WO 2004/ 049318 PCT/ JP2003/ 015177 DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG DEVI CE Technical Field [0001] The present invention

rel ates twoeoomgneisic 5 recordi ng nedi um on whi ch dat a ramrhesmagnet i cal |y
recorded, and a magnetic recording device enploying the same. Background
Art [0002] Perpendicul ar magnetic recording system which is capable of

hi gh density recording in conparison with 10 conventional | ongitudinal
magneti c recording system is known as a recording systemof a magnetic
recordi ng device such as a hard disk. In a nagnetic recordi ng nmedi um
conpatibie with the perpendicul ar RB§HRBLFEIPEcording, it has been

attenpted to enplo tic rec i | ayers_such as Co/Pt 15 and Co/ Pd
havi ng hi gh coerci &@%ﬁg%@ PRRESSNETL i RECARRTEG DEEL G gh

per pendi cul ar, neti.c _ani.sptropy. Use of these materials gives a

recordi ng rragqf?gcﬁ'lqtlcfaﬁ rﬁge& pendi cul ar magneti c ani sotropy, which is high
enough to ov, an increase in effects.of thermal fluctuation. This 20
i ncrease accolﬁjrpan' es fi ng[&ler @E&F&Pﬁglﬁf’?g§%8’as£8f%€g% hE° shif492&G4ar d hi gh
density. [00 Foy..e ! a tic recording nmediu achi evi hi gh
coer cié\//e f or %ge]caor]f 151%?1%5121’&“0% Versﬁggg C%agttaf §anike El%g\ﬁlﬁ%lF%htlﬁi%eWalgcﬂ ic

recor ding medima LNIGEHAGES 100238 LDl eknessorabl g ofpeaghaver are

I . .
controlled in"a mul ayer m s alte e or e eby st acki ng
magnetic | ay%a%kground Art

[0002] Perpendicular magnetic recording system, which
is capable of high density recording in comparison with
10 conventional longitudinal magneticrecording system, is known
as a recording system of a magnetic recording device such
as a hard disk. In a magnetic recording medium compatible
with the perpendicular magnetic recording, it has been
attempted to employ magnetic recording layers such as Co/Pt
15 and Co/Pd having high coercive force and a high squareness
ratio as well as high perpendicular magnetic anisotropy. Use
of these materials gives a recording magnetic film
perpendicular magnetic anisotropy, which is high enough to
overcome an increase in effects of thermal fluctuation. This
20 increase accompanies finer recording bits caused by the shift
toward high density.
[0003] For example, a magnetic recording medium
achieving high coercive force and a high squareness ratio
is known. In this magnetic recording medium, thickness and
25 a thickness ratio of each layer are controlled inamultilayer

film which is alternately formed by stacking magnetic layers



1 WD 2004/ 049318 PCT/JP2003/ 015177 such as Co and noble netal |ayers such
as Pt. Alternatively, this multilayer filmis additionally lamnated with
i nt er posi w wonom@grset i ¢ | ayers such as Ag. [0004] Anot haxcTEgesions177
recording nmediumis known, in 5 which transition netal |ayers such as Co
and noble netal layers such as Pt are alternately stacked on a foundation
| ayer such as netal or oxide thin filmand are heat-treated on the
pr edet er mi ned condi ti on to achi eve high coercive force and a high
squareness ratio. (LOOOS] Still another magnetic recordi ng medi um havi ng
a nultilayer ?%Ckkﬁ% &nﬁ§O%¢tmqfé;le%awmav§hawé’rtnatéwermamﬁghéd with

f| rst layers and secon ers The first ers_have I atinum group
layers such a Pt IP)lﬁlté}rdJ[ r i 15t agdllrtéﬁ ﬁ#&nlﬁ@ﬂéﬁ pdyettBuch as Ag. A
mai n i ngredi ent 15 of the secon Cm);Lers is Co, 0006] O her magnetic
recordi ng medHat &P EEd GRS GrELEe SPEbofdi A medi um i n which a

magnetic reco | ayer formed by.stackin aCo/ d myl t] er filmon
a gi ngl e cry&%@g]l\/go sub¥t %ﬁ{eg "39h& ﬁgﬁ‘éc‘?Jé AR 6 eGV\/hiJCTI”l 20 a

CoLPd UL | SyBTcd LMD LGkt o o AR IR Sl 20 Ol Canon
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as metal or oxide thin film and are heat-treated on the
predetermined condition to achieve high coercive force and
a high squareness ratio.

10 [0005] Still another magnetic recording medium having
a multilayer is known. This multilayer film is alternately
laminated with first layers and second layers. The first
layers have platinum group layers such as Pt on either side
of a transition metal layer such as Ag. A main ingredient

15 of the second layers is Co.

[0006] Other magnetic recording media are also known:
a magnetic recording medium in which a magnetic recording
layer is formed by stacking a Co/Pdmultilayer filmon a single
crystal MgO substrate; a magnetic recording medium in which

20 a Co/Pd multilayer film is stacked on an approximately 30
nm-thick carbon foundation layer; and a magnetic recording
medium in which a CoBO/PdBO multilayer film is stacked on-
a metal foundation layer having a face-centered cubic
structure.

25 Disclosure of the Invention

[0007] Toachieve amagnetic recordingmediumcompatible



[0007] To achieve a nagnetic recording nmedi um conpatible 2 WO 2004/049318
PCT/ JP2003/ 015177 w th further high density recording in the future, nedia
noi se newaws2000049818r educed nore than ever. Especially, rredumreng/oisirransition
noi se between bits is extrenmely effective for reducing nedia noise of a
per pendi cul ar magnetic recording 5 nedium In order to achieve this, it is
mandatory to fine grain sizes of magnetic grains and reduce nagnetic
interaction between magnetic grains. However, grain sizes are not fined

In addition, there is a

enough in conventi.on netic recording nedia. . .
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having a pluralit
enough in conventional magnetic recordingmedia. Inaddition,

there is a problem that trying to reduce magnetic interaction

10 results in extremely large coercive force. Extremely large
coercive force will make a magnetic write head difficult to
record data onto a magnetic recording medium.

[0008] Thepresent inventionhasbeendevisedtoovercome
the foregoing difficulties. An object of the present

15 invention is to provide a magnetic recording medium capable
of reducing crystal grain size aswell as magnetic interaction
between magnetic grains without making coercive force
extremely large, and a magnetic recording device employing
the same.

