10

15

20

25

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

f.or ] recordi ng density exceedi ng
I%%’%tﬁgr&'/eﬁﬂchz: In order to achieve the high
r ecor AtgindeRtin idids & ABapehbftufaf i¥lghbfi®recording medium
adapted to be 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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medium for use in a !ADD or the |ike, the

per pendi cul ar magneti c recordi ng 25 system has been
proposed in recent years. In a perpendicul ar magnetic
recordi ng medium for use in the perpendicul ar

magneti c recordi ng system t He easy magneti zation
axis of a magnetic recording layer is adjusted so as
to be oriented in a direction perpendicular to the

s gemparedofithehe coavemdivral inplan? magnatic estordling siyStem, the
conventional in-plane magnetic recording system the
pkefpendicular megnelipvecordingsystain nan syppress a an-caligp thesmal
a -cal led therma| fluctuati on phenonmenon in which

t Fféa?ﬁ@" enemgRen nYhigh the theraaléability gfharegosded signal is

SR8 PP FDREN STV 55 ik BerécardPy ot isgost, ano

| 66 f2siiag ethreinE%?aQ{n hg r&%?%hé]ée the

perpendi cul ar magrnietrc T ecor di iumfor use in

t he per, ' ; G i .

Cocr Pt SIS PEtpeRdicliRs bt RegidMd el Sksdinne

( rdicufrasghedit recdrding! | GA0ECrPMBED, i
To76.1078 ( 2005)) ’%%‘?‘85?55&” BETNCrPABID, pefPendiéiar
thagnaticeecnting mddidm (seafdikawa et al.| ISEE Teesr Maga, vol. 38,
characteristics. In this CoCrPt-5i 02 perpendicul ar

g AectS78 (20RA)} ipteponedi hasause iteyhibity kigh thermal atabilityand
has ranul.ar structure in which nonmagnetic grain
SHERle [0TdiRg Faraarstcs. o dnthis oG G2 permpng Cular

G T e
ShOSER inRATES H&nrﬁ%ﬁ@%ﬁ@a HolRESIRS viRdRe @fg? gsn&%trggé'tgd are

mniaturi zation o netic grarns an

FoTRicAMRAREEN mafqﬁ@w Gralt ih W& Roriof cbﬁzidu%uﬁww RBluntar Co

oxide is used for formng nonnmagnetic grai
brystakawith @ Hepdhesegroatl clogst backe) bietoter) thergihe htiieving bath
grains), and it is proposed to use, for exanple, one
gtinigiupizatiofy ofdle mpgoktic Jeins andiav mpDevement in coercive force He,
kIJP- A- 2006- 024346).. 20, Sunmary of the | nvention i

i3 kpewhthak an gxigads Heed &x dprming nortpagnetis asaip deundaries
lncreas in,recording density as described aboye, a
IR ARRRED bPbER Brveeh mediitlangeleAad e PorBatfy uie for

e B 0 [ t r j ase

pimbE ol B80S0y ERTIRR BT At i e PeY

magnet ostatic properties such 25 as coercive force Hc
and reversed domai n nucl eati on nagnetic field Hn and

SomimEey ofhedmentibnel ect romagneti ¢ conver si on
characteristics such as overwite characteristics (OWV

char adilthoiigh thesagiBiiR resorging mediumdhascheran incneasead th
track width narrow ng, Anong them the inprovenent in

repprding depsily @ deserifiedabayeas durther 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



and hi gh-speed reading and witing even in small-area
recording bits. The i mprovenent in SNR is performed.
mai nly by reduci ng noises in a -magnetized transition
area of a magnetic recording lRayer. Effective

el ements for reducing the noises include inproving
the crystal orientation of the magnetic recording

| 2040 hightspleall a iR RNwAing o ABH 8naRlardd) ﬁedﬁmﬁgnfg

grains, and isolat’ion of e magnhetic gralns

them achiml igpriverenoi SKR id pafcrivedmalhly Uﬁeﬂﬁ&ﬁﬁeb'ﬁes in a

grai ns |nterruptes the magnetic interacti'on be

adirageetizenugnsition apaaif managrbticirecarding ¢ayefror EFRHVS eltirients
to greatly reduce the noises and to remarkably

i nioF tﬁﬂézcmuéhsnmsesr includ® dmprovimgtthe neydtaperigmatiiroof the magnet;c
magnet | c recording, medi um having the granul ar

ot PRONAdaYRKB I Atz ABRRROT sigmetes of $ha magrels grains, and isolation
ot i Headets dtgink cAmong 1, digg f@?lro?‘w;:s%i:mn of the

el By ﬁ;&ﬁ@?és%égﬂ%é@%smﬁ%ggwwﬁa Yiapt magnete
c;gvﬁﬁéhn@m@mk?éfb@ Ion@g&pﬁ%&&cmg%ﬁe&nﬂ er. .

e crystal or| netic recording

| ayraarwaslydﬁgf@eqﬁe sm I %b%@&éi:ﬁ&rﬁfoﬁ@d Eé@eﬁ&m&ﬁ?pagmﬁc

i mprovenent -of SNR that is originally o tiv

t Ineconding eredivii BBvihg tléegranilap stradioreamaiie’d 188 GNR Infbrove to
further achive an i1 ncrease in recording density of

t fsolategnéd miniatudes thei mggmediti grains blydoradngiitaire bammtaneg bg
new t echni que presents a challenge to make
c@ﬁ'ﬂ@?u bility between the attai nment of high coercive

Enbodi f a%‘v%afmé iRcisSTininate aperjenion @ﬁfsﬁr%a@ﬂ@m magnetic
?@%ﬂ‘é% i b Hep PERSTafo o g Pl o & € Hhanete
- S¢8idin %Bﬁér’én*sﬂf?%‘? ) Bferofiotl S1RE lA0EREREolding yers
%5@&! i ﬁﬂpésléib'lb ® mw@ecne liRHFREMERSSTES IR tﬁaﬂqg&ﬁgnn&iy

a result of intensive studies f

aghijeativengini the n&bm\eewmhtus desaiivetijabote, it badepieieiher achwe
i nventors have paid attention to the fact that the
aafbmmease in recosgjnpdensiy bf theompgnefisrrecording rmsdiam, thei de

is snall accordin 0, a conponent anal ysis of a

ﬁ&i&ﬁ nenkale Qﬁ%%chaw? prmnéﬁ @ chaliengd te make sompatibity

: her th OXI eco n el.enent such
R R of Bioh SRfEe fotest i 80 A SSeFer mpamat of
cgﬁRC|ent |n a target fron1the begi nni ng. At any

rate, if

- Embodiments of the présent invention provide a perpendicular magnetic
recerding medium that can achieve an improvement in SNR of a magnetic
recording layer, thereby achieving a further increaserin recording density, and
further to provide a method of manufacturing such a perpendicular 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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5 oxygen is deficient in the forned magnetic

recording layer, it nmeans that the excess el enent

exi sts as sinple atons. Then, it is considered that

the atons existing as a sinph@ substance are not
expel l ed to grain boundaries ™ut entrapped into
magnetic grains when Co is crystallized. It is

further considered that there is a possibility that,
a8xyenaught todie anfainebas ay oxidl insmelhaadording 6 atdampbent
nq%geticﬁgrains,is degraded to reduce the SNR '
ARN3Y§S o 4 agnetiq fecaslingslayen e Slereingt ipLiociear as tovwhethesthe

B FRpmptRes o adRemtt Sdhgs §jé§raf°i’ SRE%%?QJ dﬁr?n%d

SAPUREERG B SRR T Gl o ot e iniag S anvate,
: : hally SRpe A

AR USRI Eln (TR e il T PR T B ar that the

EBONERINGAE esERERGHHIE AARET TR, kt@@érbs?d&ezg (E)H;ért] g\\&toms

thereof was eval uated. However, It has been .
texisting las leosimiplet subs@EhBe afe hitexpeNadraid FunEBGREh kC
recordi ng medi um usi ng the above-nentioned techni que
ieptrapped intpmagnetic gralnswihen Qo s enpstallizede ntlt is further sbatiderad

rientation of magnetic grains due 20 to the
i%%‘ggifsr%?m@ﬁmbw 3%& 8% pdesithef ihdhanerystak oriandation of he

WP EIR SR dedaROXS B ehSINL L) v mi gt he
| rREHUEIRE N el y exarning ¢!
he. cave s fofi JFiar sfudil e bRae MR Rove P B bv

ﬁﬁ&HﬁtoxS?éerPYéV gle?dbrh b &@‘Hzﬂﬁcgcthé‘ BRMEht %Q@ﬁrﬁég a simple

significant n oxygen excesSive state app

suivstandd ¢t becfafhBd indd ah @xidecariceskiaeddatet AtherhiAbodndaries
result. However, only by changi ng the incorporation
asolginallf expestedixi Thenayperpendicular magnetic recording medium was
manufactured by incorporating an oxidizing agent as a component of a
magnetic recording layer and the SNR thereof was evaluated.

However, it has been found that although the SNR of the perpendicular
magnetic recording medium usihg the above-mentioned technique is once
impraved following an improvement in crystal orientation of magnetic grains due
to the incorporation of the oxidizing agent, it starts to decrease 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



agent, it has been extrenely difficult to finely

adj ust the addition.-anmount of oxygen. Therefore, in
order to add the proper anount of oxygen, the present
.inventors have continued furtfer studies and, as a
result, have conpleted this invention.

