2 0 DCT 2005 Method for producing a magnetic recording nmedi umand a
magneti ¢ recordi ng nmedi um produced by the nethod 5 Technical field of the

i nvention The present invention relates to a nmethod for produciaﬁla

per pendi cul ar magnetic recordi ng mediumand to a perpendi cul ar gﬁ%éﬂ@
recordi ng nmedi um produced by the nethod. Such a perpendicul ar nmagnetic
recording nmediumis nounted on a variety of 10 nagnetic recordi ng devices.

Background of ntrthe, i quention; A perpendi cul ar magnagtic recgrdin ystemw th
recording  nadteEnoth 0o ffits BiniacHeflend tting Db Thd Been 15
drawing attention as.an alternative . to a canve t.i onal ]Iagg]it di nal
magnetic recof@RggediGresording medHim praduce cb)dit%@ Q‘ijj A

per pendi cul ar magnetic recording nmediumis principally conmposed of a
magneti c recording |layer of a hard nagnetic material, an underlayer for
aligning the magnetic recording layer to an ained 20 direction, a
protective |layer for protecting the surface of the magnetic recording

| ayer, and a soft nmagnetic underlayer having a function to converge a

magnetgc f p: gnetic head for recording in the
magnet F'TP) c | E%Phq?élzgg&q gggﬁ}?é ‘fﬂv@iﬁtﬁ)ﬁm
The present invention relates to a method for producing a
perpendicular magnetic recording medium and to a perpendicular
magnetic recording medium produced by the method. Such a

perpendicular magnetic recording medium is mounted on a variety of

10 magnetic recording devices.

Background of the invention
A perpendicular magnetic recording system with recording

magnetization perpendicular to the medium surface has been

15 drawing attention as an alternative to a conventional longitudinal
magnetic recording system, to attain higher recording density. A
perpendicular magnetic recording medium is principally composed of
a magnetic recording layer of a hard magnetic material, an
underlayer for aligning the magnetic recording layer to an aimed

20 direction, a protective layer for protecting the surface of the magnetic
recording layer, and a soft magnetic underlayer having a function to
converge a magnetic flux that is generated by a magnetic head for

recording in the magnetic layer.



The soft magnetic underlayer is sonetinmes absent since recording is
possi bl e without the soft magnetic underl ayer, although the soft nagnetic

under dayer can inprove nedia performance. A nmedi um w t hout tl"f s%]t
magneti c underlayer is called a single 5 | ayered perpendicul ar pra e@"é
recordi ng nmedium and a nedium having the backing layer is called a

doubl e- | ayered per pendi cul ar magnet ic recording medium A perpendicul ar

magneti c reco medi u as a Ion i nal etic recordi ng
Todiom Crues  Had Refh iR gRe ERowAdeTLaeF s S sHIm S pIRBaHY Rricsy med a
noi se in 10 order to achleve hlgh recording density. In conventional

| ongi t udi Fecordyngis Passibleimighoudi the saft magnetiepasrerlaxenmiltiiough ur es

of a magnetic recording layer and materials for a nonmagnetic underl ayer

have ever theesofitrmopgastic imderdayenican ampriose meghet perfoamadiceg Aayer s
use an alloy of Co and Cr (hereinafter referred to as CoCr) and obtain

magnet i Ca'lhédiﬁﬁi %1%Bodfalﬂ{l,ftsbft ﬁiﬁ%ﬂétﬁ)’uﬁﬁ%ﬂﬁﬁéﬁ % calldd g éi %%” um at

grai n boundary. Another type of gnetic recor | ayer,

ggagg; Iﬁi@ﬁ%%élﬁogﬁﬁi%ﬁakaﬁ:%ﬁ%%iﬁﬁwé%éﬁﬁ§%% %gésf iﬂgﬁ'fﬁﬂgﬂii c
{enper at LA ERe HRAGKIPGOAT i galiad Aglowala LgEeTed setagyliular
segregation of the chromium On the other hand, the 2
magnetic recording medium. A perpendicular magnetic recording
medium, as well as a longitudinal magnetic recording medium, must

perform high thermal stability compatible with low media noise in

10 order to achieve high recording density.

In conventional longitudinal magnetic recording media, various
compositions and structures of a magnetic recording layer and
materials for a nonmagnetic underlayer have ever been proposed.

15 Practically applied magnetic recording layers use an alloy of Co and
Cr (hereinafter referred to as CoCr) and obtain magnetically isolated
magnetic grains by segregation of the chromium at grain boundary.
Another type of a magnetic recording layer, called a granular
magnetic recording layer, has been proposed that uses nonmagnetic

20 and nonmetallic substance, for example, oxide or nitride.

In a magnetic recording layer of the CoCr, the substrate must be
heated up to a temperature higher than 200°C at depositing the layer

for enough segregation of the chromium. On the other hand, the



2 6 OCT 2005 granul ar magnetic recording |layer has a feature that the
nonnmagneti ¢ and nonnetal | i ¢ substance segregates even if the substrate
heating is omtted. The nagnetic recording |ayer of CoCr and QWFOQ?%ﬁﬂiar
magneti c recording | ayer can be applied to a 5 perpendi cul ar maghetic
recordi ng medium as well, establishing perpendicular anisotropy by
controlling crystal alignnment in the recording |layer by the aid of an

under | ayer . for,example. Problem.to be solved he i mvention 10 In a

per pendi c BEH B?nggn%]&o]r"%‘f lﬁ’&jf rb%%ﬁégﬁ;grert g 1ayer using
CoCr is known to show diffi cul tyﬁﬁi-ﬁ' chrgm’ um segregation to Hﬁasame
extent as m%nm%ﬂgtmdamom 1ccpUPEANER K BTESAEED OYAIE €magnetic
recordi ng | ayer enploying a granular magnetic |layer is known to nore

