooth surface shape with Rmax being 5.1Tnm and Ra being 0.48nm. Further,



In Exanple 1, by the use of a hard magnetic target nmade of CoCrPt
(Co:70ark, Cr:1 aat% Pt:12at/0), a ferromagnetic layer 5 was forned to a
t hi ckness of 15nm Except this point, a perpendicul ar nagnetic recording
di sk was obtained in the sane manner as in Exanple 1. The orientation of a
per pendi cul ar magnetic recording layer in the obtained perpendi cul ar
magneti c recordi ng di sk was. anal yzed by the X-ray diffraction nethod and

the c-axis afe mabagtic(fisprgandihctoseapacdetesliatiyla \ssmqmwmgwas ori ent ed
in a direction perpendicular to the disk surface he static

magneti c pr ciremRie gmtomﬁ‘@rbb#ﬁuaf@luibéwg@@mlwow (ﬁf@gwg@ﬁ@e #8%0t8i ng di sks

of the exanples_an atl Ve exan r t use of the
VSM and a poelagqraf'@éxrrpag rrg %%%rg ng”gas%méﬁ %huﬁogﬁéig%’%iea%ﬁr ed by the
VSM wher ei b EH%§S Ghed husaskeddl HeRs¢ hedtgedc by i ncreasing n
in the nul tlrhl’h&aé;}%glg?lol%m CoB/ Pa] n. Thgf'gf or é@éﬁ;ﬁ? (Example 1), n=2 (Exanple

2), n=5 (Exa‘afpcbrémg)iayeaa@ fnm@d(mﬂmp&nﬁma@ee@!am?eha}dﬂgf@asﬂm%t her hand,
Fig. 2 shows a nagneti z

I d t field (H
g 2 Srove. AonTdnet LAtk on Leversal, fuelots, produciap magstyc,field (0
magnet | zat | G0 EYRI BRleclleh BSe PTATUCHPGSTARNGbh Gubbhah {HBb-uistera nureri cal

val ue at a point on the ax ssas corresponding to a point of
i nt ersecti onstheinescnciag ty@a@emormiﬁgee;dparms hdstngdsddyver 46 Deearagnet i zat i on
and a tangent of an oblique line. On the ot her hand, the saturation

Tgneti ¢ 11 SINYS(AKY 4Pea ETOMBIREIRIAIE AL SGARERS BT & PAIRECLAVEHe 8% 5 of
absci ssas cogr frggg_ggé rE Cﬁ’g“?%é?ﬁa f %] e RIS S BldePBn Yle SutBysteresi s | oop.

FromFig. 3, I's un a e magneti zation reversal nucl eus

produci ng megmetrke i hﬁhﬂat&ﬂd@bh@er@@cemeg ta\/fhel BC tienebsatticting magnetic fiel d
(Hs) decreases due to the increase in thickness of the stacked |layer. This
represents tmathotthe thermal stability is inproved and, sinul taneously,

[ aver toohave tne ArepB et HideRdtRe BB RERRIE MR PELEBaRDl O O
spacer | ayer igfgr AndaikhenstrackRerh@yas n?adeNmaawotrmiuerrraﬂ@mea@@s at n=5,

which is considered to be due to reduction in Hc. Table 1 bel ow
col | ecti vel yTaﬁw)tahéhe\vm ﬁl&tiﬂmﬁ% efsmnms&lmthgtsémmﬁ mﬂéwfcﬁbgmﬁﬁerti es and

el ect romagnetg coc?ver Sio ert es of the n ;{(JJ 3%/ rragn tic
recording di$ ”8'? P?]Vépgr% MEFF@O Eﬁ”b & ‘?’FE’I es. Note
that Table 1.5Rowsra 't:}éthmY@A .H@@a@f it }@Wﬁﬁm(ﬂ@ {AY SpYalips sidehat appear
when applying an external nagnetic field froma plus saturation magnetic
field to a nRousadias ecissom.of fHEadr gastigher than that usmd 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 SiO;,

