DESCRI PTI ON METHOD OF PRODUCI NG A MAGNETI C RECORDI NG MEDI UM TECHNI CAL FI ELD
The present invention relates to a nagnetic recordi ng nedi um used, for
exanpl e, wibt2ooewib@nd di sk device, a nmethod of produci ngpChgprrmgoesvHc
recordi ng nmedium and a magnetic recording device provided with the
magnetic recording nmedium Priority is dl ai med on Japanese Pat ent
Application No. 2004-224374, filed dkﬁqqogp04, the content of which is

i ncorporated herein by reference. And, priority is clained on United States
provi si onal application No. 60/599862, filed August 10, 2004, the content
of which is incorporated herein by reference. BACKGROUND ART Recently,
magneti c recordi ng devices, such as magnetic disks, floppy (registered
trademark) di sk, AR PRODHN G AN ASSNE HARECORPING MERUM | v
extensively used. Wth their increasing inportance, attenpts have been nade
to greatly inprove the recording densities of magnetic recordi ng nedi a.
Particularly, since the introduction of MR heads (magneto- resistive heads)

and PRM. (partial response naxi murgdHketAbad).pt echni que, the surface
recording density has been significantly increased. In addition, follow ng

the recent introguchiQp iﬁ(xen%r&ﬁég%%é gigg{?éticsf’%%}g@giﬁ&ﬁﬁrﬁg{s%cg f{)}:nm jnd

TMR heads (tunne gneto-resistive recor Yy has

been i ncreased appr.oximat el 0% annual | Such magnetic regcordi devi ces
cont | nuous Bt § 8k R Grer Ry et Bune e AR G e ity
recording | ayers having a .higher |l evel of magnetic retention, ahigher

si gnal -t o- ﬁ’&é’% lcrrs&%mg SRViFG ﬁoa)qedém@ the &ngl%%rleﬁﬁrfiﬁ‘ﬂ M§@UPequi red. Recent
attenpts to inprove the surface recording density involve increasing track
density in Priority is claimed on Japanese Patent Application No. 2004-224374, filed July

10 30,2004, the content of which is incorporated herein by reference. And, priority is
claimed on United States provisional application No. 60/599862, filed August 10, 2004,

the content of which is incorporated herein by reference.

BACKGROUND ART
15 Recently, magnetic recording devices, such as magnetic disks, floppy (registered
_trademark) disk, and magnetic tape devices, have been increasingly extensively used.
With their increasing importance, attempts have been made to greatly improve the
recording densities of magnetic recording media. Particularly, since the introduction of
MR heads (magneto- resistive heads) and PRML (partial response maximum likelihood)
20  technique, the surface recording density has been significantly increased. In addition,
following the recent introduction of GMR heads (giant magneto-resistive heads) and
TMR heads (tunnel magneto-resistive heads), surface recording density has been
increased approximately 100% annually.
Such magnetic recording devices continuously require higher recording densities.

25  Therefore, magnetic recording layers having a higher level of magnetic retention, a



addition to inproving line recording density. Current magnetic recording
devi ces have a track density of 110 kTPI. However, magnetically recorded
i nf or mat iwo 2005/ad§1acent tracks interferes with itself alpomgpriosihisomcr eased
track densities and noise may occur in the nagnetic transition region at
their borders, inpairing the SN ratio. This di rectly results in worsening

of the bit.error rate,.whichd ra K_to Inprovin he, recor di ng
density. éé%ﬁﬁ?gn%%omg%%q ﬁéhgfag‘f’ g%%@tﬁ%@ﬁl nrae{%fieél}lgfﬁ&lee%ifﬁﬁteti c
recordi ng device requires highly precise track servo technjques and

r epr oduct iAHMALLO {1BPIo¥e HerupsRECoHINg deRsiy 'é‘?’OI\XFéﬂqlieatsﬁlﬁﬁraPEgE)‘FSdWﬁﬁ in order
to elimnate as much influence as possible from adjacent tracks, thereby

m ni m zi ngdditioaite improking hink nenocding dynsitiie Guiment npgnetic recordingdlenvices bave t o
obtain sufficient reproduction output; therefore, the SNratio is difficult
t 0 assur e.attakdessigfoftihek@aPl.enpts to resol ve the probl ens above, a
concave-convex pattern is forned on the recordi ng nedi um surface al ong

trackssto physi ¢RlWeyes &Rghalcally hRotdeaGidrmtbnl ¢h ddjReAMeackd trtérfaedwHENSI Y.
Such a technique is hereafter referred to as the discrete track technique.

T et g STl KA BB AT by inet

recordi ng ayers I s
or e on Shek Nkt B, ARALSAERISN o IED B SRR ARG '
RN T C e R T R
pre- enboss net hod. The pre-enboss net hod has the advantage that the
physi cal proces$engpsenf thesmatldlisiancs betveasa tiagks Hrephagnetic reprstieg devécenedi um i s
formed. Therefore, the production process is sinplified and the nediumis
unl i kaby trequirs highly precise track servo techniques and reproduction has to be performed in a
smaller width than recording in order to eliminate as much influence as possible from
adjacent tracks, thereby minimizing inter-track influence. On the other hand, it is
difficult to obtain sufficient reproduction output; therefore, the SN ratio is difficult to
assure.
15 In one of the attempts to resolve the problems above, a concave-convex pattern
is formed on the recording medium surface along tracks to physically separate the tracks
and to improve the track density. Such a technique is hereafter referred to as the
discrete track technique.
The discrete track technique includes two methods: one in which a magnetic
20  recording medium having multiple layers is formed, followed by the formation of the
tracks, and another in which a concave-convex pattern is formed directly on the surface
of a substrate or on a thin film layer provided for forming the tracks, followed by the
formation of a thin film for a magnetic recording medium. Among these, the latter is

knows as the pre-emboss method. The pre-emboss method has the advantage that the

25  physical processing on the medium surface is completed before the medium is formed.



contam nated in the production processes. However, the concave-convex
pattern formed during pre-enbossing is not well preserved because a thin
fil m growwoi2nosanyeidi recti on during nmedium fil mform ng, poakprogsniseeh fficul t
to physically separate the tracks when _they have a snmall pitch. Patent
Docunment 1: Japanese Unexam ned Patent3AppIication, First Publication

No. 200 1-274143 Raten cunent .2:.J ese .Unexam ned Ratent i cation,
ot PubTHEE e oS50 PR o e BRrRT S AR eRhe tectls,
invention ains to greatly inprove tracg{densit and, accordiqg%g, t he
surface revenAgd dutheprgAucHOmPIRSENTEY i CIPVETEH dhsPaRNA- ¢ vVER AR faci ng
technical difficulties in the prior art along with increased track density
whi | e nai formeddwring pre embionsing sprod sl ipresepicd besauses thig fidi grovoin @%t t er t han
those of the prior art. It is an objective of the present invention to
provi de adicebhdudhgmedine filhackmimg metking it difbcudi togphysidaliyseparatdtheh a
concave-convex pattern is preserved after filmformng in a discrete track

magnety C¢ #8%9 kel th veas@hll plteh.pre- enboss type. The present invention
provi des a nmethod of producing a discrete track magnetic recordi ng nedi um

in which pgfartén‘t\’b%?urﬁaﬂtlt. en n@%ﬁ%azmaft&??;'IpFﬂEaQI%BSFﬁ’srt peamgh! v enter a
substrate during Tilmformng so that a thin mis fornmed on physically
di screte,,.di f %' ous tracks, whereby the magnetic influence of adjacent
tracks is 88§§'2 %ﬂ@ elimnated, increasing the track density and,
accordingly, the surface recording density of the nmagneti ecor di ng
medi um  The 8t DORIMEn e ntaRARe Y Bexaming ﬁ%@t f‘\ppﬁﬁﬁmﬁg. Wi)ublr“@éléﬂt
inventioan5835?§§”? met hod of producing a discrete nagnetic

0. -

10
DISCLOSURE OF INVENTION

Thé present invention aims to greatly improve track density and, accordingly,
the surface recording density in a magnetic recording device that is facing technical
difficulties in the prior art along with increased track density while maintaining

15 recording/reproducing pfoperties equal to or better than those of the prior art.