20 [0009] The magnetic recording medium according to the
present invention includes a seed layer containing at least
one metal selected from the group consisting of Ag, Au, Pt,
Pd, Ru, and Cu; and a magnetic recording layer formed on the
seed layer, the magnetic recording layer having a plurality

25 of laminated layers and a noble metal layer placed between

the laminated layers, wherein the laminated layers includes



25 of lamnated |ayers and a noble netal |ayer placed between the

| am nated | ayers, wherein the |am nated |ayers includes 3 WO 2004/049318
PCT/ JP2009/00b4/046318a transition netal el ement |ayer contrimipagatsiyeast one
netal selected fromthe group consisting of Co, Ni, and Fe and a platinum
group elenment |ayer containing at |east one netal selected fromthe group
consisting of Pt and Pd, wherein the 5 noble netal |ayer contains at |east
one netal selected from the group consisting of Ag, Au, Ru, and Cu, and
wherein a relational expression 0<Y/ X<1.0 is satisfied, where X is

t hi ckness of %Féajé%éﬁl?%?@rtala%]e?mﬁqg %Y%EI%OPG@&PWH Fhierpesse wgtahe

nobl e net al er in the magnetic recordjng, | ayer. 0010] According to
t he magnetic Sr §hdn | SFOPHeCOTIﬁJe% gI(III:Vé:I‘Pt’I A, PRdiBeprdidie to
reducethec rain z€.as |nta|nc ercive force of_ the
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yer, is hardto ecoupl ed, an

thickness of the seed layer, and Y is a sum total of thickness
of the noble metal layer in the magnetic recording layer.

10 [0010] According to the magnetic recording medium of the
present invention, it is possible to reduce the crystal grain
size as well as maintain coercive force of the magnetic
recording layer in a preferred range while magnetic
interaction betweenmagnetic grains in the magnetic recording

15 layers 1s sufficiently reduced.
[0011] Herein, it is preferred that the magnetic
recording layer has a plurality of the noble metal layers.
[0012] According to this, the plurality of noble metal
layers are interposed in the magnetic recording layer.

20 Accordingly, each noble metal layer can be thinned in the
range satisfying the aforementioned relational expression.
Thus, magnetic coupling between the laminated layers, which
sandwich the noble metal layer, is hard to be decoupled, and
the magnetic recording layer is likely to have a single domain

25 structure in a thickness direction.

[0013] An example of a specific structure of themagnetic



the magnetic recording layer is likely to have a single domain 25
structure in a thickness direction. [00131 An exanple of a specific
struct ur ewas 200dret98mgnet i ¢ 4 WO 2004/ 049318 PCT/ JP2003/ (PIFLi#Z003r0ex107 di ng
mediumis as follows: the lam nated |ayers and the noble netal |ayers are
alternately stacked for a plurality of times. [ 00141 An exanple of a
specific structure of the lamnated 5 layers in the nmagnetic recording
mediumis as follows: the transition netal elenent |ayers and Flatinum
roup elenment |ayers are alternately stacked for a plurality of tines.
?00121 Furt hef %?é&l?%@%%kh%ﬁ SPXéQUﬁ’ nobt éaﬁéflaltesl RERTS i§n|§r Eherabl y
at nost 1 rim 1 001 When the thjckness of each noble neta ayer is
at most 1 nm™%& %%??Qé%xﬁﬁﬂqrﬁgaﬁﬁt BRTRAESH Ui tRtkad FoYersPlupl thy
sandwi ch the n b{e netal layer, is hard to be decoupled, and the magnetic
recor di ng Iay%f ¥'¥Fkely to have a single domain structure in the
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layers are alternately stacked for a plurality of times.
[0015] Furthermore, the thickness of each noble metal
layer is preferably at most 1 nm.

10 [0016] When the thickness of each noble metal layer is
at most 1 nm, magnetic coupling between the laminated layers,
which sandwich the noble metal layer, is hard to be decoupled,
and the magnetic recording layer is likely to have a single
domain structure in the thickness direction.

15 [0017] The thickness X of the seed layer is preferably
at least 1 nm.

[0018] According to this, the seed layer plays a role
as a seed for the crystal grain growthof themagnetic recording
layer.

20 [0019] The magnetic recording device according to the
presentinvehtionconsistsofanyoneoftheforegoingmagnetic
recording media and a magnetic head fof writing and reading
data onto and from the magnetic recording medium.

Brief Description of the Drawings

25 [0020] FIG. 1 is a sectional view showing a magnetic

recordingmediumaccording to a first embodiment of the present



data onto and fromthe nagnetic recording nmedium Brief Description of the
Drawi ngs 25 [0020] FIG 1 is a sectional view showing a magnetic recording

medi um acowr NGB a first enbodi ment of the present

PAMIP20841049318

PCT/ JP2003/ 015177 invention. [0021] FIG 2 is a sectional view showi ng a

magneti c

i nventi on.

recordi ng nmedi um according to a second enbodi nent of the
5[0022] FIG 3 is a table show ng the structures and

characteristics of magneti c recording nmedia of Exanples 1 to 5 and
Conpar ative Exanples 1 to 4. [00231 FIG 4 is a view for explaining

net hod of

dert’y 1P from a nmagnetization curve. 10 [00241 FIG 5
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characteristics of magnetic recording media of Examples 1

to 5 and Comparative Examples 1 to 4.

[0023] FIG. 4isaviewforexplainingamethodofderiving

o from a magnetization curve.

[0024] FIG. 5 is a perspective view showing a magnetic

recording device according to an embodiment of the present

invention.

Best Modes for Carrying Out the Invention

[0025] Hereinafter, preferred embodiments of amagnetic

recording medium according to the present invention are

detailed with reference to the accompanying drawings. Note

that the same reference numerals are given to the same or

equivalent elements in the descriptions of the drawings, and

redundant descriptions are omitted.

[0026] (First Embodiment)

FIG. 1 is asectional viewof amagnetic recordingmedium

100 of a first embodiment. The magnetic recording medium 100

comprises a substrate 10, an under layer 6, a seed layer 20,

and amagnetic recording layer 25. The substrate 10 is formed

of glass or the like. The under layer 6 is formed on the

substrate 10 and contains a soft magnetic material. The seed



100 of a first enbodi nent. The nmagnetic recording nmedium 100 conprises a
substrate 10, an under |ayer 6, a seed layer 20, and a nagnetic recording
| ayer 25. wihmosodostsrate 10 is fornmed 25 of glass or the HdTkrp200Bhesander

| ayer 6 is forned on the substrate 10 and contains a soft magnetic
material. The seed 6 WD 2004/049318 PCT/ JP2003/015177 1layer 20 is forned
on the under |ayer 6. The magnetic recording l|ayer 25 is forned on the
seed | ayer 20 and serves as a perpendicular nagnetic recording material.
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| ayer 40 contains at
stacking laminated layers 5 and noble metal layers 50

alternatelyforapluralityoftimes. Herein, either thenoble

10 metal layer 50 or the laminated layer 5 may be in contact
with the seed layer 20. Alternatively, the noble metal layer
50 or the laminated layer 5 may be in contact with the seed
layer 20 through other layer.
[0029] The laminated layer 5 consists of a transition

15 metal element layer 30 and a platinum group element layer
40 stacked on the transition metal element layer 30. Herein,
the order of stacking the laminated layer 5 is not limited
to this. The transitionmetal element layer 30 may be stacked
on the platinum group element layer 40.

20 [0030] The platinum group element layer 40 contains at
least one metal selected from the group consisting of Pt and
Pd. The transition metal element layer 30 contains at least
one metal selected from the group consisting of Co, Ni, and
Fe.

