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surface recording density, since it becones nore

magnet ostatically stable as the recordi ng density

beconmes hi gher, which inproves the thermal fluctuation
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2004, which are incorporated herein by reference. This application also claims the

benefit pursuant to 35 U.S.C. §119 (e) (1) of U.S. Provisional Applications, No.

60/625117 filed on November 5, 2004.

TECHNICAL FIELD
The present invention relates to a magnetic recording medium, a production
method thereof, and a magnetic recording and reproducing apparatus which uses this

magnetic recording medium.

BACKGROUND ART

A perpendicular magnetic recording method is, conventionally, a suitable method
for improving the surface recording density, since it becomes more magnetostatically
stable as the recording density becomes higher, which improves the thermal fluctuation
tolerance. This is because by orienting the axis of easy magnetization of the magnetic
recording medium, which was oriented in the in-plane direction of the medium, in the
perpendicular direction, the diamagnetic field near the magnetic transition region, which
is the border between the record bits, becomes smaller.

Furthermore, in a case where a backing layer comprising a soft magnetic material

is installed between the substrate and the perpendicular magnetic recording film,



recordi ng medium which was oriented in the in-plane
direction of the nedium in the perpendicular
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CoCr alloy without heating. (For example, refer to Patent Document 1, and Patent

Document 2.)

[Patent Document 1] Japanese Unexamined Patent Application, First Publication
No. 2003-178412.

[Patent Document 2] Japanese Unexamined Patent Application, First Publication

No. 2004-22138.

DISCLOSURE OF INVENTION

As mentioned above, perpendicular magnetic recording mediums using various
underlayers have been proposed, however these have been insufficient to obtain a
magnetic recording medium with an even higher recording density, and a magnetic
recording medium which solves this problem and can be easily produced, had been
demanded.

The present invention takes into account the abovementioned circumstances, with
an object of providing; a magnetic recording medium which can record and reproduce

high-density data by making the perpendicular magnetic recording film a layered
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magnetic recording film, and a protective film are sequentially formed on a nonmagnetic
substrate, is characterized in that the perpendicular magnetic recording film is configured
by two layers comprising a granular structure containing at least Co, Pt and an oxide, and
the saturated magnetization (Ms) of a lower recording film provided to a substrate side is
smaller than the saturated magnetization (Ms) of an upper recording film provided to a
protective film side,

(2) a magnetic recording medium according to (1), wherein the saturated
magnetization (Ms) of the lower recording film is not greater than 600 (emu/cm?),

(3) a magnetic recording medium according to (1), wherein the saturated
magnetization (Ms) of the lower recording film is not less than 150 (emw/cm’) and not
greater than 500 (emu/cm’),

(4) a magnetic recording medium according to any one of (1) to (3), wherein the
saturated magnetization (Ms) of the upper recording film is not less than 500 (emu/cm>),

(5) amagnetic recording medium according to any one of (1) to (4), wherein the

oxide contained in the perpendicular magnetic recording film is any one of SiO,, Cr,Os,

Y203, TiOz, Ta205 and SiO,
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(9) a magnetic recording medium according to any one of (1) to (8), wherein a
nucleation field (-Hn) of the perpendicular magnetic recording film is not less than 1500
- (Oe) (120 k/A),

(10) a magnetic recording medium according to any one of (1) to (9), wherein the
intermediate film is Ru,

(11) a method of producing a magnetic recording medium which in a method of
producing a perpendicular magnetic recording medium comprising at least a soft under
layer, an intermediate layer, a perpendicular magnetic recording film, and a protective
film sequentially formed on a nonmagnetic substrate, comprises the steps of forming the
perpendicular magnetic recording film by two layers comprising a granular structure
containing at least Co, Pt and an oxide, forming a perpendicular magnetic recording film
with a higher saturated magnetization (Ms) on a substrate side of a lower portion, and
then forming a perpendicular magnetic recording film with a lower saturated
magnetization (Ms) on a protective film side of an upper portion,

(12) a magnetic recording and reproducing apparatus comprising a magnetic

recording medium and a magnetic head which records and reproduces information to the
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sequentially formed on a nonmagnetic substrate, is characterized in that the perpendicular
magnetic recording medium is configured by two layers comprising a granular structure
containing at least Co, Pt and an oxide, and the saturated magnetization (Ms) of a lower
recording film provided to a substrate side is smaller than the saturated magnetization
(Ms) of an upper recording film provided to a protective film side. Therefore a magnetic -
recording medium which can record and reproduce information of a high density, a
production method thereof, and a magnetic recording and reproducing apparatus can be

provided.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing a cross-sectional construction of a perpendicular
magnetic recording medium of the present invention.
FIG. 2 is a diagram showing the construction of a perpendicular recording and

reproducing apparatus of the present invention.

Brief Description of the Reference Symbols
1 Nonmagnetic substrate, 2 First soft magnetic film, 3 Ru film, 4 Second soft magnetic

film, 5 Orientation control film, 6 Intermediate film, 7 Lower magnetic recording film,
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control film 5 and a intermediate film 6, and further provided with a perpendicular

magnetic recording film 9 comprising two layers, namely a lower recording film 7 and an
upper recording film 8 thereon, and a protective film 17, and a lubricant film 18, which
are sequentially formed on a nonmagnetic substrate 1.

