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0 2 SEP 2D05 Perpendi cul ar magnetic recordi ng nmedi um and a nethod for
manuf acturing same 5 Technical field of the invention The present invention
rel ates to a perpendi cul ar magnetic recordi ng medium and a net hod for
manuf acturing the recording nmedium In particular, the pr eserlt2 SkFe#b on
relates to a perpendicul ar magnetic recording nediumthat is nounted on an
10 external nenory of a conputer or other magnetic recording apparatus,
and to a nethod for manufacturing such a recording nedium Background of
t he i nvent iRerpendisulan entagnatec t recarding emtddjnngeasndt ya nmgtiboic fercor di ng,
~there is interest in a perpendicular magnetic recording as an alternative
to a convemnaondhctwripgtasdneal nagnetic recording. As a magnetic recording
| ayer to carry nmagnetic recording in a perpendicular magnetic recording
medium a crystalline filmof 20 CoCr all oy having hexagonal closest packed
(hcp) crystal structure has principally been studied. To nake

per pendisculPschiieabh€ldld ofaber divithtpegsi bl e, crystal alignnent is controlled
so that c-axis of each crystal grain is perpendicular to the film

surface, that Mhe GuiRkane invdiRich! Rlatds theaf bbrpendiandsr hgritic

addressi ng higher recording density in a perpendicular magnetic 1 D 2 SEP
recording medium and a method for manufacturing the recording
medium. In particular, the present invention relates to a
perpendicular magnetic recording medium that is mounted on an

10 external memory of a computer or other magnetic recording

apparatus, and to a method for manufacturing such a recording

medium.

Background of the invention

15 As a technique to achieve high density magnetic recording,
‘there is interest in a perpendicular magnetic recording as an
alternative to a conventional longitudinal magnetic recording. As
a nﬁagnetic recording layer to carry magnetic recording in a
perpendicular magnetic recording medium, a crystalline film of

20 CoCr alloy having hexagonal closest packed (hcp) crystal
structure has principally been studied. To make perpendicular
magnetic recording possible, crystal alignment is controlled so
that c-axis of each crystal grain is perpendicular to the film
surface, that is, c-plane is parallel to the film surface. For

25 addressing higher recording density in a perpendicular magnetic



recordi ng nmedium attenpts have been nmade to mnimze grain size and to
reduce dispersion of grain size of the CoCr alloy conposing the magnetic
recording |ayer, and to reduce magnetic interaction between cOYsSaP yp
grains. 5 A technique has been proposed to achi eve hi gh density recording

in a longitudinal. ma ic recordi medi ci ng _magneti c.

i nteraction rﬁ@?@@é}g g‘?%/‘i (j‘ftg‘?li‘??r%g Lbﬂ? m@@%/z n &tétiic and
non-netal | i ¢ substance such as, oxide or 10 njtride, s for at_.the grain
~ boundary ofSléecf’1 ép E?éilﬁe ‘i’cﬁ’ﬁé‘%i% Atghbt§1éer ﬁgg lé 0¥ Thi s
magnetic layer is called ranul ar_magnetic | ayer” and di sclosed in
Japanese |SmRpasing the tmgn%m reaevdimgplayars andtoreadige sragmretand
United States Patent No. 5,679,473, for exanple. The magnetic 15 grains in
t he granul amtaugciaondmtaw@n aryastaﬂmalnsnena onally isolated with each

ot her by the nonmagnetic and non-netallic grain boundary Si nce magnetlc
I nt eractd on between the nmagnetic grains decreases, "zigzag domain wall" in
the transition region of a recording bit is suppressed to devel op, which

. i's considered tA té’&lmeﬁw thas b@eﬁeglr@pugédom &vhidvies Highkgienwidy the use
of the granul ar nmagnetic |ayer has been proposed in the magnetic recording

ey of 2 reseiong, al o Imgreudly opu anucoshuming, audivke by 52 25
redgcing magnetic interaction between crystal grains, in which a
layer of nonmagnetic and non-metallic substance such as oxide or

10 nitride, is formed at the grain boundary of a crystal grain
composing a magnetic recording layer. This magnetic layer is
called “a granular magnetic layer”, and disclosed in Japanese
Unéxamined Patent Application Publication Hei 8-255342 and
United States Patent No. 5,679,473, for example. The magnetic

15 grains in the granular magnetic layer are three dimensionally
isolated with each other by the nonmagnetic and non-metallic
grain boundary. Since magnetic interaction between the magnetic
grains decreases, “zigzag domain wall” in the transition region of

a recording bit is suppressed to develop, which is considered fo

20 result in noise reduction.

On this background, the use of the granular magnetic layer
has been proposed in the magnetic recording layer of a
perpendicular magnetic recording medium. For example, IEEE

25 Trans. Mag., vol. 36, p. 2393 (2000) discloses a perpendicular



D 2 SEP 2005 nmagnetic recordi ng nmediumthat conprises an underl ayer of

rut heni um (Ru) and a nagnetic |ayer of a CoPtCrO all oy having granul ar
structure. The docunent shows that c-axis alignment of 5 crystal grains
conposi ng the nagnetic | ayer enhances as the ruthenium underl&@ Efha¥Wbnes
t hi cker, bringing about inprovenment in magnetic characteristics and

el ectromagnetic conversi on performances of the magnetic recording | ayer.
10 A study has al so been_made to,.nake a nagnetic recordin | ayer qf a

per pendi cul BAgRehHemecordmg ameaslivgai thabycammpripesn anan%naﬁrélayem Pby of a
rare earth el enent arzd %d transition netal, such as a TbFeCo_alloy. 15
Probl em t o Bthesivey (Bt and; aveagnehicalayerpehai coPiCrihghloyi baverr di ng

| ayer enpl oying the above-nentioned granular magnetic |ayer exhibits

rel ativel y graotlagesfaracterer dje doesnent shews thadgrexis atigmmeest of
characteristics. For further enhancenent of magnetic recording 20 density,
it is cdnsicgseal rpreensacymiposingt tlee magmitie layergenhanceszasi the he
ferromagnetic | ayer and to further reduce magnetic interaction between
magnet i ¢ graithenivnpr onpiderdapecci beésrnesn ahickey, debrdngitid ri dbsut o t he
grain boundary. 25 Wen grain size in the magnetic layer is mnimzed and 3
D 2 SEP 20GEnprRefghent| thendgghefichehuegabteiistiédl agfaiedsctrdntigsiaased by

conversion performances of the magnetic recording layer.

