PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND 5 METHOD
OF MANUFACTURI NG SAME CROSS- REFERENCE TO RELATED
APPLI CATION This application is based on, and clains
priority to, Japanese Application No. 2004-066422,
filed March 02, 2004. BACKGROUND OF THE | NVENTI ON 10
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a perpendicular magnetic
recording medium, in particular to a perpendicular magnetic
recording medium that exhibits high recording density and excellent
read-write performance. The invention also relates to a method of

manufacturing such a medium.

2. Description of the Related Art

Accompanying with higher performance of personal computers
and work stations in recent years, the mounted magnetic recording
devices are required having high capacity and small size. According
to this background, a magnetic disk of a recording device needs

higher recording density.
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recordi ng medium To enhance magnetic recording
density in this in 5 plane magnetic recordi ng system
enhancenent of coercivity (Hc) is required as well as
reduction the product of the residual nmagnetization
(Br) and the thickness (t) of the magnetic filmof the
recordi ng nedium Accordingly, attenpts have been nmade
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perpendicularly to the substrate surface. Since

adj acent magnetizations in a magnetization 2

transition region are not opposite to_each other, the
nmagheiwewer.obhe an-plane magnetic recording system involves a

problem that the regeneration output decreases because the
demagnetizing field increases with reduction of the bit length and
decreases the residual magnetic flux density. In addition, “a problem
of thermal fluctuation” becomes prominent accompanying with
reduction of the grain size and the thickness of the magnetic film.
For these reasons, it is now deemed technically difficult to obtain a
high density magnetic disk under the in-plane magnetic recording

system.

To solve these problems and enhance the surface recording
density, “a perpendicular magnetic recording system” has been
studied. A magnetic recording medium in the perpendicular
magnetic recording system is designed for the axis of easy
magnetization of the magnetic film to align perpendicularly to the

substrate surface. Since adjacent magnetizations in a magnetization
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stable even wth a shortened bit |ength, and the

magnetic flux is not decreased. Therefore, the

per pendi cul ar magnetic recordi ng system is suitable

to a magnetic recording systemfor a high density

magnetic 5 recording nedium Contrary to this

advant age, a perpendicul ar nmagnetic recording medi um
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nonmagneti c el ements. A perpendi cul ar magnetic

recordi ng nediumcall ed "a double |ayer perpendicul ar
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magnefli c layer, i.ncluding 25 gerpen i cular magnetic .

thug thermagnafae tlnggg@@mgmzlag ween Hie apagnetic grains increases.

-Cr-Ta, or Co-Cr-Pt, multilayer perpendicul ar )

Thath aachievemengfofhigh density mecosding hatasmesempanied by
per pendi cul ar magnetic filns of_ Tb- o

reduction of the media noise and enhancement of the SN ratio is

demanded, through development of a material control technology

promoting the grain boundary precipitation of nonmagnetic elements.

A perpendicular magnetic recording medium called “a double
layer perpendicular magnetic recording medium” is known that
comprises a soft magnetic backing layer formed on a nonmagnetic
substrate of aluminum or glass, an underlayer formed on the backing
layer for perpendicular alignment of a magnetic layer, and further, a
perpendicular magnetic recording layer and a protective layer that
are formed on the underlayer. Various multilayer structures have
been studied as the perpendicular magnetic layer, including
perpendicular magnetic films of a cobalt-based alloy such as Co-Cr,

Co-Cr-Ta, or Co-Cr-Pt, multilayer perpendicular magnetic films of
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Co and Tb-Fe-Co. Anong the nultilayer structures, the
mul til ayer perpendicular 5 nmagnetic filns of Pt/ Co and
Pd/ Co are extensively studied for a future high
recordi ng density nedium since the type of the
magnetic filnms exhibits |arge perpendi cul ar nmagnetic
anlsotropy hi gh thermal stability, l|arge coerC|V|ty

approac PO nd AABIBHARS pbFhEAdIARtar agfsticfilms of Th-

| arge anount of so-called nmedia noise,
%ﬁgﬁgnﬂlgf@(\?\hl ch is a problemto be solved before

practlcal application. To reduce the nedia noises, a
granul ar | ayer has been applied to the underlayer
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sufficiently | arge,

To reduce the media noises, a granular layer has been applied to
the underlayer. Besides, Japanese Unexamined Patent Application
Publication No. 2002-025032 discloses a perpendicular magnetic
recording medium that contains boron or oxygen in the multilayer

perpendicular magnetic film composed of alternately laminated Co

and Pt films or Co and Pd films.

The perpendicular magnetic recording medium disclosed in
Japanese Unexamined Patent Application Publication No. 2002-
025032, however, causes deterioration of thermal stability of the
recorded magnetization since the addition of boron or oxygen to the
cobalt layer, platinum layer or palladium layer in the multilayer
lamination film causes decrease of the perpendicular magnetic

anisotropy constant Ku (also called simply "Ku” in this specification).
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for securing thermal stability. 5 As is clarified
above, the perpendicular nagnetic recording nedium
still involves problens to be solved although the type
of nediumis deenmed prom sing for achieving high
density recording. Especially, thermal stability nust
be i nproved while sinultaneously reducing nedia
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reduci ng nedi a noi se. Another object of the invention
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r%‘iﬁ@’é}g@ 1 NERt i on of claim2 is the perpendicul ar

magneti c recording nediumaccording to claiml
characterized in that: crystalline

SUMMARY OF THE INVENTION

The present invention has been made in view of the problems,
and an object of the invention is to provide a perpendicular magnetic
recording medium that exhibits high recording density and excellent
read-write performance through improving thermal stability of the
recorded magnetization as well as reducing media noise. Another
object of the invention is to provide a method of manufacturing such a

medium.

To effect the objects, the invention as claimed in claim 1 is a
perpendicular magnetic recording medium that comprises a magnetic
film provided on a nonmagnetic substrate and is characterized in that
the magnetic film is composed of alternately laminated first magnetic
layers of cobalt layers and second magnetic layers of palladium layers,

the second magnetic layer containing silicon oxide.
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magneti ¢ ani sotropy energy of the magnetic filmis
approximated by E z Kul sin20 + Kul sin40, where Kul
and Kul are uniaxial anisotropy 5 constants, 0 is an
angl e between spont aneous magnetization and an axis
of easy magneti zation of the magnetic film and a
crystalline nagnetic anisotropy constant Ku holds a

obt Sy olof feih 246 Phe it MRILP InBinetic rocording
RS ARG PR CEL AR A LORE oalipe
e o e
ETEEHTSEEI N, i Bk R T o A AL pconony
ST B SRR kA T A
oSSR PSRy staline
R R e Bl S Ko BB f
o5 R o
oSSR ey o b B e g8 condition
R N TN —

claim6 is th erpendi cul ar magnetic recordin
a relation U.2/%1F1) 2p0.25. J J

The invention of claim 3 is the perpendicular magnetic recording
medium according to claim 1 or claim 2, characterized in that an
amount of the added silicon oxide is in the concentration range of 2 to

8 mol%.

The invention of claim 4 is the perpendicular magnetic recording
medium according to any one of claims 1 through 3, characterized in
that a thickness of the first magnetic layer is in the range of 0.2 to 0.5
nm and a thickness of the second magnetic layer is in the range of 0.6

to 1.0 nm.

The invention of claim 5 is the perpendicular magnetic recording
medium according to any one of claims 1 through 4, characterized in

that an underlayer is provided between the magnetic film and the

6
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5 medi um according to claimb5, characterized in that
the underlayer is a rutheniumfilm The invention of
claim7 is the perpendi cul ar nmagnetic recording

medi um according to claim5 or claim®6, characterized
in that a 10 thickness of the underlayer is in the
range of 5 to 20 nm The invention of claim8 is the
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of the underlayer is adsorbed w th oxygen.
u%g%#ée?l nvention of claim9 is the perpendicul ar

magnetic recordi ng medi um according to any one of
cl alms 5 through 8, characterized in that an
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aI i gnment control layer. 7 The invention of claim 11l

endi cu ma [ recor ding ;medi um
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The invention of claim 8 is the perpendicular magnetic recording

medium according to any one of claims 5 through 7, characterized in

that a surface of the underlayer is adsorbed with oxygen.

The invention of claim 9 is the perpendicular magnetic recording
medium according to any one of claims 5 through 8, characterized in
that an alignment control layer is provided between the substrate
and the underlayer for C-axis alighment of crystal alignment of the

underlayer.

The invention of claim 10 is the perpendicular magnetic
recording medium according to claim 9, characterized in that the
alignment control layer is composed by laminating a first alignment

control layer and a second alignment control layer.
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recordi ng nmedi um according to claim11l, characterized

inthat: a conposition of the NiFeNbB layer is in the
range of 64 to 86 at% Ni, 10 10 to 20 at% Fe, 2 to 10

at% Nb, and 2 to 6 at% B; a conposition of the N FeCr
layer is in the range of 50 to 70 at% Ni, 10 to 20 at%
Fe, 20 to 30 at% Cr; a conposition of the N FeSi

| e¥Phe it 6ORset"] T0he et it
SRS, O 3, GPEPERA O SRR i gt e
e S R S e
afBHAE R ol Tab R s Redgir Piihn NG NUT tayey, 2 NiFeCr
143 and @ tﬁﬁ%&fﬁff _t he second alignnment control

Pferd 14 4 YW of 5 to 30 nm The invention of
claim14 is the perpendi cul ar magnetic recording

medi um according to any one of clains 10 through 13,

L
<SR S8 ke i LTS bt Bt
S A AL T G 0 0
A8 PR Bk TS 16 BBE)o hcfon o
the NURPCx Jayer 1540 the Tange of 50 t6 10 atve Nic 18 fo 3D ates Fe,
20 to 30 at% Cr; a composition of the NiFeSi layer is in the range of
70 to 88 at% Ni, 10 to 20 at% Fe, 2 to 10 at% Si; and a total of the

compositions of elements composing each second alignment control

layer 1s 100 %.