the ferromagnetic layer 5 having a hcp crystal structure was formed to a

thickness of 15nm. The composiiion of the target for forming the ferromagnetic

fayer 5 was Co:62at%, Cr:10at%, Pi:16at%, Si0z:12at%.  The ferromagnetic

fayer 5 was formed at a gas pressure of 30mTotr.  Then, the spacer layer 6

made of Pd and having a thickness of 0.9nrm was formed. Further, the stacked

javer 7 in the form of aliernate-layered fiims of CoB and Pd was formed. CoB

was first formed inte a fibm of 0.3nm and, thereon, Pd was formed inio a film of

0.9nm. Accordingly, the fotal thickness of the stacked layer 6 was 1.2nm.



Table 1 Ho (0e) M/Ms .Hn (0e) 01W (dB) /N(DC) (dB)
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The stacked iayer 7 was formed at a gas pressure of 10mTorr lower than that
usad when forming the ferromagnetic layer 5.

Then, by the use of a mixed gas containing 18vol% hydrogen in Ar and
by sputtering a carbon target, the carbon-based protective layer 8 made of
hydrogenated carbon was formed. The thickness of the carbon-based
protective layer 8 was 4.5nm.  Since the film hardness is improved in the form
of hydrogenated carbon, it is possible to protect the perpendicular magnetic
recording layer against an impact from a magnetic head. Thereafter, a
lubricating layer 9 made of PFPE (perfiuoropolyether) was formed by the dip
coating method. The thickness of the lubricating fayer 8 was Tnm.

Through the manufacturing process as described abovg, the
perpendicuiar magnetic recording disk of this example was cobtained. The
surface roughness of the obtained perpendicular magnetic recording disk was
measured by the AFM in the same manner and it was a smooth surface shape
with Rmax being 4.53nm and Ra being 0.40nm. By forming the spacer layer 8
and the stacked layer 7, the surface roughness Rmax and Ra are improved.
The surface roughness is further improved by increasing the number of cycles
of CoB and Pd of the stacked layer 7. This aiso provides a new effect that
glide characteristics and flying characteristics are improved so that the
thickness of the protective layer can be reduced.

The orientation of the perpendicular magnetic recording layer (the
ferromagnetic laver 5, the spacer layer 8, and the stacked tayer 7 will be
collectively called the perpendicuiar 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
perpendicuiar to the disk surface. Further, the ferromagnetic tayer 5 in the

obtained perpendicular magnetic recording disk was analyzed in detail by the



S/ N( MF)

(dB) Exanple 13900 1.000 200 29.5 26.0 22.0
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use of a transmission electron microscope (TEM) and it had a granular structure.
Specifically, it was confirmed that grain boundary portions made of Si oxide
were formed between crystal grains of the hep crystal structure containing Co.
it was found from this analysis that the ferromagnetic layer 5 was made of the
magnetic grains of about 8nm and the boundary regions made of the
nanmagnetic bodies of about 2nm.  On the other hand, the stacked layer 7
baing the layer above the ferromagnetic layer 5 having the granular structure
was analyzed in detail by the use of the TEM and it did not have a granular
structure. This represents that the stacked layer 7 has a structure being
substantially continuous magnetically. That is, this represents that the
magnetic grains of the ferromagnetic layer 5 of the granular structure are
magnetically couplad through the stacked layer 7. Itis considered that this
improves the thermal stability.

(Example 2)

A perpendicular magnetic recording disk was obtained in the same
manner as in Example 1 except that the stacked layer 7 in Example 1 was
changed to alternate-layered films of two cycles of CoB and Pd (Example 2).
The total thickness of the stacked layer 7 in the perpendicular magnetic
recording disk of this exampie was 2.4nm. The orientation of a perpendicular
magnetic recording fayer in the obtained perpendicular magnetic 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
parpendicular 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 granuiar
structure like in Example 1. Specifically, 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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{Example 3)

A perpendicular magnetic recording disk was cbtained in the same
manner as in Example 1 except that the stacked layer 7 in Example 1 was
changed o alternate-layered films of five cycles of CoB and Pd (Example 3).
The total thickness of the stacked layer 7 in the perpendicutar magnetic
recording disk of this example was 8.0nm.  The orientation of a perpendicuiar
magnetic recording layer in the obtained perpendicular magnetic recording disk
was analyzed by the X-ray diffraction method and, like in bExample 1, the c-axis
of a hcp (hexagonal close-packed) crystal structure was oriented in a direction
perpendicutar fo 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 Exampte 1. Specifically, it was confirmed that grain boundary
portions made of Si oxide were formed between crystal grains of the hep crystal
structure containing Co.

