A MAGNETI C RECORDI NG MEDI UM THE METHOD OF PRODUCI NG THE SAME AND A
MAGNETI C RECORDI NG APPARATUS Technical Field The present invention rel ates
to a magnetic recording nmedium the nmethod of producing the same and a
magneti c recordi ng apparatus, and nore specifically a synthetic
ferrimagneti c coupl ed nmedium having a high exchange bias field, the method
of producing the sane, and a nmagnetic recording apparatus having this
magneti ¢ recordi ng medium The nmagnetic recording nediumrelated to the
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12 are schematic views of a hard disk constituting an exanple of the
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ferromagnetic netal |ayer 95 conposed of CoCrTa or CoCrTaPt, and the
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magnetic fil 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 — P
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 Spm — 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 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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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.



medi um that includes a step of form ng the nonmagnetic substrate, a step of
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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), H,
tends to become small. And on the contrary when it exceeds 10” Torr (=133 x 107 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 H,, 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 H,, of 1500 Oe or above
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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 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 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 Hex of 1,500 Oe or above and thus provide a magnetic recording
medium excellent in thermal stability.



The magnetic recording nmediumrelated to the present invention is a
magneti c recordi ng nedium having the nonmagnetic substrate, the netal
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ferromagnetic filns and one or nore nonmagnetic netal spacer |ayer or

| ayers formed between the ferromagnetic filns, the nonmagnetic netal
spacer |ayer or layers is or are conposed of one kind or nore of elenents

chosen from ﬁgﬁj lr, Cu,, a and. oxygen and/or nitrogen is phyS| cally

adsorbed at %Qg‘g""ﬁﬁ/ "?"ﬂ’?‘qgnlflﬁ?%é“éatﬁje B PrestRb IMNGRPRGIH &t Magnstisaieserdingy er

and the f efedionegyiag the nbirhdghetRgbsirite, ttﬁfmﬁﬁﬁﬂ@iﬂaﬁer BRCOE GiridehaglREE MBRI 1§Yept €d tO
referabl e that the

t he present iﬁgvent 0 (fll | mthickness of the
nonmagnet i ¢ ?uﬁ?e““ﬁg/cl&a "i'“é@@@r > BRerginghe ferromagpetis metal layer gomprises 3 plyraify ofe| o,
The magnetimomgets ﬁllmgndippaar atmommh@bﬁuinétﬂ sf)d&& lpyeeslelay‘;ers mmtuemaems t he
above- nentfén% %lletl(pﬁlglgﬁ.lhé {fonfn c m&gl saacer layn} %ral%ygrsf nage Lp %}liataﬁeﬂ 6 & VI ng the

magnetic recordi ng nme rec
repr oduci mgrered glameritochpseh émmdm b,r(;u wtd@seamd okygen nm@naMogemeﬁdsxcmleednoded and

repr oduCes IRMSR fieilth B A hoRR AL LT B TR ARIRGRHLC 1 ecor i ng

medi um Acc I'ng to the magnetic recordi ng -apparatus o e above
construction Aﬂ‘il in th%mwst!ﬂ rm@mwnedpmxpla&é teatherpgseat ineenriag & iciprefgrablp fat the us

havi ng anﬁemﬁk.he@mfnre%mxgnwcwe@mcaIfa?errsea@%m09ab&@amcaﬁﬁbPJeLGV of which

does not deteriorate even when it is uSed for long hours in eat ed

condition ddbe MeESGSFOTEING apRstalisirplgiedhio the Rregant ipyentian bps the @boyeaentipged
control Chia@fmc Ricbr@ing PRsitin, Bt drﬁ;ﬁhgq;mu'oawm@ thel Bagndticl Bedidifd AR&iuRC&ldl Pnal

view of a ma ecordin m.consti t ut a node of carryln out

t he presema h‘?"i‘?% rec g‘ﬁgw ro Ucél}golgggﬂggclpkaﬁﬁw L WRERF % the JRggn sy g‘]’é'3<arrpl e
of conpos 'raaﬁdihﬂrerp&gnms magﬂe&cmfodnmgn onimdlfmmtnefm&m rﬁh’gﬁﬁﬁm&cotdﬂig&:]tﬂiumn Fig.
3is agra n_exa i zati on curve t he netic
recor di %g IOma r‘J}l'\}llgr lgl{g1 eqets gp“ﬁ’or%mlg g%”?% (#ev% foyp, consfryctio, i Pés %{’Sﬁ@g? i ptive
graph desegrovidé reg mtlmmm@fappmldum ihmgng he exdlstngdalbligsarfd dedmbgnetic Fig. 5
'S 8 desChiRbieiclof bitSh GAL ha RSNt o s AL 961100 T o Geed EQGRONCL T ©

metal film of e magnetic recor presen

carrying é\lﬁtoaangileretatngagnhqshsmth@emeompm‘dtchm the aver age crystal
grain diameter L and the interface roughness shown in Fig. 5 on
ferromagnetic interaction M Fig. 7 is a graph showing the result of
neasur eneRriedpesenintiop gbPrayyingsi el d Hf in an enbodi ment of the present
invention. Fig. 8 is a graph showi ng the result of measur enent of KuV/ kgT
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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 H,,,.

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. § 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/ksT in an embodiment of the present
invention.

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



invention. Fig. 10 is a plane view including a partial cross section of
the magnetic recordi ng apparatus shown in Fig. 9. Fig. 11 is a perspective
vi ew showi ng an exanple of the magnetic recording nedium Fig. 12 is a
cross sectional view of the magnetic recordi ng medium shown in Fig. 11.
(Description of codes) 10, 20: Magnetic recording nmedium 1. Nonmagnetic
substrate 2. Metal underlayer 3. Ferromagnetic netal |layer 3a. The first
ferromagnetic film 3b. The second ferromagnetic film 3c. The third
ferromagnetic. film 4, 4a, 4b: Nonmagnetic netal spacer |ayer 5.
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on the met@l20: Magogtic ssperding medig@ nonnagnetic nmetal spacer |ayer 4 fornmed on
the firstf aichAlBgRebdnti | M 3a and the second ferromagnetic film 3b
formed on_t he nonmagnetic netal spacer |ayer 4. A magnetic recording

medi um havi MFRHREISShe of structure is generally called "a synthetic

ferri magnet irer&@igndtRehetalRgdrunt . The | ayered structure of the magnetic
recordi ng rrg_fqiymflo of th resent node of carrying out shown in Fig. 1is
the nost PasPeSFERRAsPLcSIM ¢ he magnetic recording mediumrel ated to the
present BhTaaiecad ferandghidiefiz ore it is possible to form anot her

i nt er medi he substrate 1 and the first ferronagnetic
film 3a mﬁ%ﬁg%/@?gfepgﬁss&%gc&%}é’d necessary, or as in the case of the magnetic
r ecor di ng4fedibuniN@magietioymetakspdeglayee, it may be of a basic structure sinmlar
to the mg_nwt&ﬁ@elflﬁrordi ng nmedi um 10 shown in Fig. 1 wherein the
ferromagnetic nmetal” layer 3 includes the first

