2.6 MAY 2005 DESCRI PTI ON MAGNETI C RECORDI NG: NEDI-UM AND 1'TS MANUFACTURI NG
METHOD, ~AND MAGNETI C STORAGE "DEVI CE TECHNI CAL FI ELD The present invention
relates to a magnetic recording nedium a nethod for produci ng2tthetsamess
and a magnetic storage apparatus. In particular, the present invention
relates to a magnetic recordi ng nediumof the type in which a head nakes
contact therewith tenporarily or stgagh h as in the case of a hard

di sk or a floppy disk. The present |nv%%%?§%§also relates to a nethod for
produci ng the magnetic recording nedium and a magnetic storage apparatus.
BACKGROUND ART I n response to the devel opnent of the advanced information

society inr r =3 %%Qy i qﬁ§ﬁ§ﬁ?' %Eﬁﬁi e
realization gggﬁé%%ﬁgé%%%éégigﬁdﬁgégéﬁi ens¥¢€ 0 ékﬁ% orn&%?%ﬁﬁgécording
apparatus. A nagnetic storage apparatqiNﬁs known as one of information-
recordi ng apparatuses to respond to the need as described above. The

magneti c storage apparatus i i 9A 2005 capacity
storage unit, for exanple, f§$£?%#6@63%$é§§§¥3a%é#éﬁlel-connected type
conput ers, personal computers, network servers, novie servers, and nobile
PC s. The

TECHNICAL FIELD

The present invention relates to a magnetic recording
medium, a method for producing the same, and a magnetic
storage apparatus. In particular, the present invention
relates to a magnetic recording medium of the type in which a
head makes contact therewith temporarily or steadily, such as
in the case of a hard disk or a floppy disk. The present
inventioq alsp relates to a method for producing the magnetic

recording medium, and a magnetic storage apparatus.
BACKGROUND ART

In response to the development of the advanced
information society in recent years, there is a steady
increase in need for the realization of high capacity and
high density of the information-recording apparatus. A
magnetic storage apparatus is known as one of information-
recording apparatuses to respond to the need as described

above. The magnetic storage apparatus 1s used as a large




magnetic storage apparatus conprises a magnetic recording nediumon which
“i-nformation is recorded, and a nagnetic head which is used to record and
reproduce information on the magnetic recording nedium The nagn?ggq“ﬂ 2005
recordi ng medium includes a ferromagnetic thin film conposed of Cobalt
alloy or the like which is formed as a recording |layer on a disk- shaped
substrate, for % ng% g £ ﬁé t he SBEtterlng net hod. A rotective
filmand a“PHBFECE PFPﬁ1aP81 or g4 Gfe™ 8’r£85rﬁ?ﬁ%el%§5Ye¥ order to
enhance t he rei&ﬁﬁance to a di ng novepent and the orr03|gn resi stance.

I n associ aPPo/ RCPRBEFES |E¥P?0ﬁ°ﬁPuFﬁESh|8ﬁrﬁﬁﬁa £ B “ThE’ nagneti c

st or age apﬁératu t he i nprovenent in recor g £n5|ty of the magnet i c
recordi ng REGFERKi §eRUGLReBOBCt RETEEEFs B tﬂ bileoPdify of*fine and

m nut e recordigg netic domains in the recording |ayer of th magneti c
recor di ng RedPG CTﬁgoﬁéHBeﬁBPéﬁﬁ’éPsnﬁa’HBﬁlEesr@c’B #PRGISyEEEM At RFact s
attention as _a nethod for finely recording the recording magneti c. donmai ns.
In the pelBeAEMCcORaFRAEENARERIRRESPR AT §?§95ﬁ?dth@nﬂa©n%?? etiechedting is
performed by form ng magnetic domains haV|n3 per. pendi cul ar magneti zati on
in the recBRdrhgifajepdbyousrrgrdt ARANBGRED Ec?eéB?HFﬂ@tﬁ%H|%ﬁ1ﬁ%9|ng t he
recordi ng | ayer _which exhibits perpendicul ar magnetization. In_the 2 2 6
MAY 2005 pBREBRELEUFEFCRA&REL REILBBor dTRE BYOPBRLESTAERERIRSMEBEYR, the

m nute nagnetic domains can be fornmed_ in the recording
includes a ferromagnetic thin film composed of cobalt alloy

or the like which is formed as a recording layer on a disk-
shaped substrate, for example, by means of the sputtering
method. A protective film and a lubricant film are formed on
the recording layer in order to enhance the resistance to
sliding movement and the corrosion resistance.

In association with the realization of the high capacity
of the magnetic storage ainFatus, the imprqve%ent in
recording density of the magnetic recording medium is
advanced on the basis of the recording of fine and minute
recording magnetic domains in the recording layer of the
magnetic recording medium. The perpendicular magnetic
recording system attracts attention as a method for finely
'recording the recording magnetic domains. In the
perpendicular magnetic recording system, the magnetic
recérding is perrormed by férming magnetic domains having
perpendicular magnetization in the recording layer by using

the magnetic recording medium having the recording layer

which exhibits perpendicular magnetization. In the



‘layer. Therefore, it is possible to-increase the recording  density of the
nagnetlc recording medi um “A‘polyerystal film based on the Cb-Crz
been hitherto used as a material for the recording |ayer of the etlc
recordi ng mediumin accordance with the perpendi cul ar magnetic recording
system as descri bed above. The polycrystal filmhas a structure in which a

Co-rich ar erﬁgﬁaieglserﬁegﬁeeeél§eaeeélﬁgneys@@en§§l@eéerib@@ ASFe AT €

separ at ed each other."The nmagnetic ihteraction, which nay be exert ed

bet ween t he édh?ﬁﬁﬂé ﬁggﬁe€§eneémglﬁgee§n bé fefﬂe&eﬂnbvhéheeeewafe@netIc

ar ea. Accor I ng igh density and | ow noise are realized.

order to ei&géke”tkﬂefgfh¥e3hﬁtnﬁgng&%glﬂié'gof£88}e£§§ gﬁ%nféé&r@

the recordin ayer In endi magneti c recor g system a

magnet i ¢ 1 88REakDOoFEHhUTha BhYL dfetblhihyOnbdY RS of mmgnetic films has

been sugges Ich a t magnetic er conposed of a soft

magnetic materi al §ﬂﬂ §¥£f89r9 N baYEeR SRnPﬁéeéooérasgéé Hge éﬁ

material for reco orna lon areée conbined. I n or urt

i mpr ove thﬁlepselcorsgsad%,ggadﬁgee&xal%Lhﬁlgaggs L§ik C?ég{ePgoFEE'hé'm it

IS necessary to reduce I Um NOI Sé. has been eve ed that the

developnent Ebngeggkdl & hg&g?ﬁlg %?g?ﬁ éézaitﬂnﬁﬁgr recorded bits)

and the deVe opnent SERsST LIVt reading head-3 2.6 r"lAY

22,05 are SéﬁgéﬁdXSuigr %QgﬁePﬁép9380r5§88C£9££¥m éé Q@gcpfﬁgd above.

The polycrystal film has a structure in which a Co-rich area
having ferromagnetism and a non-magnetic Cr-rich area are
separated from each other. The magnetic interaction, which
may be exerted between the adjacent ferromagnetic areas, is
blocked by the non-magnetic area. Accordingly, the high
density and the low ndise are realized.

In order to efficiently apply the magnetic field from
the magnetic head to the recording layer in the perpendicular
magnetic recording system, a magnetic recording medium

- provided with two layers of magnetic films has been
suggested, in which a soft magnetic layer composed of a soft
magnetic material and a recording layer composed of a haxd
magnetic material for recording information are combined.

- In order to further improve the areal recording density
of the magnetic recording medium, it is necessary to reduce
the medium noise. It has been revealed that the development
of fine unit of inversion of magnetization {or recorded bits)

and the development of high sensitivity of the reading head




reveal ed that the size of the magnetic crystal grain nmay be nade fine in
order to'realize the fine unit of inversion of magnetization. However, if
the magnetic crystal grainis nmde too fine, the so-called thermal L o
fluctuation is caused, in which the magnetization state of the nﬁ@neﬂmc"-”%
crystal grainis thermally unstable. In order to avoid such an
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cartificial lattice, rrultila%ered filmand the ordered allo%/ filmare

expected t HNFRRECHIYRCE esTQF ar¥@™BLIe 0 {PRARFRT et 1A TIRT U T O because such

filns have high . ) . . .
Publication No. 8-30951 discloses a magnetic recording medium

comprising a soft magnetic layer, a first intermediate layer
composed of carbon, a second intermediate layer, and a
recofding film having an artificial lattice structure which
‘are stacked in this order on a non-magnetic substrate.

A magnetic layer, which has magnetic anisotropy higher
than that of the polycrystal film based on the Co-Cr system

o .

as described above and which is excellent in resistance to
the thermal fluctuation, has been progressively studied as a
recording layer for the magnetic recording medium. Those
known as such a magnetic layer include, for example, an
artificial lattice multilayered film (also referred to as
"alternately stacked multilayered film") in which Co and Pd
or Co and Pt are alternately étacked,“and a ordered alloy
film which is obtained by thermally treating an alloy film
of, for example, Fe and Pt or Co and Pt at a high

temperature. The artificial lattice multilayered film and

the ordered alloy film are expected to have high resistance




magnet i c. ani-sotriopy. : However:;: sucha fil:mhas the follow ng drawback unlike
t he pol ycrystal filmbased on the Co-C system because the nmagnhetic
interdaction is strong in the in-plane direction (direction par%lfl?eWiYo?Bﬂhe
surface of the substrate). That is, it is inpossible to formsmall
magnetic domains, and the transition mediumnoise is large. In the case of
the magnetd cefecof i NEdidin g 56 05684k aRANESE: 1l draRemidrat ent
Publ i cati on No. 8-30951 descri bed above, the second internediate |ayer

conposed Pd,{ Sod¥ QW ded on the first internediate |ayer conposed
of car bonqﬁ%@rr%g{%n tihe s(?#* magnetic |layer, and the artificial lattice
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magnetic recording medium disclosed in Japanese Laid-Open

Patent Publication No. 8-30951 described above, the second
intermediate layer composed of Pt or Pd is provided on the
first intermediate layer composed of carbon formed on the
soft magnetic layer, and the artificial latticé film of Co/Pt
or Co/Pd is formed thereon. Accordingly, the crystal
orientation of the artificial lattice film is improved, the
perpendicular magnetic anisotropy is enhanced, and thus the
coercivity is improved. However, in the case of such a
magnetic recording medium, the magnetic exchange coupling
force in the in-plane direction of the recording layer is
strengthened, and the transition noise, which appéars as the
jitter when the linear recording density 1is increased, is

- increased. As a result, it has been difficult to perform
recording and reproduction at a high recording density.
Further, the following problem also arises. That is, the
writing magnetic field supplied from the magnetic head does

not arrive at the soft‘magnetic layer effectively, and the



wwsaturation recording characteristics are inferior, because the two
“i-nt'ernmedi-ate ‘1 ayers, i.e., the first intermediate I|ayer and the second
internedi ate | ayer are used. Japanese Patent No. 2727582 discl osg§ BAY 2005
perpendi cularly rmagnetizable filmconprising an artificial lattice film of
Co- Pt stacked on an underlying base fil mconposed of conposite oxide based
~on any oxide of Fe, Co, and.N or an . arbitrary conbi i t,he as a
per pendi cuf&FY E)h%?i]ééc?lé(gjo?%li%o%ajf??trﬁ%?% -5 2 exce ﬁ%ljtoc}?’n bg?(%agg%al
characteristics such as corrosipn resistance and durabil it and which is
xcel | ent THE pEFS ol SN ARG AT S5t oh: Sthal Be b G 1 PAe et

StICS an

magnet o-opti cal characteristics, The esent_invention has been nmade in
order to stf¥®r N %F%ﬁ%%@#n’v’b?%ﬁgﬁshaY%el%%%eﬁ? o%a?é‘t echni que as

descri bed above, an object of which_]J provide a magnetic .recording
medi um and a mef HRPFD %?B%Ei%‘t%ﬁ%%ﬁ%, Jr%Cfi%‘?%ha tg%eer%%qufe(f‘? atglls?'change
coupling force ipn the in-plane djrection of a_magnetjc layer_is |low, the
transiti om¥deelFable O?OW?H%r%t?BW@a%P%]e Jr%’i)"rjo cfejofr%\toﬂ/i gh
~S/I'N. Anot her object of the present invention is.to provide.a _magnetic
recor di ng SPPREF ot LRCPD P Y AR WRICEXEERY S E hbtHRI COPREVST on resi stance

characteristics in which informati on can, be reproduced at_high S/ N even

when the | $0RPREREFRPFLde (RRFPULRD AY PFife LEACr cr MY Me Y 130

DI SCLOSURE OF. THE | NVENT| ON 6 . .
arbitrary combination thereof, as a perpendicular magnetic

recording film which is excellent in practical
characteristics such as corrosion resistance and durability
and which is excellent in perpendicular magnetization
‘characteristics and magneto-optical characteristics.

The ﬁresent invention has been made in order to solve
the problems involved in the conventional technique as
described above, an object of which is to PIOVigS a magnetic
recording medium and a method for producing the Same, in
which the magnetic exchange coupling force in the in-plane
direction of a magnetic layer is low, the transition noise is

- reduced, and information can be reproduced at high S/N.

Another object of the present invention is to provide a
magnetic recording apparatus provided with excellent thermal
fluctuation resistance characteristics in which -imformation
can be reproduced at high S/N even when the information is

recorded at a high areal recording density.

DISCLOSURE OF THE INVENTION




2 6 -MAY 2i OQui According to a first-aspect of the present invehti?%)yy@hﬁiﬁ
i s provided a nagnetic recordi ng medi um conprising: a substrate®*a f (MUY
magnetic layer; a first seed |ayer containing oxide of Fe; a second seed

| ayer containing one of Pd and Pt, Si, and N, and a recording |ayer. The
magneti c recordi ng medi umaccording to the first aspect of the present

i nvention conprises, as the underlying base for the recording |ayer, the
second seed layer containing one of Pd and Pt, Si, and N. The magnetic

recordi ng nedi uskdor&iey €ONRr ESESt aSpébe ondend ypPesdaseintitide, second
seed layer, the first seed | ayer containing Fe oxide or oxide of Fe. For

exanpl e, whgaréhesrge6v 8888 haMBinet Sc CRASHF WEh G Undd Lin aFormpE 14 1164 Al
lattice filmconposed of a platinumgroup netal and Co, the first seed

| ayer and the - seg@p&rpged.| ayer as descri bed above nmake it possible to
optimally control the crysfalline orientation of the artificial lattice

filmand the magngtte ﬁgfﬁ@ggg £8ypeking force of crystal grains. According
to studies perforned by the present Inventors, when the second seed | ayer

was formed of, f0f;ipxanpbeq P ¥r EOn€iYsifdSoxideotheesi ze of the
recording magnetic domain formed in the recording |ayer was increased, and
it was 7 ‘a second seed layer containing one of Pd and Pt, Si, and

N; and

a recording layer.

The magnetic recording medium according to the first
aspect of the present invention comprises, as the underlying
base for the recording layer, the second seed layer
containing one of Pd and Pt, Si, and N. The magnetic
recordinj-medium further comprises, as the underlying base
for the second seed layer, the first seed layer containing Fe
oxide or oxide of Fe. For example, when the recording layer
is constructed with an artificial lattice film compesed of a
platinum group metal and Co, the first seed layer and the
second seed layer as described above make it possible to
optimaily contrel the crystalline orientation of the
artificial lattice film and the magnetic exchange coupling
force of crystal grains.

According to studies performed by the present inventors,
when the second seed layer was formed of, for example, only
Pd crystals, then the size of the recording magnetic domain

formed in the recording layer was increased, and 1t was



2 .6h1IM 2005 1 ppossible to formany fine and m nute recording magnetic
donwi n; ‘probably for the following reason. That is, if the second seed
layer is formed of only Pd crystals, then a recordlng | ayer hgwgﬁgﬁaﬂ&ﬁ
artificial lattice structure, in which the grain boundary is indistinct,
s forned on the second seed | ayer, and the magnetic exchange coupling

force iﬁﬁob@iﬁiénﬁodféﬁﬁthﬁﬁ £ YL CAné SmENREL CReBOEYERY KAy Sé@lc grains
of the recordlng ayer, 1s strengthened. The present inventors have found

out that ioh3iR9SEEhELLQ FOEMALNEo ey NikEIRONC A S: dOSTRI 1 et he

recording layer, and it IS possible to reduce the noise as vel | by
constructigge5f) ggongdyageds! ayen é&“é SRy Obg Per thenagd N,
pr obabl y ?or t e5§ Il myng r%ason © ?s cong%deréggghat’mhe%ﬂthe second

seed layerrééor&?ﬂé %Hﬁafdhﬂbiﬂgogﬁ Q£t£@1@ﬂg}Fiatéiceaggrﬁﬁtﬁ) orjft

exists in a disperse nner as“a mcrocrystalline or partlally anor phous

structure L INAQMoER; 51 NoBRLNPEK; STEHGELE At FREL eah@ndtggers'on of

Pd or Pt n-t e second see ayer escrl ove is facilitated
d i | at
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di sper sed fyvgﬁtors have found out that it is p0551ble to form fine and
minute magnetic domains in the recording layer, and it is
possible to reduce the noise as well, by constructing the
second seed layer with one of Pd and Pt, Si, and N, probably
for the following reason.

It is considered that when the second seed layer is

constructed with one of Pd and Pt, Si, and N, Pd or Pt exists

T

- in a dispersed manner as a microcrystalline or partially
~amorphous structure in SiN (or in SiN network structure).
Further, the dispersion of Pd or Pt in SiN in the second seed
layer as described above is facilitated in an advanced manner
in accordance with the principle as described later on, owing
to the fact that the first seed layer containing Fe oxide is
used as the underlying base. It 1s considered that the
artificial lattice film having the distinct grain boundary is
formed on the second seed layer, because the recording layer,
which has the artificial lattice structure formed on the

second seed layer, is grown with nucleuses of dispersed Pd or




) { «-Therefore, the magnetic:exchange coupling force in the
i n-ptane-direeti'on, which is exerted between the crystal graiRs: of 4 hg.-
recordi ng layer having the artificial lattice structure, is réi%?é%{‘@ﬁﬁ
thus the transition noise is reduced. Especially, the trace amount of N in
the second seed |ayer can further accelerate the dispersion of Pd or Pt
as a resuly of PAUAGLO Slo dIES A Coxdilarde RASSIANR @ rdaiikhenneaken
the magnetlltc ex?gLange CO'Upﬁ?’]g orce&fn )'E(jhea gfen-pl nena reé:ti or:1L of tehe
recordi ng Javer ' , dich SiPassl e ddhamd 4y ghihe
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in-plane direction of the recording layer. Accordingly, it
is possible to further reduce the transition noise.

The reason why the dispersion of Pd or Pt in SiN in the
second seed layer is further facilitated by using the first
-éeed layer containing the Fe oxide as the underlying base for
the second seed layer will now be explained.

According to the knowledge of the present inventors, Pd
or Pt, which is the metal element of the elements for
constructing the second seed layer, has low wettability with
respect to the Fe oxide for constructing the first seed
layer. For this reason, it is considered that when the
second seed layer containing Pd or Pt is formed on the first
seed layer containing the Fe oxide, Pd or Pt, which has the
low wettability with respect to the Fe oxide, is formed in a
further dispersed manner on the layer of the Fe oxide in
accordance with the surface tension. Accordingly, it is
considered that the dispersion is further accelerated for Pd

or Pt existing in the microcrystalline or partially amorphous




9 2 6 MAY 2005 structure in Si'N (or ‘Si N network structure). As described: -
above, when the second seed | ayer, which contains one of Pd aggﬁPg ;SEM,
and N, is formed on the first seed |ayer containing the Fe oxi % ¥
recording layer is formed on the second seed | ayer, then the aggregates of
extrenely fine «crystal grains are forned in the recording layer in

accor dances - &t he Px‘i'é‘fﬁp{ﬁre recor@eﬂofpoy@rué{ufé)t _PoRs Jpelbsecflh GdPrm

m nut e magnetl c domains In din ayer cons

aggregatesaﬁgvé'”ﬁh%ﬂyéﬁ@JS§g55@S ?egT%%?§§Or&ﬁ%ﬁﬁ“ﬁﬁﬁ%&fﬁgtﬁﬂktgfﬂﬁﬂt'On

area is extremely disfinct as we it 15 p055| to reduce
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andpm nut LIECIr |ng néorr{rétllgn%%rral%% € bnsSids if TEU AR

- layer constructed by the aggregates of fine crystal grains.
Further, the magnetization transition area is extremely
distinct as well. Therefore, it is possible to reduce the
noise as compared with the conventional technique.

In the magnetic recording medium according to the first
aspect of the present invention, the contents of Si and N in

-the second seed layer are degirably as follows. That is, the
content of Si is desirably within a range of 10 atomic % to
35 atomic %, and more desirably 20 atomic % to 30 atomic %.
The content of N is desirably within a range of 0.1 atomic %
to 5 atomic %, and more desirably 0.5 atomic % to 5 atomic %.

'~ When the contents of Si and N in the second seed layer are
controlled to be within the ranges as described above, it is

"""" possible to optimize the crystalline orientation of the

recording layer and the magnetic exchange coupling force in
the in-plane direction. Accordingly, it is possible to
reliably form the fine and minute recording magnetic domains

in the recording layer, and the magnetization transition area

10




i.n .the.recordi.ng | ayer, and the magnetization transition area 10 2 6 OM
2~~5-is-distinct:as well. Thus, it is possible to reduce the noise. That
is, it is possible to realize the reduction of the noise and tg%i WAY 2005
i nprovenent of the resolution. The second seed |layer may furthér-contain a
‘trace amobunt of Co. In this case, it is preferable that the content of Cc
iswthina range of | atomc %to 10.,atomc %.while the contents of S
bnd N in 148 GeE0iacteRa ek chbiatyif it EpRalt bt R 1t i s
preferable that the second seed layer.has a mcrocrystalline structure or
5 structur BOTRChi ERBBT phohis 1S BT S1ELBaTY | HFALAEx| Ghe | Feduetton of

m crocrystalline_ structure. Ln the magnetic_recordi medi um according to
the first tAepBRLsSHiapflethfoiBRFOVRUSHE| Oh, the #%S%f‘g%?%m e Hhatcq

first seed layer contains _Fe existing as netal (hereinafter referred to as
"Fe netal "$EF ABUPEi BRYt SUTHBCEaCBRT 0N 7HECPRGMASENT b CR ng Med
provided with the seed | ayer as described above nakes it possible to
further ref@8e-t hE HBJIPLRTABRRES Fhat BAGFeRFRREIOF R 115 PELERI? & ned
below. The first seed layer, which contains the Fe netal in addition to
the Fe oxi 88N9psOfohsplentd EotBelfnahoriqt s i Whildi Ehe eXePERRYY M mte Fe
metal particles are dispersed in the Fe oxide. As described_ above, the Fe
oxi de has &RE Nohr WBet aerPRdysardnlarepesatisipdthe Pingedrdesarired for
constructing t he second seed |layer. on the other hand, the Fe netal has
the hi gh webPe¥si|iiy hFtRreEgpeblet bhpl bhe|gecond seed layer has a

microcrystalline structure or a structure in which amorphous
matters partially exist in a microcrystalline structure.

In the magnetic recording medium according to the first
aspect of the present invention, it is preferable that the
first seed layer contains Fe existing as metal (hereinafter
reféfréd to as "Fe metal") in addition to the Fe oxide. The
magnetic recording medium provided wit@j?he seed layer as N
described above makes it possible to further reduce the

- medium noise. The reason therefor will be explained below.

The first seed layer, which contains the Fe metal in
addition to the Fe oxide, is comnsidered to be in a state in
which extremely minute Fe metal particles are dispersed in
the Fe oxide. As described above, the Fe oxide has the low
wettability with respect to Pd or Pt, fci-example, for
constructing the second seed layer. On the other hand, the
Fe metal has the high wettability with respect to Pd or Pt.

For this reason, when Pd or Pt 1s accumulated on the first

seed layer in which the Fe metal particles are dispersed in

11




For this reason, when Pd or Pt is accunulated on: the firstiseed layer in
which the Fe nmetal particles are dispersed in 11 2 MAY 27005 thﬁfg ﬁ§§ %

Pd or Pt selectively adsorbs to the Fe netal. |In this situatio
metal in the first seed layer is extremely mnute. Therefore, Pd or Pt, .
whi ch has adsorbed to the Fe netal, is nore mnute as conpared with a case

i n which EdeOFePbxu&efOPﬂEdrOPttB@l&@&ﬂvb&yeédﬁéﬁﬁgsﬁd ehet he metaxide
descri bed above. Further, the Fe oxide, which has the low wettability with

r espect tOIRdtﬁﬁstth&tibﬁ acgendet hethe iAetak. t1heteterq, 1Rfepr ibt,
whi ch has been accunmul ated on the first seed layer, is restricted for the

spread twoextrBRBsiORdhh¥e.i . €herbfiokBe bA- Brape, diyheehi AAs EHs@bea t8
i ndi vi dual Iy di spersed at predeternlned spaci ng di st ances whi |

mai nt ai ni nghkheeninByhe, s&gtmoréhﬁ&ﬁﬁeéeasl&omﬁareanﬁhéﬁrsdchgat Edwﬁicﬁt n
SiN (or Si N network structure) of the second seed | ayer exists in a

di spersed ggnperptnianrolmeneR! ¥nBl BUEE 3h3be. c¥MBHAsbACECEREIFRTIokENE" 1S
formed on the second seed | ayer as descri bed above, the magnetic grains

of the recqedbPgbbay8hodEe IFRMEHER, UBhESF9f0£h8@|yWhﬁbﬁpﬁééeghgd%QQ Pt.
Therefore, the recording layer is obtained, which is formed of the fine

T T i e S e T A AL
possi bl e tQetnit heinhppddseel NBaNGLSBL, which has been accumulated on
the first seed layer, is restricted for the spread two-
dimensionally, i.e., in the in-plane direction. Pd or Pt is
individually dispersed at predetermined spacing distances
while maintaining the minute state. Therefore, it is
considered that Pd or Pt in SiN (or SiN network structure) of
the second seed layer exists in a dispersed manner in an
extremely minute gtate. When the recording layer is formed
on the second seed layer as described above,.the magnetic
grains of the recording layer are grown in units of finely
dispersed Pd or Pt. Therefore, the recording layer is
obtained, which is formed of the fine and minute magnetic
grains. Accordingly, the magnetic domains, which are formed
in the recording layer, are also fine and minute. Thus, it
is possible to further reduce the noise.

In the present invention, it is preferable that a ratio

between numbers of atoms (Fe,./Fe,,;) satisfies a relationship

oxi

of 0.02 < (Fe,./Fe,;) < 0.2 provided that Fe, ., represents the

number of atoms of Fe existing as metal in the first seed

12



ln;the present invention, it is preferable that a ratio between nunbers of
atons (Fe;;t/Fe,,) satisfies a relationship of 0.02 < (Fe,,.,/F gi% & Q@g
provi ded that Feet represents the nunber of atons of Fe existingP‘s'_ t 4l
inthe first seed 12 2 6 MAY 2005 | ayer, and Feo,; represents the nunber of
atons of Fe existing as oxide. Wen the ratio between nunbers of atons is
| arger t 0 It.d I bl ot | 0k QREBLFOPakyRs Ahgh
density iEﬂgﬂ%r?é%gégﬁﬁﬁ‘F§%§¥%¥%§¥ iqiﬁ %u%%%g{%F;gto reprogucg ?he e
i nformation hi gh Hayev, L f t] NpXipuelcrs f nms is
| ar ger _thaans 8‘%%&% ﬁi&%ar ed P%%%f% 9%{&9%%@%%&3:%;& In agLsZ%%é: sive
amount |0 {iag, seed 1 AYSL - 14 N SELEEh YL 1 dleanRealiirdiladids adogy ption of
the platiAum group’ e crent; BadP TS i npossibl'e to formfine nagnetic
grains in the recording. layer.._In e netic recordi. J ; cordi ng
Ay (EERAL0HR PR aadhr g e, 4L M T S

to the fir Sent Th I's” prefferabl'e that the

first seed | ayer containing the Fe oxide. co I NS j i

anount of E%QE{?%%%E {Hfﬁ% IR u%qé]s&érg&*rol el%oq‘ren %eﬁfeci)r%g:ﬁje iq:é_jl o

recordi ng nmedi um accardin othe firs as t_ of the .prese i_nvention,

it is desi7?ABYER FHHTH OF 2T 117 ni?’ﬁ?%ﬁﬁ%&as%so 'OQP’ tlﬁce Hr setarraérfg second

seed | ayers are mﬁthin_g%gggge of 1L nmto 30 nm_ If both .of .the fildn
it

t hi cknessesP®f tHe ¥¢ ri§ o d R et FETRISLF SMBEE (HL S S5

feared tha{aégg,C{Rgté%iéé%i&&%f”ﬁfgéﬁgbégstfg} the adsoxrption of the

IS

platinum group element, and it is impossible to form fine
magnetic grains in the recording layer.

