28 SEPTEMBER 2006 A MAGNETI C RECORDI NG MEDI UM THE METHOD OF PRODUCI NG THE
SAME AND A MAGNETI C RECORDI NG APPARATUS Techni cal Fi el 3 SERAEMBERZf(6
invention relates to a magnetic recordi ng nedium the nmethod of producing
the same and a magnetic recording apparatus, and nore specifically a
synthetic ferromagnetic coupl ed nedium having a hi gh exchange bias field,
the nmet hod of producing the sane, and a magnetic recordi ng apparatus having
this magnetic recording medium The magnetic recording nediumrelated to the
present i nAMAGNEH(PRECORDINGUMED UM, THEMEFHOD OFPRODUCEHYEs and t he
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recordi ng medi um However, in order to achi eve a higher den3| ty, balanced
i mpr oveneRtg idalFikilgS recor di ng and reproduci ng characteristics and reduction
of its time series changes in magnetization are sought after. Figs. 11 and
12 are schematic views of a hard disk constituting an exanple of the
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subst r at er&dnt invéntibinis predecabigplsed ibfhafrdlﬁskmlgednbcapésembﬂﬂﬂmg medi um 90, the
substrate 91 conposed of a nonnmagnetic subsi stence conprises a non nagnetic
| ayer 93 of magnetic filns conposed of NN - P on the surface of a base
subst r at BaokgromdeArdf for exanple an Al alloy or glass. And on this substrate
91, the netal underlayer 94 conposed of for exanple Cr, the ferromagnetic
nmetal |ayer 95 conposed of CoCrTa or CoCrTaPt, and the protective | ayer 96
conposed of e zeeendeatsr maghetic|rpderdingreedfagrariidely ysed dehasd disk driviepanth the likeayar . The
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The magnetic recording medium 90 shown in Fig. 11 comprises a substrate 91 composed of a
discoidal nonmagnetic substance as shown in Fig. 12, a metal underlayer 93, a ferromagnetic metal
layer 95 and a protective layer 96 formed on this substrate 91.

In this example of the magnetic recording medium 90, the substrate 91 composed of a
nonmagnetic subsistence comprises a non magnetic layer 93 of magnetic films composed of Ni —
on the surface of a base substrate 92 made of for example an Al alloy or glass. And on this substrate
91, the metal underlayer 94 composed of for example Cr, the ferromagnetic metal layer 95 composed
of CoCrTa or CoCrTaPt, and the protective layer 96 composed of carbon or the like are formed
successively in multilayer. The typical thickness of each layer is S5pm ~ 15pm for the nonmagnetic
(Ni — P) layer 93, 50 nm — 150 nm for the metal (Cr) underlayer 94, 30 nm — 100 nm for the
ferromagnetic metal layer 95, and 20 nm ~ 50 nm for the protective layer 96. It sh\ould be noted
furthermore that the protective layer 96 is sometimes coated with a fluoric lubricant such as
perfluoropolyether although this is not shown.

The inventors of the present invention reported that, in order to improve the recording and

reproducing characteristics of the magnetic recording medium of the structure described above, it is



that functions as the ferromagnetic nmetal |ayer 95, and to reduce t

t hi ckness of the magnetic film (M Takahashi, A Ki K§SHFT %&Egzo%awaklta
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infinitesimally small size by reducing the thickness of the ferromagnetic
nmetal layer 95 is an effective nmethod of reducing the nmedium noi ses. There
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above-nenti oned probl ens, the nmethod of producing the magnetic
ferromagnetic layers is an effective method.

However, it is considered likely that the patterns of magnetization recorded on magnetic
) recording media would become still smaller as the recording density becomes higher, and in order to

cope with such a development, further improvements of exchange bias field are sought after.

Therefore, one of the objects of the present invention is to provide the method of producing a
magnetic recording medium having a flat surface, a high exchange bias field and an excellent
thermal stability.

Another object of the present invention is to provide a magnetic recording medium having the
excellent characteristics.

Another object of the present invention is to provide a magnetic recording apparatus provided

with a magnetic recording medium having the excellent characteristics.



recording nediumrelated to the present invention is a nmethod of oducing a
magnetic recording mediumthat includes a step of fcw%%SEBTEM@EBGﬁWagnetic
substrate, a step of formng the metal wunderlayer on the nonmagnetic
substrate and a step of form ng the ferromagnetic netal |ayer on the netal
under| ayer, the step of formng the ferromagnetic netal |ayer consisting of
a step of forming a plurality of ferromagnetic filnms and one or nore
nonmagneti c netal spacer layer or layers alternately and a step of allow ng
at | east Dikbsumbfvagionof t he nonmagnetic nmetal spacer layers to adsorb
physi cal |y oxygen and/or nitrogen. According to the production nethod, it is
possi bl e to enhance the exchange bias field of the synthetic ferrinmagnetic
coupl ed nedimerdghér edlye thi cabpeermantienyd erebdemse tha| méthpdeef produgingi e dnagnetio a
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| ayers and to produce easi | magneti c recordi ng di a” exc ent 1 n thermnal
st abi | i t ynedinpcthatdnglgges o steaef pereéngcthe mmreteﬁeelbstratte iasstapoafsfomtieg the negdd m t he

nonnmagnetuhderidRt 84 ths REEHR a gnén@-)flﬁfstraté DhdSUep offolRig the %oﬁegdin@weﬁayea&d{hw
ni t rogen rr%?( be included in the nonmaghetic netal spacer. film And the

met hod of™ef BRAGEAYFythe e Afgming the feeerargartﬁgn%&mwrserle& @ step of foanipg esent

i nvelnt [ orplmslty 6h&’rﬁﬁﬁ@fetﬂ€ﬁi’n§ And l3ad o{) h@regﬂ&)d nugledc frﬁ)ertalfs@ﬁda nn@ext blela@eﬁrrragnet ic
met al spa obt ai.ne in rare gases
e o gl N ¢ 5t e a6y RS B Bl R e TS Bosst bl o
t o al | owatidoeb phpdiaily eggermatioemodehe nonnagneti c net al spacer | ayer and the
ferromagnet i y.ge t en, to
cont rol preéé‘r%cor{hyglo e gr%ﬁﬁc %! %dtﬁ&{’ Etelggét{%gfr%g% Mm? eXCh é‘ucfeiac:l/\n 9a hi gh
st ahi | i t ynthetic rﬁqxgmmnr:tcc qogpled dndrgrnrredremnﬂlhémomggmm elxtalelat'@m divided med a

stabilit hGdnbH rel ated
to the p eseﬂ%f:f%gﬁ%ﬁpgyﬁ%%?uﬁnt 2% prggrgatqrs%g&p eﬂsés}rlfr %géﬂbg%ggﬁq%#mmtrogen
cont ai nednagpetie gcerding wedia grgsllentinithermal ptalilife of 10-7 Ton or above and 10-'

Torr or bel QWeor@ig 1¥BhdWiradudiidhOndiii, #Blpbistle BFERIW SonRhelRXY AR Phceflafer 0JEN N
the mxed gas in said range, it is possible to produce nagnetic recording

medi a hav? fgh arrvaéﬁleéF%I%ﬂrygfmerdr?érnt@s%}amylb@yncaﬁiad ) heynofnageelie Slefbircsiagnet i ¢
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stability the magnetic recording medium having an excellent thermal stability.

) And the method of producing the magnetic recording medium related to the present invention
wherein the partial pressure of oxygen or nitrogen contained in said mixed gas is in a range of 107
Torr or above and 10™ Torr or below.

By maintaining the partial pressure of oxygen or nitrogen in the mixed gas in said range, it is
possible to produce magnetic recording media having an excellent thermal stability and also an
excellent magnetic characteristic. When the partial pressure is below 107 Torr (=133 x 107 Pa), Hex
tends to become small. And on the contrary when it exceeds 10” Torr (=133 x 10” Pa), coercive
force H, tends to decline. In view of these, the above-mentioned range of partial pressure has been
set as a range compatible both with the high He, and the high H..

And in the production method, it is preferable to set the partial pressure of oxygen or nitrogen
contained in the mixed gas at 3 x 10 Torr or above and 3 x 10”° Torr or below. By setting such

partial pressure of oxygen, it is possible to obtain a high exchange bias field Hex of 1500 Oe or above



And then, in the nethod of producing magnetic recordi n% nedia related to the
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is a step of exposing the surface of said nonmagnetic netal spacer |ayer to
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a?ogel a Pd t NS (R QM hRetBod BRORRAdi: @A Hchiling R IS Bl bREnt inferkiBier Ml
stability..

it is preferable to set the thickness of the above-mentioned nonmagnetic metal spacer layer at 0.5 nm

or above and 1.0 nm or below.

) Then, in order to solve the above problem, the present invention provides a magnetic recording
medium having a nonmagnetic substrate, a metal underlayer, and a ferromagnetic metal layer formed
successively in a multilayer, wherein the ferromagnetic metal layer includes a plurality of
ferromagnetic film and one or more nonmagnetic metal spacer layer or layers formed between the
ferromagnetic layers and the exchange bias field He, of the ferromagnetic metal layer is set at 1,000
Oe or above.

According to the structure, it is possible to realize a magnetic recording medium excellent in
thermal stability due to a high exchange bias field He, that works between the ferromagnetic films
separated by the nonmagnetic metal spacer layer or layers..

Furthermore, the magnetic recording medium related to the present invention can be adjusted to
have an exchange bias field Hex of 1,500 Oe or above and thus provide a magnetic recording

medium excellent in thermal stability.



28 SEPTEMBER 2006 The magnetic recording nediumrelated to the present
invention is a magnetic recording medi um havi ng t he n38EJREYIBER3MSst r at e,
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out. Fig. 6 is graph show ng the inpact of the average crystal grain
diameter L and the interface roughness shown in Fig. 5 on ferronmagnetic

i nt er act i Bref Besckiption of Drawiggr aph showi ng the result of measurenment of
fluctuation field Hf in an enbodi ment of the present invention. Fig. 8 is a
graph showing the result of neasurenment of KuV/ kgT in an enbodi nment of the
present i nkigntis @rossHegtiond) viesr o aamragesic seqtling madiur icenatitofing dueodvand peztying
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Fig. 2 is a cross sectional view of another example of composing the magnetic recording

medium of the present invention.
) Fig. 3 is a graph showing an example of the magnetization curve of the magnetic recording

medium related to the present invention.