The Best Mode of Carrying Out the Invention

The present mode of carrying out of the present ir‘wention 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



ferromagnetic film3a, the nonmagnetic netal spacer |ayer 4a fornmed on the
first ferromagnetic film 3a, the second ferromagnetic film 3b formon the
nonmagneti c netal spacer |ayer 4a, the nonmagnetic netal spacer |ayer 4b
formon the second ferromagnetic film3b, and the third ferromagnetic film
3c fornmed on the nonmagnetic netal spacer |ayer 4b. In other words, the
ferromagnetic netal layer 3 may include a plurality of ferromagnetic filns
and a plurality of nonmagnetic netal spacer layers |am nated alternately
one on the other, and there_ is no structural restrictions on the nunber of

layers t hERSOWER medumalfshowm imFige betersia thefpapmagnetieymesalJaxsud Iineludes Bedirsed wi t h

a | ubri cafféir@magRVEfilnCRNEGE a&m&gneet metal dphdePlajie 4a forRéd dnand firstFteh tic il
magneti c Lec I‘dlnﬂ \rgdlumlo the basic structure related to the
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terrperature be conductor; nmachineable, and yet retain a “certain surface
har dness. Wrﬁﬂ‘@ﬂéﬁ"‘ébl e fi I m conposed of nonmagnetic materials satisfying
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The subst (YERtioR i Wdﬁﬁ“ba”th]QY’r"bﬂﬁrﬁl‘f%‘?‘isd“ﬁé‘f SPNCE 4848 lor ot her |ayers

descri bed(dwbdaw) are formed, in other words the magnetic recordi ng nmedi um

tated f d of 3,600 - 00
cont er of ¢ e 1 efpeigte et PIRChren dneine, B Bl o o oY FEIRBBOLL | on.
At this t hlnm;nua amdguedloys drexdles, nitemiunf andi itsgallays @ dxidegihdr sdfcor@p plassx cardngl y 0. 1
etor di ng il S es P AP b e BRACTShich Sl ponfFRBNEL aeror
f1yi ng hehejérogengous matemalnby the spuudriogy mmbmmtaélelvmg@pédﬂwﬂfﬂ@rfmgemm@s is

pref erabl g, b@&.eﬁnhﬁedsmﬁ& E&E 8¢ &%ﬁdﬁﬁ%m@nﬁe&n&c YR fohidd oh iR swf&t- gess of

its surface and t back E‘BEf lel1smof the surface and the back, the

ci rcunfer éﬁtsmwa%\kémn%m@mze at high temgeratugsy be ?%é“cf%ugﬁ?h’és@leo@dbﬁﬁ Ftaithe

surface apdtainh@rfRaclardiés. RIPMTQEBIY fiGR RbhstsddCsk noMekndhie MateRs §4B§ink Ahege St arts
rotating and stops, the surfac of tg)(thawgnetlc re@ﬁ‘i{]dl ng nmedi um and t hat

of the maffiETsTE" ééﬂ’eﬁlﬁwmﬁto RRlee meEeBht act Start Stop: CSS).

As a count eThedapy & tﬁd)ﬁubﬁthteSl uset) férl dishs is dbomemlfcbﬁalsneghbstfaemnwmc}i 3
soneti mes _.forned.on bstr usin

S urry o FSPRREE BRI Mo e T desta PR ol Tumedin YRRt FRBE o o
any adsor pording mﬂ@mnuérmtatcd@tekamplm adpeed dE),&0irprh 6 16,0001 rportaround the center of

the disk as its axis at the time of recording and reproduction. At this time, a magnetic head runs

flying at a height of approximately 0.1pm, or several tens nm above the surface or back of the
magnetic recording mediom. 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 Wth regards to the texture described above, |ike the conventi onal
structure shown in Fig. 12, generally an abrasive tape is lead to slide on
t he upper surface of the NN - P nonmagnetic layer 93 to forma texture in
t he V-shaped groove. Therefore, in the structure of the present node of
carrying out, textures may be forned on the surface of the nonmagnetic
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i nprove the TRAoRE Sf br2h@RonF nfapeti &&itﬂ'ﬁﬂﬁ@&tlﬂs textRE a:locésﬁﬁ{gsgen&sfyqﬁm on
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{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 O alloys in the nmetal underlaye 2 can cause the
ferromagnetic netal layer 3 forned on the nmetal underlayer 2 to
segregate. A high C concentration phase resulting fromthis 8 segregation
effect in the crystal grain boundary of the ferronmagnetic netal |ayer 3 can
suppress nmagnetic interactions anong crystal grains of the ferromagnetic
netal |ayer 3 and therefore enhance the standardi zing coercive force of
the nmedium This also can cause the easy axis (c axis) of the
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(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.

B, =B, — B,
wherein B, represents the residual flux density of the total medium (desired), B, 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 and
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 Btt is generally determ ned by
the recording and reproducing capacity of the nagnetic head used in
conbination with the nmagnetic recording nedium As materials conposing the
ferromagnetic nmetal layers 3a and 3b, it is preferable to use Co 9
ferromagnetic alloys principally conposed of Co. As specific materials, for
exanple, CoNiCr, CoCrTa, CoPt, CoCrPt CoNiPt , CoONNCrTa CoCrPtTa and
the |i ke may be nentioned It is also possi ble to use alloys nade by

addlng on Kki.nds of el ts chosen fromB, N, 0 Nb Cu,
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reverse di rergtlon In the magnetic recording nediumrelated to the present

I nventi on It s preferable that the exchange bias field Hex which is an
i nt er nal magl'lerte,l be finterhad mageetic dgldetha plevelaps in He féreomagnetigidmi3e shall ba Gdledvoul d

be set at “61(0199& t(ugq)eldq'i, aﬁgytﬁ)m%yF %Meﬂaﬂgesﬂi'&rheﬁi I-'L &ocfuc?ed Q'FSi bl e
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reliabil it mb@iuR8s FRERdSRBEd difeStion] the in§gn@lﬂst§3lchls fardoPed, 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 Qe 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 Qe 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 nedium having the coercive
force nentioned above. And when the exchange bias field He,, is set at

1, 500 or above, a KuV/ kBT of 100 or above can be realized. Al though the
ceiling for this exchange bias field H is not specifically specified, it
Is difficult to obtain a exchange bias field of nore than 2,500 Ce in a
magneti c recordi ng nmedium having the coercive force as nenti oned above. As
the material conposing the nonnagnetic netal spacer layer 4, it is
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bi as flel sho |n a . het t.er ordi ng
e um | n g ptres o e ol S 661 G0 i S oRind el RS ol i,

t hi ckness stafility.he nonmagnetlc met al spacer | ayer 4 would be in a range of