The invention of claim 13 is the perpendicular magnetic
recording medium according to any one of claims 10 through 12,
characterized in that a thickness of the first alignment control layer
is in the range of 1 to 5 nm and a thickness of the second alignment

control layer is in the range of 5 to 30 nm.

The invention of claim 14 is the perpendicular magnetic
recording medium according to any one of claims 10 through 13,
characterized in that a soft magnetic backing layer is provided

between the substrate and the first alignment control layer.
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characterized in that the nmethod conprises: an
under | ayer deposition step of depositing an

under| ayer of a rutheniumfilmon a 10 nonnagnetic
substrate, and a deposition step of depositing a
magnetic filmof nmultilayered |amnnation filmdirectly
on the underlayer by alternately lam nating first

| ayore op PR M AT b i BN SRS dRgRee

( ! ay e s CoO n 1 con
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b%ﬁ%ir!%‘é%iﬁﬂi% PebBsEURBAToF éb?g?é?m%é?ﬂé&%’?ﬁﬁnand has a
y . : ¢
AR BB BT BLOEHO ST B cont & ning o111 con
oxide in a concentration range of 2 to 8 nol% The
invention of claim18 is the nethod of manufacturing a

perjpendi cul ar. magnetic regcordjn Lum accerding to
P R B ST e e dth ALt 16 a6 Aratiad OF ' Uhe
undep!| ayer. deposition,.step, 0x n is adsorbed gn a
maR Ak ing A NGTRETigHIR b magsRte sopading fe dHatys

t he under| ayer, .to on s .,at a gas pressure in the "
cla%%’t%m@ 'in that shemelhos ngréﬁ ean undgElasei deposition
flow,range.of 1 to 1 °/c1for ti dur.ati%ﬁinthe

sten gt dspositiag ensundezlayer of arutbansam fHm010a;

t he net hod of manufactu ing a perpendi cu%are magneti c
npBREBAgNeEIGeRbakraies ard #ydeposiiiosnlegr of depositing a

t hrou hf;l8, ciharalct,eri ze in that .t he . _nethod furthe
magnefic film of multilayered lamination film directly on the
underlayer by alternately laminating first magnetic layers of cobalt
layers and second magnetic layers of palladium layers containing

silicon oxide.

The invention of claim 17 is the method of manufacturing a
perpendicular magnetic recording medium according to claim 16,
characterized in that the deposition step of depositing the magnetic
film is conducted by a sputtering method using a target of cobalt and
a target of palladium containing silicon oxide in a concentration

range of 2 to 8 mol%.

The invention of claim 18 is the method of manufacturing a
perpendicular magnetic recording medium according to claim 16 or
claim 17, characterized in that, in the underlayer deposition step,

oxygen is adsorbed on a surface of the underlayer by exposing the

9
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conprises, prior to the underlayer deposition step, an
al ignnent control |ayer deposition step in which a
first alignnent control |ayer 10 of tantalum |l ayer and
a second alignnent control |ayer of a |ayer selected
froman N FeNbB | ayer, an N FeCr |ayer, and an N FeS

| ayer are deposited for aligning crystal alignnent of

SPf e FhEdLlaverttd SuBorbRAR NG 2 bfoddire in the range
of DR RO £ Sphenin e DS Rer I (pRCRREHNDB MR R e L fo 10 %
' -of \giry di cul
fo il ST 18 R U e B0 88, e o
clainms 16 through 19, characterized in that the nethod

further 20 conprises, prior to the alignnment control

st ophen iRt o o FF NI Y of BRATLfAgHring o
peffe P Bttt Be ROt e mpiiB oG iR Gy one of
e lecthFraEhi GRarRrig S Farf {RE il further
SRR B 08 Tl A R bt et
SRS B0, FESTR P, bk contro Laer
o5k P A R SEEL S bl g e
solbcse; Gosm BviNiF BT A8V BT oAk b A And R NN eSi
I%queﬁa%iaﬁfeﬁ%i%gé h?ﬂﬁgﬁg@g%ﬂy\ﬂﬁgg | gg_;wt;gf %he underlayer in

C-axis alignment; and in the alignment control layer deposition step,
the first alignment control layer and the second alignment control

layer are laminated.

The invention of claim 20 is the method of manufacturing a
perpendicular magnetic recording medium according to any one of
claims 16 through 19, characterized in that the method further
comprises, prior to the alignment control layer deposition step, a
backing layer deposition step in which a soft magnetic backing layer

of a CoZrNDb layer or a CoZxrTa layer is deposited on the substrate.

As described above, in the perpendicular magnetic recording
medium of the invention, a magnetic film is a multilayer lamination

film composed of alternately laminated first magnetic layers of cobalt

10
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head and the thernmal stability of recorded

magneti zation are 10 inproved at the sane tine.

Enbodi ment of the invention will be described in
detail in the followng referring to the acconpanyi ng
drawi ngs. 15 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
illustrates an exanple of structure of a perpendicul ar

LfPAACHE, AN R R BE AL MASROD A1y R 19594 PER'second
nf@é’%rﬁéﬁég%&;ei’ic&%aﬁﬁﬁﬁﬁﬁﬁﬁﬁ%@%ﬁ%”{@a@k#%eafiﬁ%ﬁﬂ% thermal
sﬁ%’ﬁ% d"l agasb%é%ifp ?gﬁggﬁ@@%ﬁ%?foe?m%ﬁﬂh?ﬂﬁléﬁﬁéé%netm
P .or. Pd- Si X 11,.Ei

bt Sran A ettt
rérP g roRaH s onrEaS 2kl it 1 ayered

| am nation fil mconposed of Co |ayers or Co-Si Q2

| ayers and Pd | ayers or Pd-Si 02 |ayers in the

de dence on. the t hi ckness, of ,the Pd | ayer .or
oo S5t BAtiaeh K rt Bhacr Sirlession SRAZIIRGLREhes, the ease
Itens that were studied.in the course of carrying.,out
Oé WLV AR o a]@@%&%ﬂﬂromg%ﬁlﬁé#&%al mgdmm by a
magnetic .recordi ng medi.ym although |t has many.
haa%a@ndg@ze tberngh @tiaqlaiﬂéf. @f/re@%r@ A2 gRedizikion are
.involves a Ferbl em that precipitation of a nonmagnetic
improved at the same time.

Embodiment of the invention will be described in detail in the

following referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an example of structure of a perpendicular
magnetic recording medium according to an embodiment of the

invention;

Fig. 2 illustrates the coercivity Hc of perpendicular magnetic
recording media provided with a multilayered lamination film
composed of Co layers or Co-SiO2 layers and Pd layers or Pd-SiOs
layers in the dependence on the thickness of the Pd layer or Pd-SiO2

layer; and

11
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substance to a regi on between magnetic grains in the
magnetic layer is not enough and the interaction
bet ween the magnetic grains is 15 large, leading to
hi gh nedi a noi se. Considering this point,

per pendi cul ar magnetic recording nediumis
manufactured in which the basic structure of the

i} 2 BRGNP RS, T cHe i i B ot e
GAELA B S AP SRSt o U g ppvided
w8, IR, RO SU00.op Bt s dcorsios
e A e 5P 550, o8 DS e on the
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recording mediumis also desired to exhibit excellent
5 recording and regeneration performnce and

DA AR b B AT O3 LB PRV ET RS "o

carried out in view of the above study itens. Sone

preferred enbodi nents of the invention are 10

described in the follaqw ng. An enbodi nent, of t X :
(Ltﬂmﬁﬁaﬁ were shudied dncthe comrgaa '%arWéBgr@vaghe invention)

medi um conprising a nultilayered | am.nation film i

cor@mthwnﬁarwmgél@ﬁyaratr@gmemtr%@gdmgcrnedlum,

| ayers of cobalt 15 | ayers an sg;gpd qunetic | ayer.s
abiqizghatihas mgnyadvastages {er @rhigh density recording

medium, involves a problem that precipitation of a nonmagnetic
substance to a region between magnetic grains in the magnetic layer
is not enough and the interaction between the magnetic grains is

large, leading to high media noise.

Considering this point, perpendicular magnetic recording
medium is manufactured in which the basic structure of the
multilayer perpendicular magnetic film is Co/Pd, the cobalt layer

containing SiOa.

