DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM
Technical Field [0001] The present invention
relates to a perpendicul ar magnetic recordi ng nmedi um
nount ed on a perpendi cul ar magnetic recording type
HOD (hard di sk drive) or the |ike. Background Art

[ 0002] . Various information recording

t echni ques have been devel oped al ong with recent

i ncrease of capacity in information processing.

Particularly, the areal '1£=| (C)?ljﬁl'h density of HDDs

usi ng a magnetic recor df g C Eﬂque has continued to
i ncrease at an annual rate of about 100 % Recently,
a 2.5-inch perpendicul ar magnetic recordi ng nedi um

used for pgrpdbRIULAR MAGRERRS REERIRDARY MEYIUN have

an information storage capacity greater than 160 GB
per disk. In order to neet such a demand, it is
necessary to achi eve an information recordi ng density
TgcbeicerFiekdlan 250 Gbit/i nch2.

[000C1]
The present invention relates to a perpendicular magnetic recording
medium mounted on a perpendicular magnetic recording type HDD (hard disk

drive} or the like.

Backgrou nd Art

[0002]

Various information recording techniques have been developed along
with recent increase of capacity in information processing. Particularly, t'he
areal recording density of HDDs usin_gla magnetic recording technique has
continued to increase at an annual rate of about 100 %. Recently, a 2.5-inch
perpendicular magnetic recording medium used for an HDD or the like has been
required fo have an information storage capacity greater than 160 GB per disk.
In order to meet such a demand, it is necessary to achieve an information
recording density greater fhan.2_50 Gbit/inch?.

[0003]

In recent years, perpendicular magnetic recording media of
perpendicular magnetic recording type have been proposed ‘in order to achieve
a higher recording‘density‘ of a magnetic recording medium used for an HDD or
the like. Ina perpendicular magnetic recording type, an axis of easy |
magnetization in a magnetic recording layer is arfanged so as to be oriented in

a direction perpendicular to a surface of a substrate. The perpendicular
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[0003] In recent years, perpendicular magnetic
recordi ng medi a of perpendicul ar magnetic recording
type have been proposed in order to achieve a higher
recording density of a magnetic recordi ng nmedi um used
for an HDD or the like. In a perpendicul ar magnetic
recordi ng type, an axis of easy magnetization in a
magneti c recording layer is arranged so as to be
oriented in a direction.perpendicular to a surface of

a _substrate The pe rp%aiii ul ar netic.recordj .
PBEcreSainBer S flgCtens? %Eﬁ%“f%g fenibpeause i
el (R R P e L
Ibﬁ@iﬂicﬁhélgnégd%c rE Q8 type As a nagnetic _
recor di ng medi um of pérpendi cul ar magnetic recording
type, §0004Qr Pt-Si 02 perpendi cul ar nmagnetic recording

medi um has been proposed because it exhibits high
t her nalAs#t @Bgnemq/re@nailr@(mdltmpf pepsndicrigr magnetic recording

GPar A EE SRS B BROFEHR EgHITd egl s beer
ﬁﬁgﬁgﬁ% Me(pa?fs[e'ltoél&l é@tﬂ&ﬁapﬁﬁﬂﬁ%r{m% 1 rgéﬁhﬂﬁ

ve grown co umhar Shape

cf,H%{rg&grléﬂbs&{sé@ﬁlﬁﬂtﬂa@eﬁt%u%éiﬁ 1h ayﬁbraﬁuﬁh?rs@rﬂﬁture in which
reduci ng the size of the magnetic grains and

marpmagnelic graireboeidaty podioat \aee farmeel tdtwednt rriagaehegnams that
known that an oxide is used for nonmagnetic grain
w@rﬁmwm@n(mwalm@rmwlump@r shapssispetmeskin singaeeticcrecording
3, Bihepomoupihaghe Seeal T mRonalruo R Pireivo &
RgﬁH&ﬁ:néoe}awe EOQQ(Q ﬁc It has been known that an oxide is used for non-
magnetic grain boundaries (non-magnetic portions between magnetic grains).
For example, there has been proposed to use one of SiO, Cr203, Ti0O, TiO.,
and Ta»0s (Patent Document 1).

[0005]

Furthermore, a size-reduction promoting layer h_aving a non-magnetic
granular structure (also referred to as an onset layer in some cases) in which
Si0; is segregated at grain boundaries of a non-magnetic metal of CoCr may be
provided below a magnetic recording layer (Patent Document 2). The size-

“reduction promoting layer is deposited on a Ru underlayer, which is a
continuous crystal that is not isolated. Therefore, when a granular layer is to
be formed on a Ru layer, segregation is not necessarily completed at an initial
stage. The crystal orientation of bases of the granular columns is diéordered,
and the bases of the granular columns spread laterally such that they are

/ coupled to each other. The disorder of the crystai orientation causes decrease

of the SNR or the magnetic coercive force He. The coupling of the crystal
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Furthernore, a size-reduction pronoting |ayer having
a non-magnetic granular structure (also referred to
as an onset |ayer in sone cases) in which Si02 is
segregated at grain boundaries of a non-magnetic
nmetal of CoCr may be provided bel ow a magnetic
recordi ng | ayer (Patent Docunent 2). The

si ze-reduction pronoting |ayer is deposited on a Ru
underl ayer, which is a continuous crystal that is not
i sol ated. Therefore, when a granular |ayer is to, be

grainsatsomauacRdetrepee of bediNat Indhisireoaish heetieiaduyction

ol e0 2 an [ILLSL a8 Thes 61 Bl g ot o
r.d b f

e S ERapar gt i e Bl Bt or e S9ion of

t%gﬂnulam) {ﬁyrﬁo(ﬁgﬁ?eﬁé i) & et mhg@sticaBtaidirglagsrusen if

Frease'o or "'the magneti c coercive force

thi baddreciapanliangokibné hevebyat edupleyt i eschadiber. causes
decrease of the SNR. In this regard, the

si ze- rNdu«pﬁtaﬂh Ducoment hgl. IQikawa &} & bR drasgs Maggs vol. 38,
t he anul ar portions to be forned of nonmagnetic
1976k ﬁdgoﬁ?-w)d thus serves to pronpte segregation and

i sol at t he (rmagneti c grains)
in the Eép%m?atﬁﬁﬁ&oagﬁ‘@'g@en if the bases of
gr anul v o@igalzed to each ot her.
Non- p tﬁétnp PngQrﬂ%nf‘é‘lﬁ $%g6kawal7rgt al ., I EEE Trans.
l\/agn vol . 38, 1976-1978 (2002) Patent Document 1
JP- A- 2006- 024346 Patent Document 2: JP-A-2006-268972
' [Disaoelﬂemfmumfntibnventi on Problen(s) to be Solved by
the I nvention [0006] Magnetic recordi ng nedi a
Rrablenigkie b%@'&ﬁ@@dth%"\*@@t&% ng density as descri bed
above. @ﬁ)@h her inprovement in recording density has
been d | nportant el enents for a higher

recor ding, ?ﬁﬁfécbﬁdlhﬁg‘le‘dﬁaehéﬂ%r BeRASinéRALEd f REEYirE density as

| nprove gnetic coercive force Hc, t

dR4BFMEd AiSowRe! TR eprovemenivia mecdrdiab delnsityShis been
(Si gnal -Noi se Rati o), and reduction of the track

déndrited! mmporkaEraernénts fies nighensceringdengiyinyde various

fgﬁ”‘;ggﬁwg@:ﬂg :%rb?g%ém“ﬂq%@m@h%ﬁ Qe Re e, e ovEurite
di

C S S A L SRR, RS T e

thg)ﬂ% k widt ﬂuchh&‘&vgﬁleh{‘@f tHE GNR %iﬁ&ﬂsﬁﬁ‘np@ﬁaﬁ’ﬁé}ﬂ@:ﬁg chers is

s, and on of the magnetic grains.

a%h?é‘deﬁ'rﬁﬁhiym rfuﬂée rStICBE® bhg midyeetie ransitioy refgorsintay  of
a medium it is desired to uniform ze and reduce the

rgagnaticdicconetirgy lapér. mipiset nedugtntm neguiseiimprovemgnt in crystal
mai ntain a segregation state i n9(\i\/n| ch

m@nn@f@hgm@ngﬂ@rqp@%@g N Laglgalga:gr}gldgram 3 ameter of
magnetic grains, and isolation of the magnetic grains. Specifically, for
inereasing the recording density of a medium, it is desired to uniformize and
reduce the grain diameter of magnetic grains and also to maintain a segregation

state in which individual magnetic grains are magnetically decoupled.

[0007]



[ 0007] Furt hernore, inprovenent of the
magneti c coercive force Hc is achieved by

optim zation of the materials or the crystal
orientation of a magnetic |layer and an underl ayer,
the filmarrangenent, and the like. Inprovenent of
the SNR is achieved nainly by noise reduction of a
magnetic transition region in a magnetic recording
| ayer. In order to inprove both of the magnetic

coercive force Hc and the SNR, it i.s desi.rable .
uni f or REerAREe, I BRIRVEMEN Og  RAGRENGEOEFC Gt %ﬁ%egﬁgﬁ c

SR Rl LIS BT
I%Ee? %ﬁﬁlc?ﬁgmdgﬂgﬁ_%] the film arrar%ﬁ@ﬁ‘@,' dri tha like- bageevement of

gnetic recording layer, particularly
tfle SRR sRRBRYcQ NN ByTidisy rodagiat ofca magoeiiti mgnditprenegion In
I's suitable because it has a high magnetic coercive .
4 mageetidHelomiindy lager. r énlocter 20 ineweve bathad e magnetic coercive
nucl eati on magnetic field (Hn), to. be smal | val ue

f?rle:sé-kl anchthee? Rsiﬁi%@eajr@bl%%r%\'/feff'i‘%%iagaéﬁ%‘é:et‘Beﬁé%{E‘ :

t uaf i dto h i gh. SNR. T
damhiene! mAOSIcyans ciepn 1 MATER sueor & Bn SBin which
. di ver, . o , t i

AT PRt o Sar® bghBeAg RaBLoed LT re

magnet dgog]"ai ns can be isolated such that the
exchange Interaction is blocked. Thus, the Co-based
per penfieahwhile, maGadiased peqendioutpr ireagnetic seeosding daves

- to increase of the recording density. 00 .

. pauticutariyn CoPt-basehperpepdisHan masgimetc @9@&‘&‘9 %V@E is suitable

per pendi cul ar, magneti.c recordin ] i L

avabise Hoos adtongoneye sprcile 1ok () i paffliob Hieforsed
LR Aake gy 1N ' ishiaf WaiueNBEDinahero so as

SHASTLES T rEhRER IR per B e e e

t&%hgrwfe-rlé%t%%cg@é heat fRatudlenianare hade ByhigreBNEL. ngf arhe

size of magnetic grains and pronoting isolation

defsrESIchhe: ORigehtaingt miths pe[EUEulavamagesic rerasding layer,

for oxides have been exam ned. Furt t?er nor e, .

'Cr can be segregated at grain boundary portions of magnetic grains.
Therefore, magnetic grains can be isolated such that the exchange interaction
-is blocked. Thus, the Co-based perpendicular magnetic recording layer is
conducive io increase of the recording density.

{0009]

Furthermore, in the aforementioned CoCrPt-SiO2 perpendicula‘r
magnetic recording medium, addition of an oxide such as SiOz allows the oxide
to be segregated at grain boundaries without inhibiting epitaxial growth of QoPt.
Therefore, the SNR (Signal-Noise Ratio) can be improved by reducing the size
of magnetic grains and promoting isolation between the magnetic grains.

[0010]

Various materials for oxides have been examined. Furthermore,
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provi sion of two or nore magnetic recording |ayers

has been studied to sinultaneously achieve high

magneti c coercive force Hc and SNR, overwrite

performance, and the like. [0011] Reducti on

in size of magnetic grains and isolation of magnetic
grains are influenced by the thickness of an oxide in

the horizontal direction (longitudinal direction)

that has been segregated at grain boundaries. If the
apRIioRbf B BE mdreimagiRaradcotdisy BHBrd Ras bpenvadiad to

a high recording density. |If the anobunt of oxide is
exitadEineelglyi auhieaskigh nagneter gendive ddrae MagnaiSNR, overwrite
ani sotropy is deteriorated, resulting in problens of
degragaaneh and thedikgal stability and increase of

noi se. IQ ? her words, while it is effective to

contain[ ATHxi de at grai n boundaries, the anount of

oxi de t 'éﬁﬂg- At at b ?ﬁﬁﬁhe' ;
[imts g{%gu%ﬁé]n ?ﬁsgggﬁﬁ Ion t'iﬁﬁgﬁggﬂgnlgaitaﬁgﬁg\flenent tic grains
Odrel iffbetide@by HeOh&kness of an okiteOMithe Mosizomtal Hitection
present invention provide a perpendicul ar nagnetic
r{targitdding! dedction )dhpbthebedn bagtagated atgraitsbagndaries. If the
recordi ng density by increasing magnetostatic . .
@fﬁ%&ft@“?f?@@ issincraaseralifePNR is JBPEQvrs It bighpeceriging density.

Ik, Eafind of Beap I EXERNE G a4 20 S Do ReBHBUR Hhébheti
%igﬁrWEsgfe‘?Qﬂi&%(ét), é&gﬁﬁ%in problems of QEgid¥#atiBH iR BREmal
of BTz educt on Aand T SOl At on of nragnegl C grains,

tdiabiliyvant McfedtRVEf Roiedi Nedtiner wieslst Watle §tos Bffgeietto contain
boundari es. The inventors have attracted attention to

- tareokidetat gnain hefungaties dtheamaountdd odidef that dep badionggined has a

not. only upon the anmount of. the oxide, but, also upon :
theitationd  dhus M AERPutigR:redyclion i size angigprovement of
diHiEentIy studi ed effects dependi ng upon the kind of
diP'8%P%e and have found that Si02 tends to pronote

si ze regj@qtzlon of magnetic grains and that Ti Q2 tends
to inprove el ectromagneti c conversion characteristics
(t he SNERvibadpaehiswfltae present invention provide a perpendicular

magnetic recording medium capable of further increasing a recording density
by increasing magnetostatic characteristics (the magnetic coercive force Hec in
particular) and increasing electromagnetic conversion characteristics (the SNR

in particular).

Means to Solve the Problem(s)

[0013] N

For the purpose of size reduction and isolation of magnetic grains, the
inventors have examined oxides that form grain boundaries. The inventors
have attracted attention to the fact that effects of an oxide differ depending not

only upon the amount of the oxide, but also upon the kind of the oxide. The
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[ 0014] Thus, different kinds of oxides have

different characteristics. An appropriate oxide can

be sel ected for desired performance. However, those

characteristics have both advantages and

di sadvant ages. Any oxi de does not necessarily neet

demands for future increase in recording density.