As the ‘nonmagnetic substrate, a metallic substrate comprising a rnetallic material,
such as aluminum or aluminum alloy, may be used, or a non-metallic substrate
comprising a non-metallic material, such as glass, ceramic, silicon, silicon carbide, or
carbon, may be used.

As a glass substrate, there are amorphous glass and crystallized glass, and as
amorphous glass, a general purpose soda-lime glass or aluminosilicate glass can be used.
Furthermore, as crystallized glass, lithium type crystallized glass can be used.

It is acceptable for the average surface roughness Ra of the nonmagnetic substrate
to be made not greater than 0.4 nm, and preferably not greater than 0.3 nm. In a case
where the average surface roughness is within the aforementioned range., when

deposition of the perpendicular magpetic recording film is performed, further
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coﬁﬁéﬁﬁﬁé@ e,JC70 dlaNieGh 'bX %i\fein.l s tﬂig material, FeCo alloys (FeCoB, FeCoSiB,
FeCoZr, FeCoZrB, FeCoZrBCu, and the like), FeTa alloys (FeTaN, FeTaC, and the like),
and Co alloys (CoTaZr, CoZrNB, CoB, and the like) can be given.

It is particularly preferable for the soft magnetic film to be an amorphous
structure. This is because by making it an amorphous structure, negative effects, such as
expansion of the grain size, and deterioration of the orientation of the undercoat film
provided thereon, are not exerted. Furthermore, by making it an amorphous structure,
enlargement of the surface roughness Ra is prevented, and it becomes possible to
decrease the flying height of the head, and as a result, it becomes possible to further
increase the recording density.

The retentivity He of the soft magnetic film is not greater than 30 (Oe), and is
preferably not greater than 10 (Oe). Moreover 1 (Oe) is approximately 79 A/m.

The saturation magnetic flux density Bs of the soft magnetic film is not less than
1.0 T, and is preferably not less than 1.3 T.

The total film thickness of the soft magnetic film which constitutes the soft under

layer, is not less than 20 nm and not greater than 120 nm, and is preferably not less than

30 nm and not greater than 100 nm. If the total film thickness of the soft magnetic film is
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and a lubricant film 18, which are sequentially forned
usedgp g nonnmagneti ¢ substrate 1. As the nonmagnetic
substrate, a netallic substrate conprising a netallic
maféthiedime efifermationafithe sfimnder layemitnsabsalnossiblertgylepesit in a
used, or a non-netallic substrate conprising a
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between the soft magnetic films, and setting to a predetermined thickness, it is possible to
antiferromagnetically bind the soft magnetic films which are provided above and below.
By having such a configuration, it becomes possible to further ixmprove the WATE (Wide
Axea Track Erasure) phenomenon, which is a problem unique to perpendicular mediums.

The orientation control film is a material for controlling the orientation, the
crystal size, and the like, of the perpendicular magnetic recordinag film installed above. It
is preferable for the material used for the orientation control film to be a crystalline
structure which has a hep or a fcc structure. If the structure is ome other than the fcc
structure (for example, a bee structure or an amorphous structure), the orientation of the
perpendicular magnetic recording film becomes insufficient, and as a result, a decrease in
the SNR, and a décrease in the retentivity; is generated, which is undesirable.

As the orientation control film, Pt, Pd, NiCr, NiFeCr, and the like are preferable
examples. It is preferable for the film thickness of the orientation control film to be not
less than 1 (nm) and not greater than 12 (nm). If the orientation. control film is less than
1 nm, the effect as an orientation control film becomes insufficient, and the effect of
miniaturization of the grain size is not obtained, and an improvement of orientation is not

obtained, which is undesirable. Furthermore, if the thickness of the orientation control



Furthernore, as crystallized glass, lithiumtype
crystallized glass can b e used. It is acceptable for

wo bweawmesnge surface roughness Ra of the nonneReEIR2005/019953
substrate to be nmade not greater than 0.4 nm and
preferably not greater thand.3 run. In a case where
the average surface roughness is within the

filafeReae 11 (r2Me therdist@tce bettheen thiepaghdtic oaddndithe soft magnetic soft
per pendi cul ar magnetic recording filmis perforned,

m&é%rlﬁﬁ? bi (P LA TBoRdihPad YR pFIIRL ARG HREdRds 1&g el afhe?&“ore the OW

obt ai ned. Furthernore; making the average sur ace

ch%gagﬁ{ehsgnﬁﬂe LR B o id A AREELSLARLS,

e poin Sul record
%ﬁ y recordi ng on which the head is Iom1f|oat|ng
{8 maki ng the mi cro-wavi ness (Wa) not greater
t han O 3 nm still preferably not %£eater than 0. 25
nm Assheintsraedibiedilin, dris pigéerple e ussfRw uf\s Bipintergediage film, an
hi gh recordi ng density recording on which the head is
additiondl lelzaiehtigay BE afideel forthe pugdose whinggrociag diei graihsizhe
soft under layer, the first and second soft magnetic

mibiadh Bt Rid sRnftiopf t magnetic material, and as this
material, materials containing Fe, Co and Ni can be

0 35 BT 00 Bl R U AR, AT By g
SR o an e S 108 TR e

partlcularl referable for the soft magnetic film¢to
groyethgcomgs gient, and the effect as an undercoat film becomes insufficient,

which is undesirable. Furthermore, when the thickness of the undercoat film exceeds 25
(nm), the distance between the magnetic head and the soft magnetic soft under layer at
the time of recording and reproducing becomes larger. Therefore the OW characteristic,
and the resolution of the reproductive signal decreases, which is undesirable.

