FP03- 0321-00 DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C RECORDI NG
DEVI CE Technical Field [0001] The present invention relates to a magnetic

5 recordi ng medi um on whi ch data can be magnetically recorded, aR804-0321~00
magneti c recordi ng device enploying the sane. Background Art [0002] '
Per pendi cul ar magnetic recording system which is capable of high density
recording in conparison with 10 conventional |ongitudinal magnetic

recordi ng system is known as a recording system of a magnetic recording
device such as a hard disk. In a nﬁ&ﬁ@?&ETﬁggording medi um conpati bl e

wi th the perpendicul ar qgggetic recordiqﬁg it has been attegfted to enpl oy
magneti ¢ recor di ng YRS S SRHEHORRI NG TYE ANRYACHESJ CHRARY INCGHE \CHer ci ve
force and a high sqg reness. ratio as well as high perpendicul ar magnetic

ani sot ropy. US@chry Ihterials gives a recording magnetic film
etic anisotropy, which is high_enough to overcone an

per pendi cul ar ]

i ncrease in eﬁgggﬁ% of t hetmBTr SRt dRVEBRLOFhF812B2F nk? e dta Flokpani es

finer recording bits caused by the shift toward high depsity. [0003] For
exanpl®, a ma %é‘?? 9%@89&@93/%8?8&&%%?3% 3% t&&éﬁﬁ’ FH&tand a
hi gh squareness_rati o is known .nagnethggrecordiqg}nedium

. Jl.n thi
t hi ckness and2% & I‘[‘E’f‘ﬁl?:efaférssrercé’trf%ggf gég{&ﬁel SURIOEHRI e 11 %d in a

mul til ayer fééé@gggéghiikéuternately formed by stacking nagnetic | ayers

[0002] Perpendicular magnetic J;ecording system, which
is capable of high density recording in comparison with
10 conventional longitudinal magnetié recording 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 empioy magnetic recording layers such as Co/Pt
15 - and Co/Pd having high coercive force and a high squareness
‘ratio aswell 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 oAf thermal fluctuation. This
20 ‘increase accompanies finer recordingbits caﬁsed 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 laye;: are controlled inamultilayer

filmwhich is alternately formed by stacking magnetic layers ,



1 FP03-0321-00 such as Co and noble netal |ayers such as Pt.

Alternatively, this nultilayer filmis additionally lamnated with

i nt er posi ng nonnmagnetic | ayers such as Ag. [0004] Another nagneti EP03-0321-00
recording nmediumis known, in 5 which transitionnetal |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
predeterm ned condition to achieve high coercive force and a high

squar eness rasieh aE0CP GOGERoOISE ¢ Metadot Feer fragirbt @8 Pltec A srpafpiv ey havi ng

a multilayer is known. This nultilayer filmis_ alternatel lam nated with
first layers BEabs seebhdlavgreridlmmie ﬁﬁﬂéﬁlOPGQéWslﬁ@w%a%ﬁéﬂfﬁﬁﬁ1group

| ayers such as Pt on either side of _a transition netal |ayer such as Ag. A
mai n i ngr edi ebtteNmr$ing memEeEBrd icayarvsrsssash pe0BB] O her nmgnetic
recording nedia are also known: a magnetic recording nmediumin which a
magnetic recof@f®yl | ayeruothes: Raanelict BeIQTRLRY asdnymndft XpeRr ¥3 | m on

a single crystal MyO substrate; _a magnetic recording nediumin which 20 a
Co/ Pd Prul ti | ayletch fEARFTsPRERER! IR YER SaPpFORF g #MYNaBL e ARt Y ¥EF bon
foundation | ayer; and a magnetic recordin medi um i n_whi ch_a CoBQ PdBO

mul tilayer fif®eh §1SS?E@%@da%Eer%%YaFtPSgﬁﬁﬁri enfeuRAatipay tAyey such

face-centered cubic . structure. .25 Disclosyre of._the | nventjon .
as metal or oxide th%n ?& m ang are heat—treateé 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’alternaﬁely
laminated with first layers and second layers. The first
iayers 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 ﬁagnetic 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 amagneticrecordingmediumcompatible



[0007] To achi eve amagnetic recordi ngmedi um conpatible 2 FP03-0321-00

with further high density recording in the future, nedia noise needs to be
reduced nore than ever. Especially, reducing transition noise beThegn0b21s00
is extrenely effective for reducing nedia . noise of a perpendicul ar
magnetic recording 5 nedium In order to achieve this, it is mandatory to
fine grain sizes of magnetic grains and reduce magnetic interaction

bet ween magneti c grains. However, grain sizes are not fined enough in
convent i onal wegnéurtherebdglidegstddi necondauylibitdwe, futtines emedia mudiss em
that trying to reduce nagnetic interaction 10 results in extrenely |arge
coerci ve fordeeedtlrelps yedargd meover thean vere Wispleciakdva magneting wite
head difficult to record data onto a magnetic recording medium [0008] The
present inverkiae Hdonhaensgebpswdenobber tonextrdme o reffoiatg wh fidcul ti es.
An obj ect of the present. 15 invention is to provide a magnetic recording
medi um capabledsiineagdiagrei et apairpesiieuisr e dnetsi erampestidi ng
interaction between nmagnetic grains wthout nmaking coercive force
extremely | affditihd A0 iRt it reduredienghdevi b explandaipry e fdme 20

[ 0009] The magnetic, recordi ng medium according to the present invention

i ncl udes a séEdRIL§EIeTBhtaPRRRGCHr diddsind spdupeRapns i edid@ RcdHrrhe

group consisting of Ag, Au, Pt, Pd, Ru, and Cu; ;and a magnetic recording
layer formed hﬁ?a‘fer?él MIFRRIEIQFER I PEne RAHERT c IFBEBITiZRF PAgrohdingd a

plurality enough in conventicnal 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 sizé aswell as magnetic interactidn
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 selecfced from the group corisisting 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 lam nated [ ayers and a noble netal |ayer placed between the