According to a first aspect of the present invention,

th j [ E | ¢ recordi .

e erio VR oAt o AREINS Y A HREE, hale Emeleled s

r ef@drdioRy | ayer with a granular structure in which a
nonmagnetic grain boundary is fornmed between magnetic

hor o1 A e fis? gRle st Brt uFRetlohertora tabrey i provided a

anserp&iOBaN Aldgheli€ GEAHIRG hadi falhgl BSedh dupekhte, at least a
one oxi de sel ected froma group A conprising Si02,
Tiagnalicdecerling layer with s gréRelas sirdetuseirewhish @ pemmagnetic grain

ar Shuloy o ) | ]
& RioR a3 Manied HeRln RS Re SRt SOl B o itp 2 cotumnar
orshape] weessh ¢oe enhdnetiongraigs moptath o sCis tandgPpfand the magnetic -
o_ide?.eqch havin% a znakler G.bbs %%Eg%Fner y AG . ‘
 REROTPING BV RLEPTIAMAGE S5 958 4% EelenlareTom A DEstiBgA comprising
. C@I0LIN03! Ak Cride HREHIEOhE oxicRE SEIEL A M & gloBp B consisting of
formed by containing the oxide (group B) having a _ :
| &xYles egchhavinded lasgrsr GiPbadieerriicran d Gothias dhe grasippA And at least
agdapt [ Nt Nk 'y .of _t.

e P BeREtcORbR U s b bt g smater
asiblefree dneigyg\ G dfemt thegréup Bher - cont ai ned f or , '
controlling the amount of oxygen of the group B

adapted to oxidize the group A Therefore, it is

possi ble to inprove the niniaturization, isolation, -

and el éccorgingdndbe sbevemmentsined aohfiguiatian:. ithe magnetic t he
qggg;tic“ rains by the oxide, of roup A and, even

[

Seripgaayarss foemetly CORBINGG R e (AR INSMNGS brasp
b 8B APty b e
S BBuhSaHof e 8GR Bedifig 18R, PTne Bfiag Ydrl £ S8KiAg

QSitRE rétfuciriytagen® kiudher donta&dﬂ%ﬁb@it@llhﬁ A aHunt foxygen
-anmount of oxygen to be supplied fromthe group B.to
ofitheqyroup B/adaptecetofl dxidite/tht lyoupod. cThargiong, it Bpossible to

i ncorporation anmount of the group B itself.

oprovel theginyniatbsizationyiselatiors and| dlecitpmagne it comversioh t he
oxi de of the group A fromthe magnetic grains

CERpESHIEiasp the MACBRIAEraEE B GX0aS e 9RuP drandpeven if
B defion RO H e v 88 TR, HRPRBAE AR Rl
SIS K0 3R cHAAT Al D S HOABN RIRIGU AR, Fypher by
HeTUHGENG 2RSS BTE forthdf tHERSARL {gcrmff%&héibiﬁ@ aSRtHIE Bibbs
that can achieve an i1 nprovenent | R of” t he

fBSBREgY AGHANAhd Bxida e the drbep B iPpReitield afjust the amount
further increase in recording density. The oxi de of
ofteerygerotepbsyppdied faiot thelgreumBdo tiwogioup &g mara ihélgithan by
oxygen is deficient fromthe oxide adapted to be
changiagribel incorpanatioy ampuned theagfpup Koitselfdi Agcardinglyi by

configuration, even if the nggnfeé‘i c recording |ayer
sesurelf expelling the element of the oxide of the group A from the magnetic

grains (depositing the element of the oxide of the group A at the grain boundary) |
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by incorporating the reduci ng agent, the reducing
agent is deposited at the grain 10 boundary w t hout
bei ng entrapped into the crystals of the magnetic
grains. Therefore, it is possable to properly adjust
the amount of oxygen without affecting the crystal
orientatlon of the nmagnetic grains. The

<'r BlevBRGs e dslional e “Bb'ﬂn tf{i«gf iepla t@n%&%ﬁ?%etﬁmm
| B ?‘3?3%”?%# el e BRI A T s;vgpainagthirréaﬁse@ﬁ%rams
on s P praR s ool b tE torap il hat can
PaHigvedh kn&b\térﬁéﬁt iRENIEEI N faghiblit! focBlihd ol Shdeby

and the oxide of the group

t acHievied ¥ farthen fricrédwe lﬁlrétﬂ:lrdlﬂy%ﬁ!‘.lg()f oxygen Wnen the
oxi de of the group B or Cis added per unit anount

(e.g. Uthetoxids ¢fithe gbupC profenablyehasvaheamis Fuiticoin dehick 1 oxygen
t he group Bis Co304 with an oxygen nunber of 4 and
t if deBdeatdrom ﬂtﬁh@(@ giapted isbscamained imtheqgraineroundatyer

AesSliBEle B caBudaon, end' tfbé%gﬁ?ﬁ%%ép%é&ﬁby% & formed
NGBS i AR eina 2Bnd b B4R aggwﬁgﬁﬁpgélﬁge%m grain
Houn8ag Ancabeint iiapsba infl e AN o e SRS

I TherafbR), itfiﬁslI poSRIBIE € Propkfly E?M%é%ﬂfgun’& Bﬁoﬁgﬂ t%v%l)fh?)ut

recordlng ayer. According I'S possi

[affeuiing thd egystal akientation of ihe rasgtedtialgraipd.ent ati on of the

7 magnetic grains otherw se caused by the reducing
agent Ehe reltisadhiprbetivecn thegiretpeA gnd Brandathe relatienghip
gv y the reduci ng agent while ensuring the SNR of
aandhe areupsdt and Crafe eagh a relationship inSibbs frtesnergy AG.

B s i il 4 omp
0 !

b, ARl henk ok lrdils RRE G, Wik ok i fsirn =

AHRORSCUROprefSibIg e‘rﬂﬁeﬁie\éﬁttﬁé obe 3PHR SQSrSEP ﬁf?r‘cf‘ﬁe oxrde of

rmgnetl C gral ns. erefore IS po 0o supp
theygroop OO MhaisaAakss ifpoddisle B ﬁh@fr atifuet NBIRAI hiSmber of oxygen

recordi ng | ayer.

when the oxide of the group B or C is added per unit amount (e.g. unit mo!%).
For example, when the oxide of the group B is Co30, with an oxygen number of
4 and the oxide of the group C is SiO with an oxygen number of 1, part of
oxygen 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



o of oxi des;

Preferably, the magnetic recording |ayer is made of

- CoCrPt-Ti 02-Si Or Co304-Si O. According to this
configuration, the mniaturization and isolation of

CoCr Pt being the magnetic graimns can be facilitated

by S102 and, further, the el ectromagnetic conversion

- characteristics (particularly, SNR) can be inproved

oxy et B Shervide SRy he l3PRGPhEn(oropdndhe

_ori b Qi 0f ' Lk j I Serves

as "Rl QRielarREL Lo S bl dlBine B Bl Ehe R thE SR
fi ﬁetrﬁém@&déﬁérécwd;wp_ of oxygen while ensuring the
crystal orientation of the magnetic grains. This

nmekes i tTheasddes! of thogriup\B @@ygr&?@h@@%léédhaét ISERYBRAI C
recordi ng nmedi um i nproved i n SNR ' According to

a Superhdeasiastad bémtahgropp esmptisingCeBt Cog.,, D Ag,S, and
alﬁf praovi ded a perpendi cul ar magnetic recording

meWQm RupRI gelraprasyinitbe pstalsnfihe mrareticogninsgthe element of

of S ey ot i el s G oL BT e menetiarains.
Pt | lected f Lar
comePrarn o BE TRt SfoRab e AR it gkl of e

' B I sti f id ach
AU et AR £ Ce anor gy AG than the r oup

A, and plefbrab! theiRaghdiid e ating 1aer 'maBe&onr oup C
consi sting of oxides each having a smaller G bbs free

erGoQrP -39 Cidi0,-FIOL pAROrdifg talthis infighation, the
per pendi cul ar magnetic recordi ng nedi um descri bed
atuvietuiization and ispistivn abCeCtRs being the ntagdeti€ grains can be

NS 0 ST QBRI S TRor G e dng
TR SR s3Rbe B OL. FuBeReEH B fnpossie
o9 S Ol CRER B s PR o

| CoterQsnd Rethee %mdewioaﬁbéstastélﬁédum? %E%Htféﬁ_c%sﬁﬁtmed

of manufacturing such a perpendi cul a ghetic

r possilsle twfinahdad] ost Be iaefoubestoiygen ahiloensdithgdhe vryaes
Fig. 1 is-a diagramfor explaining the structure of a
pengrdatitinoafthe magoetis grainse c dhgimakasdthassibie toprdivide at o
an enbodi nent of this invention; Fig. 2 is an

EPSPRRHEHAIMagnetia repedinggnediua TRV dy SR or nat i on

According to a second aspect of the present invention, there is also
provided a pérpendicular-ma_gnetic' 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



Fig. 3 is a diagramfor explaining the amount of

sinpl e el enent oxygen to be di scharged when an

oxi di zing agent and a reduci ng agent are m xed

t oget her; Figs. 4A and 4B are diagrans for

- explaining the effectiveness of Exanples each in

whi ch Si O.serving as an oxide of a group C was added;
5A and 58 are diagrans for further

and, Figs, .. | ]
expfd&arﬁfﬂ&_n%fgew%mwge secordipgBRpuEs deskehed above are also
SRSl BB Bl S roSnedene
_I—Ier%'cg}:&ﬂggrﬁ%qi%pref erred enbodi nent of this invention

e .

w1 ed in detail with reference to the
acconpanyi ng drawi ngs. Sizes, materials, specific
nuneri cal values, and so on shown in the enbodi nent

ar eEfuk ¥f theinveBtiéd | ustrati ve purposes for
facilitating understanding of the invention and are

not i nt ARERdingOtd Erbbditrits igTMARL in08ntieH, 86 % BbESHIM ®Cprovide a
specified. Inthis specification and the draw ngs, _
coRpadicslan avagngticupserging aadjurn Heatseareathieed mbrimprovement in

an r 4c re - O h . t s
EnenIh! ith e reEPRI T 8BE XIRRG | figiher incroase in
I | recsirding | demsiy, acdfoniest & phatide 8 nedthed o ahbyufacturing such a
related to, this i ventic?n IS cgrritted. ( Enbodi nent)

