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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG AND REPRODUCI NG DEVI CE USI NG THE MAGNETI C

WOROORAEHMG MEDI UM Cross Reference to Rel ated PCT/JP2006/322415

Applications: This application is an application filed
under 35 US C. 11l (a) claiming the benefit pursuant
to 35 USC 1 19(e)(l) of the filing date of
Provi si onal Application No. 60/755 790 filed January
4, 2006 and Japanese Pat &HSUHFTIOA i on No.

2005 373681 fil ed Decenber 27, 2005 .pursuant to 35 U S
C. 11l (b). Technical Field: This invention relates to

MAGYETIC c REGORDING MEEDIMandND neNG@VETIC eRECORIPING AND

and r roduci ng devi ce using th icre in
Ut S Bt THEMASER T BECRESRE SetSum

nagnetlc recordi ng nmedi um of high recording density.

Background Art: The perpendi cul ar magnetic recordi ng

€yt Refaranca te Belawid| Appdigaticewn f or | nprovi ng the areal
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b&RAl FhrSeank aa/% U@Cesplfg@é)@ )Ioarlu% ﬁlnn%@eﬂe bﬂPRJv%Etﬁhal Application No.
direction of the nediumtolie in the verti cal

e0/7 2577 bhled Tandaey AedfiOgrnd rﬂmaém,Pattm: AppheajioatNei28Q5-373681 filed
ield ipg.t ne| [ Qf gneti zation
?F%ﬁ%ﬁ ?gn e |oﬁchgs SQT@ gbgﬁe boundary between
adj acent recordlng bits is decreased and therefore the
%netostatlc stability is
Technical Field:
This invention relates to a magnetic recording medium and a magnetic recording
and reproducing device using the magnetic recording medium and more particularly to a

perpendicular magnetic recording medium of high recording density.

Background Art: .

The perpendicular magnetic recording system is a suitable system for improving
the areal recording density because, in consequence of causing the easy axis of
magnetization of the magnetic recording layer heretofore laid in the in-plane direction of
the medium to lie in the vertical direction of the medium instead, the demagnetizing field
in the neighborhood of the magnetization transitional region constituting the boundary
between adjacent recording bits is decreased and therefore the magnetostatic stability is
increased and the resistance to thermal fluctuation is enhanced in accordance as the
recording density is heightened.

When a soft under layer made of a soft magnetic material is interposed between a
substrate and a perpendicular magnetic recording film, the resultant product is capable of
functioning as a so-called vertical two-layer medium and acquiring a high recording
ability. In this case, the soft magnetic soft under layer is fulfilling the role of refluxing
the recording magnetic field from the magnetic head and is enabled to enhance the

recording and reproducing efficiency.
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i ncreased and the resistance to thermal fluctuation is
enhanced i n accordance as the recording density is

woaioghtsssteed. When a soft under | ayer nade of aPGIA2006/322415

magnetic material is i'nterposed between a substrate
and a perpendi cul ar nmagnetic-recording film the
resultant product is capable of functioning as a
so-called vertical two-layer medi umand, acquiring a
hi gh Pewstibi ig ualen fitys, vaFounkiads g€ eatgripds Bayrerbeen proposed. For
| f
CRAG 11 4P, HBEET 1EpMRE Pofend Mo 1400526, LB S, Ri-Fe-Cr aloys
OE@nGIHbAhEEB 3339, foenedmhEe), e@. bahinger hther fecondiungand Ta or
and re rodH ng efficiency. Generally,.as under fil ms,
GHie" SETRenEs FRinn HEPBRPY YRIIE BE SR Pfbposed. For
exanpSgice the uAbéOIsh &raeécﬁ/(errﬁ&g Jl@iﬁ@i'ﬂﬂﬁﬁ dRedr@ites N particle diameters
2669529, for exanple), Fe-Cr alloys (refer to JP-A
200G ch2B 289 of ﬂt@rm@xrancpht@)layeetaod niegnetng reanrdiegolaper m;éced thereon,
ruct ure ks havi.n n . amrn
BerEetitonlls et (Bl B TR Grudy i Po i TR Y eermine
@R\ edonding afd RpRsHucin@hardedeRstits BE thet MgnRaE tdcotding medium.
dianeters and orientations _of the interpediate |ayer

and ndbghitgrpositiaiopidhe gnderyfdm betwegndhe spfe uadad, la)teﬁé"d the magnetic

lsé l:r I‘%%dlt(g %us :Qghgatsﬁa%g@%etwag{ &E%ﬂ%ngﬁé)w ga'ilg t}R: éJYt%Eé/ of the soft

erm ne recor
m&m dd,twnag)ecimarea@etdeby shé citclofesd be tingnddri ffnlnr ed?@r dhangpurpose of

h
el Toeantscbesl i ol e wngert b veen Ll
SAUShAW 1428 bdi AN L 1 BRJUNRERIck & s TBIR&L ihe Jh@@ldﬁﬁﬁ“i‘lsésh@ material

surface of the soft under |ayer to be increased by the
porsesaing s saff ntageetwnm@pemy,lhw%@cr tihis gnablsdde folfill the role of a soft

ﬁrﬁ%ﬂ&yg @tdhc‘t%ﬁgr Ltbg §§'§{a? gn%lr}t?téog off tﬁ n¥eirﬁ1§8|4a§e lg}(f:ér%lspoyéd thereon.

The structure of medium proposed heretofore is not sufficient to obtain.a
magnetic recording medium excelling in the recording and reproducing property. Thus,
the desirability of a magnetic recording medium that solves.this problem and allows easy
manufacture as well has beén finding recognition.

This invention has been proposed in view of the state of affairs and is aimed at
optimizing the material for the under film and thereby providing a magn‘etic recording
medium and a magnetic fecording and re'producing‘device excellent in productivity and
capable of recording and reproducing information of high density.

For the purpose of accomplishing the object mentioned above, this invention has

-adopted the following configurations.