In the cobalt layer containing SiOs, the nonmagnetic SiOs
precipitates between the cobalt particles. As a result, the cobalt
particles are made fine and isolated, thereby reducing media noise.
Since the reduction of media noise raises SN ratio, recording and

regeneration performance can be improved and high density

12
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| ayers containing silicon oxide. By adding the silicon
oxide in the palladiumlayers and |am nating the

pal | adium | ayers and the cobalt |ayers, the
crystalline magnetic anisotropy constant Ku is
increased. Further, a uniaxial anisotropy constant

Kul is also increased. 20 (Principle of the invention)

ention is described below. To
reAco(ifdﬁ t?zlﬁernalatsta ity of magnetization recorded in

a 25 perpend| cul ar magneti c recording nedium the
per pendi cul ar magnetic ani sotropy constant Ku nust be

‘”Cfx?gﬁﬁﬂtmﬁ‘% G F@&ﬁcﬁ%rﬁiﬁﬂ&gf’f OG0EH 4 pendicular
magnet’i ¢ ani 14 ropy constant “Ku, “however, gn_elpaelq_y

i GRERR e tou Rk ARGl 3%64}%%%?5@@”%5@%@“ e
réfndlfg S&nﬁﬁééﬁ%ﬁﬁaﬁ%ﬁﬁ%ﬁ% 4 iiitdingptin thermal
Sty I réEarisn e npdratlin o " and kul is

a uni axial anisotropy constant (also called "Kul" and

"Ku2" in this specification). The svvitchi ng field in

:ngﬁ%ﬁp ?%]e&&noﬁgﬁrdl ﬁggéﬁlh%n?) o g:%rxf\j@ Colrlg inYiew of the
at ur n.10 magpeti zat i nsequent LI val ue
aBpve udcirlfreé@an St ppfomad CoEb ARG el iRy R Ve Btion are
t he [ rdi ng medi um easy to be perforned.
d@ﬁmﬂlf’g%g éfle@iﬁ)“’%%& nprove thermal stability of the
recorded 15 nmmgnetization, the large Ku value is
favorabl e. Magneti zati on,

An embodiment of the invention is a perpendicular magnetic
recording medium comprising a multilayered lamination film
composed of alternately laminated first magnetic layers of cobalt
layers and second magnetic layers of palladium layers, the palladium
layers containing silicon oxide. By adding the silicon oxide in the
palladium layers and laminating the palladium layers and the cobalt
layers, the crystalline magnetic anisotropy constant Ku is increased.

Further, a uniaxial anisotropy constant Kus is also increased.

{(Principle of the invention)

A principle of the invention is described below.

To improve thermal stability of magnetization recorded in a
perpendicular magnetic recording medium, the perpendicular

magnetic anisotropy constant Ku must be increased. The increase of

13
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recorded in the magnetic recordi ng nedium of a
magnetic grain wwith a volunme V has a magnetic

ani sotropy energy represented by KuV. Thermal energy
in the environnent at an absolute tenperature T is
represented by kT, where k is the Boltzmann constant.
Consequently, 20 thermal stability can be represented

t 4 q&g}%égi@icmaf '?nhgﬁie%?é ﬁglrlﬁg‘?}o&% Elﬁpgt'aﬁﬁ BBQHfer,

or inproving t Ity. Therefore,
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regene or mance, n u snou e large for
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ot B, o B8, PG PRIG Rt e i et AOpRiEt rapee. Kuis
o B! R 5.3 2 KT okicld e BRI RY A 3up 4% uniaxial
ARG FRECHORS R Dl A B RS, BB, KNS, iniBs pgeification).
Tﬁﬁdg%hlﬁcla% % ﬁiﬂ?ﬁl&h ; g Eﬂ‘%ﬁtﬁg Oﬁrkqecgfr ingiptica gﬁ%:g?@ Ic
ABREHZE i< 3B UEBREE R At velUer $HE B0 FREUIES a small
o s R e R it R into the ThagRetic recording madium dasy to be

performed.

On the other hand, to improve thermal stability of the recorded
magnetization, the large Ku value is favorable. Magnetization,
recorded in the magnetic recording medium, of a magnetic grain with
a volume V has a magnetic anisotropy energy represented by KuV.
Thermal energy in the environment at an absolute temperature T is
represented by kT, where k is the Boltzmann constant. Consequently,
thermal stability can be represented by KuV/kT, which indicates that

the Ku value should be large for improving thermal stability.
Therefore, Ku; should be small to obtain excellent recording and

regeneration performance, and Ku should be large for improving

thermal stability of recorded magnetization.
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To achi eve excellent read-wite performance and at the
sane tine, to inprove thermal stability of the
recorded nagnetization, that 1is, in order to hold a

| ar ge val ue of perpendicul ar magnetic ani sotropy 20
constant Ku and at the sane tinme, to make a uniaxia
ani sotropy constant Kul |arge, the magnetic filmof a

or R e . : . _
b nb%g.@gh%@ Ko FHReH Kud, SR U1y M S?FKG'I% is 1311’:geé even

I ment of the inventron I's, as shown I n

T LR B Va0 TRR PO, P RRRE R ) 1608 ing B ¢
PhSHP LA Ky BRI AEaS BUA R BB 55 Che ecordd
AR, 1S ABB S Eat PREENE 6 e ujtchine filed
v ARSI TR Flog ) B p AR ke (o he rea® Birite
pEFR TR Z L, PRLBRL G Bl BRI PR Bl g il ave
SOOI e P iche b 4 B Ku value, it
S RREARE Y ke b SR ARe 4B Aok R i

onposed of multiple of cobalt |ayers and pall adi um

Kﬁ’a%‘?%‘?' the pal | adi um | ayers containing silicon

oxide. This magnetic film®6 is fornmed on an underl ayer
that is provided for reducing magnetic interaction

e e SR L RS ion and
rgtarilqut t eg II-ﬂP ifni Llr?)rggeoruggn%e?tthg g)lr'gpc?rt?gnféfl tTle %r}flla?iial
anisotropy constant Kuz in the perpendicular magnetic anisotropy
constant Ku is the larger the more favorable. Specifically, Kuz /Ku is

preferably at least 25 %.

To achieve excellent read-write performance and at the same
time, to improve thermal stability of the recorded magnetization, that
1s, 1In order to hold a large value of perpendicular magnetic anisotropy
constant Ku and at the same time, to make a uniaxial anisotropy
constant Kug large, the magnetic film of a perpendicular magnetic
recording medium of an embodiment of the invention is, as shown in
Fig. 1, a multilayered lamination film composed of cobalt layers and

palladium layers that contains silicon oxide.

(Structure of the perpendicular magnetic recording medium)
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Pt/Pd lam nation filmcan al so be used. The
conposition of the silicon oxide contained in the
magnetic filme6 is preferably a stoichionetric
conposition, that is, in the conmposition SiOx (0 < x<
2), SiQ2 is preferable. The backing layer 2 and the
al i gnnment control layers 3 20 and 4 are preferably

PrOPiEof {BEYBARL ASCAHA oY 81 BB Uisd Kk dicular
TR iReeadife TN Of 46 JHREPEIMEAEGE e yetion. The
AR G okisdd R HACEIALYR0GP % SUSOHRASA cBhefol layers 3 and 4,
ARSFHBRIAEE 5 57 AR R IR, SBLEARILY i e on a
bR AL B I RS ARk O ehe
R e R b e Rc e o eTon ereadedtt ace of ¢ he
5 underl ayer 5 suppresses magnetic interaction between
magnetic grains in the magnetic film®6 formed on the

O Bt che PSR o s PR o
oS R 585 b B B8R ) Pl
SR8 g SRR et oS08t TR BB ot o
oo ol Bgogtop ek o1 by Santainin
sl 1010%3 82 h%ggagaagfiﬂaﬁlgg%r{[o%%ig]riégguﬁd@r&yer that is
provided for Teduding magnetic interaction between magnetic grains
constructing the magnetic film 6. The underlayer 5 is preferably
composed of a ruthenium film, though a Pt film, a Pd film, and a
Pt/Pd lamination film can also be used. The composition of the silicon
oxide contained in the magnetic film 6 is preferably a stoichiometric
composition, that is, in the composition SiOx (0 < x < 2), Si0O2z is
preferable. The backing layer 2 and the alignment control layers 3
and 4 are preferably provided between the underlayer 5 and the
substrate 1 to enhance crystal alignment (C-axis alignment) of the

underlayer 5. A perpendicular magnetic recording medium without

these layers is also possible.

More specifically, the underlayer 5 is composed of a ruthenium

film having an hep (hexagonal closest packed) crystal structure. The
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means little magnetic interaction between the magnetic
grains and thus, little nedia noise. The magnetic
film®6 has a basic structure of a multilayered 20

am nation filmof Co/Pt. The nultilayered | am nation
filmconsists of first magnetic |ayers 6a of cobalt

| ayers containing no additive and second nagnetlc

ORI, CHELS PR P ! e 188 STt
d
ubgagey %ﬁﬁ@?ﬁ%’ﬂ%&%%ﬁ%ﬁ Aot ‘&%%2‘?@@? bﬁ%‘éfe
S R bl EE LR s RGP ance of the mpgnetic
b 0
FifY R dagh BECTrg 9ﬂ§d' ?P%E?%ﬁ@%ﬁﬂfﬁs%% O ¢h IoERuGe of the
upg}%ﬁa%% %S?l&ﬁpp sﬁiggtngégég d%é:&,]‘éﬁ bgﬁg/te%en (r:ﬁ)ggneuc
sEAmin B mreRenie @?ﬂg%esci BngbPS MiREE Ay B s and makes
B R 4785 5 L difafor
AR o R A R St fordin an
recordin nerat n per f oy manc By adgl
reﬁ@er%tlg @L gemy %QI'Piilﬁél {ohhagHadeElasieayd is tonducted
recj pltatesb he magneti c grains k|n t he
Homeation af ¢ BeddadpElAYALRY CXBPEING ace of the

coeril vity He is held in a proper 15 ran e and t he
ayier $e argangaseepnimininget itaykd % aii axy gea denmass flow

adsorbed on the surface thereof is
proportion at a pressure of 0.1 to 10 Pa for 1 to 10 seconds.