It is an objective of the present invention to provide a useful discrete track
magnetic recording medium in which a concave-convex pattern is preserved after
film-forming in a discrete track magnetic recording medium of the pre-emboss type.

The present invention provides a method of producing a discrete track magnetic

20  recording medium in which particles sputtered and released from targets orthogonally
enter a substrate during film-forming so that a thin film is formed on physically discrete,
discontinuous tracks, whereby the magnetic influence of adjacent tracks is completely
eliminated, increasing the track density and, accordingly, the surface recording density of
the magnetic recording medium.

25 The present invention relates to the following.



recordi ng nmedi um havi ng physically discrete nmagnetic recording tracks and
servo signal patterns on at | east one surface of a non-magnetic substrate,
char act erwoedodnt1dihe fact that the non-nagnetic substratrerpzamngetsosenber s
on either surface of the non-magnetic substrate, and magnetic plates on the
opposite surface of each target menber 4o the substrate are pl aced in
parallel in a filmform ng apparatus, a,hi frequency vqltage.is applied
to the target }?ﬁ)%rficfl{n’dlb’g{’)té(ﬁf%mﬂgf:%? F’te}hé)g%glpfoeru glgtgéll%scé%ﬁma U1 egul ar
intervals on the surfaces of the gnet plates, and a sputtering .gas is
intr oducetfcplﬁintgrfaedlpmrhamgrﬁhﬁ&c%lbg‘iﬁgﬁtﬁ@%gee&b‘f Yﬁ’&ﬂr@é“%ﬂ‘arfgﬁr&“ SE5YO piRlAlt get
menbers, thereby formng a thin filmon the non-nagnetic substrate. In the
present i pattemts gt leaveons] sasfaee efcamon-imagnedin-sulsitate, charsuerizeddydhpfagetdat i n t he
filmform ng apparatus has a density of 1 x 10 / cnB or larger. The present
i nvent i ontheSiofimdgaetiesibzeate yurgehmeiders ohleitherssufaghof the gos-ncagnstad t age - bi as
is applied to the non-nmagnetic substrate. In the present invention, a

di r ects CugiRRhte AR EEPIaR ARRY biidshOsiriRe bRELRargBIh&hBeritd tiRddi tion to
the high frequency voltage. It is preferred in the present invention that a

hi gher fr ﬁﬁ»‘é&&%&é’lﬁa@ea% hg llglgﬁtar}ﬁmt-ﬁ)%ﬁ'g ddigg%igt S,Za Pigg?re{qﬂet{cg%oﬁ israte.

The present I nvention cah be characteriz at "t he Tragnet

pl ates are rotated, and by the fact that.the non-nmagnetic substrate has a
Concave. cOMEH HFIEER BrF RS PP OISR LI Afeaay; o He SR T B DA B med on
athin filmon at | east one surface. The, present inveat.i Qn fﬁro i des a

magneti c Pecsraces of thednagaehplatscaod asputisring gas potrefugse oy thei fHg-torainger et e

magneti c recordi ng medi um according to any one of above aspects.
apparatus to produce plasma near the target members, thereby forming a thin film on the

10  non-magnetic substrate.
In the present invention, the plasma near the non-magnetic substrate placed in
the film-forming apparatus has a density of 1 x 10" / cm® or larger.
The present invention is characterized by the fact that a high frequency voltage
bias is applied to the non-magnetic substrate.
15 In the present invention, a direct current voltage can be applied to the target
members in addition to the high frequency voltage.
It is preferred in the present invention that a higher frequency be applied to the
target members than to the substrate.
- The present invention can be characterized by the fact that the magnet plates are
20  rotated, and by the fact that the non-magnetic substrate has a conéave-convex pattern
directly formed on at least one surface or formed on a thin film on at least one surface.
The present invention provides a magnetic recording medium produced by the
method of producing a discrete magnetic recording medium according to any one of
above aspects.

25 The present invention provides a magnetic recording device comprising a



The present invention provides a magnetic recording device conprising
aconbi nati on of the magnetic recordi ng nedi um accordi ng to above aspects, a
driving paotodearicini vi ng the magnetic recordi ng medi um iPoTREOS/E3990di NQ
direction, a magnetic head consisting of a recording part and a reproduci ng
part, a neans for noving the magnetic Read rel ative to the magnetic

di di di na/ ' . f
Cuapp yi ngct bt s epE EEtAly edm%ﬁaccﬁgdm% By BhtERG: B "S) gna <

fromthe Eggnetlc head. The p res&» ventl&n can 8VIde a dlscrete track
magnetic P for drivipethemagnsticdenos angF E% Ferdion; 8BNS | i zed to
i ndustrial advantage, and having excel |l ent I y discrete tracks, with no

i nf | uencehed congjstirlg dfatrecdrding ped ape avenspdusingpash 8 means for mewieg tehi gh
recording density. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows the
product i omapidticdEdadittaivditm thetragnetc prcosiing medivan hnda récording epreiucmgof
processes. Fig.l Ais a cross-section showi ng a pre-enboss |ayer fornmed on

a subsyraj na@&essl%inﬁar@ 16F SPPHEREID A SMNoNBe RaglicRetd eRNVeX pattern
formed on he pre enboss layer. 'Fig. 1Cis a cross-section showing a

magneti c { Yo%cw Wqﬁ)qlt Qﬁnﬁlpﬁo&%gﬂ}’ag ?t?fﬁ’e%ﬁ pattern. Fig. IDis a

cross-section s a~non- nagnet'i ayer formed on the concave-convex
pattern. Fig.2 homs roductlon t aceo o th res

Povent o i 5 th %@&W@EH‘@ oo et B3 RORR e Ok ORI B, oui ng
t he surface of the non-magnetic |ayer shown in Fig. 1 (d) being partly

et ched. FPydpepdiby the elfeoeg%b%éwh@ﬁugm?fbtqlﬁ%u%rﬂad@évaaﬁ%g@r andRaviign- magnet i ¢

| ayer on the nagnetic layer is renobved. Fig.2C is a cross-section show ng
the st at eexsetlentlydipnrete tocksowithapdnfluence of sigenl imErergngesberedn ddiasentat i on
showi ng the structure of a filmform ng apparatus used in