| am nated | ayers, wherein the |am nated | ayers includes 3. FP03-0321-00 a
transition netal elenment |ayer containing at |east one netal sel ecked-$320hr00
the group consisting of Co, Ni, and Fe and a platinumgroup el enent |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
expressi on O<txansitien matkdfedledenthbrgeXcostaihinkndskeadt ohe msded | ayer,
and Y is a sumtotal of thickness of the noble netal layer in the nmagnetic
recordi ng | aysslected §oen] thecoreimg-ars idtd ntagietPe Necorrtl g el @m of
the present invention, it is possible to reduce the crystal grain size as
wel | as mai nt@iaticwer groebf elerent akenrggidaioingeabr eyt Iayeematala
preferred range while magnetic interaction between nmagnetic grains in the
magnet i ¢ recotadiagfertbirandine ggovnf ¢orsenting pédieand pPdolerpirithe it is
preferred that the nmagnetic recording |layer has a plurality of the noble
netal % ayer s.nolgonefaAckarel wynitaitgi st tershploncaretyl otermpied

| ayers are interposed in the magnetic recording |ayer. 20 Accordingly, each
nobl e netal |HifedredR GEnERERABE PR Rfie AYare 9 i fgd pderein &

af orenenti oned rel ati onal expression. hus,  magneti c coupling between the
| ami nat ed | ay&r@tiphpdne*RERARER PRE/ Fobt & hetatishiad, vaers £ 26 pe

decoupl ed, ant%ickness 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 mediumof 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 between magnetic grains in the magnetic reccocrding

15 layers is 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 ndble 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 the magnetit



the magnetic recording layer is likely to have a single domain 25

structure in a thickness direction. [0013] An exanple of a specific

structure of the magnetic 4 FP03-0321-00 recording nediumis asFFoi+0n81-00

the lam nated | ayers and the noble netal |ayers are alternately stacked for

a plurality of times. [0014] Anexanpl eof a specific structure of the

|l am nated 5 layers in the nagnetic recording nmediumis as follows: the

transition nmetal elenent |ayers and platinumgroup elenment |ayers are

alternately steuketrfonediphursabistfobiows mebe 14005 eddrtyieesnana theche

thi ckness of each noble netal layer is preferably at nost 1 nm 10 [0016]

When t he thi ckiielss meftag¢athyaobl &remstldledrarerl vi stagkedofor 1a miradddivet i c

coupling between the | am nated | ayers, which sandwi ch the noble netal

| ayer, is haralf tiness.decoupl ed, and the nmagnetic recording layer is likely

to have a single domain structure in the thickness direction. 15 [0017]

The thickness[901f] t he sdadxeapde d%a ppetef dbbyruatureadtthe yaniaders)

According to this, the seed |ayer plays a role as a seed for the crystal

grai n 3row h bivedte imaghethegrethr digprdiagemned2on 08185 Thkl erigndiic

recordi ng device according to the present invention consists of any one of

t he foregoi ng-Trmmidtion mpEadr el oemediayenitd 2adnRgABiNenh@Be® G- eSS ng and

readin

J 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 graingrowthof the magnetic recording
layer.

.20 [0012] The magnetic recording device according to the
present inventionconsists of anyoneof the foregoingmagnetic
recording media and a magnetic head for 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 magnetic recording medium Brief Description of the
Drawi ngs 23 [0020] FIG 1 is a sectional view showing a magnetic recording
medi um according to a first enbodi nent of the present 5 FP03-032HFP08-0321-00
invention. [0021] FIG 2 is a sectional view showi ng a magnetic recording
medi um according to a second enbodi nent of the present invention. 5 [0022]
FIG 3 is a table showing the structures and characteristics of nagnetic
recording nmedia of Exanples 1 to 5 and Conparative Exanples 1 to 4. [0023]
FIG 4 is a vimwerftgrorexpl ai ning a nethod of deriving a froma

magneti zation curve. 10 [0024] FIG 5 is a perspective view showi ng a
magnetic recb@ig devi d&Gacorigi ngsectannakbvderweshoding e raEwdnic

i nvention. Best Mddes for Carrying Qut the Invention [0025] Hereinafter,
preferred enbostiomtitrsy afedd uragiwerirdingstpegopdragdnedbedimetorel idie o t he
present invention are detailed with reference to the acconpanying

drawi ngs. Notkreadndt itherndams.ref erence nunerals are given to the same or

equi val ent elenents in the descriptions of the draw ngs, and redundant
descriptions E¢®ZDnittedFIE0 POGB6F CRPLSt SERWSETnERE) ST tures apd

sectional view of a magnetic recordi ngnedium _, . _
characteristics of magnetic recording media of Examples 1

to 5 nnd Comparative Examples 1 to 4.
[0023] FIG.4isaviewforexplainingamethodofderiving
o froxﬁ a magnetization curve.

10 [6024} 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;preferredembodimentsof@amagnetic

15 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. |

20 [0026] (First Embodiment)

FIG. 1isasectional viewof amagnetic recordingmedium

100 of a first embodiment. The magnetic iecording medium 100

- comprises a subStrate 10, an under ‘layer 6, a seed layer 20,
and amagnetic recording layer 25. The substrate 10 is formed

25, 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 nmedi um 100 conprises a
substrate 10, an under layer 6, a seed layer 20, and a magnetic recordin
| ayer 25. The substrate 10 is formed 25 of glass or the like. ThefFkddeps32
| ayer 6 is forned on the substrate 10 and contains a soft magnetic
material. The seed 6 FP03-0321-00 Ilayer 20 is forned on the under |ayer
6. The magnetic recording layer 25 is fornmed on the seed | ayer 20 and
serves as a perpendicular magnetic recording material. [00271 The under

| ayer 6 fornslayataghésifodiedal the vgdehdryes i t Ahg mageetdriedssatinghen
data is witten onto the magnetic recording |layer 25. (details will be
descri bed | atl&yer qfoags]fdm@drragnéhe(:se@éo?@m@ 2Qyand RS @Sreéd by
stacking lam nated | ayers 5 and noble netal |ayers 50 alternately for a
plurality of ReyReNdidrlam nagneféf rRECHAbRE Ndte®iat- | ayer 50 or the

| am nated |layer 5 may be in contact wth the seed | ayer 20. Alternative
the nobl e metd0d7yer 5Gherundes Jaamaf eEns aPeons LAgE IFEULE TOERTEEAT wi t h
the seed |ayer 20 through other layer. [0029] The | am nated | ayer 5
consi sts of AithAsFesoriing heatarher dadidt 1Fayett & 2RECaHE FHAINFHIGT oup
el ement | ayer 40 stacked on_the transition_netal elgﬁ$qi | ayer. 30. Herei
the order of HCAHARY tiAgSrakrndfeaat a5Vl slike idRSFiiRS F25eF i 5. The

el oment | ayerl GFE20 [ 003OF TAECRF AT RERF OO CHERRrS 1 SR 6 i ns
stacking laminated layers 5 and noble metal layers 50
alternately forapluralityoftimes. Herein, eitherthenoble
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 étacking the laminated layer 5 is not limited
to this. The transition metal 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 transitionﬂmetal element layer 30 contains at least
one metal selected from the group consisting of Co, Ni, and
Fe.
25 [0031] Herein, it ié particularlyjpreferred that Pd be