The perpendicular magnetic recording film has an axis of easy magnetization in
the perpendicular direction with respect to the substrate side. As constituent elements, at
least Co, Pt and an oxide is included, and furthermore, elements such as Cr, B, Cu, Ta, Zr,
and Mn can be added for purposes such as SNR characteristic improvement.

As the oxide Which constitutes the perpendicular magnetic recording film, SiO,,
Cr;03, Y203, TiO,, Tay0s, SiO, and the like are preferable examples. It is preferable for
the volume fraction of the oxide to be 15 to 40 volume%. If the volume fraction of the
oxide is less than 15 volume%, it is undesirable because the SNR characteristic becomes
insufficient. If the volume fraction of the oxide exceeds 40 volume%, it is undesirable

because a retentivity which corresponds to a high recording density cannot be obtained.
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magnetic particles decrease, and the formation of zig-zag magnetic domain walls
generated in the transition region of the recording bits is controlled. Therefore, a low
noise characteristic can be obtained. Furthermore, in such a granular magnetic recording
layer, the nonmagnetic nonmetal material which is used as a grain boundary phase can
decrease the interactions between the magnetic particles.

The perpendicular magnetic recording film of the present invention comprises a
lower recording film and an upper recording film constituting a laminated structure, and
it is preferable for the saturated magnetization (Ms) of the lower recording film to be
smaller than the saturated magnetization (Ms) of the upper recording film. By
configuring them in this order, it is compatible to achieve high nucleation field (-Hn) as
well as low SNR.

It is preferable for the saturated magnetization (Ms) of the lower recording film to
be not greater than 600 (emu/cm?). In particular, it is preferable for it to be in the range
of not less than 150 (emu/cm®) and not greater than 500 (emu/cm®). A magnetic
recording medium of this range shows a particularly excellent SNR. It is preferable for

the saturated magnetization (Ms) of the upper recording film to be not less than 500
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control film Pt, Pd, NNCr, NiFeC, and the like are
malgqi@ft &F thiiy range, it is possible to obtain an optimal saturated magnetization Ms), a
SNR which corresponds to a high recording density, and a high reverse magnetic domain
generating field (-Hn).

It is preferable for the nonmagnetic element which constitutes the lower recording
film and the upper recording film to comprise any one of Cr, Ru, and Cua. This makes it
possible to sufficiently promote the segregated structure of the oxide, and form an
excellent granular structure.

It is preferable for the reverse magnetic domain generating field (-Hn) of the
perpendicular magnetic recording film to be not less than 1500 (Oe). If the reverse
magnetic domain generating field (-Hn) is less than 1500 (Oe), the thermal fluctuation
tolerance considerably decreases, which is undesirable.

The protective film, as well as preventing the corrosion of the perpendicular
magnetic recording film, is a material which prevents damage to the medium surface
when the magnetic head comes into contact with the medium, and a conventionally

known material can be utilized. For example, it is possible to utilize a m aterial

containing C, SiO,, or ZrO,. By making the thickness of the protective film not less than



exanples. It is preferable for the filmthickness of
the orientation control filmto be not less than 1

W@ povp/086782 not greater than 12 (nm. |f the oriROT/aAR206I019953
control filmis less than 1 nm the effect as an
orientation control filmbggonmes insufficient, and the
effect of miniaturization of the grain size is not

1 nnfRhainBegheateNthad s nirl] POV SABGH bebfcedrthehdadt dndthé fel@im can be
obt ai ned, which is undesirable. Furthernore, if the

madc( E%ﬁ#,n\t@ﬁi%h?{p&fé?ab@é %&ﬁttﬁé bR SAREH &k&ﬂdﬁﬁ%@é&ﬁﬁﬁds 12

e di'stance betweenh the nagnetic head and the
sof netic saft.under | r at t ' i .

* echp i aRciniah 5df PR B R e olfekloug kpayg meterial
the OWcharacteristic,_and the resolutiaqon of the . .
for xapplse adF @Oi_;»ﬁg}en@e@%@g@g,amﬁ?leﬁ ngn et bl acid
As the internediate film it is preferable to use Ru.
and fkg lkke i nternediate film an additional elenent may be

added for the purpose of inproving the grain size

m nira¢ wiagAetid recording ntydien bfitheqiesehtt aspact pridélecalp dsdsar
the filmthickness of the internediate filmto be not

perpeR@iculbh Algrtic?8ordRE nlt@fund E&ﬁﬁﬁﬁr% At s6fN thder MG, an
the undercoat filmis less than (nm, crystal growth

O M M S e T
oL BSLTBAS 3SR b5k SUEIRE S Pl RS HLICHENES bR
head and the soft nagnetic soft under |ayer at
magnetic recording medium is contigured by two layers comprising a granular structure
containing at least Co, Pt and an oxide, and the saturated magnetization (Ms) of the lower
recording film 1 provided to the substrate side is smaller than the saturated magnetization
(Ms) of the upper recording film 2 provided to the protective film side. Therefore
recording and reproduction of information of a high density becomes possible.

