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DESCR1PHON MAGNETI C RECORDI NG MEDI UvVb METHCOD FOR

PRODUCTI ON THERECF AND MAGNETI C RECORDI NG AND
WEeERROBLBI NG DEVI CE Cross Reference to Rel at edPCT/JP2007/052901

Applications This application is an application filed

under 35 U.S.C. Ill(a) claimng the benefit pursuant

to 35 US.C 119 (e) (1) of the filing dates of

Provi sional Application No. 60/774,665 filed February

21, 2006 and Japanese Patent'AppIication No.

2006- 36956 filed February 14, 2006 pursuant to 36

U.S.C 111 (b). Techni caDBS(&RBTIOM s i nventi on

relates to a magnetic recording nmediumfor use as in a

hard di sk drive, a nmethod for the production thereof,
MMOGNE TG RECORDING MEDTGVaME TIHODOR IPRODECTI@N THEREOF AND

- MBSGKETIO RECURDING ANEEREPRPBAJGINGBEVEQBet i ¢ recordi ng

devi ces, such as magnetic disk drives, flexible disk
drives and magnetic tape drives, have imrensely

- Ceosp RebsencetieRelated dgwlicasiongit j | ity and gained in

si gnifj e, far .ha: i ..
SRR A LG AL S APt e
pasiant got35 BES.Gr ¢l 19e(e) | (1) iofiphe fididg i dates eefoPwdivisgpnal Application No.

68&2‘2’?@’ ﬁ&ﬁgéeh@%?{rzcogggﬁ J{q{‘?ﬁx%s%zlfa?ed{; gw%ﬁéétﬁﬁelg?. PONE36956 filed
Febra&® 14200 uiRditab 36.9C § A (Wpgnet Resistive (MR)

head and the Partial Response xi mum Li kel i hood
(PRM.) technique. Omng to the further introduction of

T% i&?ggifhhgnet Resi stive (GWR) head and the
unnel 1 ng Magneto Resistive (TMR) head in recent

y ear Fhistilmentior redrdeseto iagnagoetid 1eadrdmeanedium doraise fs iolard disk drive,
10Q% Th ] di ' . -
SRR Sy B RE R I0F) el AR PR Rl ¥ne ey

in future and their nagnetic recording |layers to

acconpljish addition to coercive force, Signal to Noise
¢ ) and resol ution. Recent years have been

Wt NESRECAE velrh O S ghBRd reBbiBindicMRes Q1NN AAURLLNLIS Bisk ABives, flexible
obj ect of énhancing the linear recording density and
dislidirivgs erd magnetigtipecdrives.cave iimmetzahs pxpanged their rarges f utility and
. Ck. i S | . i . .
s S0, Lo e B L oL i rcoding
nledil used\din tthese tiriegskiobenmbminendly fmproked in recodapedknsity. Particularly,

tl}eeﬂlgfc’eageo ine rsﬁrﬁaicle rggo%&ng r(f%r*?sliteynﬁasa’geeﬁaiﬂ?tilgrggriogvgxleg Ene gr Igr(fcey since the
introduction of the Magnet Resistive (MR) head and the Partial Response Maximum
Likelihood (PRML) technique. Owing to the further introduction of the Giant-Magnet
Resistive (GMR) head and the Tunneling Magneto Resistive (TMR) head in recent years, the
increase is continuing at a pace of about 100% per year. These magnetic recording media
are being urged to attain a still higher recording density in future and their magnetic
recording layers to accomplish addition to coercive force, Signal to Noise Ratio (SNR) and
resolution. Recent years have been witnessing efforts that are being continued with the
object of enhancing the linear recording density and adding to the surface recording density

by increasing the track density as well.
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between the parts of data magnetically recorded in
adj acent tracks and inducing the magneti zati on

wonrenTawi4son region in the borderline regi on toPCT/JP2007/052901
constitute a noise source and inpair the SNR This
fact hinders the enhancenent of the recording density
because it immediately results in |lowering the bit
error rate. For the sake of increasing the surface
recording density, it is necedsary that the individual
recording bits on the nmagnetic recordi ng nmedi um be
f or nincthé tatess napneticaearding devdeespthesiabk dersity henrebthed 116 KTPL As

secu as l.a sat ur at. e etizatipon and magnet.i c.
thp i e i bOiaSAparrof e R ot R ot BRfip nterference
btk 8he $8AS QFSEA Maphnéitalloreeorded it Njack@ndadle &t diducing the
such probl ens as | essening the m ni rum vol une of

" mageptisations trarsitioperegiont inghe o%en@g@.)@t tonequstifuteps noise source and
‘ irﬁcrgagrgg%%ﬁat Phil I}{l&;fﬁ%l}ie}sh&le%ﬂﬁfctehé bpﬁlern%X&Hﬁ?L%ensity because it

t herma ctuation. Further, since
inmediktelyi resithts gn oweeripgtiel bit drfoe rategnet i ¢ recordi ng devi ce
necessi tates a.tracking,servo nechani sm of extrenel
hi ghF Sy kg Of fpcreasing: e WiiReS sontiing driyyy fyis fibEpsory that the
iAtAMd] etoRfing bits dHEthéd AdgmticG¥RRdihg RGITUREbE ReAEd g mifu a size as
| arge w dth and executing the reproducing in a srmlfler )
pogstlenandrenabled to prputerns lage s¥thiated Mpgnetization @pd mggnetic film thickness

aiehéermri%ﬁlé.ngsttﬂ@réc bR &CrfthQebhigs hfﬁl ﬁ&gﬂﬁ)w&?ﬁi}%&{ Fqéﬁd to entail

est possible“extent. Notwthstanding that this
suvht protlleins asalpssbhiag dhe sipipres yohimet dfemagiatigatanepdschitiard inducing

the .adj acent. tracks t m ni ey it ' .
exiPRhERER P AR Pl of ol Biflop byl Blusfe By dmal Sucwation.
out pBartledr, sitfRrtheitigdki piteh didvis stadil; thermbonetiseqorditig device necessitates
incurring difficulty, in sei:u*'l,i Bg a sufficient SNR .As 1
2 drRekifg SRS ot BeBpEMPT FIPREDLRIGHIEHTBS ¢ same time, generally
néddd GHHROn QT 1B fheftol QFBLdciinAARUYLSIdihS T Qflarg& QidshlRn® exetuting the
sufficient output, an attenpt to enhance the track =
repeorkicing inya foalernyidily they lusing tthe gecardingy Withea vieufoselgpinating the
.the sugfa . j ' n . .
S0 Hat A8 e R R GG s s
niethod i depablsasf suppressingabdinifigerece betweeh ¢he afjaentddicks toess manimum, it

"djscrete ack nmet hod" ang. the magnetic.recordin .
ohigHH S REDISS 7 GHUGOEE BYIEHE ar SRR gL i | hgh B reproduction
AR sfckohSeqasnthy inélirifg Siffcultyas KediEf: W B fFiBRAESNRbEl ow.

As one exanple of the discrete track nedi um

( a, .
magndsi ener mesdiongeneewith the ablen of sheepl ficipation and accomplish
i | S r dnfgioetheHBAL density b
CBFRIRANGE iy SRS PLMBER U, 0 o i i b
forming irregularities along the tracks on the surface of the recording medium and

Y

consequently physically separating mutually the adjacent tracks is now under way. This
technique will be referred to as a “discrete track method” and the magnetic recording
medium that is produced by this technique will be referred to as a “discrete track medium”
herein below.