25 [0031] Herein, it is particularly preferred that Pd be

used for the platinum group element layer 40 and Co be used



| east one netal selected fromthe group consisting of Pt and Pd. The
transition netal elenent |ayer 30 contains at | east one netal selected
fromthe wonepseoss sting of Co, Ni, and Fe. 25 [0031] HéanmEpRo3/0i1$177 S
particularly preferred that Pd be wused for the platinumgroup el enent

| ayer 40 and Co be used 7 WD 2004/049318 PCT/JP2003/015177 for the
transition netal elenent |ayer 30. Accordingly, magnetic anisotropy is

i ncreased. [0032] Mreover, the noble netal |ayer 50 contains at |east one

nmetal selected framthe group consisting of Ag, 5 Au, Pt, Pd, Ru, and Cu.
[0033] The th??ﬂi @%%e a&?s%ﬁ%&%%ﬁaﬁurﬁ@% PERENED - | YeFOubingEY 1 he

transition netal elenent. | ayer 30 are set so that the magnetic recording

| ayer 25 to H%ag%ﬁtﬁﬁi%ﬁ%FQB B 1S ﬁéfﬁ@ﬁﬁﬁéular magneti c ani sotropy. For
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layer 40 and the transition metal element layer 30 are set
so that themagnetic recording layer 25 tobe formedmay exhibit
perpendicular magnetic anisotropy. For example, when Pd is

10 used for the platinum group element layer 40 and Co is used
for the transition metal element layer 30, the thickness of
the Pd layer can be set to 0.8 nm. The thickness of the Co
layer can be set to 0.1 nm.

[0034] The seed layer 20 contains at least one metal

15 selected from the group consisting of Ag, Au, Pt, Pd, Ru,
and Cu. The seed layer 20 functions as a seed for crystal
grain growth of the magnetic recording layer 25 and reduces
the grain size. Reducing the grain size can reduce the media
noise.

20 [0035] This magnetic recording layer 25 can be formed
by stacking the transition metal layer 30, the platinum group
element layer 40, and the noble metal layer 50 in order on
the seed layer 20 for a plurality of times.

[0036] Herein, the platinum group element layer 40, the

25 transition metal element layer 30, the noble metal layer 50

and the seed layer 20 can be formed by thin film formation



20 [0035] This magnetic recording |layer 25 can be forned by stacking the

transition metal l|ayer 30, the platinumgroup element |ayer 40, and the

nobl e net wlo toayer3B0 in order on the seed | ayer 20 for rcTpiPaemlonsiy7 of

times. [0036] Herein, the platinumgroup elenent |ayer 40, the 25

transition netal elenent |ayer 30, the noble nmetal |layer 50 and the seed

| ayer 20 can be fornmed by thin filmformation 8 WD 2004/049318 .

PCT/ JP2003/ 015177 process such as sputtering. [0037] In the magnetic

recordi ng nmedi um 100 of .t he resent, enbodi ment, the thickness of the seed

| ayer 20, epr?%?%?ﬁ§§¥1§ﬁsé55ﬁ: "Wnetal |ayer 50, and the nunber of 5

tinmes that th e net i s stacked ar . Set tq,satisfy
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| ayer 20, an sum t of _.t.h hrck s of h nobl e
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According to thrs si nc ura ity of noble nmetal layers 50 are
interposed in the o<y/x<1.0 (1)

where X is the thickness of the seed layer 20, and Y is the
sum total of the thickness of each noble metal layer 50 in
10 the magnetic recording layer 25.
[0038] Herein, the number of times that the laminated
layer 5 and the noblemetal layer 50 are stacked in the magnetic
recording layer 25 is not particularly limited as long as
the above relational expression is satisfied. However, it
15 is preferred that the magnetic recording layer 25 have a
plurality of noble metal layers 50 in the range satisfying
the relational expression. According to this, since the
plurality of noble metal layers 50 are interposed in the
magnetic recording layer 25, each noble metal layer 50 can
20 be thinned in the range satisfying the relational expression
(1) . Thus, magnetic coupling between the laminated layers
5, which sandwich the noble metal layer 50, becomes hard to
be decoupled, and the magnetic recording layer is likely to
have a single domain structure in a thickness direction.
25 [0039] According to this magnetic recording medium, the

thickness of the seed layer 20, the thickness of each noble



magnetic recording |ayer 25, each noble metal layer 50 can 20 be thinned in
the range satisfying the relational expression (1). Thus, nagnetic
coupl i ng betweemoBise | aminated |ayers 5, which sandw cledmre2emshhs7met a

| ayer 50, becomes hard to be decoupled, and the magnetic recording |ayer
is likely to have a single domain structure in a thickness direction. 25

[ 0039] According to this magnetic recording nmedium the thickness of the
seed | ayer 20, the thickness of each noble 9 WD 2004/049318

PCT/ JP2003/ 015177 _netal _| ayer , and the nunber of tines that the noble
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bet ween the magnetic grains becones | arge
exchange coupling.

[0040] Therefore, transition noise between bits during
10 writing and reading canbe reduced to improve recordingdensity.
Simultaneously, it is possible to record data suitably with
a magnetic write head.
[0041] In a range satisfying the felational expression
(1), when Y/X is small, the magnetic interaction between the
15 magneticgrains becomes small. Meanwhile, the coercive force
tends to increase. In the same range, when Y/X is large, the
magneticinteractionbetweenthemagneticgrainsbecomes large.
Meanwhile, the coercive force tends to decrease. Thus, by
adjusting Y/X in a range of the relational expression (1),
20 it is possible to set the magnetic interaction between the
magnetic grains and the coercive force to preferred values.
For example, a magnetic recording medium can be obtained,
having coercive force suitable for the capability of the
employing recording head and sufficiently reducing the
25 magnetic interaction.

[0042] Moreover, since the magnetic recording layer 25

10



Meanwhi | e, the coercive force tends to decrease. Thus, by adjusting Y X in
a range of the relational expression (1), 20 it is possible to set the
magnet i ¢ wu moactssn bet ween the magnetic grains and t IrecTemreomsiov®7f orce to
preferred values. For exanple, a magnetic recordi ng nmedi um can be
obt ai ned, having coercive force suitable for the capability of the

enpl oyi ng recordi ng head and sufficiently reducing the 25 nagnetic
interaction. [0042] Moreover, since the nagnetic recording layer 25 10 WO
2004/ 049318 PCT/ JP2003/ 015177 _has the noble nmetal |ayer 50 inside, the
crystal grai & &€ 8P %ﬁem?E@&rkﬁXﬁf'EQy%PSSd?n1ﬁﬁécﬁ§§ﬁ§@i@r?éﬁoﬁhﬁﬁg
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relational expression (1). Whentheseedlayer20isextremely
thin, the seed layer 20 has a tendency to play a role as a
10 seed for the crystal grain growth of the magnetic recording
layer 25 insufficiently. On the other hand, when the seed
layer 20 is extremely thick, an effective recording magnetic
field is reduced between the under layer 6 and the recording
head disposed on the other side of the under layer 6 through
15 magnetic recording layer 25 during writing. Hence, an S/N
ratio tends to be degraded.
[0044] The thickness of the noble metal layer 50 is
preferably at most 1 nm, in addition to satisfying the
relational expression (1). When the noble metal layer 50 is
20 extremely thick, especially, magnetic coupling between the
laminated layers 5, which are in contact with either side
of the noble metal layer 50, is easily decoupled. Therefore,
the magnetic recording layer 25 tends to have a multidomain
structure in the thickness direction.

