FP03- 0321- C DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNET | C RECORDI NG
DEVI CE Technical Field [0001] The present invention relates to a nagnetic
5 recordi ng nedium on which data can be magnetically recorded, ERO3a0321-C
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 systemof a magnetic recording
device such as a hard disk. In aDlfa@iREERIONecor di ng nedi um conpati bl e
wi th the perpendicular magnetic recording, it has been attenpted to enpl oy
magnet i ¢ recor di MAGNEREIGREUCKD BSG IBDPUM PN LaidlCN0uT FORFEQURDGNGDFV ICEer ci ve
force and a high squareness ratio as well as high perpendicul ar nagnetic
ani sot r opy.Tagdmiasl tFiaslal mat erial s gives a recording nmagnetic film
per pendi cul ar magnetic ani sotropy, which is high enough to overcome an
i ncrease i N®&iGldct s of TheepmEsentudnyanitdon Tieilet26 iteceeaggnatdonpani es
finer recording bits caused by the shift toward high density. [0003] For
exarpl e, a neEpREing reddrai ory vhedhudr tacHreleite M ek reeotdede and a
hi gh squareness ratio is known. In this nmagnetic recordi ng nmedi um
t hi ckness @i 25 mpdrtdkhéesoratiing slevdaeh drpjer iade thentsedEl-ed in a
multilayer filmwhich is alternately formed by stacking nagnetic | ayers
Background Art
[0002] Perpendicular magnetic recording system, which
is capable of high density recording in comparison with
10 conventional longitudinal magneticreceording 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 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 of thermal fluctuation. This
20 increase accompanies finer recording bits caused by the shift
toward high density.
[0003] Fcr example, a magnetic recording medium
achieving high coercive force and a high sguareness ratio
is known. In this magnetic recording medium, thickness and

25 a thickness ratio of each layer are controlledin amultilayer

film which is alternately formed by stacking magnetic layers



1 FP03-0321-C such as Co and noble netal |ayers such as Pt. Alternatively,
this nmultilayer filmis additionally lamnated with interposing
nonmagneti c | ayers such as Ag. [00041 Anot her nagneti c recordi ngrredioapisc
known, in 5 which transition nmetal |ayers such as Co and nobl e netal

| ayers 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 squareness ratio. 10

[0005] Stiliuanaidher drmgnebie meeor daperreghcindartng Aktandatleyler, is
known. This nultilayer filmis alternately lamnated wwth first |layers and

second | ayefisis Thelfilsfer | Ayes sidavdd pt edhalny graminmd ayensaitduch as Pt on
either side of a transition netal |ayer such as Ag. A main ingredient 15

of the secohitéay®essndg snéanadON6d Whers nagrieta< Aecordi ng nedia are al so
known: a magnetic recording nediumin which a magnetic recording |layer is
formed by st@cking a Corgiiedt tidemearid irlemoanliagsmadiem s yist@ain M@
substrate; a magnetic recording nediumin which 20 a Co/Pd rmultilayer film
i s stacked wini@n tappsdxipatmed s 130ayeans shictka £ 8p ko fovuhelatkeh layers and a
magnetic recording nediumin which a CoBO PdBO nultilayer filmis stacked
on. a netatudlowsdBAtizore bayernhawl po tme dlamk coeatferedlatiibnclsyenctugte. 25
Di scl osure of the Invention
as metal or oxide thin film and are heat-treated on the
predetermined conditicn to achieve high coercive force and
a high sguareness ratio.
10 {0005] Still another magnetic recording medium having
a multilayer is known. This multilayer film is alternately
laminated with first lavers 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] Toachieveamagneticrecordingmediumcompatible



[ 0007] To achieve a magnetic recordi ng medi um conpatible 2 FP03-0321-0 with
further high density recording in the future, nmedia noise needs to be
reduced nore than ever. Especially, reducing transition noise lEoeen3bits
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 magnetic grains. However, grain sizes are not fined enough in
convent i onalitragaether heghr dingi e dieaordiangddi therfutiirgreedsa acirsabl em
that trying to reduce magnetic interaction 10 results in extrenely |arge
coercive farasis Bd remdaducargeworeoatany evicar.ceEwpttiabke, aradgnghgc wite
head difficult to record data onto a magnetic recordi ng nedium [0008] The
present i nverdrisortihas rder teiweech fod tev ersc @xk r etrled vf erfdgoitrigedificli cul ti es.
An object of the present 15 invention is to provide a magnetic recording
nedi um capatdduciofy mediei ngiseysfah pripendiaeas maginletas megredicg
interaction between magnetic grains w thout naking coercive force

ext renel y lmmrdgesm.andnacnadgnetd cacktevei iyl sleVitc e sempinddgitoy v ttee fdage. 20
[0009] The magnetic recording mediumaccording to the present invention

i ncl udes a cseeth $ayes of oagmietiinggaeiheasd rasheame @he st dotedalitdwnt he
group consisting of Ag, Au, Pt, Pd, Ru, and Cu; and a magnetic recording

| ayer for rrécet(\,)\reetrhmaqseédf:l%ﬁ@ms-t h@ow&gﬁébuﬁram@rlme@garamt Hawedg a

plurality . . ] o
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 as well asmagnetic 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 ilayers includes



