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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM METHOD FOR
PRODUCTI ON THERECF AND MAGNETI C RECORDI NG AND
WRERRORIIG NG DEVI CE USI NG THE MEDI UM Cr oss Ref PCEIE®03/@0744
Rel ated Applications: This application is an
application filed under 35 U S.C. | | |(a) claimng
the benefit pursuant to 35 U, C 119(e) (1) of the
filing dates of Provisional Application No. 60/578, 849
filed June 14, 2004 and tent Application
No. 2004-168640 filed Jﬁ@gégﬁéggi?pursuant to 35
US C 11l (b). Technical Field: This invention
1\/{eaestoa netic recordln nmedi um a net hod for
f}éNE T REC ORDING: 4E &1 | FOR cPROBUHGTIEN THEREOF

Af\n]?élr% Backgr OUI’]?KR’%N@‘I%]QEper penﬁﬁgﬁﬁ@oﬁ%ﬂ&q JUSING THE

MEROMI ng systemis suitable for exalting the surface
recording density because it is enabled, by causing
the axis of easy nagnetization of a magnetic recording

ChAY Reeferdtice o R@fatgae@lgbmgﬁ&;sof ore turned in the in-plane
direction of a nediumto be turned in the

per péhidiapplicatiodi is ewt appicationt filednedeudd 6. Ce§riea@p cldiming the

i f h rhodof he. . ..
b"ﬂ‘%ﬂﬁg‘t‘ﬁ%‘z‘%h AU 1&%&&89’6& Wfings S elibroysinnah Application
Nbew)ﬂelmsztm filgdeR@e dianaod bsd dpdnas Iaatérﬁ%ﬂﬂhc@t‘i&?NB b&64-168640

end of being magnet ostati cal | st abili'zed and

ﬁ‘éﬁﬂ‘é‘l‘ﬁ‘cééopﬁ Prl@w@ttaﬁééJSé? §Hdd fluctuation in
accordance as the recording denS|ty i s hei ght ened.
When a backing substrate nmade of a soft magnetic

Techneai kldi s | nt er posed between the substrate and the

per pﬁ@dl cul ar rraﬁ‘%netl c recording film the resultant
prodUME YERiON, Fdatss tg %dn%%epédeﬁ%fﬂﬁ’énmeém“ar a method for the

pxbﬂ@ctioﬂ)fﬁére&eﬂdufhﬁgﬁletﬁ% rﬁﬁ%fa‘%dr}ls]gtjadﬁ& é"&g\é@gu?m%/ the magnetic

ability. In this case, t magneti c” un
regordisigamesiemt he rol e of refl uxi ng a recordi ng magnetic

field froma magneti c head and enabl es the recording

and reproduci ng efficiency to be exalted. Generally,
Bidkgrqpad pendi cul ar magnetic recording nediumis

conf | gur ed t()iy
The perpendicular magnetlc recording system is suitable for exalting the surface

recording density because it is enabled, by causing the axis of easy magnetization of a
magnetic recording layer which has been heretofore turned in the in-plane direction of a
medium to be turned in the perpendicular direction of the medium, to decrease the
demagnetizing field in the neighborhood of the magnetization transition region which is
the boundary between the recording bits and as a result attain the trend of being
magnetostatically stabilized and enhanced in resistance to thermal fluctuation in
accordance as the recording density is heightened.

When a backing substrate made of a soft magnetic material is interposed between
the substrate and the perpendicular magnetic recording film, the resultant product
functions as a so-called perpendicular two-layer medium and acquires a high recording
ability. In this case, the soft magnetic under layer discharges the role of refluxing a
recording magnetic field from a magnetic head and enables the recording and

reproducing efficiency to be exalted.



10

15

20

25

30

stacking on a substrate a soft under |ayer (soft

magnetic filn), a foundation filmfor orienting the
wo00F10i76easy magneti zation of a magnetic | aye@CT/JP2005/010744

perpendicularly to the surface of the substrate, a

per pendi cul ar magnetic recording filmmade of a Co

all oy, and a protective film2sequentially in the order

nmenti oned. A perpendicul ar magnetic recordi ng nmedi um

whi OXdrHEi s alNil. NG i i nya - or

B o O B e Ry IRt 18 Xffured by
stackmghema substpass adsaft efidar, layerr (sefk anagnetic fidmJ,Pa Aoundation film for

2003-168207 or JP-A 2003-346334). For.the purpos f
orfe Btk Hh6, 55§ sai ReBSatiingr ¢ BBt [yeanatpendodarly to the
suFfegy oftHe sisstrdy h perpshdieilat magmdtieb&oroing Hl@mERNS & Yo alloy, and
recording with a perpendi cul ar magnetic recordi ng )
a ﬁ@@@meugmgseaumwﬂénm ehel arder woentipped. mAdipgrpendicular magnetic
-per [ aliapbi| i iS4 ndj I
rel RN Shed B VEED |30 B ok Bt BRtalitg maleril M TREIEAR syprure as o
peandjpubin avagaatiairdécordihg fihmolsebven fpropdste (iefig, fdreexample, to JP-A

ts_of the gl substrate to precipitate on
Zoﬁggpégg&?%%@'éfzopﬁé%ﬁg%um Thi's precipitation
par tg &Uthé”p:u}’pcﬂé“o‘? Seddtin) WTpIHecE aviﬂ%:heﬁg‘ ‘?ecordi_n% aingsr_eproducing

per pendi cul ar magneti c Tecordi ng nedi um uses |

depisepwhithcisl aapabiegoéthigh rdsositydireaprding nwish reatperpeadlicular magnetic

cont ai ni an. oxide. Further., because fhe ,
ref R, Xshh APiia gnbtPRAdiaHtE IRTAVET s, fopyguer, perfection of
refitaltyl RY indispeRdablee, Theeuddr BFiaPblasy isstiafe WARKE|sCRAME general

ot her than those of the gl ass substrate, such as the
acgerspncAtentailsedeinroblem ebptfferingnihei conpanantarnf thaeglass substrate to

. | ro | p . S . .

priibEE Ul L S0 0 ey PIAS, BreS B Bl BRI gains in
profnirieRcéraitlien thegeipendicalae magfetiiy evdrdganedigniséLin its perpendicular

recqordi ng mediym of a smaller djanmeter., When_ the
magngle r ieeerdiie filgym Imaprdte cRptaingIE 9B OWdeh tFhsthsh begause the
pRberule Afbght REOUER ML b B S AR pickibtation of the
elements othed thanothese pf theeglassemibsteatessmh \asttbe elearentsaussidas the soft

t .h b {e. t he.. trat f. [
migheHE TR 40 tscorirotation SomAOtin Alhe mire agrridhs HRRIER at e,
t he Byalidh&ingfth@ rdtodding Jeditydo @l kﬁ%l&i‘i(@et, 308 rhalle possible even to
seriously inpairing the productivity. By using a
prayife @dﬁa&‘%ﬁfﬁ@_{ré‘,ngimeqllsmr&foeesm&@i%ﬁféetﬁb ¥éhen) the fspbsigate of a
srifal &ik#ﬁ‘e&? PG WD o é?aao'f%%{xg!?ﬁe ﬁ{o?edcﬂ% ‘ﬂYﬂgté%-Dﬂ@ Qdiamond
use O a granul ar stru ure con Initng an OXide for

likehearp@) p fordéxauiple, thegbe tsblinge drer pioblenf mentiofieis bbdwe, iithbecomes

readi |y i nduci.ng the occurrence of cqQrrosiaon du? to a
necessary to exert a bias to the substrate. en the substrate of a small diameter to be

used 1s an insulating glass substrate, the exertion of a bias is at a disadvantage in
seriously impairing the productivity. By using a silicon substrate, it is made possible to
easily form a film of DLC without impairing the productivity.