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

%—OO

Y,

n,

at



| east one netal selected fromthe group consisting of Pt and Pd. The
transition netal elenent |ayer 30 contains at | east one netal selected
fromthe group consisting of Co, Ni, and Fe. 25 [0031] Herein, ifFP93-0321-00
particularly preferred that Pd be wused for the platinum group el enent

| ayer 40 and Co be used 7 FP03-0321-00 for the transition netal elenent

| ayer 30. Accordingly, magnetic anisotropy is increased. [0032] Mboreover,
the noble nmetal |ayer 50 contains at |east one netal selected fromthe
group consi stialy tdfe Agansgtign petapdelruenbnte®r 30033k cpreingilaknesses
of the platinumgroup elenment |ayer 40 and the transition netal el enent

| ayer 30 are Hgnetds apdsotheriagfeirereaedddi ng | ayer 25 to be forned may
exhi bit perpendi cul ar nagnetic ani sotropy. For exanple, when Pd is 10 used
for the platiffd2group eMersAveraybRe sokakel iedails laged 5% GFORERIRS #isiti on
nmetal el enent |ayer 30, the thickness of the Pd |ayer can be set to 0.8
nm The thi ckfesE ohme Feted spagekedafirpe Bt 9P 1°ofmigoomn o seed

| ayer 20 contains at |east one netal 15 selected fromthe group consisting
of Ag,> Au, PRUPELRED &Hd 8 §He seed layer 20 functions as a seed for

crystal ‘grain growth of the naggetic recordi ng | ayer 25 and reduces the
grain size. Jng theThPatR*ckBESESR PEdtRe RS- STHER &Lement

layer 40 and the transition metal element layer 30 are set
sothatthenmgneticrecordinglayer25tobeformedmayexhibit
perpendicular magnetic anisotropy.. For eiample, 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 funciions as a seed for crystal
grain growth of the magnetic recording layer 25 and reduces
.the grain size. Reducing the grain size can reduce themedia
nbise.
20 . [0035] This magnetic recording layer 25 can bé formed
' by_ stacking the transition metal layer 30, the platinum group
.element layer 40, and thé 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 léyer 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 netal |ayer 30, the platinumgroup elenent |ayer 40, and the
nobl e netal |ayer 50 in order on the seed |layer 20 for a plural iKB03»f0321-00
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 FP03-0321-00 process such
as sputtering. [0037] In the magnetic recordi ng nedium 100 of the present
embodi nent, tHF@cekiScRHEBsasf spneteeedd} ayer 20, the thickness of each
noble metal |ayer 50, and the nunber of 5 tines that the noble netal |ayer
is stacked arl®0Sdl to safRsfhe mFenesfist rGralrddepr @ssiiva 008 XL 1the (1)
where X is the thickness of the seed |ayer 20, and Y is the sumtotal of

t he thi cknesPTEF cahctrbpobleeniet 4he Bhéeknoss L fhet hreddgvem é0r eeler di ng

| ayer 25. [0038] Herein, the nunber of tinmes that the |am nated |ayer 5
and the nobl &bkskaESEagér e80h e k¢ Jekiel iivete SPmgaedi EherpeBPar et | ayer
25 is not particularly limted as |long as ,the above relational expression
i s satd sfied.tifSRevErt the nopliarptat deved thatackedmagnett & eebising | ayer
25 have a plurality of noble netal |layers 50 in the range satisfying the
rel ational edpesSilahtCRgofPUPRESEE R his, since the plurality of noble

netal |ayers 50 ar%<§9§§£p85ed in th&J

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 recordiﬁé layer 25, each noble metal layer 50 can
20 be thinned.in.thé-range satisfying the relational expression
{1) . Thus, magnetic coupling between the laminated layers
5, which sandwich the noble metal layer 50, becomes hard td
 be decoupled, and the magnetic recording layer ié likelyito
have a single domain structure in a thickness direction.
25 f0039] According to this magnetic recording medium, the

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



magnetic recording |ayer 25, each noble netal |ayer 50 can 20 be thinned in
the range satisfying the relational expression (1). Thus, nagnetic
coupling between the | am nated | ayers 5, which sandwi ch the noblBhet@d21-00
| ayer 50, becones 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 FP03-0321-00 netal |ayer 50,
and t he nunberetefl {apges Thatnchthachimbartdl timgetisd thegtdriedeitalset to
satisfy the relational expression (1). Accordingly, it is possible to
reduce the megnet 20 iFmtecked ohshethaesat tdfy dhgnetrt ignal mepresshien
magnetic 5 recording |layer 25 sufficiently. Mreover, coercive force of

t he magnetic (l8corBcagriidyely25iwils protsibd eetior eneligel fhgemagreidfn, the
magnetic interaction includes interaction by exchange coupling. [0040]
Theref ore, triadsingicddonobséveenweba begredin i FipinD W ithengagmeti€adi ng can
be reduced to inprove recording density. Sinultaneously, it is possible to
recor b dat a sisiceasiipowt eler a2 rejHetici aitilive hdaBeoTe04 Joanrigs angee
satisfying the relational expression (1) , when Y/ X is smal|, the magnetic
i nteraction It WeenagnetieseragAdbod agregi A Wheéowdsbs fRErengbYAREE e, t he
coercive force tends to increase. . In the sane range, when Y/ X is |arge, the
magneti c i nt elegéimonbeenBaanehéfaRBeT eChteR ndbeldlifis infisgection by

exchange coupling.
[0040] Therefore, transition noise:between bits during
10 writing andreadingcanbe reduced to improve recordingdensity.
Simultaneously, it is possible to record data suitably with
a magnetic write head.
[0041] Ina r*ange satisfying the felational expression
(1}, when Y/X i;.s small, the magnetic interaction between the
15 magnetic grains becomes small. Meanwhile, the coercive force.
tends to increase. In the same range, When Y/X 1s large, the
magneticinteractionbetween themagneticgrainsbecomes large.
Meanwhile, the coercive force tends to decrease. Thus, by
adjusting ¥/X in a range of the relational expression (1) ,7
20 .. it is possible to set the magnetic iﬁteractiori 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 capabilitir of the
employing recording head and sufficiently reducing the
25 ~ magnetic interaction. |