10 tracks, and a high recording density.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 shows the production method according to the present invention in a
sequence of processes. Fig.1A is a cross-section showing a pre-emboss layer formed on
15 asubstrate. Fig.1B is a cross-section showing a concave-convex pattern formed on the
pre-emboss layer. Fig.1C is a cross-section showing a magnetic layer formed on the
concave-convex pattern. Fig.1D is a cross-section showing a non-magnetic layer
formed on the concave-convex pattern.
Fig.2 shows the production method according to the present invention in the
20  sequence of précesses. Fig.2A is a cross-section showing the surface of the
non-magnetic layer shown in Fig.1 (d) being partly etched. Fig.2B is a cross-section
showing the state after the non-magnetic layer on the magnetic layer is removed.
Fig.2C is a cross-section showing the state after a protection layer is formed.
Fig.3 is an illustration showing the structure of a film-forming apparatus used in

25  the method according to the invention.



t he met hod according to the invention.Fig.4 is an illustration show ng an
arrangenent of magnets of a nagnet plate used in the filmform ng apparatus
shown i n Wwogo&/o1ke11t he figures shown are a substrate 1, rpaTpemosnizoss | ayer
2, a concave-convex pattern 3, a non-nagnetic concave part 3a, a convex
part 3b, a protective layer 4, a record?ng |layer 5, a non-nmagnetic |ayer 8,

a non-magnetic filling .9, a filmformng apparatps 10 non- tic
substrate 11, t%ﬁ%léfs a&‘éﬂﬁgfaéloifg&ﬁmgﬁﬂta{qg?&o ngggmfér}étsr&gan@?g%l?g{éges 21, a
hi gh frequency Rower source 22, a bias power source 23, a feed port 15, and
an exhaustusgd ighq §lmfprapng mppargtesshorRRY &> OUT THE | NVENTI ON The met hod of
produci ng a di screte magnetic recordi ng nedi um of the present invention is
descri bed i n deflmile figwressshoen aremsubsisgindt & prer¢rhbass layar 2. encafe-goayeret i c
recording nedia currently widely used are applicable and the magnetic film
struct ur e pdaed ahophiaattid fenchar partlh, akomvexqrAtIbnu prsedtivatdssr 4fa t he

present invention. The magnetic recording nmedi um of the present invention

can besa |pngiihydyRak, IRINShfeicesRE 81 Mol RALNNACATIIA: PO PR AihAT Magnetic
recordi ng medi um The non-nagneti ¢ substrate used in the magnetic recording

e um o EBLGED) BUPRLSIER B P RShSRL P TR Bl Daces

all oy such™as , conventron al'u
gl ass, anorphou | ass,..sil.icon, titan, cergmcs, and a varj.et f resins.
Any _non- lltRee] et AL high Fedie Gy POMEHouE g PR ROVER OAFEA% Bfed ARt T at o
or a glass substrate such as a crystallized gl ass substrate and an

amor phous g adansexhaust §ine §6s preferably used. The process of producing a
magneti c di sk generally starts with cl eaning and

10 BEST MODE FOR CARRYING OUT THE INVENTION

The method of producing a discrete magnetic recording medium of the present
invention is described in detail hereafter.

Any magnetic film structures of magnetic recording media currently widely used
are applicable and the magnetic film structure does not affect the forming of

15  discontinuous tracks of the present invention.

The magnetic recording medium of the present invention can be a longitudinal
magnetic recording medium or a perpendicular magnetic recordiﬁg medium. Th§:
non-magnetic substrate used in the magnetic recording medium of the presen;t invention
can be a substrate made of an Al based alloy such as an Al-Mg alloy, conventional soda

20  glass, aluminosilicate glass, amorphous glass, silicon, titan, ceramics, and a variety of
resins. Any non-magnetic substrate can be used. Among them, an Al alloy substrate
or a glass substrate such as a crystallized glass substrate and an amorphous glass
substrate is preferably used.

The process of producing a magnetic disk generally starts with cleaning and

25  drying a substrate. It is desired for the present invention to perform the cleaning and



drying a substrate. It is desired for the present invention to performthe
cl eani ng anddryi ng before formng |ayers for ensuring the adherence of the
| ayers. Pwotb@voiidine substrate size is not particul arl ypcegpziosbizgen i n t he
present invention. In the present invention, a concave-convex pattern
designed in accordance with track int ervals is formed on the surface of the
substr at edand, her} a .ma%net ifc Iaé% réd pL her s [ e formeﬁ l_Eshert on to
produce a“PHENETITE 1PRUBE YRGS HREdPtive peagl ?rf%(éequi,e]taﬁ%rs‘fo ¥ lQfﬁr’ngetechni que
is used as shown in Fig. 1. 1) Athin filmlayer (hereafter terned a

pr e- enbosbsEYe size s RS Partisrlrly gesiricthirdaths BT VEHIMern is formed on the
surface of a substrate (see Fig. IA). 2) Anetal nold éstarrper) havi ng on
the surface a clortbapesanmwentignitconspvdeonygrephteny degieoed ddaacpmleicd witkr val s
is placed agai nst the surface of the pre-enboss layer 2 fornmed in the

process ljrackndtepvabsisdomuaderthé bghacpof druubsttate fral, hea aonagmatielayenate pattern
3 in the formof tracks on the surface of the pre-enboss |ayer 2 on the

subst rat e;@fsfaACRris® thefdod-to bRducé® magi@ieordiM3gRedilia. S Sﬁb%‘iﬁ@tll?, thehas a
di sk shape, the concave-convex pattern 3 is concentric or spiral in the

pl ane vi ey The e- v, : consi sts of convex parts 3a having
a wdth oﬂllgypl}r?%%?%ﬁa@%ﬁ 135/%8&2&%;%88‘8&&)@?%% and convex parts 3b having a width
of approximately 0,05 t .2 m and, a depth of , approxitately .0.05 to 0.15
m m when t he co%ca%)gh‘%ﬂwgﬁyeﬁg}]ﬂetrﬁagﬁr f@@@?ﬁéﬁe@hﬁqw qr?"‘%‘é‘&%?di ng
medi um di sk applied to a magnetic recordi nq%{r&gr oduci ng, devi ce such as one
for a per<QWAYC-eQEYPatten T fosaedpmihs sarfageo ﬁr%?/(%glgo\‘A)an exanpl e
applied to magnetic recordi ng nedia having the current recording densities
and, theref or e, 2)not mesaltméld ($tgrapérn having pn Swenitfapas eanchomcoryex pattersor di ng
| ayer 5 consisting of a non-magnetic primary |layer and a nmagnetic |ayer is
f or meth ondésligned dhsdesaédtrdcknatervals is ipiaced ngans theosuviase @bthe prererdbdse tayerl

2 formed in the process 1) and pressed under high pressure to form a concave-convex

vpattem 3 in the form of tracks on the surface of the pre-emboss layer 2 on the substrate

surface (see Fig.1B). For example, when the substrate 1 has a disk shape, the

concave-convex pattern 3 is concentric or spiral in the plane view.

