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1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND METHOD
OF MANUFACTURI NG THE SAME 5This application is based
upon and clains the benefit af priority from Japanese
Pat ent Application No. 20094087763, filed on March
31, 2009, the disclosure of which is incorporated
herein in its entirety by reference. Technical Field
10Thi s invention relates to a perpendicul ar nagnetic
recordi ng nmedi um adapted to be nounted in a

per PN TRBNAR B BB U o
U ect | TSR R RSSO0 .

followi ng the increase in volunme of information
processing in recent years. Particularly, the areal

r ecor drhig apglitatiby isthaseddpen imidndaitd haBEAGHL iof priority from
recordi ng techni que has been increasing at an annual
dapaneeé Patentdppiction R @3093087768, filed on Mirclos1, 2008, the
recording capacity exceeding 200G has been required
giscloparentvhigicis inregperated hareioraita gntinety byrreferepced f or
use in a HOD or the like. In order to satisfy such a
requirenent, it is necessary to realize an

hgflgrgﬁgﬁtﬂ recordi ng density exceedi ng

( ' ch2. In order to achieve the high

recor : . d
uae | RO idtds b ORI iR Rt hleiym
£@46dItd e mounted in a perpendicular magnetic recording HDD (hard disk

drive) or the like and further relates to a method of manufacturing the same.

Background Art

Various information recording techniques have been developed
following the increase in volurne of information processing in recent years.
Particularly, the areal recording density of a HDD using the magnetic recording
technigue has been increasing at an annual rate of about 100%. Recently, the
information recording capacity exceeding 200GB has been required per
2.5-inch magnetic recording medium adapted for use in a HDD or the like. In
order to satisfy such a requirement, it is necessary to realize an information
recording density exceeding 400Gbitsfinch?

In order to achieve the high recording density in a magnetic recording
medium for use in a HDD or the like, the perpendicular magnetic recording
system has been proposed in recent years. |n a perpendicular magnetic
recording medium for usa in the perpendicular magnetic recording system, the
easy magnetization axis of a magnetic recording layer is adjusted so as to be

oriented in a direction perpendicular to the surface of a substrate. As
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25 system has been proposed in recent years. In a

per pendi cul ar magneti c recordi ng nediumfor use in

t he perpendi cul ar magnetic recordi ng system the easy
magneti zation axis of a magnetic recording |layer is
adjusted so as to be orientedin a direction

perpendi cular to the surface of a substrate. As 2
conpared with the conventional in-plane nagnetic

r eempaiedyvititbe eonverntionpldn{piandi magretic regpréing Gystem, the
recordi ng system can suppress a so-called thernal

f Pefeeodiciianmareetisresondingrsystant nan Suppress asb-csiledtHermpl
0 recorded signal js degraded due to
sf'lffgv%nanb&gﬂ@ﬁn Rrinswhich she thgmalstahilite of 8 repoated signal is

o0 e el or bRl St R 2 ShA bt s ost,ana
B L o 98 T,

B o s Bereiaglr e BRIRERLLAT G v,
(pROENdicular mageaiae6cd?aing Eystehd, aCdirPt- B0 parpehiienEp!

stability and 10 excellent recording characteristics.
Imagrietis rePdiry niediim feeeErdikawh at. aplEEE TanseNaygA] . 38,
medi um_ a nmagnetic recording |ayer has a granul ar
sh& ﬁcx_azsdzoaﬁm Repposedrhegause i eyhibitmhiph thetenal stabiltyeansd
oRter 1SEiHiGd CLaREEHEte | I B GAC G iin GerRepcictlar
tal i t-h h | cl t ked
S N e T S
Fhuiafe AT hetloGhete, AR dindRl WRTE S0, K b G are

FerpiBd S ResRAB RECATNA iR tROFRARI LERinLBRENRRBFA icﬁlumn(?r Co

portions between nmagnetic grains), and it i’s propose
erystaiewith arhopxhesdgonabelosast pBtktd) siudtor, theréby adiaving both
and Ta205 (JP-A-2006-024346). 20 Summary of the
ministirization of the magaetit gtains and-amimprevementsn eodiche force He,
EEéngum has been increased.,in recording density as

howe tha gp pideds pegd fas forming OUETRGNENE g ip oD Wies
peateb ph oS meRmbler S | Biobon touse, o
e e I

nucl eati on magnetic field Hn and an inprovenent in
el ectromagneti c conversion characteristics such as

Sumirmry bethehaventioari stics (OWcharacteristics), SNR
(signal -to-noise ratio), and track w dth narrow ng,
Anong Altheugh theemagpetisrenending medinR has begdintreased ot
accurate and hji gh-speed rea(]:‘iliI ng and witing even in
erardingdansity ag degeiRpdahave, a further improvement in recording

density is required for the future.  As factors important for the increase in
recording density, there are an improvernent in magnetostatic properties such
as coercive force He and reversed domain nucleation magnetic field Hn and an
improvement in electromagnetic conversion characteristics such as overwrite
characteristics (OW characteristics), SNR (signal—to—noise' ratio), and track width

narrewing, Among them, the improvement in SNR is important for accurate



The inprovenent in SNR is perforned mainly by
reducing noises in a magnetized transition area of a
magneti c recording |layer. Effective elenments for
reduci ng the noises include i @roving the crystal
orientation of the magnetic recording I|ayer,

m niaturization of dianeter of the magnetic grains,

andnd Sighaipees reddind'snd é&ﬂﬁ@&%aréﬁ*%&rdih%rﬁﬂg. ..

accel eration of the isolatlion of the nmagnetic i
i nt er r uptesimipheerRan HSNRIEQEQf@ﬁbdQﬂaiR@%FBUQHQ' RGBS in a

magnetic grains and it is therefore poSsible to

gr maghetized dransitibh areacif aanagwetictrecarding de@! YEFSRHVE Rments
the SNR  The above-nentioned perpendicul ar magnetic '

r elos retusiparteel hoisesh ineludg imprevipgahe caystas oriemtatioreofithl esagnetic
the SNR inprove to.isolate and mniaturize the . -
nef§ReEING [Byesi miniayrizaienphaiagetancf eumaaretiegraips, and isolation
oxi.gdes. . . However, the indjscrimnate

S peneticrainto) BYPOA HA T S IAIRB Do Raletion pthen
dé f : [ he,.cr ) l. qrientati.on of X
¢ RO or 1R A oS S Rlor e B st3Ger magnetic
or . 7 , y : i o
QA B s Rerd® RIRRE QAR B ees Ao
 OfrernbiRablyainplovedhd SNRE! TheQiNo9shdttionsd pbh net
whi ch i slydegcrived above, ei no__or der tog fﬁé{b%ggﬁgfgﬁfn\?gnetlc_
arnegonding ARiium hadng td grandiansirictueimiie BEONR infprove to
recording medium the establichment of a new
t solate qod mpnietuane theemagrrticagraias by foreting graip btwddaries by

bet ween the attai nment of high coercive force He and
aofides-her inprovenent of SNR Enbodi nents of -
nt 1nveption prov i cul

the prese i de a perpendi ( r .
rmgnot | HoWRyeS e RGIStHRIMAe ARcaISGiaR ol iseiation o fhe magnetic

[ overment in SN .a etic. recordin er, ,
+ RS T indst PR SdaririRt IR HyBtel SEialidTEshd Fiagneti
d ki . f . .
Bty oK réhe Rkl Giiind 6 e FRloRRAl Roordng fayers
N@stradad, it is impossible @ d@id the PhpidVeRRRE MESRRYRAISS ofiGihally
achi eving the above-nentioned object, the present

i shjeativer sinthe enarmietl whichéntiesarived abbee, imotddribafurtheeachive
amount of 4 oxygen ought to be contained as an oxide

i an ispgiase irctesoringdensiiy of theppagneticaasorditigamedium, the
magnetjc recording |ayer. Herein, it is unclear as to

éhmﬁn@f@@%?%maee Orgendsia chalignas te make rompalibility

-3as8,Sl_or Ti .and oxygep during. sputtering or oxygen is
Rerwesriihe ataingient o} lh cPBIFVErRIE ARY Aduthgr TRAtPVement of
r@afe, If 5 oxygen is deficient in.the forned magnetic
recording layer, it means that the excess el ement

exi st s sinple._atons. Then, it i s considered,t hat .'
The’ drwRadEens phiiebrasen! eation piedfte Brwengieuar magnetio
R¢BRlihE MéQuer fab RRUBERIelESam Uprsvehriieil BNRO of a magnetic
magnetic grains when Co is crystallized. It is i

fagprding layensthaestydaehiaying rﬁalflé%/h% igcrgass iimirpeerdinghgensity, and

fiftndr 1HHbia€Ta ethdd Br GhhRbtARG A & HWerBbndiBfiar magnetic

recording medium. '

As a result of intensive studies for achieving the above-mentioned

object, the present inventors have paid attention fo the fact that the amount of
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10 magnetic grains is degraded to reduce the SNR

As a result of further studies, the present inventors

have found that, by addi ng oxygen to suppl ement the

deficiency, the elenment existjng as a sinple

substance can be fornmed into™an oxide and segregated

at the grain boundaries as originally expected. Then,

a perpendi cul ar nagnetic recordi ng nmedi umwas 15

nBx@eaQushtte hecantwoedes an ioxigednsmoall decnirdiog 4 & Rorpanant

cq&gonen of a magnetjc recording l[ayer and the SNR
¥35¥ ol B1agnalic ecading-aves e Herein, iiasinbieanas tuwhiether the

endi_cul ar magneti c

t al t hough the, SNR of the perpe; >

B8 B deoiBarta Firtah s ement syl ek SLATTT GG @xvsemiiring:

[ LR Low..ng.an jnprovenent .in crystal
SR PR BeH el SRR TR APy e,
[ [ I Q
(SBERES el i b e a1 BHADG or it B0 it the
Gcbed 8l ' i f l &fg?d‘@ '

per pend ie"}(.:ﬁué rgl?ﬂﬁg‘gﬁ g{rﬁglé :aéé:rgg'd i -F]Iléé?ﬁr'rg : [ ?J mto rf&F g%éﬁbﬁagtoms
texisting asea sifmplet subttanes aberst expeiédiergesin tidahdaiiaostt he
ampunt of oxygen in the magnetic grains ch_anges o
Sngapped intn magnelic graipgevhem@e isstrystallizeat e Itoip farthies cohéigerad
tlgﬁh t hus IeagmgahZS to the reduction in SNR as a

§re 1. RO aly ap @ resihefi ih tha erystalrinntationtaf dhe

R A ST S, o0 o
or ) Orvas RERH Atfitnd LHict: ing PreEhihviedts HAGR i o, by
B VxySdri'l KippRAthnt B &efrc?eﬂéb.;m? Bi¥fent %gi%{iﬁé § qungIe

i nventi on. According to I'rst aspect® o

pulsstamie ¢anviRornBd irith 8h dxide aNdosgResite SethBYpath BouAdaries

magnetic recordi ng medi um havi ng, over a substrate,

as onhginally expeatpdet Then sxpempiendicliay magnetidreaogiirmedium was

structure in which a nonmagnetic grain boundary is

renH@agtused W inforpgating an gridizing agent asna comppngntnia

into a col ummar shape in the magnetic grains

maaRegHGrees ,d%ﬁ?y%frﬂ%ﬁh?% ?Q%%O%%%R@t‘?‘écor di ng

| ayer [ t | I dfroma ..

or oup OB e T3 ias SthélfaniBe ST Ot fne pgggindicutr
. e S ‘.

bt R L R e L ) S

iripeoEdOafoving aRdmploveRrht irPEgstakoritattioh Qﬁh%nhfillé’ g];a?ns due

group C consisting of oxides each having a sna
tGithe Mcorperationcofdlye AGdizingrageane, ipstedptoRiecrease when the crystal

orientation reaches a certain level. As a result of closely examining the

perpendicular magnetic recording medium for locating the cause of i, it has
been considered that since the amount of oxygen in the magnetic grains
changes significantly, an oxygen excessive state appears fhis time, thus leading
to the reduction in SNR as a result.