The use of a granular structure containing an oxide for the perpendicular
magnetic recording film, results in readily inducing the occurrence of corrosion due to a
fault. Thus, the desirability of developing a magnetic recording medium which solves

the problem and permits easy production has been finding recognition.
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fault. Thus, the desirability of devel oping a magnetic

recordi ng nedi um whi ch sol ves the problemand permts
weamy/1prnoduct i on has been finding recogniti on. A¢T/$P2005/010744

i nvention has been initiated in the light of the state

of affairs described above. It is ainmed at providing a

magneti c recordi ng nedi um endlewed w t h enhanced

reliability and enabled to record and reproduce

i Nf PRigRiVeRon Rastedh iﬂﬁ%’t@& {Ythe q‘igﬂ?&ﬂﬁg staf oftalf@irs described above.

production thereof, and a magnétic recordi ng and

It is epnestiatairagdidg\a wagnesic mecordiag megivan endavessowdh pghanced reliability

di Di scl gsure._of e.lavention: . For ;the purpose
and g 151 B A T o8 OBEERI O ML 4, gbBT D BRE60 for he
préathgeei thefeofind 4 Mugivtic @ecdrding lahé edpeedicingddeve@ningCthe magnetic
recordi ng nmedi um conpri sing a nonnagneti c substrate on
reGRRdipg mediumbast a soft under layer, a perpendicular
magnetic recording filmand a protective filmare
stacked, wherein the nonmagnetic substrate is a disk
Digflossird oftthe Ihauiiog a di aneter of 48 mmor less. A
secqnd aspect of .the invention i.s directe 0 the
moNBt A PEBBSIPh e R Lo PGP GGG abPYe @ firs aspect of
thig SPRAtion W AIBEER D% A NREdrAingURSHAL BorhridingiaSkoragnetic
silicon having a dianeter of 20 nmor less. Athird
substiatecen whichhat leasy @nsafiowndes laier, e pergendicul aremaguptist reeording film

o SRR AN RIS, SR8 Buhohist iR ot sicon
haviél ardidiseted dfet8camgangss. A fourth aspect of the
invention is directed to the magnetic recording nmedium
accd¥ 85984 1spagh pf Sifeinyenticieistdiresied ity theymagnetigressprgling medium
acé’mgﬁlg'tg &Q%@@%@%@P'&wréﬁ B UM n{tﬁ:cg’tquagl% 14 NNASF silicon
a granul ar structure conprising at Ieast , Bt* and an
havxp deliandetéi 6ft20 msipadessof the invention is directed to

t he netic recording nedium according to the fourth
as pé‘cn%%“ﬁﬁ&eéﬁ ﬁglﬂi‘f’e‘ %P‘é%“ 15 ‘éTC‘?‘g&%fheoﬂ’ég?Féﬁb@For%mg medium

ac&ﬁhiﬁgtt%dthg R bheend Lh@pé‘c‘t’,”@h@rteidqgleqrgle@gve @RB: mddeSbf DLC
Ti Q2 and Ta20b. A sixth aspect of the invention is

(diginond likelcarbow). met hod for the production of a magnetic

recoy di ng nedi.u Qnprisin .sili,con substrate on,. .

i ah e EE0 G RV nlioR s Riet $G S PRERGTE frofting medium
actargingttb Canfyesier 6ff thg firs tv tivd @ppEt9t Whdrkinetht igeeatiRular magnetic

stacked, which nethod conprises exerting a bias onto
reqording film hgh a granular stractufecompsising ag laastC g P ard anp guide.

A fifth aspect of the invention is directed to the magnetic recording medium

according to the fourth aspect, wherein the oxide is at least one member selected from the
group consisting of Si03, Cr,03, TiO, TiO; and Ta;0s. |

A sixth aspect of the invention is directed to a method for the production of a
magnetic recording medium comprising a silicon substrate on which at least a soft under
layer, a perpendicular magnetic recording film and a protective film are stacked, which
method comprises exerting a bias onto the silicon substrate when forming the protective
film.

A seventh aspect of the invention is directed to the method according to the sixth

aspect, wherein the silicon substrate is not heated.
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film A seventh aspect of the invention is directed to

the nmet hod according to the sixth aspect, wherein the
weRdosazn7eubstrate i s not heated. An ei ght h aspeCt/Jenos/010744

the invention is directed - to a magnetic recording

medi um produced using the nmethod for the production of

a magnetic recordi ng nmedi uméecording to the sixth or

seventh aspect. A ninth aspect of the invention is

di r @6t gighthoaspeltoa@kiifverRioArisidecRd do L Rapsbik] RBording medium

devi ce provided with a magnetic recording nediumand a
produgerbesing theapethest for deoprarvggioned ameagnede tacarding medium according

inf ' j magneti ¢ recordi ng medi um wherein
to{hﬁg%nlgg#eet%fg%tjh%é%%?i s a magneti c nonopol e head and the

magAetnigthr especdiofigtheeiventons i$ hitreorgNed iaC magaeidirégrding and

rre(gli@um(?ccordi ngg’o, ny one of the first to fifth
reprRYHCHSdeYifE RIAY K TgetE recording piedyeh gnd ¢ magnetic head for

o . . - e .

reBRRE ph LA AT e iR HORURT Wierein the
mageetpehehidos laamagnetjo endnopoledeadiand) thid inagmatic racqrdimigentedivm is the

film by form this the non-magnetic substrate of a
magheti EPVcing s Orh SPIRICE I et G G e i casgects and the
cighBiaspegn nade possible to easily manufacture a

magnetic recording nediumexcelling in reliability and )
pr oV de Perpaidipidan magaelly a¢carding dnedwm afiamiskedopn a non-magnetic

SR S, SO AT PP A o o

e pro reor a

protegtive dilmg barformiagnidd tied Men-tagnedie substige bhe diskgfailicon having a

,reco;q(}l ng nedi }Jm .The above and ther obj ect s, )
diqmpserQf1 48 gy P leps dt bascheey dpads Ressibledeeasily mapwfagivge a magnetic

o R0 FRRIAR GomRel, sl b Rrdiide o B recoring medium
capablo o aicoprdigg cmd wieppsiuciBg i ieforiesan iipthigin dedsityhe method for the

awi ngs: Eigure 1 is a crpss sectiop illystrating, one .
prodeii Shecnor el o mgnetc SecPLBRF and(roruticing dieeameane dragneti
reddydihfhiediupyention. Figure 2 is a schematic di agram

illustrating one exanple of the magnetic recording and
r epribd @bpyryanfeotherobjects.ctharastesigtib features andhadsantages will become

apﬁcﬁg‘t{t tm%e glﬁillgé‘{r{ t¥1ie N4 fPo% t}}eha%sérpp\{%gtgii\perr]f herein below with reference

to the accompanying drawings.