{Comparative txample 1)

in Example 1, by the use of a hard magnetic target made of CoCrPt and
Si0, (Co:82at%, Cr10at%, Pt16at%, Si0;:12at%), a ferromagnetic layer 5 was
formed to a thickness of 15nm.  Then, on this ferromagnetic layer &, a carbon-
based protective layer 8 and a lubricating layer 9 were formed without forming a
spacer laver 6 and a stacked layer 7. Except this point, a perpendicular
magnetic recording disk was obtained in the same manner as in Example 1.
The surface roughness of the obtained perpendicular magnetic recording disk
was measured by the AFM and it was a surface 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 8 and the
stacked laysr 7. Further, the orientation of the ferromagnetic layer 5 in the

obtained perpendicutar magnetic recording disk was anaiyzed by the X-ray
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diffraction method and the c-axis of a hep (hexagonal close-packed) crystal
structure was oriented in a direction perpendicular fo the disk surface. Further,
the 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.  Specifically, it was confirmed that grain
boundary portions made of Si oxide were formed between crysial grains of the
hcp crystal structure containing Co.

(Comparative Exampie 2)
In Example 1, by the use of a hard magnetic target made of CoCrPt (Co:70at%,
Cr:18at%, Pt:12at%), a ferromagnetic layer 5 was formed to a thickness of
18nm. Except this point, a perpendicular magnetic recording disk was
obtained in the same manner as in Example 1. The orientation of 2
perpendicular magnetic recording iayer in the obtained perpendicular magnetic:
recording disk was analyzed by the X-ray diffraction method and the c-axis of a
hep (hexagonal ciose-packed) crystal structure was oriented in a direction
perpendicular to the disk surface.

. The static magnatic properties of the obtained perpendicular magnetic
recording disks of the examples and comparative exampies 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 fim [CoB/PdIn.  Therefore, n=1 (Example 1),
n=2 {Exampie 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 MM curve.  Thatis, the
magnetization reversal nucieus producing magnetic field (Hn) is a numerical
vaiue at 3 point on the axis of abscissas corresponding to a point of intersection
hetween 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



Conpar ativel. 3882 Exanple 2 0.989100,27.4 24.2 | 21.5 It is
understood from Table 1 that, according to the perpendicul ar magnetic
recordi ng di sks of the exanples of this invention, the nagnetization
reversal nucl eus produci ng nagnetic feeld (Hn) neasured by the polar Kerr
| oop tracer increases by about 100 to 1600 oersteds (0Oe) as conpared with
the conventional type perpendi cul ar magnetic recording disk as shown in
Pat ent numerical value at a point on the axis of abscissas corresponding to a point of

intersection of a hysteresis loop.

From Fig. 3, it is understood that the magnetization reversal nucleus
sroducing magnetic field (Hn) increases while the saturation magnetic field (Hs)
decreases due to the increase in thickness of the stacked layer. This.
represents that the thermal stability is improved and, simuitaneocusly, recording
is facilitated by forming the perpendicular magnetic recording iayer to have the
iayered structure of the farromagnetic layer 5, the spacer layer 6, and the
stacked layer 7. Note that Hn decreases at n=5, which is considered to be due
to reduction in He.  Table 1 below collectively shows the evaluation resulis of
static magnetic properties and electromagnetic conversion properties of the
perpendicular magnetic recording disks of the respective examples and
comparative examples. Note that Table 1 shows absolute values of Hn values
(minus values) that appear when applying an external magnetic field from a plus

saturation magnetic field 1o a minus direction.