0.5 nrn - or RAOHERARE uh e i Bre IS BnoREGANS e Gl SBNIGoBIBE ! I

H, will bet maxi num I n |sadescr|p|on

the pr oce@@gfofbf (o wwuah@'ee@ndrd@nm plt @ccbp@uaqghmhmm higs &¢ld Hohwillchsrthosi t | on
descri bedghavg iPistdge. sput tering nethod. (Sputtering nethod) The
sputtering nethod which is an exanple of the nethod of produci ng t he

magnet i ¢ rec&%ﬁoww&@au%ﬁwmnw&w&?@aﬂ% Bf Rrefiucipg a gagetis rroAing BIRAIIMAP glle, for

exanpl e, alet;dsragbsfi@mdsmﬁwaeewgpﬁdnﬂgmm hod wherein the thin filmis
formed while the s trate | noves before the target and a static-type
sput t eri n§PHETHS H’%’f@rei nthe thin filmis fornmed while the substrate |
remai ns fi xethe dpatectingmethed vhiclgie bn exhinple bdHthermethbtd afipraibeng ihe gagngperecading t er i ng

met hod is tiv bl r r I.0 refore
advant agegﬁés19 gl? rf']ﬁ%dq qlﬁuﬂil fs'le%nm%fl I'%amﬁg fé‘greg%H édl ngﬁmfegmg'qépt% y}F W cost,
while theethed B@Preisttm ithan fjp ds §tpmtd @h}lm@emﬂbmu lenamse@fqm ther Gugelcadrmgnet i ¢

recor di NggRRCe bég@afenﬂgné od VLS AhiRae b @nifne & Y edrihs fixed

character|stic cause of a sta e angl e I nci dence of the sputtering
parti cl esbeferetheitasgst-on with the substrate 1 The sputtering nmethod used for

produci ng t hepe Wﬁﬁdsfenﬁm%ﬁﬂ{eQbﬂﬁnﬁgﬁﬂétﬁod]@prﬁﬂcﬁ%%d Witable tf&%awlﬁs@e&on
invention is not limted to the transferrl ng- 5%10 pe.and t he tatlc . The

magnet i c FEUSfharefRge Aentgseusdor thy BedRstch ¢ H“"tg?Fé'c gidingimed W’éﬁ THFPSL &
produced by lat@pphtyd-ige §paferfg Uhdtieidi digblddeb pesdudeOmigetio ﬁuﬁﬁﬁg ﬁemelhywﬁé‘lﬁh

UL bl ALl MRSSHLAN! ndchlf o P TSAREDA G SEDhrk el O
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 underiayer 2, the
ferromagnetic metal layer 3 (ferromagnetic film 3a, nonmagnetic metal spacer layer 4, ferromagnetic
film 3b}, and the protective layer 5 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 5in a nultilayer. And, when a magnetic
recordi ng medium 10 i s produced by the production nethod related to the
present invention, during or after the formation of the nonmagnetic netal
spacer |layer 4, the substrate 1 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 wi |l be described

in nmore d n order to Iowo he terface bet ween t he
nonmagnet :ﬁ%él EP??QVXCIE oSS & ﬁ“ouﬁ]bl Ot HRose g1 E)cé"‘%’ ? BPRE RN Feﬁ\gﬁpﬁ?eéb to
adsorb ph}ea@rc‘hinlay amxygme camdmtmg ORygen emyié mt@gctnetp aﬂthe the gnfiag medds@b & Livewet al

spacer | ayburf of ?)(ygé?]er m]rra e'nslnjﬂgmmtré) e,ttlbgosgsré EG Sl thd NBike

nonmagnetic nmetal “Spacer I n-an ere contai ni ng oxygen and/ or
ni trogen i &f FwfRce ﬁéhwmmnq et gpaserdaygr @Pwaﬁans aftbe partia) pressugecd oxyeeml/ or

ni trogen. ahdnilrbles asa&ap%@ ok BRE. NH cask twhers tl{%%ﬁﬁx?én@tlé [getmaac@piayér hgs i nt ake
into the surface o t he nonng%netlc net al spacer by neans of the

partial prPUBROsRIPYFhe malgHalydes adrhor?,dfg-éﬁre&@ab%etprseté%e rqlrts bt o d@pemein 9. | n
case wher amiehﬂereqminl eﬁ'{pd’EﬁxE%r oﬁ@@e@@fd at 8Y €0° Tori, 6 anGCRPRQS & té%éeaoh& at
material s deﬁ)c—,ﬁgg ove, lﬁg? rabl e to set ,the value at é(
Langrmui r) 18 &nd 'é‘eanf'“feﬂﬁ’é % é?@ﬁ%@lﬂé"fl& 85@’?%8&?8”%1@”25 10- 6
Torr, or saondexylosi0’@ot.or ten seconds at | x 10'7 Torr x 10" 7Torr.
Incrdentally regards tothe artial .pressur n_and/ or .

ni trogen andméyf)égld’r mgnads g thef”ﬁn resl'jfielc’f PEAUE °rm O%Hggﬁi‘ﬁ?s\'}mluﬂlgén of
partial pthesstual production ppguume vahicsof pretipl msuhmpnsukepenmamge chosentdeendifid mi t y
W th oxygga gaﬂ-mewgf&&génadfﬁmmmm oki gg,ggﬁrmgrﬁ%& Ll Bhat 13249%6% i ayer

4. And it h%éSSI 0 Use a gas obtal uti’ng oxygen or nitrogen
by a rare'Sg?ai‘*?l 9 ugse@ aa%@nmn@bydﬂlttmggxygmmwambaaam gaswaybeesed.ur f ace of the

nonnmagneti ¢ GRkE pRRRE &Y allo@ iR suffacP B fickhaheBOBEIRpacBAgyeF # PRARAN dsorb
consi sting of oxygen and/or_nitrogen by using a m xed gas obtained, by

addi ng  oX3P(ORPHIBYF SPUSHIRg BhEToigr nﬁrpgqethretrsms&'r rmixg, gessobipined by pdding,

f ormi ng E h@gao.ﬂmgﬂl&bge@ tdSTlﬁi': &l oﬂ&ﬁ%ﬁﬁases'g@h’@d’s fék. foﬁiugg?ﬁe h&ﬁuﬁgﬁmé hedi @hdepws t he
nonnmagne spacerl. ayver adsor 0OoX n an en in

et e huen 8 gt B e SP oo B e HE o et RO S Ponr et ¢ 1

det err or atirogeh msidclem ewessivé raddléen dh oghepere laoford sipegedi gy oausé Reysabinhity ital or_
mat eri al Sg&%@?&égﬁ&.&ebgﬁ ?,Q,%QJTB%&EA Cdeﬁé% b of H%Crﬁz[taiaﬁxre&méialsm%r gJ r%ytﬁ% h' tis

pr ef er abl he ad Ion of ox nitrogen as ex
partial phewsretc mtabspmexbderga&mfwrh it lApre&rabbtthﬂeﬂae m@@ngnésxmbrdmmarkept

within a ¢ &B&%e&’ﬂ;y é@pz}mﬂ' 9¥eEsureq{1 a HRQYU GasPith At Sther e zaloldCbOWpt Jatlid 1Er . 1t