25 of lamnated |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 setegted3ifnony
the group consisting of Co, Ni, and Fe and a platinumgroup elenent |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 Pe¥EXsit Qohmetalil sféosht Wagke oniniieknassof ohbewessead | ayer,
and Y is a sumtotal of thickness of the noble netal layer in the nagnetic

recordi ng |ayeatdd 4:Q010hAgeong pentdsthagnagnesj avi ecaidliFeg aretiaum of
the present invention, it is possible to reduce the crystal grain size as

vel | as maigtal meeeyreive eflemeatol at/be omgbelhtngracareat sty drayeretal a
preferred range while magnetic interaction between magnetic grains in the
magnet i ¢ 1 egrahing ¥volmayes sgidars bhisdisentnbyof uead. PEOOMHdrdfen dihe it is
preferred that the magnetic recording |layer has a plurality of the noble
meta | ayernobld @121 Asgerdimgtding hhts lebhe phermétay sflewbid fretml
| ayers are interposed in the magnetic recording |ayer. 20 Accordingly, each
nobl e met altHeayarowgarcdresitdtiinned i hg,héu,r &ge asat iCst,yiamgl Wherein a
af orenmenti oned rel ati onal expression. Thus, nagnetic coupling between the
| ami nat ed |mylertsiondli chxp rsardiwire D& <Sloll] e svestadli dfbyet,, Whedea®d ito be
decoupl ed, and
thickness of the seed layer, and Y is a sum total of thickness
of the noble metal laver 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 az well as maintain coercive force of the magnetic
recording layer in a preferred range while magnetic
interaction betweenmagnetic grains in the magnetic recording
i5 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 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. [0013] An exanple of a specific
structure of the magnetic 4 FP03-0321-00 recording nmediumis as Frli-ons21-00
the lam nated | ayers and the noble nmetal |layers are alternately stacked

for a plurality of tinmes. [ 00141 An exanple of a specific structure of

the lamnated 5 layers in the magnetic recording nediumis as follows: the
transition nmetal elenent |ayers and platinumgroup elenment |ayers are

al ter nat el y-stackes hioniampl 42l Eby1ehst itms 1ani@@tsld Fuytherami ¢het he
t hi ckness of each noble netal layer is preferably at nost 1 nm 10 [00161

Wien the thigknesetefl eaghraoble aBteinieyey disaciedd st &l pdmralimgnetic
coupling between the lamnated | ayers, which sandwi ch the noble netal

| ayer, is haf ditneshe decoupled, and the magnetic recording layer is |ikely
to have a single domain structure in the thickness direction. is [0017]
The thi cknegmp4jof t he rseathrrles £ b Spprdifecaliinuctatrd @ishel aminafedl1s8l
According to this, the seed layer plays a role as a seed f or the crystal
graim growihyeird He mRgnebgaetécordtogdihayesdi2d {HeED]IcIHeWsHgRSE C
recording device according to the present invention consists of any one of
t hed:c ﬁ5e90|mr{mgﬁeiﬂ metiécei dinrgtnikdyar anshd pisgrietirt desag fdemgnitt i ng and
o 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 preiferably
at least 1 nm.

[0018] According to this, the seed layer plays a role
as a seed for the crystal graingrowthof themagneticrecording
layer.

20 [C019] The magnetic recording device according to the
presentinventionconsistsofanyoneoftheforegoingmagnetic
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 toa first embodiment of thepresent



data onto and fromthe nmagnetic recording medium Brief Description of the
Drawi ngs 25 [00201 FIG 1 is a sectional view showi ng a magnetic recording
medi um according to a first enbodiment of the present 5 FP03--03226%-0321-C
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 showng the structures and characteristics of magnetic
recording nmedia of Exanples 1 to 5 and Conparative Exanples 1 to 4. [00231
FIG 4 is awawiat, explaining a nethod of deriving c¢cx froma

magneti zation curve. 10 [0024] FIG 5 is a perspective view showi ng a

magnetic rep@rdi ng dewm®. arciod di ngdio cAralenhed mentwiofy thengyressn
i nvention. Best Mddes for Carrying Qut the Invention [0025] Hereinafter,

preferred erhashdmng snadian agreiding o receraimy ewdidimedcarfditige to the
present invention are detailed with reference to the acconpanying
drawi ngs. Net&serthainddrecisaine reference nunerals are given to the same or
equi val ent elenents in the descriptions of the drawi ngs, and redundant
descsi ptionpo@ax] om tt exhG2® [13026]tHier sthchnngditientyticGures siral
sectional view of a magnetic recording nmedi um

characteristics of magnetic recording media of Examples 1

to 5 and Comparative Examples 1 to 4.

[0023] FIG.4isaviewforexplainingamethodofderiving

o from a magnetization curve.

10 fooz4] 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

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. 1 is a sectional viewof amagnetic recording medium
100 of & first embodiment. The magnetic recording medium 100
comprises a substrate 10, an under layer 6, a seed layer 20,
and a magnetic recording layer 25. The substrate 10 is formed

25 of glass or the like. The under layer 6 is ZIormed 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. The substrate 10 is forned 25 of glass or the like. ThePUhder2i-o
| ayer 6 is forned on the substrate 10 and contains a soft magnetic
material. The seed FP03-0321-0 layer 20 is fornmed on the under |ayer 6. The
magnetic recording layer 25 is fornmed on the seed | ayer 20 and serves as a
per pendi cul ar magnetic recording material. [00271 The under |ayer 6 forns a
magneti c cirapun 20 agetdreted &bn whthiralaretoy et Ag HBasmabeat datre dosdimic t en
onto the magnetic recording layer 25 (details will be described |ater).

[ 00281 The InagnetdT recrmhiary draydgre 28dds lfagremre d (byandstsagkiersg dsam nat ed

| ayers 5 and noble nmetal layers 50 alternately for a plurality of tines.
Her ei n, ei tdwerperitel ndld e re@ymeetial HeayperdiS@ ovatierd dlani nated | ayer S nmay be
in contact wth the seed |ayer 20. Alternatively, the noble netal |ayer

50 or the |2t ed | aydre Bndeylaeet A foomsacnagne hic hérsvdd togsrder20

t hrough other layer. [0029] The lanminated |layer 5 consists of a transition
15 rfetal eldmineg regerdB0gdrakdwWhkeat daumm igr vup téeanento |ty magagtdcacked on
the transition netal elenent |ayer 30. Herein, the order of stacking the

| ani nat ed |lremrding ayerd i3h tlptaid st idl Piee desardibeidon afkeradl- el enent

| ayer 30 maybe stacked on the platinumgroup elenment |ayer 40. 20 [00301
The pl ati nuiQ@&dup el et Negip@t 140 resntailng dayeredst iendomdes byel ect ed
fromthe group consisting of Pt and

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 laver
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