Brief Description of the Drawings:

Figure 1 is a cross section illustrating one example of the magnetic recording
medium contemplated by this invention.

Figure 2 is a schematic diagram illustrating one example of the magnetic

recording and reproducing device contemplated by this invention.

Best Mode of carrying out the Invention:
Figure 1 depicts one example of the first embodiment of the magnetic recording
medium of this invention. The magnetic recording medium illustrated in this diagram is

configured by stacking on a silicon substrate 1 a soft magnetic film 2, an orientation



10

15

20

25

30

Figure 1 depicts one exanple of the first enbodi nment

of the magnetic recording nediumof this invention.
wab@smagnet i ¢ recording nediumillustrated in P&i/3P2005/010744

diagramis configured by stacking on a silicon

substrate 1 a soft magnetic film 2, an

orientationcontrolling film.3,_ a perpendicul ar

magneti c recordi ng film4, a protective film5 and a

I j m6s uentially in. t or der ,
coptBETT S, bifBei B Pl kg Brmie§ Arcsessive fgm 5 and o
lubiicuing fitmysseqlietially Gotheastderidr@idneloped silicon as raw

materials.can be used. By using a silicon substrate

possiéd & HiFos) wbsirgteat sehsateorsing sipgle erystel sitiden and boron-doped
s1lm%' A% rﬁa?erﬁtl@tggn%qupé y a bias to the substrate

during the formation of the protective film Since the
si | iBynsisgbstlicab subthtet: patessiagteiictricalicdhdastivityk @ik made possible

to SebBieasbl § Biap B 0t wfindihe Fsméhopotihe peatprgiva film.
gl assinge s SRbE subsh@tethRs bt &Jﬁﬁnrf‘ 'sddt})tca‘ﬁrhlﬁd#pﬁg%ﬁgsels leRtrained by

at an advantage in shunning the problemo
a gasaupstrasg Mﬂwstﬁfer&tdwf@ muSk alprobien & thercasdef wsing aghssosfubstrate the

n _supstrate i refe abl
us%': t‘b:r?cttﬁngjrl H;g_;‘ ;Uggtﬂ% rrf‘n (A1) ERANAZR 1 S gﬁtﬁ)%ltlg i ’BrO‘} inducing
préapisationof dl@dlﬁdlﬁihetalﬁnﬂfé%uﬁﬁ&%ﬁﬁé Hegivef a medium
u5| ng a substrate of a large size exceeding 48 mm it
silifeassubsteate & prefesably s girendarr shape 4&fmra dmlm (particularly
spi_n the
20% (3{1%55]21 gl astce? o‘f‘?hﬂe% e%c?%r 0? srg% mgéls %Ft{atgtofalarge
s1th”qxc¢edlﬂga485mlustltr atneadd possibleitd attﬂﬁ I&M@Y@d&ﬁﬁ)m &4 By performing

th @[?QIS shifted after thefllrrs have been forned on
?ﬁ%c JE785sRInEdthaRArt for 2pply g abias thihgisubstrats, such as the part at

witet ﬂt@'shmtawdlﬁﬁfgttﬁ%n%ﬁhcé Elﬁltédté e{rhélg%ﬂls;b%%ratﬁepthetfﬂﬁls have

substrate. When the siZe is
be?’pﬁtfmeétﬂnatﬂlwulmramom rbynes.hs)n,g domechanism fdreestabhgnﬂg pomtact with

t roduct Vit
the Ao ol b Sirae W HRLS R 48 i o s (aagicutarty 20
mrdi Griis e[ h@fveiléte tﬁ&b@@fa@ﬁlﬁg iBYhot a 81y bhiSinsd |ah§CtHe productivity is
subgérate, IS made possSible to obviate th

SCIHUS g‘illt%trefidtecwﬁé Oﬁéltqqamlé fize of thendiameteg pﬁslm w@staatd By using
thc?%t%i(?r? Islfnﬁg%f}t aﬁtt ogé'i‘@e ’IE%gHtg{/@f alelgésg{gﬁg th8 Wchanism for
the triglasisg aRd a(tﬁmt ﬂnemﬁ'ad:tuteoasf the bﬁédlﬁhhanfaflillbly Qpi€tiduy ithpdlfThg the

r({ #x@? preferably 0.5 nmor |ess, and nore
PrOqUSH¥%bl y 0.3 nmor |ess because it fits the

r ecathdiaRerape EJrPch?&J%ﬂgeé Ry &{lhé ﬁﬂ% dt‘)g%gg niél%}‘erw t Bm or less,

t he head kept in a te of
prefefablyed. 5 ntrh@r lpgsnandemppeevpr n@s&bl)( Mﬁ)nm)br tehsebecaus‘eacﬁtsl the recording

peltfgl)ﬁ?é’daﬁ axng% recorrng dens1%y with the head kept in a state of low flying height.

Further, the minute waviness (Wa) of the surface is favorably 0.3 nm or less
(preferably 0.25 nm or less) because it fits the recording performed at a high recording
density with the head kept in a state of low flying height. The use of the silicon substrate
which has an average surface roughness Ra in either or both of the chamfet part and the
lateral face part of the end face thereof is 10 nm or less (preferably 9.5 nm or less) proves
favorable from the standpoint of the flying height stability of the magnetic head. The

minute waviness (Wa) can be determined as the average surface roughness in the .
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(preferably 0.25 nmor |ess) because it fits the
recording perforned at a high recording density with

wo b@shewds kept in a state of |ow flying hei ght PCThR2005@0744
of the silicon substrate which has an average surface
roughness Ra in either or both of the chanfer part and
the lateral face part of thegand face thereof is 10 nm
or less (preferably 9.5 nm or |ess) proves favorabl e

t n e hei ght stabil.it f.
m%stgmln%g% wg@ ﬁyrﬁ{-_\ éns%n%fiaex e 16U %§e Edgﬂnlél)é device P-12
Gﬂeﬁ-&emmeﬁbrﬂs t he average surface roughness in

t henpasur,i n ran%ﬁ of 80 mm by the use of a surface
roug SOf magnst Mg megg of 8 SPﬁ mggnetig matesiak oAs (s majerial, any

ofTH@nﬁ&HﬁlsW@ﬁEbﬁaﬂ‘n'ﬁ dMNi S memgf ?@?% af {13}%& ﬁuﬁarmﬁaxwable to

mat eri al . hi's materlal any "o
usg @n@@mHOF@Jhl(m camainCB0 ratdp dvemarsed.Cd tind st leasttone Wiebidny selected

se,_a al | oy which contains 80 at% or
frJrr'frt%lre ogkgoNgnﬁa g‘{ LAY one el enent selected from
anongs Loncrdke, pféferréd Xahpd3- of\Thé ORGleBhe e ﬁécf &bove, Cozr-,
exanpl es of the material nentioned above, f