FIG. 2 shows an example of a magnetic recording and reproducing apparatus
using the aforementioned magnetic recording medium. The magnetic recording and
regenerative apparatus shown here is furnished with the aforementioned magnetic
recording medium 10 of the present invention, a medium-driving section 11 which
rotates the magnetic recording medium 10, a magnetic head 12 which records and
reproduces information from the magnetic recording medium 10, a head-driving section
13, and a recorded/reproduced signal-processing system 14. The recorded/reproduced
signal-processing system 14 is able to process the input data and send the record signal to

the magnetic head 12, or process the reproduced signal from the magnetic head 12 and

output the data.



the time of recording and reproduci ng becones |arger.
Therefore the OWNcharacteristic, and the resol ution of
wao b@enepsnduct i ve signal decreases, which is PCT/JP2005/019953
undesi rabl e. The perpendi cul ar magnetic recording film
has an axis of easy nagnethﬁation in the perpendicul ar
direction with respect to the substrate side. As
constituent elenments, at |least Co, Pt and an oxide is
i ncluded, and furthernore, elenments such as G, B, Cu,
Ta, Zr, and Mh can be added for purposes such as SNR
characteristic i nprovenent. As the oxide which
cogétitqtgg t he perpendi cul ar magnetic recording film
[ , Y2083, TiCE Ta20b, SiOQ and the like are
erabl e exanples. It is ferabl e e val ume
P Her e XA RRE R da0 VD EAS e omritsh et P e esent
volune fraction of the oxide is |less than 15 vol une%
inveption. sHawe'essi tha preseridneansion isnot Enied tathedolpmgng examples.
becomes insufficient. If the volune fraction of the
oxi de exceeds 40 volunme% it is undesirable because a
retentivity which corresponds to a high recording
depsidfpieapnot be obtained.It is preferable for the
thlckness of the perpendicul ar magnetic recording film
to i
grA s% S{l sg:lclger@fﬁ]ordhoP% E@ost Eﬂeg\%f?gﬁisocﬁ(:t %mﬁé g%xen ekl)r|2 .5 inch),
because

was GesERegaled ﬁfﬁlfd's eithoothip R HvET o s DR ep it s apparatus

generated. The perpendi cul ar magnetic recording film
(Angruyva Coey, Wpltoheané thesiapide phthe depasiionhagber was evacuated until a

vacuum level of 1X 10 was obtained. After substrate heating was performed, a soft

under layer was formed by depositing 50 nm of 89Co0-4Zr-7Nb (Co content 89 at%, Zr-
content 4 at%, Nb content 7 at%) as a first soft magnetic film, 0.8 nim of a Ru film which
is to be placed in between the layers, and 50 nm of 89Co0-4Zr-7Nb as a second soft
magnetic film, on this substrate. The crystalline structure of the soft under layer was
confirmed to be the amorphous structure by XRD.

Next, 5 nm of 60Ni-35Cr-5B as an orientation control film, 15 nm of Ru as an
undercoat film, and 4 nm of 60Co-15Cr-15Pt-10Si0, and 8 nm of 70Co-5Cr-15Pt-
10Si0; as a perpendicular magnetic recording film, was deposited. The saturated
magnetization (Ms) of the 60Co-15Cr-15Pt-10Si0; of 250 (emu/ cm?), and the saturated
magnetization (Ms) of the 70Co-5Cr-15Pt-10SiO; of 680 (emu/cm?), were separately
confirmed by a vibrating sample magnetometer (VSM). Next, a protective film of 4 nm
was formed by the CVD method.

Next, a lubricant film comprising a perfluoropolyether was formed by the dipping

method, and the perpendicular magnetic recording medium was obtained.



so-cal l ed granul ar structure, which possesses a

structure in which the peripheries of the magnetic
w@eroosN&d73gr ai ns are surrounded by a nonmagnet i BCT/JP2005/019953

nonnmetal lic material. In the granular magnetic | ayer,

because the grain boundaryj phase of the nonmagnetic

nonnet al physically separates the magnetic particles,

the magnetic interactions between the magnetic

particles decrease, and the formation of zig-zag

g@gﬁb gaﬂ%{ é%%{iﬁ’ enerated in the transition

I'on o ding bits is controlled. Therefore,

se characteri st| ca
Futhenfir aseife B bt latrtine s %%%é@.c@%?ene g poording
yer, the nonmagnetic nonnetal er| mhlch 'S used
ﬁlmagleanaﬁnatlwes@dmmfflbma%e rpagls ag e
interactions between the magnetic partlcles The
perfhencicrdihgandmegroduciogrebaostdiisiigs Marne il uated withersaprd to
i nvention conprises a |lower recording filmand an
maghPi€fechRIa édigns of thesOP&dmile dndgC@mpaanti nabBgamples. The
structure, and it is preferable for the saturated

eval St th&bdcOrd; 18froliti&n dé OWRIctérREies fhd Qle’férﬂniﬁe"d%sﬁ% a USA
er than the saturate magneti zation (Ms) of

GU%%?E RGN s :ﬁ“{%@%%%@' Ak e *%anc e%? | fm
SNR.
t qu"fl@ébsva]pg%(gﬁosfﬁ]\égwém%s : er(r%l)tcnag c]ic’qxigcr %Bg‘éa wz?s ée?ermmed

recording filmto
by utilizing a magpetic head using a single pole magnetic pole for writing, and a GMR

element in the reproducing section, and the recording frequency condition was made to
be a track recording density of 900 kFCI. The evaluation results are shown in Table 1.
The magnetostatic characteristics were determined using a Kerx Effect Measurement