Fig. 4 is a descriptive graph describing the method of inducing the exchange bias field He.

Fig. 5 is a descriptive illustration showing an enlarged view of the ferromagnetic metal film of
the magnetic recording medium of the present mode of carrying out.

Fig. 6 is graph showing the impact of the average crystal grain diameter L and the interface
roughness shown in Fig. 5 on ferromagnetic interaction Jf.

Fig. 7 is a graph showing the result of measurement of fluctuation field Hf in an embodiment of
the present invention.

Fig. 8 is a graph showing the result of measurement of KuV/k;T in an embodiment of the present
invention.

Fig. 9 is a cross sectional view of the magnetic recording apparatus related to the present



28 SEPTEMBER 2006 invention. Fig. 10 is a plane view including a partial
cross section of the magnetic recording apparatus sh EPRE g 6 Fig. 11
is a perspective view showi ng an exanpl e of the magnetic recordi ng medi um
Fig. 12 is a cross sectional view of the magnetic recordi ng medi um shown in
Fig. 11. (Description of codes) 10, 20: Magnetic recording nmedium 1.
Nonmagneti ¢ substrate 2. Metal underlayer 3. Ferromagnetic netal |ayer 3a.
The first ferromagnetic film 3b. The second ferronmagnetic film 3c. The
third fermeontegnetic film 4, 4a, 4b: Nonmagnetic netal spacer |ayer 5.

Prot ective kgyRyis MBSy MDIG O pGRNT VDGR o e mb RO find BpaRE SNt
node of carrying out of the present invention i1s describ ow wth

ref er enceshpningiBathi ngs. Figs 1 and 2 show schematical ly the cross section of

a node of cargrmsrbgpegyéct&memaﬁltglaﬁexarngre@mle RggrdBietbNihEmedigsl t 0 the present
i nvention as 3\]"% plied to a conputer hard di sk, and the magnetlc recordi ng

medi um 10 sH&wA 1§ 3eress gectional ey Efd%%‘“%“@ﬁlﬁ??ﬁd&‘ﬁé‘ef‘u@émléglgd -a di scoi dal
nonmagneti c substance a nmetal underlayer 2 forned on the substrate 1, a
ferronag¢§t|c netg 3 fornmed on the netal underlayer 2, and a

prot ect i VESICHEHEP © “P? ned on the ferronagnetic netal layer 3. The

f er r omagniet 20c Megraﬂlcdea,ychngrﬁedlml udes the first ferromagnetic film 3a forned
on the ta , the nonmagnetic netal spacer |layer 4 formed on

t he flrg?lfng% %C'ﬁggnﬁlln13a and the second ferronmagnetic film 3b forned
on the ndhnh@hbmﬂvhmgtal spacer |layer 4. A nagnetic recordi ng nmedi um havi ng
this type3oﬁﬁégﬁgﬁﬁy%gdqgwgeneralIy called "a synthetic ferrinmagnetic
coupl ed nmedi un he I ayered structure of the magnetic recording nmedium 10
of the ph@é@ﬁﬁmﬁﬁﬁémGWW@éﬁwvlng out shown in Fig. 1 is the nost basic
structurenpﬁwgagnaﬁgﬂ@&ﬁawqmﬁord|ng mediumrel ated to the present

i nvention, and therefore |h1|s possible to formanother internmediate |ayer
bet ween tifel EHHEFEAmMeERtiS At t he fir st ferromagnetic film 3a whenever it is
deened neges 3B Wondgnas metal Efacertgse of the magnetic recording medi um 20
shown inwgi%: é Et may be of a basic structure simlar to the magnetic 6
28 SEPTEMBERCSEHE 2ver

The Best Mode of Carrying Out the Invention

The present mode of carrying out of the present invention is described below with reference to
drawings.

Figs 1 and 2 show schematically the cross section of a mode of carrying out the magnetic
recording medium related to the present invention as applied to a computer hard disk, and the
magnetic recording medium 10 shown in Fig. 1 includes a substrate 1 composed of a discoidal

) nonmagnetic substance, a metal underlayer 2 formed on the substrate 1, a ferromagnetic metal layer
3 formed on the metal underlayer 2, and a protective layer 5 formed on the ferromagnetic metal layer
3. The ferromagnetic metal layer 3 includes the first ferromagnetic film 3a formed on the metal
underlayer 2, the nonmagnetic metal spacer layer 4 formed on the first ferromagnetic film 3a and the
second ferromagnetic film 3b formed on the nonmagnetic metal spacer layer 4. A magnetic
recording medium having this type of structure is generally called “a synthetic ferrimagnetic coupled
medium”.

The layered structure of the magnetic recording medium 10 of the present mode of carrying out
shown in Fig. 1 is the most basic structure of the magnetic recording medium related to the present
invention, and therefore it is possible to form another intermediate layer between the substrate 1 and
the first ferromagnetic film 3a whenever it is deemed necessary, or as in the case of the magnetic

recording medium 20 shown in Fig. 2, it may be of a basic structure similar to the magnetic



recordi ng nmedium 10 shown in Fig. 1 wherein the ferromagnetic netal |ayer 3
includes the first ferromagnetic film 3a, the nonmagri$tSEETEMBER 28acer

| ayer 4a formed on the first ferromagnetic film 3a, the second
ferromagnetic film3b formon the nonmagnetic netal spacer |ayer 4a, the
nonmagneti c netal spacer |ayer 4b formon the second ferromagnetic film 3b,
and the third ferromagnetic film3c formed on the nonmagnetic netal spacer
| ayer 4b. In other words, the ferromagnetic netal |ayer 3 nmay include a

pl ural i t yecofdifgemedomma ghetowo ih Fignd véeainathp Faomombgnetyc wétal layen Feigeletes the rfiedt al
spacer | e : t o]

p E}Xrﬁfnﬁt eﬂé‘hfﬁé‘ﬁa ﬁxe %LWg;'&l% %{e}r{#)%g ?i?Tr 49?01‘8&(11 the ?’%?fﬁ%r%ﬁggiﬁg%lrﬁ

structural strictions on the nu ayers t
prot ect i A& Fhay@iéons fragmagngtic oflgl ¢b Herme enttey nmalsneémmfrh water dever dg.ethe

consi sti N@nBigndtic héthiOph&r IABF 4EFn oML ROWA fEAEITRGR S1InC 38, SAQ Rl B medi um
10 having the basic structure related to the present invention wll be

descr i bedem@tegHts dilpicelomadagn the \fopmagngicapeplc®ate layprgdb. in gty ijordsathe)  As

t he substfeanfgdetit hedd Q:Qlext 9 thdjCinpliRSE @turdhfyvantehaﬁagnmrﬁleisamlaeplmtamje)f
substrate consistin al um num@nd [ tfy al l oys or oxi, des,. titaniumand its

al | oys orloBRieggE ™ S%"tcfr R¥sfrelamigpted altermatelyig on thecqthryqad thsfesis op strucfumali n ang
its corrp(}buﬂd:ﬁoﬂsheﬂﬁumiamefleiersvhmcfmne& coated with a nonmagnetl c | ayer of

het er ogeneo ter| he sput rin 0Si nmetal plati and
other film P’br mqﬁln jolRe tvﬁéadgr Ve1011 i SH eddWHtf A 1'%bﬁ'°ar?1°3a§'8r P mm% 0grgef erabl e
t hat t he fluworiiekpvedti ¢ | ayer for med on the surface of the substrate 1 do not
magneti ze at i Hﬁgg tain a
certain surtAnla ﬂa%lgﬁlg 5% %qudm?glfggrpq% thé@a(agse %?erlt%%drr}g t}%@?’resgq

mat eri al sm@attqns'fﬂyber@sctnlhefblplo“flewrerct@ﬁéw@ I\e%rewﬁeb’tgall ly a N - P filmnade by
the netal (siseldyng nethod. The shape of the substrate 1 used for disks is
doughnut d| scoi daI The substrate on which a ferromagnetic netal |ayer or
ot her |ayer sAsdschbstiael | Helptediosthe PrssaiBrention, foseranplaybisg subshiae fengiving of

recor di nGyiBslind Aid % £1RYAbeskideo) tittt@RhE® it hllo¥s speﬁaiesotr sHiRRL) glaatncmba& 000 rpm
around the center. of . the disk as its axg a(ithdt e ti of recording _and

r epr oduct BRI PESHp.AFsin Héconépowg HEPrEach R TR oA YR AGOURABEE AN of

appr oxi nefetogeridoul niyeriols by; the epstmlenrtgeﬁ@osﬁmnabamplatd@mﬂmﬂteaﬁlm ﬁ)fnubg’iﬁlkth@fs t he

magneti c e ordl And netlc ead th ng at a
Toaer 1| yPigeRen G d it el sr g R AR IGRT siondl of HERupisls

pr ef er abltae suhamtatet lhdp s lowgetizecat highgemmedure, fve Soraihcter, mq)mte&taet, ahdh eetfrettan laess of
its surf ck, I r back, the
i tcunt er i Slel BERECS kBRI b8P byl ok 51 AR
surface amlrtmtSba@RecalﬂbaHmbéhtlyla@chytﬂremhdt?édlaﬁ%n@ﬂwﬁen t he subst rate starts
rotating an%@%ﬂ%ﬁ@ of thBSutifif 2G8edOtbr LiBIS i 06 telséoeoqprx@lt RohshRd bhl hicRRd t hat
of the magnetic come into contact ang (Contact Start Stop: CSS).
As a couprosigiess meel ks of piher, laysrs datcrrb@tbe@wéeequcmsqtheg Fords dherrpagaetic s

sonet i WESfeJoQﬁﬂ‘g‘&ﬁkdﬁﬂa it Fat&iod @cﬁnﬂpl@fatas&;@b@ &Qb@d@ﬁt—elsll)xbo a;rnh Rehdaghdishiibra slurry
or a tape containing dianond or alum na abraS|ve rains to cﬁeagnt any

adsor pt i dff Aret ltsﬁ‘éls h g dimet FeeRting fnd FPradtign oy dme. 2 magnet

flying at a height of approximately 0.1um, or several tens nm above the surface or back of the

magnetic recording medium. And lately a magnetic head that runs flying at a lower flying height of
10 nm or below has been developed.