In the magneticlrecording medium according to the first
aspect of the present invention, it is preferable that the
first seed layer containing the Fe oxide contains the Fe
oxide in an amount of not less than 80 % by volume as a
Whole. _

. -

In the magnetic recording medium according to the first
aspect of the present invention, it is desirable that both of
the film thicknesses of the first and second seed layers are
within a range of 1 nm to 30 nm. If both of the film
thicknesses of the first and second seed layers are less than
1 nm, it is feared that the crystalline orientation of the
recording layer having the artificial lattice structure on
‘the seed layer cannot be controiled. If both of the film
thicknesses of the first and second seed layers are thicker

than 30 nm, it is feared that the distance between the soft

magnetic layer and the magnetic pole of the recording
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recording | ayer having the artificial |attice structure on. the seed | ayer -
cannot. be controlled. If both of the film thicknesses of the fixgtpmandsy.
second seed | ayers are thicker than 30 nm it is feared that the dis ahcd
bet ween the soft: nagnetic | ayer and the magnetic pole of the recording 13
magneti c head is increased, and the recording nmagnetic field 1is not

suf fici ent hygappliceHebdomst haci-eapedi ngnaagnet irecbeadngt Rafheriecoidiag

| ayer. Further, it is feared that the magnetic field fromthe recording

magneti c headnbs aﬁﬁkﬁeﬂehelytthnQ@arﬁkam tByeketbraiffahgghec18i BBalihe
magnetic field is wdened, resulting in the decrease in resolution and the

i ncrease if8odtBbUrbaneqinf LhgerRINeLirEAbIFONitr 3BSkbhPBdatRaLt tReCause any
noi se based on the jitter. According to a second aspect of the present

invention, matheteci $ip1QvVEdefl 8nBREGBELFAihGCRAGHRY 1 FEHEH SOMREHELAS t8
substrate; a soft magnetic |layer; a seed | ayer containing one of Pd and Pt

Si, and N tpadredorgeRgdingelaysra $88tBRINCHhScheeRE0hAgGnERIEURI 81t IS
present invention conprises, as an underlying base for fhe recording

layer, theyigegdy) ay8Euteihgl PhNEneN8eblcRdedifl PhsoPhitighdab SHEh a seed
| ayer has the sane function as that of the second seed |ayer according to

the first agpeehsef ihNQiRtEPBANcENYENth8 maghbeieheitn thahsiPPSA RLeat O
optimally control the magnetic
to cause any noise based on the jitter.
According to a second aspect of the present invention,
there is provided a magnetic recording medium comprising:
a substrate;
a soft magnetic layer;
a seed layer containing one of Pd and Pt, Si, and N; and
a recording layer. _
The magnetic recording medium of the present invention
comprises, as an underlyihg base for the recording layer, the
seed layer containing one of Pd and Pt, Si, and N. Such a
seed layer has the same function as that of the second seed
layer according to the first aspect of the present invention.
Therefore, it is possible to optimally control the magnetic
exchange coupling force between crystal grains and the
crystalline orientation of the artificial lattice structure
formed on the seed layer.
That is, it is considered that Pd or Pt exists 1in a

dispersed manner in a microcrystalline or partially amorphous

structure in SiN (or SiN network structure), when the seed
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-exchange :-coupking-force between crystal grains-and:-the crystalline
-orientation: of ‘the-artificial lattice structure formed on the s ﬁﬁ L QY efras
That is, it is considered that Pd or Pt exists in a dispersed éﬁgfnﬁ@?
nicrocrystalline or partially anorphous structure in SiN (or SiN network
structure), when the seed 14 2 6 MAY 2005 |l ayer is constructed with one of

Pd and Pt, }%?e and Bby EP%&E@& v with! SnEOHEI Beredlathal dne Ad il cial
ﬁaV| ng ]?l

lattice fi Istinct grain boundary is forned, because the

recordi ng ka¥€ﬁerwhaeh Qaéohgﬁdéféaftgé@'tﬁétéfEETfE{é@tlﬁﬁilégQﬂﬂhﬁn the
seed | ayer, 1s grown w th nucleuses di spersed Pd or Pt. Therefore, the

magnet i c eﬁ&bﬁﬂge gggakgegPéergfaiﬂ bbhifad sy PLANE ANERC U EBau bl G | S

exerted between rysta ains o ecordi ng layer having the

artific al Labihg grigggggﬂggl?osggsduﬁgd rEEPECLA | Yar e teapgoammunt of

Nin the S8 hus™ Tt 5s possible to further

facilitate the dhﬁpsﬁa'sgeaf gﬁahge C%EQ§£GWB£ naélea§e§Q§f'§&fg§fged

further welken tRe nmagnet| pl'ing orce in the In-
oL rect! on 5 GhephecorkhacielercocMEHELDO bichlnle 9851 phe g@z%#d#rﬂgno
(D SeoondFaPOgL PhallABEEREL, L NEER' PO, ofBELSATRERLSEATL SRR T
desirably “&thQ 8fr@ngrgéo%glggofgyegbﬁgving the artificial lattice
étructure, is reduced. Especially, the trace amount of N in
the seed layer is bound to Si, and thus it is possible to
further facilitate the dispersion of Pd or Pt. Therefore, it
is possible to further weaken the magnetic exchange coupling
force in the in-plane direction of the recording layer.
Accordingly, it is possible to further reduce the transition
noise.
. .
In the magnetic recording medium according to the second
aspect of the present invention, the contents of Si and N in
the seed layer are desirably as follows. That is, the
content of Si is desirably within a range of 10 atomic % to
35 atomic %, and more desirably 20 atomic % to 30 atomic %.
The content of N is desirably within a range of 0.1 atomic %
to 5 atomic %, and more desirably 0O.5-atomic % to 5 atomic %.
When the contents of Si and N in the seed layer are
controlled to be within the ranges as described above, it is

possible to optimize the crystalline orientation of the

recording layer and the magnetic exchange coupling force in
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~-35 atonmi-c % .and nore desirably 20 atomic %t o 3l
N is desirably within a range of 0.1 atomc % t0 mc % a WHKGBEM
desirably 0.5--atonmic %to 5 atonmic % Wen the contents of Si and in

the seed layer -are controlled to be within the ranges as descri bed above,
it is possible to optimze the crystalline orientation of the recording

| ayer and the aRgpehkne a&QB@ﬁQSnCOUREbBQdEQQQ? I it19st PeskIpPLane
direction. Accordingly, it is possible to |any formthe fine and

mnute receédhaglyage@hl%hQO@ahesananm&hatéegeaatagngamsgneemé b6Rains
magnetization transition area is distinct as wel hus, it is possible to

reduce thejpnehseredBaliihg 1hyeks BﬁastﬁbemhenEQQEh%gohh@réﬁ@ﬂﬁibﬁ”a?&a the
noi se and the inprovenment "of the resolution. "The seed |ayer nmay further

contain a &éae§sﬁﬁﬁeﬂtagfw€@1 '“Thﬂbs i£ass: psthBlQVEBGEQQhEetEﬁé the
content of Cois within a range of 1 atomc %to 10 atomc % while the

cont ent s ohoSo. andnikl Aot NerSeedobauee18athstyat hee! angesedaseibhedzanove.

It is preferable that the’seed as a mcrocrystalline structure or a

structure {RowheboadRAPRALS (HBLLGERCRR! birakhy r8XLhthBnd MhfLOgLYgtalline

structure. In the magnetic recording medium according to the second aspect

of Lhe bresgpbr! RUGNELCRnek! cbAtdeh! haBkackNahobfif oF! £OL ! NifikPRSS Of he

seed | ayer | n a range o nmto | mthickness of

the seed | aygr iscl esSpthalalyAmpht %ﬁefééhﬁgnEhék kb b8 Lapgssible to

control thé "cfysta e orientation of the recordi ayer V|ng t he
range of 1 atomic % to 10 atomic %, while the contents of Si

C % The content of

and N in the seed layer satisfy the ranges described above.
It is preferable that the seed layer has a microcrystalline
structure or a structure in which amorphous matters partially
exist in a microcrystalline structure.

In the magnetic recording medium according to the second
aspect of the present invgntion, it is desirable that the
film thickness of the seéd layer is within a range of 1 nm to
30 nm. If the film thickness of the seed layer is less than
1 nm, it is feared that it is impossible to control the
crystalline orientation of the recording layer having the
artificial lattice structure thereon. If the film thickness
of the seed layer is thicker than 30 nm, it is feared that
the distance between the séft magnetic .layer and the magnetic
pole of the recording magnetic head is increased, and the
recording magnetic field is not sufficiently applied from the
recording magnetic head to the recording layer. Further, it

is feared that the magnetic field from the recording magnetic
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~artificial lattice structure thereon. If the filmthickness of the seed
J-ayer-is ‘thicker than 30 nm it is feared that the distance between the
soft magnetic layer and the magnetic pole of the recording nmagp@t uyhege

is increased, and the recording magnetic field is not sufficiently applied
fromthe recordi ng magnetic head to the recording layer. Further, it s

f dth h fl f h di Y 2005
h:ggelstapt?$%g ?o %ié%c ?d?%grf S%;e;ﬂg é?e In &ﬁ;1ﬁ %ﬁhévgégﬁétlc

fieldis dened resu he ease | r esol N ng the Jiicrease
in disturbERge™ %‘?n‘?ﬁjecntl g‘? %%t‘i" % rtl? hsﬁ?? ogt%tr at t)gtjéause anygbnmﬂ;e

based on the itter netic rec nedi a ording to the
first andrE%%% l%gp%%?stﬂ? fﬂg TpPeseht éﬂ##%)ce %@qggéord?ng | ayer
may be a recordl?r-lgéla er . havi ng an artif] C|a | attice str

Pref er abl yRa¢Ret GrRATEF T ARV TG stR CANEE 1Y 11Tt a%efcfcoen the

structure IS ErlnC|paIIy conposed of a platinum group netal and Co, and it
is preferaE%? @h-alternately stacked nultllayered f|In1|n whi ch t he

pl ati num group_element and Co are alterna stac bst gnt i

t hi ckness of se@%r%?eaT%ﬂ%eBicsﬁ%%?%ﬂ%?%lW?S+% %F??ﬁ u% ﬁh :€#§¥é atom
For exanple, _at |east one of and Pd be used for, the at | hum group
el ement . T‘F‘i’éda??"é?ﬂ%t%?E}eCE?a‘EPeHh?ruP’E??%§ rEAVER T B ﬁé%c?ejfocb%ﬁélefb%ve can

be forned as
layer may be a recording layer having an artificial lattice

structure. Preferably, the recording layer having such an
artificial lattice structure is principally composed of a
platinum group metal and Co, and it is preferably an
alternately stacked multilayered film in which the platinum
group element and Co are alternately stacked substantially in
a thickness of several atoms or substantially in a thickness

of single atom. For example, at least one of Pt and Pd may

A ) e

" be used for the platinum group element. The alternately
stacked multilayered film as described above can be formed as
a film at the room temperature or at a relatively low
substrate temperature. Further, the alternately stacked
multilayered film has large magnetic anisotropy, and hence it
is most preferred to be used for the recording layer for the
high density recording. S_—

In this specification, the term "artificial lattice

structure" means a structure which is obtained such that a
plurality of different substances are stacked mutually

periodically in a certain direction in a thickness of single
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a filmat -the roomtenperature or at a relatively |ow .substrate
tenperature. Further, the alternately stacked nult|layered fllnzﬁh§ﬁwﬁﬁﬂ§5
magneti c ani sotropy, and hence it is nost preferred to be used for the
recording layer for the high density recording. In this specification, the
term"artificial lattice structure" nmeans a structure which is obtained

such that sompldy ald ty @ididdey et Sdhstancosomd € stire ked nfutgaldly has
periodically in a certain direction in a thickness of single 17 2 6 MAY

2005 at ome id¥-18 £ eSO csaverdtt it ONds dhicfiddn aMivel has altde
artificial lattice structure as descri bed above, is al so referred to as

rartifici aleditd£ad 1dd e il dRIDaAL By cstacked dJulidilayelAdily | nt. The

recordi ng |layer having the art|f|C|aI | attice structure is desirably a

Co/ Pd artlgﬂéaggdlﬁﬂjﬁfzSgégéaffyjﬂgd by alternately stacking a Co |ayer
whi ch has filmthickne selected fromthose within a range of 0.05 nm

to 0.5 nm andq dgg m%p%ﬁﬁﬁ | d r%l CI 5 s el eatedd rom those

within a range o art attlce filmforned

b | t

Y om t hose t%‘f&n‘ae;k%ﬂﬁ%% S AV %’E%l%rﬁ'{%in P S A s o

f'lmth'C‘i{}F aFH]%jE Sa?é"%tfﬁ tPJsQa#allqnztrﬁ. knd¥s
ul‘ar nagnet ani so

per pendi c y IS ex esse nDst readily in

artifici alsélaéc,lﬂecda Efdrt{nﬂ?&léé]gril%fte[ L!I.C&tnr'[‘cj@ & deserdbad o.5 nm, and

a Pd layer which has a film thickness selected from those
within a range of 0.5 to 2 nm, or a Co/Pt artificial lattice
film formed by alternately stacking a Co layer which has a
film thickness selected from those within a range of 0.05 nm
to 0.5 nm, and a Pt layer which has é film thickness selected
from those within a range of 0.1 to 2 nm. The perpendicuiar
magnetiq‘anisotroPy is expressed most readily in the
artificial lattice film havihé the structure as described
above.

In the magnetic recording media according io the first
and second aspects of the present invention, when the
recording layer is formed by using the Co/Pd artificial
lattice film or the Co/Pt artificial lattice film as

- described above, an additive element may be contained in the
Pd layer or the Pt layer. The fluctuation of the composition
occurs when the additive element is contained in the Pd layer
or the Pt layer as described above. Thus, it is possible to

reduce the magnetic exchange coupling force in the in-plane

i8




he magnetic recording nedia according to-the first. and second
the present invention, when the recording |ayer is. fornmed by

using the Co/Pd artificial lattice filmor the Co/Pt artificial pattie?2005
filmas described above, an additive el enent may be contained in the Pd
| ayer or the Pt layer. The fluctuation of the conposition occurs when the

additive eIenenk%égpégg%ﬁ%ggg%ég?%€§0f9¥%9yerThgraé£§% elé@gﬁe@§‘ﬂ§scribed

above. Thug}r?? ¢ e the” magnetic exchange coupling force
addi 1 ve HERLREPLY Sheshiabtyr o b At By, and, S LR Mg R,
ferably B. Th i i st : s_deter| d h
D bl e iUl REha ot RL R SrL ek e ALe heps etsvgratd den (e
bref er abl coEHAE¥E PhePRRE cbF podded FPcFhP TaTETEEr 11Ot g pas
artificial latti filmis distributed dj i ly in the in;pl
G rect | on. CHBRFRRAUStRCY FRect hR Wpirp; ESI S99t THEe TTPhivs 't sTTH0I oo
discontinuouslggin the in-plane direction” herein neans the provision of

the folloPnER€tFAcL@YBL-That is, when the cross-sectional structure of

the artificial lattice filmis observed, .the cross._section of_ the Co |ayer
is observed to bk iBbRFGREFAPLS th%&e?%d}“mﬁ??eC%Z%% ??ﬁ?{ﬁ%ﬁﬁ& ?FE&ﬁ%rg

i s observed, _areas L i X . ) .
film or the Co/Pt artificial lattice film is distributed

discontinuously in the in-plane direction. The phrase "Co in
the artificial lattice film is distributed discontinuously in
the in-plane direction” herein means the provision of the
following structure. That is, when the cross-sectional
structure of the artificial lattice film is observed, the
cross section of the Co layer is observed to be substantially
layered, while when the planar structure is observed, areas
-y
composed of Co are dispersed like islands on the plane. In
other words, the Co layer in the artificial lattice film is
not formed as a continuous film, but a plurality of areas
composed of Co are dispersed like islands. Co, which is
distributed discontinuously in the artificial lattice film,
partially blocks the magnetic exchange coupling force.
Therefore, it is possible to reduce the magnetic-zxchange
coupling force in the in~plane direction of the recording
layer.

The recording layer haviﬂg the artificial lattice

structure may be formed, for example, with aggregates of
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~conposed-of Co are dispersed |ike islands on the plane.: _;th?g M??da@
theCo~ Iayer in the artificial lattice filmis not'for “asa Co as
film but a plurality of areas conposed of Co are dispersed |ike islands.
Co, which is distributed discontinuously in the artificial lattice film
partially blocks the magneti c exchange coupling force. Therefore, it is

possi bl e teotgduae BeLIRANGhEEeA5NaRgsLaSOUPLIRG, f OFfie dTahbeckniplAne

direction of the recordlng recordi ng |ayer having t

art'f'c'alckagg'gsct§aﬁ 5§ Muﬁsrfgénﬁg £9£a€ 8APL L1 s W F he RGOT €gat es.
of 19 2 6 MAY 2005 col u col um- shaped crysta grains. The dianeter in

a cross sssmﬂapewgngghiugfalhomgpe?égmhgn 2Xkangt bpey 6 LTS

crystal grain nay b in“a range’o nmto e ditference

b h

of the orarh botndary ot CPhg @%&%ﬁ T S e i
t al b ' .

ayer - havi bePRACHE BoPbi BT AL aRe adhi CaBTLOP FRe"Fhald bASnaRRITGE 1O

coupling fopge, %Q%ngngﬂﬁgthgigééggé'SH £§%e£89E§8%|ng fﬂe“@§9?ﬁ%f“te

recordi ng wagne or ned r ecor ayer magnet i c

domai ns ex] poRnper., Fur he earity.of
nagnetlzat?§£lnt?% SI%IOH aréa |raﬁggh gsim%?lg %Qr oreIR FBIS possi bl e

to furtherreggyg &hfa§8ksﬁa99 %R EP&QQH%&IQQ described above, the

magnetic exchange coupling force in the in-plane direction is

reduced. Even when minute recording magnetic domains are
formed in the recording layer, the magnetic domains exist in
a stable manner. Further, the linearity of the magnetization
transition area is high as well. Therefore, it is possible
to further reduce the noise upon the reproduction. )

In Ehe magnetic recording media according to the first
and second aspects of the présent invention, the recordihg
layer having the artificial lattice structure can be formed,
for example, by using a sputtering apparatus which 1s capable
L of forming films alternately. For example, the recording

layer can be formed as follows. ‘That is, two or more
targets, which are composed of different materials, are
juxtaposed, and a substrate carrier is relatively moved
alternately with respect to the respective targets.
Alternatively, the recording layer can be formed as follows.

That is, at least two types of ring-shaped targets having

different diameters are arranged coaxially on an identical
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b e.magnetic recording medi a-according to the first and second aspects
~of ‘the present” invention, the recording layer having the artifici%! | &b i 2085
structure can be formed, for exanple, by using a sputtering apparatus
which is capable of formng filns alternately. For exanple, the recording

| ayer can be forned as follows. That is, two or nore targets, which are
conposed of _different naterjals, are nd a.sybstrat.e carrier

| uxt aposed,
is relativel3"fovel SWPEEFatEets @\Ff‘?nn‘%‘:eép% PR (e RREHAWe ar get s.
Alternatively, the recording | ayer can be forned as | lows. ~That, is, at
| east two PHPe3ed: L Hee shapaatt ar gEte ha i ]g‘?:‘f'“i‘ g)rﬁ %ﬁﬁ@%eslyare
arranged coaxially on an_{dentical 20 2 6 MAY 2006 plane. A substrate is
arranged s®tifGtlifetRepdizcharye wibhoshs ¥bn‘i!'r%h%1§?f§éiasf.geﬁ?er filmis
formed by alternately. effecting the discharge with_the ring-shaped
targets. The fiThethitRneRickreshcot bl af BePFIIRA nabih Pahard atﬁ{)elfi ci al
| attice structure is preferably 5 nmto 60 nmin view of the magnetic
char act eri @FFEEicial kabeire apteusbiret ke PEREFERAMLY | AyBt thAC tHe 1n
coercivity, which is neasured in the direction perpendjcular, to the
substrat e §ip¥aef, the magnekip ¢hanackeriskitooerkt ot .d9315aP k9%l €
that (Mt), which is the product of the filmthickness t of the recording
| ayer and the FeceudbRd nbayieri that ohh&r COPECHY HHY n Whicihges dleasiepd oln o
menu/cnR. |If the coercivity is smaller than 1.5 kQCe, it is feared that the
Output,'mh?hﬁ diregpt ionepepepdicular to the substrate surface, 1s 1.5

kOe to 10 kOe (kilooersted). It is desirable that (Mi't),
which is the product of the film thickness t of the recording
layer and the residual magnetization Mr, is within a range of
0.3 to 1.0 memu/cm’. If the coercivity is smaller than 1.5
kOe, it is feared that the output, which is obtained when
information recorded at a high density (not less than 600
kFCI) is reproduced, is small. Further, %}_is feared that

' the magnetic anisotropy energy is decreased, and the thermal
fluctuation tends to occur. If the value of Mret is larger
than 1.0 memu/cm?, the resolution is lowered. If the value
bf.Mr't is smaller than 0.3 memu/cm’, the output is
excessively small. Therefore, it is feared that it is
difficult to obtain sufficient recording and reproducing
characteristics when the high density recording is performed
at not less than 150 gigabits/square inch.

According to a third aspect of the present invention,

there is provided a magnetic recording medium comprising:

a soft magnetic layer;
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i nformation recorded at a high density-(not |ess than 600 “kFGE).:is .
reproduced, is small. Further, it is feared that " the nagnetiC“ah@jptg@pywmr
energy is decreased, and the thermal fluctuation tends to occur. If thHe =%
value of Mt is larger than 1.0 nmemu/cn®, the resolution is |owered. If

the value of Mt is smaller than 0.3 nenu/cn2, the output is excessively

smal | . Thereforg, rédotgifgal fpet hghidh 18 roihdd G tnto btRimhpddici ent

recordi ng and reproduci ng- characteristics when the high density recording

i's perfornggeffaNOdind 638idRa8xH P01 O 9@@%}%@1’1&9&_@1&1: | Redhe LA 9 4 @

third aspect of the present invention, ere is provided a magnetic
recording medi um £oopri sl &g yhcBOfs I@S&‘@éacllaé@ny@éx& e &4 B YA 1@y er

which is fornmed with a hard nagnetic naterial and which exhibits

per pendi C%ﬁeﬁ%ﬁ@tﬁﬁéy%r@iﬂ%%ﬁéﬂ éﬁde&h%\%ﬁ %?%tﬁai%aéfﬂi@%f‘%‘. t he

soft magneti'c layer and the r g layer a cont al ns oxi de of

Fe. The magnetjc. rlﬁ%ﬁ%@% ﬁ%#ﬂ%@ﬁ%‘gi‘fﬂ’gé&‘g Jfllciziléésj @é)q'cﬂdnqi t he

present invention co ormed wth the

hard MagneldgedBl et le Lo SXMOT nv e B7" OSROL EUl QT HRONSI ZRLA P 0Ly

recording 1nformatrton thereon, and the see ayer ich contarn

Cde  di ¢ . . ‘ oo
ot e S SRRRSY DELYERANGLCRCORd) Rk B ENAL IR SOy ONEI Sl aver
constructifng, té:egrééar?cﬁ&ﬁ | AY§ReCRMaPEon IOV Ao P EAS BIFL ARG SHACI NY

di stances on t ace o
thereon, and the seed layer which contains the Fe oxide

disposed between the recording layer and the soft magnetic
layer formed with the soft magnetic material. Nucleuses of
magnetic grains for constructing the recording layer can be
grdwn at predetermined spacing distances on the surface of
the seed layer. It is preferable that the recording layer
contains a platinum group elemen?. It is especially
preferable that the recording léyer is an alternatively
stacked multilayered film obtained by alternately stacking a
platinum group element and Co element. The recording layer,
which is composed of aggregates of fine magnetic grains, can
be formed by forming the seed layer containing the Fe oxide
és an underlying base for the recording layer. The reason
therefor will be explained below. -—

The Fe oxide, which is contained in the seed layer, has
low wettabllity with respect to the platinum group element
such as Pt and Pd for constructing the recording layer. For

this reason, when Pt or Pd is accumulated on the seed layver
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-the -seed layer. It is preferable that the recording |ayer contains a
platinumgroup elenment. It is especially -preferable that the recording
“layer is an alternatively stacked nultilayered film obtained by 7§ MAY 2005
alternately stacking a platinumgroup elenment and Co el enent. The
recording layer, which is conposed of aggregates of fine magnetic grains,

tnder Ty n b oToTh h ey oy PRYER SRy pLdRy O, SR an g "

o wet L aBF G i Th Peasbets ciothed kit R O SRR 1 "o

nccuml at et o PTRE RS R b b e Sobe S A ARER SR el T 1S
ety i Shes SRPFACS (FEMT 1 ark oy dit off 5 (e B8 1 Hor dance

with the surface tension. Pt aor Pd jch exists in the finel i.spersed
manner on $HEPLER I%%’Felésoﬂe@?ﬁi%ée ; %serc@?esscrlfseq haéjoryue}c/’l esgesgpo%
growi ng the magnetic graips of the recording |ayer. Ther%i re, when Co and
Pt or Pd &% tBFtRIOHERT yE¥e IirHed ?\é?ae‘ﬂﬂ‘?tjt%egWeﬁ Qtg}'f'éai ns are
grown fromthe nucl euses individuallg iq}an isouggeqéstaég The magnetic
grains gr oWRCREIHAS kPR abBRTTEREE hd" 1T M 2 FperTed Wi %uses as t he
units, and hence the magnetic . .

alternately accumulated thereon, the magnetic grains are

grown from the nucleuses individually in an isolated state.

The magnetic grains grown as described above use the finely

‘dispersed nucleuses as the units, and hence the magnetic

grains, which are relatively fine and minute, are obtained on

the seed layer. The recording layer is formed by the

aggregates of such fine magnetic grains. Therefore, it is

possible to form minute recording magnetic domains, and the

A PR

magnetic interaction between the magnetic grains of the
recording layer is reduced as well. Further, the boundary
portion between the recording magnetic domains is distinct.
Therefore, it is possible to reduce the noise.
In the magnetic recording medium according to the third
- aspect of the present invention, it is preferable that the
seed layer contains Fe existing as metal (Fe metal) in
addition to the Fe oxide. The magnetic recording medium,
which is provided with the seed layer as described above,
makes it possible to further reduce the medium noise. The

reason therefor will be explained below.
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grains, -whi.ch are relatively fine and mnute, are obtained.on the seed

" l'ayer.’ The recording layer is formed by the aggregates of such EEQGHAE o005
magnetic grains. Therefore, it is possible to formmnute recor g
magneti c domains, and the nmagnetic interaction between the magnetic grains
of the recording layer is reduced as well. Further, the boundary portion

bet ween the reC?EdigchIHQEﬁékéddﬁﬁﬁ‘cnﬁhbssgbét !LngraIJHE&ﬁfQéﬁtaiﬁs

possi ble to reduce the nolse e magnetic re ng medi um accor |ng to

the third esaeealointgadﬁ£§aﬁn£o'e¥gnkgoexE§g | $sPEAT 8T 8PLL IRl Dan Seed

| ayer contains Fe existing as nmew e nmeta ion

The magnetj, tfsﬁgigaﬁgnueglHglmeggicpakﬁﬁ ¥l dgd &ﬁEBe%QSd dhyeL as_

descr.i bed above es I't possi reduce un1n0|se

reason thea&%&eéyggg 88. gﬂhsansﬂoes'oeheZEe o ifle"na80nb 1y L5 cons! dered

that the see contarns the "Fe ne in ad nto the Fe

CHL0E: oo -RBLELE 04 BleoBEL FATLCTRONLSNER BEA, BRERLEL Tuah,,

e N

o e oL BE B A el Dpnel PR LR B8 PoLSEOER), L6 O

whi ch the hl&h we@%agfi §|$§tgxkgépegttpo Shsgerﬁgd nFnPe{hig Eggsgﬁ,
when Pd or Pt is accumulated on the seed layer in which the
Fe metal particles exist in the dispersed manner in the Fe
exide, Pd or Pt selectively adsorbs to the Fe metal. In this
situation, the Fe metal in the seed layer is extremely
minute. Therefore, Pd or Pt, which has adsorbed to the Fe
metal, is ﬁere minute as compared with a case in which Pd or
- Pt is formed on the seed layer composed of the Fe oxide
described above. Further, the Fe oxide, which has the low
wettability with respect to Pd or Pt, exists around the Fe
metal. Therefore, Pd or Pt, which has been accumulated on

L the seed layer, is restricted for the spread two-
dimensionally, i.e., in the in-plane direction. Pd or Pt is
individually dispersed at predetermined spacing distances
while maintaining the minute state. As described above, Pd
or Pt, which is dispersed extremely minutely, serves as the
nucleus for growing the magnetic grains of the recording

layer. Therefore, when Co and Pd or Pt are alternately

accumulated thereon, the magnetic grains of the recording
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oxi de, -Pd-or . Pt. selectively adsorbs to the Fe netal..ln: this situation,
the Fe-metal-+n-the seed layer is extremely -nminute. Therefore, B gqaPta005
whi ch has adsorbed to the Fe netal, is nore minute as conpared wth a case
in which Pd or Pt is forned on the seed | ayer conposed of the Fe oxide
descri bed above. Further, the Fe oxide, which has the low wettability with
respect to, Pd or_Pt, exist nd the Fe al Therﬁ;

, aro . re,. Pd.or Pt
whi ch has})@é‘ﬁr a%]é%n?ﬁ%vléofﬁ?f“ e BHREET a%? ,elllssesr'estrl%f e%s‘"f ovfhe%rhet%epread
two- di mensio I i.e., in the in-plane direction. .Pd or Pt is .
i vi dual TS0 LBAET et etRE A ERE ST S PGl s 1o
mai ntaining the mpute state.. As descrjbed above, Pd. or. Pt i.ch s
di sper sed "g%'&e?%l Fi HIASF Iy 1R RRAEE gL0T pihe nﬁ%"?%ﬂcguf%rlag?%wwr}gh? f#ee
magnetic grains of the recordin | ayer. Therefore,, when Co and Pd or Pt
are al t er mafkR l%cEﬁW%?‘gdf‘i‘%%Fe%ﬂ%/Y? h? & YT S BIS (HE recor di ng
24 2 6 MAY 2005 | ayer are I’Oﬁg %romthe m put e nucleuserll‘.13 That iéi when
the seed 9598+ PR HCXDRERF R FRAGITHES FP e B T F S M ed as
t he underlying base for the recording, |layer, the Fe netal in [he seed
| ayer pl ay5@¥%EF ol FBFERERr ntRE SIRIFSTLC (T B FHe %&?W%?%Y YT netic
grains in the recording layer. Further, the magnetic grains are grown by
usi ng t he MHRREE PRCLPEIRE 2SS IR KFTs. HhRTeFOre: Ylﬁ% FECRFrH™Y | ayer,

which is formed with the mnute magnetic grains, is obfained, Accordingly,
t he nagnetl%Y%EnBW%%?hmh$C%O%W%ﬂ with the minute magnetic grains, 1s

obtained. Accordingly, the magnetic domains, which are
formed in the recording layer, are also fine and minute.
- Thus, it is possible to further reduce the noise.