15 The concave-convex pattern 3 consists of convex parts 3a having a width of

approximately 0.2 to 0.05 u m and convex parts 3b having a width of approximately
0.05t0 0.2 1 m and a depth of approximately 0.05 to 0.15 u m when the

concave-convex pattern is formed on a magnetic recording medium disk applied to a
magnetic recording/reproducing device such as one for a personal computer. These
20  numbers are given by way of an example applied to magnetic recording media having the
current recording densities and, therefore, not restrictive in the present invention.
3) Arecording layer 5 consisting of a non-magnetic primary layer and a
magnetic layer is formed on the substrate 1 having the concave-convex pattern 3 formed
in the process 2) (see Fig.1C). Here, according to the difference in dimension between

25  the thickness of the recording layer 5 deposited on the concave-convex pattern 3 and the



in the process 2) (see Fig. 1C). Here, according to the difference in
di mensi on between the thickness of the recording |ayer 5 deposited on the
concave- cwowveos/padiiern 3 and thestep magni tude of the cecrtavmosorsyex
pattern 3, when the step nagnitude of the convex-concave pattern 3 is
| arger, the recording layer 5 is |less feposited on the inner walls of the

steps of the concave.gonvex pat he pr.oces over age.
Ther ef or es,teﬁ ngrp@?glp gﬁﬁdzopﬁ@vg?wés{@aﬁtﬁﬁﬁﬁ%gﬁg%ftfgpealagﬁl?lf(%eo?tt)%t tom of the
concave part (groove) 3a and on the top.of th ,c?nv x part 3b as shown in
Fig. 1C CARECHRQIEYS Batiesy e s Igregs dhe IHEPd NIy Ee 18 %gﬁmt e HGI@ Y ayer or
| am nate of nultiple layers. Alternatively, a multi-layer recording |ayer
or a conpwalls afahs steps oftt maw@onva)yeat@ra)é@eﬁwsg Ppthe preases ¢ayRElge! ayers can
be used. The recording |layer 5 can have an overall thickness of

appr oxi metlgdrgfofe, @2 recorfingQayer Mis dhpinly deposiaborethe bottayef tie cncdvegmrta Si O2

| ayer is deposited on the recording layer 5 to fill extrenmely narrow
concave p@kdove3d Mddtthbesp\eane toriek padi3h s bGvinRIFiFRANEthe nfdghstiance

a

(hereafter terned the filling process). Here, the concave part (groove) 3a.

on the suplgas,af ntlsa1Bgashd etﬁ@ﬁﬁé}lgilaﬂgr HPQiaﬁ‘th%t;é Pf%nhgﬁge ﬁg&@' y with the

non- magnetic substance to create a non-nagnetic side the
concave papt 3a..5) T the surface of the.non-negnetic.layer 8 |

sroot hed Bmidye sk R daftobting B5G A I PRIRC R u R G e
snoot hi ng process) .(see Fig.2A and B), Preferaply,_as shown in Fig.2B, the
non- nagne‘?‘i‘é‘pfeaé‘é?t‘@aﬁl%ﬁféicﬁ% eB?‘Fﬂt hé‘h? EESF R Y Py ean ipve ga gxetelle " convex
part 3b is conpletely renmoved and only the non-nmagnetic substance filled i

t he concathekpesstof 3pproximdtdy Ad2-to@@fetiro. filling 9 remmins. 6) Then, a
protective layer 4 is forned (see Fig.2C). In Fig.2C, the non-nmagnetic

1110 9 remeis)s RhoHdhdiai )¢ sueh of IRRO GG ARRRNFOPBEecdRhE e

layer 5 to fill extremely narrow concave parts 6 formed between tracks with the
non-magnetic substance (hereafter termed the filling process). Here, the cohcave part
(groove) 3a on the surface of the magnetic recording medium is filled deeply with the
non-magnetic substance to create a non-magnetic filling 9 inside the concave part 3a.

15 5) Then, the surface of the non-magnetic layer 8 is smoothed by, for example,
polishing or dry etching (hereafter termed the smoothing process) (see Fig.2A and B).

Preferably, as shown in Fig.2B, the non-magnetic layer 8 deposited on the
recording layer 5 above the convex part 3b is completely removed and only the
non-magnetic substance filled in the concave part 3a or the non-magnetic filling 9

20  remains.

6) Then, a protective layer 4 is formed (see Fig.2C). In Fig.2C, the
non-magnetic filling 9 remains along the spiral or concentric concave part 3a in the plane
view when the substrate has a disk shape.

In place of the processes 1) and 2), a stamper is directly placed against the

25  substrate and pressed under high pressure to form a concave-convex pattern in the form

n



vi ew when the substrate has a di sk shape. In place of the processes 1) and
2), a stanper is directly placed against the substrate and pressed under

hi gh pr eswoneodimi1dior m a concave-convex pattern in the fecrgP2dsasks) on t he
substrate surface, enabling the sane processes as shown in Fig. 1Cto
Fig.2C to be perforned. In such a case; the non-magnetic filling is created
in the concav apt directly.for .in.the substrate. In the. present

i nvent i on&%ﬁf‘cg? $‘?T£hte(§fl U %&%{?ﬁ?’ﬁnﬁgl%@gﬁsﬁrﬁe PIREeSSr ot sbawn l%flggln(?%) can be
a filmformng apparatus Ahaving a chanber 10 in which a non nmagnetic
subst r at eFigR2Ctabepsriogpedduced upright, target menbers 12 on either side of
the non-nagnetic substrate 11 and nmagnet plates 2 1 on the opposite side of
the target mentlesudpa tasetthe noommagnefireliliiog sudysatediinethe apndawe paradisertiyn
parallel, and a high frequency power source 22 can be connected to the
target nefsbaesinltBe kibsapel y a hi gh frequency voltage as shown in Fig.3 by
way of an exanple. In the apparatus structure in Fig.3, a bias power source

23 fors appl yi ngphhOhteldne sH2RGN, BifAM- R Id 3P phratus ASREG IR ploRes&€3) and
non- magneti ¢ substrate 11 and a direct current voltage can be applied to

the targe re§, 12 | L . ' I .. The bi as
power soujr')ccgE %cfgﬁll‘%gh &g?a%%%tuga ﬁ#ﬁﬁﬁ%ﬁgﬁqggﬁgﬁg%onégé%%%\%% h a feed
port 15 haying a valve. for, intraducing.a sputterin as. . 13 .gand an exhaust
bipe 16 hapriige ! g3 bringiuced wbrehs 4 eht Mt SoET 895 260m punp so as
to create a vacuumin the chanber 10. In this exenplary filmformng
appar at usnoR-magretic spkstrasy Hsangiagnet plaies ¢ h ar1ls orpositesideaf the targd a
predeterm ned pressure and the sputteri ngaﬁas 13 is introduced through the
f eed por t mg¢mbenl Zhodbkinen-pmlagestis subsirate ¢an eaplapst imparblelsantba high fsgiencyig a
thin filmon

10  power source 22 can be connected to the target members 12 to apply a high frequency

voltage as shown in Fig.3 by way of an example.

In the apparatus structure in Fig.3, a bias power source 23 for applying high
frequency bias voltage is connected to the non-magnetic substrate 11 and a direct current
voltage can be applied to the target members 12 in addition to the high frequency voltage.

15  The bias power source 23 can be eliminated.

The chamber 10 is provided with a feed port 15 having a valve for introducing a
sputtering gas 13 and an exhaust pipe 16 having a valve for coupling the chamber 10 to a
vacuum pump so as to create a vacuum in the chamber 10.

In this exemplary film-forming apparatus A, the inner pressure of the chamber

20 10 is reduced to a predetermined pressure and the sputtering gas 13 is introduced through
the feed port 15 to produce plasma near the target members 12, depositing a thin film on
the non-magnetic substrate 11 in the chamber 10 by sputtering.

