WD 20061011611 PCT/ JP2005/ 013990 DESCRI PTI ON METHOD OF PRODUCI NG A MAGNETI C
RECORDI NG MEDI UM 5 TECHNI CAL FI ELD The present invention relates to a
magneti c recordi ng medi um used, for exanple, wth a hard disk device, a

met hod of pr@suglon@it he magnetic recording nmedium and a pgagpRbici3s@cor di ng
device provided wth the nmagnetic recording nedium Priority is clainmed on
Japanese Patent Application No. 2004-2243%4, filed July 10 30, 2004, the

content of which is incorporated her?gggﬁ%€§ﬁ5 rence. And, priority is
clainmed on United States provisional n 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 nagnetic
di sks, floppy (registered ,trademark) disk, and nmagnetic tape devices, have

‘been increasingly QETSIGD \OH PROBRICINGW IMAGNETICI RECORSING MRDIUMNCE,
attenpts have been made to greatly inprove the recording densities of
magneti c recording nedia. Particularly, since the introduction of MR heads
(magneto- resistive heads) and PRML (partial response maxi mum |ikelihood) 20

techni que, the surface recording d i significantly increased.
In additSon, follow ng the recenteﬂﬁhﬁggﬂgifgﬁﬁﬁf GWVR heads (gi ant

magnet o-resi stive heads) and TMR heads (tunnel magneto-resistive heads),
surface recordi ngTHenxisery ingestipe eflates ot Bageaiicapiaréing meadaiy usobh doraiannle y.
Such magnetic recordi ng devices continuously require higher recording
densities. ith Therdedisk ésvicengnethod sfgredudimght aypenaichravirdmeanddighgeandlaevel of
magnetic retention, a WO 2006/011611 PCT/JP2005/ 013990 2 hi gher
si gnal - t 0- ngh g ctidtd Drdimdld&atd SbvideB itk tBO nfagsQlcUbiRBingfedi@AUi red. Recent
{
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
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



attenpts to inprove the surface recording density involve increasing track
density in addition to inproving line recording density. Current nmagnetic
recordi ng devices have a track density of 110 kTPI. 5 However, nagnetically

recorded iQfor ion on adjacent tracks interferes with i a W th
i ncreased ﬁ@é@@éﬁ’%hi es and noi se may occur in the mgng’#?@ké(}oa)ﬂgﬁg? on
region at their borders, inpairing the S¢ ratio. This directly results in
worsening of the bit error rate, which is a drawback to inproving the

recordi ng dpRsértygnaBes-aviserado (SNerasonpbuhd hiigh resobeionetrevesuired acResent he
magneti c recording device 10 requires highly precise track servo techniques

and repr OdUEttténg;g% ﬂfi§nﬁr8vc e{@ﬁr{f{&ﬁ'@&ﬁdih@ densi§ TR 610¢ iﬂ’@réysﬁlgttﬁ%ﬁ degG8MiAi ng in

order to elIm e as nu uence as possSible from adjacent tracks,

thereby mnim.zing .inter-track influence. t he ot her han it IS

airrou o Sin R En b BRI o Bl T i AEP g deb @ BRrS ac i
is difficult to assure. 15 In one of the attenpts to resolve the probl ens
above, a cohtadedusiyesIHETRyn is forned on the recordi ng medi um surface
along tracks to physically separate the tracks and to inprove the track
density.5Such a tHoWavermagretinaheatorded indbranatiod onadgsentteackdimefatewithack
techni que. The discrete track techni que includes two nethods: one in which a

nmagnetic ?Qsélﬁﬂ@ﬁ%ivﬂﬂ iGestdmricyddrgitiey bid wdise may 8tsuriif teaha@tic tahdigyed by
the formation of the tracks, and another in which a concave-convex pattern

is f d dj f bsty: 1t hj i
IS Torne Hg?o%t At.)fhegpw]rggrts,f’lg{gﬁgfﬁfgrﬂa?Flg\?\rlg & ;’I‘}{ilggﬁe%bfr RSk mb Sé;"llllé%f{ ntﬁ er

provided forSformn b mati1on o ilm
for a magnetijc recording medium Anong these, the J.atter.is knows as the
pre- enboss Lr@teHBHr.ateTP@‘ 1ga %@%‘%Fﬂ@&“ﬁ?ﬁéh"t‘f‘?@%}&%&?ﬁ & that the 25
physi cal processing on the nediumsurface is conpleted before the mediumis
formed. WO 2006/ 0BaGuse ¢fiie sl dstapegbaw eestracks, the magnetic recording device

10  requires 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.



Therefore, the production process is sinplified and the nediumis unlikely
to becone contam nated in the production processes. However, the
concave-convex pattern forned during pre-enbossing is not well preserved

because a Wwo twobblygrows in any direction during nedi ump&rlimobgondaeg,
making it difficult to physically separate the 5 tracks when they have a
smal | pitch. Patent Document 1: Japanese3 Unexami ned Patent Application,

First Publication No.2001-274143 Pate C nt 2: Japanese Unexam ned

pat ont AgpITRERENTEHhe PIGBPIIs BIOFERT SOIRES SGhIe TasA 1m0 DPIGR (SSBRE T

| NVENTI ON The present invention ains to greatly inprove track density and,
accor di ngl ypntamh@t@ijnft}amgode@m«mrngzss?énsgltoyveivpr, therragpastereonvexpatigithg devi ce
that is facing technical difficulties in the prior art along with increased

‘track densifgymedtivriagPed-BhBoSRipdis hbt welt presirngd bepusatin gl gaes iniagg equal to
or better than those of the prior art. It is an objective of the present