10 A study has also been made to make a magnetic recording
layer of a perpendicular magnetic recording medium by using an
amérphous alloy of a rare earth element and 3d transition metal,

such as a TbFeCo alloy.

15 Problem to be solved by the invention
A perpendicular magnetic recording layer employing the
above-mentioned granular magnetic layer exhibits relatively good
magnetic properties and electromagnetic conversion
characteristics. For further enhancement of magnetic recording
20 density, it is considered necessary to further minimize the grain
size in the ferromagnetic layer and to further reduce magnetic
interaction between magnetic grains by promoting precipitation of

oxides or nitrides to the grain boundary.

25 When grain size in the magnetic layer is minimized and



I ncreasing the quantity of oxide or nitride precipitated at the grain
boundary, thermal stability of information recorded on the 5 nagnetic
.recording layer rapidly deteriorates. In the worst case, the gr&? of

so-called "thermal fluctuation"” arises, in which once recor T Tf tion
di sappears due to thermal disturbance. On the other hand, an anorphous film
of arare earth- 10 transition netal alloy has a high perpendicul ar

nmagneti c anj ; K ' f al.n ibo se it is
9 %r%gﬂ&m’ ﬁﬁ;@?&ﬁﬁ&n lb&%e'rﬁséx;yi%?ap gdxgilglbg ie H@G%%’se@?t

anor phous. refore, such an anorphou I'm h h thermal stability
for a magnet] ' I v TS 11 gralan boun al so
neans Iagk ocggégggéqk%gﬁ%ﬁﬁﬂ% e oncéﬁ%%é%? égﬁgg @?%ﬁ%ﬁﬁﬁ%9h%ﬁ eywwitten
pl ace, and r Si S J i e n shift
b i sappeat B SOThAGEy ” LHERAL aroBIREF BRIy BASTRIE ECHE <
recor di at a higﬁ frgﬁuen&éf Ther. ﬁor " such, a nﬁte | al istunfavorable
for  perbenmagneit racpriing Tases tHINGLY iletePOrar e fug RO WPF AR 20
density magnetic cordi,ng. The .present jnyentiaon has been made,i.n view of
the foregoi Y PrahéeEn obp seplige| el dNCUAIAR| GHFISESt P PVt e o

er pendi cul ar ‘magnet.ic recordi ng nediumthat allows high_ 25 densit

Iroecgr di ng, @ef b(gq@fd@fdcmfpématég@éhsmﬁg@m dblect@rﬁl@rgnghdnst@lr ageaa-yzo%

characteristics and thermally stable perfornmance. Means to sol ve the
pr obl em

On the other hand, an amorphous film of a rare earth-

10 transition metal alloy has a high perpendicular magnetic
anisotropy constant Ku and is free of grain boundary because it is
amorphous. Therefore, such an amorphous film has high thermal
stability for a magnetic recording layer. However, the free of
grain boundary also means lack of a core to hold the once recorded

15 signal within the written place, and the recorded signal is
susceptible to the phenomenon of shift or disappearance. These
phenomena occur particularly in the magnetic recording at a high
frequency.  Therefore, such a material is unfavorable for
perpendicular magnetic recording that is directed toward high

20 density magnetic recording.

The present invention has been made in view of the foregoing,
and an object of the present invention is to provide a
perpendicular magnetic recording medium that allows high

25  density recording, exhibits excellent electromagnetic conversion



-5 The present invention has been acconplished to solve the above problem
and a perpendi cul ar magnetic recordi ng nmedium according to the invention
conpri ses a nonmagnetic substrate, and at |east a nonmagneti q pirgER R8yer,
a first magnetic layer, a second nagnetic |ayer, a protective |layer, and a
liquid lubricant 10 | ayer sequentially |lamnated on the substrate. The
first magnetic |ayer conprises crystal grains of a ferromagnetic Co-Cr

al | oy systaﬁ%{ge{ﬁ%@{@% 'tﬁegﬁ?dl(['j¥ QP%’E‘%éﬁ%rMé@m ially consisting of
oxide or nitride. e thickness a the first magnetlclayer is in the
range of 10 nmto 30 nm The second 15 magnetic |ayer conprises an

-anor phous all oy conposed of rare earth elenent(s) and transition netal

el enent (s) .xshe. t hi S t he second magnetic layer is in the range
of 2 mto %gﬁ}ﬁpd ggﬁ%tﬁbé)gfgg]oerxﬁt he thickness a of the first magnetic

| ayer to_the | ckness of the second netic | at 4l ea t two. 20
Advant ageous| y,t R PI5E gh%Y?I&tlﬁﬂdéﬁﬁapg?g ﬁé@&do? solygi the oy an

al I oy of hexagonal Losest acked cr 61 struct% netal ..is sel ected
fromthe gr TP Gyt arpeTRen F&P agngashe 1er|‘¥%°%‘[ 18§ mstiyihs at

| east one el errea selected.fromthe 25 group consi Stl UL@ Re, Ru, and
Os. D 2 SErCCosdingdioihggdavention; gamyudser Wﬂgn krafiens at

-l east one netal elenent selected from N, Fe, and Co, and al so contai ns
and at least a nonmagnetic underlayer, a first magnetic layer, a

second magnetic layer, a protective layer, and a liquid lubricant

10 layer sequentially laminated on the substrate. The first magnetic
layer comprises crystal grains of a ferromagnetic Co-Cr alloy
system and nonmagnetic grain boundaries substantially
consisting of oxide or nitride. The thickness a of the first
magnetic layer is in the range of 10 nm to 30 nm. The second

15 magneﬁc layer comprises an amorphous alloy. composed of rare
earth element(s) and transition metal element(s). The thickness b
of the second magnetic layer is in the range of 2 nm to 15 nm. A
ratio a/b of the thickness a of the first magnetic layer to the
thickness b of the second magnetic layer is at least two.