[ 0015] The inventors have exam ned whether to

si mul t aneously exhibit characteristics of a plurality

of oxides and have found that those characteristics

draventes Glavadiigdnily $thdiet! effentsaldpendiog uppn fhekiadlof an oxide

using a plurality of oxides. [0016] . _ )

eoananeifeursl that SE-Rends waprio shg sedednn of B\Acaetc gigins

i mproving the crystal orientatiop of magnetjc grains

RO AHeldHe (8NSS @ FBP@VA ¢ ackpatdneli; SpuerpE chaablenstics (the

§ﬁﬁﬁ¢é§m§%£8n pronoti ng | ayer has been provided for
nfl uence of crystal growh at an initia

st age. wbhyof t hese assune that Co crystal grains

epitaxially grow in a columar shape from hcp

cryst al shuzf diRererli ®&ihHE]of oxides havé difieesttcaatactdrizties.o, An
the i nventors have attracted attenti on to the fact
Bhpropriatesoxids 9an ke sgleataasiogdesiradpastagnance| Urewevsy, thpse

RSl Yol A ARG Dt o
o

Specifig%gy, for exanple, if one colum rises on two
col urms[ én an upper layer is deposited with a

conbi nafHediRveritorseavisd @mine s wabirer torsinrim@néousty exhitsixt
chanber, then isolation and size reduction

characteristics of a plurality of oxides and have found that those characteristics
can be obtained without cancellation by properly using a plurality of oxides.

[0018] | |

Conventionally, a Ru underlayer has been provided for improving the -
crystal orientation of magnetic grains in a magnetic recofding layer.
Furthermore, a size-reduction promoﬁng fayer has been provided for eliminating
influence of crystal growth at an initial stage. All of these assume that Co
crystal grains epitaxially grow in a columnar shape from hcp crystals of Ru.

[0017]

In contrast thereto, the inventors have attracted attention to the fact
that, when crystal grains grow through a plurality of layers including a size-
reduction promoting layer, a first magnetic recording layer, and a second
magnetic recording layer, they do not necessarily grow in a one-fo-one
relationship on the interfaces. Specifically, for example, if one column rises on

two columns when an upper layer is deposited with a combination of new

materials after movement to a next chamber, then isolation and size reduction
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of crystal grains becone insufficient even though a

granul ar structure has satisfactorily been forned in
a lower layer. [0018] Therefore, the

i nventors have found that crystal grains can grow in
a one-to-one relationship with continuous growh of

grain boundaries in addition to continuous growth of
the crystal grains. Meanwhile, appropriate kinds of

o8| d50el SRl B A RSALAH SFRRR M s o

fd ko diBg) el E)ﬁﬁ@{j ¢ BY%oWayByer.and the second

magnet | c Pecor |ng ayer. The i nventors have found

that sedoeg8lion and isolation of magnetic grains can
further be pronoted if grain boundaries can be nade

cont i nudinerefpes tha mmga‘nt@nsr haaaee‘nundimate,cw%tabgramamgrow ina
t hus, have conp he present t [ 0019

i o
!QP%E%BP%@\'@BOW%}'H“&* ffqrgxnua%@&@ t%@'“pt?céﬁ@ﬁ‘f'es in addition

BEEPY B RFHR 0P R R aRel T RRBRNR BipPEFRR Hifics of

%ﬁ&b@tl’ﬂﬂ %Bét%%éﬂrédlﬁldéﬁ@né Bh¥idHE S98c1EBIHEfheCsid-Pédlction

boundary portions are fornmed between nagnetic grains

tgretndtiagdagerotie fiettiaymetisirgcording lagén andrthe Bapend magnetic
wherein the grain boundary portions contain a
peaerding layef. kiheliventosx haes foyrabthal segregation amtisolation of

t he above configurati ossj bl e to obtai
TBRGARE AR IR %@@emcaﬁ% e RNREES Can hedpade
C I f
ORRGRES b5 Floly GEBIHBdes A5G rRERalS Whfbleted the
qﬁgggﬁﬂ iAvéngdmns In a magnet ic recording |ayer, and
can increase the recording density by inprovement of
t he SNR]J0GT)21] The plurality of kinds of oxides may
i nclude both of Si02 and Ti 02.

in accordance with a first aspect of the present invention, there is
provided a perpendicular magnetic recording medium having a magnetic
recording layer with a granular structure in which non-magnetic grain boundary
portions are formed between magnetic grains that have grown continuousiy in
a columnar shape, wherein the grain boundary portions contain a plurality of
kinds of oxides.

[0020]

With the above configuration, it is possible to obtain a perpendicular
magnetic recording medium that can have characteristics of a plurality of
oxides, can reduce noise by further size reduction and isolation of magnetic
grains in a magnetic recording layer, and can increase the recording density by
improvement of the SNR. '

[0021]

The plurality of kinds of oxides may include both of SiO; and TiO..



Si 02 has characteristics of pronoting size reduction

and isolation of magnetic grains, and Ti Q2 has
characteristics of inproving electromgnetic

conversion characteristics (the SNRin particular).

Those oxi des are segregated in a conposite manner at
‘the_grain boundaries of the magnetic recording | ayer. )
TRIf3; hasivhataglrsisties obsramelingisize cadugionandisglagion of magnetic

o T R T -
1 | 9. W.L hi af ' .
L2014 SUR ALSHRARS oo 0, o gge i

CEHMnPLERE e it thEgit BbEnddricH ofithe ReAGetRaBESINR) layer.
force and SNR can be obtai ned. [0023] Wen a

pThug) advwantdgesgfiteith @ xidesorali g attaipeds havi ng a
granul ar structure are provided, a plurality of kinds
of oxi dd8048y be contained at grain boundary portions

TR L
AR BEERAH o0k, B RO e e,

As@RIAAGEE cih bB rMokePaRdhasPeFEact sihgR ®ies enthe contained
invention, there is provided a perpendi cul ar nmagnetic

rexidesli nthereftirephighwagneatic doensive dorcerasd ShBmn e obtained.
recordi E&Ql ayer and a second magnetic recording | ayer

on a sulld?Hte in an order named, wherein the first ’
viber ti guradibooidinagnétiy excoadidg dners bawing arggmetdarcstructure are

BraTie s S BlSEY of kd e aaY he e Beg M BHAT bSundary
t&w&ﬁﬁg & R9ELL YR aftﬁefrﬁég"f?éhc%bmﬁq [HRBRE HFHHSFADRS two or
hat a co and

ave grown continuously in urmar shape, _
nharegyfahe phoaliyafymagneaticorsowting layefs esall abiest may contain a

S R Lo e, socond, maaneti o recording

[0024]

In accordance with a second aspect of the present invention, there is
provided a perpendicular magnetic recording medium having at least a first
magnetic recording layer and a second magnetic recording layer on a substrate -
in an order named, wherein the first magnetic recording layer and the second
magnetic recording layer are a ferromagnetic layer having a granular structure
in which non-magnetic grain boundary portions are formed between magnetic
grains that have grown continuously in a columnar shape, and the grain
boundary portions of the first magnetic recording layer and the second

magnetic recording layer contain a plurality of kinds of oxides.



[ 0025] Wth the above configuration, it is
possible to obtain a perpendi cul ar magneti c recordi ng
medi um t hat can have characteristics of a plurality
of oxides, can increase magnetostatic characteristics
(the magnetic coercive force Hc in particular) by
further size reduction and isolation of magnetic
grains in a magnetic recording |ayer, and can
increase the recording density by inprovenent of

el ectromagneti c conversion characteristics (the SNR

i n part[P@zBlar) . [0026] Pr ef erably, Ac B where
t he content of of the plurali of inds of .
ot dos WhRing sheveiconriaw ool rhiskibte 1o Gl Agfegendioular

R PSSR RS B R g o
B ?ﬁl@@g dcdﬁﬁﬁ&‘é&éé aﬁﬁ@fo@tdiﬁ; dh%YéJd'te Hls‘%lcg ﬁﬁb heghridYic BoBRWE force

I's configurati can | nprove OW per for mance

Wctih paRicOkad) by foghthsizavghetion andﬁcﬂmm dfonagmetic gaaids & a
hi gh SNR. [ 0027] The content of all of the

plagnati¢ tecouding layes aoﬂ caxi inesase Heaieaerdingdansdy byr st

magneti c recordln er or the econd ﬁ
FeRevemagt ¢ aamrqnga F@Pawrwom ararcaef{&écgft ¢ ﬁg\lﬁ &
nol %lt?g 12 nolc/o. Wthin the aforenentioned range,
BAUSH ges can be nore than those of each single
oxi de % dge cont ai ned oxi des. [0028] The
plural ity of kinds of oxides can be selected from

anong $irBfzrabiy, 02« BQuikEte thie 2083tentofCdl ofahe plledlpof Kihds of
oxi des may be a substance that can formgrain

bxidesl amytamednm thesﬂrat magdeima@netdlmg lgyer inslefinechby f\dnol%, and
suppress or he exchange interaction betwe

Teaiael Al oL mléfa“fpa&ft'ﬁ'r@lﬂ o oxiplesicpniaingstiaas seand
p?@gﬁg i %lggfcgy%gye qei’ned -B'y%zmoﬁ) ' H‘?g cohﬁ&ﬁraﬁ&ggﬁ e
improve the OW performance with maintaining the magnetic coercive force He
and a high SNR.

[0027]

The content of all of the plurality of kinds of oxides contaihéd in the first
" magnetic recording layer or the second niagnetic recording layer is preferably in
a range of from 6 mol% to 12 mol%. Within the aforementioned range, '
advantages can be more than those of each single oxide of the cont_éined
oxides.

[0028]

The plurality of kinds of oxides can be selected from among SiO», TiOs,
CrO,, Cry,04, Zr0,, and Tax0s.  The oxides may be a substance that can form
grain boundary portions around magnetic grains so as to suppress or block the
exchange interaction between the magnetic grains. Particularly, it is preferable

to contain both SiO, and TiO2.  For the first magnetic recording layer, it is
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preferable to use one of conbinations including

Cr203+Si 02, Cr203+Ti 02, -and Si 02+Ti 02. Si 02 has

characteristics of pronoting size reduction and

i sol ation of magnetic grains, and Ti Q2 has

characteristics of inproving electronagnetic

conversion characteristics (the SNR in particular).

E:%?Sra@l% #e8sdbRe %eeér%ﬂ{a@@ns nAuGRIISISOL-SIMNORIO ATIO,, and
e grai n boundaries of the magneti € recording |layer.

TBIBZ+Ta©yarﬁ@ge&saﬂwab@ctthnshcmtﬁqaromtlbg sidet r@doetibn and isolation

[ 0029] Preferably, the content of all of the

pofurmagneyc orains,rans BO:dasaeharadierisiioseef impreiag eigatfomagnetic

LB e AR IS (ePR PG, Shos PRERs PRe

p f | f

004 L T e
tll%,%o?d]ﬂ@%sﬁerOfTﬁ‘lJé d%fvahﬂa%e@' St b)(ld@fs cléh%satﬁémed

oxi des Contai ned in the second magnetic recording

| ayer i$0@Rd]i ned by B nol % [0030] The

magneti c coercive force Hc tends to decrease when the
cont ent Pogfegably.ohpgestent of gl of ithe piureliy ef kl@dfs@é@mﬁeﬁg

WRRCR e Vi BRb e elis s SingHav ey 15 B raigs of om 5 mol% to 8
CrﬁSf/C | eY & by %‘étvljfgrectﬂg c% té?‘mo‘ﬁl“aﬂ%‘fl théé%ﬁjpéllfﬁobhgigds of pxides

orehe I oned ran gnetic erc
hahtdiRed vt M%lgﬁ@u%@ébruh@ la9&t i8efinbd &hyIA %i%esand the
in the second magnetic recording layer is 1
[0t of all of the plurality mf &oeis afaxidesidriiaiaet lin th}b aecpmtd
of the present invention, there is provided a

peRgeel @eKHngia)ests defirgdbbyiBrgoldedi um havi ng at
I'east : agixii reduction pronoting |layer, for reducing
g

a size netic grains of a magnetic recordlng
| ayer, B8 BBHIY forbd Wbt F\&s 'tcpdé\ﬂ"gﬁge Wh%' he content of
boundary porti ons contal ni ng |rst oxi de are

RY MRS iIRARe mﬁﬁégrﬁ‘et@rr@wﬁjlﬁ@ #ychayexdisenaly Iarge or is
continuously in a columar shape; a first nmagnetic

eecessively shaafler Within thee afogementianed tangst, artdgh magnietib coercive
g&gin boundary portions contalnlng the first oxide
gediceaphe Wiaipedar Withi thep Béﬁt'ﬂ@@iﬁ?"}?ﬁ’d ﬁggecthgrraaggetsc

B LR B A SRS s v
%E&ﬁﬂiﬂ' Heﬁc?%e ] %ggrQOHEHQ;y portions containing

e seco rmed between nagnetic grains
that hape3gy own continuously in a columar shape, on
a substrate in an order nanmed. [0032]
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Wth the above configuration, since both of oxides
contained in the size-reduction pronoting |ayer and
the second magnetic recording |ayer are added to the
first magnetic recording layer, the affinity between
grai n boundaries on each interface can be enhanced.
Therefore, not only crystal grains, but also grain
boundari es can grow continuously, so that segregation

and i sol g hefordbnbB LA thildl Fdptet bhtHewresefidAdention, there is -
magnetic recording layer as a primary recording iayer

peovided tiparpérdipulanptagtetidcemrdingghydiuel baving mh past b size-
conversion characteristics (the SNR in particul argﬁ .
cedgtieni e medisg dayqrotpg sgducing a sizerpempgpgtic ghginfeoin magnetic

the secqnd oxi de may be selected.fromanong, Si0O )
Irpsingater, Broig o Sads et aGoo J8 WRICOBRT Bay ey ppgions
Boftihiih@adfts{ Balic G R EiRlcln HRIIAALHROG IR hat have
aroun gnetic grarns so as to suppreSs or~block the
XA BERLMIBLRNARL 4 esluRtiarRBBpENE fiFR gRRircticTeaonding Iager having
0034] Particularly, the first oxide may be
Sigganulandtrutiers acwhithqraihebomndane podiods dontaiging the first oxide
preferable to use Si02 for the size-reduction
Bhd Aotaawd exjide arltoamed htyeep moagnatic ains thaldiave grwn

o) 2800 SR SRR R o
ﬁEQc/iﬁéta(gr)a Rlarldtf cl ISR WHh %@r@%ébnd ry portior taining the
Par paRaY UL AT HRgNetic T ecordi ng nedi um according to

eabst Rk ar@fornie) PeRaERIM mbgnetd %mms thae haes gralimg
density can further be increased by increasing

nagiretcushaini  colnamee tshapet ¢t e gubistratesigrast drdec pameidve
force Hc in particular) and increasing
el ect r JRBGAkti ¢ conversion characteristics (the SNR

in par t\)\lﬁH ltﬁé %\bove configuration, since both of oxides contained in the
size-reduction promoting layer and the second magnetic recording layer are
added to the first magnetic recording layer, the affinity between grain
boundaries on each interface can be enhanced. Therefore, not only crystal
grains, but also grain boundaries can grow continuously, so that segregation
-and isolation of magnetic grains in the second magnetic recording layer as a
primary recording iayer can further be promoted. Accordingly, electromagnetic
conversion characteristics (the SNR in particular) can be increased.
[0033]
The first oxide or the second oxide may be selected from among SiO,
TiO,, CrO,, Cr03, Zr0,, and Ta;0s. The oxides may be a substance that can
form grain boundary portions around magnetic grains so as to suppress or block
the exchange interaction between the magnetic grains.
[0034]
11



Brief Description of Draw ngs [0036] Fig. 1

is a diagram explanatory of an arrangenent of a

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

a first enbodi nent. Fig. 2 is a diagram

showi ng an exanpl e of an arrangenment of the

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

the first enbodi nment. : Fig. 3 is a graph

show ngP4irticalkarignthiai firsbetide emayebarSiDu radr theisecohd aride may be
oxi de or a conposite oxide and an SNR i n Exanpl e and
Cifopar lhis pr@f@gglﬁ)toelgse SiO; for the slzgreducﬁtpnaorpmtlég Iayer

R Sl DS OROTRIOS. LSRRl Bt 07
e§é+ p%gjn%tlm&llqerdm&laﬁer lfeqa{a'sg a gh%r@th%R' e 3&3\’”6}'&9

resu Getua
characteristics of CoCrPt-Ti 02 (single oxide) and
CoCr Pt -Si 02-Ti 02 (conposite oxide). Fig. 6

iEsfeat(d) eftharmedrdiinng an exanpl e of an arrangenent of
a perpendi cul ar nagneti c recordi ng nedi um accordi ng
to a second enbodi nent. Fig. 7 is a graph
showi ng rel ati onshi p between the magneti c coercive
force Hc and the SNR in Exanpl e and Conparative
Exanpl es. Fig. 8 is a table showi ng the
magneti c coercive force Hc and the SNR i n cases where
the total anounts of oxides contained in first and
second magnetic recording |layers 122b were vari ed.

