Met hod for producing nultilayer film perpendicul ar
magnetic recording nediumField of the Invention The
present invention relates to a nethod for producing a
per pendi cul ar rmagnetic recordi ng nmedi umused for a
magneti c recordi ng apparatus. In particular, the
present invention relates to a perpendi cul ar nmagnetic
recording medi umthat has a high recording density, a
Methyed ifor nroducing meultdpzemdiler ipprpendichlar imagnpetic secording
mediwasi |y, and that has a high thermal stability.
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On the other hand, a perpendicular magnetic recording method has been
examined as a means for solving the above-described problems and for
improving the areal recording density. In the perpendicular magnetic
recording method, a magnetic recording medium is provided such that the
easy magnetization axis of a magnetic film is provided to be perpendicular
to a substrate face and neighboring magnetizations in a magnetization
transition region are not opposed to each other. Thus, even when a bit



to a substrate face and nei ghboring nmagnetizations in
a magnetization transition region are not opposed to
each other. Thus, even when a bit 1 length is reduced,
the magneti zation is stable and the reduction in
magnetic flux as in the in-plane magnetic recording
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recording density medium because it has a high perpendicular magnetic
anisotropy constant (Ku) and thus has a high thermal stability, a high
coercivity, a squareness ratio 1.0 is easily obtainable (see Japanese Patent
Application No. 2003-206091 for example). On the other hand, a magnetic
recording head for writing information to a magnetic recording medium has
limitation on the magnetic field that may be generated due to the writing
process and thus has difficulty in the writing when the magnetic recording
medium has a high anisotropic magnetic field (Hk). For a conventional
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The underlayer preferably consists of Ru.

Utilizing the structure as described above, the improvement of the thermal
stability of a recorded magnetization and easy writing by a recording head
can be both provided. The reason will be described hereinafter.

In order to improve the thermal stability of the magnetization recorded in a
perpendicular magnetic recording medium, a perpendicular magnetic
anisotropy constant (Ku) is desirably higher. Specifically, when assuming
that the volume of a magnetic grain is V, the magnetization recorded in the



The underl ayer preferably consists of Ru. Uilizing
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ofS1®Pto 10% and having a gas pressure of 0.1 to 10Pa for 1 to 10 seconds.
By providing this step, the surface of the underlayer of a hexagonal close-
packed crystal structure (hcp) can absorb oxygen and the slope of a
magnetization curve in the vicinity of He can be made to be gentle so that
the magnetic interaction among grains of the perpendicular magnetic layer
can be reduced, thus achieving the objective of the present invention more
effectively.

It is also preferable that, in order to provide the crystals of the underlayer
having C axis orientation perpendicular to the substrate face, the non-
magnetic substrate and the underlayer further have therebetween an



and the magnetic layer formation step a step for
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Best Mode for Carrying out the Invention Hereinafter,
an enbodi nent of the present invention will be
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net| c substrate 1 has thereon a

lam nati on structure of a soft magnetic backing |ayer
Fig. brisedt aehagnatisnyiem for explaining an exemplary structure of a
perpendicular magnetic recording medium using the production method of

the present invention. In Fig. 1, the non-magnetic substrate 1 has thereon a
lamination structure of a soft magnetic backing layer 2, orientation control
layer 3, underlayer 4, magnetic layer 5, and protection layer 6 that are
provided in this order. The protection layer 6 has thereon a lubricant layer
7. The orientation control layer 3 is provided by the first orientation control
layer 31 and the second orientation control layer 32. The magnetic layer 5
has a structure in which the first magnetic layer 51 and the second
magnetic layer 52 are alternately layered to provide a multilayer
lamination.

The part from the soft magnetic backing layer 2 to the protection layer 6 is
provided by a film formation method such as a sputter method (e.g., DC
magnetron sputtering, RF magnetron sputtering), vapor deposition, CVD, or
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nm. This range will enable sufficient crystal growth in the underlayer 4.

When the surface of the underlayer 4 is subjected to an oxygen adsorption
processing to subsequently form the magnetic layer 5, the magnetic
characteristic of the magnetic layer 5 can be further increased. Specifically,
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prev1ous y form ¢ soft magnetic ackmg layer 2 on a non-magnetic

substrate.