20

Advantageously, the nonmagnetic underlayer is composed of

a metal or an alloy of hexagonal closest-packed crystal structure.
Thé metal is selected from the group consisting of Ti, Re, Ru, and
Os. The alloy contains at least one element selected from the

25 group consisting of Ti, Re, Ru, and Os.



at | east one elenment selected fromPr, Nd, Gd, Th, Dy, and Ho in a 5
concentration from 10 at% to 35 at% Advantageously, the nonmagnetic
substrate is forned of plastic resin. 10 A method according to the

i nvention for manufacturing a perpendicul ar magnetic recordi #¢ 1SE8i 209
conprises steps of depositing and lam nating the layers and the film
included in the perpendicular nagnetic recordi ng medium according to the

i nvention as desqgri bed above, and each of the steps of depasiti 15 t he
| yvers and the T dvaIaCEaHale, BIP SROSRS ATAGRSHITANS GontHEs ah fedtar o

| ower than 80C. Anot her nethod. accarging.to.the invention for manufacturing
a per pendi culo&e W&éageﬁ@ne@écﬁeéw@%ngem b(ﬁﬁ;r%@&e@,t@y@ ad$o caBpddR i ng
and | am nati &% the layers and the filmincluded in the 20 perpendi cul ar
magneti c rec&tdensgt apgialameanioselested dramePr,i Ndeftd, 'BbaBYd@m{ thetn above,

and the depositing steps are conducted w thout preheating the nonmagnetic
substrateb A¢oagsentration fromhtOsdboha IPegttétic | ayer is deposited by 25
sputtering under argon gas pressure of 10 mflorr to 200 mforr. 6 F 2 SEP
2005 Brief description of the drawings Fig. 1 is a drawing for illustrating
a structure of a perpendicular 5 nagnetic recording mediumaccording to

t he present inveAdivamtagegusl,i sha graphagoeticl Isudtsteatengisa foehatd asfshi p
bet ween D50 val ue

plastic resin.

10 A method according to the invention for manufacturing a
perpendicular magnetic recording medium comprises steps of
depositing and laminating the layers and the film included in the
perpendicular magnetic recording medium according to the
invention as described above, and each of the steps of depositing

15 the layers and the film are conducted under a temperature of the
substrate lower than 80°C.

Another method according to the invention for manufacturing
a perpendicular magnetic recording medium comprises steps of
depositing and laminating the layers and the film included in the

20 perpendicular magnetic recording medium according to the
invention as described above, and the depositing steps are

conducted without preheating the nonmagnetic substrate.

Advantageously, the second magnetic layer is deposited by

25 sputtering under argon gas pressure of 10 mTorr to 200 mTorr.



and argon gas pressure in a perpendicular magnetic recording mnedium
according to the present invention. 10 Aspects of enbodi nents of the

i nventi on Now, aspects of some preferred enbodi nents of the prg ? BEp 2005
invention will be described in the following with reference to
acconpanying drawings. 15 Fig. 1 is a schematic cross sectional view of a

- per pendi cul ar magnetic recordi ng nmedi um accordi ng to an enbodi nent of the
present i nvBpidfatesceptionofrdgndtawisgbstrate 1, nonmagnetic underlayer 2,
first magnetic |ayer 3, second magnetic |layer 4, and a protective |ayer 5
are deposited in this order. On the protective 20 layer 5, a liquid

| ubricant layer 6 is forned. A soft nagnetic backing |ayer nmay be provided

bet ween th NS AL 1) rheﬁkﬁvvﬁﬂgsfdraﬂﬁls]trﬁfﬁgt Qest?ﬁ@ﬁ?ﬂan 8F iaC pHPF@ﬁ&R‘Xﬂér to
construct a so- call ed doubl e-1ayered perpendlcu ar magneti c recordlng

medi um H;%’g%% " P@CM[. substrate
25 1 and the e?‘?a%%or ﬁéﬁge(@%ﬁ% altg I[r)rcleb(rietﬂed?ije%%cryst grain 7 0 2

- SEP 2005 conposi ng the underlayer 2. The nonrragnetl c substrate 1 nay be
formed of N P-plated alum num alloy, strengthened glass, or crystallized

I ,  Whi d f
o T Rig 2 3 & HEEP B BHRRR ARG e rLRatuRlp BRRRRERTPLT SR T
made and argon gas pressure in a perpendicular magnetic recording

medium according to the present invention.

10
Aspects of embodiments of the invention
Now, aspects of some preferred embodiments of the present
invention will be described in the following with reference to the
accompanying drawings.
15 Fig. 1 is a schematic cross sectional view of a perpendicular

magnetic recording medium according to an embodiment of the
preéent invention. On a nonmagnetic substrate 1, nonmagnetic
underlayer 2, first magnetic layer 3, second magnetic layer 4, and
a protective layer 5 are deposited in this order. On the protective
20 layer 5, a liquid lubricant layer 6 is formed. A soft magnetic
backing layer may be provided between the nonmagnetic
substrate 1 and the nonmagnetic underlayer 2, to construct a so-
called double-layered perpendicular magnetic recording medium,
if necessary. A seed layer may be provided between the substrate

25 1 and the underlayer 2, to control alignment of the crystal grain



by injection nolding of a plastic resin, such as pol ycarbonate or

pol yol efin, may be used. 10 The protective film5 consists of a thin film
conposed mai nly ‘of carbon, for exanple. The liquid lubricant layer 6 is
conposed of per 2luoxopol yether |ubricant, for exanple. The fiUrZStSE tic
| ayer 3 is a so-called granular magnetic 15 layer. The | ayer conpri
~crystal grains of a ferromagnetic alloy of CoCr system and nonnmagnetic
grai n boundari es conposed of . nonmagnetic nmetal oxide or nmetal nitride
formed bet veoanposing thg smderdayeng. 20 The magnetic layer with such
structure may be deposited by a sputtering nethod using a ferromagnetic
met al | i ¢ t ar gefThe armranaigmg ticheubsihteol may ikee formedcofidNikrplatedie grain
boundary. Alternatively, the magnetic |ayer may be deposited by a reactive
sputt eri ng aleirhimuns ablpya dteenghingmed iglasst at |darystallged ghdesy, whicl?5 ar gon
as atnosphere containing oxygen or nitrogen. 8 ,0 2 SEP 2005 One of the

favorablze rateubed Infosublepatiet vfhg Ustialomagneticrecorddb@gmhedhaybi is an
all oy of CoCr system In order to obtain excellent magnetic

charact eri s icaSe &tbsteaty Hendineid animtessaky, 4 plasticeubsabhte htadeld at
| east one el enent selected fromPt, Ni, and Ta to the CoCr alloy. In order

to forma Fphhfe@ich4haldi Bfth?)?asﬂié reBilk §hEhaX §dlPcarlhintRogFagnet i

grai n bounddri.es using an oxide of at |east one
polyolefin, may be used.

10 The protective film 5 consists of a thin film composed mainly
of carbon, for example. The liquid lubricant layé\i' 6 is composed of

perfluoropolyether lubricant, for example.

The first magnetic layer 3 is a so-called granular magnetic

15 layer. The layer comprises crystal grains of a ferromagnetic alloy
of COC;' system and nonmagnetic grain boundaries composed of
nonmagnetic metal oxide or metal nitride formed between the

crystal grains.

