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synthetic ferrimagnetic coupled medi um having a high exchangefjiqas field,
the nmet hod of producing the sane, and a magnetic recording appar at us haV| ng
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capacity recording nedium However, in order to achieve a higher density,
bal anced p@RLRYEMERLS in its 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 exanpl e

of the magmat peseheRomdbmelage e Afhgntlidrecotding Medfunk) @keSRARJA of Brodi: @y tA sathe
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subst r at ep@gent inyentier is prefezabbi léecbff)r haprediska,gragndtie t@mﬂmerhlge medi um 90, t he
substrate 91 conposed of a norunagnetic subsi stence conprises a non
magnetic |ayer 93 of magnetic films conposed of NN - P on the surface of a
base) subsPBrHEEMSI Athde of for exanple an Al alloy or glass. And on this
substrate 91, the netal underl ayer 94 corrposed of for exanple Cr, the

ferromagneti ¢ net ayer 95 ¢ of
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structure cﬁimﬁaﬁirc ngsdsealggqu,m\htm ?hehneA”dA§rﬁ % 110 reduce the interaction
anong magnetic crystal grains etic filmthat functions as
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ferromagnetic metal layer 95, and 20 nm ~ 50 nm for the protective layer 96. It should 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
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y. recarded on the magnetic filmchange substantially as tine passes, in

ot her words a problem of becom ng easily subject to the influence of
thermal decay. Therefore, in order to suppress the thermal decay of the
magneti c recording nmedium a so-called "synthetic ferrinmagnetic coupl ed
medi umt’ was i nvented, wherein a nonmagnetic netal internediate |ayer (Ru)
approximately 0.7 nmthick is inserted between two or nore ferronmagnetic
netal |ayers so that the magnetization of the nost closely adjoining
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Another object of the present invention is to provide a magnetic recording apparatus provided

with a magnetic recording medium having the excellent characteristics.



And the nethod of producing the nmagnetic recording nediumrelated to the
present invention wherein the partial pressure of oxygen or nitrogen
contained in said nixed gas is in a range of 10-7 Torr or above and 103
Torr or below. By mmintaining the partial pressure of oxygen or nitrogen in
the m xed gas in said range, it is possible to produce magnetic recording
nmedi a having an excellent thern~al stability and al so an excellent nagnetic
characteristic. Wien the partial pressure is below 10'" Torr (=133 x 10
Pa), Hex Dauddsiré of loegwioe snmall. And on the contrary when it exceeds 10-3
Ton- (=133 x 10'3 Pa), coercive force H- tends to decline. In view of
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And m 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 He, of 1500 Oe or above




4. The magnetic recording nmediumrelated to the present invention is a
magneti ¢ recordi ng nmedi um havi ng t he nommagnetic substrate, the netal
underl ayer and the ferronmagnetic netal |ayer forned successively in a

nmul tilayer, wherein the ferromagnetic netal |ayer conprises a plurality of
ferromagnetic filns and one or snore nommagnetic netal spacer |ayer or

| ayers fornmed between the ferromagnetic filnms, the nonnagnetic netal spacer
| ayer or layers is or are conposed of one kind or nore of elenments chosen
from Ru, lnd ob@in ancemckll@g theamad stabdlityen and/ or nitrogen is physically adsorbed
at Ieast .by e
ferromgnot éqﬁlg Iheﬁ' GEhE g,%&‘xo?@ft ‘A‘S%ﬁan%ltlf‘%ng&?g%or %Hh&ﬁﬂ%%ﬁ% tlll}eg?‘%léntgﬂ'g%t}o?he
present i Higskp Pf)ﬁk’“’i‘ftg af lgagh Fhéf“é?r&bq o thernepmpgietiofmgtansparerdpiseiogdewrbd phyeically

nonmagnet ipgy B hilor SRAEET is h AL bf é;eos% hd P of NP ¥EABEELL nfdtalEhabdr 1968 @W. The
magneti c recordll}?% &garat us reﬁdﬁ to the present 1nvention has the
above- mentieGHREPhTEFIRiEIPEE PREE? YOG MHR%Pum a driving part for driving the
magneti c recmchrdi@ I diell podsich anetB@nietis okbehdd td @Mow eig0intirfage d8ttheen the
reproducin netic .inf Qr e erein th an cor ds and

repr oduceég AF i %‘il Wor ma ?roaﬁgélﬁem%ﬁram?$ it rr%rmdscl’rhﬁ h?‘racaﬂetea Yr8¥SPdi ng
medi um A@mﬁo’rdrtwgerto the magnetic recording apparatus of the above

const ruction, fe RRDSE R GrdfeiR Q1 HEmeric ROGGHE SR Feilhdid1o2 0 s

havi ng an exégFluer%t fhl ablk(?JI cn?grg] rﬂggnrrg net | cé q%ar act‘%!ru?is%ol{g1 gt{gé\l\ﬁ ch
does not éwemiondf lapefweﬁhmﬁxmsurp §f %@dﬂmww Belgl SheFaT By purfach 9 presn

condi ti onbglggeatt1gLang$,mrm,gL1§g,v5 otating at a high speed or the heating of
control chips. Bri Descri pti on_of aw n Cross secéﬁonal

CPal of Bt T SCaRth Y UG PO RE Al WO BB (R RYPBU € he
present i theamige describedgbo2, it & @ssito®praiact magmaﬂic moed/mg):ﬁaecambdvlngranexeenmite of
conposi ng t r i ) ; | X 31is
o oy aph SHst RIS G RARLElIR R RMELR) 1§ ABGRLERE Mo YRR e

r ecor di ngstellity gannptdiegbteided.- o t he present | nventl on. Fig. 4is a descr| ptive
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And then in the method of producing magnetic recording media related to the present invention,

it is preferable to set the thickness of the above-mentioned nonmagnetic metal spacer layer at 0.5 mm
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 H, 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 H, 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 He of 1,500 Oe or above and thus provide a ma@etic recording

medium excellent in thermal stability.