[ PRPIRERICEEY Moa0RYR BSoIRg Sertig Nedi um Fig. 1 1s a

di agram for explaining the structure of a

per pendi cul ar 10 magnetic recordi ng nmedi um 100 -

according to this enbodi nrent The per pendi cul ar

nagﬁgf_tmgscﬁsg&{tgﬁtﬁg Dﬁﬁihg& 100. shown in F! g. 1
conprises a di sk substrate 110, an adhesive | ayer
112, a frig.stis aafisgrandioeekpiainimgahe sttdatureanfspparpendicular
magnetic recording medium according to an.‘embodim.ent of this invéntion:
Fig. 2 is an Ellingham diagram showing free energies of formation of
_ oxides; 7 | |
\ Fig. 3 is a diagram for explaining the amount of simple elémenf oxygen
to be discharged when an oxidizing agent and a fedqcing agent are 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 énd 58 ére 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 0 on shown in the embodiment are only for
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| ayer 114b, a second soft magnetic |ayer 11l4c, a

pre-underlayer 116, a first underlayer 118a, a second

under| ayer 118b, a nonnagnetic granul ar | ayer 120, 15

a first magnetic recording I@yer 122a, a second

magneti c recording |layer 1220, an.auxiliary recording

| ayer 124, a protective layer 126, and a lubricating

Layer . 128. The first soft magnetic |ayer 114a, the

§€'§E§é§"’q %VE?SEEf%fﬂcﬂtﬂilnﬁ hadsestangingsefithe invgntion and apenot

1 ively forma soft pagnetjc |ayer 114.

‘fﬁ%“‘?ﬁ‘ﬁ?t Imitiisnvantien Ligss olferwice spesiing. %\dbnsw@yénﬁcatnon
c tivel an 20 erlgyer 11 The

P I GRBRIE: bePedunth Rt sihetaaly Bgkam Fundigngand

Qﬁlg&ﬁlte'scaré %%P@étp fhel S%a S@S ‘1.:00 ﬁ]@%b@tcﬁiﬁi@ Fesﬁxplanatlon

magnetic recording layer

ﬁh@%ﬂl@éﬁllfﬁé@aﬁoﬁ%ﬁ cﬁﬁﬂoﬁénm iQf otk OSIﬁﬂbﬁ this

obt ai ned by nvol di ng an anor phous al um

ovestion istomittedli sk shape by direct press. 25 The ki nd,
size, thickness, and so on of the glass disk are not

part i dembodimanthi t ed. As a material of the glass
di sk, use can be made for exanple,
al uni rlBgmené@ul@r Mass\@t-c B@@@rdmnge@umés soda

al um jca afs %u borosilicate gl ass,
bor osi 9-calP& ?3’%@' of 6xplaining §§m’EW5?ﬂ %PPYR@BE‘@‘J'&"

. al.liz ass,
rg%:aﬁ%ﬂc rﬁ&@%gﬁ%@ﬁﬁ{ﬁdﬁsgﬁ%ﬁng io °d B’lﬁ"?sh ' and
%&Fﬁ‘?ﬁ?ﬁé@ﬁ%ﬁ%ﬁ?ﬁﬂﬁﬁn@ﬁaﬂﬁﬁ*@’. ; %ﬁ’. 8 comprgs a di
substrbfe 7101, Bh atihasivd RIRE M 3, \a el RMThAGRRR m}ésms' & &pacer
50n the di sk substrate 110, the | ayers fromth
layiredidb ca kagund é:sﬂz'nagnatlmday&mﬂnb i aplye-mrmmlaﬂemﬁ ayfiest
124 are forned in sequence by a DC nagnetron
Ls'wﬂmeer H§aneseeand unesripyen Hiébi aeonwgneticzgaouhr fayer 120,

romed b CvD.net hod, Thereafter, the | ubricating
4&?&?"@2%"%'&90{5’@3 lgyertls 3a§e&P B@SPP%F%EMIBVEMZ’%

%ﬁ%@ﬁ retelnd lBE 1249 bPancive e 1 26, ARz bReating Bver
fvivl%lr le*m@ ‘@oﬂtrlgiq;%% Wjel 142, Qhe b BRRF 14N GnddKE sEcond

soft magnetic layer 114¢ cooperatively form a soft magnetic 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 material of the glass disk, use can be made of, for example,
aluminosilicate glass, soda-lime glass, soda aluminosilicate glass,

aluminoborosilicate glass, borosilicate glass, quartz glass, chain silicate glass,
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The adhesive layer 112 is forned in contact with the
di sk substrate 110. The adhesive |layer 112 has a
function of increasing the adhesion strength between
the soft magnetic |layer 114 fgrned thereon and the
di sk substrate 110 and a function of mniaturizing
and equalizing crystal grains of the respective 15

R Sorpieifen A ovo e @51, o TR T 8SS disk B arouna
FHISRed, AnH 2 EMmicklly s’trén@hﬁﬁé‘cf F?nthlééﬁéﬂcea TRARAQ §§Fa?nﬁrl&€%e

filmfor adaptation to the anorphous'glass

Bneocal heﬁma%rr\étitytﬁiék bkt 1 {RinIRe Rsrhst o £ %g

exanple, a CrTi-based anorphous |ayer, a Cov{f sed
atrengthened gimgsdiska Cr W based 20 anor phous | ayer, a

Cr Ta- based anor phous | ayer, and a CrNb-based

anmor phOidhe diskisubsinated 10hibem layerOiowithe adhesive yayler 1112 to the
[ ,aarti cularly preferable because it forns an

AN SBSOINa-RYAT 12 278 formedt I Geru@ncsdny @ DA magmadon

ot 08, 1 et i i il o .
USRS, % Pl 2 P rop A S B fmos.

kedtrof hwﬁaaalv?trg.tii BRI B kGUSE al Itihs t)%‘éirf{@%ming

by sputtiering a erial ‘contal ni ng carbon di"0X

owtihad) Hareinbaiow, thel stagtutes of theXrEGRIIVE ldyeréwisededFibed.

such a gas at its surface layer. 11 The soft

magnet The adheasivellaver 924ds famned it cantatiowittother disly stilsstiae 110,

ﬁhmagnet_i c path during recording for causing the
gAdbesive Jayer 112 hassa Tunstion ghincrrasingdbe aidhesibagtrength

Reiieefie st mRanet Byet S foiped s antpa wiak substrate 110
90 TR or BRGE e Ay aNeRE bR ettt heurBinagive
lag¥arfordd ovdrite §8f1ési%@‘%2§? i‘&él Whén thebisiBy grt]% 110is

configured to have AF ntiferromagneti c exc

mate lof Agorphls [yldde| theCautisisBeIajdran?2 idB@Reabkain sMorphous
directions of the soft magnetic |ayer 114 can be

slloydiredomadapdationeo it amorphquatgiagssaefiaeg.i ¢ circuit)

wi th high accuracy and thus the perpendicul ar
conpondgtadhgsivadayer 112 can be selected from, for example, a
CrTi-based amorphous layer, a CoW-based amorphous layer, a CrW-based
amorphous layer, a CrTa-based amorphous layer, and a CriNb-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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1 0 magneti zation direction is extrenely reduced, so
that it is possible to reduce noise generated from
the soft magnetic layer 114. As the conposition of
the first soft magnetic |ayeq 114a and the second
soft magnetic |ayer 114c, use can be nmade of a
cobal t- based all oy such as CoTaZr, a Co-Fe-based

al | oy 0, EeTazr, N - Fe- based .

1 oy T BoabRetRart 14 BidR s oot iviBime a rpagnetic
Lo ! T .

Pa irk recording for oYY Al ffassinfiuon te

Pocording ldyer iInnepapkhditBRIP Bird&i HON

of orignspﬁlg, Fn@a di sk perpghg?{gﬁ%%ﬂ%ﬁlggﬁ@%gﬁﬁﬁ

ezcoyding gystemz aBydterposingdthe aoheugostivadpaeeoRgst 1 PRCHSWeen

structure (hcp structure) included in the underlayer

thedirsiosottonageticdayer 1244 and shepsadond sbftenadretic layertihéc, the

gre-under,layer 116, the%({lll) plane of a
ot magppliciayer Ydnman ba eandigured tofheve AFEU@ntifesomagnstic

gar al | el to'. t Eed@d\gh.surf ce of the dj sk substrate
XEiangs Sopptiogln e dyeeor "3, magpetzatiop dregtiens of the
L e L G e L R
Bl AR DIWEcurk] andth FEMBPENRENT bokdifet inth.