Is preferable _lpressure of oxygen or mtrogen contalned in
t he mxedmnéedgl%@fﬂor@bo‘@éﬁdﬁl gmerhgleys Tor r or above and 3 x 10-5 Torr

or bel ow. BYF@'{I:@D&hsﬂﬂ-eﬁﬁﬁﬁ tisht 1 Ppaial ﬂréssdr§of &9§eﬁlobh@m & Qhbabdinanexzhange
bIanIe|d of of . 100, or nore. As

above,
"inpuriti &% “f"&}&’ "‘3/&‘?t ab%r% l‘hs@&' 9 ghove B?‘ﬁ% ’hgf’ f °Fr?f ?Héh‘iﬁ’rs'é‘% &4k 2rmee s on,
for exanpbessibkizdobttPs excmg: biidXield\Z 1,500 Glyor abdie, dnd tdhavéXu@RET 611160 bri thde. ar e

ment i oned. The“ I rTvg)rlﬂles I‘or ﬁ? gas usceclI er f% i agfffll%(; }n tlt'reh1:>6resent invention, for example, H,0, O,
CO;, Hy, N3, C,Hy, 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,O, O,, CO,, O, and CO.
Therefore, density of impurities of the present invention shall be expressed by the sum of H,;0, O,
CQO,, O, 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 medivm. 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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anount of oxygen adsorbed into the film in particular, are supposed to be
H20, 02, C02, 0O, and CO.  Therefore, density of inpurities of the present

i nvention shall be expressed by the sum of H20, 02, (@02, 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 magnetic recording nedium This effect tends to be greater when the
bias is inpressed on a double-layered or nultilayered |ayer than when it
IS inpresse@in®) A& &i indhmehd Sheasubimt! e 368ack QUIMESRa, O AdiGe MR MBosBR  AS

t he surface rﬁggngess of the substrate in the present invention, for

exanpl e, Q? central |ine roughness Ra obtained by neasuring in

the radial did@embgaid faeordityg ﬁlam?n fefatedl t6lihe g@heda;hvelqamﬁ tlfé%fcdh&ﬁg@ b;aé\ﬁela IPL,.,

i nstrunment sur i rface raoug c farce

ni cr os cop@"do'{’%ﬁﬁcen‘ﬁgﬂhg%ss E‘@ 8?1'?‘8 f‘?{’r‘laﬁ%et‘ﬁﬁ’ﬁ'ﬁgstp?cér Ege(fél r 3 Fﬁdnﬂ%*m it ed to
t he pr esentedinmaeoiremed. Thesmatlehhagpefadei raughj&dsek;doﬂﬂae, nonmaghetih@etslspdcadayer

roughness, f I a f the i um of that
of the R?ct?% E eefaé%Qr el g{ﬂ]%cfe%'laggélgbﬁ'l Sémsur Flgtcg"ertg&é’ﬁﬁ‘éeggmﬁé E)f t he
nonmagnet imagneti¢ pdlessipdhee ferrbmagartic Myebw@'ﬁ%‘resulm frem gherintetfise emhmgef tbe as
field H., | a

(i dRE melll BadP RIS LliPeptillif BONERE RUCLARTEBand! pec BARE! | ace

poles in t%e rerromagnetic layer ter a e resulting
r oughness fesPmagpgtic maaetagtatig iceupheg aﬁs dyslersd tepdjeg toapuangs hagoelisetioniy theel !

nodel cal ki3gheti®1HH0R Wﬁl%l af. freet: . Compf ?&-ﬁd)fmgc{\eﬁci C23¥8a881 0968, iFGg. 5 &o4P! i ng
has devel edterlfitr]a% ?arrange ]gnetlzatlon In the nmagnetic layer in
paral | el g‘l’f"“%%ll AP forpgsplgning Neql's madel and)shows pehematicplly; g‘f)"“’sltlsﬂ’“o@l is a
deﬁ cripti thﬁllctul'd ofShe ﬁfrbmgnét&rmaa«pdllﬁt BIIABthNQi%hre%hdﬁ}ﬁ&l feﬂdﬂﬁhgﬁhﬁviﬁetal layer 3 |
schematic t Cr.o t t ne ta

| ayer 3. %&“%/41?"3%? ?a °’?H8\5}9 cﬁg afs%fp %ﬁﬁ%@ttﬁcmﬁ%’ﬁ’é gﬁg":%““d rga?' d on

t he under Aay Eig. 63hqus tﬁmatmmummofahesfcama@damnqdmg(anargyeJﬂthtalt egtks detwsarrthace of

the under lfe@% Fﬁ!}ﬂ bf &%?‘E%ﬁ{% Wiet QF{(ﬁoﬁ’J S“Ala&ktoag&deci e J.%He?s”@%ﬁ?t e

coupl i ng ener gy tween ferronagneti c |ayers
appl yi ng pﬁ@en@hmr togf linkfted thickness (JAT.S. Kohlat W.diylra Ra¥dun #nd Tt hinck AeplsPhos., &5he

t. a 1 as um 1s'mu 1n;
gﬁg@ 'f. |4?66€(E99§%pa§d wmgqﬁor&m qim?e%é t(ls] &%f)nﬁggllé%éy \ﬁélnﬁu}eﬁego@vw 1]

Here, it iagera%ﬁmﬁterfa%ownﬁulww “‘?rﬂ?’i"?ﬂ%ér’@& ﬁ%?&?rrigvezgw ] aryéblgk and
that the Fee;sewmgﬂ@m CBs'h&Vsﬂﬂeaﬂiﬁ%&d%mﬁﬁ@Mﬁérﬁagﬂ&k%bupﬁ i(?y']ﬂiéﬁé’ndﬁr e |
nm t hi ck ectlve 9 6 sho _%gr gnlt e. of the
ferrorragnB’E %ﬁai‘%é“@‘ﬁ%rlgaﬁ %‘H‘EE‘@ A1t t"l"’y {tha erysfalgrAn dlamgtet or L
and the i Btepilangy dearesgh e g 1hncrfiEhemgﬁmsse;educfas the derfonjagiietit coupting) eegpefer s
equal L AN ARG kB AL BLL AEE RIS S bRHUGES, U SelueLS RUBRRE! ! ©
coupl i ng ener ayers QRaP T RCT §§ g

anti-ferr bmrgmdlﬁ@dsampggrmgl@mengg/the]@&ctlanbehmé'@w Hegnetic |ayers, and | eads
to an aggoigpdiiZpment of the exchange bias field H (Formula 1) c¢' 2

2 7R J_dku J_dCo 2
I (erg/em®)= 222 M exp| - 22 22 | 1-exp| ~ 222>

J2 L

In the (Formula 1) shown above, however, dr, and dc, 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 mediwm 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 )=2J2 L 2, r2- L)(I - e+, r2LInthe (Fornula 1) showm above,
however, dR, , and dc,, represent respectively the thickness of the
nonmagneti c netal spacer layer 4 and the ferromagnetic film3a (3b). And
when the substrate | has begun rotating froma standstill or inversely has
come to a standstill froma running state, the surface of the magnetic
recordi ng nmedium and that of the magnetic head cone into contact and slide
(CSS notion). At this tine, it is preferable that the surface roughness