Fig. 9 is a cross sectional view of the magnetic recordi ng appar at us
related to the present S invention. Fig. 10 is a plane view including a
partial cross section of the nmagnetic recording apparatus shown in Fig. 9.
Fig. 11 is a perspective view showi ng an exanpl e of the magnetic recording
medium Fig. 12 is a cross sectional view of the magnetic recordi ng medi um
shown in Fig. 11. (Description of codes) 10, 20: Magnetic recordi ng nedi um
1. Nomagnetic substrate 2. Metal underlayer 3. Ferronagnetic netal |ayer
3a. The firsihd emgxm@gmtdimg iedivm 3Bated e the guoend ihenti@nagnekgretié rdconddg. The

third fer Hg rh%{n §e %1 %ﬁb %ré%athmggﬁgx fa&ré} aHth%lfe ﬁg&ql%hg%ﬁaye‘:?

Protective rryl ng t the I'nventi present
nmode of céﬂrmy%/ wgce@melmrp atlﬁétllaveégémelm the/ Erremagneticanetad dayer dosiiritse k olnralifyt i

ref er ence s QmdlRW RER- anEb&%rlncﬁ‘@ﬁhz@xaéﬁQ%@ﬁl%ﬁ@; laflol Yaydrb) ?onﬁéme%@%l on of
a node of carryln out the magnetic recording nediumrelated to the present

i nvent i onfeaemagstic Glpse the aoneaﬁ%f Betahsppcgr By RT laygrgds phae pipReerd; of opedind di ng
medi um 10 nph@tBlembntEii@sen o o, BES aid G4 bsS dxgded ald/GampRRsed pifsicallytidssueiadal
nomagnet i under | ayer strate 1, a

bst anc net f th
o omonatirat b tics BeVainhs HBSEH R Fieefard e e BP Pigfar et g o
protective | ayeéin tbe hegneticrecmdibhimedien rWnQEipmsmEMéntibmyes _p@fera]ihehat the
fe”omignﬁln:l fhic é”‘{)ftimeal%ﬁ%ag%e &ﬁét&l‘é' egf@ r el 0/ Sm §r%55\%f£ﬁ(9?§5h%rﬁﬂ&¥“o3a f or med

on the me ayer e non tic nmetal spacer [|ayer rmed on
the first fe?k@magw@% resorfling rwmaatwnmla@ﬁéo e gusent fipsentingehen diel oY mentigisdf or med

on t h;ay Bgﬁﬁ?&ﬂ@tréc&d{@t BdnSRAL Sxﬁv1ﬁ%a¥ﬁf foft- dnang&w%grfémr R OHaRE Nk dRRL lakmy havi ng

structure is. gen call ed nthetic ferrim
coup)l ed nB@FGHY heafpfar reavéwgc?ng fire MBgnei ?Fé‘@ B“Fléc‘{%“r Hiaﬁ%t“hhﬁfium 10
of the preseds aﬂdﬁdﬁodﬂﬁes&&gﬁeﬁb ﬂijorﬁhuﬂion?uh @idkil’lfrdnﬁlthEmgvmg.mh@eﬁd’hewﬁ’(ﬁﬁg mbﬁiﬁli C

structure of the tic re reconﬂ% nedi usmO§ o.the pre

i nventi on, acotrc?_lrelﬁ ft e ma e ara the r?] %Vr?o o structaon 1t 1?ngassxb{e etoI ayer

bet ween t h@vxslamtmaatl@‘sw1rea¢rdmg h@parmrusthaﬁeg rapnexgaldant crelfaibihtm 3ad vihereagagticit i s

deened neaﬁ%a%émem o%hﬁﬁ d!)e@ natfb%teﬁa%@ ot WiHBS it FRANED fond KRATA L RS ARG T, 20
shown in Fig. it may a basic structure simlar to the magnetic 6
dueto a spmdle rotating at a hlgh speed or the heating of control chips.

Brief Description of Drawings

Fig. 1 is a cross sectional view of a magnetic recording medium constituting a mode of carrying
out the present invention.

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 Hey.

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/kgT in an embodiment of the present
invention.

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



recordi ng nmedium 10 shown in Fig. 1 wherein the ferromagnetic netal |ayer-
3 includes the first ferromagnetic film 3a, the noiunagnetic netal spacer
| ayer 4a forned 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 film 3c fornmed on the nonnmagnetic netal spacer
| ayer 4b. In other words, the ferronagnetic netal |ayer 3 may include a

pl ural ity irokntfoer romagnetic filnms and a plurality of nonmagnetic netal
spacer | ayer :
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the substrate 1 related to the present invention, for exanple, base
substrate ]gonm stbpc%deosﬁ alum numand its alloys or oxides, titaniumand its
al | oys or (B2 4Qn OFPOE | cone, glass, carbon, ceramc, plastic, resin and
its conmpouhds: tMQnstwrrécaa?@gJﬁedNni ch is coated with a no~nnagnetic |ayer of
het er ogengo the sputtering, deposition, netal plating and

ot her fllﬁttﬁiordn]?%ga ra s may be nmentioned. In this case, it is preferable
t hat the ﬁoﬁ%ﬁ@}ﬂégeir]éyelfayer formed on the surface of the substrate 1 do not
magnet i ze3atpehblgggn5&nmg1@atywe be conductor, machi neable, and yet retain a
certain surf rdness preferable filmconposed of nonnagnetic

mat ey i al s %J‘Fgfsﬁ/taﬁ@mﬁ%‘? Mequirenents is especially a Ni - P film nmade by
t he net al 3pITalt:se@gnme:trdnﬁu1nethh‘ﬁnshape of the substrate 1 used for disks is
doughnut gcsf% hnr@fe o‘lr;lhee plstrate on which a ferromagnetic netal |ayer or
ot her | ayérs descripe ég‘b ow are forned, in other words the nagnetic