Therefore, it is preferable that the substrate 1 be made in such a way that the flatness of its
surface and the back, the parallelism of the surface and the back, the circumferential swell of the
substrate and the roughness of both the surface and the back are properly controlled.

And when the substrate starts rotating and stops, the surface of the magnetic recording medium
and that of the magnetic head come into contact and slide (Contact Start Stop: CSS). As a
countermeasure for this, an almost concentric slight texture is sometimes formed on the surface of
the substrate by grinding using a slurry or a tape containing diamond or alumina abrasive grains to

prevent any adsorption when the magnetic head enters into contact.



7 28 SEPTEMBER 2006 Wth regards to the texture descri bed above, like the
conventional structure shown in Fig. 12, generally an ZSERSEMBERZPY i s | ead
to slide on the upper surface of the Ni - P nonmagnetic layer 93 to forma
texture in the V-shaped groove. Therefore, in the structure of the present
node of carrying out, textures may be forned on the surface of the
nonmagnetic |ayer | b conposed of Ni - P and the Ilike. And in place of the
texture designed to inprovenent the sliding characteristics of the nagnetic
head, t ext urwish pgadsas stedednyre Hasdtted athvs,dikethe conigaredalfstrhdture ebdwarie Figot2yed by
sputterin [ -type  .texture formed b tchi,ng,.t he protect.ive,filmand
the | ke Sty AR Bk e 8L il ORGP Bl R - g B BRI b L1 tr s
and to f dpm 7 tegiyedn ger\igeprdegont. Thesfore ih thhspemreod thehmesapperde oficdyme of t he
nonmagnet ub tééaﬁ@?';nail Qe foEHgdtcmqﬁergﬁ{f?c’e }' @k ﬁ(!)ryn ?neﬁy %&q‘hg{zméogépdf%ﬂ/— Puami %@dl ng a
magneti c head on a” nagnetic recor di ng mearum whi c eeps the magnetic head
wai ti ng dikesinden piacetaf ghe fexguedeasignedrte mmprayement the dlidivg dharefteristiesnd thetreagosici | | of
the magnefelf dxREQMHcBed Biattm cﬁ@lt%teg@%ed%@x%x&p@ﬂm@ﬁy SsRHGRE! ﬁggee{tlygg uch a

system nmakes it possible to adop ructure that omts texture endi ng

on the cdFfEefERaysichingdy protetiveiimend hadike aroknotmateslieis sheguslypopdlatbcul ar 'y

| Mpor t antadbR iR sedRBGret BRI 16 YrinSiiBoe@ struch RGO disitel §MgHRhitke dppériARtioPmei N t he
i n-plane direction o netic netal and the formation of

f the ferro A r,..
al nost chE@?ﬁ“FtlcclaXCé}P'ulit']“étée‘B‘ﬁret E@ s*bFP&E‘eOfd?adi"ﬁgX‘g??ﬂg‘graa?%gni“cc}?fﬂd 8% 8duce
changes itaghdiie re@idig nddiugnwiitia RepO fthet Mggnefiet Bdad unteigl aysite & fhe rmagaktion

substrate 1,.and as resul ient the rystal grains. of t

For r ommorECHITTE R FubE e slepdsf obbe FRrle Hisedhe i e s pppefie

ci r cunt erapgtioa bf gith £gbtemmaiés it presilsel tosidom b struclinethgt@ntits Gxtuaf dependmpbatheon of
magnetic qurmstia%%esgr ains by this texture processing seriously affects the
magneti c characteristic and the recordi ng and reproduci ng characteristics of
t he magnet i c And gredextira gnenteadpdiphodiel playrp pasicwlady rrgpostart role pmong) deispytemsiaf i s

pref er abl : nE es. far.t - ter 20! L Lentation
of rragnetr?cé)k%r}?g;nsl%gha] lcglgfi)éﬁg%.\;\sggl tgé geﬁ%g)rd%&?ﬁggﬁt ro iﬁéghlgtgﬁlﬁeggfg%he
density oPmgHELRf@Enoshepneesic (RS Otheysuidce gfetgq fubgrategl (3B PEOguge shanges. in (et al

under | ay &friedtatibl 1488 ba the UE uh @&¥i8fer 2 fotinell BE sIBGNLY | Hdr6 GGEMNGn GBG: i 10 of
the present node of carrying ou as a multilayer structure resulting from

t h
the succedsfl s, ofalr JHTRENRLF | B 1ares e fraed AR (romets), underlaves 7, in i ng
nmet hod orcikiligfed@R0gitetticarnf tRekikbeghate. By control ling the grating coefficient of
t his netal nderl ayer. 2, it_.is possible ta inprove the coercive force of
the ferr omaghefoErohgLpniation af magnpts crysia gr?iﬂsotly IR ProfREs e seRpasly atfecting ¢ he
met al  undie hagetic 2hdrEcyerieten sridSthe Gécotdig, ardhiegreduoing nabaractérayier sf e mdgadier | yi ng

films forned,.in a.rruldt?i_ila er... |t is preferable t e and Cr allays in
the et oot PR 0 jand oG A0 Cor Bl P M AR £,

exanpl e, pdviposegf C'B'ntrollii;g- thib orichitatior b magnetc crgsa gaiandoild b afbrnied by aontrdllings
pref er abl sﬁitabEtheucEﬁsitty Ia?grggdgparﬁltﬁe%iforﬂﬂg ogem(l %}' érgé@es formed.
) (Metal underlayer )

The metal underlayer 2 of the magnetic recording medium 10 of the present mode of carrying
out has a multilayer structure resulting from the successive formation of various elements thereof by
the sputtering method or the deposition method. By controlling the grating coefficient of this metal
underlayer 2, it is possible to improve the coercive force of the ferromagnetic metal layer 3 formed
on the metal underlayer 2. And the metal underlayer 2 may consist of two, three or more layers of
underlying films formed in a multilayer.

It is preferable to use Cr and Cr alloys in the metal underlayer 2. When alloys are chosen, the
combination with, for example, Mo, W, Ti, V, Nb, Ta, etc. are used, and in particular it is preferable
to use the CrMo alloy, and CrW alloy.

The use of Cr or Cr alloys in the metal underlayer 2 can cause the ferromagnetic metal layer 3

formed on the metal underlayer 2 to segregate. A high Cr concentration phase resulting from this



The use of O or C alloys in the netal underlayer 2 can cause the
ferromagnetic metal layer 3 formed on the nmetal under288¥BTEMBER 28lqr egat e.
A high C concentration phase resulting fromthis 8 28 SEPTEMBER 2006
segregation effect in the crystal grain boundary of the ferromagnetic netal
| ayer 3 can suppress nagnetic interactions anong crystal grains of the
ferromagnetic netal |ayer 3 and therefore enhance the standardi zi ng
coercive force of the medium This also can cause the easy axis (c axis) of
Ij he fer rse@?@ﬂ@t éf&ct{’)ﬁﬁttﬁd crysaar%fauabaiﬂd&hef mgtfanomﬁgudﬂe hﬁMB[aer 3 a&ﬁesupﬁ}ﬁsi n- pl aﬂe
irection of t strate. In rds, thi an ac ate the growt
o " oryst dPEnE PR AT £ Bttt gl op e T edn o
enhanci nghd stadadieing icoeecifeofore of themlnaalunn Srtmls ane cah dfaegetthe)éhspﬁxli h:eaxssm bfthe at e.

When a gl subst r %ﬁ bst referable to
forma setfalap e grgmetapl oge un “ yer et pane ?‘ﬁecmf féh ebsclal S\t/f%tgﬁmt he

net al unchéet a/y@s, tRis gardadctlerats ultﬁsgrp\at&le)f ibrysﬁﬂhwf ﬂacferpamagmtmfmesallcldyera.% gt thect ure.
L TRtk 6f it Bhe 6 BlcASvcGhrcl AT bR dtBURNLAYELLARS, (he Terromagnetic
I'n gsi ma d

nmetal |ayer nit herefore 1t possible to raise the
coerci ve forvéen agglass hese ma‘gﬁaé@ iscusp asothe] sybgtrate b lummﬁerala@ ta foem 9apaed leyere | t

will be pEsSi & Q. AITRE OXS o iR mnebaﬁeenqﬁ%amg&ér d}ek‘i agd‘{hle @&s&zﬁ&prﬂeng and
reproduction. Wien the netal underl ayer conpose l oys is

formed byrderien 95 rehe A Siyctirst Higgmakegthie f%@fabrgﬁa“éo?ft%Imfitﬂg““idﬁ%ay%rr §‘§1t BElinity,

t he surf aeonfaphdit 8186 18§28 hiftestn@ aﬁ&lﬂ&%fofétlﬁwﬁlwe BbdIBIe t& PRE EhelcSerdWforck EXt Ur €
or not angFthe like urface conpdition, surface tenperature, pressure at

the time %bfheTBIAFtsJecopdme ey an %i‘"‘é‘@dml?rft PHEDS BEsEPle 4o HURIRY YSHYSE hi ckness
of film tcﬁa:hwerﬁmfdiiﬁdgﬂmydlb@arﬂwﬁmdﬁaﬁd The coercive force of the

f " ti ta b t end t

b opor £ onat 219t B EHrEr ASTHRIR Y RS bR Brighrg s PARREE methody

const i t utas fgtotsiventroinglits crpdlalidiqythe surfaiieimany state of teagibstiate (Whdther thlaneddmgs s tends
to be aCCt B'x' 4 éxgiythglﬂ?e s(n‘i—‘e?cé"é&ﬁh{ég s'u}?s%? ?raluPe Pﬁ&%%‘ﬁé & 3 ofﬁ“ “r face

of thef| orrre In or rove e recor g ty of
the mag rfélm hias firapressedt qmghqﬁgbﬁﬁgmnctthethfcmsr@ fitye fochlq tormepd mnebermyh@tedc head from

the surface @f bhGvdRARSK i fefrGhRhdic n&mﬁwmsénb%@wm tsrfas ?@bémfung@rzed to
t he maxi num extent possible. Therefore, it preferabl e that the netal

under | ay earopzﬁle@aterlbiomhlweepsqf ths G T prethe 61 allph &km cRetitering rﬂwpf'd% ugdeglgyepng

coer ci Ve 3h@hfy8nced& n fifm thit@nddBiemts tdRdBEchPYEsd bg alcsrrets&;namg (rFfé'éJthmgé}ﬁEds c netal
| ayer) The ferrom %tn%tlc films 3a and 3b conposi ng netlc rretal
t %‘ﬁ'éﬁg

| ayer 3 (&b foRfagenet the filra dppmed nesrvero i ofier tﬁdﬂ‘@“’&? ﬂFefP?