[0042] Moredver, since the magnetic recording layer 25

10



Meanwhi l 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
magnetic interaction between the magnetic grains and the coerci VEP$dr@e2io00
preferred values. For exanple, a magnetic recordi ng nmedi um can be
obt ai ned, having coercive force suitable for the capability of the
enpl oyi ng recordi ng head and sufficiently reducing the 25 nagnetic
interaction. [0042] Moreover, since the magnetic recording layer 25 10
FP03- 0321- 00 hdwms$hehechobl metal dlavieay s Blsidsi ddie chystaysizaiyrdize si ze
of the lam nated layer 5 in the magnetic recording layer 25 is reduced.
Accordi ngly, dff the peminbtedtayeidecent tamgiadnstimhoesergbrdekdydi t%> duri ng
witing and reading and increase 5 the recording density further. [0043]
Herein, the ti ckdessdof Adwishedlyayer 1oPassildeetergdbgedirangddiion nm in
addition to satisfying the relational expression (1). Wen the seed |ayer
20 i s extrensloisa hiepweehebsEeddnning W@ Hay andendedtydtanplinfreass e as a
10 seed for the crystal grain growth of the magnetic recording |ayer 25
i nsuf f3 ci ent Ifhe asqoreligchalengand, IWhERSThe seed layer 20 is extrenely
thick, an effective recording nagnetic, field is reduced between the under
| ayer 6 and tH¥®43dcor di ndlergdad dhspbbiekenss hef otkrrsegddayier & drider
| ayer 6 through 15 magnetic¢ recording |ayer 25 during wjiting. Hence, an
SIN ratio tédeferetdy gggﬁggég_l nm, in addition to satisfying the
relationalexpréssion(l). When the seed layer 20 isextremely
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 recordingznagnetic '
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
ratic 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
_ofthenoblenmtallayer50,iseasilydecoupled.'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

11



[ 0044] The thickness of the noble nmetal layer 50 is preferably at nost 1
nm in addition to satisfying the relational expression (1) . Wen the
noble netal layer 50 is 20 extrenely thick, especially, magnetic EBUptrPagl-00
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 nmultidonmain structure in the thickness
direction. 25 [0045] The entire thickness of the magnetic recording |ayer
25 is preferat ynoitt iifstmoipi aflddkdonoie preisfeny the rhediggedl 00 at
nost 30 nm in addition to satisfying the relational_ expression (1) . Wen
t he magneti c FPEEGFHIRG |dyer BEn sthena@fllif mficOrRdipHe layeeceirvas
recording field is reduced. between _the magnetic reco%ghgg.head and t he

I

under |ayer GEXGreRfdy iéi€ky thereffechiventesritinttt I rE&BEichg

magneti zation is hard to be obtai ned. [0046] (Second Enbodi nent) Next, a
magnet i ¢ r ec FRIRFAEGCURR BB e AR TR 1D Peadsarentb e it el YA 197 be

described with ference to FIG 10 2. [0047] Unlike the magnetic

recor d%)ng medi SOY thETeriFst E%@%ﬁ[l%n’fll}a‘{ e é:telq?l%;@& di ng

medi um 200 accordin%ggpo t he greiegt enbod{nent has | am nated | ayers 9 and
nobl e net al "PEAETE 45180 FndREFy QBT KN seed |ayer 20 for 15 a

plurality of ﬁﬂﬂﬁﬁ' Fbre%gécggéhﬁébégfmgggfe met al | ayer
Next, a magnetic recording medium 200 according to a
second embodiment will be described with reference to FIG.
10 2.
(60471 Unlike the magnetic recording medium 100 in the
first embodiment, themagnetic recording medium 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 léminated layer 9 may be in contact with the seed
layer 20. In addition, the noble metal layer 50 or the
laminated layer 2 may be in contact with the seed layer 20
through other layer. _
20 [0048] The laminéted layer 9 is formed by stacking a
| - platinumgroup 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 layér 30 ére sﬁacked is not
25 particularly limited as long as the nﬁmber is plural.

[0049] The platinum group element layer 40, the
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50 or the lam nated layer 9 may be in contact with the seed layer 20. In
addition, the noble netal layer 50 or the lanminated |ayer 9 may be in
contact with the seed | ayer 20 through other layer. 20 [0048] Th&P03-0321-00
| am nated |layer 9 is forned by stacking a platinumgroup elenment |ayer 40
and a transition netal elenment |ayer 30 alternately for a plurality of

tinmes. The nunber of tinmes that the plati numgroup el enent |ayer 40 and

the transition nmetal element |ayer 30 are stacked is not 25 particularly

linited as | oRERRSIEIRN AgkBérelsneniudaver 30040e mrel pmetiaduiryrsup? el enent
| ayer 40, the 12 FP03-0321-00 ¢transition nmetal elenent |ayer 30, the
nobl e netal |ByRrSTW lAwersédd Fhyernder haweTufdernfaller subaREEERel 0
substrate 10 are the sane as those in the first enbodi ment. The order of
stacki ng t he PFAGHURTEP Gt tBrERekt Thy dirad AP d et andbei ordsr ek al
el ement | ayer 30 of the | am nated layer 9 is not limted. [0050] Also in
the present enbfehishtd ePﬁét%HF@Eﬁéﬁ?Qﬁem%qkﬁ%%%ﬂ 9 apertbeolranel Fifer of
tinesH%hat t he na Ii yers %glare stacked, and the thjckness of
each nmvbl e net&tat P %?n*séaé(reé TPty %%W%W%/t?%éai’%?a?t}%ﬁgfﬁ Eipteadi on
(1), 10 mhere‘@§%§ the thickness. _of the seed Iai 20, .and Y is the _sum
total of the t Iness 0 1t3f?e“?'| SePheteRt B ngpty Fhe R AkGREFI
recordi ng | ay, 051% {ﬁf inthis ma etlc r rg flUﬁ]ZOO by
setting the tﬁ?eclfﬁ@ Ss1%Y5 FYPRGEr © gg: ttﬁ‘@% h‘??%‘?lg
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 tothe first embodiment,
the magnetic recording medium 200 exhibits the same cperation
and effects as that in the first embodiment .
[0052] Moreover,preferredcondltlonsforthethickness
20 of the seed layer 20, the thickness of the noble metal layeru
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 |ayers 50 to satisfy the