It is preferred in this case that a high frequency voltage bias ranging from 5 to
400 MHz be applied to the non-magnetic substrate 11 by the bias power source 23 and

25  that a higher frequency voltage be applied to the target members 12 than the bias applied



t he non-magnetic substrate 11 in the chanber 10 by sputtering. It is
preferred in this case that a high frequency voltage bias ranging fromb5 to
400 MHz bwoap@liiesdit o the non-nagnetic substrate 11 by the/sbroasosover
source 23 and that a higher frequency Y(ﬁl tage be applied to the target
menbers 12 than the bias appliedto the‘non-magnetic substrate 11. For

exanpl e, igh fr enc f MHz is preferably applied to the target
menbers 1 ,tﬁi o} ea%gealchslué?ltpaft? Zguency of 13.56 MHz is applied to the

non- magneti c supstrate 11 . The magnet. pl.ajes 2 re placed behind the
target nenbers ﬁ%,ex?‘églﬁeﬁbiég feﬁ}‘e‘%isqféﬁl%zﬁ%?f?#@aaql%%g@?ﬁéo tsteeFon as in
t he magnetron sputtering. The nmagnet fpI ates 21 have on the surfaces small
magnet s Muambarsdddl1? when g high fiquenayi aft 3130eYIFzdp penlied do gsinenimagnstic
alternating at regular intervals. Magnetic fluxes fromthese magnets M

appear i nsubsfratad]l. conpl ex profile. Producing fine magnetic fields at the
target nmenbers 12 of the filmform ng apparatus A, these magnets Mcreate a

hi ghl y5 strong nmagnahget blaeds@ 1 neaplatditbehBiddBé B ARt BReppetREnce hi gh
density plasma. This causes the target nenbers 12 to rel ease sputtering

particl esb%ﬁcaﬁ% Iﬂbﬁﬁﬁﬂ'ﬂ@yaﬁqeqﬁ%@gi%é id@dinhd ABRbA *ut&nﬁg.mgnet plates 2 1

havi ng the magnhets arrange escribed above can be rotated during

filmformng f further, uniformfilmdepositign. ln the present 4 nvention,
the magnet 1o 11 RS Pl Hollk i ARG el e s SrRBg R e
frequency vol tage .applied to.the target menhers 12 serves to jonize a

| ar ger nu%@WI@gh%a?fnoat%g?@ﬂé%?daltﬁalaﬁag aegylppinteryaly m Magngtigdluxgs B8mang

orientation that cannot be achieved by conventional sputtering techniques.
Ther ef or ethege mAgnety Myappeardn apime depedex p@fthi | e the fine concave part
(groove) previously formed on the substrate surface

10 Producing fine magnetic fields at the target members 12 of the film-forming

apparatus A, these magnets M create a highly strong magnetic field near the target
members 12 and produce high density plasma. This causes the target members 12 to
release sputtering particles at a high ionic density. Additionally, the magnet plates 21
having the magnets M arranged as described above can be rotated during film-forming
15  for further uniform film deposition.
In the present invention, the magnetic field created by the multiple fine magnets
M and high frequency voltage applied to the target members 12 serves to ionize a larger
number of particles, leading to excellent film coating rates and orientation that cannot be
achieved by conventional sputtering techniques. Therefore, a thin layer can be
20  deposited while the fine concave part (groove) previously formed on the substrate surface
or on the pre-emboss surface can be preserved as it is.
The small magnets of the magnet plate of the present invention are preferably
for example 5 to 30 mm in size and either rectangular or circular in cross-section.
These magnets are arranged in a grid with their opposite polarities alternating at intervals

25  of approximately 0 to 20 mm



or on the pre-enboss surface can be preserved as it is. The small magnets
of the magnet plate of the present invention are preferably for exanple 5
to 30 mMmwo 280z@1@mnd either rectangular or circular in ecogsmscisdvan. These
magnets are arranged in a grid with th%ijnr opposite polarities alternating
at intervals of approximately 0 to 20 The stanper used in the process 2)

can be for exam@ sﬁnﬁ@f ed P ﬁlte?rg@:\éé afl bfeiereextaFrﬁ(l:é(? %%%lﬁ%&: eaQ/('i#EEefj by

el ectronic lin raw ng techni ques. The stanper shou a

mat eri al ving, hardness and durabi llity, so that it can,w thstand

process. E%re tr@)%%ﬂ%ﬁeg,’ ﬁfrﬂlgggty 8 nggélr?elgéavr‘Q‘Bﬁéech?lqﬂfsf per ?}F‘Ré’tkgg%lrrper
can be nmade of .any material as long,as it. neets the purpose descri bed
above. Th&fg @%'at%ﬂaiga\ea&h%rép?sy agéﬁv@béitbP&thabép%wrfés@%w@soo&wst
patterns, gray code patterns, preanble patters besides tracks for recording
regul ar dawaexdnmpletibe stampenpgnpeseasisof i, Hhwevontheragmper canshesedenaf@ngan be
filled for exanple by a dry process. Representative materials include Si Q2.
Howevef, intatérial aplonges itrmestetie pardosaidesatibédubonat eThedtarnperndyd-caagaeyi ¢ and
does not inpair the performance of a magnetic recording nedium In the

filling pse&esmknal ieRRRusBLA WiritpaliBhg dray) c&f)@%ﬁ%k‘,rﬂréeﬁﬁm ?at{te%r!; bedidag

extrenely fine and deep concave part (groove). Unless the filling process

i's perforngg qu%ngdYnI%F%g?l?faét& i nteraction between tracks nmay not be

conpl etely oC cient recording/reproducing properties cannot
R T T MO T T
1m0 m0g GRRRLaLUS A, A0 SRULLSELDG, LESR QU secard. g Lo Lhe resent
Conca\llg pig }on:fg)%s ?ﬁe rﬁatgiiglr}s Il(i)rll-lnlaggetircaatn?i d%gg n(ﬂ?fr)l?)ziir ttlie performance of a
magnetic recording medium. In the filling process, the non-magnetic material should
uniformly fill the extremely fine and deep concave part (groove). Unless the filling
process is performed properly, magnetic interaction between tracks may not Be
completely blocked and sufficient recording/reproducing properties cannot be expected.
15 Gaps may cause contact with gases such as oxygen, causing possible adverse effect on
corrosion resistance.
Therefore, the film-forming apparatus A and sputtering technique according to |
the present invention can be used to allow the non-magnetic substance to fill the concave
part 3a at a high filling rate and deposit.
20 ~ In the smoothing process 5), the concave-convex pattern on the film surface
after the filling process is smoothed to a level sufficient for a magnetic recording medium.
To do so, for example, chemical mechanical polish (CMP) or ion beam etching (IBE) can
be used. However, no techniques are disadvantageous to the present invention as long

as they can smooth the surface of a magnetic recording medium without deteriorating the

25  performance of the magnetic recording medium.