In the magnetic recording medium according to the third
aspect of the present invention, it is preferable that a
ratio between numbers oflatoms (Fey./Fe,;) satisfies 0.02 <
(Fey./Fe,;) < 0.2 provided that Fe,, represents the number of
atoms of Fe existing as metal in the seed layer, and Fe,,
repfesents the number of atoms of Fe existing as oxide. As
illustrated by embodiments described later on, when the ratio
between numbers of atoms is larger than 0.02, then it is
possible to record information at a high density on the
recording layer, and it is possible to reproduce the
information at high S/N. However, if the ratio between
numbers of atoms is larger than 0.2, it is feared that the Fe
metal exists in an excessive amount in the seed layer, the
selectivity disappears for the adsorption of the platinum

group element, and it is impossible to form fine magnetic
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“formed i e . recording | ayer, ~are- also fine and mnute. Thus
“possible further reduce the noise. In the nagnetic recordlndz‘r!rsé’hﬁn%m5
according to the third aspect of the present invention, it is preferable
that a ratio between nunbers of atons (Fe,,,/Feox) satisfies 0.02 <

(FeNet/Felt) < 0.2 provided that Femat represents the nunber of atons of

Fe existingrasngeial tha g@gosgggglggfér_and Fe,. represents the nunber of
atons of Fé existing as oxide | ustrated by enbodi nents descri bed

later on, when fhethath@gnbelWeeB-HHaRRE SmOk i &hOIBCHBA LAY I€5 m@ntﬁ)lﬁé
then it is possible to fecord information at a high denSity on the

recording hayeet 8fdché b?;eQQﬁ%' %@eﬁﬁléﬁpr%‘“f@ fnP@feM‘lﬁP& MegAeneRE high

SIN. However,; if the ratio between unbers of atonms is larger than 0.2, it

i's feared Lhal LhgeFe wiELA! cBxEaLAs  Pn@NEEXEE 556V e AP A | B heo seed

| ayer, the sele |V|ty dlsappears of the adsorption of the platinum

group el engRiacdnfl bh LichROSE Rbe {8sLOLMA 86 FROPCLL fufts 2564 MAY 2005
grains in the recording ayer I n the magnetic recording ned|un1accord|ng
to the thi S f €g S nyen i t t he
seed Iayerﬁﬂm%?cﬁeﬁgﬁgaFkg t%égFfQ%x#dgg %%%@%?néytﬁ éEEfﬁgb%eei%@EE

amount - of ﬂg‘ﬁﬁéﬁfé 1 ha0.-80 (V%b}{lé afurdhgle e%f%é&'eléx‘?ég bayer is

formed by oxrdr zing e so ayer at a nperature as

described Lat fﬁp&Pityaﬂa{;”BErhék{tgﬁxegehﬁog&éﬁﬁe% bXtéﬁ?Ht 5 10n AL QL 8RN

addi ti on

to the Fe oxide or the Fe metal.

L In the magnetic recording medium according to the third
aspect of the present invention, it is preferable that the
film thickness of the seed layer is not more than 30 nm in
order not to lower the recording efficiency due to the
magnetic spacing.

In the magnetic recording medium according to the-Epird
aspect of the present invention, the recording layer, which
is formed with the hard magnetic material, may be a
perpendicularly magnetizable film having magnetization in the

Q‘L vertical direction with respect to the film surface. A
ordered alloy film can be used for the recording layer as
described above in addition to the artificial lattice
multilayered film (alternately stacked multilayered filug-
used in the first and second aspects. The hard magnetic
material is preferably a material principally composed of a

platinum group element and Co. At least one element of Pt

and Pd is preferred for the platinum group element. It is
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i I'n the magnetic recording nedi um according
t-0- the-thi --"Spect of ‘the present invention, it is preferabl e ballAY hail5
filmthi ckness of the seed |ayer is not nore than 30 nmin order not to

| ower the recording efficiency due to the magnetic spacing. In the

magneti c recording nediunraccording to the third aspect of the present

I nventi on, s formed with fhe glrd magneti c

e [
nateLiaI, f%gggf e %eﬁﬁr% {%?Iﬁeﬂ%ﬁﬂe??z %Ff?Xrﬁ?ﬁﬂﬁrw EFragnetlzatlon
in the ver |cal ect | th t ot i d
AUBSS 180, PR SR T 3 B %ﬁ?ﬁﬁer? S0 B IRE p el
addition to the artrfrc attice d.f | t t acked
mul ti | ayerSHAF rrrlnbheueﬂetrrau%%r?ws? s E&M%Spe@r%er% Sy e
magnetic materi efera I I d f
plg$|nunrg?5ﬁ%k $é%%i?f %&fme%gsrla ?é)%iy ;" se > a
preferred for the platinumgroup.elenent. It 26 200 f bl
to form t heXfetbt €nbnlﬁ’§/%‘f1‘9"b§lﬁp§?¥|g ]P?l%au%ﬁ"t’léﬁ%t‘@? }%‘{’Vgckg&e %?"‘} g;gr eg
filmobtained by alternatel stacking t Iatlnunrgro el enent and Co.
The al t er nbt81yat stBE KERPHY ?WP%&%F%Hef?¥n?§n@ ekt cﬂ%ﬁl%ﬁb?FWQE%ue
excellent in productrvrt because thetian be forned as a _filmat the

room t enpeF BIRPEABRT A AFREFRET vefhe| dlFermately Stacked il tlaygreher

the alternately stacked nmultil ayered
film and the ordered alloy film are excellent in thermal

fluctuation resistance characteristics, because they have
high magnetic anisotropy. Therefore, the alternately stacked
multilayered film and the ordered alloy film are extremely
optimum to be used as the recording layer for the high
density recording.

Iﬁ the magnetic recording media according to the first
to third aspects of the present invention, the soft magnetic
layer is preferably composed of a soft magnetic film having a
microcrystalline structure obtained by uniformly dispersing,
in Fe, nitride or carbide of at least one element selected
from Ta, Nb, and Zr, in view of the fact that the magnetic
field from the magnetic head is efficiently applied to the
recording layer. Other than the materials as described
above, for example, an amorphous alloy may be used, which is
principally composed of Co-Zr and which contains at least one
element selected from Ta, Nb, and Ti. The soft magnetic fiim
as described above is suitable for high density recording,

because the film has a large saturation magnetic flux density
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“fid'moand the ordered alloy filmare excellent ii'n thermal fluctuation

‘resi stance: characteristics, because they have " high magnetic ani,spt Py
Therefore, the alternately stacked nultilayered film and the-o#ééﬁig éwp%y
filmare extremely optimumto be used as the recording |layer for the high
density recording. In the magnetic recording nedia according to the first

to third agpegts phsdhenpse ?fﬂtTi.nV'fﬂtBé?ﬁnsn% e SOf L JRANELd® md GVl als

preferably conposed of a soft magnetic aving a mcrocrystalline

structure phiaiaed byr 'g@%gay ﬁi?@erééﬁﬁZr,i@bﬁﬁﬁrfﬂéﬂdckééﬁCEﬁﬁf%ﬂg;Of

at |east one elenknt selec from Ta, Nbo, and Zr, in view fact
{hatthe TRORESh ook (KPS TREC! | EnDcpdyd el 1 R Uopanald ok o
cxempl e, ABLaot oS, A e beabss, KL Bl B1 LI ALl uaagposed o
recordi ng. ¥ Bcaiec ke +HInG eEISN P08 SHP Fands AL AL A
nclude, 1ot eohnp Eokp RS ol B mSed it BT B vl g A high
e Tormed, for skant a3 vie BECor ok G nee R et o B S ne-
vapor depogition JPURY Sfes8nl ' LAVENECENESSE O NSt FRL 1 £ A00G LM
surface of the soft magnetic layer is flat. It is preferable
that the surface roughness Ra of the surface of the soft
- magnetic layer is 0.20 nm to 0.40 nm. When the soft magnetic
~ layer having the flat surface as described above is used, the
boundary between the magnetic crystal grains of the recording
layer, i.e., the crystal grain boundary is extremely distinct
més illustrated in embodiments described later on. Thus, the o
isolation of the magnetic crystal grains of the recording :
layer is further facilitated. The magnetic crystal grains of
. the recording layer as described above are magnetically
separated from each.other by the crystal grain boundary.

Therefore, the magnetic exchange coupling force in the in-

plane direction is reduced. Accordingly, it is possible to

form minute magnetic domains in the recording layer, and the
linearity of the magnetization transition area is enhanced.
The fact that the crystal grain boundary of the recording
layer is distinct owing to the flat surface of the soft

magnetic layer is considered to be based on the following
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‘kn - the magnetic-recording medi um accordi.ng t:e-the second -aspect of the
present ‘i-nvention, it is preferable that the “surface of the soft magnetic_
layer is flat. It is preferable that the surface roughness Ra ofZ § AT 2005
surface of the soft nmagnetic layer is 0.20 nmto 0.40 nm When the soft
magnetic |ayer having the flat surface as descri bed above is used, the
boundary between the magnetic crystal grains of the recording Ilayer, i.e.,
the cryst aP*¥PS+RBoundary is extremely distinct as illustrated in

enbodi ments described |ater on, Thus, the isolation of the netjc crystal
grains of the ritotdi AgRsidgeed; Ehat, Vel FhRiFeht Y SHThi %ﬂﬁ‘i ca%r%//stal
~grains of _the recording |ayer as, described, above are nagneti cal |}
separ at ed ¥+ @achhiet Feft i amet £F yE5REFE gr &t P Bb Uk I- afﬁﬁﬁeﬁ%ﬁégsthe
magneti ¢ exchange coupling force in the in- plane direction is reduced.
Accor di ngl 92 thejgupbacepPE the $ofh R oeblrattdey c it RO YRE MY
recording layer, and the Ilinearity of the nmagnetization transition area is
enhanced. PFRbi¢hes aRatCapbureyshd| the i Rrosuhdekty of ¥ie YREDIFaIRPRA ayer
is distinct owng to the flat surface of the soft _nmagnetic |ayer is

consi der editoipecprsidenadt Boat ol ol b2l 2re iR F0Os, pi} At FFe. it is
considered that when the seed layer is forned as a filmon the soft
magneti c | @y@insi forngonsreget Hrdt hexseed l1ayes mre ik WItAME sof t
magnetic |layer, then sputtering particles are captured by the

i rregul aripgingopeparatedafppm each other by sufficient spacing

distances, is formed on the soft magnetic layer. On the
contrary, when the surface of the soft magnetic layer is
flat, sputtering particles, which have arrived at the surface
of the soft magnetic layer, are sufficiently diffused in the
in-plane direction. Therefore, an initial growth layer is
formed as é film, in which grains for constructing the seed
layer are grown in a state of being sufficiently separated
from each other. The seed layer, which is formed on the
basis of the initial growth layer with the separation of the
sufficient spacing distance, is considered as follows. That
is, Pd or Pt, which exists in a microcrystalline or partially
_émorphous structure in SiN {(or SiN network structure), is
also separated from each other bj sufficient spacing
distances, and the dispersion is further facilitated. It is
considered that when the recording layer is formed as a film
on the seed layer in which the dispersion of Pd or Pt is
facilitated in an advanced manner, the extremely distinct

crystal grain boundary is obtained in the recording layer.
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iitwis consi-dered-that an initial growth l'ayer, iin which. grains for
constructing the seed |ayer are grown without being separated fréfh Ka¥n2005
other by sufficient spacing distances, is formed on the soft magnetic

|l ayer. On the contrary, when the surface of the soft magnetic layer is
flat, sputtering particles, which have arrived at the surface of the soft

magnetic | pyep qafe; u&ﬁ%&iﬁﬂfﬁ& Ei£{U§§Pfé@%t@f tﬁ?;f%mﬁﬁ'%%ﬁgﬁ:ié on.

Therefore, an initial grow ayer 1S ornmed as a in Which grains

f t j i j fficientl
epar at od LFYSHT E2E SRRfRLe Y ERe BE e PE Oy e B e e da an he  basis
£ the initial. , ti ha .
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m crocrystal li ng,ogy pagliably. fé@éP&‘i?Hi Iﬁ%{x]}_‘&t%&?of 'ﬁ%!\‘céo{hé' £ pet wor k
structure), is ~also separated Trom each ofher by Sufticient spacing

di ’ . § . o . ) .
tW'QZE hmh FReCrbed, SPRECHE,EF e budhe Pivont BORE cigat SusiPPE 28T 1
Ich the

uhich the chepeiabensel FibeloR! g (Rahbie SShLMa-PRYCRESLPRROE T, 1o
layer. 29 2 MAY 2005.1n order to obtain th f{ggtsgrfaf s f the soft
magneti c FPRVRr2Ssd u%&%ﬂ%T%?g?%%lgﬁr?gi%yn% Pe"3u jéc?eg %o dry etching
oo o kol ber Ll TGk SoReL}, FRgDe el one! QutBEcegECtS
aluminum-magnesium alloy substrate may be plated with nickel-
phosphorus. The substrate surface may be treated to be flat
by applying diamond grinding grains or polishing tape to the
substrate surface while rotating the substrate. Accordingly,
when the magnetic head is allowed to float over the magnetic
recording medium, it is possible to improve the traveling
characteristics of the magnetic head. As for the center line
roughness Ra of the substrate surface, it is desirable that
the center line roughness of a protective film to be formed
on the substrate is not more than 1 nm. In the case of the
‘glass substrate, the surface may be chemically etched with a
chemical agent such as strong acid so that the surface is
flat. Further, any minute height structure, for example,
_projections of not more than 1 nm may be chemically formed on
the surface. Accordingly, it is possible to realize a stable
low floating amount when a negative pressure slider 1s used.

An adhesive layer such as those of Ti may be formed on

the substrate of the magnetic recording medium in order to
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~to third-aspects.of the present invention, those usable as the substrat
“inel ‘for exanpl e, non- magneti c substrates such as al um num gnEQY §m5
al | oy substrates gl ass substrates, and graphite substrates. The surface of
t he alunlnunrnagnesiuntalloy substrate may be plated with nickel-
phosphorus. The substrate surface may be treated to be flat by applying

di anond gri ndi ng grarns or polishing tape to the ubstrate, surface while
rotating tHEPEQPSt HaE et idREFAPRRFY, PERRRHE RS n‘a%‘ff%t? cEHEERY LI | to
fl oat over the magnetic recording nedium it is possible to inprove the
travel i ng OEhEP%c%%?Fs@?ﬁgebtctb%Yﬁﬁgnet|c head. As for the center line
roughness Ra of the substrate surface, is desirable that the center

| i ne roughness B#ch %Fo?%%tm%%n?FFﬁtF%c%Edtﬁﬂrﬁﬁﬁ1%NF?¢RF%&REHFQHEP?s not
nore than 1 nm In the case of the glass substrate, the surface may be
cheni cal | yE¥ghetOviRhTd agReftEapt géﬁtP§%%%“551%Y?QF%PQKWQNSRPWHE&SQhe
surface is flat. Further, any m nute height structure, for exanple,

proj ecti ond BFORREtRVeelavian annkhaayeserehnsi La¥ey- f oFRRIF Prek Mkl f ace.
Accordingly, it is possible to realize a stable |ow floating amunt when a
negative preableefaritee Protsebivanlavaesineldser fh oA HOSTHIOME nay
be formed on the substrate of the magnetic recording nmediumin order to 30
2 6 MAY 2005 amproheus hearbght ebhicep-pentainbhg camRfPR@S FF PR the film

of the soft magnetic layer. Each of the nmagnetic recording nedia according
to the nitrogen-containing amorphous carbon, boron-containing

amorphous carbon, silicon oxide, zirconium oxide, and cubic
.crystal system boron nitride. The method for forming the
protective film of such amorphous carbon includes, for
example, a method in which the film is formed by means of
sputtering in an inert gas or a mixed gas of inert gas and
hydrocarbon gas such as methane by using graphite as a
target, a method in which the film is formed by means of
plasma CVD by using an organic compound such as hydrocarbon
gas, alcohol, acetone, and adamantane singly or mixed with,
for example, hydrogen gas or inert gas, and a method in which
the film is formed by ionizing an organic compound to effect
acceleration by applying a voltage in order to make collision
with the substrate. Further, the protective film may be
formed by means of the ablation method in which a laser beam
at a high output is collected with a lens so that the laser
beam is radiated onto a target such as graphite.

A lubricant can be applied onto the protective film in

order to obtain good characteristics of sliding movement
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vir-d.saspects of the: present -i'nvention may conprise . a Ve,
|'ayer--on“the recording |ayer. ?hose pref erably us;blen?or t he pPgﬂigfé%é%ab
| ayer include, for exanple, any one of anorphous carbon,

si | i con-cont ai ni ng anor phous carbon, nitrogen-containing anor phous carbon,
bor on-cont ai ni ng anorphous carbon, silicon oxide, zirconium oxide, and

cubi c _cr yslal . pyskem boLom iEshdeyoTHer TBLEOY f00n TR 1AM Lhe o pppt ecti ve

filmof such anorphous carbon Tn exanpf e, a nethod | ich the

filmis f . ‘ Cering. i . . ¢
(LT [OLie, Bupeans,of n30UAEELRG LA A0h IET Ly B85 e R dRiSEES e O
el o an-orpant oo baRSRtAcPE Eat et B OBETES ndeedin Pt R AT Mhna
d t i ngl i xed, wih, . f h [ :
and 2 ot nBU | RARTEATE L e Thethe Ve e at by Traht B n RO e TEbb ouna
t ffect I ti b | yi t ' d k  si
wth the STRUTAT el rhare ol BT Factht e Pirt Ro iy b el e B tmans of
t he abl ati](s)n%mat hod in ich a Iasgi geam gt a hil?h Oé,lt ut 'é.&oﬁl%l catlted
with a | emsURGCHAYS 1 ARA| HURFIARLG PRI TEHTET B2BTD B TArRRVETH ¥
aphite. | ubri t |jed onto th t i filmi der t
obtai n gockPSHAPEE BFFEr FALE PhLTh APROVIBTRERbL 915 5 & AT f & ance.
Per f | uor opol thﬁr- based hi gh nol ecul ar weight |ubricant, which has a
princi pal ‘%Fé‘—i‘e?ll tF¥icture conposed of

The solution application method is generally used as the
method for forming the lubricant. 1In prder to avoid the
global warming or simplify the process steps, a lubricant
film may be formed in accordance with the photo-CVD method in
which no solvent is used. The photo-CVD method is performed
by radiating ultraviolet light onto a gaseous material
composed of olefin fluoride and oxygen.

The film thickness of the lubricant is appropriately 0.5
nm to 3 nm as an average value. If the film thickness is

thinner than 0.5 nm, the lubricant characteristics are

S ‘deteriorated. If the film thickness is thicker than 3 nm,
then the meniscus force is increased, and the static
frictional force (stiction) between the magnetic head and the
magnetic disk is increased, which is not preferred. After

the lubricant film is formed as described above, the heat may
be applied at about 100 °C for 1 to 2 hours in nitrogen or in

air. Accordingly, any excessive solvent and low molecular

weight components can be evaporated to improve the tight
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three el enents.of carbon, fluorine, and oxygen, is used as the |ubricant.
Al t-ernatively, ~a fluorine-substituted al kyl conmpound can be al so ciﬂgs 2905
the lubricant. OQther organic |ubricants and inorganic |lubricants #i; By oW
used provided that they are materials which provide stable sliding

novenment and durability. The sol ution appl ication nethod is generally used
as the nethod for fo Iubr| ca oy der t avoi d t gl obal
war mi ng orc%'i’%?*ffgle]ffl%nbéﬁb e%‘f‘:é%% r}é ]d'ﬂ? ]I“fn%tg’éeforned in
accordance with the photo-CVD neth in__ whi ch no solvent is used.. The

phot o- CVD REtHout1%e p@']f%'r medt ey J?I%ﬁ‘}? a‘il??lgpctﬁt( TRABMELY j4ht IS Red
gaseous materi al osed of olefin fluoride and oxygen., The film

t hi ckness ¥°YHe ?%n‘?}&%ﬂlﬁ les AR S8 \PD. Bedm i whifh as an aver age
value. If the fi|mthickness is thinner than 0.5 nm the_ lubricant

char act er | $HFE_VERECT dhight obsitierdiated HeP¥ |3 FRM BRI ©F & ithn 3
nm then the neniscus force is increased, and the static frictional force

(stiction)2Beledv iPkerakieR | %f%df%ﬂlﬁ%eth%%%@% skiim. | feeased,

which is not preferred. After the lubricant filmis forned as descri bed
above, t hé%toﬁa‘;“fquh@]ﬁiﬁ i eEfegt sbb i laorktagred i ICHANTH Hith ogen
or in air. Accordingl any excessive solvent and | ow nol ecul ar wei ght
conponent SEEh Hane rated to i nprove the tight 32 contact perfornmance
between the lubricant filmand the protective film Oher than the

post - t r eat ment Apcempding feyl @ fourth aspect of the present invention,

there is provided a method for producing a magnetic recording
medium, comprising:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a first seed layer
containing oxide of Fe;

forming, on the first seed layer, a second seed layer
containing one of Pd and Pt, Si, and N; and

forming, on the second seed layer, a recording layer.

In the production method according to the fourth aspect
of the present invention, the first seed layer can be formed,
for example, by allowing a target principally containing Fe
to be subjected to reactive sputtering by using a sputtering

. gas containing oxygen. The first seed layer, which is formed
in accordance with the method as described above, contains
the Fe oxide or the oxide of Fe. According to the production
method as described above, it is possible to produce the

magnetic recording medium according to the first aspect of
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‘above,’ canpl e, -a method may be used, ‘i n-whi-ch ul'travi-ol et E%gh% b Sonar
‘radi ated for-a short period of time with an ultraviolet lanp aft éfnﬂWg
the lubricant film The sane or equivalent effect is also obtained in
accordance with such a nmethod. According to a fourth aspect of the present
invention, there is provided a nethod for producing a nagnetic recording
medi um co#REl prBgenpr €eAdEhBgod.substrate; formng a soft nmagnetic layer on
the substrate; formng, on the soft nagnetic layer, a first seed | ayer

contai ni ng oxi denothkeprb@uftign RBthHE hbestasngdtbayge, reuseroaspseed
| ayer containing one of Pd and Pt, Si, and N, and form ng, on the second

seed | ayerprathecpréseft! ayeentibi,t g BEQEYCELORCPRE PRE 36668hd1 H8§0 the
fourth aspect of the present invention, the first seed | ayer can be

forned, f@éy@faHBbﬁaiH¥n§|BﬁEj89 fat 3h8ebtPr50Ci RAL! ¥ 6ANERENENPsEE to be
subj ected to reactive spuftering by using a spuftering gas containing

oxygen. Théeéhri&yéﬁ?dfbfyékamPQEthhé EBGH?QrihQ ﬁ890593§8§f$£ﬁ5dt9§

met hod as descri bed above, contains the Fe oxideée or“the oxide of Fe.

According £g;hhecpsogystiops FELRaEsasrdpgcrhbedralpyesifit thigBessible to
ecorglng |

produce the ghetic ( _ I um accor g to the first aspect of 33
2 5 MAY 2005 thfnpfﬁéefEukEHeEEbﬁﬂction method of the present

invention, for example, an artificial lattice film composed
of a platinum group element and Co element can be formed as
the recording layer having.an artificial lattice structure on
the second seed layer such that a target formed with the
platinum group element and a target formed with Co are used
to perform the sputtering while alternately opening/closing
shuttefé for the targets.

In the production method according to the fourth aspect
of the present invention, the seed layer, which contains the
Fe metal in addition to the Fe oxide, can be formed by
contfolling the flow rate of the oxygen gas in the sputtering
gas. When the seed layer, which contains the Fe oxide and
the Fe metal, is used as the underlying base for the
recording layer as described above, it is possible to form
the aggregates of minute magnetic grains in the recording
layer. Therefore, the magnetic recording medium, which is
provided with the seed layer as deécribed above, makes it
possible to further reduce the medium noise.

According to a fifth aspect of the present invention,
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= m+t-he -producti:on-met hod. according to the fourth aspect of the present

i pventi-on;~in-order to formthe second seed |ayer containing one of Pd and
Pt, Si, and Non the first seed layer, for exanple, the sputtering ey a5
performed by using two types of targets of Pd target and SiN target. In
the fourth production nethod of the present invention, for exanple, an

ol eront cargber o eho TLACTTEFEen0n, fof) BLOMMTLE MIDAT A Rng o

structure on..the Qn d layer such that a target fornmed with the
platinun1gﬁ%%ﬁ&%reégﬁPraﬁggg'target formed wth Co are used to performthe
sputtering while_ alternatel ni.pg/closing shutters for the targets. In

t he production %ﬁ?ﬂ%ﬁl%%c%r%Pﬁg€¥%€$he fourth aspect of the present

invention, the seed.]| ayer ich contains the Fe netal .in.addition to the
Fe oxide, can bgoF%}ﬂ%dab§°%€oﬂ?9%?€fﬁgf?%%rf?%W$Q%I%Pcﬁtﬁﬁﬁgbxygen gas in
the sputtering as. \Wen t seed. | ayer, which contains Fe oxi de and
the Fe netal, iEgﬁgéagasoPhggﬁnﬁ%ng?%%n%E%% ¥%¥e¥he§ %%ﬁéﬁi%¥ﬁfW ayer as
descri bed above, it is possible t orm,.the regates of m nute nagnetic
grains in ?ﬂ%t?%ﬁb?ﬂiﬂﬁg ?iyg?.a?ﬁeﬁgfg$%f ?ﬂ@gﬁhd%% i c recording nedi um
which is provided with the_seed %&yﬁéxas descri bed. above, makes it

u

possi bl e to furtREPPEduRR the 78 BFsed BECH WY 1 fifth aspect of

h r nt inv ion, 34 2 Y. s
the prese Accor Eggoté ghe p?ogﬁét%QRSmethod as described above, it is

possible to produce the magnetic recording medium according
to the second aspect of the present invention.

In the production method according to the fifth aspect
of the present invention, it is preferable that the surface
of the soft magnetic layer is subjected to an etching
treatment, for example, by means of plasma etching after
forming the film of the soft magnetic layer on the substrq&g.
Accordingly, it is possible to obtain the soft magnetic layer
having a flat surface. When the seed layer, which contains
~one of Pd and Pt, Si, and N, is formed on the soft magnetic
1ayer having the flat surface, and the recording layer is
formed on the seed layer as described above, then the crystal
grain boundary of the recording layer is extremely distinct,
and the isolation of crystal grains is facilitated. 1In the—-
magnetic recording medium produced by the production method
‘of the present invention, the magnetic exchange coupling

force in the in-plane direction of the recording layer is

further reduced. Therefore, the linearity of the
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‘there s ‘provi:ded-a nethod for producing:a:nmgnetic recording i o
conpriSingﬁ”preparing a substrate; formng a soft magnetic |aye?%§%%ﬁh@83ma
substrate; formng, on the soft magnetic |ayer, a seed |ayer containing
one of Pd and Pt, Si, and N; and form ng, on the seed |ayer, a recording

| ayer. According to the production nethod as described above, it is

possibl e t,profiipe: 18 ERIRELL SR CoPELT 0 ORBLURACCORAI 10 id pddenprcond

aspect of t present 1 nvention. | e production nmethod according to the

fifth aspegy réﬁuégetﬁéeﬁggée[nvention, it is preferable that the surface
of the soft magnetic layer Is subjected to an etching treatnent, for

exanpl e, by neans.ofphasey gLehipy aLpete SPrMOGLASAL! Modni figy sof t
e s@bstr %cc % Y, |tg? {ﬁ

magnetic | ayer on t ate. ordi ng s possible to obtain the

SO I VIR & dhehgsiplpChioietnd'e sl o e

contains oOné of and e"soft mmgnetic

| ayer havi f e, and the recording layer is forned on the
L R

seed | ayer as a then the crystal grain boundary of the

recording | ayer i%Pgﬁiﬂgnglgu?£§££ggg, and the isolation of crystal grains
€

is facilitated.PT magneti ¢ recbrdi ng medi um produced by the

production nethod of the sent invention. the gnet i hange coupli ng
force in the iﬁB%F%ﬁ%gd?r%gﬁgo%a%?egﬁ% ;%%%F |%gt$§y%€b%§r§¢%fther reduced.

Therefore, the %6£ﬁ§%é}yogftﬁgesgét magnetic layer, a seed layer

containing oxide of Fe; and

forming a recording layer on the seed layer.

In the production method according to the sixth aspect
of the present invention, for example, the seed layer can be
formed by allowing a target principally containing Fe to be
subjected_to reactive sputtering by using a sputtering gas
~containing oxygen. Tﬁe seed layer, which is formed in
accordance with the method as described above, contains the
Fe oxide. According to the production method as described
above, it is possible to produce the magnetic recording
medium according to the third aspect of the present
invention.

In the production method according to the sixth aspect
of the present invention, the seed layer, which contains the
Fe metal in addition to the Fe oxide, can be formed by
controlling the flow rate of the oxygen gas in the sputtering
gas. When the seed layer, which contains the Fe oxide and

the Fe metal, 1s used as the underlying base for the

36



~2 6. MAY: 2005 -magnet i zation transition area is enhanced, and it is possible
t0 reduce the noi se. According to a sixth aspect of the pr esent '?EeFﬁhoﬁdﬁ
there is provided a nethod for producing a magnetic recording ned
conprising: preparing a substrate; formng a soft magnetic |ayer on the
substrate; formng, on the soft magnetic | ayer, a seed |ayer containing

o oduct | orf SRARDE AR A5 ATt i ovseSEe{theo?ee%eﬂ%?%Lem 2ekint on
cont af i errfete{‘q%r%%ea%e'@?,y e&%&tﬁee B Sttt Satghyie e ool 1)
Phe ot hod HREos SRR oy & 14, '%eqrtslq“?r'ee"c%s & e BB 08 The
%Sﬂﬁf f LOP%%%:%“J%@%?{% %eeﬂeﬁ h%ji’\g/eelt 6 HR g tf%% teft;éﬁﬁna?ﬁ%%efa@?fent h

I nventi on n e producti on netnhod a Orﬂé#}l{ (0] e Si a%&ec ﬁ (0] e

present i MRASAIE Yhdwddhe HRduCsih addi ti on
to the Fe oxide, can be forned by controllln the fI rat gﬁte oxygen
gas in thdasak tie i fRFmeghsln iHEh G971 Sl eICOIWﬁ He Fe
oxide and the Fe netal, is used as the underlyin base for th

rate of the oxygen gas as described above, 1t 1is de51rable
that the surface of the seed layer is subjected to sputtering
etching during the period from the formation of the seed
layer to the formation of the recording layer on the seed
layer. The reason therefor will be explained below.