However, only by changing the incorporation amount of the oxidizing

agent, it has been extremely difficult to finely adjust the addition amount of

“oxygen. Therefore, in order to add the proper amount of oxygen, the present



According to the above-nentioned configuration, the
magnetic recording.-layer is formed by containing the
oxi de (group B) having a |arger G bbs free energy AG
.than the oxide (group A) adapfed to be contained in
the grain boundary of the magnetic recording |ayer.
The oxide (group C) serving as the reducing agent is

RSO S Al RRTAL 1F DIIP Kl St

Thav&ftphe, 1t i s possible to inprove the
m niaturization, isolation, and el ectromagnetic

conversj on characteristics af, the nmagnetic.grajns by ) o

Lhe oxAEOSNS 1 & fishsped ol e RSP Rt Bysaligh, therd 1S provided a

defdrpemdievaO efghetit feddi@ing>hegiuaf hb{?iﬁg,gb%#pa%ub%ﬂ%e, at least a
0

oxi de of the group B serves as an oxidl zing agent
sUpperaiiseceindlaygeyyita &f grenuiaé pliruriyre jrewhichya ppemagnetic grain

I e : ~d 1 j o)

naruat §Agfed BebbBn FRIATER dhoifs CbifchhUtBulntg @ cotumnar

ofshahe, wheotgin 8he imagnetipgsainbloentan &2, ust, dndePframdnthe magnetic -

of _oxygen to be supplied.fromthe oup, to the . ‘

oSO RS AR P et OB SR GIRG ACHEo 2 9roup A comprising

. 1 18105,01I03! hfd CRIDLI 3t |&tst bhe dXidtBelBoleSRdrh -a group B consisting of

- Accordingly, by secur el%) expelling the el enment of t%e _ :
oXlgies sChhaviidon [preer Gbks fiee engjaetGethgndhagroup A, and at least

( dBRASidd f ot I de Lhe . group..

at tﬁgidgér glglr?_t; ?uﬁégg;%?ﬁo@ o&g]rsggiv@ﬁtOfoexéé%dg%ghoﬁg‘gﬁg a smaller

t lsibley fyse ehengyi /&b themi the godug Be nagneti ¢ .grai ns '

ot herwi se caused by the oxide remaining in the

crystals of the nagnetic grains, it is possible to

provi de a perpendicul ar magnetic-recording nmedi um

t hat c Ascerdinigdodheabovepnenismentconfigusaierofthe magnetic

r}gggeti ¢ recordi ng | ayer, .thereby, 5 achigving a

f

FRrHig lwﬁéﬁ%@g@e BY/COBBINNGGe RN (_ageupwaymmh%iﬁmer |
18 BoSiglat LAY o0AS (e ER P 80D b b i the
S Pty S WREDERFR RONG e PR B8 0Bt & Boning

a8 the FeRAindagent ' 0ARE doRtirideroF EsHtIingG tRE Sount Bfoxygen

reduci ng agent is deposited at the grarn 10 boundary
of theayrbujp 8 aapted foanduize thaigrouphR. cThesefolrs, iD pobsible to
magnetic grains. Therefore, it is possible to

jmpnowe the mifjiatutization, isnlation, and elesitperagnetib canversion
affecting the crystal orientation of the magnetic
gharrpigristics of the magnetit ginsyrhe oxdepéthe 9mep randosven if

d B and. the rel ati hi p het t.h ' d
RBeB A EisPEPLEITa ML R QLT G oHP e TP dS ithe Sfaue B
SU5EE o 38l B30 s AR A SR e, by

Lati . )
%nﬁ?&ﬁagﬁrﬁ?gcul e tg?g}% abl @rgﬁl[??gpgﬁgi? \%/een ?ﬁ@bs
e sﬁergg AG'@af the BxiBe 3N theldteup B, Hés Sdssidie trﬂﬁ%jh'ﬁ tfe amount
This makes it possible to finely adjust the final
ofioiyeen tf bexympdiedifvemthielgroup Bde tief grobp Agmmip fillelp thdn by
i s added per unit amount (e.g. unit nmol%. 20 For
chaagipgéhe inrorparatioroamdents thengrogip Gufsell. | dcardglywby h
an oxygen nunber of oxi de of the group Cis

4 dth
sscwely expelingdhg @&mﬁrﬁg}e tmch, ha rouprA fringaa magnefic
aréing ‘f@p(g; g ie gfjeé@'pnrg SRR idY of e Goup K a’fhe gaih Botindary)



10

15

20

25

The oxi de of the group C may preferably be each at

| east one 25 conpound sel ected froma group
conprising SiQ TO, Cr202, and Cr303. Si, Ti, and Cr
are the elenments included in ghe group A The el enent
of the group A is expelled to the grain boundary of
the magnetic recording layer. Accordingly, it is

| bl ) d dat | f th I
of5 Bl derafationer e Shiacareptagon of hesTmgnatiagrains
CBRAsR L% B0, AR BUNEBRREN B ragnagiorains
RIS BoRitRe td StByS P R IS IRRRE LE G S il that can

PA&HISV i
e G SN he E S BRIng By BF ooy
Véchievivea furthe? indréRan rédoréing denyigt al s of the
magnetic grains, the elenment of such an oxi de does
not dedhadudidenss the gedupl C preferablyttiasra edmpdstionigWeHitis oxygen
grains. Therefore, it is possible to supply oxygen
vifideicienisTom fhe exide silapted ta becontgined incthesgrainchoumdary,

Pref erabl vy, magnet,i ¢ recordi ng

:%%PZ’FCFP%t%@&é%ﬁgw@wewnﬁéﬁams@mmg Fryebisdormed
i) ShrPofas W A bt e e defasiegptiee grai
(R SOy PRy AR bld b3 By B Py g i

I'Thersmsed ithy pdshi ' b bf d '
to supply ogygenettd;wgggﬁ%ﬁgﬂ%tltgg%%uﬁgﬁ6%ggﬁzﬁilh%{a
taffeciing/the arystal iotiehatibe bf e rRadAebt gedifs. further, since
SIC/ serves as a reducing agent for Co304, it is

possi bfke tefationsbipybesuipersthet dgroupsvh and BudndthggelativhsHis
ensuring the crystal orientation of the nagnetic
Sehyaen t erﬂr@nsdi and Crarp gach @i relatienghip in Qibba free energy AG,

R oo TFERSh R B B oA DY O b o
US89 B b Sy s BB i foen vepho

AL SrRfRabIS iFeerd BeeRs e BRAESY gfr“e g%r?ﬁ%’giﬁ%ﬂ&hk%e of

over a substrate by e use al ning a

thet grbug Gnt Jihi mMEkéDit peEsiblens! iy adjust B8 FinaPEmBEI Sfdxygen

selected froma group A conprising Si02, h02, and

¢hen the atidé ebtht group Bxar dkissaelded pedufit amoaniea unk mol%).

consi sting of oxides each having a | arger G bbs free

EXre@mpkes whenthernxiderofthe grousrRlisBoaCaawth amexygendwmber of
elected.froma group .C_consisting of oxides each

§207 o G581 e aerm g I3 M N SRyosmnuRIeT of & RATbelh

&ygeﬁ largely increased in number by Cos04 can be reduced little by little by

SiO.

The oxide of the group C may preferably be each at least one
compound selected from a group comprising SiO, TiQ, Cr;04, and Crz0a.  Si,
Ti, and Cr are the elements included in the group A.  The element of the group
Ais expelied to the grain boundary of the magnetic recording layer.

Accordingly, it is passible to prevent degradation of the crystal orientation of the



i dea of the perpendicul ar magnetic recordi ng nmedi um

~descri bed above are al so applicable to the nethod of
manuf act uri ng such a perpendi cul ar nagnetic recordi ng

medium Effect of the Invention According to

enbodi ments of this invention, it is possible to

- provi de a perpendi cul ar magnetic recordi ng nmedi um

R et BRI ot T
RSB LY fo S WE BRI YIS o R s

I e@Ofhei anBRs bdrdif Ier. Description of the Draw ngs
Fig. 1is a diagramtor explaining the structure of a

per pendi Thel cxidesegmied jroup @by bRdeBBibaBRARCANLHsP8NA O
an enbodi nent of this invention; Fig. 2is an

El Comperne stiestpdaionszogionp comersiemE00i €5;0f, Gud, ek 0pand
' 3 is a diagramfor explaining

f i des; . Fi g.

? h\é‘?célrm Eﬁ?f_‘ if)ﬁ"%ﬁimdlei%éh% ﬁ%’ﬁtalswfﬁ@ﬁm_ag@etbegrai!ﬁcﬂmraﬁdent of
I T T
f We) ff ' : .of EX \ i

wn TSR Pkl 1S LU R S8 e e R e

anfagneti GAS 1 \ and 58 are diagrams for further
exp?garll-nfrq%co{? !gge? ectiveness of Exanples each in

whi ch SP@férﬁWy.%e&ﬁa?féﬁ@*é&ﬁdiﬁé |#yePisthifdéofas added.
Mbde for Carrying Qut the Invention

He3 el rRbIFIRVBI0R O, Of-Si0 £ dAestrding tethis ainfighiatiohwment i on

wi Il be described in detail with reference to the
acubiapaiRetiongandrisnietion of GrEdY beingtthe magsetis geadnd ¢an be
nynerical values, .and so on shown in the enbodi nent
a?@:&lgﬂpy by §i0z-and, further, the electromagnetic conversion characteristics

{particularly, SNR) can be improved by TiOz. Further, by Co30a, it is possible
to supply oxygen to SiO; and Ti0, withdut degrading the crystal orientation of
CoCrPt -ahd. further, since SiO serves as a reducing agentfor Coa0,, It is
possible to finely adjust the émount of oxygen while ensuring the crystal

_ orientation of the t‘n:_agnetic gréins. This makes it- possible to provide a
perpendicular magnetic recording medium improved in SNR.

According to a second aspect of the pfesent invention, there is also
provided a perpendicular: magnetic recording medium manUfacturEng method
cdmprising forming a magnetic recording layer over a substrate by the use of a
target containing a metal containing Co, Cr, and Pt, at least one oxide selected
from a group A comprising SiOs, TiOs, and Cr;03, at least one oxide selected
from a group B consisting of oxides each having a larger Gibbs free energy AG
than the group A, and at least one oxide selected from a group C consisting of

oxides each having a smaller Gibbs freé'energy AG than the group B.