[Table 1]
| Hc Hn @ OM | SIN(DC) | SIN(MF) |
Tahle 1 (Oe) Mr/Ms (Oe) (4B) (dB) (dB)
Example 1| 3600 | 1.000 | 200 | 295 | 26.0 250
Example 2 | 4010 | 1.000 | 1740 | 34.6 | 28.1 250
Example 3| 3780 | 1.000 | 1600 | 49.3 | 32.0 53
Comparative | ,q55 | 1000 | 500 | 28.0 | 250 15.0
: Example 1 ‘
. Comparative | 4905 | gogo | 100 | 274 | 242 215
Example 2 |

it is undersiood from Table 1 that, according to the perpendicuiar
magnetic recording disks of the examples of this invention, the magnetization
reversal nucieus producing magnetic fisld (Hn) measurad by the polar Kerr loop
tracer increases by about 100 to 1600 cersteds (Oe) as compared with the

conventional type perpendicular magnetic recording disk as shown in Patent



21 Docunent 2 wherein, |like Conparative Exanple 2, the perpendicul ar
magnetic recording |layer has the |ayered structure of the ferromagnetic

| ayer 5, the spacer |ayer 6, and the stacked |layer 7 but the magnetic
recording |ayer does not contain Si oeiSi oxide. Further, according to the
.reasurenment of the el ectromagnetic conversion properties, the overwite
properties (ONV) are largely inproved by 1.5 to 2.1dB in Exanple 1, 6.6 to
7.2dB i n Ex@nplLieed: 2 @hsteRlikd ComBdrafaBotambix ank e asicuzmpagestiom t h
Conpar ative Exanples 1 and 2. Further, S/IN(DC) is Iargely i nproved by 1.0
to 1.8dB i n "ESARIY iavar hes the tayepdodmciure ehtbmprreomeagngtielaye0Stte° 7. 8dB i n

Exanpl e 3 as_conpared w_t t] | : r, S/ N(M)
is inproved gﬁﬁc%%éﬁé i %déa%%rﬁggdﬁ%y%%bw Egier%ﬁ r%@%d%%@%ﬁ%%la i n Exanpl e
3 as conpar gg: Whridn EPHNRRickY € F NMIPARoRIrRE theBlcayeednteyt df.teB i n Exanpl e
1, 7.2dB in Exanple 2, and 8.5dB in Exanple 3 as conpared with Conparative

Exanpl e 1. Mecdovregnetasoavaresuiptopsitiasetis gvenyiteprapertiestedViuaider t he

condi tions where .a recordi ensity of 100Goif/.] 2 can be.achi eved, an
i mprovenent ' 9‘@{&86&0\’%‘?2@?%%?%&‘1 |‘B?é§§%sp%¢§i%n%gé]mﬁa§r %Fﬁ’gr epresents
that this i muenty O LA BEMLRVEafchREREE WNE CBRSrE @ HdWOardd: t hr ee
times larger than that of the conventional type nediuns |ike Conparative
Exanpl es 1 ahalthr, S/IN(DC) is laifedy ivlpented dyddhtet 1.8d8 onwersiplon, pridpéstiBes were
measured in the foll ow n%@manner. Eﬂe rrﬁasurerrent was. carried out by the

use of a R/ \WEEREPHZer"{ @f))"'g&'ﬁd” AEGRet BT CHERRISH 8fth g ¥8i cul ar
magneti c recgaqHQ% @g@fm%%égﬁlg%- Ts ﬁ{;ﬁg@égb n{,?@ﬁ]%%glmg side and a