r ecor di ng4nedétunNprmagodtigimeth] fpeeer Beinpl e at a speed of 3,600 rpm - 15, 000
rpm around thg.&edigs of the disk as its axis at the tinme of recording and
reproductlon At this time, a magnetic head runs flying at a hei ght of
approximately 0.1 Vim or several tens nm above the surface or back of the
magnet i ¢ a6 Bedd Mu@e GECiretiing Oaethle aivehyiora magnetic head that runs flying at a
| ower flying height of 10 nmor bel ow has been devel oped. Therefore, it is
preferable that the substrate 1 be made in such a way that the fl atness of
its surface dhdpredest haklof cartyagpar lthegir¢semnirykntioh és desaribetleclandith teéerdpecte, t he
ci rcunf erg,(t}wir% swel | of the substrate and the roughness of both the
surface an e back are properly controlled. And when the substrate starts
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sliding char, act, eristics of the magnetic head, textures processed by | aser,
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possi ble to adopt a structure that omts texture depending on the
circunstances. And the texture nmentioned above plays a particularly
important role anong the systens of recgrding nmagnetic information in the
i n-plane direction of the ferromagnetic netal |ayer, and the fornmation of
al nost concentric textures on the surface of the substrate 1 cm produce
changes in the orientation plane of the metal underlayer 2 formed on
substrate 1, and as a result can orlent the crystal grai ns of the
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It is preferable to use C& and C alloys in the netal underlayer 2. \Wen

all oys are chosen, the conbination with, for exanple, Mo, W Ti, V, Nbo, Ta,
etc. are used, and in particular it is preferable to use the CM all oy,
and GWalloy. The use of O or C alloys in the netal underlayer 2 can
cause the ferromagnetic netal |layer 3 forned on the netal underlayer 2 to
segregate. A high C concentration phase resulting fromthis 8
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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.



ferromagnetic alloys principally conposed of Co. As specific materials, for
exanpl e, CoN Cr, CoCrTa, Copt, CoCrPt, Col~TiPt, CoN CrTa, CoCrPtTa and the
li ke may be nmentioned. It is also possible to use alloys nade by addi ng
one, two or nore kinds of elenents chosen froth B, N, O Nb, Zr, Cu, GCe,
Si, and the like to these alloys. Furthernore, a Co film1 ntll thick may
be formed on the ferromagnetic netal |ayer 3a or below the ferronmagnetic
nmetal |ayer 3b. (Nonmagnetic netal spacer layer) Fig. 3 is a graph show ng
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conposition described above by the sputtering nmethod. (Sputtering method)
The sputtering nethod which is an exanpl e of the method of producing the
magnetic recording nmedium 10 related to the present invention include, for
exanple, a transferring-type sputtering nethod wherein the thin filmis
formed while the substrate 1 noves before the target and a static-type
sputtering nmethod wherein the thin filmis formed while the substrate 1
remai ns fixed before the target The forner transferrlng type sputterlng
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And, when a magnetic recording nmedium 10 is produced by the production
method related to the present invention, during or after the formation of

t he nonmagnetic nmetal spacer |layer 4, the substrate 1 is disposed in the
at nosphere cont ai ni ng oxygen and/or nitrogen to allow at |east at the
interfaces between the nomagnetic netal spacer |ayer 4 and the
ferromagnetic filns 3a and 3b to adsorb physically oxygen and/ or nitrogen.
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exchange BPesdverfpras gyepift Teer 258%%, and to have KuV/ kBT of 100 or
nore) As (herpignticasetfloayer\r gas used for fonni ng film in the present

i nvention, f : nd .t he

| ke ar e rent TRsrgmesgise T o 1o, FomedFpe P i Blrest st b s "o brgen
adsor bed prtat invention |am madﬁ plaferropegnatic, matele mgtapyiobedng o hble SHE@Jre Gie f0®-, O,
and CO. Thﬁ&ﬁ&@%@m&%ﬂ@éﬂ&l@ MM An'alsesmga‘ bd ch%sea SR bonfoRH 801 9IoRMR! | be
expressed he sum of 0] contained in the Ar gas
used for f%’l"H’Png the film And the |rrpreSS|on of bias to the substrate 1
has an effedoBtjngensifying the coercive force of the magnetl Cc recor d| ng

medium This effect tends ta ater ressed

doubl e-1 aV’bFY@B B reppgients) ﬂéey@f“@&?ﬂg’ﬁlg %fy\{]woﬁaiﬁ’eihf‘m esi‘rﬁ% gg”srg’ﬁfescgﬂts ®si ngI e
| ayer. ( Sedsfdad @ux dangitynifdederodmapingic med! laysr 3Rapd B répnaesuthé sesidual uwgdenstys of :
t he substrat.e r nyent i £9 - r ent,r al
l'ine rougﬁﬁtggsfe 0&]%3?% ﬁ%tgp%aygrr%a s%dd By i réeflﬁégpgémnggﬁy gt}:{l?irgc%ﬁ% ﬁemgur face
of a di scoiprdicing capagiiybeft ﬂlatleagnm? lead |uﬁﬁ;§1t muepobinatidn b dbe magnetipsecoydinRace
rougl vl esg,.Bay, an atomc force mcroscope (AFM nmay be used. In the
magnetic recording nediumrelated to the present invention, the exchange
bias field HA% masfﬁals m@pewgﬁ%%ﬂwmﬁﬁég%alFk%yeef3atan% ShohitREHEER S s 40
spacer |ayer 4 of the mediumor that of the mediumare correlated. The

smal |l er the surface roughness Ra of the nommagnetic netal spacer |ayer 4
beconmes, the larger the exchange bias fjeld Hex cai~ be. This neans that,
due to the devel opnent of nmagnetic poles in the ferromagnetic | ayer
interface resulting fromthe interface roughness of the nomagnetic netal
spacer |ayer and explicable by Neel's nodel called "orange peel effect,

fen omagnetl c magnet ostatl c coupl | ng has devel oped tend| ng to arrange
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(Fonnula 1 ) co 1 Jl~erglcne)=2"~z ~~~Meexp -2~c~~R~~ 1_exp _2rc~d z L LL
In the (Fornula 1 ) shown above, however, dR~ and dCo represent
respectively the thickness of the nonrragnetl c nmetal spacer layer 4 and the
ferromagnetic film3a (3b). And when the substrate 1 has begun rotating
froma standstill or inversely has come to a standstill froma running
state, the surface of the magnetic recording nmediumand that of the
magneti ¢ head cone into contact and slide (CSS notion). At this tine, it is
pr ef er abl dertohagnetih elleysririacipallyowegheed 9f Ra. we ubaiflsematerials, dorearemple.sCeldiCh, n