The components and the explanation thereof based on the technical



illustrative purposes for facilitating understanding

of the invention and are not intended to limt this

i nvention unless otherwi se specified. In this

speci fication and the draw ngsg conponents having

"~ substantially the same functions and structures are

aSS|gned the sane synbols to thereby omt duplicate
and, further, stratjon of

exp nati on
nﬁ%ﬁ e R%&nql%”%@aame% &QO@J Ipgmgdem desarikpd above are also

I nvent,i o Per | a
Nagﬂezeﬁca&&éwﬁdvﬁ%%ea&a"bf%ﬁ@angi S -
_exp structure of a perpendlcular 10
nagr?gpwg{b?@%@ﬁ@r ng nmedi um 100 according to this

enbodi ment The perpendi cul ar nagnetic recording

medi um 100 shown in Fig. 1 conprises a disk substrate

11Gfieanofelb @RieBon ayer 112, a first soft magnetic
| ayer 114a,- a spacer |ayer 114b, a second soft

magnet i ﬂcb&ﬁﬁ] blambodinirits WA RYEHtichL Gt té‘p&é]ﬁl& to provide a
under | ayer a, a second underl ayer 118b

noﬁﬁﬂ@@tqu@fgﬁwflﬁrfe{:@@e’lg mglium ghay cfanr g@hlﬁ\s@ﬁetmwmvement in
re I 2 d jiadpet r,d]

| ayar B, el o TERTT AREEY fiER 2 Mher incroase in
pr edczeding eddraiter add® Gurtlerdta plrmbde cametigod af anadid8cturing such a

The fir of t rra netic layer, l1l1l4a, the spacer |ayer
11 BEPeRRtsU R ETGBEgN oOMDS RRIT ¢ | ayer 1140

cooperatlvely forn1a soft magnetic layer 114. The
first underlayer 118a and the second underl ayer 118b
cooperatively forman 20 underl ayer 118. The first

nagﬁggtmgscﬁﬁwgﬁtﬁgdwﬁgslzza and the second magnetic
recordi ng layer 122b cooOperatively forma magnetic

recor di 1fg.| 1oy ardiagram for explainingsthé brudiekofsespemticular
110, use can be nade of a glass disk obtained by
roinagneficecendingphedismacgaidingsid arcemlodimeantofi thisanwention;
~di sk sh%pe by direct press. 25 The %}I nd, si ze,

t hi ckneddg. 2ifan &Jinghagr diggiamyshawing;irek eap@igssl formation of

partlcul arly limted. As a material of the glass
%’ﬂd Suse can be made of, for exanple,

R e N -
glqg 82 I didehalqddWiisoan Biaizing SYehband & h@d@uﬁg dderithife mixed
together;
| Figs. 4A and 4B are diagrams for explaining the effectiveness of
Examples each in which SiO serving as an qxide' of a group C was added; and
Figs, 5A aﬁd 58 ere diagrams for furtﬁer explaining the effectiveness of

Examples each in which SiO serving as an oxide of a group C was added. -

Made for Carrying Out the invention
- Hereinbelow, a preferred embodiment of this invention will be described
in detail with reference to the accompanying drawings. Sizes, materials,

specific numerical values, and 50 on shown in the embodiment are only for
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10 gl ass ceram c such as crystallized glass, or the
like. This glass disk is ground, polished, and

chem cal ly strengthened in sequence, thereby

obt ai ning the snooth nonnagngtic di sk substrate 110

in the formof a chem cally Strengthened gl ass di sk.
50n the disk substrate 110, the layers fromthe
ﬂdhevae layer 112 to the auxiliary recording |ayer
higtrative pLsposas fonfastitatiog dwdprstandidg ofthe inveotion and are not

sputt ey, Jret hod. The protective |ayer 126 can be
ieis to) il Blorivantian anless otiamise spetfedi uihispeaation

.can_be for hy a di.p coating nmethod. In
Y Be ARG cHRBHTRT frvhfo 3u5eulal? W Sarke inmias Ao

i L ' j et - .

e e asingd BR el Whnereest fimisate puptanation
" . . , q
e RS RR T cnBofertE Maths hevdffeh/ e I
inagetionli$ dntitked.a functi on of increasing the adhesion
strength between the soft nagnetic |ayer 114 forned
t her edembedingnd) di sk substrate 110 and a function of
m niaturizing and equal izing crystal grains of the
r espedPefpendisulas Magoctic Reserdingdvledinm] adhesi ve | ayer

112. en, t he, di sk substrate 110 is made of anorphous
gl ass, 'Q'h%'séoﬂ@g'i%%lrgﬁ%'?'"i“&t e SUHFivre.pbd porpgRdicular

i tihon t .he hous
AHERER o Bing Wbl 0 Ao RARE ¥ e Bodinnt "ot ot o
&l ; A Itedi ! ; i
RSBty R ecaiaio e ARRE TR o P hdihpriths a disk
dubstrbte 10CAA adhasios! layaP 1 1TH) Urst sifiehagstié 13y hla basB4ker
anor phous | ayer. Anong them a CoWbased alloy film
layerpdrb| a secoridysoft rabgnetin! laydrelddosepretuddariapeat6, a first
anor phous netal filmcontaining mcrocrystals. The
Lnwiegayeresl 18aye seaand ynderipperal 18bng Ineninagneticgrasular layer 120,
single material, but, alternatively, may be forned b
3 st magnete woprdinalayes, (2. B apepad magneks eacarding ayes 1220,
W |, r or.a Crw er .be for on, a, or.Ti.

R Erasbinid Fyer 17, LoffBRuyE b8 226,273 £ igatngaver
126, SAHEAR SR8 riadhRkiE idyr 19454Ab Bhdth: FRJeP 204 /€ second
caf bon monoxi'de,” nitrogen, or oxygen or i's éxposed o
sbfiChaghedieJayRir 1146 copdrapely RYfra soffhagnetic layer 114. The
first underlayer 118a and the second underlayer 118b cooperatively form an
underlayer 118. The first magnetic recording layer 122a and the second
magnetic recording layer 122b cooperatively form a magnetic recording layer
122.

As the disk substrate 110, use can be made of a glass disk obtained by
molding an amorphous aluminosilicate glass into a disk shape by direct press.
The kind, size, thickness, and so on of the glass disk are not particularly limited.
As a matetial of the glass disk, use can be made of, for exampie,
aluminosilicate glass, soda-lime glass, soda aluminosilicate glass,

aluminoborosilicate glass, borosilicate glass, quartz glass, chain silicate glass,
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The soft magnetic layer 114 is a l|layer that
tenporarily forns a nagnetic path during recording
for causing the magnetic flux to pass through the
recording layer in a perpendggul ar direction in the
per pendi cul ar magnetic recordi ng system By

i nter posi ng the nonmagneti c spacer |ayer 114b between

ST A5 PR 0, et S
G S GAGAY ONEn TS SIS K OTRIDBLing e

rERgth hemsnagnett disic§utaiateo| 10 Ranhe Rin M&%ﬂzﬁa‘l yer
114 can be aligned along the magnetic path (nmadgnetic

streogthehedygiass disgh accuracy and thus the

per pendi cul ar conponent in the 1 0 magneti zation

di r ect Parthe disk:subsinatey!10ctivadayers fomt thetadhesive layer 112 to the
possi bl e to, reduce noi se generated fromthe soft

i recordipgrlayerd1 24 ase formnesimseduencerbyd Dhmaghetson
BB Etofl TS Rralectie Javes 125 B3 b1 punee by SdeVGynethod.
Tl - h,. CFE
THefbafer S Rbfioahaag B PR BY 5 YR FostiamEpc.
WBiivis! RGN prod@athvity,litis Blsdbretdisblb & Bse pn in-line %@: film forming
s a oy |ayer an

pre-underlayer 116 i nonmagnetic a _
reethad. f HErtinbelowf they stturbires of theaeSpdd m&% Wil Beed&cribed.

v
114 and a function of orienting, in a dis
per penthaadhesivei lapert 118ris farmedda spntaeipmtt theadisiosulsstiate 110,
3{‘ a hexagonal closest packed structure (hcp
¢ gdbesivg layac114kas a functien oh ineraasingrthe aghesiomstrength

heegR e £ tg}ajgﬁg_ﬁé ByRe PR fBames tareonang the disk substrate 110
a6 S aRofic? i dndadtaiaht Bt g bfibe Femecive
ih IQers hfahﬁed)bﬁ‘erliﬁé’ %Bhf’%@é lay&f1{RY Wgélﬁth% LK %‘E%%’;a?e “fois

such a crystal strdacture and an anor

miate of dmershous lasethe sdisatigydral 24 pieférably an amorphous
pre-under| ayer 116, it can be selected from N, Cu,
#oy filrd foizadaptitionNb theachofzhoud GlaNststrfasei vel y, it may
be an_al |l oy containing such a netal as a main
corrpoﬂ'é\@tacé\%w@rﬁ@ﬂﬁrﬂ ap beggiadteshtiomelog erample, dom

For it is possible to

é@ﬁ%ﬁ%@?ﬁ@% RYe" 3G AN Bread b pbouR laybr &/Cidihasgd
ﬁn&?:ﬁofé Hﬂr‘é“, lér@rTa-Bja%ed amorphous layer, and a CrNb-based
amorphous layer. Among them, a CoW-based alloy film is particularly
preferable because it forms an amorphous metal film containing microcrystals.
The adhesive layer 112 may be a single layer made of a single material, but,
alternatively, may be formed by laminating a piurality of layers. For example, a
CoW layer or a CrW [ayer may be formed on a CrTilayer.  Preferably, the
adhesive layer 112 is formed by sputtering a material containing carbon dioxide,

carton monoxide, nitrogen, or oxygen or is exposed to such a gas at its surface

layer.
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The underl ayer 118 has a hcp structure and has a
function of growing Co crystals with a hcp structure
of the magnetic recording layer 122 into a granul ar
structure. Therefore, as theqcrystal orientation of
t he underl ayer 118 is enhanced, i.e. as the (0001)

pl ane of crystals of the underlayer 118 becones 5

gﬁ[ﬁt P %Liﬁbatgﬁ?ﬁé“ @Y%P'L i% %ggf% f?rtasgrqnbyejléms a magnetic
ol SFording B cdlRHAChe MAGRAE ALPE pbhrdiohipd),

aédoedllﬁ% dyéeinva pé@BnRulRe HREMRA ufm THHB dléﬁlgr Bﬁgﬁehc

Since Ru takes a hop structure and has a crysta

redording systemr v By inteqrsirigathe mahmagnédiz spater m?sﬂmtﬁbetween
recording |ayer 122 conposed mainly of Co can be 10

ihs! firstosdfionagnetic layer 114a pnd theesecand softenagrietic lager dn4a|the
of the underlayer 118 is Ru, the underlayer 118 can

peft magnetiplayer, B4 canrhreanfigurasde heve Al Copntifesomaggetioe
SEhaPhE SDRal., SRR 1R Epadaur b, AGReEraboR i ting  the
Softrachét 805 Ha ShtieCarblnediaidpt (8 m%sﬁ'ag@m@aqmﬂ?e
amm AT Wdﬁ%écﬂ?ac?%ﬂﬂﬁuélﬂ@eﬂé falr 2 g?dbh Ein%ﬂghan

| ayer side, the gas pressure o

tnhghetizatiod diredtion i _bﬁh'éméﬁftreﬂhmﬂf b@m ltléﬁ@swetta eeduce
| ower | ayer side, i.e. set to a high pressure. This

maise: gendrafedSein the soft fapneticlayédre] 14r y Ak dthe compositibn ofithe

of the magnetic recording |layer 122 by the first

firatraft mpenetiviayerdida apdihe secand sof magnedicilayezd 1gcaﬂscscan
gnet or di ng Iayer 122 by the second