GW\R el enent ©nN reproduci n I'n this eve I ng hei ght of

t he magnet i oo hemeh Mas kO andVEGRIinerenipla® bb edsipafed St @hparSiv( MF) , and
overwite propert were as fo n that a maxi num

y (O\V) | 1 ows. G ve
recordi ng deRéintie ¢ ary risvarbokf &8 nsErgrmely landoB/ NEKRPIRE: 8 treasur ed as
S/N rati os. §’5<’i\'§ %Céxavn\@p?e g%ls %3&1351%% VQ% éc%‘ggérg{%v@’&%pie 1. Moreover, as
a result of measuring error rates under the conditions where a recording density
of 100Gbitinch® can be achieved, an improvemeant by about one to two digits
was obtained. This value represents that this invention can achieve a
recording density about two {o three fimes farger than that of the conventional
type mediums like Comparative Exampies 1 and 2.
The electromagnetic conversion properties were measured in the
following manner.
The measurement was carried out by the use of a RMW analyzer (DECO) and a
magnetic head for a perpendicular magnetic recording system having a SPT
alement 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 methods of S/IN{DC), S/N(MF), and overwrite property (O/W)
were as follows.
Given that a maximum recording density (1F) was 980kfci, S/N(DC) and
SIN(MF) were measured as S/N ratios,  S/N(DC) was calculated by recording



a carrier signal on the perpendi cul ar magnetic recordi ng nedi um at 24F
recordi ng density (40kfci) and then observing nmedium noise froma DC
frequency range to a frequency range 12 tinmes 1F by the use of a spectrum
anal yzer. S/N(MF) was cal cul ated by reeording a carrier signal on the

per pendi cul ar magnetic recordi ng nmedium at 2F recording density (480kfci)
and t hen observing nedi um noi se fromthe DC frequency range to the
frequency rangeist sinbl aretBe pErpayidichbier magnatfc rebedspeatdiurmaa®dd yzer. Furt her,
the overwite property was derived by recording a carrier_signal on the
per pendi cul &cordinndensey (A& agh e absaiag MERM nYRS EPY & @eor di ng density,

Lhen overue D ST ST Blekly BEA2SD B R08L by LRPLhdgpnd Lhen

_ _ T ut- at the origina kfci)
recordi ng densivkst. AB(BIFT RERCAICDIGHEN rOebiginG @caib Rihabdn ®el2F carrier
after the 1F overwiting. Then, the thernmal stability was eval uated

wi t h respectpetrenBapiregsetctracordivdingditia et A radeedial exsiatdlkg)ardd filns of

fi | f CoB and P t he_st | 7). and .Co tive Exanple 1
(the modi umitn FoGr B OHACE A T e D G et Ry Seaed T B rhe T ©
eval uation Qf,dheotibek iy, shahid bie WBSHER! EhAEQULF Bifef e0sdagesa Si gnal

on the magnetit disk and then confirmng a reproduction output after the
| apse of a presetyerasideeded byrecodigps damgl signallve thdpemeandistiatbi ity was

Cr o T Ml aa e S Bl BB R Cre' o™
ratio to a f%g{neggv% irecyam%wéﬂgsn{{ B! Sld/indh hRlasl LR dhiigr wherein the

results of EX e 3 accordin invention are plotted by ¢ and the

results of Ceppauaionwatdoxanpkerdinar Bifplotiticedoyding dsnsithemtiain Fig. 4, it is
under stood that the reproduction output weakens as_ the tine el apses in the
case of the 'REGIET r@pmdykﬂ%vrow?ﬁé?éEF@éff@zaﬁﬁﬂ‘f@e iF BEeMERhe medi um wi t hout

t he spacer |ayer andg. t od | r : I P R IS

under st ood t hat tﬁger}’g%er@%ﬁﬁ%l%g%%%ﬁwg%% i%artawltﬁea g%gggégﬁ%%?%usské%e t her mal
stability i smeXaeldemy thdatetSath My ceasmmelor ilecyRENE Uo8 dhdsid &f thexanpl e 3
according to this invention. Then, AHc was neasured in order to

exani ne as t¥asMedtayeandsad Compamproksirerie Ti(hesnedigm réiber| hbedradsbve. AHc i s