C‘&WN&OZ@&ZICT’ZJCT-@@QFQZIWMSMMYBntaamobnatil oys may

be cyt.e m crocr

0% oSS SR BB RERRNT Sl AL SRR, Fevago
FellaNcindi FeZriN, abhivh ¢ontiably @it Y00H%BF fodé oF%aanﬂ thB &naterials

mat eri al s possessi ng granul ar structures having m nute

POSIGURH PrAgH AT sEUAiISH SpgBe Minute crstal grains dispgrsed in a matrix are also
avaiyald abl e. Besi des those enunerated above, as concrete
exanples of the material for the soft nmagnetic film 2,

Fe cd%aldles;ﬁwse sugheraed abGee, asn dorfeedte B:)am;ﬂed\lbf thk |n€a‘iﬁ'1al for the soft
FeAl all oy

m %Qﬁ ﬁ?m i:l%Co ﬁgo s%uc EF%‘CI%Q(? |£§ B) ei_%l aloys (such as FeNi,

FN@%O)ENH@Q &d | PaNS()S Ugdnia eQs Tipeand
eFeTa alei 0 asuch as) gEf&aM SzlllgaC (g%& %Tgﬁﬁp E’é%g C"ﬁeAIS;Cr
FeAl§idiRu elﬁj ﬁxb@ Fefy dlloysHetvh a Fefirs FeSrBramdsFarZu)\)EeTa alloys

(SlEZFIQS @e&gﬁﬁa@%c@#éﬂ@e@@gl%gg P @éa%‘fﬂggb a’lzloys (such as
FeZtN(lj);fs(éo Ao, lmN olycsys( Eﬁnhlua?:s %ﬁ' allo?&eﬁ%ﬂﬂ)ydm@alloys FeB
SIS BosaEes ey Gob didedCorhaliess fsulﬁléghéiqlﬁll CoNiBi and CoNiP), and
FeC@NPElﬁQJsl(chﬂramcgf\h LN Qxﬁlﬁ#g&ﬁ\thhz% (i?ﬁgcel.

m crocrystal line structure. e reas
pr efl&e etofle magnetive filmois pfavorablyt formedr e an ahhﬁphous structure or a

mign;'é) ér%%g%%t ﬁ?l lc{uﬂ' %gé}%gg ?Qﬁfg‘ﬁb?g ére%peeofs 'Ehiaua%o%l?odssstructure or
the microcrystalline structure is that the structure is made good in the surface roughness
to thereby avoid deterioration of the crystal orienting property of the perpendicular
magnetic recording film which is disposed thereon.

The coercive force Hc of the soft magnetic film is properly 20 Oe or less
(preferably 10 Oe or less). Incidentally, 1 Oe is approximately 79 A/m.

The saturated magnetic flux density Bs of the soft magnetic foundation film 2 is
properly 0.6 T or more (preferably 1 T or more).

Further, the total of the product Bset (Tenm) of the saturated magnetic flux
density Bs (T) of the soft magnetic film multiplied by the thickness t (nm) of the soft

magnetic film which is used in the soft under layer is properly 20 Tenm or more
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to thereby avoid deterioration of the crystal
orienting property of the perpendicular nagnetic

wo easneiing fil mwhich is di sposed thereon. ThePCDEP0I/@0744
force Hc of the soft magnetic filmis properly 20 Ce

~or less (preferably 10 Ge or less). Incidentally, 1 Ce
is approximately 19 AJm Theysaturated nmagnetic flux
density Bs of the soft magnetic foundation film2 is

OrpiPPRE#Y T8 2ioareTont PP EhEEIRY s P oM loper it o the

rang@nndilbRel ABBRE teCshbltige diihbé tay a Bsaligntade inhdetertirating the OW

magnetic filmnultiplied by the thickness t (nm of
chargrders$ICtPToRENet i ¢ filmwhich is used in the soft under

| ayey i " |
gt BB 0 O TR e 0 T e
is Favoiablyofi20 men oares (pesferablye’D abowve lesshe IE Her thigkaessi ¢f the soft

i SRR e SR O B e it
at ?gﬁ?d%%@gtﬂ; ?nff\éxging‘ deReridpation e shdhce ;h@f)&ﬁéi, resuttate inal¢gradation

avor abl 20 nmor |ess (preferably 80 nm or
ofblwsgtgrlstlfc propertidsi aol Wetesioation 96 PESLELYYgnet i ¢ film
exceeds th .1 M ' %
the ovEpirgdoy Bt i, bR MaBhede ol O Rl Mo BY e plating
méﬂlﬂ{ﬂrb@{/@ltabm of surface properties, resulting in
degradati on of characteristjc properties and. . .
det dhecurfesonl te softonenetic il (thessyriags on the sideffithe orientation
: i e fi i L
coffAlERED 'Ly A0S RIS AR 3t aion o
theragreeial o/hidhl forfs hiee sufr magwetiorfilihe Thatde, the naterial forming the soft
orientation controlling,.fi.l in the uppernmgst | ayer .
magRgtiG éﬁ'ﬂwabf P%R?’E)'ﬁbi’ ox{dizsd ‘%‘P&SB A%l i OB magneif, fim in the
up?ﬁilﬂfdsi #lyelBhd Ihd QEiBRbIrREL S HekeofRY MRS lokidei dfMfhe ThAéridl Imentioned
e natgrlal formng the soft magnetic filmmay be
abpee miap bk yormeiddind dgbposedtihgteadur f ace of the soft magnetic

film,in the u t t i.gh

et SBT3 X T e P s
im}{éﬁ?bsi?ng R’ bfewéeamg? @tiagaasm magietiadilmEhie is afade pagsilsitite perform
ami?ﬂfgﬂmg;ﬁlgqi@g&&rhﬁagp&@g gfr){)tre Wgag:gxgtécg ﬂlsgég é%ggncﬁ%gﬁg gép%sedB Ycross the
ng hlnqs Thé {hiéﬁemhggﬁmlm i§f: rﬁw {ih8tange of 0.6 nm to 1 nm.