The a is an index representing magnitude of magnetic interaction
between magnetic grains composing the magnetic film 6. A smalla
means little magnetic interaction between the magnetic grains and

thus, little media noise.

The magnetic film 6 has a basic structure of a multilayered
lamination film of Co/Pt. The multilayered lamination film consists
of first magnetic layers 6a of cobalt layers containing no additive and
second magnetic layers 6b of palladium layers containing an additive
of silicon oxide (SiOx). The multilayered lamination film has a
composition of Co/Pd-SiOg, for example. The SiO2 in the palladium
layer of an embodiment of the invention is preferably contained in the

concentration range of 2 to 8 mol%. A thickness of the cobalt layer is
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provided in a perpendicul ar magnetic recordi ng nmedi um
of an enbodi nent of the invention for the purpose of

controlling the 20 gradient a of a magnetization curve
around coercivity (Hc) of the nmagnetic filmé6 forned

on the underl ayer 5. The nmagnetic filmis conposed of
a nultilayered lamnation filmof Co/Pt for the

1rP @h@% @b P2NHN0. R nTRIASH 8 tHikFnWskhfat He Qﬁfﬂa&ﬁlm layer is

a squareness ratio readily approaching 1 as

ufemaqr NoflD.8 tiRUBLHR. fil mof a Co 25 G alloy, and

al so obtaining large crystalline magnetic ani sotropy
by taking advantage of interface magnetic ani sotropy.
Large crystalline 18 magnetic ani sotropy not only

LB GShtd1f B! nd LRI Al HECOD AR YEIORRH B90L 3 the

e axi s o1 easy nag

PR mﬁmapggj Hole P4 IRIRE sk T LR GAIHe magnetic

I NCreasSes coercil vi

aﬁ@%ﬁ?@?&é‘#@%&ﬁ?ﬁﬁ&@ﬁié@o 5 QPM?%‘“?@%F@ dffigbthy
SRt bl MARE TR, BRY E@éﬁﬁ% FHe AR stapility of the
S i TS AR g o
af st Sot it BhndfraiBienhy rsrm?%@&tar@tﬁhi" ddigigenoration
pefRant® ayer o a N FeSi |ayer By enhancing O axi s

alignnent of the underlayer 5, crystal alignnent of
the nmagnetic film®6 formsd on 15 the underlayer 5 is

als ove her rOVI ne er f or mance,
ﬁareanaé 505 mn oQlinad 555, bhSrmbamagnetic Si0;
aI i gnment
prec1p1tates between the magnetic grains making the particles
minute and isolated. Therefore, the coercivity He is held in a proper

range and the media noise is reduced.

An underlayer 5 with oxygen adsorbed on the surface thereof is
provided in a perpendicular magnetic recording medium of an
embodiment of the invention for the purpose of controlling the
gradient a of a magnetization curve around coercivity (He) of the
magnetic film 6 formed on the underlayer 5. The magnetic film is
composed of a multilayered lamination film of Co/Pt for the purpose
of forming a magnetic film with a higher Hc and with a squareness
ratio readily approaching 1 as compared with a magnetic film of a Co-
Cr alloy, and also obtaining large crystalline magnetic anisotropy by

taking advantage of interface magnetic anisotropy. Large crystalline
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control layer 3 of a tantalumlayer is in the range of
1to5 nm and thickness of the second alignnent
control layer 4 of a NiFeNoB | ayer, a N FeCr |ayer,
or a NFeSi layer is in the range of 5 to 30 nm A 20
conposition of the NiFeNoB | ayer is in the range of 64
to 86 at% N, 10 to 20 at% Fe, 2 to 10 at% Nb, and 2

oSkt Bty 7RSS Rford i, AERSIAI AYRAIRG dficoorded
_ . aL ¢ , O i
ot 3G, bl OSBRI SR RN SP b iRt
o fpdRaRhdlesly s pfdghieid ALAH SfFESATRARIY) 885 Dhccs the
Sl fco}p%*é?ﬁ%*?%ﬁéuﬂéﬁgﬁ&%%ﬁ% gf&lﬂv’%_ﬁ@'@g%@ﬁ&gws
re B RBES B 8l mE At tiBhces of 50 to 300 nm S
As descri bed above, in an enbodi nent of the invention,
magnetic filmhas a basic structure of a

a

L R T e e
oV AR AR ok e B b degiaver 5 o
o B B A S SR SIS i Frerably o
BESERICTAE ST IEN D O TR L R
ob el oy eE Hedd s rontyahEpmmanbooriral ged aba
N\ﬁjeleB layer. The second alignment control layer can also be a
NiFeCr layer or a NiFeSi layer. By enhancing C-axis alignment of
the underlayer 5, crystal alignment of the magnetic film 6 formed on
the underlayer 5 is also improved, thereby improving magnetic
performance of the magnetic film 6. Thickness of the first alignment
control layer 3 of a tantalum layer is in the range of 1 to 5 nm, and
thickness of the second alignment control layer 4 of a NiFeNbB layer,
a NiFeCr layer, or a NiFeSi layer is in the range of 5 to 30 nm. A
composition of the NiFeNDbB layer is in the range of 64 to 86 at% Ni,
10 to 20 at% Fe, 2 to 10 at% Nb, and 2 to 6 at% B. A composition of
the NiFeCr layer is in the range of 50 to 70 at% Ni, 10 to 20 at% Fe,
and 20 to 30 at% Cr. A composition of the NiFeSi layer is in the
range of 70 to 88 at% Ni, 10 to 20 at% Fe, and 2 to 10 at% Si. Here,

the total of compositions of the elements for each layer is 100 %.
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Since the nonmagnetic Si2 is locally distributed in
the second nmagnetic |ayer 6b, magnetic interaction
bet ween the magnetic grains is decreased, reducing
medi a noise. 20 In addition, by the ruthenium
underl ayer 5 with oxygen adsorption on the surface
thereof, the gradient a of a magnetization curve
ar :
pet RSP RpkEERFer 2 hs BrEvRIEN LRI UEbRE i hAcing
i il ati . )
vﬁ'?ﬁrngtrﬁgﬁ Pgﬁ]ﬁﬂé &iﬁTﬁefé&fd?ﬁgr Hehg. @ﬁe%@c]gg& layer can be, for

rege . : pr esent 1 nventil on. | S !
2001 £ ShBLin SEECHE Bl O CRTRNEREY CoZi R R Hhickness

kit e e specific exanples, but various
Otrgg:ﬁq thb?%hg are possible within the spirit and scope

of the invention. 5 (Exanple 1) (El1) A perpendi cul ar
magnetic recordi ng medi um of Exanple 1 conprises a

SR s ok T Bl IRY  R
AR R £ R0 BT SRR S ion fim
of P R Sh St B oGBS S
R TR TR I T

d tic | .6b Sip2 | 15 with
Lo RTaaE paigsive of SI03 A% o RSLR, o' PotbeRdioutan

magnetic anisotropy constant Ku is large and a proportion of a

uniaxial anisotropy constant Kus in the Ku is large as well.
Therefore, thermal stability of magnetization recorded in a
perpendicular magnetic recording medium is improved and excellent

read-write performance is achieved as well.

Since the nonmagnetic SiOz is locally distributed in the second
magnetic layer 6b, magnetic interaction between the magnetic grains

1s decreased, reducing media noise.

In addition, by the ruthenium underlayer 5 with oxygen
adsorption on the surface thereof, the gradient a of a magnetization
curve around Hc i1s made less steep and magnetic interaction between
the grains in the magnetic film 6 is decreased, facilitating recording

and regeneration.
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A manuf acturing nmethod of the perpendicular magnetic
recording nediumis as follows. The substrate 1 is a
gl ass substrate having a thickness of 0.635 nmand a
di aneter of 2.5 inches. 20 However, the dianeter and
the thickness are not essential, and the material is
not essential, too; an alum num substrate can al so be

“Sef'%l ef J}‘Iﬁi ﬁ&‘@éﬁhﬁrﬁsldeéfﬂﬂj’ Fhesr i &é}gﬂcggc%dmg to

substr SO magnetlc ayer 0

(% eE%ﬁ@&_ffg:yer ‘%&H?Ee s PI#léﬁre - (e gﬂgggsgiéé%a ) tHefinvention
St G e S S
nfRRBfleteOnp e Blirs i3 VREH P, RS aBPRCofRt the invention.

CozZrNb filmexhibits satisfactory soft nagnetic
characteristic even though in an 5 anorphous condition

eposi{e omtenperature. On this CoZrNb film
(Eﬁg%@e aiELEposned by sputtering was a first

g:ti nrr%plt)?éant r]oéﬂ%n!a% Ipqai;}pogfeﬁfq% tal um USI n tah‘gﬁtp 1
cbaSia Feikh Er%@oxtoﬁa?@a%@wﬁw ok emgeme& of
Cﬁ}‘iﬁ&ﬁﬁa e %&n%%é’%ﬁn%hg%e“%f@oﬁ%egﬁmlayer a
segon @elééggrr%e?ﬁhgéger Ybdiots NiFe Rk loger, an anderlayer 5

o, syt s ivsgom g cazbon

dep03| ted alignnent_control {ers 3 and 4 were used
film, and a magnetic film 6 of a m tilayered lamination film

consisting of first magnetic layers 6a of cobalt layers with a
composition of cobalt and second magnetic layers 6b of Pd-SiOz layers

with a composition of Pd-SiOs.