20 . The magnetic layer with such structure may be deposited by
a spuftering method using a ferromagnetic metallic target
containing the oxide or nitride that constructs the grain boundary.
Alternatively, the magnetic layer may be deposited by a reactive
sputtering method using a ferromagnetic metallic target under an

25 argon gas atmosphere containing oxygen or nitrogen.



10 el ement selected fromthe group consisting of G, Co, Si, A, T, Ta,
Hf , and Zr. The thickness of the first nagnetic |layer 3 is preferably at

| east 10 nmin order to stabilize nmagnetization bits of the sigond 15

- magnetic layer 4. On the other hand, the thickness of the fik%: SH%@MEtiC

| ayer is preferably at nost 30 nmin order to achieve high recording
resolution by decreasing a total thickness of the nagnetic recording |ayer

consi sting of e figst netic lLayer. nd t he secong magnetic.layer 4.
20 The second. e‘#f@“? ;@gprﬂbfes n&%%&%@d%% d&ﬁ“’é#d?sh‘geﬁo gf}ﬁ%b arare
earth element . transition netal,.allqy achi eve L hi Ku, value, in
particul ar ,CWﬁEa]i%iﬂY%dﬁeﬁlﬁigaIﬂ% OE%r %Y%QQM yIR nto Qb%?ghst one
3d transition tal elenment 25 sel ected frgm Ni, . Fe, and Co, and al so
~contains ate¥celentdnagngtic charactepistiosgand ageeFlingeReHOrMANGS dtis r om Pr,

Nd, Gd, Th, Dy, and He in a _ concentration from10 at%to 35 at%_ _Thi ckness
of the decdneloealettocaddalleast onereleaent selected fsam Bt, Npmane T der to

hol d high Ku value, and at nost 15 nmin order to achieve high recording
density. THe theo€efs a8yl ani nating the second magnetic layer 4 is
preferably conducted by a sputtering nmethod. Argon gas pressure 10 in the
| am nation process is preferably controlled in the range of
In order to form a stable granular structure, it is preferable to
form nonmagnetic grain boundaries using an oxide of at least one
10 element selected from the group consisting of Cr, Co, Si, Al, Ti, Ta,

Hf, and Zr.

The thickness of the first magnetic layer 3 is preferably at
least 10 nm in order to stabilize magnetization bits of the second
15 magnetic layer 4. On the other hand, the thickness of the first
magnetic layer is preferably at most 30 nm in order to achieve
high recording resolution by decreasing a total thickness of the
magnetic recording layer consisting of the first maghetic layer 3
and the second magnetic layer 4.
20
The second mdgnetic layer 4 is composed of an amorphous
film of a rare earth element - transition metal alloy. To achieve
high Ku value, in particular, the second magnetic layer 4
preferably contains at least one 3d transition metal element

25 selected from Ni, Fe, and Co, and also contains at least one rare



.10 mTorr to 200 nmlorr, nore preferably in the range from20 mforr to 150
mlorr in order to inprove recording performance in a high den§i2t¥
recording condition. 15 Besides these conditions, the ratio a/b“o ER a5
thickness a of the first nmagnetic |layer to the thickness b of the second

magnetic | ayathi slepheheraflbytedt fremsPr Wd| rGar &8s, ny,saﬁai Hozén a
magneti zation  bits of the second magnetic layer 4. |If the first magnetic

layer 3 is cofdeditiriition e 10 at%Eb Bhatsgcond magnetic layer 4 is
relatively 20 too thick, the nmagnetic energy of the second magnetic | ayer 4

Is domnant, and therefore, the contribution of the first magnetic |ayer
-3 to the magneti zati on behavi or of the whole magnetic | ayer consisting of

the first and trywe: RNstd d LVl e reduci ng
the effect that%ui gggg) br ouﬁ%O%éi)%%%%ﬁ@g%%%g %é)tng%?%Beal;g‘ﬁslgtaﬁgcture of
the magneti y NeXf1et n [ r r-2 will
be descﬁbe%.ﬂlﬁhlg{ Oﬁ%%%ggﬁé@ﬁsh@ggﬁlayel}leQH?n'%iygge%ggt?%gn%bg?ﬁéﬁggﬁmeri al
that appropriael ont r cf.yst rjentation, grain size, and grain 5
boundary segorégé{el%nﬁ’céh F%%({lﬁge@éﬁl%t*he first magnetic layer 3. To
appropriately control alignnment of the crystal orientation in the first

magnetic |layer, in particular, the underlayer is preferably conposed of a

“metal with a h crystal sjpructure  selected fromTi, Re, , and .Os or an
al l oy contai ni ﬁgh%tplf%ﬁ% OIOT%Wénﬁ’E’tI@ tag| geeqnyl fIPGgneLic %Yehff I8nd Cs.

preferably conducted by a sputtering method. Argon gas pressure
10 in the lamination process is preferably controlled in the range of
10 mTorr to 200 mTorr, more preferably in the range from 20
mTorr to 150 mTorr in order to improve recording performance in

a high density recording condition.

15 Beéides these conditions, the ratio a/b of the thickness a of
the first magnetic layer to the thickness b of the second magnetic
layer is preferably at least two in order to stabilize magnetization
bits of the second magnetic layer 4. If the first magnetic layer 3 is
relatively too thin and the second magnetic layer 4 is relatively

20 too thick, the magnetic energy of the second magnetic layer 4 is
dominant, and therefore, the contribution of the first magnetic
layer 3 to the magnetization behavior of the whole magnetic layer
conéisting of the first and the second magnetic layers relatively
diminishes, reducing the effect that would be brought about by

25 the double-layer structure of the magnetic layer.

10



Al t hough t hickness of the nonmagnetic underlayer 2 is not limted to a
specific range, the mninumthickness required by controlling the crystal
structure of the first nagnetic layer 3 is 15 desirable in orqiz gﬁ)$ hance
recording resolution in the case of a double-layered perpendittl 5
magneti c recording mediumand to increase productivity of the

per pendi cul ar magnetic recording nedium 20 A perpendicul ar magnetic

recordi ng medi avi.ng_above- descrihed, strugture exhy bit cehl ent

mgnet | ¢ per ot T e G @ R REP RGP BOBELR HeUL A cieaetislh T e s

omtted. The substrate heatin ocess has been requisite for

TnUf act ur [ RPEARSHG ISR R LAY Do LB QU Gt ntBRbot ur i ng

25 process has been ii npl i friégd andtﬁihe .manufacturing cost has been 11 02

SEP 2005 rml%gﬁ Yh@OBF eRFYSRY cPiIPBRAtIBR: g1 Ns A8, r aRE BEAI ng is

unnecessary, a ponmagnetic subsirate of plastic resin such_af

pol ycar BonR@riarpspgregationast papsptieyda. the duwt megnetic layegt es of

preferred enbodi nents of the present invention will be described bel ow

The exanpl eEo sarpropniatelyi eontngdcalignmeantsof 4he chestadi erienbitiohellpr esent

. invention, and shall not limt the scope of the invention. 10 Exanple 1

The nonnagridtd cfissbsmageetisedayes, aimolparhicvdant ethesuhaidetlayed 3s 5" di sk

shape made by injection nolding. The ‘
preferably composed of a metal with a hep crystal structure
selected from Ti, Re, Ru, and Os or an alloy containing at least

10 one metal selected from Ti, Re, Ru, and Os.