rel ati onal expression (1) simlar to the first enbodi nent, the nmagnetic
recordi ng medi um 200 exhibits the sane operation and effects as FRa8-PR21-00
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 enbodi ment. [0053] Next, the magnetic recording
medi a accor diHye senet e thregdin§henboes rambe digeatyr Wpieedr eBagedat ous 25
characteristics thereof were exam ned. [0054] First, the magnetic recording
medi a, whi ch Isfa@ples RP@RC0221-00 the sane as those in the first

enbodi ment, were prepared in Exanples 1 and 2. [0055] (Exanple 1) Under
the reduced plr re atng&paBPée firstly, a 3.0 5 rimthick Ag seed | ayer
was fornmed on a gl ass substrate. Secondly, 0.1 rimthick Co, 0.8 nmthick
Pd, 0.1 rimthick Bsderpthe rAuIRERrAGSUDCRFIGERIATG PdrsFlyr anttthi ck
Co, 0.1 nmthick Ag, and 0.8 rimthick Pd were stacked. Thirdly, the
stackithg wasTFdpeatedd o6 dRYSEi HBE WPTReE PR drEersgpsubstrate.

( Co/ Pd/ Co/ Ag/ Pd/ Co/.Ag/ Pd) and .t he sane_thi ckness. of .each layer. .Finally,
01 ¢ i th SSRESTRNE 0061 TPk CRA e BRSERCREES: P BRLEPECKHHTkness

of the mgnet g Tecarding | ayer 21acksd, 10 {18, A9, 380, ! 3T o
Ag, and 0.8 nm-thick Pd were stacked. Thirdly, the stacking
was repeated for eight times with this order

10 {Co/Pd/Co/Bg/Pd/Co/Ag/Pd) andthe same thickness of each layer.
Finally, 0.1 nm-thick Co and 0.6 nm~thick Pd wefe 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) obtaiﬁed
by (sum totzl 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 o vacuum reaching degree to 9x10"® 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 forméd4 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

14



of the thickness of the Ag layers in the magnetic recording 15 | ayer was
1.8 rim At this time, the result of (Y/X) obtained by (sumtotal of the
t hi ckness of the Ag layers in the magnetic recording |ayer/the t BFERAOSL1-00
of Ag seed layer) was 0.60. [0056] Herein, the Ag seed | ayer and the Co,
Pd, and Ag |ayer 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 forped,_ .power, was set t 50_.W and _the_atnosphere was set to Ar
gas of 2 Pa. %eena’f%%s%eﬁeaﬁ’@rs 5 s%f’o%&ﬁea,aspB%E fds set to 140 W and the

pover 25 vas 81T 36 WIARHEIRe “atROSpREP S REL TSt <P s of 2Pa.
I+ 8 R B T, | I
eI et e e L R
Ly S, DS BRSNS e MAOMESS el A"
Cormar ot ve SRATYR e gL me g, Ve Pl sgn dpgrRdin o
o Anes ] AR kTP A0 Bl YIRS 40 0.7,
the sum tot alz.Qfmdike 1t RGkRe8Bared. 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 ﬁm—-thick |
20 Ag seed layer was formed on the glass substrate. A magnetic
recording layer was formed on tﬁe 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
tayer side, were stacked to form a laminated structure.
25 S_econdly, a 0.5 nm-thick Ag noble metal iayer was formed on

the laminated structure. Moreover, the same laminated

15



of the Ag layers in the magnetic recording |layer was 3.6 rim so that Y/ X
was 1.2. 15 [0058] Moreover, a magnetic recording nmediumwas prepared in
each of Exanples 3 to 5, which was the same as that of the secon§f03-0321-00
enbodi ment. [0059] (Exanple 3) Under the reduced pressure atnosphere, a 3
nmthick 20 Ag seed |ayer was fornmed on the glass substrate. A nmagnetic
recording |l ayer was fornmed on the Ag seed |layer with the follow ng steps.
Firstly, seven_ |aninated |ayers, in wihich Co (0.1 nm /Pd (0.8 nm were
stacked in orderiFrHiR Re E%es‘%aé‘ae P& Metad, Lanie WerscREACERIf B tr e

| am nated structure. 25 Seﬁl)ndl .5 nmthick Ag noble netal] |ayer was

formed on (AL TSAHAAISE oERACEFBSr RbRBoVR? Eobnes Saami BrRd by Sk
al tor nately. urEHEmGRe {Joh TR ROEY - SNl A iacda REJord. OTReL i@ Co-
(0.3 1 PO LSS S SEAET 0SSkl O RS SRR AP SLES o
The oo ¢ MbRHESn Bt FhEcnbmerG / Facbl of | 45y SAiee BT Ay
soed, | QYer  VERRRRE AYIIELY 2003 MLl ILAIILL) o LG U plal of he
T e ey O Ent AL SN0 4L hE"Pa PO Hixld &F Y B D3RS ThOSe
: 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 mm. 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 médiu.m 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 mediu_m
of Example 5 was preparéd. The maghetic recording mediu.m 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 thickﬁess 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 ‘thicknéss of the magnetic recordincj'
25 la-jrer 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
that of Exanple 3, except that the thickness of the noble netal |&§88—Rds1-00
set to 0.8 nm A magnetic recording nedium 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 nmagnetic recording | ayer was approxi mately 27.4
nmin the maghdtid/SecdPdrig Frreftkd ofredsishipi%e Layethefshrrptal © dfag he

t hi ckness of the Ag layers _in the magnetic recording | ayer of Exanple 4

was 2.4 nm and WX wAYSo. B/ X TRRCEARi + eV t hi ckness of the magnetic

recordi ng 25 r.was approxinmately 28.0 rimjn the_ magnetic recording
medi um of Exah%%gJS. The SORPESEEEY fEﬁﬁﬁpiﬁ?c%n%%g o the 16 FP03-0321-00