The orientation control layer 3 is a layer that is preferably formed in order
to control the crystal orientation, crystal grain diameter or the like of the
underlayer 4 and is more preferably formed by a plurality of layers. This
orientation control layer may also be omitted.

The orientation control layer 3 can be provided by a non-magnetic material



omtted. The soft magnetic backing | ayer can be

provided by a crystalline N Fe alloy, SENDUST

(FeSiAl) alloy, CoFe alloy or the like, FeTaC, CoTaZr,

CoFeNi, CoNiP or the like having a mcrocrystalline

characteristic, for exanple. However, an anorphous Co

alloy (e.g., CoNoZr, CoTazr) can be used to provide

an inmproved el ectromagnetic conversi on characterlstlc
orifie SO pmagaetici materabkWden dhe 1908 seagnetigghacking layer 2 is
fayasd ngdelay}eq opiedbpteonl sowtrol hayerssucic ipoft vragnetic material is
mohar pdferabdy | asedfthhh eamnp fimedticn raacar gang ofiehd. soft magnetic
biEaraayer. When the soft magnetic backing layer 2 is

subJ ected to a conti nuous f|Im formati on with other
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wnic

prevents a currently-availa le head from providing saturation
recording, causing an inconvenience in the recording.

Furthermore, when an alloy having Ni as a main element is used for the
second orientation control layer 32, the first orientation control layer 31 is
preferably further provided. In this case, a layer consisting of Ta is
particularly preferable as the first orientation control layer 31 so that the
first orientation control layer 31 can cooperate with the second orientation
control layer 32 having Ni as a main element, which preferably controls the



perpendi cul ar to the substrate face and the crystal

orientation of the perpendicular nagnetic |ayer above

t he underl ayer can be provided in the axis c to be

per pendi cul ar to the substrate face. The conposition

of NNFeCr alloy is provided such that Fe is 10 to

20at% Cr is 20 to 30at% and the remainder is N in

a range whi ch enabl es the best read-wite
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aor Cerlliflki bayexprfo-Si04 dpger,3Pt-Si0x layer, and Pd-SiOyx layer, for
example.

The composition of Si oxide added to the magnetic layer 5 has SiOy (0<x=2)
but preferably is Si0». The addition amount of Si oxide preferably is within
the range of 2 to 10mol% in the case of a Co-SiOy layer, 1 to 8mol% in the
case of a Pt-SiOx layer, and 2 to 8mol% in the case of a Pd-SiOy layer. This is



preferably has a filmthickness of 5 to 30 nm This

orientation control layer 31 is not always required to

have a nultilayer structure consisting of a plurality

of layers, and may be an orientation control |ayer

having a single layer if desired. The magnetic layer 5

is basically provided as a nultilayer Iam nation film

which is obtained by providing the Co |ayer as_the
bé¢qause Hoagneddisionayanowt ofn&it peidpt lowgerthan mhig gpsses an
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conpoég%qﬂgﬁ%gec%ﬁﬁognge lagP%%Jl %{lﬁe ic layer 5
has Si O (0<x=2) but preferably is Si 02 . The
addi tion amount of Si oxide preferably is within the
imemtil t o 10nol % in the case of a Co-Si Ox | ayer,
1to 8ml%inthe case of a Pt-SiOx layer, and 2 to
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Al ﬁD{gEeg pé)c%gglans% ﬁhs géllbgﬁl ent has a
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15 provide ammatmg g\fasg substrate
1 the CoZrNb soft magnetic backmg layer 2, the Ta first orientation control
layer 31, the NiFeNbB second orientation control layer 32, the Ru
underlayer 4, the magnetic layer 5 consisting of Co-Si0 and Pt, the carbon
protection layer 6, and the perfluoropolyether lubricant layer 7 in this order.