As one example of the discrete track medium, a magnetic recording medium that is
formed on a nonmagnetic substrate bestowed on the surface thereof with irregular patterns
and enabled to acquire physically separated magnetic recording track and servo signal
pattern has been known (refer, for example, to JP-A 2004-164692).
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and enabled to acquire physically separated nmagnetic
recording track and servo signal pattern has been

wanewoofasef er, for exanple, to JP-A 2004- 16469RLT/TP1087/052901

magnetic recordi ng medium has a ferromagnetic | ayer
formed on the surface of a substrate possessing a
plurality of irregularities on the surface thereof via
a soft magnetic |ayer and has _a protecting filmforned
on the surface of the ferronﬁ@ﬁetic | ayer. This
magnetic recordi ng _nmedi um has forned in the convexed
r egi diés mpgnetio fecapdingmpdiumehas pdeiiemagngtie fayer formed on the surface of
' o (VA envir [S. . ] -
o ROAR Bttt B8y ORGSR M P SREGE hGEGEYEF J6f magneti
léyegland drasiat yroteetme film fomoal o nlge serthice rofithe déragmapmetic layer. This
reat noi se can,.be fornmed, because the fact é{]at t he . .
Fiic RerRing eHiun o7 forEF ISP SORVaSE fosally HRRTeef Tagpetic recording

, rs%i&shﬁagﬁﬂBMPﬁﬁﬁﬂed @& theSenvifolthéntent i ng the influence
)

thermal fluctuation fromreadily appearing and ) _
al | ovicagrdiertp ieis msgnesic reoprding Eedives ivishplddhatiaigh-density magnetic
Bk g leaRin0A8lid nd PRaChild Eh Db VRS fp! A ocourrence
of uiepgtie walls anfaosefl mpgactivalygert can be copptessgd mesditsirin preventing the
.CONSi st | of .ajnunber qf stacked thin fil nd. a "
iRHRER, Sfifhermylo AHEMaGr, fony | Pol e ghesaripe ko AllpWige extinction of
imﬂé@meqjemtﬁgg(?ﬁeh%i@mst he surface of a substrate

or su%sequent to orninggfrregular,patlerns on a_ .
t hi n-lie drseress Eeck method ssgmopmdn £we kiftds.oire- amethed whieh forms a track

4585 et Pl BB, s o st i
fimgned Aanétbgewhishdomssi thin-filip enaginetiatecardiigsmediamt either directly on
' ffering,t.he nedi,umnto be.readi.l ont am nat ed . .
e B ot SRR R TRSIR e DA bR SEE tinfim tayer
rexdiibi tha foragtibh ef P eracie@sfen fforpexathiply, tOTP-A2008! 1178 PISCadIP-A 2004-

iLf_requjres. the physical praocessing of surfaces to be
18%.?%459(1*%%0%5'5%{5%% oi%ee el rHRERPt 19T (PRRECRRA dyRe is at a

disa8vantiob &h 1RfNRE thOfledint 36 IR rea il BHRSSinRfACE&RRigNBe course of
t(%/‘ge, though not i nduci nﬁg ready contam nation during
pr he

ceansleerentlymopwlieatingrihe process ofipididuetivnan eellbercause it requires the
AR08, S OGS B e e ot
Thed dptt@dmethod xeftert ealtedcar dinbossaprdcdseing asipks i thgughh hbdteinducing ready

floati n.the nmedi because the irr | ar. sha .
PR g B e PP Gian d ot SR e gl fing siabilization
o thel fdtukd 4 the hbizhf f MdEhtion PE R HRESTEinR A8 @éﬁbdiﬁ:ir@/l’]géﬁd adapted to

0 a

met hod of , production,  enabl es no easy realization of
exgcate igeqriingang sepsedisingrighile floating en thermagsium beeanse Hhg irregular shape

SR oh b EsubstrAY Gl b mnﬁiﬁué Q&t&ﬁg Il%ﬁttlilecﬁlm to be formed.

The emboss processing-type method of production enables no easy realization of a

—+ L

flat surface because the irregular shape formed on the substrate is overlaid with the magnetic
layer and the protecting layer and is consequently suffered to continue the existence thereof
to the surface to be completed.

On the other hand, the discrete track-type recording medium by the magnetic layer
processing-type method adopts a procedure of forming the magnetic layer used for recording

on the surface of the substrate and subsequently forming a magnetic pattern and, therefore,
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| ayer and the protecting |layer and is consequently
suffered to continue the existence thereof to the

weunf7aoest 0 be conpl eted. On the ot her hand, tReT/JP2007/052901

di screte track-type recordi ng nmedi um by the nmagnetic

| ayer processing-type nethod adopts a procedure of

formng the magnetic | ayer used for recording on the

surface of the substrate and ﬁubsequently formng a

magnetic pattern and, therefore, acquires a structure

that results fromexecuting pattern formation by the

APqHYEeS ASTHeTRhpfggsulisitram éﬁecagns Bittes farmatien by ghesimprinting method -
eqgsent | - [ tQ,.f

e JertiHGL R, (b aBeRl Snyfebig By Jh Bred 1o fom 2

nermagnetit) Padd theseafiey resttiedding t 30k ar , a sabjpor-dhsedgnrmagnetic material,

. t face-.to0. a anar.i zing treatpent, further )
USSR rSUBA G2 o RRAAL LBRP e TR bl hce win
. pfacting dila lhyeh) amioformihgl Abueficdting i@ thekbdrS Y ARchétic etching-type

etching-type discrete track nmedi.um conplicates the
disriste ké‘%/é)dﬁ% gerepligrtesdheiPiosess O PiPdpefionsand nok galy fpiis a cause for

coRhREOEbIt Ao Balls 1B SGiE RihSulfce F €al i ze a flat
surface. Cenerally, the magnetic recordi ng nedi um of

suchGgnesallyu cthe rraagnstic ieeording bedivmnpfisgiing sthetueitaputhis enables
- t sign . t.he nd, hei ght eni n he .
ofE i B o SORA) bt Slapls | BDuRE 3G RBRAS) BieBRpitg e Tecording
dedsey s alell betduse nivgdistance fioye thedBedemSte inborR66 AhbaHeBreases in
as _t he nﬁtectinﬁ fkkq1la er beconei thin. The pit . )
AGROFRFES A the Protectifis BkmlayeyBecomed Y. T Ae PH SprpHy i fhe track is decided
b¥ kRatenttt 0N f104tatidiCofBa Hedd DRAIRG of Bhd HRfSY bf 219 %ﬁ&b}é\?t{r%gilm layer of

protecting film|ayer of an irregul ar shape.
2y jrepgpiar shope.oHowrbe Reatetiansof dhedliviad 1y wably resained, Hereforer ennstitutes an

nﬁﬁﬂﬁhﬂ Sk §5r E:ﬁ@gift mBm%%gé g;lﬁgfi??gcso?%ﬁﬁg iocfsensity. It is therefore

acconmplishing a reco
raghieecbthat ¢her epgilae datidiatis tépabler sfcalovang [at fleatationSof the head to be

abl.e of gl.l ow the floatation of the head to be )

S‘é@ﬁ B‘fq?n?‘gteaﬁ‘élé%egﬁe&ﬂ 19 ARPrOFimatees #lasly 49 Hednaghatie layer as possible,
ael D6Rbyer peevehithd FAGNEL ihrieRUES ofdSerd A th: Sljac@Rfkracks.

nor eQver preventing nutual interference og signal s _on

t he HAaseit teehnaguesior progliciag a discreéx tmrkquediyr that entails scarcely the
il UG chtAhiRghdt (ﬁlrﬁlg%oﬁ%@'o&*?}cﬁﬁ@ﬁon%td%hhﬁes formation of a flat

scarcely the risk of causing contam nation durl ngnfl?}e
susfae Bas not beangulopsisedbte datel enabl es formation of a fl at

surf . . N0 en proposed to. date.. This.inveption .
o PO ABROP e FREEIRIR el B ik ASAER rchnic

diftrulty 6m comsgquencd of thel incledstiig el tyacklefsitys esited ¢Amhsely Bicreasing
incrgase.in hhe track density, toward inmens

the AP 4EHSifY 2pfl €onTeqReathidRTTASE: e segmmmg&'exsﬁy while ensuring
adgﬁisz“;fjir%iﬁzdmﬁgﬁé?Qe@dﬁﬂiﬁ@%ﬁdrﬁﬁgﬂﬁi&gpf&%@ﬁkg ¥hadvef Particularly in the
discrete track-type magnetic recording medium adapted to execute formation of concaves
and convexes subsequent to having a magnetic layer formed on a substrate, this invention is
directed toward providing a method for production that exceptionally simplifies the process
of production as compared with the conventional process of the magnetic layer processing-
type by depriving this conventional process of a step for removing the magnetic layer and
sparingly entails the risk of causing contaminants and toward a discrete track-type magnetic

recording medium that excels in the head-floating property and proves to be useful.
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acqui sition of higher recording and reproducing
properties than ever. Particularly in the discrete
wonrewlkvi4gpe nagneti c recordi ng medi um adapt ed POT/JP2007/052901
execute formati on of concaves and convexes subsequent
to having a magnetic layer formed on a substrate, this
invention is directed toward providing a method for
production that exceptionally sinplifies the process
of production as conpared wi tR the conventi onal
Igrocess of the magnetic |ayer processingtype by
egleduye ofghe Wventiasivent i onal process of a step for :
r eno r r I
sk\{[l gg%rg%g'lc E%%g%{;# %n&vﬁ%eﬁ i %sa'ial% dﬁ&@ a'sﬁ%lt %h%@(gfa]a (ﬁs&@[@ track-type
rhzr@eke tepqrdinganetidim comprisinga ngnm@neﬁmuﬂs’aate,a(megr&tm mecording track