The oxygen gas remains in a film-forming chamber after
the seed layer is formed by means of the reactive sputtering
by using the sputtering gas containing the oxygen gas. A

_certain period of time is required to completely evaeuaES the
6xygen gas. Therefore, during this period, a thin oxide film
- is formed on the surface of the Fe metal in the seed layer
due to the oxygen gas remaining in the chamber. Such an
oxide film inhibits the adsorption of the platinum group
element in the recording layer to the Fe metal, for example,
when the recording layer containing the platinum group
element is formed on the seed layer. Therefore, it is feared
that the adsorption selectivity for the platinum group
element is lowered. Accordingly, as described above, the

oxide film, which is formed on the surface of the Fe metal,

is removed by sputtering-etching the surface of the seed
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.36 2 6 MAY 2005 recording | ayer-as-described above;: it s possible to form"
the aggregates of minute nmagnetic graihs in the recording |ayer.?2§g MAY Zﬁﬁ
Therefore, the magnetic recording nedium which is provided with the see

| ayer as descri bed above, nakes it possible to further reduce the nedi um
noi se. Wen the Fe netal is forned in the seed |layer by controlling the

flow rate;g{elhgreX¥9e8rAdfgasndescinbsd @H@Vgee&t15§e9?sifﬁ9£? thbat the
surface of the seed layer 1s subjected to sputtering “etching during the

I
peri od froghhbﬁnﬁﬁf§§5h§“e9éméh€ sgef aka¥araha bbef69r8@hE99u8£iﬁéethe
a he seed | [l

recordi ng yer on ayer. The reason therefor w be expl al ned

bel ow. Ther@éxgagngaiagsgakaﬁ b ﬁeiEhﬂk§oéﬁgagbﬁaaﬂgeﬁh@f?Ermetgf sfed
y nmeans o g by usin e

| ayer is forne the reactive’sputterin gt

sputtering,gassGeRLALNLROLHBCSBXNIER,ERS. PrefBELRLY PEriQdn0LsiLiE E§
g gas. f B

required to conpletely evacuate the 0Oxygen erefore, during thrs

period, a EB%@G‘BISISO'{E%BM:E‘ mEﬁnfe‘BiEﬁgrQEnEhﬁnS% aﬁgcﬁgﬁ%fe}ﬁ f&;gﬁ? Z'n in the

seed | ayer’ e oxygen gas remaining in thec _ oxi de
L T DhhsgbTBBERELENL O L0 RECRENIL IR BBETELD (1,
ot 1 s B SRS P LG Ky SoEE B ORLAS PR, | R g,
0r0UD. ol SRt ok, LOUSLEH, RECBECLDBNY n2fy Ui oL ot AVRY R b0 o O

In the production method according to the sixth aspect
of the present invention, for example, when a soft magnetic
layer containing Fe is used as the soft magnetic layer, the
seed layer containing the Fe oxide can be also formed by
oxidizing the surface of the soft magnetic layer at a high
temperature after forming the soft magnetic-iayer containing
Fe.

In the production methods according to the fourth to
sixth aspects of the present invention, those usable as the
method for forming the soft magnetic layer, the first seed
layer, the second seed layer, and the recording layer
include, for example, the vacuum vapor deposition method, the
MBE method, the sputtering method, the ion beam method, the
.mplecular layer epitaxy method, and the plasma CVD. Those
useable as the sputtering method include, for example, known
sputtering methods such as the ECR sputtering method, the DC

sputtering method, and the RF sputtering method.

According to a seventh aspect of the present invention,
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i's removed by-sputtering-etching the:surface of the seed 37 2 6 MAY 2005

| ayer -af ter fornlng the fil mof the seed l'ayer. Thus, the plati | %BW"
el ement such as Pd and Pt for constructing the recording | ayer Qgﬂwﬂgp J
reliably adsorbed to the Fe netal on the surface of the seed | ayer.
Therefore, it is possible to formthe mnute nagnetic grains in the

recording {gyer. Ingae prehetafly used goths gasoto.be, ussi (oL fe
sputéerlng e ﬁlng PRAYTdE AR gas” suc

t d h hod
Rcoording Lo theng: I@?'ﬁ%&%@??‘&gﬁ%ﬂé %%%%%Iﬁ?g?%%% hge 5’ *?35’2%%%3?%“ hed

a soft mag y |n|n e is used as the soft nagnetlc | ayer,
the seed Fg lggﬁ glﬂ%ﬁ h%S?% gﬁrde can be al so formed by oxidizing

t he surface of the_s L. ayer at a h h te ratur after formng
the soft nagnetchF898%l80ﬁ?ﬁénVH§cﬁ 1S §sefe grﬁﬁﬁ% o%rnﬁgﬂﬁﬁéu%%cordlng
to the fourt? sixth aapects of the present invention, those usable as
the method™ 8Fm?BFﬂPngaP e soft magnetic layer, the first seed | ayer, the

second seed | ayer, and the rec dipg.laye cl ude or exa t he vacuum
vapor depositioft fELKORY BRLT Heg ﬁ thﬁesﬂﬁg?ﬁﬁrﬁgrﬁ%? 6ahgthe i on
beam net hod, .the no]ecul ar |tax net hod, .and the plasma CVD. Those
useabl e asm?ﬂeugpﬂfFErFﬁﬁpﬁﬁFhﬁ ﬁglﬂag e of E?ﬁ l e, known sputtering

net hods such as hhe ECR s uttering nethod, th EC
The magnet c storade apparatus of the present invention

- is provided with the magnetic recording medium according to
~any one of the first to third aspects of the present

_ invention. Therefore, even when information is recorded at a
high areal recording density, the information can be
reproduced at high S§/N. Further, the magnetic storage
apparatus posseeses excellent thermal fluctuation resistance.

In the magnetic storage apparatus of the present

invention, the magnetic head may comprise a recording
magnetic head for recording information on the magnetic
recording medium, and a reproducing magnetic head for
reproducing information recorded on the magnetic recording

medium. It is desirable that the gap length of the recording
magnetic head is 0.2 uym to 0.02 um. If the gap length

exceeds 0.2 um, it is difficult to perform recording at a

high linear recording density of not less than 400 KFCI. It

is difficult to produce a recording head having a gap length
smaller than 0.02 um. In the case of such a recording head,

the device tends to be destroyed due to the static
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sputtering method, and the RF sputtering method. Accordrng;tbﬂaézﬁvﬁg%homy
aspect of the present invention, 38 2 6 MAY 2005 there is provi AT LU
magneti c storage apparatus conprising: the nmagnetic recordi ng nmedi um
according to any one of the first to third aspects; a magnetic head which
is used to record or reproduce information; and a driving unit which
drives theenagbeitttyetnddtgonredi um with respect to the magnetic head.
The magnetic storage apparatus of the present invention is provided with

the nmagnetic reepsdi-ogroRes il ARE@het N headadinobe €bnéheuttéstbyo third
aspects of the present invention. Therefore, even when information is

recorded ags iin% hi %?ﬁ@%ré@ﬁ@tﬂh@@ gepsttyelbhént Df O Bl OeSBPalEe
reproduced at high S/IN. Further, the nagnetic storage apparatus possesses

excel | ent thet Mehe f Felstd@béO0oh €Sh8&RACEntEPvhNeo FBERST FEpBdQiANEy appar at us
of the present invention, the magnetic head may conprise a recording

magneti c r di i nf i pn,on t he j i G- ium
ang a repﬁggg%%ﬁécnggﬁét%%g%égdﬁﬁggé ?é%?oﬁ%éiHgﬁg2?%#%%?#%%3#@6§%Hg§90n
t he nagnetic recoyrdin diu It is desirable that the | ength of the
record?ng_1%5@5%Ticéhg%ﬂt ¥ B°22Ha 19 Eh%zrﬁPr? ufh%ggﬁﬁg$ﬁﬁﬁ% 'ex%%%ds
G2 Lt St e othe S Bl oL et oot 8109 e Bual! 60, T LS 1 5REE" o0

resolution is. It is desirable that the lower limit value of
the reproduction shield interval is appropriately selected
within the range described above, depending on, for example,
the stability of the element, the reliability, the electric
resistance characteristics, and the output. -

In the magnetic storage apparatus ofrthe present
invention, the driving unit cag be constructed with a spindle
for rotating and driving the magnetic recording medium. It
is desirable that the velocity of rotation of the spindle is
3000 revolutions per minute to 20000 revolutions per minute.
If the velbcity of rotation of the spindle is slower than
3000 revolutions per minute, the data transfer speed is low,
which is not preferred. If the velocity of rotation of the
spindle exceeds 20000 revolutions per minute, the noise and
the heat generation of the spindle are increased, which is
not desirable. Taking the velocity of rotation as described
above into consideration, the optimum relative velocity
between the magnetic recording medium and the'magnetic head

is 2 m/second to 30 m/second.
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s diffi produce a recording -head having a gap length :smaller than
0.02 Etm in the case of such a recording head, the device tend§ & dibe ¢85
destroyed due to the static 39 2 6 MAY 2005 el ectricity induction. The
reproduci ng magnetic head can be constructed by using a magnetoresistance
effect elenent. It is desirable that the reproduction shield interval of
the reproducing nagnetic head is 0.2 Rmto 0.02 [UR The reproduction
shield interval directly relates to the reproducing resolution. The

shorter the reproductionB§£%£Lg¥%§$f£¥g+Ni8F $ﬁ§ ﬁ&ﬁ%fﬁeghe resolution is.

It is desirable that the ue of he“r'éproduction shield
interval is appropriately selected wthin the range described above,
dependi ng on, for exanple, the stability of the elenent, the reliability,
the electric resistance characterisiics, and t out pui.. I n the. magnetic
st or age apparatE%gofftﬁgoﬁ?e§eﬁ?h?ﬂ@ ﬁ?i%ﬁ?gf%%ggrYH?ﬁgF%&H%%Eé§9%ﬁf%
constructed with a spindle for totatin nd drivjng the netic recording
modi um | (AGRSELE| FEBPEALRA MERLIDPEEPFGIRI TO BT I ST Thel SPT MR | s

3000 revolutions per minute to 20000 revolutions per mnute. |If the
vel ocity OPTPRGEH ol o¥*¥HRICpindie is slower than 3000 revol utions per

mnute, the data transfer speed s low, which is not preferred. If the
velocity of rotBi¥on? of heB téﬁ?%ﬁyeSQQW%eﬂSCEQﬁﬁKP??ﬁéﬁ%ﬁfoﬁ%r$ﬁﬁuﬁﬁnute,

t he noi se and the hea{ generation of the sgindle are incrqued, which is
. 0of a recording layer of the magn ium.

tic recording me

Fig. 3 shows a schematic plan view illustrating a
magnetic storage apparatus according to the present
invention.

Fig. 4 shows results of measurement of electromagnetic
conversion characteristics of the magnetic recording medium
produced iﬁ Example 1.

Fig. 5 shows a schematic sectional view illustrating a
magnetic recording medium produced in Example 7.

Fig. 6 shows a Kerr rotation angle curve with respect to
the external magnetic field exerted on a magnetic recording
medium produced by plasma-etching a surface of a soft
magnetic layer.

Fig. 7 shows images observed with TEM for recording
layers of magnetic recording media, wherein Fig. 7(a) shows
the image observed with TEM for the recording layer of the
magnetic recording medium produced by plasma-etching the

surface of the soft magnetic layer, and Fig. 7(b) shows the

image observed .with TEM for the recording layer of the
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“not desirable. Taking the velocity-ef rotation as described “above into
consi deration, the optinmumrel ative veIOC|ty bet ween the nagd%ﬁlﬁAY 2005
recordi ng medi um and the magnetic head is 2 msecond to 30 m second. 40 2
6 MM 2005 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a schematic
sectional viewillustrating a magnetic recording nediumaccording to the

present inwegheeic peedvagfg RelXamPheoducEldwignsahepBlie6ahliNgshnays a
cross-sectional structure of a recording |ayer of the nagnetlc recordi ng

medi um Fpmasﬁasae&ﬁlags@B@nahécsakﬁacélSEIthbugbfatmaﬁnétmggms kg, storage
apparatus according to the present invention. Fig ows results of

measur ement of PLQCtBogﬁgﬁgthﬁstéeﬁxﬁgshﬁmugﬁﬂééﬁhsrtﬁé'8§aﬁété9§ grgnetic
recordi ng medi um “produced in Exanple 1. shows a schenmatic sectiona

view illustrabiag araﬁﬁgnshactﬁeCHﬁﬂbagsns@' EbEBQdergebBrﬁiﬁﬁp?S sFi g
6 shows a Kerr rotation ang e curve with respect to t he exter %‘agnetlc

{1 el d exerbecnagnar FRORELLEaR AGORELNY, TBELUTPERQUCETapYSRbaSE: EACRI g @

surface of a so magneti c | ayer ows | bserved wth TEM

o oo e ST PACTRARS 5 A PR B ) et
the surface of the soft magnetic layer, and Fig. 8(b) shows a
case of the magnetic recording medium produced without
performing any plasma etching for the surface of the soft
magnetic layer.

Fig. 9 shows images observed with AFM, wherein Fig. 9(a)
shows the image observed with AFM for the surface of the soft
magnetic layer before performing the plasma etching, and Fig.
9(b) shows the image observed with AFM for thé surface of the
soft magnetic_lgygr after performing the plasma etching.

Fig. 10 shows an image observed with_MFM for a repeating
pattern recorded in a recording layer of a magnetic recording
medium produced by plasma-etching a soft magnetic layer.

N Fig. 11 shows images observed with MFM obtained when a
repeating pattern was overwritten at mutually different
1inear.recording densities in a recording layer of a magnetic
recording medium produced by plasma-etching a soft magnetic
layer.

Fig. 12 schematically shows a cross-sectional structure

of a magnetic disk according to the present invention

produced in Example 10.
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di-ng ~medi.um produced by:pl asma-etching the ‘surface of the
- grietic layer, and Fig. 7(b) shows the immge observed wi th? §EMA oINS
the recording |ayer of the 41 2 6 MAY 2005 magnetic recordi ng medi um
produced without perform ng any plasma etching for the surface of the soft
magnetic layer. Fig. 8 shoms'histograns illustrating the dianeters of
crystal grains and t nbers r ai cordin e tic
recordi ng nedlaﬁ ﬁhe?gln |g a8 ? ho3§u§£€3g Hg ¥e$%i€%aé§e¥$% g@%%?dlng
nedlun1produ§ed b g0R- el t he surfa e of tp%]csg%l naggetlc | ayer,
[

T H P ofhicEpBYoBBR TR ot ﬁ?r?ﬁEeﬁéaﬁéF T oF oduced

h f h h f '
Fayer: Floexgndighs PTeB T oRad CahbireRine Xéﬁé &t E.°t98<25 shove the
b d wi.th AFM th fa the.soft bef
pe Tor i ng ¢ he ﬁﬁaSna4e?E§%ﬁg,esﬁﬁiﬁ 5718e b5 Enbieronat ?ﬁaatcﬁﬁgéfétﬁgmf[ﬁ

AFM for the surface.of the L.c | ayer aft p g the plasm
et chi ng. F?Ba TEPCHOHE A rhgeechetisbacai of meAnebichtiabiarfag partorn
recorded in cor? 2 er of a magnetic recording nedium produced by
pl asna- etcﬁ?ﬂﬂp €80 F ﬂﬁg étlc layer. Fig. 11 shows images observed with
MFM obt ai ned when a eatin gattern was overwjtten at tual

n

|
different Ilnegﬁgreéér PHUSd FheRatif SerLigratnyifyydt ?tﬁaﬁlﬁﬂe?lc

recordi ng nmedi um, oduceg g g gsna etchlng a soft. magnetic
magnetl recordin edlum according to the gresent invention

produced in Example 24.

BEST MODE FOR CARRYING OUT THE INVENTION

Examples of the magnetic recording medium according to
' thé present inventiocn and the magnetic storage apparatus
based on the use of the same will be specifically explained
below with reference to the drawings. In Examples described
below, magnetic disks (hard disks) were produced as magnetic
recording media. However, the present invention is also
applicable to recording media of the type in which the
magnetic head and the magnetic recording medium make contact
during recording or reproduction, for example, in the case of

floppy disks, magnetic tapes, and magnetic cards.

Example 1

Fig. 1 shows a schematic sectional view illustrating a

magnetic recording medium according to the present invention.
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| ayer. “Fig. 12 schematically shows:a’ cross sectional structure.

nagnetlc di sk according to the present invention produced in Eﬂ&@p?@Ylﬁ&E
42 2 6 MAY 2005 Fig. 13 shows a table illustrating results of recording

and reproduction characteristics of nagnetic disks of Exanples 10 to 14
and Conparative Exanples 4 to 7. Fig. 14 shows a table illustrating results

of recordi mge magneepeogduebirainghaecashar ishi esmptisegnat s6rdi skgnetic
Exanples 15 to 23. Fig. 15 shows a schematic sectional viewillustrating a

‘magnetic reapedi Bg gedeum aagerdungat @cbbedRhgsen etnsenhlgﬁot@&QQU§ed in
Exanpl e 24. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Exanpl es of the

magneti c regagedi By ARdi HNMapeeEdhBg1kQelrhe Bheﬁeﬁhbbﬁ¥86é|Pnhéﬂﬂn§h§
magnetic storage apparatus based on the use of the same will

speci fi cal hynesplai ngderbel owawnbhnbaf %@ngeoaacahs QhéV\!anﬁetiB Exanpl es
descri bed below, magnetic disks (hard dis wer e produced as nmagnetic

recordi ng Bﬁgbﬁdlﬁﬁwﬁéﬁiumtm@oph8§§ﬁb bﬁ&ﬁnﬁ'Qﬁabﬁe§|§€rué99£écﬁbkf L8
recording nmedia of "the type in which"the nagnetic head and the nagnetic

recordi ng gefLpmhEake=toRt act durlng recordi ng or reproduction, for
exanple, in the case of floppy disks, magnetic tapes, and magnetic cards.

Exanple 1 . At first, the glass substrate 1 having a diameter of 65
mm was prepared. A film of Ti having a thicknesslof 5 nm was
formed as the adhesive layer 2 on the glass substrate 1 by

i. using a continuous sputtering apparatus.

Subsequently, a film of Fe,Ta,C,, was formed to have a
film thickness of 400 nm as the soft magnetic layer 3 on the

adhesive layer 2. The formed film of Fe,Ta,C,, was heated for

30 seconds at a temperature of 450 °C in vacuum with a carbon
heater, .and then the film was gradually cooled. Thus, the
soft magnetic layer 3 containing microcrystals of Fe was
formed.

Subsequently, the substrate 1 was transferred to a
chamber of an alternate sputtering apparatus to form a film
of the seed layer 4 on the soft magnetic layer 3. When the
film of the seed layer 4 was formed, argon gas was introduced
into the chamber, while a Pd target was subjected to DC
sputtering, and an SiN target was subjected to RF sputtering.
Accordingly, the seed layer 4, which was composed of 73
atomic % of Pd, 26 atomic % of Si, and 1 atomic % of N, was

formed to have a film thickness of 5 nm on the soft magnetic
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CFigy chematic sectional viewillustrating a nagnetic recording
medium accordi-ng ‘to the present invention. 43 The magnetic recor dp rg MERdiZGH
100 conprises a soft magnetic layer 3, a seed |ayer 4, a recording |ayer

5, a protective layer 6, and a |ubricant |ayer 7 on a substrate 1 having a
adhesive layer 2. A method for producing the magnetic recording nedium 100
havi ng suc?bg?étgpked structure will be described below. At first, the

gl ass substrate 1 having a dianeter of 65 mmwas prepared. A filmof Ti

having a thi Ck%s@%u%n%méheflpéé@pcg@?? &.dkgesﬁa&ﬁrlgaé‘:ﬁr{) a%@i%i‘%ledlg;ass

substrate 1 by “usin ti Auous spu I'Ng" apparat us. sequent
(1o PP R SIS CplaE S LI RS O . (1
FoTATeOCIAgER (LI BhiPOLRTERTS R, bR S e, el voryem
201 Nk el BIES hPPO! B ELARRELES SSLUSLALT sy IR A e 5 oo
oPuLer o SPoeg lp 4ol oLl e L aRTahbeseRtd R, L ORAlE s
ras 007 OOk G AEPIRIOED: YOLLer2 ROAS(RL MESIM SR B
the seed lgggrPé"lg%gfgl#ggecgfgggggtg{y7gtacked. The film thickness

of the Co layer per one layer was 0.12 nm, and the film

thickness of the Pd layer per one layer was 0.85 nm. The

numbers of stacked iayers of the Pd layers and the Co layers

were twenty-six respectively.

Subsequently, the protective layer 6, which was composed

of_émorphous carbon, was formed to have a film thickness of 3

nm on the recording layer 5 by means of the plasma CVD

method. After the protective layer 6 was formed, the

substrate was taken out of the film-forming apparatus.

Finally, a perfluoropolyether-based lubricant was applied

with a thickness of 1 nm on the protective layer 6 to form

the lubricant layer 7.

Thus, the magnetic recording medium 100 having the

stacked structure shown in Fig. 1 was produced.
ample 2
A magnetic recording medium was produced in the same

manner as in Example 1 except that Co was contained in the
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atomic % of Pd, 26 atomic %of Si, and 1 atonmic % of N, was  formed tovhaw
a filmthickness of 5 nmon the soft magnetic 44 2 6 MAY I""ayt-"-,r'Br‘:!:}g MR
Subsequently, the recording layer 5 having an artificial lattice structure
was formed as a filmon the seed | ayer 4. when the recording |layer 5 was
formed, DC sputtering was perfornmed while alternately opening/closing
shutters faeecd Qayedrar getheandha Béedanggler wadr f@amedo akoamrtiha,r agogdisng

| ayer 5 having the artificial lattice structure in which Co |ayers "and Pd
| ayers wer wadl tieruraidelcpdstiaakedhel k@ ahben,t RihGRReSS coot atrgetCanbayepgper
one layer was 0.12 nm and the film thickness of the Pd l'ayer per one

| ayer was @aGyetmweliee subers b prashed tealiohgs ahdt he Bdwl auegetapdst he
Co layers were twenty-six respectively. Subsequently, the protective |ayer
6, which waubgerpesedo &fF apRtRBRURgCAr RekorM@ngl9, At QcbaVEe ageli,! M
thickness of 3 nmon the recording layer 5 by neans of the plasSma CVD

net hod. Af w@fichh&aRr ebapoisea bayer ato@e kOLFEEo,t he a3uh3kr at erwag,t aken
out of the filmformng apparatus. Finally, a perfluoropolyether-based
lubri cant waemdepli 8¢ swi,tBnd thhekRges 2061 N)MER FRemRHOLAC Ehue shayer 6
to form the lubricant layer 7. Thus, the magnetic recordi ng nedi um 100
havi ng themagh@Qﬁgdlgyggqture shown in Fig. 1 was produced. Exanple 2

Example 3

In Example 3, a recording layer having an artificial

lattice structure was formed such that Co layers each having

a film thickness of 0.15 nm and Pt layers each having a film _

thickness of 0.85 nm were formed repeatedly in 15 cycles in
accordance with the alternate sputtering method. In order to
appEPPriately control the crystal growth of the recording
layer ﬁaving such an artificial lattice structure, a seed
léyer, which was composed of 73 atomic % of Pt, 26 atomic %
of Si, and 1 atomic % of N, was formed as the seed layer to
@-‘ have a film thickness of 5 nm. Other than the above, a
magnetic recording medium was produced in the same manner as

in Example 1.

Example 4

Fig. 3 shows a schematic arrangement of a magnetic
storage apparatus 200 according to the present invention.

The magnetic storage apparatus 200 comprises the magnetic
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di-ng nmedi um was produced in the sane nmanner: as in Exanple

pt Co was contained in the 45 2 6 MAY 2005 seed | ayer. em At heilh
seed Iayer ‘was formed as a film Ar gas was introduced into the chanber
while a Co target and a Pd target were subjected to DC sputtering, and an
SiN target was subjected to RF sputtering. Accordingly, the seed Iayer

uhich was ¢oRBASEf;Ohe gllaﬁlom) "8.0ko Ry 18- 2 211l Cs 6010 5 2 ALLM gt

Si, and 1 atom'c magnetic layer. Exanple

|0, Bxanp! oafa, SEBEORE, E?%'@é@ﬁe B RcBPathl efifh 108 Z?ééﬁ%@%*#%ﬁéeptms
| ayers eachhgvipg & ngaﬂ dggbgﬁgeaﬁ%efﬁ? B3 WbyENg AL TRdgheepatadly Tn

15 cycles I'n accbr ance w ernate spu

appropri at ely, cont .ol . h or. h, pf r ng
such an al’?Ibeél al fggtl%e go%%% ur%‘?% Egedﬁ‘ggnégfg %gg)ﬁdig%el{é%ér}%#sled of
73 atomc % d as

(he"seed |39§rdt 5‘9035&3%“3 ?P?nF?RE8§H§E%°§f LTSl B e L e
t . ' .
Beanpl e 4 Ehg maS8RERE BokeRdnB ReaF b, BehdfeodrT la"ﬁﬁgrﬁé% i g © :

apparat us %89 %ﬁgo£géggt£8 %ng é%ﬁ%”he&?ﬁ%”ib8?' The magnetic head 10

includes a single magnetic pole type writing element and a
GMR (Giant Magneto-Resistive) reading element. The magnetic
head lOlis provided at the tip of an arm of the head-driving
upnit 11. The single magnetic pole type writing element of
the magnetic head 10 is capable of recording information on
the magnetic recording medium such that a magnetic field
corresponding to data to be recorded is applied to the
~magnetic recording medium when the information is recorded.
The GMR reading element of the magnetic head 10 is capable of
reproducing information recorded on the magnetic recording
medium by detecting the change of leak magnetic field from
the magnetic recording medium. The recording and
reproduction signal-processing unit 12 is capable of encoding
data to be recorded on the magnetic recording medium 100 to
transmit a recording signal to the single magnetic pole type
writing element of the magnetic head 10. The recording and
reproduction signal-processing unit 12 is also capable of
decoding a reproduced signal from the magnetic recording

medium 100 detected by the GMR reading element of the
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The magnetic storage apparatus 200 conprises the;nagneth-46'ZﬁgégﬂfoOOS'
recordi ng medi um 100, a rotary driving section 18 for driving ﬁ@féﬁﬁ&g
t he magnetic recordi ng nedi um 100, a nmagnetic head 10, a head-driving unit
11 for noving the magnetic head 10 to a desired position over the magnetic
recording medium and a recording and reproduction signal-processing unit
12. The mmagpeticdcr eeaddilng medi um produced in Exanple 1 was used for the
magneti ¢ recordi ng medi um 100. The nagnetic head 10 includes a single
magnetic pol e tyhe maghengcekeseayeangparaGyR (Gbans WagoeipeResbstkve)
readi ng el enment. The magnetic head 10 is provided at the tip of an arm of
t he head- dwh¥i @giveni toltecdha shiighfRafBsnetindepohechbynetMbht bagael enent of
t he magnetic head 10 is capable of recording information on the nagnetic
recordi ng mededm suebrihal deaBgRet b fbebdxpeer haarandi-agkt Qefatyt gsbe
recorded is applied to the nmagnetic recording nediumwhen the information
is recordedso kheiGMRnhieadinAgnehenBRl ehet RegHBEREt Epabend 1Qiseanapabl e of
reproduci ng i nformati on recorded on the nmagnétic recording nedium by

det ecting bB@wéBﬁnﬁBeOEukﬁace”Bgn@hbcmﬁﬁgkdmﬁpﬁghiéhﬁoﬂﬁgaﬁttﬁerecprd'ng
medi um The recording and reproduction”signal-processing unit 12 is

capabl e Ofmﬁaﬁéﬂﬁagheﬂat@OtQnaethécQﬁgfgc@noEh%hEHQBGBESiﬁsCQ%QEEQOEEdium

100 to transmt a recording signal to the single magnetic pole type
witing el enBNhaghethe EBQB%H&ﬁghﬁéQiﬁﬂ-lEbs £8c8edi 8onANd ThePredyehban

signal -processing unit 12 is al So capable o

information was reproduced to evaluate the recording and
reproduction characteristics. As a result, 24.5 dB was
obtained as total S/N. The recording and reproduction weré
successfully performed at a recording density of areal
recording density of 150 gigabits/square inch. The following
head seek test was performed. The magnetic head was H
subjeccgd to the seek one hpndred thousand times from the
inner circumference to the outer circumference over the
magnetic recording medium. The bit error of the magnetic
recording medium was measured after the head seek test as
described above. As a result, the bit error number was not
more than 10 bits/surface. An average failure interval of
three hundred thousand hours was successfully achieved. S/N
was determined by using the following expression.

S/W = 201og(S,./N,,.)