easi | y estsathétyiate beatiegnis omitsedt rTheumagmeticinecoirding dayeecfr okl

| ayer. As a result, magnetic interaction between the grains is suppressed,

! eadi ng tcm!léw}me i'élnumﬁi' &ﬁag‘r@m Qéco?dﬁi@'lﬂ&éi‘ dmgb@tzippli@dogf&hng | ayer
in athin film thickness of about 10 nmor |ess has reveal ed i nsufficient

igggie%gt E%\rgfés%s. Eé?a%l?g re%%?%i‘:?gd?‘gggn@?%?ﬁ' | C‘Lﬁég!’ rragr@i%l: r ggrdi ng
di is_ideally.d ith h di cul tic field
nead, ¢ he ReTTHALIIEF dhistidgRuive BRERNinG tRA Aligndienguahe

recording layer by the aid of an underlayer, for example..

Problem to be solved by the invention

10 In a perpendicular magnetic recording medium, a magnetic
recording layer using CoCr is known to show difficulty in chromium
segregation to the same extent as in a longitudinal medium. On the
hand, a perpendicular magnetic recording layer employing a granular
magnetic layer is known to more easily establish a segregation

15  structure than in the CoCr recording layer. As a result, magnetic
interaction between the grains is suppressed, leading to low media
noise. However, a granular magnetic recording layer in a thin film
thickness of about 10 nm or less has revealed insufficient segregation
structure, resulting in poor isolation between grains and causing

20 noises.

Because recording in a perpendicular magnetic recording
medium is ideally done with a sharp perpendicular magnetic field by

a head, the thickness of the magnetic recording layer is desired as



3 2 Dcc7 2M5 thin as possible. If an initial growh layer with such

I nsufficient segregation is formed, a thin magnetic recording |ayer is
difficult to be achieved. Consequently, |ower noise and highgz r§ee i Ng
density have been obstructed in a conventional glanular magn Pc reCordi ng
5 layers. The present invention has been nade in view of the problens, and
an object of the invention is to provide a nethod to produce a

per pendi cyk ar magnet i, recordi n di um t o _prowide 10 pgrpendi cul ar
mgnet | o HaBraR BSsUsteanT bRO I b QR e veromath Se resRRi et

per pendi cul ar magnpeti.c recordi ng medi um exhi bits | ow_noi se aﬂ& hi gfh

r ecor di ng SeEreERYIMN isdarmadga dhan magneldsgiesgxding layerdsuddiicnlt e
magnetic | ayer. 15 Means to solve the problem To attain the object,

nucl eat i obesathievwed. iGonseguenthy koveer oitacendhighierrecarding density
magnetic recording layer is to be formed, for the purpose of pronoting

growt h of ImwobeeaNsbserited PanedRVehEidial gldeuntehyaghesk recording
Specifically, a nethod for 20 produci ng a perpendi cul ar magnetic recordi ng

medi ugacq&ggkgg to the invention conprises steps of sequentially

| am nati ng ‘under | ayer, lam nating a nmagnetic recording | ayer,

|am nating a protective layer, and lamnating a liquid lubricant |ayer on
a

The present invention has been made in view of the problems,
and an object of the invention is to provide a method to produce a
perpendicular magnetic recording medium and to provide a
10 perpendicular magnetic recording medium produced by such a
method, wherein the perpendicular magnetic recording medium
exhibits low noise and high recording density by achieving excellent

segregation structure in the magnetic layer.

15 Means to solve the problem
To attain the object, nucleation sites are introduced on the
surface on which a granular magnetic recording layer is to be formed, f |
for the purpose of promoting growth of a nonmagnetic and ; |
nonmetallic grain boundary phase. Specifically, a method for
20 producing a perpendicular magnetic recording medium according to
the invention comprises steps of sequentially laminating an
underlayer, laminating a magnetic recording layer, laminating a

protective layer, and laminating a liquid lubricant layer on a

nonmagnetic substrate, wherein the magnetic recording layer



nonmagneti ¢ substrate, wherein the nagnetic recording layer 4 2 0 OCT 2DD5
conprises ferromagnetic crystalline grains and nonmagnetic grain boundary
region consisting mainly of oxide or nitride surrounding the C;{@Hgblgﬁg
grains, and the nmethod conprises a step of exposing the substr t

the step of lamnating the underlayer, to 02 or N2 5 atnosphere or to a

m xed gas atnosphere of a rare gas wwth an addition of 02 or N2, before

the step of lamnati.ng the magnetic ,recording | ayer. Advantageously, in
the met hod MBPTIFERIERTEUIAGRE e GaV 8L e Zraing And MOREGIERGHC T Bm of
the invention, the underlayer_ is conposed of Ru or an alloy of Ru,.

pr ef er abl yorundaryae girncomsisting maichoof oxidemmgebudesurraundingdheor
produci ng a perpendi cul ar 15 nagnetic recordi ng medi um further conprises a
step of | amysshllipeagraiesy dred ¢hej nstheei comprisesteptep dfeapesingthbe

under| ayer, the seed |I|ayer being conposed of a N -base alloy, preferably

Ni Fe, N F%\!Podsltr%&geﬁtewtmteﬁbfmaﬁﬁﬁatiﬁgcga@%@@aﬁgxﬁggmfaﬁlNé

rgcordi ng medium of the invention Is pro descri bed

ve. gl ' [ ' j i

mmanei P urarBRAETE o B EDMRS LKL MhaT SRR Y o FelyBlas With AR
addition of Oz or Ng, before the step of laminating the magnetic

recording layer.