Although thickness of the nonmagnetic underlayer 2 is not
limited to a specific range, the minimum thickness required by
controliing the crystal structure of the first magnetic layer 3 is

15 desirable in order to enhance recording resolution in the case of a
double-layered perpendicular magnetic recording medium and to
incx_‘ease productivity of the perpendicular magnetic recording

medium.

20 A perpendicular magnetic recording medium having above-
described structure exhibits excellent magnetic performance even
if the process of heating the substrate is om'itted. The substrate
heating process has been requisite for manufacturing a
conventional magnetic recording medium. The manufacturing

25  process has been simplified and the manufacturing cost has been

11



substrate was cl eaned and nounted on a substrate holder in a sputtering
device. Omtting a step of preheating the substrate 15 before ctppcssEit}nm
processes, a nonnagnetic underlayer conposed of ruthenium (Ru) of 50

t hi ckness was depqsjted by sputtering . under argon gas pressure of. 5 niorr.
Subsequent | fedéwreﬁréy &’é‘qﬁ@?‘?%n‘i é?‘é?gﬂﬁp'r ngeﬁaflﬁ?cﬂ%ﬂ&té’g%i%éméés range
“from5 to 40 nmwas deposited by RF sputtering t hod using a tﬁrget of
Co7CCr 12Pt 19DNREEESIHY, adl dNONBASRENO slratevol phastic aresdR gushpAsssure of
5 nmlorr. Then, a second magnetic_ |ayer having a thickness in the range
from 1 to 2polyeanhenatepsgialzpealafin randremplongdret hod using a target of
Tb20Coso 25 under argon gas pressure of 50 nmTlorr. 12 0 2 SEP 2005 After
depositing a carbon protective |ayer having thickness of 10 nmby RF
sputtering method, the resulted substrate was taken out fromthe

sputterihg deviSmmeAsipegifid éxdmplast ofiasrefortestl ¢mbadintdritskiésshef 1.5 nm
on the carbon protective layer. Thus, a perpendicular magnetic recording

medi um havi pgestintughvegtionhewill ible Meascribathdbddowducttle eahheplbssupmari zes
characteristics of the thus | am nated set 10 of perpendicul ar magnetic

recordi ng nafiiraly Theehdbll o ithsEase iR bPlakEsthe pRbséhe ihveatiomgneti c

| ayer, the thickness b of the second magnetic layer, the ratio a/b of the

thi ckness agff dihAl hot imitBHE&kbpe loBXBE #R@nitivh.t hi ckness b of the second
magnetic | ayer,

10 Example 1

The nonmagnetic substrate used was a polycarbonate
substrate of 3.5” disk shape made by injection molding. The
substrate was cleaned and mounted on a substrate holder in a
sputtering device. Omitting a step of preheating the substrate

15 before deposition processes, a nonmagnetic underlayer composed
of ruthenium (Ru) of 50 nm thickness was deposited by sputtering

under argon gas pressure of 5 mTorr.

Subsequently, a first magnetic layer having a thickness in the

20 range from 5 to 40 nm was deposited by RF sputtering method
using a target of Co76Cri2Pti2 with the addition of 10 mol% SiO;
under argon gas pressure of 5 mTorr. Then, a second magnetic
layer having a thickness in the range from 1 to 20 nm was
deposited by RF sputtering method using a target of Thb2oCoso

25 under argon gas pressure of 50 mTorr.
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t he i ndicator D50 of the maxi num magnetic recording density, 15 which is
defined by a recording density at which the output is a half of the output
of an isolated pul se waveform and an output signal ratio as an index of
thermal stability, which is defined by a ratio of a regeneratﬁz'esﬁb’uﬂl}ﬂﬁlt at
1000 seconds after witing to a regenerative output imediately after
witing. 20 The D50 and the output signal ratio were neasured by using a
spi nning stand star and.a GWR head with a vvritin%tr.acﬁv.vig%h l.uin, a
gap |ength 0.25\fex depgsiting farhemR Nrokeqtivg dayep having thickness, oy o) g
gap length of 0.12 Il n. The head flying height s. 25 about 20 nm 13 V 2
SEP 2005 Aslé am aﬁ@lnﬁpmiéﬁﬁm&mléﬂlﬁ)é,b&%rw egaemﬂq&tya%@w@tt el ecor di ng
and excellent thernmal stability have been achieved in the pergendi\cul ar
magnet i ¢ r eddr fomy thedspuitering devicee B hpnidk dubzicemtrwasfqoased taghet i ¢
layer is from10 to 30 nm the thickness of the second magnetic |ayer is
from 2 to lhicknmeshdbft Hedb nmionathe ofarboa firotectiegnkyier. | a¥bust He ckness a
to the second nagnetic layer thickness b is two or larger. 1o Table 1

t hi ckness gferpenckoeks omaggeter aecording medium having structure

shown in Fig. 1 was produced.

Table 1 summarizes characteristics of the thus laminated set
10 of perpendicular magnetic recording media. The table includes
the‘thickness a of the first magnetic layer, the thickness b of the
second magnetic layer, the ratio a/b of the thickness a of the first
magnetic layer and the thickness b of the second magnetic layer,
the indicator Dso of the maximum magnetic recording density,
15  which is defined by a recording density at which the output is a
half" of the output of an isolated pulse waveform, and an output
signal ratio as an index of thermal stability, which is defined by a
ratio of a regenerative output at 1000 seconds after writing to a
regenerative output immediately after writing.
20
The Ds¢ and the output signal ratio were measured by using a
spinning stand tester and a GMR head with a writing track width
1 um, a gap length 0.25 y m, a regenerative track width 0.7 y m,
and a shield gap length of 0.12 um. The head flying height was

25 about 20 nm.
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first magnetic second a/b D50 output ratio |ayer a (nmmagnetic (kFCl) (%
layer b (nnm) 522.58365 5515290 1011016062 102521395 105224498 101016699
2012017373 2021022297 205426699 20102270100 20151. 35499 2020132820883 2005
3021519897 305621999 30103248100 3015221098 4022018196 40104170

.As is apparent from Table 1, both high density magnetic
recordiﬁg and excellent thermal stability have been achieved in
the perpendicular magnetic recording media in which the

5 thickness of the first magnetic layer is from 10 to 30 nm, the
thickness of the second magnetic layer is from 2 to 15 nm, and the
ratio a/b of the first magnetic layer thickness a to the second

magnetic layer thickness b is two or larger.