Pd. The transition netal element |ayer 30 contains at |east one netal
sel ected fromthe group consisting of Co, Ni, and Fe. 25 [ 00311 Herein,
it is particularly preferred that Pd be used for the plati num grpep3ebamenrt
| ayer 40 and Co be used 7 FP03-0321-C for the transition nmetal el enent
| ayer 30. Accordingly, magnetic anisotropy is increased. [0032] Moreover,
the noble netal |ayer 50 contains at |east one netal selected fromthe
group consisting of Ag, 5 Au, Pt, Pd, Ru, and Cu. [0033] The thicknesses
of the pl atfswintlgs otspered Ement mdiayiere Udnand et rEnsi Ricooruetgllyel enent
| ayer 30 are set so that the magnetic recording |layer 25 to be formed may
exhi bit petgpenst Tl @l setgrogdy ol anirsoteagsd . For exanpl e, when Pd is 10 used
for the platinumgroup elenent |layer 40 and Co is used for the transition
met al el emem@03Ayer 30 Mdreitdr,cliessobfle mhgaPdlépyerSCaromea et ato 0.8
nm The thickness of the Co |ayer can be set to 0.1 nm [0034] The seed
| ayer 20 cdmdasnsoret rhefzslt smegtsdlfrab tded eptcerp facgraitsielngt cup Asbnsi sting
of Ag, Au., Pt, Pd, Ru, and Cu. The seed |layer 20 functions as a seed for
crysial grAain Rfrovitdy dfut lendhdhetic recording |ayer 25 and reduces the
grain size. Reducing the grain size can reduce the nmedia noise. 20 [0035]
Thi s magnet i@ 3%cor di ngrHeay@dyi cdasieheo § gegplatinum group element

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



by stacking the transition netal |ayer 30, the platinumgroup elenent

| ayer 40, and the noble netal |layer 50 in order on the seed |layer 20 for a
plurality of times. [0036] Herein, the platinumgroup el enent | aye®34032t1he
25 transition netal elenent |ayer 30, the noble netal layer 50 and the
seed layer 20 can be fornmed by thin filmformation 8 FP03--0321-C process
such as sputtering. [0037] In the nagnetic recordi ng nmedium 100 of the
present enbodi nent, the thickness of the seed | ayer 20, the thickness of
each nobl e ped@dsd ayieth s sndtddreimpnber of 5 tines that the noble netal

| ayer is stacked are set to satisfy the relational expression 0<Y/ X<1.0
(1) where X $®3the thi dknetlse ohatthet seedekayding0meaidmy I& tde them t ot al
of the thickness of each noble nmetal layer 50 in 10 the magnetic recording
| ayer 25. [12038intHemdionirehd , nthberhiofknesesft hht sbed|layaraléd thayer 5
and the noble netal |ayer 50 are stacked in the magnetic recording |ayer
25 is not patidiodss lof |dantt esbde meriglad ayvehe S@bowadr €hat hamakrexpr essi on
is satisfied. However, it 15 is preferred that the magnetic recording |ayer
25 have a plueakhey tOfe noble medtadll lhggeris SDackedlrera apngasartssying the
relational expression. According to this, since the plurality of noble
met al | ayersh&Orarationsl popyattdsiathe nmagnetic recording | ayer 25, each
nobl e nmetal |ayer 50 can
0<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 layexr 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 sach noble



20 be thinned in the range satisfying the relational expression (1). Thus,
magneti c coupling between the |am nated |layers 5, which sandwi ch the noble
nmetal |ayer 50, becones hard to be decoupled, and the nagnetic FETDFOBPY-0
| ayer is likely to have a single domain structure in a thickness
direction. 25 [0039] According to this magnetic recording nedium the

t hi ckness of the seed | ayer 20, the thickness of each noble 9 FP03-0321-0
nmetal |ayer 50, and the nunber of tinmes that the noble netal layer 50 is

stacked iIs §ata1t a9k sby e thel atinbaal o expmessitaat (g ndsonditrgl y, it
is possible to reduce the magnetic interaction between the magnetic grains
in the magnedj&r 6o necorLiwgt hayet 25 sstlibiryian kylabboroyexpresearicve force

of the magnetic recording layer 25 will not be extrenmely |arge. Herein,
the magneti g )i nt aeaettiongilpel tdessi pbesablleonobyedexehahgemaguptiag. [ 0040]
Therefore, transition noise between bits during 10 witing and reading can
be reduced i drgtove MRANHMNG HEeRgidnet i Signaitandoushye, magnies ipossi bl e to
record data suitably with a magnetic wite head. [0041] In a range
sat isfyi ng ndwrdimf ileyelr efpsessionently., MéwsoWX i®esmrlde folreemagneti c
interaction between the 15 magnetic grains becones small. Meanwhile, the
coercive farteht andsetdcimnsreaking Layehe sahkl natdge ewbeany]l X legdear ge, the
magnetic interactionbetween the magnetic grains becones |arge. Meanwhile,
t he coer ci werfange ttrendsdre dec riedseacigs, imrludes interaction by
exchange coupling.
[06040] 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 ielational expression
(1), when Y/X is 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 is large, the
magneticinteractionbetween themagneticgrainsbecomes 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



adjusting Y X in a range of the relational expression (1), 20 it is
possible to set the magnetic interaction between the nmagnetic grains and
the coercive force to preferred values. For exanple, a nagneticrpegoodingc
medi um can be obtained, having coercive force suitable for the capability
of the enploying recording head and sufficiently reducing the 25 magnetic
interaction. [0042] Moreover, since the nagnetic recording |layer 25 10
FP03-0321-C has the noble, netal |ayer 50 inside, the crystal grain size
of the | anmmaf ethel ayen ebmital heay@mgriet iastieeor dhagetayesl 2frairs sieduced.
Accordingly, it is possible to reduce transition noise between bits during
witing andhf eadi ngmandtiedciease 5 51 ibereegnding deostrding urdyeer .29 0043]
Herein, the thickness of the seed layer 20 is preferably at least 1 = in
addi ti on tasatdstydng Adeordiet@ty,onali eppseskilertq tdhert remes igdedh | ayer
20 is extrenmely thin, the seed |layer 20 has a tendency to play a role as a
10 seed fomdie tregsicaln pridisndgrowghwoitihe smdnetadinecordiimgreaseer 25
insufficiently. On the other hand, when the seed Ilayer 20 is extrenely
t hi ¢k, an dfffeectdaerdiespraing imgnettiher.field is reduced between the under
| ayer 6 and the recording head disposed on the other side of the under
| ayer 6 thridigtBll5 magiEbain,eddedithg cdkapss 25 divd sganr iltivey. 2% dce, an
SIN ratio tends to be degraded. [00441 The thickness of the noble netal
| ayer 50 i preferably at least 1 nm, in addition to satisfying the
relational expression (1). Whentheseedlayer 20isextremely
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 recordingtmagnetic
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.
[00441} 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 [Cc045] The entire thickness of the magnetic recording