A manufacturing method of the perpendicular magnetic
recording medium is as follows. The substrate 1 is a glass substrate
having a thickness of 0.635 mm and a diameter of 2.5 inches.
However, the diameter and the thickness are not essential, and the
material is not essential, too; an aluminum substrate can also be used

for the substrate 1.

After cleaning the substrate well, a soft magnetic layer of a
CoZxrNb film was deposited by a sputtering method to form a backing

layer 2. The sputtered target used in this example had a composition
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obtain an hcp crystal structure in the underlayer 5 of
a ruthenium 20 | ayer to be deposited in the subsequent
step. For the purpose of increasing coercivity by
C-axis alignnent of the crystals of the ruthenium
underl ayer 5, a first alignnent control |ayer 3 of a
tantalum | ayer and a second alignnent control |ayer 4

o TR RS R T S A T SR Ao Bas P areon, 2
fifly BBPATAO T Thick MATHeRBITYA.EhdRE AR0R T frpssure of
ahdtel P HORh ST nPErGEUH] e GO oRATh "
S§ERRERRY G R s P ARG TRk B8 °
afifRus sflbich R R et BB ARIR 2t on

an appropri ate Amount of oxygen on the ruthenium

oy i 0B R DDA Gl BB Y STt g was o
.magneti zati on curv roun S de less steep an
flﬁﬁgﬁj%glamqnw%{:@fay&rmg@? teHab gy STRE thEATEet Of pure
e ndi cyl gnetic.fiilmis reduyced, to facil.itate
b4 BES U, giaﬁimnge@@h bhigk ras ﬂ@m«ﬁl’w@ by spuktering with argon
under| ayer, a perpendicularly aligned etic fiIm®6
gaf al redm tmmﬁﬁi wadesrgas pressure/pabkyep 1V\B§-

On this tantalum film, subsequently deposited by sputtering was
a second alignment control layer 4 of NiFeNbB. The composition of
the target used was 79 at% Ni - 12 at% Fe - 3 at% Nb - 6 at% B. A
film about 25 nm thick was deposited by sputtering with argon gas at

room temperature under gas pressure of about 1 Pa.

The thus deposited alignment control layers 3 and 4 were used to
obtain an hcp crystal structure in the underlayer 5 of a ruthenium
layer to be deposited in the subsequent step. For the purpose of
increasing coercivity by C-axis alignment of the crystals of the
ruthenium underlayer 5, a first alignment control layer 3 of a
tantalum layer and a second alignment control layer 4 of NiFeNbB

were used for crystal alignment control.

On the thus deposited NiFeNbB layer, an underlayer 5 of a
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formed by sputtering. Targets used are a target of
pure cobalt and a target of palladiumcontaining 5
nol % of Si Q2. By di scharging and 20 sputtering

simul taneously these two targets while rotating, each
of the cobalt layers and each of the Pd-Si02 | ayers
were alternately |am nated. The conposition of the

ORI B g, TP W e

roHieARvE B, ABOUT RO Tyt SR e PO RHEY Y S ttering

o LI oA s G SRER Bofiferarure
. 5 . : . .

)y e RePrBibie B4 Bhordrh B Phe suifteiof thg, thus

FBRBHIE By ot BailegiBBE 5 AU AR REC Rl structure
made Iarg‘g and _tql}gngr%o_rti of Kul in tpe. Ku is_made .

WiRg GXBeSe®y Ot FRRETR ﬁ;@r%ﬁlﬁdﬂs the %}’rﬁl{ﬁgﬂ&’g‘én mna
S by : .

A FG EAGHPPGOR O Warlerct BYeRPREp Slahd 4 b1 dDetec, to

agaPBert EDINPDIBAN PRI KR8y £68 B (OB R agI R face.
target used was carbon. A film about 7 nmthick was

formed by sputtering with argon gas in the atnosphere

{r 2By BRISE a4 SN dRAHEdb L FOR DG UgB FELd: By BTy Bdferbed
EETE I RN TR T P
steep and magnetic interaction between the grains in the
perpendicular magnetic film is reduced, to facilitate recording and

regeneration.

On the ruthenium underlayer, a perpendicularly aligned
magnetic film 6 of a multilayered lamination film of Co/Pd-SiO2 was
formed by sputtering. Targets used are a target of pure cobalt and a
target of palladium containing 5 mol% of SiO2. By discharging and
sputtering simultaneously these two targets while rotating, each of
the cobalt layers and each of the Pd-Si102 layers were alternately
laminated. The composition of the deposited Pd-Si0: layer was 95
mol% Pd - 5 mol% SiOq reflecting the target used. Argon gas was
used for the sputtering. Thickness of the cobalt layer was 0.3 nm and
thickness of the Pd-S10: layer was 0.8 nm. The deposition was

conducted at room temperature and under gas pressure of 5 Pa.
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manuf actured conprising a magnetic filmof a
multilayered lamnation filmof Co/95 nol% Pd - 5
mol % Si 2. 20 Fig. 2 illustrates coercivity He in the
dependence on the thickness of a palladiumlayer or
the Pd -Si Q2 | ayer of the perpendicul ar nmagnetic
recordi ng nedia each conprising a magnetic filmof a

el ] . y . . . _
g T A BB e BF ARRQITRL S PR baERE film of
/ _ % Pd. - o & . .
ChiPA SF8eBupofed YR ShEERL Wil ot AR e Layers
L% Si / Pd. - o G . ,
6801 STl oy s AL peond aliRen e Taniged, ¢ PRSI HE 1 ers, the
KEL ORI B OB Bl DAL ERE it IS} A6, BB 938 mace
the Pd - Si.Q2 layer. 5 T di cul [
1035 i R 5 i TS AR RS S
DR B rEBRLL O DRSS 55 g patlaciumn
fi]J.mdescribed abpve.. 10.Fig. 2 shows that the He
PREESHRS IRHYEe AR 10lgfedne f our types of nedia up to
the thickness of 0.8 nmof the Pd or Pd-SiQ2 film At
this thickness of 0.8 nm He of the med! um C !s about
&% B, ROppBEGAITR T SSEhH A0 GmistBitastaon (0
i Geponsierh 6o s oHin b b 35 Saubon. A i
Ce. The nedium D, which dges not contain SiQ2 in the,
abousl T nmaytdricknyaisiformaed oy spuittering withrargon gasain the

too | arge He val ue of 10,000 Ce. Wen ]
atmosphere of argon gas containing nitrogen gas in a mass flow

fraction of 4 %. The deposition was conducted at room temperature

and under gas pressure of about 1 Pa.

Thus, a perpendicular magnetic recording medium was
manufactured comprising a magnetic film of a multilayered

lamination film of Co/95 mol% Pd - 5 mol% SiOs.

Fig. 2 illustrates coercivity He in the dependence on the
thickness of a palladium layer or the Pd -SiO: layer of the
perpendicular magnetic recording media each comprising a magnetic
film of a multilayered lamination film. Each medium comprises a
magnetic film of a multilayered lamination film of Co /95 mol% Pd - 5
mol% SiO: (in medium A), 94 mol% Co - 6 mol% SiOz / Pd (in medium
B), 94 mol% Co - 6 mol% SiOz/ 95 mol% Pd - 5 mol% SiO2 (in
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the He value is excessively large, a nmagnetic field
generated by a ring head for recordi ng and
regeneration is insufficient for reversing the 20
magneti zation direction, thus adequate recordi ng and
regeneration cannot be perforned. In a perpendicul ar
magneti c recordi ng nmedium conprising a nultilayered

g2l Chrot il Poyapee R (R HBREHR? DF PR Hie. B
of PR Lm0 b ORrRlrFR A PR bR R siarprgsents the
RGN EOR R AT L Gr Y %R 3B e,

not too small, and just appropriate, to obtain an
excel l ent recording and regeneration characteristic.

5 (Bxanple 2) ,Fig. 3 illust.rates gradient;.a@reund

" ThEBrEeeadie e magtetic herd Hife Hedia 518 Hnd'D were

t hi ckness of .a pall adium | ayer..or a Pd; -Si Q2. .l ayer of
oS RE 18the sanie et Hitions gk deRosHinD Procdsses as
. conpri sin 10 a netic filmof a Ltil ayere .
iz} SHEAMERD A PEORDE EAER DRSS dhe TAsRstie flmn

of a rrﬁl)t'bl ayered lamnation filmof Co / 95 nol % Pd
deseribehaBP¥R- (i n medi um A), 94 nol % Co - 6 nol % Si 02

Pd (in mediumBl), 94 nol % Co - 6 nol % SiQ2 / 95 nol %

Pd - 5ml% Si2 (in nediumC), or pure Co / pure Pd
(in_mediumDl). In Fig._3 15 the ordi.nate represents
theraai%Wat&&tth@ﬂ%bﬁ@@&eﬁﬁamgém% tafethe four types of
t hi ck f th d Pd- Si 02 | ..Th i.ent
mﬂclhga E%Stso %he theicﬁnecs)rs of 0.8I nm o tel{e Pd gr %’rcf(gl nz fifm. At this
thickness of 0.8 nm, Hc of the medium C is about 4,000 Oe. The

medium A according to the invention exhibits the He value of about
7,000 Oe, which is sufficient for performing excellent recording and
regeneration. The Hc of the medium B is about 7,500 Oe. The
medium D, which does not contain SiOgz in the cobalt layer and in the
palladium layer, resulted a too large Hc value of 10,000 Oe. When
the Hc value is excessively large, a magnetic field generated by a ring
head for recording and regeneration is insufficient for reversing the
magnetization direction, thus adequate recording and regeneration

cannot be performed.