The glass substrate has a diameter of 2.5 inches and thickness of 0.635 mm.
The substrate was cleaned well to be subsequently attached to a film
formation apparatus and the following film formation of the respective
layers was performed. In this film formation method, the film layers from
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The respective layers for constituting the magnetic

| ayer 5 can have various thicknesses, according to

the magnetic characteristics desired. However, for
exanple, the Co layer or the Co-SiOX layer has a film
thickness of 0.2 to 0.8 nm the Pt layer or Pt-Si Ox

| ayer has a filmthickness of 0.05 to 1.2 nm and the

Pd | ayer or Pd-SiOx layer has a filmthickness of 0.5
thepsoft Bnagnetichadkangbiyer todeQurotesteon yer iveere @epaied by the
DiCamegnbaenasputten mbtlddiess of 0.2 to 0.5 nm the Pt

| ayer or Pt-SiOx l|ayer has a filmthickness of 0.05
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ment 1 In ment , an exan‘pl e of an
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thdpkoersneh? nms The fakm dermationhwan comdwitgd ot xpom temperature
apd obhedgds hyrelssumtenad i@ o HEhg fdes foripatioat easlpeitfowemed while

cKadgibp sled tddpRBitedn Grab@chbiy 0.8YfAn/2ecohfietd al firfdecond. For
chpEALEL] Qe E98Y sﬁﬁ n rhey & vgﬁed to%r i \Eﬁﬂbﬁa CqME formed Ru
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yers rom e SO neti ¢ backing layer to the

B! RRdedyser °%8e %gggtlecdla%r%rtg]?s formed By the Co-Si0x/Pt
multﬂayer lamlnatlon film. Two types of targets are used in which one
target has a composition of 94mol% Co - 6mol% SiO:2 and the other is pure
Pt. Both of the targets are simultaneously subjected to an electric discharge
while being rotated by sputtering to laminate the Co-SiO2 layer and the Pt
layer alternately. Sputtering was performed in Ar gas to form the Co layer
having the film thickness of 0.5 nm and the Pt layer having the film
thickness of 0.28 nm. The film formation was performed for 14 cycles (28

layers) to provide a magnetic layer of about 11 nm thickness. The film
formation is performed at room temperature, and at a gas pressure of 5 Pa.
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First, CoZrNo was formed as the soft nmagnetic backing

| ayer 2. The used target was Cos7Zr5Nbs (the

subi ndexes hereinafter show atomc %9. Ar gas was

used to performsputtering with the gas pressure of 1

Pa to formthe filmhaving the filmthickness of 200

nm The filmformation tenperature was room
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as descri bed above. On the Ru underl ayer 4, the
Firmdghehows thy eesslti of dvalnstingthe reéfecobysh@ﬂﬂdeposition rate to
thall Kub/@tar rhéisi Relidiontel lparpdindictijaresnagndti¢ geicsrding media
pké’iﬁﬁe&rby\@hﬁﬂbdﬁﬁ@nté £EAA2 RASudedONPOSI t i on of 94m1%

- 6rm| % Si02 and the ot her |s pure . Both of
ets are SI aneous ect ed to
PR EPHE S TS i o8 JELE K g o
ench FIHES Hzattﬁ)él fégnetm ayer 1is

ahnoetr rrateratedspy taarag m@%nqiemeéelrrewas nuﬁ@d gk measure the
nfagneticht®r@oe lcayess under the applied magnetic field H in a range from

10 kOe to 25 kOe, and the magnetic torque curves to the respective
magnetic fields H were subjected to Fourier analysis. Then, by using the
relation in which the crystal magnetic anisotropic energy E of the magnetic
film is approximated by E=Kuisin20 + Kugsini® (8 is an angle given by the
spontaneous magnetization and the easy magnetization axis of the magnetic
film), Ku and Kuz to the respective magnetic fields H were calculated. The
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having the filmthickness of 0.5 nmand the Pt |ayer

having the film thickness of 0.28 nm The film

formati on was perfornmed for 14 cycles (28 layers) to

provide a magnetic |ayer of about 11 nmthickness. The

film formation is perfornmed at roomtenperature, and

at a gas pressure of 5 Pa. 11 Next, the &GN filmis

formed_as the protection |ayer 6. The target used js
cedeulaged dax aprliyz fan thenraspegiene graematic fiplds s thisgianner
weee olotsed dyotheldsverse nyseber of phe f oragnstist fieldi (1gH @and were
approximated in afstraight hinki BadgisallfHéufwdsnlefimedad sach bsralue
tiRgr {sobhefnad H;D@@di Ralul ebtanddt by the @ﬁ?alﬂﬂﬁﬁﬁﬂrﬁl the
sﬂr§1g1ht 15 td:!ll}?J'(b Yr eldd E"‘ ’%gb%w[@w rge@. &l dalfiration
m\%ﬁneﬁ% Hﬁf C]E?S%%%ts ﬁinea c? ¥11ue tpls d by directly