Ag layers in the magnetic recording, | ayer_ .of anple 5 was 3.0 nm Thus,
Y/ X becane 1.0. [ggﬁﬂag’(j%ﬁﬁa?%?? 7 BRsHem o aﬁgmg?rﬁtﬁﬁﬁn@f?lﬁp}%c%rdi ng

medi um of Conparative ampl.e 2 5 s prepared. The nmagnetic recording
Toch U of Coa BTEVaTRx ar P2 TREE L CHes b i Mo L R 8 e Cept
Fecor ding medPUHEE ColBardl QB EXRIE GO BIRTard S FRRE haghetE
Lecordi g oAl SHPRLEL LYS, BB Aouee, 109l SR S il
recording medium of Comparative Example 3 was prepared. The
magnetic recording medium of Comparative Example 3 was the
AlO 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 the Ag layer was 4 .5nmin 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 layer-s was 3.0 nm in the magnetic recording layer of
20 Comparative Example 3, and Y/X was 1.5.
| f0062] (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, O..Al Vnm—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 magnetic
recordi ng | ayer was approximately 29.5 nmin the nmagnetic recording medi_um
of Conparative Exanple 2. The sum total of the thickness of the‘EB ﬁé?é?l‘oo
was 4. S nmin the magnetic 15 recording | ayer of Conparative Exanple 2,
and Y/ X was. |.S. The entire thickness of the magnetic recording |ayer was
approximately 28.0 nmin the magnetic recording nmediumof Conparative

Exanpl e 3. The m total of the thicknesses of _the Ag.layers was. 3.0 nmin
t he magnetic ?%%Pcﬁenénl theratgre 5??@‘815%@&@93,5”5%50??;( ?/gs 1, 5.

Co antl 0. 6, Ul bHFERCP Shor b SoLKIRF FbrCRsre PBE A& oSoF BUE 1A Bbver .
the top, 0.1 t hi ck d 0.6 .nmthick,.Pd tacked 25 to. t
magnet i ¢ ¢ ecol iy Cnbth b BPS COMIT T Ve St B oA B SRR g e

conditions f t he stacki re_the sane 17 FP03-0321-00 as those in the
aforenentiongéﬁﬁ%) F@ fm%gﬁzﬁéﬁﬁﬁtgf I of the thickness of the Ag layer in

S SRS, e T O PR Y B
] i Q 5 d i Ex

(he o'l 2ver s, p) b Rl EXATLSS I Sog0d rpAreL e Barml e

rodi um are | isteds (. 8Bl i £ i fand nbOG 1A DRORSLIAR QL SUNE G each

magneti c recordi |
medium are listed in table in Fig. 3.

[0064] Amagnetization curve of eachmagnetic 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 cbtained.  In addition,
interactionparameter awas derivedbasedon the magnetization

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
reéording 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 sét as the
-interacticnlparameter'u; Herein, “a=lf indicates that thére
is no magnetic interaction between the magnetic grains. In
thecasemmerecxislargerthanlq the larger v is, the stronger

2> the magnetic interaction between the magnetic grains is._

These results are listed in Fig .3.
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10 nedi um t hus obt ai ned was nmeasured by VSM (Vi brating Sanple

Magnet oneter), and coercive force He was derived. At the sane tine, the

crystal grain size was measured by AFM and the each average crySF&P—§#ain00

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

par amet er i ndj caéeEte]s t he degéee of intensity.of nagnetic Jjnteraction

bet ween t he i ¢ grailAsCIIPRTR eghRRRR e Aedbr iR g AoalAre T sspB S cal |y,

as shown in FI G . 20 inclination of the. nmagpetization curv@e{bli n { he
a

per pendi cul ar"@HGe&G FEROT ARG 1o FASE CANP FHPTIRR HEePRoRDE ™as the
i nt ti . t .. Herejn,. "a=1" | i t t hat i ti
| nter acti on BRUYRBHEPHE: ety 2 25iar na L ERASEh i vegasubpbr Eont P T gar ¢
than 1, the | r%%:%i%.is, Efjﬂwe stronger 25 the magnet hg i nteraction between
the magnetic @1’ ' 87 THESETYRLT (e §4%8 ¥GSi A0AYy | Fus grains

FP03-0321- 00 0065], In nparative.Exanple 4 without Ag layers in the
magne?sl?c recovfe[ i'ng’ a?é’}f%c%gpﬁ%%f’%?%e He becane 601kA/ m  which was

rain sl ve ved B T ¢ heE BB B GEa RS hit o1 SR PSP ITASS Pooed] In
Comparat|ve SLELy S SR PULIN A0, Bretsalh e JBMSS
reduced by iQﬁ??P§£f$iﬂH% coercive force Hc was reduced by incorporating
the Ag layvers. However, o exceeds 1.5. Thus, it is not
10 preferred.
[0067] By contrast, in Exampies 1 to 5 incorporating Ag
layers in the magnetic reccrding layérs under the condition
of 0<Y/X£1l, o was maintained at most 1.5 wﬂile 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 5werepreferredas perpendicularmagneticrecordingmedia.
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 téndencies. That is, the
smaller Y/X is, the smaller o is and the larger the coercive
| “force Hc is. In addition, the larger Y/X is, the larger o
is and the smaller the coercive force Hec is. Accordingly,
by adjusting Y/X, o and Hec 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.

[0067] By contrast, in Exanples 1 to 5 incorporating Ag |ayers in_the
magneti c recording |ayers under the condition of 0<Y/X<-1, a was? FU3-0321-00
mai ntai ned at nost 1.5 while the coercive force He was suppressed to at

nmost 520 KA/m Thus, it was 15 confirnmed that the magnetic recordi ng nedi a

in Exanples 1 to 5 were preferred as perpendi cul ar nagnetic recordi ng

dia. Note that i f bl t t t t 1.5 t f orm hi gh
o ey bor b BST 32 4o Thut it Brbeta b B B
t end i f. Ex I 1 d .20, 2, 3 5 th foll owi
endenci os. THI ISR 13225 iPor o Rapet Srorerfind L it 0 R | ar ger
t he coercive _force He.is. I% agdition, t he Laﬁger Y/ ii, t he Iar er a is
and the snal Iset?W‘%té‘lrceo@l’ac?’l GELEGCe R TREUCABE O FBF ngHYS o by 9Lt 3y Y/ X, a
d He b t i . f d tio. .25 [0069] As_sh i I 1t
2"and. Compar et B Ph et CBELMefs (B2 AT R e DR B R B | 1
th FP03-0 -0 i an _Ag |. i nt bet
bair O | o ratel T RrerehRbHEE TAMLAD, AN A hBKELarl EhPORERIEANED O o

has effects q¥%§§gﬁﬁk?gﬁ Ogeggﬁibabogbgkgt%gésExggﬁfgrgg with the case

where the Ag et'ween 0 am nated | ayers i s not

i ncl uded in t@mgneti CNorcscaﬂ,g@g'ﬁ%ﬁﬁepfés h%ocgvpggeggbggcﬁé@%%é-

[0070) Note t , in Exanples coercive
He is sufficient since the coercive force exceeds 280 kA/m