mat eri al sndgaank: moxamgmedlsmrmeﬂym@he@'lh@ftﬁd r’nalgheticl‘hbﬁﬁbﬁﬁﬁe erfa&d‘tﬂ‘% Iﬁa@ﬁdtierragnet ic
films 3a an i

rdin ncaiuu s o t mipt Onforn&tott S1 l. ern efiorm'”a'
Brit = BB EEPTA T oruE BT (P B SR AR SEPH et PR TS of e
total nediraferaldtst the chetal Brdedeyerehbeanddsyt hng armsdrdutbt Wdulkprdedsa styongf t he
ferromagnet ic g%te%‘llenlifatxeergletgllgmde@lg% Brtg,represents the residual flux density
) (Ferromagnetic metal layer)
The ferromagnetic films 3a and 3b composing the ferromagnetic metal layer 3 used in the

present invention are made of ferromagnetic metal materials having a hcp structure. The film

thickness of these ferromagnetic films 3a and 3b must be adjusted to be conform to the following

formula.

Bt = Bt, — By,

wherein B, represents the residual flux density of the total medium (desired), Bt, represents the

residual flux density of the ferromagnetic metal layer 3b, and B,t, represents the residual flux density

of the ferromagnetic metal layer 3a. And B, is generally determined by the recording anc

reproducing capacity of the magnetic head used in combination with the magnetic recording

medium.

As materials composing the ferromagnetic metal layers 3a and 3b, it is preferable to use Co



of the ferromagnetic netal layer 3a. And Brtt is generally determ ned by the
recording and reproducing capacity of the magnetic hé‘é&EéE@HBFBZ%nbi nati on
with the magnetic recording nmedium As materials conposing the
ferromagnetic nmetal layers 3a and 3b, it is preferable to use Co 9 28
SEPTEMBER 2006 ferromagnetic alloys principally conposed of Co. As specific
materials, for exanple, CoNNC, CoCrTa, CoPt, CoCrPt, CoNi Pt, CoN CrTa,
CoCrPt Ta and the like may be nentioned. It is also possible to use alloys
made by delehinagnetiti@lloys yincipallyDéomphidett b Cof Ae|spevifiet materdnlsS @6t xample,BCoNNCr, 0, Nb,
Zr, Cu, i n |k . S oys, ,Furthernore, .a filml nm
Chi ol 5T SoBRGobRE b, ERUENE CodrP R wf th 081 W et it s

f er r omagnessitde treseallloysanade bBiplding Mo tragaratoreckinds obtlersqpacboseh fyeB) NFOgNb,3 is a

graph sh . . f i i . I ordi ng
el um r o e SRR LE: @ PR bERLRR, £ 1751 iy de s o B0 o
descri bi rfgrantsgnatie mataldayst 3a arbelow dhederregagetic matelieampy®. bi as field Hex in the
magnet i ¢ NemfioHitdtheBEGhdiMajd) rel ated to the present invention. In a
synthetic ferrimgnetic coup? ed nedium wherein a nonnmagnetic metal spacer
layer 4 s Barfditidcsar) tevinge aramels obmagisatatien Fuveh Satha masnste reserding
f er r omagngddiven klaleito3iBe SRAMNNIRLSH, Bnd Big. 4 iIRKHREHTE BRBIEddsEHbRpakd RS of€,
devel op b,et(geen thhe and. tEFE ﬁr esence of. thi% Je, ,crest es dﬁtg i nt er nal
nmagnet i ¢ FFEPdes He ¢4 Ange pipg, ‘b et} e Magnpfigipeorqing medipn 4P gejte élilféi“?s&“tfi eld is
ori ent ed ihvenfiddEln als@ifleetis Entthdgaéicicouplddimelinal whdreifia gét@tapietit inofal Pheet lagr 4
ferromagnetic film 3b. cor di ngl the, coercive for f the ferromagnetic
Fi1m sa | EEOREFId e rRaf ERamERE e memeBrderomgetetc Xin b e Bsbnce of
ext ernal REKMekdhengkiigtbrdctionhé, degloptbeatn hemoandehd plescace off thishig: dreres @magnet i ¢
films 3a . . i paral. T re, J e r magneti c
ol v BBl ictddp rﬂ%n%gljﬂj%%dt b 20 L BAA “éa\lg'g%‘ﬁ ol ‘hgé%“%g?‘?h’? he
magnet i zaeyeoa daedtiem plathito negndtiption ef the fugmegrietic filnl Aty ABaordiBgly,db trercemai ns
i denti cal gud bl RASHaAbd AR 1%L ShaNa thdFBENRleingl higabill r 8l hhg LEh&s fal
magnetic field 1s nil, however, the magnetization orientation of the
f er r omagrrgtermal magneticdisidathe megnstizagion ericatatioayof dirderatagnctic filn 339ndiptbecorasser se.
Here, t henliptaEN@her&MB@NREnCthé bbifal thhdtetid SR i@%ﬁ&i&t@@oﬁ%&@m@&mmﬁ film3a
shall be called. "exchange bias field Hex." As shown_in |§D. 4, this
exchange $PhCtfhige|3 i fagretizatigy ofiepiatigy oL &y frzomagnetis flmh 2ot Bh f4MagE ¢t he
V\rrzg net i ﬁ&ﬁénﬁfjh_l @it ¥r8seQf tHe REteineIrhiapnRdAG rﬂielg@ Whdnl thd@xtetnafl fmeietideldis in,i Halalavepoi nt

en the nediumis saturat i.n one direction, t netic field is
oroved B RS auan g tf feenarett Fpetd el ¢ R pser AR AP ot on.
In the magweeti c recording nediumrelated to the present invention, it is
preferabl e that .t he exchange bi i el ich is.ap |nternal netic
Plela char dipesoBeRiRaRas, B el bokBe Rind Uedllodidic ol 3 Sl ¥e SO0 U o)
or above.“cBpagebias figd Ha. "sAsshown ndingy é, this exchange pies 8¢l He., ¢a0 be mioduced astrer rmal
stabi 11 t Yot 3¢ HRb R0 4 {:t%gtio@l cgﬁgsﬁhélﬁrr&gggg&ﬁ;ﬁgnﬁ 3? 9?;? é}%_olfli H10QofPwiRnd to

produce a magnetic recor medi um havi n e ilTty. To be nore
speci fi c,ths medium is sauratedl & qne direction, the magnetic field is removed, and then a magnetic field is

impressed in the reverse direction. In the magnetic recording medium related to the present invention,

it is preferable that the exchange bias field H,, which is an internal magnetic field that develops in
the ferromagnetic film 3a would be set at 1,000 (Oe) or above. By setting in such a range, it is
possible to improve thermal stability in a medium having a coercive force of 2,000 — 4,000 Oe and to
produce a magnetic recording medium having a high reliability. To be more specific, it is possible to
realize a KuV/kgT of 80 — 90 or above in a medium having the coercive force mentioned above. And
when the exchange bias field H, is set at 1,500 Oe or above, a KuV/kgT of 100 or above can be
realized. Although the ceiling for this exchange bias field H, is not specifically specified, it is
difficult to obtain a exchange bias field of more than 2,500 Oe in a magnetic recording medium
having the coercive force as mentioned above.

As the material composing the nonmagnetic metal spacer layer 4, it is preferable to choose an

10



realize a KuV/ kBT of 80 - 90 or above in a nmedium having the coercive force
menti oned above. And when the exchange bias field Hex8SEPTRMBER 2406500 Oe or
above, a KuV/ kBT of 100 or above can be realized. Although the ceiling for
this exchange bias field Hex is not specifically specified, it is difficult
to obtain a exchange bias field of nore than 2,500 Ce in a nmagnetic

recordi ng medium having the coercive force as nenti oned above. As the

mat eri al conposi ng the nonnagnetic netal spacer layer 4, it is preferable to
C Eoose ?I’hlloﬂ.&nﬁﬁlir@:_oﬁa_ El\t‘BERél&&Qﬁs chadeh wmmntr,g%@ bAHION NEs FssibI® Eceinfp}oeaﬁet S o
chosen fromRu, .| ~and Os. It is possible to inprove the exchange bias
field Fb)(ex%“%tli’baf)ii?lﬂg:’tq)fég%’sﬁﬁfh&srei“gfe?]?gﬂrﬁ’?ﬂ%’“’i‘f‘éﬂ%gﬁ@fﬁp@eﬁgye&ﬁ' spacer |ayer
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sputt eri ngaximiniachis lasgeut t eri ng net hod) The sputtering nethod which is an
exanpl e of the _nethod of producing the netic recording. nmedjium 1Q rel ated
Lot he. pr esE SIRYERES s FROM e s ok RUBIcise S aeph Sr-ar eyl of
sputit er i e compbsitind dedasitied above Betht kjuRterfng Infgthiod f or med whil e the substrate 1
noves bef gru%etnhqnetthaﬁﬁﬁt and a static-type sputtering nethod wherein the
thin fil rﬁ?s TE& ed i 1 e the substrate | remains fixed before the target.
The forner thhassitemginretot ypeh spatcramplony theetethod of gogicng tetmagestiapgdosng t abl e
for mass pLAAVES tedled to@RE pleSent fh‘%&ﬁwﬁlﬁluﬁgv@ﬁ%ﬁ%ﬁ}@ thafferdif ety QG On of
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angl e of inci'dence of the sputtering particles in relation with the
subst r at &efPre tiyf@giput t eri ng net hod used for producing the magnetic

recor di ng ek orhél thaBiferifglypé {phitdrin@ meth6S R Prodiidive MMd saffableSiof s biolickiél t0 the
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sputtering particles ,in relation with the substrate 1. The sputtering method used for producing the

magnetic recording media 10 related with the present invention is not limited to the transferring-
) type and the static-type.