R P S BT % R 5 S Sapgpei s, and

. rloRMBpetie PaRBMIiARS % AdiehalshétRd al@?ﬂ:@ﬁiauﬁﬁ}fs%i' plysically separating

di screte track-type magnetic recordi ng nmedi um

thempgnesic rryordingy dthesesippignebpadtery magnet i ¢

recomgi.n e g tier ravi .
a1 Ay Sebl? SRR ARt R R nda? dh Pl HE4RR medium
ancording e thecfinsbaspectpwheretn thg solﬁstxateﬂtm afaeet jiooglaleksoRa satisfying 0.1

cont ai nj i for physically separating the magnetic
ggﬁacﬁ%gg{"’r ack and the servo signal pattern. The

S eC O Nthe ASiRPAEped fof tHEinkMRAtih M ek Misd MalGfetit ReoPdag flellim according
recordi ng medi um according to the first aspect

touthe diryt emeecenth sepest eWhrisinsthe megnetie um%s tpagk is a perpendicular
%\fr}gﬁjl}éb&gm% 'I% cfm<Ra 2.0 nm The third aspect of the

I nvention | udes the magnetic recordi ng nmedi um
accorliie myesent tnventionralso provsies @s dheaﬁmahta,spm ghareaf & method for the

netic cordin ack is a endi cul ar
R fe Fe A bR iR TR ab it Do IRE At deast ome side
ofia noh@agimtit slibsasResith 4 hapraic racordihf adck aid 4 &gvo signal pattern which
productjon of a dlscreteéé%ack t e magnetj ¢. recordi ng
o BRYFIRPLLY SeRsensierh GRIESIE 48t Sigpieol jgming ams St M&?ema%neﬂc layer,

HRMRH! thet&uitdrd: @na%n@i?cgﬁ%ﬂ dr 1&5&9&% J‘gur?acé%ktlﬁnﬂ BAmSEHt $hert ions to
si gnal pattern which are physica separ at ed,

défdirperSi & 1ihg mageetist layss, thereby forning i la egnagrietiglayar anonmagnetic part of

TS U S RO B gk

th@fwvdsmgrduﬂfaéttme Si in the magnetic |ayer, thereby

m |nthemanetcla non rt of .a .
hommIB et A g fiher Nevides [y Menpah cspbg thefdof 3 magnetic
rMﬁ?tdnﬂgrebfdﬁuﬂﬂg nRivice EdnesHighdn t doRfbinaHoH, tﬁéenﬁgﬁéﬂé recording

attern
m accordmg to any one of the first to third aspects, a driving part serving to drive the

magnetic recording medium in a direction of recording, a magnetic head composed of a
recording part and a reproducing part, means to impart motion to the magnetic head relative
to the magnetic recording medium, and recording and reproducing signal processing means
for entering a signal into the magnetic head and reproducing an output signal from the
magnetic head.

This invention, in a magnetic layer processing-type discrete track magnetic recording
medium, enables provision of a magnetic recording medium that permits securing stability of

head floatation, possesses an excellent track separating property, avoids succumbing to the
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The present invention further provides as the fifth

aspect thereof a magnetic recording and reproduci ng
wdevime44sonpri si ng, i n conbi nati on, the magnet PCT/JP2007/052901

recordi ng nmedi um according to any one of the first to

third aspects, a driving part serving to drive the

magnetic recording nediumin a direction of recording,

a magnetic head conposed of a recording part and a

reproduci ng part, neans to ifpart notion to the

.r@gneti c,he?d i‘[‘rg“:lative to the magnetic recording

IRt signgl piertarence petvrgn thprdiensat wepks, andagxcels in a high recording

j : L er [ i nto_the . .

S BITERY TENE 1RG S yTehth Al GBleslolof a U et step srving
tq m!nmg’l_hetm@gmbagqyeﬂ'w@cebm@tysb anagnetic mymagtﬁthgﬂt@ heRY® entail an
. i NGt iscrete track nmagnet recordi ng

R RoBHL L oish B & ncusfon, S Aaeble pEERHHhBe sreatly to the
entedcenmnkt bfgroedtivity.s securing stability of head
fl oatﬁti on, possesses an excellent track separating
pr openg fpagnelis reserding andispiogueing devdeedfithis invention, owingato the use of
the b FR6RIREH | ~ exGel -
in % h;égﬁﬁ?gcqr d}é\ﬁgﬁdégﬁgeﬁsd t%ir:g%téhrl% {/n% Edr ﬁ’gérél s sitﬁ% @ead-ﬂoatmg
Prop¢rty pnd epcélonn dhe miatleseparatiop aabilitf amddowies ity a6di@nce of the

. ' . e the magnetic | ayer. processi ng-type .
nEKETR ] SIBNR I TG bt S B I S AL B rconting
densitppiopedtyed process of production, it is capable of

contributing greatly to the enhancenent of
productivity. The nmagnetic recordi ng and reproducing

Bﬂ&\DééSriﬁfontdifitlfe]bﬁwgsi on, owing to the use of the

magnetic recordi ng medi um contenpl ated by this

i nvefl dris 2 esesesestipm iltustatingathie Struchre ofja pragpetid igc@titg medium of
th@ifrédnfioh N the track-separating ability and, owi ng to

t he avol dance of the influence of signal interference

bet Vﬂgn 2tik gn axiplacaory vﬁm@lh&tr%mg:?b %ehhﬁuief'tﬁ‘ d"linﬁﬁi%’etic ﬁecording and

recor.dl .densi.t roperty. Brie scription of the
reaoéwl%@%@lo%%ni}lqvgn cross section illustrating the

structure of a magnetic recording nmediumof this

invention. FIG 2 is an _explanatory viewillustrating
B?SEM%E?f%&FWIQgKBFttheﬁﬁgﬁ@qic recordi ng and reproduci ng

he 13y ot BTt BEE dNBRR & BE aBAE BTl gpeciom of
this figvegtiere will ke depgdbedngnet i ¢ recor di ng nedi um of

FIG. 1 depicts the cross-sectional structure of the discrete-type magnetic recording
medium of this invention. A magnetic recording medium 30 of this invention possesses a
structure resulting from forming on the first surface of a nonmagnetic substrate 1 a soft
magnetic layer and an intermediate layér 2, a magnetic layer 3 having a pattern magnetically
formed thereon, an unmagnetized layer 4 and a protecting-film layer 5 and further forming
on the outermost surface a lubricating film omitted from illustration.

For the purpose of heightening recording density, the magnetic layer 3 possessing a
magnetic pattern prefers to have a magnet part width W of 100 nm or less and a nonmagnetic
part width L of 200 nm or less. The track pitch P (= W + L), therefore, is decreased to the
fullest possible extent in the range of 300 nm or less with the object of heightening the

recording density.
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this invention will be described. FIG 1 depicts the
cross-sectional structure of the discrete-type

woRroT@b#4s1r ecor di ng medi um of this invention. RACT/JP2007/052901

magneti ¢ recordi ng medi um 30 of this invention

possesses a structure resulting fromformng on the

first surface of a nonmagnetic substrate 1 a soft

magneti c | ayer and an internediate |ayer 2, a nagnetic

| ayer 3 having a pattern magnétically forned thereon

an unmagneti zed layer 4 and a protecting-filmlayer 5

and ﬁ‘\@rﬂg'lh gronfragnstiggsubstrate dorousee imthis invigntiers eany of the nonmagnetic

|ubr ' i Qm.tt [ S [ (y{els .
NEENTR S O Ee v T T —
or aybytrates pmade 98 ioddinary nevgn edlass, phindiedsilicateciased glass,hgle® ceramics,

. magnet. part width of, 100 nmor |ess and a
sl b

AralARIE FRATIC 288 HVaTIoHY TORMs ARY ope ppinallyused. o Among other

- niitdrfals EndorerMéd above, ADQIISY Quibktrates, H8GT RKBSRAest MaddI8f glass ceramics,

full est possible extent 1n the range of 300 nmor [ess
andl silicethsubsisptes are aisechpartiertlarly fagorhly. rlhedvbstrade thus selected prefers to

hg\%] 31'1 ta%er@ﬁe éllin}gacg ?‘&Egglggs%gm%? kisltnﬁmac;relgéso &Jréfec‘rgblgrrb.g N or less, and