Disclosure of the Invention;
The first aspect of the invention is directed to a perpendicular magnetic recording
medium provided on a non-magnetic substrate with at least a soft under layer, an under

film, an intermediate film and a perpendicular magnetic recording film, wherein the soft
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soft under |ayer be given an adequate thickness. Since
the under filmuses a materi al possessing a soft

wWOorEgne4ses property, however, it i s enabl ed to FauW/§A2bi6/322415

the role of a soft under layer and control the crystal
orientation of the internedi aBe | ayer di sposed
thereon. The structure of nedi um proposed heretofore

is not sufficient to obtain a magnetic recording ,
wnsldr davieestt alsefingagnetie HEmy BeorgiipRPmaBheus pY Bigles.nge under film is

r T t i j 4k fe. i
REBBFG IOkt B JETAFRA M RBO0EL 6 gy,
easy hethefseaindraspes ofvelid inkergtidnethat includen ther @n@guriatiowiof the first

This inventi] as-been propo in yjew of th ate
Fpechs thaiNisWa G’Yﬂ?séf‘ﬁgocoé‘fengﬁf ?ﬁﬁam‘éﬁ Ph@oﬁ%ﬁ%‘f Pg*' cpgyent of 20
4ibs %ggferss.fi I mand thereby providing a magnetic

recording medium and a nagnetic recordi ng and
r epr obiutbe tigrdiespecteofehe eivieanon that prebuigs thevéanfigaragion of the first or

capapl e of ,recordi nd,.r gpr.oduci ng i nf ornpati.on, o
SEeg wend 05 % Boenibs MM SLBRGHE L e iR e P pglo 12 aom %
obj ectn B RSUrdNBFecdPYR intéitnithaendlidl thasordiopitiod dffagy one of
followi ng configurations. Disclosure of the Inventiaon.

thadirstite shirchaspeets, the NitW¥ allay dias p saurasiogifiudeasityt Mszof 50 emu/cm’
(g)rel{lgr%ndi cul ar magneti c recordi ng nedium provi ded on a
non-magnetic substrate with at |east a soft under

| ayerln the filthdspedtidfmhe miventidrethaedichides fhel conféipdragion of any one of

er pendi cul ar magnetic. recordjng fil erein the D
Bl adPUmAgeecRoths Nofdnia e upy ?rnﬁwﬁa@m cpyal lattice in Ni -
@%ﬂm#’l&rﬁ&dih‘&tﬂ!ﬁﬁasfa@yéﬁéldﬁficé inl Y ((0ob PEAEGe @bystil lattices have

i -Wall oy d of a

‘W a , and the intermediate filmis forne
RatialNigy11)Ru (0062)sietlmangs pe PO & 0.6he i nventi on t hat

I ncl ul%et?le ts&?n gs%re]cf:ti Fihé tlriw%gtigg thtat]lenc‘uidregtthe configuration of any one of
the first to fifth aspects, the under film further contains at least one element selected from
the group consisting of B, Mn, Si and Al

In the seventh aspect of the invention that includes the configuration of any one of
the first to sixth aspects, the under layer has a thickness of 10 nm or less. |

In the eighth aspect of the invention that includes the configuration of any one of
the first to seventh aspects, the Ru alloy has a AB50 of 6° or less.

In the ninth aspect of the invention that includes the configuration of any one of
the first to eighth aspects, the soft magnetic film contains a Co-Fe alloy. |

In the tenth aspect of the invention that includes the configuration of ninth aspect,
the Co-Fe alloy has an Fe content in the range of 5 atom % to 40 atom %. -

In the eleventh aspect of the invention that includes the configuration of any one
of the first to tenth aspects, the soft under layer has a film thickness in the range of 20 nm
to 80 nm,

In the twelfth aspect of the invention that includes the configuration of any one of

the first to eleventh aspects, the intermediate film has a thickness of 16 nm or less.
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aspect, the Ni-Walloy has an Ni content of 80 atom %
or nore and a Wcontent of 20 atom % or less. In the

wa tior/d74aspect of the invention that includes tINer/JrP2006/322415

configuration of the first or second aspect, the W
content of the Ni-Walloy is-#n the range of 1 atom %
to 12 atom% In the fourth aspect of the invention

that includes the conff'Lqurati on. of any one of the i
firstThe thigegh aaspett 8F The dnyGnip apToyifien ot magnetic recording and

rt%ﬁg)lﬂlPlé‘ng El@vifcl: ldémﬂﬁ{lﬁ% L% %%r%ﬁicﬁgco‘?wg%dﬁnﬁracw?ﬁiﬂ et!) Qny one of

aspect' o e i nvention that 1 ncl udes t
the rifritgtior tatel fin asplectarapd anmagiietichteafl ithatis taomhgnetic Fmonopole head for

aspects,.the. Ni contained in the under filmhas a . .
o B oA Retor B KEEordep i a1 FepTPHCEd iRl 4b magpic recording
nagum. crystal lattice in Ru (0002) and the crystal

lattices have a ratio NI ( 111)/Ru (0002) in the range ‘
of 0.BOsinye0tios in 4 perphidiext magnspe cecosding mediunyinerided on a non-
bl DgbyERe M S00L L WR IRt PArPREGL A Frermeciae i
&and perpendituliresinetio ee@réing Mims & @nbRd Hyr GRinghe s@ft elagnetic film
consisting of B, Mi, Si and Al. In the seventh aspec

t
formingethe sofk undsraxenan ameEphnge stroteree SREINGURaLNGH fim of an Ni-W
. | ' &t 110 LGy rdin
1B S5nBlpk 38, Ry, BLE 1 28BS g RS M b B fecording

méditimearidny enghaic rebatingrind udgedodieg devité gxoelentan ppdductivity and
any, one of the first ta seventh. aspects, the Ru alloy

128013 SpesgereipE BgFprodung MISTTRioREIEnASBIBE of the |
I pvenrheoébotvb ahd bivet b8)8&s,t dhBrac ki ORbafirésOmd fdv AN @Y the present

0 ‘

invention will become apparent to those skilled in the art from the description made

herein below with reference to the accompanying drawings.

Brief Description of the Drawings: |

FIG. 1 is a schematic view illustrating the stacked structure of the magnetic
recording medium according to the present invention.

FIG. 2 isa diagrarri illustrating the Hbias of the present invention.

FIG. 3 is a schematic view illustrating the magnetic recording and reproducing

device according to the present invention. -

Best Mode for carrying out the Invention: .