Pagastizatibo diréqidhds Bkiiémeltadacertiathad ft i@ pb&dible to reduce
conponent and one or nore additional elenents from

Miise yenelatediom thedsaft mBgneticdayerl H4. | Asitlse pompoditien bbthe
suitably select NON, CuW or CuCr as an alloy having
first eaft magnaticlayer 114a antdhe aecandgofirmagreticdayes Mdp, use can

structure and has function of _growing Co crystals
b FyRde o 8 5obei-Berel Bl SUch@ Rtk i Codeohareplioy pueh as
CHGEH & FoiRa O£ DR Bl ke B-P e Romltayor

& eshthé i%g as the (0001) plane of crystals of the
under ["ayer i becones 5 nore parallel to the main

sur f agpe@ireluR@ettiyek 136/ 54 hahmadddtic dliby ifyepandinak e fufiction
i mprove the orientation of the magnetic recording

dfgyatectirRPtheAoftenayrietic lafer e and dduhctiparof bti@nfiig, in a disk
typically Ru, but, alternatively, can be sel ected
rerpendicidar diregtiondbe egsy magretizadies axis of ephaxagonpaldlesest
and has a crystal lattice interval close to that

. of
Rasked sty P Sl dn 'gd‘#da'?é’f‘e gpger !?Uﬁ*b 6%%59%‘1@?@0“-
if {s p?gfe(r:aabrfe B%nt. 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 fcc

structure.
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10 well oriented. In the case where the
materi al of the underlayer 118 is Ru, the underl ayer
118 can have a two-layer structure nmade of Ru by
changi ng the gas pressure durd ng sputtering.
Specifically, when formng the first underlayer 118a
on the | ower |ayer side, the gas pressure of Ar is

LT ST SERE Tp—
Chhysaistii 4 RBS S iR oﬁhé’ F‘r}agﬁgﬁc Eé%éhd?ﬁqe‘%slg{ £22[htd'%

is set higher t ant for

graﬂmiér&!rﬁbtuié.SarWefoI‘ée dsQM@ Erysey @heﬁt!aﬁ'@n of th§- urﬁgﬂa)}é? 118
a high pressure. This makes it possible to inpro

isrenhanysd,dle. es thent0801 ppiané of bystakosrehé Qnﬂ@ﬁé}!e@ M8 becomes
| ayer 122 by the first underlayer 118a and to

more peralielle theqain swime ofithe disk stibstrate 1@ ikbisipossible to

recordln r 122 b the second under| ayer 118b.
’P\ﬁ%“fﬁ‘a %ﬁ%@gwéhﬁ gealicEcording laven13% e A pateriabpf the

S P B Dl S ERIRENCE b St st B anc
Rlgb, ! i FPBRBEL ek P ohdh g 3SAMA 4 Hivelcose o
prdoiag 2%’%"@‘-*3‘22%“5’*%@@ 2433229? SPmpBS Ry SEb can be
wWélBoridhited. nakes it possible to further facilitate the
separation and mniaturization of the Ru crystal

gr ai ndn hedcasienghare the material biithehederlagdratids Ranthe
mniaturization of the Co crystal grains of the
yndgrayerc! Bcamrhaved weplayen stnicturganade of Ru by changing the gas
pressure during sputtering. Specifically, when forming the first undetlayer 118a
on the lower layer side, the gas pressure of Ar is set to a predeterminad
pressure, i.e. a low pressure, while when forming the second underlayer 118b
on the upper layer side, the gas pressure of Ar is set higher than that for forming
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.



10

15

20

25

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

SRygRiinal b&bMd By ool tndlernB ik pldfiabid o use a target
reaeitihg axygindh s%@@ériﬁdﬁrhe@ﬁnaﬁdh‘? nonmagnet i c

granul ar layer 120 has a function of separating the
magnet The poamagretid graablaf 1298t #0 is™H hdrthadHe®M G
(bui Tdupy D By Eh s g e 1 haghitidyet bt a

igsanLdan ssructfre .t Hidy fomgitegy the ngnaiagaetid grahalambgRet 20 on the hep
recording 10 | ayer 122. The conposition of the
GHuttEe ofithd underlayey 418 and by arowing @ gragulaniayar of the

P e AL ESRL 1 B8 o egnetd o stbst ance 1

' - | ] . hi X
S, b AR B2 g o it e
FofiReld o BBR oAt ok, S (ORI,

basuisigno fRilfRe AblRIonQr ties bh‘ébﬁét]&%r?iﬂ%sof&ﬁ\é’ g@ﬁgﬁﬁa t&:ording

crystal grains) so that thé nonhagnetic

- layge122.2 0T Heecorapagitionudfakie atnmagnste. gréindar IBY8212Gcanhive a

one exanple and nmay be replaced by another. For

gramier sruCuEr IRuseregatinga benmmagneatisl subateede toviirmagtain
urther, instead of Ru, use can be made of Rh

E? righpetsenneamagneticFrysial araing made of aq-based alay.

| AP 2 |d)..Th '

Lot 04 Bhpofind, P sEblihnd S5 RETEP b maco o

. . ' [ £8: d
CHEFSIOL® prBiiel] 0! (RoArRigRelo i RS 1 it to forn

GraiBo\gRlatiod Béﬁ@eh@b-ﬁﬁéé’&?@l[by‘d?ﬁst%aﬁ% gﬁo@éé%rghtiic%tal

that nay be a nonnmagnetic substance

gralris)iss that theendromagrietictgrakinir lajem 1204@d grantidris&ABture.
oxi de (SiOx), chromum (Cr), chrom um oxide (Cr02),

CeCr-BiGns onlymiedexamp© 2nd may ke replameohiyangtFe) 2 For arample,
(Eg }Rall-girp)zoé(zjndbee sEuTlt%glg.)ISt}se%%Qstggd.gi f}/uer{]he?.singéggﬂglf gﬁ, use can be
made of Rh (rhodium), Pd (palladium), Ag (silver), Os (osmiumy), Ir (iridium}, or
Au (gold). The nonmagnetic substance may be any substance as long asitis
a substance that can form grain boundaries around magnetic grains so as to
suppress or block the exchange interaction 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



10

186

20

25

In this enbodi nent, the rionmagnetic granul ar | ayer
120 is provided on the underlayer 118 (second

under| ayer 118b), but not limted thereto. The 14
per pendi cul ar nmagnetic recorgf ng nmedi um 100 can be
fabricated w thout providing the nonmagnetic granul ar
| ayer 120. The magnetic recording | ayer 122

B A e Wil e
ARG v ndfutene RIS TR 2° o based alloy, a
Fe- basggl AHagR¥tic %gro@r?é\!ay?la??éjh%é%%@éé RENUIA Sthcture in

t he nonmagnéti c granul-ar ayer magneti c

whidhns nemna@eatieiubatanad Iiyse;jr%ute@ efornuam Bouhtamad BBund
granul ar structure thereof. e magnetic recording
magretid gtaimsegf disard reagrastie subytancdsélected ftom & Co-based alloy,
enbodi nent, is forned by the first nmagnetic recording
pdir=base alipgangrnl N!-hésé%uﬁfd Bugrevidiog thecoenmagnetisygranular

mutual ly different .compositi ons and

_j%,%g QE@\QQQQ@% mgRSYS JrainsirRgie sRitax@ly praw cantipupusly frgm the
bR e e eSSk bnng BSRE 4 i St
o B o IR RER X oo 362t N ghe ioring taer

N 22OBAY e $6R0RE nitghetic réddiding Paychi QlfIS‘ ﬁ_&ﬁn? $m|ﬁ§e? ecﬁff@rent

coercive force Ho and contains "a rel ative

esrapositiors and izknéssesc iThe dirdt Svdgrietio Radoiding layer 122a is
m niaturization of magnetic grains, thereby achieving
small ipihinkoesmivutisec@eR a coercive foroe Heiby ivaieasingthe size lné
first magnetic recording |ayer 122a may be nade of

Meguetiy grainsvt) a srlativehcsal amouptes)axidsiso 2)The srepnd
RRR osaB o Ao DI R seRb A e  ars
DIKEE e Sachiera RBHIRATRE 10 308 BN T tBh TataB mount
8 Sy RAchENE RdlatidhesR Mpiatafiz4tiod iy netie grains, thereby

epitaxially grown continuously fromthé granul ar

adHiedhy bR improvemenpirggRet i ¢ granul ar | ayer 120. As
t he nonmagneti ¢ substances for formng the 25

nonnmagdndiis emipodinmeriothedast magreftictreeoréingdayard@2stmhay be
recording | ayer 122a, oxides such as silicon oxide

mereef (CeGPEniGIRY o (CoerthfuRsbidias. ( Thaiygpmpositions can
L D B B B BB Rl et
%%ﬂ%c%%%?g’a LedrBPatad t8 sl 'oRth FSGHURNES ardund! thadiRicTams
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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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 A including SiOfs Ti02, and Cr203 and at
| east one oxide selected froma group B including

oxi des, 5 such as CoO, Co304, Cut), Ag20, and W3,

%%@%?ﬁﬁ#ffgﬁ ég(#wlf&ggﬁgé&fgsg e,rAQBC/-}) A? han t he
(oo prhe PledeligGdpls el ver f22p coptains, agnogmagnetic

P - . |
tsDBSAREEY) Gt FRSNEHd Sxid€5kEkeA Qrdm%%% ﬁhc@&sm, FHo,,

structure can be formed in which

@adGredi hed aledatpnelmidigsalenst §oat 4 GrauphB INaisy aXifes,
10 segregated to form grain boundaries around

stighhas ColyiCoia0s, CadA®mD, BodWO,,seathdrawing a lrgeraSibbs free
col umar shape. Co304 being the oxide of the group B
esegy s thaseinpfigrsiroplydatered tssaG)ihan thengioup A héis a

ti ' t_di f t ti
St st DS S Bi b e et riep gmthe
i [ f.th . 15T .
SOk R e BT o P B BETRE oo
PR TIOF 0% SO RERHRE blet) (ol Ao o R Boghing are
bépregateddo Grmd Jraindicundafied BFoUNEINAGIRTERFAIRE AthdRUSFToCrPt
use can be made of a conpound whose AG for oxygen is
andhgievn intea columinaoEhapgee o0 being the oxideugf tRe grauphB is
as, for exanple, SIO 110, Cr202, or Cr303, i.e. a 20
sepafaeddniedy and @, whemds Coi antensthevmagnetic grgins {not

gefi cient fromthe oxide adapted to be contained in

irehayped fropuirdeagnedic orias) and Osyepleaestriongsnaefigiency in
SRR Bt il BTN &' "0,8 O

| . | . | .