11a



Fig. 9 is a graph showi ng the magnetic coercive force
Hc in cases where the total anount of oxides
contained in the first magnetic recording | ayer was
varied while the amount of oxides in the second
magneti c recording |layer was fixed at 10 nol %

Fig. 10 jop3s) tabl e showi ng the SNR, the magnetic
coercive force Hc, and the overwite performnce when
t he conpasi pérpandicutzrmagigstietrecoslings nedaen wasondimg &d.
Fig. 11 is a diagram show ng an arrangenent in which

a embyrbments ¢fdbe dirasentayantios, therresarding dessingean further be

| ayer. . Fig. 12 i i agr am shaow an y .
iR by insransita gsatdodets AaraRletianes e Magnatio coercive
r r.qi : , ]

et PR AR b Bt tatnBliE Ash B Slon
Sich8rdceshitict ¢hePSRIDhI pBtid NG . a first magnetic

recordi ng layer, and a second magnetic recording

| ayer that have been converted fromthe nol % notation

to the atom c% notation. Fig. 14 is a graph
s lrvigfl hgserpticaNi DaByingst h respect to the content of’

an oxi d? éﬁ%ﬁl 9 . Fig. 15 is a diagram show ng
t he SNR? with respect to the contents and the

rat1 0 Ofeig: AWRehi i o ROARLALHEROS Boendicula
i rEQRH g R eHRING 8cksrdird® St edbbdidient.

summari zed evaluation' 1n a case where the
conposi tHig? Bfa dizgragnsHowing ahstangde vhan asarangeément of the
Description of Reference Numerals

perpendicular magnetic recording medium according to the first embodiment.

Fig. 3 is a graph showing relationship between a mixture ratio of an
oxide or a composite oxide and an SNR in Example and Comparative
Examples.

Fig. 4 is a table showing the SNR and the magnetic coercive force He
in a case where the content of a composite oxide was varied as a whole.

Fig. 5 is a table showing evaluation results of heat fluctuation
characteristics of CoCrPt-TiO; (single oxide) and CoCrPt-SiO2-TiO; (composite
oxide). ‘

Fig'. 6 is a diagram showing an example of an arrangement of a
perpendicular magnetic recording medium according to a second embodiment.

Fig. 7 is a graph showing relationship between the magnetic coercive
force He and the SNR in Example and Comparative Examples.

Fig. 8 is a table showing the magnetic coercive force Hec and the SNR

in cases where the total amounts of oxides contained in first and second

magnetic recording layers 122b were varied.

12



[0037] 100, 102, 104, 106 perpendicul ar magnetic
recordi ng nedium 110 di sk substrate 112 adhesive

| ayer 114 soft magnetic layer 114a first soft
magneti c | ayer 114b spacer |ayer 114c --- second soft
magnetic | ayer 1l16orientation control |ayer 118 -
underl ayer 118a first underl ayer

Fig. 9 is a graph showing the magnetic coercive force Hc in cases
where the total amount of oxides contained in the first magnetic recording layer
was varied while the amount of oxides in the second magnetic recording layer
was fixed at 10 mol%.

Fig. 10is a table showing the SNR, the magnetic coercive force He,
and the overwrite performance when the composition of non-magnetic
substance was varied. |

Fig. 11 is a diagram showing an arrangement in which a magnetic
recording layer is formed of a single layer.

Fig. 12 is a diagram showing an example of an arrangement of a
perpendicular magnetic recording medium according to a third embodiment.

Fig. 13 is a table showing thé compositions of a size-reduction
promoting layer, a first magnetic recording layer, and a second magnetic
recording layer that have been converted from the mol%-notation to the
atomic%-notation.

Fig. 14is a gréph showing the SNR [dB] with respect to the content of
an oxide (mol%).

Fig. 15 is a diagram showing the SNR [dB] with respect to the contents
and the ratio of X2 and Y2 in the first magnetic recording layer. ‘

Fig. 16 is a table showing the magnetic coefcive force He, the SNR,
and the summarized evaluation in'a case where the composition of non-

magnetic substance was varied. -

Description of Reference Numerals
[0037]
100, 102, 104, 106 -~ perpendicular magnetic recording medium

110 --- disk substrate

13



118b second underl ayer 120 size-reduction pronoting
| ayer 122 magnetic recording |ayer 122a first
magneti c recording | ayer 122b second nagnetic
recording |ayer 123 magnetic recording |ayer forned
of a single layer 124 --- auxiliary recording |ayer
126 nmedium protective |layer 128 - lubricating |ayer
Best Mbde for Carrying Qut the Invention

112 --- adhesive layer

114 --- soft magnetic layer

114a - first soft magnetic layer

114b -~ spacer iayer

114c --- second soft magnetic layer

116 --- orientation control layer

118 -+ underlayer

118a --- first underlayer

118b - second underlayer

120 - size-reduction promoting layer

122 --- magnetic recording layer

122a - first magnetic recording layer

122b - second magnetic recording layer

123 - magnetic recording-layer formed of a single layer

124 --- auxiliary recording layer

126 --- medium protective layer

128 -~ lubricating layer

Best Mode for Carrying Out the Invention
[0038]
[First embodiment]

A first embodiment of a method of manufacturing a perpendicular

“magnetic recording medium according to the present invention will be described

below. The size, materials, and other specific values described in the following

embodiments are mere examples for better understanding the present invention

and do not limit the present invention unless otherwise explained.

[0039]
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[0038] [First enbodi nent] A first enbodi nent:
of a nethod of manufacturing a perpendi cul ar nmagnetic
recordi ng medi um according to the present invention
wi || be described below The size, materials, and

ot her specific values described in the foll ow ng
enbodi nents are nere exanples for better
under st andi ng the present invention and do not limt
the present invention unless otherw se expl ai ned.

[ 0039] .. . . _Fig, is a diagram expl anatory of,.
an ot 1 & dnsABIa B et Ar A TSR Of 8 PgtReT i lar
Pgﬁg Bé‘ﬁE EEQQTM%GILR&JBQaEQ&rdgilﬁt}B‘ihé’gmbodu t. The

endi cul ar” magneti c recordi'ng nmedi um shown in

%r?enéicbl@ﬁ nagHbbkreRahsitg aierlivkd Q00 aRoat e Figr e Hayedisk

a first soft magnetic |ayer 1l14a, a spacer | ayer
dibtiratenl ¥k @oratihesive layegrid L) a firshgeit nidbhetic Eyer 114a, a spacer
orientation control |ayer 116, a first underlayer
layeal 149, sseentd aoft agagEs layerhl 4% agiosientatign sonel layer 116,

BRI e R RIS E 530 08 Y5

AL 20 RS RS b g gt 12 B QLA BORENC JéEording
'tgﬁé't 12780 Bﬁteﬂuﬁilih@yr@borlﬂr@a?(émﬁzzﬁ, Rafediuaetectitd Byerfgds, and

e second soft "nagnetic [ayer 114c jointly forma
3 bforicatirgniayeic! 28y dihelfirdt sofhabnetict layerddrhatherspht8alayer
and the second underlayer 118b jointly form an .
ll4&e AP ha secpgd spRanagnedic lavaiidde ointbicfarmianzptl rgenetic layer

T S iR R R EMRHbS SRR Ry 85516 By form an
lﬁ&ieﬂﬁy&f 1122d 18l 1% m i u{%drkfgcgrd?r]‘q %@%ﬂ%ﬁﬁ&ﬁhgﬁlg@ém

magneti c recorai ng ne

AEESE R reEHTRIN | 1228E56mu§ €ortn BIntighetit Yeddrdilsy Ml@r ab2,

oxi des (hereinafter referred to as a conposite oxide)

are cofididhed in either one or both of the first

magneti c recording |ayer 122a and the second magnetic _ .
r ecor d\Egleparead heiow, agcordiag imiieargreendiedaigmagnetigreeording

R OSPIB rSa B53A ot apugay aancs
§ ek G BN B R R AU b

aedsrtch of hbQirstihagidtittracsidi®y lay& TS thalkécbi® magnetic

i ke of the glass substrate are not specifically
recoridirgdaydexiabl | she fmapmete redosding layieh 4 28/ the composite oxide
substrate include alum nosilicate glass, soda line

i sagregated  nenuRRGrRaicl grai kousdages.

al um nﬁ)@%rfSi l'icate glass, borosilicate glass, quartz
gl ass, 5 n silicate glass, and glass ceram c such

as A glass disk into which an amorphous aluminosilicate glass is formed
by direct pressing may be used as the disk substra‘[e 110. The kind, size,
thickness, and the like of the glass substrate are not specifically limited.
Examples of materials for the glass substrate include aluminosilicate glass,
soda lime glass, soda aluminosilicate glass, aluminoborosilicate glass,

borosilicate glass, quariz glass, chain silicate glass, and glass ceramic such as
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crystallized glass. This glass disk is sequentially
subjected to grinding, polishing, and chem ca
strengthening so as to provide a non-magnetic snooth
di sk substrate 10 forned -of a chem cally strengthened
gl ass disk. [0042] Layers fromthe adhesive
| ayer 112 to the auxiliary recording | ayer 124 can be
sequentially deposited on the disk substrate 110 by a
DC magnetron sputtering nethod. The nediun1protective

oiElizad 0SS! 0 fio TRBS i R rtn Bp Rl sUbleatét g tinione

B BRIy RS (B N SRR o
GOKB@SILEt® N0 BdrnRARLEY é!ﬁ/é?ﬁlcémﬂst?erlwﬁéiﬁ@ %ﬁss disk.
manuf acturing each layer wi |l be described bel ow.

[ 0043] [0042] The adhesive layer 112 is an anor phous
underl ayer and is fornmed in contact with the disk
substr éméerﬂ'@m ﬂ'l@eacamsé@. Igen Hyde the auxiliary seqandiegilaer 124

Gy géqe_@sﬂbg b ?FE g omithe S aiostat o3 4 0 HRghetfan
sg:!u‘ﬁjénﬁ tzt{ @Bﬂm"‘ {\{b‘?@ =l ZB%QH‘He%pBQﬁed by a

ze o grarns i B
@&DQﬁéth@Q Oﬂhémmeﬂdlﬂ&féﬂﬁg Ié@felﬁsjclﬁ kﬁﬂ@rrﬁ@d B? BRI chfting
the crystal grains. In a case where the dis
realhetr attes prE@enableftoruse canoih-laeatgposition gietlsed froﬂn the viewpoint

preferable to formthe adhesive |ayer 112 of an
f&rﬂﬂfpw@dycfaﬂwoyThe cainpesiten cheaghyeninda maliped ke of

anor.phous ass For exanple, the

’Hﬂ'ﬁLéféFWERQ §§“ér|’ 'a% 3%5@98&%" from anong a
CrTi- bmgl anor phous | ayer, a CoW based anor phous
| ayer W based anor phous | ayer, a CrTa-based
anor phpHg abRy§ive 1238 112 fer APaMafsbus TREBARS ahdY€formed in
Among ot hers, the CoWbased alloy filmis preferable
doatect sethithe ﬁmkmbaimat&rm Ophdbs adbesilve fayem! tdhasadumgion of
m crocrystals. The adhesive layer 112 may include a
18¢rRgPiag I“éﬁ/lé?e'fséﬁeﬁﬂ@ foth% sgft ﬂgﬂg@eﬁﬁiaéner 414 deposited on the

%ﬁ%&%ﬂ%’ﬁ?&ﬂﬂ% Beg RupS Bl o Rt o Sopie e

sz%y&‘r Iagegan|rl1 %’l@ﬁ of g IQferEanEB é?ﬂ?r?thga}-ahglsf%%yer 112

rable to sputte I nc

:mthﬁrerrﬁizmg 18 cridIRPAINED N4 B8se Whbfetie BiskubBUM@EN O is
on the adhesive layer 112 or to expose a surface

forayest ofodmoipboasi ieskyieis @pteralile 2o fanethgasthesive ladiend 12 of an
car bon di oxi de, carbon nonoxi de, nit ro%e amo?rhc?uxs aesns :
m@g?us alloy film'so as to conform 1o a surface of t p g

[0044]

For example, the adhesive layer 112 can be selected from among a
CrTi—based' amorphous layer, a CoW-based amorphous layer, a CrW-based
amorphous layer, a CrTa-based amorphous layer, and a CrNb-based
amorphous layer. Among others, the GoW-based alloy film is preferable
because it forms an amorphous metal film containing microcrystals. The

adhesive layer 112 may include a single layer formed of a single material.
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e

The soft magnetic layer 114 is a layer for formng a
magnetic path tenporarily at the tinme of recording in
order to pass a nmagnetic flux through the recording
| ayer in a perpendicular direction according to the
per pendi cul ar magnetic recordi ng nethod. The soft
magnetic | ayer 114 can be configured to have AFC
(antiferro-nmagneti c exchange coupling) with
interposing t he nonmagneti c spacer |ayer 114b between
e fir of t netlc 1 t he secon )
NG Ve ieiine A o R Taldic! iRy bo R iEh SBe R Bfluraity o
ti e [
%P?gﬁeg%gegégbg%g%%ggg 3§%é§ﬁb?§§%netlc C|rgﬁopflcfn
layen M ighbréfepibiaysputize é&ﬁ@téﬁaf iAcI0QMB YARHN dioxide, carbon
per pendi cul ar to the magneti zation direction becones
mwnoxide] yitregen,lor oAgger din the ydhasieslaygr ti@uardd ckpose 4 kerface
soft magnetic |layer 114 can be reduced. A
@&Sﬁ%ﬂ’ft’fhﬁ adbasiye i%‘?r d1R 1P agashrdding gaiben diaxides sgroon
CrFeB, or a N -Fe-based all oy such as
QOHB¥F?1%§%99%€¥6%¥%?E of [Ni-Fe/Sn]ln may be used for
t he firéﬁfﬁoft magneti c | ayer 1l14a and the second
soft gnetic layer 114c. [0046] The ‘
or i ent Fhe@diGAAGdic lAyrer 414 8 ldyer ForTOAMIAG ENAhySetr! daity
| ayer. The orientation control layer 116 has a
feaporardy abtheginoe et técogringin erdet toneapses maghetjefiuxitbdugh the
and a function of orjenting an axis of easy
RERTEIg lAYeY ifrR perPanaiswiag ginegtion) @@@rqmt@ewegermﬁi&ar

AP Bei EOR el TRl agitelaEr 3 hpiba taptipured o
HabR Alf(?!ﬁ{tg?r% Addrietit 8% eéb‘?ﬂpﬁh%)%rtﬁ ﬂtérgg?lﬁi%ﬁ‘*% nork-