25 [0045] The entire thickness of the magnetic recording

layer 25 is preferably at most 40 nm, and more preferably
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[ 0044] The thickness of the noble netal layer 50 is preferably at nost 1
nm in addition to satisfying the relational expression (1) . Wen the

nobl e net wlo toayer3B0 is 20 extrenely thick, especially, ragmreodzoisigupl i ng
between the Ilamnated |layers 5 which are in contact with either side of
the noble netal layer 50, is easily decoupled. Therefore, the nagnetic

recording layer 25 tends to have a nultidonmain structure in the thickness
direction. 25 [0045] The entire thickness of the magnetic recording |ayer

PCTI 3P2008/ OTSLPE St it nmﬁrﬂ%thﬂroﬁd Pl FaLpavade %%9.“ﬁaz$ﬁéé$§fiﬂ?ona|
The. of fect i v Tl gTien ?5%%2%%9' Bl S - Mgt e 0 ding
oy A A PR e,
Wil be descrBes e i %%gpsﬁéé”%ggﬁé"r‘f‘”d'aﬁafv&o%fse"ﬁfeﬁe TR gnet i ¢
ng?LgéggongccorJ%%%T %gep%gsenﬁggg hg§n£h EgEWEagfﬁéf r f@%glggg and
nobl e netalﬂ&aﬁggigg%fg grnatL bytgtggkggFggng seed |l ayer 20 for 15 a
plurality of times. Herein, eit er the no | ayer

[0046] (Second Embodiment)

Next, a magnetic recording medium 200 according to a

second embodiment will be described with reference to FIG.

10 2.

[0047] Unlike the magnetic recording medium 100 in the
first embodiment, the magnetic recordingmedium 200 according
to the present embodiment has laminated layers 9 and noble
metal layers 50 alternately stacked on a seed layer 20 for

15 a plurality of times. Herein, either the noble metal layer
50 or the laminated layer 9 may be in contact with the seed
layer 20. In addition, the noble metal layer 50 or the
laminated layer 9 may be in contact with the seed layer 20
through other layer.

20 [0048] The laminated layer 9 is formed by stacking a
platinum group element layer 40 and a transitionmetal element
layer 30 alternately for a plurality of times. The number
of times that the platinum group element layer 40 and the
transition metal element layer 30 are stacked is not

25 particularly limited as long as the number is plural.

[0049] The platinum group element layer 40, the
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50 or the lam nated |l ayer 9 may be in contact wwth the seed |layer 20. In
addition, the noble netal |layer 50 or the lamnated |ayer 9 may be in
cont act wwdneonhetossmsed | ayer 20 through other [ayer. 20 HOQ#3§o3Dngt77

| am nated |layer 9 is forned by stacking a platinumgroup el enment |ayer 40
and a transition netal elenent |ayer 30 alternately for a plurality of
times. The nunber of tinmes that the plati numgroup el enent |ayer 40 and
the transition netal elenment |ayer 30 are stacked is not 25 particularly

| ayer 40t het 12 YD S0 408 kBT FPA508) O SErPOLL PRI arime B0,
Cayar 6, ana TRe SUBLOPMS 07 BP6 DNGUEaares Wnoee fhet puoprate 107
Che.transi i1 on Ttk A8 SR oyl 0 "% A ne P HEP By | AfeP=geFeohor

| ayer 20, 1 he imbED oA SRS RS RO vt TorkhE Beat e tedokea. |
ol at lonal oxbrockron Ch) a0 Wors k5 S ERe TR defeld sr e il e

20, and Y is gdﬁgopun1tog@kxpjnqﬂﬁeﬁp%%%gg%ﬁfﬁgihgﬁtnogggtﬂﬁ%@%eg%ngs 50

in the magnetic recording | ayer 25. o in thi's magneti ¢ recording

medi um 200, e SRIdd Ndybess i glesspX b £t hensead diavet 20,20d,Lhe; sum

t ot al
layers 50 are stacked, and the thickness of each noble metal

layer 50 are set to satisfy the relational expression (1),
10 where X is the thickness of the seed layer 20, and Y is the
sum total of the thickness of the noble metal layers 50 in
the magnetic recording layer 25.
[0051] Also in this magnetic recording medium 200, by
setting the thickness X of the seed layer 20 and the sum total
15 Y of the thickness of the noble metal layers 50 to satisfy
the relational expression (1) similar to the first embodiment,
the magnetic recording medium 200 exhibits the same operation
and effects as that in the first embodiment.
[0052] Moreover, preferred conditions for the thickness
20 of the seed layer 20, the thickness of the noble metal layer
50, and the entire thickness of the magnetic recording layer
25 are the same as those in the first embodiment.
[0053] Next, the magnetic recording media according to
the foregoing embodiments were prepared, and various
25 characteristics thereof were examined.

[0054] First, the magnetic recording media, which are
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15 Y of the thickness of the noble netal layers 50 to satisfy the

rel ati onal expression (1) simlar to the first enbodi nent, the nagnetic
recor di ngweeoumo230 exhi bits the same operation and efH@uipom®itihiat in
the first enbodi nent. [0052] Moreover, preferred conditions for the

t hi ckness .20 of the seed | ayer 20, the thickness of the noble netal |ayer
50, and the entire thickness of the magnetic recording |ayer 25 are the
same as those in the first embodiment. [0053] Next, the magnetic recording
medi a according to the foregojng. enhodi nents were prepared, and various 25
characteristi?ﬁétqﬁW%éﬁ REP%eé%hgﬁﬁéglr S0P O@?W%@t'ﬂ%%*hﬁﬁﬁ&??@dré@ordlng
medi a, which Iw%ﬁ3 2004/049318 PCT/JP2003/015177 the sane as those in
the first enhﬁ%ﬁ epared in Exanples 1 and 2. [0055] (Exanple

1) Under the d pres re at phere, firstly, a 3.0 5 nmthick Ag
seed | ayer maL8€%$ do %ﬁ%ﬁl?ngabstrate Secondly, O. 1 nmthick Co, 0.8

am Chi ok o, 0.1 e Eh%ed@%éé‘r%ts% AFERSPAC S & Kiidkld= T rdl y.
e g s epea s o BN e et 0
?hé Rgghgifi reé%?ghgg%IEG@%hhfggg “6598§%9Q£bq%égghﬁ%32%$l th%pgness o
appr oxi mat el yo 26,8y #5838 Ll 8hick Pd, 0.1 nm-thick Co, 0.1 nm-thick
Ag, and 0.8 nm-thick Pd were stacked. Thirdly, the stacking
was repeated for eight times with this order
10 (Co/Pd/Co/Ag/Pd/Co/Ag/Pd) and the same thickness of each layer.
Finally, 0.1 nm-thick Co and 0.6 nm-thick Pd were stacked.
The entire thickness of the magnetic recording layer stacked
on the Ag seed layer was approximately 26.8 nm. The sum total
of the thickness of the Ag layers in the magnetic recording
15 layer was 1.8 nm. At this time, the result of (Y/X) obtained
by (sum total of the thickness of the Ag layers in the magnetic
recording layer/the thickness of Ag seed layer) was 0.60.
[0056] Herein, the Ag seed layer and the Co, Pd, and Ag
layer were formed by employing DC sputtering and setting a
20 vacuum reaching degree to 9x107® Pa before sputtering. When
the Ag seed layer was formed, power was set to 150 W, and
the atmosphere was set to Ar gas of 2 Pa. When the Co layer
was formed, power was set to 140 W, and the atmosphere was
set to Ar gas of 0.3 Pa. When the Pd layer was formed, power
25 was set to 36 W, and the atmosphere was set to Ar gas of 2Pa.