The magnetic recording medium 10 related with the present invention can be produced by
applying the sputtering method to form successively the substrate 1, the metal underlayer 2, the
ferromagnetic metal layer 3 (ferromagnetic film 3a, nonmagnetic metal spacer layer 4, ferromagnetic
film 3b), and the protective layer S in a multilayer.

And, when a magnetic recording medium 10 is produced by the production method related to
the present invention, during or after the formation of the nonmagnetic metal spacer layer 4, the
substrate 1 is disposed in the atmosphere containing oxygen and/or nitrogen to allow at least at the
interfaces between the nonmagnetic metal spacer layer 4 and the ferromagnetic films 3a and 3b to
adsorb physically oxygen and/or nitrogen. This processing will be described in more details below.

In order to allow only the interface between the nonmagnetic metal spacer layer 4 and the

second ferromagnetic film 3b to adsorb physically oxygen and/or nitrogen, after the nonmagnetic
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film3b), and the protective layer 5 in a multilayer. And, when a nmagnetic
recordi ng medium 10 i s produced by the production met RSSEPEEMBER 206 "t he
present invention, during or after the formation of the nonmagnetic netal
spacer | ayer 4, the substrate | is disposed in the atnosphere containing
oxygen and/or nitrogen to allow at |least at the interfaces between the
nonnmagneti c netal spacer layer 4 and the ferromagnetic filnms 3a and 3b to
adsorb physically oxygen and/or nitrogen. This processing will be described
in nore dedtaipader MBEOWs fbrfhe@hd@l’endu@h & dxpweﬂialsyrfetclaef thehéinlaghdtic etangreer t he
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10- 6Tor r ,5e§pdsgh! e%‘ﬂ)gg’iﬁre for ten seconds at 1 x 10-7Ton, and 25L means an

exposure f onnacﬁntamg enml&ga:as th the p%ﬁal@réEﬁiéd’ onRyg@ﬂarﬂ)@Eﬁﬁﬂdée{ﬂ aﬁ@éxpgm ﬁn&?@onds at
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2t or - i BBtk e bR PR S I diRe OF GRS oSET iR ol ues
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affinity .wit t.he rials co t e non neyic netal spacer
Tayer 4 e S i VR R Bodef SIS ¢ 48 DRI vgon of

ni trogen by @ it @pessiglrdo divy thesufewdf ﬂle)npnmagnqtls nptalsswadat lydar 4 physicelly ads@b sur f ace
of the n grg?% L J nent s
consi sti %3 o%}lgse%ﬁ%n}ﬁ%%ﬁﬁt?%gyeﬁ y usRﬁ{é Arr%)l()%g%gagb%bt al nﬁé}' gy addi ng
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nonmagnetiiyg, meglaée t‘ﬁ@%&’ﬁod Alneweﬁhe%orﬁa@e& hBbisspaRt he #lhOWS ofy3tn RRMAgNEt i c
nmetal spacer |ayer 4 adsorb oxygen and/or nitrogen inside, an _excessive

addi t i on THOSHk SR 4hAXEIIAI %dfd@g% (Pf rPEYEeR ARdEr RHPEINaRY fRtsy ¢ptellifdty dPi or at e
or oxi desdeRfiorftk bof bH@s ot QitGiRY &) &Weld@@@&dlu@gm&ﬁb nfteridlet fkhleAdls &fmﬁﬁh@fh’e al's

conposi ng the non netlc acer |.a ref ore, ref erabl e
ot ho datrieps B e SO G b HF oG e e Ao het g o

pressure as axpaessféﬁbedle@alsalwretsmm aOtixagitdaewitht Ar & offeBraveOiab dollé b& egpt withih hi n a

range of 10- fl-BGDI’orroraox(/)eva%d?& 1Tor%elTon or below. Further, it is preferable

that the p§rP|aI ressure o gen or nitrogen contained in the m xed gas

woul d be setFualer,3t mpfp&r@leﬂbart thrrpaabbpressmndf Bxygenl@-nifrogemcanfaireé firothe midied choosi ng

such a1 3agGoud be &y 3 RAFS HRE 6r ARl 3 By SriX G RARGS Al BRir flich Qe 800 o or
e&

above, ave uV/ nor e. gas used
for for mmglblq th plptain A e)@Chelgp be%féqﬂ of' 155\9@@9 pbqrboves md te Prﬁp‘éfkamtwo@zmore

As “impurities for Ar gas used for forming film” in the present invention, for example, H;0, O,,
CO,, H,;, N, CiHy, H, C, O, CO and the like are mentioned. The impurities likely to affect the

amount of oxygen adsorbed into the film, in particular, are supposed to be H,0, O,, CO,, O, and CO.
Therefore, density of impurities of the present invention shall be expressed by the sum of H,0, O,,
CO,, 0, and CO contained in the Ar gas used for forming the film.

And the impression of bias to the substrate 1 has an effect of intensifying the coercive force of
the magnetic recording medium. This effect tends to be greater when the bias is impressed on a
double-layered or multilayered layer than when it is impressed on a single layer.
(Surface roughness of the medium, Ra)

As the surface roughness of the substrate in the present invention, for example, the average

central line roughness Ra obtained by measuring in the radial direction the surface of a discoidal
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Cx2, H2, N2, CHy, H C O COand the |like are nentioned. The mg)urltles
likely to affect the ampunt of oxygen adsorbed into tZRSEPTEMBERR

particular, are supposed to be H2O 02, CO2, 0, and CO Therefore, density
of inpurities of the present invention shal | be expressed by the sum of H20,
02, CX2, 0, and CO contained in the Ar gas used for formng the film And
the inpression of bias to the substrate 1 has an effect of intensifying the
coercive force of the nmagnetic recording nmedium This effect tends to be
greater vdigsatthgs Bi AStminkeni dh@SERY tRNsutfacedOubh&s Ray @I R6i0rfordd! hiidrdsaoper ed

| ayer th %a etusds i npressed on a single layer. (Surface roughness of the
medi um Y e Sur f ace roughness of the substrate in the present
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In the (Formula 1) shown above, however, dg, and d¢, represent respectively the thickness of
the nonmagnetic metal spacer layer 4 and the ferromagnetic film 3a (3b).

And when the substrate 1 has begun rotating from a standstill or inversely has come to a
standstill from a running state, the surface of the magnetic recording medium and that of the
magnetic head come into contact and slide (CSS motion). At this time, it is preferable that the
surface roughness Ra would be on a greater side in order to restrict the adsorption of the magnetic
head to the medium surface and any rise in friction coefficient. When the substrate has reached the
maximum rotating speed, on the other hand, it is necessary to maintain the distance between the

magnetic recording medium and the magnetic head, in other words the flying height of the magnetic
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~ Jl(erg /cnR)=2 z z 2 Meexpl -27T F2 dR 1-exp(-22c, ~f g]%lz J2 L) L In
the (Formula 1) shown above, however, da" and dce repr2§§5m EE%%@Pl vely the
t hi ckness of the nonnagnetic netal spacer |ayer 4 and the ferromagnetic
film3a (3b). And when the substrate 1 has begun rotating froma standstill
or inversely has cone to a standstill froma running state, the surface of
the magnetic recordi ng nedium and that of the nagnetic head cone into
contact and slide (CSS notion). At this time, it is preferable that the
surface rheadyessniRamwalut goskible ofndeaccprdiadlys sisdlickaluie lﬁord&ademetetabneemefe'fcmet t he
adsor pti g, ' qﬁgg r in
frict Pon coe{xfll ci ent. }Eaeﬁm'? gﬁlsﬁglgtf%rg? ?fhtgpgﬁ%%?énlu%ﬁ%gt ating
speed, orfletehinegtas apquinedhled, the reajon ginen @beyarayd the rmlrwt mecnﬁqah@ r $eameretibet ween
the magnghidmg&eREMdi ng medi um and the magnetic head, in other words the
flying height of t he magnetic 13 28 SEPTEMBER 2006 head at the m ni num
val ue possi Bioeexamplg, Vé@&g?@b’ﬁg hsighy oSthempengti head is dfnineh (Fbgut ) Gumg, Rt Gnm