%@@Bp %,?a,comllggageecf alloy suchas; Gl adh gp-ggsl‘éﬁ%d alloy such as

¢§§£F%? eokalBz A g B Ty ke RN RIS I, Bt

é?lﬁ}a[ &t @ érake the filmecoarse, so that it is
poOSSI 1e Ifam litate separation and miniaturization

of Ru mew@@hdwa}leﬁawm; hBekpagRetit dNoftayer 2AdHag dRinction
crystal grains A very smal |l "anmobunt of oxygen nay

dfepratedting the sBit rudgrictie layed dn4 apd 2 fid@iondiicsientiig; 3n atdisk
possible to further facilitate the separation and
pependicarditection.dhe ersy magoetzatian ayisf ﬁdﬁmunai@oae@t
achi eve further isolation and n}.nl atur i zat ion of the
RasKed 939@#’99(1"8? ﬁgu%tﬂrﬁ)wlﬂi%ﬂ‘n'@t the updar BWGF 18 fostped thereon.
IiL % preferable that, in the pre-underlayer 116, the (111) plane of a face-centered
cubic structure (fce structure) be parallei to the main surface of the disk
substrate 110. The pre-underlayer 116 may have a structure in which such a
crystal structure and an amorphous structure are mixed, As a material of the
pre-underlayer 116, it can be selected from Ni, Cu, Pt, Pd, Zr, Bf, Nb, and Ta,
Alternatively, it may be an alloy containing such a metal as 2 main component
and one or more additional elements from Ti, V, Cr, Mo, and W. For example,
it is possible to suitably select NiW, CuW, or CuCr as an alloy having a fce

structure.
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13 Oxygen may be added by reactive sputtering, but

it is preferable to use a target containing oxygen in
sputtering filmformation. The nonnagnetic granul ar

| ayer 120 is a nonmagnetic |gyer having a granul ar
structure. By form ng the nonmagnetic granul ar |ayer
120 on the hcp 5 crystal structure of the underl ayer

iésné‘;;?c@?f%’érﬁyep%%%?f’%%‘ b1 gt e o rvin
ConaysaRites Btp 38dule 0 hagndic ARBRIASBYEE 122 e =
QEQGristrugiupd| U | Pieréfoys rasftﬁ@ &ry@.rh: 'oﬂéﬁt!a@c%n 8t Md?\déhéyqeer 118

(buildup). By this, it is possible to faci |tat

issrihantced, i@t as the (@0MEplane of eiystlnéf the anaam@r 48 becomes
recording 10 |ayer 122. The conposition of the
morRragiadel to the main surfaceyoftha disk substrate 418, ivisgoskibie to

struct e b a_nonmagneti ¢ substance to

Li’%ﬁ %‘Eﬂfﬁg&{’? %Fsmé f‘ﬁfé‘éf?cﬁﬁﬁﬂﬁ@ﬁéﬁ 142, cr&matﬁrlal of the
[

%&%ﬁﬁEﬂFﬁsﬁwﬂmiﬁﬁ@r@?&ﬁm o hegeFoted Gora RuC and
0 i ngl ' netjc

RBEE, amircs R Bkae a 1R SHELRY pifo 3% Ao R Rikaldose to

[

that Srep: themharesc Z%d"?‘ﬁ“? et 322 dbpBSed ARIDERCH chn be

walyenert@d. has a granul ar structure. CoCr- S| 02 is only

one exanple and nmay be replaced by another. For

exanplie theCeadervhele i oaterizt of thiet urideylayereld 8iis Rue b

Furt her, |nst ead of Ru, use can be nade of Rh

tmq!damni qan have|a erlawgr Stﬁ\gﬁi{@lmadﬁ of Rby cbamgingihe gas
ek ALty iongn, SBetltalbingate eaforbig et ingedayer 118

nagéte'@%ﬁav%%h%e‘f?ﬁe bt ?‘ae% Aol 48 8 ecprRbigatined

p‘?ﬁﬁtﬁa 00%. bG PREIUR AT NG foPRInGRAE Shtdnd Xty ar 18

y be a nonnagnetlc subs

e d)p?@i' lahEesiie, thegak prdssdle of A is QEREhED dthé? ltﬁé%;?? forming

Si X), chromi um (Cr), chrom um OxlI
the first underlayer 118a on the lower layer side, i.e. set to a high pressure.

This makes it possible to improve the crystal orientation of the magnetic
recording layer 122 by the first underlayer 118a and to miniaturize magnetic
grains of the magnetic recording layer 122 by the second underlayer 118b,

As the gas pressure increases, the mean free path of sputtering plasma
ions decreases and thus the film forming rate decreases to make the film
coarse, so that it is passible fo facilitate separation and miniaturization of Ru
crystal grains and thus to miniaturize the Co crystal grains.

A very small amount of oxygen may be added to Ru of the underiayer

118. This makes it possible to further facilitate the separation and

~ miniaturization of the Ru crystal grains and thus to achieve further isolation and

miniaturization of the Co crystal grains of the magnetic recording layer 122.
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25 titani umoxide (Ti02), zirconiumoxide (Zr02), and
tant al um oxi de (Ta205) can be given as exanples. In
thi s enbodi nent, the rionmagnetic granular |ayer 120
is provided on the underl ayet3118 (second underl ayer
118b), but not Iimted thereto. The 14 perpendicul ar
magneti ¢ recordi ng nedi um 100 can be fabricated

VDRt LA [ Co G | r 120
ot may 6 ity et SRRy B IR MG e B targer
QroAtEMiAg oRYdendh epattsihg MinGBrmAatienMagnet i ¢ subst ance

is segregated to formgrain boundaries around 5

magnet The goamagnetic grahalaAlayBONED isG SoHisigHbR i?'ér HalPg a
froma Co-based alloy, a Fe-based alloy,” and
gramdareirusiurey . Byforping/thedinogniagactiopmmgiae tdyer 9202H/tAE hep
| ayer 120, these magnetic grains can be epitaxially

Pk stiueitrenefdhe Lpdenayer (118 agd b grewing argranulaelayer of the
.The | ayer 122 may be a

ST it BSCopting Ve 24 (as s thagalic reparding ?égar 152

i i i 10 122
E'Feb?g%%rtﬁ%aﬁ@ﬁ?@ﬁ%t@é?@%@faP%y@fi%Mﬁg%ﬁarfng,me
Bt glanGRTIAS! K01 ML SERB TP, 8] i
bussible ¢! fRflitde GRMtRN\G tﬁé’bﬁlﬁnéﬁb &nids%&ﬁ@mdggfaﬁ@ fecording

size of magnetic grains with a relatively s

- lysu 2. of Thexeotepsosititineof ke aoompgenidranilg8ciayel 120 LY Rave a

122b serving as a main recording |ayer has a | arge 15
gransian stryctute bysegregatingoe nonmaghaticcibkianea tb foomt grains
relatively | arge anount of oxides to achieve

AYIoFEY RelYreNRamAaanetic stvstl arinhmgdeof @ Gp-hased alloy.
there i evi inmprovenent in SNR. .
it s O BB dne MRGABREE atabuRe liven 129 i mpde of
GRCRSIN . P BBifne SiQsfHonfiagnicSMsdice) s seqrapatsg to fom
r . »
e L AL DS Aty Ryl draig indiifaghetc cryptl
grainisp sorthpt thendronagheticgganuiatiage MEDTelY £ g@inaldi StiiBtife.
of CoCrPt and grown into a columar shape. These
GagREiGds gnlyi one exaspepiand may by rapianed oandtherou Floy example,
r t he granul ar. gt ructure of the nonmagnetic
GHRRH-I0A kapdie SLileblyaipedTestaamrierdneead ohRuctss oan be
form the 25 .n ti rai.n houndaries .of the
oS pF i heaRR), R SRR s s NeRe s drmias rdigdim). or
n | ge . .
Ao e pEnimabile o BRAERIRY O poy STbARGH MO B s
4 &!&@n@e&ﬁéﬁ@n%ﬁﬁ?kﬂﬁ bolAdAtDs arblif' mAyhSfc §EFR0D as to
and boron oxi de (BZ203) can be given as exanples. A
suppresser Hloch ths ekdiiangd isteraction between the magnetic grains and
that may be a nonmagnetic substance which is not solid-soluble to cobalt (Co).
For example, sificon oxide (SiOx), chromium (Cr), chromium oxide (CrOz),
titanium oxide (TiQy), zirconium oxide (ZrO;}, and tantalum oxide (TazOs) can be
given as examples.
In this embodiment, the nonmagnetic granular layer 120 is provided on

the underlayer 118 (second underlayer 118b), but not limited thereto. The
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15 carbi de such as B4C3 can al so be suitably used.
The second nmagnetic recordi ng |ayer 122b contains, as
nonmagneti ¢ substances, at |east one oxide sel ected
froma group Aincluding SiOg Ti02, and Cr203 and at
| east one oxide selected froma group B including

oxi des, 5 such as CoQ, C0304 Cut), Ag20, and W3,

BRI el PSS o o8 25 BSiteq o
%@%@Eﬁ)thﬁo@g&%%b ﬁ“ﬁ%?ﬁ‘gééf)e]zgan be used, Also in

the segpy g-,a@ﬁgg@ﬁécsrdlﬁg Eﬁ(@f %:?ﬁ-%r g%rg_geﬂ-@ﬂ h¥fure in

structure can f or med

Mmm@abhmagmﬁ&@bsﬁﬂb@% M@g&ﬂ@tﬁ ﬁnﬁtﬁ?ﬁhmﬂaﬁéfarcund

10 segregat ed to formgrain boundaries around

megnetic graimsaofrahard deagrifetiCastbftanas delgctedrromt Cwbased alloy,
col unmar shape. Co304 being the oxide of the group B

R esbanadaalien andtaNicbasedialpy. wWBy peevidiag trennenmsagrieadic granular

[Ber £28, ta%fabgéaé;&%’ag{jféﬂiami ge: XallY pisven Kokl from the
0] )
Siktuth Sﬁage' ekl e FinoRatic Feohis By m%? Ay ke gogle
P OB hisXhodife RO R folmBl b 4 fidPragRERDIEddify taver

‘1 bea gl ﬂ'% §cohd ?ne?;’n@ﬂ@ r&d‘r@ihgleﬁ%r 4020 heGHGH hﬂﬂuﬁ erent

use can be nmade a conpound whose AG for oxyg

mbbﬁﬁoﬁs‘m thivkhesdest h¥heXirdenainetib ecdarding dyer SEP_Q is
for exanmple, SIiQ 110, Cr202, or Cr303, i.e. a 20

smaﬂ buthitkhess ing securesposoarcive foroe \ici hyhnmeygmg thes size of
deficient fromthe oxide adapted to be contained in
masngv%srﬁlwﬂu@m!e%velma“ amouphef axdesnd Thageeend
recor

rAnai o Byar Ton ferinh e A bindpchidh jer s a farge

é?@ﬁi%se%’ﬁhé’feﬁ%%%&% AEEH BEning Y seP&"#%a%oum
b SIS SHhRNE iglAtidn a1l mﬁuémhfmn%ﬁthg?éna Brding éhereby

[arger AG than the group A and at |east one oxi

sﬁhe\ﬁhgdnfm?mémngihMRC i ncl udi ng oxi des each
havi ng small er AG than the group B.