Jnvention e Bgdifondiieh Himobhil! Makin@ ki fRANE Dhsit AFLALAG fpdi um i n

whi ch a concave-convéx pattern i's preserv ng in a

di scretg track netic recording,medi um of the pre-enboss type. The present
inventign b6k %&@eﬁgi"f?&oﬂ%‘%i B&‘&duci ng a discrete track magnetic 20
recordi ng nmediumin which particles sputtered and rel eased fromtargets

or t hogonal | yPatenttldecumentibs t fapasesgirengminefl Pateot Applécasions izt Publidatianfi I mi s
formed on physically discrete, discontinuous tracks, whereby the magnetic

i nfluence o.2mjlaxm@ne3tracks is conpletely elimnated, increasing the track
density and, accordingly, the surface recording density of the nmagnetic

r2 88 g /r giﬁ g 1??%_%?%%&2)%18;5%38% ;g g Jgﬂ%ﬁﬁéseiwhé%%irﬁﬂ Pagh@ABplidadioh Erst PLbRMiBY. WO
No0.2002-15418
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 properties 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.



4 The present invention provides a nethod of producing a discrete magnetic
recordi ng medi um havi ng physically discrete magnetic recording tracks and
servo signal patterns on at |east one surface of a non-nagnetic substrate,
char act er iwWeRog0Higid fact that the non-nagnetic substratRCTARRPG139ber s
on either surface of the non-magnetic 5 substrate, and magnetic plates on
the opposite surface of each target nenber to the substrate are placed in

parallel in afiy eérggéﬁit %eﬁﬁ@?ﬁﬁwtﬁgs 2 Fndthdd ﬁﬂr@&%ﬁ%&'df‘é@e&a}g?@eﬁc appl i ed

to the target ne S, opposite polarities alternately occur at regul ar
intervals on fthe surfaces of the net plates, and a sputterin as.is

i nt r oducedSCATHEMEFINM haying P{B'Slcalﬁgag&’ie RFHF SHPE “%Itrégﬁaa'ﬁéﬁ (Y ar get
menbers, thereby forming a thin filmon the 10 non-nmagnetic substrate. In

t he presenpattenmseart atdeast omresusfage aha herrmaghdtiorubstnatgrrbaractesiapd by tedagithated in
the filmformng apparatus has a density of | x 1011 / cnB or larger. The
present i nyRMHohGRadnsti€ Baisaaicetar et thembetden dithet sidfiak of the iwh-hagwtiency vol t age
bias is applied to the non-nagnetic substrate. 15 In the present invention.

di ‘ I ' > . ddi ti
a dre : Sﬁm]:sﬁ&%, MY rﬁ?%‘%ltltegghé&eﬂnftﬂggb%g% Qurrfgt% &f%‘é&?{ar%e'frﬁm&td fieaddi tion

to the requency erred 1n the present invention that
a higher fr enc e applie ot target nmenbers.than to the substrate.
The. pr esent BT BACEHR P Eh B LaE tRPTHe P ieh FHMER i g o
plates are 20 rotated, and by the fact that the non-magnetic substrate has
a concave- armigio fettargehmeaperscenppsitopotatitiesraltgiatedy aecus abregular HEVals ofior ned
on a thin filmon at |east one surface. The present invention provides a
magnet i ¢ r theendacey offt magnet phiteseahdoayspukteringrgdashie intafdupedoidube fibln-domhiagr et e
magnetic recording medi um according to any one of above aspects. 25 The
present i nygatdt@torodice§lasthaRgN@icitargéta@hbirghetely et PHiS Filf of 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 concave-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



WD 2006/ 011611 PCT/JP2005/013990 5 conbination of the magnetic recording
medi um according to above aspects, a driving part for driving the magnetic
recording mediumin the recording direction, a magnetic head consisting of
a recordi nYyQpa0e/0HGHl a reproduci ng part, a neans for novi RGTURWS/MEgMet | C
head rel ative to the magnetic recording dium and a recording/reproducing
5 signal processing neans for supplying rnput signals to the magnetic head

and reproducing..out pyt si i C | r

Mvent | on SARoBRGH aEts @R Fecb{ PR bRBBRARGI e B LEel £88e e
by the pre-enboss, technique, utilized to. industrial,  adyantage, and having
excel | ent | yagifecdraing { dE@(@,e“Wetcﬂrcﬁ'bg P]ﬁglluﬂ’e‘t‘?é e greowding, Fe‘itlﬁge? PagRsice

bet ween adj acent 10 trgcks, C?nd a gli@;ﬂh rpdeﬁ(;’ordi ng densi tyf BRI EF H?ESCRl PTI ON
OF THE DRAWENE®rBisting of howsrdihgpat aeflie tapordusigtiadt, assensiforgnaving pr esent
invention in a sequence of processes. Fig. | Ais a cross-section showng a

pre- emboss rhapnetic heddrertiofto thd nigetistet aiding MrédjumBaindsa fecefddsErepaslutiap
showi ng a concave-convex pattern forned on the pre-enboss layer. Fig.1Cis a

Cross-sgc Hs%ﬂaf&%@%%ﬁg%%g ?@rts’ugpt)lbfcﬁ)ﬁreqé%\g\%[gﬁgg t8'thd Iﬂﬁ%neﬁg REsY dnd ONnvex

pattern. Cross-se g a non-nagnetic layer forned on
t he concave-coavex gatter.n. F%‘%@% shows .trf_lg &)roducti on net hod according to
the presentCRIRGES BHPRISIgHals Iroh theRaeitis Bspd oy ocesses. Fig.2A is a
cross-section showi ng the surface of the non-magnetic |ayer shown in Fig.1
(d) being part!y The@rsgnt inyetipg car prpvidegsdisyalettiask magRed 1sgonding mediwm af t er
the non-nmagnetic |ayer on the magnetic layer is renoved. Fig.2Cis a

cr oss- sect ippodushdby the priendioat eclafiqer, utlipadad édusoial hédwaatagesarfdoraveng. Fig. 3 i s
ah illustration showing the structure of a filmfornming apparatus used in

25 the net heelRafpditcitge frackshith AY &ifliedds of signal interference between adjacent

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.