FIG. 1 illustrates one example of the magnetic recording medium according to
one embodiment of the present invention. A magnetic recording medium A illustrated
herein is configured by having a soft under layer a consisting of a first soft magnetic film
2, a Ru film 3 and a second soft magnetic film 4, then an under film 5, an intermediate
film 6, a perpendicular magnetic recording film 7, a protective film 8 and a lubricating

film 9 sequentially stacked on a non-magnetic substrate 1.
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the first to eighth aspects, the soft magnetic film
contains a Co-Fe alloy. In the tenth aspect of the

WO oentdsemn t hat i ncludes the configuration of PiTIH2006/322415

aspect, the Co-Fe alloy has an Fe content in the range
of 5 atom%to 40 atom % |In-thé el eventh aspect of
the invention that includes the configuration of any
one of the first to tenth aspects, the soft un

| ayer ARRe norrmagRetigisuRsttss | metallic pubsiyatesmady Ogmef%"%@atenals
m dsNaluREndafed it muﬁmtallgg%tm h@ﬁ’%@lﬁ’@ shB\@lates made of non-

I ncl udes t econf|gurat| any one of the first to
akalienniatamfecush ashglassnteeramedj atieoh,i kibctrasaebide and carbon, are
thickness of 16 nmor |ess.The thirteenth aspect of
#RdablEvent i on provides a magnetic recording and

repr odGlIARe selVraes iR thSdeBade T a FRGPIRIUL §lak & &iRf @H{ngmzed glass.
medi um according to any one of the first to twel

Aspb@tamoenmua grsynesdadimeegldss had aluminosagptelags of the all-purpose

FROGRA Sl oa Bt 7Dl st MR SRR Pyl g usavte

Thi s Friove fkd mwporhtaome.@ﬁfedin@utmr retegined ldensﬁ@pqhdlrrog -magnetic
medi um provi ded on a non magneti ¢ substrate with at
subsigate d is prefegipdien havgyasy aveaafgeLﬁqgfépe fqughpesgRa of 0.8 nm or less and

anFeeiraO@rqb@t(?i nH S‘Psl%ga@h dJ lge%gl%ectme "illratt&ﬁg?@&s%%ueml?' occurring in

recordi ng a so
thiel mrf-mlagmemg !;lﬂnetra;teft mndterml hmghteamgaﬁmr pﬂysual; orientations of the

structure the under filmof.an Ni -

AR Bl BPngt SeBerGpUR iheatie resPIdRE T oT.oSiigacing the
@c&%ﬁ@%n'd‘kﬁr%@@di? P@pERA bt RABAnSa FRGAAT feall 94 QF G rxg to generate
and reproduci ng device excellent in productivity and

loapldshieorof recordi ng and reproduci ng information of
hi gh flhe %ac‘ Xhat the minute undulation (Wa) of the surface of the non-magnetic

substrate 1 is 0.3 nm or less (preferably 0.25 nm or less) proves to be favorable from the
viewpoint of suiting the recording performed with high recording density while the
magnetic head 12 is retained in low flotation.

The soft under Iayér a is composed of two layers 2 and 4 of soft magnetic film
and Ru film 3 intervening between the two layers of soft magnetic film, for example.
The soft magnetic films 2 and 4 overlying and underlying the Ru film 3 -are coupled
together by AFC (AntiFerromagnetic Couploing).  This configuration enables
enhancement of the resistance to the external magnetic field and the resistance to the

phenomenon of WATE (Wide Area Track Erasure), i.e. the problem inherent in the

-perpendicular magnetic recording.

The soft magnetic film is preferably made of a Co-Fe alloy énd vested with a
saturation flux density Ms of 1.4 T or more. Using the Co-Fe alloy for the soft magnetic
film allows realization of a high saturation flux density and using Ni-W for the under
film enables acquisition of excellent recording and reproducing property.

The Co-Fe alloy prefers addition of any one element selected from the group

consisting of Zr, Ta and Nb. The addition also enables promotion of the amorphousness
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The above and ot her objects, characteristic features
and advantages of the present invention will becone

wappansss to those skilled in the art from t hePCT/JP2006/322415

description made herein below with reference to the
acconpanyi ng draw ngs. Brief -Bescription of the
Drawings: FIG 1 is a schematic viewillustrating the

stacked structure of the ma&@etl c recordi ng nedi um
alcher(gi-higyalley aeenbreceaint phingrriegttioroGtheoNj-&. The amount of Zr,

?5 %9& tblbI %ﬁg@é@ 8 A E'mr}'g@ p?éfeltrg@toolheﬁietﬂg range of 5 atom % to

|nven I'S a sc tic view illTustrati'ng the
hﬁ@lbﬁt%c recordl ng and reproduci ng device accordl ng to

the present inventio st I\/bde or.
v enThQRontEt G TF i the SoR Atbon Dy ArATETsk f i the Tange of S

%er"/‘%ttb 90 LRmPYH IReheRAt M AECANS st 505 ARG %ﬁh@%wge will be at
of the present invention. A magnetic recordi ng nedi um

d\dIShdimtagatlmthrrgl the |saum@nﬁ iflgesrdedsityyMsaiif e @onwft of Fe exceeds

. .
B Fom 4 ey BioM ! 8ahd Stdveblagiots TRIPRIBE b effatiy of
@d}rdg[uéﬁéssfl Im5, an |nterrred| ate film®e6, a

perpendi cul ar magnetic recording film?7, a protecti

fi | m Bheathirkaessiohthecsofl yngler layen 19 Pecfeitrd-oibglin gfhesrtaaw@fd% nm to 80
t

90,3t PETGIRRRERL ST SELE B HER AR RAPE e i v
disdidanals in dicablias saﬁ‘wnmwbsmpdomlafnuhmﬁnmlﬁlonyshe angnetic head,
non-netal lic. subtrﬂqt nB E‘g don talllc mat er i h '
RGUNAG 1§f ywingckommeins siteqlefuihigieny Pii G C&I<BPERIg e recording |
£ RBduding RYMIHybIf/he thickness of the soft under layer excéeds 80 nm, the
excess will be at a disadvantage in markedly deteriorating the quality of productivity.

The soft magnetic film must be in an amorphous structure. This is because the
impartation of the amorphous structure prevents the surface roughness Ra from being
increased, permits a decrease in the amount of the flotation of the magnetic head and
allows addition to the high recording density as well.