Inventi on; gnetic substrates, “such as
pétticalatlp yreferblsly 0t mm ontlede of Al -My al | oys having Al as
a maip conponent, o ubstrat es_.made.of qr.di nary sqoda
gl asThe JaghotitoeYdr i€ he &ormed aa Uiy GSEsurgacs of HegiiipegRotic Substrate of
ti5d hhARP mdnkibAdd 8Bve GRAPBE Gh ASlanedmb@ésic '18&drdimg MBYerb& a vertical
optionally used. Anong other naterials enunerated . )
magacic repprding) layers §ios theapusposedif seddizingrhigh scerding densiy, however, it

B8 G PSR AT YIS bl o e s
fpmefief sn aiboyhfomeedmamleof(rassauprimgrl covgimestss (Ra) of 1 -

nm or, |.ess, pref ly.0.5 d . . .
par ¢ Ao oghesEaFicPdng 15T o7 sy b 6 Ep1aRS aepstis fapqrding medium,
féroak@ipled a BRckel sibutthhiie cbinpsded Db hatiMagdetit [T@Mo under layer and a

nonmagneti c substrate of the quality nentioned above
forpgmagaetis, CoGitlamacnegg r??é’F{ %a%r d@ﬂlaﬁ;g | ayer or a

verti [ j I d :
Yo e FRROE WG BP0 LR g o B UIEERIR} medi, o

mujtilagerghatds compdsedwf adracking daysr diade of agfe magmetet BaGhalloy (such as
. rli j [ . L
EpGFR IR e GO IR W oA Bl B WA, 1 Ulofguch as FeTan,
FeBgD ok the like) of gb atloy &yeh af CoTake ColirNB.eCoB optieriéke), an orientation-
magneti ¢. recar di .um._for ex le, a.stacked .
cGriral e, Fln e o 0 I N BN s o ATk etiome B i misrssiate layer
nli)ag}f Q{f_Kli{‘&etge e, HABOMEEAEic PRk Rlalid HMBHVEOLS Ara¥®t aldPor a 70Co-
utirii z .
5Cr-15Pt-10Si10, alloy may be used.

The thickness of the magnetic recording layer is 3 nm or more and 20 nm or less,

preferably 5 nm or more and 15 nm or less. The magnetic recording layer needs only to be
so formed in conformity with the kind of magnetic alloy used and the structure of multilayer
that the head may be enabled to gain sufficient output and input. The magnetic layer needs
to have a film thickness of a certain degree or more for the purpose of obtaining an output of
a prescribed degree or more during the course of reproduction. Meanwhile, the magnetic

layer must be set at an optimum film thickness in view of the fact that the various parameters
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As the magnetic recording |ayer for use in the
vertical magnetic recording nmedium a nultilayer that

wo0wmepssed of a backing | ayer nade of soft nRgUEP1007/052901

FeCo alloy (such as FeCoB, FeCoSiB, FeCoZr, FeCoZrB,
FeCoZrBCu or the like), FeTa alloy (such as FeTaN,
FeTaC or the like) or Co aI I oy (such as CoTaZr,
CoZrNB, CoB or the Ii ke) %rl entationcontrol ling
filmmade of Pt, Pd, N Cr, eCr or the Ilike,
op tlonallﬁ an |nterned|ate Iayer made of Ru or the
reprrsenting, he, segend é?(gi a@ngd ax;ﬁém dueine PPPertien@se 155merally Pdeteriorated in-
pz;(%#ogty noa{stﬂeg % 5Pt-1 OSi 2 alloy nay be used.
The |ckness of e nmagnetic recording layer is 3 nm
or méiegeralyl A6 mmpnetic reesslingplagéreis fbinyedSasnantian fifwrtey drecsputtering
1gh(gfn or less. The nmagnetic recording |ayer needs only

€ so formed in conformty with the kind of
nmagndhe grabdtiyg-filsekydFistbenddt ot Wrst sk f268!bf thkafetic recording
that _the head may be enabled to gain sufficient output
layise Ferpihe protecaingeftjmeleyes, sush spmmoalysused proteasiva-film) layer materials as
cﬁﬂ%bﬁéé:gs&ssﬁgtaﬂceg qﬁél@dxﬂg g?rg&? chézmg&gftegi ca%b% @%Cﬁbga?bon nitride

talning an output™ o
(amy, i amgprphvess ccathos,eSIhéonr @pbidel (J€), and tl&éhkaMSnOg Zr;(he TiN and the like

{ at
oRRTHE DR mIR A St o P M s v
par amag it HEpkRSEHL the Brotdtbing-EibA 14liend nAREbd REY MY T BB, If the film

erties are |y deterlorated in proportion as
OFHERE, e SrrdBRein homeerd e o el e iy
ehIBFoPREHhR QidtANE 'bet‘u%exfl MeTRE AR fe bl ?etf Illl)fgé BYd E%@entlng the input and

sputteri n% nmet hod. The protecting-
Ofl'imlﬁé‘@n?dﬁ tove atquiting suffitiaueingsith e Gvagalely,u ﬁhe rpectectitigriim layer is
h a such comonl y
fAurglég bgr ot %)UQ%H -#’lgtﬁ]rgn&%’%tﬂgrcf\)r% glfhl §1 s as car bonaceous
subs Tae prsectingfilidilaygr pafeb@ﬁb Ha$ thellylsticagey Ay edofiiédBereon. As the

HxC), carbon nitri.de hous_carbaon, silicon
s 5B lor it i {0 | PRticoB Jayors, Botipe-brsed dihricetg agents

h d%@ar%rﬁbé&\é@'lﬁb’iﬁhﬁng dRatsPE KGLhRe ﬂfekéomlﬁa@y&r aﬁﬁé(bl? Sor example.
ornmed of two or nore |ayers. The filmthickness o

The libsicefingdeyes és generplly frated 3n wﬂu@l«m@ dfdge 4mman 10 nm
If ot ggétf, %%étﬂb& Eg%?@tlug{ gttﬂeeﬁhp&r&%%é HQ%Je'uL g%({o"f}y x?é medium of this

exce nm t exces
inyehtzongwillhet specificalyateseitied beloan t he head and the

ic | d nting.the do
o1 onars BpecBih e b RiG € Broepeic reordiiE e omialy begins with a
wognef cldning dddedrpingtagubitnge, fTHiSdveNSn diso frefed p¥folfi®he work of

g tterlng met hod or the CVD net hod.
cleanng and drying the substrate prior to forming the magnetic-film layer from the

viewpoint of ensuring adherence between the component layers. The substrate does not need
to have its size particularly restricted.

This invention has a soft magnetic layer of FeCoB, an intermediate layer of Ru, a
magnetic layer of a 70Co-5Cr-15Pt-10Si0; alloy and a protecting layer of carbon formed on
the first surface of thf; substrate. Subsequently, a magnetic recording medium is produced by
applying resist as a coating, forming a pattern via the coating, removing the resist and the
Carbon remaining in the parts corresponding to the concaves in the pattern by reactive ion

etching, depositing a coating of Si on the magnetic layer, then heating the coated magnetic
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The protecting-filmlayer prefers to have the

| ubricating |ayer forned thereon. As the lubricating
wageiTood4st use in the lubricating |ayer, fluorPaedbas®es52901

| ubricating agents, hydrocarbon-based | ubricating

agents, and m xtures thereof may be avail able, for

exanple. The lubricating |ayer is generally forned in

a thickness of 1 to 4 nm Neﬁg), t he met hod for

produci ng the discrete-type mEgnetic recordi ng nmedi um

of this jnvention will be specjfically described o

layer enirradigting, e S8 surfese Witl dnest wgs,athm%h indueingdiffpsipmgf Si in the -

r . o . .
BRSO e er AL Bkl 5 P01 Sl AR magneti fayes,
timeetfyoformingea mapketof pattemaddsiggednd cahfyinnity with theidstaned between the

skl e B s R o5t Rt Bt Aegting ayer

. ah@YRenS appliiag S B&dtingt 6 RBHsanR Ot THREGFteAnd) Methdd Sva§iad6pted for the

particularly restricted. This invention has a soft
depgsttion;of thepatingof Fie Eopthe sradiation withithg fan heagne inetratqmps, such as Ar
K? 1 @ y . . - - i . d a
ofd REIRENafahiB This Hehid) Sncagiats ke ALK BAmlian? 2
of t Fethsdibratatian of thyhtemsebseluent o thegpmicator eftesistiasg coating, the

nedi um i s..produced by .appl,yi r.esi st. as, a coati.ng,
PRPHF LS PEFHES 1, T i Al e (o 1SR 95 e Fielispiface of the
pediettin eflGALRODINiAETI Biafpel AirkdEy RARAS pEREdtREPRHSH RO bkOdeposited
the concaves in the pattern hy reactive ion etching, .
SERSPBTY ith dhea sebsHRterf Bie REUSHC daver Radrsessiig) g estampergppder high
pRBalrd NAIERSHEARLER PERAREDE G PRI the haﬂté'rﬁ @sﬁlﬂlgj’o*’l ek Bfl Rnvexes by
surface wth inert ‘ions, thereby Inducing diffusion of
ugtlizinga theemesetfingtresin bag BV -seftingyesindorenadmle. causi ng Si

to b j l. ed i t netic,laver,

ey Bphd SHABE AR BN okt L IAO R YR e s
farmefl diyma tryethiod, sutih as diletan beaheimagig, toreeadiphs afily be used. The
tracks, renoving{the resi st, thereby induc