Advantageously, in the method for producing a perpendicular
10 magnetic recording medium of the invention, the underlayer is
composed of Ru or an alloy of Ru, preferably RuW, RuCu, RuC, RuB,
or RuCoCr.

Advantageously, the method for producing a perpendicular
15 magnetic recording medium further comprises a step of laminating a
seed layer just before the step of laminating the underlayer, the seed
layer being composed of a Ni-base alloy, preferably NiFe, NiFeNb,
NiFeB, NiFeSi, or NiFeCr.

20 A perpendicular magnetic recording medium of the invention is

produced by the method described above.

In the present invention having such constitutions, both the

magnetic portion and the nonmagnetic and nonmetallic grain



5 2 0 OCT 2005 boundary region are sinultaneously formed fromthe initial
stage of the recording layer formation, and the ferromagnetic crystalline
grains are magnetically separated. Specifically, an oxide or a gigtptriens s
used for the nonmagnetic and nonnetal lic substance, and the 5 substrate
surface before deposition of the granular magnetic recording |ayer is
exposed to an atnosphere containing 02 or N2. The 02 or N2 attached on the

bstrat f ith th derl by .1 t.S . | eat 4
Sites to SIMEREY egiabres SURITH BRabeLl et tinine 4B hi Bl HRLEeH o
ferrorragnetilig(; crys ialli'cﬁile O grains fromthe initial growh Iaﬁer of the

magnetic r&Eores yepfornadier, apd the derpmagneticigystalling
schematic cross sectional viewillustrating an 15 exanple of enbodi nent of
a per pendignaias ameyneagnetradlyliseparakddundpecificilly, am oxele@oesemitride

i nvention. Figure 2 is a chart show ng dependence of nagnetic cluster size

on the nadgaided fEFehai nenhdyghetiv 41dea6nabéE 1TRIslibstaMES] afdatheat i on for
Exanples 1 and 2 and Conparative Exanples 1 and 2. 20 Figure 3 is a chart

show ng d | at ' I Lze on the

manerdc SRLEREE stirfabelivtoRe dRid AL foh BF sHE R pida WAk Tecke P |

Exanpl es 11'e%89d12nga que%rsrpeaygﬁ(t)s'é/(f £5% a{irr{‘%llt?rsloslpﬁgge 2c'ontaining Oz or Na2. The
Oz or Nz attached on the substrate surface with the underlayer by the
exposure acts as nucleation sites to grow the nonmagnetic and

nonmetallic region causing separation of ferromagnetic crystalline |

10 grains from the initial growth layer of the magnetic recording layer.
Brief description of drawings

Figure 1 is a schematic cross sectional view illustrating an
15 example of embodiment of a perpendicular magnetic recording
medium according to the present invention.

Figure 2 is a chart showing dependence of magnetic cluster size
on the magnetic recording layer thickness obtained from MFM
evaluation for Examples 1 and 2 and Comparative Examples 1 and 2.

20 Figure 3 is a chart showing dependence of standard deviation of
magnetic cluster size on the magnetic recording layer thickness
obtained from MFM evaluation for Examples 1 and 2 and
Comparative Examples 1 and 2.

Figure 4 is a chart showing dependence of the normalized media



Figure 4 is a chart show ng dependence of the normalized nedia 2 6 2 0 CCT
2005 noise in the case of the magnetic recording | ayer thickness of 15 nm
on |inear recording density obtained fromthe eval uati on of nagnetic
parametric performance for Exanples 1 and 2 and Conparative Eeribﬂ@E AD5and
2. 5 Aspects of enbodi ments of the present invention Sone aspects of
preferred enbodi nents of the present invention wll be described with

reference ta the conpani drawings.in the,.following. Fig. 1ids_a
Cohemat: o igedn A6 KR of Pa AIRt & Tehardins dage s ipickniss Aol RuRc o
a perpendi cul ar magnetic recording _nmediumaccording to the present .

i nvent i on.O1Thaess peeerding fensigyh ebtained dram §hesev aluatdonofsmagnetis

conprising at |east an wunderlayer 2, a nmagnetic |ayer 3, and a protective
| ayer 4 gepameitald petformednee fornExemgpies d ants2 matd Compdrative

| ubricant 15 layer 5 is further formed on the | ayers. The nonmagnetic
substrat e Hxsa{phe tom@eed of a NiP-plated al um numalloy, strengthened
gl ass, or crystallized glass, each of which is used in a usual magnetic
recording nmedium A plastic 20 substrate nmade of a resin such as

pol ycarbonat e, polyolefin, or the

Aspects of embodiments of the present invention
Some aspects of preferred embodiments of the present invention
will be described with reference to the accompanied drawings in the
following. Fig. 1 is a schematic cross sectional view illustrating an
10 example of embodiment of a perpendicular magnetic recording
medium according to the present invention. The perpendicular
magnetic recording medium has a structure comprising at least an
underlayer 2, a magnetic layer 3, and a protective layer 4
sequentially formed on a nonmagnetic substrate 1. A liquid lubricant

15 layer 5 is further formed on the layers.

The nonmagnetic substrate 1 can be composed of a NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, each of
which is used in a usual magnetic recording medium. A plastic

20 substrate made of a resin such as polycarbonate, polyolefin, or the
like may be used when a temperature of substrate heating is held

under about 100°C.