The Hbias that is the index showing the magnitude of the AFC of the two layers 2
and 4 of soft magnetic film constituting the soft under layer a is preferred to be 80 Oe or
more. The Hbias will be explained by reference to FIG. 2. The MH loop of the substrate
in-plane component of the soft under layer (the direction of the easy axis of
magnetization of the soft magnetic film forming the soft under layer) is illustrated in FIG.

2. On the assumption that Ms denotes the saturation flux density, the magnetic field

-whose magnitude is Ms/2, i.e. one half of the saturation flux density Ms, is defined as

Hbias. The soft under layer can be obtained by using the materials mentioned above for
the soft magnetic film and giving to the Ru film 3 interposed between the two layers 2
and 4 of soft magnetic film a prescribed thickness of 0.6 to 0.8 nm. Consequently, it is
made possible to enhance the resistance to the external magnetic field and the resistance

to WATE.
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The gl ass substrates include those nmade of anorphous
gl ass and crystallized glass. As the anorphous gl ass,

wezaot4sse gl ass and al um nosilicate gl ass of RGEIP2006/322415

al | - purpose grade are usable. As the crystallized
glass, a lithiumbased crystall-ized gl ass i s usable.
From t he vi ewpoi nt of hei ghtening the recording

densi t the non-nmagnetic substrate 1 is preferred to

have & @@ﬁéwa@éor% Rfdhe é@fgwﬁeg%tl%%fs Ue@"ﬁﬁwt@rbellé)s@e or less
@F&e BRoFablPY et 1855 - %c,ramh 1868 equily ﬁohwmuse the

enin consequen y occurring I'n non- magneti c
subst At enehng fos fibrirsing thelsoft gigmatianfyint, ibe spuytstiad method can be used.
[ ions of .the i diiate film

ori-en ter and the
per pe e O Aagnee Be sel gndstigy e G fgfmaémva%ﬁllﬁg'st pigferred to

érrgg&rd%m!% Gl QUES%Q&O@ llk‘ébtnig PRl iYg ANHagRAP e MPinfharted thereto in
gneti c head 14 to generate low flotation.

thheadia clirettert. the n1nute undul ation (Wa) of the

surfagce of, t an- na Fate is 0.3 nmar, .

oss {1 Grist BEpy 1o 2Be oo PER A pluiof g o Ve sie of the
pay@idadl £ ﬁagm:t:h@cmmgpﬂmw @6 beuithdked thBRok eCDRiuRder film is
performed with h recordln density while the

prafpnaly made af arlkln aflay, awhébi Afan W«Pnt@mtaqﬂfierﬁtonrr/e or more and a
ﬁpgéntW%?rZOla %l‘ﬁr% %r! Igss ?ﬂg?c&ﬁaqp [Fref'e |¥16}K§W BnRA%is4n the range

magnetic filma tervening
hﬂﬁ%ﬂﬁhaﬁhﬁ%ﬁmﬂIDaMﬂnSGOf soft magnetic film for

exanmpl.e. The soft mag ilms 2 and 4 overl |
inder TR MR (Fa0T8, 1A | HRales, the 68%5'@6 %%’gé%mgﬁiuc{ﬂg Rty 1o be |

b a8y NIRORINICWCRHHRE BIMS)is ad RbIfovEO T AOMERA USRg various under
enabl es "enhancenent of the resistance to the externa

filmgnetdre drilaked dnd a Haansogssemridectran tMisroscope (TEM) into plane
observation iniagcs, which were used for calculating the sizes of crystals in the relevant
magnetic recording films. As a result, it was found that the size of crystal decreased in
accordance as the amount of W added was increased. Meanwhile, from the results of
XRD

orientation of the Ru intervening film 3 was deteriorated in accordance as the W content

2

it was found that the dispersion (A650) of the (0002) face indiéating the vertical

increased. It can be inferred that the effect manifested by the decrease of crystal size in
improving the recording and reproducing property grows under the condition having the
W content of 20 atom .% or less and- that the deterioration of the recording and
reproducing property owing to the deterioration of crystal Q‘rientation also grows under
the condition -having the W content exceeding 20 atom %. |

The Ni-W alloy of the under film $ allows addition of elements with the object of
decreasing the crystal size and heightening the matching property of the crystal lattice
size with the intermediate film. For the purpose of decreasing the crystal size, B and Mn
prove to be particularly favorable. The content of B and Mn is preferred to be 6 atom %
or less. For the purpose of heightening the matching property of the crystal lattice size

with the Ru intervening film 3, Pt, Mo and Ta may be added.
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phenonmenon of WATE (Wde Area Track Erasure), i.e. the
probl em i nherent in the perpendi cul ar magnetic

WO zoonTisssyy. The soft magnetic filmis preferabbgr/Imoe/322415

of a Co-Fe alloy and vested with a saturation flux
density Ms of 1.4 T or nore. -8sing the Co-Fe alloy for
the soft magnetic filmallows realization of a high
saturation flux density and using Ni-Wfor the under

fi | m Ehrapatesation dlyxsdansion obthe kil 1aliey Gaseigrting gheapeder film 5 is

%%Perrﬂq)u %brkgnl.f?&ﬂp 6F Mbre I0E rrg)‘?? ??efé’lahlg 20 Ghekm® 3PGhdrk ONf it falls
any one e enent sel ecte omt group consi St ng

sHortZof, 50Tanword®, kbe shbmaga sl be ana dissdvaetagblire s/epenimpt the function of

f th r phousnessof the -Fe al loy and enhancepent .
B vHEr dATeite dRTDRT o 1198 NS 1R AHiBhriTe GRORE, orgpmiing and
adifeqRntiPidagciagd dedribAibh 8f (HerE@rdihk aid Feprau@fn prSiskriys

be 'iedr?%?h)gl ra(r::gg of rl5 gtom %.iro {5 Jz:Eltome}/)orThe ngoﬁrr}?%ntyo .

of FeThathidkeessoff themngaefiing 5 fis preferablyd eimeer mdretand @ nmmor less. If
he range ,of atom % to 40 atqm %, 1 f, t he content of '
i SpaER R atn 2R RS SRtk S0 Wkopt e P BE g Bnavantage
o padeaiicadie iundérohi g filAd #Rt AiMtibeNthbledR sdMSdrtly, disabling -
Ms. If the content of Fe exceeds 40 atom % the excess .
gfapisitios oftheefifcs abmintely desraasii the paitiste digmetrrang detgriagating the

i bV e e f t \

Ry F SALNERSP 3 LIS | KAERRsPbr e yR8L e 10 . e
envess| willtHeenl dohit aldisad sarvdgetiheuSofrtg thedestal siyeto ihalkehs.