kA Ry Sl "%‘f ra}gﬂ?&%%uﬁwcsfm -
w2lide W asslatmed apa g Rad

Enbodi ment 2 conprises a perpend| cul ar magnetic
The depdsitmpn retdiwas dsfined frblos mremnierlaedesepibetl helow.wh émne at
whih Thenelbétdid diRhabzd volthge nfod, spritterifg detagidiedain order to
sI3RTRAS! KilrR ol a0 b/ %h@chnderﬁ?j@r AyaP £ b8& start time,
w‘ﬁtdtéeﬁ lt,ﬂeg%tt {vﬁl(ﬂf”t e%lect%’ca !('s%th'a n%dc%ltt r %putterlng was

'%g; aé ﬁiml\ff))r I n&\% eflayer was [ Ssumed
g Bear W@tﬁremr@teo% Fhéim et W%m%é%% 1 gssumed
aEn@o&ms l‘léllatlpﬁle tigagn dsgcondphr ddree thigkness sof e |qeposited
undérlayéOwas\divided byethey filn ﬂ)rmaﬂtlcm thine -and3 adrds@itant value
waBtsagmbddas Sdeppsiewantate. t he squareness ratio and Hn

represents a magnetic field in which the inversion of

A8 c‘ﬁgﬂ@tsb&? Q?d]ﬁ']ﬂ# 3 Qﬁ@%\%{e%e 'th. §s%@ attmle1 e higher
tl?eerlgu;ivﬁl atlo 15 Fe%ar%les hng meu éhl Co A

d%]ilﬂfl oné'ﬁ pgwl to ¢z lowes tgﬁ tI‘HE S@g Fal(lﬁe a rapld 1ncrease
it Bty radochrdeposision rateraausd sogirtlpwisr thes Q-gnm/second
int h:@rma!aiulcauma ¢hehiéns/ peinpeiodesededr 10¥gmegandless of the
armpumtdoih§i0® diddedpioe Qar &€l thy depasiiowenise is and s2owy ehe time
rtﬁfﬂed Thethy AtARYIRa8dnSITANe REdaayasisUnerbdsed BRasdHIfely to
cdibe {YrobRA ff@ﬂl ’chel‘én ofnlt% gh5ﬂ19ﬁ§ Tﬂué""'ihcﬂhet 8fe of the
ARH1S 1%1% tsI oqq't eerl (?fti],h @éght 1I§ve|§ (ﬂ? Stthe underlayer is
Sat U
of sratarﬁ St i e dhge it abaL
nm/ge@nd-in a range from 10 kCe to 25 kOe, and the
magneti c torque curves to the respective nagnetic
Tabk ds s$hoves eKabKes} dflus, 0 KindiKigr Hlnaljki éaldidahionbyof the
péfididiéliar magnetic recording medium of Embodiment 1. The term “Hk
(calculation)” is obtained by calculating the value of Hk when Ku: is
assumed as 0. It indicates the effect of Kua.

n 0.3

Table 1
Ru deposition rate Ku K Kuz KuzKui | Hk | Hk (calculation)
(*108erg/ce) | (*10%ergiee) | (*108erg/cc) (%) | kOe) (kOe)
1 nm/second 5.0 4.5 0.5 11.1 21.9 244
0.5 nm/second 5.5 4.8 0.7 14.5 21.1 23.9

13



relation in which the crystal magnetic ani sotropic

energy E of the nmagnetic filmis approxi mated by

E=Kul sin26 + Ku2sin46 (0 is an angle given by the

spont aneous magneti zati on and the easy mmgneti zation

axis of the magnetic film, Ku and Ku2 to the

respective magnetic fields H were cal cul ated. The 12

cal cul ated Ku and Kul for the respective magnetic
Wheat dheHdeposition matnef therendsnbayerd ipy0.Hhan/aeende Ku is
sigoifiemthyf indreasmbastcomfared do(d depositidnwerte of 1.0 nm /second.
Hepprveoxi KRbed Invréasddr ahghthud 18k iSpedivkced ald Yhe Kantasy. Hk
(ARl AEEn R T akiilted MRENE asdliabtibh Rk ANER B)is 28d ROe2which