In the snoot hing process 5), the concave-convex pattern on the filmsurface
after the filling process is snoothed to a level sufficient for a magnetic
recor di ngwordisaomie1To do so, for exanple, chenical necharceabP2q@sbizedn ( CVP)
or ion beametching (1 BE) can be used. However, no techniques are

di sadvant ageous to the present i nventibh as | ong as they can snooth the

surface of a netic recording. pedit i t deterioratin .

per f or mance O%l%%&ei@agngg%%%%h% “n?i lgeel?Yaﬁl f %‘% %g%r%}el?ri c
recordi ng/reproductjon, it is advantageous, for hi gher density. nagpetic

r ecor di nglanRkY magReticdgreding thag ‘B%gnF’ﬁ‘bg?aéjob Oqt‘?cg"lsleigﬂ%@s Ef&é‘éi%l gﬂ.]neOne of
the characteristics of the substrate of a nmagnetic recording nediumis
excel | entofshechdtanseristicTpfethe Sehrstratetai@ maghstie rpcerdingemediam iy enepblent sur f ace
roughness (Ra) of 1 run or smaller, even 0.5 nmor snaller, particularly
0. 1 nm orsmseahness.. Therdfbe, thecobsmt)refeaaby bisecurfaee faughméss (Rayrafdchm
Cenerally, a thin filmof dianond-1ike carbon is deposited by deposition

t echnisquess spigler, 3%erdH. CYR o H@VBIE partichilatly 0MOAmI@Sinkil&t ed to this. The
protective film4 used in the present invention is considered to be one

general |y used @s, %E%Q?Z,ira%i&%&‘?vredﬁlﬂgis%‘?%éam @e%x%‘ﬁﬁr,i a};ﬁirf fgluc f Besi des the

above, the protective l'a can be a carbonaceous fayer as C,

hydr ogenat.ed C, ..nitrogeni zed.C. anorphous .and Si enegral | v .used
prot ect i v%‘a??ﬁ?%thpﬁf:arg%&ﬁ dggoséﬁee}f,y dgpyion tg???i‘l%eﬁ.su%%ﬁ{ﬁpgqgct i %%e‘feé’s}gr can
consist of two or nore |ayers. The protective layer 4 used in the present
i nvent i oniSHAETeSTCIFAIRAESS of 1 to 10 nmand, preferably, 1 to 5 nm It is
preferred that the protective layer 4 be as thin as possible to the extent

that it still eHwupretsctine @bl 4 pseg inthe present wventids is copradered todisrangant | ayer
be fornmed on the protective layer 4. Lubricants used for the | ubricant
| ayer10 ncgandenllylused asreembgriztic camording mediune proenive fibmi cBedidgs the above, the
protective layer 4 can be a carbonaceous layer such as C, hydrogenated C, nitrogenized C,
amorphous C, and Si, or a generally used protective material such as SiO,, Zr,03, and
TiN. The protective layer can consist of two or more layers.
The protective layer 4 used in the present invention has a thickness of 1 to 10

15 nm and, preferably, 1 to 5 nm. It is preferred that the protective layer 4 be as thin as
possible to the extent that it still ensures durability.

It is preferable that a lubricant layer be formed on the protective layer 4.
Lubricants used for the lubricant layer include fluorine lubricants, hydrocarbon lubricants,
and mixtures thereof. The lubricant layer usually has a thickness of 1 to 4 nm.

20 The method of producing a magnetic recording medium according to the present
invention can be applied to the production of other discrete track magnetic recording
media. An exemplary process is described hereafter.

1) A magnetic film is deposited on a substrate by using a conventional

technique to produce a magnetic recording medium.

25 2) Aresist is applied on the surface of the magnetic recording medium, and, if



and m xtures thereof. The lubricant |ayer usually has a thickness of 1 to 4
nm The nmethod of producing a nagnetic recordi ng medium according to the
present iwopenddmmsican be applied to the production of otbenpeiosorsese track
magneti c recordi ng nmedi a. An exenpl arygrocess is described hereafter. 1) A
magnetic filmis deposited on a substrate by using a conventional technique

to produceama et.i rd|n e applied on the
surface df° ?Sﬁ%ry%@tfnlég?lgowe r Pch‘g?‘%ﬂen“@ vgr?é{ra% %%‘8%?@8?555 this is

foll owed by cal cination to renov or gani c sol vent anper
havi ng on the é‘jrf%étéma%}éﬂ’{b’% SﬁW E}Peﬁa‘t“g&?"ﬁ'cd’é%?’bl’%ﬁr‘? g@‘ﬁﬂ‘@é& Ted track
intervals is placed against the medi umsurface obtained in the process 2)
and pr essdsdireshideck infegtalyis iased egadest theamedineg suofaecsahsaiveshinghe pedcessiZ) in t he
formof tracks is transferred to the resist on the nmedi um surface

(her eaf t emndtpeéss@bunidee highiprésatirepo oleae fs) conddveldvmveepatein inphef@ot ofteacks | m  and
magnetic | ayer on the surface of the magnetic recording nmediumare partly

renmoved by t@ndf@edodHEre84ESN B ri¥dYuR kGiThdeq hokaft@asiniedehd Pipritt pRIcRSK).
Consequently, the concave-convex pattern remains on the magnetic recording

medi um al ong thg CANGAVG 13393\6@% ﬁ\fn‘?‘%ﬂ rﬁ%ﬁm@%‘r‘@'la{y@r Iﬂ‘ﬁe Riae%Eme) (hereafter

ternmed the etchl ng proceé tic’substance such as SIQ2 is

dep05|te exa uttering to,fil xtremely arr rooves
forned bangehc FBERE et Y bhl Rghel Lo lsBlbhe MEmhe PRSI Eb P
concave-convex pattern remainin on the surface is snoothed b for
exanpl e, rﬁ%‘ft}V§H‘i’rh5‘C]6‘Pgdr§°’é¥8Pﬁfﬁ'§ the pongaygcpRvex papeigremping gn Smis
deposi ted again. Using sputtering in the process 5) of the present

i nvent i onmaghiséc cesneding medium along the concave-convex tracks formed in the process 3)

10  (hereafter termed the etching process).

5) A non-magnetic substance such as SiO, is deposited, for example, by
sputtering to fill extremely narrow grooves formed between tracks with the non-magngtic
substance.

6) Then, the concave-convex pattern remaining on the surface is smoothed by,

15  for example, polishing or dry etching.

7) Finally, a protective film is deposited again.

Using sputtering in the process 5) of the present invention, the concave part
formed on the magnetic recording medium can be filled deep with the non-magnetic
substance, producing a magnetic recording medium having excellent electromagnetic

20  conversion properties because magnetic interaction between tracks is blocked in a
reliable and highly precise manner.