a difference between a val ue of at. a hal f. posj.ti.,on of dration

magnet i zat i JRY§H® ?rﬁﬂae it ?de‘!aéﬂ%rpﬁan h%e\’)azlféﬂ}‘é)&?? hﬁt TR ﬁ%ﬁ#'glp%ssi tion of
saturation nagRet b&aliredhrMBg bRighah¥s iRl RSd s Wik @nd tharAdonemshg@adar di zed by
Hc is used as an indéx for Observing dispersion of coercive force of
magnet i ¢ gr aispsaduBljort tuputsfeothe tidrseod b ypeedsfiertiuydHiene. i tAdcerdpadsiiel e to

evaluate virtual grain uniformty and magnetic uniformity.. rein, the
m nor | oop r@ﬁ%%@%&‘%‘“"&?ﬁé‘i%‘%‘géﬁ‘ M5PRY th’? ﬁ%?aylrﬁwmﬁ?gﬂgﬁiwﬁb a magnetic
field to be Elgr{%ﬁgeﬁ;‘fg&g saturation. In Fig. 5 (a) and Fig. 5, (b), average
| i nes are adopt fromanong curves repeatedly described a plurality of

tines. Fig. 4 is a diagram showing a relationship between an elapsed time and
a ratio to a reproduction ouiput immediately after recording, wherein the results
of Exampie 3 according to this invention are plotted by © and the results of
Comparative Example 1 are plotted by . As shown in Fig. 4, it is understood
that the reproduction outpuf 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 oufput hardly weakens and thus the thermal stability is excellent in



Fig. 5, (a) and Fig. 5, (b) respectively describe mnor |oops and
hysteresis curves of the magnetic disk according to Conparative Exanple 1
and the magnetic disk according to Exanple 3 of this invention. AHc/Hc was
observed with respect to Conparative Eganple 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

coerci ve fomgecsk o e magret tiek of Bkarspledradeerdiredudied ifvgnfior mi ng t he spacer
| ayer 6 and the stacked layer 7. It is considered that this caused the SN
to be excell ent. BrarebHpuss riggsiied prdeht® PraaWhgs iqwhaj caasedsean exenpl ary

sectional view of a perpendicul.ar netj,G. rec i ISk ing to one
enbodi nent g}’tp:&o}g?@a{zlﬁggﬁlﬂ% .scrfqﬂdga%gf‘ iéﬁ%fscﬁ %g%gﬁ&sﬁ%%e%‘g%g’g@ggnet i zati on
reversal nugk gus sH-GH6kiHIoMRENEHd Cmbhmitdatdds andmines addpraidi on magneti c
field (Hs) in an MH curve. [Fig. 3] is a diagramof M curves in exanples

and a conparatievé Hetariplfecstieh of satjration madneigeton Khowk fystarassl @ticonshi p

between an elil. \? geegfatgéaqgizeac;] gy t-aéc: {sa&sieg asZaAﬁ incex for observing dispersion of
coercive force of magnetic grains. By the use of the vaiue of AHcHe, it is
possible to evaluate virtual grain uniformity and magnetic uniformity.  Herein,
the minor loop represents a curve describing a minor ioop by causing a
magnetic field to be zero before saturation.  in Fig. 5, (a) and Fig. 5, (b).
average lines are adopted from among curves repeatedly described a pluraiity
of times.

Fig. 5, (a) and Fig. 5, {(b) respectively describe minor ioops and

hysteresis curves of the magnetic disk according to Comparative Example 1
and the magnetic disk according o Example 3 of this invention. AHc/Hc was
chserved with respect to Comparative Example 1 shown in Fig. &, (a) and it was
0.26. On the other hand, AHc/He with respect o Example 3 shown in Fig. &,
(b) was reduced to 0.15 and it has been found that the dispersion of coercive
force of the magnetic grains can be reduced by forming the spacer layer € and

the stacked layer 7. 1t is considered that this caused the SN fo be excellent.

Brief Description of the Drawings

[Fig. 1] is an exemplary sectional view of a perpendicutar magnetic recording
disk according io one embodiment of this invention.