Apparatus (product of Neoarc).



be not greater than 600 (emu/cnB). In particular, it
is preferable for it to be in the range of not |ess
W b@n/0d6582 (ermu/ cnB) and not greater than 500 (POTAR208Y019953
A magnetic recording nmediumof this range shows a
particularly excellent SNR 14t is preferable for the
saturated magnetization (M) of the upper recording
filjfable e not | ess than 500(emu/cnB). If it is bel ow
this, it is undesirable pecause the nucleation field
(-Hn) decreases. | -fgraﬁle*fqg t he nonmagnetic
el ement ot her tha af'd 'He™ e, which is a
constituent el emen Iower recordlng film to be
not less than 12 ( dreater| than 20 (at%.
By making it in th , iftoils,pessible t o obtain
an optimal saturat t i zZjaBi[oh | &) and a SNR

NR
o
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RETIC
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BN

whi ch corresponds & h rlecqrdilng {[density. It is
preferable for thg g etijc gl egent| ot her than Co,
Pt and the oxi de, C Ituent el ement of
t he | ower recording fg han 12 (at% . By
making it in this fang e to obtain an
opti mal saturated |@agr a SNR whi ch
corresponds to a Hrgbg y, and a high
reverse magnetic cor@igﬁg Id (-Hn). It is
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filmand the upper recording filmto conprise any one
of C&, Ru, and Cu.. This nakes it possible to
wa@afobioed7ent | y pronote the segregated struct ur ePOf/JR24065/019953
oxi de, arid forman excellent granular structure. It
is preferable for the reversg magnetic domain
generating field (-Hn) of the perpendi cul ar magnetic
I ec @i domifarisoh i Comparatioé Ekagaplet han4, klodPefi6eINR Was thiefirmed in
reverse magnetic domain generating field (-Hn) is |less

?ﬂe 1L 5P HeRore, 1t B E@@ﬁd@é‘toéd fhet Hak i Ofb Héﬂr@arsé‘ﬁf:tﬁe opposing

consi derably decreases, which is undesirabl e.
e ti
m%p&ﬁ%cg&%éég pfée mifd 3 r(l’iﬁlllﬁ)g aftfndbiobiet iyt &Pﬁ@‘ﬁ&ﬂﬁh&ﬁ‘
naterlal whi ch prevents danage to the nedlun1surface
®°t he magnetic head comes into contact with the
medi um and a conventionally known material can be
utilized. For exanple, it is possible to utilize a
material containing C, SiQ2, or ZrQ2. By naking the
t hi §Exanpleo? td 6le protective filmnot | ess thanl nm
and not greater than 5 nm the distance between the

hea®radhiheraiBi % B R dRRidRBAheSIOWE? recOdirEhfilnSas in Table 2,

preferabl e fromthe poi'nt of high recording density.
thdRh eﬁ@ rJ:éﬂ) { }’lg ﬁ%&m‘ﬂ W pdalie hffo? ;E%uﬁ LRAl e{ﬁe"evﬂﬁﬁn&l results are
con i ona nown nmaterr a Xanple, a
1$erflfﬁﬂ golyether, a fluorinated al cohol, a
Shy ted carboxylic acid, and the Iike.




The magnetic recordi ng nedi um of the present aspect

whi ch conprises a perpendi cul ar nagnetic recording
wore@om7eDNpri sing at | east a soft under | ayerPCHIP2005/019953

internedi ate | ayer, a perpendicular magnetic recording

film and a protective filmare sequentially fornmed on

a nonmagnetic substrate, is characterized in that the

per peibid Zul ar magnetic recording nedi umis configured

by two | ayers conprising a granular structure

contai ning at | east|oCo, B «<pnapelar]—0xiide, and the
. = <t 10 |t .
sat urated magneti zaf? on @Iﬁ S| t|Wd S| ower recor di ng
film1 provided to fdg substrptie [silde is smaller than
t he saturated magnet'u‘nz%i on| (Jvs) |of| the upper
. . = . . .
recording film 2 pri@&ded|to fhe |prloective film side.
Theref ore recording @8(,.9‘5' 8 gﬁl& igjof i nformation of
a high density becorﬁaﬁ%b’sé Bl e " |F[G| 2 shows an
exanpl e of a magnet|EZrecor di hgl gnd reproduci ng
appar at us usi ng t hel%®at efrent | ondd [magnetic recording
medi um The nagneti pweconding [@and [regenerati ve
appar at us shown her e§§ Rlehs phleg st h t he
af orenent i oned magne@&: LB 0% (R [ &di um 10 of the
present invention, paredi umdlililnd gection 11 which
rotates the magnetif fegornding jgdijum 10, a magnetic
head 12 which recor dsgazadg repfoducds |i nformati on from
the magnetic record| ng ¥edpbgl (k| Jjead- dri vi ng
section 13, and a rpcgrdedry 8proyiaec
si gnal - processi ng sysfe@~14{ The [rgcqrded/reproduced
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si gnal - processing system 14 is able to process the

i nput data and send the record signal to the magnetic
whem@d/ 046232 or process the reproduced signal froPCT/iE2005/019953

magneti ¢ head 12 and out put the data.[Exanpl es]

