WD 2006/ 046732 PCT/ JP2005/ 019953 1 DESCRI PTI ON PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM PRODUCTI ON PROCESS THEREOF;, AND MAGNETI C RECORDI NG AND
REPRODUCI NG APPARATUS Priority is clainmed to Japanese application No.

2004- 315715, filed Cctober 29, 2004, which are incorporated herein by

ref erence. WORPK/O453t i cation al so clainms the benefit p&FSUBHPSSIB5 U S C.
119 (e) (1) of U S Provisional Applications, No. 60/625117 filed on
Novenber 5, 2004. TECHNI CAL FI ELD The ptesent invention relates to a
magneti c recordi ng medi um a production_method thereof, and a magnetic
recordi ng and reproduci ng apparatu bR dnt 105 s this magnetic recording
medi um BACKGROUND ART A per pendi cul ar nagnetic recordi ng nethod is,
conventionally, a suitable nethod for inproving the surface recording
density, since it beconmes nore magnetostatically stable as the recording
densi ty becBrRiEENMDEHELARWIMGNETHpRECEORDING MEBIHH, PROIBIGBONIROECBS®r ance.
This i s because by orienting the axis of easy magnetization of the magnetic
recor di ng MeTHEREORIAKD MASNETIE REGDRDINGANDRBPRODULINEEAPRIR ATUS he
medium in the perpendicular direction, the diamagnetic field near the
magnetic transition region, which is the border between the record bits,
becones smaller. Furthernore, in a case where a backing |ayer conprising a
soft nmagnetic i S i e tor tfae

per pendi cal ar magher i el @ BhpE ARG o RS BB 0055 7
it function S o-cal |l ed rpendi cul ar 2-1 ayer.. medi and .a high
recordi ng c%%@ﬁ?ﬁ?ﬁ?“”%%ﬁyﬁggg%ggpﬁ%ﬂﬁmﬁwmtH#?aPPH%EO?ﬁ%%E%WFtWhgnetic sof t
under layer_is_acconplishing its raole of refluxing the recording nagnetic
field fron1P%@ﬂﬁﬁﬁﬂ@mﬁe3ﬁé5§p-Qﬁa(@Hé)@3&§rﬁpﬁﬁoﬁﬂdﬁﬂ¥@%ﬂﬁﬁﬁﬁﬁng ef ficiency
can be inproved. In recent years, as a perpendicul ar nmagnetic recording
film oxi de8)aiidédfiled ondieyamberS, A¥lfneti ¢ recording | ayers have been actively
researched. In contrast to.a CoCr alloy as this layer, where O was
segregated to the grain boundary by heating the

)

TECHNICAL FIELD
The present invention relates to 2 magnetic recording medium, a production
method thereof, and a niagnetic recording and reproducing apparatus which uses this

magnetic recording medium.

BACKGROUND ART

A perpendicular magnetic recording method is, cénventionally, a suitable method
for improving the surface recording density, since it becomes more magnefostatically
stable as the recording density becomes higher, which imprrove‘sbt'he thermal fluctuation
tolerance. This is because by orienting the axis of easy magnetization of the magnetic
recording medium, which was oriented in the in-plane direction of _the medium, in the
perpendicular direction, the‘diamagnetic field near the magnetic transition region, which
is the border between the record bits, becomes smaller.

Furthermore, in a case where & backing layer comprising a soft magnetic material

is installed between the substrate and the perpendicular magnetic recording film,



substrate tenperature to a high tenperature of 200C, the granul ar magnetic
recording |ayer characteristically has the possibility of taking a nore
segregated structure than a CoCr alloy w thout heating. (For exanple, refer
to Patent Document 1, and Patent Docunent 2.) [Patent Docunent 1] Japanese
Unexamn nedV@PeMS7Rppl i cation, First Publication. No. POGB200F@19P8 [ Pat ent
Docunment 2] Japanese Unexam ned Patent Application, First Publication. No.
2004-22138. DI SCLOSURE OF | NVENTI ON As 2nment i oned above, perpendicular
magneti c recordi ng medi uns using various underlayers have been proposed,
however t hadendiansasihserallabpefichdicelat 2{ayeoiedinm, aad arhighmetdrding eapebidiisng medi um
with an even higher recording density, and a magnetic recording nmedium

whi ch sol vean hchibsaigmdo Bt ¢l dmne, thasofbeagatgt boft ywideduyse ds achadplbiiag its ddeanded.
The present invention takes into account the abovenenti oned circunstances,
with an obfgegixies tRredstdhdBagrti BRIt the @ERhdichBadBad thWwbidety 4@n record
and reproduce high-density data by nmaki ng the perpendi cul ar nmagnetic
recordi ng i siugink eMRIGEy VR 12 Q49732 PCT/ JP2005/ 019953 3 structure of

di fferent conposi %I ons, a prog%g{c}on met hod thereof, and a nagnetic

recordi ng and rgpr i In order. to salve the e probl ens,
the present i nvglnrf3 ?egﬁ%em rrnss};) F%‘é;%%%g{é% Plgﬁeﬁlé réc%d?ﬁ% ng’r §§]ld8§ﬁdagl)cﬁt§t is to say,
the present invention provides the follow.ng; (1) a,nagnetic recording

o b wii A B BOR e g SRR bR IRIeBRRRI 10 A ot | east
a soft under layer, an internediate |ayer, a perpendicular magnetic

recordi ng RIenas thipdpyar, pieteds viay segregatadie Sleeain borndany by healingdle on a

nonmagnetic substrate, is characterized in that the perpendi cul ar magnetic
recordi ng fsubstrate senyerdtirg b 2bigh eynperaturk ay 206 Cotberprangbngagoetic moertlang st ruct ure
containing at least Co, Pt and an oxide, and the saturated magnetization

(Ms) of a lsyeethareeresiibaltg hid thapdsibilitdeftakife andtérebicpiied shdtrd than sMal | er
t han-t he saturated nagnetization (Ms) of an upper recording filmprovided to

a  prot ect ioper hildywistoEheating. (PorRENSTe] ©fek BERAGH DRk Yanddeendi ng to (1),
wherein the saturated
Document 2.)
[Patent Document 1} Japanese Unexamined Patent Application, First Publication
No. 2003-178412.

- [Patent Document 2} Japanese Unexamined Patent Application, First Publication

No. 2004-22138.

DISCLOSURE OF INVENTION

As mentione_:d above, perpendicular rﬁagnetic recording mediums using various
underlayers have been proposed, however these have been insufficient to obtain a
magnetic recording medium with an even higher recording density, and a magnetic
recording medium which solves this problem énd can be easily produced, had been

- demanded.