WD 2006/ 011611 PCT/JP200S/ 013990 6 Fig.4 is an illustration show ng an
arrangenent of magnets of a nmagnet plate wused in the filmform ng apparatus
shown in Fig.3. In the figures shown are a substrate 1, a pre-enboss | ayer
2, a concaWe-20eiasdl pattern 3, a non-nmagnetic concave pdGT/BR005416WAYex
part 3b, a protective layer 4, a 5 reco:rgi ng layer 5, a non-magnetic |ayer
8, a non-magnetic filling 9, a filmformng apparatus 10, a non-nagnetic

substrate 11, tarl_-\gl;él1 isr@nnﬁglééaééﬁ,sggglﬁg%ltﬂah &ngﬂ%fﬁgg‘?t@ggggggégéﬁ@g 21, a

hi gh frequency power ‘sour S power source 15, and
an exhaust pi(gertf%& 10. BEST MODE Fq; /I NG OQUT THE | NVENTI ON The net hod
of produci m§ehindne fimfarmageparatus SRRYYING8nedi um of the present invention

is described in detail hereafter. Any magnetic film structures of nagnetic
recordi ng nedi a dutheeligurgs shiodmlaye asehstratgrle agppeinbessilayeadda corcanergaryaxc fil m
structure does not affect the formng of 15 di scontinuous tracks of the

present i NRAE®) a nbRendpenietomtatepat 84, agoneel pan 3, atpretepisiapdr 4,avent i on
can be a longitudinal nagnetic recording nmediumor a perpendicul ar magnetic

recordi RQg [l - i b { S&drnReoh i-¢ recording

medi um ?)f Fﬁéearglr slagr%t? 5i %@%ﬂﬁ?gﬁ&k&%&ggﬁ@ﬁ%ﬁ rat éﬂlﬁéﬁéggfm ggﬁ%n%based

all oy such as an AI-I\/E al | oy, soda, 20 2Iass al um npsilicate
dPa |

. convent i pnal

gl ass, anor3pREFGEs ‘,’n'g}agﬁ%tt?rﬁugftfatt%hﬁQ?&Ftarﬁle’@g?rs of SPUEHPREY bF  resins.
Any non-nmagnetic substrate can be used. Anong them an Al alloy substrate
or a gl ass magnst plates 28 uchighdrequency poaer souser H.adsasqomeer seuree ahd Bad Bewr phous
glass substrate is preferably used. The process of producing a nagnetic
di sk gener als, yndaraettmustipige td.eani ng and 25 drying a substrate. It is
desired for the present invention to performthe cleaning 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 recording medium. The
non-magnetic substrate used in the magnetic recording medium of the present 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



WD 2006/ 011611 PCT/JP2005/013990 7 drying before formng |ayers for
ensuring the adherence of the layers. Further, the substrate size is not
particularly restrictive in the present invention. In the present invention,
a concave-woré@wipatit ern desi gned in accordance with traakyimbernslos is
formed on the surface of the substrate and, then a magnetic |ayer and 5
others are forned thereon to produce a n7&gneti c recordi ng nmedi um

Specifically, the follow ng technigue is uyused as.shown in_Fig. |. 1) Athin
P | ayor i telpred iR i sop FEL BB SEdhE; Be SEoTe SiYereor FPRGerte
concave-convex pattern is forned on the surface of a substrate (see Fig.|lA).
2) A et al substrete gizeasmetrpartieadriygesrict Vandhg prgsent vephemve- convex pattern 10
designed for desired track intervals is placed against the surface of the
pre- enboss | ayerIn tBe begsemdnicntibhe qanonessnigx patctrpdesigied inacerddncg wvithr essur e
to forma concave-convex pattern 3 in the formof tracks on the surface of

the pre-e Q&Sink?é’a% Bs%oﬂﬂe& HiEths UBFideafr She SIBEHAE Snd SR& SirdgneticBhyer BRA

- exanpl e, en the substrate 1 has a di sk shape, the concave-convex pattern 3
is concentrjic or irgl, in the ane view. 15 The concave-conye ttern 3
cons: sty oPMEBATR ISR ey R RohEE & eRe e SRt liRaR iR speteE B s
and convex parts 3b having a width of approximately 0.05 to 0.2 u mand a
depth of afplosingriecbnigueisgsed ¢ Howy iy Fif-lshen the concave-convex pattern is
formed on a magnetic recording nediumdi sk applied to a magnetic

recor di ng/ r epr odlici Aghbefiinciaysri(béreafter derenefiarprereprbosolagtr) 2 dompfotreing aThese 20
nunbers are given by way of an exanple applied to magnetic recordi ng nedi a

havi ng t hecorfedlé-eftivek@afemiiNbraledsh thessurbof 4 fR)sehe e FI@ ANEStrictive in
the present invention. 3) A recording layer 5 consisting of a non-magnetic

Concave- convex pak t AiEa ol aaMben ok SR Bfhs) A BoTa R bR iy 00 e
accor di(p 9 Eigsiénrt]eg fgri éefs‘ler[a trac fn?er\(/jailstr}asr}) EilC%Q atg)ael%gﬁgen surface of the pre-emboss layer

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

pattern 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 © m and a depth of approximately 0.05 to 0.15 4 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