Shor ot OBl SNOTLR0E ML BBl dufadvant aoe
the mpgnetitinebead th@iR¥aRddiNG 1AL 6Wsi prleRBatlly A% BRI BO less (more '
effected sufficiently and deteriorating the rec_or_dl n?
preferably 12 nm or less). This preferability is realized by using a Co-Fe-Hf alloy for the
soft magnetic film and an Ni-Fe alloy of a specific composition for the under film. By
decreasing the thickness of the intermediate film, it i1s made possible to shorten the
distance between the magnetic head and the soft under layer and impart a precipitous
shape to the flux from the magnetic head. As a result, it is also made possible to decrease
the thickness of the soft magnetic film further and enhance the productivity of the film.

The perpendicular magnetic recording film 7 possesses an easy axis of
magnetization in a direction perpendicular to the surface of the substrate 1. The
component elements for this film include at least Co and Pt and they may allow addition
of oxides, Cr, B, Cu, Ta and Zr with the object of improving the SNR property.

As the oxides that are allowed to partake in the formation of the perpendicular

‘magnetic recording film 7, Si0,, SiO, Cr;0;, Co0, Ta;0; and TiO; may be cited. The

volume ratio of the oxide is pfeferably in the range of 15 vol. % to 40 vol. %. If the
volume ratio of the oxide falls short of 15 vol. %, the shortage will be at a disadvantage
in preventing the SNR property from being manifested satisfactorily. If the volume ratio
of the oxide exceeds 40 vol. %, the excess will be at a disadvantage in disabling

acquisition of coercive force conforming to the high recording density.
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and reproduci ng property. If the thickness of the soft
under | ayer exceeds 80 nm the excess will be at a

walzwadwast age i n narkedly deteriorating the quedT/aBRRo@f322415

productivity. The soft magnetic filmunust be in an
anor phous structure. This is-Because the inpartation
of the anorphous structure prevents the surface -

roughness Ra from bei nqg i ncreased, permts a decrease
i n t h&hapslgatiopmaghetiq %tjaHn&.ﬁtlwrpermdrﬁa&ﬁ@tﬁgaewe@eordmg film 7

%qf@}a#ﬁ)@%ﬁqg'otr et 9 dberh 'fQ§ srh%FtQJf‘é' @Qog%ﬂé Eﬂ&ﬁagé will be at a

blast i's the index show ng
dlagf\dahuagenrrgnvmgensé&ﬁhetfmaliﬂseth\anori ayers 2 and 4 of soft

magne cflmc tituti t he soft under rai .
o b kgels oI AL PO N droSTRL [4SRG 71 preférred to be in
ERbANTSD RBY20 fheNRR&ELHeOxbdcBrarular 1hh& Hdslal tﬂQRn&fs i Bs range, it

substTtate I n-plane conponent of the soft under |ayer
(NtONeS i beesdwaomgwusttteea@asylsagmpsblgfof regegi thaoutt efficiently and

netic fi form ng the soft under .|ayer)
1“§a*?"’1%f) ﬁe?'&f“'i“ﬁ ﬂl‘—ﬁ EW BIOPY "t he assunption that Ms
denot ghe pbipeditwhntiaghetld tecoflis filif, 7 e BEJB®RICin a monolayer
field whose magnitude is Ms/2, 1.e. one half of the
gtatcwat@rorn fl SHUCHERSPE JWREOT Moredryanednads %.%enaméhffermg in
Oq,{l er | ayer can be obtai ned by using the
er|

s mentioned above for the soft magnetic film
and gThé prgtdcavé Fibn Rus hinhath & prastbarrgaheqiedpemd/nadar mh@etlmecordmg

Y S8 e g e et T B S0 B to he
REERE BF el ae&nm@m%eh hecdmahSiRNAEILMA d1d9s GHEREDE use any of the
magnetic field and the resistance to WATE. The coercive

memelsmrmformbnw to mgémat iFor kamples mptesitlsrqoathining e SiO; and
%8}) a&%Hfaalﬂl gn&kenea Ir be?cti% ﬁ%r#l ﬁ]sﬁl)e'range of 1 nmto 5 nm
proves to be advantageous in terms of high recording density because this thickness
allows the distance between the magnetic head and the medium to be decreased.

For the lubricating film 9, it is advantageous to use materials, such as perfluoro-
polyether, fluorinated alcoﬁols and fluorinated carboxylic acids that have been heretofore
known to the art.

The magnetic recording medium 4 in the present embodiment is a perpendicular
magnetic recording mediﬁm provided on the non-magnetic substrate 1 with at least the
soft under layer a, under film 5, intermediate film 6 and perpendicular magnetic

recording film 7, wherein the soft magnetic films 2 and 4 forming the soft under layer a

is vested with an amorphous structure, the under film 5 is made of a Ni-W alloy and the

intermediate film 6 is made of a Ru alloy. The magnetic recording medium A4
consequently obtained, therefore, is excellent in productivity and capable of recording
and reproducing information of high density.