order 10 Iceehal elp OR-BUTRNL] AMOIT! ERPROBR! he HRERMy bO nehfonBR Yl HRGUT f ace
and any rise in friction coeffjicient. he substrate has reached the
maxi mum r epgiblerig vl magn by Wéméto%ﬁ’vorﬁﬁﬁ’re H‘¥d5|°§elﬁé@é5§%‘&?‘39frt”6 Bl Qt2n t he

di stance betoyees s hed mamaeetblﬂesera%w i ermiBRs b 60aA d nhBNRG R fonel 8Rthe | N
ot her words the fl of t head at the m ni num

et
val ue pos§?%’fri§gneﬂh%‘eté %@’E%ﬁ%éf‘?‘”&‘e "rfﬁ’l“1ag‘VHT W&talgl@'rer Ba is preferable.
Ther ef OI’G,(Ndixh&gﬂi@tXhﬁlﬂ]’l@ch&“ﬂ&rﬁnd the m ni mum val ue for the surface
roughness Ra of the substrate t n S i
Feagon g1 ven indve e et Pl gl SE atpELHbLE B8y BPor (AHAER, Poblg
r ecor di ng medidinuntetedtr themasept levenvmve ndt g 4f ik ?ﬂ?ﬁgﬂmléﬁ ghaph defscribing theaggetbadi 6 head
i's 24ui nchltlcamgi‘étthé)c @ﬂaﬂg‘é—glas ﬁ"l’d Hex 6 mmnaglgén@f&ormg\ﬁ%@ﬁm 10 QelQEdjl%rthetﬁ?es@rﬁh' eve
a hi gher recor densr It 1S necessary to reduce further the flying
hei ght of inve#iopdy ﬁémﬂ@tlﬁ@aam(gﬂ% coppled edismpWhesd & PRSHE D BEREWRFE h@r 4

magnet i c hses‘ﬂﬁhvﬁaﬁd b&ﬁedﬁ&g’ﬁﬁ'&m%ﬂéﬁ@@mﬁdh Bl B Ehuphdlig fildheb Emerude@m and
reprodu0| gtlod%. In o r to. neet gﬁhls re r enent i s inportant

ui
to fake t rpE e TR PO PG o BIReAt & Fisder SFRE Soot .
For "t hese inteas mgnmc Sint|ih ére femalrmgnans fithe 84. ITab| isterhd mdgheic Sigldf ia odented g theess Ra
Of the SUQ&E&@E%C“&C&Q{L% ?% 1et1 attloxll §f ﬁp%'tlxggla%rgtl@ﬁprggb ‘%cg&gqggtﬂl@&)e hod
wher ei n various target aracteristics can be achiev even If the
surface r cﬁ@:gqﬂﬁé%ﬁsfemmaegh@ws@béﬁ llsa‘-*éT@u?@ha@ﬁhq iptemal mgpeticyfigldo prd in gherabsenesred | s

formed on eﬁem%%ﬁeﬁ@ ﬁeecvas Sh BB &%@m%f%lfagn@%neaa fits Jaasessubstdsat e
and a N - Pla forned thereon and Ra is red

tObel&stédsng and it
i s possi blae“pﬁ’@u%{ch]i’eé‘?f‘e‘e’aw@ﬁ th exsernpl ppagnetip fipld 5, sy C‘%E“’Nl g (Ogthesides ahler at e
subj ected giaph af FREC),ahe Gapiediafioh Pr@CASS of the téthﬁ‘Mdgﬂd‘tle fpmoee,sm ) rédmidsext ur e

processing plie r i.nvention,
for exarrpl %L‘@ﬁ%?%gif %gg,stgggg}?gwéf 28@%13%1' tg etmefn b cﬁ Fe%aels SR Rl

physi cal mletxmdetmtwp pgehtaiongf the feagubgetid fillmip, and fhdt ¢file fbllrcweagmiy fifye 3b are
mentioned, Ln.particular, in the case of alum num alloy base substrates
nost wi deI y used as the base substrate for the magnetic _recordjng nedia,

t he nmechani caeregfieritfFng Repisdisld thals eqyelopsgip tl%"xﬁ?ﬁﬁ‘l“@“’f%@i”e%r ghal} bgréf‘lf‘FBd of
produci ng “slchBé bieORNEEAL "iAG shexd i IFRS 4,afis B;Eoﬁﬁ&b Bigs Aelll HREcag b @dkovctdasabr asi ve

grains for grin alnst the ro n

speci fi cal “”é"‘?ﬂ'}g"f )M4EP§ e B f%?jgftdﬁ f?‘h%na?ﬁe Fal gé%ga %ronéhheé)flﬁmalﬁ o vé't}fef]oy
subsj r at e thelnwediufi is samarathd)ni onabir@gény the gragieris fi€ld is rgnovadiang themy mbgnetiefrdd at ed
fromthe ¢ g@@ssﬁaem 1d$&Trse Hpe\éﬁé{ mhe‘ hgﬁ]&ﬁ%ml Ghe¥ifth rk gtea tz,qhéﬁsstem,wenéw face

roughness substrate ure processing describ bove nmay not
‘be resort éds prsferaple thpt gma@@nae&rps rﬁetd%dwhﬁle e Anterpad “taali*eg‘étﬁé]é thﬁéfiffvehes ifilm

char act er iggt ﬂex@@mé\gﬁalct}ﬁmoﬂt\ﬁduﬁ?& RY 1 "EGS(08Y orfabbRy, @yssleﬂhﬁléﬂn $uei b Win@e,TBY be
adopt ed dependln on the

g tiion. (Ex | es) The tion wll
be descri BeHLs? BWTVE hepp Sta*éﬁ i %meﬁg‘t%?ﬁ ércg‘ﬁf:‘ee *Ziwoe 42(?9@ ?)g?“{l
However, thauderassagndtic retvaitginedivinchaniag a hightdietdlity. dotbh @se: spedfic, & xsgpditdsto ( Test
exanple 1)