Accor dntigs gmbadiment iherfestioagnetiegecnrding ayerd 28a yumnbe
its COE@OSIH on becones the sane as that of the oxide

mede oh {CeErithErePaios (BeCHYi(ERskRC)nudheir compositions can

form a granular structure in which Cr20s and SiO; (oxides) being nonmagnetic
substances are segregated to form grain boundaries around magnefic grains
made of CoCrPt and grown into a columnar shape. These magnetic grains are
epitaxially grown continuously from the granular structure of the nonmagnetic
granular layer 120. As the nonmagnetic substances for forming the
nonmagnetic grain boundaries of the first magnetic recording layer 122a, oxides
such as silicon oxide (SiOx), chromium (Cr), chromium oxide (CixOy), titanium
oxide (TiQy), zirconium oxide (ZrOs), tantalum oxide (1320s), iron oxide (Fea04),

and boron oxide (B,0s) can be given as examples. Anitride such as BN and a
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16 the predeterm ned function as a magnetic recording
| ayer is not degraded. The reducing agent is bonded
to oxygen (reduction) separated fromthe oxide of the
group B so that it is possibjg to adjust the anount
of oxygen to be supplied fromthe group B to the
group A nore finely than by changing the

A RER0E p0BC PR AR st BR&E o form the grain
educ, noESecond R sl %%éﬂkaw%ﬁwamﬂc
SRBS@hds, @t %'a@ﬁoﬁ%ooiuﬂ@&elé&teﬂf’froﬁ?ﬁgtr opﬁ L%@/srts,_, TiO,,

degradat| on of the crystal orient

wedCriOcand ai losstankanidesselectes rdnby gtdu@ B ¥iclRing oxides,
remaining in the crystals of the nmagnetic grains.

s0¢h gs C2Q, Lo U i nadd AYOareachdaiving 4 aeger Gibbs free
energies of formation of oxides. As shown in Fig. 2,

ﬁﬂéfgméfilé é?ser@lrf:aﬂq%rél@plmpfege@dﬁm.&fﬁ)rtgaa@mmym eAsa
102, ,0r 203,
speine exprmme. Giot BBy IS ool e 5 yoshp Apoimte

PRI et
Rﬂﬁfﬁ"ﬁ hha 5'; 7y ng%sﬁé 858 r;ptgméan@nrﬁé%ﬁa(}lc%tbe{anw?are

roup d as si

ségregad&a tmr?egmm isutidafies ALMEdhaghalic grhihs it ﬁfm)CrPt

oxl de of the group Bis not required to inprove the

and geovin into @ toluhmanalyaps. | a6 bedtigihe loxider ofdbe group B is
oxide, a selection should be nade such that even if a
sepafrieddnteremeand ©, wheraim foceritensdhe magmetic gtains (noki ns,
the crystal orientatjion thereof is not degraded. As a
fissharges fropy théi%ﬁ‘ﬁ"!ﬂt‘ﬁ gra;%ﬁ). L0 sxpaiements ongenisieligiency in

t.an an. oxi gde of the group B can
B TR pBPole Seles Rnkralh A the

d
oo Ll f%a"éé&g% @h%e?ﬁﬁf? rifer SBffair! dHxide
(feau&:wagaﬂ) 6%‘g|%p$$b§£1§t§§ té Feitick iR abA\e- Héﬁt.@ﬁ@di&ade of

of the group A, oxides such as silicon oxide (S0

the grbuwBi uis (e dxide bf thai group O fdemingrtk@ygduding ﬂq&fﬂmse can
oxi de (1102), zirconium oxide (Zr02), tantal um oxide
lge Ea08)of ai gamrpourd ahosBe® By oxigen Iscnalies thatethabaliby oxide
can be given as exanples |ike the oxides of the first

oflhP 8roup Bewhmsf@nea%ﬁplel@z@ Ttk 6122 RE RO 1. ¢ea
et atan EGbBrllo bRyt orLosrth gt fomJng Sice
o tsé\%t:éﬂaiﬂe& h‘?th%ﬁ%@ toundliss. | ‘ #@?%Wsé@nﬂ%ag}neﬁc

necessar 0O ensure unction o QTOU

l@ébﬂilr(?? Rge BT is Formdd sy @ingB t geFe!értt‘é\’ﬁrng Rmeslle6htafiing
shoul d be nade such that the reducing agent of the
Qo0 afd o ratéehst onexygerseitntad from the group A including Si0;, TiO,,
and Cr;0;, at least one oxide selected from the group B including oxides each
having larger AG than the group A, and at least one oxide selected from the
group C including oxides each having smalier AG than the group B.

Accordingl'y, when the reducing agent obtains oxygen, its composition

becomes the same as that of the oxide present at the grain boundaries and thus
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5 affect the crystal orientation of the magnetic
grains. As a result of examnation taking this into
account it has been found that a conmpound as the
reduci ng agent of the group 18 can be selected from
the oxides including SiO 110, C 202, and Cr303. Si,
and Cr are the elenents included in the group A

Ti, . .
e N LN A
Theredwiny agéntiisbofcl tB'og}/b%hhgé&Y&i%} Qéc‘;%ré‘@zﬂtf}o‘?ﬁ‘ i oxide of

the crystal orientation magneti c grains

thiehgroup Besethas ik possithe to sdjustthe ar@RRt offhilygaR B Be istipplied
t he magnetic grains and thus to supply the reducing

frgerthe\gnoupeB do ther gnogp h encBdlRnelly tharsbycledreyirapthe indeboration
t he oxygen nunber deficient in the reducing agent of
wounbofgh@ gpoup Bétself. tRusthex sines the slemend atiapiedite form the

SiOwth respect to S102.is 1) be smaller. than the
TR re ded S e rrau ol bovid. BPdaputing 808 bonded to O

e.d...ln. the case. of Co304 the

SRR AR e et feitslBofi BB to eV
' . ; i.nal l

SBq8B340h b Sy IBBHBIER oPheRBRAC L oAl aused
%ﬂhiﬂéfﬁxidg rePhaTRhg i ROf 4 megnétit frairdl Schar ged

en an oxi di zi ng agent and a redlci ng agent are
m xed Rig.geishar Ellihghdrs degsametoivingtirde enengiediot foithation of
agent (oxide of group B) is Co304 and the reducing
oxiden. iAs shawn inrFig.ha, $he axides abbhegroup BHexidizing AgenbgGue
i s added and all oxygen_is .separated, 4nol % si

2OYIeS I8 ave etk HEngER: TiRef0s 4fe. Trilst 15 5:0s being
B % HlssJoratp  ach LI KMo oo iR SE o
g Sl P et B B Bl BFine

AGdeiat ﬂhﬁ’grwaﬁéﬂis%argﬁg a?.%ﬁﬁblﬁ%tclﬁﬁg apafenﬁegigéﬁn?é the

carried out '‘and thus e nunerical values a only
rg?%%?tggﬂigw- ABttrdinglyl hithdughithe okide of iited gRWpESR not required
te improve the properties of the magnetic recording layer as an oxide, a
selection should be made such that even if a simple element is entrapped into
the magnetic grains, the crystal arientation thereof is not degraded. As a result
of examining various oxides, it has been found that an element of an oxide of
the group B can be any one of Co, Cu, Ag, W, and Ge.

As the oxide of the group B, a selection can be made from Co0, C0a0,,
Cu0, Ag.0C, and WO;. In this case, one or mare oxides can be selected from
them. As the oxides of the group A, oxides such as silicon oxide (SiQy),
chromiumn (Cr), chremium oxide (CrxOy), titanium oxide (TiOy), zirconiurn oxide
(ZrO,), tantalum oxide (TazOs), iron oxide (Fe;0a,), and boron oxide (B203) can
be given as examples like the oxides of the first magnetic recording layer 122a.

Among them, it is preferable to contain SiOa, TiOy, or Cr;0s.



10

15

20

25

at om oxygen can be capt ured. In this

enbodi nent, use is made of one kind of oxide in the
first nmagnetic recording |layer 122a and of the oxides
of the groups A and B and tRe reducing agent in the
second nmagnetic recording |layer 122b, but not limted
5 thereto. It is possible to use the oxides of the

bot - ofta et 20eqt e BBUP B HAERY I halersBars 4 than
d ' [ . Jher ef

R grR s B TREHE Beb sk R rtbPRaf Kk e 0Bfon R .

SRUFEHadn AxRIIANY SgdriYSHthé rdug }glr Qfl.ﬁgh%f’,ta éél@%r%hgzuld be

enbodi nent, such a magneti € rec ayer

padé suctbthat tieckedoting @geaBRhe Gidip-Cbord&P@dkydeRdoes not
The auxiliary recording layer 124 is a magnetic |ayer
affeph the arystalorientation of ¢ing imagoetic gairshe Aisra reisalt ef examination
direction of the main surface of the substrate. It is

taking dkis info @regunthib hasikeen found thater eamppundasy thezadusing
fé?é;@‘ﬁ?@%gré’@’ Ceahpesniced ﬁ‘a&%?%;@%?&tl@pé ??63%‘0? Cu0,,
FIERG:D oSid) B T e v alifr WhLad h EEBRR o he

i R I f '
SIRRTTRRe BROURIA PRt e SFFh bolRBAES. And R
réedrdititiajdre WHERSS®, Bfs msdisibid {0 tel It deghRiabisl of HEB¢stal
nucl eati on magnetic field Hn and the coercive force
drizntatioarcé the mabnelis grginsrothempisaveausad by therdducinyesgont
fluctuation 20 characteristics, ONcharacteristics,
enfi@ppeiin the reagnetictasaing and thist thisspplyithe reducirgeagent while
auxiliary recording |ayer 124 preferably has high
eﬂ’él“ﬁ%ﬁ'lec%q‘lér magneti c ani sotropy Ku and hi gh

>t s R RS oS A B Ve 5y o o
heURc it oSO il S0 481 150,

beshaller than thé dx9§én AlmbEREMAE okl of tﬁe.o]{;vdua@% an BRididng
that the magnetism continues. A term of "al nost

agent {egdn e casensf GOy thie woggérneumbereis Wier This imeakes it
auxiliary recording |layer 124 is not a single nagnet

passibledipSeeredqoperly adjustite amountefyoxygen kmbe finally separated,
PounaEla: A4 BRSTIT BT SXAAINAG 15e STRLNT YA IR lemest arvgen
BRI wEL HEBEE Wi b8 sToR A i By
S ST SPRUDO 1 oA 6 B8 B BT Con0,
and the reducing agent is SiQ. In this case, assuming that 1mol% Coz04 is
added and all oxygen is separated, 4mel% simple atom oxygen is discharged.
Then, if the addition amount of SiO as the reducing agent is increased per
1mol% from 0mol%, since SiO captures oxygen so as to be SiOy, if is seen that
the amount of simple atorn oxygen to be discharged decreases per 1mol%.
Actually, separation and bonding are not completely carried out and thus the

numerical values are only Hlustrative. But still, it is true that excess simple
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5 boundaries containing the oxide are fornmed in the
auxiliary recording |layer 124, the area of the grain
boundaries is preferably smaller (the content of the
oxide is lower) than that ofyghe grain boundaries of
the magnetic recording layer 122. The function and
operation of the auxiliary recording |ayer 124 are

| | but it i idered th h
Ao RS Pl by sy o 124 has a 10 mmgnet o
I nt ' : il i.th . th
or anul 4 P EenBFTRRC T ARRI R G Rk BF b i i gt
gr anul grafhis” of |
e aakcndng b 22 En@ PRI R HEhpEh e e

céhuciref agdrtin the sesdnd haghbfit re!f:dfdirh‘?tayeﬂ 12255 but not limited
consi dered that since the area of the crystal grains

thargtet allt ig passisle hause thecoxidaneftthe groupe Pearid Braind the reducing
connected to the granular nmagnetic grains is 15
gaentiin eitberor hﬂﬂbggthséitsti roagnetic réeorging fayear 28a gnd the second
raing, magpetjzati reyersal tends to occur due to,
ﬂ@&@ﬁi@ Eﬁ?"g‘{}"grl?&ﬁr ﬁi&leﬁ'@rﬁprﬁ( n theRage ke thempgaetic
' [ the, OWch teristi. t he, .
hoAGRARY 1 BP 22 <o o ke Rkt RSt b s, g
. i ) |
Rt P o g e R e A Pt of

20CHRYTD,ISI0.-Bogbesidng the perpendicul ar magnetic
recordi ng nedium 100 from an i npact of a magnetic

head. Tienmexiliannrepondinglayet 424 fragnetit laptomaghetioatipy
the CVD nethod is inproved in fil mhardness as
glomsh centinvous in thetinplanerdirestion otthemgainsutfack of theissibstrate.
pssi bl e to protect the perpendi cul ar magnetic .