I's pre e to arrange t e orirentation c

mayesticlsificerRet Nedb bétaebn Ha fisvEbafrRigAktid R§er 114a and the

face-centered cubic structure (fcc structure) or the

gerooy ssfimiagretiofayend 1o dyFrusnther mdgoetivatios diractior & the soft

(bcc structure) is parallel to the principal surface

BRI layk! 14 Asst b%@'@”fﬁ@'onﬂw@edﬂa@?ﬂt@tﬂaé‘h (reagnstis|circuit)
ged to m x those.cr

Y o s8u " EndRiREcE CabBela sesaigiaitbdie o ¢ ne

rﬁéd;r?éﬂzﬁﬁbﬁﬂlrgﬁlyr{@cobﬁé% r’é?rgerll d§|:|]§ﬁ| Eﬁé&ﬂg&pﬁ&(ﬁ@?

otesERidaNhe 8 hlgnkay RIyerRy4 ben BB rédicey. C Adodhtibaged

such a netal as a principal conponent and one or nore
alloy |SUC|® aalCcé'[aZm@s F@f bé]ﬁed alloy Bach @s,Cd@rFeBnor a\WNi-Fetbased

exanp ¥ suitably be sel ected

167 Sprle a6 SUHIYet siectoth af [N ARSI yossddor e firt ot
h Th
Tt 7 4b Hgdhe s S Gaoh?E St tsier 1 ayer

118 ha@ Lunctlon of allowing Co crystals of the
magnettc recording | ayer 122 having an hcp structure

t 0 gr ovhé atien@atign aamlr@na;setrrmstislaeuonTrh@%rm‘ti@raaoy idyer. The
orientation of the nagnetic recording layer 122 can -
drigntaiion doatrohtpyenved s a hactionlef pmyesting8hd asft endghgtielayer
crystal orientation, i.e., the (0001) surface of the
dfyanca amlchorﬂ koA 35y RS oh easysMABRlizatien P @ hexagonal

of t i sk ,suhstrate 11

CﬁW ;g“ Ke rgp uiqlzj t%?pc H@“ﬂﬁgg?rﬂﬁw‘@f’ in eFéU" erlayer 118Awh|ch IS
I S
and al so has Iattice intervals of crystals that are
close to those of Co. Therefldre, Ru can favorably

orient a magnetic recording |ayer containing Co as a
princi pal conponent. [0048] In the case where
the underl ayer 118 is fornmed of Ru, a double |ayer
structure of Ru can be forned by changi ng a gas

pressure during sputtering. Specifically, when the
second underl ayer 118b on an upper side of the



underl ayer 118 is to be fornmed, a gas pressure of Ar

is changed so as to be higher than that for formation

of the first underlayer 118a on a | ower side of the

underl ayer 118. If a gas pressure is increased, free

novenment paths of sputtered plasma ions are

shortened. Therefore, a deposition rate is | owered,

so that the crystal orientation can be inproved.

FurthernDre a high pressure reduces the size.of the
st tt|c fnce the st.al att ce

PG o it bisTorBle Brariere o Bhbniglih &8‘?%?'??V£t’q1lé§“°h

l‘Pltat ﬂé (ﬁm RFrapE %‘f‘ﬂfb‘ fabb! %ﬁteﬁ'&kumc Efrbf %&:@%ﬁhﬁ(ﬁ@refﬁr the

crystal lattice o 'S re uce
gl‘[ &Fﬁlﬁﬂ‘ac@fdf% @bﬁpﬁeﬂéréd@tﬁ@sﬁﬁcﬂuﬁ@' (@bc kB &Ure] &parallel to
urther be inproved. [0049]
thezeincipdLstriase gftioerdiskisgbstagter 102 OThs oaemtahemraqntsjl layer
%r anul ar | ayer. The size-reduction pronoting |ayer
%ﬂﬁ&?e@rmaeﬂ ﬂ@m%fh%@m&e@atatwgt%em@%émogpfg:rtiérﬁmbatance

'#‘8@?;'?3 5 n td t%@q %@&%St i 96:&] c?&ém among Ni, Cu,
IUIFFI’@ k@WrNﬂr%cp’?é” %rﬁ%rrtﬁﬁfé Ghe/ §r§éljﬂal?c5r{ St ?acy@P%ay be an

W Ag a granular layer of 'the magnet
éll%‘}%ﬁtd‘tﬂnét; ayeH akdaal :ItéJa SFiAMDA NN enfrﬁﬁd one or more
si ze-reduction pronoting |ayer 120 can be forned so
additiomahelementgoiRiuVara, Gry Mot ameWby Foe gxegatd, MW, Cuw, or
non- magneti ¢ substance between nonmagnetic cryst al
%l#far w3y stitaly baselecigd Y thelceskpiumy agdataymay suitably be
iuqqﬁf S Pargl ularly, CoCr-Si02 and CoCrRu-5i 02
%9 SdIar It YCHBULEE Furthermore, Rh (rhodiuny, Pd
(pal I agjgym ., Ag (silver), G (osmum), Ir (iridium,
or Au ﬁgol ) may be used instead of Ru. The
non- MyRe Uhdeda\RF1AB PRSIaH epsdthetreC eThd ahdsyet PT8has a
grai n boundary portions around magnetic grains so as
functzunpy radlewingr Chlcoskals bbthexnbgﬂ&jle recerdimgdayern 22dtamenan
the magnetic grains and is a nonmagnetic substance
ftqpa':ttrqc radR gHIvs P adianyeiostiusbiaet [ bereferg, ﬁ'esctﬂeinﬁit'on of

5 R T SR P S0 o
T AT e

uhdleriapgnE Bii§ nicre Paciligtd ¥ @rindiddl afmca @ tRndisREubstrate 110.
colum structure in which non-magnetic substance is
Atygicageiatatiah obineduntegapei is Ry aiAdslitiohaby, e mallmgh etihe

mat eri al sel ected from anong Co-based al | oy, Fe-based
Lmdpaweraaaa bq $rleetad dompluh aa@ RUSS r & @aSaarh hep structure

$6 55 e Rieaie Sr Snlaly bRL RS GESE B e RS
'Ig{e?é‘YoFé)rﬁd UHPATbYaL QHBrﬁfél gﬁéﬂiélzrgﬁor?k{equlﬁ & c%n‘?élmha%o as

S|ze réduction pro tlng gnet |

it 8@mbaert. my be for rred of a single layer.
wever, in the present enbodinent, the magnetic

' recordﬁOﬁQS] ayer is formed of the first magneti c
recording | ayer 122a and the second nmagnetic

r ecor difrife ca§evhesp e l\?ﬂﬂ%'ﬁYﬁ‘h‘ﬂ@ igifermaceeftRu, a double layer
on ons d f|| hcknesses. The fir ?tic

FEERRE Phh S Rap B Tobbal bk anendnE 2o Ragire itnd SHUEAnG.

§(p%ﬁﬁiﬁgrhg%hleﬁ¥ﬁé S%gtfr#ﬁnﬁﬁdbr% b ‘I”‘ﬁi orPﬁﬁHpgér éé@%gf the

net oxl de suc
Cr203, Ti02, B203, or Fe203, a nitride such -as BN, or
a carbi de such as B4C3. [OO% ] Furt her nore,

in the present enbodi nent, two or nore non-nagnetic
substances are used in a conposite manner in either
one or both of the first nmagnetic recording | ayer
122a and the second nagnetic recording |layer 122b. At
that tinme, types of the non-nagnetic substances to be
included are not limted. Particularly, it is



[ 0052] The auxiliary recording layer 124 is a
| ayer formed on the magnetic recording |ayer 122
having a granular structure so as to be magnetically
continuous in a longitudinal direction (also referred
to as a continuous |ayer). The auxiliary recording
| ayer 124 is not necessarily required. However, the
auxiliary recording |ayer 124 provi des inprovenent of
a reversed domai n nucl eation magnetic field Hn,

RS eT s e b8 Taimed B RaTe BT AT KeTG0apdep s to be
@gﬁéﬂhﬁﬁw féﬂoﬁggﬂéddngﬂpé?irﬂ'u%gg% il ¥ Bﬁ%%%Pgidte Qf the

e nmagneti c recordi ayer nol se reducti on.

(keEPR)er 118, [fa @@ pRi&SUtd BhYcrE8seY, feB Indriednt baths Bty
not be forned of a single |layer and nay have a CGC

sduttecdduplasih@oond ad Bomienbdr Tosrefoneicaudeposiitnciaid isrlowered,
a thin film(continuous layer) that_ exhibits high

greihgbiie erustakorieaiation eardh BurPeRs)  FvitheIgaAres atighprasaure

@ﬂg%%@fe?siz'e? @‘gg/g gmggaﬁﬂ %?-5%55% regcrC afglnltéﬁlg{a %rf E{%qs ?afrger in
j : | i i ng.a. thi

L L A

Baflic8%F TRNOMc ARt AMaties of Ru it ARice8l AMuBhhEERBIR orientation
stacked layer in which thin filns of CoB and Pd are

cfttae Kedgrah@8bk)er can furthelbe impbvady pr ot ecti ve | ayer

126 can be forned by depositing carbon by a CvD

met hod[@M¥Pl e a vacuum i s nmaintained. The nmedi um

protectjve. |layer 126 is rotectjve | ayer for,

bt ot ect PR §iZeHE e ERamAlNE SieE JABts & nPBTReTaHG Sragle

in I.[TRE Ye i

388, onha SERZEbu PRI R 1857 Es ATEREIA oecreqating o

rhé@@l%sg‘iraﬁﬂaﬂ@g@ﬁéﬁ% infiaf 8FONAR sERRqSIal 1) BY férming a non-

sputtering nmethod. Therefore, the nedi um protective

rhagregticiénuaniapeodre tte trinkeriageper&hadngan g oetsiat structure

recording |ayer nore effectively against inpact from

andnallgméng e grudar layeyo¥dhe first magnetiqrasording jaygf il 3a to grow
foormed of. PEPE rfluoro et her,

ayer 1 can b ol
th%En; Bhe SzErRguE I aRs s 2 crp baJalaed 55 451 have
i h A _ -

SAHESFulrn) S0 cB R hdchefio b dtndlyB iy
rhagetiafdrdtaltgraing e Joltbadeerdliofdor BMAINg LRSnTRUVEESdPD

prevent damage or defect of the nedium protective
Raiieuianyy €oére3iOp fand Guyiet SiC):-roaadsuitablp beuglet. | Rudhermore,

contact with a surface of the perpendicul ar nagnetic
Riegbeditny. R halianiLon, Apdeiber), Os (esmiumy, Ir (iridium), or Au (gold)
may be used instead of Ru. The non-magnetic substance is a substance that
can form grain boundary portions around magnetic grains so as to suppress or
block the exchange interaction between the magnetic grains and is a non-
magnetic substance that is not dissolved into cobailt (Co) in a solid state.
Examples of the non-magnetic substance include silicon oxide (SiOx),
-chromium (Cr), chromium oxide (CrQy), titanium oxide (TiO,), zirconium oxide

(ZrO,), and tantalum oxide (Ta>Os).
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The perpendi cul ar magnetic recordi ng nmedi um 100 is
obt ai ned by the above manufacturing process. The

ef fectiveness of the present invention will be
‘described below with reference to some exanpl es and
conpar ati ve exanples. [0057] [Eval uation]

Layers fromthe adhesive layer 112 to the auxiliary
recording | ayer 124 were sequentially fornmed on the
di sk substrate 110 under an Ar atnosphere with an
evacua&&ﬂgﬂeposition apparatus by a DC nmagnetron

Ssputte nmet hod. The adhesive |ayer 112 was forned

of O T'The rfeltf'csr c&% rf{g/l r‘f’ag f%%nuﬂajrﬁﬂlmsﬁl.?ﬁure in
second so c of e SO magnet |
{Nﬂ%ﬁrnol]%aﬂ\?ét% sftﬂ’)%@\@e% s &1eBaril BBnERAGAMS of a hard

| ayer 114b was forned of The orientation control
nageeticdlibaienas séloctae drom amolNch&bdamd dilvy] Rgrbaped altoy, and Ni-
structure. In the underlayer 118, Ru was_ deposited
oarest alley ge-asrieSeun @raip bpandaries. f Pr@tlsmmémea@r@reﬁygbon
and Ru was i ted under | ow pressure for th
e@m'&gquﬁfilpwmmaeﬂ@“%s s Dchiarall pRbweRingousty
e
e EM S BHIE R e, SASTRAREN Breffgifr 1200 e
h@bh@m fRGo Y lageF ﬁatay%ﬂ‘oﬁﬁecféﬁémﬂn?% apst. CPFEFA%R/@F itV he
Exanpl es. The auxiliary recording lNayer 124 was
presericemibodinéEnitie mEgyeetierbcondipg Gyecisi farmed af/iee fitR6

was deposited with use of C2H4 and CN by a CVD
megnelic rewn@lngjlaveﬁ:hzzar@nql Hgegecond maanetio repaading dayend 2D,

hick hav e BRI A AN APk EsSr oFhesfigbeateto
Reoldih Bgéfﬁf%ﬁﬁ*# fHe {BRIRGIorleRE PE il TR 1226 2

&ntabl?%s%f as Ao aigheRO slibSARc aneifdd ¥udhiad §i©,, Cr:0s,
second magnetic recording layer 122b of the present
EOboBiOe bt Feel;, taatiined soth asBMNpos ¢aebideistdeh ias@40gi ng

Si 02 and Ti 02. [0059] Fig. 3 is a graph
shOMAnﬂxﬁﬂﬂatlonshlp between a mxture ratio of an

oxi de o e 0 d and an n Exa

Corpar it B pithE PasenES RRGRERr (o HaBaE BamRANetc
%d?)%tiﬁﬁ% greeﬂ?&ffg]:?agém&bg&%hﬁﬁér TRAREL &ife Brg&ﬂﬁ B B irst

ayer a con as an oXxl de,
GRS rEBEHIRTY !ﬁyéleﬁzlﬂa‘jarﬂtgtHeaéé%bndﬁ?dgn@ﬁméﬁo?&ﬂg %}@2122!3
and 1102 as a conposite oxide at 3 nork and 5
Aetbaetime \gpgs of the CompaagheticesUubstamgb e td be lrtdhe;les[mre mldt
netic recording |layer 122b contai ned Si 02 as an

ibiads. Rerticodatiyaftas putersipiete Sretbood insgnersror
AR gy B o o BB pe e EoR gRamg. the fist
'ﬁhﬁ"étﬁd?g@’é’l‘é?r %. (RodfEg SPHEITERCR Al SO Rfidos

@Cégmé‘ﬂ{y)’ofmftbkldﬁs? Iae@ralm BESndPy pbﬁi@né‘slﬁéfﬁb?ﬂf@l"r‘mng

that 10 has a simlar tendency to Conparafive
@(Mmd:rgstallﬁrmmeldf CoOOBQ)r,05-Si0,..  For example, the second

- magnetic recording layer 122b may contain Si0O» and TiO- as a composite oxide
at grain boundary portions, thereby forming an hcp crystal structure of CoCrPt-
SiO,-TiO,.
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As can be seen fromFig. 3, Conparative Exanple 11
(Ti02) had a better result of the SNR t han
Conparative Exanple 10 (Si02). A difference between
Si 02 and Ti 2 has been known in that Ti Q2 produces

| arger magnetic grains. Generally, the SNR becones
worse if magnetic grains becone |arger. However, it
is conceivable that the case of TiO2 exhibited a
better SNR than 5102 because tendency of
uniforigﬁg%ion of magnetic grains exceeds the

decrea the SNR [0061] -Exanpl e 10 usi ng

ac onp%ieta%xgééﬁn%f:g@%l%‘lag%ﬁ 2] i_srqelt%%rt fofhed BR ti%'ﬁealglﬁéﬁc

Conpar ative I's conceiv

ideatdish Rgeefs2RrANING Ia§r9ﬁmw siesbtin®oadd ®he MBghetital?
effectively increased the size of nagnetic grains,
eordinubag inbmtomgifidital0fregtion TalSR refeméd tdat adobinuous layer).
I nprovenment of the SNR [0062] ] Referring to
Hhgjaugdliangiesording laysitl@dtis ot Reressaifp sedui@dox Howeyas the

ey BRAGRe IyoEand orMdR kP ulite L BYS R gomain
Refer ot TR0k, (RTBRFME SR bl resisiance

HarbReriGRBPAS inSHrB¥éABnVERh¥olBivitité BerfaheiReBALLEMEA o
range, characteristics were better than :

kigldeasity icsbidineg tof the adgrasiie refortimg layarde@2 dnalrmiiseradoetion.
conposite oxide. Thus, the aforenentioned range is a
prefer #1588l range for the content of the conposite

oxi de.