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 Hex 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
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.Ln the present test exanple, a magnetic recording nedium provided with the
nonmagnetic nmetal spacer |ayer 4 shown in Fig. 1 was produced by varying
the partial pressure of the oxygen (02) gas used for fonning the nmedium
within a range of 10'' Torr - 10-4.5 Ton-. The filmwas fornzed by using 14
t he DC magnetron nethod, and an ultra clean process wherein the ultimte
vacuumin the deposition chanber was set at the level of 10-9 Torr and the
concentrations of inpurities in the process gas was set at 1 ppb or bel ow.
And dur i nglidylventpining @ssdormgpre tlbreenssudhsden fbve Ruak, &g piid @4. Itds p@siple t@inmpree afe 250
by neans h a t he

above. mangt5iigh Bk Al kpR Rk Sonn EREke Reldips o BN h Ak R prdf NS4 1o

nonmagnet i c épd\d‘érnoillawptlcanﬁaltsmelplﬁm éatlptodtol thg/epsemiemeentlm hﬁ@d)xysetl Iandﬁqn gas
set at a mtr%Ee?l h?su%ﬁly %dsorblédm l-gﬁyf 51* its 1H@rf&9r@?9ﬁovﬁﬁg' t‘ﬁes%%@&:@“co B@Xc@?rb&?‘%ef or med
with a m xed 9as consi st i nq Ar gas and a very s anount o

(02) gas. DAFYIHECHRiag Mrgiam|lfpelaekte eamfemwewné%wlﬁa a\ﬁia@igewemegeeha%n t he
substr at e figid fHeP@ dhbhen frOFip1 4)@ndill e WeREAhagdft@aEdoddiy madieh therdhesrmmagnet i c
netal |ayer n the present test exanple, a discoidal Al base substrate

el ectropl étf‘@ﬂt}'Wth Ni P and not subjected to texture processing the surface
of which is [palpseedicuhdt tie fllinabicknels of tHe. idnmagneticoanudedackolyd Revaldistinat e, a
CrMbzo ta e rlyi ' . - % Cr -
atoop 4 PR of F1PR00 i H8YT 0 o DB MEL I bE Sl T oy MR e
second fem@m@n@thrsdaffgﬁl ms. And a Ru tar get is used as the target for
formng the ppd Bﬂ@\ﬂﬁ@k a%e&ﬁﬁﬁ?&xroflﬂﬁlﬁ%cess%pgroa&ﬁxg a%alg%ﬂc@gco;ﬂ RAS10 6t
chosen for various | s he underl ayer, 2.5 ivn the first
fer r)orragnélelceml?qﬂ“ﬁ?dqﬁcrfh?ilfwe?h@e?@ﬁ%ﬁamfe@ﬁ’?omagnet| c f| | m 0 8 ivn for the
nonmagnet (Spufi@in@meipacer [ ayer and 6 m for the protective film And wth
regard to th husot fl uctutlonfleIdH~
(Ce) and an ?lﬁecfé’gp%?]gflﬁé n}’vé‘lldl!”sS Bxaln}pkje f ﬁ%‘?‘g Seipg e pase lc'f‘hcgrdfnésul ts
of the neawdirBnidnteRtedrte tishpresent mvdatigs mcl'ndfarfdr &ample, Fitgssferiingtype Spustrong, all
the rmgneHeﬁ‘lo(ﬁ %ereﬁin' e tlmqihﬁ 19rf8qfé§%1lp¥het Eh%?rglfeog%%\)eg 'Bengt tﬁ?%r e‘?laﬂtﬁ %d to

t he present 1 nvention have val ue o nore 1 ndicatlng that
they are palifriepy Pritaingmsheg %iﬂa}h%%@:eﬁlvreﬁtfowd tvhide thel sulestratsil| fepgins t he
hi gher thgef&am{elt@getpr essure of oxygen during the foam ng of the nonnagnetic
nmet al spacer ll‘B‘}i/; he rmretheflutf atiqn field Hf lfIS redyced and
the nore KuVF "?ﬁlié‘?‘és YR TR POy P “°‘W‘ha‘l%sﬂ‘b"£ SOMPHPIH H B anpl e
(Hex | , 16 lﬁ)&)ere\fwré hdvantmbmm faﬂ thp pr@smubmohhagmmcgmrcs@ media 410 low Eostywididr i ng

t he fonnl t | e x..2, 000
Ce) with ggp}%r tsﬂﬁ {g‘?e sur e &9 et%%%y&e%@gg% quuceaélgéq ﬁ(e rgcgl%n%%%‘ at(’!ﬂgtl on
field is petiendad rpsprdipgong xenedueing clwcsséw@éwqqau%erﬂi aratpblekaTEle| of dncisarce of By

appr oxi matRk¥ind SaRRleé ﬁme}an&m]t@ﬁle Eh‘tgtratg 1. ShQV%uttem%Hleﬁub@ ufRd b @&du%ﬁaﬁur e of
oxygen is set .in a_range, of x 10-6 Torr - Ton-, a KuV/ kBT val ue

of 100 or "ABeEC resording éﬁ‘eﬁ‘édo rF‘r”‘n‘ﬂ‘i‘ ik |ﬂ??g°rf5ﬁ%{tm"r’?ﬁb‘1‘?éf pet laied iy ithigrantferine-

excell ent tyipaaﬁdhlea"mb type.abi | i ty I eave been obtained. And in a range where
SKEE)/\/NECBiT aO];]I ;’&19 lnpc feC(lrglgé éne&n oF 53 age’\clievlv_!ﬁl th(e: Sreaen? 1nvent101 cagneg}l %uc{ehlbg]

met hod r ekjplyag th@ smvmternm wethott toj faxne miciassively thejsgbsprets sh. ltheenemj wd@lam;é thagneti c
recor di ngy @Qh&emetmy@ﬁ (b B26: R 5 Afdalrckc RkaPBhdl AferErrfRlehd R
pressure 0 duri'n formation of the nownagnetic netal spacer

| ayer ~4 ifibn3n; a&éé’ﬁ@é’(‘*‘é“ﬁdﬁ@@ inpgnultilpgt- | e in the present test sanple, the
DC magnet r on As@ukHe b infagndiE kdeoding@sedimerd if prodiced By Uﬁ@r&dh&xoﬂ'&ﬁeﬁlod wagder bayer
and the fen-onmagnetic rr&tal | ayer heRngjgtterin

e | ager
deposi t i offeFEFABEVERIE f5HE Ke AT r‘rléet{?wtlﬁ’ha ey gt fﬁ’?ﬁ? rﬁ’?‘?@r P?\‘éetrﬁ g’§ can
obvi ousl y sibetraxpisidisgosed Mahe &inogphere candningoap@aandiot sitrogen to allow at least at the