10 Table 1
thickness of | thickness of a/b D50 regeneration
first magnetic second (kFCI) output ratio
layer a (nm) | magnetic ‘ (%)
layer b (nm)
5 2 2.5 83 65
5 5 1 52 90
10 1 10 160 62
10 2 5 213 95
10 5 2 244 98
10 10 1 66 99
20 1 20 173 73
20 2 10 222 97
20 5 4 266 99
20 10 2 270 100
20 15 1.3 54 99
20 20 1 32 100
30 2 15 198 97
30 5 6 219 99
30 10 3 248 100
30 15 2 210 98
40 2 20 181 96
40 10 4 170 98
40 20 2 147 97




4020214797 14 D 2 SEP 2005 Exanple 2 A set of perpendicul ar magnetic
recordi ng nedia having structure as shown in Fig. 1 was produced using
various materials 5 for the second magnetic |ayer. The thickness of the
first magnetic |ayer was 20 nm and the thickness of the secong nﬁ@%c
| ayer was 5 nm The conditions for the | am nation process mere t

as those in Exanple 1 except the material for the second magnetic |ayer.
10 Table 2 ﬁunnarl s the materials for lamnating the second magnetic

| ayer and t ve force He of thus |am nated perpendicular nmagnetic
recordi ng nedi a. The oercive force He was neasurgd using.a vibrating
sanpl e magnet o pWFH@nélal]@rrrﬁ%ﬁgpﬁEmf reeer ngéﬁla&lhﬁvmgthe film
surface. As the result in Table 2 show, is preferable to | amipate the
second magridtpetygas Sil@i“ﬁg 1n Hige érwars HW@@M%MSV@EIOP@&%@@%W@ s 3d
transition nmetal selected fromN, and Co, and also at |east 20 one

rare eardth f@réﬂn@rﬁemdema@nem@ﬂmyer mdle thickmess pf thenfirsiomagnetic
concentration from10 at%to 35 at% 25 15 D 2 SEP 2005
layer was 20 nm, and the thickness of the second magnetic layer
was 5 nm. The conditions for the lamination process were the
same as those in Example 1 except the material for the second
magnetic layer.
10 |
Table 2 summarizes the materials for laminating the second
magnetic layer and the coercive force Hc of thus laminated
perpendicular magnetic recording media. The coercive force Hc

was measured using a vibrating sample magnetometer applying a

15 magnetic field perpendicular to the film surface.

As the results in Table 2 show, it is preferable to laminate the
second magnetic layer using a material that contains at least one
3d transition metal selected from Ni, Fe, and Co, and also at least

20 one rare earth element selected from Pr, Nd, Gd, Tb, Dy, and Ho

in a concentration from 10 at% to 35 at%.

25
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Table 2 material of second He (Ce) magnetic |ayer Co-20%e<100 Co-20%°r 5100
Co- 2090Nd4280 Co- 209%°m<100 Co- 20%5nm<100 Co- 20%Eu<100 Co- 20%d3090 Co- 5%b620
Co- 209%9b8230 Co- 30%9b6550 Co-40%b810 Co- 10%-e- 15%9b7240 Co- Zowggp

Co- 20%103510 Co- 20%r <100 Co-20% <100 5 Exanple 3 A set of perpén |cu2PU§r
magneti c recording nedia having structure as shown in Fig. 1 was produced
| am nating the second magnetic |ayer under various argon gas pressures.
~The thicknepgpih the first nmagnetic layer was 20 nm and the thickness of

t he

material of second He (Oe)
magnetic layer
"~ Co0-20%Ce <100
Co-20%Pr 5100
Co-20%Nd 4280
Co-20%Pm <100
Co-20%Sm <100
Co-20%Eu <100
. Co-20%Gd 3090
Co-5%Tb 620
Co-20%Tb 8230
Co-30%Th 6550
Co-40%Tb 810
Co-10%Fe-15%Tb 7240
Co-20%Dy 6970
- Co-20%Ho 3510
Co-20%Er <100
Co-20%Tm <100
5 Example 3

A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced laminating the second
magnetic layer under various argon gas pressures. The thickness
of the first magnetic layer was 20 nm and the thickness of the

10 second magnetic layer was 10 nm. The conditions for the
production process were the same as those in Example 1 except
the argon gas pressure in the step of laminating the second

magnetic layer.
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10 second magnetic |layer was 10 nm The conditions for the production
process were t-he sane as those in Exanple 1 except the argon gas pressure
in the step of lam nating the second magnetic layer. 16 0 2 SEP ?d)?SSEJl:Dl gﬂng
is a graph showing a relation between D50 of the thus produced

per pendi cul ar magnetic recording nmedia and the argon gas pressure in the
-lam nation process. As the result of Fig. 2 5 shows, it is preferable to

control argon s pr.essure ihn the.range ,fr.om.10, mlorrto Jlorr, nore
bref er ably 1 rorl Bot oA E1oR Y SB6WREr 7. rolHoB RERRERBADso T DEo Pt g
performance in, hi densi,ty .recordi ng. 10 npl e 4.A set of perpendicul ar
aanet o« GREHHR REaPanAINAG ic Fecordigkomedia #ng the REESHr oduced
| am nating the nonmagnetic underl ayer having thickness %i 22 ]gg usi ng
various negay iRpessunedry thelaminadionr pragesshadisnbhe Heske .28 nm 15
and the second magnetic | ayer having thickness of 10 nmwere deposited on
t he nonnlagn¥howsyutdiy pagtarabledocenniiro] exgongas paesparriintthenrpprgeess were
the sane as those in Exanple 1 except the nmaterials of the nonnagnetic
under | ayer . frem TgbmeTors Howd0@ mdoxr nadreepabferably frops 28 mhoxy tof t he
first magnetic layer of thus produced perpendi cul ar magnetic recordi ng
medi a by medd@ wfTotrs afprdehhaactnentmef hoetordineg vpérfermandeo inshagh

density recording.