Her eunder, exanples are shoyw to clarify the

operational effects of the present invention. However,

t he WwagResbleitdodMiih @bup&ridiBNR iafdl heevdre mipmefiotdmuinng

exanpl es. (Exanple 1) A glass substrate (anorphous

genezé(t:{g? n:[:lg& g—l—ﬁ{%n @ﬁ&qgféts, vﬁferé%@saﬂ}:ﬁé@ﬁﬁén&izaﬁti&#@?} Bé Yi@Slower

dated i nside the deposition chanber o

net ron r . :
recoffiE Fith W it B ARE LT S A Rl P o E it ecorgine
uptil a vacuum level of 1X 10 5 was obtained. Afte
filmg fp prtigplar, He'asi AgSsipls tcb%btﬁlaﬂﬁﬁsa}ena chaspgteniiigsm @fxa%’ﬁes where
was formed by depositing 50 nm of 89Co-4Zr-7Nb (Co
the setmated maggetization ZMsp of therlowar recogding:file waenat lessdhay 1505
a first soft magnetic film 0.8 num of a Ru film
(emilointaridsot grebter phacsoD (embahlyeen the | ayers, and 50 nm
of 89Co-4Zr-7Nb a s a second soft magnetic film on
this substrate. The crystalline structure of the soft
under |ayer was confirnmed to be the anorphous
st ruCh XRD. Next, 5 nm of 60N -35Cr-5B as an
ori(%%‘iugélgsoﬁ)g%ontrol film 15 nmof Ru as an

Other than changing the composition of the upper recording film as shown in

Table 3, the magnetic recording medium was made as for Example 1. The evaluation

results are shown in Table 3.



undercoat film and 4 nm of 60Co-15Cr-15Pt-10Si O 2 and

10Si 2 as a perpendi cul ar

wora@aeidze2 recording film was deposited. The SBCT/IRMEH19953
magneti zation (Ms) of the 60Co-1SCr-1SPt-10Si O 2 of

8 nm of 70Co-5Cr-15Pt -

250 (enmu/crr a3),

and the;g

aturated magnetization (M)
of the 70Co-5Cr-15Pt-10SiO 2 of 680 (emu/cm3 ) ,

wer e

SEbled]el y confirmed by a vibrating sanple

magnet oneter (VSM.

Next .

a protective filmof 4 nm

was formed by the C\
conprising a perflud

e
r(\l

xt, a lubricant film

was formed by the

di ppi ng et hod, and
recordi ng nmedi um wag
to 4) OQther than cha
per pendi cul ar magnet
recordi ng medi um wag
recordi ng and reproqg
eval uated with regar

di

cul ar magnetic

these Exanpl es and Co#p,

eval uation of the rd
characteristics was
read/ wite anal yzer

The eval uati on of tH
characteristics was
head using a single
and a GWR

EXAMPLE1| 60Co-15Cr-15Pt-10Si0,

EXAMPLE7| 60Co—15Cr—15Pt-10Si0O,

EXAMPLES| 60Co—15Cr—15Pt-10Si0O,
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e
en
Wabt ai neld. |( Gonpar ati ve Exanples 1
B 5 e [cgnfiguration of the
e iy film the nagnetic
aﬁa§ florf Exanple 1. The
0oz arladt eri stics were
d30 ngt ifc recordi ng nedi uns of
CoHpa ilvg Bxanples. The
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el ement in the reproduci ng section, and the recording
frequency condition was made to be a track recording
walesvsiosersnf 900 KFCl. The eval uation results aPEr/siRoe#i019953
in Table 1. The magnetostatic characteristics were
determ ned using a Kerr Effhgct Measurenent Apparatus
(product of Neoarc).Hs ; <In conpari son to Conparative
Ex ainpdsgosdibleGo bbtain £ supefibr8NRMR] wasveeethidreed domain
Exanple 1. Furthernore, it can be understood that

gen%rg}t‘ﬁ{ 1él<§ -I@{e?l)gﬁ&[&%ﬁgs Wikrd R sORPASH BRcIRBAGSH ﬁ\gg%ﬂﬂhe lower

and no problen1|n t he t hernal

uat i on .
recopgil %Ver et BBt Y R afloh BvBlof e Blpef Hpibring
in T t he netjc recordj medi um was de
Sl pHC g ﬁtp\rv%s nossiblrdd abiain paep it ChURHESH &1 SHRcs Where
Table 2.t1t was possible to obtain a superior SNR and
the saturetodmaenetirgtien (M stk uppgerrserding§lon was got(lessibamn 300
exanpl es where the saturated magnetization (Ms) of the
(emb/u®y. recording filmwas | ower than the saturated
magneti zation (Ms) of the upper recording film In

particular, it was possible to obtain excellent
characteristics in exanples where

(Examples 9 to 12)

Other than changing the thickness of the upper recording film and the lower
recording film as shown in Table 4, the magnetic recording medium of Example 9 to 12
was prepared by the same method as for preparing the sample of Example 1. The
evaluation results are shown in Table 4.