interfaces between the nomnagnétic 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 nommagnetic metal spacer layer 4 and the

second ferromagnetic film 3b to adsorb physically oxygen and/or nitrogen, after the nonmagnetic
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And now t he magnetic recording apparatus related to the present invention
w Il be described belowwth reference to drawings. Fig. 9 is a cross
sectional view showi ng an exanple of a hard disk drive which is a magnetic
recordi ng apparatus related to the present invention, and Fig. 10 is a

pl ane view of the magnetic recording |ayer shown in Fig. 9. In Figs. 8 and
9, 50 represents a magnetic head, 70 is a hard disk drive, 71 is a housing,
72 is a magnetic recording nedium 73 is a spacer, 79 is a swing arm and
78 i s a suspkipsicdinyerkhe féraed idis skough ioveapate thealidtce df the nodneagpetie e sprogle  of
carrying . dj f, t ntion
Goscri bad BB iR AR R U IB T e B RERD AT

rect angul amotmd gfé@wgen?alldhamtrngfnahﬂ this neqosuyp ar@eessﬂnﬁ, ithe pessihly to lgentig] de eﬂtﬁal
magneti c_Lect dirfite JRLY an%etlé H&al@ﬁ&@ﬁﬁyeﬁ% 86 A Qr B @aﬂhhﬁé’ss&é m&&;& This
housing 71 contains inside a plurality of netic recording nedia

skewer ed atd@iosgp et et We SpeeEs §me.dn gpse a"’h§‘f§| Prooampgpetinpgtat Wéceh FUEiy 71

contai ns aonli}ﬁs?erdl By0hd Mereri 8 88Erbell @bove,Neis pRiféatIeto 56t theRdluea IUDQL@Qﬁlﬁll‘)dﬁ of
t he housm erf grelsamtor 75 for ro at.in

the s
structure™ PR PR AP PecorH R Hilarar PR Forst LAl
around the xsm7m@|+ end 45Ibelemy aberptised fdrajetdeds pliur & 9 Formdri dneexpaare iforg 50
interval s 73 for allow ng the approach of magnetic heads 50.
In the hoﬂég:oidg él%?gﬁ?%ea de the magnetic recording nmedium 72, there is a
rotary shaf t npifersily with reeasdsdle ghe pettielaresyrre dekyegn s oitvesd ¢ exphwIrdyisesrin ng 76
in paral | gl Wi BrobfigioR, %ﬂqlllrﬁ’ valifles oﬂmrt?al ﬁr@§s§1‘é)6r Shadute tlzge they b@"c@débrfj&gen\ﬂdnéh a

plurality of swng arms l_h%fprorum In the space between each magnetic
recor di ngowaa{@mtwlth ppyeehRf the atesals camppsingths gonpagnetts melpl sRagH daverct: ﬁe%ﬂ 50 is
fixed thrayghivsk 5 herncgeg oﬁtatmeairbguharngswgaemmmgeﬂ@ drhpe@ek iyagasdl | y opposite
E ﬁet gg_n-zur fl.ﬂ‘lf)g 1t01£ oess% e to gﬁ ce o?{he no %mgne% mags%?%g%?%%?%%?ﬁ%ﬂ%e&) ?rrb ﬁg!{ ow
shown for g:quo'mpmgnls n:bmsmag lof)nxygcn altdéor m&@get by ugingco pikied gasreblbingd ti2addind a

r epr oduct t ARLET iC
recordi ngb%d&inmg&m%& to;p&\(/)\gshé%rb{ eéag%gals'ra iagnigI R %Blgg?%%ﬁﬁrcg%{ O rotate

t he magnetaye 4 duse dhlﬁgneﬁ@émjﬁwﬂw RopmeEHGEc mpfal %Pa@héftwrc‘* tdeosb Soyepth andina

radi us di ﬁ@ggenomg@é hinh@;%cgﬁggedﬁlﬁﬁox{ em&yigeﬂghnagﬁ?mg&z Ry Jaﬁ@ EpBmRpto of the
sSWi ng ann and t re ore the neti c. hea can nove osgi tion
o ¢ he MOGHBITE FeCaruPh G T i SPHEHR bR A o JEeTtS 6PRPRBE e
structur exldmﬁ:gmanbeﬂtaaskmmee lagary. mheréfereders ipreéalabirattn aliel additiod off axpgen onnigogea
magnetic re I [ m 72,
by movi ng s R eeig P Rl i Wl o e FRGME £k OO0 Db TR 4T 0
this mgn@@lg@fﬁ@a@ﬁo%@ah@‘te aﬁWQh@“ﬂéP?‘@M&gnetl c metal |ayer conposing the

magneti c recogtlenNd i ekile iRat tﬂetpaaias&es@@fe of 8P RIMEIEC cdnihirRB RthE @hikeBY
novi ng the swing ann 79 apd the g 7;3%%' ﬁ&?‘ﬁio to . an optional position on

the 16  B¥gYPEGRE sft@Edr &Y n&%&? PR BRGOPNE SPLLARE Thgnet i ¢
field fropaskibe td @jtamomgmﬁxtge Biagixiddf 11589 Ok oCBEL, arddubd hsnzg Kmhacamagmetor Qore.

recordi ng ne t rodu t|o etlc
hea d | f | ngr eaaurzﬂes %a[OﬁdIXe \%?S— 1iseof for gn’llllﬁ%{)hn 111 r %g lflgeﬁ.?&’lé ng ﬁxa \} 2, t he