51 o, 110 o BB EE EPring el 122 fher coffelit dehice
fréaxmmgla%ﬂtﬁgﬁh grwpqi HEAPEd 8 il e W& Bhave-Adntidted oxide of

arger Al he group A, and at |east one oxide .
thelgroape 8. f Asring bridgvbthe dPaup @ letning the redhicirpadent, use can
havi ng small er AG than the group B.
be adeiof @ sempead vefiese €3l farioxygen isramalier tharsthakglgba oxide

its conposition becones the, as that of the oxide
ofrthe GFAURB. Such agy far expEaifd %52‘5”@%% gECr0s, le.a

compound having a composition in which oxygen is deficient from the oxide
adapted o be contained in the grain boundaries. That is, the second magnetic
recording layer 122b is formed by using a target containing a metal containing
Co, Cr, and Pt, at least one oxide selected from the group A including Si0a, 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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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 possibfge to adjust the anmount
of oxygen to be supplied fromthe group B to the
group A, nore finely than by changi ng the

i ploBelairR anlEh 48 o RiachEfie RESHdIahe K rch degrpgert
lraE RERSIRS agént i BEhdEH tb%ﬁ?ﬁ&%&lhgkgiﬁg?é%%r?@%om the oxide of

reduci ng agent bonded t romthe

thepgretp B ¢ thab it isspodsitilé td adjust tl@@%ﬁid&hﬁoﬁ &y@éﬁ‘f@ BE supplied
degradation of the crystal orientation of

fragribeigroup Bito thengroep W, swre finsigdhdyby umr@mgllme incorperation
remai ni ng in the crystals of the rm&mtl Cc grains.

aopupt ofhe graup Bitselh g Raumher, sincathe plemeng atlapted to form the
ener i es, of forglon of . gxides. As shown in Fi

%'E’@g'eafs o | RGN N #gg 'S%@Hg% )agar;%onded to O
%e“@%“aﬁ% ARG misdp86 0y’ etk Rpestg i pfefieit och
ﬁ%@r %ttcfr%f tfw@'&:?sﬂ'ﬂo gﬁtg?&ﬁ ?thg Faifk gm?\mse caused

I C recor

Bl diidd Fé(néumﬂ% .ﬁ&@@&@ﬁﬁ@ftwémtapﬁeﬁégr@ sde of the

group B is discharged as sinple atons an ent r apped

i nto tig isgnetiingtgin dixgranichowthgfeie/enatbieb o ¢imridien of

oxi de of the group B is not required to Inprove the

pridgser tAseshawn inHg.rd g oxides ot bediroup BAgxidizing agents) are

oxi de, a sel ection shoulg e _made_such that even_ if a
ed

"ﬁqHﬁ%t‘kh%\f?e'ﬁfg‘%@%maﬂa% IOt 2@nLrRagfrabscang az%bemg
rﬁngéﬁf 2aup Al kb Hsr BT RSSO e oral bATRRES Bt

be iy i Jég{)rdﬂg l‘é&grm? %rt%r ﬂ'{%}@ ﬁ ngsfiblﬁlwhé}rtﬂ%%letﬁp]ecrﬁ%f the
:S%éfdlé’&f ®k gr&fp g'i® uecﬁargeg E«%‘sﬁﬁglb%rﬁéﬁné @ntrBgfed Mthe

In this case, one or

g-eet@grdm CAacdsramgm gt ctghfthe oxidB @Mthe’group B @xiod esquired

of the group A, oxides such as silicon oxide (SiOx),

taimproverthe prgr@rties oftthe magmetis rebordiny Jeypy as antaxide, m
oxi de (1102), zirconium oxide (Zr 026e t ant al um oxi de

S(ql%pzies)shouidche mRAesucirthadsyen EﬁdS"BB dHerpeniis epgaaegd into
t an be E\é%{ﬁa exan‘%;gpeqtgggl h&ﬁ;ﬂgsl gﬁiqé)fr@ hqes Asa result
%ﬁﬁrﬁ% Galidls r%éeaé R h%}.%en%% thaf alge?e%nt o} Zm 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
(Zr0,), 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.
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The reduci ng agent of the group Cis required to have
smal ler AG than the group B. This is because it is
necessary to ensure the function of the group B as an
oxi di zing agent for the groyp A Further, a selection
shoul d be made such that the reducing agent of the
group C bonded to oxygen does not 5 affect the

netic.

Cedul ¢TGN aBt o B e et B sl ot
MRl ThET, oBoARRIOR HEERAR HEUS MR ofdhe,g

§lotp Hlddan Gkidlihg ﬁ?’énﬁt Qﬁﬂé”grﬁpﬂ.ﬂ FLljrﬁ'ﬁq ﬁelé%t?og}fih{%ﬁéd be

el ements included the group A. The el enen

made Buéh that ehgreldueing ageht st toe gr'rdmptrp BoRdEd ?Sq%eh ¥Bes not
| | S

magnetic 10 recording layer, Therefore,
aftet thel wrystel griembation af dhe edghetimgrainst hAscr resultbf examination
orientation of the magnetic arai ns ot herw se caused

taling tlais intg derentail bas been foupd dhptiacanroundpscthededucing

504 0 o 20l b SRR 0S 150 rn
5. 551515 7 6 G BT e kS, e
GBERES1 50 R e bIE S oA B e

regeding(I8yér:  TheidisteCR ARG EREibIORNtevé itegiatheiBn B tHREErystal

is 4). is makes it possible to nore properly adjust
drizataion of theofagmetiegrains dilscriviseadduged bp ditareetlicing ggens
is a diagram for explaining the amount of sinple
entigpped intopdeagredicigsaine aad gwalﬂ@apwae] regducing agent while
ezgent and g reduci ng agent are m xed together. It is
SR the BNR. t he oxi di zi ng agent (oxide of group B)

e and PP abe e el drEiR ] el aene o
4ml % si - IWall -~y

GE B € fo. g FR ol BLARLALE! SRANIERIC il 8GaBt 080, is 1)

baOsHAAller Shar The G §6n REfMbebof tAE b¥iderd? i hidRb R as bR eRidilihg

captures oxygen so as to be 8i02, it iS seen that the

agentifelg.of the caslecofalamd, oy gapgérontrabel is afar Teid makes it
decreases per 1nmol % Actually, separation and bondi ng
possibledo reenenrepeslyadivstithe ameunt efrexyaen éo be fnally separated,

Fig. 3 is a diagram for explaining the amount of simple element oxygen
to be discharged when an oxidizing agent and a reducing agent are mixed
together. Itis assumed that the oxidizing agent (oxide of group B) is Co104
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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nunerical values are only illustrative. But still, it
is true that excess sinple 18 atom oxygen can be
capt ur ed. In this enbodi ment, use is made of
one kind of oxide in the firfg magnetic recording

| ayer 122a and of the oxides of the groups A and B
and the redu0|ng agent in the second magnetic

.@‘Z’ﬁé%&?%? b8 Bé caR0RIL "o dos of Lidg?ohﬁir A and B
ranet MohRERHbAmBALME 1<'mBhE UP ho kol 8 dxBk if il st
nGghetic RELordikg taybe 4022 EHG* bﬁfh‘ér ésrbf?ﬁ?ﬂ@glﬁg A%ﬁ and the

the magnetic recording |ayer

sed\@lirey agertin the sesond fiaghend refcbmmgzla \Sr ﬁzﬁw%ﬂﬁéﬂrmted

such a magnetic recording layer 122 is preferably
thedetoof Iti9 paasitiete Ts@ theSpidesfafd giups A and B anditle reducing
auxiliary recording layer 124 is a nmagnetic | ayer
Agemdn ﬁﬁéﬁﬂ o betmobthedisstmagnetis recording layer JR3aand the second
direction o P n? surface of the substrate.

AYRe

Magesucrapofding 28R | hgrSfores ibingi Gage Mipee tfpzmaa@etsc
PRRGRIRG L2yE 124 1 Brr¥ed bl ool e o vt Fiim i ™
PASSEMT sk Hesonle Slali Bk 22T brofEl tpBdg or

@uwta'ngg_s;g Oj-8pa very small amount of an oxi de
in CoCr Pt ormll‘ZrPtB The auxiliary recording |ayer

124 hakhe iexilfary recoediog layer 424 iswmagaeticlagesmegastizally
nucl eati on rragnetl c field Hh and the coercive force

alost n@mtwpuaarhlhevmm{pr&rdlmpmoémemam isudace of thersubbtrate.
I;I uctuation 20 characteristics, OMNcharacteristics,
fneggasanyth %tr‘B%ﬁUi"Ba%(dﬁF@‘G’@Qt'ﬁY@' t2dhsadiacent o or in vicinity

e B2 1968
P A3 I 3 e,
Cagert, B32rPB, bhb SUSEBASH ARHEAININgH véf?ﬁn%'ilta% lo¥ 8h Yoxide in

be provi ded bel ow the magnetic recofding 25 |ayer

GaCrPt or CoCrPB.1 €TH® sixiliamp gxvording ldyer ¢24 hiad HRUSUrp OBABE
that the magnetism continues. A term of "al nost

adjustingfbe sevemsaahdomaini mucleatien magnetis Gekitién and the coercive
auxiliary recording layer 124 is not a single nagnet
o He dhaneby @chlﬁvqng§n improvement in anti-thermal fluctuation

characteristics, OW characteristics, and SNR. In order to achieve this purpose,
the auxiliary recording layer 124 preferably has high perpendicular magnetic
anisotropy Ku and high saturation magnetization 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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19 entirety so that the nmagneti sm may be

di sconti nuous due to grain boundaries of crystal
grains or the |ike. The grain boundary not only
represents the discontinuityleof a crystal, but also
may be formed by segregation of Cr or by segregation
of an oxide contained in a very snmall anmount. Even if