The present invention takes into account the abovementioned circumstances, with

aﬁ object of providing; a magnetic recording medium which can record and reproduce

high-density data by making the perpendicular magnetic recording film a layered




magneti zation (Ms) of the lower recording filmis not greater than 600
(emulcnB), (3) a magnetic recordi ng nedi um according to (1), wherein the
saturated nagneti zation (Ms) of the |ower recording filmis not |ess than
150 (emu/cm) and not greater than 500 (emu/cnB), (4) a magnetic recording
medi um acW& Y6y any one of (1) to (3), wherein thePCTSRRGF/BRLT

magneti zation (Ms) of the upper recording filmis not |ess than 500
(emu/cm, (5) a magnetic recording ngdi umaccording to any one of (1) to
(4), wherein the oxide contained in the perpendicular nagnetic recording
filmis atictoreeofdiifegpry2ommsitions, 2 prodigtiommetkod theoh anthd m8g@tic WD 2006/ 046732
PCT/ JP2005/ 019953 4 (6) a magnetic recordi ng nmedi um according to any one of
(1) to (Skcordingesd rpadusinpappginaetsi c el ement of the | ower recording filmother
than Co, Pt and the oxide, is not- less than 12 (at% and not greater than
20 (at%, [0006] (7) a magnetic recording nedi um according to any one of
(1) to (6), wherein a nonmagnetic el enment of the upper recording film other

than Co, Pt angofddpio®6iWehe albévé ﬁ%ﬁlem% '"\:ﬁé‘gl%%nﬂﬁk’ire@u’on%ﬁ%lﬁs RENRIifig F €cor di ng

medi um according to any one of wherein t nonmagnetl c el enent

is an el e&%ﬂ%&rﬁt%n Glth%{j ftJ é%?‘ ’cﬁg' rcgen? mQ/ :[ %e%@l?%@ic’w\xﬁg) a magneti ¢

recordi ng nedium Bccor g one fein a nucleation
field (-Hn) of t he per endl uIar et.ic recor filmis not |ess than
1500 (c2) (140 RPRE reprdn %%P%%P&fﬂ?@gwﬁgﬁ TRELUCEFINHG (o any one
of (1) to wherein the intermediate filmis Ru, (11) a_ nethod of

produci ngmadlmglﬁé‘ﬂllcé 2 leash p enthigndes byetrrwiaiesedise éﬂYﬁféﬁlﬁ’éﬂ’e@hCUI%r oduci ng a

per pendi cul ar magnetic recordi ng nmedi um conprising at |east a soft under
layer, anmgnete resdidingefilivagndra, prategisrefdmdire sekeantinthyfeemed on econdignglicf i | m  and a
protective filmsequentially formed on a nonmagnetic substrate, conprises

t he st epssubftrateisibagclerieed iptiaphp pegpuhdiculmagigatticresediop Glmy confignrey t wo

| ayers conprising a granular structure containing at |least Co, Pt and an

oxi de, f OBMaﬁrWﬂﬁﬂﬂﬁ%ﬁ%@ﬁlaﬁﬁﬂ&@hb BorftARiAE i 188t Cb) Phandd dkide, Bh@her
saturated magneti zation (Ms) on a substrate side of a | ower port| on, and

the saturated magnetization (Ms) of a lower recording film provided to a substrate side is

smaller than.the saturated magnetization (Ms) of an upper recording film provided to a
protective film side, |

(2) amagnetic recording medium according to (1), wherein the sah#ated
magnetizatiqn (Ms) of the lower recording film is not greater than 600 (emw/en’),

(3) a magnetic recording medium according to (1), wherein the saturated i
magnetization (Ms) of the lower recbrdiﬁg film is not less than 150 (emw/cm’) and not |
greater than 500 (emw/cm’), |

{4) amagnetic recording medium according to any one of (1) to (3), wherein the
saturafed magnetization (Ms) of the' upper recording film is not less than 500 (emu/cm™), | ‘

(5) amagnetic recofding medium according to any one of (1) to (4), wherein the
oxide contained iﬁ the perpendicular magnetic recording film is any one of Si0s,, Cry0s,

' Y203, TiOz, Ta205 and SiO,



then form ng a perpendicul ar magnetl o recordl ng f| I mW|th a | ower saturated
magneti zation (Ms) on a protective filmside of an upper portion, (12) a
magneti ¢ recordi ng and reproduci ng apparatus conprising a mgnetic

recordi ng medi um and a magneti c head whi ch records and reproduces

i nf or mat i VO BW6A4HEIN0 2006/ 046732 PCT/ JP2005/ 019953  SP@EdRIsioesecor di ng
medi um characterized in that the magnetic head is a single nagnetic pole
head, and the magnetic recordi ng nedi ym according to any one of (1) to (10)
IS uti lized for the magnetic recording nmedium According to the present

i nvention, a nfyrempgnetiersorrdinggneriath asrowtingth ahnoze ofi(d) oéndiwberkiara magnet i c
recording mediumin which at | east a soft under |ayer, an internediate

| ayer, a mpempayudiicelbmentvithedéiwe reedinglfihgothér than @ Pt andthebads iiveotf i | m are
sequentially formed on a nonmagnetic substrate, is characterized in that the
per pendi-CUds@ithan TRGR®Y) akd KR gREEL Han 7B i s configured by two [ayers
conprising a granul ar structure containing at |east Co, Pt and an oxi de,
and the saturatj gnetlzatlon (Ms) of a lower recording filmprovided to
a substrate si smal | er than the saturated magneti zati on (Ms) of an
upper recordin f|Im ovided to rotetlvefl reforea
magneti c reco??al %Fg@?{?ﬁ?@mgéﬂe@ﬁa?"& HEfO A O %’f@gﬁﬂé ?SWH on of a
hi gh densi tly, roductl nmet hod ereof and a rragnetl recordi ng and

r epr oduci ﬁ@ﬂ&%@?lg?la@e@aﬁ PP ERPr R nppthephaEamR g bredre, FHESDRAW NGS
FIG 1 is a diagramshowi ng a cross- sectional construction of a , _
per pendi cihaarl2 @&gneti ¢ recordi ng medi um of the present invention. FIG 2 is
a di agram showi ng the construction of a perpendicul ar recording and
reproduci ng apfratagnetit rechmingrresimh a¢cowtag toany oftr o5l ) OEF)c whatinaheof t he
Ref erence Synbols 1 Nonmagnetic substrate, 2 First soft magnetic film 3 Ru
film 4 Secsmsbmeof tlefgniedn demdrt kélect&l £dth it diel @ CrCRNEIdC, fi 1 m 6
Internediate film 7 Lower magnetic recording film WD 2006/ 046732

PCT/ JP2005/ 019953, mig n%@mn@g&ﬁﬁﬂﬁc&ﬁﬁ@t@'aﬂﬁoﬁé &1701) (Becvﬁaefiiﬂacul ar

magnetic recording frim 10 neti c recordi ng medium 11 Medi umdriving
section, %cl&@rg)ﬂqfeﬁf(—ﬂﬁ)aﬁthe]ﬁ)érﬂ&ﬁﬂular magnetl_(; recording film is not less than 1500
. (08) (120 k/A),

(10) a magnetic recording medium according to any one of (1) to (9), wherein the
intermediate film is Ru,

(11) a method of producing a magnetic recprding medium which in a methéd of
producing a perpendicular magﬁetic recording medium comprising at least a soft under
layer, an intermediate layer, a perpcndicﬁlar magnetic recording film, and a protective
film sequentially formed on a nonmagnetic substrate, comprises the steps of forming the
perpendicuiar magnetic recording film by two layers comprising a granular structure
containing at least Co, Pt and an oxide, forming a perpendicular magnetic recofdmg film

witha higher saturated magnetization (Mé) on a substrate side of é lower portion, and
then forming a perpendicular magnetic recording film with a lower saturated
magnetization (Ms) on a protective film side of an upper portion,
(12) a magnetic recording and reproducing apparatus comprising a magnetic

recording medium and a magnetic head which records and reproduces information to the




drive unit, 14 Recorded/reproduced signal -processing system 17 Protective
film 18 Lubricant film BEST MODE FOR CARRYI NG OQUT THE | NVENTION FI G |
shows an exanple of a magnetic recordi ng nedium according to the present

i nvention. The magnetic recording nmediumshown in FIG1 is a configuration
provi ded WQ M06/b6&8 | ayers conprising a first soft naghet/ireoosiolass? as a soft
under layer, a Ru film3, and a second soft magnetic film4, and further
provided with an orientation controlsfilm5 and a internediate film®6, and
further provided with a perpendicular magnetic recording film9 conprising
two | ayer mpgmetivedcygrding moadium rehencdiing if iHamhe napdeterheadiip peinglteatayndiicig film 8
thereon, and a protective film17, and a lubricant film 18, which are