RS e e RSBIPEE o ARG {9 RPSTesy dhardngsy aflaurability capable of

wARBhYdiRg th iﬁ’%ﬁéti OFGhPprobaib! NG B exahtiffe, TR bE B5dd) ITHERLBHaI is only
was adopted for the deposition of the coati r][%@of Si.
rqgyired ke miept thgiparpas ail ithe kind theseofije drrelevansr (Thetstaneper has formed

. [ I his..i i
OSHER Nl 208 QSRR Sl el il nd @ prami
patermbesides thef tracke fopa¢doeding endbmeodsent to t he application

of resist as a coatin t he concaves .and the cqnvexes

or o BB Bt SorasRer o tenifing B8 Py BeCRo B (05 F g A G part of the
pfiftectifg 1436048 Géhbeedf byl WBiklya te@lhrﬂdél&g swchSdsaiip efchifo! RAEHW jon etching
to the protecting |layer_ to be deposited subsequent to

of pRn ayllag, Jnecogsequerce efyfiete treqtamons. tiggmpgnsticlaxgr rand part of the

pRIGHERE laydP R wiitiBthe magnetic pattern has been formed remain. By selecting the

conditions, the protecting layer may be completely removed and the magnetic layer having

the pattern formed thereon may be allowed alone to remain.
For the purpose of forming the component layers of the magnetic recording medium
except the protecting layer 3, the RF sputtering method and the DC sputtering method that

are generally used as means to deposit a coating are available.
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pressure. Alternatively, it is permssible to formthe

pattern with concaves and convexes by utilizing a
woherrmossiti ng resin or a UV-setting resin, foPCT/JP2007/052901

exanple. As the stanper for use in the process, a

nmetallic plate having a fine track pattern fornmed by a

nmet hod, such as el ectron beam i maging, for exanple,

niay be used. The material of_ the stanmper is required

to possess hardness and durab‘QTty capabl e of

wi t hstandi ng the inpact of the process. N, for

exam$inghe gthar hand, fos the pusposeef farming the peniejingdimi layer, gegerally the -
¢ . . b ki L .
R BGEE T8 P BT SRR e SR o cample
isatvipteds Thishngthdd, hatvewsrns net apreaylusive chepat t ern and a

preanpl e pattern besides the .tracksg. for recordin ) .
b i ey 8 SCR (eing BRI 8o BoY SR deyice of this

i RAEEEH Shovaid FEG S fBEE nAbRktR A ebordingt AR RIpESREIkbvice of this

layer are renoved by using a technique, sucﬁ;as dry )
inseatipmis, prevded with themagaetipirepgrding medium PP phthis inyention, a medium-
X e e of . & . ii:C | r .
ERRRIEIE for il BE AR TS cirkdiin WIDEe, £ Rhnetic head 27
cpadistmp rof hascobdieg ph anda regenaating fayt, 8 dleadtiivigg tphe 28 for moving the
condi. tion the .protecting |layer be .conp| et e .
TR LA (B HR G AbY SRASHEY THRa Ty AT oL B, b recording and
1é260RAh gl NBIALHR1IRY9 BeinBihIn@\Wesbrdth® A feProdeM BigniiQrodeléing means
pur pose of formng the conponent | ayers of the
forogiiising signab inte e magnetisnhead @ andiegensrabing @signgl praguged from the
gt el £P0 Py SoniTE (AE Abohbify i Bkl Botdle «0 configure o
ntagaetingcardegaderideapdseesOing tahisgh révording delpsifyor Owing to the physically

ur pose .of. for.m ng the proteet,ing-fil.ml ayer . - .
B BPricion e Roor ek SE e Hagnclif kRt megipm, tis invention
edéalﬂ@mmg-xb'géﬁerasﬁag uﬁﬁké laydh RafofindhéMDo 6o acta?stew:h @earlys the same

adopted. This nethod, however, is pot an_exclusive . ..

Wi whoe thenraetice rof ligipatie thp dofiegee of ¢§er BrghgizRpn transition

r%’lgn lof RIS B @@gedFéH: &5 éi(ring hhé rédHERih O ReAd a SHRBr Width than the
G 2. The magnetic fecordi ng and reproduci ng device )

resording depdnbantproniled tordnd. ddebngpquentlieit nagnade possible to obtain a

or dj J: i s dvention, a nedi undriving
s%tﬁsﬁct%?%gﬁ&%é% n m%ﬁ%%@%%‘rﬁnxi n the direction of
r ecoifdithe, bp fomgingtthe répeactating pan of she Amgoéticawith a Giant Magneto

ecor dj rt, and,a re erati .part ead-drivi.n .
RSPVl BY Rt PRE et hidkige SMRYPEE. o gl Bossible to
obhith ERERStoF sioRANEhHE VBE bt REsHdAg RASEHANDIeAREL a magnetic
reproduci ng signal system 29 conbi ning recordi ng and

recopding devisepPossesFiag 2 bichdeesding densiflis By causing this magnetic head to float
in an amount of 0.005 pm to 0.020 pm, i.e. to a smaller height than ever, it is made possible

to enhance the output, permit production of the device with a high SNR, and provide the
magnetic recording device of a large capacity and high reliability. The recording density can
be further enhanced by incorporating in the combination a signal processing circuit
conforming to the maximum likelihood decoding method. A satisfactory SNR can be
obtained even in the case of performing a recording and reproducing operation at a track
density of 100 k tracks or more per inch, a linear recording density of 1000 k bits or more

per inch, and a recording density of 100 G bits or more per square inch.
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for entering a signal into the magnetic head 27 and

regenerating a signal produced fromthe magnetic head
waz007Bg4480nbi ni ng t hese conponents, it is madePPoaBI0T/E52901

to configure a magnetic recordi ng device possessing a

hi gh recording density. Oning to the physically

di screte fabrication of the recording track of the

magneti ¢ recordi ng medi um tth i nventi on enabl es the

regenerating head and the recordi ng head to be

actuated_in nearly the sane w dths, whereas t

pr acNPwWeExFmRles qﬁt%laewah@wdi Gampasative Examples Wi be described below.

magneti zation transition region of the track edge part

by giving the regenerating head a snaller wi dth than

| Gomparagive Egtampleiead has prevailed to date.

Sgl? |S qg%?%%dh?lgégr}gy gl?g:jagl S5 bJFS §£ﬂ§ qﬁh&% S%N'Egrein was evacuated

ifrad-iahes to adacihan of ng xt e Fa&ﬂ&ébﬁ I Thé BRisPAbbtraé uieﬁ%erem was made of
gagnetlc with a G ant net o Resistive (GQWR)

SY gL n‘&‘%&ﬁ@!@ﬁR@i e h@?)KZH’e M0rR:0s sa%%zos-Zno as
cBRpShdAtE 1 MeRid &5 Iﬁfht inSfuRGdetiYmet lzoslhﬁleiﬂ%ﬁd‘?&l@lﬂeter and had

at a high recording density an rea I Zze a magneti c
ap geeragh wefackerpugmepo@®aof2 Ag a hi gh reco_rdl ng density.