+ ferromag N €0k, b, aﬂ3ka ay.e€, @f CO hed mgxketareonweglmddﬂmgnmdfuqa kgl th aﬁecaﬂﬂe

excel | ent axﬁc%ﬁp%&%eﬁ a&grb@@emhmﬁ Qarp%camdara Llef.&@a 1ok 8h0) b ¥02®, dRTe. i bed

above, the ferronagnetic nmetal [ayer of q)getl c recordi ng nmedi um 72
does not dbvdpregieaty cdymnyrities afithe H“‘f?%‘i‘tele’elﬁll"“ts}?fé‘ Sreresirssh thy f%°f#b0 Bai ng
subj ect edcbg,d bl G séntfedtif@e AP ERNselTor formingaRofimhi | e bei ng heated at a high

t enper at ur e, L ex le, .in excess of 100 . ddi t.L.o t he sen

i n\r/rgntl on caﬁngﬂls\}}‘l?ig?‘&“ H&felas taiaéelfu‘gsfri“\?ejﬁ?%a“t#ﬁa Ogglge SIh' e ngréf‘)’f ﬁoéce o

r ecor di ngthamthgheip redtitigngediinar eyt efertsitiads So bf gtelwer Wyt bigs iseigpressecdign aedi um
72 even if [ Long hours

| nci \éent :ald?ulb 'l?}ﬁreg% g‘a‘(‘Pref&‘ﬁa% nl%ygeng{e‘gml}&eﬁgg%ggmélg\qmy th ?ef elrJence to
Figs. 9 afﬁﬂlrfac@lstmbwsmﬂﬂyelawnem@ﬁbl e of magnetic recordi ng apparatuses, and

the nunber of FRANEL: GodBeRE O Y sTRAME i RH PSSt BRedtE, BPBRGheCthE ec&ggql ng
apparatus nmay be any optional number of one or npre, ‘and t hé nunber

nmagnet i ¢ FEHHdINGBRHER eSS ﬁ‘ﬁ)?btbléech\’wmﬁfﬁt"?%ﬁ%Iﬂlerfﬁ‘i‘*ﬂé’l“e?ﬂ"“(S}Pfesubfﬁcerﬂ;raéjls"%??d t he
shape and the driving systemof the swing arm79 are not limted to those
shown on the figure, and the linear driving systemand any ot her systens
may obvi ously be adopted. Industri al Blicability As described in details
above, according to the present invention, it is possible to obtain a
magneti ¢ recordi ng medi um having a high recordi ng and reproduci ng
characteristic, SINratio and excellent in thermal stability by inproving
Fbx of the nagnetlc recordlng nedlun1 And the pr esent |nvent|on can prOV|de

e b1 o o I T



Clains. 1. A nmethod of producing a magnetic recordi ng nmedi um conprising a
step of form ng successively a nonmagnetic substrate, a netal underl ayer
and a ferromagnetic nmetal layer in a nmultilayer wherein the step of form ng
said ferromagnetic netal layer is a step of formng alternately a plurality
of ferromagnetic filnms and one or nore nonmagnetic netal spacer |ayer or

|l ayers in a nultilayer, and conprising a step of allow ng at |east the
interface of said nonmagnetic nmetal spacer |ayer or layers to adsorb

physi cal | yubsiayges aanostomenti df mpgaming the sTifiee neighoss B, pravaiciforge miveosepgnet i ¢
recordi ng mgjlwb@%ggr ding to claim1l wherein said nonmagnetic netal spacer
| ayer or F rs’is or are fonned in such a way that said oxygen and/ or

ni trogen maylnbbe wesretd leedipgmediem folatagh toythe pregeniipyantionn dei cschepgedtias Siplddr | ayer

or layers,,i3ne ;U?ﬁce%\gémgs ek opﬁ@gé’rﬁ;ﬁagﬂatl& hﬁtaf@%ﬂa&&‘ 4 QRN HddNeh qugdt WiMhe
according to claim1l wherein t as used for forniing said

nomagnet PEJRRBEE °°’§ii§&‘é h? spydier B¢ S“I’%@Fé?‘éghf“’és Ra ﬁﬁtk%’honﬁ’é@lefi‘bfn&‘?lrf@@eb‘?y% Xi ng
oxygen or 4Bkdofeg e la\dtgefr Ime/%ﬁc}@ﬁge(btab €1€1d Halcn Ij]aaS‘ES medhs tHEh ﬂu%&lﬁ'&lﬁveﬂﬁpnﬁﬁmﬁum ng

t he magnetic rec ac

pressure B‘Fgrﬁ%/ﬁ(g?‘f IBBQ%F%P %@%‘ﬁ“ %}fﬁr é“‘?{gaae reﬁ‘ﬁ “ffc’fr?’ Tt la{eﬁjace e %nJ% H ©10"
Torr or abewegend ridel Ipawer fayer aigebxplicabs. byTNeelivandris ceifed ﬁ‘tomigﬂ: pwg effﬁé,
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J (erg/cm ) 2——2—-]1——M2exp _.27;\/551_'?1] 1—-exp(—27z\/591—9&) ’
! V2 L L L

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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I @109%4 1 &subjtratels @1@0@@&11(3)1 as th@a_ie obsgaté jor the @@Mre(c))rdmg media, the mechanical

oM L<Wﬁ0|‘1//?§%d§7 %:ge 6@ (L)S B >$10%&' () -3(!LSL10%& () -3(! V$10%& ()-3( 10&& 10&&
10&&: wiX9 i /(Z&' 0109 & ()-!1$10%u& g) 3(!'$10%&k ()-3(!$10%& ()-3(!!$10
&' ()-3(:"~\Hor ew@%g&m(a)m@qq of producing slight concentric textures by pressing a tape glued

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
) 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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10 the ferromagnetic metal ayer, the nonmagnetic spacer layer and the protective layer were formed
with Ar gas set at a pressure of 2 — 5 m Torr. The nonmagnetic spacer layer was formed with a mixed
gas consisting of Ar gas and a very small amount of oxygen (O2) gas. And no bias was impressed
and no dry etching was conducted on the substrate during the forming of the metal underlayer and
the ferromagnetic metal layer.

In the present test example, a discoidal Al base substrate electroplated with NiP and not
subjected to texture processing the surface of which is polished ultra flat (Ra < 0.3 nm) is used for

') the substrate, a CrMo, target is used for forming the underlying film, a Co - 16 at% Cr — 8 at% Pt -
4 at% B target is used as targets for forming the first and the second ferromagnetic films. And a Ru
target is used as the target for forming the nonmagnetic spacer layer. And the following thickness is
chosen for various films: 5 nm for the underlayer, 2.5 nm for the first ferromagnetic film, 9 nm for
the second ferromagnetic film, 0.8 mm for the nonmagnetic metal spacer layer and 6 nm for the
protective film.