25 the thickness of the recording |layer 5 deposited on the concave-convex
pattern 3 and the WO 2006/ 011611 PCT/JP2005/013990 8 step magnitude of the
concave-convex pattern 3, when the step nmagnitude of the convex-concave
pattern 3W0s200E9igerl, the recording layer 5 is | ess deposPCHIPHHS/QILIOI nner
wal | s of the steps of the concave-conv pattern 3 because of the process
coverage. Therefore, the recording layer 5 is mainly deposited on the

b0t M of EDFRERAGRNS FALlnch L8408 Bl 2P il b econvex par

3b as sho used her® can be a magnetic
single layer or a lamnate of multiple layers. _.Alternatively, a nmulti-I|ayer
recor di ngCPTHFELOBTAVE p&%‘?fﬁﬁe‘ifl%%ﬁﬁ tha?‘?cﬁf Pgrgadfe'éé éSA]:e%nggs%ﬁﬁloon hefaeh) e
functional |ayers can be used. The recording |ayer 5 can have an overall

t hi cknesswells afppe stepsraf ik gotcaye-conved. prem 3 becansk of)thg\processeayeregé.c | ayer 8
such as a SiIQ2 layer is deposited on the recording layer 5 to fill

extrenmel y TRérefopdY thOReaMtgPRYErS i6 niaflfRidpsueicd@aihd bR s oMhe kohd¥@e part
non- magneti ¢ substance (hereafter terned the filling process). Here, the

concavs pihoel 9 BAY ) A0Rs ISR AREIPL: SBRNTREIEIEC TREARGAG medi um i s

fille magnet | ¢ 'substance afe a nonmagnetic

filling 9 insjde the cor@ave &ar.t 3al l15 2& ﬁ%'e]n, t%e slur{ﬂce of the

non- magnetder 1 UFdher an begogrenstc s\pele layerdl adypinate of ullRiedaYess dry et chi ng
(hereafter ternmed the snoothing process) (see Fig.2A and B). Preferably, as
shown in Mtgmzsyely,raernnblnlamgﬁ@zrdmg|l%>yeepr80@épl9§imémg¢wenh@ilateéayﬁwamg | ayer 5
above the convex part 3b is conpletely renoved and only the non-nmagnetic
subst ancenfultipleflinctiond éayersaa\be upad.t T3 recorting layen -Sroag hetd an dvdrdll ng 9 20
remai ns. 6) Then, a protective layer 4 is forned (see Fig.2C. In Fig.2C

the non- gld bl d&MBidwo al gng the spiral or concentric concave
part 3a in't egsp thg O&ii/r?%\?v@vxhen t he %Egtrate has a di sk shape.

10 4) A non-magnetic layer 8 such as a SiO; layer is deposited on the recording
layer 5 to fill extremely narrow concave parts 6 formed between tracks with the
non-magnetic substance (hereafter termed the filling process). Here, the coﬁcave 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



In place of the processes 1) and 2), a stanper is directly placed agai nst
the 25 substrate and pressed under high pressure to forma concave-convex
pattern in the form WD 2006/ 011611 PCT/JP2005/013990 9 of tracks on the
substrat e WOre@e 16dnabl i ng the same processes as shown i PCHIRR09S/@3998
Fig.2C to be perforned. In such a case, the non-nmagnetic filling is created
in the concave part directly formed in the substrate. 5 In the present

BT 20 oftedetcs B LR A0 8 DAL UBLHRE hel b ifo REAL R SRR DI DI C @) can be

a filmformng apparatus avin In which a non ghetic
substratené,l can be igtroguced upright, target nenbers 12 on either side of
the non- 48e 11 and nagnet plates 21 on the opposite side of

i§rdt 19cDSRAS
the target nenber 12 to the non-magnetic substrate can be placed in

paral | el , and a i sykhgrcespgreoynimagnsiie fillsngus ceeated 1o dhe acepieicdieadtlyo t he
target nmenbers 12 to apply a high frequency voltage as shown in Fig.3 by
way of an gxaephethelsibithfe apparatus structure in Fig.3, a bias power source
23 for applying high frequency bias voltage is connected to the

non- magnet | ¢ SUbR! g feskh BB RERLorRHEE BloraiOLLATE 1RAR00E ARLLRT, L0

the target nmenbers I'n addition to t requency voltage. “15 The
bi as power ,sour.ce an.be elimnated. The chanber 10 .is provided with a
feed port T5A%RA aréﬁnﬁgw}‘%aﬁwat\”rg&’ﬁ&ﬂg 21 a’QQers lhnt‘é?lflh@ “§%§’a§§§t€nd an
exhaust pipe 16 having a valve for coupling the chanmber 10 to a vacuum punp
so as to chubstrated leas bamtradueebupiightiaigetimemberg 12 oneitbgietigs @k thefi | m f or m ng
apparatus A, the inner pressure of the chanber 20 10 is reduced to a
pr edet er mi nednmgestausubstarie 11 had apgodt eidtes? lgarstht dppsesiiersideadulbetirgehr ough  t he
f _e‘ed port 15 to produce plasma near the target nenbers 12, depositing a thin
filmon thembeniraoiehos nsapnstié aitstrdtd chibé PRceiaeillel nb ) g irtQleht)g -
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 S0 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



It is preferred in this case that a high frequency voltage bias ranging from
5to 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
menbers 12WhaWeOhé1bi as applied WO 2006/ 011611 PCT/ JP200BCOABYYH 013980 t o

t he non-nmagnetic substrate 11. For exarrpida, a high frequency of 60 MHz is
preferably applied to the target nenbers 12, 12 when a high frequency of