In the expression, §, represents the value which is a

-B

half of the reproduced signal amplitude, zero point to the

represents the quadratic square

b=y

peak (zero to peak), and N,
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produced signal fromthe magnetic recording ~medium 100

. ‘the’ GWR readi ng el enent of the 47 magnetic head 10. The
'nagnetlc storage apparatus 200 as described above was driven to retoldY F{EIE
information under a condition of a |inear recording density of 1000 kBP
and a track density of 150 kTPI, while naintaining the magnetic spacing
(di stance pdgf Weeiid er stid aapoftdde dRitdie MRARRL nfedkel@ @fithhe magnetic
head 10 and the surface of the recording |ayer of the nagnetic recording
medi um 10Qpda: Afn hdWyzdhe recorded information was reproduced to

eval uate the recordi ng ‘and reproduction characteristics. As a result, 24.5
dB was obtained as total S/N. The recording and reproduction were
successfully perfornmed at a recording density of areal recording density

of 150 gi gabits/square inch. Eﬂ%m%ﬁ&?%ﬂhﬁghgﬁﬁﬂﬁiﬁ?k test was perforned.

The magnetic head was subjecte e seek one hundred thousand tines
fromthe innery Eﬁ_@g@é %Flé‘@ofc?uﬁ" QLGS Wl RIS P\Gle Ihge Magnetic
recordi ng nedlun1 It error e nagnetl recordlng nedlun1mas

itodetidy q{é ej!: k?s hﬂ?qg éaﬁlsg.da:geq s/ SUI’% ace. "An avr@% lPtd “;arp o

error nunber was not nor e ure

interval ol dgq)eaes @%ﬁﬁﬁfw IR S5 VB p UGFeSS ddd w%ﬁved SIN

was det er i ne y usi ng ow ng expression. S/'N = 20l og(S,-p/Nrnms) In
t he expression, S,-, represents the value which is a

(9]

A magnetic recording medium was produced in the same
manner as in Example 3 except that a layer composed of Pt was

formed as a seed layer to have a film thickness of 5 nm.

Comparative Example 3

The magnetic recording medium_of_Comparative Examp%? 1
was carried on the magnetic storage apparatus 200 shown in
Example 4 to evaluate recording and reproduction
characteristics. The recording and reproduction
characteristics were evaluated under a condition in which the
magnetic spacing was 13 nm, the linear recording density was
1000 kBPI, and the track density was 150 kTPI. As a result,
total S/N was 18.5 dB, and it was impossible to perform —
sufficient recording and reproduction. Further, the
recording was performed at a recording density of 50

gigabits/square inch of the areal recording density. After

that, the following head seek test was performed. The
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‘hal'f of the reproduced signal anplitude; zero point to the peak %zero to
peak), and Nrns represents the quadratlc square 48 2 6) HIM 200- B Bkl 2005
val ue of ‘the anplitude of the noise neasure with a spectrum anal yzer.
Conparative Exanple 1 A magnetic recording medi umwas produced in the sane
manner as in Exanple | except that a | ayer conposed of Pd was forned as a

seed | ayermh@nbave Behiil WnbhbakResseaf t& tAr SoBRAGALI HEn&EXEAPtBodsdnd
magneti c recordi ng medi um was produced in the sane manner as in Exanple 3

except thatimekayebmCOABOSARHePf cPrcURserbpEARHdoa8ha §68€8r! &YREUhPePEN
filmthi ckness of 5 nm Conparative Exanple The magnetic recordi ng nmedi um

of Conpar apiue Eﬁé”ﬁb&nétl&ﬂ§e§§£&hﬁ§ fBqLR. TERET L et SEPFPCoAPPRE AL US 200
shown in Exanple 4 t0 eval uate recording and reproduction

characterlﬁagﬁétlahﬁeésﬁaiﬁgnﬂeamémrﬁagoﬁgséhPQd &Eééﬁciﬁé'ﬁééﬁss&gke
eval uated under a condition™in which the nmagnetic spacing was nm the

linear recpegingsdgastlyb¥@sapddao gﬁg' f@gu%ﬁe %ﬁécﬁlgeéfkéﬁ M@ﬁbé@o

KTPI. As a result, total SIN was B, an was | npossible to perform

- suffici ephsr RGO fbPY 2R r??boﬂH LyoRrebEt NeRy LPEraGECP 91 PV
é s?s the ar eal

perfornmed at a recording densit gi gabi t qguare’inc

recording gdgpskbyy SEtShe BQﬁ&re&hgn&0££H$£9gtﬂgﬁgaﬁﬁeﬁoﬁf§t &@S performed.

obtained.

t o o

Next, £he electromagnetic conversion characteristics of
the magnetic recording media of Examples 1 to 3 and
Comparative Examples 1 and 2 were measured by using a spin
stand recording and reproduction test (playback test)
machine. A comppgite type head of a single magnetic pole
type writing element and a GMk reading element was used as
the magnetic head for the recording and reproduction test
machine. The effective writing track width of the main pole
(major magnetic pole) of the single magnetic pole type
writing element was 10 nm, and Bs was 2.1 T. The effective
track width of the GMR element was 97 nm, and the shield
interval was 45 nm. When the recording and reproduction test
(playback test) was performed, the spacing distance between
the surface of the major magnetic pole of the single magnetic
pole type writing element of the magnetic head and the

surface of the recording layer of the magnetic recording
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49 2 6 MAY 2005 -nmgnetic head was subjected:to the seek .one-hundr.ed _
t housand "tines fromthe inner circunference to the outer-circunference ]
over the magnetic recording medium The bit error of the magnetitf MAY 2005
recordi ng nmedi um was neasured after the head seek test as described above.
As a result, the bit error nunber was not nore than 150 bits/surface. An

average failuyre 1interyal of gne ndred_and ninety thous hours was

obt ai ned. %%%We%ﬁti%f TRy ec]tg?%ﬁggﬁe?fctl%%n?}%?ss‘f%%mﬁgroaﬁﬁgﬁ stics Next,
the electro getic cogversion characteristics.of. the m netic.rggording
modi a of ESLRprEeMIBEt AT LAARYERpOA TR ESERRIBELG A S HErD HodstH od by
using a spjn stand.recording.and reproduction te back, t est

machi ne. AéCo' Bs?f%’t@peéﬁggdr%?rﬁgﬁ?ﬁﬁl%/§B@Ee§é%($ﬁéﬁ; ?%&m@%w?ting

el ement and a GVR readj ng e| enent used as .the magnetic head for_the
Fecor di ng BHFTEPRHUCET CASTRRE TRRRRFhEoh THEY EATEART (B G2} T Y AT dt h
of the main pole (nmjor magnetic pole). of the single magnetic | e type
oriting ol SRERE nastah FRETHAG sendgachi faetds 2 bl Seabtienta e ol hor
the GWR elenment was 97 nm and the shield _interval was 45 nm when the
recor di ng BAE? et obiliet FRANERSPT ThP ahBRERIRESY ) S1BRAheA TR Hetfle the B paci ng
di stance between the surface of the nmajor nagnetic pole of the single

magnetic PoFREETypEOwFIei hhel BReRt the FRRradmbieR deadthart9tel surface

of the recording |ayer of the magnetic recording
recorded at a linear récording density of 100 kFCIi. As

clarified from Fig. 4, good S/N was obtained and the

. resolution was high, i.e., not less than 18 % in each of the
magnetic recording media produced in Examples 1 to 3. On the
contrary, the resclution was less than 10 % in each of the
magnetic recording media of Comparative Examples.-'According
to this fact, it is appreciated that the transitioﬂ noise is
rggpced even in the high region, and both of the high

resolution and high S$/N are satisfied in each of the magnetic

.recording media of Examples 1 to 3.

io = i o] o)

Next, the cross-sectional structure of the recording
layer of each of the magnetic recording media of Examples 1
to 3 was observed by using a high resolution transmission
electron miéroscoPe. Fig. 2 schematically shows a result of
the observation of the cross-sectional structure of the
recording layer 5 having the artificial lattice structure.

As shown in Fig. 2, the recording layer 5 was composed of
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50 2 6-NAY 2005 medi umwas 13 nm Results of the neasurenent of the

el ectromagneti ¢ conversion.characteristics are shown in Fig. 4. 7% {FYY.2085
S/'Nd represents SIN at 500 KFCl, and Re represents the output resolution
divided by the solitary wave output. The thermal demagnetization ratio
represents the ratio of the change of the reproduced signal anplitude with
respect toagheeghnresupdnciretnépgeduaisi an ehchhbasiggah coeamnded at a

| i near recording density of 100 kFClI. As clarified fromFig. 4, good SIN
was obt ai nedn@hdutrhe iohesolrtiti appeas shirglicel of. eabft olfesiet Bagst81% i n each
of the magnetic recording nmedia produced in Exanples 1 to 3. On the

contrary, gheinssellutvaenhemssbassithan 1@h¥ HRapaebrof biietKBgBEbES
recordi ng nmedi a of Conparative Exanples. According to this fact, it is

appreci at edethabnt perpeafascuilar Rrol thel Fotgdieadagi8noitnthbechighnhegi on,
and both of the high resolution and high SIN are satisfied in each of the

magnetic reegc€anggradhawal ExaGR! @Snh,t Gnd. tABSAH ¥2bkeAcaf hChasgeegct i onal
Structure of Recorglng Layer Next, the cross-sectional structure of the

recordi ng kageqappkrassh gbrthenmaonaki ¢nketoidrigsiegbat9bnExagpl epel to 3
was observed by using -a high resolution transm ssion electron m croscope.

Fig. 2 schpemtikpablk¥ shovheashesHbt of thBecehseryahrginolakh® nm. 1t
cross-sectional structure of the recording layer 5 having the artificial

L?ttice St iHCEYh8idef8dSBAWE tReFhlgnécitheotpehdi RErbaYEH Bn¥RgnCcONPOSeEd
plane direction is reduced, the minute recording bit is
stable, and the linearity of the magnetization transition
area is improved, because the recording layer 5 is composed

of the columnar crystal grains as described above.

As understood from the result of the thermal decay ratio

at 24 °C shown in Fig. 4, no thermal decay was observed in
~.each of the magnetic recording media of Examples 1 to 3. On
the contrary, the decay due to the thermal fluctuation was
conspicuously observed in each of the magnetic recording
media of Comparative Examples 1 and 2. This result indicates
the following fact. That is, the magnetization transition
area of the recording layer is distinct, and the linearity is
high in each of the magnetic recording media of Examples 1 to
3. On the contrary, in each of the magnetic recording media
of Comparative Examples 1 and 2, the magnetization transition
area 1is disordered, and the medium tends to undergo any
thermal fluctuation. The error rate was measured at 1000

kBPI in an on-track manner. As a result, the error rate was
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51 2 6 MAY 2005 aggregates of crystal -grai:ns 31 each having a-.columar
configuration. The upper surface of each of the crystal grains 31 ma?gy 2605
hem spherical. The dianeter d of the cross section perpendicul ar ?8 ﬁ% -
rotation axis of the columar crystal grain was about 8 nm and the
difference h between the uppernost portion A and the | owernost portion B
of the henisphere he surface o e eor i It is
consideredn?ﬁa?o¥%e€%%%ngt¥c{éouﬁvi%3& o?ge¥$na+%g£?%?03?§%%r%¥%%ction is
reduced, the.mnu recordin it,is tabl e n he li near| he
m%%l?ro%e$¥?%%£gs 9 Po 3. 03 g@? %Pﬁ%fgéy tﬂé‘égf%ﬁqégqé

magnet i zat ans area | s 1 nprov ecause’ the'tecor ayer 5

is conposed_ _of fhe columar,crystal.grains a scribed. abo .
understoodw??oﬂ?ﬁhge?%sﬁ??no} ¥hg6thégn%?cgeggyg$3t$%g%?tﬁg %é%%ﬁ@hn?n Fi g.
4, no thernal.decgycmas observed in ..eﬁch @f the magnetic recordi ng nedi a
of Exanpl 8918 0B CHPATRETLENEFAPRIST ht ¥8eag” due to the ther mal

fluctuation was conspicuously observed in each of the magnetic recording
medi a of Conparative Exanples 1 and 2. This result indicates the follow ng
fact. That is, the nagnetization transitign area of the recording layer is
distinct, and the linearity is hig of the magnetic recording
medi a of Exanples 1 to 3. On the contrarg in each of the magnetic
recor di ng nedi al®o¥x &r 2t i PEPEERRPR SO %ﬁﬂn%Fl?hEeﬁ%ﬁ%%?giﬂ?ﬁﬁ%
transition _area is_djsordered, and._the_ nediumtends tgn#ggeégoigny t her ma

f1 uct uati ohSaARESRr} oF O r Al TS REALWrRd 4p Ybposame m

Example 1 except that the composition of the seed layer was
changed to have values shown in the following table. 8/Nd,
Re, and the thermal demagnetization ratio were measured for
the obtained nine types of the magnetic recording media by
using the spin stand recording and reproduction test machine
in the same manner as in the measurement of the
electromagnetic_conversion characteristics described above.

Results of the measurement are shown in the following table.
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kBPI in ‘an: on-track manner. As a re “the:serror rate was 522 Y,
not nore than 1 x 10 5 in each of the magnetic recording nedia o?égﬁgﬁégggi
'1to 3. Onthe contrary, the error rate was not less than 1 x 10-4 in each
of the magnetic recording nedia of Conparative Exanples 1 and 2. Exanple 5
In Exanple 5, nine types of nmagnetic recording nedia (Sanples 1 to 9) were
produced in the sane manner as in Exggple 1 except that the conposition of
the seed | ayer was changed to have val ues shown in the follow ng table.
S/Nd, Re, and the thermal denagnetization ratio were neasured for the
-obt ai ned nine types of the nmagnetic recording nmedia by wusing the spin

stand recprding and |repr ggpbs PHibRSHEMACH NG /NN RBE SAME ReyaIgz1as 10 | he
measurenepnt of the el ectromagnetic conversijon characteristics described
above. Results of tihe neagiuse el € shown (gt hesfol | onypgtabhe 1,53 2 6
MAY 2005 ffabl e 1 Conposition of S/ Nd Re Thefnal "“seed’l ayer (dB) (o) decay
ratio Pd Pd Si N (3/decade)
(at %) | (at %) | (at %)

Sample 1 75 20 5 15.1 | 20.5 0

Sample 2 70 20 10 15.0 [20.6 0

Sample 3 70 29.5 6.5 15.1 | 20.3 0

Sample 4 79 20 1 14.9 {19.0 0

Sample 5 80 10 10 14.8 | 19.1 0

Sample 6 60 30 10 14.7 119.0 0

Sample 7 55 | 35 10 14.6 | 19.0 0

Sample 8 90 5 5 10.0 8.5 - =5.5

. Sample 9 40 .. 50 10 8.0 8.2 -6.0

As appreciated from Table 1 depicted above, extremely
excellent S/Nd of not less than 14.6 % was obtained in each
of the magnetic recording media of Samples 1 to 7. The
resolution was also high, i.e., not less than 19 %. That is,
high S/N and the high resolution were realized. WNo thermal
decay was observed in each of the magnetic recording media of
Samples 1 to 7. It is understood that the thermal stability
is high. On the other hand, both of S/Nd and the resolution
were low in each of the magnetic recording media of Samples 8

and 9. Further, the thermal decay was observed. According
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Si. N .(%decade) .(at %9 (at %9 (at % Sanple 17520515. 120. 50 Sanpl e

270201015. 020.60 Sanpl e 37029. 50. 515. 120. 30 Sanpl e 47920114.919. 00 Sanple
580101014. 819. 10 Sanpl e 660301014. 719. 00 Sanpl e 755351014. 619. 00 SagphaY 2005
8905510. 08. 5-5. 5 Sanpl e 940. 150108. 08. 2-6.0 As appreciated from Table 1

depi cted above, extrenely excellent S/Nd of not |ess than 14.6 % was

obt 2 ned | RoeRRl rALRIDE HBINRLLEAT SROLE) NGy TRl 2onl AP eprd 1O T The

resol utionwas als ., not Tess't igh S/N and the

00 ool ULy s 8l S9H. R, i PRLagteayy kggbpciyed Iy g of e

magnetic recording _ Sampl és71
rosol ut i onSkarEReuind ShenEBetHRL REGREITEY; sdorte Rl Shbr iPn e s o
[0 the restPREOGLEEPGH EBGvEcer: REeBonci Hav A Tharhe rBrdRrCiry i gh s N
and the rejatlyal Yo hdihESoLYiLP0e8" Bhat pa is 50 atomic % to 80

atomic %, Si is 10 atomic % to 35 atomic %, and N is 0.1

atomic % to 10 atomic %.

Example 6

In Example 6, nine types of magnetic recording media
(Samples 10 to 18) were produced in the same manner as in
Example 3 except that the composition of the seed layer was
changed to have values shown in the following Table 2. S/Nd,
Re, and the thermal decay ratio were measured for the
obtained nine types of the magnetic recording media by using
the spin stand recording and reproduction test machine in the
same manner as in the measurement of the electromagnetic
conversion characteristics described above. Results of the

measurement are shown in the following Table 2.
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obtained, and-the thermal stability is excelfent, when the conpoRigt iMyy QE%E
the seed |l ayer of PdSiN of the magnetic recording nmedium satisfies that

is 50 atomc %to 80 atomc % Si is 10 atomic %to 35 atomc % and Nis
0.1 atomc %to 10 atomc % Exanple 6 In Exanple 6, nine types of
magnetic recording nedia (Sanples 10 to 18) were produced in the sane
manner as in Exanple 3 except that tipgbtenposition of the seed | ayer was
changed to have val ues shown in the following Table 2. S/Nd, Re, and the
thermal decay ratio were nmeasured for the obtained nine types of the
magneti c recording nmedia by using the spin stand recording and

reproductjon test nmgchi neompos PeiosadE NMANNEE/RA | Rel he[ Meagueenamt of tihe
el ectromapnetic conversion characteristics|descr|bed apove. Results of ithe
nmeasurenent are shown in thad aldyawt ng Tabl €(dB)5p(8)6 MAYaEER) Fablie 2
Conmpositipn of S/ Nd{ReThermal seed | ayer(dB éecay ratiof Pt Si (% decade)
Pt Si N (%/decade)
(at %) | {at %) | (at %)

Sample 10 75 20 5 14.6 {18.2 0

Sample 11 70 20 10 14.4 |18.0 0

Sample 12 70 29.5 0.5 14.5 | 18.1 0

Sample 13] 79 20 1 14.0 |18.0 0

Sample 14 80 10 10 14.0 | 17.9 0

Sample 15 60 30 10 13.9 {18.0 0

Sample 16 55 35 10 13.9 [17.8 0

Sample 17 90 5 5 8.8 7.5 -6.2

Sample 18 40 50 .. 10 6.8 7.0 -5.6

As appreciated from Table 2, extremely excellent S/Nd of
not less than 14.6 % ﬁas obtained in each of the magnetic
recording media of Samples 10 to 16. The resolution was also
high, i.e., not less than 19 %. That is, high S/N and the
high resolution were realized. No thermal decay was observed
in each of the magnetic rébording media of Samples 10 to 16.
It is understood that the thermal stability is high. On the
other hand, both of S/Nd and the resolution were low in each
of the magnetic recording media of Samples 17 and 18.

Further, the thermal decay was observed. According to the
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(at %9 (at 99 (at:9%Sanple 107520514.618. 20 Sanple:. 1170201014, 418. 00 Sanpl e
127029. 50. 514. 518. 10 Sanpl e 137920114:018.00-Sanple 1480101014. Olg;pg‘" 2006
Sanpl e 1560301013. 918. 00 Sanpl e 1655351013.917. 80 Sanple 1790558 : -%.f
Sanpl e 184050106.87.0-5.6 As appreciated from Table 2, extrenely excellent
S/Nd of not less than 14.6 % was obtai ned in each of the magnetic

Reathelie) anﬁ%ggiﬂéﬁ’-ﬁ%ﬁ apbPel ik L8 APRLLYLE dr@z% [pLatity! e
realized. flhg/gﬂg{l eERY f@iaemg]g g gﬁgm«é S fB éfn%&cowang

medi a of San% 'S un at' the thermal sta Tity is

g'f I he maghd .*éfl?%%%?é‘gﬁaﬂ?%%"o?:@@e fgn 7 B tﬂép\’-’&l‘%@é 17 Sl
3 b
agg\ellié W?ts ggggppfgcl%ffgg ?ﬁa?t%g?]; fvgﬁelmggl\% .%'\Pécé #’a‘sfeggfl v:al gdhi gh
t b
conposi {1 ofebEeERe Lha ?ﬁyﬁ 5 areRiPor Hie hualetfe Tecst alhat tedt um
satisfies t@omlc % 30595 ghgc@%toagg ﬁt 8 fbagbmlc ; to 10

atomic %.

Example 7

Fig. 5 shows a schematic sectional view illustrating a'
magnetic recording medium according to Example 7. The
magnetic recording medium 500 comprises a soft magnetic layer
53, a seed layer 54, a recording layer 55, a protective layer
56, and a lubricant layer 57 on a substrate 1. The magnetic
recording megium as described above was produced as follows.

At first, the glass substrate 1 having a diameter of 65
mm was prepared. A film of Fe,,Ta,C,, was formed to have a
film thickness of 400 nm as the soft magnetic layer 53 on the
glass substrate 1. In order to enhance the saturation
magnetization of the formed film of Fe,Ta,C,,, the £ilm was
heated for 30 seconds at a temperature of 400 °C in vacuum
with a carbon heater, and then the film was gradually cooled.
After the heating treatment as described above, the surface
of the soft magnetic layer 53 was subjected to a plasma
etching treatment. The plasma etching treatment was

performed for 120 seconds at an Ar gas pressure of 0.9 Pa
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atomc %to 35 atomic % and Nis 0.1 atomic %to 10 atomc % ag:pl‘[geg
Fig. 5 shows a schematic sectional viewillustrating a magnetit-r ic raﬂﬁg
medi um according to Exanple 7. The magnetic recordi ng nedi um 500 conpri ses
a soft magnetic layer 53, a seed |ayer 54, a recording |ayer 55, a
protective |ayer 56, and a lubricant |ayer 57 on a substrate 1. The
magneti ¢ wachr di pgweedodinbas wescri bed above was produced as foll ows. At
first, the glass substrate 1 having a dianeter of 65 nmwas prepared. A
filmof Fe79Ta9€hBswaschoigpdthe bakretadatki lmvhbBi eknasseetred0Qonm as the
soft magnetic |ayer 53 on the glass substrate 1. In order to enhance the
sat ur at i onchaapeet bfahnonlebrhheef epuedelihg apphei2ha9€d2fokheal £ muvwas
heated for 30 seconds at a tenperature of 400 Cin vacuum wth a carbon

heater, andfthae thedf ikirewassgoaduakl ¥o€eomagnetAtt ehybhesheat wA8n the
treatment as descri bed above, the surface of the soft magnetic |ayer 53

was subj ectredmt 6fathkaseed ehgbirngat (188t FeRied]harBbasgaselaRi ng treat nent
was perforned for 120 seconds at an Ar gas pressure of 0.9 Pa 57 2 6 MAY

2005 wi th anpewatceli $88cWnSubgefivent | WnitBessphsthayerlwwasshpastenr ed
to a chanber of an alternate sputtering apparatus to forma film of the

seed | ayer tg4ponsphietsefihghegngt ke Eauetap2det\W8B tlBjebtkm €6 khe seed
| ayer 54 was forned, argon gas was

sputtering. Accordingly, the seed layer 54, which was
composed of 70 atomic % of Pd, 20 atomic % of Si, and 10
atomic % of N, was formed to have a film thickness of 3 nm on
the soft magnetic layer 53.

Subsequently, the recording layer 55 having an
artificial lattice structure was formed as a film on the seed
layer 54. When the recording layer 55 was formed, DC
sputtering wqfxperformed while alPernately opening/closing
shutters fggua“Co target and a Pd target in Ar gas to form
the recording layer 55 having the artificial lattice
structure in which Co layers and Pd layers were alternately
stacked. The film thickness of the Co layer per one layer
was 0.2 nm, and the film thickness of the Pd layer pef one
layer was 0.8 nm. The numbers of stacked layers of the Pd
o layers and the Co layers were twenty-six respectively.

Subsequently, the protective layer 56, which was
composed of amorphous carbon, was formed to have a film

.thickness of 3 nm on the recording layer 55 by means of the

plasma CVD method. After the protective layer 56 was formed,
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introduced i nt.o:the chanber, while a Pd target:was subjected to DC
sputteri'ng, and-an Si N target ‘was subj ected to RF “spu rlng Ac qﬁmQuMQS
the seed layer 54, which was conposed of 70 atomic %of Pd, 20 a onlc % of
Si, and 10 atomic %of N, was fornmed to have a f|In1th|ckness of 3 nmon
the soft magnetic |ayer 53. Subsequently, the recording Iayer 55 having an

artifiof al chat LhgecpbbuchytecuRen! 0hEe0easng LLlaLesile riayer 54

When the recording layer r med sputterlng ma ormed while

a'ter”ate'yoﬂgfﬂ ”gécé8§k 90r8§8ig8£§%£05aééch%$ | St |C|al §g;iéﬁget 'n

Ar gas to he r cor I Ng havi ng t ttice

structure %Etﬁhhcgpﬁﬁk%§¥§r8faTdmﬁdoha¥ﬁésg¥8£8c€i%§rﬂ%%?%y56SE The

filmthickness of ayer per one and t Im

t hi ckness e | ayer was 0.8 nm The nunbers of stacked
| ayers of ?&e E§b5?5g§¥si% §£ ﬁe Co | ayers were twenty=six respectively.
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55 A
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57.

plasma etching for the surface of the soft magnetic layer, a
magnetic recording medium was produced in the same manner as
described above except that the surface of the soft magnetic
layer was not subjected to the plasma etching.

| The change of the Kerr rotation angle of the recording
layer was measured while applying an external magnetic field
in the vertical direction with respéct to the film surface
for the“magnetic recording medium having the surface of the
soft magnetic layer subjected to the etching treatment and
the.magnetic recording medium having the surface of the soft
magnetic layer not subjected to the etching treatment. Fig.
6 shows a Kerr rotation angle curve with respect to the:
external magnetic field for the magnetic recording medium
subjected to the etching treatment. The Kerr rotation angle
of the recording layer is proportional to the magnitude of
the magnetization of the recording layer. Therefore, the
RKerr rotation angle curve, which represents the relationship
between the Kerr rotation angle and the external magnetic

field, has a shape which is substantially equivalent to the
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Thus, - the:magnetic:recordi ng medi um 500 haviing' the  stacked:structure shown
in Fig. 5 was produced. On the other hand, in order to investi gatge MAYe 2065
ef fect brought about by the plasm etchlng for the surface of the soft
magnetic |ayer, a magnetic recording nmediumwas produced in the sane
manner as descri bed above except that the surface of the soft nagnetic

llayer was gp4 éUQEeﬁtﬁQgh@tEQﬁtEbﬁsHBr@ECBbBQrmIHEdC NgRe Obr & PR G T
rotation angle of the recording I|ayer was neasured ile applying an

ext er nal. rﬁﬁQ&ﬁéhEth%H méQsEPéméﬁ{:t' Cghedkéﬁftk%a%&ﬂ 58§PECEutPethe Tilm

surface for the magnetic recording nmedium having the surface of the soft

magnetic |ay ibiﬁﬁlﬁﬁéeﬂ¥ﬁ9e£99 QEChtPQEﬁéﬁgigeﬁtngﬁg cbde ?ﬂ@ﬂﬂftbf the

recor di ng rre Ium navil ng e sur ace (0] netic |ayer

subj ect ed £8c&Pﬁlﬁ&Cﬂh?grtrEﬁé”ﬁHE}eEonn ﬁa&P?ﬁ?d ;f@i& rehats e, é”ﬂke

curve with respect-to external magnetic or the magnet

record'”g ?ﬁdéyﬁérﬁ PlﬁﬁéﬁQtRB EQSlStHhL”ﬁctrﬁﬁigﬁnis Qﬁ £&a' ?éat'on

angl e e recor I'ng Fayér i S”proporti onal ude o t he
nagnetlzatlon of the recording l.ayer. Therefore, the Kerr rotathon angl e

curve, whi #R(I8AEent SYERE £ F&FﬁﬁﬁghFﬁOmbgpﬁegﬁthEOR@FFOPOFHP &n angl e

and the external magnetic field, has a shape which is substantially
equi val entcebvehe BY Sﬁab@r@#nanﬁﬁgﬁethiéttgﬁ pufleatepprunangthy fheld
ordi nary gnetlzatlon measurenent. The Kerr rotation angle curve

exhi bits thefaystepeths. fialdxanpwhizh raversedcionaynsgf (dp@aipscwhdrhg

| ayer, the nucleation magnetic field, the slope at
have magnetization in the OppOSlte direction) occurs when the

- external field is gradually applied in the opposite direction
after the magnetization of the medium was saturated
perpendicularly. That is the field at the shoulder of
perpendicular Kerr loop in the second quadrant in Fig. 6.

In the case of tﬁe magnetic recording medium subjected
to the etching treatment, the coercivity Hc was 3.9 kOe, the
negative nucleation magnetic field was -2.1 kOe, the slope at

the external magnetic field H = Hc, which is expressed as
dn(dM/dH) ., was 1.4. On the other hand, in the case of the

magnetic recording medium not subjected to the etching
treatment, the coercivity Hc was 2.6 kOe, the nucleation

magnetic field was -1.6 kOe, the slope at the external

magnetic field H = Hec, which is expressed as 4x(dM/dH) g,

was 1.8.
Next, the surfaces of the recording layers of the
magnetic recording medium subjected to the etching treatment

for the soft magnetic layer and the magnetic recording medium
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.an.external. .magnetic field H = Hc, which is expressed as . 4n(dM dH H=HC,
“were estimated fromthe Kerr rotation angle curve. It is herein nphgﬂ L%@%
the nucleation nmagnetic field refers to the field in which r everlse AL (B0
domai ns (domai ns which have magnetization in the opposite direction)
occurs when the external field is gradually applied in the opposite
direction after the gnetjzation of the nediumwas saturated .

per pend: cuaF| §UDHSFER SEs hER: Fah 09t hESHBRH HEVoR? AR Bt Ker

|l oop in the second quadrant. in Fig. 6. In the case of the yagnetjc

recor di ng Hﬂ?%%ﬁb?%c?ﬁﬂ‘:t{?% ‘{‘fg'n‘ér%‘é‘ﬂﬁ’ﬁg(??’é'bt met9S t hel bt vi (R He
was 3.9 kCe, the negative nucl eatj on nagoetic field was -2.1 kCe, the

sl ope at FREY 3MR9H | ohagheed VTR HEY Dorethgfertaces ot ddied as

4da(dM dH) H=HC, was 1.4. On the other hand, in the case of the pagnetic
recor di ng FBEPEAL RSt 13VBF2cPEdthe BaSnetihi RECoXF T e lul RRG S ity He
was 2.6 kCe, the nucleation magnetic field was -1.6 kOe, the slope at the
external heghBeietFheng treatpenhidpd tReRpgretid ERCURIM MFHIE, was
1.8. Next, the surfaces of the recording |layers of the nmagnetic recording
nmedi um subfeEte@biactpd e chhagctrindehteatnent he ADfEhoMRynEt i%i9ayer and
the magnetic recording medium60 2 6 M N? 2005 not subjected to the etching
treat ment WeReés obSetvedPhF eRiated r ahaki 3396RJTeR 12 BHNLTR B2 BT dpel TR

Figs. 7(a) and 7£b) show i mages observed with TEM for the surfaces of the
‘crystal grains are tformed in the recording layer of the

‘magnetic recording medium subjected to the etching treatment,
and the boundary between crystal grains, i.e., the crystal
grain boundary is extremely distinct. On the other hand, as
shown in Fig. 7(b}, the crystal grain boundary was indistinct
in the recording layer of the magnetic recording medium not
subjected to the etching treatﬁent, as compared with the
rgcording layer of the magnetic recording medium subjected to
£he etching treatment.