SNR anahe RuliagrseeEingaris {24 Figf ot e arfned  2eandls tayer
é(éﬂsbe@%mg?ee %%érgtrug{uré ?608{9@8 @Eﬁﬁapébﬁﬁidﬁ%),‘m{iéﬁ%rms a
thin film (continuous layer) that exhibits high perpendicular magnetic anisotropy
and high saturation magnetization MS. The CGC structure can be formed of a
magnetic recording layer having a granular structure, a COupling control layer
including a thin film of non-magnetic substance such as Pd or Pt, and an
exchange energy control layer of an alternate stacked layer in which thin films
of CoB and Pd are stacked. '

[0054]

The medium protective layer 126 can be formed by depositing carbon
by a CVD method while a vacuum is maintained. The medium protective layer
126 is a protective layer for protecﬁng the perpendicular magnetic recording'
layer against impact from a magnetic head. Generally, carbon deposited by a
CVD method is improved .in film hardness as compared to carbon deposited by
a sputtering method. Therefore, the medium protective layer 126 can protect
the perpendicular magnetic recording layer more effectively against impact from

a magnetic head.
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Here, the contents of Si02 and Ti Q2 were the sane.
(For exanple, when the total anmobunt was 10 nol % the
content of each of Si02 and TiOQ2 was 5 nor/o0.) The
content of the conposite oxide in Exanples and
Conparative Exanples were 3 nol % in Conparative
Exanple 12, 6 nol%to 12 nol % in Exanples 11 to 15,
and 13 nol % to 15 nol % in Conparative Exanples 13 to
15. [0064] As can be seen fromFig. 4, when
t he toL@(i_;S?rrount of the conposite oxide was

i ncrea the SNR i ncreased and had the maxi num

val ue

tammos T8 MaralRa e 1PEah B8 el apPe gy bovetnen
1§y @dhpddating @64tRag e dp FFE ¢\aBROMB Idcalat 8RLiGiLMESH Dlodg chain and

exhl bited a simlar tendency. When the total anpunt

iptoupled ds N &oomsi aiea wadacenairiba seetiurm peoteaineeyer 126 with high

coercive force increased and had the maxi num val ue at

aftinityo| Jheweieaiing [ayst 428 sppveRtio sreveRkde@aARe ST defeskeldae

further, cre

Bedutpioldue Mt 136 tf%@éj MAGR&c feofflS hipndh i Sagact
iR HASliB8od 81 HE rtperidfoldh AARIGe ebOBINEABALEI00. |

t he vi gj nt of increase in recording density
(reduction in track width) and heat fluctuation

resi st dhe perp‘ﬁmdroerlarmgr@mnwemcadmgenﬁkamp1 Ofkis bbtatnmedllSy the
do not neet the requirenment. Accordingly, it can

2hown Manfagtiing BraceRs. sHweltegiveness (Png% PrasgRt @Vﬂﬁtff% will

bieg%”?ﬁb%d bElow i HESERR Y SOReGRATIT, A poppatve

Hﬁﬁés of the magnetic coercive force He and the OW
perftornmance, an HDD having a high recording density
can be[gosppuced. Thus, it can be seen that the total
anmount of oxides that neets the above requirenents is

.in a rggaibnfrom 6 nol /0 to 12 nol % [ 0066]

Fig. 5 shows evaluation results of heat fluctuation
char ack@z\ﬁ@ffioﬁ‘sth@fa%@&VPt'aYﬁrdiz([@Fhﬁg@l&"@w FROPIIRG layer 124

i.0 Ge
W eetuh Y e SR Suliiate b A AlatgEBhere
! )
wiffPPYGad o iboshi AfAtatls b B0 R fAiBh ARLREHT Hicthoo.
TheRgiReVela@dt 19 2twRPM B8 by CrEPeThé fifstlsoft fmsrB@feﬁé Isfer 114a
Vis a volune of magnetic grains, Kis the Boltzmann
wdrtbe aaconchsmﬁ Mageetic Iagmp‘e‘rdamfrtlae sofh mageetx pyer Mehwere

CoCrPt-T102 and CoCrPt-Si 02-Ti 02 had
f%ﬁ[iﬂﬁﬁ gfr@@@!ﬁe;B £ e rRaces s i1 o wagdarmetbplefyr eThe

PR SRl s B SR P e
[n the underlayer 118, Ru was deposited under high-pressure Ar for the first
underlayer 118a, and Ru was d_eposited under low-pressure Ar for the éecond
underiayer 118b. The size-reduction promoting layer 120 was formed of non-
magnetic CoCr-Si0O.. The magnetic recording layer 122 was formed with the
following configufations of Examples and Comparative Examples. The

auxiliary recording layer 124 was formed of CoCrPtB. The medium protective
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any difference in Ku as Ku was a constant. The
tenperature at the time of neasurenent was a room
tenperature, and T was the sanme value. Therefore, it
is conceivable that the difference of KuV/ KT was
based on reduction in volunme of magnetic grains
(decrease of V) due to magnetic isolation (size
reduction) of the nmagnetic grains. In other words, it
i s conceivable that, since a conposite oxide was

cont ained as non-magnetic sta in firfst
g Ead 8 BRePRag s SGHl 2GR vk EVR bl ofie
pog fi . o
PRI el Rehh eTanei by gy e
The abﬁ)(g_gganbodi ment and exanpl es have been descri bed
in such a manner that the magnetic recording layer is
f or med Floy 2tisva diagransshavdhgdnregatripie 6f arsarrasgameniof the
recordi ng layer and the second nmagnetic recording
pegpendigylabpagnelinpcerding sediuge ) 8P repraig tojthe frstase

I O B Bl ol A 0
R Yy e

- GAéchp&itel dXic incRARlg SI0S aMagn®L.i ¢ recording |ayer.
[ 0068] [ Second enbodinment] A second _
enbodi [6®B] of a per pendi cul ar magneti c recordi ng
medi um_according to the present invention will be

descr i Fgd3 iERgrah paowing relghemshim BaiwegnznmesuiRgRto ef an
R B S9BPa It 5RO G H L E NP G AR AU 1
bhAniBEe 1Rt o'dh AP ARG Hh8De QidoBindr He s

I ment are ‘denote sane rererenc

?g%%jﬁl rBcordty |gﬁﬂ e dopaib 8@ CR, AsSarPBkibib Sshd@leieBond

the first enbodi nent, the grain

rhagmedigrrgcqrdintg laper 1H2it domiaeed B0 nayhBC: @sraecamposiig oxide at
%%E/r’o a%léz'sbmglr"/i rfeggggﬁfeg/f ?n 83%%?;’{}\/2 on)z(aimdp(?e i1 Bf’tlhlédsierc]:gnd
magnetic recording layer 122b contained SiO; as an oxide. In Comparative
Example 11, the second magnetic recording layer 122b contained TiOz as an
oxide. Since data of Example 10 have a small number of plotted points, they
were extrapolate'd from slopes of lines of Comparative Examples 10 and 11,
which aré respectively shown by broken lines, on the assumption that Example
10 has a sirﬁifar tendency to Comparative Exafnples 10 and 11.

[0060] '

As can be séen from Fig. 3, Comparative Example 11 (TiO») had a
better result of the SNR than Comparative Example 10 (SiOz). A difference
between SiO, and TiO2 has been known in that TiO» produces larger magnetic

grains. Generally, the SNR becomes worse if magnetic grains become larger.

However, it is conceivable that the case of TiO, exhibited a better SNR than
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and 1102. In the present enbodi nent, two or nore
non- magneti ¢ substances are used in a conposite
manner in either one or both of the first nagnetic
recording | ayer 122a and the second magnetic
recordi ng layer 122b. Types of the non-nmagnetic
substances to be used are not limted. Particularly,
it is preferable to include Si02 and Ti 02. |Instead of
in addition to those, Cr203 can suitably be used.

or
exanple, the fijrsi magnetic recording |ayer 122a
B3 HBsar s ey obiilasTeAt ey ol magRpiS e eReas 76
gé&%%é 6Mh§f8|\lﬁj{nds of oxides) at grain boundary
portions, thereby form ng an hcp crystal structure of
CoCr Pt @g33- Si 02. For exanple, the second nagnetic
recording layer 122b may include Si02 and TiQ2 as a
conposiBxempia te uasinggr @ompdxitenukide/hauba betiesresth ef igySNR
form ng an_th crystal structure of CoCrPt-Si 02-Ti 02,
theo ymparative Examglesd 0 andytt.r dt issonegivalde o SiQe elpgively

SRR o 3 o BB R el e
T heEh el AR T, 0085 o RIS

mat er i gdgpof or oxides are not necessarily limted to
t hose exanpl es. The oxi des can be sel ected from anong
5102, HRegerrify @2 FigCB2@Ren Tdd2ontamchf T 66mppsiE/diide was in a
Furt hernore, when the content of all kinds of oxides
reoae &f fred 6 mol%kdofli2rmsel iy aavhale raledramagyetia gepversios
iis defined by A nork and the gcontent. of all kjinds of
Saridelidinuste bR e dhase 61 OB RUYS Exibt i ng
wl%/qﬁfcta&% %lbcdns‘?éjgéémﬁ%t B¥hdd l'ﬁgrc}f)n}etntﬂ SPtr@%o% ndsHd B%ide was
s contiguratidn, a granular col'um  'structure

Within B ARFRENRIRA rahgd dhakaBieagicd waidbbttéhthak RRafcteristics
Specifically, when Co crystals epitaxially grow
afarzich mnews tye dxides forgrirantilescongtosite tootide. ofThugethe
Si ze-reduction pronoting |ayer 120, col umar .
forameniioasd catge s&dpreferpelefrapae fprithe eerdent ofdhe composite
na%netic recording | ayer 122a, which contains |ess

e, because the size of crystal grains are |l arge
in the stﬁgt magnetic recording | ayer 122a. Fine
cryst a[ grai ns of the second magnetic recording | ayer

122b grp4GoRthREQHShWind theBNRand s hignefidtssicRb féle He
first magnetic recording |ayer 122a. Therefore, size

in adrastiwirere dme bentanhofdatie domposite oside orad varigd etsiacwhole.
recording |ayer 122b, which serves as a_primar

Hereoihwi saapterd§ of SiGxcanst iCagyere the gamer ydogexample, when the
5 B 80 A0SR B SO Gt T B TR ERla e
Trie SSREAtof % ESRAbosiReomRIFBRaRflel BRE Ydtfbarative Examples
were 3 mol% in Gomparative Example 12, 6 mol% to 12 mol% in Examples 11
to 15, and 13 mol% to 15 mol% in Comparative Examples 13 to 15.

[0064]

As can be seen from Fig. 4, when the total amount of the composite

oxide was increased, the SNR increased and had the maximum value at 10

24



[ 0073] Furthernore, since the total anount of
oxides in the second magnetic recording |ayer 122b is
| arger than that in the first magnetic recording

| ayer 122a, the size of crystal grains of an hcp
crystal structure containing Co are snaller in the
second magnetic recording |ayer 122b. Therefore, the
second magnetic recording layer 122b exhibits high
overmwite perfornance and the first magnetic

£6Efc YEBRIRY BralEaaitial grs comaen iR i adheg inoreased,
RSPl BB oSS 08 Yo BEL s

r écor a'to suc hat™"a

Sengy fe%dghéyf | Githén iR 14 LfouFBENRInhSosits Afle W inkfased,

Initiated on the second nagnetic recording |ayer 122b

the madriatioicobayey fobse inbeased ahd gatiitled chaximbiinesaitrgateitd ol%.

head. This magnetic transition induces magnetic

\Wihendhe todal asrourief ther campesiiesvdds was Birtiengiaregasd, the

122a, V\hlchb cones wr bl e When no nagnetic field

mgg'é‘ﬂﬁ GEECIYS ? ﬁ@q\’é’gﬁa??'@a d, a high nagnetic

coerci Y(fo 1|‘5§r ce is exhibited by |arge nagnetic grains

of the t magnetic recording |ayer 122a.