FIG. 3 illustrates one example of a magnetic recording and reproducing device 12

using the magnetic recording medium 4 mentioned above.
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As a neans for formng the soft magnetic film the
sputtering nethod can be used. In the case of form ng

wa be7/8Di585 under | ayer, the formation of fil m iBCT/JP2006/322415

preferred to proceed While the substrate is kept in a

state having a magnetic fieldl@nparted thereto in the

radi al direction.. The under film5 is ained at

controlling the orLentg}ion and t e,crﬁs‘al size of . .

t he pEhpBAGIEGIresordagARE rProdicsgsierige i ISHOWn herepiis provided with
A UBS i drvir e 2 '

R P b A P R L PR e ey motion

wothe ramghetic \Wawding nheddm20, st oraghétar hdadskt for causing the magnetic

Part i cul arl referahly, the Wcopntent is .in,the range

ssberkgnmasuthofl 6, EHeTd 8 SEPEE TPRET AL ST par 15 and a

ROSRRSrepRRVERE QlgHaNPrRBeiMe BYsRMI b NOTIRY RREFdiNg-Feprdificing signal

i mproved by using the Ni-Wunder film5 is as Tollows. -

Moeesvigdispstemi lgs edaptasite pertas inpit data ansk teansmiitathg ecsultgnt gecording

- I SSi - M i.nt o. ol 4
SRR gReueti Seh e v RERERSa Pyl B EEsiyed from e

ibgnedic hesd D ad dip@lthe iddultdne ditel evant magneti c
recording films. As a result, it was found that th

si ze' Npwe s inyender pab deexprringdc Betpasresifically rbéloa*fragﬁﬁference to
i i . t . t .
Blonfl 05 U IEL SRR s ML ol R A8 RT Ry vay by

(he@eycripaoms. i ndi cati ng the vertical orientation of the

Ru intervening film3 was deteriorated in accordance

as the Wcontent increased. It can be inferred that
Ebgnmtfiect manifested by the decrease of crystal size

in inmproving the recordi ng and reproducing property

gr owsAghate substratec@n @morpheub awbstrgtet he inches in diameter, made by MYG

Corp. and sold under trademark designation of “MEL3") was used as the non-magnetic
substrate 1 and placed in a film-forming chamber of a DC magnetron sputtering device
(made by Anelva Corp. and sold under product code of “C-30107). The interior of the
film-forming chamber was evacuated till the degree of vacuum reached 1 x 10° Pa. On
this substrate, the soft under layer a was formed by stacking a film of 71Co-20Fe-5Zr-
4Nb (71 atom % of Co, 20 atom % of Fe, 5 atom % of Zr and 4 atom % of Nb) in a

thickness of 30 nm as the soft magnetic film 2, a Ru film in a thickness of 0.8 nm as the

intervening film 3 and a film of 71Co0-20Fe-5Zr-4Nb in a thickness of 30 nm as the soft
magnetic film 4. The soft magnetic films 2 and 4 were confirmed by XRD to possess an
amorphous structure as a crystal structure. | »

Subsequently, a film of 80Ni-10W was stacked in a thickness of 5 nm as the
under film 5, a film of Ru in a thickness of 12 nm as the intermediate film 6 and a film of
60Co-10Cr-20Pt-10Si0; in a thickness of 10 nm and a film of 65C0-18Cr-14Pt-3B in a
thickness of 6 nm as the perpendicular magnetic recording film 7.

Then, the protecting film 8 was formed in a thickness of 4 nm by the CVD
method.
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Wcontent of 20 atom % or |ess and that the
deterioration of the recording and reproduci ng

weroperdsss owi ng to the deterioration of crystatCT/JP2006/322415

orientation also grows under the condition having the

W content exceeding 20 atom%1The Ni-Walloy of the

under film5 allows addition of elenments with the

obj ect of decreasi ng the crystal size and hei ghtening

t he nhtenihspepreagenlay magngtisareeqrdioganedivm ¢ was t&leecwpx fprming a

Kk

(2ot e BRdTR oMl ot (e \WRlcaliREBHORTAR: BippiBGhARN) DO

favorable. The content of B and Mh is preferred to be
atom %or |ess For the purpose of heightening the

%Bﬂ?ﬁ&%’f@ﬁg?%b"o}r the crystal lattice size with the

Ru 'nﬁlﬁgf{e@i@'r@&rﬁﬂné%éﬁla Rlere Malﬁ&ﬂb%\/?oIWné)ﬁ\ AHIELIuTEr Example

saturatron flux density of the | oy” constituting
I whilensleg Ni20ke, Fiiagd JaahsteadizsynBianfor thedunder fior.e and

I falls sh
of sl irefuic efudof dhedfar BenBlset apd Colppati R AGRles 1 1o 3
wereweadenéd gedaiding L GhdgaBtosfatit hsropételerand | tebd@mgpand r@ﬁroducmg

the soft under |ayer during the course of witing and
RI6PBG UERTt thy emem@lnrﬂf the aB AP HaticOproBertY: fike Kew sflgFtigeasurement
{%n{ gﬂﬁg%gcﬁg ;Sywas-rnfedt hEGK gses\aﬂjfatlgﬁ%flfﬁp%cordmg and
nmor nore an nm or

debrotdbang Ipolerertfy | ihmrbaaiswatd imad#me&sodli(mlcbdng\Mmﬂ 6321 aild the spin

S et cedio STl ey ¥ By iy B M FisalEpigpprises of US.A

Whergef sufficiently, disabling acquisition of the
effect of mnutely decreasing the particle dianeter
and dEheerdcordimng agd trepsodusang myop@ftle@rwmwwlmam &% uselg a magnetic
the.under fil
ith"s

lée)?ge dgptegl Ckr}gecglv\ér&)tm with Sr%odl\?gﬂﬁa%)égne%c pc?l? aﬂg‘nprBY ﬁed in the
@picsiidihg Spaztewith 4 IGVIRasement, with the recording frequency set at a linear
recording density of 1000 kFCI. The overwrite (OW) property was evaluated by first
writing a signal of 500 kFCI, then writing a signal of 67 kFCI thereon and measuring the
reissue of the first signal. The results of the evaluatiqns are shown in Table 1 below. |

From Table 1 belbw it 'was confirmed that Example 1 surpassed Comparative
Examples 1 tb 3 in SNR and found that the recording and reproducing property excelled

even when Ru had a small thickness, such as 12 nm.