In a perpendicular magnetic recording medium comprising a
multilayered lamination film of basically composed of cobalt layers
and palladium layers, the magnitude of Hc can be controlled by

addition or no addition of the SiO2 into the cobalt layers and the
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magneti zation curve is an index representing nmagnitude
of magnetic interaction between nmagnetic grains
conmposi ng the nagnetic film®6, and is favorably a
smal | val ue. 20 The medium Al according to the
invention in this Exanple 2 was manufactured in the
sane nethod and conditions as in Exanple 1, and

PREIUN 1872 R bl AbBTRE T A Ay R Rl P ding to the
AR EABRAL A A e IR GHA0;L B SARFLAZROH AU (b small, and

processes as except

768" 2B Ob il ol oiATRRBR el nECRRERfE hrEF pfReBration
filmis,. t:h [ h I is, |i [ f
C]iléﬁggﬁets}‘flsf‘?ggl a.Srr\E/l%i Ie[e :regi 3mv%1uer Iegul It(re]dat he gu\r/al ues
not smaller than 1.5 in the range of thickness not
larger than 0.9 nm nedia Al, Bl, and O show smaller

(]?éj val uies Z than medium D1 in the whol e thickness
XAGPIEEY the a values of the nedia Al, Bl, and C

areapproxi mately in the sane magni {ude. Thus, . .

SaaF i on 1Hrshapds atadint opupHIchiLs 1 & Magnetization curve

: | adi um l.ayers in.a  .perpendi cyl ar neti i
in} zhsr@@%n#@écarﬁ%&hml@mﬂé@wf a pal/adium laperor g hd 5102
film ically conpqgsed of cohalt | ayers angéall dium .,
laey 952%@,13%](%?8 IiR@EReldcinpcoraEng dpe g comprising
magneti ¢ grains and results_reduction medi a .
angagnetieitmiof zmy layared Jasnmatio ¢ Kaeh medium

of the perpendicul ar. 15 pmagnet.i ¢ ani sotro const ant
cmpniﬁ@g@ga&ggetmﬁm @ﬁgsnuﬂﬁﬂagwgd 1a1?1¥nation %rim of Co/ 95

mol% Pd - 5 mol% SiO: (in medium A1), 94 mol% Co - 6 mol% SiOz /
Pd (in medium B1), 94 mol% Co - 6 mol% SiO2/ 95 mol% Pd - 5 mol%

Si02 ( in medium C1), or pure Co / pure Pd (in medium D1). In Fig. 3,
the ordinate represents the gradient a and the abscissa represents
the thickness of the Pd or Pd-Si10: layer. The gradient a of a
magnetization curve is an index representing magnitude of magnetic
interaction between magnetic grains composing the magnetic film 6,

and is favorably a small value.

The medium A; according to the invention in this Example 2 was
manufactured in the same method and conditions as in Example 1,
and description is omitted. The perpendicular magnetic media of B,
Ci, and D1 were manufactured with the same composition and
through the same deposition processes as in the medium A except for

the construction of the magnetic films as described above.
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Kul and Kul, and the ratio of Kul to Ku, that is,

Ku2/ Ku, on the perpendicul ar nagnetic recordi ng nedi a
each conprising a magnetic filmof a nultilayered
am nation film Each nmedi um conprises a nagnetic
filmof a nultilayered lamnation filmof Co/95 at% Pd
- 520 Mm% S A2 (in mediumA2), 94 nol % Co - 6 nol %

ror Ae® SRS i e EheT R gy ST PO, the
SRS PYn6! &' IRALYD Bl O TS P AFE0T WATLE! fhdditim D,

invention i np manutr act ure

o QB RTh O PEHG Rl atatleH AR 1,3, i B8 sl BE thickness
G ERFhE A, 030 uC B 300 B0 SRR values
158 T D7 HR R olect igkrtin bt aBGR%%  Yalmes of the
R T O G ST b SRR 6B b Bhisude. Thus,
o, L BB o1 et i T 19 i

obt ai ned dependi ng, .on app].i ed netic field by a .
PREPABEIERL MrangEIcKkRcortiRgmad U QQJFR&'&?’&@I ganytilayered
SRS e bbicaas e BB pSliAdiam

magnet oneter under a condition of approximtely . )
lagaTs, SURPYRIFRS nmm@w:dmeﬁactmgg@gvv@en mAagretic grains,

anal ysis was_carried out_on this magnetic torque
apgrvesultsirefl uetioapmiomeadia Ba1s®! ati on on the

crystalline 15 magnetic ani sotropy energy E of the
magnetic film E -z Kul sin20 +

(Example 3)

Table 1 shows measurement results of the perpendicular
magnetic anisotropy constant Ku, the uniaxial anisotropy constants
Kui and Kug, and the ratio of Kuz to Ku, that is, Kus/Ku, on the
perpendicular magnetic recording media each comprising a magnetic
film of a multilayered lamination film. Each medium comprises a
magnetic film of a multilayered lamination film of Co/95 at% Pd - 5
mol% SiO: (in medium As), 94 mol% Co - 6 mol% SiOz / Pd (in
medium Bs), 94 mol% Co - 6 mol% SiOz/ 95 mol% Pd - 5 mol% SiO;

(in medium Cz), or pure Co / pure Pd (in medium D).

The medium Az according to the invention in this Example 3 was
manufactured in the same method and conditions as in Example 1,

and description is omitted. The perpendicular magnetic recording
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Kul sin40 (0 is an angle between the spontaneous
magneti zation and the axis of easy nmagnetization of
the magnetic film, the Ku and Kuz were derived. Thus
obt ai ned Ku and Kul were plotted against the

reci procal of the applied magnetic field (11H) and
straight lines were 20 obtai ned as approxi mati on. From

nidiEaSOP L CPARATDLE i her 815 Ml 148 i lgifposition
<SR Lo el R pEpietin 2
AR LAECE uagnCip St e dRUd Bhndtlciions aq dgecribed
aBhYe, G thETe Gk RER R AR T 3P (0 lavkrémpdiing the
RS xSt B TE R 0 Sl LAl 100 i RAOHL o the P
X , 20. i 2.1 x . X

o1 S5 SIS s 0f B3, 6 w 1062 95 x 1080, 32 x

10621.8 Table 1 clearly shows that the Ku is |argest

in the nmedium A2 according to the invention. Because

e e S SR S KB ol teponding on
applied magnetic field by a method described below. A magnetic
torque curve was measured in the dependence on applied magnetic
field H in the range of 10 kOe to 25 kOe using a torque magnetometer
under a condition of approximately saturated magnetization of the
magnetic film. Fourier analysis was carried out on this magnetic
torque curve. Using an approximation relation on the crystalline
magnetic anisotropy energy E of the magnetic film: E =~ Ku; sin%0 +
Kug sin?0 (0 is an angle between the spontaneous magnetization and
the axis of easy magnetization of the magnetic film), the Ku and Kuz
were derived. Thus obtained Ku and Kuz were plotted against the
reciprocal of the applied magnetic field (1/H) and straight lines were
obtained as approximation. From the approximation line of Ku
versus 1/H, the Ku value was determined as the sum of the value of
Ku at 1/H = 0 (the section with the ordinate of the extrapolated
straight line) and 21 Ms2 (Ms is the saturation magnetization). The
Kuz was defined by the extrapolated value itself of the above-
described straight line. From the relation Ku = Ku: + Kug, the Ku;

value was determined as Ku - Kus.
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the | argest Ku value, is the best in the thernal
stability of recorded nmagnetization. Table 1 al so
shows that the Ku val ues of medium A2 and medi um 10
D2 without addition of SiQ2 in the cobalt |ayer are
| arger than the Ku values of nedium B2 and nedi um C2
with addition of SiQ2 in the cobalt |layer in the
Tg'lblléi]li ayered lam nation filmbasically conposed of
cobalt layers and palladiumlayers. Therefore SIiP is

advant ageoysly 0t added i nKhipe cohalt Kayer far tRas/Ku

Lher el St A0 (ot 91 oepraey Tetsliend o Thesg

rat i o~ e aoe o
rat O oz oS thie—Trafgtst o et U7z agqCorUl Ilul
.

medinen Anvendilok W | ¢ & 01 % A UsI N 38childli g t hd7

Riedhesh BY| SBreg ros s\i toBiung 1igeel [d gy 3 2 1061 §cor dpow

Bty | ALt e LB 0 U e TS

rdediGm tDe |ot 8 xhbdfl, [t IpEex 106l 10.82 ofl0%dor dedl.8

magneti zati on depends on KU = Kul + Kul. Therefore, by
meki ng the 29 Ku value |large and the Kul val ue al so
| arge, that is, making the Ku value large and the
rati o Ku2/Ku large, witing-in to a perpendicul ar .
maglabile T ebzardyrshowsithmt shé d€ulistlaregstnn themedium Ag
stability of recorded nmagnetization is inproved. 5

a ¢ Eoadiy g td theatiee RtishowB echaiseetdoexiinad stability of recorded
regeneration performances of SN ratio (SNR) and OW

ni{ aynetiZatedn dbaepresenseddsy dudi/REY the npeadipandAsuérhibiting
magneti ¢ recordi ng nedi a each conprising a nagnetic

the largest Ku value, is the best in the thermal stability of recorded

magnetization.