I t
\éilﬁg%ggtgla?tigﬁg JX‘e&ﬂ”ﬁl %PBL@& m }J;RI\%%L&?*/S Ig can be
Srggn §H{/§e 14 h?(fa&ﬁe QBEEI ‘Kul was defi ned

as such a val ue that St ai ned by directly using a
Tayhle Sbyweh@eeﬂerra&ﬂf@;teaqu charaeterisbisvand theistgnalinoige ratio
(R RLef the samEperpa]icklar magnetié revedding medaime

obt ai ned by Ku- Kul. The deposition rate was defi ned

in the manner as described below. Atine at which the
TgheSE ri ¢ discharge voltage for sputtering is applied

In order to start the fllmforrratlon of the

||ut|a tHTe re while a tine
Dgposiijon tet he eld'girl q dibs'gﬁar 324% > for sputtering
i A—OF rlr\ tn fi nl

WatS Heed to—fit mformation of
S

Ly rl ayer44v\%¥3 ass 0B ok §4f7dﬁ| sh tine. The time

0l5 AL RGAST AT (4 J 4JF 10 LRE T [ 98 gape is assunmed as
afilmformdtion time (seconds). The thickness of the

deposited wunderlayer was divided by the film
formation tine and a resultant val ue was assuned as a

WARROShE i Jsﬁt@n rate GATEIRE u a,ny %Fog n é dl BER was
1&0@%&1@[& g}?%%%h& rv@hgrrt C?Hlé)a r%o gthercasc.e Cﬁﬁ ion rate of

G‘BHJS g’éﬁ AZRGIREISHCE GTg bo %Hrgl gher than 40
d rrﬁé‘é%éﬁ‘%jo auseel causapg A0ipToblazae In .pﬁartt@a Kiges [Eilpe evaluation
off the O WA dhapaetieristie wasepeforthed csuph thatker withamegards to the
pérpemdisdapndagnetipaetdirdingmediuaestheh © Wuckidfakterisaid owhen a
high HxEgEdeldWinedansitLss waittbhGo AW Hndl r8t&dingddadity is
adsur®d akfOWNea N@BASEHALR{t8Ewith qgwsll.tﬂrﬂlr fé&@r&lhgqensﬂ:y is
otreq'Wl{tgﬂ \Ilﬂ:i‘l zti qgfl'ltl{gatrolrewdlgg c? nstl ef&lg ?tf }?é/? t1 %etween

iR gDy RGPS STt ¥ Jg RRE Toporing deley g ine residual

signpfy, hayiagn é@g tlﬁ%ea&'n%é?‘? RE densife fesd overwnte is

calaykated oWithheeasde rtoathe recordingfdansbtigs disedsithedow linear

ragording dexpoty is 68.5r WFEI 4240 dmd the higihdimenharcdrding density

1643 RO (1 TabThe I0Bhoksrdtteritit in Kha, casy 2fKetle thdllow linear

ré?%rtﬂ &éhllﬁbl' ‘i’é‘)wﬂftehh&) tlrfeeh%{‘ il'rfé% %cﬁﬁﬂﬁgtde‘ﬁsmy (which is
t

Cu at [ @52 ‘El}gflﬁen sgzie:iﬂgg C-g]lg Otf%w 1 I‘ﬂlch thg ratio

elzar}'grecordmg el y and
the resi uz:if 81gna1 having the high 11nea1' recordlng density after the
overwrite 1s calculated. With regards to the recording densities used, the
high linear recording density is 321 kFCI (2 T) and the low linear recording
density is 42.8 kFCI (15 T).
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assunmed as 0. It indicates the effect of K112 Table 1