layer 25 is preferably at most 40 nm, and more preferably

11



preferably at nost 1 nm in addition to satisfying the relational
expression (1) . Wen the noble netal layer 50 is 20 extrenely thick,
especially, nmagnetic coupling between the |am nated |ayers 5, wPekh-aBelin
contact with either side of the noble netal |ayer 50, is easily decoupled.
Therefore, the magnetic recording |layer 25 tends to have a nulti domain
structure in the thickness direction. 25 [00451 The entire thickness of the
magnetic recording layer 25 is preferably at nost 40 nm and nore
preferably &lt] miR3-0321wm,C iat aviubsitt 301 iy dart isddiiticorteo redtatsifopiadg t he

rel ati onal expression (1). Wen the magnetic recording layer 25 is
extrenel y tdmhessimn efflect Waenr &ber dkpygetiiel deceordédacédyebefRedn t he
magneti c recordi ng head and the under layer 6, 5 and thereby there is a

t endency t resttistmbl e tleicdl dithg afdgestivaattieqeridd nyarfd etlgl Be alsdaiossd.

[ 0046] (Second Enbodi ment) Next, a nagnetic recording nmedi um 200 accordi ng
to a secortkwimudithenmaginel iperdestdibgdhepd har@ftdrenvelan 1RYGr 610 2.
[0047] Unli ke the magnetic recording nedium 100 in the first enbodi nent,

t he Sragnet a2 G ddmrriing Hedicurhs260 tEadsndivhghatto sttad Ler ésewrdémsodi nent has

| am nated |ayers 9 and noble netal layers 50 alternately stacked on a seed
| ayer 20 f #2EBE W iitsy heird iteede Adteiimedei t her the noble nmetal |ayer

50 or the lamnated |ayer 9 may be in contact with the seed
[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 accoxrding
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 9 may be in contact with the seed layer 20
through other layer.

20 [0048) The laminated layer 92 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.

10049] The platinum group element layer 40, the
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| ayer 20. In addition, the noble netal layer 50 or the |amnated |ayer 9
may be in contact with the seed | ayer 20 through other layer. 20 [0048]
The lam nated layer 9 is forned by stacking a platinum group el erest 03Rer0(
40 and a transition netal elenent |layer 30 alternately for a plurality of
times. The nunber of tinmes that the platinumgroup elenent |ayer 40 and
the transition netal elenment |layer 30 are stacked is not 25 particularly
limted as long as the nunber is plural. [0049] The platinum group el enent
| ayer 40, theai2iEPOR-032{) ECetreansiayven Ifet dheah@nbntudtayiet 2a868r $he nobl e
netal |ayer 50, the seed |ayer 20, the under layer 6, and the substrate 10
are the sanchass¢hodskayer tde filrestunelehodiayent 6, Thedoterswpstsabekl ®ig t he
pl ati num group el enent |ayer 40 and the transition 5 netal elenent |ayer 30
of the | am antethed @pere 9sithewt i fineefirsf co8o]diMeard: i nThkeopdesent

enbodi ment, the thickness of the seed |layer 20, the nunber of tines that

t he nobl e netatkihafbeplsd igum greekedenand tayvent 4t ekdade Ufarsaichioobl e
metal layer 50 are set to satisfy the relational expression (1), 10 where
X is5t he tHhekaksd epenthe veedOlalyehe2@nianteod layehd isnattlotralted. t he

thi ckness of the noble netal layers 50 in the nmagnetic recording |ayer 25.
[0051] Al sol?®5%hi s maghkle dry ez Rtiasefeainbaddoent pyrhesghirhgeshect

t hi ckness X of the seed | ayer 20 and the sumtotal 15 Y of the thickness
of the nob|%h$ﬁﬁ%ﬁd|h%ﬁ@ﬂ$2@@ thes%@m§¢g of times that the noble metal

layers 50 are stacked, and the thickness of each noble metal
layer 50 are set to satisfy the relational expression (1},
10 where X i1s 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 iayer 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 foregeing embodiments were prepared, and various
25 characteristics thereof were examined.

[0054] First, the magnetic recording media, which are
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the relational expression (1) sinilar to the first enmbodiment, the
magneti c recordi ng nmedium 200 exhibits the sane operation and effects as
that in the first enbodi nent. [0052] Moreover, preferred conditigps3forzthe]q
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
sane as those in the first enbodi nent. [0053] Next, the nmagnetic recording
medi a according to the foregoi ng enbodi nents were prepared, and various 25
char act eri sth€Ssdmer=eofhweee: gxema neid-s{ @abdHikiehst,, wkhe pagpetéd fecording
medi a, which are 13 FP03-0321-00 the sanme as those in the first enbodi nent,
were preparegatplesExamphes21 and 2. [00551 (Exanple 1) Under the reduced
pressure atnosphere, firstly, a 3.0 5 nmthick Ag seed | ayer was forned on
a gl ass subppoatp. Secmmbmpl®d.I) nmthick Co, 0. 8 nmthick Pd, 0. 1
nn.-thick Co, 0.1 nmthick Ag, 0.8 nmthick Pd, 0. 1 nmthick Co, 0. 1
nmthick Ag, andJfdér rihe rhtokeBdpneseisé atkedphbie, dify rstie, skatkd ng was
repeated for eight times with this order 10 (Co/ Pd/ Co/ Ag/ Pd/ Co/ Ag/ Pd) and
t he Sane t hivokitessk dig esedd | byeer wds nabingd Gorl anglds £ ks Qos taredt ©. 6
nmthick Pd were stacked. The entire thickness of the magnetic recording
| ayer stack®ecomdlyhd .Agnsetdithyer, Wa$ apptbikckhRdl P .26n8-hhickHeo sum
total of the thickness of the Ag layers in the magnetic recording
0.1 nm-thickAg, 0.8 nm-thickPd, 0.1nm-thickCo, 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/RAg/Pd/Co/RAg/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 vacuun 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 Iormed, 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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15 layer was 1. 8 nm At this tinme, the result of (Y/X) obtained by (sum
total of the thickness of the Ag layers in the nagnetic recording