sequent i apdiy hé«ar mdh@magaleﬂ@fewmmgm@dlﬁﬁ B&bfcﬂﬁ@toibn?'ﬁﬁe 61€) taQreyagnet i c

substrate, a netallic substrate conprising a netallic material, such as
al um num Qﬁllﬁh%ptﬁg%@ HO¥%co nﬁ’ﬁl&ﬁe‘j or a non-metallic substrate
ia

conprising a non-netallic mat , such as glass, ceramic, silicon, silicon
carbide, or carbon, may be used. As a gl ass substrate, there are anorphous
gl ass and crystallized gl ass, and as anorphous gl ass, a general pur pose
soda-lime glass or,alumnosilicate glass can be used. ernore, as

crystal lized gferoeding fohy Rrpsept ipxent s@cla%anﬁmcaﬁglggn@a%ww &Y. It is

acceptable for the average surface roughness Ra of the nonmagnetic substrate
to be nmadeerpendiite amanctic ieperdingimedivg inmtich peleest alsey undst lagereat er than 0.3 nm
In a case where the average surface roughness is within the aforenentioned
range, whéanermedipiedayer,apepbndibdanesagneticiecardiag fibmogmeta protectivefitthag filmis
performed, further WO 2006/ 046732 PCT/JP2005/019953 7 inprovenents in the

char act er k&fub@ill¢ &mde oRH hahhAsheti S4ibb e, FUhracteBkdd g tHabthe ﬁé&@élﬁﬂ@lars urface
roughness Ra not greater than 0.4 nmis preferable fromthe point of

sui tabi | i el dhc sBloflind BEREH ﬂ&nﬁgmbm@%&rg%% it Beutigad is | ow

floatlng reover, making the m’cro- ot” greater than 0.3 nm

still %rﬁ%ﬁfﬁ QSE Cgrﬁ?%g 5@@ % ;%1% rSe Iate 'n?a&%et?zaﬁ%r?@ﬁsef %r Pr\nwérhe poi nt of

suitability reco ead is | ow

floating. O 1the materl |ch copstit teth soft under |ayer, the first
ok ot

| s
and secon ne tilppypugsddo pisphriratesises Depllgr gy the SaiyfladimaehetZaion| | and as
this material, materials

(Ms) of an upper recording film provided toa protective film side. Therefore a magnetic -
recording medium which can record and reproduce information of a high density, a
production method thereof, and a magnetic recording and reproducing apparatus can be

provided.

BRIEF DESCRIPTION FOF THE DRAWINGS
FIG. 1 is a diagram showing a cross-sectional construction of a perpendicular
| magnetic recording medium of the present invention. | |
FIG. 2 is a diagram showing the constrﬁction of a perpendicular recording and

reproducing apparatus of the present invention.

Brief Description of the Reference Symbols
1 Nonmagnetic subsirate, 2 First soft magnetic film, 3 Ru film, 4 Second soft magnetic

film, 5 Orientation control film, 6 Intermediate film, 7 Lower magnetic rec_ording flm,



containing Fe, Co and Ni can be given. As this material, FeCo alloys (FeCoB,
FeCoSi B, FeCoZr, FeCoZrB, FeCoZrBCu, and the like), FeTa alloys (FeTaN,

FeTaC, and the like), and Co alloys (CoTaZr, CoZrNB, CoB, and the like) can
be given. It is particularly preferable for the soft nmagnetic filmto be an
anor phouswosttasesize. This i s because by making it an PATORRHSOSISSt r uct ur e,
negative effects, such as expansion of the grain size, and deterioration of
the orientation of the undercoat fil mg provided thereon, are not exerted.
Furthernore, by making it an anorphous structure, enlargenent of the

surface r dugppe sagidicirscopdiny 8lnt, @dPergmdicular egoie secoaksd filll@, I® decrease the
flying height of the head, and as a result, it becones possible to further

i ncrease tMggdegeRE6HIMG roleIeh ! - MEMEm BVt detiidny 1Hovifhctid fesD s magnetic film
is not greater than 30 (0Oe), and is preferably not greater than 10 (Ce).

Mor eover VRt | I rad { %Q%}g jeofl ux

density BidI gf trtfel%so tg%%%%?ﬁ%n#?cﬁso?%ﬁziﬂ’t aﬁlqﬂei, 0 ,Hé(rf% is i
pref er abl yhﬁ)%tc Iﬁgs than 1.3 T. The total filmthickness of the soft
magnetic fi PR constitutes the soft under | ayer, is not |ess than 20
run and not greater than 120 nm and is preferably not I ess than 30 nm and
not greater than 100 nm |If the total filmthickness of the soft magnetic
filmis WD 2006/ 046732 PCT/ JP2005/019953 8 less than 20 nm the OW
characteristic decr &dsMOIH EARGARRGRKT OHB BIE BUYENEI@Dt e, if 120 nmis
exceeded, productivity is significantly deteriorated, which.is undesirable.
As a fornmati on K@t hddwefantehansge bf a magpetid recolidgmeditne agputiingné thg met hod can
be wused. At the tinme of formation of the soft under layer, it is also

possi bl e tgreqt@pi@adntion."Tie medRtiCredhieing nded iR fiekinGn FI@N & 4 Soap@irkes i n the
radial direction. It is preferable to configure the soft under |layer with at

| east a i i ;o) i B netic
s, By e b P R T e B
films, an hNn I terr t.hi,Gk i{ 41 8.p0ssi:ble. to

anti ferro(rjerEt'g]ﬁ}en{‘?”c‘e’%fi%’%ﬁﬁagllnﬁégiig & 5‘381? E Elqnégf’%é‘tcf.”%nﬁeﬁﬂ’°r‘%‘fem tgha%ﬁréenﬁaﬁlgbi ded above
and bel ow. avj ng such a.configuratiogn, it,becomes possible to further

i nprove th@“%ﬁ%"(gw‘@@ interraediay g&‘% EP&%'H%@S prﬁﬂ@ﬁ%ﬂ@%ﬁﬁ?‘%ﬁﬂ%lfﬁﬁqrs a probl em
uni que to perpendicuyl ar_medi uns. The orientation control filmis a material
for contr anpglﬁgc reRrdimgifdmy %Qqngqql,smg feo layers, namely a lower recording film 7 and an

upper recording film & thereon, and a protective film 17, and a lubricant film 18, which
are sequentially formed on a nonmagnetic substrate 1.

As the -nonmagnetic substrate, a metallié substrate comprising a mefallic material,
such as alumimum or aluminum alloy, may be used, or a non—mgtallic substrate
comprising a non-metallic material, such as glass, ceramic, silicon, siliéon carbide, or
carbon, may be used.

As a glass substrate, there are amorphous giass and crystallized gglass, and as
amorphous glass, a general purpose soda-lime glass or aluminosilicate glass can 53 used.
Furthermofe, as crystallized glass, lithium type crystallized glass can be -used.