ﬁ&faﬁ%ﬁ@wﬁ% thapugtiaydeeordingdayeniadbeadiacant te pein vicinity
' t_f t he .. ti,g,head. 25 The |ubricati
o3P MenstE s eABny Bvet 423 A6 B e PRe Amanitpatipiaren )

di e _ I .
e e, S mael SnELRoty EECg Byt 124 B, By mramele

escfmc h Ob&iShé ' ! ide i
affini t@g@%’;ﬁf Eg@][s unct ft oé/ns%r#ﬁpﬁ{gséfﬁg%dgtﬁ g tg{/ &r oxide in

Q2CcPteyr QvCrPtB. heTHegeiiarg rdtopding tye? 12D has it purpbse of
contact with the surface of the perpendicul ar

adjgstingi the rexcosat] domaindiugtealion magnetic figld 440 Bhdtheocoercive
forevent damage or breakage of the protective |ayer
emes: Hethereby asiguingan IMpRaemantin apt-thermg! ficheatioses

BB RRRCOR o2 b S P T A B oose,
e ERSin e Gy vl B b B ABerbo RclinRabRan
ArRScdpy i 4R Righ kafiraBitPBgnetization Ms. The auxiliary recording
layer 124 is provided above the magnetic recording layer 122 in this
embodiment, but may alternatively be provided below the magnetic recording
layer 122,

Aterm of "magnetically continuous" means that the magnetism
continues. A term of "almost continuous" means to include the case where the

auxiliary recording layer 124 is not a single magnet when observed in its
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magnetic recording |ayer 122) contains the Co-based
all oy, at |east one oxide 10 selected fromthe group
A including 8102, Ti02, and Cr203, at |east one oxide
selected fromthe group B img udi ng the oxi des each
havi ng | arger AG than the group A, and the reducing
agent adapted to reduce the oxide of the group B

: : G ding,|l ayer 122 is, .

B o T R e S Sy W rp PouinBaries of
ikBe gy be

B e ke T SR SO Br Motcn PR St fre
discontihiuitg of a\ceystal 2Butaish B bedekd Ve
smal | erUit%G t% t he group g LarggmjA%@ngg%ﬂﬁ%fgtgrgnby
eegragatiorenfianodrecontaindd iroa verysemall amednt, r @veaatgrain
other, while smaller AG neans that an el enent and
bunfianies caataining theraxidesarefbenaeskindbe apxiianydeoariding lafer 124,

putteri is carried out wwth the oxides of the
A16S OhiNg 4rain bryngates ¥ referaRl simaliaydthe cantent of the oxide is

ERE! 08 el CE R Qe B ot ahe ool porciing ayer 122

P12 flfaciion BREopE AR Br e LSRR BN BFed 1ad Bt 1 °
heRBEAME clsh Bt Rfis EARIGEEY haBtheSaB@RF &%iﬁgﬁayg{ 124 has a

el enent” of the oxide of the group Ato form
maghdtizrinteeaction {parforgmeichahgd oeshling) Witk thitbgiaediae nitinetic
agent. That is, the elenent of the oxide of the group
@aweof e magneticarecording layer t2ibpt thasit exyassible to hdjast Hn and
el enent of the oxide of the group A while the

¢ and fusdp impeovedie antrihargahfudeatinachasactetstiosiand the SNR.
e S Pa OB Reed B ol e
BB ToepR S e P bn s B Boiche oo drgins i

BRI aALresd S68R Athd Q’rae\lﬁlial? g&gﬁa@e i) %a%‘?ﬁgfétfo‘?\d

at the grain boundari es, Xcess oxygern |

reverdaldtends tdecouedus e ﬂao%ﬁﬁzm ofyBudts miagnbtic APRSH £ fhaghetic
the grain boundaries without remaining in the

heags therabydmprivnd thesQWetharagtedstivs .of Theewbbler e, by
obtaining the effect of isolation and mniaturization

of thdhawipiective lgven 125 aap henformed byfiln fermationeof sarhaneby
B4 YD BT g TR SR vl 144 <
L RGreatind 1 BRI 8 e BBl A8 30 o ar
wEscthm% neltici RaHat isfHbe, int %én%rapéa%eﬁ fori2dlifitd ARNPKF the
the SNR nce the role of The reducing agent 1s to
D wsdthodis improved infilre kudiness ap Rbinpdred with tHae bg e p

B, the magnitude rel ationship in AG between the
sputierigmetipdnit isapessilie tgprotect the perpendiquias triagnetic recording
medium 100 more effectively against the impact from the magnetic head.

The lubricating layer 128 can be formed of PFPE {perfluoropolyether)
by the dip. coating method. PFPE has a long chain molecular structure and is
bonded to N atoms an the suiface of the protective layer 126 with high affinity.

By the function of this lubricating layer 128, even if the magnetic head is
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On the other hand, greater oxygen deficiency occurs
in the oxide of the group B so that the el enent of
the oxide of the group B is discharged as sinple 15
atonms, There is a possibilityg that such an el ement of
the oxide of the group Bis entrapped into the
magneti c grains. Fbmever by selecting one of Cb Cu,

o Bbol¥ 1 StrEics ey A g prrmeBaiRler dnainelie ecarding
s 100 2P Best Blen SRR B4R b2 b BaRgge st fyblituve

ggé,ef;;_tged 20 fromthe group C including the oxides

each having a conposition in which oxygen is

def i ciBythefabove-ihentiokbd! maandmh.emgtmoé&ség rl’hé' ridibular

the grain boundaries, such as, for exanple,

rosgoetic renorddg3oadiutrh 0t sahubé ngtaa@dnt Naict, the h'agﬁem:sss
ﬁé en Is expelled to the grain boundaries.

rdé'fgo’ater 142 hajng thesfetuse obthis iavantion vl basiesbihredoin
ft{-l C orientation of the nagnetic 25 grains
Y ﬁ%r%{gfe caused by the reducing agent entrapped in
th d
agent el 2bd, Bl f%&%ﬁﬁ%ﬂéxe{ﬁz’né i
rﬁx@mtrseorainp%j@rm J BorBPRAY B8:6d588 ahéY, dJsE 8% bRe

22" adhesi ve to the aUXI Irary r cor

defactsd o tnegmdmm meidiny SiOgUES! earwcﬁzmg At 184st one oxide

substrate 110 in an Ar at rmsphere by a DC nmagnet ron
sefedediromghegtdupd intludireptedxideseseh haviog lsgeradrhthehe
films on sputtering, 0.6Pa was used except where

AT arditheyedering agent Btaptagle redecs thg romcter ofithe graup B.
The

]::Iolrrg]og{ ?'SShWe e'tﬁlagreétﬁ:\(}g‘r:&lg&%rl 2\gd§ omed byo T
c%é%ﬂgﬁg eo#@e (qsl'ﬁlfé[.t) Bsrﬁg\u% argcl:ra G thanltﬁe oxmee (group A)

adapted to be contained in the grain boundaries of the magnetic recording layer

122 and the reducing agent having smaller AG than the group B. Larger AG
means that an element and oxygen tend to be separated from each other, while
smaller AG means that an element and oxygen tend to form a stable oxide.
Accordingly, if sputtering is carried out with the oxides of the groups Aand B
and the reducing agent mixed together, since the oxide of the group A tends to
be oxidized more than the oxide of the group B, the oxide of the group B is
reduced and the oxide of the group A is oxidized. Specifically, oxygen
separated from the oxide of the group B is bonded to the element of the oxide of
the group A to form an oxide. Further, excess oxygen is bonded to the
reducing agent. That is, the element of the oxide of the group B serves as a
carrier that supplies oxygen to the element of the oxide of the group A, while the
element of the reducing agent serves as a carrier that recovers excess oxygen.

Accordingly, even if oxygen deficiency oceurs in the oxide of the group A, such
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first soft magnetic |ayer 114a and the second soft
magnetic | ayer 114c was 92(60Co-40Fe)-5Zr-3Ta (each
20nm) and the conposition of the spacer |ayer 114b
was Ru (0.7nm. The conpositjon of the pre-underlayer
116 was a NW 10 93Ni-7Walloy (8nnm) with a fcc
structure. As the first underlayer 118a, a Ru film of

AP the aFPn A 8 sHPelitq B BRGER separated from Bepwds of the
SrshlE 1o BR e F %32’23‘@“%%5&3%% regited and debositadhithe grain

3Py BTORNOE et oot B T i o s o e

gy T AR RO 6l

magnétic gtaimsa g Therafores by obitaiting tecsffabl dbisoldtiah Bnd
boundari es contain Cr203 as an exanpl e of an oxide

miniagsieatipoofthemagdrde GlalibBiheafsef thevazidé of theedgrolip A and
the second magnetic recording |ayer 122b, grain
B!b éﬁ%ﬁlvaa,mewm theelemendof heoxisle affilee grosipds framthe neagnetic

S i A i ©
5 ST AR B R TR
ﬁéﬁ?hﬂl{é rrgl'.[e)’ SKRCOLHcBAhé ANEof ﬂ%"regigéing % §8ntiS $8 a&@?f fhé?mount

The protective | ayer 4nm was

e@%hﬂplhﬂdﬂtlﬁ%&h? EChe ARighmckie BtioAShip in AG between

I ubricating |ayer 12 I'nm was formed using PFPE by
thegediging agentrandrtbe lgoslp A is not quedlionedexani ning wi | |
be made about the effectiveness of Exanples in which

t he o)QPrithe otberandy geanten gxyaen deficigneygrauraindbe @ixidg of the
dded. h whi
G2ubiH S fhog e Aement Siias 5t it 4ap B BESchARRA 73 Simple

45T THE S OGP i St S0 Rt B i i oL pirove 8
iR Rtrap ?h't@&e%a%ﬁ@c%g%ﬁe%ﬁ%\\iéﬁﬂy eaebhfﬁ 5ﬁéipf°éb NG,

agent re cont el magnet i ¢’ recor

%gzw; afd CRsIAE RN Bid 6xnﬂ§§f3!h§'q§ p BY fHe an?aa: brikntation
etall). For exanple, Co304 may be used as

isxiotidegraded even when Bniveppedintathetrhagresticdjraineg  agent
and Si O nat){‘ebe used as the oxide of the group C
s er Vi reducingiagens tagerhonded to exceEs OXpgeihis slected

e
@é@?ﬁ fiscigat gt ﬁ%%&edﬁf%@f%do%%%m"?ﬁ AU
boundaries, such as, for example, SiQ, TiO, Cr;02, and Cr,0,, the reducing
agent with the excess oxygen is expelled to the grain boundaries. Therefore, it
is possible to prevent degradation of the crystal orientation of the magnetic
grains otherwise caused by the reducing agent entrapped in the magnetic
grains and thus to supply the reducing agent while ensuring the SNR.