| ayer/the thickness of Ag seed | ayer) was 0.60. [Q0561 Herein, Fhe3A{§3géedC
| ayer and the Co, Pd, and Ag |ayer were forned by enpl oying DC sputtering
and setting a 20 vacuum reaching degree to 9x10-6 Pa before sputtering.
Wen the Ag seed | ayer was fornmed, power was set to 150 W and the

at nosphere was set to Ar gas of 2 Pa. When the Co |layer was formed, power
was set to Tz agmesphatfe wrshosthdie AMagasaf t2 2% . gas of 0.3 Pa. When t he
Pd | ayer was forned, pomer 25 was set to 36 W and the atnDsphere was set
to Ar gas ofOGHH.  WenBdramg 12apad \ipsEragiatdde fow@piiad )set to 150 W
and 14 FP03-0321-0OC the atnosphere was set to Ar gas of 2 Pa. [0057]

(Exanpl e 2 and Cdhpagaers @@ﬁﬂ@qweﬂlm%ﬁ@m@@mmma@m%f
Exampl e 2 was prepared. The magnetic recordi ng nmedi um of Exanple 2 was the
same as ﬁh%ﬁn%ﬂnQE%éhﬁﬁéofdléﬂC@SﬂlPﬁa?ftﬁéaﬁﬁl@k%é@%ﬁcﬁhqIﬁ@ﬂﬁga§9ed

| ayer was set to 4.2 nm In this case, Y/ X was 0,43. Additionally,

magreti ¢ r ddGrtdiCfgEREEPYmM bf ol dtiake th@&ﬁﬁpéﬂfs\ﬁa@f pt?he%zﬁ%@eeme
magnetic recordi ng nedi um of _Conparative Exanple 1 was the same as that of
Exanmpl e 1, aﬁoﬁﬁﬁatCtﬁeztﬁFbknégstBFStﬁésﬁg Fé¥erasnOt hé- magneti c

recordi ng r. was set to O. nm The entl re thickness of the nmagnetic
F ecor di ng ﬁ&@é@c LF7 6 Rrdnsnd & e it AP0 e CRRORAESSTS0f the. Ag

layers in %&%mp %nﬁtk%sr%&%%%kg%. a¥ﬁé ﬂgangtgcngécordlng medium of

Comparative Example 1 was the same as that of Example 1, except

i0 that the thickness of the Ag layer in the magnetic recoxrding
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 secend 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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so that Y X was 1.2. is [0058] Moreover, a magnetic recordi ng nmedi um was
prepared in each of Exanples 3 to 5, which was the sanme as that of the
second enbodi nent. [0059] (Exanple 3) Under the reduced pressureFP03-0321~(
at nosphere, a 3 nmthick 20 Ag seed |layer was fornmed on the gl ass
substrate. A magnetic recording |layer was formed on the Ag seed |layer with
the followng steps. Firstly, seven lamnated |ayers, in which Co (0. 1
nm /Pd (0. 8 nn) were stacked in order fromthe Ag seed |ayer side, were
st acked to soruwclantfamnthtbe samachabbe 5 SedaydiryyveaeOstschad ttwicke Ag
noble nmetal |ayer was formed on the |am nated structure. Moreover, the
sane | am natEte sz FPOBR- 0F2kthersomgct ond fentop hes isahennbblednstvdrd ayer
were stacked twice alternately. Furthernore, on the top, six |amnated

| ayers, i nimirelhchcEq 0.0k Inmgn) PEEA 08 8nimjn) weeeess bekkedi tn orxider ffom t heAg
seed | ayer side, were stacked. On the top, one lamnated 5 layer, in which
Co (0.1 nmthelgEees Inyemet de stvaslestt aqkast dePn thaohep heAg suwihdtykr si de,
was stacked. The entire thickness of the magnetic recording |ayer stacked
on the Ag sewsyayarwhivgh GppPokiprat £P§ 6 Snminware gddickieshinttedstum t ot al
of the thickness of the Ag layer in the magnetic recording |ayer 10 was
1.5 nm Y/ Xx@stheso serd sphet &ilidey ‘é@ﬁéﬂ'—ﬁpgﬁé-an”ah% gatirpkdy@meathe sane

as those in Exanple 1. [0060] (Exanples 4 and 5)
of the maghetic recording 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 cof 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 reccrding medium of
Exazmple 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 tcoctal of the thickness of the
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A magnetic recordi ng nedi um of Exanple 4 was prepared. The magnetic
recordi ng medi um of Exanple 4 was the sane as 15 that of Exanple 3, except
that the thickness of the noble netal |ayer was set to 0.8 nm ArFpagnéesia-(
recordi ng nmedium of Exanple 5 was prepared. The nagnetic recordi ng nmedi um
of Exanple 5 was the sane as that of Exanple 3, except that the thickness
of the noble netal layer was set to 1.0 rim The 20 entire thickness of
the magnetic recording | ayer was approximately 27.4 nmin the magnetic
recordi ng redilavofs Bxdms eagnethe sapcrdiab 6&yeheof Mixkmess bfwahe Ag

| ayers in the magnetic recording |ayer of Exanple 4 was 2.4 nm and Y/X
was 0. B. Thel a@mti r hidsi, cR&s Heshrehd -fagneti ¢ recordi ng 25 | ayer was