It is acceptable for the average surface roughness Ra of the nonmagnetic substrate
to be made not greater than 0.4 nm, and preferably not greater than 0.3 nm. In a case
where the average surface roughness is within the aforementioned rﬁnge, when

deposiﬁon of the perpendicular magnetic recording film is performed, fiexther



| ""éf"yét_é'l“_’Lé'i ze, and the like, “of the pe'r pendi cul ar magnetic recording film

installed above. It is preferable for the material used for the orientation
control filmto be a crystalline structure which has a hop or a fcc
structure. If the structure is one other than the fcc structure (for

exanpl e, v@q% Eestyucture or an anorphous structure), pdgrpdidseoss i on of the
per pendi cu magnetic recording fil mbecones insufficient, and as a result,
a decrease in the SNR and a decrean:_ inthe retentivity, is generated,
which is undesirable. As the orientation control film Pt, Pd, NiC, N FeCr,

and the Ixht@eov%hﬁn@t&t@emc%mﬁ&aemlb@%mhtd | Surie B HMGng 1B afcbfet 1| M

t hi ckness of the orientation control I'mto be not |ess than 1 (nm and
not great ool i than 1
nm the e e%étl%ﬂ an %@%ﬁ{ehtelf@%nggrﬁﬁ ts?}elffé}ﬁblgglg%@r% llhnorspﬁ‘:u? ﬁi? and the

effect of,. .mniaturjzation of the ns not obt ai ned, and an

i npr oveneHed §E° %Figec#‘?t'séitylr%q‘?rqo é%’tegieﬂje'ﬁ? Vﬁf’ﬁtﬂigr s undesirabl e.
Furthernore, if the thickness of the orientation control W) 2006/ 046732

PCT/ JP2005/ 0199gmoves, miking ths miaaravaypes i) netmeapdhaybiumatileen t he magneti c
head and the soft magnetic soft wunder layer at the tinme of recording and

r epr oduci prgfetrblyoms grepisr tan 0.2 hay, sfrosferabln ro@the phiat efcuiatilgy tchighnd t he
resolution of the reproductive signal decreases, which is undesirable. As
the int ermﬁﬁgaeﬁéiﬂymcoﬁﬁng'canptniettmreatbddetsto@vﬂ@aeingu. As the internediate film
an additional elenent may be added for the purpose of inproving the grain

si ze niniat urGz@g HRRHAR qfh&'h'cﬁﬁﬁtﬁité ﬂfasoft tinde$ u%@ftt%rfﬁhl a8d tefaan& g film
t hi ckness of the internediate filmto be not I'ess than 3 (nm and not

or eat er L ian 25 afA, pvtteeas&fnﬁa%{aﬁgﬁﬁegté4&4%%&?&31 bhagad, (rum), crystal

growt h becotres i1 nsufticrent an undércoat fil m becones

insufficien |rable ur t ess of the
undercoatc%t*lﬁtl%‘g% é’c?ga n%w ntH%”@is Eﬁﬁ'ﬁg%rﬁgf’\%ﬁ@ﬁ?ﬁ@%ng&ﬁgt head and
t he soft t | aye i me_of co and reproduci ng
becones | ﬁe%ﬁé?%&&&%m= &;&%ﬁgkﬂcéegﬁla ?YSC(FET%S%?T’@ &5k on of the
reproductive signal decreases, which is undesirable. The per pendi cul ar
magnet i ¢ m@d&@l?qyg@ﬂaﬂt,ﬁ‘&&ﬂ% GoBk, gndthe le)\candgBdienzation in the

per pendi cul ar direction with respect to the substrate side. As constituent
el ements, at IisgetticGarly Ptefaatde fom thexdoll enapgseticrfdinuid de an amokpheust her nor e,

el enents such as G, B, Cu, Ta, Zr, and M can be added for purposes such
as SNR charwairerTiss isbetangy oMmedEng it an amorphous structure, negative effects, such as

expaxtsion of the grain size, and deterioration of the orientation of the undercoat film
provtded thereon, are not exerted. Furthermore, by making it an amorphous structure,
enlargement of the surface roughness Ra is prevented, and it becontes possible to
| decrease the flying height of the head, and as a result, it bet:omes possible to further

increase the recording density.

The retentivity He of the soft magnetic film is not greater than 30 (O‘e),r and is
preferably not greater than 10 (Oe). Moreover 1 (Oe) is approxitnately 79 A/m.

The saturation magnetic flux density Bs of the soft magnetic film is not tess than
1.0 T, and is preferably not less than 1.3 T.

The total film thickness of the soft magnetic film which constitutes the soft under
layer, is not less than 20 nm and not greater than 120 nm, and is preferably not less than

30 nm and not greater than 100 nm. If the total film thickness of the soft magnetic film is




. . s . T

As the oxi de whi ch constl tutes the per pend| cul ar magnetic recording film
Si02, C 203, Y203, Ti02, Ta205, SiO and the |like are preferable exanples.
It is preferable for the vol ume fraction of the oxide to be 15 to 40
volume% |f the volune fraction of the oxide is less than 15 volume% it is
undesi r abMO Beg@G%e t he SNR characteristic beconmes i neufifmoisenwss | f the

vol une fraction of the oxide exceeds 40 volunme% it is undesirable because
a retentivity which corresponds to aghigh recording density cannot be

obt ai ned. WD 2006/ 046732 PCTI JP2005/019953 10 It is preferable for the

t hi ckneslsssothait Henmghp@Rodlcutestisiadpoetbics, widclorsaindgsifablan Ruathetngor8, ifo 18 nm | f
the thickness of the oxide granular layer is within this range, it is

pr ef er abl 2 e wansded, proihidtBiignd sioufiautly 6abrifees SoHIcRds uRRRGirablglet eriorati on
of the OW characteristic is not generated. The per pendi cul ar magnetic

recording film yfddbiFRGndiod &Qh@%%etidﬁﬁ{“tﬂe%uﬂéﬁnﬁmeﬁﬁd%% bed granul ar
structure, which possesses structure 1 n which the peripheries of the
nagnetlcE%Pystal grains are surrounded by a nonmagnetic nonnetallic

mat eri al n the granular magnetic Iayer because the grain boundary phase
of the nonnag noppet al Si arat S the magnetic, artlcles

t he magnetic gh%%?%@??ﬁﬁ@mﬁg¥ﬁg%ﬁsﬁ @F?E Béhfﬂh$éggﬁﬁﬁg and t he
formati on of zig-zag nmagnetic domai n malls generated in the tran3|t|on

regi on oftatenéiciecdprgriirgliald isspphieddis therradiplalitectiver ef ore, a | ow noi se
characteristic can be obtained. Furthernore, in such a granul ar magnetic
recordi ng | ayerprefefable ornmiignetthasofiomdetlagter with et Lezeist aRudimj eraiBed as a grain
boundary phase can decrease the interactions between the magnetic

parti cl efim, Phevifdrieartdh tieltas somaRgictic filee B Hhididihd AROIflh6r PR FaAL

invention conprises a |ower recording filmand an upper recording film
const i t UbdtR@erftht 30T xﬁagn@ﬁt: Bl Gl d HeRing ¥ Wlprelidteinfindd 8HiQHRH & lt ssbaosat urat ed

magneti zation (M) the [ower recording filmto be srmaller than t he
saturate ét?cta] fi figuring
themin tgrhl S oroén lfﬁt’é%ﬁgé’%&gg lc%?@sgyga@gag%ﬁy edm?glbgg%{l on | eld (-Hn)

as well l.ow SNR re rablefo aturated ion (Ms) of
the | omPY?%%fﬁ EHCH@ cpitieiTan it B ABe ansahiels BBl e e Pk
parti cul ar, rable for it to in.the range .. not,, | ess than 150
(emul cm Bipdt ‘S‘tﬁ’f@g’éétpg‘?mt‘}?&ﬂn e léﬁﬂtogfﬁn URTHHGRAPE I BI?BF‘WWB‘Srredl um of
this range shows a particularly excellent SNR It is preferable for

The orientation control film is amatenal for controlling the orientation, the

.crystal size, and the like, of the perpendicular magnetic recording film installed above. It
is preferable for the material used for the orientation control {ilim to be a crystailine
structure Which has a hep or a foe structure. If the structure is one other than the fec
structure (for example, a bee structure or an amorphous structure), the orientation of the
perpendicular magnetic recording film becomes insufficient, and as a result, a decrease in
the SNR, and a dé.crease in the re_tentivity,I is generated, which is undesirable.