A magnetic recording device having a high recording density can be realized by
a combination of the magnetic recording medium of the present invention, a driving part
for driving it in the recording direction, a magnetic head consisting of a recording part

25  and areproducing part, a means for moving the magnetic head relative to the magnetic



formed on the magnetic recordi ng nmediumcan be filled deep with the

non- magneti ¢ substance, producing a nagnetic recordi ng nmedi um havi ng

excel | entwel2eeiomosmgnet i ¢ conversi on properti es becausePUaEgREINF/G13990
interaction between tracks is blocked in a reliable and highly precise
manner. A magnetic recording device hanng a high recording density can be
realized bg a; conbj.nat i o(f[] of tdhe rga%rc’lgéii ¢ 8 ordi n% nmedi urrtlgof rtfhrtramltl)resent

i nvent i onrcc UG T HEp &4 2 169" H&reP GUTPE PRI AR T B IAY 8 PECYTENE a
magneti ¢ head consisting of a recording part and a reproducing t, a
means f or SIERA) IRy trBe mipgReis head @B ropsy }r\g@%ﬂﬁwgamﬁmtﬁeéﬁ%@sﬁgﬁﬁm-

medi um and a recordi ng/reproduci ng signal processing neans for perform ng
si gnal input toWith¢hamegerdingdrasksion %@@%W@éi!’@inhgsieﬂ yoliscostigyaissther om t he
magnetic head. Wth the recording tracks on the nedi um bei ng physically

di scont i niepteglucibh deddcgidodusting Head caralinde heady thengmbeddthadiilethye nearly the
sanme width while the reproducing head is smaller in wdth than the

recor &j ngrebRAUCInE heAdR srafleiSinivAtifhahsh T @edo‘i‘nﬁihﬁ BELEInYrddFag BRhirfatd thansi ti on
regions at the track edges in the prior art. hi this way, a nagnetic

di na ; . o . _ > y ti
Can b+ nfEchaliBr dRieh i Gl Bllbnd SIMECHE (il BHREWIORRE Tt MibNaR Ll (2 o
be constitute

. by a.G\R head, or. a head so as t bt ai n. icjently
trong s BTG SeoRfigREIarEe it e epsner ol AhEA B MRS ot of i ng
devi ce having a hi gh recordi ng density. When such a magnetic head is
f1oat ed atandergalizeff 0.05 to 0.20 mm which is lower than in the prior art,
the output is inproved and a higher device S/INratio is obtained, providing
a highly reli abfuthermenst the reproducing phetofdhe magneiy head aarglee eccmptilatadyby arhe
recording density can be further increased in conbination with a signal
pr ocedsi NnGMR heddi dr af TiVIRrexd swia3 ol dbedin baffidieddy sttlonpgsignbitseat higher reewalingd e, S/ N
rati os sufficient for

densities, realizing a magnetic storing device having a high recording density.

When such a magnetic head is floated at a rate of 0.05 to 0.20 pm, which is
lower than in the prior art, the output is improved and a higher device S/N ratio is
obtained, providing a highly reliable magnetic storing device having a large capacity.

15  The recording density can be further increased in combination with a signal processing
circuit for maximum likelihood decoding. Then, for example, S/N ratios sufficient for
recording/reproducing at a track density of 100 kTPI or larger, a linear recording density
of 1000 kbplI or larger, and a recording density of 100 G bits / square inch or larger can
be obtained.

20  Examples

A vacuum chamber in which a HD glass substrate has been placed was
vacuumed in advance to 1.0 x 10 Pa or lower. The glass substrate used was a disk
made of crystallized glass containing Li,S1,05 (%), Al,O3 + K,0 (%), MGO + P,0s (%),

Sb,03 + ZnO (%) and having a surface roughness (Ra): 5 A, an outer diameter of 65 mm,

25  and an inner diameter of 20 mm.



recordi ng/ reproducing at a track density of 100 kTPl or larger, a linear

recordi ng density of 1000 kbpl or larger, and a recording density of 100 G
bits / somereodmediior | arger can be obtai ned. Exanpl es Acvraerwsmohgmber in
which a HD gl ass substrate has been placed was vacuuned in advance to 1.0 Xx
10 5 Pa or lower. The gl ass substrate Ised was a disk nmade of crystallized

(% and havi ng 35S0 REbE P Asaee (ks asocesd B Bekhrs sty nBdnes

and an inner dianeter of 20 mm A SiQ2 filmas the pre-enboss | ayer was
deposi t edthe substrats ykneosyerfonabepuligiinhictid&bst rate by a conventi onal
sputtering technique. Then, an NI stanper previously prepared was used for
i mprinting. ThrBensamNpgamperavevigudy preaated pias aibedofor Bopmmtingl 00hreey and 200
nm respectively, were prepared. The groove (the concave part of the
groove) hagmpersd@piing afra2lOpiteh ofHHCHM SIEMIR and290 W€ despattbelyt, oets @apaedi x
inprints. Anong the substrates, one substrate was sel ected for each track

pi tch ;andrRe %%@é (R cdnRhREpFURSHE BloB%e)IRHR &gﬁimot&n.appa&&kme@wsﬁo oC.
Then, N Al, Mo6, CoCrPt, CoCr20B6Pt8, and protective |layers and a

fluorine | uhri A eposited in sequence. The |ayers were all
u%?/ t\k_@@g% ﬁxt%gt%@}x Wrﬁ(t)sd

deposi ted . ering. "bi as vol tage was applied to the substrate.
i mtorni ho. - Thmops HErupsle ol HbeeHE Mt rdrdedirt sfh Prkmehen{ g |
CoCrBPt / CoCrPt / Mo/ NA / substrate. Anong them the CoCrPt
conpr i sedoiithree substyates veepg heasedoteiappogrimately 23 01°8y e rThga.dNi CiNed, GRCHRY
t hi cknesses: N Al (a thickness of 600 A),
CoCryB¢Pts, and C protective layers and a fluorine lubricant agent were deposited in
10  sequence. The layers were all deposited by DC sputtering. No bias voltage was
applied to the substrate. The argon partial pressure was approximately 7.0 x 10" Pa
during the film-forming.
The final layer structure consisted of, from the top, C / CoCrBPt / CoCrPt/
CrMo / NiAl / substrate. Among them, the CoCrPt comprised Co — 42Cr — 2Pt
15 [atomic %]. Each layer had the following thicknesses: NiAl (a thickness of 600 A),
CrMoé6 (a thickness of 100 A), CoCr20B6PT8 (a thickness of 250 A), and C-(a thickness
of 50 A). These samples were designated as Comparative Examples 1, 2 and 3.
On the other hand, among the substrates, one substrate was selected for each
track pitch and a total of three substrates were used for film-forming by sputtering
20  according to the present invention.
Electrodes used in the sputtering process had a circular shape having a diameter
of 420 mm, over which Nd-Fe-B magnets having dimensions of 10 x 10 x 12 mm’® and a
magnetic flux density of 12.1 kG near the magnetic poles were arranged in a grid at

intervals of 40 mm. Adjacent magnets had their magnetic poles oriented oppositely. A

25 60 MHz RF power source was connected to the electrodes and 1000 W power was



CrMo6 (a thickness of 100 A), CoCr20B6PT8 (a thickness of 250 A), and C (a
t hi ckness of 50 A). These sanples were designated as Conparative Exanpl es
1, 2 and Wo 20w/ dib@10ot her hand, anong the substrates, onecsubsisatgoonas
selected for each track pitch and a total of three substrates were used for
filmformng by sputtering according t¥the present invention. Electrodes

R e MR R S T

and a magnetic flux density of 12.1 kG near the magnetic poles were
arranged $ubstaatgwag approximasely 410X &9 g0 nivhichdjad been fonng ireansthes gtudpiei r
magneti c pol es oriented oppositely. A 60 MHz RF power source was connected

to the el ghldi@egsy aRAnv&HIbs Bf BRVREseHBina@Rioned. The Ar partial pressure was
adjusted for 1.3 Pa. The plasnma density near the substrate was

approxi mately 1,Q,.4,10 forlliov&mte ’p{%@@isscé'bob@gs heeR ad ?&Hgfi)lé, ﬂleas'ﬁg%}ﬁ% waé udy

conducted by the 1nventors o e present invention. In order to followthe
proces ove as nmuch a Si.bl t r aj.e was - heat to