Ra  woul dpba aPile tirih&AVSLe Sdsdle. uﬂld%&kfaa (fi,na Jnﬁﬁtvsms%ork?% RS8P grgglf t he

magnetic head to the medium surface an rise in friction co cient.
When t he $§erimirevaingend ps airipumpyalue ﬂwﬁﬂrﬁw sughnessRasqf dhecsubsgpte tl yall B¢ her
hand, it d&eh@R@sSs Eégﬂlreﬁ(byrmd Rhdh Bivkh Soodé BlARE RqBRUWBLTichitS fo TR Rakrefic
recordi ng gj um the magnetic head, in other words the flying height of
the magnefiCdPEMEUEY- at the mini mum val ue possible. And accordingly a small
val ue for RaFd,r&xm;ﬁé emabtlheﬂyﬁr@m@i offtee maghhe hequ MMHCHPJb&ﬂ oemﬂl) tRlae GHni MUM
val ue for urface % go 6’ ?@%}\? (ﬁ % B eth ned
as require “BS/ PHE T BLEGH CAVER BBy 158 8’6.“?"66‘“%%8’ fe fo

t he nagneflyiog height of die mgpgneticliheat (the alistapeaclphratioh batwéenehd inyiney ved i thof t he
magneti c Ny ' . , In
ordor to Sapeal el Bl AANHE esor sod o ping Bihruton 1 Wher SRENEL
further tFeguirehiegt {gs impiogint toomakerthe snalgercafitee megmelic(re¢neding mﬁn@om flat@pdar at i on
bet ween t e, JIRgHEhdsE rdl&imda ﬁﬁHﬁeN&ﬁle i RERSTe G ﬁ@ﬁﬁﬁ&lmhﬁ@gwmtﬂymmté he

recordi ng and reprodUC|nq eration). In order to neet thi requirenent,
it is i npAFIoRHIEt ¥ isamruehtinadopt p mraduehiqprmethed wherginapriqus P&f@ﬁéﬂ%@“%@?ﬁlﬁﬁ nor e
flat and c&eQkhleveleventiiBs SurfabP%0Fhnesd oﬁﬂﬁ@-lsdb@ﬁ'até/@'shiﬂlek S?ofi@éifnbﬁbi extRris t he

surface r hness Ra of the substrate. ly, I s .enough to adopt
a product ?6‘3 ﬁ&&%ﬁ’?‘éf@?ﬂ“\gﬁﬁdﬂ’ﬂbcﬁnﬁﬁ@ét g&“fﬁﬁ%ﬁ"cﬂgﬁ‘]ﬁ@ta@ﬁ s§ i¢& 1a%nn be

achi eved énaed thérednhaad Rulisfralmecdnobddw £ smdnd ithieposdiis toraghiieveiaRafals Infr-. 0. For

exanpl e, a tex ti Gl SCOr di ng nmedi um consi sting of
an Al bas&"Sh Esﬁij‘g beaseasr‘\%s(gmgﬁf'dmec{éﬁ?qas r’ﬁg'f’%rnﬁé’ﬂo “tf&feon and Ra is reduced
to bel ow (TeBtummprocessidgli t i s possible to achieve a Ra of 0.5 nm- 0.

7
a N P/ Al Dbase, §Hg§&rﬁ'&£ssﬁ{$bﬂ1ﬁcﬁlﬁﬁbé Sopited Qx?%aéub&ra{erﬁﬂ'tﬂag gn‘%EﬁQIF gﬁ&ltiﬂg- for

(Texture processing) As xt urep(groc SSl cgmt hat may
subst r at es¥appiehmeghariead gbrasipry axthpg scichtific etchipg mpsthed, P?ﬁfélhﬁrl’il%@ld o pradysiog
net hod, Sﬁe?mﬂ filinG, B8 R 18 i bR QfbntidHeY Sth pakicdiR! QKL ke Bf Q&iﬁﬁhxﬂglloy ekegul ar

filns, and the |ike may be nentioned. In particular, in the case

al umi num SHPptEYEs H&étémdeém@é A the baspgabstrayg fﬂé&‘? magnSHe §§°’E“H§nﬁ‘é‘§éhes’ﬂff§%‘}‘°3{ e for
t he magnegiimding@etiodisigedredi a, the nechanical grinding method is used. For
exanpl e, ther t hod of duci ng slight concentric textures b

oresbi ng &t dgEoBmeers s aengh aCi- Y i Spisp g e b st s e
rotating sithblassivegtainsifar gindisg a@hﬂ,thesqoaﬁxhg‘dudadelo;?tlm_ﬂ%&, sfé)ciﬁcil]ylarm_fet’}red on
the surfagg, ofm@lof il Tuitd i ah WarRARS b bserktl. TaMhiS ERIAOShrasRR" AR VS, OF i NS

for

run on

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 (0O,) gas

used for forming the medium within a range of 107 Torr — 10™** Torr. The film was formed by using
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grinding may be separated fromthe tape and used. However, for reasons

given in the section "Surface roughness of the substrate,” the texture
processi ng descri bed above nay not be resorted to, or a production nethod
wherein the targeted various filmcharacteristics can be obtai ned by neans
of a nore slight texture nmay be adopted depending on the situation.
(Exanples) The present invention wll be described belowin nore details
with reference to test exanples. However, the present invention is not

limted t @lletlj@,eﬁfgnhﬂﬁtme@f&armh §'1§ultr£ di @ﬁtprcﬁés@%&@in :l:l')e uhtﬂnattehﬁcﬁﬁﬁﬁ %tdeéogﬁgn

exanpl e, a magnetic record dium provid t he nonmagnetl c meta

spacer | aﬁ’é"‘lmbﬂ’ vEas B0t e ICF?IQf 9‘1 Tﬁ&sa"ﬂ)ﬂ’ﬁd%élﬂmwls véwm@smh@e PAFSSS &S WaF essur e

of the oxygein ;(pezbbwmmamgm@r&@s@ﬂgm&smeat@redmmaefatem BraRrd DSE B 10"
Torr - 10.45 T by usjng 14 the met hod,

rmed nhetron
Tot an ol s f B idiaht St v g1y tF AUTEe BInERR A sheterrRlTTRe MG BSSFT | on
chanber was f&ﬁimagﬁeut fretal Ry&) the honhidefktid efater l@laﬂartdhﬁe proraRB ldyat werd Sordbd

orboessi ngt Aptt SrBLEPEREe HEL- Y8 Tprafe sl Sped v M er e of o
radi ant heatcensjstisgrof Axf gae pnd herssnpditamatg of sxylzgeat020 gast Aed abbivewssampiesadd
met al U”d%{dr{%y&{ etchﬁ%fc%ﬁéuggﬁgﬁl Bkl &FHBE ﬁulgmk ﬁﬁm}gﬁgpﬁf HORORI ia er amdC &'