10 Example 4
A set of perpendicular magnetic recording media having
structure as shown in Fig. 1 was produced laminating the
nonmagnetic underlayer having thickness of 50 nm using various
materials. The first magnetic layer having thickness of 20 nm
15 and the second magnetic layer having thickness of 10 nm were
deposited on the nonmagnetic underlayer. The conditions for the
producﬁon process were the same as those in Example 1 except

the materials of the nonmagnetic underlayer.

20 Table 3 shows a result of evaluating crystallinity of the first
magnetic layer of thus produced perpendicular magnetic recording
media by means of X-ray diffraction method. The value A §s50is a
half-width of a rocking curve of hep (002) diffraction line obtained
with the first magnetic layer. Values for nonmagnetic

25 underlayers of Ta and Cr having bcc structure are also shown for
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hal f-width of a rocking curve of hcp (002) diffraction line obtained wth
the first magnetic | ayer. Val ues for nonmagnetic 25 underlayers of Ta and
Cr having bcc structure are also shown for 17 0 2 SEP 2005 conpari son.
Table 3 shows that A B 50 values in the cases enploying a 5 nbdn8ifhéisc
~under | ayer made of the various materials having hcp structure are
suppressed snmall as conpared with A 0 50 values in the cases enploying a
nonnagneti QEQL er made of Ta and O having bcc structure. The X-ray
diffraction pe as” becone sharp as a result of enhancenent of c-axis
alignment of 10 the crystal grains conposing the first nmagnetic |ayer
Table 3 material of crystal structure A 050 nonnagnetic of

under | aver (60 og) RIS R T K 1 VETISO 2t B RS e RS
5 nonmagnetic underlayer made of the various materials having

hcp structure are suppressed small as compared with A 650

values in the cases employing a nonmagnetic underlayer made of

Ta and Cr having bce structure. The X-ray diffraction peak has

become sharp as a result of enhancement of c-axis alignment of

10  the crystal grains composing the first magnetic layer

Table 3

material of crystal structure A 50
nonmagnetic of underlayer (de )
gree
underlayer
Ru hcp 5.6
- Re hcp 5.2
Os hep 6.1
Ti hep 7.9
Ru-20%W hep 5.0
Ti-10%Cr hep 7.2
Ta bce 25.0
Cr bcc B 19.3
Advantageous Effect of the invention
15 As described so far, in the perpendicular magnetic recording

medium according to the present invention, the magnetic layer
consists of two layers. The first magnetic layer that is a lower

layer comprises crystal grains of a ferromagnetic alloy of CoCr

18



Ti - 10%Cr hep7. 2 Tabcc25. 0 Crbccl19. 3 Advant ageous Effect of the invention 15
As described so far, in the perpendicul ar magnetic recording nedium
-according to the present invention, the magnetic | ayer consists of two

| ayers. The first magnetic layer that is a lower |ayer conpri8&sSEP \8Hal
grains of a ferromagnetic alloy of CoCr 18 02 SEP 2005 system and
nonmagneti ¢ grain boundaries of mainly oxide or nitride. The second
magnetic | ayer that is an upper .layer, conprjses an,anorphous filmof a
rare earth SYSEPEhANG cROREIGENEtIG) grin 'Chﬂ gs off tRamly, oxi gPetic

| ayer is in the r’an%‘ehfrom 10 nmto 30 nm and thickness of the second
magnet i ¢ | ad¥ides | i he hseeonthemsgnetion kayersthat 1% aBduppsy, layerratio
a/b of the first nmagnetic |ayer thickness a to the second magnetic |ayer
t hi ckness domprises| ansamonphosspéilyenfiz upze eaighet itransttdedi metakdi um 10
havi ng such structure has been denonstrated to exhibit a favorable

el ect r ormagraioyx. cBhickmsissnof bhe ditstr mstgnetimdeyemihighthe eangdifrgndensity
condition and excellent thermal stability. Alignnment of the first magnetic
| ayer can bH) framadoaB0nm] awbthickthesd of thelseognd haagwetighetarcisunder | ayer
using a netal selected fromTi, Re, Ru, and Gs having hcp crystal

séte r ugj tJr e, the réfg@ldfdy ngartoal Hirve. ain laeREtion) thleeradind bl efctled fifrsom Ti
magnetic layer thickness a to the second magnetic layer thickness
b is at least two. A perpendicular magnetic recording medium
10 having such structure has been demonstrated to exhibit a

favorable electromagnetic conversion characteristic under a high

recording density condition and excellent thermal stability.

Alignment of the first magnetic layer can be favorably
15 controlled by making the nonmagnetic underlayer using a metal
selected from Ti, Re, Ru, and Os having hcp crystal structure, or

an alloy containing at least an element selected from Ti, Re, Ru,

and Os.

20 A high Ku value is obtained and thermal stability is improved
by making the second magnetic layer to contain at least a 3d
transition metal selected from Ni, Fe, and Co, and also at least a
rare earth element selected from Pr, Nd, Gd, Tb, Dy, and Ho in a
concen-tration of from 10 at% to 35 at%. |

25
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and Gs. 20 A high Ku value is obtained and thermal stability is inproved

by maki ng the second magnetic layer to contain at least a 3d transition
metal selected fromN, Fe, and Co, and also at least a rare @ tggpejgrent
selected fromPr, Nd, Gd, Th, Dy, and Ho in a concentration of from 10 at%
to 35 at% 25 .19 0 2 SEP 2005 The recording performance in high density
recording is inproved by controlling the argon gas pressure in the step of
deposi ti ng t he 'Bleeordcomlingt ipefaymance tine highgelénsity 19ecialing Ssto 200
mrorr, nore preferably from 20 mlorr to 150 niforr. Since satisfactory
per f or manceimppobed asyi evtedoblyng netnelfagiol igke presswendincthar stegrdt i
recordi ng medium having the above-described structure under the

above- descrdggesithndhei rendrhfasdtic daée in ideor®sgd FRG®ESE ahTorkeadi ng
to to sinplify the manufacturing process and achi eve reduction in

production £p9bo MTdrRensMEpEéERabRN FHIRFEATTYEA: B 350 ;T Ybst rate may be
enpl oyed. 20 C 2 SEP 2005 Cainms 1. A perpendi cul ar nmagnetic recording

medi um conpri sigigreed RAMEFIARIAC FPPEFALBce@"dan be achieved by
manufacturing a perpendicular magnetic recording medium