Dot o bl SRBPOEmATESON A ThenRpAT L SCE e SeRdT Y S ¢
protective layers and a fluorine |ubricant agent were deposited in
sequence. protestivalpsers ap@ pdlugrine bibpisat meentyere genosised wgeaesnee-di e lapers he
present invention. The Ar gas partial pressure was 6 Pa, the RF applied to

t he t ar getverevidisdepobteld\By spntderitpeacBizdhigas thuwamre L0inwéntiim. bi as was applied to
the substrate. The deposited alloy conposition and |ayer thickness were the

sane as those ofhdRh@amattial rés:asPlass Pa, the R¥ applied By @ idigels WagnStiw,
recording nedia were designated as Exanples 1, 2, and 3. Then, Conparative

Exanpl es ath DcEpds %\Aﬁmq& Nd BiadwiehSHIRIR ﬂleisﬁsgtfa%!cq%eid@péé?@dlahgyf;l >F/{F

vacuunmed chanber, 1n Ich a SiQ2 non-magnetic | ayer was deposited

ts Eluz:Lﬁdels 2 g?ﬂ;)%ﬁio%i a% 153%9 tHIBgRs! \ifvgre ltﬁ‘é@a&ne\/@sthgs% %?%o‘in%%att&e %}al%}éﬁ'é 146 3.
The produced magnetic recording media were designated as Examples 1, 2, and 3.

Then, Comparative Examples 1 to 3 and Examples 1 to 3 were again introduced
in the highly vacuumed chamber, in which a SiO; non-magnetic layer was deposited by
RF sputtering. The SiO; non-magnetic layer was deposited to an average thickness of

15 300 A.

Further, the surface was smoothed by ion beam etching. Each sample was
introduced in the vacuum chamber previously vacuumed to 1 x 10* Pa.  Ar gas was
introduced to a partial pressure of 5 Pa. 300 W RF power was applied to each sample to
etch the sample surface.

20 These three samples were designated as Examples 1 to 3.
Examples 1 to 3 and Comparative Examples 1 to 3 were evaluated for electromagnetic
conversion properties using a spin stand. Different heads were used for the respective
track pitches in the evaluation.

The conditions given in Table 1 were applied. The SNR (signal-to-noise ratio)

25  was measured in recording 750 kFCI signals for each combination.
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Consequently, as shown in Table 1, significant improvements were observed in

RW (recording/reproducing property) such as the SNR and Squash compared to

Comparative Examples that are continuous mediums.

Supposedly, this is because the

concave-convex pattern was almost preserved and the tracks were sufficiently separated

when the sputtering according to the present invention was used while the

concave-convex pattern formed on the substrate surface was impaired by medium

film-forming and the tracks were not sufficiently magnetically separated in the prior art

sputtering technique.
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non- magneti ¢ substrate, and magnetic plates on the opposite surface of each
target nmenber to the substrate are placed in parallel in a filmformng
appar at uswowbh@riéei1a hi gh frequency voltage is applied toriemosaryst
menbers, the opposite polarities alternately occur at regular intervals on
the surfaces of the nmagnet pl ates, andlg sputtering gas is introduced to
the filmformng apparatus to prodUC@LRh\ﬁgma near the target nenbers,
thereby formng a thin filmon the non-nagnetic substrate by sputtering. 2.
The net hod of producing a discrete magnetic recording nedium according to
Claim1 characterized by the fact that said plasma near the non-nmagnetic
substrate placed in the filmform ng apparatus has a density of 1 x 10 1 1
/ cnB or hi gherA ngthorhef preduson adisgretgdurginaic cdiding mediumdmpvetg mhysigalty di ng
medi um according to Caiml or 2 characterized by the fact that a high

f r equencydisakteanspnbiiasecorliapphdkednd sersabignalqrattamg oetat kastwhs tudice.of 4. The
nmet hod of producing a discrete magnetic recordi ng nmedi um accordi ng to any

one ofsd aéﬂrﬁaa%nétfa sab&hd, *R4ractbaRd Bmhé kRt gt that a direct current
voltage is applied to said target nmenbers in addition to the high frequency

vol tage. 5. Th%h%%%-%gaigﬂgticg{]u%%ﬁéﬂ&g& ﬂ%@gérﬁfoﬁ eﬁg&%}ﬂﬁg% 5t:tﬁﬁr di ng medi um

according to Carm aracteri-ze t he ct t i gher frequency

is applied to said target nbers.than to.said substrat .. The met hod of
br oo ngta-egR B, ab% Bkt i oG P S HAT PEb P ne. of
Clainms 1 to characterized by the fact th said magnetic plates are
rot at ed. me"%ﬁxetor%% HURte A RIacRdith @argﬁali 1§@?€P’efafﬁ%§j]¥étﬁpéra¥‘l§c}¥hﬁﬁﬁ’ga medi um
according to any one of CJains 1 to 6 characterized by the fact that said
non- magnehigh fregbency alolagrais appleasiie dhectargshingmbprst the oppelitegotarifies or med on at
| east one surface or formed on a thin filmon at | east one surface.

10  alternately occur at regular intervals on the surfaces of the magnet plates, and a sputtering

gas is introduced to the film-forming apparatus to produce plasma near the target
members, thereby forming a thin film on the non-magnetic substrate by sputtering.
2. The method of producing a discrete magnetic recording medium according to
Claim 1 characterized by the fact that said plasma near the non-magnetic substrate placed
15  in the film-forming apparatus has a density of 1 x 10" / cm? or higher.
3. The method of producing a discrete magnetic recording medium according to
Claim 1 or 2 characterized by the fact that a high frequency voltage bias is applied to said
non-magnetic substrate.
4. The method of producing a discrete magnetic recording medium according to
20  any one of Claims 1 to 3 characterized by the fact that a direct current voltage is applied
to said target members in addition to the high frequency voltage.
5. The method of producing a discrete magnetic recording medium according to
Claim 3 or 4 characterized by the fact that a higher frequency is applied to said target
members than to said substrate.

25 6. The method of producing a discrete magnetic recording medium according to



8. A magnetic recordi ng nmedi um produced by the nethod of producing a

di screte magnetic recordi ng nmedi um according to any one of Clains 1 to 7.
9. A magmwoioaacandi ng devi ce conprising a conbi nati onpofr/jpiesnesgset i c
recordi ng medi um according to C aim 8, ? driving part for driving the
magnetic recording nediumin the record'%g direction, a magnetic head

const =1 00 o RSRFL 1Y PO AR BB g B e
recordi g Leprodiel g, ShSPaL BERESTELDg, Teansor SApRlyLAg.Loput Bl onal o
any one of Claims 1 to 6 characterized by the fact that said non-magnetic substrate has a
concave-convex pattern directly formed on at least one surface or formed on a thin film
5  on at least one surface.
8. A magnetic recording medium produced by the method of producing a discrete
magnetic recording medium according to any one of Claims 1 to 7.
9. A magnetic recording device comprising a combination of the magnetic
recording medium according to Claim 8, a driving part for driving the magnetic
10 recording medium in the recording direction, a magnetic head consisting of a recording
part and a reproducing part, a means for moving the magnetic head relative to the
magnetic recording medium, and a recording/reproducing signal processing means for
supplying input signals to the magnetic head and reproducing output signals from the

magnetic head.

15