The underlayer 2 is preferably composed of a metal with a



| i ke may be used when a tenperature of substrate heating is held under
about 100C. The underlayer 2 is preferably conposed of a netal with a 7 22
D OCT 2005 hexagonal cl osest packed structure or an all oy of s%ch g net al ,
or a nmetal with a face centered cubic structure or an alloy o L OER 405
nmetal. The netal with the hexagonal closest packed structure includes Ti,
Zr, Ru, Zn, Tc, and Re. The nmetal wth the face centered cubic structure 5
i ncl udes i%é Rh, Pd, Ag, Ir, Pt, Au, Ni, and Co.. O the terial

exenpl i fi fexagaral dosest macked ptenatere oran allenof such o metalser &
weak reacti vi tly w th exposed 02 or N2. Although a thin filmis _desirable,
a t hi cknesnetal wabhta facencentpred audicsstriuctuireadr anyatlay ofgsvoha metates
to an acceptable nass. 10 A seed layer 12 may be provi ded beneath the

under | ayefT'le imetalndith ¢ hdd hesagonadf cloBest prikedl strictuiet hacloid g€ sEed

| ayer may be nonmagnetic, a material with soft nagnetic property is

preferabl g f%hig%i)%}gﬁlgﬁ?a'lﬂﬁégn%ftaﬁviigﬂt I ic%r#@?@&'&?(l?fé: stidetyre

structure of’ _ ayered perpendicular magnetic recording nedium
S i N S R YT AT T T A
and N I:egrx'emplified above, Ru or Ru alloy exhibits excellent effect because of
weak reactivity with exposed Oz or N2. Although a thin film is
desirable, a thickness at least 3 nm is preferable, in which crystal
growth becomes to an acceptable mass.
10
A seed layer 12 may be provided beneath the underlayer 2 to
improve alignment of the underlayer 2. Although the seed layer may
be nonmagnetic, a material with soft magnetic property is preferable
for acting as a part of a soft magnetic underlayer in a structure of a
15 double-layered perpendicular magnetic recording medium. Examples
for material of the seed layer 12 exhibiting soft magnetic property

include nickel-base alloys such as NiFe, NiFeNb, NiFeB, NiFeSi, and
NiFeCr.

20 In the case a seed layer 12 is provided beneath the underlayer 2,
a soft magnetic underlayer 11 may be further provided under the
seed layer for converging the magnetic field generated by a magnetic
head to construct a double-layered perpendicular magnetic recording

medium. Materials that can be used for the soft magnetic underlayer



20 In the case a seed layer 12 is provided beneath the underlayer 2, a
soft magnetic underlayer 11 nmay be further provided under the seed |ayer
for converging the magnetic field generated by a magnetic headg@ peT 2005
construct a doubl e-1ayered perpendi cul ar magnetic recording nedium
Materials that can be used for the soft magnetic underlayer 8 2 0 OCT 2005
11 include crystalline materials of a NNFe alloy and a Sendust all oy

(FeSi Al'), 1fqi I NE i Al e r %’?ﬂi phous
cobalt al Il(}yﬂgﬁlg(%i?ﬁéé.ﬁ% \%I Fgé%%éé%%?lfr?u@? ﬁ?% r?gg%ﬁéfat e s‘%‘?tt aﬁla netic
under | ayer n_a strycture and ch St i fmarmagnet i ¢ head
dsed for - FeRTntSitalliBbunaBals o PRI G sind, CUT A2 Al af
considering a bpal anc é\é\f’tt pro%u(ét'kv'ﬁ,%. 10 The negnetic recording |ayer 3
t akes a s®dBetR U@o‘%ﬁ? ti HdOR 1oL paldirdrhgnetic crystal line grains and a
nonmagneti c grain boundary region surrounding the grains. The magnetic

recordi ng | ayer enploys a granular nagnetic recording layer, in which the
non- magneti c grain boundary region is conposed of nonmagnetic nonnetallic

subst ghce. 15Wheld £hé oprinaimctieicdkaiedd bh eheraifimachatieueidliliyeenposed
of a CoPt alloy, an Fe all oy, or one of these alloys that contains

ddi t | LN _ .
non et al (PSRN pRa SERELEfe Wil Litrableribtic ofa Mfribtic ol IR X ©
recording, a thickness from 10 nm to 500 nm is desirable considering

a balance with productivity.

10 The magnetic recording layer 3 takes a structure consisting of
ferromagnetic crystalline grains and a nonmagnetic grain boundary
region surrounding the grains. The magnetic recording layer employs
a granular magnetic recording layer, in which the non-magnetic grain
boundary region is composed of nonmagnetic nonmetallic substance.

15 The ferromagnetic crystalline grains are preferably composed of a
CoPt alloy, an FePt alloy, or one of these alloys that contains additive
element(s) selected from Cr, Ni, Nb, Ta, and B.

The nonmagnetic non metallic substance of the nonmagnetic
20 grain boundary region is preferably an oxide or a nitride, for example,
an oxide or a nitride of an element selected from Cr, Co, Si, Al, Ti, Ta,
Hf, Zr, Y, and Ce. The ferromagnetic crystalline grains needs to
exhibit magnetic anisotropy perpendicular to the film surface in order

to be used in a perpendicular magnetic recording medium.