ntiferromagnetic ng of the soft magnetic filns
per pe g aleol lparrigsibletosadrmce @8 santifeeromgﬁet?qmlmmlch as of Mnlr or

MBPEGCW?% fen%{i]ceonRgubfstlrelltren aln t g \§8 argzllgﬁeiig ﬁthtr]l.e j’l‘filirs]Qileuef‘);{osition is
intended to induce switched connection between the antiferromagnetic film and the soft
magnetic film and consequently joggle the magnetization in one direction. This
magnetization is favorably effected in the radial direction of the substrate. The Mnlr- or
MnFe-based alloy is capable of effecting switched connection between the soft magnetic
film and the antiferromagnetic film by causing the soft magnetic film and the
antiferromagnetic film to be formed in a magnetic field and further fortifying the
switched connection by causing the formed films to be annealed or cooled in the
magnetic field which has been used in the formation of the films. The switched
connection proves favorable because it unifies the magnetic domain of the soft magnetic

field and consequently exalts the magnetic stability to resist the external magnetic field.
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It is also permssible to interpose an
antiferromagnetic film such as of MlIlr or MFe,
whedrsaezr17¢ he silicon substrate and the soft naPEEIP005/010744
film This interposition is intended to induce
swi tched connecti on between the antiferromagnetic film
and the soft magnetic film argd consequently joggle the
magneti zation in one direction. This nmagnetization is
fav n,of the
Suber T kRgs Ot R ahietBfab A Hncls SR 3 W pifpre a9 10 om
ordesscintthe @/Ilﬁvvbamkiexﬂlogzmnri@atm on niveé waomﬁe of @¥s§ in the MnFe-based

t d, th t filmb
alfg)g aﬁtbc%ﬁ{ L}’ %%Flcmﬁ(ﬁe@? r}tel él [r%? gﬁg\/lgklg)%sedl alﬁgy 1% in the range of 4
b7 ShRERGRAVbRable bedhi AR fIH YE'%Q,
nfl el d anrg further feort | fyltng th egfg\%llétscﬁé Eﬁéeg%ld of switched
cogpectivnde hg enlhegef suifisientlyland possesses anmek e ckraess imoicked
used. in the

fli
:‘grt i on oﬁ’t 2 etlcl %P'r%a ‘5131?2 %‘%lsllgrhe@“bo‘ﬁn'é‘&?’ﬁd% t9r §hfance the

anhﬁermmdglnembe@awmentyt anth bﬁlla%& thB endpneNne tetd @PWt@h&f connection.
the soft magnetic, field and consequently exalts the

hea3pft Mmagnetic grvistalline; foupdasios: fikny ds b |madegefee jmaterial which
pd‘sge%kéi a}l{h& 5}}5@]@&&%@1‘ the antiferromagnetic filmis

favor ab nore and 10 nmor less in the
I\/hI rT}baneciltaidmyOMIolljﬁg fimas inendedatd cAftrdlNthOrorle@@%oh and the

Z Hh -ba eﬁ al Iozd Particularly the thickness of
POt tHS PRARE lﬁ%lgreala&wwe?%r ing filme Aarihe materigl for the

orféﬂtah@n ZOIR%IHﬁ%)ﬁﬁﬁ Ii@&Pi RﬁlaﬁoPgﬁﬁ‘f@?ﬁvBMb?e film enabl es
t he magnetic sw tched connection to be

enl akhgehickngss o€ ﬂ@rﬂrleyltaalnd cputselbes fbn is &mlablyc:hnmlom @xge and 30
e etic stall ati on
n e earicl 1515520 o PR “THE YER0h ol s, Bifdeade OF the range

specified albdvierfbt ‘_Vne&hﬁ:kﬁéﬂs FgRe biiént ARGN®Into1Ifnigetilch F&fthat the recording
anavvl tched connection. The soft magnetic crystalline

JERPILEIBE DIPPSRY; car he sxalted, withaet afsaerificet b thel respintion of the
reﬂ@ﬁ&&ﬁsﬁgnﬁnPéﬁ%ﬁnsé) rth@ﬁﬁ‘g@]gpﬁféﬁ{ W:%%gﬂer gl rer:Iﬂrgin P has a good

control 1S 1
orgnfaton atopreny and thehdistpacet betweendtiha mRigaétiohead@d the soft unc}er layer

endi ¢ %netlc recording film As the materia
CaEEP ?%sassaﬁgﬂ?ﬁ SRUESERf FesPTdiRgy film Ru or a Ru all oy
provige drRvaikish |c€ntrJ hﬁg tfl'l‘fh‘i'#ff}ﬁl%smozf ngltanﬁlalo Et'r@d%rgtfglgl%d of Ru and"

controlling filmis favorab nore an
an@xidee S qoparete exampl¢syof e omdQOSalbft) herd@iheSiOaaAb0: f GRLOL,MEDO and

f the range specified above for the
Ta??? %ggg?e(? the orientation controlling filmis that

t he Thequerpkindituidn OnigRtio desdrfigig AP B4 thecékns BF e83hagfktization
8ut a sacrifice in the resolution of
th?’%‘ﬁh erte nadiplyaperpendigialy e thersubstsate Lﬂndr farmgabét ipossesses a

erdRfR s &8rel tol A d '35t %ea9PE8 Pt and an oxide.

Particularly, the granular structure is favorably formed of CoPt plus oxide, such
as Si0,, TiO, TiO;, ZrO,, Cr,03, CoO and Ta,0s. Particularly, the Pt content of the
granular structure is favorably 10 at% or more and 22 at% or less (preferably 13 at% or
more and 20 at% or less). As means to produce the granular structure, a method which
comprises adding an oxide to a target and forming a film of the product of this addition

and a method which comprises adding oxygen to a CoPt alloy during the formation of a
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orientation property and the distance between the
magneti ¢ head and the soft under |ayer can be
walewsaaded during the course of recordi ng. ThePCT/JP2005/010744
orientation controlling filmmy be in a granul ar.
structure forned of Ru and an oxide. As concrete
exanpl es of the oxide usablederein, SiQ2, A 20,
Cr2@3, CoO and Ta20 may be cited. The perpendi cul ar
fileRefN@id g fi [ f " .
TGO A1y R 1) 10 KRG Sl o
teglguquecare availablet e and favorably possesses a granul ar

str ure forned.qf at |least Co, Pt.and an oxide.
par 1101 SrSF IR S AL  Birpepdiilany Ry dspized toward
perpsndizilldly GaBhettl Hofdind €lmS HC Whish &e%er&{v‘ﬁo’efo@te%c (P) in the