(3.5k0e}, wh_ich 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 andcantake variousmodification 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 pair 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

~ dataontoand 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 medium 10 [0071] Note that, %p§_0321_00
magneti c recordi ng medium according to the present invention !s_ﬁ _
limted to the foregoing enbodi ments and can take various nodification
forns. [0072] For exanple, although the magnetic recording nedium has the
plurality of noble netal layers 50 in the 15 aforenenti oned enbodi nents,

t he magnetic i nedi ;S N i Im t his, That i.s,. it is
necessary foréﬁég&iIﬂ%ﬁgfgg%gggéggiﬁ%d%%%i%ﬁgé% y eoSESQBQE?EP?ﬁ{W%ﬁ?ty ?f

| am nated | ay. q&% I tal _| . 5 . st. air o

| am nat ed | ayngér}z hge an %3;% a[%0{§;§| En(a‘iaﬂ'?ér'ﬁ“éiCE(E gg%&ngﬁg)ﬁ%%é . alrﬁ’%tg%ae i 'Cb 4
recordi ng devi g@i?g i ; r i td. i cribe
with refer enc%ffégé %g#ﬁgotﬁgéﬁgﬁeﬁrﬁg%ior?;]\“[%%vﬂll%gt%%%%%%|'ng to

t he present 'myﬁﬂtion c j far ' i.C. i ng 25
medi um 100 an% a magnetic e%%gi%%b?ggﬁ%a?g?E%hgﬁggFggg?%Eoggéggq%%tg and
from the Magnesi Gniesordi g TRGAMEA0 . Her el oo 20, FRI2:0321,00
nagnet?c recordinglnediunl%%ﬁé%éﬁ%e seggﬁd eﬁﬁﬁﬁﬁhéﬁf’%ﬁy begenbloyeq as
the magnetic 4 g&9editngogediym nhRskead holq e & 9%% d£&Qr dhag fRdi um
100 of the first enbodi nent. F0874] The nagnet?% eéﬁﬁioo conprises a

recording heaghhAQL WAEERGHEfiga 8/d19b8-J10kB et ¥iihe @i & %@éwaiﬁ{;%mtuﬁol
and a shield 403. The nagnetic head 400 is disposed 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 {101(:, and an exciting coil 404. The second magnetic
pole 401b is separated from the first magnetic pole 401la with
a predetermined space along the surface of the magnetic
recording medium 100. The connecting part 401c connects the
15 first and second magnetic poles 40la and 401b at a position
separated from the magnetic recoding medium 100 ih a
predetermined space. The excitiﬁg coil 404 is wound around
" the connecting part 40lc. -
[0076] A sectional area of a portion facing the magnetié
20 re;ording medium 100 in the first magneﬁic pole 401la, which
is ta\ken along the magnetic recording medium 100, is smaller
.t.han a sectional area of a portion of the sedond magnetic'
pole 401b facing themagnetic recording medium 100. Magnetic
f‘lux generated by the exciting coil 404 passes through the
25 . | connecting part 4Qlc and is cbnverged at the first magnetic

pole' 40la. The magnetic flux further passes through the

21



magneti c recording |layer 25 of the magnetic recording nmedium 100. [0075]

The recording head 401 is constituted by a first 10 nmagnetic polﬁ gggs -2 _00
second magnetic pole 401b, a connecting part 401c, and an exciti B oPP

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 nmedi um 100. The connecting part 401c connects the 15 first and

i ) Lti . d f h .
Pagnoti 0 Coc B 5002 AN A02P o BORE bedk 1S R0 %l_ggzéﬁ%%gfcoi |
i g i ns nal. ar.ea of a
borti on et i HECRRiEFRRISEbL 10 dRE (A0 ai e Ba T br s P RR RS0 0

pol ¢ 401a, Whiithg Lhcl G0y Al0ng. ENe WRONCLLE KEEOLA DG 1IR0I U 00, 1 S

smaller than a sectional "ared of a p i on of €~ sectond nmagn poljeb
401b facing t k i I . I e y
the exciting *%Ee.@%%%%%&l@%"é%%%gEﬁ?hﬁ%éﬁ%ﬁ%@%??%g%gf%aiaﬁﬁl% s

d at LS i 0 i u rt
gggggggfhrouéﬁh?ﬁ%lEZ%nF 3-OggﬁFg%B%ﬁéb%nggaﬁgc%rdl%%%?égeéogg'aﬁgfgoes

back in a di r@&{é%ﬁ@gﬁﬂem@iﬁ%%g oA sgﬁ@%'e%ié%l}cqi%féog@ﬂhg%“ on in

the draw ng) along the under |ayer . magnetic flux s read,
the magneti ¢ fikx PpRS$RTMALAYINLRC410RI9RY ] fa eﬁ%grélfﬁgcﬂ D arawlrrgal n

and goes back to the second magnetic pole 40
magnetic flux.
[00771 The reading element 402 is disposed between the

10 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.

15 [0078] Inthemagneticrecordingdevice 300, themagnetic
head 400 and the magnetic recording medium 100 are in relative
motionat apredetermined speed. Thereading elément 402 reads
out data by reading a magnetic leakage field from the magnetic
recording layer 25 of the magnetic recording medium 100. In

20 ’ additio_n, the recording head 401 records data on the rﬁagnetic |

recording layer 25 of the magnetic recording medium 100 by
the 'magne_tiC flux from the first magnetic pole 40la.
[0079] According to this magnetic recording device 300',
the aforementioned magnetic recording medium is employed.