20 grain boundary region is preferably an oxide or a nitride, for exanple,
an oxide or a nitride of an elenment selected fromGC, Co, Si, A, T, Ta,
Hf, Zr, Y, and Ce. The ferromagnetic crystalline grains needs to exhi bit
nmagneti c ani sotropy perpendicular to the filmsurface in order 2 8 DlFelsed
in a perpendicul ar magnetic recording nmedium 9 2 0 OCT 2005 The substrate
surface before form ng the magnetic recording Iayer 3, nanely the surface

i xed gas. at magharbsFafd R ic BeBra 3hERTER e fpathsdie SeroRiitd s
eqi on. - ATREPTTHaRATIGE e GMETRES (L dBRAGaTIGERT 5. 18 FHIoE TASR: T osul
both the ferrorragnetlc crystalline grains and the grain boundary regi on of

the nonnsdmeosphaveeft@t lorcNaybsttana anixed fgasratimospheteeof rare gas aage
of the magnetic layer formation. Thus, a magnetic recording |ayer 10 having

excel | ent osRIFE G bpNst fI‘lh‘é @zeoﬁeNz li@@ dteashdd dhauvleatein sitdsafrr 4 can

be conposed of a thin filmof mainly carbon. The liquid |ubricant |ayer 5

can b%fo‘g%%gvﬂétﬁérﬁdn%ﬂ{d&%éﬁ‘étﬂ Iﬂé’éﬂllfggxrﬁc%]]ohs Afeef hh@MAg descri bes

specific perpe ar magnetic tecording media

accor di ng ntﬁ?lgtnh%lé3 [83SMing layer 3 is formed. As a result, both the

ferromagnetic crystalline grains and the grain boundary region of the
nonmagnetic nonmetallic substance are formed from the initial stage
of the magnetic layer formation. Thus, a magnetic recording layer

10 having excellent segregation structure can be formed.

The protective layer 4 can be composed of a thin film of mainly
carbon. The liquid lubricant layer 5 can be formed of

perfluoropolyether lubricant.

15
The following describes specific examples of embodiments of
perpéndicular magnetic recording media according to the present
invention.
Example 1
20 A chemically strengthened glass substrate with smooth surface

(N-5 glass substrate, manufactured by HOYA Corporation) was used
for a nonmagnetic substrate. After cleaning, the substrate was
introduced into a sputtering apparatus. A soft magnetic CoZrNb

layer 300 nm thick was formed using a target of Co-5Zr9Nb under

10



I nvention. Exanple 1 20 A chem cally strengthened gl ass substrate with
snooth surface (N5 glass substrate, manufactured by HOYA Corporation) was

used for a nonmagnetic substrate. After cleaning, the substra%eiq
i ntroduced into a sputtering apparatus. A soft nmagnetic CoZr Nb! ﬁ@izﬂ%o
nmthick was fornmed using a target of Co-5Zr9Nb under 10 2 0 OCT 2005 argon
gas pressure of 5 mforr. Subsequently, a seed |ayer of N FeNo 20 nmthick
was -deposi ted u5| ng a soft netdc. Ni se aII tar of Ni :

Under - ar gdtF L 2P g%ﬁse}lro% @%ﬁﬁ?ﬂs ??Q@%@ﬁﬁfﬁ%ﬁb
was fornmed, usi ng tar& er argon g s pressur g) orr. After
that, the 4@aumtduckswes gpasv:@ URHE @gseld magheld ﬁﬁﬂa afenpHeneiarget
contai ning 2 % of 02 for 10 sec. The pressure of the m xed gas of argon
and oxygerofulNs-1Z2Fe9Dib urader angonl gas paesswae 05 sndlorrl0 Then, a magnetic
recording |layer of CoCrPt-Si 02 was deposited wusing a target of

91(Co-10Cr 17Pt) - 9Si @2 under argon gas pressure of 30 mforr. Thickness of
the magnetic recording |ayer was varied in the range from10 to 30 nm

Alter 8eposi T SRBOANAIAEGLE U Hi) Fhidc S AL bRk HRliRg & FAtARet
under argon gas pressure of 30 mTorr. After that, the resulted
substrate was exposed to an argon gas atmosphere containing 2 % of
Oz for 10 sec. The pressure of the mixed gas of argon and oxygen was
5 mTorr, and the flow rate was 60 sccm.

10
Then, a magnetic recording layer of CoCrPt-SiO2 was deposited
using a target of 91(Co-10Cr17Pt)-9SiO2 under argon gas pressure of
30 mTorr. Thickness of the magnetic recording layer was varied in
the range from 10 to 30 nm. After depositing a carbon protective film

15 8 nm thick using a carbon target, the resulted substrate was taken

out from the vacuum chamber.

Finally, a liquid lubricant layer 2 nm thick was formed of
perfluoropolyether by means of a dip-coating method. Thus, a double-
20 layered perpendicular magnetic recording medium was produced.
Deposition of the magnetic recording layer was conducted by means
of an RF magnetron sputtering method; deposition of all other layers

was conducted by means of a DC magnetron sputtering method.

11



out fromthe vacuum chanber. Finally, a liquid lubricant |ayer 2 nmthick
was fornmed of perfluoropolyether by neans of a dip-coating nethod. Thus, a
doubl e 20 | ayered perpendi cul ar magnetic recordi ng nmedi um was produced.
Deposition of the magnetic recording |ayer was conducted by neamgsg ¢ g5 RF
magnetron sputtering nethod; deposition of all other |layers was conducted
by means of a DC magnetron sputtering nethod. 11 2 0 OCT 2085 Exanple 2 A
doubl e- | aygr ed rpendi cul ar magnetic recordi ng nediumwas produced in the
same mann X%Q“ﬁﬁ’gxanple 1 except that the steps for forning froman
under| ayer to a magnetjc recording |layer were 5 conducted by the steps of
formng a Ruv\A|d@ﬁ:l@yl@ryelr@dqpemeadlcub&rpmaggetm mcwndmgpmimﬂ Wwagon
containing 3 %of N2 for 10 sec, and form ng a magnetic recording | ayer of
CoCr Pt - Si iresiugedhin 2beosadOnm &Rneras: Mtldxgetpleld drqpt that ¢éhExstapse 1 A
doubl e- |l ayered perpendi cul ar magnetic recordi ng nmedi umwas produced in the

same nmanngpr &§rhfineffthean widerlayditto B S58etie re AR IR YT WogeAr +

02 atnosphere before the step of formng the = CoCrPt-Si 02 ghetic

recor dsng LVRIctAEhY THd §tepd of Bofnfin A RAW LN G AT §5Mm thick,
exposing to an atmosphere of argon containing 3 % of N2 for 10 sec,

and forming a magnetic recording layer of CoCrPt-SiN using a 92(Co-

10Cr15Pt)-8SiN target.