| ayer and't ot ec ayer were forne gas set a pressure
of 2 -5 ﬁiﬁfmomagﬂeﬂm@etﬁdwmg*tgnetlc spacer |ayer was forned with a mxed gas

consi sting ofn ME prée t&ﬂ@x léeE.Ydls%GIEAﬂAlaEEQéJE\IbstPafte Q%A IPBred Qdth 9@SandAlE NO
bi as was inpresséd and ry etchi ng was conducted on the substrate

during t heubiertsghdor txigre BF’C‘ESHEg %F‘ﬁfa“ i plished jifra flah Rax P2 G isrised fer net al

| ayer. | nidelbstdi€ s €RAos, es@uem%&mﬂmmea%@ fif¥h, @5 L16540 T L-Bta®% Pt -
el ectropl Ni P and '

t with, subjected to tex ure processin
surface o? a%?éﬂgﬁt & Y59 35 HEF f& {"F%inﬁ {‘h‘é?‘rstﬁg meéef?“g FIoMrenec @gﬁdfg‘fdé’rhf“ t he
substrat etar@t 1@&%3@&1&mefor fcﬁmingﬁd nbmnaghafcrspaegr lhyaemmderfblwm thickness i@ Co -
16 at % n8foravano& %]ms 5 nm ée{rﬁetZS ﬁid%% trr%grg Ec Iﬂ%{ 9f Orfm ng the

first anddfoﬁe secon erromag ne i $"uséd 'as the
t ar get f othefsenond fﬂg‘omb@enmﬁha@rseum (forspammagrayemetawmcet ﬂﬂeerf | fonwn rigy the

t hi ckness r'o&ctiv%'?iﬂﬁ.en for various films: 5 nm for the underlayer , 2.5 n m
for the flrst ferromagnetic film 9 nmfor the second ferrorra}gnetic film

0.8 run for OabvibIcEHE hs Magngticapcosdingmediynythus obtaingd.dluctyption dieldth £Oe) and

prot ect i Ven inddxBr théyashl m.th KEQARL Tlwbe nleflGreMAIGE Rkil& of A€ HetbuRBeATESH: WHBwh S
obtai ned, fluctuation field H (0e) and an index of therinal stability

KuV/ kBT ¥igFd #tisured. The results of the neasurenents are shown in Fi gs.
7 and 8. As Kk gigs. 77arﬂr8dsh&vSa|ﬂQH\t msgnbnctxhe:rdmyﬂeﬁd ﬁodnﬁ&blﬁ}dﬂ]élgroﬁiaﬂibranm&IiUCEd

02,0 " BAGCb  BE PN RYRES VDGR of RThRn Ty KT
magnetic recording media excellent in thermal stability. And the higher the partlal 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 (H,
1,100 Oe) with a partial pressure of oxygen set at 10~ Torr during the forming of the nonmagnetic
metal spacer layer 4, the sample (H,, 2,000 Oe) with a partial pressure of oxygen set at 10° Tom,
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/kgT of 100 or moere can
be obtained, H,, 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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magnetic recording nedia excellent in thermal stability. And the higher the
partial pressure of oxygen during the form ng of the nonmagnetic netal
spacer |layer 4, the nore the fluctuation field H is reduced and the nore
KuV/ kBT increases. Mre specifically, in conparison with a sanple (H,,,
1,100 Ge) wth a partial pressure of oxygen set at 10"7 Torr during the
formng of the nonmagnetic netal spacer |ayer 4, the sanple (H 2,000 Oe)
with a partial pressure of oxygen set at 10-5 Torr, the fluctuation field

is reduced bwmpmmpreaaﬁteésysaﬁﬂlepmé D@Iﬁ{agﬁbﬂén splitieyin %Imb@@ﬁﬁ@&ﬁﬁr ﬂaﬁmn the

appr oxi mat el rc And as. Fi en the partial essure of
oxygen is “gglilurf%%rl ﬁslbe fS‘F"“?gRetli(’)"egl 1?5% ¢ HE Sputterig. 'Be“‘\%'r&' H RERT
val ue of hﬁmomnhenmlgammeﬂbﬂmmdr filmfdintifyg tnéthpds E@tobﬁa@nﬂielaﬁplreecordi ng medi a
excel | ent pl«?@%i% stabl | ity have been obtained. And in a range where

r

KuV/ kBT o mms)be obtained, It.,, of the ferromagnetic film
showed a hi ghnéab\udleoﬁagmetﬁs@@cordm apparam)mbtedkcthclpw'swg inventiph evilp bo dasarfbed n

met hod relbaB@qntEPeférQﬁe R g\éqm eregas clibnal aevpaﬁ%{g'aﬁe;ag, R UG8 dis

nmagnetic recording media far better in thenna  stab settl he
partial pedsthic ipt magngtieiscording apngnmh@lafeémm pressntgpventinn, :mgrfmg%éta. ¢ret al

spacer | ayRiy of tle etﬁc}e&bmgelayaael% i PighBi th&ridsNg bk, BoG SRkt Q%F&ﬂm" e,

t he DC magnetraon s%utterlng nmet hod. was .used for formng the
under | ayef€adqffds ¢ hasd fligk drixenfris f nousings /4is 3 myepptic rf%imaa‘pedgﬁwé &3 BEFeét hod,
t he | aser isdepaiag kingrnd rretnh@duspédaian | THe HRPIRKTEivE O rela@d @8 R rprdskdt fhdde oM Ng

nmet hods can obvi ousl lied net recor.di ng appal s) And now
Uhe. nagnef B SROPP e ARERPS PG PR of G PR PUSR EHURA B wi || be
descri bed bé’h@hardnﬁnthdrwef'le nseaxtbmmpcmhstammlgsthe Fecignguthr heusing 7l bdngsandtrieonal

vi ew show ‘;r!'g‘i iy hgﬁ%mﬁdﬁfmﬁl R Je§4§<gm%£{ec¥1$n‘c’ﬁ1:&9 rﬁa%be‘?ic a”ﬁwlt 4 JuggfOr di ng

appar at us at ed ‘he prese ‘nven ane Vview of
t he magnetiewentedbisdiontng 2l eantairisGugidei mplifality of magwang:srdua magdin @2 skg@ered

repr esent §ydn tBROMAL & gcemada,a smdre 94 M%Qho‘iléﬁé(ﬂd&hﬁﬁm a blaring (ot RYRJ RE, 72

|samagnet|crecor|n medi um IS a spacer, 79 IS a swWng arm and 78

i s a suspdispigdie 74piqad Pfhﬁhﬁ%ffléwfd#*q Rowsing)7 I Bera fsemqtes 1SHer rotetiagethe sninsiredof
carryi ng eythididiaing, ke pasnaitlls éRftpGhddl 70RE uéﬂﬂretﬁmretyeu&ﬁl@&ﬂ@fnnm@w nt I on

descri bed, above. The S ve .70 is extern onstltuted
rect angul B?‘"%‘B’ﬂ?@f“’%ljge}qﬁ Hgi?ﬂh al‘(‘%\%'ré?"r’ﬂ%é?‘e”%‘é{ﬁ‘gsﬁa‘éffs ‘ﬂtjm?ﬁ‘?? P °E|a|
magnet i ¢ magmeticheaads Seedi um 72, the magnet i c head 50 and other elenents.