Ther ef or e, g nrh. f}ﬁ)w@wslmr\@hmv@mﬁgﬁ& %csmlﬂg BRHShyY RlisURcds @by th RRAUGUNKRE e
roughness_ Ra of the substrate 1 w !l be determ ned as required by the

reason gifEg hagB\Rl theyReanplie ffe@hmler @ﬁm’gba%%@*}rwﬁ PERYeoe MREcafe epd the

recor di nﬁndgﬁdﬂlk: WPordin@ mediandikifg thah&brding @nd }ewommdgejpabﬁonpfln bider tmgaahﬂrs] ¢ head
is 24inc achi eve a
i ghor |1 dEBRRTY 10 B o prefe gt B O reE BRI Rtk el ot BeT i g

hei ght ofsntobth nglﬁetrmoxbeaﬂal(et dueds 8¢saabdeefonthe siefaee @highness Re tofithe utistige. Nagnet i ¢
head and r r oduci ng
oper at i or cﬁﬁplngigq{‘g%ﬁoﬁgh t%%f?{p? % E%d&@&leagﬁlc%%ﬂe{%gl Jah§‘us tzgge%dcﬂlﬁ%hg%gepstﬁ:g Che
surface ohnbhehivegresen € thesudacd lrmlghrmsonf i siipstrate fisl satallernichr esaamxlﬁt, h texPioris t hese
reason, afor?r{;alohearmygaé&eereeo%dlygem@l?lc&lsfsgﬁg i BHEAACREMIGANERS - B0k {he
substrate. " Accord rg'ﬁ i S enou% dopt production neth 03 wher ei n
vari ous tfermgétheggoy Md aehta%ed febelgyilogum, eraint lbéoséléhlt‘é%ﬁv%a‘/%%(’floﬁ nheldur f ace
roughnessmpénatﬁsﬁmévmwb@&aeegusjeésmbh@;rem@%dlﬁrg&mkﬁl a texture is formed on
a magnetic recordi ng_nedi um consi sting of an Al base substrate and a N - P
| ayer f dFGHEHE PIPSFSEBA and Ra i s reduced to below 1.5 nm and it is possible
to achi eve aaARaex@ifre BroDeskitid) that thay be Appled o thé Rib&katd &S tie P&t rimdertical jrect ed to

i al di t
Chat mmy BB PR En SOty St e BrERbAb AL BRETOH PPBF Eoxans! ¢
nmechani caéiregalar bisomdntbé hkdmaysbd mertiofddc Ineactivilag inméht keasel ,of phuynsriugiadllogrbésaod  of
d i I [
Pr 0041 100 Rl R bl 5 AT RECTER 1500 O Rl o0 11
subst r at egriiding méthodraumedt i c recor d| ng nedia, the rrechanl cal grinding nethod
I's used. Forpgxamlie theFeh?z{ fleth cﬁgFBﬁﬁJ}%@hﬁft QG RG ey Hlin S PAGEIMA! C

textures by pressing a tape g(?ju
with abrasive grains for grinding against the rotating surface of the substrate, specifically a (Ni — P)

film formed on the surface of an aluminum alloy substrate. In this method, abrasive grains for
g grinding may be separated from the tape and used.

However, for reasons given in the section “Surface roughness of the substrate,” the texture
processing described above may not be resorted to, or a production method wherein the targeted
various film characteristics can be obtained by means of a more slight texture may be adopted
depending on the situation.

(Examples)

The present invention will be described below in more details with reference to test examples.
However, the present invention is not limited to these test examples.

(Test example 1)

In the present test example, a magnetic recording medium provided with the nonmagnetic metal
spacer layer 4 shown in Fig. 1 was produced by varying the partial pressure of the oxygen (O,) gas

used for forming the medium within a range of 107 Torr — 10™** Torr. The film was formed by using
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wi th abrasive grains for grinding against the rotating surface of th
substrate, specifically a (N - P) filmformed on thg §§FT%¥§EBF‘"¥§n

al umi num al |l oy substrate. In this nethod, abrasive grains for grinding may
be separated fromthe tape and used. However, for reasons given in the
section "Surface roughness of the substrate,” the texture processing

descri bed above nmay not be resorted to, or a production nethod wherein the
targeted various filmcharacteristics can be obtained by neans of a nore
slight t ek DCeagmyrorteetasinpided ultﬂepamibaeg; vdireinhtke Wiithatatvdcoimm in thxdeppdited) The
present i oy w i n with referenceto
Pest oxarpiins Wifiett: e 108, G907 TPER R Bholl ¥ Bl i e tiss g™ Rce t est
exanpl es.se(arégpb @)belﬁwll’eldli)lnng”thet Mecemngstémubtt@stwaekmlaeemlaramtagvfe'ZtSDc byecor di ng
medi um prh A Mk nbie AIRTBICLb SRS fhied ARG Jnaxﬁﬁedﬂme?m%mﬂaﬁr Fig. 1
was produced by vary mgi partial pressur€ of the oxygen used
for for mthyferpmagnetisi g \MYFhﬂW ngnIpggRefis spgcer)lgyer aquﬂi‘e profegtive, layer ggre df i | m was

formed DywiSArds seddt 2 pRssefeRT EMBRRIZOPR: noblifenbe s NGl R OR1cath afddaan ultra
vyl

cl ean process wherein the ultimte vacuumin t deposi tion chanber was set
at the | esprongiptingof 41 ga5rand 2 ery sl apstEEtoxsgen 6P &Y ﬁnﬁwarbraﬁ "as inpEEstef e

process Qa8 n¥as etchp wak cdndiifddd @rthd@baaste Itk el formiglg bhe peOC i HAYEr antl he
substrate ke tenperature of 250 by neans of a radiant heater,
and after® O%ﬁg‘g‘fr“gfa@a?'% heat ed, the above-nentioned netal underl ayer,
the ferr orragnelhd present @ét dxaygle,, a tllls@xdabmrh@aembs&ats [pictedpldtely eith 2R addhaot

protectlv n re forne h Ar g‘ r 5in
Torr. Theulr)fecnérlrgto ﬁe\gﬁm rcéce%iggl qhﬁ Sél er OMEQ%SP Bfihe ul%riaﬁﬂa <Lbr n@e{séusg%rflosrl sting

of At gasthawustlateme(t‘rwosorm‘grtt larmimt foghingthy greerl (i) iImga€o — Aﬁ dt%’l@' b8 &% Ruas
| Mpress eg# atBEh Qt 19' d & &1; 5 Sor Wt hind g%@ﬁ&%ﬁﬁmé’ ElecMhefeé&Pa%kétf@ lubhpg,the

form ng the ayer erronagneti c “net al ayer. In the
present ttarget lse;éedmlt@ taraetdvrsfe@vmme mnmggnstic adss layet Anddhefollpwipg duckoesyist h Ni P

and not &Héeh?&tv%ug ﬁln{sef»(tﬂrlrfgr B RRERSENES mefoﬁwﬁ@cf@n&ﬁa icGiim] $nR @i Shed
ultra flat (Ra < 0 is used for the substrate, I\/b20target s used

for for mthySeond f&ﬁ‘fﬂ’@ﬁ?i}‘f’ fftims 9-F @n fqr the nonmagnetic gpetal spaces laxe%aﬁ 6 nnyfop the, B

t ar get |sprus@deﬁ§1targets for formng the first and the second ferromagnetic
films. And a i S used as the et for formn n netic
Spacer | ayer At THE P B G ek men REs ot At T HIS e, | €
for the uamdedek afithdrmal Atabilityi Ime/lq;T welramdabural THeatsub@fgieahdacurérhdnms areshown fhor  t he
second fegro;‘ram%réetl c film 0.8 nmfor the nonmagnetic netal spacer |ayer and

6 nmfor the protective film And with regard to the magnetic recording
medi um t hus Astitigs Aeud 8 shoue alli e inmygneftic edeordidg medie prodnatd barhei prethuigticof mathodr mal

ﬂ]ablF: bgyrel.l;fé%”rt]&é ﬁ% MEER HRASH £e 2 IOR/KISHESr Y0 drNforf BRABALETRAL Fefbf Shown
magnetic reco-rding media excellent in thermal stability. And the higher the partial pressure of

oxygen during the forming of the nonmagnetic metal spacer layer 4, the more the fluctuation field Hf
P is reduced and the more KuV/kgT increases. More specifically, in comparison with a sample (Hex

1,100 Oe) with a partial pressure of oxygen set at 107 Torr during the forming of the nonmagnetic
metal spacer layer 4, the sample (He, 2,000 Oe) with a partial pressure of oxygen set at 10 Torr,
the fluctuation field is reduced by approximately 30 percent and KuV/kgT increased by
approximately 22 percent.

And as Fig. 7 shows, when the partial pressure of oxygen is set in a range of 3 x 10 Torr - 3 x
10” Torr, a KuV/ksT value of 100 or more is obtained, indicating that magnetic recording media
excellent in thermal stability have been obtained. And in a range where KuV/kpT of 100 or more can
be obtained, He, of the ferromagnetic film showed a high value of 1,500 Oe or above.

According to the production method related to the present invention, it is possible to produce
magnetic recording media far better in thermal stability by setting the partial pressure of oxygen

during the formation of the nonmagnetic metal spacer layer 4 in an adequate range.
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As Figs. 7 and 8 show, all the magnetic recording nedia produced by the
production nmethod related to the present invention haASSERTEMBERRBI6ya| ue of
80 or nore indicating that they are magnetic recording nedia excellent in
thermal stability. And the higher the partial pressure of oxygen during the
form ng of the nonnegnetic netal spacer layer 4, the nore the fluctuation

field is reduced and the nore KuV/ kBT increases. Mre specifically, in
conparl son ar ure of ~oxygen
set at 10,7 on dur | ﬁ;@ ?Hgyfmrple th%g% eeny&rllg ﬁlﬁt%g“%e[?e}héﬁkvag ‘?For oé%uel thFayer 4,

t he sanpl ene(al-ieladerza}@t)@ld@bf) fevwmmawpaml ilayer, the @'sputtsring methgdy ¢he 1®e1t dep¢sitid®- 5 Ton,
the 1 UCt YaioBlind biebdh rieuf AUNE Stk i RRRRLHE MBS Shobafd fegand KuV/ kBT
increasedlﬁ% ° erXI matee 0y 22 perrcent %nd as %nle}’o- ua&ﬁeca&@e when t he

parti al g@?@ewdlé&wgﬁmf)s set in arange of 3 x 10-6 Ton - 3 x 10'5

Ton, a KuV/ kBha Wl Uge Rhgnd@OredrdifiPkpadaths A te% prisBdiiGRkddagvill BakestRIALL | C
recordl ng nedia  excellent in thernal stabili have been obtained. And in a

range whePBlOR T EBreRse to ¢pvings- Figreis @ gqss SB@o%mWﬁwmgr@fxwlﬁt 9@ hard disk

f er r omagnetivewihitd 8 stagntiel redording bpp«sﬁhlu eelatdd t&th59£ése@m@e[nt1&b@:\tﬂ?1g AQ G flnBg t O

the productio thodt related to the lp[)l_esgnbl #nvengrlﬁg 0 i S pOsSi ble to

produce ﬁ‘H’@'n PR BN n%ﬁ?raf 4t Mok et 1B PR i Prﬁﬁf‘tﬁ P set ti ng

t he parti akadp7tes ahard disk daxey @Eis a hdusingn TP is h enafreticetdrding akdith73rionspagnani c

nmet al spacer Ia er 4 | el ade uat e 1 E R 2006 ilein

the present’fes sarfand T Re B agnet ?%%mélﬁa?Ye 70SreW% hodlms"‘a’n BEERTt or

form ng t lweryingt @t mountiethé mmptloan@rctlﬂmq‘dem@mMﬁ@Qm mvmplaﬂeshﬂry@abovet he RF

sputtering i ag.and
MRt 0 g ol ﬂﬂ%aﬁ)% AHGRAS! csﬁsa tyed %?Maqgcmggﬁ ﬂﬁg/@nggog

other filmformng nethods can obvi ous be appli ecor d| ng
appar at usspapdorrhowsinchthe iWiseidal imagnedie crceridmg redivar & the m@nettCévad éO ereotharesent