In each of the magnetic recording mediums, superior characteristics could be

obtained.



the saturated magnetization (Ms) of the |ower

recording filmwas not |ess than 150 (enmu/cnB) and not
w@e@anei73t han 500 (ermu/cm). (Exanples 7, 8) CeEEIPAOFAT953

changi ng the conposition of the upper recording film

as shown in Table 3, the maggetic recordi ng medi um was

made as for Exanple 1. The evaluation results are

shoymable4Jabl e 3.\DIt was possible to obtain a

superior SNR and a reverse magnetic domai n generating

field (-Hn) in exanples where the saturated
magneti zation (Ms) orgthe_@ ey 'Hg | ayer was
| ower than the saturied rafneét Ms) of the
upper recording filn2gn, partic was possi bl e
to obtain excellent phgractledisti xanpl es where
t he saturated nagnet gg@ ano(Ms he |upper
. . (3]
recording filmwas n%;l%g&@ u/ cnB) .
(Exanples 9 to 12) Otc)g%trar c he thi ckness
of the upper recordi rggfglm and r recording
filmas shown in Tabj® 4, tlhe ecordi ng
medi um of Exanple 9 & .12 Vag y the sane
nmet hod as for prepar| &2t BHEA ample 1. The
eval uation results a'§%hcmﬁ* it .
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In each of the magnetic recordi ng nmedi uns, superior
characteristics could be obtained.H cr t(Exanples 13
W 20080)678% her than changi ng the constituent el ROEM206§019953

t he perpendi cul ar magnetic recording filmas shown in
Table 5, the magnetic recordyng nedi um was nmade as for
Exanple 1. The evaluation results are shown in Table

5. |@xemplesdB tb &) nagneti c recordi ng nedi.uns, superior
characteristics could be obtained.H toFIG 2 shows an

exanpiner ®hn @hi@%’{&% CosBRRAFEIRG AT thERRIEUNE magnetic
appar atus usi ng the aforenentioned magnetic recording

. T . S .

B R STORTE 136 SO AT R Al s e o o
af or.e i oned magnetic recordi di um 10 of the

EGHGE Nt Th AR 1ot ARG J ARG section 11 whi ch
rotates the magnetic recordi ng nmedium 10, a nmagnetic
headnEzchypi h magaelicrscerdmemagshomscupenioithiraeeiisies toedhbe
the magnetic recordi ng nmedi um 10, a head-driving

oltaeiatd.on 13, and a recorded/reproduced
signal - processi ng system 14. The recorded/ reproduced



si gnal - processing system 14 is able to process the

i nput data and send the record signalJ to the magnetic
whem@d/ 046232 or process the reproduced signal froPCT/iE2005/019953

magneti ¢ head 12 and. output the data. A magnetic

recordi ng and reproducing appgaratus with the

construction shown in FIG 2, and utilizing magnetic

recqmrdbieg] medi uns obtai ned as nentioned above, was

assenbl ed. The magnetic recording and reproduci ng
apparatus of [ghe pElesent Jiinvent|ipnawas (superli or in SNR
characteristil® a Haractart sfiicq | Bpd lwas a
magneti c reccEdgﬁg: and| repr pdyci ng @appar at s i n which
recordi ng andzrsir adilici hg |of | hijgh|densil|t y|i nf or mati on
was possi bl e. é@@;l\/ﬁ% bl A&lpel pgngli qul grf orhgrietic
recordi ng rred%g@c%ﬁipﬁ SRNG- pk [least| a |sdf £ lunder
| ayer, an int§r§rgdi ate | ayer| g perpendiclil gr magnetic
recording fillgsand %1 protiecti e {ilm f[sequgntially
formed on a nogmegnefTcrsybstTgte wWhernerr sai d
per pendi cul ar %@n@tgi & Ieday N fid hyi|se ¢enposed by
two |ayers campoi s?|¥y | §rlahpkdrs $t& Ugt|R @ ¥gont ai ni ng
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saturated magneti zation (Ms) of an upper perpendicul ar
magnetic recording filmprovided to a protective film
W@ e@e/046232 The magneti c recordi ng nedi um accor dPeJIrR2005/019953
claim1, wherein the saturated nmagnetization (M) of
sai d | ower perpendicul ar nmaggetic recording filmis
not greater than 600 (enmu/cnB) . 3. The nmagnetic
I eCOF G Y shoedh anrexagplefofl a mgaghotic teadndirl, andrepeidncihg epparatus
saturated nmagnetization (Ms) of said | ower
usilﬁg HREAB S BbndBEABTLi € rdcBfRi EinR@iufd. | THe BagiRiic k&DSdihd
150 (emu/cnB) and not greater than 500 (enu/cm 3) . 4.
rerkp RSO 8 Sl MRS AL AR eCieil-RiB AR
magnet i zat i ) of said_.upper perpendicul ar .
rechgReescn B b grerr Y iBe PebEhPRahE frston 11 which
(emu/cnB).5. The magnetic recording nedi um according
rotatss gheymagnetig recordingmedivpy Hl gimagngiighead \hwhish gecopds and
oxi de contained in said perpendi cul ar magnetic
repredumed infgrrhatiom fran theynapnetisekeclirednédiom the hgaddpving section
consisting OS2, G203, Y23, Ti 2, Ta20 and Si O

136and 4R cORBAREIr6dUCEs SR M0 dBBSh s Bysame 04 THE rdcordiltebduced
claiml through claim5, wherein a content of a

. non i o . . . S
S RTEFRSH ST bRy sl fgsord i1
the? ﬁ(qagﬁéticlhséag %_, clr%“?dc’cegsqgg re%)%ocﬁltcg/a ggrgjal I%r%tm reergggenretic head 12 and

output the data.