{Example)

Using an evacuated film forming apparatus, the layers from the
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10 where no oxidi zing agent or reducing agent is

added. Wien 1nol % SI C as the reduci ng agent is added,
assum ng that all SIO beconmes Si 02, sinple atom

oxygen decreases to 3nol % I this event, when a

val ue of the SNR at a point ere | nol % Co304 is

added, nanely, at a point where 4nol % oxygen atons

are added to the second magnetic recording |ayer 122b
635%%@ Ygehle taribe ausiiarywecardingdaysr 1RRavegRiformed in sequence

e B8k BOplatd 100 LSS 8F afancohera ty p DS mabEeYen sputeering
MY PoBAE ks op (NG 1SRG oivipulliog H pa Wes

@é@&@*oe@ft whEMOSHcRcMPndted bRE IPAdR& ﬂﬁ&edr fof ﬁrﬂiﬁ@h&nﬁgn of

| ayer 122. The ‘conpositions, the peak posi

the magmstievecsdinglayere 220 The eempsitibio BEthedRRLVBIARE 112
are only illustrative and are properly changed

WepSAEr-H0To[Onig. darthe soft magnefic laper €14, itiecompositidreof the
recording |ayer. However, what is inportant here is
fmshsoft magaelid layer Hiswamd the setons sofumagneticigyer dn was

S RERS4E oxgeraT (oach 205 apdaha RS SR ot sgaseidaver
S, 1 o R UL
SENLT by (AT & 65 URKSHET AR TR SRR g 1193, Ru
fiml SPY OnRewas fdiivedlih ¥nArRERbSSherd BES b%&e@énﬂiﬁ% pressure (low

magneti c recording layer- 122 to be sufficie

pressdret €d. 0.6P4 to 0.7Pa). A Hite sebdnanshdéfayare 16b a9 Rafim of
for explaining the effectiveness Exanpl es each in

1anne vaSif@rest, using adtarget eoniaining ofygeheingmolimatosphere at a
according to this enbodi mrent was added. Fig. 4A is a

R NSNPIRE U ik ¥ B?th@%%amtheﬁtgpé%t@rraingg
12 i i 122
Arideiirae: Tod OmnBSiSTIFL R ”re’tﬁie%n%ﬁé&%ah@%y%iéame
R e BOTRS G0N I e 1S RSB dinlefler
22albekin foudidfies %loﬁtaGf @ebawgedrfeiéggalébﬁaﬁ bSdedd the

Conparative Exanples are nornaliz when t he neasured

9547 0oi12Ce-16RYS(ChO; oA vasForrkih| Un tise SeshdaRagnetic

referece value. In Fig. 4A, the values of Exanples
recording layerpiR2ht grain Bbundaries cantair the toxilesaf thecgioups A and B
Al t hough the conposition in a case where Co304 is
anddhepxidrrithe redueing pgent) o hearayp &ne Byrchapging the
Conperati ve Exanpl for the anpl e ormal Lzation
SRR OB AL AT e ADse e (fent Saeter el PHPRCEAM IS and
. | A 1.
CRprallE Eraflplet Sere BREATEE T ool G3RE LB
rééstMgBagid 24RasO8 2t 61A8Er-aBPESE 7558 £ STRE Brotd@iveNier
126 of 4nm was formed using CzH, and CN by the CVD method. The
lubricating layer 128 of 1nm was formed using PFPE by the dip coating method.
Now, examining will be made about the effectiveness of Examples in
which the oxide (reducing agent) of the group C according fo this embodiment

was added. In the manner which is descrived above, in the perpendicular
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As shown in Fig. 4A, tests ware perfonrd so that the
conpositions of the Exanples ware

(89-x) (7000-13Cr-17Pt)-5(Si 02)-5(T102) - x(Co304) - 1( S10
) and the addition anmount g% = nol% of CO803 was
changed in succession. Tests ware prerforned so that
the conpositions of the Conparative Exanples 20 ware

90- 7000 13Cr - 17P0-5( 3i 02) - 5(T107) - x( Co304) . and

RSl LRI Focoting K4 s mosimeniibe ekidaghihe

j Si ith th |l es.. The, fil .
BB SELFIRR &R 2 opliahg KRt S8R fice g e arBlm Cnaying as

_ . i | : ¢ ‘

SXEACHRB B oI e BASPE bl o 1225 e
S04 R RS MY T2 ASD g, LS, e
usedsisthe esidenfitite YRup B serving dsl thenokidlizik) h%éhtla‘hid_rsloamay be
target containing an oxi de such as Si 02, by adding
used@s thewiide of sheygroupitbservingess thaeedycingagenist abl e)

than 5102, CO304 is separated so that O (oxygen
at ons Y OF examples when 1mal%h£as0u s added assuming toat allexygen

e e AT T
AR SRR ST AT 0w e
RS B S ST 8 B Mo e RO Sl 10 as e

rédmiing a9ént® 38ded) 26 alIRING TRALAINSIOBE comdsSICs, siphe atom
tendency that the SNR was sharply lowered. This is
copgern decredsesotodimali¥ic aus thiskeent when ddialueoof then®NR abé point
Co304 becones 2nmol % or nore, 0 and Co separated from

vhese 1mal% Gubhlis added: damely 8t § poit wheradmalle oxygematoms
a5 3048 g e8] mERETeirop UG BYehTefbeatesn anaakipre
R Op e B R EaeB i Focyples, B BB RER RS of Con0u,
10 SORE 1P IO R AR AT Sl e s b e
P R R AL R
oS eppaw tedhevmagnehe reeddling ayead®2int of Co304

The compositions, the peak positions, and so on provided in the
above-mentioned description are only illustrative and are properly changed
depending on the composition of the entire magnetic recording layer. However,
what is Important here is that the desired amount of simple atom oxygen can be
discharged into the film by jointly using the oxidizing agent of the group B and
the reducing agent of the group C, This makes it passible to properly
supplement, neither too much nor too little, deficient oxygen, i.e. oxygen which
becomes insufficient due to oxygen deficiency, and thus to allow the originally
expected function of the magnetic recording layer 122 to be sufficiently

exhibited.
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15 was 1not% the true peak was considered to exist

at 0 to 1nmol % In other words, it can be considered
that the addition anpunt is already excessive at the
time of adding Co304 at |nol$ On the other
hand, referring tone Exanples, the SNR was i nproved
by addi ng 1nol % Co304 as with the Conparative

Exanpl es. wever, there is 20 nore, the val ue of SNR

in t hel BRaMd AR JiEATe diagtama foraxpiriniie the efactiveress amples
I 0 t e of..S in the,Conpayatijve,

3 RARAR e 3 kB SRR i

| | . . 0
SRR e, ERRUATS G0 HOWRAARThaRion RN e
RAHEIQ hechidiRg geP 2R Pk sctort MBgAe egiciil faye1220 n
ditaii)} h8carding to Exampisk At CompBraties exdimplesaiTinedsired
general . Even if Co304 was added by 5nol % sudden

vakies of the SR $heteat \fig. MR e Paph shawingeh&Ermasuasi vilues of
not ||Eiresent. These are considered to be because, by

ﬁhﬁ<$l B %}F@-%whiﬁ gmeh whetr thed=xageples and theoGomparative
FS8Rplhcce JotBAARIMIET A es e, P Ear e GO s
Dok T Pt B ATRRLRRSP o BRE gy e Wl G anc

. Co a A S
CRNRAHARE Paftifes afelBiqd i, SAfhotth th chibeosition 1 2
SaDvberaNDuAT, i DI JSRRAE 97B) Ryclaksed sk driedfthe Uontperative
of the magnetic recording layer 122 by conbi ni ng

Exatgles donthe Examplés nommalizationy oftheBExamplds G643 itevaliangs
as the reducing ageng and it is possible to supply
theyrgtatengaovalua avﬂ"?l’@-f‘iﬁ. threabgoisspanisaieprasents haadddion
as it is addi ng SI O_ prevent SNR from

i bl , by R .
@@&H@W@%ﬁ%ﬁéﬂg 5%3%0%996 of thexarup Branddheiudinaie: aXon
%ﬁ%ﬁ%ﬁ'ﬁ%’&%dr it will be expected that stability

formng the filmof the nmagnetic

rcOr Hhd A8 281, 386ls Ware RBANGLG Bk the compositins of

per penail cul ar nma net'i ¢ recor Ing ne

iﬁé@anﬁp‘re@ﬂﬂré@gax)(frfuﬂjgm@fwm%(siogy.@mogﬁ@%aggjmsm)

the effectiveness 0 anpl es each 1n whic
ared therggiditiont dneounti (@ e mél%)é CenDy waf changedlinngictessian.
this enbodi mrent was added. Fig. 5A is a table show ng
Tantpwale prerforrogd sh éhat the compositions of the Comparative Examples
ware (90-x)(70Co-13Cr-17Pt)-5(Si02)-5(Ti02)-x(Co304) and the addition amount
(x = mol%) of Co30,4 was changed in succession as with the Examples. The
fitm compositions except for the second magnetic recording layer 122b ware
compositions similar in both of the Examples and the Comparative Examples.
First, referring to Comparative Examples in Fig. 4B, the SNR was
improved by adding Tmol% Co204. This is considered to be because, in film
formation using a target containing an oxide such as SiO., by adding Cos04
having larger Gibbs free energy AG (unstable) than SIO;, Co30. is separated so

that O (oxygen atoms) is supplied in the film and oxidizes Si and Cr in the form
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magneti c recording |layer 122 (thee second nmagnetic
recordi ng | ayer 122b) according to Exanpl es and
neasured val ues of the SNR thereof. Fig. 5B is a
graph showi ng the neasured vgd ues of the SNR of Fig.
5A. In Fig. 58, the abscissa axis represents the
addi ti on anmpbunt of Si O added as the oxide of the 20

2 St ARl bl g cRletb b sBParBuon il ERGMadpERens. "
o el o A A .
SR ra iithaQhiERbr dGfe magnetic ]ngirSéSto iRéredsd aﬁ%uﬁﬁﬁ\yf the

SNR b gi ng 'the

transition of the val des o chan

achbrietio recmding tavey 122nol %9 of Si O inregard to the
Exanple in a case where 25 Co304 was added by 3nol %

i n Fi glowéverawted the ddditicroamonnt of a0 betirae Raaoitl eranore,
wer e

trere 9 @ rodgngpthat m:soaw@ smrply(aeerey. 3Tisd9apnsidsedts
|| ted ip.Fi I Ei 5A,
ée Sa'?a%%u@ fEastﬁrﬂAe dliog au'&téé&r&nﬁlag@cqrn%s 2o %ios ore, O

BB sephrtgod] oo R BRI PA e i themaantta grains

Eémlc?r%n aFﬂé’Jcogg'gﬁ’\s i@ Bﬁdtz@atexeéﬁsﬁ%?yo%ﬁzfgﬂ{a nvtﬁo

anpl e I'ti on anount

@ﬂérabﬁ@rpbetw&éﬁ thd RRigReliGgRINsCANPES that haibed I?ﬁré@%bt@u@éd by

SNR i s reduced. When the additi on anpunt of

excassiveesnoyrt of Goth the nagnatio/graing avid soNbt kd tmmh@ GNR is
to a value which is nearly equal to that in a case

lobvered.t hAt thel dimel efradding Co:Qxf at Sn®I%s ther vadlieef fhiei SNR ds
conS|dered to be because separatign accel eration
than the eefatanestvaluegvheradhe additien amount pECebhts Omol%.