j j [, oxi d e formed in
Ehel o et BoAna e il B in e org R i s o
enatd) gRAND 8Ptk GiRe S ' a?y’fﬁé nt
o'f‘y%t hg oxi de is ?O\A-/(E‘?é) Q{aﬁéﬁ&#rﬁat 0 ﬂcﬁ%@ r%sleqn'ﬁg{h%
Hiseontimiitg df @foryshal, BRGNS may bedastid iy seyBhatiorror O by
function and operation of the auxili‘ary recordi ng
segregaticvofaneoxide containsd in & vgrycdreall ambut, | Evief if grain
considered that the auxiliary recording |ayer 124 has
hourglanigg sentaininatheroxide ane fopred inrthe auxiiamyrgeording layer 124,

ranul ar_ magnetic grains of the

ﬁ?%u l@% Bgz'\egftasj?’cﬁqt@dgﬁ%is pefe %fﬁal'efﬂthﬁ epnierssf theoxide is

i Hneand He and th i e the
A R e B o
The hdbfion ahd bBefBB6 of e Sod AR relb iy e, ToF vt "

hEUeBEANY cRA) P RMEEARTErEd R Y A0t 7y R i(leafyer 124 has a

grains is 15 greater than cross section o

magneticintermgion tperfera éxehange belpling) With tHey@haRIr magnetic
tends to occur due to reception of nmuch magnetic flux
graownof theagnagnetic tecanding lagert32 sothabitisnppdditde @\adjust Hn and
characteristics of the whol The protective

e ped thusdodmpraye the a_mi@asma? ﬂmmgt&nrﬂixamterg&ﬁcganudhe SNR.
e 78R nin e B bR
AR e D b e | e Trahui et i

qrem@%anraressasé&abmomé g}gnw_ ?ﬂiﬁ?hé?@%%é. H’FHgg]‘éﬁQatidﬁ

i I mhardness as conpared y the uttering

rewvsrgaldtends td sconpdak id reception of ath M2QnBEE RENRIbALA Alagnetic
magneti c recordi ng nmedi um 100 nore effectively

regdi therebyHmproning thef ©Whcharactetistivstdf thenehdle. 25 The
lubricating |ayer 128 can be formed of PFPE

( per f IThe PERIEEHMEL RYen) 136 canke torped Sudim jormatiosof certrem by

186 S Wl mAPLIENG @ VAU of DB Ecig yen 48 o2
g ForBedd b feoBiob 8, RABFAAARinie P 1o from o
iriBact of a magnetic head. Since, in general, carbon forrned into a film by the
CVD method is improved in film hérdness as compared with that by the
sputtering method, it is possible to protect the perpendicular magnetic 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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brought into contact with the surface of the

per pendi cul ar magnetic recordi ng medi um 100, it is
possi bl e to prevent danage or breakage of the
protective |ayer 126. By thegabove-nentioned

manuf acturi ng processes, the perpendicular 5 magnetic
recordi ng nmedi um 100 can be obt ai ned. Next, the

FRRBR 1 R U a%es% il e e
Fotins 00 sebens e RUBRANE ofSEANSATE RISt

ePfEed all oy, at | east one OXI de 10 selected from
e group A including 8102, Ti02, and Cr203, at | east

t

one 0)Bydthe ibbes neshtibhedMianafeneing p$o¢és%é§%8%e¥‘ﬁ'@1dicular

oxi des each having |arger AG than the group

megnetsdgcoringrmediumatiRbtardbe obtagedc e Neltk thex mdgnefic t he
In other words, the magnetic

Reothha Tayen Eneina the teatice REMIaNANIA b deshibask e

@gkou B'L havi ng | arger AG than the oxide (group A)
o%r:;"[’ d to be contained in the grain boundaries of

agent "RATeHibeRERE, B REo PR v TG
rHE@'iEtuctrEﬁérdﬁ IS8} caREnEMERS 1oEBY o1y B ISEPBAELRe

from eac e smal |l er

sellenafromtie QroUpen incRithd SiChLOTiOL 2arid @808, ﬂﬁéﬁ‘ﬁ: onﬁ oxide

Accordingly, if sputtering is carried out wth
seldctisbirom thé grogipo fresluirg e Bk saradh thaeingdarger AG than the
agent m xed together, since the oxide of the group A

ar@wmé and the reducing agentadapiasin reducedthp axidst ofithe arupB.

t he duce t he oxi de

ot Bt oRs: IR scoaBing s e sy

PHEMRL s 00 e BE &g lrbia g HIPng aofie GF ded Bpl °
B@.@I to 'B‘éréo'ﬁf‘émeaf_ﬁ élﬁréiﬁlﬁﬁ r%s%?'ﬂﬁ?& Pﬁeﬁ§ﬁc§ﬁitr§ layer

ucl ng agent errent 0]

mhearﬂrtneuaecﬁ, t RaviA %ﬂ{dﬂéﬁAGttﬁiﬁ thelgBlb & LarginG
to the el eneoﬁfg ‘?ﬁlhe ogu de of the group Ab whil e t he

meansahat af eleiment eod okyuenagnd to be semeated feom a2ach ether, while
that recovers excess oxygen. Accordingly, even if

spafigeaGdaneans tbatgn glemant and oxygentend o firm a stableroxide,
Acconhdmgly. if sputtering is carried out with the oxides of the groups A and 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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21 an oxide of the group Ais supplied with oxygen
separated fromthe oxide of the group B to becone an
oxi de so as to be segregated and deposited at the
grai n boundaries, while excqﬁp oxygen is bonded to
the reducing agent so as to be deposited at the grain
boundaries without remaining in the crystals of the 5

G EREl Gl Bl St Wit kPR AEPPRBSSHIGTLRECe of the

SRS Ko Ryt Bt o BB e ar
S5 AR LRSI & RS, SRR b as o e
B@p@:ﬂ%ﬂ'zﬁ%ﬁe g.@wpm}fmheg maﬁ%&%@%ﬁ the c?*}éfél%%ﬁthe

orientation, is possible to 10 Inprove t

Bagnetic bm:rml e' hefefbﬂme by obtaining throsfict bbisbRtiadangt t he
anmount of oxygen supplied fromthe group B, the

minjaturication of the rmagsietip grans\ly thetuseef theéexid eablﬂ theng;oup Aand
agent and the group A is not questioned.
Plﬁ ée@urﬁlarremamag the @lsfr@nt efihgoxidecaiithe grapp Afremrthe magneuc

Wil bR Bt G e Bt
BhBied el BeBRRSHEH o ik Yl %%%M@Bﬁ Pl
mqaeé trfe SNRI nsmc'élqﬁ\@ éofmé é@baﬁ%bg ?E]tugﬂhe%ount

and Ge as the e ement o

a'rmygeﬁssupmderwﬁ td gRUp B tind n@gnnmm@uaﬂmghmﬁ @@M&Ween
when entrapped into the magnetic grains. Since the

thedredircing agenttanddhé grdupnAl ischdtquesticeed. oxygen |s
selected 20 fromthe group C including the oxides
each Hwi hﬂ;otaemﬂﬂogreat@rmmem%mewrs in the oxide of the

§b 5§ ok B HEERLo! 158 oRicatr The,Group B 5 U charasd 49 gimple
e TR el G er 80 B ﬁ%ﬂ%gﬁﬁ “ S oFhEHhoup 8
:I@ﬁfrspeé intd fhel Ragfete dngﬁ?t Oﬁ%@m E@‘E@?hé’ﬂf €b, Cu,

the c orien e nagh
A% e dng Ge%ttﬁé Slciverithte tHeethkige Bﬂth%gﬁ&&p BNiHeARpas! brientation

e magnetic
is not degraded even when entrapped into the magnetic grains,

Since the reducing agent to be bonded to excess oxygen is selected
from the group C including the oxides each having a composition in which
oxygen is deficient from the oxide adapted to be contained in the grain
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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grains and thus to supply the reduci ng agent while
ensuring the SNR. (Exanple) Using an evacuated film
form ng apparatus, the layers fromthe 22 adhesive

| ayer 112 to the auxiliary rgcording |ayer 124 were
formed in sequence on the di'sk substrate 110 in an Ar
at nosphere by a DC nagnetron sputtering nethod. As

rggar,ds pressure on formng the filnms on sputtering,
guBesivalayer L tafiodhe aptiliatyseeordingdayar d26 wera forseectinsequence

Pyt Bk SPslaLe 110 3 SAAatontepbere b O megeah sav isng
a1 £ MERERATRSSY br oM e s PR H Ui oe s

t 1 .
LSS BB A0 0 PR i 4 i o

thermagndticancerfiingligysrpacer Thaxempadifbn Wﬁxe@dh@@i\r@melr J12

The conposition of the pre-underlayer 116 was a
@3NBOCHEANT (9nmHn i the soft magoeticlayect 14, ¢he Asmpdisition of the
first underlayer 118a, a Ru filmof | Onmwas forned
first seft magaetimlayerctidaanddhe secendsofi magngticdayarnd 4¢ vas
ure._ e.d. 9 6Pa to 0.7Pa). As the _second
%{ggapa‘%&?—fﬁé, a {pagh 20nmhapd therpmpasition piibe spaserigyer
i, Ni . Ar at h {
DA oo, B8 Fpogon PG at uRscmaler fiGnas
; . 9
T o (G s Rl AL e 73 G dBAT 203 o
AR SFOGANDRES farﬁh%(il% 88 s atfodgHré bf & bradelsiaiinéd Pressyre (low

recordi ng layer 122a, grain boundaries contain Cr

pressurere gnPlbPaad 0APa)Xi Ae thgecond underlayer 118b, a Ru film of
95(70C0-12Cr - 18P0-5(Cr203) of 2nmwas forned. In the