Thi s housing {/ ont. al ural it n recaordin E[n;.pl a 72
skewered al t%?ﬂ’na ef"f/g seSIg%teth S mcopémﬁ megﬂ %theffna atrﬂmhsgﬁy ng 71
cont ai ns aalldfmiangctiaot’ bgh@mporkéby the h@nsgﬂmdbsalmwnﬂaﬂud sprdle Tie Thisitatarde  of

the housi E‘rﬁft%‘ dﬁ&ﬁcﬁdhﬁh@ AR rofz\ﬁn Ord?ﬁgﬁ&dcﬂ& s;ﬁgéwe%néﬁihma@éué hi's

structure, perpen I cu are kept rotatively

around t heecgrsinaa*:@mvﬂ A dherity %embl F‘E‘dg g8t haggngticleed J0yis figed thsoygh g vlenrgr

i nt erval s yhddiar SBeich 78 k& diddohaW sta,ogltbqow&meéw opfeach atcl fecdi@iggls S0.

In the housi.ng 71 and besi de the magnetic record 8 mediuym 72, there is a
rotary s hBegium 72 located above or below the samie. This magnetic head 50 is provided thh 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 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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called "rotary actuator" being supported by the bearing 76 in parallel wth
the spindle 74. This rotary shaft 77 is provided with a plurality of sw ng
arnms 79 protruding in the space between each nagnetic recording nedium 72.
At the tip of each swng arm79, a nmagnetic head 50 is fixed through a

sl ender triangular suspension 78 fixed diagonally opposite to the surface
of each magnetic recording nedium 72 |ocated above or bel ow the sane. This
magnetic head 50 is provided with a recording elenent not shown for

Witing i pfapReii®iccing helilg mgmsst defeclifiCRE Qmeage ax,%&mefo?ﬁaﬂ ﬁae%e&o?rﬁg&qvct on

el ement not shown for reading information fromt netic recor
medi um 72 mefa} layez constituting the maeRgficdpoapinegnadie 2tby weanprof ﬂtedel’rf?ﬁ“a‘tﬂé elepent@hgnet i ¢
recor di ng tieeighbit Ked. to nove the magnetic head 50 in the radius direction
of the magne co medi um the venent f the swng arm 79,
and t herefor Wﬁ%a%wﬁ t(’:“gHB?fHEt‘S‘O‘%B‘E%“ "QHXF [5152 TrBErelnmeRdaXshgnet i ¢
r ecor di ng ofrthel imagmeni2 .rec]ihlanghﬁafcﬂmd 75 kasCkini exeellm s&hddrdlﬁn@ tderitelofte ARG theinlae d
above can _w.i. i ghet. ¢ |nf a_magnetic,.recoydi
e am 725 & ARBIE TR RE rbmaie Bt R Rl oL e PRI R isu i P
sw ng ar md@s natntsttebyrat;aum lﬁyetmseienﬁgwémdcilmdalvw(gbcieg atbjaadtedb}o thhhesit nfgeet i ¢
head 50 agf;Phst pg dﬁﬁﬁl I {C - Al ﬁ¥§5 C pggﬁ; g.t [

to. 1 se recl))@ﬁg rﬂ@:&éd telln zaure, 18| et Q m &@esgﬁg%t (in

recordi ng medi um 7 can re mat 1 on novi ng the
swi ng ar mpdaitioarfie mrh%ntrmgnfanucen previér Wdccbs vy it thay degs npb@ilsmﬂvrrec@rdmghed 16
magnet i C (ReRhcHg \GaBetisHEd of heishnbtl EQEE hOShnt BE edef 3R BCusBRED lnk Godrd €1 d
fromthe fe roma netic. netal |ayer constituting the nagnetic recording
medi um 72 s hraigf for Eﬂ“gﬂ’ﬁ‘gsreproductl on element of the magnetic head. If,

in reading anﬂldcmnylmagmar&gamvwo dateietatove Witk fefsdhoavd FE0Y ghd 10RBow only
ferromagnet i net i g recor.di ng medi.um 72 has an

etic t | ayer
b col | oot b SR B TP, S ing Ao BTEe i o SrTHer o SPEmEF Frep i BBt | ped
above, t hewohredanbgnegnet: nerdihg dpayrans iy behey nﬁg:nﬂmumbarreﬁ ortiectir gpreyei then 72

does not Q‘S'Lb%[: hﬂﬁ%ﬁ&m%}é J {niﬁrénté )}Ob?%l})ggptlglﬁal Lu hgfr lef gr d}{nd\{ﬁe }9 ag(f I'ng

subjected to t _ I'S us whi elng heat ad
hi gh t enpéedrivingsystegrof ghesmirigarm 78 areyuelymited fto thow shovmon theifigur, and the tiesapr esent

inventiondgﬁ,gg PHAY hifiein P oMl sehidhs e 95‘;,6{@),?,9 JOP@E] does not cause the
an 0

recordi ng r epr oduci ng char ac eristics t he magnetic recordi ng nmedi um
72 even if it is used for long hours and is heated for |ong hours.

| nci dent alddwstriahgppiRardigli sk drive 70 described above with reference to

Figs. 9 and 10 show only an exanple of magnetic recordi ng apparatuses, and
t he nunber of magnetic recording nedia nounted on the magnetic recor di ng
appar at us mas descaliey iodéthibnabove) uedbrlingab tigngresert inehEon, &nisl pbdaible mumnﬁra of

ehape. and togile HEHBE foeB afnd e RebdiR and ERGHs R cnfitferific B B 68 hoce
shown on exvellepi igtheamal statdlity heinipravengiHex of the wiagngtis seserding medluany ot her syst ens

may obvi ousl h@%@ﬂ&%@%veﬁt%ﬁ“&hrﬂr@kdﬂ l%dgﬁélR' J’ei:ér&ing 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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As described in details above, according to the present invention, it is
possible to obtain a nagnetic recordi ng nmedi um having a high recordi ng and
reproduci ng characteristic, SN ratio and excellent in thermal stability
by inmproving H,,, of the magnetic recording nedium And the present