When the Ag layer was formed, power was set to 150 W, and
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of the thickness of the Ag layers in the magnetic recording 15 | ayer was
1.8 nm At this tine, the result of (Y/X) obtained by (sumtotal of the

t hi cknesswal 200he198 | ayers in the magnetic recording | aa@vyrebms/otsirckness
of Ag seed layer) was 0.60. [0056] Herein, the Ag seed layer and the Co,
Pd, and Ag layer were forned by enploying DC sputtering and setting a 20
vacuum reachi ng degree to 9x10-6 Pa before sputtering. Wwen the Ag seed

| ayer was forned, power was set to 150 W and the atnosphere was set to Ar
gas of 2 Pa. Wen the Iagfgar S fogrred, pmger was set to 140 W and the
at nospher e was'© sEMFPIRT GAESHorSF. 3OPAT WRSNCLhé BR- 1 ayer was for ned,

36 d th t h t f 2Pa.
Dhen the Ag 1| B2 Cas t or HRTE)Gad: “Es COBPSFBLIED Gr-SRie ﬁﬁsv%f "
2004/ 049318 PCT/ JP2003/015177 the,.at her e s set t.o Ar gas o Pa.
[0057] (Exanple 2 g“hg‘g% a?a—ﬁ%redéf%%? 9 SWBE“F@O Wé‘éo&a?%r%‘idi um of

o i i di f le 2 th
a5 ot aRRte T02TRONG heal Gl (i, AL Fﬁ%é‘??sﬁe add
) hi 1 idion a
magnetl e eeoi e SER Rt 8 Gkt el B i L U LA ey

magneti ¢ recorgdidg Jfrdidup ;;p;(])e 4:_3% P ratiﬂg%ljé%%r@iseell ¥8s jhe sgne as that of

Exanpl e 1, except 10 that ness the Ag layer 'I'n the nmagnetic
recording | @Mﬁ{i’d’@ﬁlaslqtg,t @ Qla%n@%‘ic-r?@cggﬁﬂﬁﬁ %?atgﬁlge(?%g b FRAnet i ¢

recording layer was 28.6 nm and the sumtota ess
Example 1 was prepared. The magnetic recording medium of
Comparative Example 1 was the same as that of Example 1, except

10 that the thickness of the Ag layer in the magnetic recording
layer was set to 0.2 nm. The entire thickness of the magnetic
recording layer was 28.6 nm, and the sum total of the thickness
of the Ag layers in the magnetic recording layer was 3.6 nm
so that Y/X was 1.2.

15 [0058] Moreover, a magnetic recording medium was
prepared in each of Examples 3 to 5, which was the same as
that of the second embodiment.

[0059] (Example 3)
Under the reduced pressure atmosphere, a 3 nm-thick

20 Ag seed layer was formed on the glass substrate. A magnetic
recording layer was formed on the Ag seed layer with the
following steps. Firstly, seven laminated layers, in which
Co (0.1 nm) /Pd (0.8 nm) were stacked in order from the Ag seed
layer side, were stacked to form a laminated structure.

25 Secondly, a 0.5 nm-thick Ag noble metal layer was formed on

the laminated structure. Moreover, the same laminated
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of the Ag layers in the magnetic recording |layer was 3.6 nm so that Y/ X
was 1.2. 15 [0058] Moreover, a magnetic recording nmediumwas prepared in
each of Bwanpheeso3isto 5, which was the sane as that of RdTIPR@CONEL77
enbodi ment. [0059] (Exanple 3) Under the reduced pressure atnosphere, a 3
nmthick 20 Ag seed |ayer was fornmed on the glass substrate. A nagnetic
recording |l ayer was fornmed on the Ag seed |ayer with the follow ng steps.
Firstly, seven lamnated layers, in which Co (0.1 nm /Pd (0.8 nm were
stacked in order fromthe Ag seed |ayer side, were stacked to forma

| ami nat ed st FIATRIE 280deedndiane o818 Retehilaysig WRekl etaskat T8 was
20041 049318 PEHIPA0G3H01SIPCDETRUET LFE B TERe S AOOPE ROV ey et
aver s, i n v 6 CO. 10 Ry PRI E Ty ler 5= SEREHSRh LB oRA=H PR ¢ heAg
G (0 1 nm Y B Ed TR e ok BhTeRr adPt CHY bt kg Yoslri Sy er
St ackel on t REVRG"sTBATRTLFS Wkt Ao 5% Fie &9 JR0E fire IR T he
10 ws 1.5 ikt 0% OAE DR e P et el B R e
the sane as to@%ﬁeilﬁ'am ?e&ording layer stacked on the Ag seed layer

was approximately 26.5 nm. In addition, the sum total of the
thickness of the Ag layer in the magnetic recording layer
10 was 1.5 nm. Y/X was 0.5. The sputtering conditions and the
like were the same as those in Example 1.
[0060] (Examples 4 and 5)
A magnetic recording medium of Example 4 was prepared.
The magnetic recording medium of Example 4 was the same as
15 that of Example 3, except that the thickness of the noble
metal layer was set to 0.8 nm. A magnetic recording medium
of Example 5 was prepared. The magnetic recording medium of
Example 5 was the same as that of Example 3, except that the
thickness of the noble metal layer was set to 1.0 nm. The
20 entire thickness of the magnetic recording layer was
approximately 27.4 nm in the magnetic recording medium of
Example 4. The sum total of the thickness of the Ag layers
in the magnetic recording layer of Example 4 was 2.4 nm, and
Y/X was 0.8. The entire thickness of the magnetic recording
25 layer was approximately 28.0 nm in the magnetic recording

medium of Example 5. The sum total of the thickness of the
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[ 0060] (Exanples 4 and 5) A magnetic recording nmedi um of Exanple 4 was
prepared. The magnetic recordi ng nedi um of Exanple 4 was the sane as 15

t hat of Bwanpbeof3isexcept that the thickness of the noblremrReds/ohsyer was
set to 0. 8 rm A magnetic recording nmedium of Exanple 5 was prepared. The
magneti c recordi ng nedium of Exanple 5 was the sanme as that of Exanple 3,
except that the thickness of the noble netal |ayer was set to 1.0 nm The
20 entire thickness of the nagnetic recording |ayer was approxi mately 27.4
nmin the magpet.ic recordigg medi um of Exapple 4. The sumtotal of the

t hi ckness of the-2AGT5ay8r §1% RePRBT HagrRf G Kt dridicty OfafEr Bl R ¥t e 4
fecording 251y dF vat 2Bpr GHATHEER)=2 D nm i n the magnet i o-recor di ng
2882732821§Xg@#%?ﬁgbogygfg%g#ggﬁgﬁwgig%ggPig%ﬁén§§§n§IiEhfecé?dYﬁ; | ayer of
and ) A magnet ¢ FRRBPAId Crbar GRAORD CBTAFR e RRERGTA S PEARE 2 o
oo o0t hat 5 Eranerets. e e R P R R