13.56 MHz i ] magnetic substrate 11. 5 The magnet pl ates
tétf%g&m Lf9edefc S uRARTITRY _ magnet pl at
21 are place ehi nggt he tar get nenbers 12, respectively, basically having

the same function as in.the. net ron ring. -The magnet plates. 21 have
on the surfaces %F?‘anﬁ%{&r@ﬂlgﬁ eﬂ??nﬁxangl?\%ﬁél%ﬁﬁ%rabgyr?’Hg\ﬁgtt?laleﬁgﬁg?t opposi te
polarities alternating at regular intervals. NMNagnetic fluxes from these
magnet s M dpgebars i 2 12 whenea high fisausacy bl p 156 Mg 1pprpligd to hemopanagigHet i ¢
fields at the target nenbers 12 of the filmformng apparatus A, these
magnet s M oubsiiage Bl.hi ghly strong magnetic field near the target nenbers 12
and produce high density plasma. This causes the target nenbers 12 to

rel easessputteri NheRRAhECHIRRs 21 afe Fla@ HeRINd GhElRMSd nembREdi A rapadtlwly, t he
magnet plates 21 having the magnets M arranged as descri bed above can be

r ot at ed durg n'??lyn%‘&i'ﬁé{hgs%etﬁ.}’%ﬁ%?é E]Uﬁlgprgargggt%@ urli%lfi%m deposition. In the

present | nven magne _ cre |tiple fine magnets
oni ze &1 ar gor  IHEHAEPCONAEALY PETE e UERiS T HEBF SR ENESh B8N
rates and orientation that cannot be achieved by conventional sputtering
t echni ques. gritheitletheireppasiteialaritipp altemannpet regulgeptssialed Magnesicfhees frpm
concave part (groove) previously forned on the substrate surface or on the
pre-enboss theseintappet M appeapiires ny,ednadex frofik. ‘
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



D diniin

The smal |l nmagnets of the magnet plate of the present invention are
preferably for exanple 5 to 30 mmin size and either rectangular or

circular in cross-section. These magnets are arranged in a grid with their
opposi te pavardosioesinl ternating at intervals 25 of appr oRCAHPEOYFOFIH 20 mm
WD 2006/ 011611 PCT/ JP2005/013990 11 The jstanper used in the process 2) can
be for exanple a netal plate having a fine track pattern forned by

el ectronic |ine draMBREEERMIINE$rockhe2)danMRF6r BRYleh RRtal PREEhAfinga

mat eri al havi ng hardness and durability so that it can withstand the

process. Far_ex | he An: | ..HO er
Can bo rmdorBf FaRPutu e d Y SRSlraRE aE S MRE R ey RS tan R hh S8
above. The stanper al so can carry servo sjgnal patterns such as burst
patterns, gFﬁQeegﬂémﬁﬁﬁﬂE?%%¥h§?@§ﬁﬁpédﬁégﬂ & thatit gy withstapd e preCcesLcor di ng
regular data. In the filling process 4), the non-nmagnetic. substance can be
filled for Esmeranegle,ibhe stardpgr gan be exsle ORI eHewntwtrj the stamiper ¢anl e madd efdaySi O2.
However, it is not restricted 10 as long as the material is non-magnetic

and doess NonateiRfhd lohp@as Rehde®y tRBPGRH o d@ciBealgtove. I'BeOitahpe diRdiadarryn t he
filling process, the non-magnetic material should wuniformly fill the

extrenely fé&@o %galld;ﬁ‘ﬁgmggﬁﬁ%ﬁﬁgptgttérﬂg,%gf%o&e k&3S nggﬁrslglhéhﬁé}gpesg&eegcess

is perforned properly, nagnetic interactio en t y no
conpletely bl gcked and.suffi.cient recording/reproduci ng properties cannot be
expect ed. 15’3@% ST HED" %u%b&?{%%tct with gases such as oxygen, causing
possi bl e adverse effect on corrosion resistance. Therefore, the
fil mformning appaHsthgdillingpracespdi-tthe nopympgediicisybuanse can b Alfed &or expaplsr esent
i nvention can be used to allow the non-nmagnetic substance to fill the
concave paby aday atocasshi @lepfeséntating mattealaimglwepoQ;.t .HAGeen, it tseos restrictedng
process 5), the concave-convex pattern on the film surface
10  as long as the material is non-magnetic and does not impair the 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 medjum.
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.



after the filling process is snmobothed to a |evel sufficient for a magnetic
recording nedium To do so, for exanple, chem cal nechanical polish (CWP)
or ion beametching (IBE) can be used. However, no techni ques are

di sadvant ag®©o986/€106tthe present invention as |ong as theyPCHIPXABOIBIPO he
surface of a magnetic recordi ng nedi umw,thout deteriorating the 25
performance of the nmagnetic recording dium WO 2006/011611

PCT/ JP2005/ 013998%%%515%@6%@@@9 égb%i ABFLIGARCRILNANRERROLLRG 1! 1S

ik R
advant ageous for magnet Fc 1 ecor I hg e magneti ¢ head

be floated as little, as ssipble, One of t aracteristics. t he
substrate GFNSHY MAGAEHS ’i?c‘?rgtr@rtg‘i‘tﬁbe meaneih flegggﬁg.’gﬁegﬁts?mi%&%ﬂgges. Che
Therefore, the substrate preferably has a surface roughness (Ra) of 1 nm5
or smal | er of taeehardctBristivs of thersubsteate ofpmmegraticae¢ord@gmedivmors eregllémtr . in t he
process 6), a protective filmis forned. Cenerally, a thin film of

di anond- hkemeahi&s. | Thetefoes itheeshbbyate ppsdsrablyfas h@@hﬁémagm&us:ma@w%ﬁw
However, i is not restricted to this. The protective film4 used in the