As the orientation control film, Pt, Pd, NiCr, NiFeCr, and the like are preferable
examples. It is preferable for the film thickness of the orientation control film to be not
less than 1 (nm) and not greater than 12 (am). If the orientation: control film is less than
1 num, the effect as an orientation control film becomes insufficient, and the effect of
miniaturization of the grain size is not obtained, and an improvement of orientation is not

obtained, which is undesirable, Furthermore, if the thickness of the orientation control




the saturated magnetization (Ms) of the upper recording filmto be not |ess
t han 500 WD 2006/ 046732 PCT/JP20051019953 11 (enu/cm. If it is below this,
it is undesirabl e because the nucleation field (-Hn) decreases. It is
preferable for the nonmagnetic el enent other than Co, Pt and the oxide,
which is a constituent elenent of the lower recording film to be not |ess
than 12 (dYFO06/U4H2not greater than 20 (at%. By maki REFIP2005/0INFX range, it
is possible to obtain an optimal saturated nmagnetization (Ms) and a SNR
whi ch corresponds to a high recording9 density. It is preferable for the
nonmagneti c el ement other than Co, Pt and the oxide, which is a constituent
el enent ofilpgecepdpidnmnp dhesy dstprpe beivigen the ningneticshead #elriba sofimegeetic ®Ft  making it
inthis range, it is possible to obtain an optinml saturated magneti zation
(M), a ShiRrwyech thedmressfpesodding andaeprodicingoomesigrgee idictofore dedDW hi gh
reverse magnetic domain generating field (-Hn). It is preferable for the
nonmagnet icharsdt@iyes tanduhie edsohmion bf theltepsodubivd iRl deceases didiigh isf i | m and t he
upper recording filmto conprise any one of Cr, Ru, and Cu. This makes it
possi bl e tads&idid.ciently pronote the segregated structure of the oxide, and
forman excellent granular structure. It is preferable for the reverse
magneti ¢ domai 3 I 1 - i etic
recording fil mpltS gl%%géﬁg'? ﬁ%eé%fﬁtﬂ%efg%&)eog gg?.ﬁu'l ggﬁﬁgrﬂgﬂg\gegiraggeﬁlﬂpﬁglgneti c
dormai n gener.at i field (-Fi is, less than 1500 (Ce),. the thermal

P uct uats GO el ot Gren B s BaBekud SoB YRk Bt Bhden: 1 abl . The
protective film as well as preventing the corrosion of the perpendicul ar
magnet i ¢ AUBBREEHIN eRg pienfadioR mat eri al whi ch prevents danmage to the medi um
surface when the magnetic head cones into contact with the nedium and a
convent i onal | ylIt ikprefasrabledorthe dilm dugknpss aftlid inteedigtofilnetodeplotless thari 3 possi bl e
to utilize a material containing C, Si02, or Zr02. By making the thickness
of the prd@erinduwet fredtenthot 23 @es. Wham thADNAE06Ht Bilk6 T3 ss BEH/ IR ADysB1 9953 12 1
ran, and not greater than 5 nm the distance between the head and the nmedi um
g an _bte magents Bedotnes WBEEBichS aid B et hear! §RcbAGIRA G MR finddifiint, €Cor di ng
ensity.

which is undesirable. Furthermore, when the thickness of the undercoat film exceeds 25
(nm), the distance between the magﬁetic head and the soft magnetic soft under layer at
the time of recording and reproducing becomes larger. Therefore the OW chai‘aéteristic,
and the resolution of the reproductive signal decreases, which is undesirable.

The perpendi(_:'ular magnetic recording film bas an axis of easy magnetization in
the perpendicular difection with respect to the subgtrate sidé. As constituent elem;enfs, at
least Co, Pt and an oxide is included, and furthermore, e}ements such as Cr, B, Cu, Ta,. Zr,
and Mn can be added for purposes such as SNR characteristic improvement.

Asthe oxide v.vhich constitutes the perpendicular magnetié recording film, SiOs,
Cry03, Y203, TiO,, TayOs, Si0, and the like are preferable examples. It is preferable for
the volume fraction of thg oxide to be 15 to 40 volume%. Ifthe volume fraction of the |
oxide is less than 15 volume%, it is undesirable because the SNR characteristic becomes
insufficient. If the volume fraction of the oxide exceeds 40 volume%, it is undesirable |

because a retentivity which corresponds to a high recording density cannot be obtained.




For the lubricant film it is preferable to use a conventionally known
material, for exanple, a perfluoropolyether, a fluorinated alcohol, a
fluorinated carboxylic acid, and the like. The magnetic recordi ng nedi um of
the present aspect which conprises a perpendicular nmagnetic recording

medi um conprising at |east a soft under layer, an internediate |ayer, a

per pendi cWPaPR¥gARt i ¢ recording film and a protecti VETAPIOR/HPWE3
sequentially formed on a nonmagnetic substrate, is characterized in that the
per pendi cul ar rnagnetic recording nedigjumis configured by two |ayers
conprising a granular structure containing at |east Co, Pt and an oxi de,
and t he sat ur dt sorefergble forzhe thatknédvp) the beipbelidubamenagnetisceradding filmlten 1 provi ded
to the substrate side is smaller than the saturated nagnetization (M) of

t he upper be or8dinmglftlicl thicRngss offhd egidé gratuller 1pyepisewithivehif tanpe,d1ide. Therefore
recordi ng and reproduction of information of a high density becones

possi bl e. plefefable?hce ARYE s@ficRIBSRME cBf bekeSREN Ghd £ dEBERnE tgndw epr oduci ng
apparatus wusing the aforenmentioned nagnetic recordi ng medium The nagnetic

recor di ng.,angd; rigﬁglggggg%hér\é%dappar atus shown here is furnished with the
af orenenti oned magneti© recording nmedium 10 of the present invention, a

medi umdri vi ng,secti o 1 whic r ot,at th etic recordi ng nmedium 10, a
magneti c headg]i}f Rﬁmegﬁcégrc%?%gggﬁaord}ng d‘ﬂﬁé@ﬂﬁfed?r‘?‘?ﬁ?ti%‘f? IP%ﬂ?Stane nmagneti c
recordi ng rr&giym 10, a head-driving section 13, and a recaqrded/reproduced
si gnal - pr gtedlsd grpndbesimginge wighdopsssss yeBchEhgRkickle PeiRisuEes Hithit essi ng
system 14 is able to process the input data and send the record signal to

t he magnemiagnetie suysteeraips aggrsurewsled hipa namagdetsewnygictplisimaterinln Ihtbe nagnet i ¢
head 12 and output the data. WD 2006/ 046732 PCT/ 3P2005/ 019953 13

[ Exanpl es rahideenaghetic lagetabqehese thr grais howlatyphaseasfithyndninagmpie matuneahl ef f ect s
of the present invention. However, the present inventionis not limted to

the fol | ophyR@amy a%§therﬁ@ﬁélg@%?ﬁt_iclés e HagsSicsmbskicks GetvasPiihous substrate

MEL product of MYG dianeter inch), was accommodated inside the

deposi t1 OfheAREEIORS dédie, IAOTRUOAMISPU'ALLARRRCAL inaih AAE UV COTp.

C3010), and"the"inside of the deposition c er was evacuated until a

‘égrc ]E‘ g ?‘rrlsg ‘é&laerag%df igx 6 thsio i AU rain) bif is SHRBEAL FrcPRk! DBpwas
noise characteristic can be obtained. Furthermore, in such a granular magnetic recording
layer, the nonmagnetic nonmetal material which is used as a grain boundary phase can
decrease the interactions between the magnetic particles.