0 00D 8 B O BBRENTSI AR o B g bk PN i 2 ks
o£260 nmibly th%ofﬂﬁld@' m?@tﬁhﬁ% hetteah anc;: t he Oﬁt g ut, |

per rooducti on of the device with a NR an

pr oc‘ﬁ‘]’épfl}?eteﬁﬁ Refopted substipts w5 1awvinted bdfth%uﬁeaquéampers made of Ni

ah@paphicd i Qﬂvatﬂcg h el s‘taﬁ‘x%elré b a Thek pbREPHELHE nijﬂe Nghe Yrooves were
can be further enhanced by incorporating in

invgrably adivetad to adeptindf 20 woe The mpraiting yas lmphmnwdrbg usipg stampers
gﬁa eg% R i kelihood decodi ng method. A satisfactory
can obt ai ned even in the case of performng a
r ecoiftlem ghea&dh rlaypr vdsietichgl lppmearsi ofiorabeam tichink. d@Bgiih part of the

ST, 9 bt SBEAE kB o B L R WP o
b8 0ésHnd ol Rxes Edhf@ffmnlé) & e Rrd gl R1ticSRIreR Dy tAEMBMBers was formed
| nch, Now, Exanpl es of this invention and Conparative

e fpleurige of thesubsdte.i bed bel ow. Conparative Exanpl e
1 AO\ﬁacﬁé"Hm GIARD OF tHidYbAd2] SBP hgtml %&rg}f%‘géoB an intermediate

substrate set therein was evacuated in advance
layecofiitm efid 4 n@ignetictiager od 2 510Coex-15Phe08j0a sHoy west staﬂced by the DC

%ﬁ%&g O%A"fv}%(ig Eapé@fb%%)g% %‘f?%g giﬁfg Tay USI %ll_clggrl%-bagd lubricating

ity mmwﬁmm& stdcked'Bythid IPeO0 VO etivd @ec@iéhﬁalliﬂn @he%fﬂéﬁﬁerﬂiﬁﬁed
b dﬁ: di aneter and had an average surfa
r oug}ﬂﬁ"egg ‘?é?é? gragpetye layer measured 600 A, the Ru 1ntermed1ate layer 100 A,

the magnetic layer 150 A, and the C (carbon) protecting-film layer an average of 4 nm

respectively in film thickness. This sample was obtained as an example of the embossed

product of Comparative Example 1.

Comparative Example 2:
A vacuum chamber having an HD-oriented glass substrate set therein was evacuated
in advance to a vacuum of 1.0 x 10™ Pa or less. The glass substrate used herein was made of

glass ceramic using LizSiy0s, Al203-K20, Al,0;-K,0, MgO-P;0s and Sb;03-ZnO as



10

15

20

25

30

On the glass substrate, a SS2 filmwas forned as a
pre-enboss layer in a thickness of 200 nm by the
wonai7ras4g1 RF sputteri ng met hod. Next, the resubPCaaP2007/052901
coated substrate was inprinted by the use of stanpers
made of NI and prepared in advance. The stanpers had a
track pitch of 100 nm The grooves were invariably
adj usted to a depth of 20 nm_The inprinting was
i npl enent ed by using stanpers 1%f relevant desi gns.
Then, the Si2 | ayer was etched by neans of ion-beam
cOmpPREnts: Imawrﬁdrg my in@utsidecdimneter andel0 mpsindpsideediameter and had
rate, with the result that a
aﬂ ?%Ré&l&-%@%%kg&\?es&gzgp%%‘nvexes conformng to the
| r r e@ul the iglase substratapdsdfy mhpreets tlayep of Fe@oB, drommaentediate layer of Ru

- abd Smaselip TRt 8o SCE1HISNG: oy ek btacked BY the DC sputtering
- nfe@hRBinded O ?ﬁ%ﬂﬁ%o@écﬁn -ﬁl/lﬁrla aty aaﬂ‘lﬁ’orﬁlefﬁgéﬁleﬁlbﬁcatmg film were

| ayer of a 1 O alloy were stacked

fyrther packad ithe PrigvVrmetlnd, mexg:la@y (ie thetnsdgr mentioned. The FeCoB soft

:[, ét?cCIE#IJ}Q?J&%x%lE&e {ﬁaﬂ%ﬁgj i%t&%qﬁ&&ﬂﬁﬁ%@g%@ghhqg%égﬁ%é 3¥er 150 A,
ase theed (caabdny protedtlhg-ﬁbmda?yer 1} rat/eragedf 4 The rd%péc‘nﬁe]yaﬁ tfilm thickness.
i.nterme

SHE g}elénfl%o %\%a:gﬂﬁl g"f%? gu Jgﬁ}%q. to%ﬁ%\catlgﬁ He%tﬁlgnﬁo%orm a magnetic
phtéth hﬁkﬁéorpr %Qfétsi BEfit,| 418 laopesikt Wth@iﬁfﬁ‘és@ﬁiﬁ%qesﬁ vilapplied to form
respective i mthickness. This sanple was

lréftﬂu riige © oawngi%ﬁmr@%cabﬂ priteBhibe §%=amdomt§t ofghe magnetic layer

vacuum cﬁ\bﬁb {fﬁ%nlé %%E%@g? Pé‘ﬁt&égﬁ@ ng‘gﬁmﬁ% ggff‘/eggd parts of the
reset vedre peélad, \m:sl aa\ﬁanua‘t eufbam wasl fames wuh ghes abjecimoDeémbedding the
ubst r

sl bt e TSt e TRGRIRCHRHRGA FpBplhRER e form ofa ilm

4/Nm? Bthickadss Aly ZKBPKAD ndl{adRo gik rivedo SBatfhinember. The resultant
conmponent ht nmeasur.ed 65 mm i n qQutside dj aneter
SufERFe 35S HROPHER HE FRpans o i besm &Hmga d hg famplerthgfeobtained was placed

n?‘h!r\fa@lﬁﬁn rcﬁé‘rﬁmee%ﬁcdaa@) 1n°idv2nc% to @vﬁéﬁﬁm%ﬁ?% ﬁi"‘bﬁi LAY A gas was

a soft magnetic i/ B, an I nternediate | ayer
irgfodmeedain gclmadmtl 1¢he a@réal messarewe@heé 6rPa. Birt surfagspbe sample

L
ah Hkxarmpiabf ﬁl’lg fefhrllcated\lpfoduétwﬁﬂagh_etﬁ:t layss ofl ComphiadvdELahple 2.

I I nth rder n T F
g? P ﬁ1d ’the gcthlng p éss, ta, Son%lgg%etlcnemgtér?qeg use eas Qchcg object of

embedment. In the manufacture of the present sample, SiO, was used. The production of

1Q

the film adopted the sputtering technique.

Examples 1 to 5:

A vacuum chamber having an HD-oriented glass substrate set therein
similarly to Comparative Example 2 was evacuated in advance to a vacuum of 1.0 x 10”° Pa
or less. The glass substrate used herein was a glass ceramic that was composed of Li,Si;Os,
A1L,03-K20, Al,03-K;0, MgO-P,0s and Sby03-ZnO. It measured 65 mm in outside

diameter and 20 mm in inside diameter and had an average surface roughness (Ra) of 2 A.
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magnetic | ayer nmeasured 600 A, the Ru internedi ate
| ayer 100 A, the magnetic layer 150 A, and the C
woOeen7monis1 protecting-fil mlayer an average of 2ZCHIP2007/052901
respectively in filmthickness. Subsequently, the
magneti c | ayer was subjected to a fabricating
treatnment to forma nagnetic pattern thereon. To be
specific, after a resist of thernosetting resin was
applied to formirregul arities tonform ng to a
prescribed pattern, the concaved parts of the magnetic
| ay eOnyhe glase mhswem/ safomagnaticilaer of FeGeB vancintammediate layer of Ru-

e e T PR —
mtd‘n]jlcﬁk:zindiii Ce(chathdd) potdchiagfibndyyed apdrat Bucinetbasedrmpriedting film were

- e e o PHOY R AR, s B?%%;%eq‘%e%r%?ﬁa&ﬁ%%cw soft

mdgf&id lgyéi' Iﬁéég’ﬁl’eg 8bd AOHEBPREermdNgte 1820 h bRAL ﬂl%%&fg'ﬁ@ﬁ’c layer 150 A,

was snoot hed by nmeanS of ion-beam etching. The sanple
anththe @lﬁmbmﬁ oretegtingtfdmdalydr anaverage ofid omamseectivelycn dtlmdhickness.