Ther ef ﬂ/fe%nwthhﬁ dd 4 $dqUiRAnBIUC O RE Eéﬂ'ﬁnﬁ@ce} W@habﬁ@ﬁc

can be nade thinner. To sum up, e overwit

qendios foroe Blc(f2b\dk 16 bo d@masnpmmgnb]mm Ehavlbwgdant of increase

magnetic coercive force (Hc) is maintained to such a

id eepardingtuiensih gedagfinetin drack aidihyend bealdlusiuatiog resistance.
nfl uence on heat fluctuatj on resi stanc Thi s al so

qrefpie(rRpRIgHYE Fxamples: ' 19g! 5 38 Bet meet ihg FEIIFRERRI

A@&“ﬂﬁé%oéﬁ% é% spey Mt %5”*8%%‘@}{ o 7l jeds s more

(EQEMBle/ 81 )R SRBuldhAABE hére tﬁ’aﬁmrﬂncﬁ%acmlaﬁ] q5). Ifthe SNR i
Cong]g)ratlveSEx%np les. I'n Exanple 20 as de@%:]rl)bed |ﬁ °

Higie withiovienifdd rehgesrbbitiermagneticlefdivestoreabo enddhe OW
recording layer 122 contained Si02 and TiQ2 as a

Restoposnes apxdidp havirg) abighoeceigigedansitgican bemfodired.  Thus,

second ma et| c recordin }8%3%? 22b contai ned Si 02

"a?ﬂj”?r“r’éﬁe al INGIF GMANSR t el the above

rafi 0, the
BETRATBINH 2 MR BTRRRRLING S hB020, e
cont ai [joRe] T| 2 as an oxi de at 9 m)I % In Conparative
Exanpl e 21 the recording |layer was fornmed of a
SI ngl eFIgasahoweruvaluamog rg8U0R ohheatfluexialienahaldbtensies of

II?égpar ative Exanple 22, the nmagnetic | ayer was
@f (singde pxige} @nCéSDﬁﬂP’hSIQea b écopapositeexide) st

d|n r 122 contained ;J’ 2 at. 9
(g%? vaﬁa '“éaél@ ﬁ%?{&t‘icé R Kepfiang facigreo impgve the
n%g?ﬁ Iﬂgé-f f&g%ﬁ‘ﬂ‘ h%ét r‘ri]sélu:g%zg’]og repregcsarl}treég)y the index of
R(AS/KTRENrOK ik |a%h§héﬂ&rﬁﬁ§otﬂfpytéh% Q’P%%%ffi&daerg@feﬁﬁg@ is a

layer from8 nmtoll nmby 1 nm
vbiunsé ofmgpetiicgrate) Kdk tige Balfenardi?@andiad, and Tligra
thickness of 5 nm and the second magnetic recording _
iemperature2b I experimeanthoickio es. Lot rPJiGnand 00TsTt-SiO2-TiO,
had substantially the same composition and therefore theoretically had the

same values of Ku for magnetic grains. The two magnetic layers did not have
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As can be seen fromFig. 7, the nmagnetic coercive
force Hc showed a tendency to increase as the film
t hi ckness was increased in all of Conparative
Exanples 20 to 22. It is conceivable that, when the
filmthickness of the magnetic recording |ayer 122
was i ncreased, the length of magnetic grains that
had grown into a columar shape increased so as to
reduce a demagnetizing field. As a result, the

magneti c coercive force Hc was ipproved. Furthernore,
R SO AR e gt@@ of
BRI s 2okl st R B Pad Tt SARE abretore,

it Eeco%we%ﬁfeeiﬁMe dlf?eréﬁcéwmaﬂke?s baald dhRdebib YRS

improved at an initial stage because side-witing
wAlee df magnetie gkags (dargnstl of V) idakdo weighetie thttidnabiae g
with inprovenent of the nmagnetic coercive force Hc.
nacuelia) of th@emaggam @grainsoe it bier vordse ithie corgeivable that, since
excessively increased thereafter, so that the

%9%’?’%?'%0’6%‘? PEBRRAIANGELES BRR-81RdelE srPiRneRsinthe first

SRR TaT LA e hert uoyel o FERRRIA R pipe st
rihggﬁbrnggg_&o eingiayeal 2l M@reﬁﬁﬁﬂfﬂkﬁi “Pas Bim edrB\‘?"e RS NES

I s"concel vabl e 'that the size of magnetic
gr ai ns[um]reduced by increase of the ampunt of
"oxides to thereby decrease the magnetic coercive
f or ce Flbe abeveeotpodinvent anclaxanipdes bane beﬁﬂ@a@ribe@in sucha
ar at

fﬁﬁ@@?e’ﬂh%t tgs é‘ﬂﬁ‘ﬂ'\?é'cff%‘?%@mﬂgg%és Equﬁﬁaﬁtxh?wpﬁa%% ingliging the

fReRA e oRIR T 4 e Bo (it Frsonblt idcsSndyeFar oy o

dihdi8 layBRINGEriHeREQr M é‘gaéeawﬁére]tﬁg%i&%tle'r&fbr&nﬁéf’ré@lr is

orientation because it contained |ess oxide Si ze
fofmedby eiree og rire sayens, tthe adeanagedighepresgne imvediidigcan be
| ayer 122b becane so small as to achieve size

ghigined irbiheae@me gainael an deseribadabome ifacpluralineidsigs of oxides

recordi la 22b cont ai ned ch oxide. It is

A ceBiaNg i %%ﬁlﬁ?ﬂ%”@@%é@ PBAE™ rom t hi s

Vi evvpotd?J [ 0079] Exanpl e 20 using a
conpostte l)xi de had a magnetic coercive force Hc at

the sa[gécbﬁg%lm@)%,rﬁgﬁﬂyar ative Exanple 22. The SNR was
further 1 nproved :
A second embodiment of a perpendicular magnetic recording medium

according to the present invention will be described. Fig. 6 is a diagram.
showing an example of an arrangement of a perpendicular magnetic recbrd‘ing
medium 102 according to the second embodiment. Parts that are redundant in
the explanation of the first embodiment are denoted by the same reference
numerals, and explanation thereof is omitted herein.

[0069] _

Ih the first embodiment, the grain boundary portions of the second

magnetic recording layer 122b are formed of a composite oxide including SiO;
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to a large degree. It is conceivable that Si02 served
for isolation and that Ti Q2 served for increase in
size of magnetic grains. Those contributed to

I mprovenent of the SNR [0080] Speci fically,
since each of the first magnetic recording | ayer 122a
and the second magnetic recording |ayer 122b contains
a plurality of kinds of oxides at grain boundary
portions it IS possible to obtain characteristics of

'y .
i TEkes] Brinelpsfent erteRimen wip ShROIS  FEmACBa Ry Sanpes
%% JsBGi§a%8th ‘Mglt!a %M?ﬁ{ (g@ez?to'ng of 8{ ttﬁ% iy 'n‘?a?gnettc

netic co I'C ve

ﬂe@@fo%sz%%r Sand thel secBAd w.egjln%n& eecsabauﬁg MayRr 122b Types of

per pendi cul ar magneti c recordi ng nmedi um capabl e of

themiohemagmeticeabsizgcas tebe udedgredeotdintiled. [ Gagicularly, it is
Fi? 8 is a table showi ng the magnetic coercive force
11

alole o) CRIGR $lﬁ>z@en§e1§0mh elnstegd®f poineaddifiam igttBosgs, Cr0,
OXIdeS contained in the first.and second ma
S SapRPY et o Fopskh el M fELaaoRgRy ccoREE S22

he il ﬂfd%at‘f% o 4 iR chioR AR r KhiE By prices)

@t'g@&n%n&hrﬁ?ﬁad&‘ﬁ&s’stﬁ@i‘bg )orﬁ‘mﬁ:ar‘i R&p él‘}ﬁia‘laﬁiru&ﬁre%ﬂ CoCrPt-

ki'nds of oxides contained I first nmagnetic

CreOaiSiDRg Faryesanik?e dhe secwid magndtic racomlirty laper 122 may
content of all kinds of oxides contained in the
inelude Si0namdTiQ: ascz 6PMPAgE axide algrain heungiary perdions, thereby

nol % anples 21 to 23 show_cases _where A < B and
ORI A a5 P BT Sl ses whor e A> B
[0082] As can be seen fromFig. 8, when
conpar 1% are made between exanples in which

conmpos Frgl Qrilﬁlsn*ét?éé Pat DS dRVSIDS ek ccbntﬁlned et
Exanpl e 21 10) and Conparative Exanple 24 ( O . 6)

Fnchdlsit ;vm’&dmeﬁ(fahp Ifiest2@adrtetic Y@gording lGeri@Ratadndethat S|02 and
Exanple 26 (12 : 6), the magnetic coercive force Hc

THRd are pentained iethe graiheournidary pertigas ektheisecend\magnetic

recording layer 122b. However, materials for oxides are not necessarily limited
to those examples. The oxides can be selected from among SiOg, TiOz, CI;O2,
Cr203, ZrOs,, and TazOs.

[0071]

Furthermore, when the content of all kinds of oxides contained in the
first magnetic recording layer 122a is defined by A mol% and the content of all
kinds of oxides contained in the second m_agnétic recording layer 122b is
defined by B mol%, then A < B.

[0072]

With this configuration, a granular column structure can be formed
even if a film has a small thickness. Specifically, when Co crystals epitaxially

grow continuously from a granular structure of the size-reduction promoting
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[ 0083] However, when a conparison is nade

bet ween Exanple 23 (10 : 12) and Conparative Exanple
27 (12 : 10), Exanple had a | ower nmagnetic coercive
force Hc and a lower SNR Thus, there is a region
where the aforenentioned relationship is not
establ i shed. [0084] Fig. 9 is a graph show ng
the magnetic coercive force Hc in cases where the
total ampunt of oxides contained in the firs nmagnetic

P 1D AR SR i Pe i W W

Sl Bl TR o BN Tt Bifhngive LG i
Harr%tarmgsm the! fﬁﬁ%@@@@nd RYEFdif?Ager 1358, OFindTYktal grains
alue 1s nmoN 0. |If 4000, a preferable rangé is

dfribensbearl mBghetidrarohdify layer v24tegrowosaisinugusig froasilietcsystal
are not necessarily obtained if A< B. An excellent
@riRsa dharfighataigoetto egaording fayec 622  cHrerplorasizd iedgction can
when Ais in arange of from5 . no|l %to | % and Ac

e aghigyges| in the secon gngie fegordinglgyer k%?iw h $RIVEHRE @

S EARSGS 0 LS AGEE P ST A v
STt t%ﬂﬁ@tid?@éan"lgé bBthineth & dr3hia st?g?% HvBicAfihd Al thickness is

non- nagneti c substance were equa 10 mM% In Fig

Sifall, a0l thiataké SNR 84l belimprovedr easy under st andi ng.
[ 0086] In Exanple 24, the first magnetic

recor d{y3] ayer 122a contai ned Cr203 as an oxi de, and
the second magnetic recorq 22b cont ai ned

ned |
Si 02 ahHtherERoTgssigeR Higela %&%%%fg%d}espmdh%ﬁﬁwdomagneﬂc

BB kbR AR O L ol e

1; 2;12" S \hd RO BE &GP §RAH Hiar %?ryét%?&n%@u%ﬁoﬂ@éﬂni% &3are

Si 02 as a’conposite ox t her eby orm ng an

dragllet iry Hieadecbhd wedgietic 0écdraity Phy<rr 208 - Siherefaadthtkecond
second magnetic recording |ayer 122b contained Si 02
raagnaticaecersing lapenptR3h exhoiisdegh premmxigpergorggncehand the first

first magnetic recording. layer. 122a contai ned Si 02
AEnaicCeoaeing lByRpta @grb@atso%ﬁ'géﬁ%aqn%cgeew force.

. i . g . N
ARhG, SBHOLE Ml Rhe RN L Bt R Flfonc
rEBGIRTd 18ysetatbnGich 2y §dgrde At @aRAGhEIRheBd4&BifRdft to write,
Ti Q2 as a conposite oxide, and the second magnetic
rhegadstidi trhsitayids inligdbd oanhasaashdSnagneticdredordihcgalayer 122b as
conposi te oxi de. )

‘a front layer by the writing field of the magnetic head. This magnetic transition
induces magnetic transition on the first magnetic recording layer 122a, which
becomes writable. When no magnetic field is applied from the magnetic head,
a high magnetic coercive force is exhibited by large magnetic grains of the first
magnetic recording layer 122a. Therefore, the first magnetic recording layer
122a can be made thinner. To sum up, the overwrite performance (O/W) can
be improved while a high magnetic coercive force (Hc) is maintained {o such a |

degree that the magnetic coercive force exerts no influence on heat fluctuation
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[ 0087] Furthernore, in Conparative Exanpl es
29 and 30, the magnetic recording | ayer was forned of
a single layer. Fig. 11 is a diagram show ng an
arrangenment in which a nmagnetic recording |layer is
formed of a single layer. In a perpendicul ar magnetic
recordi ng nedi um 104 shown in Fig. 11, a magnetic
recording layer 123 of a single layer is forned on
the size-reduction pronoting |ayer 120. As with the
af orement Loped second magnetic recording | ayer 122b,
RSHLARESm NS At SHal e Hageriod a0 BE AP iR e te
ﬁﬁpstance in the magnetic recording layer 123 so as
q%SrWIQrain boundari es, and magnetic grains forma
granulﬂﬁnq | um structure. Conparative Exanple 29
used a conposite oxide of Si02 and Ti 2 as oxi des of
t he magpedligtionpcordi ng | ayer 123. Conparative Exanple
30 used a conposite oxide of 1103 (yttrium oxi de) and
1102 as$imxiidegraph shewinggaetipoship beivdienghe ayagnetie goercive

0088] ' As shown in Fig. 10, in the exanples
e i end the SHFd NRGAaRle @ndcBPRAAEVa BYRIPIES2b Ndexample 20

ripmary recgording l.ayer or.th et 1 ¢ recor di
REgERepal iE e R S, FRPNEl bl sEhRiho taver

N | - - I .

R 89180 PA%, 9T o o ORI oA aTORIAA, fopetvely. anc
theGecoedBighetitiarevdng Idyer dPgb aobtamedtSiOhand TiO; as a
requi renents in Conparative Exanpl e 30. Therefore,
¢ampasiteuixidebdted Mol oreispiecijveds Mo fomparaiivedoeunple 2Ackke

in the magnetic recording |ayer, a conpgsite oxide of
recoringhgyat Was forged;ql s Sigle dass sphiaingtg ﬁl%mfﬁra&l w@e 8t9

Relhe: nCalbTevs Eranele 2 hEFHT SR wax et bl single
'%e%bn%ﬁnin%i(?!‘a@éﬁ o8t AY¥RE. ShichbErative Ekamdz, the

a plurality of magnetic recording | ayers, as conpare

rhaglstipayetiaseiomnadpl evd tiyevhas with&tamipie 2Bahefirst magnetic
recording layer 123 of a single layer. The track
wcdidinglapeht?d eahieivdd 0Y04 at? owéeand bk sasendaiganetic

coercive force Hc. Additjonally, the recording bit

PEAHT lBUSY A2 IRstaiasRd B3 PBlknent of the SNR

Ther ef 5 it is possible to further increase the

record&ﬁg hensity. Al t hough the reasons for

| pr oV g RpRYatite EHkamlfids, Hlardd SR @18 HEskirédvith valying the

I's concelvable that size reduction by S 02 and

fimi thieknégedfithe nefgnetig redordingater$roy 8 in(d &f Araddyi veiny In

cooperate with each other. [0090] Mor eover,

Exarngle 20e theditsi magaeticoiesorting layenl 32aihad & fijm dgrickness of 5

magneti c recordi ng |ayers, the SNR was much |nprove

i, ALRGA8E00R B1A0TeHE "¢Grding K dere Ad o thgﬁi‘%ﬁﬁe& 10
2a al so contai ned a conposite oxide as nonnmagnetic
bstance, which is preferable. Al though the reasons

for thﬁ@7%rprovenent are uncertain, it is conceivable

that the growh of magnetic grains is suppressed by

use of Ag canmeastichdramiFite.7, the magnetic coercive force He showed a

tendency to increase as the film thickness was increased in all of Comparative
Examples 20 to 22. |t is conceivable that, when the film thickness of the

magnetic recording layer 122 was increased, the length of magnetic grains that
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[0091] [Third enbodi nent] A third enbodi nent
of a perpendi cul ar magnetic recordi ng nedi um
according to the present invention will be descri bed.
Fig. 12 is a diagram show ng an exanpl e of an
arrangenent of a perpendi cul ar magnetic recording
medi um 106 according to the third enbodi nent. Parts
that are redundant in the explanation of the first
enbodi ment are denoted by the sane reference

nunmeral s, and expl anation thereof is om tted herein,.
F%grﬂwn into a colu af RBapR KCERASed PIAS REREUCY #gemagnetizing

B B o VIR, 2 =
ﬁ@‘ﬂ‘i@gﬁ% ' r@fe(@"f%tft @ggﬁﬁor%ﬂg'éﬁﬁﬁgﬁés SREHE@ 2Y"atﬁ_? @ﬁa%st

mRgoedd gs freaimdhitBnéywhs kidkeasednt toase dilausiagletrycarting
ki nds of oxides (hereinafter referred to as a

lapen o fiftee thexpank) theSpNalecraasiedy , 1t$ oenhcaivhbiE Dat ther@NR was
contained as_a conposite oxide (first oxjide and

igHeYRA @)t)@flj'é)“aéf%taﬂﬁ begayss sifanvrikieg capged by adegkage pagnetic |
50 SR e et e Rg o P dtp bR gls GoeGBlte e
I&Hﬁefﬁ”ﬂ’@%%@? cg'é ﬁ??@@%ﬁ@%%ﬁ&g Igﬂ'{s Seésfe{dstﬂg@after
£d 3t tHEPGReW IR perPinahbd wad)dterii@iad wWesastoidcrdase the SNR.
whi ch is a non-magnetic substance, and the conposite

oxi de {#Y/&]segregated around Co, which is a nagnetic

subst ance so as to form gral n boundaries. Mgnetic
grains W@PW@&"%‘V&E%@GN%W 2 oﬂ@rmagrﬁimoar%ve fPIﬁQ? Hc was lower

TG BB DRI Al SO Rl T
QI RBREbRANLENE sizd A4 netic grains was reduced by increase of the
amount of oxides 1o thereby decrease the magnetic coercive force He, be
progressed isolation and improve the SNR.