Hinoo was fergrest, using ectargét cgniainimg oXygeb, ingmeAmatmosphere at a
boundarj es contain the_ oxides of the groups A and B
presste (Righ prsssHEe: eith&. FRatRc TR higharihanthetnredeterniped.,
By_changd t he ¢ osLtion and presence/ abs e
AThesiEs Lo auBBpsihokibe aRnmRdne GEnYRY 5180 aesy ¢
R SR YLOCHL A Y S OUE. 5 REN il o4t gy
12a>8Fiin ba'&?ﬁia?féﬁ%ﬁiaid/@rg%%farﬂ%ngﬂe &fah ¥le dpped
using C2H4 and CN by the D net hod. The
95(70Co-12Cr-18P1)-5(Cr;03) of 2nm was formed. In the second magnetic
recording layer 122b, grain boundaries contain the oxides of the groups A and B
and the oxide (the reducing agent) of the group C. By changing the
composition and presence/absence thereof as described below, Examples and
Comparative Examples were prepared. The composition of the auxiliary
recording layer 124 was 62Cc-18Cr-15Pt-5B (5.5nm).  The protective layer
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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25 lubricating layer 128 of |Inmwas formed using PFPE
by the dip coating nethod. Now, exam ni ng
will be nade about the effectiveness of Exanples in

whi ch the oxide (reducing aggnt) of the group C
according to this enbodi nent was added. In the nmanner
which is descrived above, in the perpendicular 23

AT LR R R A
G5 70095 e o e e B R g o
HESAckg BNkl s ARG KR 350 (e

$629Ad dfagnfc @éﬁd?&n@iagiﬁeh ¢288 RUdLtES e Ry @ﬁ] el 68 04 may be

oxi di zi ng agent and O may be used as € OxXI

Usied agrthe pxidesafitive g@upB sdreingesuhe RYidRdRNbgent and SiOTAAY be
exanpl e, when 1nol % Co304 is added, assum ng that all
useggsithaoside of the grppCisentingsassthepeducingagent4nol %

oxygen atons are discharged. In this event, it is
assumE@r ?mplﬁhwhgm&moé%ﬂ?ﬁ;pe%adw. @ssyraingdhal altoxyaen

TR AT A= BT ARPE Semer BT LA VYUY SgEmare ocasd.
3154 S 1t A dnsimedhit BESNRE T itGvada Porfpiel Wit the case
Whithe) ?onfxiéifiﬁg 206Nt r&ﬁmwi%%% Saddt! WhHSB9holos SIO as the

added, nanelVy, "at a point ere 4nol % oxygen atons

rédwcin dgehtti® atided, 38 s @lhg ThENSL SO BsuePicll i, Sivple AtdAD
passes a peak where 15 the val ue of the SNR
cpgémdetreases torBmolls. eds thipbventewhenliatvalue ofitbelSNR &t a point
Co304, it is considered that is is possible to

Whﬁlﬁ? Gml%&}o:&alcﬁ;] agdeg), ckz,«’:lgﬁsg ayapeit wetmhémgzﬁdh.oum@ atoms
alﬁﬁaﬁﬁer&“ 1 the,spgent ERGREHE t5oPR rsﬁ%@'ﬁéi’i{b Pas506 & g wheo
théVhe bf fis, NG fePBES i BercadS o B Rh sty of B0
iﬂ% gg%]é!é’rehlthéﬁ% Ts%és‘éﬁ:lé‘ming{g&ée? '@)?%HE SiP B ehiue of the

ing on the conposit he entireé magnefic

SNFX 0ptdl the vaRisaiear tPMRVRIak Byddcréssing PR ddifitiond@heuntof
that the desired anount of sinple atom oxygen can be

odygerhatogesdioithe magnetié rdcardipg Jayend23. usi ng t he

oxi di zi ng agent. of the group B and the reducing agent

of t h&hgrempogitionsitke naa%éaoamorpogaﬁl 5P ONtRIoYidesd & 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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25 suppl enment, neither too nuch nor too little,
deficient oxygen, i.e. oxygen which becones

i nsufficient due to oxygen deficiency, and thus to
allow the originally expect function of the
magneti c recording | ayer 122 to be sufficiently
exhi bi t ed. Figs. 4A and 4B are di agrans

for exlaln e effectiveness Exanpl es_each in

whi ch @%aﬂ#ﬁ% 26 A TPl G i ap efstiganess Examples
l%%ﬁrr‘jvvﬁ%ma eoing &7 Hie 0% of R aPoti e orting tb&sng
Eﬁ%? J‘é‘le% Vf%%%accor ﬁ%&ﬁ%ﬁe sﬁ%fngn ﬂ&%ﬁ,&,

tie recondingnazrrgs (melses&mo:fnabﬁ@acﬁ@&idwg sg% 1%

48 1s a graph show ng the neasuréd val ues

d&tdfil} gccdrding'td Exantplay anhCompaeative Exinpiay fd medsired
Conpar ati ve Exanples are normalized when the neasured

valuee of theaShR $kensbtr Fig) G4 a grapDshdWingthe sreshsagedovalues of
referece value. In Fig. 4A, the values of Exanples

HSNB of fiigh APeand i ﬂranb wherethe Examples aed thesGpmparative
e where Co304 is

gﬁ;‘greg%%e”ﬁg' f?jsv;"iéfblﬂﬁl 2635 5&5’5 VAle iy a gase where Cog0y is
BROPRIS et A IR Vele. £ ARV PR B il e 2o
O S e O A B R

easwh&eam&cnh@ Ofo: IBNR 217 3) Eclasedemstesofithe C%N%eratwe

As shown in Fig. 4A tests ware perfonrd so that th

Exampplestforchs xanmighes, Rvamalizationaf the Examples uses its value as
89- x) (7000-13Cr - 17Pt ) - 5( Si 02) - 5(T102) - x( Co304) - 1( S10

§he refedenaeevalerli tindiig.Ath the aliscissaraxio/epitsentsahe agdsion

chang n_succession. Tests ware prerfo rred so that

Peiadded af the,exids phlearoye B pasdingte axie
{e%gsf)g&oma 17P0-5(3i 02)-5(T107) - x( Co304) and
o mount (x = nmol % of Co304 was changed
in Su%se&fdmﬂﬂnalﬁigv\% Qeétg%%ggﬁﬁrﬁgj sd Bat il Bmpositi OIﬂns of

conpositl ons exc econd nmagnetic recor

- 1
bl B ey 840 SO ACHIOTSO)

ared theradationeriourntdx atrholes) of SupDe wak m:hEng;ed m&ucbbsszcﬁNR
'\Il'\éas?s ware prerformed 50 that 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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25 inproved by addi ng 1nol % 00304. This is considered
to be because, in filmformation using a target

cont ai ni ng an oxi de such as Si 02, by addi ng CO304
having | arger G bbs free eneggly AG (unstable) than
5102, COB04 is separated so that O (oxygen atons) is
supplied in the filmand oxidizes Si and Cr in the

oS R B R0 PR e PR "
ERRHiASH s LBniBeRAB WaheRy SE PAELA] RIRE 2B Cos,

enters | he Tnterior o agn

ePtdrd i FRSAeABr AUhE Wadhetié gﬁanﬁ@%ﬁ&ﬂessé 8k ]gabgyg gzlh@/ er

122. 5However, when tHe addition anount o

eamiatic 7esrdinglay@ere2. there is a tendency that the

SNR was sharply |owered. This is considered to be
becausHowkeer, when Huziaddition amount ofdJo,0g Bédarne @mmal% or more,
2mol % or nore, O and Co separated from Co304 are

thasplis adendepey thal $he/ SNR wareshaiglydoweredr allhis is condidered to
in the etic._grains i s .oxidized excessijvely to
g{erbsﬁav%wﬂgﬁ@eﬁﬂc -%@evmw%w%ewmﬁ%zma%@m. 0

 BORCsarantd B R E RS ARSIV P 13 momptiagrains

N e |- . , ¢ .
G RN e e A S R o
inférabRdrehEWeEn 1198 HRGNBERE §ralfiCardPst haPRoidd®ete Rk caused by
Co304 is Omwl % Since the peak of SNR appeared when

bheesaivdi dmaunt afGanh thed magaéekt drainsamdlstodand thristthe SNR is
peak was considered to exist at 0 to 1nol% In other

lowedsq. At thetimecofcaidinigiGo £k atianol¥) theavdiie pbtheSNR i
Is already excessive at the tinme of adding Co304 at
jomered than the referencpavabiewiers dhe addiien amowgt effRe:04 is Omol%.

e SR ERCRRACT SN aPBa SR viiEn (6 addph SRR of GoxOs
ég% :’Iﬁ b, HéetnYeﬁ;%Eﬁ( “%%% gy%i%é}ea RE kP4 f NAGRE URBther

on'arnoun
words, it can be considered that the addition amount is already excessive at the

time of adding C0304 at 1mol%.