10 Comparative Example 1
A double-layered perpendicular magnetic recording medium was
produced in the same manner as in Example 1 except that the step of
exposure to the Ar + Oz atmosphere before the step of forming the
CoCrPt-SiO2 magnetic recording layer was omitted in this

15 Comparative Example 1.

Comparative Example 2
A double-layered perpendicular magnetic recording medium was
produced in the same manner as in Example 2 except that the step of
20 exposure to the Ar + N2 atmosphere before the step of forming the
CoCrPt-SiN magnetic recording layer was omitted in this

Comparative Example 2.

Results of magnetic properties evaluation for the Examples and

12



Conpar ative Exanple 2 A doubl e-1ayered perpendi cul ar nagnetic recording
medi um was produced in the sane nmanner as in Exanple 2 except that the
step of 20 exposure to the Ar + N2 atnosphere before the step of form ng
the CoCrPt-Si N magnetic recording |layer was omtted in this @oﬂr&&f’a@pﬁle
Exanpl e 2. Results of nmagnetic properties evaluation for the Exanples and
12 2 0 OCT 2095 Conparative Exanples are described bel ow. The magnetic

per f or man was asured b ghet i€ Kenr fect, WS coercivity
o TR B i R e ﬁs%herfgfb@ﬁwknﬁge rdgRoty,

Specifically the TabI e 1 gives oerC| Vity t he ]E ?1

recor di ngn%%‘i’@&%ﬂ WS Heq magnetawt ﬁ'é'd? eeim et SNOWS
properties evaluation on Exanples 1 and 2 and Conparative Exanples 1 and

2. Tabl e toeecivity Hifopithelm Bpie Eicarqrordingdeyedsnipa Euagntihickness @f ddm
Exanpl e 23,200 10 Thi ckness of magnetic recording |layer: 15 nm

nm. Specifically, the Table 1 gives the coercivity Hc for the magnetic
5 recording layers having thickness of 15 nm obtained from magnetic
properties evaluation on Examples 1 and 2 and Comparative

Examples 1 and 2.

Table 1
Hec [Oe]
Example 1 4,320
Example 2 3,460
Comp Example 1 4,000
Comp Example 2 3,200

10 Thickness of magnetic recording layer: 15 nm

Squareness ratio S for every Examples and Comparative
Examples was 1.0. Comparing Example 1 with Comparative
Example 1, the Example 1, which experienced the exposure to the Ar

15 + Oz atmosphere, demonstrated improvement in He as compared with
the Comparative Example 1, which did not experience the exposure.
Similarly, comparing Example 2 with Comparative Example 2, the
Example 2, which experienced the exposure to the Ar + N2
atmosphere, showed improvement in He. Thus, the exposure to the

20 atmosphere containing O2 or N2 promoted segregation structure and

contributed to improvement in He.

13



Squareness ratio S for every Exanples and Conparative Exanples was 1.0.
Conparing Exanple 1 with Conparative Exanple 1, the Exanple 1, which
experienced the exposure to the Ar 15 + 02 at nosphere, denonstrated

i mprovement in He as conmpared with the Conparative Exanpl e 1,28nW0&h 285d
not experience the exposure. Simlarly, conparing Exanple 2 Wit h
Conparative Exanple 2, the Exanple 2, which experienced the exposure to

the ’SBb; s phite ZORHEFiE: “8“%% B BE ﬁ%?‘@@f‘ﬁﬁ“”%ﬁ%ﬁ?ﬁﬁ@%ﬁ}ﬁat d

' ' 13 2 0 05 Fig
8232%5&2%&5&%@&%@8&0{‘ the diaangt egfﬁaaﬁ)drw' %ﬁlvsﬁvn faf @m@a& e or
a [nn], respectively, of a magiﬂgtlc cluster size on the thickness of the

magnet i ¢ clastai sizd andhe thiclazespbé$henm agmeticatacordingrplyes. forhe val ues
of magnetic 5 cluster size were obtained by MM neasurenent for each of the

AC- denagigtaafgslegetind. Conparagiver Bxhynphiar e viadtiebsfma@maties 1 and

2, which were subjected to the exposure significantly decreased in both d

2>r<]ge?| %ﬁce the Igglggs%g@%g%%? on t eégggggfeq%@m%tﬁ (Efnesé ‘Ac‘)?-t he
magnetic demagnetized media. It is generally apparent that both Examples 1

and 2, which were subjected to the exposure, significantly decreased

in both d and ¢ as compared with Comparative Examples 1 and 2,

which did not experience the exposure.

10
Focusing on the case of 10 nm thickness of the magnetic

recording layer in particular, Comparative Examples 1 and 2, both

the diameter d and the standard deviation o are very large, which

indicates that separation of the ferromagnetic crystalline grains was

15 insufficient in the initial growth layer, resulting in the large values of

the sizes and the deviation of sizes of the magnetic cluster size.