Zr@, Cr208, CoO and Ta2Cb. Particularly,
pegRndicar diregtinn anddhe regreive faree HiedL) i thavmphipk yiré@icatsibisfy this

reRbioNOgE @RI g pt o or less (preferably 13 at%or nore
anlg 20 t%or%ﬁ’){;ss). As nmeans to produce the granul ar

st r u€tthe Bt cantentt fatbsl shdii of theolspvel Sigsit afienangd spitiftd db8ve, the
ha taryg,gl;band f.o%fg,i n% a. fil IT of thegfgroduct of this _
Shades P disAven3ae ihicadermngnibe icfeet of rhanginghgaecarding and
et ety Rl AR g AL Bl aion
ang die t Sabiatieg magmetipatione(Nis)g i.pe dienratioeof M/ My ahdildeRriorating the

xpression T directed inl erpendicul arly" is. .
re%!g?%c%_t dt%F_(S)t lgfuﬁtéﬂab%dﬂﬁmea% gorﬁgﬁrpéﬁ:e@s rthe @ppﬁrnlgmt of the
raigd specifiedibsile, {RDvEAGE Will Be 04 §i8adVanfabe i cﬁe'aﬁn%éhe (xLo)ise.

perpendi cul ar. direction and the coercive force ,

in tHe perpgrdigdagimasaetiomeesadingf film hingy red foinmd, itHa one-layer
t : -t .conten alJ s short.pof the
s ey e mdorl Wonieh R G P R 28 e i v of
twoior Imdpe lagersanatiesd dvasriagéifferent Bret@ipRifionhe ef fect of

enhanci the recordi ng and reproducing _property
i nsﬁlﬂ'ﬁ @&éﬂ?sﬁ ‘%fe‘g‘P PsEReAdicyiae magnetic grcotdieg fidwiigfayorably in the
| ' t {.ed etjizathon .
RS 28, SRR IR, e pendictr

magagiicreaniséng film has a theokmreds of ISueh uatioes) it ik bt h&dvthtage in enabling
Limt of the range stgecified

nt__exceeds fhe upper ] .
» SRR R oo e R igodeibc ) funtlon Ay AT high recording
dendiyrbRasisedt i Repddl SCacqliMeREuNG @&ﬁ&é&é&fy HREREL lix and incapable
recording filmnmay be fornmed in a one-Tayer structure
of r@gr@agflg gbm@pqta uringnthgi eourse af repraduct©n, oPtsufferingathe output
Q¥fde R . ugture of two or e |l ayers de of .
Wamat(.)er i l(aal ts)llujgl ?%egtr g‘n & WO SBTRYRG SN When the perpendicular magnetic
recording film has a thickness of 20 nm or less, it is at an advantage in preventing the
magnetic particles in the perpendicular magnetic recording film from being coarsened
and shunning the possibility of inducing degradation of the recording and reproducing
property, such as the increase of noise.
The coercive force of the perpendicular magnetic recording film is favorably
4000 (Oe) or more. If the coercive force falls short of 4000 (Oe), the shortage will be at
a disadvantage in obstructing acquisition of the resolution necessary for high recording
density and impairing the resistance to thermal fluctuation.
The ratio of the residual magnetization (Mr) and the saturated magnetization (Ms),

namely the ratio Mr/Ms, of the perpendicular magnetic recording film is favorably 0.95
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The thickness of the perpendi cul ar magnetic recording
filmis favorably in the range of 5 to 20 nm

wopogiimbly in the range of 10 to 16 nm. WhaCTTIiPR005/010744

per pendi cul ar magnetic recording filmhas a thickness

of 5 nmor nore, it is at an advantage in enabling a
magneti c recording and reproeddci ng device to function
suitably for high recording density because it is

ot aoed)| B this rafsIof MrMs Ak Whdry op kS meanetic o

.flux_ and incapabl e of decreagfn'ggt{%lg%%(%t&%twﬂﬂ’ﬂ #é dijpgvantage
I ipaianghe resistanga of thermagnetofdcerdimgmietiomdtattherinal fluctuation.

wav efp it.selkf i.n the nai se conponent. \WWen
VIR e D ledel SR e B oTRomee et Chiny of he
perpemiaidarsmagne?io recording! filfsis faborablyafoodNoAglyant ﬁgi%n ItFe magnetic
f%‘rgeventi(ri]ig t&es Hagnetl c particles in the perpendicular
reCaTHRg Mediachasdhe i versermagntic Hemag keoae! Semeog amgnetic field (-Hn)
theFuei I Néhob T 1096 Sik 1 4t iat | %Luci ng degradation of

the recording and kr%'edrt)rao ?Jagi(/%dgty r18pb§ﬁig;/fé @l?eﬁ‘%@efﬁémnce to the
therrazldhistnatibn.noi se. The coercive force of the

per pendi cul ar magneti.c recording filmis favorably
4000? of)\gee n%“ﬂ@‘.glel fiapgter fethei geystabrpastieles liw thhoparpendicular

magnetid G8cdrfig  médiemSH BLVoRERy W dn) ﬁp fno?l afd 9 RV ?egtg.ggi}vverage

in obstructing acquisition of the resolution ne
partigle iliygnetereasy bie Wgteamimedtby abmgniingai saimple bherystal particles of the
' . r.nal uctyation. The ratio of 'the
AR facht PELMhe Wil SndG, 4, isenitin Faeigon microscope (TEM)
andesg bjetfimgathe obseriéz) imagart@hﬂagtegﬁoée@;ih ) M/ Ms, of the
per pgndi cul ar gnetic recording filmis favorably
0. 9501° PRoFeetve filfis dntepdqdotoprotact Me pempénslicatesragifetic recording

filth Sinst BErSHN AAPReel thl nﬁggaz%ﬁé‘ea | ad}’r} Et?r&?gaixgﬂquo the surface

i mpai ring the resistance
ofibelimediurg whear they dré beought ies. cohtiet bV & ﬁefaﬂ&%ﬁrt nide of DLC
t he

i.n.. kernel . form ng magnetic field (-Hn) of
<d%§{r5?}sﬁ%ﬁec°ar%m-nﬁéﬁ é‘%lg‘@eﬁge ﬂ'aimgteetﬁ\{edém i% adwvmgdgegpusly 1 nm or
um, h

mdreQhdos nfiDbHE lesYWRIM U{kevi%?ﬁﬁ& lof tﬁﬁeﬁ%hqjeg&d{%g%eﬁl By %%cause this

,tPe reverse magnetic do erne orm ng
thickpgsg pernyits)a degesasein theHistanbobetweén theMad aid ihs neddiwm.

f sesaeoi thedisizboberotn 1608 it :
he T araipk Buis Blah i eSa oy of farierespiorclkaonen meterias,

sudf ast peefloorppolgdtheraflubhhRed AlBoHdMEamBRERdicathAo 9’1@85@&4 c
recording mediumi s, favorably 4 nmor nore ané nm or

| ess DeTHI . nefife ragpEding r medivan fa thst @resean epeodebentninamely the
P cr e i Y B Myl Bifop st Snder layer, a
perpeadiswlas glagnetel recording fitcamaise prfectiVEMIm aRdstiiHRk AsdlF § ®hagnetic
re(.Iopc?mg Qr‘f’eedril}llg alvmrmggg s¥noallI ggr%gtep ragcci: %?(gélﬂgg in productivity because the
nonmagnetic substrate mentioned above is a disk of silicon having a diameter of 48 mm
or less. This magnetic recording medium excels in reliability as well.