'I!hg S%gg‘l Pget@héﬁ%ﬁ'g agf fog‘m%((f Jogrh %nt%ﬁ lé;er gﬁgce\régﬁg treatment.
Spe‘aﬁbv&lj % Raagnétie Iermﬂmge mefivid em&aljmichcmﬂsbyetaphlqﬂlgbyesmt of a

i ng an.RF vol tgge .of 300 Wto the sanp
t%%ﬁegeéﬂt%agesabtt&?rﬁ@ﬁégma& OREASE ngs cquexes a‘Eﬂnlf‘BH{‘% to a pattern,
SheHHE tongf tHEPREIEE bgistiy 81 tHf cdaRIRApAtd ¥@ th @é’ﬂ@h@e %tchln@ method,

t he enbeddi ng process, a nonmagnetic neterial is used

deRositHE Botsjatieg obsi nihe aavttaring methade then hetting the soased magnetic layer
S | |

AP % BB 80 OB BRL o masnc

patterA deagmmﬂrmodoafdnarty vathi thg da;:tanblE)beﬂWeem tledadjdcaststracks, subsequently

substrate set rein aratlve
rSHGAE BlsrediShask V% BicikrBnE bBh et G are £ ooty By 4 nm in
tiRekieEs, hed Spplyhiig a Glbaieant sl Abitdice TheesmplRs tub miasfhotured represented
EgI ass cer am c that was conpgosed OfLi 2Si 20s, Al 203- K2

o). Nhetipdaysssen gt @sﬁe@lrzhérmpfl %ﬁ@@ﬁwge@ans adopted

V%epeg%qlgwgen%ﬁg@to%“ﬂnd 20 Mmmin inside dianeter and
ad an average surface roughness (Ra) of 2 A On the
gl ass substrate, a soft magnetic |ayer of FeCoB, an
E}B%gfegg%?é,e | ayer of Ru and a nagnetic |ayer of a
- -I"5Pt-1 OSi2 alloy were stacked by the DC
sput Aevicagmnetahber Andng aEI—IlZL@hbﬁth PO battrateGsef tHe@in similarly to

aye a fluyorine- bas | ybricating fil
dPH?PPW@Ve gi‘%f&k‘ﬁ etVH“élaFf YAEEH DR v QWB@E]llloa’f ie(} Por less. The
oliesubstae uMéraﬁ %s a BMs COGRIZ Sof Yad @RRkES of @amgos, AlL0;-K,0,

measured 600 A, the Ru internediate |ayer 100 A
AyrieaQ, (Mg(ax}’er ghSta03-ZnO. It measured 65 mm in outside dlameter and 20 mm

in inside diameter and had an average surface roughness (Ra) of 2 A.

* On the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of Ru
and a magnetic layer of a 70Co-5Cr-15Pt-10Si0; alloy were stacked by the DC sputtering
method and a C (carbon) protecting-film layer and a fluorine-based lubricating film were
further stacked by the P-CVD method, sequentially in the order mentioned. The FeCoB soft
magnetic layer measured 600 A, the Ru intermediate layer 100 A, the magnetic layer 150 A
and the C (carbon) protecting-film layer an average of 4 nm, respectively in film thickness.

Thereafter, a magnetic pattern was formed by a magnetic layer processing treatment.
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and the C (carbon) protecting-filmlayer an average of

4 nm respectively in filmthickness. Thereafter, a
worgT@bssipattern was forned by a nagnetic | ayeCT/JP2007/052901

processing treatnent. Specifically, a magnetic

recordi ng nmedi um was produced by applying resist of a

thernosetting resin, thereby form ng concaves and

convexes conformng to a pattern, renoving only the

resist existing in the concadéd-parts by the reactive

et chi ng net hod, depositing a coating of Si by the

Spquificatly,i mg nmmghétad redonding hmediiimg wak eprodutedd byrngppdying resist of a-

| ayer,. thereby, causi.ng.the Si to be diffused %n thet "
theEoReltig TeaPortheirhy AT AOREFE FIT SOGIR conlofaingelo, e pattern.
reRVirp 6ty tHe reQ&feRisfhg th the tbndabi@patistyahe eedotvenea Richiig, depositing

adj acent tracks, subsequently renmpving the resist, an

) .and.
-+ a cpatingraftS dyi the sputteaing methodethign igadighing the Sa syifase avith ffions of an

ion ?1[11 ﬁleﬂiwicgusti%ﬁl@ﬁﬁﬁbe aitds @Rl ik Hﬁéﬁeﬂcqueir GADAIIRAVedPto form a
coat | hg. e sarples thus nmanufactured represented
mex@atiol Estein tesigned Tinecanfirmidy ewitle she distanee etvieeh rthe adjacent tracks,

formed.and the heat.i. ohdi ti.ons adopt.ed re.as. .
subesienith ropaptiae Beetichandes prsteing sk Bl s fifipe o protecting
la§Baabam vhidkned® anB- gphing ed lghiast s4aStéaing. Sdhe samples thus

therein simlarly to Conparative Exanple S
mepefachireddenteseatnd Fempies 640\ dc (IR BFknses sefz thg Sk fifsas fppmed and the

S, I iihwas a gl ass
B o 0 e e B e S A 205K 0

Al 2Cs-K O MO P20 and Sb Os-ZnO. It nmeasured 65 mMmin
Coutsi ge gi arﬁt ey a(mi 20 mmin inside dianmeter and had

SRPARRY SR RIFY A¥E Foughness (Ra) of 2 A * On the

gl asSafplbs of Woenpadative ExampiRed aad ayere minFa@nBd tgnfollowing the
i nternmedi ate | ayer u and neti.c

SeTRRCBIO I Sl NI w1 Gehiemitipe E‘?%ggafiﬁé stisequent to the

dSRoR df8e BELORH 2R (R fradfadibR Oih AF OF &t béagr. f Thesi films in the
["ayer and a fluorine-pased lubricating filmwere

sqmplesimeasyred ek atrd 3Q0nA, Ispeviyelet hod, sequential ly in

t he i T [ &.Jaye

roasare e o B ' [EHREGH b Gk es R pere evaluated
foraiprabinaghetiy @onvendor\clandttdristic By hearsbofid spin stand. In this evaluation, a

rotecting-filmlayer, an average ,of spectiv

By Esaete cead e Yol P PR SR Remih R Mo B PR il samples
aft @ HIRHgR¥coRddiBOIadl 6f T SYIEFCIRIRE BsSeeld Tgr SNR value and 3T-squash. It was

treat ment. Specificall 3{ a magnetic recording nme

9%

foymd that dhi) saseples ofBymmyplesgl foekl weregsubsiantially ﬁggréytvpg :qglr{nW properties,
S5 T P RS 6 IVt Esampe 1 e
2e)t stinfeged that Hes oaproveneenp sastibedofyorn stabrlizing the beddoffoatation property
ar% 8gﬂsg&en8$ %r?&)ihtnig% to proceed at a prescribed height of floatation. On account
of the confirmation of the RW properties, such as SNR and ST-squash, it was also confirmed
that the samples of Examples 1 to 10 allowed distinct separation of the adjacent tracks by a
nonmagnetic part and as well, in accordance with the diffusion of Si, enabled a magnetic
pattern comprising magnetic parts and nonmagnetic parts to be formed in the magnetic layer
part thereof in conformity with a pattern of resist possessing the shape of concaves and

convexes. On the other hand, the samples of Comparative Examples 3 and 4 were

remarkably inferior in both SNR and 3T-squash to the samples of Examples 1 to 10.
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a coating of Si by the sputtering nethod, then

irradiating the Si surface with Ar ions of an ion
woeeanmossdser eby causing the Si to be di ffused i RCTAHR2007/052901
magnetic | ayer and allowed to forma nmagnetic pattern
designed in conformty with the di stance between the

adj acent tracks, subsequently renoving the resist and

the protecting | ayer, thereby re-formng a protecting

layer 4 nmin thickness and ab?)ryi ng a lubricant as a
coating. The sanples thus manufactured represented

Exanpiftes eompletion Tfethehidetlermingidan off tthe slecrgnagnetic conversion
n d d

°é%’é§*§§s.t% thel A0 BhoEC b J0% A ERBHAIRY Bxliples, 1 10 4 were
t&Seaipioe SmtﬁiceCﬁOﬁglﬂlEﬁt bwﬂne Emauf)lA@M 3 Taa dodmugtetic substrates produced in

_ uf act ur foll ow ne procedur
b B Wl oy CoraRie Lo e Boh oL YRUEA fpording medium were
_ eFalSBd YN toubRndsH RRAL ROS visuiNfisIt I\ Bin GvﬁﬁtdnnﬁFRP ¢halB By Digital

irradiation with Arr of ion beam The Si filns in the
I@%meéts Gasas The gvavatian sl BEsolntion efs3idct 236etrpping mede and a sweep
%@gg ?h/&efcmlr:ci( R 1%%,11% of e B ehnGR 1|rlvl‘3.bilzexlal§'é[f<l)\$s The samples
wer e eval uate or electromagne c conversi o
of Examptesrli ot 10csHoyvetl hearkisily ddw magpltlldestoﬁeuid‘aderrotlghmss as compared

al uatio ertical e di_n was . us for. .
W&@F&Pﬁg{éﬁﬁg dﬁ’ e‘%ﬁ [;ﬁ %}Qﬂf gt IS?H%r@gﬁb?tééls improvement
r@sﬁdt@d1nfb@é611%ngfﬂa6‘hééiﬁﬂba@ati%h9na| of 750 kFCl were tested
for SNR val ue and 3T-squash. It was found that the

sanp/lbe sapples ahFranples il éolp(ﬁque(;@ngqjgs\teﬁfgamlepsyl to 4 were evaluated
t , T-
5/ TRIi0Y ol B REBRE! L TRS. xBTS Rl TS0

as -conpar e sanples o ative nples 1
Sany}'TEktrdmx iCorp pfid smlddmﬂhathe tpmdslct nqﬂeoafemm 0p’tbulthedse of a 50%