It
br esents | nKERLL R dysn 63 LA QPE0a8 49 wepesalily, used as a magneti c

recordi’ng nedium’protective the above, the protective |ayer 4

can be a carbonageous | ayer such as hydr ogenat.ed C  nitrqgenized C

anor phous C, andf”ég?PEﬂceé éée‘?'@rroéﬂcwe gg’@dy g’f’@ggct GReT ’értf“éiﬁﬁ h as Si02,
Zr203, and TiN. The protective |ayer can consjist of two or nore |ayers. The
pr ot ect i vediampad-ikeggbanisdaprsitqstasdapositiay esshpigvehashas PHE¥Rnedtowsver, it o 10
15 run and, preferably, Ito 5 nm It is preferred that the protective |ayer
4 be as thismasestiposbtiobhie. to the extent that it still ensures durability. It
is preferable that a lubricant |ayer be fornmed on the protective |ayer 4.

o, o TRl v e e =
has a M‘" CE%?Qlyqjseéi al § m%gﬁ'énc recording medium protective film. Besides 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 Si0,, 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



20 The net hod of producing a magnetic recordi ng medi um according to the
present invention can be applied to the production of other discrete track
magneti c recording nedia. An exenplary process is described hereafter. 1) A
magnet i ¢ fwonweodenosi ted on a substrate by using a conveat/ireed/oi3esechni que
to produce a magnetic recording nmedium 25 2) Aresist is applied on the
surface of the magnetic recording nmediu and, if WD 2006/011611

PCT/ JP2005/ 013990, .13 cessar this is fallowed by .calcination to renove
extra or gaff€s%hh %%{S.Hg@‘i’wﬁf&f gﬂﬁ@?“%’a\?i rﬁ'él%%e)\fqﬁaeo@é?lf é%léerrh}' concave- convex
pattern designed for desired track intervals is placed against the medi um
surface obtai ned) nAsianst bawsg op the syRgce)a garcaMe-Garx nattgim 4ssig8sdf® so t hat

t he concave-convex pattern in the formof tracks 5 is transferred to the
‘resi st on téstrededtluimtesualt cpadddeagembt the mednme durfdve obgimddnh tir proesss) 4) The
resist, protective film and nmagnetic |ayer on the surface of the magnetic

recordi ng gRAbHEBALEIRHIEH Yres RO HalNe RUAQCERbANS preh iAShdformeifeting or
reactive ion etching. Consequently, the concave-convex pattern remains on

L1 TR A L8 T el SRR o A FRIRE, 1 e

process” 3) ermed t nTmagneti c

subst ance such as S| 02 is deposited, for exanple, by sputteri to fill
ext remel y narr owtlyr SRR/ESISH BEIREIVS tWeéW{ magegls l@\lfetrt?ntﬂl"f'éf‘ﬁ%?ﬁ‘? H‘h@‘%eti c
substance. 6) Then, the concave-convex pattern remaining on the surface is
snoot hed byagna® reeardiog amslien apopardrengoved byratedinaduiersych 7 diyiateliihg/or a
protective filmis deposited again. Using sputtering in the process 5) of
the presenteactiuseiohieRfing! € onedtantdy, Bier donchv-t@Ee0Pattdie ramgnesn ther ecor di ng

medi um can be filled deep with the non-nmagnetic
' magnetic recording 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



substance, producing a magnetic recordi ng nmedi um havi ng excel | ent

el ectromagnetic 20 conversion properties because magnetic interaction
between tracks is blocked in a reliable and highly precise nmanner. A
magnet i ¢ MEQ@@PMiOA1tevi ce having a hi gh recordi ng densit YCTAR2ME01¥40 i zed by
a conbination of the magnetic recording {Ediun1of the present invention, a
driving part for driving it in the rec% ding direction, a magnetic head

consistin r rdi . i nar novi ng
the magnet iRt RS SRdh R R 08 ean SIS0 B 013600

14 recordin dium and a recording/reproducing si rocessi ng, nreans for
per f or ni ng“ggr?retj’i}?&} 1o thﬁﬂ’tagf’?}wﬁ?f@dﬁ’é ?Fé’lr? CHiEQ R dl@gG?ﬁﬁgmeﬁﬁa%’ﬁf’gﬂFaﬁi gnal s
fromthe magnetic head. Wth the recording tracks on the nedium being

physi cal | 'y di scoNith theogsqrdingdrackpemthganedyumdgthgaphysiceltndidéanginbeusdthean have

nearly the sane width while the 5 reproducing head is smaller in wdth than

t he recor dep@dhaaghedt aiddecortidpgeleadtantliavenberly tHefshime maathobhileageaet i ¢
transition regions at the track edges in the prior art. In this way, a

Tagnet isc IefRuALiAL haRMs W NAhRAISUhA] GetRlorsiRhORRA!d:a BRIy g @ Ni oh

S/Nratio a Iz urt her nor e, r éproduci ng part of the

magneti ¢ head can.be constituted by a 0 ead or a T e so as to
Obtai n sufFILSGAEE JagirbrrsigAarEons N sdBo PdlhgTotihs 1168 AYeR! | 31 ng
a magnetic storing device having a high recording density. \Wen such a
nmagnet i c HBagnefig fﬁfclotﬂhtl&Gleétunhh?"alﬂ&ﬂlfﬁCIGU'GSPEOGUGIJOZDOWU%H%érlillghsS/N @ier t han
in the prior art, the output is inproved and a higher device SINratio is
obt ai ned, qandeirelizgd.a hi ghly reliabl e magnetic storing device having a | arge
capacity. 15 The recording density can be further increased in conbination

with a signal predssha, the rdpodicidfgfari@Pthetiaphitkalcall eptibslesdived bylhen, for
exanple, S/INratios sufficient for Trecording/reproducing at a track density

of 100 ok TREMR hdaR' PG TMR Hehd555s o SBRIif b8 cHRNT Skdng signals at higher recording
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 um, 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 kbpl 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° Paor lower. The glass substrate used was a disk
made of crystallized glass containing Li>Si205 (%), Al,O03 + K»0 (%), MGO + P,Os (%),
Sb,0;3 + ZnO (%) and having a surface roughness (Ra): 5 A, an outer diameter of 65 mm,

25 and an inner diameter of 20 mm.