Ru deposition rateKu Kui Ku2 Ku2/Kul Hk Hk

(cal culation) (* 106erg/cc)(* 106erglcc)(*

106er g/ cc) NO(kCe) (kCe) 1

nm second5. 04. 50. 511.121.924.4 0.5

nm second5. 54. 80. 714. 521. 123. 9 13 Wen the deposition

rate of th ndelay is.0.5 nmsecond, Ku is
AQV@H‘?%%"*GH%%&)JECFH nééorbonpar ed to a deposition

rate of 1.0 nn1/second However, Kul is increased and
Aténrdingktd the prhsentlimorention, munmﬂtihw.er Hxmigatadw Gilat eqn) Co/Pt)
iscasarbit@pecvide 4 hegladdunihe andéHayetihs iah Rep cfystal Structure,
aK@QheVHB BitiorRkeR i%'"l%tﬁﬂttﬁr(ﬁ‘t lo%rrt‘?fa‘ﬁr@Wﬁﬁl/Qé’coﬁdhq!iﬂJ.s both

oidh aﬁ&'t ! d4m BE c%?ﬁh ?nlesﬂﬂ)bﬁ_xt i4d @l %Jendlcular
1 e use g}aglr GeYRtn g gme £ hich
PRk togh JyVib @ Mot et Sherma SabY T
Cf‘l'ré ?GaS‘éEW 8 ?he same perpendi cul ar magnetic
recordi ng nmedium Table 2 Deposition rateON OA2 SNR,
(470 kFCl) 1 nm second44. 3dB 46.4dB 24.7dB 0.5
nm second40. 8dB 42. 9dB 25.8dB When the deposition
rate of the underlayer is 0.5 nnisecond, SNR was
I ncreased by about 1 dB when conpared to the case of a
deposition rate of 1.0 nm/second. The OW
characteristics are both equal to or higher than 40
dB, thus are of a |evel causing no problens in
practical use. The evaluation of the OW
characteristic was perforned such that, with regards
to the perpendicular magnetic recordi ng nedium the
OWcharacteristic when a high linear recording
density is witten to a low linear recording density
is assunmed as OM and a signal witten with a | ow
l'inear recording density is overwitten with a high
i near recording density so that the rati o between
the firstly witten signal of the |Iow |linear recording
density and the residual signal having the |low |linear
recording density after the overwite is
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calculated. Wth regards to the recording densities
used, the low linear recording density is 53.5 kFCl
(12 T) and the high linear recording density is 642
KFCl (1 T). The OWcharacteristic in the case where
the low linear recording density is witten to the
high linear recording density (which is referred to
as OM2) was obtained as in the case of OM in which
Claimsatio between the firstly witten signal of the
high I'inear recording density and the residual signal
Lhavi ng tihetHvdghfol i pesdudiagori perpdadfiulyr afaghetide recording
m@USW bk Lrdcbers A it éﬂr& r1siﬂg}h regards to the recording

densi ea géﬂ YelI g&%{nﬁ%gﬁ l%t@ﬁaﬁbrr %ﬁ{lﬂ{ gorgegshhyl thignetic

95? n‘ﬁ FRIRTGA 0GBt PRLEESGYE plgss packed
crlyﬁ rﬁtF uA%‘ |ng to the present |nvent| on, a :
nul t i3 alpas haxaroformpkiope sgep fos/ Pryviding yaedaltgrnately

lapnmaltelré nauhllgheﬂ(orf atCelayeiead ayferst msgratihayer rapsk alPt layer
osh Rdclayee as adsvdohd én A@aid layen diddcelyl shovguhk vrdedlayer,
| overwhBainbhé AAlSA6PEd is Thited RALD depbsiionl Bhtelblq@dldio or

1 onpati bl e to provide a perpendicul ar
oﬁl@glﬁ\gta?c rﬂégg?%l Hg medi um havi ng both hi gh thernal

stabilit which .can be easily witten.to .
2 ai it SR o RiidyciRE i BomER e dah Mg cceating medium
acapnding to ckadmy di shargatarigad 1eniraicthe npderlager formation step
ugesp sputtey methodnder |l ayer formation step for formng

on a non-magnetic substrate a non-magnetic
gunder Aayéetholdast pgodudinxagpediendiQier RaddiRdic Ric¥ediak medium
a&dok 8o ctany? Bﬂclﬁlﬂaﬂ&eh' Eheh%)é?érl{éar 1'fpi,tﬂa@,ré.t§5§£ﬁ cfrﬁ,\r of the first

I I f
m%g‘i%'tl 99%1";‘&%&’ ‘n%l éﬁ lgh@{qc 'ig&er a@d‘ehﬁ%ﬁ Si 09: dé‘
a Pd Iayer a se ond nagnetlc yer dlreptly a ove
4t he F ProEeBe it Paige RAFGHLC Fegp &gaﬂledmm
aq:oa@mgstq ¢l@rmﬁat<:énaéq¢1:arlzed iprthat dshe mtlhad for adding Si oxide is
a @pvitiel secthod. usigg aAargethadidddwitdr Sdoxidag a
per pendi cul ar magnetic recording nedium according to