SR Teil Bt b7 1St ivvs GPoc bt bl O f e biiBiog ore showm in
'ﬂaeleghnselm fit i9 aleat thatExdapl&CICOUIT exoéllddnCofipuidtiverBiantphes 1 and 2 in

he, RWbr operti es, uch as SN nd ST-squash, it was
hafrds oatingmronesy besayse pHlawelidp r&?eExanm es 1 to 10

al | owgd cne?zsﬁseﬁtofssaﬁm@; Yy 1@%&*&@%@% HxakpRE NS0 thas made it

a nonna Ic part and as well, in accordance wth t
cltar thasithin io¥engon enpbles cenvenientypdoetiqnaef ermscmﬁpm@mm gaxhlbltmg

@%‘ﬁ{% %\B%H? e%qgﬂge?{agﬂééogg?lggg&ﬁle aE’ %Oa&{l{l;mrl? E%K cgusmg an Si-

netic ayer conform:
cpﬁhhﬁfgﬂalhfy toebe fénm:dsiaetﬁs inbgmh@&tle hﬁﬂ:ealﬁi‘ed cn I]mymeﬂlyami)aratlng a

nvexes.. On the ot her .hand, a
DR P g GO AT The K Ples, B &b CREPRaRyS Examrle darly shows,
thepoahétionNR Bnslednted 4RI 18Werl 16 sSAIR! Rtg mes@s@mm% fifiledt possible

to 10. After conpletion of the determ natlon of the
exlert farByei P tand HY@ors fos rthe sake of stabilizing the head floatation. This

invention prefers to fix surface roughness at Ra < 2 nm and more favorably at Ra < 1.5 nm.

made by

It is evident that this invention serves as an effective means for separating patterned
nonmagnetic and magnetic layers and further for producing a pattemed medium aimed at

still higher recording density than the discrete method.



characteristic, the sanples of Exanples 1 to 10 and

Conparative Exanples 1 to 4 were tested for surface
woauglmess by the use of AFM The nonmagneti ¢ PCT/JP2007/052901

substrates produced in the Exanples and the

Conparative Exanples for use in a vertical recording

medi um wer e eval uated for roughness (Ra) in a visua

field of 10 mMmwith an AFM made by Digital Instrunments

Corp. The evaluation used a TE&ol ution of 256 x 256

tappi ng node and a sweep rate of 1 m second. The

results of the eval uati on aﬂébbﬂown in Table 1 below
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the sake of stabilizing the head floatation. This

Thdiéeiat Applidibaiters to fix surface roughness at Ra < 2
nm and nore favorably at. Ra < 1.5 nm_ It is evident

t hat Thisi @verbiasan enables sprpvisiongef armegnetie tre¢asding apedipp that permits
séc% dlﬁ% aht E&bﬂ‘?}; LPhBROAGRNTRI %‘3§sb§3e§‘gﬂl C?;E@Q%ﬁ{ hl?llljcya%egegarate tracks,

urt or producing a erne Ium al
ascbldis belhg glthlencaddlyrthe Wdem&rﬁmmdw@mémhd ndiacant gracks and excels in
hm'?l recordmg densgty Iprc()jpl'le%tyr ! lélurthAf'J dince %ﬁ)e 1nve¥flon permits omission of a dry
etching step necessary for the magnetic layer processing magnetic layer, it greatly enhances
the productivity of the magnetic recording medium.

Since this invention provides the magnetic recording medium that excels in the head-
floating property, manifests a very good ability to separate tracks and avoids succumbing to
the influence of the signal interference between the adjacent tracks, it is further capable of
providing a magnetic recording and reproducing device exhibiting an excellent high

recording density property. .



Thi s invention enables provision of a magnetic

recording nediumthat permts securing the stability
wohodT@adisi | oat ati on, possesses an excel | ent abPCTAUP2000052901

separate tracks, avoids being influenced by the signal

interference between the adjacent tracks and excels in

hi gh recording density property. Further since the

invention permts omssion of a dry etching step

necessary for the nmagnetic |ayer processing nagnetic

| ayer, it greatly enhances the productivity of the

magneti c recordi ng medi um @GiAMSthis i nvention

provi des the nmagnetic recordi ng mediumthat excels in

t he headfl oating property, manifests a very good

abi 1ty ta depas aic-pesinaicdeddydihghedinareoiipridthgt 0

the influence of the signal interference between the

adj a@@ﬁ’@m{@‘ﬁgk%u sfratej s further capahle of providing a

magn I
o oS Bl RS G kR O KL PR B Rl MR g on o least
ofe sidsof’rheeonm:agnletm sybstrateigmdt i ¢ recor di ng nmedi um

- ocor denaeer e arac s o6t SPhErSis IS RORkfe 5 for physicall

séffaitind @itk @apRtic kRamlingoiRkShd theGbrvbliéznabpuR g yit. C

substrate; and a nonnagnetic part consisting of a
nonmagnetic alloy containing Si for physically

sepapat.i ng rﬁ%eﬁ@ﬁb@@rﬁh{‘g rﬁ@cﬁﬁ’rﬁqw&dﬁﬁ ?&L‘laf?rpij Witgeif Me/Qbstrate has

signal pattern part. 2. magnetic recordi ng nedi um

sarfase rolighgess Rachtgfinng 0. lm@&ﬁt?ﬁemsubst rate has

surface roughness Ra satisfying 0.1 nm< Ra < 2.0 nm

3. A magnetic recording medi um according to either

clai m 1 oA mighietic 2conditry mediumhhecordigp ed éicher elaom dionglaim 2, wherein
track i.s a perpendicul ar tlc recording track. 4.

the ARG e RISk I RIRRPSSIF Ui P EAPUCPRIBIER (| pe

magneti c recordi ng nmedi um provi ded on at |east one

side of a nonrragneti c substrate with a magnetic i .

r ecoftdi ngAt mgthed fer the peadyetion ghal dipiete dragkvirnec magnetic recording

n%la}{%& ﬁl?)k/*d’éd %ﬁ%@[e%teoqle sftf%r‘qt;'rﬁ)'nﬂlgﬁﬁ&ﬁ sﬁf;s%ﬁﬁe Witk agﬁtggira]ttﬂgrecording

mon a nagnet yer, fieating the resu
traeigaret 4 erécegigmal pattern whith physicplly separited @owmprising thi stdps lofn

W th,.inert |ff e, S _in the magnetic | ayer,
t her g"d?“f%ﬂ“rf?ﬁamloﬁ”ttﬂ%g §H¥EYC | ayer a nonmagnetic

heating the resultant magnetic layer or irradiating a surface of the Si film with inert

ions to diffuse Si in the magnetic layer, thereby forming in the magnetic layer a nonmagnetic
part of a nonmagnetic alloy containing Si for physically separating the magnetic recording

track and the servo signal pattern.

5. A magnetic recording and reproducing device comprising, in combination:

the magnetic recording medium according to any one of claims 1 to 3;

a driving part serving to drive the magnetic recording medium in a direction of
recording;

a magnetic head composed of a recording part and a reproducing part;

means to impart motion to the magnetic head relative to the magnetic recording

medium; and



part of a nonmagnetic alloy containing Si for

physical ly separating the magnetic recording track and
woOher7904480 si gnal pattern. 5. A nagnetic recor BCmgPaNT052901

reproduci ng devi ce conprising, in conbination: the

magneti c recordi ng nmedi um according to any one of

clains 1 to 3; a driving part serving to drive the

magneti c recording mediumin a direction of recording;

a magnetic head conposed of al%ecording part and a

reproduci ng part; nmeans to inpart notion to the

magne¢dordihg add reprodicing signal pgogeagjng mieans Eeroendérmg a signal into the

nmedi u ndrecordi ng _and, reproduci si_gnal .processing
TR heof )RR RE B 35ehr SE R Hoim e Rlaghdie Befieaa” ane

reproduci ng an out put signal fromthe nmagnetic head.