The internmediate film®6 is preferably nmade of Ru or a
Ru alloy. The thickness of the internediate film®6 is

wemiersagl y 16 nmor | ess (nore preferably 12 ROm/am2006/322415

| ess). This preferability is realized by using a
Co- Fe-Hf alloy for the softl2mgnetic filmand an Ni-Fe

allaoy of a specific conposition for the under film By
degrea 'nﬁt he| tihickness of the internediate film it~
i's |r3 @E..&ibo.eaﬂo shorten the di stance between the
nmagige® ix SHEAUN e t he soft "under |ayer and inpart a
pred pig 63 shape|to the flux fromthe magnetic head.
As ra—+estttrritt$ al so nade possible to decrease the
thijgkpess SIL|Lhe soft magnetic filmfurther and
enha&iE & she R(R|@etivity of the film The
per ﬁe'ﬁcﬁ@g a1~ Rgnetic recording fil m7 possesses an
eagy—axts—gftrpgnreti zation in a direction
per%e%?d:ig%ar I g the surface of the substrate 1. The
conmpBENE BIEMENEs for this filminclude at |east Co
and‘g"PgE%\ &t hey |may al | ow addi tion of oxides, Cr, B,
Cu,Fa—and{Z4 wiHth the object of inproving the SNR
propeért@jgn As.|bRg0xi des that are allowed to partake in
t he flor®& i|6N™"PT|*f he per pendi cul ar magnetic recording
fill7, S Q[ BI[0] & O, CoO Ta20 and Ti O may be
ci t|ed. SrBe VJ)(Iﬂum;il ratio of the oxide.is preferably in
the g aiye ar|tp"vol. %to 40 vol. % If the volune
ratligop of St he|okilde¢ falls short of .15 vol. % the
shqitage W[l pd at a di sadvantage in preventing the
SNREpr ap@r t|y| Ef9m| bei ng nmani fested satisfactorily: |f
thg Voldige |Ea&|&S0f the oxide exceeds 40 vol. % the
exgess 8l ||~e|dgt|a di sadvantage in disabling
acquilsi€ion of| dogrcive force confornmng to the high
r egor di densj tly|The nucl eation magnetic field -Hn of
the perép ndiscd| ar |magnetic recording film?7
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is preferably 2.0 kCe or nore. If the -Hn falls short

of 2.0 kq e, the shortage will be at a disadvantage in
w@rormmssi se to thermal fluctuation. The thi ckinessP2066/322415

t he perpendlcular maghetic recording film7 is

preferred to be in the range-6¥-6 to 20 nm Wen the

oxi de granul ar | ayer has a thickness in this range, it

Bramsies 2 @ bk advant ageous because it is capable of

securing the output sufficiently and i pcapabl e o

det ermgathnrgcwﬁwgmqﬁwﬁévqr? mar\H cHEsh BN dollaniae e procedure of

M{ﬂfe' 1% »(/ﬁﬁeo rggnsé 'tllléncz M 191? dnd’ %dtﬂn&n@smﬁ‘%hé‘yﬁ{w alloy

structure or ructur two or nore |ayers nad

odnstimitieg ilel lmdeln ﬂilherTlm;;remﬂtsoafmpmlsammozrre sfidven prﬁtbdmt bwlew.

I;Tlalgnme .vgasrfgg%fgp fgl O%n%c %mt E&rﬁ@g? gﬁg!% contents of 80 atom %

B R¥EMHdNg éohﬁenfmm@t dtémivgan 14k aré BBIk k& bbiath Wﬂeﬁt Qecording
the surface of the medium A when it contacts the

midrepmdanmg |psomrt|y@\nédhatt &xa@eleanrym@fwtq@eten’sstfﬁrh atpm % or more and
ret of o art. For

LD AT et P abf® Bt s porf Rl ZRPes o RO GeCaeRgaroducing

ploptde protective film8 in the range of 1 nmto 5 nm

proves to be advantageous in terns of high recording

density because this thickness allows the distance

bet ween the magnetic head and the nediumto be

decreased. For the lubricating film9, it is

advant ageous to use materials, such as

per fl uoropol yether, fluorinated al cohols and

fluorinated carboxylic acids that have been heretofore

known to the art.
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is a perpendicul ar
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intermediate film6 and penpendi cul ar magnetic

The magnetic recording nmediumA in the present
recording film?7,:

enbodi nent
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their descriptions. Exanple 1: A glass substrate (an

anor phous substrate 2.5 inches in dianeter, nmade by
wOo@7/Coisgs  and sol d under trademark designati orCD§P2006/322415

"MEL3") was used as the non-magnetic substrate 1 and

placed in a filmform ng chanb®r of a DC magnetron

sputtering device (nmade by Anelva Corp. and sold under

Bramiples 108 aid Cdmpoddie)Examipiesiaoss:i or of the

filmform ng chanber was evacuated ti]l the degree of

vacuuMapgedicheegording rpde pgre apnviaryired by tiplewingt He procedure of

P dAaNe sPURRE o PR BY LR B it ngtic im and

theattermédiané fifm. aFid résudts mfevalodtidibdre ishowan ihTatkadselaf. Examples

0 n s the soft netic film2, a Ru filmin
f Bchbswers akge glon AP teﬁ&e'{eﬂ& TORAI55g 3% i hRYE ihdagle 3 below.
filmof 7 1Co-20Fe-5Zr-4Nb in a thickness of 30 nm as
the soft magnetic film4 . The soft magnetic filnms 2
and 4 were confirmed by XRD to possess an anor phous
structure as a crystal structure. Subsequently, a film
of 80N -1 ONwas stacked in a thickness of 5 nmas the
under film5, a filmof Ru in a thickness of 12 nm as
the internmediate filmé6 and a filmof 60Co-10Cr-20Pt -
10Si 2 in a thickness of 10 nmand a filmof 65Co-1
8Cr-1 4Pt-3B in a thickness of 6 nmas the A

per pendi cul ar magnetic recording film?7 . Then, the
protecting film8 was forned in a thickness of 4 nm by
t he CVD net hod. Then, the perpendicul ar nmagnetic
recordi ng medi um A was obtained by formng a



and

Ti

magneti c recordi ng nedia of Exanple 1 and Conparative

by the di pping nethod Conparative Exanples 1 to 3
Exanples 1 to 3 were eval uated regarding a

filmof perfluoro-polyether as the lubricating film?9
wovkmmnet458s recor di ng nedi a were obtai ned by f ol POMIR2006/322415
Ta instead as materials forl&he under film The

the procedure of Exanple 1 while using Ni-20Fe,
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even when Ru had a small thickness, such as 12 nnilabl e
1 NExanples 2 to 12 Magnetic recordi ng nedi uns were
worzmohassur ed by followi ng the procedure of Exeamirods/322415
whi | e changi ng the conposition and the thickness of
the N -Walloy constituting the-under film" The
results of evaluation are shown in Table 2 below It
u Tabl e 2 bel ow t hat Exanpl es using Ni
%@ﬁ?gﬁ{gﬂﬂaﬁgo aton1@6or nore and Wcontents of 20
atom ’%eomage&s; reeprlimb hredium oftthé presentemgedtiomnbas a film structure