- The perpendicular magnetic recording film of the present invention comprises a
lower recording film and an upper recording film constituting a laminated structure; and
it is preferable for the saturated magnetization (Ms) of the lower recording film to be
smaller than the saturated magnetization (Ms) of the upper recording film. | By
conﬁguring.them in this order, it is compatible to achieve high nucleation ficld (-Hn) as
well as low SNR.

It is preferable for the saturated magnetizétion {Ms) of the lower r‘ecording film to
be not greater than 600 («=;1nu/<;m3 ). In particular, it is preferable for it to be in the range
of not less than 150 (emu/em®) and not greater than 500 (emw/cm®). A magnetic

recording medium of this range shows a particularly excellent SNR. It is preferable for

the saturated magnetization (Ms) of the upper recording film to be not Jess than 500




under |ayer was formed by depositing 50 rimof 89Co-4Zr-7Nb (Co content 89
at% Zr content 4 at% Nb content 7 at% as a first soft nmagnetic film 0.8
run of a Ru filmwhich is to be placed in between the |ayers, and 50 nm of
89Co0-4Zr-7Nb as a second soft nmmgnetic film on this substrate. The

cryst al | woeosd/oqeseur e of the soft under |ayer was cdFPaEF01%85% e t he

anor phous structure by XRD. Next, 5 nmof 60N -35Cr-5B as an orientation
control film 15 nmof Ru as an unggrcoat film and 4 nmu of

60Co- 15Cr-15Pt -1 OSi 2 and 8 ri m of Co-5Cr-15Pt | OSi 2 as a perpendicul ar
magnet i clemael)dirng if bdlew g s idemesiabRbecdReths ahslealoadiclaggngt i zation (Ms) of
the 60Co-15Cr-15Pt-1 OSi 2 of 250 (enu/cni), and the saturated nmagnetization
(Ms) of dhgastPCo-5Cr-15Pt-10Si @2 of 680 (enmu/cnB), were separately

confirmed by a vibrating sanpl e nagnetoneter (VSM. Next; a protective film
of 4 mm was i{: . | A4 fl conprising a
per fl uor opol ;%?h%?&alggf#r@l?en@%@ﬁﬁﬁgﬁg}e%%ﬂ%t}?arr%e ggﬁgtrt\hc?dt dey’ per pendi cul ar -
magneti c_j.ecordi ng. medi.um was,,obt ai ned. ,.\AD. 20 046732 PCT. 05/ 019953 14
(Conpar SMFEES BTG PR e NN E gt D S=CB 1 2P A on of the
per pendi cul ar magnetic recor ding. film  the nmagnetic recordi ng nmedi um was
made as ¥9MoEKeHthan20 (ahe)- r%’dbfg‘d‘i'%“h ARgs IHWROPTHY e LRAPHET &Y i stics were
evaluated with regard to magnetic recordi ng nedi uns of these Exanples and
Conpar at ¢nismabseampbé siagiizationddshiand a%NB whidheomespondhi ta g bigh receptingluci ng
characteristics was determ ned using a USA GJZI K Co. read/wite analyzer
RWA1632 demeitya spi n-stand S1701MP. The eval uation of the recording and
reproduci ng characteristics was determined by utilizing a nagnetic head
using a si ngligis pRIfSapRENShd fonBRlRtit Qlem¥ht §thdd ThandI] PRt he &i®ENt in the
reproduci ng section, and the recording frequency condition was nmade to be a

track regordi i . | oAl hown i n
Tabl o 1. PR isAboam Mo ¥ he S reckMERCHR UPhd R RS Ao e et

Ef f ect g%@;ﬁég g;gtgfs ri@%? J?%sgl%oll'sjﬁblgfor (%Qa%ﬁ%n 8{)timNaef geﬁ{tr%)(e'd ma; 2@%%&9({0%%%1221

PCT/ JP2 e

SNR which corresponds to a high recording density, and a high reverse amagnetic domain
generating field (-Hn).

It is preferable for the nonmagnetic element which constitutes the lower recording
film and the upper recording film to comprise any one of Cr, Ru, and Cua. This makes it
‘possible to sufficiently promote the segregafed structure of the oxide, and form an
excellent granular structure.

It is preferable for the reverse magnetic domain generating field (-Hn) of the
perpendicular magnetic recording film to be not less than 1500 .(Oe). If the reverse
magnetic domain generating ﬁel& (-Hn) is less than 1500 (Oe), the thermal fluctuation
tolerance considerably decreases, which is undesirable.

The protective film, as well as preventing the corrosion of the perpendiculvar
magnetic recording film, is a material which prevents damage to the medium surface
when the magnetic head comes into contact with the medium, and a conventionally
known material éan be utilized. For exarnple, it is pdssible to utilize a material

© containing C, Si0,, or Z1O,. By making the thickness of the protective film not less than



WCRcqglInzZz9 U QNd M Wv NNNNN UOW-~ <aLi. ro ZZHCo 0 CO Z
C/ a0 .O>W UOOOOOO WOr aNU a OMUZO Oda=aM .cNE Qo 0O
0f- WEONe f-ZEW ZjYEro LLUa 2v OKOOO 0 WZO0O0O
WO 2006/046732 PCTAIP2005/019953
12

1 nm, and not greater than 5 nm, the distance between the head and the médium can be
made small, which is preferable from the point of high recording density.

For the lubricant film, it is preferable to use a conventionally known material,
for example, a perflucropolyether, a fluorinated alcohol, a fluorinated carboxylic acid,
and the like.

The magnetic recording medium of the present aspect Which comprises a
perpendicular magnetic recording medium comprising at least a soft under layer, an
intermediate layer, a perpendicular magnetic recording film, and a protective film are
sequentially formed on a nonmagnétic substrate,- is characterized in that the perpendicular
magnetic recording medium is configured by two layers comprising a granuldar structure
containing at least Co, Pt and an oxide, and the saturated magnetization (Ms) of the loWer
recording film 1 provided to the substrate side is smaller than the saturated magnetization

'(Ms) of the upper recording film 2 provided fo the protective film side. Therefore
recording and reproduction of information of a high density becomes possible.

FIG. 2 shows an example of a magnetic recording and reproducing apparatus
using the aforementioned magnetic recording medium. The magnetic recording and.
regenerative apparatus shown here is furnished with the aforementioned magnetic
recording medium 10 of the present invention, a mediurn-driving section 11 which
rotates the magnetic recording medium 10, a magnetic head 12 which recor&s and

reproduces information from the magnetic recording medium 10, a head-driving section
13, and a recorded/reproduced signal-processing system 14. The recorded/reproduced
signal~processihg system 14 is able to process the input data and send the record signal to
the magnetic head 12, or process the reproduced_ signal from the magnetic head 12 and

output the data.
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[Examples]
Hereunder, examples are shown to clarify the operational effects of the present

invention. However, the present invention is not limited to the following examples.

(Example 1)

A glass substrate (amorphous substrate MEL product of MYG, diameter 2.5 inch),
was accommodated inside the deposition chamber of a DC magnetron sputter apparatus
(Aneruva Corp., C3010), and the inside of the deposition chamber was evacuated until a
vacuum level of 1 X 10 was obtained. After subsirate heating was performéd, asoft
under laye; was formed by depositing 50 nm of 89Co-4Zr-7Nb (Co content 89 at%, Zr-
content 4 at%, Nb content 7 at%) as a first soft magnetic film, 0.8 nm of a Ru film which
is to be placed in between the layers, and 50 nm of $9Co-4Zr-TNb as a second soft
lﬁagnetic film, on this substrate. The crystalline structure of the soft under layer was
confirmed to be the amorphous structufe by XRD.