[0078]

In Comparative Example 22, the magnetic coercive force Hc was
slightly improved as compared to Comparative Example 21, but the SNR was
greatly improved. In Comparative Example 22, the first magnetic recording
layer 122a had high crystal orientation because .it contained less oxide. The
size of magnetic grains in the second magnetic recording layer 122b became so
small as to achieve size reduction and isolation because the second magnetic
recording layer 122b contained much oxide. It is conceivable that the SNR
was improved from this viewpoint.

[0079]

Example 20 using a composite oxide had a magnetic coercive force Hc

at the same level as Comparative Example 22. The SNR was further improved
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The second magnetic recording |ayer 122b contai ned
Ti 2 as a second oxide at 10 noP/0O to forman hcp
crystal structure. As an exanple, the conpositional
ratio was (CoCrPt) 90 nol % : (Ti02) 10 nmol % The film
t hi ckness of the second magnetic recording |ayer 122b
was 10 nm In the second magnetic recording |ayer
122b, magnetic grains also formed a granul ar
structure [ 0095] Specifically, the

osition of the first magnetic recordr
o RTga demerp (tye-sanaghable mﬁést%ﬁm&r og?rhorlr?@d that TiO;

si ze-reducti on. pr.ono 120
Satég ¥qrr%<re%%a &2 nedheitEhise: £hise BrmionutdEtong
| ayer 122b is CoCrPtY (where Y is
'gﬁgg\g%n d oxi e?NlF%urther nore, two or nore
non- magygEp) ¢ subst ances may al so be used in a
conposite manner for the second magnetic recording
| ayer Dpatifisalyt sinte theh obinpdisitragnedic retmdimgdayet 122a and
magnetic recording layer 122b is CoCrPt(Y+a). At that
hemecong ﬁ@@n@hc rRsRIdiag fever 423k pentainsasply tﬁllweofr Kirds.efceides

mted, Particula

el chosal St 035 PPRRPlEdn oBla P RCESHH Gne luralty
&@&rdﬁr H?Eﬁ;forg atg,\%tr gﬁélﬂré @tﬁ"\)ér%?&w Uﬁﬁﬁ'gcteFincio an SNR in

Z6- re I On prono

ﬁérﬂélﬂaﬂ) 09‘1 HdIn@eased {Eﬂrﬁliéi thaRfne fis@itia dh@kﬂ'tﬁ@fs&’ cP Prhﬁgmﬂﬁ:,

the first magnetic recording |layer 122a may contain
&e2€i8e &ov0e HicO2 padicalarpanedsireasedi denusait i possibile jo otain a
ki nds of oxides) at grain boundary portions, and the
RRIBBRRiCWAGMaNeliq iscarding ediyfe capatie phlurbeningraasonD .

Fig. 13 is a table show ng the
J@SWEHQ 4% of the size-reduction promoting | ayer,

the fi r(ﬁ)tmgagneti c recording |ayer, and the second
magnetrc recordi ng | ayer that have been converted

f rom t pRy. 80§ Y19k 3hbRihd thetrhggridtie Boeléiveolopdd 198 and the SNR
Referring to Fig. 13, when the conposition of the

inicases etia theriojal amot hisgpfloaides coatained iGdiEe Kdst antleecond
conposition of the second magnetic recording |a 0}/
magheticyecordinm fwersdr?@bt"l’\%fed@ﬁﬁ@sr Fipteh the conients; §rOz and

TREPE e sife | BRe pRYToI, K enithe ST Amopit 1S 1y BFE, the
qgr(?&%]of [e%ﬁ‘b#ﬂ? O%E]Tr > was 5 Hog%t)l‘Whén %egécﬁﬁght of a#l kinds

oW ng respect to the content

' dtoxigsdnfdimidih. th&aFR hiddghtit feddring ldyer bl id @giaTed ByoA
‘the content of TiO2 as an
mol% and the content of all kinds of oxides contained in the second magnetic
recording layer 122b is defined by B mol%, Examples 21 to 23 show cases
where A < B and Comparative Examples 23 to 28 show cases where A > B.
[0082]
As can be seen from Fig. 8, when comparisons are made between
examples in which compositional ratios were reversed, i.e., between Example

21 (6 : 10) and Comparative Example 24 (10 : 6) and between Example 22 (6 :

12) and Comparative Example 26 (12 : 6), the magnetic coercive force Hc and
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oxide in the second magnetic recording |ayer 122b,
the SNR is the highest at 10 nor/o. Therefore, the
anmount of the oxide (Y1) in _the second magnetic
recording layer 122b is preferably in a range of from
8 me/O to 12 nmol % In this exanple, Y1 was 10 nol %
[ 0098] Fig. 15 is a diagram showi ng the SNR
[dB] with respect to the contents and the ratio of X2
(the sane oxide as in the size-reduction pronoting
| ayer 120) and Y2 %t he sane oxide as in the second
gl iwere digherimie cages Wf‘@fb’f‘ﬁ% the first magnetic
recordi[ e,)]ayer 122a. In Fig. 15, the total anount of
oxi des (i.t%llei nafter referred to as the total oxide

amount 4 ; i .
amount Hdr@gxggypﬁégeaé&nv\gs 1081 I%‘:]%Egé %%t@%?hgxtag}pg?%godém)
SPGB paratizs ERNhIE 27 W3 : 18), Fxakpldoam alewéMraduaicioercive
40 used CoCrPtCr203, in which Cr203 was included as a

forasgHe aodiadewef 806R] Thus, there Ref mgidmghere the @forementioned
Exanples 40 to 42, the SNR was the highest in the
retpdiogshipds Bot gfdalfisheds x2 and Y2 were contained in

t he Sag@ﬁ unt. Thus, it can be seen that it is
prefer e'to maintain a ratio of about 1 : 1 when

t wo oOxi ; L.D: it _
o FHE SR gg SRR oTRRE ok ERcsos

wharaanrt total dmeumitl & odiiewhenmindteintieé ist meghetia rsyerding layer
was 10 nor/o. However, the SNR decreased as conpared
t22aCuapuaried whileSitwnarheuntiof wxiizs wathessatohd nagnelie sscording
and 7 mar/ 0 _or nore. il;/rms ' referable to

de

BT OZBAH EXAATAIO 5Rle BRISURO A FIg0O BRI S 8 ORI
o e B8 R 5 T el PSR R 184 e
@gwﬂgﬁ gfég}éﬁ% 6?‘ﬁ§l“/§' 1B HRGEA0Y, B RErePatlid Bshdes #Bfh Fmol% to 8
mol%. In other words, good results are not necessarily obtained f A< B. An
excellent SNR and magnetic coercive force He can be obtained when Ais in a
range of from 5 mol% to 8 mol% and A < B.

[0085]

Fig. 10 is a table showing the SNR, the magnetic coercive force Hc,
and the overwrite performance when the compqsition of non-magnetic
substance was varied. The tdtal amounts of the non-magnetic substance were
equally 10 mol%. In Fig. 10, only oxides are shown for easy understanding.

[6086]

Iin Example 24, the first magnetic recording layer 122a contained Crz05
as an oxide, and the second magnetic recording layer 122b contained Si0-» and
TiO; as a composite oxide (a plurality of kinds of dxides), thereby forming an
hep crystal structure of CoCrPt-SiO.-TiO..  In Example 25, the first magnetic

recording layer 122a contained Crz0s and SiO, as a composite oxide, thereby
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si ze-reduction pronoting layer 120 and the second
magneti c recording |ayer 122b are added to the first
magneti c recording |layer 122a, the affinity between
grai n boundaries on each interface can be enhanced.
Therefore, not only crystal grains, but also grain
boundari es can grow conti nuously, so that segregation
and isolation of magnetic grains in the second
magnetic recording layer as a primary recording | ayer

can further be pronoted. Accordingly, electromgnetic
tosmingran aep ewaﬁaéar'é?tvmfc%oqrfﬁ-&réﬁﬂgi% pad thesgpcpnd

FRERF 551 Bl 2R Gonalago e WY TEE 454 BormBhtffioe
PRI 5sr  ES PR B8l L8 IR S[gsgna TO:

&$ alcomposse bkigle! andinBEdcang eugingtie Bdcirding layer 122b contained
characteristics of a plurality of oxides. Therefore,

8iectndohiBg Retai aoncpositercxiden  din&xampker 25 tthe §rst MegnsiiR
in particul iaé%%can be increased while nmagnetostatic

ERaring Byesi2zascontpigerigrier ard £iQasi 3/ 60MBpgite gxide,gnd the

articul ar). are increas Thus,. ifad ossjble to :
b e SR cor G P Hegharn e S G TibarS A drposite
%bl e of further increasing the recordi ng density.

f)gq:%] Fig. 16 is a table showi ng the

magnet [gogzper ci ve force He, the SNR, and the

sunmari zed evaluation in a case where the conposition

of nonfaghemaresindSerapsmtive&Exasples9 & 3@.dbg magnetic

understanding, only oxides are listed in Fig. 16,
recorlingslayebway formed of @ ralsilayeti dpgat! ifia diggernmebeming an

St MRk mahar FEarnd bl s SR BlT RpoRIe
eg-égr eﬁﬁ&?érthﬂn%ﬂgré&réing!rﬁécgunﬂxﬂdl@homﬁﬂﬂ Flo. 11, a rrtlagcnetic

sents an oxi de contained in the second magnet|

re@6Rlird Ager P61 4 2idble(ISpsHiBTdrifisd) orvimersizeYrddbicBors pidling
oxide and a is a third oxide). The conposition of the
layerst20ra dysewittt thesaforainergionag secartPmagasticeCorlifgdaygr 122b,
i n Exanpl es. The conposition of the first magnetic ~
TACHAANE SURpiaNCES sediegainst argHpd SragneHs sulbsipiecs ip the

G e R S R e
q';rﬁfﬁls 4ged aﬁr% 135cafu @g%tléic(:%e.ascg mpafative ?é(gﬁ#;![e bH18&d a

ayers contai ned Si anple 44 1 nclu 2 as a

dopipdsite oxRizasTdiMaangtTio, A€ eitds Bbiheayggnatid2beordigay«
45 al so included Si02 in all three layers, and both

3. t KeorhparativenBigaraplec3 esast al campbsijeeoxid@ 2h Yildytitiem oxide)
second magnetic recording |layer 122b contai ned Si 02
WY1 @s ox|destaiithe mageetisrapa(ding layshd?3er ed Si 02 or

Ti 02. Bb%g)l e 46 included Cr203 as X and Si02 as Y.

[ 0105]

As shown in Fig. 10, in the examples where the second magnetic
recording layer 122b as a primary recording layer or the magnetic recording
layer 123 of a single layer contained a composite oxide of SiO. and TiOg,rthe
SNR, the magnetic coercive force He, and the OW performance met the -

-requirements. However, He did not meet the requirements in Comparative
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Conpar ati ve Exanple 41 included Cr203 as X and Si 02
as Y. However, the first nmagnetic recording |ayer
122a was fornmed of Si02+Ti 02 and thus did not include
X. Conparative Exanple 42 included Si02 as X and Si 02
or 1102 as Y. However, the first magnetic recording

| ayer 122a is formed of Cr203 and thus did not
include X or Y. Conparative Exanple 43 included Si02
as X and TiO2 as Y. However, the first magnetic
recordi ng lLayer 122a did not include X or Y.

Espalealld. vd eselate, d iaduitahle trieentataoasnai-magagic selpsiance in
s Y. wever . the first magneti.g r di ng.lLayer, .
B peaf T DR SRSt brgep’ SO AT sy
; Fi ; magneti c coercive force Hc and
?ﬁaﬁk%%b'?ﬁg%gsq%&requi rements in Exanpl es 43
to 46 t he conponent of the first magnetic
recording layer 122a was CoCr Pt (X+Y). In contrast
t her et Gurtbetnioref thdcSdRdNENRe weagnetioweeredrei force He were
Conparative Exanples 41 to 44. Particularly, the SNR
impdoyast inde@mplee 24 4e 86 r whishthad armelliEyer strugtyre igcluding a
sui table for the first nagnetic recardi | ayer 122a
R inadhesi TReATIRRAGR Pcos GURPAREL CITIA R A T el
" . : . neludi o
57500 P LR YRGon i REFREI 65| 8t IS B ok
WIET®AR B rédiitet bldMprovnidie &ﬁ@mdgwrﬁvé f5166 ticng
| ayer 122b, not just a conposite of a plurality of
Additlaslly] t0&0&¢ording bit lengthscandsrshdreded yumpraientamt of the
bot h of oxides (X and Y) contained in the

SNRe- Toatrterrolt ipPeTARIP iy fUrdipe incrensgribie rerordiag sieasity.
R e 8 S a8 e P b, i
G DpBRPERG L TRRERED S0 S0 BHfoRR A RAER] s
ROT0d affeBHehpEodiPiteOAt éadiPotBbY, SO that segregation
and isolation of the first magnetic recording |ayer

122a c{09urt her be pronoted. Accordingly, _
segregation and isol ation of magnetic grains in the

second MeEgRMEr i ANPRE BIeeYigUEaliens §3Ving grRlwwity of magnetic
recording | ayer n further be pronpted. 108], .
BRo B erpol Bra A aueR Py PART Bis Cass hecs st
e oSOV E | e o R ey as non-
rmaghacaBRianeé, WhiehBgRPérialeC OANBbNEh {1 reBsdies for this
Additionally, the recording bit Iength can be
istporveemad any uhogrtaiv dhisrdoncéivable tBNRhe Frowvtbfod neggnietic igeains
possible to further increase the recording density.
is gepressed by use of a composite oxide.