25 Thus, themagnetichead 400 cansuitablyperformthe recording,

and the transition no_ise betweenbits is reduced. Therefore, -
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ot herwords, the under layer 6 forns amagnetic circuit together wth the
recordi ng head 401 and has an effect to draw the magnetic fl ux. gg@éZb gqgoo
readi ng el enent 402 is disposed between the 10 shield 403 and th A
magneti c pole 401b of the recording head 401. The second nagnetic pole

401b al so functions as the other shield of the reading el enent 402. The
reading elenent 402 is, for exanple an magnetoresi stive el enent such as

GWR 15 [0078{y 4 f t i_n Vi n ead 400
and the nagnetlc ré%%?gan§C1 %bg a%ggﬁhoﬁglggavg£bg dﬁﬁgf DLy

apr edet er m nefh, gpagd. 41T ]ggg%ﬂ ment 402 reads out data by reading a
magneti c Ieakage fleld P?%g the magnetic recording |ayer 25 of the

magneti ¢ recofehgty medi uBA0G, gharaQ Addtiony Lbe;LeCaLd | 401

records data on the nagnetic recorglng l"ayer the nmagnetic fecording

medi um 100 byreddi&y ORI iGd X +hie0 %@%nft' ggeﬂﬁgﬁlg = ROl &, ¢H0la, o 4 [ 0079]

According to this maghetic recordlng evi ce oremnent’i one
magnetd c recoiﬂ'él%ﬂ@(ﬂg'émdesn%'@ls%ﬁﬁdaszé Thys, gt be gﬁ@nﬁﬁiclﬂg ad 400 can
suitably performthe recording, and the transition noise between bits is
reduced. Therefore, 22 FP03-0321-00 the preferable data can be read out
and witten suitably. Industrial Applicability [0080] The nmagnetic
recordi ng medi um and magnetic recording device of the present invention
can be utilized
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5 in a storage device such as a hard disk and the like. 23 24 CLAIMS: 1. A
magneti c recordi ng medium conprising: a seed |ayer containing at |east one
netal selected fromthe group consisting of 5 Ag, Au, Pt, Pd, Ru, and Cu;
and a magnetic recording |ayer forned op said seed | ayer, said magnetic
recording layer having a plurality of |lamnated | ayers and a nobl e netal

| ayer pl a&kdlM®st ween said |am nated | ayers; wherein said noble netal [|ayer
contains at | east one nmetal selected fromthe group 10 consisting of Ag,
Au, Ru, and Cu; and wherein said |am nated | ayers each includes a

transiti o met &MAPelFERtording /AU EAMREFAY NG at | east one metal sel ected from
the group consi sting seéd @ger ddintainmg cht I%gst;md rﬂeteﬁrﬂeﬁbtbmﬂﬁmgﬁ@ybu@b@%m?g d;fayerd
cont ai ping at | y cte romthe group consisting of Pt an
Pd, chgr acteri égfﬁ‘f ﬁe?ﬁ’aﬁg@a?g%bgansi tion netal elenent |layer and said 15
pl ati num group el enérifadnelifaeceiding ipyvemiodnaderrt said Aeasclayani said wagnetie frehwing and
wherein a rel RiéraRing @XMIr@BSof0amAstYd M9drs Gnll & roBlel dthi8ser PGS elvdeh said

t hi ckness of s%im(ﬂ]ge%qéjelsayer, and Y is a sumtotal of thickness of said
noble metal layer 1Tn said nagnetic recording |layer. 2. The nagnetic

recor di ng nmedi um acwberdinsgid neble malahieder coli@ineitieashorng rmatdd Iselegted fadm thayeupi s i n
20 difgct cont askistMglonag Al RShican metal el ement |ayer. 3. The nmagnetic

recordi ng medium accoyding to,claiml1 or claim2, wherein said noble netal
e pl acod. bot woeRLueh i FrTiar s G dngiesp TarTt R ST ElemEt el
transi ti on netedntairgigeatdesst ¢r&ye¢taics|eleot|ae freindiee anodp w@ttsisti@ qjlca:_t Nhand Ge augpa
el ement [ ayer Bé\inbrtﬁegr%ph%ﬁanﬁhtd%{erf%n%inin%ﬁhﬁ RRANGL! I@etﬁfegé?écgédngom% llég)iuﬁg

according to any one of clains erel n sai magneti c reco

| ayer has a pl alistjng)?f Bt andLidy c%%t%is%if‘lématq s&iﬁé@gition metal element layer and said

15 platinum group element layer being in direct contact with one another; and wherein a
relational expression 0<Y/X <1.0 is 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 recording layer.

2. The magnetic recording medium according to claim 1, wherein said noble metal layer is in
20 direct contact with a transition metal element layer.
3. The magnetic recording medium according to claim 1 or claim 2, wherein said noble metal

layer placed between said laminated layers is in direct contact with a transition metal

element layer on one side and with a platinum group element layer on the other side.

25 .
4, The magnetic recording medium according to any one of claims 1 to 3, wherein said
magnetic recording layer has a plurality of said noble metal tayers.
5. ~ The magnetic recording medium according o claim 4, wherein said laminated layers and
30 said noble metal layers are stacked alternately for a plurality of times.

6. The magnetic recording medium according to any one of claims 1 to 5, wherein said
laminated layers itself are formed by stacking said transition metal element layer and said
platinum group element layer alternately for a plurality of times.

35

7. ‘The magnetic recording medium according to any one of claims 1 to 6, wherein the
thickness of each of said noble metal layer is at most 1 nm.

8. The magnetic recording medium according to any one of claims 1 to 7, wherein the

40 . | thickness X of said seed layer is at least 1 nm.



5. The magnetic recordi ng nmedi um according to claim4, wherein said

| am nated | ayers and 30 said noble netal |ayers are stacked alternately
for a plurality of tines. 6. The magnetic recordi ng nedi um according to any
one of clainms 1 to 5 wherein said |anfated |ayers itself are forned by
stacking said transition netal elenent |ayer and said platinum group

el ement | &er & nanatitredopdidgdeviae, gbmpaédingty of tinmes. 35 7. The nmagnetic
recordi ng nmedi um ac j : . Of N I . igh e

thi ckness of each o% Qggﬁaggﬁ%ag@mg&?m a@cgérah@aatny%@es‘?C'flw%sn{t%g."a%e _
magneti ¢ recordi ng AeBrHRialest 8 nyitne andyreadieg gatacanig gad fromosaid wgseetisi n
the 40 thicknessrdifgodediial.d seed layer is at least 1 nm 25 9. A magnetic
recording device, conprising: said magnetic recording nedi umaccording to
any one of clainms 1 to 8, and a nagnetic head for witing and reading data
onto and from said nmagnetic recording nedium 5