appr oxi matelgl 28.0 nmin the magnetic recording nediumof Exanple 5. The
sum total of%@%kl t hi cknésynprrathierel Ex=pad-0321-andAP)l ayers in the magnetic
recording layer of Exanple 5 was 3.0 nm Thus, Y/ X becane 1.0. [00611
(Conpar at i ve ExardpPegIne thasd r8roAdFagnie e Unee brevieg el en Brfaroimpat at i ve
Exanple 2 5 was prepared. The magnetic recordi ng nmedi um of Conparative
Exa%l e 2 W PREPsaRE -asThadtaBieBarsicerdingxeegiuntaf Gomwandfiiginess of
t he noble netal |ayer was set to 1. 5 ran. A magnetic recordi ng nmedi um of
Conpar at i vé- BTN R € Y2fashoreme ad. thak ohdgs@lile Pecorarnl Wealr dhcof
Conpar ative Exanple 3 was the 10 sane as that of Exanple 5, except that the
t hi ckness JfHE e EEEE NORI TSR s-Yetf ¥as S il - PRE -enfieendiiickness of

t he . . :
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, excepi 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 theAglayerwas 4.5 nm in the magnetic
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 1ayeré 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 tep, 0.1 nm-thick Co and 0.6 nm-thick Pd were stacked

25 o create a magnetic recording medium of Comparative Example

4. The sputtering conditions for the stacking were the same
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magneti c recording | ayer was approximately 29.5 nmin the nagnetic
recordi ng medi um of Conparative Exanple 2. The sum total of the thickness
of the Ag layer was 4.5 nmin the magnetic 15 recording |ayer of FFO3-0321~(
Conparative Exanple 2, and Y/ X was 1.5. The entire thickness of the
magnetic recording |layer was approximately 28.0 nmin the nmagnetic
recordi ng nmedium of Conparative Exanple 3. The sumtotal of the

t hi cknesses of the Ag layers was 3.0 nmin the magnetic recording | ayer of
20 Conpar atas & oeanplre tBe afdransniwbenad FEx4gpb2 1l - Cohpasali vetEkapl e 4)
On a 3 nmthick Ag seed layer, 0. 1 nmthick Co and 0. 8 nmthick Pd were
stacked fortixy thigksegs of toedlg 1ppesoveEhe ndielq spcopdingni¥ei£k Co
and 0. 6 nmthick Pd were stacked 25 to create a nagnetic recordi ng medi um
of Conpar ata® B&FE dn FheThadsphi€eF AT eondi 1eGHA fof G astalckity were
t he sanme 17 FP03-0321-C as those in the aforenentioned Exanple 1. The sum
total of tHeanmiekheszndfYhevasy 3-Brer in the magnetic recording | ayers
was 0.0 nmin the magnetic recordi ng nedi um of Conparative Exanple 4, and
Y/ X ®as 0.000%63bo631 THee ttotar thickness of e Colrdfpers2BAdtERd Pd

| ayers in Exanples | _to S and Conparative Exanple 1 to 4 were _all 25nm
Condi ti ons EiFEhHen FkaPes aéR FPEPEEASAIPNG 2 HRER UmEer & W5 ed i n

table in Fig.. 3. [0064] A.magneti zation, curve of each nmagnetic recording
10 medi um tal%dszéb"ﬁ%i nE‘an%E1%%@&?—%%}1%Iﬁo(r\ﬁ%?%{nﬁﬁﬁeégﬁﬁe&ordlng

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 cocercive force Hcwas derived. At the same
time, the crystal grain size was measured by AFM, and the
each average crystal grain size was obtained. 1In addition,
interactionparameter awas derivedbasedon themagnetization

15 curve in a direction perpendicular to the magnetic recording
layer of the magnetic recording mediuom. 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 set as the
interaction parameter . Herein, “a=1f indicates that there
is no magnetic interaction between the magnetic grains. In
the case where o is larger than 1, the larger  is, the stronger

25 the magnetic interaction between the magnetic grains is.

These results are listed in Fig .3.
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Magnet oneter), and coercive force Hc was derived. At the same tine, the
crystal grain size was neasured by AFM and the each average crystal grain
size was obtained. In addition, interaction paraneter cx was derfvedOBased
on the magnetization is curve in a direction perpendicular to the magnetic
recording layer of the magnetic recording nmedium The interaction
paraneter indicates the degree of intensity of magnetic interaction

bet ween the magnetic grains in the magnetic recording |ayer. Specifically,
as shown i NNAG] 4, 20 ImEbimnar&bhveExEne ieadmattiiatt He lavers in tthee
perpendi cular direction, in other words, dMdH was derived and set as the
i nt er act i ormasEreet aecordiper baver aaerdiit dares Haheqdng &0Lkd/mo
magnetic interaction between the nmagnetic grains. In the case where u is

| ar ger tharvhiich was| argeemexyikardshe adihengdy c2Ba s il ffeiginieantel ¥ dcat-act i on
between the magnetic grains is. These results are listed in Fig .3. 18
FP03- 0321- &1 GOBE]t lom,CohpaFalFiel EXaabReS42Qi ¥hD Ul A ayens g 2iRs
magnetic recording |ayer, coercive force He becane 601kA/m which was

ext remel y 1Wdkge nod} thtfgir i@ndy fdfeicci ently low.  In addition, the crystal
grain size was 30 nm thus grains, 5 were not sufficiently fined. [0066] In
Conpar at i vel 18&Hpl es 1 HFoCIMPAERF pBRAFHEP KRS U &pef sSLHGPERRF i9c |
recordi ng l.ayer under the condition of Y/ X>1, the coercive force He was
reduced by iH&EddfatPRgnatRetAg Fa5RFIINFoleer Undek FE&d§OrS tithus, it

i s not
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 Rg
layers in the magnetic recording layérs under the condition
of 0<Y/X<1, o was maintained at most 1.5 while the coercive
force Hec was suppressed to at most 520 kA/m. Thus, it was
15 confirmed that the magnetic recording media in Examples 1
to Swerepreferredas 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. In 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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10 preferred. (00671 By contrast, in Exanples 1 to 5 incorporating Ag