The degree of dispersion (value obtained by dividing the
standard deviation by the average value) and the average
grain diameter of the crystal grains were determined from the
TEM image of the surface of the recording layer. Fig. 8
shows the relationship between the diameters of 610
individuals of crystal grains of the recording layer and the
number of crystal grains in histograms. Fig. 8(a) shows a
histogram of the magnetic recording medium subjected to the
etching treatment, and Fig. 8(b) shows a histogram of the

magnetic recording medium not subjected to the etching
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recording layers of the magnetic recording nedi.um-subjected:. the etchin g
treatment - and the magnetic recording medium not subjected to thgfétdﬁfnﬁﬂ
treatment. As shown in Fig. 7(a), it is appreciated that aggregates of
i sol ated columar crystal grains are formed in the recording |ayer of the
magnetic recordi ng medi um subjected to the etching treatment, and the

boundary bg%&@ﬁﬁeﬁ£y3t§h Qﬁé'ﬁése of: th&hﬁaéﬁgﬁié!re%&?hﬂg?oyggﬂﬁﬁ s

extrenely distinct. On the ot hand e crystal

grain bo“”Q&%ﬁe&@éd'EQ'Ehé“&% nifgt PReLER Bg'”ShEaXGErQEe gaFRYNELI C

recordi ng nmedium not su ected oot he etc |ng treatnment, a conpared W th

the recorgigﬁe£§¥eﬁﬁ Eh? ARING gthBSCSEQk? dhE éEthﬁ FO. the

etching trea e ree bf dispersio alne |V|d|ng t he

standard dgyiation by the g%ﬁeggﬁaxg;gggtﬁgg gEgFaX%r@ﬁs mgﬂsaelgla”Eter of

the crysta gralns wer e €r m ne nage  of e surface of
t he recordln

i hi
of 61 ;nﬁ?v aﬁ%vg %?ngvsPh? VR REEeR R LRESBERRRES %eEEHS 'agﬁgfrsh
e o ShLFh P A AL B CRAE T i, S SRR el SESLT o e
8(b) shows . a hlsto ran1of%gh§rénagnet|c recordi ng medi um not subjected to

t he etchinal%geﬁs% Y250 atnment. In the case of the nagnetic

recording medi upy, sublect gd 10, Lhg el gL g lr 2L BNy LhE AYSRAREOral N

recording medium subjected to the etching treatment was
observed with TEM. As a result, the seed layer had a
disordered structure. It is considered that the Co/Pd
initial layer can be formed in a dispersed manner on the
surface of the seed layer having such a disordered structure,
and the columnar crystal grains are grown in an isolated
state by using the unit of such a go/Pd initial layer.

Next, the recording and reproduction test was performed
by using the spin stand recording and playback test machine
used in Example 1, for the magnetic recording medium
subjected to the etching treatment and the magnetic recording
medium not subjected to the etching treatment. As a result,
S/N of the magnetic recording medium subjected to the etching
~—~  treatment was higher than that of the magnetic recording

medium not subjected to the etching treatment by 1.6 dB.

An atomic force microscope (AFM) was used to measure the
surface roughness obtalned immediately after forming the film

of the soft magnetic layer and the surface roughness obtained
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dianeter was 13.7 nm and the degree.of.dispersion was 21.7.-%.On the

ot her’ hand, in the case of the magnetic¢  Tecording nediun1nbtlsu2ke$&ﬁd2mg
the etching treatnent, the average grain dianeter was 11.3 nm 4amnd the
degree of dispersion was 21.0 % The cross section of the seed | ayer of
the magnetic recording nmedium subjected to the etching treatnent was
observed with TEM As_a result, .the seed | ayer had_ a disordered structure.
It is consPHEPEATPRAPLRFRA CBFRRING ni (FAFSHaJER) cARd b2(B bRV | FPSEH Der sed
manner on the surface of the seed | ayer having. such a disordered

st ruct ur e, 1M3B8S t WetRoPE¥MEPT cEPSt BRTEREP nd™MBRR1YFBln 2hteh feored-hetate
by using the unit of such a Co/Pd_ initial layer. Next, the recording and
reproduct | 5 ReRf WS PREFORABECLL) Layey #hd &hE nSWYEARe r2EeRHi HRE and

pl ayback test machine. used in Exanple 1, for the magnetic recording nedi um
subj ect ed Pb2$R2 etehipg reenerbhvedrid tBeenfghbafe FREPrRRFR) Chebtit®m not
subjected to the etching treatment. As a result, S/N of the nmagnetic
recordi ng et uRRIUBF et LAYED YRS esthpabedt framnere oREeryethelmadRan t hat
of the--magnetic recording nediumnot subjected to the etching treatnent
by 1.6 dB.Aan2a¥rednttsoble snEfaceopeughrssswabtaybeed  Brpedbakely rfter
surface roughness obtained i mediately after formng the film of the soft
magnet i c | f§Eringdtheef snfakethoughhbsBaghehifelaper Xds N QODS, aft er t he

pl asma etchin?. Figs. 9(a) and 9(b) show observed
while the surface roughness of the soft magnetic layer

subjected to the plasma etching was 0.39 nm. It is
understood that the surface of the soft magnetic layer is
made flat by performing the plasma etching. It is considered
that the realization of the flat surface of the soft magnetic
layer brought about by the plasma etching contributes to the
improvement in S/N in the recording and reproduction
chagacteristics.

Next, the repeating pattern was recorded on the magnetic
recording medium subjected to the etching treatment at linear
recording densities of 100 kFCI, 200 k¥CI, 300 kFCI, and 400
kFCI. The recording mark recorded in the recording layer was
observed with a magnetic force microscope (MFM). Fig. 10

- shows an image observed with MFM. As understoéd from Fig.
10, the magnetization transition area is extremely distinct
even when the linear recording density is 400 kFPCI.

Subsequently, the repeating pattern was recorded in the
recording layer at a linear recording density of 250 kFCI,

and then the recording head was subjected to off-track in an
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i mages wi-t h-AFM for-.the surface inmmedi ately-after forming the -filmof the
soft magnetic layer and the surface after the plasnma etching resﬁér@uwemmﬁ
The surface roughness of the soft magnetic |layer was estimated fromthe
observed inmage. As a result, the surface roughness obtained i medi ately
after formng the filmof the soft magnetic |layer was 0.46 nm while the

surface rodaBagsscef thBepsabt wingRetbCaligyeh taHbEE és‘élhg %Q@t@kﬁsgg
etching was 0.39 nm It is wunderstood that the sur ace o he soft

magnetic | ayge the BAGathal BXtE@EBOQHbngeEBEd@haéﬂatﬁéCQhﬂé 1iheh$
considered that the realization of the flat surface of the soft magnetic
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etching treatnent at |inear” recording dens
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the record gg?gﬁgﬂg éyba%CAEQ @gaefieéaﬁskngndéns§§y agpuph, ofpk e head

width to a eat|
and then the recordlng head was subjected to off-track in an

amount of the head width to adjoin the repeating pattern so
that the repeating pattern was recorded at the same linear
recording density. The repeating pattern was overwritten at
a linear recording density of 250 kFCI at a substantially
central position in the widthwise direction of the track

Vﬁ*_between the obtaiged two arrays of thg repeating patterns.

| Fig. 11 shows images observed with MFM for the recording
‘layers in which the repeating pattern was overwritten at the
different linear recording densities on the repeating
pattern. As understood from Fig. 11, the overwritten
repeating pattern is very clear, and the old repeating
patterns, which exist on the both side of the overwritten

repeating pattern, remain without being erased. There is no
so-called erased side band. As said by this fact, it is
indicated that the track pitch of recorded patterns can be

reduced in the magnetic reccrding medium according to the

present invention, so that the medium is suitable for
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that the repeating. pattern was recorded.at the sane |inear: recording

density.® The repeating pattern was overwitten at a |inear recorfg'gnﬁﬂ 2005
density of 100 kFCl at a substantially central position in the w dthw sé
direction of the track between the obtained two arrays of the repeating
patterns. Simlarly, the repeating pattern was recorded in the recording

| ayer at a_linear recording density of 10 FCl and then the recording
head was SUBFREYEYT ]f%c%lf(?%]?? a‘ﬁk&? ng}étﬁrer&?rg‘ﬁﬁ?l%l? Y%%cqﬁeﬂed]%t&fh to adjoin
the repeating pattern.so  that the repeatin attern was recorded at the
sane |inear rezg%?%ﬁ Aehi t§e H‘F\%uf'g € ??'%ﬁﬂb% tael?%v%\iastlb%el?ev\?r?lf‘%é}g at a
|l i near recprding density of 250 kFCl at a substanti al | central position
in the w dt#fSe ﬁ?r‘t—%}%/% tl&‘?skf%'én‘%‘%}ékbe%‘%?%e ‘?h%r%ttaa]i B arrays of
the repeatjng patterns. Fig. 11 shows_ i mages observed with M-M for_ the
ocor G g L1 Sy or b [ ORke bRl e T pRaIR AR Batt PP CLRS Bl a b b 1A die po
different |inear recording densities on the repeating pattern._As

under st oodP® r b REG. 01 1Ehe hgeed el I BT t R PHadRaTe P b (et S IARSYS U ear,
and the old repeating patterns, which exist on the both side of {he
overwritt ehhe - SPERBRYRGE Hat 1_YFE FRnB® nfiRt hoRRd bEPHHLRT 9. 59%kre is no
so-cal l ed erased side band. As said by this fact, . it_is indicated that the

track pitchPBr r@EoPdetlPaph b’ Ehdt beoit SRR 1T t2ECTmgnERF ¢ recording

medi um according . to the  present invention, so that the nediumis suitable
for 64 26 magnephEg coupling force in the in-plane direction is further

‘reduced for the crystal grains owing to the distinct crystal
grain boundary as described above. Therefore, it is possible
+to form the minute recording bit, and it is possible to
enhance the linearity of the magnetization transition area.
Accordingly, it.is possible to perform the high density
recording, and it is possibié to reproduce information

recorded at a high density with low noise.

Example 8

In Example 8, a magnetic recording medium was produced
in the same manner as in Example 5 except that the plasma
etching was performed with an Ar gas pressure of 0.9 Pa, a
‘power of 400 W, and an etching time of 10 seconds as the
plasma etching treatment for the surface of the soft magnetic
layer. The surface roughness of the soft magnetic layér
after the plasma etching was measured with AFM in the same
manner as in Example 5. As a result, the surface roughness

was 0.40 nm. The recording and reproduction test was
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magnetic recording with extrenmely high track density. According to the -
results descri bed above, the recording |ayer, in which the boungqyxmppgm@§n
the crystal grains, i.e., the crystal grain boundary is extrenely
distinct, can be forned on the seed |ayer by plasma-etching the surface of
the soft magnetic layer to be flat, and form ng the seed I|ayer of Pd-Si N

on the fl apespdimE@RORELH Cth@YSHin THEandBpNEthe SO magnéOrLe im the
in-plane direction is further reduced for the crystal grains owing to the

distinct cryshgle DI aixs oursanyt Ass Aeseas beseebayes Thes o aim®,adt is
possible to formthe mnute recording bit, and it is possible to enhance

the |inearédip@fed hei tRONGhAFREE DO FEAHBHING MEd Ban pASHFE NeH thodtt 1S
possible to performthe high density recording, and it is possible to

reproduce jLof pFRInPNEEELCOFSeth@t erbhGhedensity with | ow noi se. Exanple 8
In Exanple 8, a magnetic recording nediumwas produced in the same nmanner

as in Exanple 5 except that the plasma etching was perfornmed with an Ar
gas pressure of 0.9 Pa, a power of 400 W and an etching time of 10
seconds as the plasma etching treatﬁggé%ié%gthe surface of the soft
magnetic |layer. The surface roughness of the soft magnetic |layer after

the plasma etChmgswﬁpgaéyr@%ﬂ@ﬂ&f@&éﬁ%&%@g@miﬁ@% Bodicdxanpl e

5. As a result, the surface roughness hm The recordi ng and

reproducti pn {gStsIRS Brndef MiR0PPample 5 except that the plasma

etching was performed with an Ar gas pressure cf 0.9 Pa, a
power of 600 W, and an etching time of 300 seconds as the
plasma etching treatment for the surface of the soft magnetic
layer. The surface roughness of the soft magnetic layer
after the plasma etching was measured with AFM in the same
manner as in Example 5. As a result, the surface roughness

. was 0.20 nm. The recording and r?production test was

| performed with the spin stand in the same manner as in
Example 1. As a result, S/N was increased by 2.0 dB as
compared with a magnetic recording medium produced without
performing the etching treatment. Taking this result into
consideration in combination with the results obtained in
Examples 7 and 8 described above, it is understood that the

St flatter the surface of the soft magnetic layer is, the more

improved S/N is.

Example 10

Fig. 12 shows a schematic sectionai view illustrating a
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-perforned. wth the spin stand in the sanme manner as in Exanple 1. As a
result, S/Nwas increased by 0.5 dB as conpared with a magnetic % 8cdidi agd
medi um produced without performng the etching treatnment. Exanple 9 In
Exanpl e 9, a nmagnetic recording medi umwas produced in the sanme manner as
in Exanple 5 except that the plasma etching was perfornmed with an Ar gas
pressure of_0.9 and an. &t ¢

Pa, .a_. power_of 600 'th td of.+300 seconds
as the plr%\as%e%lc%h%%ktef%%?lﬁﬁg]rﬂg 19%or V¥rhee Ut ace l(r)}# telogg'ft Trrl-lw?aégneti c
| ayer. The surface rough s_of the soft magneti.c | r af t he plasma
et chi ng wd¥ RSt e%l%\ﬁ?taﬁiﬁﬁmwjﬁ%s 'Same agr%uﬁ)r?&raats@/ielrf I:axastr?p % 5 As a
result, the surface roughness . was, 0.20 n The recqrdin nd, repr oducti on
test was I%??%F%SIW?]% e"%ypc%lyﬁ Js%a%%ﬂ‘%} tcHl]e %fn%& i1 rea(_‘alsC in Exanple
1. As aresult,. SINwas increased by 2.Q dB as _co red with a netjc
ecor di ng TR br SR vI THS 64 BT h g MRS BRE T ere” Paiki ng
this result into consideratiaon in conpinatjon with the results obtained in
Exanpl es ﬁ%ﬁﬂr‘gl‘b% Yo B%i‘ﬂe‘fhﬁsi Iﬂ?ﬁii)r%q o%élatxtfgtmai%e tfatter the
surface of the soft magnetic |layer is, the re inmproved S/INis. anpl e
10 Fig. 1maHoAhr MBS T Bl AT 61 | RS AR GEtee S OF T 2005
magneti ¢ di sk, accordi ntg to the present. invention. The, .

Example 10 resides in a case in which an FeTaC

medium 600 o
film was used for the soft magnetic layer 63, a Co/Pd
alternately stacked film (artificial lattice film) obtained
by alternately stacking Co and Pd was used for the recording
layer 65, and the seed layer 64 composed of the Fe oxide was
formed by means of the reactive sputtering method. The
.magnetic disk 600 was produced in accordance with the

following method.

Formation of Soft Magnetic Layer
A glass substrate having a diameter of 2.5 inches (about
6.25 cm) was used as the substrate 1 for the magnetic disk.
The FeTaC film was formed as the soft magnetic layer 63 on
the glass substrate 1 by means of the magnetron sputtering
method. An alloy having a composition of Fe,,Ta,C,, was used
asa target. The film thickness was 400 nm. A heating

treatment was applied in vacuum with a lamp to the film after
the film formation. The heating temperature was 450 °C. BAs

a result of the heating treatment, Fe microcrystals were

formed in the FeTaC film, and the soft magnetization

67




magnetic di sk 600 conprises, on a substrate 1, a soft nagnetic Iayer 63
which is forned of a soft magnetic nmaterial, a seed |ayer g@;g -
conposed of oxide of Fe, a recording |ayer 65 which is forned "‘Har(gL
magnetic material, and a protective |ayer 66. The magnetic recording
medi um 600 of Exanple 10 resides in a case in which an FeTaC filmwas used

for the sothamagnetigthiayges @gar@dCb/Pd alternately stacked film
(artificial lattice film ogtalned by alternately stacking Co and Pd was

used for the recording |ayer 65, and the seed |ayer 64 conposed of the Fe
oxide was forned by means of the reactive sputtering method. The magnetic
di sk 600 was produced in acco s Whi B £t o] ng net hod. Formation of
of magnetic Layer A glass substrate having a dianeter of 2.5 inches (about

6.25 cm was usedy3sqhBRIYHSEAA! Belal ghybesngne! ko flbakon The E6FaC 111 M
was fornmed as the soft nagnetlc ayer 63 on he gl ass substrate 1 y means

of the magpgkheRisPYhLyEL BY bgghggﬂﬁeé?lﬂhboﬁ E%h@@ ﬁeﬁ@g§hﬁ1ﬂ%Fﬁeat|ng

FeJ9Ta9ClP was used s a tar I'mt ness s 40

treatnent wpsnappbi gdehin)¥geuupn Wbl éog@ga Le &Hs %aiﬂ1a£he§et%§fﬂé£'”1

formati on. The heating tenperature was aresllt o eating

treatment, . Fe HhBé@EE&étEBS &egﬁut£gkﬁﬁg hﬁliaelﬁ€I8&g£ihglaaﬂﬂxgéegﬁgft

nagnetlzatlon 67 6 MAY 2005 characterrstics appeare
of Ar and oxygen (ratio of flow rate of oxygen with respect

to Ar = 20 %). Thus, the Fe oxide was accumulated to give a

film thickness of 5 nm.

Formation of Recording Laver
Subsequently, the Co/Pd alternate multilayered film was
produced as the recording layer 65 in accordance with the DC

sputtering method. At first, Pd was accumulated to have a

-8 “a

thickness of 5 nm on the seed layer, and Co and Pd were
alternately accumulated thereon. When the film of the Co/Pd
alternate multilayered film was formed, Co of a thickness of
0.11 nm and Pd of a thickness of 0.76 nm were alternately
stacked by opening/closing shutters fof a Pd target and a Co
target. The numbers of stacked layers of the Co layers and
the Pd layers were tweiity-six respectively. The substrate
was not heated during the formation of the Co/Pd alternate

multilayered film.

Formation of Protective Layer
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~Formation:of Seed Layer.-Subsequently, the seed | ayer 64 was formed on the
sof t* “magnetic -layer 63 by nmeans of the reactive sputtering nethod. Wen
the seed |ayer 64 was fornmed as the film an Fe target was subjectpey 140/ D,
sputtering while introducing a m xed gas of Ar and oxygen (ratio of flow
rate of oxygen with respect to Ar = 20 % . Thus, the Fe oxide was

accunul ated to nm . For of Recording Layer

Lve fil hi ckness_of 5 tio
- Subsequent |y, t%énfﬁiﬁd 3I€Li%%f%°ﬂilFfi%y%?%df?¥m%$W%%quﬁP% uced as the
recordi ng er_ 65 in_agcordance with the DC utterj met hod. At first,
Pd was acctﬁ%?%’?%ﬁstgfh v%maastﬁ?%kﬂ’é@geﬁ'l%enig%%rt%%r&g%e%e?%ﬁle?,ﬁ W o
and Pd were_ alternately accunul ated thereon. Wien the fil mof_the / Pd
Aternare b SPRELEFLROIRERiORy Fhiea ChS BROBETh? CHTRS AT PEACT and
Pd of a thickness of 0.76 rimwere alternately stacked by opening/cl osing
shutters for a Pd target and a Co target. The nunbers of stacked |ayers of
the Co layers and the Pd | ayers were t&ﬁnty-six respectively. The
substrate was not heated during th i of the Co/Pd alternate
mul tilayered film_Fornation of Protective, Layer 68 2.6 %@N,ZOOS Finally, a
C (carbon) fil nfDeE*fBPhedlto AMRIBEFLF LTk ERABECBICE! iR oD E HeAme

protective |ayer 66 by neans_of_the RF sgutterin net hod. Thus, the
magnet i ¢ d?%ﬁn%ﬁsa%rbﬂu%§ﬂmple 10 except that a séed layer was formed

in accordance with the high temperature oxidation method. A

method for forming the seed layer based on the high
temperature oxidation method will be described below. The
methods for forming the layers other than the method for
forming the seed layer were the same as those used in Example
10, explanation of which will be omitted.

The soft magne%ic layer composed of FeTaC was formed on
the glass substrate in the same manner as in Example 10, to
which the heating treatment was applied with the lamp. After
the completion of the heating treatment, the product was
retained as it was in vacuum for 1 minute. After that, the
oxygen gas was introduced for 3 minutes at a flow rate of 200
sccm. The FeTaC film was exposed to the oxygen gas during
the period in which the FeTaC film was still at high

- temperature brought about by the residual heat of the heat
treatment as described above. Thus, the film of the Fe
oxide, i.e., the seed layer was formed on the surface of the
FeTaC fiilm. The film thickness of the seed layer was 5 nm.

The recording layer and the protective layer were formed

69




Exanple 11 1'n Exanple 11, a magnetic di sk was produced in'the sane nner
as in Exanple 10 except that a seed |ayer was forned in accordanc Ay 2005
the high tenperature oxidation nmethod. A method for formng the seed | ayer
based on the high tenperature oxidation nethod will be described bel ow. The
met hods for formng the |ayers other than the nethod for formng the seed

| ayer wer eohheéhgageeds 1beseassadsichibsamabeveldn expl aaaki fRAnAErvAEChnW | |
be omtted. The soft magnetic |ayer conposed of FeTaC was formed on the

gl ass subsEixamplien1bhe sage,MeRBEmaghetRcE¥aBR| GadOprbauckhich the heating
treatment was applied with the lanp. After the conpletion of the heating
treatnent, the product was retained as it was in vacuumfor 1 m nute.

After that, the oxygen gas was introduced for 3 mnutes at a flow rate of

200 sccm The FeTaC fil mwas exposqgﬁhﬂ%gggupxygen gas during the period
in which the FeTaC filmwas still at hig t enper ature brought about by the

residual heat Oﬁntﬁﬁaﬁﬁib 1b7 eat fRBheR3cdaSk Rad ?Peﬁﬁceah§ﬁ1thaes£hén]°f
the Fe oxide, i.e., the seed |ayer was forned on the surface of the FeTaC

film The ﬁbhﬂbkhhgkﬂﬁsﬁxgﬁpigel§e@§cég¥eEhﬁ@SaSSB?E IQSnéEEQrﬂ%QFrlﬁggr
and the protective layer were fornmed 69 2 6 MAY 2005 on“the see ayer as

described aboxed! Byl B81AgMR [BANGL 231k FWAER! €nd0solRURaghBe;BRgAGLEC
di sk was produced. ” Exanple 12
was formed, then the DC magnetron sputtering method was used,
and an alloy having a composition of Co,Z2r,,Ta, was used for a
target. The layer thickness was 400 nm. The methods for

forming the layers other than the method for forming the soft

magnetic layer were the same as those used in Example 10.

Example 13

wJ‘r_In Example 13, a magnetic disk was produced in the same
manﬁer as in Example 10 except that a Co/Pt alternate
multilayered film comprising alternately stacked Co and Pt
was used as a recording layer. When the Co/Pt alternate

o multilayered f£ilm was formed, the DC sputtering method was
used. Pt was firstly accumulated on the seed layer to have a
thickness of 5 nm, and Co of a thickness of 0.12 nm and Pt of
a thickness of 0.80 nm were alternately stacked thereon. The

numbers of both of the stacked Pt layers and the stacked Co

layers were twenty-three. The substrate temperature was 250
°C during the formation of the Co/Pt alternate multilayered

film. The methods for forming the layers other than the
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I n Exanple 12, -a.magnetic.di sk was produced in the same nmanner as in

~ Exanpl e 10 except - that a soft magnetic |ayer was forned by using a CoZrTa
film Wen the soft magnetic |layer was formed, then the DC magnetZ gnMAY 2805
sputtering nmethod was used, and an alloy having a conposition of
Co80Zr 12Ta5 was used for a target. The |l ayer thickness was 400 nm The

magnet ¢ 1a5EhSAreR: hafulfY *hle PRS- 0LRR 1T o ST 9IRS

Exanpl e 13, a.magnetic disk.was produced in the same manner as in Exanple
10 except ?%%? a 2§¥?$Pg?t Qhate mul tilayered filmconprising alternately
stacked Co and Pt was used as a recording |ayer. Wwen the Co/Pt alternate
mul tilayered filmwas formed, the DC sputtering nmethod was used. Pt was

firstly accunul ated on the seed Iay%E to]haﬁﬁ a thickness of 5 nm and Co
of a thickness of 0.12 nmand Pt of i ss of 0.80 nm were

alternately staf%gg t he eon The nunpers ofkboth of the stacked Pt_|ayers
and the stacked X3 herd TABRETLE ndtek iR RIAdYTed o iR r3iif e was

250 C during the formation of e Co/ Pt ternate |tilayered fil The
mothods oPaReet: 25 tharradele LErercenbrthnt oot of Eiwdh SBYGaSHR thder
formng the recording | ayer were the sane as those used in Exanple 10.
Exanpl e 145¢%7 EXa¥pF Va3, 3% Mhgnetic di sk was produced in the sane

Reference Example 1

In Reference Example 1, a magnetic disk was produced in
the same manner as in Example 10 except that the film

thickness of the seed layer was 40 nm.

Reference Example 2
In Reference Example 2, a magnetic disk was produced in

the same manner as in Example 10 except that the film

thickness of the seed layer was 50 nm.

A magnetic disk was produced in the same manner as in

Example 10 except that no seed layer was provided.
o] tiv a e 5

A magnetic disk was produced in the same manner as in

Example 12 except that no seed layer was provided.
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manner .as in Exanple 10 except that the filmthickness of the 9 eggvlaxﬁg
as

4

was 30 nm Reference Exanple 1 In Reference Exanple 1, a nagnetlc dis
produced in the same nmanner as in Exanple 10 except that the film

t hi ckness of the seed |layer was 40 nm Reference Exanple 2 In Reference
Exanple 2, a magnetic di sk was produced in the sanme manner as in Exanple
10 except that the film thickness of the seed | ayer was 50 nm Conparative
Exanple 4 A magnetic disk was produced in the sanme nmanner as in Exanple 10
except that no seed layer was phRpyhdgefivEORRaNAiEVEe Exanple 5 A magnetic

di sk was produced in the same manner as in Exanple 12 except that no seed

| ayer was provi feglaghét2c6qVE¥ #Q9: érQQHBé&aihVﬁhgxéﬂﬁéem@nﬁefaggeihc di sk
was produced in the same manner as In Exanple 13 except that no seed |ayer

was provi dﬁgamg@awgaék&@ Exgnptend AeBRINE LS 95§kpf@§1@é@duced in the
same manner as in Exanple 10 except that no soft nagnetic |ayer was

provi ded. Eval uation of Media The recordi ng and reproduction
characteristics of the respective magnetic di sks were eval uated after

applying a Comparative Example 7
A magnetic disk was produced in the same manner as in

Example 10 except that no soft magnetic layer was provided.

Evaluation of Media
The recording and reproduction characteristics of the
respective magnetic disks were evaluated after applying a
lubricant on the protective layer of each of the magnetic
disks of Examples 10 to 14, Comparative Examples 4 to 7, and
" Reference Examp{gg 1 and 2. A recogding and reproducing
apparatus of the spin stand system was used to evaluate the
recording and playback characteristics. A thin film magnetic
head based on the use of a soft magnetic film having a
saturation magnetic flux density of 1.6 T was used for the
recording. A spin bulb type GMR magnetic head was used for

the reading. The gap length of the wmagnetic head was 0.12
um. The distance between the head surface and the disk

surface was maintained to be 20 nm.
Results of the evaluation for the magnetic disks of
Examples, Reference Examples, and Comparative Examples are

shown in a table in Fig. 13. 1In this case, LFop/Nd
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I ubri cant::on rotective |ayer of each of the magnetic disks of

‘Exanpl es 10 4, Conpar ati ve Exanples 4 to 7, and Reference Exaffl €441l 2405
and 2. A recording and reproduci ng apparatus of the spin stand system was
used to evaluate the recording and playback characteristics. Athin film
magneti ¢ head based on the uSe of a soft magnetic film having a

saturat|0n¥W%9net| skae 9§Q %e@weén t%FVE?a i?kféﬁcé%E :#ﬁ%ording. A

spi n bul b type nagnetlc was use e rea gap | engt h

f th head 0.12 h d
The s BTt ol oL R LB FAIREERIA S o
t t K f R f Ex | e Co
%gnp”ﬁgé‘e ffécf’éi%iaé’mrﬁg%viiﬂ% B o He IO .%aic%ese TR 5 ey

5r t th | ayback LF b
5|gnale§;e§§PP%E ?g?% o?g %gBMEﬁQFtyE% 3 %iﬂﬁg(ﬁgﬁ%éybf > tgjﬁﬁgéghfﬂea
i t wh d f 400 kFCl d d
d Undex 1OF %ﬁhﬁéﬁiﬁrﬁ? nfaﬁguﬁééﬁé%éyﬁér&%aig S L R i A
nsit t th duct I d d
't s Usedheviehnbiss FRPEONEet ERe AYREET elol YO P hE Cab R the
magneti ¢ di sks, of Exangles 10, 12 apd 13 in which, the see er was
formed (o Mideth §#1 ot iSichbs 0P SR by s dine T at e

zgggfﬁ;hhg’ A IS gpéggéaégdtﬁgaiagneggcnggﬁs OP §%§T£§590Te{f,

and 13 in which the seed layer was formed to have a film
thickness of 5 nm by means of the reactive sputtering, it is
appreciated that high LFop/Nd and good D50 were obtained.
Also in the case of the magnetic disk of Example 11 in which
the seed layer was formed by means of the high temperature
oxidation method, excellent LFop/Nd and D50 were obtained.