5 as propar 4 RS naset e PeoPdl e o L e Boto s SePre B AnRI e 3 vee

the 10 sanme as,ithate f o FXAERILS 1R mPEeRtydhad s kBe (i SkREss 10fadhier i c

recording medium of Comparative Example 3 was prepared. The
magnetic recording medium of Comparative Example 3 was the
10 same as that of Example 5, except that the thickness of the
Ag seed layer was set to 2.0 nm. The entire thickness of the
magnetic recording layer was approximately 29.5 nm in the
magnetic recording medium of Comparative Example 2. The sum
total of the thickness of theAg layerwas 4.5nm in themagnetic
15 recording layer of Comparative Example 2, and Y/X was 1.5.
The entire thickness of the magnetic recording layer was
approximately 28.0 nm in the magnetic recording medium of
Comparative Example 3. The sum total of the thicknesses of
the Ag layers was 3.0 nm in the magnetic recording layer of
20 Comparative Example 3, and Y/X was 1.5.
[0062] (Comparative Example 4)

On a 3 nm-thick Ag seed layer, 0.1 nm-thick Co and 0.8
nm-thick Pd were stacked for 27 times as a total. Moreover,
on the top, 0.1 nm-thick Co and 0.6 nm—-thick Pd were stacked

25 to create a magnetic recording medium of Comparative Example

4. The sputtering conditions for the stacking were the same
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Ag seed | ayer was set to 2.0 nm The entire thickness of the nmagnetic
recording | ayer was approxinmately 29.5 nmin the nmagnetic recordi ng nedi um
of Conparwta 2e4/&0arspl e 2. The sum total of the thicknescmfP20i3®1g7 | ayer
was 4.5 nmin the magnetic 15 recording | ayer of Conparative Exanple 2, and
Y X was 1.5. The entire thickness of the magnetic recording | ayer was
approximately 28.0 nmin the magnetic recordi ng nmedium of Conparative
Exanple 3. The sumtotal of the thicknesses of the Ag layers was 3.0 nmin

th ti di I f 20 Co ti Ex |l e 3, d Y/ X 1.5.
e mugnel ¢ eqordng | aYer, o1 20 Comal sl Y Xarele 3. and v X s 1
Co d 0. 8 I Pd d f 7 ti total . ,
Co'and 0. © gk P ver g stackepfor 27 Limes o0 Lotal, Myeover
2 oonel £ o601 09, Jechum of, Conpar 8Lve ol Toe-spulL et g

PCT/ JP2003/ 0 as, those.jn the afarenenti oned Exanple 1. The sumtot al
of the thickneé%ﬂé?4%h§“ffyvgygﬁsi§’ghe magnetic recording layers was 0.0

nmin ghe magngidg ecor ding.Rrdi UM o LOMPRALhue:, EXALE 4y £AC Y X was

0.0. 5 [0063] e ‘total thickne I"ayers an ayers in
e PR atiY s B ol s pabbagh 10 G o
Fig. 3. [0064]1 gRanettsahi OlbidaNE ok LA IRk JRAAH b raing
medium are listed in table in Fig. 3.
[0064] Amagnetization curve of each magnetic recording

10 medium thus obtained was measured by VSM (Vibrating Sample
Magnetometer), and coercive force Hcwas derived. At the same
time, the crystal grain size was measured by AFM, and the
each average crystal grain size was obtained. In addition,
interactionparameter awas derivedbased on themagnetization

15 curve in a direction perpendicular to the magnetic recording
layer of the magnetic recording medium. The interaction
parameter indicates the degree of intensity of magnetic
interaction between the magnetic grains in the magnetic
recording layer. Specifically, as shown in FIG. 4,

20 inclination of the magnetization curve in the perpendicular
direction, in other words, dM/dH was derived and set as the
interaction parameter o. Herein, “o=1” indicates that there
is no magnetic interaction between the magnetic grains. In
the case where o is larger than 1, the larger oo is, the stronger

25 the magnetic interaction between the magnetic grains is.

These results are listed in Fig .3.
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10 nmedi um t hus obt ai ned was neasured by VSM (Vi brating Sanpl e
Magnet oneter), and coercive force He was derived. At the sane tine, the
crystal gwa mosideisnas neasured by AFM and the each awarampeownysiral grain
size was obtained. In addition, interaction paraneter a was derived based
on the magnetization 15 curve in a direction perpendicular to the magnetic
recording |ayer of the nagnetic recording nmedium The interaction
parameter indicates the degree of intensity of magnetic interaction

netic._ recordin er. Specifically,

bet ween t he ic grains _in the ma , | a

as shown in EF@%]', 20 i rict FREPFBRE BYE Fﬁémﬁégnﬁewﬁawgﬁ%gcﬁww 0t Bae
perpendi cul ar__direction, in ot?er wor ds, dM dH was det:bi ved and ];Zg} as the
interaction pREHELET T8 RS EEn Y §r COST VS E8T ERAIC PrEREe PALKY Bmgnet i ¢
i nteraction hetween the netic, grains n he case ere a is |arger
than 1, the I@?’ch &S ?f{g?ﬁ@ei% 1 ?%t:“ﬁélg Y é‘%%ﬁ&ﬁﬁ@?h@ni%‘?ét ween
the magnetic i NS J.S. ese_results are listed in Fig .3, 18 WO

2004/ 049318 ﬁ%%’%f@(}ld?fblg nyﬁg%glglf%l%osrfb%? 3{815\%05}2%@%@1% WiHout Ag

| ayers-in th i cardi I r, coercive force He becane 601kA/ m
V\:h?/Ch KE)Nas extq?eerrr?;%y{be% asﬁlgf'l(relﬂ a etqhtlc}g]gﬁ%é%wés sufficiently low. |In addition,

A | mely : . n add!
fined. L0066 T Compar atrve CBRAERFo® P hlfs, 2 P8 GE SRELeBUESE GRS |
the magnetic ygeording thayghHRdeE 106 Gond QR ehatiXele LS L08LET Ve

force He was reduced by i1 ncorporating
of Y/X>1, the coercive force Hc was reduced by incorporating

the Ag layers. However, o exceeds 1.5. Thus, it is not
10 preferred.
[0067] By contrast, in Examples 1 to 5 incorporating Ag
layers in the magnetic recording layers under the condition
of 0<Y/X<1l, o was maintained at most 1.5 while the coercive
force Hc was suppressed to at most 520 kA/m. Thus, it was
15 confirmed that the magnetic recording media in Examples 1
to S5werepreferredas perpendicularmagnetic recordingmedia.
Note that o is preferably set to at most 1.5 to perform high
density perpendicular recording of 200 Gbpsi.
[0068] As apparent from the tendencies of Examples 1 and
20 2, or 3 to 5, there are following tendencies. That is, the
smaller Y/X is, the smaller o is and the larger the coercive
force Hc is. 1In addition, the larger Y/X is, the larger o
is and the smaller the coercive force Hc is. Accordingly,
by adjusting Y/X, o and Hc can be set in a preferred ratio.
25 [0069] As shown in Examples 1 to 5 and Comparative‘

Examples 1 to 3, the crystal grain size became 20 nm in the
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the Ag |ayers. However, a exceeds 1.5. Thus, it is not 10 preferred.