Table 1 also shows that the Ku values of medium Az and medium
D2 without addition of SiOs in the cobalt layer are larger than the Ku
values of medium Bz and medium C; with addition of SiO: in the
cobalt layer in the multilayered lamination film basically composed of
cobalt layers and palladium layers. Therefore, SiO3 is
advantageously not added in the cobalt layer for the thermal stability

of recorded magnetization.

The ratio Kuz/Ku is the largest in the medium Az according to the
invention while simultaneously achieving the highest Ku. Since a
switching field Hk in a recording process is represented by Hk =
2Ku1/Ms as described previously, only the Ku; affects the switching
field Hk. On the other hand, thermal stability of recorded

magnetization depends on Ku = Ku; + Kuz. Therefore, by making the
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10 filmof a nmultilayered am nation film Each nmedi um
conprises a magnetic filmof a nultil ayered
am nation filmof Co/95 at% Pd - 5 ml %S (in
medi um A3), 94 mol % Co - 6 Mol % Si A2/ Pd (in medium
B3), or pure Co/ pure Pd (in nmediumC3). 15 The
medi um A3 according to the invention in this Exanple 3
t i n i 14
RiEv o) (R I8¢ 4G UKLy ARRE AIRb13T a8 Eh AP g the Ku

] descriptioni _ .
VRESEIATkE R RAMHLALEARIN:AG ekl Ak Tondicular
o S R bl R R S FoR Tt L Y, R Sability of
rER Bhh BRR A GISE T BEPrBRRNT L R0 e mul 11 | ayer oc

lam nation filmwas 0.3 nm Evaluation of SNR was
conducted at the linear recording density 25 of 470

(%FCI Ufi gg a ring head for an in-plane nmedium 30
SaRG of two OWNcharacteristics OM and O were

TP ole & LR PR bR e U b rances o
SN wetio (SRR st R ideiwine) shii@otehiatds phRagied on

t he %& V\?S conduc%ed b verwiti.ng hiﬂh | i near. .
PPERBRELAY He MR gPELY; I lagem%dlan%ag tAPARPHEHEE 2 magnetic
el bl b a1yt Rkt puaprises
riaar b BIcata: byl aro e B S P -
praocess. Recording densities 10 used in the eyal ati(on

1% e i nvaze duim. f:l%lgtpi%fép 1 Gempodp S102/ Pd (n

medium Bs), or pure Co / pure Pd (in medium Cs).

The medium Aj according to the invention in this Example 3 was
manufactured in the same method and conditions as in Example 1,
and description is omitted. The perpendicular magnetic recording
media of Bz and Cs were manufactured in the same composition and
through the same deposition processes as in the medium A3 except
that the magnetic films had the constructions as described above, and
the thickness of the Co or Co-Si02 layer composing the multilayered

lamination film was 0.3 nm.

Evaluation of SNR was conducted at the linear recording density

of 470 kFCI using a ring head for an in-plane medium.
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i near recording density and 642 kFCl (1T) for the
high linear recording density. The O is an OW
characteristic in the case low |inear recording
density signals are witten-in over high |inear
recording density signals. Evaluation of the O was
conducted, 15 simlarly to the evaluation of the OM,

lby E3510gtidie DTSWQ?OWV Eﬁﬁralﬁgi%léiisﬁgs%/(RWﬁtéﬁ& hwh ﬁrivgﬁe made

i near recordin ensity sSig e renmal ned
ol e BEERL T A flecle DB WY an OW
B iaaie s bath Digth e pob el ReksMihigng)s ave
BB S ML 505h o GLAS oty B BIE, i of
R e O
eSOV, sfina el ot S Tk, adoRO et prssging
A&PriShaR ok ihealte G iistaly e tem e Tasar
e S St RN RE Sonsh L 0 B e ding
density signals after the overwriting process. Recording densities
used in the evaluation of the OW1 was 53.5 kFCI (12T) for the low
linear recording density and 642 kFCI (1T) for the high linear
recording density. The OWZ2 is an OW characteristic in the case low
linear recording density signals are written-in over high linear
recording density signals. Evaluation of the OW2 was conducted,
similarly to the evaluation of the OW1, by taking the ratio of the
initially written high linear recording density signals to the remained
high linear recording density signals after the overwriting process.
Recording densities used in the evaluation of the OW2 was 321 kFCI
(27T) for the high linear recording density and 42.8 kFCI (15T) for the

low linear recording density.

Table 2

OwW1 OW2 SNR (dB)

(dB) (dB) (470 kFCI)
medium As 40.8 40.6 20.0
medium Bs 38.3 38.5 19.1
medium Cs 33.6 36.2 18.8
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The medi um A3 according to the invention exhibited the
OM of 40.8 dB and the OA2 of 40.6 dB, which are

| arger than the respective 10 ONcharacteristics of

t he medi um B3 and the nmedium C3. Therefore, the

medi um A3 achi eves hi gher OWNcharacteristics than the
medi um B3 and the nedium C3, denonstrating

choy SEFER Shbfs ifaf @32%@??#%3@%%&%33?16#@%%8%
ot G Ao A BOSHEPHG B B kv
i AR O L8R R i By bion anenbanced
redPlaSe fE RIS, el LB it Ad ok atbaltind High SRS
Ci t ens z%gd .E;ﬂe nedi u accaréi ng to the conventi ocTaI d it
QVHHS bRAthdheing A0 V34 HilHe £anges gecording density
rpendi cul ar magneti c recordi ng oedi um,conprising a

aBd iRV ES Hachr LR AN S T ZeMSTRAIOR M TOREARGR .
characterized in that the magnetic filmis a

mul tilayered [am nation filmconposed of alternately

| am nated f.irst magnetic |ayers of cobalt |ayers d
sec mcAs ageprdng b8l theiinwenkion §?i?klﬁﬂie§ﬁgbﬂ PWI1 of
na ic ,laye cont ai nj sili.con oxjde. 10 2. The ]
493? ggldﬁrtdm e é&gaaﬁ 20,68 v d%e@mla%roglaaﬁgﬁ%respectwe
|l aim 1 characterized in that:_crystalline nagnetic
0§Ni eharapterdaticgoidghe n@eéﬂgﬂbasoalﬂdl the medium (E‘s- Therefore,

the medium Az achieves higher OW characteristics than the medium

B3 and the medium Cs, demonstrating improvement in the recording

and regenerating characteristics.

As described above, the medium As in which SiOz is not added in
the cobalt layers and added in the palladium layers according to the
invention has achieved higher SNR and OW characteristics and
improvement in recording and regeneration performance as compared
with the medium B3 described previously in the section of studied

items and the medium Cs according to the conventional technology.
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approxi mated by E z Kui singe + Kul sin40, where Kul
and Kul are 15 uniaxial anisotropy constants, 0 is an
angl e between spontaneous nagnetization and an axis
of easy magneti zation of the nmagnetic film and a
crystalline magnetic anisotropy constant Ku holds a
relation Ku = Kul + Kul, and the Ku and the Kul

bt i fred by nagnetic ani sotropy 20 nmeasurement using a
or gue magneti zati on neter under a condition of

V\?ﬁ [ I turated magnetization of the magnetic
|ﬁ?nq§§mﬁ?\ﬂ i;gj}rel ation Ku2/ Ku ? 0.25. 3. The
per pendi cul ar magneti c recordi ng nedi um according to
25 claim1l or claim2, characterized in that an anount

of the pdded silicgon oxide is in thg.concentration . .
1 ange. of BtRSACI BehdGrabeorfifigIaRALN A cBfhprising a
recor di nmegi um gccording to _any on f claikns 1 . .
it Bifcinedan Zonofdemetle ShPehiate, Wiluapterized in
fi magnetic layer. i s in;the ran of. 0.,2 1q.0.5 nm
thak thermiaais T s 4 ralLaLErared dnBunatiag difth dtiposed of
he range.of 0.6 tp.1.0 nm 5..The perpendjcul ar
aliagmaily dagenintiest BEAl TPEEESICHREETG O AapognipeTs and
cl ai 1 through 4, cgar terized in that an .
S ImpEgnatac 1ayers qe P e pecond magpetic
t he substrat.e, aﬂd the 1Q magnetic filmis provided
IEENQT@C@‘I)]}JC%W%S HEE PXy@e. 6. The perpendi cul ar
magneti c recordi ng medi um according to claimb5,
characterized in that the underlayer is a ruthenium
film 15 7. The perpendi cul ar nmagnetic recordjng .
2medi um hbecperpendicularamagneticoregordingomedivme accerding to
in that_a thickness of the underl ayer
claim 1 characterized in that:
crystalline magnetic anisotropy energy of the magnetic film is
approximated by E = Ku: sin20 + Kuz sin0, where Kui and Kuz are
uniaxial anisotropy constants, 0 is an angle between spontaneous
magnetization and an axis of easy magnetization of the magnetic film,
and a crystalline magnetic anisotropy constant Ku holds a relation
Ku = Ku; + Kug, and
the Ku and the Kuz obtained by magnetic anisotropy
measurement using a torque magnetization meter under a condition
of approximately saturated magnetization of the magnetic film satisfy

a relation Kuz / Ku > 0.25.