And with regard to the magnetic recording medium thus obtained, fluctuation field H, (Oe) and
an index of thermal stability KuV/kpT were measured. The results of the measurements are shown in
Figs. 7 and 8.

As Figs. 7 and 8 show, all the magnetic recording media produced by the production method
related to the present invention have a KuV/kgT value of 80 or more indicating that they are
magnetic recording 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

) is reduced and the more KuV/kgT increases. More specifically, in comparison with a sample (He,
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 (Hex 2,000 Oe) with a partial pressure of oxygen set at 10°® Torr,
the fluctuation field is reduced by approximately 30 percent and KuV/kpT 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/kT 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/kgT 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 1s 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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(Magnetic recording apparatus)

And now the magnetic recording apparatus related to the present invention will be described
below with reference to drawings. Fig. 9 is a cross sectional view showing an example of a hard disk
drive which is a magnetic recording apparatus related to the present invention, and Fig. 10 is a plane
view of the magnetic recording layer shown in Fig. 9. In Figs. 8 and 9, 50 represents a magnetic

head, 70 is a hard disk drive, 71 is a housing, 72 is a magnetic recording medium, 73 is a spacer, 79

is a swing arm, and 78 is a suspension. The hard disk drive 70 related to the present mode of .

carrying out mounts the magnetic recording medium of the present invention described above.

The hard disk drive 70 is externally constituted by the rectangular housing 71 having an inner
space for housing the discoidal magnetic recording medium 72, the magnetic head 50 and other
elements. This housing 71 contains inside a plurality of magnetic recording media 72 skewered
alternately with spacers 73 on a spindle 74. And the housing 71 contains a bearing (not shown) for
the spindle 74, and on the outside of the housing 71 there is a motor 75 for rotating the spindle 74.
By this structure, all the perpendicular recording media 72 are kept rotatively around the spindle 74
being bundled together plurally while leaving intervals with spacers 73 for allowing the approach of
magnetic heads 50.

In the housing 71 and beside the magnetic recording medium 72, there is a rotary shaft 77
called “rotary actuator” being supported by the bearing 76 in parallel with the spindle 74. This rotary
shaft 77 is provided with a plurality of swing arms 79 protruding in the space between each magnetic
recording medium 72. At the tip of each swing arm 79, a magnetic head 50 is fixed through a slender
triangular suspension 78 fixed diagonally opposite to the surface of each magnetic recording

medium 72 located above or below the same. This magnetic head 50 is provided with a recording

element not shown for writing information on the magnetic recording medium 72 and a reproduction -

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 medivm 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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yHOA B & t( s 10(:/'“5%&) -dﬂlx Ylecd§1m572 has an excellent standardizing coercive force and thermal
of fhe magneti ording n ar g an rma
stability as described above, the ferromagnetic metal layer of the magnetic recording medium 72
does not deteriorate even if the inside of the hard disk drive 70, being subjected to the heat of the
motor 75, is used while being heated at a high temperature, for example, 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 magnetic recording medium 72 even if it is used for long hours
and is heated for long hours.

B Incidentally, the hard disk drive 70 described above with reference to Figs. 9 and 10 show only
an example of magnetic recording apparatuses, and the number of magnetic recording media
mounted on the magnetic recording apparatus may be any optional number of one or mere, and the -
number of magnetic heads mounted may be any optional number of one or more. And the shape and

the driving system of the swing arm 79 are not limited to those shown on the figure, and the linear

driving system and any other systems may obviously be adopted.
Industrial Applieability

As described in details above, according to the present invention, it is possible to obtain a
magnetic recording medium having a high recording and reproducing characteristic, S/N ratio and
excellent in thermal stability by improving He, of the magnetic recording medium.

And the present invention can provide a magnetic recording 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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A method of producing a magnetic recording medium comprising a step of forming
successively a nonmagnetic substrate, a metal underlayer and a ferromagnetic metal layer in a
multilayer wherein

the step of forming said ferromagnetic metal layer is a step of forming alternately a plurality of
ferromagnetic films and one or more nonmagnetic metal spacer layer or layers in a multilayer, and
comprising
a step of allowing at least the interface of said nonmagnetic metal spacer layer or layers to
adsorb physically oxygen and/or nitrogen.
2. The method of producing the magnetic recording medium according to claim 1 wherein said
) nonmagnetic metal spacer layer or layers is or are formed in such a way that said oxygen and/or
nitrogen may be contained in the film of the nonmagnetic metal spacer layer or layers.
3. The method of producing the magnetic recording medium according to claim 1 or 2 wherein the
gas used for forming said nonmagnetic metal spacer layer or layers is a mixed gas obtained by
mixing oxygen or nitrogen with Ar or other rare gases.
4. The method of producing the magnetic recording medium according to claim 3 wherein the
partial pressure of oxygen or nitrogen contained in such mixed gas is set at 10" Torr or above and
10” Torr or below.
5. The method of producing the magnetic recording medium according to claim 4 wherein 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 nommagnetic 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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the exchange bias field H, of said ferromagnetic metal layer is set at 1,000 Oe or above.
11.  The magnetic recording medium according to claim 10 wherein the exchange bias field H,, of
said ferromagnetic metal layer is set at 1,500 Oe or above.
12. A magnetic recording medium comprising a nonmagnetic substrate, a metal underlayer and a
ferromagnetic metal layer formed successively in a layer, wherein
said ferromagnetic metal layer comprises a plurality of ferromagnetic films and one or more
nonmagnetic metal spacer layer or layers formed between said ferromagnetic films,
said nonmagnetic metal spacer layer or layers is or are a metal film or films containing one kind
-~ ) or more of element or elements chosen from Ru, Ir, Cu and Os, and
oxygen and/or nitrogen is or are physically absorbed at least at the interface between said
nonmagnetic spacer layer or layers and said ferromagnetic films.
13.  The magnetic recording medium according to any one of claims 10 — 12 wherein the thickness
of said nonmagnetic metal spacer layer or layers is set at 0.5 nm or above and 1.0 nm or below.
14. A magnetic recording apparatus comprising a magnetic recording medium according to any
one of claims 10 — 13, a driving part for driving said magnetic recording medium and a magnetic
head for recording and reproducing magnetic inforrnation, wherein said magnetic head records and

reproduces magnetic information on and from said moving magnetic recording medium.
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