Examples 1 and 2, which were subjected to the exposure, in
contrast, both the diameter d and the standard deviation o are small
20 even at the thickness of 10 nm of the magnetic recording layer, which

indicates that Oz or N2 acted as nucleation sites for the growth of the

nonmagnetic nonmetallic region and promoted separation of the !
ferromagnetic crystalline grains from the initial stage of the growth

of the magnetic recording layer.

14



recording layer in particular, Conparative Exanples 1 and 2, both the

di aneter d and the standard deviation a are very |arge, which indicates
that separation of the ferronmagnetic crystalline grains was %?Bi Qﬁﬁcient
inthe initial growh layer, resulting in the |arge values of* "the Sizes
and the deviation of sizes of the magnetic cluster size. Exanples 1 and 2,
whi ch were subjected to the exposure, in contrast, both the dianmeter d and
t he standard %evi ti]gn a é\re saall 20, even aﬁ tae tgi.ckness of 10 nm of the
magnetic reco agn§$ gws dgReRAencspk BpEmalizedgnediapoisesden dinear

nucl eati on sit(i,s for the growmh of the nonmagnetic ngnnetalljc region and
pronoted ¥eparaingdesisityecobtaineshinem measyremantef gragnetic om t he
initial stage of the growh of the magnetic recording |layer. 14 2 D Cc7
20' Fig. payametriepserforaeante nortiwe icasd ofelibanmothirknesd ofiche recordi ng
density, obtained from neasurenent of nmagnetic paranetric performance in

the case %aéﬁe'ﬁiﬁ i‘@é(ﬁlﬁi?fgslﬁeﬁ e tH@EB@iﬂﬂfﬂé@ciﬁ{cF the Canepatativiee
Exanpl es and "t he Conparative 5 Exanples. The magnetic paranetric

o T T L THE e BRAGP pMARATL,
oo Copp i dectensed L Biaml oo 120 2ol Eh ML S RS, e

head. As is apparent from Fig. 4, the noises have significantly

decreased in Examples 1 and 2, which were subjected to the exposure,
as compared with Comparative Examples 1 and 2, which did not
10 experience the exposure. Considering in combination with the above-
described evaluation results on the magnetic cluster size, the noise
reduction has been attained by virtue of sufficient separation of the
magnetic crystalline grains from the initial stage of the growth of the
magnetic recording layer, which in turn resulted from the exposure.
15
Table 2 shows SNR values at 400 kFCI and 600 kFCI in the case
of the magnetic recording layer thickness of 15 nm, obtained from
evaluation on the magnetic parametric performance for Examples 1
and 2 and Comparative Examples 1 and 2.

20

15



10 experience the exposure. Considering in conbination wth the above-
descri bed evaluation results on the magnetic cluster size, the noise
reducti on has been attained by virtue of sufficient separation of the

magnet i c
magnet i c

crystalline grains fromthe initial stage of the grdBhOGHK 2006e
recording layer, which in turn resulted fromthe exposure. 15

Tabl e 2 shows SNR val ues at 400 kFCl and 600 kFdO in the case of the

magneti c

d ng | ayer thickness of 15 nm obtained from evaluation on

t he magnet pararretrl c performance for Exanples 1 and 2 and Conparative

Exanpl es
[ kFCI ] at
110.90.6
nm The S

10

15

20

1 and 2. 20 15 2 t]|OCT 200§ g!g]eZSR[dB]m )
600 [kFCI] Exanpl e|116. 4&@ le 212. 41. BAGarRAE e
Comp Exanple 29 50 332 é s If nd yer: 15
Rs WEE)eanmlal hed ffomthe diti6l ar evalluati on o4321e
Example 2 12.4 1.86
Comp Example 1 10.9 0.69
Comp Example 2 9.5 0.33

Thickness of magnetic recording layer: 15 nm

The SNRs were obtained from the similar evaluation of the
magnetic parametric performance to in the case of the above-
described normalized media noise. Reflecting the high Hc and low
noise described above, the SNR in the Examples 1 and 2, which were
subjected to the exposure, demonstrated substantial improvement as
compared with Comparative Examples 1 and 2, which did not

experience the exposure.

Advantageous Effect of the invention

As described so far, the present invention brings about the effect
to well separate the ferromagnetic crystalline grains from the initial
growth layer of the magnetic layer. The effect results from the
constitution of the invention in which a granular magnetic recording
layer is used comprising nonmagnetic grain boundary region of
nonmagnetic and nonmetallic oxide or nitride, and the substrate

surface with an underlayer before forming the magnetic layer is

16



5 magnetic paranetric performance to in the case of the above descri bed
normal i zed nmedi a noise. Reflecting the high He and | ow noise described
above, the SNR in the Exanples 1 and 2, which were subjected bo t he
exposure, denonstrated substantial inprovenment as conpared vf BHOCT 2005
Conpar ative Exanples 1 and 2, which did not 10 experience the exposure.
Advant ageous Effect of the invention As described so far, the present

i nvention ' tic
crystalIi§§ﬂ§$gﬁﬁgﬁgﬁgﬁb?ﬁ%Qﬁﬁﬁﬁ%QPEﬁ?égg#%é§ﬁgﬁg§§?ﬁ§§t%ﬁﬁé%ggne ic layer.
The effect resgﬁts fron1thetconstituiion o% t he %Ey tion in m?jch a

granul ar AgITBEIY BRI Mleractiqr betwsih thedsrromagneticc orai n
boundary regioggof nonmagpeti ¢ and nongetallic,oxide orlggtriQF, and the
subst r at e crygtatee Graangflecreasesytr reduee dnpdisi nelseh @ ghdhe Sem@r i s
20 exposed to an atnosphere containing 02 or N2 to introduce nucl eation 16
2 0 OCT 20imesitbesttiaon this gragnbtisf layer. n"hheagdere chighl recordirg Idensity
region. Accordingly, nmagnetic interaction between the ferromagnetic

crystapling scanplidbedens aspbepe AdUCEl AR #onetivere@dink felisane tine,
to attain thin nmagnetic |ayer. Therefore, high recording density 5 is
acconplished in a perpendi cul ar magnetic recording nmedium 10