3. The perpendicular magnetic recording medium according to
claim 1 or claim 2, characterized in that an amount of the added

silicon oxide is in the concentration range of 2 to 8 mol%.
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is in the range of 5 to 20 nm 8. The perpendi cul ar
magneti ¢ recordi ng nedi um according to 20 any one of
claims 5 through 7, characterized in that a surface of
the underlayer is adsorbed with oxygen. 9. The

per pendi cul ar magnetic recordi ng nmedi um according to
any one of clainms 5 through 8, characterized in that
an alignnment 25 control layer is provided between the
substrate and the underlayer for C-axis alignnment of

4cryst a'Tﬁbimdﬁulhwgéﬂiéi%%&r(&%fgéggg A according to

per pendi cul‘ar “magnetic recdtdi ng me ing to

aflgaéﬂ% Of cthahact gh'rés%ﬂ B chdlraciers eidgmgphtcaoﬁh%&iness of the

yer IS conpose anfnating afirs 'gnnen

fiﬁf_1 hr].%gnlef%efaﬁgiuﬁag? %T&%Spar@?é% %ﬁg@&g t Bog! tnrrg: %fr%&yf khickness of

perpe ng me

t17f REpOLRpikn GUiR IRV 1o ERE B PECPG Rt G 8- g

the second alignnment control layer is selected froma
Ni FeNbB | ayer, a Ni FeCr | ayer, and a Ni FeSi |ayer. 10

5 accor di hpouor eI EBEZ0R e TR Tn according to

apy o136 iogitq(igngs ig%trg'u%i{\'gs yj%%if@e%o}fgib@% éf%dgﬁayer is
pl ettt b toreesy Ths PeEneniE il apd shcSubstie. arid she

0 .
n{e(l)gggti%tf{frr? 1s provided directly on the underlayer.

6. The perpendicular magnetic recording medium according to

claim 5, characterized in that the underlayer is a ruthenium film.

7. The perpendicular magnetic recording medium according to
claim 5 or claim 6, characterized in that a thickness of the underlayer

1s 1n the range of 5 to 20 nm.

8. The perpendicular magnetic recording medium according to
any one of claims 5 through 7, characterized in that a surface of the

underlayer is adsorbed with oxygen.

9. The perpendicular magnetic recording medium according to
any one of claims 5 through 8, characterized in that an alignment
control layer is provided between the substrate and the underlayer

for C-axis alignment of crystal alignment of the underlayer,.
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a conposition of the NiFeSi layer is in the range of

70 to 88 at% N, 10 to 20 at% Fe, and 2 to 10 at% Si ;
and a total of the conpositions of el enents conposing
each second 20 alignment control layer is 100 % 13.
The perpendi cul ar magnetic recordi ng nmedi um accordi ng
to any one of clains 10 through 12, characterized in

T e S
. _ L el

cI35HiE S By PERzeh B i%ﬁféﬁf%&&‘tﬁﬁoé@@%?a?%gfist&mposed

bﬂﬁ%biﬁi%ﬁﬁ%éﬁ'fﬂ%tifﬁ%gﬁiﬂsﬁgfcoﬁ%ﬁﬁé@@r Bhd A @t dtignment
' ' d the fi

Cdﬁ‘f@ﬁé&?"%mnﬂ \gfelr]a;e?. sg itSr agrﬁeageréeﬁdi I(:Llsfar
magneti ¢ recordi ng medi um according to claim 14,
characterized in that the backing | ayer is conposed of

1fhe Panfbegrerindiodas Mo gecar fuis sgegrun accrding to
manuf,act yri ng,a perpendicyl ar neti.c recprdin .
om0t Hartfelieb i tvat fhe FRet i SonteahEonbtel layer is a
under | ayer deposition ste . depositin under. | ayer
t%ﬁitailumﬁkaryaﬁ Gnfrtherssron gﬁgﬁ%pt cogigel layer i sglected
from.a E\iﬁ&ﬁg‘@ﬁ’ layesPa Rafelelayer? snd B R FeSi Tayar

12. The perpendicular magnetic recording medium according to
claim 11, characterized in that:

a composition of the NiFeNbB layer is in the range of 64 to 86
at% Ni, 10 to 20 at% Fe, 2 to 10 at% Nb, and 2 to 6 at% B;

a composition of the NiFeCr layer is in the range of 50 to 70 at%
Ni, 10 to 20 at% Fe, and 20 to 30 at% Cr;

a composition of the NiFeSi layer is in the range of 70 to 88 at%
Ni, 10 to 20 at% Fe, and 2 to 10 at% Si; and

a total of the compositions of elements composing each second

alignment control layer is 100 %.

13. The perpendicular magnetic recording medium according to
any one of claims 10 through 12, characterized in that a thickness of
the first alignment control layer is in the range of 1 to 5 nm and a

thickness of the second alignment control layer is in the range of 5 to

30 nm.
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lam nation filmdirectly on the underlayer by
alternately lamnating first magnetic |ayers of

cobalt layers and second nagnetic |ayers of palladium
| ayers containing silicon oxide. 20 17. The nethod of
manuf acturing a perpendi cul ar magnetic recording
nediun1accord|ng to cIa|n116 characterized in that

14he é e;ﬁdélg({/bxz&f’&ﬂ% ﬁb%cg{’ i gﬁEHhﬁn{ 'ach¥d1ng to

i's con sputte net ho a target

aﬁgb@lé OTQ:Taﬁn'SaI@%‘h (%‘q}f“llf}a‘yﬁﬁ?fac;@?fz%g ﬂ&ﬁtzés%ggt magnetic

a concentrati ran

b&é%knggqag}s{- HEh i AR LB RSPEEL B PEe firet

rec ng “medi um-accordirng t

zed in that, in the underlayer
aggm#%ocﬁ)‘i@?égﬂgét}gen IS adsorbed on a surface of
t he underl ayer by exposing the surface of the
underl ayer to 5 argon gas at a gas pressure in the

15700 r ahhe Betiendicag Rt ag rrg%éﬁﬁiﬁg B e S%Rording to
LA PR A reantatsp R i in hiat e BRckiRgclavi th2omBostl of an
f | h h 18,
a oot U N SR CORRT randine & VRIS bisheseange of 50 to

@bl or to the underl ayer deposition step, an alignnent
3P0ramy) | ayer deposition step in which a first
al i gnnent control layer of tantalum|ayer and a
second alignment control |ayer of a |ayer sel ected
froma Ni FeNMS | ayer,, a Ni FeCr | ayer, a N FeSi |,
1Payer abam@dbost ebmasufactyringa mwlaqh@ ARG ENeSC
the underlayer in_Caxis alignment; and in_th
recording medium, characterized in that the method comprises:
an underlayer deposition step of depositing an underlayer of a
ruthenium film on a nonmagnetic substrate, and
a deposition step of depositing a magnetic film of multilayered
lamination film directly on the underlayer by alternately laminating
first magnetic layers of cobalt layers and second magnetic layers of

palladium layers containing silicon oxide.

17. The method of manufacturing a perpendicular magnetic
recording medium according to claim 16, characterized in that the
deposition step of depositing the magnetic film is conducted by a
sputtering method using a target of cobalt and a target of palladium

containing silicon oxide in a concentration range of 2 to 8 mol%.
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al i gnnment control |ayer deposition step, the first
al i gnnent control |ayer and the second alignnment
control layer are lam nated. 20 20. The net hod of
manuf acturi ng a perpendi cul ar magnetic recording
medi um according to any one of clains 16 through 19,
characterized in that the nethod further conpri ses,

18ri or t’Ehtehmetiddcboﬁman@ﬁat:t@hﬂgamepemmdulm Bils@etic

a backing |l ayer deposition step i1n which a soft

ré@gih higc it moa t@eling t@ cleisn NG b@ydair 19, ¢haracterized in
CoZrTa | ayer is deposited on the substrate. 37

that, in the underlayer deposition step, oxygen is adsorbed on a

surface of the underlayer by exposing the surface of the underlayer to

argon gas at a gas pressure in the range of 0.1 to 10 Pa containing

oxygen in the mass flow range of 1 to 10 % for a time duration in the

range of 1 to 10 sec.

19. The method of manufacturing a perpendicular magnetic
recording medium according to any one of claims 16 through 18,
characterized in that the method further comprises, prior to the
underlayer deposition step, an alignment control layer deposition step
in which a first alignment control layer of tantalum layer and a
second alignment control layer of a layer selected from a NiFeNbB
layer, a NiFeCr layer, and a NiFeSi layer are deposited for aligning
crystal alignment of the underlayer in C-axis alignment; and in the
alignment control layer deposition step, the first alignment control

layer and the second alignment control layer are laminated.

20. The method of manufacturing a perpendicular magnetic
recording medium according to any one of claims 16 through 19,
characterized in that the method further comprises, prior to the
alignment control layer deposition step, a backing layer deposition
step in which a soft magnetic backing layer of a CoZrNb layer or a

CoZrTa layer is deposited on the substrate.
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