[00671 By contrast, in Exanples 1 to 5 incorporating Ag layers in the

magnet i ¢ wecmodo4gisl ayers under the condition of 0<Y/ XPCT/R2088015M7 Nt ai ned

at nost 1.5 while the coercive force He was suppressed to at nbst 520

KA/m Thus, it was 15 confirnmed that the magnetic recording nmedia in _

Exanples 1 to 5 were preferred as perpendi cul ar magnetic recording nedia.

Note that a is preferably set to at nost 1.5 to perform high denﬁlty

perpendicular recordin of 200 SI 006 As gpparent fromthe

t endenci es of E&ah%?%% §kp9ﬁ§aegﬁ£@e?ﬁl?oﬂﬁhﬁ Tf

t endenci es. T snaller Y/X the ar ger

t he coercive %%rﬂéget?—%hfasy 4% Hadits r?gntelifécl 5?&8?%’7& P‘@ye]fﬁe Iﬂ"reger / i's

and the small civ orce | Accor din y ad usting Y/ X, a
SO G %lﬁaoégf AVt PRl Eahpre

and He can be set 1n a preferre ratlo slto

Che 15 VD 2004) GHSBLA BET IRA005 BIB1e L bkt S orkg AR B ragar

i nterpgsed b%iﬁﬁﬁﬂ:%fPQb&lﬁgthaﬂ59@£§dléQ¥ﬁf%11 uﬁ%%. gFﬁelﬁa geprding

| ayers. The structure has e ects” on reducl ng fﬂe crys gral Srze
conpared wi t h-dhe-gase Lhe @ bk beppoRgde bet ween 5 a pair of

| am nated | ayers is not |ncIu ed In the magnetic ecording layer as in

Conparative Exgopde 4. [ QRAQLNE & ithBkamb NeS1aPIseStHe (R 2 citREFGOEL Ci Ve

force
Hc is sufficient since the coercive force exceeds 280 kA/m

(3.5k0Oe), which is required for a magnetic recording medium.
10 [0071] ‘ Note that, the magnetic recording medium
according to the present invention is not limited to the
foregoingembodiments andcan takevariousmodification forms.
[0072] For example, although the magnetic recording
medium has the plurality of noble metal layers 50 in the
15 aforementioned embodiments, the magnetic recording medium
is not limited to this. That is, it is necessary for the
magnetic recording medium only to have the plurality of
laminated layers 5 and a noble metal layer 50 between at least
a palr of laminated layers 5 and 5.
20 [0073] (Third Embodiment)
Next, a magnetic recording device 300 according to the
present invention will be described with reference to FIG.
5. Themagneticrecordingdevice 300 according to the present
invention comprises the aforementioned magnetic recording
25 medium 100 and a magnetic head 400 for writing and reading

dataonto and from the magnetic recordingmedium 100. Herein,
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He is sufficient since the coercive force exceeds 280 kA/m (3.5kCe), which
is required for a magnetic recording nmedium 10 [0071] Note that, the
nmagneti ¢ wecondo4agismedi um according to the present invertdrarrom/onat7|inted
to the foregoing enbodiments and can take various nodification forns.
[0072] For exanple, although the magnetic recording medium has the
plurality of noble metal layers 50 in the 15 aforenentioned enbodi nents,
the magnetic recording nedium is not limted to this. That is, it is
necessary for_the magnetic recordin nediy@%on y.to have the ggurallty of

| ami nat ed | ay&rs BN %flﬁ%&°5d&89awgﬁévﬁr te i SaP e §8POIAMBRE T of
am e v g a0 5, 20 00T (T Exboden el o et e,
the present st omebHnrreabePRg b Era Rl OnEhe e FEOPALBFaFng 25
from the nagnels b T ecor diie Hediiam 106 cHh bR Bs 00 s00arohednioad ™
crbodi ment oy’ e ol oyad A Vi ararre F oy S PRt of

the magnetic 4 egardingogediqm 10Anek ithe. {4 ralo eabedinenty +J Q9741 The
%eaéﬁ% 401 Wﬁgg Is a F

magneti ¢ head 400 conprises a recording single-pol e

type, ar eadiﬂ@gr@iﬁi@@%cé@&in@@%y@: shi st Qh%%agggﬁé@%%%?ﬁn%ﬁgdﬁ% s

di sposed to face the

100.
[0075] The recording head 401 is constituted by a first
10 magnetic pole 40la, a secondmagnetic pole 401b, a connecting

part 40lc, and an exciting coil 404. The second magnetic
pole 401b is separated from the first magnetic pole 40la with
a predetermined space along the surface of the magnetic
recording medium 100. The connecting part 40lc connects the
15 first and second magnetic poles 40la and 401b at a position
separated from the magnetic recoding medium 100 in a
predetermined space. The exciting coil 404 is wound around
the connecting part 401lc.
[0076] A sectional area of a portion facing the magnetic
20 recording medium 100 in the first magnetic pole 40la, which
is taken along the magnetic recording medium 100, is smaller
than a sectional area of a portion of the second magnetic
pole 401b facing the magnetic recording medium 100. Magnetic
flux generated by the exciting coil 404 passes through the
25 connecting part 40lc and is converged at the first magnetic

pole 40la. The magnetic flux further passes through the
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magnetic recording |ayer 25 of the magnetic recording medium 100. [0075]
The recording head 401 is constituted by a first 10 magnetic pole 40la, a
second nmawiteloneoqeeise 401b, a connecting part 401c, and PIT/HP2ei3t0i151g7 COI |
404. The second magnetic pole 401b is separated fromthe first magnetic
pole 40la with a predeterm ned space along the surface of the magnetic
recordi ng medi um 100. The connecting part 40lc connects the 15 first and
second magnetic poles 40la and 401b at a position separated fromthe

. : i i d i ned . The exciting coil

04 T Vol STOUT F e COMECET G Bart AOLE LTOORE. M SecidSnepvarta of a
. . Ce i um in, .

ol e 4018 whiEh Cre e AN EOT el CREOAATTE FEebidiony  Fde A 1605

sl er i Lhan, ospebbonabopneaaf & RALL O% 8L, peoond madnetic,  pol e

C

401b facing the nmagnetic recording nmedium gn

ted by

conver ged At The TrrSr raaRBl e polL A07h CrnaiaEbhey e T

converged at the first nagnet pole

passess t hr ougls ta i n2dn NG RA0H:04981 8 1RCLLIP2A03, Q15177 . Imagnetjc
t &

| ayer 25 and goes back in a direction towar e secon
(left directigihdrwdes dERMAGELr 131y FOEYRARHNRY S - B

magnetic flux is spread, the magnetic flux passes throug

I n
magnetic flux.

magnetT ¢

recordi ng
p&?e 401b

i e
Bl
recording | ayertib 2 agaordand @eas backahe Lhs secopg.pmonstyL,  palg, 401b.