In the case of the magnetic disk of Example 14 in which the
film thickness of the seed layer was 30 nm, the decrease in
D50 was observed, although high LFop/Nd was obtained. On the
other hand, in the case of the magnetic disks of Comparative
Examples 4 to 7 in which no seed layer was provided, LFop/Nd
was clearly low, although D50 was slightly high. Especially,
in the case of the magnetic disk of Comparative Example 7 in
which no soft magnetic layer was provided, LFop/Nd was
extremely low. In the case of the magnetic disks of
Reference Examples 1 and 2, D50 was slightly lowered,
although LFop/Nd was good, i.e., not less than 20 dB,

probably for the following reason. That is, the distance
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“Al'so-in-the case of the magnetic disk of Exanple 11 in which Fﬁ§e§W%
L.ayer:- was fornmed by neans of the high tenperature oxidation nethod
excel l ent LFop/Nd and D50 were obtained. |In the case of the magnetic disk
of Exanple 14 in which the filmthickness of the seed | ayer was 30 nm the
decrease in D50 was observed, although high LFop/Nd was obtained. On the

ot her handpeitethe thas@aghethie negacting dheksodt wagpatati vayekxaaples 4 to
7 in which no seed | ayer was provided, LFop/Nd was clearly |ow, although

D50 was sl iigbtrkysbdghucEspeehal kyicki Bekhe 1e6gee .of the magnetic di sk of
Conparative Exanple 7 in which no soft nagnetic |ayer was provided,

LFop/ Nd was extrhenmekyub@wrel Antheheasempbstitgonvarethe girskscefi Reference
Exanples 1 and 2, D50 was slightly lowered, although LFop/Nd was good,

i.e., not hﬁgﬁetﬁ@ndigkngerﬁr@BQQ? eﬁowltheafathWkegonaaigﬂ That is, the
di stance 73 6 MAY 20, 05 between the magnetic héad and the soft nagnetic

layer was tirBaERasedofue1tetiba hﬁb%6sé6§@ | @%en- ahBeant hugkyr e1a88drbhe
conposition of the produced magnetic di sks were analyzed with a high

resol utiongp EE@E%Hbéggo@Aﬁb§CtrQ§ o ¢eeagereicTENL aBdrafmAHIehat! €REN ON
spectroscopy (AES) aresult, it was confirned that the | ayer conposed

~of the Fe qxide eeﬂgeseanefn%herFgogﬁqa%nhéngglnﬁﬁ aﬁg Br“@%m&@h@ﬁ@s'Bfa
t hi ckness of “about nm on the soft magnetic |ayer or “on the gl ass

substrate kB 8a8No0fakheormBEANEhi & Eh3kRnebsE¥@maLest1lq hit 43 2RE soft
Conpar ati ve Exanpl e

magnetic layer or on the glass substrate in each of the
magnetic disks of Examples 10 to 13 and Comparative Example
7. Further, it was confirmed that the layer composed of the
Fe oxide was formed in a film thickness of about 30 nm in the
magnetic disk of Example 14.

Next, the magnetic disk of Exémple 11 was incorporated
into the magnetic disk apparatus shown in Fig. 3 in the same

. -

manner as in Example 4 to evaluate the recording and playback
characteristics.

A signal (700 KFCI) corresponding to a surface density

. of 40 Gb/inch? was recorded on the magnetic disk produced in

_Example 11 to evaluate S/N of the disk. As a result, a value
of 34 dB was obtained. Further, the error rate was measured.
As a result, a value of not wwore than 1 x 10° was obtained

when no signal processing was performed.

Example 15

In Example 15, a magnetic disk was produced in the same
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7. Further, -it.:was-confirmed that the | ayer conposed of the Fe oxide was
formed in a:fitmthickness of about 30 nmin the magnetic disk o? Iq
14. Next, the magnetic disk of Exanple 11 was incorporated into fle AT 2005
magneti c di sk apparatus shown in Fig. 3 in the same manner as in Exanple 4
to evaluate the recording and playback characteristics. A signal (700

kKFCl) corrﬁggoggigg {

d it 4 i

t he Fagnetlcl%lsk pro%d%%%ﬂr%gcg§a%%$%p%lt$ote%a d%#gﬁ%%ﬁﬁg%ﬂ{ﬁgggls .025 a
re t, f dB bt aj . Furt t t
vescur o Y8u8n e B ARERE AL Whae e L2 00 B

en no Si I i f d. Ex le.15 | Ex I
mgnet ¢ AR ess E e T e e eEhEve SHRef g MR e ud o
that a seed | r f d. t tain_F i d Fe. netal. W th
1im of ersetiuen P8 ar AR ng febh n rE o er et R e T S v nsed
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Exanpl e 16, a_nmagnetic di sk was €roduced in the sanme _nmanner. as in Exanple

15 except $eed {1R%e¥| ontatRing; thefe oxide and the Fe metal was

formed to have a film thickness of 5 nm.

Example 16
In Example 16, a magnetic disk was produced in the same
manner as in Example 15 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 2.5 % when a seed layer
was formed by means df the reactive sputtering method.
-~
Example 17

A magnetic disk was produced in the same manner as in
Example 15 except that a Co/Pt multilayered film obtained by
alternately stacking Co and Pt was used as a recording layer.

| When the Co/Pt alternate multilayered film was formed, the DC
sputtering method was used. At first, Pt was accumulated to
have a thickness of 5 nm on the seed layer, and Co having a
thickness of 0.12 nm and Pt having a thickness of 0.30 mm
were alternately stacked thereon. The numbers of stacked

layers of the Co layers and the Pt layers were twenty-three

in both cases. The substrate temperature was 200 °C when the
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‘oxygen gas with respect to Ar gas was 2.5 % when a seed |layer was forned
by nmeans of the reactive sputtering nethod. Exanple 17 A nagnetLng%?w %Q§
produced in the sane manner as in Exanple 15 except that a Co/ AY 2605
mul tilayered filmobtained by alternately stacking Co and Pt was used as a
recording layer. Wen the Co/Pt alternate nmultilayered filmwas formned,
the DC spaot/eti adteenhbe wmadtidegerAtl ffidist waPt fumsedccunul ated to have a
t hi ckness of 5 nmon the seed |ayer, and Co having a thickness of 0.12 nm
and Pt having a thickness of 0.80 nm were alternately stacked thereon. The
nunbers of stacked |ayers of the Co layers and the Pt |ayers were
twenty-three in both cases. The sulmstdmile tigrperature was 200 C when the
75 2 6 MAY 2005 Co/Pt alternate nmultilayered filmwas formed. Exanple 18 In
Exanpl e 18, a nmagnekamplesksyas pagdueed HiskhRasapeodiiBaaceinaghensganpl e
15 except that a seed |ayer was forned, and then the surface of the seed

| ayer was mdhpeet ed tin Espmpler iBgegtepinghathe ebehi ngykreahsenbrned,t he
surface of the seed |ayer was perfornmed as follows. That is, the seed

layer was &andnedehytheaparehckhersane pebRodagertPat veBfetBeaExanpl e 10,
and then Ar gas at a flowrate to give a vacuum degree of 0.9 Pa was

introducedspata@rﬁggnbEEhiﬁgttemheget@h@hgnerégtméﬁe sutfape ghriheessed
| ayer. The sputtering etching tine was 30 seconds. After performng the
sputteri ngthe seed layer was performed as follows. That is, the seed
layer was formed by means of the same method as that used in
Example 10, and then Ar gas at a flow rate to give a vacuum
degree of 0.9 Pa was introduced to perform RF sputtering
etching for the surface of the seed layer. The sputtering
- etching time was 30 seconds. After performing the sputtering
etching as described above, the recording layer and the
~protective layer wergﬁformed in accordance with the same

method as that used in Example 15 to produce the magnetic

disk. .

Example 19

In Example 19, a magnetic disk was produced in the same
manner as in Example 15 except that the flow rate ratio of
oxydgen gas with respeci to Ar gas was 8 % when a seed layer -

was formed by means of the reactive sputtering method.

Example 20

In Example 20, a magnetic disk was produced in the same
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etchi ng as. described-above, the recording layer and the protective |ayer
were fornmed in accordance with the same nmethod as that used in %? HEL %5
to produce the magnetic disk. Exanple 19 In Exanple 19, a magnet g A§k1ﬁ5
was produced in the same nmanner as in Exanple 15 except that the flowrate
ratio of oxygen gas with respect to Ar gas was 8 % when a seed | ayer was

for med byﬂﬂ?ﬂﬂéx"é the ﬁ%ﬁ%igeﬁpé% ingndethod. s Bxanple 3 b Benpl e

20, a magnetic dIS was produced in t same 76 2 6 MAY 2GGb nanner as in

Exanpl e 15, gg;@g Q%lwe %.L,,pa W-£ 8L & A@t‘;gsqﬂ oxygen gasy W tded LSRRy t 0

Ar gas was en a see yer orne by neans of the reactive

Sput ter NG, IE! bogh e EXBIPhE, A1 b8 EYETPLE- e 2iTROREL L hSlas produce

in the sane nmanner as'in exce l'ayer was forned
to have a filmthickness of 30 nm Exanple 22 In Exanple 22, a magnetic
di sk was produced in the sane manner as in Exanple 17 except that the flow

rate ratio of oxygen gas with resp r,,gas was 8 % when a seed | ayer
was formed by neans of the reactive ing method. Exanple 23 In

Exarpl e 23, a n?gﬂg%aﬁpfésglmas &5 S&Efg éfsﬁhﬁagagybduced in the same

manner as in Example 15 except that a seed layer was formed

to have a film thickness of 30 nm.

Example 22

In Example 22, a magnetic disk was produced in the same
manner as in Example 17 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 8 % when a seed layer

was formed by means of the reactive sputtering method.

Example 23

In Example 23, a magnetic disk was produced in the same
manner as in Example 17 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 1.5 % when a seed layer

was formed by means of the reactive sputtering method.

A lubricant was applied onto the protective layer of e
each of the magnetic disks produced as described above, and
ﬁhen the recording and playback characteristics of the
respective magnetic disks were evaluated by using the same

method as that used in "Evaluation of Medium" described
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manneras ‘in-Exanple 17 except that the flowrate ratio of oxygeg{gas Wit h
respect to Ar gas was 1.5 % when a seed layer was formed by nean$ BfM&hess
reactive sputtering nethod. A lubricant was applied onto the protective

| ayer of each of the nmagnetic disks produced as descri bed above, and then
the recording and pl ayback characteristics of the respective magnetic

di sks wer e aboaleuat &dghy 14dsishgwishe hearecorelimed aasl phatybugkd i n " Eval uation
of medi unmt' described 77 2 6 PAY above. Fig. 14 shows the recording and

pl ayback characteriistiics off the respectiive magnetiie disks of Exanphes 15
to 23. Fig. 14 also shows the ratio (FeMet/Feoxi) between the nunber of
atons of Fesexbsiidng as oxide in the seed | ayer, Feoxi, and the nunber of
atons of Fe existing as netal, Feat. The atom nunber ratio (FeNat/Feoxi)

was deternined gagf.othowsso Ehawsi thet RatGhenired) /Béal p Kitidar sard | ayer
of the produced magnetic disk was anal yzed by neans of the depth profile

anal ysi s bagsHegnotthatusme of FieeXikaynghakoekeakr @A teReebEGSEAR¥r(XPS).
The Fe spectrum of the seed | ayer conposed of Fe oxide and Fe netal was

separ at ed behg,tmd typesufbePESKSatbms ot PE @ﬂﬁgtﬂﬁ{;géél%éﬂﬂl}cr@@egﬂ de
and the peak originating frommetal. In the case of the magnetic di'sks of

Exanpl es 1phk0a8m ndhbedN@aZ3o Qﬁﬁﬂmﬁf@$lfkhég e Sl hed gk 3B VRss .
obtai ned. Especially, it is appreciated that the magnetic di sks of
: That is, the chemical state of the seed layer of the produced
magnetic disk was analyzed by means of the depth profile
analysis based on the use of the X-ray photoelectron
spectroscopy (XPS). The Fe spectrum of the seed layer
composed of Fe oxide and Fe metal was separated into two
types of peaks, i.e., the peak originating from oxide and the
peak originating from metal.
In the case of the maqpetic disks of Examgles 15 to 19,
22, and 23, high LFop/Nd of:21.5 to 27;1 dB was obtained.
Especially, it is appreciated that the magnetic disks of
Examples 15 to 19 were excellent in both of LFop/Nd and D50.
- The value of Fe,, /Fe,; of each of the magnetic disks of
Examples 15 to 19 was within a range of 0.02 < Fe, . /Fe,; <
0.2. In the case of the magnetic disk of Example 18 in which
the surface of the seed layei~was subjected to the sputtering
etching, the value of LFop/Nd was extremely high, i.e., 27.1.
In the case of the magnetic disks of Examples 20 and 24 in

which the oxygen gas was 1.5 % when the seed layer was

formed, LFop/Nd was low, i.e., 15.7 dB and 14.8 dB
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‘Exanples 151« ere-excellent in both of LFop/Nd and D50. The val ue of
Feat / Feoxi. of veach-of the magnetic disks of Exanples 15 to 19 masg@ipﬁﬁnZﬁﬁ
range of 0.02 < FeMat/Feoxi < 0.2. In the case of the magnetic disk of
Exanple 18 in which the surface of the seed | ayer was subjected to the
sputtering etching, the value of LFop/Nd was extrenmely high, i.e., 27.1.

N the casgoglodpe, dpanetife dsksoofo EXaopl 4% 2008n0h24sb8q VY £ 1OR

oxygen gas en the seed |ayer Was “Formed, LFop

e 15 ToHB pchdds & GRB0%.7 20l MY 2) B0 TABDRGH el e grabues of

I
Feat/ FeOX; 0 seed layers of 't magneti c di sks of Exanples 20 and 24
0.22 : ' N ' ' . : '
i sks of  EaoperslvelTana At the £ st aretE S onaiden s BRIV un
|n the seed, Lyl a5 COIRY P4 W& Med e IRANGLL G fll Slhedli PId Yardarp! €s.
rs-f 0 a

According TO act, thef owi hg ~specul"ation 1's af firned. t is,
i ncr oaci ngt P SHEGHA T cbovhel LShats SobpaFed N ARG i AT e
pocaue ¢ R P R B8 Ainet 1R PTG Sl arls S R e
hi cknovs. e THSELER Tayert oEnE0 e oud ol YT Siogp (g
PLgbﬁglger fcér t@c?nsf&'w';c?ﬂﬂ'g tfrieeafé)gdrgjhgé L%?eff hfncslpgegsi ﬂggldl} s&c?snocrebebc'fettmc')een

the Fe metal, and fine magnetic grains were hardly formed,

when the recording layer was formed on the seed lafer,

because the Fe metal was contained in a relatively large

amount in the seed layer. In the case of the magnetic disk

of Example 22 in which the thickness of the seed layer was 30

nm, D50 was low, i.e., 144 KFCI, probably for the following

reason. That is, the spacing distance between the magnetic

F

head and the soft magnetic layer was large due to the thick
film thickness of the seed layer. As a result, the magnetic
field from the magnetic head was not applied to the recording
layer at a sufficient magnetic field intensity.

Next, the magnetic disk of Example 15 was incorporated
into the magnetic disk apparatus shown in Fig. 3 in the same
manner as in Example 4 to evaluate the recording and
reproduction characteristics. A signal (700 kFCIj
corresponding to a surface density of 40 Gb/inch® was
recorded on the magnetic disk of Example 15 to evaluate S/N

of the magnetic disk. As a result, a value of 36 dB was
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head and the soft nmagnetic |ayer was |large due to the thick filmthickness
of the seed layer. As a result, the magnetic field fromthe magn@t§ diheddns
was not applied to the recording |layer at a sufficient magnetic field

intensity. Next, the magnetic disk of Exanple 15 was incorporated into the
magneti c di sk apparatus shown in Fig. 3 in the same nmanner as in Exanple 4

O Eyal Uatanthenaoor fhpgnand «REPEOANELRR, ChAL AL ELSLCS ad\ g1 gnal (700

kFCl) corresponding to a surface densit I nc 2 was recorded on

th t k i f k. As
regur?gng %% Qi§ of 3%§%g€p$f % ﬁ%f%zkH%%O%S%B%%?ne QeFﬂgggﬁéacwﬂéﬁerror 2
rate was sgi galfé g?egng twaégﬁé&f@rﬂé not. more than 1 X 1Q 5 was

obtained rocessi ng was per orned. Exanple 24 Fig. 15 shows
a schematic sectlonal V|em1|llustrat|ng a rmagnetic recording nmedi um of
Exanpl e 24. The magnetic recordi ng nmedium 700 conprises, on a substrate 1,

a soft magnetic |ayer 73 forned ong @gﬁt gggnetic material, a first seed
| ayer 74 conposed of oxide of Fe, a d layer 75 conposed of

oot ve Tavcf1d9 18Vehods JOLIRESLIE DALE: ROnGles, RIS A S

protective | ayer 197, recordlng
700 will be exgklénggcoggigglmeée arg Iﬁxamplgugézra$he magnetic

recording medium 700 comprises, on a substrate 1, a soft
magnetic iayer 73 formed of a soft magnetic material, a first
seed layer 74 composed of oxide of Fe, a second seed layer 75
composed of Pd-SiN, a recording layer 76 formed of a hard
magnetic material, and a protective layer 77. A method for
producing the magnetic recording medium 700 will be explained

below.

. A
Preparation of Substrate

At first, the glass substrate 1 having a diameter of 65

mm was prepared. A film of Ti having a thickness of 5 nm was

N . . formed as an adhesive layer 72 on the glass substrate 1 by

using a continuous sputtering apparatus.

Subsequently, a f£film of FeTaC was formed as the soft
magnetic layer 73 on the adhesive layer 72 by means of the DC
magnetron sputtering method. An alloy having a composition

of Fe,,Ta,C,, was used for a target. The film thickness was
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ss..substrate 1 having a-dianeter of 65 nm was prepared A
: ing a thickness of 5 nmwas formed as an adhesive | ayer

on the glass substrate 1 by using a continuous sputtering apparaf WAY ﬁmﬁ
Formation of Sofa Magnetic Layer Subsequently, a filmof FeTaC was formed
as the soft nmagnetic |ayer 73 on the adhesive Iayer 72 by nmeans of the DC

magnetron s utterln ho 1o Vi ng osjtion .of Fe 9Ta9C12
was used foPY n‘i“arg #ﬁE fFﬁh1?ﬂF@éﬂeg§iﬂa%g n%%*hnﬁ“ﬁhﬁl ‘f

formed fil m of Fe79Ta9C12 was heated for 30 seconds at a tenperature of
450 C in vaeuseranda atcarbempehahuee, 0&nd5P héh Itheaauum wed hykadizaibon

cool ed. Thus, the soft magnetic |layer 73 containing mcrocrystals of Fe
was forneﬂeaEérnaahdnthénFihetfE@ndwhaygra&u@Bkguemmlqd.th@hd$rsthseed

| ayer 74 was formed on the soft nagnetic |ayer 73 by neans of the reactive
sput t eri ngsofiet hagnetbenlaperf 78 nvohtabhrifigreicseetystyrs J8 Paswdor nmed,

an Fe target was subjected to DC sputtering, while introducing a m xed gas
of Ar and exyged.(flow rate ratio of oxygen with respect to Ar = 20 %.
Thus, Fe oxide was accunulated to give a filmthickness of 5 nm Formation
of Second Seed Layer Subsequently, the substrate 1 was transferred to a
chanber of an alternate sputtering apparatus, and a filmof the second

seed |ayer 75 was fornmed opoiMgtibnsbfseedstagesd Layer

Subsequently, the first seed layer 74 was formed on the

soft magnetic layer 73 by means of the reactive sputtering
method. When the film of the first seed layer 74 was formed,
an Fe target was subjected to DC sputtering, while
introducing a mixed gas of Ar and oxygen (flow rate ratio of
oxygen with respect to Ar = 20 %). Thus, Fe oxide was
accumulated to give a film thickness of 5 nm.
-
Formation of Second Seed Laver
Subsequently, the substrate 1 was transferred to a

chamber of an alternate sputtering apparatus, and a film of
the second seed layer 75 was formed on the first seed layer
§4. When the film of the second seed layer 75 was formed,
then a Pd target was subjected to DC sputtering, and an SiN
target was subjected to RF sputtering, while introducing
argon gas into the chamber. Accordingly, the second seed
layer 75, which was composed of 73 atomic % of Pd, 26

atomic % of Si, and 1 atomic % of N, was formed to have a

film thickness of 5 nm on the first seed layer 74.
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74. When the filmof the second seed |ayer 75 was fornmed, then a Pd target
was subjected to DC sputtering, and an SIN target was subjectequP n
sputtering, while introducing argon gas into the chanber. Accordlngly,é%ﬁ%
second seed layer 75, which was conposed of 73 atomc % of Pd, 26 atomc
%of Si, and 1 atomic %of N, was fornmed to have a filmthickness of 5 nm
on the first seed layer 74. 81 2 6 MAY 2005 Fornmation of Recording Layer
Subsequently, a Co/Pd alternate nultllayered filmwas prepared as the
recording |layer 76 by nean%% %] eihod. Wen the Co/ Pd
alternate nultilayered I Bd, 5 i ckness of 0.12 nm

d Pd h i f 0
e ng,cﬁx;rag%@%ﬁé%ﬁ% : ‘E>§5’¥’§?% Cp %Iée%ﬁm%%féﬁéglﬁﬁw s o
st acked | ayers thg ER I g ih P 76'8 S e &¢ Qtﬂcsix
respective §e orna I on %f a %yer an u%rlcantﬁﬁayer

Subsequent

t h
formed to ﬁé@ gr% %ﬁmgﬁﬁgéhes ggﬁ ggﬁa 583g§rﬁaf fl%fé?%@by nmeans
f th | asmma_CVD hod h I f d, th
substrate MAL™ PAReRCBUFdsf ?_hﬁgﬁtfl% RoPhts hé%saﬁ RER dferrd. A3 e
o engyeu e B, LA Lot g, Lot LB ALY oLBLEBESES o 1 77
opening/closing shutters for a Pd target and a Co target.

The numbers of stacked layers of the Co layers and the Pd

~layers were twenty-six respectively.

Formation of Protective Layer and Lubricapnt Layver
Subsequently, the protective layer 77 compoéed of
amorphous carbon was formed to have a film thickness of 3 nm
on the recording layer 76 by means of the plasma CVD method.

_ % e
After the protective layer 77 was formed, the substrate was
taken out of the film-forming apparatus. Finally, a
perfluoropolyether-based lubricant was applied to give a
thickness of 1 nm on the protective layer 77 so that the
lubricant layver 78 was formed.
Thus, the magnetic recording medium 700 having the

stacked structure shown ii-Fig. 15 was produced.
The magnetic recording medium 700 produced as described
above was installed to the magnetic storage apparatus shown

in Fig. 3 in the same manner as in Example 4. The magnetic
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lubricant- | ayer-78 was forned. Thus, the magnetic recordi ng nedi um 700
‘having the :'stacked structure shown ..-Fig. 15 was produced. The Q‘@rﬁeg‘m Gy
recordi ng medi um 700 produced as described above was installed to the' <Gll5
magneti c storage apparatus shown in Fig. 3 in the sane manner as in

Exanpl e 4. The magnetic 82 2 6 NAY 2005 storage apparatus was driven to
evaluate the recording and playback characteristics under tEe sane

condi ti on ACXFAHE a%%’aa’?‘ﬁs BAFpTeLYen AC LYRLAS B T8 D ned as |
total S/N. Further, the recordi pg and pl ayback were successful IR/ erforned
at a recorﬂ*?ﬁb%@ﬁs??%r%?tﬂgwtbg%a‘bw%s rEAG GO TR A% "’Ytgcor di ng
density. The _follow ng head seek test was perfornmed. The magnetic head

was subj ecteRd t 1P t FeaBRER bne %n%lr%‘%ﬁ‘%%%usgﬁcﬁ t9BeRF RhaHEed idfher
circunference to the outer circunference_over the magnetic recording

medi um THeP®R: SfFor BHrERRY nelfiRtFRCOFQERY ARy BERNRAR KW Gfasured aft er

the head seek test as described above. As a result, the bit error nunber

was not neReEceRRRulby pesfermedcat ANeSRFAHRI I itk 3l of three

hundred thousand hours was successful |y achi eved. Subsequently, the

el ect r omaghit¥akievhvarareningh R hckler i 3¢l YREQUMNGE (5 Fof- t TS ragnetic
recording nedium 700 by using the spin stand recording and pl ayback test

machi ne unéeklewing dnead opell i ops hswahapexbened. t Hehe Magatdkedeast t he

el ectromagnetic conversion characteristics .
was subjected to the seek one hundred thousand times from the

inner circumference to the outer circumference over the
magnetic recording medium. The bit error of the magnetic
recording medium was measured after the head seek test as
described above. As a result, the bit error number was not
more than 10 bits/surface. An average failure interval of
three hundred thousand hours was successfully achieved.
Subsequently, the electromagnetic conversion -
characteristics were measured for the magnetic recording
medium 700 by using the spin stand recording and playback
test machine under the same condition as that used in the
measurement of the electromagnetic conversion characteristics
described above. Results of the measurement are shown in
Table 3 below. In Table 3, S/Nd represents S/N at 500 kFCI,
and Re represents the output resolution divided by tiie
isolated read signal output. The thermal delay ratio
represents the ratio of the change of the read signal

amplitude with respect to the time obtained when a signal

recorded at a linear recording density of 100 K¥FCI was

83




“described above: Results of the measurenent are shown in Table 3 below. In
‘Table 3, S/'Nd represents S/N at 500 kFCI, and Re represents the Quf puty 2505
resolution divided by the isolated read signal output. The thernal delay
ratio represents the ratio of the change of the read signal anplitude
with respect to the tinme obtained when a signal recorded at a |inear

i onnent caro a8t HiaaficShviPRatiat BeTRL Ry echy rati o (% decade)

Exanpl e 2418. 020.50 As understood from Table 3, good SIN was obtained in

Exanpl e 24. Further, the resolution was also extrenely high, 1i.e., not
| ess than 18 % According to this fact, It is appreciated that the
transition noise is reduced in the hi ion, and both of the high

resolution and high SIN are satisfied in the magnetic disk of Exanple 24.
The cross-sectional structure of the recording |ayer of the magnetic disk
was obseryed with a high resolution transm ssion electron mcroscope. As a
result, the recording|3/aFer(dBd | Restifct ur eTRETBRSWASFAYFFELio in the sane
manner ap the magneti|jc recording nedia of Exanples 1 to 3 descri bed
above. The diameter d|of the crogs section pérpegEREEIar to the rotafion

axis of the_columar grystal grailn as shownli.n
Example 24 18.0 20.5 0

As understood from Table 3, good S/N was obtained in
Example 24. Further, the resolution was also extremely high,
i.e., not less than 18 %. According to this fact, it is
appreciated that the transition noise is reduced in the high
_region, and both of the high résolution and high S/N are
satisfied in the magnetic disk of Example 24.

The cross-sectional structure of the recording layer of v
the magnetic disk was observed with a high resolution
transmission electron microscope. As a result, the recording
layer had a structure as shown in Fig. 2 in the same manner
as the magnetic recording media of Examples 1 to 3 described
above. The diameter d of the cross section perpendicular to
the rotation axis of the columnar crystal grain as shown in
Fig. 2 was about 8 nm, and the difference h between the
uppermost portion A and the lowermost portion B of the
hemisphere of the surface of the crystal grain was 2 nm. It
is considered that the magnetic coupling force in the in-

plane direction is reduced, the fine recording bit is stable,
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Fig. 2 was about-8 nm and the difference h between the,.uppgrnnsé pﬁéﬁanw
A and the | owernost portion B of the ~hem sphere of the surface o G £800
crystal grain was 2 nm It is considered that the nagnetic coupling force
in the in-. plane direction is reduced, the fine recording bit is stable, 84
2 6 MAY 2005 and the linearity of the nmagnetization transition area is

good, becaysq the 186@neiRg b2y EhoOhabHECTRARELCLEEROLEIHY aFEQ! yin Of

Exanpl e 24 iI's conpose e columar crystal grains as scri bed above.

As appr eci QESQ fEQ%EE% rtﬁ?.“%techrdEi.ﬂg &gg%pbfd%ﬁaymaﬁg&{ﬁ?ci PeddPh én

descri bed ové, no thermal decay wa erved tor t magnet | c rec%rding

medi um of FXATRkeo4exbhp1bs p800S! BRGASEA ! Bicl BET hNAL LBgother M

decay was not observe r e rmagnetic recor um o le 24

results frﬁghggg_ggcheggénggeaggg gtization transition area of the
, na t

recording Fayer is drstinc a € linearity is enhanced. The error rate
fate was not mofe PRRkCEos el 20k, ok PRAGRE P PO PRPER ket or
naving t he 8iE 10r A3Ra8 < PUEEG! BoduaPRaR”ofo REeRRIRCHPE=Y B3P di ng medi um
the Fe met 3PoGEEAY, ROEX A Bo28okaS BEGTrafo mediul BF Rrahpfe 542! £E 2NC
| is considered that the fact that the thermal decay was not

observed for the magnetic recording medium of Example 24

results from the fact that the magnetization transition area

of the recording layer is distinct, and the linearity is

.enhanced. The error rate was measured in an on-track manner
at 1000 kBPI. As a result, the error rate was not more than

1 x 107 for the magnetic recording medium of Exaﬁble 24 in

any case.