A magnetic recording and reproducing apparatus with the construction showr in
FIG. 2, and utilizing magnetic recording mediums obtained as mentioned above, was
assembled.

The magnetic recording and reproducing apparatus of the present invention wras
superior in SNR characteristics and OW characteristics, and was a magnetic recording
and reproducing apparatus in which recording and reproducing of high density

information was possible.



than 20 at% 7. The magnetic recordi ng nmedi um
according to any one of claim1 through claim6,
wob@eeid131 he content of the nonmagnetic el emeneCDIP296H/@ 9953
upper recording filmother than Co, Pt and the oxide,
is less than 12 at% 8. The smgnetic recordi ng nmedi um
according to any one of claim1 through claim7,
ChAdMESE n sai d nonnagnetic el enent is an el enent
selected fromany one of C, Ru and Cu. 9. The
magneti c recordi ng nmedi um according to any one of
claim1l through claim8, wherein a nucleation field
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1. A net f duci y perpendi cul ar nmagnetic
ﬁﬁ%éswmﬁﬁgﬂﬁéaﬁmﬁé Sﬁéﬁx'n&%%c gtlba%éé‘?s wheregppeid peipdicular
| ayer, an internedi ate |ayer, a perpendi cul ar magnetic
megresic déaording film fisovomemdsexl/byt o laggms composipg & granglaa strostere

| ayer and a n upper |ayer having a granul ar structure

cantdihiaf bi legst Rlo, PCmnd dinkide) aikildgatuadied ﬁha%{eﬁfzﬁfdni (W8s) loif b Mwer
sequentially formed on a nonmagnetic substrate,

et dubdr Rthghfif: REGRRGim Froliba e & Bbst:RAWRide [ &3fRAI1P than th
pt e per pengi cul ar rraggﬁﬁueltnlézr rlecor dfﬁng S#rlgtl m \?mls?%ﬁae anthe
saturated magnetization (Ms) of an upper perpendicular magnetic recording film

provided to a protective film side.

2. The magnetic recording medium according to claim 1, wherein the saturated
magnetization (Ms) of said lower perpendicular magnetic recording film is not greater

than 600 (emu/cm®).

3. The magnetic recording medium according to claim 1, wherein the saturated
magnetization (Ms) of said lower perpendicular magnetic recording film is not less than

150 (emu/cm’) and not greater than 500 (emu/cm®).

4, The magnetic recording medium according to any one of claim 1 through claim 3,
wherein the saturated magnetization (Ms) of said upper perpendicular magnetic recording

film is not less than 500 (emu/cm’).



hi gher saturated nmagnetization (Ms) on a substrate
si de, and subsequently form ng the upper |ayer of the
w@ewpendszul ar magnetic recording filmw th a POWER2005/019953
saturated nagnetization (Ms) on the lower |ayer of the
per pendi cul ar magnetic recorging film 12. A magnetic
recordi ng and reproduci ng apparatus conprising a
5. magnihd magretoratonigngredilism acdrdingtagngohe ohdaich Witirctigh claim 4,
records and reproduces information to said magnetic

whiczeiarthk ogdaasitdined waidepefpdndrRulReRshdti BERHing 1A is any one
singl e magneti c pole head, and the nagnetic recordi ng

PR YO B G lipBus RiANYE 91085, @Lo% AT £, MOME g kR M
Se10 is util i%ge f gr tlﬁé]e nagﬁe?gzcgr ezcc‘"ir’gll 1Yy F%Ek%I um

6. The magpetic recording medium according to any one claim 1 through claim 3,
wherein a content of a nonmagnetic element in said lower perpendicular magnetic
recording film other than Co, Pt and the oxide, is not less than 12 at% and not greater

than 20 at%.

7. The magnetic recording medium according to any one of claim 1 through claim 6,
wherein the content of the nonmagnetic element of said upper recording film other than

Co, Pt and the oxide, is less than 12 at%.

8. ‘The magnetic recording medium according to any one of claim 1 through claim 7,

wherein said nonmagnetic element is an element selected from any one of Cr, Ru and Cu.

0. The magnetic recording medium according to any one of claim 1 through claim 8,
wherein a nucleation field (-Hn) of said perpendicular magnetic recording film is not less

than 1500 (Oe) (120 k/A).

10. A magnetic recording medium according to any one of claim 1 through claim 9,

wherein said intermediate film is Ru.

11. A method of producing a perpendicular magnetic recording medium comprising

at least a soft under layer, an intermediate layer, a perpendicular magnetic recording film,
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formed by two layers comprising a lower layer and an upper layer having a granular
structure containing Pt, Co, and an oxide, and a protective film sequentially formed on a
nonmagnetic substrate, comprising the steps of:

forming the lower layer of the perpendicular magnetic recording film with a
higher saturated magnetization (Ms) on a substrate side, and subsequently

forming the upper layer of the perpendicular magnetic recording film with a
lower saturated magnetization (Ms) on the lower layer of the perpendicular magnetic

recording film.

12. A magnetic recording and reproducing apparatus comprising a magnetic

recording medium and a magnetic head which records and reproduces information to said
magnetic recording medium, wherein the magnetic lhead is a single magnetic pole head,
and the magnetic recording medium according to any one of claim 1 through claim 10 is

utilized for the magnetic recording medium.