I nventi on ophlels BehiORRGhE b?@ontﬁﬁd &Wdé’\’a tphmﬂx?yf & rﬁzfg%&lct I‘Bcdilélﬁg"&n@c% 72 Kkdhered 1S @

cross sectional view show a hard disk drive which is a
magnet i ¢ raleBAtRlY Wyh sRasers At efsa Frétrdé& 'é’fdf%m? H%usblséfé é?ﬁtali‘srﬂ/‘@ﬁ‘ﬂf}gdﬁm saﬂml) frg. 10
i's a pl anene spin@N 78 antl G HERGRELE oEthe BERInE 17D Ghetedy £ oSN IV kd?atlﬁggue sPindlé 1y, Fl gs. 9

and 10, 50, represents ma netl head, 7 s a hard disk driv

housi ng, 'PZ‘T“E S‘E"Wé‘“‘gﬁ%ﬁﬁe@e‘gg@&?’ TePr T“Ffﬁ‘i Jﬂf‘ée kept rptatively arpund;foe Spi“glle?"'svm ng
arm and ®8ing suxﬂleam@pmaailmﬂly while 1dagihglinctirals vdthispaeers 03 foe hikivenp thoappfoachpifesent
node of carr ﬂ% 404§ rmounts the magnetic recordi ng nedi um of the present

i nvention "&?é%cfl €d” above. The hard disk drive 70 is externally constituted
by the rect anbuthahousmgsilragd Bdsideahd magnatic tecomding medyas §2.f there liroaimitang staft §7

di scoi dal o ¥ gﬁgg i

el enent s. %ﬁ%ﬁ %Hrﬁgsﬁ%%&p &E@Q%ﬁgﬁ%&;ﬂﬂﬂnﬁeg&ﬂ ra ﬂ% |vfit;l}Q%1?sglrlrlrat§lgr71&eltr)1:il c é%gor di ng
medi a 72 §k¥f\/ﬁ-’:7rlepf0V1é¢dtVéﬁW&th§1ﬂyy vﬁswmggmﬁd@rpsow@n@mt@ spfste hetiveenz4ch nimguetiche

housi ng 7Jrec%9ﬁ{g%eaﬁmanbg%& ﬁlgof(eaaltswmm)zg fa%gnehbﬁeaﬁ B R4E itbugi\itngR t he
out side of the housing 71 there is_a notor for rotating the spindle 74.

By this stifangelar gispegsipn (7R eﬁ"ﬁ‘é rdirgenaily (PRgsitey @e@ﬁoﬁlﬁ@% ichagh Tpeustie recatging
rot@tivel YneafugidiotdtR BB Ibelow4he fafkNThidmAEbiRhehd gLk ifbafwdedi wit@la lratorahis| €

l eaving intervals with space 73. for allow.ng the appro
g element not shown for \Jl)'l%ng {n?ormatlon on the magnetic 1%corcr111ng chB % and a reproductlon

element not shown for reading information from the magnetic recording medium 72.

It is possible according to the structure to rotate the magnetic recording medium 72, to move
the magnetic head 50 in the radius direction of the magnetic recording medium 72 by the movement
of the swing arm 79, and therefore the magnetic head 50 can move to any position on the magnetic
recording medium 72.

The hard disk drive 70 of the structure described above can write desired magnetic information
on a magnetic recording medium 72 by rotating the magnetic recording medium 72, by moving the
swing arm 79 and by causing the magnetic field generated by this magnetic head 50 act on the
ferromagnetic metal layer composing the magnetic recording medium 72. It also can read magnetic

information by moving the swing arm 79 and the magnetic head 50 to an optional position on the
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magneti c heads 50. In the housing 71 and beside the mazgnetl c recording
medi um 72, there is a rotary shaft 77 called "rotary BMEGAEMBERZA(6,g
supported by the bearing 76 in parallel with the spindle 74. This rotary
shaft 77 is provided with a plurality of swng arnms 79 protruding in the
space between each magnetic recording nedium72. At the tip of each sw ng
arm 79, a magnetic head 50 is fixed through a slender triangular suspension
78 fixed diagonally opposite to the surface of each magnetic recording

nmedi um 72na|gﬁunatraedrdmbmeelumr72bﬁﬂ By\ldettéten§tamaka1'hin5gnﬁﬁgﬂimd from lieaferrdnihghesic pr ovi ded
\I,Mef:gr gl :]ch%gl er%onfgéu? rrlﬁjtﬂe ma%letlcr CO V\!{}n%medluwr J/Zt LN eahsnc{f% r¥Q‘trz)<9u1¢.:nt1ocr)lneletfeng Iogggnetl ¢
i nf or mat itermdgnedimhedde nagneti c recordi ng nedi um 72. 1t is possible according

to the strugf H'Arsrgacﬁr% aﬁlﬁ%h &%}gﬁi %ﬁ%ﬁﬁ&&n 5K S\l}rﬁéb'age %qérWHa%getlch Ry the

magneti ¢ head e rad rection o e magnetic cor I ng redi um 72
by the no¥dwenagnetisfreqopdingsmpdigm J¢ ps7an exgellnt Yradeflising codreivarfomeeantl gheesdd 50 can

nove to asrmh@oaéldegcaﬂed%o&eh@wmtgh&c nleBf apald?%emgnam rzgordl;fgﬁﬁemﬁ g di sk
drive 70 of the structure descri bed above can wite desired ghetic

i nf or mat i99%f n%#teawr?&g%’ré% iféherlé%%ﬁ%ﬂﬂ?fghafée‘amﬂﬂvq 70, hging sybigcter ¢ éle%ﬁgﬁ@t ic
recordi ngndi@dﬁsumuZe?d wllme BeRigi Hagted ten h1§1'\/\'teﬁﬂer@tﬁﬁ1 @emlebm eausiongod han magnetic

field generate hi s magneti c. he erro i c netal

| ayer cor‘?g‘gig‘?“n eP“?‘{? SenHEYRHET @n PRYigY Hﬁarﬁ%g“ﬂb%ivﬁm '?’?t °?St“°5?a§§5’ tg"grg %’%P“iiragnet ic

i nf or mat ireglodayingrenataogristioofSthe Aggmetidiiedsdiag thedittd 7DRGMEN itds fed tor Iehgthourdn

opt i onal SI ti r} n th e 16 28 SEPTEMBER 2006 magnetic recordi ng nedi um 72
and by d EPF%‘% the"8C4Rage magnetic field fromthe ferronagnetic netal

I ayer const itairtehtally, the dardeigh dtiveC7Ordecabediahgye vt ireferenc tdigare and100show haly

r eproduct ] h r ng
magneti c a!n e?lgrﬁé%g{x? 21% glgeftlc r%&?du{ga%%grta{ugt hgl%?%? r g%l%g nnotgtllﬁ %%g'?r 5?&]&1;@6&5 of the
magneti c mce@eqi o thg magntticirec rding apparafys ey b4 dnyrepticnelmvererchif o of maserand the f or ce

and t her nglber$t BE’énleﬁJ Béa&%ndiﬁé@&h?ﬁ‘éjan%ﬂ%ﬁal nlifier bESHQPRIREALEEREA anhiayer of
the magnetic recording nmedium 72 does not deteriorate even if the inside of

t he hard o &ivingsysiean gfgthe pangymsigisyestot Briteddo thees shawn opthe figwre, apgthslingag | s

used whi I@lv,laggyggmagﬁr@@t}g;sygerhgIg&ygbelew@taugpeed for exanple, in excess of 100
In addition, the present invention can provide a hard disk drive 70 that

does not cause the recording and reproducing characteristics of the

magnet i ¢ Inékthidliapplicabiium 72 even if it is used for long hours and is
heated for |ong hours. Incidentally, the hard disk drive 70 descri bed above
with reference to Figs. 9 and 10 show only an exanple of magnetic recording
appar at uses Asafestribéteinndetiie nbayé, avergding tocthe eegndinmentingdi & possihie1toechtamat he

egnet i ¢ xﬁagﬁe% ‘}'éc&%l g%’e%{ t}‘rL mg% ere%%{ n%/’al%g réf,”oadhmg%{qg%ae t1c r% re, and

the nunbe tic e any er of one or
mor e. AncxeeHent sﬁhqwalaﬁalhtytbhemnrpw% Hgofghemanetigfrecotdingweiding. ar m 79 are not

i m ted to tHhaske %&m Qntife cdd GV Re aaHQngeﬁ]@ réc-l)rrc‘lﬁ@r apparatus that causes no