IR ) BEHUEHYS B SoPaD oIS My L dARFORSCIEE G Gfon of high

Jle%§i$y Wq‘h@re?&te it 9 Rk FoBsiBle RBIPrbGHe 8k ||Nexgéﬁs¢‘l/é £Mard disc drive of
recordi ng and reproduci ng propertyTabl e 2Exanpl es 13

high pecordipgidedsitpar at i ve Exanples 4 to 6 : Magnetic
recordi ng nmedi a were manufactured by follow ng the
procedure of Exanple 1 while changing the materials
and the thicknesses of the soft magnetic filmand the
internmediate film The results of evaluation are shown
in Table 3 below. Exanples 13 to 2 1 were able to
obtai n excellent properties as shown in Table 3

bel owTabl e 3 O NIndustrial Applicability: The magnetic
recordi ng nedi um of the present invention has a film
structure excellent in productivity and capabl.e of
recordi ng and reproducing information of high density.
Therefore, it is made possible to provide an

i nexpensi ve a hard disc drive of high recordlng
denS|ty CLAI M5



1. A perpendicul ar magnetic recordi ng nmedi um provi ded

on a non-magnetic substrate with at |east a soft under
WO 2002074581 under film an internediate fil m aneCEIP2006/322415

per pendi cul ar magneti ¢ recording film wherein the

soft under layer is a soft maghetic filmhaving an

anor phous structure, the under filmis forned of a

Ni -Walloy, and the interngei gigsfilmis forned of a

Ru alloy. 2 . A magnetic recording nedi umaccording to

claim1, wherein the Ni-Walloy has an N content of

80 atf)m% a Wc ontet oe(izumatomo/a

| ess. ﬁg)geﬂgkcf'@r P‘élgg?tbc TSEOTIg FT AR ISP YRY Op g non-magnetic

ﬁJb@t'rzme ]vwﬂ"r at leakimh ZoftWiRleil4V ek, han \A%@@nﬁl@rmarﬂfntéﬂﬁﬁdl\dlté/\/ﬁlm and a
loy is in a range of 1 atom%to 12 atom% 4 .

mgﬁ@zqu&arrr@@gnem mefordiag dhmavdisici Hy 108t wrder dawer o a soﬂ magnetic
@Ingw % %m%,%m ggauiehﬁ% %d\é{ mqy f&g&_@f%@apgﬁ and the

&'t
imeeemedihmg‘nlﬁﬁdlfmmeﬂmfam adlpyt o any one of clainms 1 to
4, wherein the Ni contained in the under filmhas a
crystal lattice in N ( 111), the internediate film

has & cryshahadftitire&riig %1460(11990&%}01% {oh&aitd YSkrein the Ni-w

lattices havearatloN ( 111)/Ru (0002) in a’ range
afoy(ha9@n No conteit. of 0.atomn agnmorecandacyradintegt o2 atom % or less.
according to any one of claims 1 to 5, wherein.the

under filmfurther contains at |east one el enent

sel ecj ed fAanadRBc JEQRWANE ATiumh labebr@ing Bo Mim Sor @aghn 2, wherein |
Al. 7 . A magnetic recording nedium according to any :

t@gé&’@pntgmta]fﬁlge NiWallgy is in a range of 1 atom % to 12 atom %.

4. ‘A magpnetic recording medium according to any one of claims 1 to 3,

wherein the Ni-W alloy has a saturation flux density Ms of 50 emu/cm® or more.

5. A magnetic recording medium according to any one of claims 1 to 4,
wherein the Ni contained in the under film has a crystal lattice in Ni (111), the
intermediate film has a crystal lattice in Ru (0002) and the crystal lattices have a ratio Ni

(111)/Ru (0002) in a range of 0.90 to 0.95.

6. A magpnetic recording medium according to any one of claims 1 to 5,
wherein the under film further contains at least one element selected from the group

consisting of B, Mn, Si and Al.

7. A magnetic recording medium according to any one of claims 1 to 6,

wherein the under layer has a thickness of 10 nm or less.

8. A magnetic recording medium according to any one of claims 1 to 7,

wherein the Ru alloy has a AB50 of 6° or less.



wherei n the under |ayer has a thickness of 10 nm or

less. 8 . A magnetic recordi ng nedium accordi ng to any
wone7/ofssgd ains 1 to 7, wherein the Ru all oy hasCBIR20QHB22415

of 6 or less.9 . A magnetic recordi ng medi um accor di ng

to any one of clains 1 to 8,-wherein the soft nagnetic

filmcontains'a Co-Fe alloy 10. A magnetic recording

medi accgrgli itq ind Sediies 5 - E I
o oo g o RS B e 1 o
Whereia thaspfemagnetieddmdiontpinsedCerre allopr di ng t o any one

of clains 1 to 10, wherein the soft under |ayer has a
filmthickness in a range of 20 nmto 80 nm 12. A

magnetg c r KGRIHeNE réRAdiHENNRUAM Ac&Fdihg BYaiRNS Rherein the Co-Fe
claims 1 to 11, wherein the internediate filmhas a
alloydiepen Ee gonte@ inmrage|adSatom 3o todatgme’i ¢ r ecor di ng

and reproduci ng device conprising the nagnetic

recordi ng nmedi um according to any one of clainms 1 to

12 andi.a magnsgnetc readdingahediem aco®digt ioCaryosof €laims 1 to 10,
head for enabling information to _be recorded in and

vhyeiadhe it idsrayrrehategiat thicknessdn airsngerédl gm to 80 nm.

12. A magnetic recording medium according to any one of claims 1 to 11,

wherein the intermediate film has a thickness of 16 nm or less.

13. A magnetic recording and reproducing device comprising the magnetic
recording medium according to any one of claims 1 to 12 and a magnetic head that is a
magnetic monopole head for enabling information to be recorded in and reproduced from

the magnetic recording medium.