Next, 5 nm of 60Ni-35Cr-5B as an orientation control film, 15 nm of Ruasan
ﬁndercoat film, and 4 nm of 60Co-1 SCr-ISPt—IOSiOZ and 8 nm of 7OCO-SC1‘-1 SPt?
108i0z as a pelpen(_iicular magnetic recording film, was deposited. The_saturated
magnetizatioﬁ (Ms) of the 60Co-15Cr-15Pt-108i0; of 250 (emu/ cm’® ), and the saturated
mégnetization (Ms) of the 70Co-5Cx-15Pt-108i0; of 680 (emu/cm3), were separately

| confirmed by a vibrating sample magnetometer (VSM). Next, a protective film of 4 nm
was formed by the CVD -method.

Next, a lubricant film comprising a perﬂuoropolyethef was formed by the dipping

method, and the perpendicular magnetic recording medium was obtained.

0
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PCT/ JP2005/ 019953 16 In conparison to Conparative Exanples 1 to 4, a
superior SNR was confirned in Exanple 1. Furthernore, it can be understood
that there is no decrease in the opposing nagnetic domain formng field
(-Hn), anWh¥WigeetZem in the thermal fluctuati on resimtTame®s/oj®scanples 2 to
6] Other than changing the conposition of the lower recording filmas in
Table 2, the magnetic recordi ng nmedjgm was nmade as for Exanple 1. The
evaluation results are shown in Table 2. WD 2006/ 046732 PCT/ JP2005/ 019953
17 [Table 2] cq z ui v ui vi ~i vVJ VNNNNNN OW QOW-~LQ(~00O0
0000 OOMVZZWw tD,- D) NN Oho 0 Q WD UUOOOtONOOOO
m N c0 m O O (Comparative Examples 1 1o 4) '

Other than changing the configuration of the perpendicuilar magnetic recording
film, the magnetic recor.ding medium was made as for Example 1.

The recording and reproducing characteristics were evaluated with regard to
‘magnetic recording mediums of these Examples and Comparati ve Examples. The
evaluation of the recording and reproducing characteristics was determined using a USA
GUZIK Co. read/write analyzer RWA1632 and a spin-stand S1 701MP.

The evaluation of the recording and reproducing characteristics was determined
by utilizing a magnetic head using a single pole magnetic pole for writing, and a GMR
element in the reproducing section, and the recording frequency coﬁdition was made to
be a track recordﬁlg densi_ty of 900 kFCI, The evaluation results are shown itt Table 1.
The magnetostatic characteristics were determined using a Kerx Effect Measurement

Apparatus (product of Neoarc).
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[Table 1]
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obt ai n avempes4wr32SNR and a reverse nmagnetic domain penatedsiongsfi el d (-Hn)
i n exanpl es where the saturated magnetization (Ms) of the |ower recording
filmwas |ower than the saturated nmaggetization (M) of the upper recording
film In particular, it was possible to obtain excellent characteristics in

exanpl es wher & cdnliRriSal it Cain@aratfgBeinhpled 1 0, 4 Mpkriof SR evak exeimeeaor ding film
was not |ess than 150 (enmu/cnB) and not greater than 500 (enu/cm.

Example 1. Furthermore, it can be understood that there is no decrease in the opposing

magnetic domain forming field (-Hn), and no problem in the thermal fluctnation

resistance.

[Examples 2 to 6]
Other than changing the composition of the lower recording film as in Table 2,
the magnetic recording medium was made as for Example 1. The evaluation results are

shown in Table 2,
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[Table 2]
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It was possible to obtain a superior SNR and a reverse magnetic domain
generating field (-Hn) in examples where the saturated magnetization (Ms) of the lower
recording film was lower than the saturated magnetization (Ms) of the upper recording
film. In particular, it was possible to obtain excellent characteristics in examples where
the saturated magnetization (Ms) of the lower recording film was not less than 150

(emw/emn’) and not greater than 500 (emu/cm?).

(Examples 7, 8)
Other than changing the composition of the upper recording film as shown in
Table 3, the magnetic recording medium was made as for Example 1. The evaluation

results are shown in Table 3.
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WW JJJ tIl Cd XXX WWWW 2006/ 046732 PCT/JP2005/019953 20 It was
possi ble to obtain a superior SNR and a reverse nagnetic domain generating
field (-Hn) in exanples where the saturated magnetization (M) of the |ower
recor di ng Wayes/M4@Es2 | ower than the saturated nmagneti zaPCHmP008N9%8 t he upper
recording film In particular, it was possible to obtain excellent
characteristics in exanples where tde saturated nagnetization (Ms) of the
upper recording filmwas not |ess than 500 (emu/cm. (Exanples 9 to 12)

Ct her than c[irag]gi?’ihg the thickness of the upper recording filmand the | ower.
recording filmas shown in Tab magnetic recording nmedi um of Exanpl e
9 to 12 was prepared by the s was for preparing the sanple of
Exanple 1. The evaluation res Agwn in Table 4. In each of the
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LOWER REGORDING FILM

COMPOSITION
(ath)

EXAMPLE1| B60Co~15Cr15Pt-10Si0,
EXAWMPLE7| 60Co—15Cr—15Pt~10Si0,
EXAMPLES| 60Co~15Cr—15Pt-108i0,
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It was possible to obtain a superior SNR and a reverse magnetic domain
generating field (-Hn) in examples where the saturated magnetization (Ms) of: the lower
_recording layer was lower than the saturated magnetization (Ms) of the upper recording
film. Inparticular, it was possible to obtain excellent characteristics in examypoles where
the saturated magnetization (Ms) of the upper recording film was not less tham 5 00.

(emwem’).

(Examples 9 to 12) -

Other than changing the thickness of the upper recording film and the Iowér
recording film as shown in Table 4, the magnetic recording médi_um of Example 9 to 12
was prepared by the same method as for preparing the sample of Example 1. The
evaluation results are shown in Table 4.

In each of the magnetic recording mediums, superibr characteristics could be

obtained.
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changi ng the constituent elenment of the perpendicular magnetic recording
filmas shown in Table 5, the nagnetic recording nmedi um was nade as for

Exanmple 1. _The (igval uation results are shown in Table 5. In each of the

magnetic reQdPU i hedi uns, superior characteristics cEGTFIPHE 8B Rai ned. WO
2006/ 046732 PCT/ JP20051019953 23 [Table 5] CCmmN mmmn CZg NN NNN
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Other than changing the constituent element of the perpendicular magnetic
recording film as sho@ in Table 3, the magnetic recording medium was made as for
Example 1. The evaluation results are shown in Table 5.

In each of the magnetic recording mediums, superior characteristics could be

obtained.
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. 2 shows an example of a magnetic recording and reproducing apparatus
using the aforementioned magnetic recording medium. The magnetic recording and
reproducing apparatus shown here is furnished with the aforementioned magnetic
recording medium 10 of the present invention, a medium-driving section 11 which
rotates the magheﬁc recording medium 10, a magnetic head 12 which records and
reproduces information from the magnetic recording medium 10, a head-driving section
13, and a recorded/reproduced signal-processing éystem 14. The recorded/reproduced'
signal-processing system 14 is able to process the input data énd send the record signal to
the magnetic head 12, or proéess the reproduced signal from the magnetic head 12 and
output the data.
A magnetic recording and reproducing apparatus with the construction _shown in

FIG. 2, and utilizing magnetic recording mediums obtained as rﬁentioned above, was
assembled.

~ The magpetic recording and reproducing apparatus of the present invention wras
superior in SNR characteristics aﬁd OW characteristics, and was a magnetic recording
and reprd ducing apparatus in which recording and reproducing of high density

information was possible.