Figure 2 depicts an example of the magnetic recording and reproducing device
using the magnetic recording medium described above. The magnetic recording and
reproducing device illustrated in the diagram is provided with a magnetic recording
medium 10, a medium driving part 11 for rotationally driving the magnetic recording

medium 10, a magnetic head 12 for recording and reproducing information in the

magnetic recording medium 10, a head driving part 13 and a recording and reproducing
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The protective filmis intended to protect the

per pendi cul ar magnetic recording fil m agai nst
waemos/o®imn and keep the magnetic head from i nfRATEIP2005/010744

damage to the surface of the nediumwhen they are

brought into contact and it is favorably made of DLC

(dianmond | i ke carbon). The tHickness of the protective

| ayer i s advantageously 1 nmor nore and 5 nmor |ess
S S R e R R B F R R phdckssing system 14
is didatedhde fretasedhe tdata Inpatl thereint 4ral puigutithe Tvording signal to the

malrggl?tréclt g?%ir 29 @ﬁ%lﬂ%#’?gf fg%V%rpgob ugwgﬁsquga?ffro%r\]XheOfmatglrl]gtic head 12 and
ouf}thi fleUesudiap daed. her, fluorinated al cohols and
fluorinated carboxylic acids. The magnetic recording

mediNaw.othet opergioasain effagoefi tininvention|willi bre clarified below with
ref@?erngg Fodleﬁgxlgﬁéﬁ. rﬁ%ﬂ&ﬂh B8 AR gmv rctlﬂaf thig § K/E‘Atﬁﬂﬁg ngdt fifhited to
a so under 1 ayer, a perpendrcular nmagnetic recordi ng
thé followaiexanplest ective filmconstitutes itself a
magneti ¢ recordi ng medi um having a small dianeter and
excelling in productivity because the nonmagnetic
Exa {-ate nmentioned above is a disk of silicon having
a dianeter of 48 mmor |ess. This nagnetic recording
mediAilearedk bidicom sulstiageh(20i myn s diseleter) Miagplased inl@pfilm-forming

an, ex of the magnet.ic recordi ng,an epyoduci n
chBOFLE B0 PoeE GBS CEUGF (PGS REdUAN RS . Py d under
prédiRy EodeldTe QIBQITEY.I Thé eftericH STIh&RHn FerRiiAL ¢BhAmiler Aasl SBcuated till

illustrated in the diagramis provided with a magnetic
the degseeiofipcnprireaphed ] xal i (rhear 10/nm@f 886 0-4Z1- 7Ny (Co content 89

dotat | Ll Yo, dr | Vi et i ' di 0
o PERROR Y e A B hid TROEPL sthnf BPRG ST 80 BREGHBCH hzr-7o
wéraf plagaalt oanthi silienmagiatiec and amsatidng forn uan sb@, nagnetic film.

head driving part 13 and a recordi hg and )

h&w wse@efg%ﬁorfgﬂwgtwmpn tRrrolbpg fifp 3gd 12 nm

of?@@gfﬁﬂ[ f%‘i"t'—%ﬁggz whIpate &Y &?ﬁ%&ﬁeﬁc}ﬁﬁ%éﬁ}eﬁ? ﬁ%k@?d?ﬁgﬁlm. In

rocess t data 1 nput therel out pu
this eduledthe gulsstgirawas wotthleatedagalbet i ¢ head 12 and process
t he reproduci ng sign om the magneti c head, 12 d
out gty petedier i otk Sk amdlRE OF fufm o1 folfed BY the CVD
m&hégct of this invention will be clarified below with

reference to exanples. It should be noted, however, .
t hatTheni & lubrigating Bim pE perduoropaiyetigr wes faraed diy| thowipging method

to%ﬁg&kg?g&gﬁgwgﬁ%&nﬁ%gi@gned silicon substrate (20

S placed in a filmformng

Comparative Example 1:
A magnetic recording medium was manufactured by following the procedure of
Example 1 while using a glass substrate (crystallized glass) in the place of the silicon

substrate.

Comparative Example 2:
A magnetic recording medium was manufactured by following the procedure of
Example 1 while forming the protective film (non-DLC film) by the sputtering method

instead.
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chanber of a DC nmagnetron sputtering device (made by

Anel va Co. and sold under a product code of "C- 3010").
wores/iimier i or of the filmform ng chanber was mEVBIPQaEsSHA0744

till the degree of vacuumreached 1 x 10 5 Pa. Then,

50 nm of 89Co0-4Zr-7Nb (Co content 89 at% Zr content 4

at% and Nb content 7 at% ,-®38 nmof Ru and 50 nm of

89Co-4Zr-7Nb were placed on this silicon substrate and

tre d et ik | b I

nm o %leIrl a%gé@rg}ggmt%grg% orggn(ggnggt?}nfggt gﬂt i@# i’g%? ((rﬁg I%’r(]aglg‘ge and
cofriphratiae @xdidplesnvadre GHED-BLCthel Bidorddfy and reyasduvirge ptoperty and the

relii. THRELAGTIHOR P EePUBLITG P RERD OHF P e B -t analyze
(rdge@tbﬁ GUMK EbipTof e ©). S O4ndad| AIRIEPE pRddutt BT FSRVPATER ") and a

| e CVWD nethod. Then, a lubricating film of
sppertdnid ol 76pMIPy et her was fornmed by the di pping nethod to

Exanraea B A e Bl s AR Y bl Sapted o effec
wiiRHRUWRE talkigtle h)élgﬁald pole REd effectiepadetich with BXGERM lehent under

whil e usi rg)g a gl ass substrate (crystallized glass) in
the |fenditigae obfrepording fiegwincy ubpvingthe seaabAF ArioyR) set at a linear
o] : . . . .
1R rd o RO L SRAL D8 ST B gy o720 kL
ThetSNR wae caticuigtet fire aguiondance with the follopvronfoinGlaf i | m) by

the sputtering nefhod  instead, The nagnetic recording
medi a ob_tsj}ﬁ]?ﬁé%q ’hfogr(i‘Ap‘\"e‘dé@Oﬁﬁ) exanpl e and
CO”pﬁ{gaFéh‘éﬁili@% DRl 8stetRingd &yt %jﬁ _ff91'iov¥ri!ﬁg me@erdi N9 RAndicular
reproducing property and the reliabiliTy. The

magretic déonrding thedam ovmofactyred vpe tefly starding &t ediraghstgnee kept at a

G B A0A80 B oS R Pk oy e i

30ShBBEulErhpéte WMLer foh80 mefotesl kdextadel Coaipt 44U CiheGoREanatibys of Co
was rated using a head adapted to effect witing with

ang 14 ithygl extraeigd aterecdqsermanedhny e ER enissinowpgerossAPYA The igsults are
. t er the conditions of recording
sh re(ﬂlﬁgg@gqhbae\‘ﬁ%?ig the signal (TAAo-p) set at a linear
recording density of 120 kFClI and the noise set at a

i ' ' f 720 kFC .
I near recording density oTableq cl

SNR | Extraction from water
(dB) | Co (ng/cm®) | Li (ng/cm?®)
Ex. 1 25.4 0.025 0
Comp. Ex. 1| 25.2 0.068 0.026
Comp. Ex. 2| 253 0.232 0

Example 1 was confirmed to shun elution of Li and exalt reliability greatly
because it possessed an equal recording and reproducing property to Comparative
Example 1, extracted Co only in a small amount and used a silicon substrate. It was also
confirmed to extract Co only in a small amount and exalt reliability greatly because it

possessed an equal recording and reproducing property to Comparative Example 2.