}



of 1000 kbpl or larger, and a recording density of 100 G bits / square inch
or larger can be obtained. 20 Exanpl es A vacuum chanber in which a HD gl ass
substrate has been placed was vacuuned in advance to 1.0 x 10-5 Pa or

| ower. Thewg@l2aewoisabstrate used was a di sk nade of crystriT/irze/0gsaes
containing Li2Si 206 (%, A1203 + K20 (¢ MO + P25 (%, Sh203 + ZnO (%
and having a surface roughness (Ra): 5 A an outer dianmeter of 65 mMmm 25

and an inner diapeter.of 20 nun. 006/ 011611. PCT/ JP2Q05/ 0 0 15 A Si02
filmas the pr e-’gﬁb@%@“} %%/@F %gmg\gsﬁi%yle{é”&sg‘SPOa%“f"ﬁ%ﬁ% eﬁ%oﬁg MHBn  the
substrate by a conventional sputtering technique. Then, an N stanper

pr evi ous| ythpsebstietedbYpmeonyseidorebsPUttepng lElmgue. Three st anpers having a track
pitch of 60 nm 100 rim and 200 nm respectively, were prepared. 5 The

groove (the concHywa, geNi stafnpthgregioosly gyephsed veasdspd Foramppifitieg.n. THEeeh st anper
was used twice to create six inprints. Anong the substrates, one substrate

was sel ect genbQk hERAY altiadk Kitlh 56D ARJ1E ARl Ad 200 nrh Ne§R BV INEE gﬁa wege
heated to approxi mately 250 C. Then, N A, Cr M6, CoCrPt, CoCr2 BoPt 8, and

app! Y250 C "Then, "N G 208
g T o S S e v o

was applied to the substrate, The argon partial pressure was approximately
7.0 x 10- 19304 tWiGQ FigatersE MBS -or ni ng. The final |ayer structure consisted
of, fromthe top, C/ CoCrBPt / CoCrPt / CrMo/ N A / substrate. Anong

t hem the CoCr Pt Amonpthiesabist@des; od2IbstratPwasg Selpeted fidreadl trackapitehlaagartotahd t he
follow ng thicknesses: Ni Al (a thickness of 600 A), CrM6 (a thickness of
100 A), Cof¥BRBGRIRated vidie BkiIeS® Dprad@8aBly. 2 FIFE. C(EnehNEAIN €804, CoCrPt,

CoCry0BgPts, 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 107" 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),
CrMo6 (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



o

of 50 A). These sanpl es were designated as Conparative Exanples 1, 2 and 3.
On the other hand, anobng the substrates, one substrate was sel ected for each
track pitch and a total of three substrates were used for filmformng by
sputteri ngW2aoedddsldi ng to the present invention. El ectrdfd3JR8E¢13990t he
sputtering process had a circul ar shapelaavi ng a dianmeter of 420 nm over
whi ch Nd- Fe-B magnets having di nensions ' of 10 x 10 x 12 mmB and a nmmagnetic

fl d 1 I d at
niorval s 9P i afplERireldf SROREIS B2 FPLCT R MM A, ©

oppositely. A 25 60 MHz RF power soyrce was connected to the el ectrodes and
1000 W pov@fbs\ﬁﬁg WS approEmeataly 110 M@/ S5 009 drisosen fgind p pnether Ar
partial pressure was adjusted for 1.3 Pa. The plasma density near the

substrat e YaRuabPboXhdBU&tyrs bf theXpréfhlintBhtdon. Whi ch had been found in anot her
study conducted by the inventors of the present invention. In order to

appr oxi mat el y 290 TG B To 3 RS et S Bo Ry Euh B et g "o o0 1O

protective layers and, a fluorine lubricant agent were dep05| ted i sequence
The | ayer sheajgsta agproxgaaelyi 283 Coy Tt ig; ana@mmgopeo%’és’ap%

invention. The Ar gas partial pressure was 6 Pa, the RF applied to the
t ar get s waprofechvk\Myersand atfheriDEldhrzantwasnthiére Aepddited irmsequaseapibhe &yetso t he
substrate. The deposited alloy 10 conposition and |ayer thickness were the

sane as th@gR MfdepRTRAI spURerinPdBRbRAMmeloltRe &es&h@n&hﬁ&&'ced nmagnetic
recordi ng medi a were desi gnated as Exanples 1, 2, and 3. Then, Conparative

FAETENS Ln MEAFKRRHEL s T
t EIUE:LﬁreISg g@)rfd-rtgg_g)%dglés &29 1851 %petI\llg bfagJl %g a;‘;Aqled to %’?esslu set(rjatcta © 'lal? \Ili)%gl?é alloy
10  composition and layer thickness were the same as those of Comparative Examples 1 to 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 300A.

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.