E’?i”mt R R L R T L L)

%%é??’iﬂ e e iRl R I ol ety

wbfds, itR8nibR dhsidensd that tt@%.ﬂaﬁ%&m@.@#@ég&caam%t the
As déscribed above, in the Exanples, the SN

fifiprop e ding)Ca0Y apnimel®wddi ng Co304 serving as the
oxi di zi ng agent but al so adding Si O serving as the

r educi Oy thegether haid, sefegringdndhel Examples, the SNBwassimpsgved
adding Si O 15 having smaller G bbs free ener AG
bYraddiag J0p!%: GreQanas withtheLompatatye Expmplesd  bipwever, there is

e g VAR DR B FXEEIRe N SIE 8 AR AR BEC:04 s
$#hBi%% Beyonds the value of SNR in the Comparative Example where the
addition amount of Coa04 is Tmol%. In the Examples, aithough Co304 was
added by 3mol%, the value of SNR thereof is higher than the reference value of
17.3 dB by about 0.8 dB and has 18.1 dB which satisfies condition that the SNR
is more than 18.0 dB requried for high recording dencity in general. Even if
Co,04 was added by 5mol%, sudden reduction of SNR as with the Comparative
Examples did not present. These are considered {o be because, by making

SiO serve as the reducing agent for Coa04, supply of O to the magnetic grains
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As described above, by containing, in a target for
form ng a magnetic recording |ayer, the oxide of the
group A adapted to mainly formgrain 20 boundari es,
the oxide of the group B in di ng the oxi des each
having | arger G bbs free enefgy AG than the group A,
and the oxide of the group C including the oxides
free energy AG than the

3@%33 %\gb? B fﬁﬁ'@"‘%ﬁé%n?m gé @pd iﬁ’PHE 534ng the ¥alye pgar to the
ShBAShEriReElud pRRF BTHR S BaY e daPeteisd P st at o to

¢ i‘?oriﬁg(é(rt s oxygen 25 deficiency smaller in nunber
than the nunmber of oxygen to be rel eased fromthe

oxi de &§ dbEstibat UbByS: frdri FRAAL hGNIHB, i fobahat it
wher e t he nunber oF ‘oxygen to Balgl rel'étégghaér?omtngtms
pussitiead mifsteyraanpoRsuppl drsurmtTRRYgeH atoisas uding Bt
adsorbed by the oxide of the group gC di ffer frol(in)%l each
tartning of the insagnetis rdroeding lay28 122 by lcpmbitjing CotDesdrvinglas the
nunber of oxyger_] when the oxide of the group B or C
pxidizing-agars With [i© sgrdnges the dudng @gapg and itis possible to
VWi l.e the preferred i on, has

BRRY SR H0RS VRO R ATERBEE oW, S(rEBUE RS igS Possible
Fo, By, . B RBE RNV Tord Sy 80 {o¥ibink Bafg bV st of
grrig dx%c#cﬁﬁbd %&&ﬁ.o@b&sﬁéﬁr& will 'b%xagceéa rth@g%atls‘ﬂrg@ Lﬂﬁgs&ﬁz@d on

Ications 1 n the category descri alrns an

fdrmirfy thBdiRh of ROmbEtictreesEiny 1agerM@Und b pRALEIAE the

the technical scope of this invention. 10l ndustri al
pependiabiar magnetic recordiiig mediwren0d.on is applicable to
a perpendi cul ar magnetic recordi ng nmedi um adapted to

be moutigedA andSB afgpdiaarams tor furihpl explaining heatiegtivedmss of
hard di sk olriv,e?3 Qé the like and to a met hod of .
DPlgearh iWhieh 1$1Q seafnaavthapide AblRarPep Frfing, to
{Fl?sdé#?g]odim%%t Whs Edhéd.qﬁlg.'@isl & table showing compositions of the
magnetic recording layer 122 (thee second magnetic recording layer 122b)
according to Examples and measured values of the SNR thereof. Fig.5Bis a
graph showing the measured values of the SNR of Fig. SA. In Fig. 5B, the

abscissa axis represents the addition amount of SiO added as the oxide of the

-group C and the ordinate axis represents the SNR. In Figs. 5A and 5B, as with

Figs. 4A and 4B, the measured vailue of SNR in a case where C030,4 is 0mol%
is used as a referece value and respective values of SNR are normalized.
Figs. SA and 5B show transition of the values of SNR by changing the
addition amount {y = mol%) of Si0O in regard to the Example in a case where
Coi0, was added by 3mol% in Figs. 4A and 4B. The compositions of the
Examples were {87-y}{70C¢-13Cr-17P1)-5(Si02)-5(Ti0;)-3(C0104)-y(SiO) as
ilustrated in Fig. 5A. In Fig. 5A, a Comparative Example was a case where

the additicn amount {y = mol%) of SiO was Omol%.
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1. A perpendicul ar magnetic recordi ng medi um havi ng,

over a substrate, at |east a magnetic recording
| ayer with a granular structure in which 5 a
nonmagneti c grain boundary i, formed between magnetic

grains continuously grown infto a columar shape,
wherein said magnetic grains contain Co, C, and Pt,

d said ' di I ' I
T ST B 8B s ST B it

Yar im@ed el ot he Gompmelie ERgnie o hea tmagaitin
ROk S S B e o

SNV 0585 iR oA G54 S R AT S, e

palup &f GNRIisdowerRdte b valueewBieH i Se iy Hdia /OBar i \adeQvhere
claim1, wherein the oxides of said group C are each

the adshitin ameuntefiSid ixl0mel%e.c t Buis fs consaleteditobe because
conprising SiO, TO (G202, and Cr303. 3.
seRarpigrracrgleratien actioprl the magosticgminstus lorbmba ds dishyhen

e o MO o A RAS L PERUB 20 1 om a gt oup
ComP At ERAA SRR, B RachlRt M get inwiieh Ghios
K5l 1€ s o IRGE SR B3 Giyo
Sy il ldart 2 TBERCbotivel R ORTdINL Hhd BHSIN manuf act uri ng
nmet hod conprising form ng a magnetic recording | ayer
over dAssdixxribed abbye, imthaBarmbics, 1B SNR @as improved by hot
only adding Co30, serving as the oxidizing agent but also adding SiO serving
as the reducing agent. This is considered to be because, by adding SiO
having smaller Gibbs free energy AG than Co0a0s the SNR can be further
improved by adsorbing excess O produced from Coz0, to SiO 1o thereby
minimize oxidation of Cr forming magnetic grains.

As described above, by containing, in a target for forming a magnetic
recording fayer, the oxide of the group A adapted te mainly form grair
boundaries, the oxide of the group B including the oxides each having larger
Gibbs free energy AG than the group A, and the oxide of the group C including
the oxides each having smaller Gibbs free energy AG than the group B, it was
possible to improve the crystal orientation of a magnetic recording medium and
to improve the SNR. Herein, the oxide of the group C preferably has oxygen
deficiency smaller in number than the number of oXygen to be released from the
oxide of the group B, In particular, in the case where the number of oxygen to
be released from the oxide of the group B and the number of oxygen to be

adsorbed by the oxide of the group C differ from each other, it is possible to
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a metal containing Co, C, and Pt, at |east one oxide

sel ected froma group A conprising 802, TiQz, and C

11203, 30 at | east one oxide selected froma

group B consisting of oxi de;aeach having a | arger

G bbs free energy AG than said group A and at

| east one oxide selected froma group C consisting of

oxi des_each having a smaller G bbs free energy AG

fingln adiustithgfisapnenberaf crpeEwbectheinsaoitar gtoup B or C is

;E&%?DI NG.VEDI UM AND NET OF MANUFACTURI NG THE SAME
R8s Unik ameint e ge Mt moER R per pendi cul ar magnet i ¢

oA TR o T R
A e R RO B RIS Lo e

inYetich S PlovIFRéd Beaits. ITCapmaaRtthat Hpaison skilled ifthe art
magneti c recording |layer 122 contain Co, Cr, and Pt.

ddrethirdoofaiarious elearigdisod mydificatidds Gotheaiategary desaribied in
one oxide selected froma group A including SIQ2, 10
¢loizys amdiit & GoiBrstacd thad thoseralsmratieally belongdo the techaical
group B consisting of oxides each having a | arger
ssapeoihis MveAtioy AG than the group A. and a reduci ng
agent adapted to reduce the oxides of the group B.

FI GURE 1

Industrial Applicability

This invention is applicable to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording HDD
(hard disk drive) or the like and to a method of manufacturing such a

perpendicular magnetic recording medium.
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WHAT IS CLAIMED iS:

1. Apempendicular magnetic recording medium having, overa
subsirate, at least a magnetic recording layer with a granular structure in which
a nonmagnetic grain boundary is formed between magnetic grains continuously
grown into a columnar shape,

wherein said magnetic grains contain Co, Cr, and Pt, and

said magnetic recording fayer contains

at least one oxide selected from a group A comprising SiO;, TiO,, and
Cr203,

- at least one oxide sele‘cted from & group B consisting of oxides each
having a larger Gibbs free energy AG than said group A, and

at least one oxide selected from a group C consisting of oxides each
having a smaller Gibbs free energy AG than said group B.

2. The perpendicufar magnetic recording medium according to claim 1,
wherein the oxides of said group C are each at least one compound selected
from a group comprising SiC, TiO, Cra0,, and CrsOa.

3. The perpendicular magnetic recording medium according to claim 1,

wherein the oxides of said group B are each at least one compound selected

“from a group comprising CoO, Co304, CuO, Agz0, and WO;.

4. The perpendicular magnetic recording medium according to claim 1,
wherein said magnetic recording iayer is made of CoCrPt-TiO2-Si0,-C0304-SiO.
3. A perpendicular magnetic recording medium manufacturing method
comprising forming a magnetic recording layer over a substrate by the use of a
target containing
a metal containing Co, Cr, and Pt,

af least one oxide selected from a group A comprising SiO», TiO», 2nd

Cr0s,
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at least one oxide selected from a group B consisting of oxides each
having a larger Gibbs free energy AG than said group A, and |
at least one oxide selected from a group C consisting of oxides each

having a smaller Gibbs free energy AG than said group B.