| ayers in the magnetic recording | ayers under the condition of 0<Y/ X<1, a
was mai ntained at nost 1.5 while the coercive force He was suppredsef3ge-C
at nost 520 kKA/m Thus, it was 15 confirnmed that the magnetic recording
media 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
hi gh density perpendicul ar recordi ng of 200 Gopsi. [0068] As apparent from
t he tendencéesueiurxdmiriay lammy by Brtanes hafereerare Bl W ng
tendencies. That is, the snaller Y/ X is, the smaller a is and the |arger

t he coerci veamfnrleed Havars |3 ddel thammetife nagogeting XaversheThgrger a is
and the smaller the coercive force He is. Accordingly, by adjusting Y/ X, a
and He can Peru@iuye hapraffacied emtiFusing deo|C AL tsHowit 31 Bdefl es 1 to
5 and Conparative Exanples 1 to 3, the crystal grain size became 20 nmin
the 19 FPOF@uELS shithcElue €anf Whgrantag Ahyarerntet poRescB & pair
of lamnated |ayers _in the magnetic recording |ayers. The structure has
ef fetts on & &Ridi ™f tlﬁéllélla)@fja&a@r‘eéﬁn%i pat ¥ W tHhe e gl Saher e
the Ag |l ayer interposed between 5 a pair, of | am nated |ayers is not

i ncl uded i FRFRF HFhetd¥eT raat ortdli TRIPH Rt Vs Bi%d drative Exanple 4.
[0070] Note that, in Exanples 1 to 5, the coercive force He is sufficient
since the cttile for &%’%EE@HS Tphx ;&pﬁ]es I't6'S,” tne' coerctve Force

Hc is sufficient since the coercive force exceeds 280 kA/m
(3.5k0e), 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 andcantakevariousmodification 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 [C073] (Third Embodiment)
Next, a magnetic recording device 300 according to the
present invention will be described with reference to FIG.
5. Themagnetic recording device 300 according to the present
invention comprises the aforementioned magnetic recording
25 medium 100 and a magnetic head 400 for writing and reading

data onto and from the magnetic recordingmedium 100. Herein,
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(3.5kCe), which is required for a magnetic recording nedium 10 [0071]
Note that, the nagnetic recordi ng nmedium according to the present invention
is not limted to the foregoing enbodinents and can take vari ou§P03-0321-¢
nodi fication forns. [0072] For exanple, although the magnetic recording
medi um has the plurality of noble netal layers 50 in the 15 af orenenti oned
enbodi nents, the magnetic recording nedium is not limted to this. That
is, it is necessary for the magnetic recording mediumonly to_ have the
plurality ofhe |RagiRitEd 1:ERIEITE avdiamellechetad §ogeid soued ipent at

|least a pair of lampated layers 5 and 5. 20 [0073] (Third Enbodi nent)
Next, a nadheyike rdtRtayey devike Bonelkcortrry diod meedijieseitstier@nt i on
will be described with reference to FIG 5. The magnetic recordi ng device
300 accor di Mg 16 PREBE £S SRCOTIPENTE IR IS PE e héraF srdirchiidiied |
magnetic recording 25 nedium 100 and a nmagneti c head 400 for witing and
r eadi ng daE%O—g‘Ho and W%Wﬂﬁ@tﬁ’&g}h‘%ﬁf‘#éoge%%TPIa?%e?’r@dFﬁﬁP{@@gl@ﬂé?n, 20
FP03- 0321- ( e _magnetic recordi ng, medi um 200 of .the second enbodi nent may
e il yed? 4 HHEHagnet - ESPLEO g YRAT GrrePASPEaal SBRLE HE Pl | ¢

di di 10 f t first enbodi ., [0Q74] T ti¢c head 400
Compr 1 500 & PR A8Sheats TR ABIACPE. A0, it SREEES §ReTASe it ng
el ement 402, and . a shield 40i3. Th% mag tic h_ea%.400 is ig{gose to face
the rmagneti?dqeTdr dEngTPaPer 1252 h~ % A qﬁhegﬁ@fgi“@ r&ECOT AP Nyt e s

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

"part 40lc, and an exciting coil 404, The second magnetic
pole 401b is separated from the first magnetic pole 401a 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 in a
predetermined space. The excitiﬁg ceil 404 is wound around
the connecting part 401c.
[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 recordingmedium 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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100. [0075] The recording head 401 is constituted by a first 10 magnetic
pol e 401a, a second magnetic pole 401b, a connecting part 401c, and an
exciting coil 404. The second nagnetic pole 401b is separated fFBABtRS21~(
first magnetic pole 40la with a predeterm ned space along the surface of

t he magnetic recording nedium 100. The connecting part 401c connects the
15 first and second magneti c poles 40l1a and 401b at a position separated
fromthe magnetic recoding nedium 100 in a gredeternined space. The

exci ting cor#guel¢ sepeurdnarGiifr 2b kadcgmmeerrkd padd regtd on ooy d A
sectional area of a portion facing the magnetic 20 recording nmedium 100 in
the first nEgRHSECERForaIadthc RHicchV1P sl kelile ALl aP6REORHE FR§HEIFWL B cor di ng
medi um 100, is smaller than a sectional area of a portion of the second
nmagnetic pdteRAdhs PREPAg2RRT rhagn8hild or Bled MR e et ifd e 109 . SRRt i C
flux generated by the exciting coil 404 passes through the 25 connecting
part 401c aree PE98GH&r bbek RESERE ThriohkhRetaethiot 6280181 nIHE ¥Rfgnet i ¢
flux_further passes tBrough the 21 FP03-0321-( nagnetic recordi ng |ayer 25
and goes back A& ARFedPFBPIhdd T hEhe SR ME IRtgriét PeLFof B1R01D Y1 ef t
direction in_the draw ng) a!on t he der layer 6. Wjile the magnetic fl ux
is spread,oEWﬁFWﬁﬁaétﬂgeﬂ' ﬁ)§¥%§6&%ﬁ&iﬁﬁlﬂ%eﬁéﬁﬁéﬁqyﬁQﬁﬂﬁ%ﬁ | ayer 5
25 agai n and, goes back to.the sec q&ina netic pole 401b. In _other words,
the under I'Yei €9 o RGIAAS WY ciT My@ha: fect to draw the
magnetic flux.
[0077] 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 recordingmedium 100 are in relative
moticnat apredeterminedspeed. Thereadingelement 402 reads
out data by reading a magnetic leakage field from the magnetic
recording layer 25 of the magnetic recording medium 100. In
20 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 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 noise between bits is reduced. Therefore,
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with the recording head 401 and has an effect to draw the nmagnetic fl ux.