On the other hand, referring to the Examples, the SNR was improved
by adding Tmol% Coa04 as with the Comparative Examples. However, there is
more, the value of SNR in the Example where the addition amount of Co304 is
1mol% 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
Co304 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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| mol % beyonds the value of SNR in the Conparative
Exanpl e where the addition anmount of Co304 is | nol%
In the Exanpl es, although Co304 was added by 3nol %
the value of SNR thereof is 4y gher than the reference
val ue of 17.3 dB by about 0.8 dB and has 18.1 dB

whi ch satisfies condition that the SNR 25 is nore

SR BBttt B ot s
' N ' Co i. i d

AAPE ol o L0 AR SRR BN AS B G o

"fﬁ{ﬁ'i"ﬂ% %g;aafr ve as the reduci ng agent for Co304,

supply o the magnetic grains 26 due to Co304

is mn \, : .

to the e e T TR na e & O iaen gt s
possibldas etnbtelyeongb! Glpply draodmidf Yaygereaorisasl udig film
descri bed above, fromFigs. 4A and 48, it is

foroingsoftbe mdgnetic tedosdidg fryss i1 B2 by combiining EbyOcemvvinglas the
supply anount of oxygen atons by using filmformng
exidizing aac with SiP sebing ag thesrpdrcing 29859 aotHiliis pagsible to

SOP AP TR Ol oo el s i
' , h

£69 BBl D, PRERFSNR oM sy BrufRg taliseq BERR ks

RSB CRIOR i e3P8ERS M5t ebiie)f ifiicedn

formfY B GRA oPthel Magm &tk rbBsrding 18y 122 hd ' SWpRIdUEIng the

recordi ng layer 122 and on producing the

perppadiduian hregnetigreebrding mediuk 100.nedi um 100.
Figs. 5A and 5B are diagrans for further explaining

- the efffiget5A=n88B arg diageams tos fusther explaining thesiffectiveness of

ERaraplefisaah b chuo s000ts apfie ohue pLib Grawh & asveingto
Lt ft ' ' I 2

A BEBL AR gHAE- Tt th  Bof g Bieotidhs etige

| . ) ) £
pigRE SRR P (e S mdindt e tiinp 16/ 228).
S¥rdihg b BxaPpleslaRdmheasupdd viihes sPHeiSNR tieresf. Fig. SBisa
represents the addition anount of Si O added as the
graphehowirighthe measured values of the SNR of Fig. 5A.  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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20 group C and the ordinate axis represents the SNR
In Figs. 5A and 58, as with Figs. 4A and 48, the
nmeasured value of SNR in a case where CO304 is Oml %
is used as. a referece val ue d respective val ues of
SNR are normali zed. I'gs. 5A and 58 show
transition of the values of SNR by changi ng the
SiOin regard to the

ddi ti
Exanp! 85 HORN ALEG, éﬁe&‘éa%n@am&@@ iocRRy mrampes
W?:\ré: 'irﬂpc’rcvélé)‘t%dth F’ aft omprgpé)ﬁc\’lletéx%rr]ﬁc’plg f \}\}E\enlﬁ%(e ggdmon

%ﬁﬁ)g)‘\ll ?17 ust r at eﬁgr t?:ﬁ&%l‘ﬁ&?ﬁga theEJ ?sogleg%{agg 38\%} tr}fe value of
@wmarraaudeﬁi Ewm Rt @Tr@’%g/sm g—l;?ea%%‘! utpltcp%g\oi% the

anmount (y = nol % of SI

shloemf SNFFisQowét%d 164 vauie Wﬂlcﬂ Ohda eﬂj ual BEthalNR Paddhere
Exaﬁl es ware inproved than that of the Conparative

itton atheunttdf Si@dxi0mbtdh, ahis g carfsidirdd icsbebedusko
2rnol % or nore, there is a tendency that the val ue of

spgparation @Qﬁ%@gtlow?wntqfﬁheamgnfmfa;mme tgfcclam is Io(:jst when
3 5 SNR

t:h&%f%e iR Packres anereySue Ao ¢ ha / a°2§2§

cbncr 198 P8 44 3B B o Torth e o BSbies Hleh Bonc,

R Hdden bgf‘?.rﬁd@% ) PS% %e% Fhireve te SRR%QAaddﬁnon%ount of

when th 1on o beconmes an excessi Ve

Silieshinght ledsfa xS Batwiebn 0sndMdHISIRaY. t hat In_ a
target in which 304 10 is added by 3mol % it is

possi Asedeszribeg abowe, imtheTRmies, the SR tvas Improvdd by abt

SiOlies in at |east a rqa;gdqe bet ween Omol % and 2nD1%
lmly addipgiGna@. 55040 as the: M IZRG apeRtdut Bize BidaBIO serving

Sk neht. T8 Son e S e Bkt kg Sebhareo
A Pa B, T ﬁgew@fé@zf; b 9 BSA A d
e s S4B o cut B CHER! 46 Binereby

hinfnE ovidalibof €1 v magnaf dRairkor i ng magnet i c
grai ns. descrlbed above, by containing, in

a tar @atde‘sonbédmhmuag by contzireng, in adagetion forhinea magnetic

oxi de of the group A adapted to mainly formgrain
recording fayer, the oxide of the group A adapted te mainly form grairn
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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20 boundaries, the oxide of the group B including the
oxi des each having |arger G bbs free energy AG than
the group A, and the oxide of the group C including

t he oxi des each having smal l.gr G bbs free energy AG
than the group B, it was pogible to inprove the
crystal orientation of a nagnetic recordi ng nmedi um

and to inprove the SNR Herein, the oxide of the

e adiuspirerinahnumberef cxygeewhes thizexide ofthe graup Ber Cis
iaﬁn‘oer I han tRe nunber of oxygen to be rel eased

g PR e-tghlémb?“@bqg) B. In particular, in the

case ne.the er of .ox t o _be,rel eased from
Che® o VIS te R mEC AT Tovbitpr oS egp dhetiped
. X ]
i RAISFRE o M s QBnBEnd o BralPs f BiRettcls 16 Say ks
invBatiord HoE imRdd MEYasN WieApddrenNAUE pisoh RRillBE Rt
or Cis added per uni't anmount (e.g. unit nol%.
¥in thinkt dfevapives eharedsaemdanodiitationt in thescateyory desdribedsin
been described with reference to the acconpanying
claiave angb it i undesstned thad $hosemismpaturally beting tb theteshnicah
is not |limted thereto. It is apparent that a person
sgape f dhis iMeRtO™r t can thi nk of various changes and
nodi fications in the category described in clains and
i s understood that those also naturally belong to

It

. f this i tion. 10l ndustri al
RGP REIREIT P Tl o' Tovention 15 appl i cabl e to
a per peidingihifin i@%ggﬁédbfé 1058 PEPeRGicIBS hiﬂ@héﬁé%c‘é?&i%%

be nmounted I n a perpendicular magnetic recording H

hbailsh Sdsited!td ve ncuntdd A al pdrperndiculapmagn@tidvedorling HDD

manuf acturi ng such a perpendi cul ar nmagnetic recording
tracd disk drig6) oA likeSand i A/ARth@ of manufacturing such a

perpendicular magnetic recording medium.
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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 is formed between magnetic
grai ns continuously grown int2d a col umar shape,
wherein said magnetic grains contain Co, C, and Pt,
and said magnetic recording |ayer contains at |east
one oxi de selected froma group A conprising Si02,
T102, and 10 Cr203, at | east one oxide

s WYHAT iRICLABMER I§r oup B consi sting of oxides each
having a | arger G bbs free energy AG than said group
A and 1 APerpaﬂdlrﬂélasmagneilmcdrdlr@ehedmmévnnypoaera

af t| ng of oxides each having a snaller
@‘3&5’ %é‘g g}ﬁgﬂﬁlq fpsArding laygwtrpa Branu®r stmicture in which
P EBAR bR S o e s tudinmg ot arei Soetioypusly
| ected f
a%ﬁ%’??'if."nasg% @99?%*55%38262% o303 P
The pewRdh sHidthagfRiRErains EBRAIESTERMN #Wa?@wfd' ng

to claim1, whereinh theé oxides of sait grodp B are

each asaidaasgneticeecsrdingabreshiafised 20 froma group
conprising COO Co304, CuO Ag20, and WS3.

The peapleast ang mdemgjeeted dromea gralipFycompliising smrrm)p gnd
:Fggél aim1l, wherein said magnetic recording |ayer is
aof CoCr Pt- T102- Si 02- Co304- Si O

- 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.

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,



5. A perpendi cul ar magnetic recordi ng nmedi um

manuf acturing nmet hod conprising formng a nmagnetic

recordi ng | ayer over a substrate by the use of a 25

target containing a netal containing Co, Cr, and Pt,

at [ east one oxide selected f3bm a group A conpri sing

8102, TiOz, and C 11203, 30 at | east one

oxi de selected froma group B consisting of oxides

each haut legstoresmiis salbdwa frbmee grupBINorAfGth & ofidkd each

group A, and at | east one oxide selected from

a hgvibgs larges Gibls fregyendrgy AGdthan saidgroeyAngndh smal | er

G bbs free energy AG than said group B. 31

PERPENDRCeRs{rneruiieTsalsctet fopm) agrovB (6 eansisting (ETxIdes each
NUFACTURI JHE SAVE Abstract of the D sclosure A

pOPYBA & STl e4 %“‘?rglééﬁoé’ﬂﬂ SAOA'OWR Boo has, over

a substrate, 5 at least a magnetic recording | ayer

122 with a granul ar structure in which nonmagnetic

grain boundaries are fornmed between magnetic grains

continuously grown into a columar shape. The

magneti c grains of the magnetic recording | ayer 122

contain Co, Cr, and Pt. The mmgnetic recording |ayer

122 contains at |east one oxide selected froma group

A including SIQ2,



10 i 02, and Cr203, at |east one oxide selected froma
group B consisting of oxides each having a | arger

G bbs free energy AG than the group A and a reducing
agent adapted to reduce the oxides of the group B.

FI GURE 1

3

PERPENDICULAR MAGNETIC RECORDING MEDIUM AND
METHOD OF MANUFACTURING THE SAME

Abstract of the Disclosure

A perpendicular magnetic recording medium 100 has, over a subsirate,

5 atleasta magnetic recording layer 122 with a granular structure in which
nonmagnetic grain boundaries are formed between magnetic gra;ins
continuously grown into a columnar shape. The magnetic grains of the
magnetic recording layer 122 contain Co, Cr, and Pt. The magnetic recording
layar 122 contains at least one oxide selected from a group A inciuding SIOg,

10 TiQ,, and Cry0s, at leas! one oxide selected from a group B consisting of oxides

each having atarger Gibbs free energy AG than the group A, and a reducing
agent adapted o reduce the oxides of the group B.

FIGURE 1