The SNR was cal cul ated in accordance with the
followng formula. SNR = 20 x log (TAAo - p/ Noise) The
w0 edosabilié ty was determ ned by the foll ow ng netTor005/010744
per pendi cul ar magneti c recordi ng nmedi um manuf act ured
was | eft standing in a circunstance kept at a high
tenperature of 60C and a hi.gh .hum dity of 80% for 120
hours and then shaken in 30 ml of ultrapure water for
' s.ho extract Co and Li. The concentrations of
Indégtr@nggﬁg_lﬁca%h% extracted were determ ned by the ICP
en 2si descHbar aboss; Ofhys ilVeatibRS il taS pafRn&iBANMN hikentab! Rcording
. below, Table 1 SNR Extraction tomwater (dB) Co
meéwg} dwyshed qm g/ Bpgmagnetie substiate Wik ay lepstpa SBR. under layer, a
: . 0.232. 0 : .
P PR O ol AR Clrhd & pRtecty B s oD Gishe o ik of
silicen i48bimim tgr dpseainl diabeoause the noasagsaiedsubstragyab permit easy

recordi ng and reproducj.n roperty to Co rat.ive )
mapyaEe, 0 2 BREPL KO g ey %cgli‘ag|ln?#§awiltyaﬁad provide a
maf&it RcéidingCRABAIBHDS4paBlelof feboltiiy R RpfitlcligMafbrhfation in high
extract Co only in a small anmount and exalt

densétyi aplethadyfog theapriogudsivnghereof, and e ysagnsticl renordingiand reproducing
.ecor di ceproduci ng..property to Conparative
de %ﬁ%&gmgp%%gﬁg &?gﬁ%ﬁﬁﬁgpggbility: As descri bed

above, this invention, in a perpendicul ar nagnetic
recordi ng nmedi um furni shed on a nonmagnetic substrate
with at |east a soft under |ayer, a perpendicul ar
magnetic recording filmand a protective film is
enabl ed by using a disk of silicon 48 nmor less in

di aneter as the nonmagnetic substrate, to permt easy
manuf acture of a magnetic recordi ng medi um excel ling
inreliability and provide a magnetic recordi ng nmedi um
capabl e of recording and reproducing information in
hi gh density, a nethod for the production thereof, and
a magnetic recording and reproduci ng device using the
magneti ¢ recordi ng nedi um CLAIMS 1. A magnetic
recordi ng medi um conpri sing a nonmagneti c substrate on
whi ch at



| east a soft under |ayer, a perpendicul ar magnetic

recording filmand a protective filmare stacked,
wontves/eiom7et he nonmagneti c substrate is a di sk GHCRBIPR0BEON0744

having a dianeter of 48 mmor less. 2 . A magnetic

recordi ng nmedi um according to claim1, wherein the

nonmagneti c substrate is a dizsk of silicon having a

di aneter of 20 mm or | ess. . A magnetic recording

medi um according to clai mg g%g laim 2, wherein the

protective filmis nmade of ?dlanond i ke carbon).

4. A magnetic recordi ng nmedi um accordi ng to any one of

cI ai to 3 erei n.the per.pendi cul ar t] .

L ook ey FeroIiSE Segiush GoRPHERR dotiheen i MusirRg o which a
leds2 8$bt GRderThyerNflp@Perdiéulif- maznetibrdBRENILS Fifin hRE @ pEdtB&ive film are

medi um according to claim4, wherein the oxide is at

stacéaétwmgnﬁbmgnmmeég tsubStratoin & ek gf slisot bawhg i digmeter of 48
m ﬁsCrZO TiO TiOR and Ta OGs. 6. A nethod for the
Blr t8tion of a magneti c recordi ng medi um conprising a

2. SI | IAQﬂagﬂéthtré@ir@nanémmmfhcabrdi@a&i claing af twherdd@the nonmagnetic
a_perpendi cul ar nmagnetic_recording filmand a
subﬁt&t@tstq digk of sikigoprhavingaganeter il M pgledkerti ng a
bi as 0
3.pr ot%gr?% eh?ereédrhiyg &K&HESE&S& %ﬂg rbll%g{ ?o%clgf?ﬁ] 26 wherein the
proteetied film hyenaiel afC sdilmmondatike cabom)t heated. 8 . A

4 o0 PR gteta e O BTe T BRI 1 AT ol BB LA, Wherein the
é?ﬁ&x@[&ﬁld? Qnég%et% ?HcB?fd@ngoﬁln‘? hé’d &pranulaP str&tﬁl%&@ﬁ?h@mg at least Co, Pt

recording and reproduci ng device provid
andeagrieddec recor di ng medi um and a magnetl C head for

sreco din nd r rodu |nf . td G

r ccord? ﬁ%gﬁc ",ffn%\ﬂlg 1& H c?lﬁ%ngch%l Lln(l: 4,nea %mn{?ig%; de'is at least
ori¥BgéabdrGel¥oree Wnﬁtlﬁ%@&l;ﬂmﬂlsitsﬁ@g o883} CHOk, eno)r (l“i(flgand Ta,0s.

mediumis the magnetic recaording nedlun1accord|ng to

6.any dneehpd Cﬁoa,thes produgtion Hfp gnagnetic recording medium comprising a
silicon substrate on which at least a soft under layer, a perpendicular magnetic recording

film and a protective film are stacked, comprising exerting a bias onto the silicon
substrate when forming the protective film.

7. A method according to claim 6, wherein the silicon substrate is not heated.

8. A magnetic recording medium produced using the method for the production of a
magnetic recording medium according to claim 6 or claim 7.

9. A magnetic recording and reproducing device provided with a magnetic recording
medium and a magnetic head for recording and reproducing information in the magnetic
recording medium, wherein the magnetic head is a magnetic monopole head and the
magnetic recording medium is the magnetic recording medium according to any one of

claims 1 to S and 8.