[ 00773 The readi ng el enment 402 is disposed between the 10 shield 403 and

t he second magnetic pole 401b of the recording head 401. The se€BREG-0321-(
magneti c pole 401b also functions as the other shield of the reading

el ement 402. The reading element 4 02 is, for exanple, an magnetoresistive
el ement such as GVR 15 [0078] In the magnetic recording device 3 0 0, the
magnetic head 400_and the magnetic recording nmedium 100 are in relative
notion at a-ip? SefetERRiNERY dpeedcaTres reaat gl el &k i oD engstakly - data by
reading a magnetijc, | eakage field fromthe nmagnetic recording |ayer 25 of

t he nagneti%P4¥§Eﬁ%ﬁ*mf9§iﬁQﬁﬁﬁkKFYIn 20 addition, the recording head 401
records datg on t he magnetic recording |ayer 25 of the magnetic’recording
medi um 100 b3°%%he magnEts AFIRBEFT ot ¥Rg StedHaghatnt TRIRe4da. [ 00791
Accordi.ng to this. magnetic recording device 300,  the aforenentioned
magnetic r e’%%‘f%lf%g“ Urh§ LlenPtoyde SOt THEN I mighdt AHedeE2 0 0 can

suitably performthe recording, nd the trapsjtion noise between bits is
reduted. THet &t ot T a8F If%ﬁél%flu% tthe abrl'é?ré?éiﬂ%‘ ¢ch tﬁ“ﬁn kg ead out and
witten suitably. Industrial Applicability [00801 The magnetic recording

medi um and magnetic recordi ng device of the present invention can be
utilized 5 in a storage device such as a hard disk and the |ike.
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23 FP03-0321-( CLAIMS 1. A magnetic recording nedium conprising: a seed

| ayer containing at | east one netal selected fromthe group consisting of
Ag, Au, Pt, Pd, Ru, and Cu; and 5 a magnetic recording |ayer foFRE@-0321-(
said seed | ayer, said magnetic recording |ayer having a plurality of

| am nated |ayers and a noble netal |ayer placed between said | am nated

| ayers, wherein said |am nated | ayers includes a transition 10 netal

el enent | ayer containing at |east one netal selected fromthe group
consisting of Co, Ni, and Fe and a pFaAIM&m group el enent |ayer containing
at | east one netal selected fromthe group consisting of Pt and Pd,
wherein sai d noblk nét Fadngfdic dancgidifdamaddasy eeErrisimstial sel ect ed
fromthe group consisting of Ag, Au, Ru, and Cu; and wherein a rel ational
expressi on O<Y/ X<.5¥ed slagy storepinimerat X a8t ik mess bfsske et sded

| ayer, and Y is a sumtotal of thickness of said noble netal |ayer in said
magnetic 20r¢edrdpRguPayerslstimfeo hrdighefic Yocdtdi Ry ma8du acdst ding to
claim 1, wherein said nmagnetic recording |ayer has a plurality of said
nobl2 netal |ayersMagnefie rRGREFLEIr %%15%%@%@%&&6@%%9{%@@ aim 25

2, wherein said |lam nated | ayers and said noble netal |ayers .
saldmagnetic recording layer having a plurality 6f laminated

layers and a noble metal layer placed between said laminated
layers,
wherein said laminated layvers 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 ncble 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 accerding to claim
25 2, wherein said laminated layers and said noble metal layers

are stacked altermately for a plurality of times.
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are stacked alternately for a plurality of tinmes. 24 FP03-0321-( 4. The
magneti c recordi ng nmedium according to one of <clains 1 to 3, wherein said
| ami nated | ayers are fornmed by stacking said transition netal ef8RentC321-(
| ayer and said platinum group elenent |ayer alternately for a plurality of
times. 5 S. The magnetic recordi ng nmedi um according to one of <clains 1 to
4, wherein the thickness of each of said noble netal layer is at nost 1
nm 6. The nagnetjc r cordingtnediun1qicordin . to one of, clainms 1 to 5,
[

wherein the thi ckness X Bf98al-d“seed’taye? ™ IP%aﬁFQQQ%ﬁg ior?%? ?ﬁ A
et ¢ !SSP, (BT 0% s g TR e g ap ey
The. magnet |44 CERA A RA N el Lo & SBER LAY D07 ARaC TametT 0
ecordino, g 26 LA ap. e sead dusrer 20 e RANee yeRg 000,
reLe Laver S0 e aThDh e Y AL SR LA oAl ! oot
claims 1 to 4, wherein the thickness of each of said ncble
metal layer is at most 1 nm.
6. The magnhetic recording medium according to one of
ciaims 1 to 5, wherein the thickness X of said seed layer
10 is at least 1 nm.
7. A magnetic recording device, comprising:
saldmagneticrecordingmediumaccordingtooneofclaims
1 te 6; and
a maghetic head for writing and reading data onto and

15 from said magnetic recording medium.
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nmetal layer 50 is interposed between the |am nated |ayers 5. The nagnetic
recordi ng nmedium satisfies the relational expression O[err]Y/ X[err]1.0,
where X is the thickness of the seed layer 20, and Y is the sunfE&Sal0Fl-0¢

the thickness of the noble netal layer 50 in the nagnetic recording |ayer
25.

ABSTRACT

The magnetic recording medium includes a seed layer
20 and a magnetic recording layer 25 formed on the seed layer

20. The magnetic recording layer 25 is provided with a
5 plurality of laminated layers 5 and a noble metal layer 50,
The laminated layer 5 includes a transition metal element
layer 30 and a platinum group element layer 40. The noble
metal layer 50 is interposed between the laminated layers
5. The magnetic recording medium satisfies the relational
10 expression 0<Y/X<£1.0, where X is the thickness of the seed
layer 20, and Y is the sum total of the thickness of the noble

metal layer 5C in the magnetic recording layer 25.
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