FIG 2 shows an exanple of a magnetic recordi ng and reproduci ng appar at us
using the aforenenti oned nmagnetic recordi ng nmedium The magnetic recording
-and . reproduci ng apparatus shown here is furnished with the aforenentioned
magneti c recording nedium 10 of the present invention, a nmediumdriving
~section 11 which rotates the magnetic recording nedium 10, a magnetic head
12 which records and reproduces information fromthe nagnetic recording
medi um 10, a head-driving section 13, 2and a recorded/ reproduced

si gnal - processi ng system 14. The recorded/ reproduced- signal-processing
system 14 is able to process the input data and send the record signal to
the magnet¥BARMAd 12, or process the reproduced signal fromthe magnetic
head 12 and output the data. A magnetic recording and reproduci ng apparat us
with the construction showmn in FIG 2, and utilizing magnetic recording
medi uns obt.ai neflpapembBatlaroneEmictbreerdingasedias sempligng atlTbeat abgrkaig layarecor di ng

and reproduci ng, appar at of the present inventign was suyperiof in SNR
char act er i Et Tt ta&ﬂg c‘%ﬁﬁcg a%’t‘@???‘g?‘f‘?:ts ?ﬂyaha pﬁﬁgn‘chdB%&qeegFeéE@ﬁﬁ ng and
repr oduci nginARRAEL piditivd ﬁﬂg,g&l?uéﬁlﬁl%ﬂinﬁligd aimgln&ﬁﬂ%@@ 5 sfvgirgt, Ji@bndgnsity

information was possi bl e. . . ﬂA&per pendi cul ar magnetic recording
medi um congriantiting centrdl didm tcontaina £k iRdgNiGryee NiCrkgnamst the itteredatedayariol film an

i nt ernedi at e, | r erpendi cul ar neti.c recordi fil nd a

prot ect i ve™F{9 ‘%}X&s gﬁ(ﬁ%‘gth‘i’le? cﬁgrr%%%l%@%mﬁow ﬁ‘rf@tcf”iig@ﬁ%fslmn%‘fog?y%er ein the
orient at i ofngRRingQl grinl4Ps6afthrl DStaltling fdeasNCEIPt @hd M &€ an@ b} sbfdgation
intermedi ate layer 1s made of Ru, and the perpendicul ar nmagnetic recording

filmis conrgngtirationithls) gior losperesordingnfpmm mpyigeciiogysihtiradg side isug & tange ebnt ai ni ng
at | east %bélé?& th?ﬂ%@@mﬂ?&h{j dﬁb‘tdgaféa@&tﬁe&}woaeﬁﬂu?ﬁni IREREthaAkben (M) of a

| ower recording Tilmprovided to a substrate side’is 1n a range of not |ess
t han 150 emgmetiBationdMspo! grgptercddimy BAQrevidddan? pratadive Hémsadels adti on

magnet i zat,j on of ,any upper recording fi]mprovided to rotective film
T de 1 5 nd e B 66 Bt et S domefuileBon g Pe Setal n

nucl eat | orbegge%hféufarh!a n&ifc@@ir&ln%ﬁﬁﬁ@se&ﬁin&yhﬁﬁ1ma%)gpzcrmwdl ng filmis not
| ess than 1500 (Ce) (120 k/A). 2. The magnetic recordi ng nedi um according to

claim1l1, wherein the saturation magnetization (M) of said | ower recording

filmis n%. r eﬁ}e%rrlagtng 1cnre§9r%in(genrlrgc{i1(1:nq%&ording to claim 1, wherein the saturation

magnetization (Ms) of said lower recording film is not greater than 600 (emu/cm?).

3. The magnetic recording medium according to any one of claim 1 through claim 2,
wherein the oxide contained in said perpendicular magnetic recording film is any one of

SiOz, CI‘203, Y203, Tio;z, Ta205 and SiO.

4. The magnetic recording medium according to any one claim ! through claim 3,
wherein a nonmagnetic element of said lower recording film other than Co, Pt and the

oxide, is not less than 12 (at%) and not greater than 20 (at%).

5. The magnetic recording medium according to claim 4, wherein a nonmagnetic
element of said upper recording film other than Co, Pt and the oxide, is less than 12

(at%).

6. The magnetic recording medium according to claim 4 or 5, wherein said

nonmagnetic element is an element selected from any one of Cr, Ru and Cu.




3. The magnetic recordi ng nmedi um according to any one of claiml through
~claim?2, wherein the oxide contained in said perpendi cul ar nmagnetic
recording filmis any one of S, Cr203, Y203, Ti 2, Ta205 and SiO 4. The
magneti ¢ recordi ng medi um according to any one claim1l through claim3,

~ wherein a nonmagnetic elenent of said |ower recording filmother than Co, Pt
and the oxide, is not less than 12 (atg and not greater than 20 (at%. 5.
The magnetic recordi ng nmedium according to claim4, wherein a nonnagnetic

el enent of said upper recording filmother than Co, Pt and the oxide, is

l ess than 12 (EHe%hagnbiic fderdiRONEIE at @BEIHE tQaiffET ik Af 604 diidde fiBn &l ai M 4
or 5, wherein said nonmagnetic elenent is an elenent selected fromany one
of &, RuB®md cu. 26 7. The magneti c recordi ng medi umaccording to claim1,
wherein said mddle filmis Ru. 8 A nethod of producing a magnetic
recording nmedium in which a nethod of producing a perpendi cul ar nmagnetic
recor di ng $redi uhmiréhoid d paddutieg 8 maanétackcordink aysdium, amwhahiagnéthdd ofh cont r ol
filmand an internediate film a. perpendi cyl ar, magnetic recording film and
a prot ect i FFedYIEH %ﬁ@éﬁﬁ%%ﬂﬁ&%ﬁ%ﬁ mﬁ%@?&@%ﬁ%&%‘rﬁ%ﬂ&@% @npri ses
for mi ng  sak,fbnRabR SRt il andBY RtrhedfRARAT b BerpEidi 1M iNBld A¥EHIFeCONPY i Si ng
a granular structure containing at |least Co, Pt and an oxide, formng a

per pendi cufilar, andhgpetdctive fibe sequicnignllfyifbmedionta rongagustiatsitostraten gorepiiseat i on ( Ms)

in a range,of. not..l ess t.han 150 _.enmu/cnB and not greater than 500 ,emu/ cnBon

" subst 1 ot ERRPAaHgPE R PR BRRAEoERE AT e R P AT ar

magneti ¢ r@eefel afitdidihguivedsh Ca, Priadb kA bkidp, BRLIALE ipépeh@bulal ABdne@é not | ess

t han 500 enu/cnBon a Frot ective filmside of an upper Portl on, so that a
ing

reverse neghRting fids vl supiden negnetization (MsHm)a rapgesafingt Ises thamtGul ar _
magnet i ¢ re?ﬁ’@érg] A n ftgileg%ek thall 3bo %I%E/%mb&?gsﬁ'b?&gce giﬁ%})f Silo%wper f{n‘%i)on zlzrd A magneti c
recording and T epr 00UEI NG apparatus conprtsing & ragnetic recording medi um
and a magndéd forhad pecdiicoRe aagsetianebording fithy ot ai safuedtivn @Rt Atisai d
magnetic recording nmediy acterized in that the magnetic head is a

h
singl e madhey PENYCFsE thq@éé?g],emge#rgﬁ PRa PrRIGTHE f1m siI9e 6F & FeperBertiah BdB¥rdi ng t o
any one of Gl i dhehiDHOMSR fabRhtBn feld EHY) bt dafFisbribich e nIBAAR G rdiRE O di NG

medi um
film is not less than 1500 (Oe) (120 k/A).

0. A magnetic recording and reproducing apparatus comprising a magnetic recording
medium and a magnetic head which records and reproduces information to said magnetic
recording medium, characterized in that the magnetic head is a single magnetic pole
head, and the magnetic recording medium according to any one of claim 1 through claim

7 is utilized for the magnetic recording medium.