5C1 ai MalycEhGH REtRLHGEG S £ Eﬂ?énch@lﬂarli’ﬂ étﬁyﬁicordmg medium
a&%&'gﬁ{g 1? Sf’claﬂﬁ 09438&’&113%& Q0% ha h@‘ S'{%txgé’éjm ${0,.

pro perpen cuI ar nagnetlc fecor |ng medi u

accor of. claim1l or d21 char acterl zed

64 hat gtmi%gé%dc Poawéﬂmﬁgea pprRandigar apagng afylé%coaﬁiaalgﬂﬁsdmm
agcording traaneof claimpet te §, gharasteonired & thad dhe Sioxide is added
in an amount equal to or higher than 1mol% and equal to or lower than

10mol%.

7. A method for producing a perpendicular magnetic recording medium
according to any of claims 1 to 6, characterized in that the underlayer
consists of Ru.

8. A method for producing a perpendicular magnetic recording medium
according to any of claims 1 to 7, characterized in that the method further
comprises a step, between the underlayer formation step and the magnetic
layer formation step, for subjecting the surface of the underlayer to Ar gas
mixed with oxygen of the mass/flow rate ratio of 1% to 10% under the gas
pressure of 0.1 to 10 Pa for 1 to 10 seconds.
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4. A method for producing a perpendi cul ar magnetic

recordi ng nedium according to claim 3, characterized

in that the nmethod for adding Si oxide is a sputter

nmet hod using a target added with Si oxide. 5. A nethod

for producing a perpendi cul ar magnetic recording

medi um according to any of claim3 or 4,

characterized in that the Si oxide is Si02. 6. A
9net hod methqgl lod pepdyciagpepprpedidielar megpesic recording medium
atcecdingd tvg amg dfucinims cotdi8)cHaraateyizofl ml thatstld: honmagnetic
sulivaraet @hd 286 widdridfert figtir oxdlde itheRbdeRleen mrABrientation
caipintvyepgual to or higher than 1nol % and equal to or

| ower Fhan 10ML% 7. A nethod for producing a

er pendi c magneti.c recordi ium accor to ..

Qny of 1of Qﬁ?@f% P?Sg%cm@r?apsraeaﬁ??ﬂgr el lteﬁ%rd’lgg medium
ageRBdRalfeFlaikods pharacserizgd 1y that the mientatiopr emirglnigyer is
provpded didlagminating ghe tfitst ravtentation emndrelniayse andiithg second
otientmtymwéontal lawet, the fiyst ormeratienicoatiol haydrats & He layer, the
sdtohllaiditatibarcontillaysess angtofp NIEEMBBalyBE a NiFeCr layer,

aﬂ@@gﬁﬂﬁ*ﬁqa formation step and the magnetic |ayer
formation s ep, for subjectlng the surface of the

nder l,aye
U /ﬁ%ﬁﬁ r dipffae /egfioenféfé laﬁﬁ%r-gqq%& igifrding mediua
é g ko it %16‘1 10 %pal ¢ gharagts 9 g0y magnetic
thfef@ 3 the wmtﬁ‘g}oa Wgéméulfarthﬁgn@hd@ therebetween a

Scrfwmgnaisg:bmﬂhmngdamcordl ng to any of clains 1 to 8,
characterized in that the non-magnetic substrate and

t he underl ayer further include therebetween an

orientation control layer. 10. A nethod for producing

a perpendi cul ar magnetic recordi ng nmedi um according

to claim9, characterized in that the orientation

control layer is provided by lamnating the first
orientation control layer and the second orientation
control layer, the first orientation control |ayer is

a Ta layer, the second orientation control layer is

any of a Ni FeNbB layer, a NiFeCr layer, and a Ni FeS

| ayer. 11. A nethod for producing a perpendicul ar

magneti c recordi ng medium according to either claim?9

or 10, characterized in that the non-nagnetic

substrate and the orientation control |ayer further

i ncl ude therebetween a soft nagnetic backing | ayer.
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