10

15

20
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15 20 17 2 VOCT MOainms 1 . A nethod for producing a perpendi cul ar
magnetic recording 5 nmedium conprising steps of. formng an underl ayer on
a nonnmagnetic substrate; treating the underlayer in an atnosphere
containing 02 or N2 to after the underlayer has been fully f@2Oe0T 2md
form ng a magnetic recording |layer on the treated underlayer, wherein the
magneti c recordi ng | ayer conprises ferromagnetic crystalline grains and
nonmagneti c grai n boundary regi on 15 conposed nminly of oxide or nitride
surrounding the crystalline grains. 2. A method for producing a

per pendi c bf magneti c recording nediumaccording to claim1l, wherein the
under | ayer1&@8nposed 20 of Ru or a Ru alloy. 3. A nethod for producing a
per pendi cul ar nagnetic recording nediumaccording to claim2, wherein the

Ru alloy it RuW Ry r&‘&cnﬂgf ARBERFEnd?utar MABASGE IfeQ:eriﬁ’ ucing a

per pendi cul ar magnetl c reccc)}r)
5 medium comprising steps of:-

forming an underlayer on a nonmagnetic substrate;

treating the underlayer in an atmosphere containing Oz or N

10 after the underlayer has been fully formed; and

forming a magnetic recording layer on the treated underlayer,
wherein the magnetic recording layer comprises ferromagnetic
crystalline grains and nonmagnetic grain boundary region
15 composed mainly of oxide or nitride surrounding the crystalline

grains.

2. A method for producing a perpendicular magnetic recording
medium according to claim 1, wherein the underlayer is composed

20 of Ru or a Ru alloy.

3. A method for producing a perpendicular magnetic recording
medium according to claim 2, wherein the Ru alloy is RuW, RuCu,
RuC, RuB, or RuCoCr.

25
4. A method for producing a perpendicular magnetic recording

medium according to claim 1 further comprising a step of

18



medi um according to claiml further conprising a step of 18 2 D OCT 2005

| am nating a seed | ayer just before the step of |lamnating the underl ayer,
the seed | ayer being conposed of a N -base alloy. 5. A nmethod for producing
a perpendi cul ar magnetic recording 5 medium according to cl %'g‘ﬁ‘bT s ei n
the Ni-base alloy is NNFe, N FeNo, N FeB, N FeSi, or N FeCr. A et hod
for producing a perpendicular magnetic recording nediumaccording to claim
1, wherein the atnosphere contains 10 a rare gas. 7. A nmethod for

Purt hor compp PR, R sBpdnBaget kbR Bhe By o ARLHgRnk G agnet o
di , ' eIV [ h
pr ot ect | vt epay et PR SRIARChB S dhbibioded K KR Had o E e

recording mediumaccording to claim1, wherein the atnosphere conprises
20 an argon gas containing 02 or N2 for 10 seconds. 9. A nethod for

roduci n er pepdl I i . j -di claiml,
Rherein ThE ndor il ol BI0RLLfnE 26 oeln BRI AT 8ok Bt 2
; ;LEZEW € hedfuhfecdrd it toelAHP £ WHeteiN the® NRbASK agNHR! isCNaFest
NiFeNDb, NiFeB, NiFeSi, or NiFeCr.

6. A method for producing a perpendicular magnetic recording
medium according to claim 1, wherein the atmosphere contains

10 a rare gas.

7. A method for producing a perpendicular magnetic recording
medium according to claim 1, further comprising the steps of
forming a protective layer on the magnetic recording layer,
15 and then forming a liquid lubricant layer on the protective

layer.

8. A method for producing a perpendicular magnetic recording
medium according to claim 1, wherein the atmosphere comprises

20 an argon gas containing Oz or N2 for 10 seconds.

9. A method for producing a perpendicular magnetic recording
medium according to claim 1, wherein the underlayer is
crystalline and the underlayer crystalline structure is a face
25 centred cubic structure or a hexagonal closest packed

structure.
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structure. 19 2 D OCT 2005 10. A nethod for producing a perpendi cul ar
magnetic recording nedium conprising steps of 5 form ng an underlayer on
a nonnagnetic susbtrate; attaching 02 or N2 on the underlayer_in an

at mosphere containing 02 or N2 after the underlayer has beer® § 0Ty 2005
formed; and 10 form ng a magnetic recording |ayer on the underlayer,

wherein the magnetic recording |ayer conprises ferromagnetic crystalline
grai ns and nonnagnetic grain boundary region conposed mainly of oxide or
nitride surrounding the crystalline grains. 15 11. A perpendicul ar magnetic
recording nediumthat is produced by a nethod according to claim1. 20

10. A method for producing a perpendicular magnetic recording

medium comprising steps of:-
5 forming an underlayer on a nonmagnetic susbtrate;
attaching Oz or N2 on the underlayer in an atmosphere

containing Oz or N2 after the underlayer has been fully

formed; and

10
forming a magnetic recording layer on the underlayer, wherein
the magnetic recording layer comprises ferromagnetic crystalline
grains and nonmagnetic grain boundary region composed mainly
of oxide or nitride surrounding the crystalline grains.

15

11. A perpendicular magnetic recording medium that is

produced by a method according to claim 1.

20