Further, the surface was snoot hed by ion beam etching. Each sanple was

i ntroduced in the vacuum chanber previously vacuuned to | x 104 Pa. Ar gas
was introduced to a partial pressure of 5 Pa. 300 WRF power was applied to
each sanplwotooe/mat@h t he sanpl e surface. 20 These three FATPIPRGSRBIIR0
designated as Exanples |I to 3. Exanples k to 3 and Conparative Exanples | to
3 were evaluated for el ectromagnetic conversion properties using a spin
stand. Different heads were used for the respective track pitches in the
eval uation. The conditions given in Table 1 were applied. The SNR
(signal-to-noise ratio) 25 was neasured in recording 750 kKFCl signals for
each conbi nation. WO 2006/ 011611 PCT/JP2005/013990 17 Table | track pitch
reproduci ng SNR (dB) 3T-Squash head Exanple 1 60 nm40 rim 10.2 85.2
Exanple 2 100abderd 60 rim 13.1 89.0 Exanple 3 200 rim 110 nm13.9 90.5

Conparatiye 60 nm 40 r| m Sraék pliclo | ExagppdaucingConpaBhlRi (dB)100 r BTSG0ashi m 6. 2
53.2 Example 2 Conparative Exanple 3 @38 nm 110 nm 6.3 55.5 5 (%)
ConsequentTyg [sHown| i Tabhg L, ST gnkhLgAnt |1 Mpr OygHeNt $ wer eggbserved in
FNV(recordingZ&g%EQduc ng RLHBREItY suchyas, thg SNR ﬁgg Squash cgggared to
Example 3 200 nm 110 nm 13.9 90.5
Comparative 60 nm 40 nm 5.4 50.5
Example 1
Comparative 100 nm 60 nm 6.2 532
Example 2
Comparative 200 nm 110 nm 6.3 55.5
Example 3
5 - 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

10 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.



Conpar ati ve Exanpl es that are continuous nedi uns. Supposedly, this is
because the concave-convex pattern was al nost preserved and the tracks were
sufficiently separated when the sputtering according to the present

i nvention was used while the 10 concave-convex pattern forned on the
substrate surface was inpaired by nedi filmformng and the tracks were
not sufficiently magnetically separated .in the prior art sputtering
technique. 18 CLAIMS 1. A nethod of producing a discrete magnetic recording
medi um havi ng physically discrete ngpag{icC recordi ng tracks and servo
signal patterns on at |east one surface of it non-magnetic substrate,
characterized by the fact that: the non-nmagnetic substrate, target nmenbers
on either surface of the non-magnetic substrate, and nagnetic plates on the
opposite surface of each target nenber to the substrate are placed in
parallel in a filmformng apparatus, wherein a high frequency voltage is
applied to the target nmenhers, the opposite polarities alternately occur at
regul ar i ht er Aamethed of producing a diseretegnagngtic reaerding medinra saving pbysicallyit t eri ng
gas is introduced to the filmformng apparatus to produce plasma near the
t ar get ndisdrete maghdtieredoydihg tracksand sérbo sighallpatterns bt leastoneesurfedd af a substrat e
by sputtering, and wherein said non-magnetic substrate has a concave-convex

pat t er n ndi mesretity sdbdtralE khafdcRiizd egg@thgyrface or formed on a thin filmon
at |east one surface. 2. The methdd of producing a discrete magnetic

recordi ng nedi C L0 | racteri zed t fact that said
pl asma near tﬁ@%@ffﬁ%hs?‘1‘%855%9@%){‘8’”%38885‘5“5 s ﬁ%‘e%?‘meﬁl%f‘&?ﬁﬁt"ﬁ‘& appar at us
has a density of 1 x 1011 / cnB or higher., 3. The nethod o roduci ng a
di scret é%@@%mamw 3§ Ol QPRPHICSBHARSRS ach taeetimamber @rthzgxbﬁta%tﬁer@er i zed
by the fact that a high frequency voltage bias is applied to said
non- magnplaced in pareldl ims &lm-formTihg apparates) wherepr ahigh fragueacyivaltage isapphiedtot i ¢
recordi ng medi um according to any one :

the target members, the opposite polarities 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, and wherein said non-magnetic substrate has a concave-convex pattern
directly formed on at least one surface or formed on a thin film on at least one surface.

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 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 acco.rding to any one

of Claims 1 to 3 characterized by the fact that a direct current voltage is applied to said target



of Clainms 1 to 3 characterized by the fact that a direct current voltage is
applied to said target 19 nenbers in addition to the high frequency
voltage. 5. The method of producing a discrete nmagnetic recordi ng nmedi um
according to Caim3 or 4 characterized by the fact that a higher frequency
is applied to said target nenbers thanj§o said substrate. 6. The nethod of
produci ng a discrete magnetic recordi ng nedi um according to any one of
Clainms 1 to 5 characterized by the fact that said magnetic plates are

r ot at ed. Zmb&m??@?%?%?ﬁé*ﬂ%%%&“ﬁ%%r oduced by the nethod of producing

a di screfg magne ording to any one of Clains 1 to 6.
8. A magpetic recor,di,ng deyvice conprising.,a conpi natjon of the netic
Fecordiny  mediiamead sl aroeing adiier MagutE FACOring medivm ATOrdiRE A (AT fe
magnetic recording mediumin the recording direction, a magnetic head

consi st i orch Gharagterizeddhycthe fachthat a bigher£raquencydeiaiplied 1eesaid target membeys than tovi ng
the magnetic head relative to the magnetic recordi ng nedium and a

recor di ngid apstegici ng si.gnal processing neans for supplying input signals to
the magnetic head and reproduci ng output signals fromthe nmagnetic head.

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

of Claims 1 to 5 characterized by the fact that said magnetic plates are rotated.

7. A magnetic recording medium produced by the method of producing a discrete
magnetic recording medium according to any one of Claims 1 to 6.

8. A magnetic recording device comprising a combination of the magnetic recording
medium according to Claim 7, a driving part for driving the magnetic 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.