having the above-described structure under the above-described

conditions, preheating step becomes unnecessary, leading to

10 simblify the manufacturing process and achieve reduction in
production cost. At the same time, an inexpensive plastic

substrate may be employed.
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5 at | east a nonmagnetic underlayer, a first nmagnetic |layer, a second
magnetic |ayer, a protective layer, and a liquid lubricant |ayer
sequentially lamnated on said substrate, wherein said first ﬂqgggpgqglayer
conprises crystal grains of a ferromagnetic alloy containing Co an ,
and nonmagnetic grain 10 boundaries conprising oxide or nitride, and a
thickness a of said first magnetic layer is from1l0 nmto 30 nm wherein
said seco etic layer conprises an anorphous alloy conposed of a rare
earth element and a transition netal elenment, and a thickness b of said

second magnet i, Iaﬁer - S Iromz nmtto 15 5 2’5{ (fmd wherein a ratio a/b of
said thic nesé Bet eQQ#‘au H BRAREELS recardingieqiyin Cé).mRrﬂ)%]%ndi cul ar
magneti ¢ recordi ng medi um according to .20 claim1, wherein said
nonmagnet i ¢ uAdeenmagneticcytbsatieomnd netal or an alloy having a
hexagonal cl osest-packed crystal structure, said netal being one el enent

sel ect®ed fronmat leastpa coonisagngticotinterl®ger Ra, fast WMngretdc2dhyzl, ; 2 SEP
2005 said alloy containing at | east one el enent selected froma group

?fgglsi,l?nt ;gg%%ﬁl%n%@eﬁ@ 1376k, B - protedtBRS R8HErCWred Aaeqaid dubadeast ng
layer sequentially laminated on said substrate, wherein
said first magnetic layer comprises crystal grains of a
ferromagnetic alloy containing Co and Cr, and nonmagnetic grain
10 boundaries comprising oxide or nitride, and a thickness a of said
first magnetic layer is from 10 nm to 30 nm, wherein
said second magnetic layer comprises an amorphous alloy
composed of a rare earth element and a transition metal element,
and a thickness b of said second magnetic layer is from 2 nm to 15
15 nm, and wherein

a ratio a/b of said thickness a to said thickness b is at least

two.

2. A perpendicular magnetic recording medium according to
20 claim 1, wherein
said nonmagnetic underlayer is composed of a metal or an
alloy having a hexagonal closest-packed crystal structure,
said metal being one element selected from a group consisting
of Ti, Re, Ru, and Os, and

25
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5 claim1l1, wherein said second magnetic | ayer contains at |east one netal

el ement selected froma group consisting of Ni, Fe, and Co, and l:'a | east
one el enment selected froma group consisting of Pr, Nd, Gd Tb é)yS}EPaﬂBﬁHo
in a concentration in a range from10 at%to 35 10 at% 4. A perpendicul ar
magneti c recogdidalieyicomtatngiatdeast eheiclehenhsckicteddirdmmennagneti c
substrate is fornmed of a plastic resin. 15 5. A nethod of manufacturing a
per pendi cgltr@h §)}§t‘fn [TOP{ dRBIREILHA OQMPr i sing the steps of depositing
a nonmagneti c “under ayeg on & nonmagnetic Substrate; 20 depositing a first
magnetic | ayer that conprises crystal grains of a ferromagnetic all oy
contai ning Co-Cr, and nonmagnetic grain boundaries conprising oxide or
nitride, and g thickness of said first nagnetic |ayer being.from 10 nm
to 30 nm “depdsi PPRBCRALEE dm@@%ﬁtﬂ@ ragey ]t%tmﬁﬁﬁmlsé@‘:gﬁdl@g to

anor phous al | oy conposed of a rare earth element and a 22 0 2 SEP 2005
transi i oolammnal, wihemean, and a thickness b of said second magnetic |ayer
being from2 nmto 15 nm depositing a protective film and

said second magnetic layer contains at least one metal
element selected from a group consisting of Ni, Fe, and Co,' and at
least one element selected from a group consisting of Pr, Nd, Gd,
Tb, Dy, and Ho in a concentration in a range from 10 at% to 35

10 at%.

4. A perpendicular magnetic recording medium according to
claim 1, wherein

said nonmagnetic substrate is formed of a plastic resin.

15
5. A method of manufacturing a perpendicular magnetic
recording medium comprising the steps of:
depositing a nonmagnetic underlayer on a nonmagnetic
substrate;
20 depositing a first magnetic layer that comprises crystal grains

of a ferromagnetic alloy containing Co-Cr, and nonmagnetic grain
boundaries comprising oxide or nitride, and a thickness a of said
first magnetic layer being from 10 nm to 30 nm;

depositing a second magnetic layer that comprises an

25 amorphous alloy composed of a rare earth element and a
22




| am nating a liquid lubricant |ayer, wherein 5 a ratio a/b of said
thickness a to said thickness b is at least two, and wherein each of said
depositing steps is conducted while a tenperature of said subst®at8&ER 2005
| ower than 80C or without preheating said non magnetic substrate. 10 6. A
met hod of urg i C ' egor o : '

accor di ngt%%ﬁ%{tgﬁgm éh Bﬁ%@r%ﬁrﬁggﬁd é?&ﬂén%a@ﬁ%%gﬁs% Pay(g'r rE?asllaggéu (—‘Pr(%ad

under an ar%on a ressure i.n th ran&airom 10 niforr to 200 mlforr. 15 7.
A per pendiR#&88F &1 e from, g nayt 8%t ding to claim1, wherein

sai d nonmagneéi C grain boundari,esnéi)rrpri S oxi de. 20 8. A nethod of

manuf act ur i ngdePEEHPBENR Prokechivgnidine an@cor di ng medi um according to claim

5, wherein said nonmagnetic grain boundaries conprise oxide. 25 23
laminating a liquid lubricant layer, wherein

5 a ratio a/b of said thickness a to said thickness b is at least
two, and wherein

each of said depositing steps is conducted while a

temperature of said substrate is lower than 80°C or without

preheating said non magnetic substrate.

10
6. A method of manufacturing a perpendicular magnetic
recording medium according to claim 5, wherein said second
magnetic layer is sputtered under an argon gas pressure in the
range from 10 mTorr to 200 mTorr.

15

7. A perpendicular magnetic recording medium according to
claim 1, wherein said nonmagnetic grain boundaries comprise

oxide.

20 8. A method of manufacturing a perpendicular magnetic
recording medium according to claim 5, wherein said nonmagnetic

grain boundaries comprise oxide.

25
23