[Fig. 21is a diagram showing a magnetization reversal nucleus producing
magnetic field {Hn) and a saturation magnetic field (Hs) in an MH curve.
[Fig. 3] is a diagram of MH curves in exampies and a comparative example.

[Fig. 4] is a diagram showing a refationship between an elapsed time and a rafio



to a reproduction output imrediately after recording. [Fig. 5] is diagrans
descri bing m nor | oops and hysteresis curves of a nmagnetic disk of a
conparati ve exanple and a magnetic di sk according to this invention. [Fig.
6] is a diagramshow ng a relationshi pabetween a coercive force Hc and a
SNR when increasing the anount of Si02. Description of Synmbols 1gl ass
substrate 2adhesion | ayer 3soft nagnetic |ayer 4afirst underlayer 4bsecond
under | ayer to a reproduction output immediately after recording.

IFig. 5] is diagrams describing minor loops and hysteresis curves of a magnetic
disk of a comparative example and a magnetic disk according to this invention.
[Fig. 6] is a diagram showing a relationship between a coercive force He and a

SNR when increasing the amount of SiC;.

Description of Symbeols

1 glass subsirate

2 adhesion layar

3 soft magnetic layer

43 first underiayer

4b second underiayer

5 ferromagnetic layer

6 spacer layer

7 stacked layer

8 carbon-based protective layer
9 jubricating layer

10 nerpendicular magnetic recording disk



Sferromagnetic |ayer 6spacer |ayer stacked |ayer 8carbon-based protective
| ayer 9l ubricating |ayer 10perpendi cul ar magnetic recording disk 25

25
CLAIMS:
1. A perpendicular magnefic recording disk for use in perpendicuiar
magnetic recording, said perpendicular magnetic recording disk characterized
by comprising a substrate, a soft magnetic ayer of a material selecled from a
group consisting of an Fe-based material and a Co-based material on said
substrate, a ferromagnetic layer on said soft magnetic layer, having a granular
structure, and comprising crystal grains mainty made of cobalt (Co) and grain
boundary portions mainly made of Si04, and a layer, on said ferromagnetic
layer, comprising a material selected from a group consisting of CoCrPt, CoPt,

CoPd, FePt, CoPts, and CoPds, the content of SiO- in said ferromagnetic layer

being 8at% or more.

2. A perpendicular magnetic recording disk according to claim 1,
characierized in that a spacer layer selected from a group consisting of a Pd
layer and a Pt layer is provided between said ferromagnetic layer and said layer
comprising the material selected from the group consisting of CoCrPt, CoPt,

CoPd, FePt, CoPty, and CoPds.

3. A method of manufacturing a perpendicular magnetic recording disk for
use in perpendicular magnetic recording and having at least a soft magnetic
layer of a material selected from a group consisting of an Fe-based material and
a Co-based material on a subsirate and a magnetic recording layer on said soft
magnetic layer, said meathod characterized by,

in a step of forming said magnetic recording laysr comprising,
on said soft magnetic layer, a ferromagnetic layer of a granular structure
comprising SiO; between crystal grains containing cobalt (Co), the content of

the SiOy in said ferromagnetic layer being 8at% or more, and a stacked layer,



CLAI Ms: 1. A perpendicular magnetic recording disk for use in

per pendi cul ar magnetic recording, said perpendicul ar magnetic recording

di sk characterized by conprising a substrate, a soft nmagnetic |ayer of a
material selected froma group consisténg of an Fe-based material and a
Co- based material on said substrate, a ferromagnetic layer on said soft
magnetic | ayer, having a granular structure, and conprising crystal grains
mai nl y madeontait 6dadriadr@od l=yad cgnaiisngi® matkaiay sgected fos: awionby nmade of Si 02,
and a layer, on said ferromagnetic |layer, conprising a material selected
from a grouponsdisiisy of Eﬁ@r%fCQ%fCQPP‘?: CoRtprad Geffsls, fogpipg32idand CoPd3, the

f o102 in salid f o j oat % 2. A
per pondi cul TroREghels Bier BT RN ek RSt P SN B R ID et R, 2t ori zea