Example 25

In Example 25, magnetic recording media having the same
stacked structure as that of the magnetic recording medium
shown in Fig. 15 were produced. The seed layer containing
the Fe oxide and the Fe metal used in Example 18 was used for
the first seed layer 74, and the seed layer composed of PdSiN
used in Example 1 was used for the second seed layer 75. The
soft magnetic layer 73 and the first seed layer 74 on the
substrate 1 were formed by using the same method as that used

in Example 18. The second seed layer 75, the recording layer
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“the first seed'layer 74,- and the seed |l ayer conposed of PdSiN used in
Exanpl e 1 was used for the second seed layer 75. The soft magneti &iﬁﬁyemﬂa

73 and the first seed |layer 74 on the substrate 1 were formed by using the

sanme nmethod as that used in Exanple 18. The second seed |ayer 75, the

recording layer 85 2 $ f fAY 2005 76, the protective |layer 77, and the

| ubri cant b@?/e{:hczspié\@fécti@‘é negdydy ¥5i ngndhensaimRiN0d Bsydihaisg ugad i n

Exanpl e 1. n Exanpl e 25, seven types of magnetic recording nedia

(Sanpl es 1potRedld wegenereﬂécggm@ymaeﬁaangsteﬁ‘a@%@é@ seetkah@yery o have
a variety of conp05|t|ons The conpositions of the second seed | ayers of

Lhe 1 eSpeck v, GRONE! b8 " SEOLA Ppedelt andgfeelOWPeddr daM uduppl ow. S/ Nd

Re, and the t defragneti zatfon ratio were nmeasured for the respective

produced 94 1Es g60Ldi ﬂﬂﬁg g ol 04 E{#evéf’%&jl;]hft@ﬂ@' sEES A gy and

reproducti st machine | me nmanner- as he nmeasurenent of the

m eCtr"””‘g?g*'éf EOTHGVE) M abr et ol GAbER S ay D MRy b o8 11

nmeasur enen are shown in el ow.
Cbnpos't'Othfsé%gnggeg&eig§ers of the respective magnetic recording

" media are shown in Table 4 below. §/Nd, Re, and the thermal

demagnetization ratio were measured for the respective
produced magnetic recording media by using the spin stand
recording and reproduction test machine in the same manner as
in the measurement of the electromagnetic conversion
characteristics described above. Results of the measurement

are shown in Table 4 below.
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Second seed | ayer (dB) (% decay ratio Pd Si- N (% decade): (at: %W (at % (at N
Sanpl e 157520515. 521. 50 Sanpl'e 1670201015.521. 10 Sanple =~
177029. 50. 515. 421. 00 Sanpl e 187920115. 020. 00 Sanpl e 1980101014. 8192 0 MAY 2005
Sanpl e 2060301014. 719. 20 Sanpl e 2155351014. 719. 30 As appreciated fromthe
tabl e shown above, good S/N of not less than 14.7 dB was obtained for al

of the sanples. Further, Re was also extrenely high, i.e., not less than

19 % That is, it is appreciated that the high resolution and high S/N are
realized in the nmagnetic recording ngﬂﬁgﬂég% Exanple 25. I't is also

appreci ated that the nmagnetic recording nediumis excellent in thermal
stability, because no thermal decay was observed. The magnetic recording
medi um of the present invention has been specifically explained. However,

I

th 1t Hrvention—i t+Himted-there 1 e vart+et
° PLcss T L T g T

87 2 Grig 2?US,. off nodi odi nents a roved fenbodi nen
Second seed layer (dB) | (%) decay ratio
pd Si N , (%/decade)

(at %) {(at %) | (at %)
Sample 15 75 20 5 15.5 1 21.5 0
Sample 16 70 20 10 15.5 [ 21.1 0
Sample 17 70 29.5 0.5 15.4 [ 21.0 0
Sample 18 79 20 1 15.0 [20.0 0
| Sample 19 80 10 10 14.8 | 19.5 0
Sample 20 60 30 10 14.7 | 19.2 0
Sample 21 55 35 10 14.7 £9.3 0

As appreciated from the table shown above, good S/N of
not less than 14.7 dB was obtained for all of the samples.
Further, Re was also extremely high, i.e., not less than
19 3. That is, it 1s appreciated that the high resolution
and high S/N are realized in the magnetic recording medium of
Example 25. It 1is also appreciated that the magnetic
recording medium is excellent in thermal stability, because
no thermal decay was observed.

The magnetic recording medium of the present invention
has been specifically explained. However, the present

invention is not limited thereto, which may include a variety
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| NDUSTRI AL "APPLI'CABI.LI TY I n the magnetic recordi'ng medi um accor di to the
first aspect of the present invention, the first seed | ayer conﬂgﬁnﬁﬁ@ 205
the Fe oxide is used as the underlying base for the second seed | ayer
containing one of Pd and Pt, Si, and N. Therefore, the dispersion of Pd or
Pt in SINin the second seed layer is facilitated. Further, the recording

layer is prombdedien bhBoaemendssand Liayebvid whbheAihdgL 4l spersion of Pd
or Pt is facilitated. Therefore, the fine crystal grains having the

di stinct grain boundary are fornmed in the recording |ayer. Accordingly,
the magnetic coupling force in the in-plane direction of the recording

| ayer is reduced. Therefore,@upirphad A818, 1daedrfecordi ng density is
i ncreased, information can be reproduced at | ow noise. In the nagnetic

recordi ng nmedi um according to the second aspect of the present invention,
the seed |layer containing one of Pd and Pt, Si, and Nis used as the

underlyi ng base; f@ﬁetHQgBEEQEdEBEPEéiﬁg Hg&hﬁﬂ %ESof&iﬁ%}%&aEhégfifQE

structure. Therefore, 1t°7Is pOSSIb e toreduce the nagne coupl 1 ng force

in the i”'BEPQEtdBEeEhEO?rQEehgeiEGQBEQEH9 théy@irsfcgﬁégiﬂ 4y the

di sturbance Tn the nmagnetization transition area o e recording layer is

reduced. Egﬁggiﬁ%§8r€H89F$h8§iﬁ eikiH§8g BSCQBQi?gagﬁgfgég £§%$Eﬁ3r6 MAY

2005 i ncrease nmati on can be reproduced at er, the

magnetic reqar diogngedbdl Payel 880t AhTBY one of Pd and Pt, si, and N.

Therefore, the dispersion of Pd or Pt in SiN in the second
seedAlayer is facilitated. Further, the recording layer is
provided on the second seed layer in which the dispersion of
Pd or Pt is facilitated. Therefore, the fine crystal grains
~having the distinct grain boundary are formed in the
recording layer. Accordingly, the magnetic coupling force in
“the in-plane direction of the recgiding layer is redqggd,
Therefore, even when the linear recording density is
increased, information can be reproduced at low noise.

In the magnetic recording medium according to the second
aspect of the present invention, the seed layer containing
one of Pd and Pt, Si, and N is used as the underlyiﬁg base
‘for the recording layer having the artificial lattice
structure. Therefore, it is possibie to reduce the magnetic
coupling force in the in-plane direction of the recording
layer. Accordingly, the disturbance in the magnetizétion
transition area of the recording layer is reduced.

Therefore, even when the linear recording density is
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stabi lity, because the-artificial |attice fil-mhaving high ‘nmagnetic

ani sotropy is used as the recording layer. In the nagnetic“récbrdiqg nF&%u§@§§
according to the third aspect of the present invention, the seed | @ o
containing the major conponent of the Fe oxide is provided between the

soft magnetic |ayer conposed of the soft magnetic naterial and the

recording hakebaceaRosedoehatitnnend BROBELIEATREA he! 10lnabekaLe, for

exanpl e, even when artificial ttice fil avi ng high magnetic

a”'SOtTOPYFh§th%§edF§% h@?g% EQVQbEBrhﬁﬁgrgeh Gl hhs! BiBASEhBERAG0 make the

magneti c gralns of ere ing layer t ine and mnute, and it is

possi bl e tQtBBrEHE eah%e”%geeakgﬁ%ag&has18%t&pe f&ﬁﬁohngﬂg'ﬁXSB

Accordi ngly, diumnoise is re ormat 1 on can
d d [ N I th
artificial ?QP?F%% ArinotRBpinds HeRd asnt fc9%%92§%5§éﬁgg%ﬁﬁr2?5?g the

magnet o recor dhngnieqlumhas Db kesl hag&%m.ggaagd&ngrqal pL! gk yati on,

and information can corded at a ensi CcCO dlng

br oduct on ggggedo%fthg.Begsaﬁ@téggaﬁ%ghhonth b2qPRTRY! BohRaRhagice the

magnetic re ing- nme n1prOV| the rec ayer h the

nmagnetic e%ﬁ?aﬁge CO%B%F@ hLer g¢ tge ?ﬁeox18|agsc%%éeghégna$%yse§dgﬁgdf

Therefore I'S-pOosSI o prOV| magne
recording g%?t“ﬂh%%b% ng ngégl ft%hg % ggnetlg material

and the recording layer composed of the hard magnetic
material. Therefore, for example, even when the Co/Pt
artificial lattice film having high magnetic anisotropy is
used as the recording layer, then it is possible to make the
magnetic grains of the recording layer to be fine and minute,
and it is possible to form the minute magﬁetic domains in the
recording 1§Y§r. Accordingly, the medium noise 1is reduced,
and information can be reproduced at high S/N. The recording
layer can be formed by using the artificial lattice film
having high magnetic anisotropy. Therefore, the magnetic
recording medium has high resistance to the thermal
fluctuation, and information can be recorded at a high
density. |
According to the production method of the present
invention, it is possible to produce the magnetic recording
medium provided with the recording layer in which the
magnetic exchange coupling force in the in-plane direction is

reduced. Therefore, it is possible to provide the magnetic
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| ow noise;  i-nformation recorded at a high density. The magnetic storage
apparatus of the present invention is provided wth the nagnetiggseﬁﬁgd%gg
medi um according to any one of the first to third aspects of the pre'sénfb
invention. Therefore, even when information is recorded at a high areal
recording density of 150 gigabits/square inch (about 23.25 gi gabits/square
centi met er }ectPgihHf REARLL 0P EGR mPRet €PE OPUCEtb AL b Ghet Mhudd)) tham the

magneti c storage apparatus has the characteristics of high resistance to

t her mal flﬂS&“ﬁBng{ ggfgr@a%fgthgéofé€%N§%1a ﬁ&gﬁ9@§$é£t§?C0fdi“9 medi um

conprising: a substrate; a first seed yer which is tormed directly or

ndirectly on b GBRLE a2 80ckubl ehpeontal NS o ey ALk mneron, seed

| ayer which is tTorne Irect e first seed and cont ai ns

si. N d. at . : . i .
fgrned,agi%%c?#?agﬁeﬁR@lgécgﬁ%aﬂ%%%%{f%ggg?ggéfg.[@é%g?%?§gét%%%ﬁﬂékg | ayer

formed of gﬁﬁlgﬂétofog eo%i Otng.Eﬁiréng eé%blgﬁefheg%rg- @Hgnetic

recordi ng nmedi um accordrng aimT, rern e recording layer has an
artificial ih?&ﬁki n?”ﬁ!ﬁék’%ﬁor@”d%%ﬁ'x?héﬁ Pﬁfc?%{%{x’{f a5 W*é@té@% and
a soft magnetic ayer 1§ fornetl between the substrate an e first seed
layer. high areal recording density of 150 gigabits/square inch

(about 23.25 gigabits/square centimeter), the information can

be reproduced at high S/N. Further, the magnetic storage

apparatus has the characteristics of high resistance to

thermal fluctuation.

90




3. The magnetic recordi ng nmedium according to claim1l1l, wherein tf{: N rﬂ&iﬁn
seed | ayer contains Fe existing as netal. 4. The nagnetic recor@i 3’3%@
according to claiml1l, wherein a content of Si in the second seed | ayer is
within a range of 10 atomc %to 35 atomc s, and a content of Nis within
a range of 0.1 atomic o to 10 atomc % 5. The nmagnetic recordi ng nedi um
according to claim4, wherein the second seed | ayer further contains Co.
91 2 6 MAY 2005 6. The magnetic recordi ng nedi um according to claim1,
wherein each of the first seed |ayer, 4 he second seed |ayer has a film
t hi ckness within a range of 1 run to nm 7. The magnetic recording

medi um according to claim1l, wherein the soft magnetic |ayer has a

structure in which anpiside ObeCRrindendi @t cbigstsiage el ement sel ected
fromthe group consisting of Ta, Nb, and Zr is dispérsed in Fe. 8. The

magneti ¢ recor & AYPHERGM according to claim 1, wherein the soft magnetic
| ayer is forned of an anorphous alloy principally containing Co-Zr and

further containi t |ease one el enment. sel ecied fromthe_ group consisting
of Ta, Nb, and TE7>9 SFfle megnerr el BeGPaNTy TEGREH dcaPai TS ol aim L.
wherein the teeosuhstgatayerd whickhnpesednofoxaggr efjaees of crystal grains,

each of the orystgloQfalny exfands; ih A ssohumar configueatian.jn a
direction perpendicular to a” surface o e supstrate, a tIp o each of
t he Crystggeegréﬁyﬁx and which contains Si, N, and at least one of Pd and
Pt; and
a recording layer which is formed, directly on the second
seed layer, by alternately stacking a layer formed of at least

one of Pt and Pd, and a Co layer.

2. The magnetic recording medium according to claim 1,
wherein the recording layer has an artificial lattice structure
and exhibits perpendicular magnetization, and a soft magnetic

layer is formed between the substrate and the first seed layer.

3. The magnetic recording medium according to claim 1,

wherein the first seed layer contains Fe existing as metal.

4, The magnetic recording medium according to c¢laim 1,
wherein a content of Si in the second seed layer ig within a

range of 10 atomic % to 35 atomic %, and a content of N is within

a range of 0.1 atomic % to 10 atomic %.

5. The magnetic recording medium according to claim 4,

wherein the second seed layer further containg Co.
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is bulged on a surface of the recording layer, a dianeter-in a cross
section perpendicular to a rotation axis of the colummar crystal ig %E
within a range of 2-nmto 15 nm and a height of the bul ge of the c?@ tg
grainis within a range of 1 nmto 10 nm 92 2 6 (,."'AY 2005 10. A
magneti c recordi ng medi um conprising; a substrate; a seed |ayer which is
formed directly or indirectly on the substrate and which contains Si, N
and at | east one of Pd and Pt; and a recording |layer which is forned,

directly on the6seedThéaﬁgﬁneQYCaké@&?@&ﬁéyméaﬁﬁﬁ'Qgc@raﬁﬂért$0@ﬂ§ﬂnoi at
| east one of Pt and Pd, and Co | ayer he magnetic tecording nedi um

accordi ng %Heﬁb@h”&&@h ofhﬁﬁé'ﬁlkgﬁ 5§88r§598r|§M8rthé S08DRS €8c 84

aggregates of crystal grains, each of the trystal grains extends in a

col ummar C@Q&éguﬁaé'9“fhﬂmatﬁhéﬁﬁébgnw EBRE”Q'EHL&& &P 9 SHT£8C%0 Ofi L he
substrate, a tip of each of the crystal grains is”bulged on a surface of

the recording |ayer, a dianeter in a cross section perpendicular to a
rotation axis of the columar crystal grainis wthin a range of 2 nmto

15 nm and a hejght @t hgahulge bobbAing’ ¥shalnILatachPnd! L8 MALRANge of

1 nmto 10 nm e nag etic recording ne |un1accord|ng to c

wherei n L Nonbpeonding Lave! nhindc 60/ PAvart hhichabelabtase 1hlahabr™ed bY

alternately stacking a
nitride or carbide of at least one element selected from the

group consisting of Ta, Nb, and Zr is dispersed in Fe.

8. The magnetic recording medium according to claim 1,
wherein the soft magnetic layer is formed of an amorphous
alloy principally containing Co-Zr and further containing at
lease one element selected from the group consisting of Ta,

Nb, and Ti.

9. The magnetic recording medium according to claim 1,
wherein the recording layer is composed of aggregates of
crystal grains, each of the crystal grains extends in a
columnar configuration in a direction perpendicular to a
surface of the substrate, a tip of each of the crystal grains
is bulged on a surface of the recording layer, a diameter in -—
a cross section perpendicular to a rotation axis of the
columnar crystal grain is within a range of 2 nm to 15 nm,
and a height of the bulge of the crystal grain is within a

range of 1 nm to 10 nm.
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t hi ckness within a range of 0.05 nmto 0.5 nmand a Pd |ayer which has a
filmthickness within a range of 0.5 to 2 nm 13. The nmagnetic redcﬁd"?,ﬁﬂ'g 25
medi um according to claim93 2 6 "'l Al'Y 2005 10, wherein the recording =
| ayer is a Co/Pt artificial lattice filmformed by alternately stacking a
Co layer which has a film thickness within a range of 0.05 nmto 0.5 nm
and a Pt layer which has a filmthickness within a range of 0.1 to 2 nm
14. The magnetic recordi ng nmedium according to claim10, wherein the
recording | ayerlohas Aaﬁaaﬁétiifci cr;aacljréiar} ti cg; structure and exhibits

per pendi cul ar rEgneti 2ati on, and & Sof I agheti & ~Tayer is formed between
the substrate an@ubherasmed | ayer. 15. The magnetic recordi ng nedi um
according to claim14, wherein the seed |layer further contains Co. 16. The
magneti c recordi ng nedium according to claim 12 or 13, wherein the Co

| ayer, which céh$epeuta®en waleh tisf g@rmd dizeci e ok Lafdixaswpyi gedbeo which
is distribufredrdisconrt WAVOMNdtalfs &idi eghd QR Reisd IRk bP My subsprate
surface. 17.. The magnetic recordi ng nedium according to claim 10, wherein
t he seed I%&%r has a fil mthickness which is within a range of 1 nmto 30
nm 18. The magnetkkérdacondiag wRdhuds afamed] Ngide@tty adrimth@, seaherein t he
O ROn el AP 85n  SHY REBLYUIEE, G ML 2POR Mg S W i

Pt and Pd, and a Co layer.

#

11. The magnetic recording medium according to claim 10,
wherein the recording layer is composed of aggregates of crystal
grainsg, each of the crystal graing extends in a columnar
configuration in a direction perpendicular to a surface of the
substrate, a tip of each of the crystal grains is bulged on a
surface of the recording layer, a diameter in a cross section
.perpendicular to a rotation axis of the columnar crystal grain is
within a range of 2 nm to 15 nm, and a height of the bulge of the

crystal grain is within a range of 1 nm to 10 nm.

12. The magnetic recording medium according to claim 10,
wherein the recording 1aYer is a Co/Pd artificial lattice £ilm
formed by alternately stacking a Co layer which has a film
thickness within a range of 0.05 nm to 0.5 nm and a Pd layer

which has a film thickness within a range of 0.5 to 2 nm.

13. The magnetic recording medium according to claim
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19. A magnetic recording nmediumconprising: a substrate; a seed %gyg{
which is forned directly or indirectly on the substrate and whi ch¥c ﬁﬁaﬁﬁﬁ
oxi de of Fe; and a recording |layer which is fornmed, directly on the seed

| ayer, by alternately stacking a |layer formed of at |east one of Pt and
Pd, and a Co layer. 20. The magnetic recordi ng nmedium according to claim
19, wherein the recording |ayer has an artificial lattice structure and
exhi bits perpendi cul ar nagneti zation, and a soft nmagnetic |layer is forned

bet ween t supstrate. and the.seed | ayer. ., .Jhe netj c recording nmedi um
accordi ng 6 gﬁ%rlerﬁnlg?e WHer & i t e “Sedd & %’é?tc%rnttqzig“ﬁ%ai!:glaégil%?i ng as

met al . 22.fiTheformgarebycatteoortdehy stedkimg ac cor taymyr twbich shem 21filmherein a
rati o betvwggn, punber t FeMet [ [Eeoxi, sat [ sf | a l;at Lenshi p of

0.02 < (Fert/Feoxﬁé%gg%fgf%ggsi el'Pgéﬁ%ﬁékgfg %%%%3535%21% % nunber of
atons of F&ieRki %24 g fasmndrigkngss tHghigerdranggert GAdtFedxim.represents the
nunber of atons of Fe existing as oxide. 23. The magnetic recordi ng nedi um

according to claim19, wherein the seed |layer has a filmthickness which
is not 95 2 Y 4.6 APe-MIIMFEACERPCTCREA R 2P THRE FRGHEEM I ecor di ng
medi um accakgteng i ekabMilky, 1aphenRisnah ertSeitiapanRetice |Ayeecthas a

structure j ich nitride ., .
aﬂ& g@ﬂfﬁlts perpendicular magnetization, and a soft magnetic

layer 1s formed between the substrate and the seed layer.

15. The magnetic recording medium according to claim 14,

wherein the seed layer further contains Co.

16. The magnetic recording medium according to claim 12 or
13, wherein the Co layer, which constitutes the artificial
lattice film, comprises Co which iz distributed discontinuously

in a direction parallel to a substrate surface.
17. The magnetic recording medium according to claim 10,
wherein the seed layer has a film thickness which is within a

range of 1 nm to 30 nm.

18. The magnetic recording medium according to claim 10,

wherein the soft magnetic layer has a surface roughness
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or carbide of at |east one elenent selected fromthe group consgq}lgﬁy “ﬂa
Ta, Nb, and Zr is dispersed in Fe. 25. The magnetic recordi ng nedi um
according to claim19, wherein the soft magnetic layer is formed of an
anor phous alloy principally containing Co-Zr and further containing at

| ease one elenent selected fromthe group consisting of Ta, No, and Ti.
26. The magnetic recording nedium according to claim?24, wherein the seed
| ayer is formed by oxidizing a surface of the soft magnetic layer. 27. A
met hod forlprgduc n netlc conprising the steps:

di
preparing ‘a subs?ré%hlnfﬁrﬁnﬁﬁ %Egg%{ ﬁﬁg% %Hqéﬁer on the substrate;

formng, on the soft magnetic |ayer, a flrst seed | ayer containing oxide

of Fe; fornﬁngq_llr%p&g%dgﬂt Pgbéfdi he ‘?qﬂh%gg econd seed |ayer

whi ch cont ai ns east o y providing Si, N
and at |east orfessbsRertand Pt on the first seed Iayer and form ng,

directly on the, %ee@%y%%edhi@y%, f@rrﬁ&paagemy oéy%dr%c%l@ MAYnhavi ng an
artificial lattice structure é al t er nat el g rovi ding Co and at | east one

of Pt and PPSERAtHETSeWBH seaga Ry ercidog s #84 hod 3f 5PPBAEci ng t he

magneti c regerdiig-nredi EeimedCCal thdtdt encll Medd, 10R81, ebp dherhitsty seed
layer is féQé@ﬁQnEYé layer formed of at least one of Pt and Pd, and a Co

layer.

20. The magnetic recording medium according to claim 19,
wherein the recording layer has an artificial lattice structure
and exhibits perpendicular magnetization, and a soft magnetic

layer is formed between the substrate and the seed layer.

21. The magnetic recording medium according to claim 19,

wherein the seed layer contains Fe existing as metal.

22. The magnetic recording medium according to claim 21,
wherein a ratio between numbers of atoms Fewe./Feo sSatisfies a
relationship of 0.02 < (Feye/Feow) < 0.2 provided that Feye
represents the number of atoms of Fe existing as metal in the
seed layer, and Feg: represents the number of atoms of Fe

existing as oxide.

23. The magnetic recording medium according to claim 19,

wherein the seed layer has a film thickness which is not
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performng reactive sputtering for a target containing Fe with a, .
sputtering gas containing oxygen. 29. The nethod for producing t%@ ﬁﬁﬁhéﬂ&p
recordi ng medi um according to claim28, wherein the first seed | ayer is
allowed to contain Fe existing as nmetal by controlling an anobunt of oxygen
in the sputtering gas. 30. The nethod for producing the magnetic recording
medi um according to claim?29, further conprising sputtering-etching a
surface of the first seed layer. 31. A nethod for producing a magnetic
recordi ng _nmedi um onprising the steps: preparing a substrate; formng a
soft magnétre %ﬁ?bﬁ%oﬂgthe substrate; forming, on the soft magnetic |ayer,
a seed layer which contains Si, N and at |east one of Pd and Pt by

providing Si, N, angyat,]east one of:Bd A0d, B, on.he, sl Lygrgnet i ¢ | aver;
and formng, diréctly on e seeéx1aye$, a recording ?ayer i'€h has an
artificialwvheaeti déiesspfictnagacbyc alavernba®lay stprowimdi ig Qoicdndibrideeast one

of Pd and t o.32acTe SRS Ofe RNQHUSL N 1AL ABARG! Lhe TELREdI Ng 97 Ay

medi um according to claim 31, further conprising performng an etching
treat nent FHFLECNE PACEr o hand ottt IfafhEtGreclalferfeafter forming the soft
magnetic |ayer. 33. A nethod for producing a magnetic recordi ng nedi um
conprising the steps; . , . . :
25. " The magnetic¢ recording medium according to claim 13,
wherein the soft magnetic layer is formed of an amorphous alloy
principally containing Co-Zr and further containing at lease one

element selected from the group consisting of Ta, Nb, and Ti.

26. The magnetic recording medium according to claim 24,
wherein the seed layer is formed by oxidizing a surface of the

soft magnetic laver.

27. A method for producing a magnetic recording medium,
compricing the steps:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layexr, a first seed layer

" containing oxide of Fe;

forming, directly on the first seed layer, a second seed
layer which contains Si, N, aﬁd at least cne of Pd and Pt by
providing 8i, N, and at least one of Pd and Pt on the first seed
layer; and

forming, directly on the second seed layer, a recording

layer
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preparing a substrate; formng a soft nagnetic |ayer on the substrate;
formi ng, on the soft nmagnetic layer, a seed |ayer containing oxidlg H%E’F@ﬁn
and formng,directly on the seed | ayer a recording |l ayer which has an’ <bllh
artificial lattice structure by alternately providing Co and at |east one
of Pt and Pd. 34. The nethod for producing the nmagnetic recordi ng nedi um
according to claim 33, wherein the seed layer is formed by performng
reactive sputtering for a target containing Fe with a sputtering gas
cont ai ni ng _oxygen. 35, _The nethod for producing fhe magpetic recording

medi um ACEQIHR I O AT RSG5 phfr S RO T S B | SFBRERLY PSHE o

cont ai n Fe&cernhdtatngeast metaalofbyt cont Pal b nheaneadmluRkeaf laeygen 1in the
sputtering gas. 36. The nethod for producing the nmagnetic recordi ng nmedi um
according to claim 35, further conprising sputtering-etching a surface of
the seed | ayer 2805 J8e2nghvdYLo0 s o8vcimthaheetnhot:tfior recodioongediveg

magnet i ¢ 1LeBEding cBINACCHANG Lhe 3Bl 35 WaGLE! Il Iens@ly MRINCtiC
| ayer contains Fe, and the seed layer Is forned by Oxidizing a_ surface of
the soft MEFHBFTENT Aaftife SPHFEH ITENPRY &t (egshft@Y 2Bt g VhER Sof t

magneti c |lspyetesHY 3Bl AchtBnid§. ofyg@RgNEti ¢ st orage apparatus conpri sing:

29. The method for producing the magnetic recording medium
according to claim 28, wherein the first seed layer is allowed to
contain Fe existing as metal by controlling an amount of oxygen

in the sputtering gas.

30. The method for producing the magnetic recording medium
according to claim 29, further comprising sputtering-etching a

surface of the first seed layer.

31. A method for producing a magnetic recording medium,
comprising the steps:

preparing a substrate;

forming a soft magnetic layer om the substrate;

forming, on the sgoft magnetic layer, a seed layer which
contains §i, N and at least one of Pd and Pt by providing Si, N
and at least one of Pd and Pt on the soft magnetic layer; and

forming, directly on the seed layer, a recording layer
which has an artificial lattice structure by alternately

providing Co and at least one of Pd and Pt.

32. The method for producing the magnetic recording
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the magnetic recording nediumas defined in any one of claims 1, 10 and
19; a magnetic head which is used to record or reproduce inforé'n&tm,@_?l;tamd
a driving unit which drives the nagnetic recording nediumwth respec’f o]
t he magnetic head. 99

medium according to claim 31, further comprising performing an
etching treatment for a surface of the zoft magnetic layer after

forming the soft magnetic layer.

33. A method for producing a magnetic recording medium,
comprising the steps:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a seed layer
containing oxide of Fe; and

forming,directly on the seed layer a recording layer which
has an artificial lattice structure by alternately providing Co

and at least one of Pt and Pd.

34. The method for producing the magnetic recording medium
according to claim 33, wherein the seed layer is formed by
performing reactive sputtering for a target containing Fe with a

sputtering gas containing oxygen.

35. The method for producing the magnetic recording medium
according to claim 34, wherein the seed layer is allowed to
contain Fe existing as metal by controlling an amount of oxygen

in the sputtering gas.
36. The method for producing the magnetic recording medium

according to claim 35, further comprising sputtering-etching a

surface of the seed layer.
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37. The method for producing the magnetic recording
medium according to claim 33, wherein the soft magnetic layer
contains Fe, and the seed layer is formed by oxidizing a
surface of tﬁe soft magnetic layer at a high temperature

after forming the soft magnetic layer containing Fe.

38. A magnetic storage apparatus comprising:

the magnetic recording medium as defined in any one of
claims 1, 10 and 19;

a magnetic head which is used to record or reproduce
information; and

a driving unit which drives the magnetic recording

medium with respect to the magnetic head.
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