) deterioration in its magnetic characteristics even if it is used for long hours in a heated condition
provided that it is a magnetic recording apparatus provided with a magnetic recording medium
excellent in magnetic characteristics. Moreover, the present invention can provide a magnetic
recording apparatus with a high S/N ratio and excellent recording and reproducing characteristics,
provided that it is a magnetic recording apparatus provided with a magnetic recording medium

excellent in magnetic characteristics.
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driving system and any other systens may obvi ously be adopted. Industrial
Applicability As described in details above, accordi ng?%S¥PTEMBER2E¢Nt
invention, it is possible to obtain a magnetic recording nmedi um having a

hi gh recordi ng and reproducing characteristic, S/Nratio and excellent in
thermal stability by inproving Hex of the magnetic recording nedium And the
present invention can provide a magnetic recordi ng apparatus that causes no
deterioration in its magnetic characteristics even if it is used for |ong
hours in a heated condition providedaitheit it is a magnetic recording
apparatus provided with a magnetic recording nedium excellent in magnetic
characteristics. Mreover, the present invention can provide a nmagnetic

r ecor di ng- appamathod ofinrédugingiaghmagens regpiding ametlivax seinprsing # esteor ofi frgminad

repr oduciiQesiay %Cﬂo%h%%ﬁcc Substral, Q%A dinbidiBer 1ahd 'asfe@orﬁgﬁgaﬁtdl&alrlﬁ'ﬁp idh ng
apparatus provided with a magnetic recordi ng medi um excellent 1 n nmagnetic
char act erfuilpyggwheren 23 SEPTEI\/BER 2006 Clains 1. A method of producing a
magnetic rea sdp l%ﬂfoﬁ’ﬁﬂ?lg b6 eRBREgNS ekt 1a§ér@Pa Qdp It WrivingQlterBUAIE B PRtVBlY A
nonmagnetl Cc subst a netal underl ayer and a ferr net i ¢ tal layer in
a mitil %‘Wg%ﬂti%f@?srimf’ﬂ’ée CR® BITREIHT Mg SRRt ‘P&%‘Pbl%ﬁﬁ?%@tai@“ Y& ayer is
a step ofcoxfnﬁrlismgng al ternatel y a plurali ty of ferromagnetl c filns and one or
nore nonmagne taI S e ers in a

Conpr 1 ng 8 Aepp Mivng R fe aft ke, &f e fi sty Bed wreet W s dMifdher i

nmet al spaadaurbﬁl@y@ﬂlymygémé/bsmrqgenadsorb physi cal |y oxygen and/ or nitrogen.

2. The nPZt hqﬂe ethQJ 8 fggdu{gﬁ%tthrle Jﬁaﬁergcogdl rﬁe% uq{ chorpﬁg §ea <r:Tl1a CP%Qr ﬂ%aléo claim

1 wherein'said Is or are tornmed in
such a waymtv#mttlcsmtd sppRgrganer anidyany is ona@rfmg@ﬁ lmwyh bevao:cﬂm adithexygemandfee il m of

t he nonmagpeL xﬁay'”[%%tcéﬂtalﬁeg%%é ﬁin?‘é(f‘%l‘ie &Bmigﬂé’tﬁrm'*etal %aceTﬁ?er'Eﬂa?é?Q of producing the

rragnet| c record medi um accor di ng to [aim1 wherein the gas used
for formg Tgamath%ﬁmlma the Hegnglic rsm@@@rquwcwmg taylaim 1 ps2 whesgixthy gas

obt ai ned fy uselir B&uﬁ%%ﬂﬁﬁbnﬁ{ag&h& FREE EpaWdr UdYerr 19fersOk NEhixEAER BoHRE by4. The
met hod of producing t %netl c recordi ng nedi um according to claim3

wher ei n t/HENE PyETn o4 pitrggsauh AL opethes§3re8a8%S0r ni tr ogen contai ned in such ni xed
gas is sef dhe dRthéd Iﬂﬁto&fcmgblﬂe\/ﬁag'heﬁl: redd?disty thediur acdafdir@Wo chim Bhehereai thod of

producing the i c recording ne car di ng. to cl 4 wherein the
par i o1 | HPERCITEAO GG AP e P ROt PRI Fistdh T EHRUTs oot at
3 x 10' 6 [Wofooortalbeve and 3 x 10-5 Ton or bel ow. 6. The met hod of producing
the magneli Gur eCondlPARAL W0 AGHE A0l P mBlYm QG s &' RS Wherei the
partial pressure of oxygen or nitrogen contained in such mixed gas is set at 3 x 10 Torr or above
and 3 x 10 Torr or below.
6. The method of producing the magnetic recording medium according to any one of claims 1 — 5
wherein the step of allowing at least the interface of said nonmagnetic metal spacer layer or layers to
) adsorb physically oxygen and or nitrogen is a step of exposing the surface of said nonmagnetic metal
spacer layer or layers to an atmosphere containing oxygen and/or nitrogen.
7. The method of producing the magnetic recording medium according to claim 6 wherein the
exposure of the surface of said nonmagnetic metal spacer layer or layers to oxygen is set at 10
Langmuir or more.
8. The method of producing the magnetic recording medium according to any one of claims 1 — 7
wherein a metal film containing a kind or more of element or elements chosen from Ru, Ir, Cu and
Os for said nonmagnetic metal spacer layer or layers is formed.
9. The method of producing the magnetic recording medium according to any one of claims 1 - 8
wherein the thickness of said nonmagnetic metal spacer layer or layers is set at 0.5 nm or more and
1.0 nm or below.

10. A magnetic recording medium comprising a nonmagnetic substrate, a metal underlayer and a
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wherein the step of allowng at |least the interface of said nonmagnetic
metal spacer layer or layers to adsorb physically oxy¥fetEPAEMBER 2806 r ogen i s
a step of exposing the surface of said nonmagnetic netal spacer |ayer or

| ayers to an atnosphere containi ng oxygen and/ or nitrogen. 7. The nethod of
produci ng the magnetic recordi ng nedium according to claim®6 wherein the
exposure of the surface of said nonmagnetic netal spacer |ayer or layers to
oxygen is set at 10 Langnuir or nore. 8. The method of producing the
magnet i ¢ ferewetitiogetablaien formaescoecdisively in layey whereinof clainms 1 - 7 wherein a
metal film Cssaetfa-}omag&n@d&amy& comitisEs QPluﬁll@rB?%rro(Pragﬁlngmt AdSROBERE! OM Ru,
Ir, Cu and Os for Said nonnmagnetic ne Spacer layer or layers is forned.
9. The nECHBENGTC Mrtabsnaedr ,Lpgert%gay%@ﬁgquehw,equ(j@qp@ag@gf filmsed®dor di ng to any

one of cl ai Nk dxchrangd blae/rﬁelaeiexrbftsmfehbmséﬁa@s&ta@iay&ad @t N00BOVELdEveEt 2l Spacer

| ayer or | ayers is set nm or nore m or, bel ow.

magnet i c Hlecarledwr%getrféaﬁowﬁﬁ%w %F‘?ﬁ@‘“&“’ﬁ&ﬁﬁé&ﬁéﬁlﬂ (FEpReg s ﬁs}d%m%

under | ayesﬁldaemﬂ»nﬁgneﬁ@m&&laSEHIEIVBzEESOQOBGrabBwrorragnet| c net al Iayer f or med
successw in a.laye wher ei n sai.dferrogrﬁﬁ?%ulc net al r conpri ses a

oi'r s y20f ArBiePe e SR BT SR RS HLRETE R Sopacer
| ayer or fbmgmtlf:meu%rbldyeb&mnmesnccsalvdlyﬁxerlay@méleml c fi I m; and t he exchange

bias field Held fé)rIomSaaleglc me{a[ Blngg:gr%trllsgs gTE ltln%ll oq')fe oma e1c ms an 9 9 r%%reor
above. 11. ThHE e TEcor ¢ P tmeaccordin grf f fB erein the
exchange risvma&nétlcehe@hl bpacenﬂayersmladerﬁ formagrbatyeen said fnmnagneltlaﬁms is set at 1,500 Ce
or above. 1z ﬁb b bferal SEQF ALY | YR LML TN A {H?%Q drle &

substrat e, aalflret gﬁbﬁder : s?’er a%’l% P g?egéelrronagnettl o nlét 3199 ayefr;gefgrlrrrl%d
successi \féWrel%elam?féy@lem%éh(éPfhﬁ%RwI%@Vﬂtﬁr%ﬁgﬁ@t| c netal |ayer conprises a

pl ur aI ity ofox{&h 00B0nesden if bl a8 pﬁﬁ@aW@os&BeJ‘Brl@ast RORERANAL GerhBhahigspacer
| ayer or |ayers fornmed between said f erroma?netl c films, said nonmagnetic

met al s pdtoBRagngfiFspacglayergrdyersiand 3id fegrqmagnetig filas. £ j | m or films containi ng one

kind or mor Q’h@xﬁqag&letﬁf@d’&dnigrm@lﬁtﬂf@ﬂ&r&n@fd@.ﬁﬁ&ef& elaRrsu0 - |112 whésein @thi€Raessand
oxygen anq ni t rogen IS or are q Sl caII absor bed Ieas?? 1at t he

i nt er f ace® B JorERests Hetal sRAcRHRTERI° bsafﬁteaF P BDOF ab(S’P’e G °%ai d
ferromagneti o fhagneﬂk redoBdmngmgﬂﬁﬁpnemg emgﬁanagecmadngumdﬁlﬁfmbddmg td myany one
of clains 10 1 18"“61 n eSSsaldm ?i TecOINIE n%gletl CdrerIEt 3l etlcpacer

| ayer or &y gcglmlss ser’ dgspnm of apove "gad LT RIOT Del oW TS

magnet i c heerbfor ttpm@naptpkmemmsmg orpuetis infaymatiompgieedin eﬁld’ e@gmleuh Iregd rm@hisuzmd
accordin i - ] i driving said
magnet i cgrrﬁerg%?%){na i %%ggﬁg@%%%gﬁoﬁgg%ﬁég%%ggJé?ﬁrg and reproduci ng
magneti c informati on, wherein said magnetic head records and reproduces
magnetic i nformati on on and from said novi ng nagnetic recordi ng nmedium 19
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