[0091]

[Third embodiment]

A third embodiment of a perpendicular magnetic recording medium
according to th}e present invention will be described. Fig. 12 is a diagram
showing an example of an arrangement of a perpendicular magnetic recording

medium 106 according to the third embodiment. Parts that are redundant in
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Al t hough the preferred exanples of the present

i nventi on have been described with reference to the
acconmpanyi ng drawi ngs, the present invention is not
limted to those exanples as a matter of course. It
woul d be apparent to those skilled in the art that
vari ous changes and nodifications may be nade therein
wi t hout departing fromthe spirit and scope of the
claims. It should be Understood that those changes
and nodifications are included in the scope of the

heexplanation ehihediist emberigent are ggnsisdtnine same [ejereogpe
The IJore_seat [ Inve ti &n [ Sf'agFrlﬂﬁilC bl e. to a
HUPRE PR ISP ARaRLfeceidd FHEW um nounted on a

perpen%lIl ar magnetic recording type HDD or the
Iike. %) 1. A perpendicul ar magnetic

recor difghemeteHn e diient, FROSEE F&dUcBER HEBrAGNAKPEr 120
with a granular structure in which non-nmagnetic grain

doondiidedl BiPoad a dirs oxide. f dsnadeaetpleche magpesition gras ms-
that have grown continuously in a columar shape,
wagneticn and éeyeenpositenad sate was (¢ofps 88dneldh n(Si02) 12 mol%.

pl ural t&aés?f ki nds of

The first magnetic recording layer 122a contains a plu rality of kinds of
oxides (hereinafter referred to as a composite oxide). Speciﬁcally,‘ SiO» and
TiO, were contained as a composite oxide (first oxide and second oxide) so as
to form an hcp crystal structure.  As an example of the compositional ratio,
SiO» and TiO» were contained at 5 mol%, respectively so that the compositional
ratio was (CoCrPt) 90 mol% : (SiOz) 5 mol% : (TiOz) 5 mol%. The film
thickness of the first magnetic recording layer 122a was 5 nm. Cr, which is a
non-magnetic substance, and the composite oxide were segregated around Co,
which is a magnetic substance, so as to form grain boundaries. Magnetic
grains formed a granular column structure.  The magnetic grains epitaxiafly
grew continuously from the granular structure of the size-reduction promoting
layer.

[0094]

The second magnetic recording layer 122b contained TiO; as a second
oxide at 10 mol% to form an hep crystal structure.  As an example, the
compositional ratio Was (CoCrPt) 90 mol% : (TiOz) 10 mol%. The film
thickness of the second magnetic récording layer 122b was 10 nm. Inthe
second magnetic recording layer 122b, magnetic grains also formed a granular
structure.

[0095]
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oxi des. 2. The perpendi cul ar magnetic
recordi ng nedi um according to claim1, wherein the
plurality of kinds of oxides includes both of Si02
and Ti 02. 3. The perpendi cul ar magnetic
recordi ng nmedi um according to claim1, wherein a
content of all of the plurality of kinds of oxides is
in arange of from6 nol%to 12 nol % 4. The
per pendi cul ar magnetic recording medi um according to

claiml, including a pluralit % of the magnetic
r ecor diSpgeiisgiyy heganpositinnaefina firss ma%@m EECOEHiRg fyer 122a

R RS BRI e
PSY 15l @8ErX (where X is a first oxide), and the composition of the second
magnetic recording layer 122b is CoCrPtY (where Y is a second oxide).
Furthermore, two or more non-magnetic substances may also be usedin a
composite manner for the second magnetic recording layer 122b so that the
composition of the second magnetic recording layer 122b is CoCrPi(Y+a). At
that time, types of non-magnetic substances to be included are not limited.
Particularly, it is preferable to include SiO» and TiO,.  Instead of or in addition
to any of those, Cr.03 can suitably be used. For example, the size-reduction
prémoting layer 120 may contain Cr2O3 as an oxide at grain boundary portions,
the first magnetic recording layer 122a may contain Cr.Oz and SiO; as a
composite oxide (a plurality of kinds of oxides) at grain boundary portions, and
the second magnetic recording layer 22b may contain SiOo..

[0096]

Fig. 13 is a table showing the compositions of the size-reduction
promoting layer, the first magnetic recording layer, and the second magnetic
recording layer that have been converted from the mol%-notation to the
atomic%-notation. Referring to Fig. 13, when the composition of the size-
reduction promoting layer 120 is CoCrX;, the composition of the second
magnetic recording layer 122b is CoCrPtY, and the composition of the first
magnetic recording layer 122a is CoCrPt(Xz+Y>), then there are relationships
that X1 > Xz, and Y, > Yo. |

[0097]

{Evaluation]

Fig. 14 is a gréph showing the SNR [dB] with respect o the content of

an oxide (mol%). Referring to Fig. 14, with regard to the content of TiO; as an
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5. A perpendi cul ar magneti c recordi ng nedi um havi ng
at least a first magnetic recording |ayer and a
second magnetic recording |layer on a substrate in an
order nanmed, wherein the first magnetic recording

| ayer and the second magnetic recording |ayer are a
ferromagnetic | ayer having a granular structure in
whi ch non-magneti c grain boundary portions are forned
bet ween magnetic grains that have grown continuously
in a columar shape, and the grain boundar% portions

‘é’fid‘? Hbthei%egﬁntﬂrabwh% recaudinaiavg' 11 a9 g N isng et at 10

PP BB i B B A Bt Bl
FRAldAR RGEPT SBING Jr8retAidt A @ range of from 8 mol% to 12 mol%. In
this example, Y1 was 10 mol%.

[0098]

‘Fig. 15 is a diagram showing the SNR [dB] with respect to the contents
and the ratio of X2 (the same oxide as in the size-reduction promoting layer
120) and Y2 (the samé oxide as in the second magnetic recording layer 122b)
in the first magnetic recording layer 122a. In Fig. 15, the total amount of
oxides (hereinaﬁér referred to as the total oxide amount) in Example 40 was 6
mol%, the total oxide amount in Example 41 was 10 mol%, and the total oxide
amount in Example 42 was 12 mol%. Comparative Example 40 used CoCrPt-
Cr203, in which Cr;04 was included as a single oxide.

[0099]

Referring to Fig. 15, in Examples 40 to 42, the SNR was the highest in
the cases where the oxides X2 and Y2 were contained in the same amount.
Thus, it can be seen that it is preferable o maintain a ratio of about 1 : 1 when
iwo oxides are used in a composite manner.

[0100]

Referring to Examples 40 to 42, the SNR was the highest in Example
41 where the total oxide amount was 10 mol%. However, the SNR decreased
as compared to Comparative Example when X2 was 3 mol% or less and 7
mol% or more. Thus, it is preferable to maintain the total oxide amount at 10
mol%, to adjust X2 such that 3 mol% < X2 < 7 mol%, and accordingly to adjust
Y2 such that 7 mol% > Y2 > 3 mol%.

[0101]

As described above, since both of oxides (X and Y) contained in the
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wherein A< B where a content of all of the plurality

of kinds of oxides contained in the first magnetic
recording layer is defined by A nol% and a content

of all of the plurality of kinds of oxides contained

in the second magnetic recording |ayer is defined by

B nol % 7. The perpendi cul ar magneti c recordi ng

medi um according to claimb5, wherein the plurality of
kinds of oxides are selected fromanong Si 02, TiO02,
ST N e T
1B SRR IF ol B s a5 i Bl
dra¥Bouriialifs Bn'edRAEnt8fadd &R Be BRhAfAR. 8 THRIStBre2Adt only
crystal grains, but also grain boundaries can grow continuously, so that
segregation and isolation of magnetic grains in the second magnetic recording
layer as a primary recording layer can further be promoted. Accordingly,
electromagnetic conversion characteristics (the SNR in particular) can be
increased. |

[0102]

Furthermore, since a plurality of kinds of oxides (the first oxide and the
second oxide) are contained at grain boundary portions of the first magnetic
recording layer 122, it is possible to simultaneously obtain characteristics of a
plurality of oxides. Therefore, elebtromagnetic conversion characteristics (the
SNR in particular) can be increased while magnetostatic characteristics (the
magnetic coercive force Hc in particular) are increased. Thus, it is possible to
obtain a perpendicular magnetic recording medium 106 capable of further
increasing the recording density.

[0103]

Fig. 16 is a table showing the magnetic coercive force Hc, the SNR,
and the summarized evaluation in a case where the composition of non-
magnetic substance was varied. For easy understanding, only oxides are
listed in Fig. 16. S8iO; is abbreviated to as Si, TiO, as Ti, and Cr205 as Cr.  In
the folldwing description, X represents an oxide contained in the size-reduction
promoting layer 120 (CoCrX where X is a first oxide), and Y represenis an oxide
contained in thé second magnetic recording layer 122b (CoCrPt(Y+a) where Y
is a second oxide and ais a third oxide). The composition of the first magnetic

recording layer 122a was CoCrPi(X+Y) in Examples. The composition of the
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T

A < B where the content of all of the plurality of
ki nds of oxides contained in the first magnetic
recording layer is defined by A nol% and a content
of all of the plurality of kinds of oxides contained
in the second magnetic recording |ayer is defined by
B nol % 9. A perpendicular nmagnetic recordi ng nmedi um
havi ng at | east: a si ze-reduction pronoting
| ayer, for reducing a size of magnetic grains of a
magneti c recording |layer, having a granular_structure
firg W@QEﬁUCgfre&PW”EQ)%’D{aé %Q%J@%dtﬂoéﬁét‘sébﬁ'k'%ﬁ%? HQCQWFJ‘F%W@
ﬁxidelare formed between non-nagnetic grains that
XY8PEPown continuously in a col urmar shape; a first
nagnet@ﬁ(hfcording | ayer having a granul ar structure
i n whi grai n boundary portions containing the first

oxi de FREMPISET rfided Cie0a ke X adsib gl Yve erxamse aliigcluded
grains that have grown continuously in a columar

Si0; as X and SiO» as Y, so that all three layers contained SiO,. Example 44
included TiO- as a for the second magnetic recording layer 122b. Example 45
also included SiO: in all three layers, and both of the first magnetic recording
layer 122a and the second magnetic recording layer 122b contained SiO; and
TiO2.  Inthis case, Y may be considered SiO; or TiOs. Exarhp!e 46 included
Cr:03as Xand SiOz as Y.

[0105]

Comparative Example 41 included Cr,O3 as X and SiOz as Y.
However, the first magnetic recording layer 122a was formed of Si02+Ti02 and
thus did not include X. Gomparative Example 42 included SiO» as X and SiO»
or TiOz as Y. However, the first magnetic recording layer 122a is formed of
Cr203 and thus did not include X or Y. Comparative Example 43 included SiO-
as Xand TiOz as Y. However, the first magnetic recording layer 122a did not
include'X orY. Comparative Example 44 inc[uded TagOs as Xand TiOz as Y.
However, the first magnetic recording layer 122a did not include X or Y.

[0106]

As can be seen from Fig. 16, the magnetic coercive force Hc and the
SNR met the desired requirements in Examples 43 to 46 where the component
of the first magnetic recording layer 122a was CoCrPt(X+Y). In conirast
thereto, both of Hc and SNR were lowered in Comparative Examples 41 to 44.
Particularly, the SNR did not meet the requirements. Therefore, it is suitable
for the first magnetic recording layer 122a to contain, as non-magnetic

substance in the magnetic recording layer, a composite oxide including both of
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shape; and a second magnetic recording |ayer having a
granul ar structure in which grain boundary portions
cont ai ni ng the second oxi de are fornmed between
magneti c grains that have grown continuously in a

col umar shape, on a substrate in an order naned.

10. The perpendi cul ar magnetic recordi ng nmedi um
according to claim9, wherein the first oxide is

Si 02, and the second oxide is TiO02. 11. The

SafsDoar L pemATeRd e Seo s on promaEaRUR B ine
%ers?g‘?ﬁl ¢ % :cfr(ragorpd%g%%rqb%; thiqugt’a ggrggositgo%%?’pfu%ﬁigzdf
oxides.

[0107]

As described above, since both of oxides (X and Y) contained in the
size-reduction promoting layer 20 and the second magnetic recording layer 22b
are added fo the first magnetic recording layer 223, the affinity between grain
boundaries on each interface can be enhanced. Therefore, not only crystal
grains, but also grain boundaries can grow continuously, so that segregation
and isolation of the first magnetic recording layer 122a can further be promoted.
Accordingly, segregation and isolation of magnetic gfains in the second
magnetic recording layer as a primary recording layer can further be promoted.

[0108]

With the aforementioned configuration, both of the magnetic coercive
force He and the SNR can be improved. The track width can be reduced by
improvement of the magnetic coercive force He.  Additionally, the recording bit
fength can be shortened by improvement of the SNR.  Therefore, it is possible
to further increase the recording density.

[0109]

Although the preferred examples of the present invention have been
described with reference to the éccompanying drawings, the present invention
is not limited to those examples as a matter of course. It would be apparent to
those skilled in the art that various changes and modifications may be made
therein without departing from the spirit and scope of the claims. It should be
understood that those changes and modifications are included in the scope of

the present invention.
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Industrial Applicability
[0110]

The present invention is applicable to a perpendicular magnetic
recording medium mounted on a perpendicular magnetic recording type HDD or

the like.
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CLAIMS

1. A perpendicular magnetic recording medium having a magnetic
recording layer with a granular structure in whidh non-magnetic grain boundary
portions are formed between magnetic grains that have grown continuously in a
columnar shape, |

wherein the grain boundary portions contain a plurality of kinds of -
oxides.

2. The perpendicular magnetic recording medium according to claim 1,
wherein the plurality of kinds of oxides includes both of SiOz and TiO-.

3. The perpendicular magnetic recording medium according to claim 1,'
wherein a content of all of the plurality of kinds of oxides is in a range of from &
mol% to 12 mol%.

)_ 4. The perpendicular magnetic recording medium according to claim 1,
including a plurality of the magnetic recording layers with a granular structure,
and |

 atleast one of the magnetic recording layers contains a plurality of
kinds of oxides at the grain boundary portions.

5. A perpendicular magnetic recording medium having at least a first
‘magnetic recording Iéyer and a second magnetic recording layer on a substrate
in an order named,

7 wherein the first magnetic recording layer and the second magnetic
recording layer are a ferromagnetic layer having a granular structure in which
non-magnetic grain boundary portions are formed between magnetic grains that
have grown continuously in a columnar shape, and

the grain boundéry portions of the first magnetic recording layer and

the second magnetic recording layer contain a plurality of kinds of oxides.
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6. The perpendicular magnetic recording medium according to claim 5,

whereinA<B |

where a content of all of the plurality of kinds of oxides contained in the
first magnetic recording layer is defined by A mol%, and

a content of all of the piurality of kinds of oxides contained in the
second magnetic recording layer is defined by B mol%.

7. The perpendicular magnetic recording medium according to claim 5,
wherein the plurality of kinds of oxides are selected from among SiOz, TiOg,
CrO,, Cr203, Zr0», and Ta2O5.

8. The perpendicular magnetic recording medium according to claim 5,
wherein a content of all of the plurality of kinds of oxides contained in the first
7 magnetic recording layer is in a range of from 5 mol%,tb 8 mol%, and

~ A<B |

where the content of all of the plurality of kinds of oxides contained in
the first magnetic recording layer is defined by A mol%, and A

a content of all of the plurality of kinds of oxides contained in the
second magnetic recording layer is defined by B mol%.

9. A perpendicular magnetic recording medium having at least:

a size-reduction promoting layer, for reducing a size of magnetic grains
of a magnetic recording layer, having a granular structure in which grain
boundary portions containing a firét oxide are formed between non-magnetic
grains that have grown continuously in a columnar shape;

a first magnetic recording layer having a granular structure in which
grain boundary portions containing ihe first oxide and a second oxide are
formed between magnetic grains that have grown continuously in a columnar
shape; and

a second magnetic recording layer having a granular structure in which
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grain boundary portions containing the second oxide are formed between
magnetic Qrains that havé grown continuously in a columnar shape, '

on a substrate in an order named.

10. The perpendicular magnetic recording medium according to claim
9, wherein the first oxide is SiO», and the second oxide is TiOx.

11. The perpendicular magnetic recordi.'ng medium according io claim
9, wherein the first oxide o-r the second oxide is selected from among SiOx,

TiOg, CrQs, Cry03, ZrO», and TazOs.