I nvention 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 provided that it is a magnetic recording
apparatus provided with a nmagnetic reggifi ng nediurn excellent in
magneti c characteristics. Mreover, the present invention can provide a
magnetic recording apparatus with a high SN ratio and excel |l ent recording

and reproduci Agmethed € tpeddudihg GSmagnPticdYdcslaflg tciunt lcomristhg"RARBT CTokRIRLT di NY
appar at us _provi qed with a. magnetic r%’gorgi n gﬁgi ﬁm excel l ent in magnetic
char act er FEEPEEY FFOUPARE TOSREnB RS 8 erlﬁ’?"‘é P rigramasEgiiansdl et 8y #i ng
medi um compitilayemwheseinst ep of form ng successively a nonmagnetic substrate,
a nmetal unde | tal_ layer in a l.tilayer erein
fhe step of PSRl fl e SRBANENE MR« 15T lormediatily P850 ol ng

al t er nat elfayropaggietig fillristagd orfe or fmere emmggnetiq wetdli shaver layed oolageroin avowlglayegandignet i ¢

net al spag&ﬁprjsﬁger or layers in a nultilayer, and conprising a step of
allowing at least the interface of said nonmagnetic netal spacer |ayer or

layers to adstp 9f plinpanecailsast B jngsfaceasidiridrnonmagnetisametal spach layereor Hayers ¢4
produci Ng adsHMd phReHARY bxGen@a@bdiidigesedi um according to claim1 wherein said

nonmagneti.c tal spacer, |l ayer or layers is qor are formed in such a way
that sai d%ox %%ﬂﬂh?ﬂ?? drroduging ﬁﬁg@@%wa@wmﬁwmﬂlﬁg {ohelai § phesein s3id:

nonmagnet nenniigiiet nepRgALer 18)esr 1a¥ers iRYELES formed TR Wap thaOfaid6ag4iCinaer t he
magneti c Bl%_%oerndi ng. me I ug1 qﬁctﬁrglc[ji F]‘% to cl atti m1l or 2 wherein the gas used
for form ng ain&yn%ﬁoﬁ%dﬁ {1 e bl of fhe opamagpetic mofal spaget laygr 81 BYey 3 ni xed gas
obt ai ned By T méting of prpdueimgaire mrghetio geenrding triedidm actordirige elaial e p@eein thel. The
met hod of _pr ' Ho S Tol | G rdi di ym.accor di 0,.¢laim3
wher ei n tﬁ% .&g&lair%{r ?‘g{fngr%rsessu@%l% tl%')%%le llcggrgmgigtorr lcf)a 5% lggr#’éﬁ n%% olbt%lngctgc;ﬁ m xed
gas i s semixng oxgeen omyrogen with B orothentire gpges3 Torr or bel ow. 5. The net hod of

produci ng4t hend REREE bCprREiRE HetRaghBA U CREIND Secbing 18 cilint 3 WhEFel e t he
partial pressure of oxygen or nitrogen contained in such ,mxedﬁggs I's set

at 3 x 10PBUsEREsuEyof opyse or Bifeeen contatppddn yush mixsd epies sehat B Toreorsbave gad of
produci ng 10 heoereéeedi C recor di ng medi um according to any one of clains 1 -
> TR R oL O Bl RYG Shel SIStLhE LDl CrL e O 20 dymonranet |
i s a st eppofial pregas af@xyder osnitrbgea @odineddn shch el gaeik iset an®&alD™® 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 methed 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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spacer | ayer or layers to an atnosphere containi ng oxygen and/ or nitrogen.
7. The nethod of producing the magnetic recordi ng nediumaccording to claim
6 wherein the exposure of the surface of said nonmagnetic netal spacer

| ayer or |ayers to oxygen is set at 10 Langnui r or nore. 8. The nethod of
produci ng the nmagnetic recordi ng medi um according to any one of clains 1 -
7 wherein a netal filmcontaining a kind or nore of elenment or elenents
chosen fromRu, Ir, Cu and Os for said nonmagnetic netal spacer |ayer or

| ayers is diRidBftic Setal UYer RAIQGALVAY AAUSENAnilly Magnetic recording medi um
according to any one of claims I - 8 whérein the thickness of said

nonnmagnet i ¢ fid iromagets metal layer gpmprisesen plurality of ferrgmagpetic film 258 opperamerpd 1. 0
nm or belhewhagddic nita labdt of B Binktd bEREiniY GRRAiRliOEIm, A@nnagnet i c
substrate, a rretcg‘!yrun erla\%{er aa,ri]ﬂj a 18 ferro netic metal |ayer forned
successi vel y iefxRangg bias fielg Heyol s %E?IEF%WE%”E {55et ahbPY) Og @BYveconpri ses a
pluralitylof Tiemiaghegpebidigiedimm adadite chim NDwireid®e BRGaRE bias fi|d Hl, ofpacer

| ayer or Ie} IS fog&ed lf?at ween ﬁqisgof)errgnagneti c films, and the exchange
bi as fiel A HER OIS Y SPF b tierr e gt e ayer is set at 1,000 Oe or
above. 11.12.Thé& nmggptie récerding credulmrgmpesiiglannoamagnetit sabsthe, € matelond@lapdrendan t he
exchange Bj i j . tc netal layer is set at 1,500
Ce or abo\?éer&ﬁ’i%{egiﬂanggﬁlgﬁogne?g%cg?sgﬁﬁggﬁg%{gﬁ%h%%lr;rrgri sing a nonmagnetic
substrate, asadfeaomagngdis ingtgldpyen peinprisesf acplnrality gh Eriomagneticafilnis apé pne errmasel
successi V@b ﬁ@rdeav&smm@&m&%&a&mm&%w&%%} ayer conprises a

plurality of ferromagnetic filns one or nore _nonmagnetic netal spacer

| ayer or | ay&H$nonppeRste Beehmeichr 14T of Inemivtatgierda fifm orfms copfainingorpkighet i
net al  spacemor: 3 @EmEAL orleR)RIS cHoSenHomAGE IPCUEH @s, duilt| m or fi | s cont ai ni ng one
kind or nore of elenent or.elenments, ?c]B’o%enbfrogn Ru, Ir, gJ nd GCs, _Smd
oxygen and/ of*¥§f} UHEEH S YL &H&?@ AopRroeg A dgapfcay they infepface; beyeen sai

i nt er f ace nhehagseio spmaer dayer oo uyers arelishid fepaagietd flyer or | ayers and said
ferromagnetic filns.. 13. The neti¢ recording.medi ccording.to any one
of ol ai v o Tt tetonind RS nd Gt one BRERE ML AGERER L igRef 0l

| ayer or lobspimenmagnettmete sicds layen oo layerbis ve athtinm oaboverand 1.0 lnml coaglot 4. A
magnet i ¢ 1£COR HfkiB DB Upp RPNl ABROAElcbéiah e ki M el
according to anyggegne ofdﬁ%] g?ms 18‘“§ Jlﬂ% a rﬁk\?{eng p%rt lP%r gcd’% tl%(i:;gh_)éai d
magnet i ¢ PeCrdAimyltredd.andriving part feigiveing eaid megngtic wrordiag oredimgné pgnagnetic
reproduci Re,dTRIARIdity dnd rQhditih® Ragndiehfoitiof wheRBOARIhAzndiR Adad BRI Gad and

reproduces nmagnetic 1nformati on on and from sai d noving magnetic recordi ng
medi um 1 ¢eprodilces magnetic information on and from said moving magnetic recording medium.
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