10
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20
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[0077] The reading element 402 is disposed between the
shield 403 and the second magnetic pole 401b of the recording
head 401. The second magnetic pole 401b also functions as
the other shield of the reading element 402. The reading
element 402 is, for example, an magnetoresistive element such
as GMR.

[0078] Inthemagneticrecordingdevice 300, themagnetic
head 400 and the magnetic recording medium 100 are in relative
motionatapredetermined speed. Thereadingelement 402 reads
out data by reading a magnetic leakage field from the magnetic
recording layer 25 of the magnetic recording medium 100. In
addition, the recording head 401 records data on the magnetic
recording layer 25 of the magnetic recording medium 100 by
the magnetic flux from the first magnetic pole 401a.
[0079] According to this magnetic recording device 300,
the aforementioned magnetic recording medium is employed.
Thus, themagnetichead 400 can suitablyperformthe recording,

and the transition noise between bits is reduced. Therefore,
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ot herwords, the under layer 6 fornms a magnetic circuit together wth the
recordi ng head 401 and has an effect to draw the magnetic flux. [0077] The
readi ng eweanmni/ o408 i s di sposed between the 10 shield 4@3/mnd3toh&7second
magneti c pole 401b of the recording head 401. The second nagnetic pol e
401b al so functions as the other shield of the reading el enent 402. The
reading elenent 402 is, for exanple, an magnetoresistive elenent such as
GWR 15 [0078] In the magnetic recording device 300, themagnetic head 400

and the nagnetic record m 100 are in | ative .nmotion
predeternlged%% ST P 'q%%gﬁﬂﬁg Fefgb PgaGEBYHEPtHSPaSB§t?E%ﬂrng a

t I k f t di I 25 of th
Taoneti ¢ reconaragtTe: éﬁé%cfa%lﬁ%%@eahéi tiom the recording head 401
records data magn rec rd n gl the net recordin
nediun?loo byP@?%QFnaggeﬁ%c1%%%?%roh1 ngtmﬁgéH@tFE %anégi [0678]
According to f@é& e&éﬁéeecockr dﬂh@g@%%g%% C_’t(f')lge he af or rre ]Le ne

hus, Ph Sﬁgt hg Qﬁ% can

magnetlc recordi ng rumils enp

educed Ther ot o L%fa%‘@vﬁdé% oﬁi%%lég FAIS LD, Hlsenet gD D1t 1S
data can be read out and witten suitably. [Industrial Applicability [0080]

The magnetic recordi ng nmedi um and nmagnetic recordi ng device of the present
invention can be utilized
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S in a storage device such as a hard disk and the |ike. 23 WO 2004/049318
PCT/ JP2003/ 015177 CLAIMS 1. A magnetic recording nmedium conprising:. a
seed | ayewomni/edogisng at | east one nmetal selected fromRdIrgemepsi77
consisting of Ag, Au, Pt, Pd, Ru, and Cu; and 5 a magnetic recording |ayer
formed on said seed |ayer, said nmagnetic recording layer having a plurality
of lam nated layers and a noble nmetal layer placed between said |am nated
| ayers, wherein said |lamnated |ayers includes a transition 10 netal

el enent | ayer containing at |east one Eﬁ%gl sel ected fromthe group
consisting of Co, Ni, and Fe and a pla i group el ement | ayer containing
at | east one netal fel cted fromthe of Pt and Pd,

rLoup_cqgnsi stin
wherei n sai d noble Teta W%g&%t%bﬁﬁgpﬁglgg W@géPmOnEOHﬁglﬁ%T%l sel ect ed I
Crestrol 05 SUHARY Sdlie s M e R gL
maaneti o 20 Fozararg T aer st it M ey T R S R i e ORd ng ¢ 0
claimsl, wherein saiyg &l E%cB?ﬁ?ﬁgi AR A3s 8 Pl ug %Je'etdygggfgfrzal d
nobl e netal |ayers. 3. e magneti c recordi ng medi um accor ding im
said magnetic recording layer having a plurality of laminated
layers and a noble metal layer placed between said laminated
layers,
wherein said laminated layers includes a transition
10 metal element layer containing at least one metal selected
from the group consisting of Co, Ni, and Fe and a platinum
group element layer containing at least one metal selected
from the group consisting of Pt and Pd;
wherein said noble metal layer contains at least one
15 metal selected from the group consisting of Ag, Au, Ru, and
Cu; and
whereinarelational expression 0<Y/X<1.0is satisfied,
where X is thickness of said seed layer, and Y is a sum total
of thickness of said noble metal layer in said magnetic
20 recording layer.
2. The magnetic recording medium according to claim
1, wherein said magnetic recording layer has a plurality of
said noble metal layers.
3. The magnetic recording medium according to claim

25 2, wherein said laminated layers and said noble metal layers

are stacked alternately for a plurality of times.
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25 2, wherein said lamnated | ayers and said noble netal |ayers are
stacked alternately for a plurality of tinmes. 24 WO 2004/ 049318
PCT/ JP200@/00b40463184. The magnetic recordi ng medi um accaadirrpgosmiane of
claims 1 to 3, wherein said |lam nated | ayers are fornmed by stacking said
transition netal elenent |ayer and said platinum group el enent |ayer
alternately for a plurality of tinmes. 5 S. The nmagnetic recordi ng nmedi um
according to one of <clains 1 to 4, wherein the thickness of each of said
noble netal |ayer 45 nost 1. nm 6. The magnetic recordi ng nmedi um
according to one of** clAFnBaqPeblS rEE ey PREITRI *RKFREAINE 3P 8BFd°Seed
layer 10 is at_Jleast ,1 nm _ 7. A, nmagnetic recaqrdi devi ce, conprising:
sai dnmagneti c é%ﬁi%%ﬂ &Chédiwﬂﬁﬁgﬁ%r H %??%ﬂéiQ#IE%y§Fﬁsarf toreed g a
magneti c head. Jfor, witing,and reading,data ont nd 15 from sai d nmagnetic
recor di ng rred?%arﬁrkji%g 5509 +320 5 BE0L IR 5 & S .Ia_layer and sal pfatlnu
group element layer alternately for a plurality of times.

5 5. The magnetic recording medium according to one of
claims 1 to 4, wherein the thickness of each of said noble
metal layer is at most 1 nm.

6. The magnetic recording medium according to one of
claims 1 to 5, wherein the thickness X of said seed layer
10 is at least 1 nm.
7. A magnetic recording device, comprising:
saidmagneticrecordingmediumaccordingtooneofclaims
1 to 6; and

a magnetic head for writing and reading data onto and

15 from said magnetic recording medium.
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