in that a SpRgRbhbRYE 186t RehRE skidafadke@ :RUpcOapSIR] & Rpiofl seiled ayer and a
Pt layer is provided between said ferromagnetic |ayer and said | ayer

conpri si ng fe thageupabonsisfirectf g foPh&afidotipPt 698ts B goBe: moCr Pt, CoPt,
CoPd, FePt, CoPt3, .and CoPd3. _ A_net hod_ of turing a

per pendi cul gptif!%laﬁg{ 71 21900 PR PREPRNER %tgrgai%}éeﬁsﬁrepfeg?%gﬁ%ﬁg “3r magnetic
recordi ng ag,qﬂesgg,xé!ggggq\;hem@\%n s5@fdrofRgnetd gydrayer of a material sel ected
froma group consisting of an Fe-based material and a Co-based material on
a substrate and a magnetic recording |layer on said soft nagnetic |ayer,

sai d nmet hod characterized by, in a step of form ng said
magnetic recording | ayer conprising, on said soft magnetic |ayer, a
ferromagnetic | ayer of a granular structure conprising Si02 between crystal
grains containing cobalt (Co), the content of the Si02 in said
ferromagnetic | ayer being 6atek or nore, and a stacked |ayer, 26 on said
ferromagnetic layer, conprising a material selected froma group consisting
of CoCrPt, CoPt, CoPd, FePt, CoPt3, and CoPds, form ng said ferromagnetic

| ayer on said soft magnetic |ayer by sputtering in an argon gas atnosphere
and then form ng said stacked | ayer conprising a nmaterial selected fromthe
group consisting of CoCrPt, CoPt, CoPd, FePt, CoPt3, and CoPd3 by
sputtering in an argon gas atnosphere at a gas pressure |ower than a gas
pressure used when formng said ferromagnetic | ayer,



27 PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND MANUFACTURI NG METHOD THEREOF
ABSTRACT To provide a perpendi cul ar magnetic recording di sk that can
contribute to increasing the recordi n% density by inproving the SINratio
in high density recording w thout causi’ng an increase in DC noi se,
degradation in thermal stability, and degradation in recording capability,
and a nethod_of nmanufacturing such a dis k 10 for

' ding
use in per peRaRRENRIC Hedh %Té@MQ@SMDﬁKﬁﬁgéM@%%ék@ﬁ%érecordi ng

| ayer on a SH!E%F—{E)%tﬁ%éR &ae magneti c recording |ayer is conposed of a
ferromagneti c T ayer o% a granul ar structure containing silicon (Si) or an

oxide of silicon (Si) between crystal grains containing cobalt (Co), a
stacked layer 7 having a first layer containing cobalt (Co) or a Co alloy
and a second | ayer containing pal | #8UMAPH) or platinum (Pt), and a spacer
| ayer 6 interposed between the ferromagnetic |layer 5 and the stacked | ayer
7. After formng the ferromagnetic layer 5 on the substrate 1 by sputtering

in an argon gas atyBeRRRrELperbORiGAGRAA@MRBrdINd Sisk BlalBsth BhtsRrE tering in
t he argon gas atnosphere at a gas pressure |ower than that used when
form ng the foentreasignibeirecdrdipg detsity By griproving 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.

A magnetic digk 10 for use in perpendicular magnetic recording has at

least a magnetic recording layer on a substrate 1. The magnetic recording

layer is composed of a ferromagnetic fayer 5 of a granular structure containing

silicon (Si) or an oxide of silicon (Si) between crystal grains containing cobait

(Co), a stacked layer 7 having a first layer containing cobalt (Co) or a Co ailoy

and a second layer containing palladium (Pd) or platinum (I°t), and a spacer

layer 8 interposed between the ferromagnetic layer 5 and the stacked layer 7.

After forming the ferromagnetic layer 5 on the substrate 1 by sputtering in an

argon gas atmosphere, the stacked layer 7 is formad by sputtering in the argon

gas atmosphere at a gas pressure lower than that used when forming the

ferromagnetic layer 5.

Fig. 1



