;e3e~~: x>6t Tx>'cn. . f ~ MASTER CARRI ER FOR MAGNETI C TRANSFER |~a6hrans~
Fleld of the Invention The present invention relates to a master carrier
for magnetic transfer that carries information that is transferred
magnetically to a slave nedium Description of the Related Art Wth an
increase in information quantity, there is demand for a magnetic recording
medi um t hat has hi gh nenory capacity, is lowin cost and capabl e of
hi gh- speed access t 0ASTHERS ICARMR IFIRO FIOR0 MAGAES. I CASTRANSBER| e of such
amagnetic recording nmedium there is known a high recording den3|t
magneti c medi um (magnetic di sk nediun) that is enployed in a mmmwmmmmmw
drive or flexible disk drive. To realize the high nenory capa
tracki ng technol ogy has BHGHGROWND | POTHENTINVENTION n t he servo t kagkd«ng
technol ogy, the narrow data tracks are scanned accurately with a nagnetic
head to generate signal s atriaild ¢ Ihgndnienrgiagse ratio (S/Nratio) . To
performthe servo tracking, a servo tracking signal, an address information
signal, a clock simgeapreeést imfentpi®f eemmiteedtbmn Wae tdirskadtiprefet er m ned
intervals. As a nethod for performng the pre-formatting accurately and
ef fi ci enbbyietd cregaasirert € aasfeir Mo fefrmzagret thak! ¥st 2dsd B Fidy
information (such as a servo signal, etc . ) carried by a naster carrier to
a magnemagneed@=dilng vted WhdvenmeRtiwar.  has been discl osed, for exanple,

i n Japanese Unexam ned Patent Publication Nos. 63(1988)-183623,
10(1998) - 40544, and Description of the Related Art

With an increase in information quantity, there is
demand for a maggetic recording medium that has high memory
capacity, is low in cost and capable of high-speed access to
adesiredblockofdata. Asanexampleofsuchamagneticrecording
medium, there is known a high recording density magnetic medium
(magnetic disk medium) that is employed in a hard disk drive
or flexible disk drive. To realize the high memory capacity,
servo tracking technology has played an important role. 1In the
servo tracking technology, the narrow data tracks are scanned
accurately with a magnetic head to generate signals at a high
signal-to-noiseratio (S/Nratio). Toperformthe servotracking,
a servo tracking signal, an address information signal, a clock
signal, etc., are preformatted in the disk at predetermined
intervals.

As a method for performing the pre-formatting
accurately and efficiently, a magnetic transfer method of
magnetically transferring information (such as a servo signal,

etc.) carried by a master carrier to a magnetic recording medium
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10 (1998) -269566. In the above magnetic transfer nethod, the naster
carrier has a pattern of protrusions provided wiwth a magnetic |ayer on the
surfaces thereof corresponding to information that is transferred to a
magneti c recordi ng medi um (sl ave nedium such as a magnetic di sk medi um
and is brought into close contact with the slave medium In this state, a
magnetic field for magnetic transfer (hereinafter referred to as a transfer
field) ipaappéedisridndd,a fvagaghnpaki, 0fin PP b Lt ds € UrasVii D @atenithe
information (for exanple, a servo signal) carried by the nmaster carrier is
transferpgdlieathenshage BBd198E)BeE36BIS, MTHPNENINB )I-eT4 NGrkaN be
performed statically w thout changing the relative position between the
master capniepspndebbessl ave nedium accurate pre-formatting can be
performed and the tine required for pre-formatting is extrenely short. The
master carrier thatni shédsgdol’ermaggaet tCtibangber meanhod,l amd Haedee
pattern, which is formed froma magnetic material by perform ng processes,
such as phetokikt Hegr aphs tSPYtd £ th ried LI D B rBEfded W tth H haG@Rtic
substrate, a glass substrate, or the like. It is also possible to generate

the af or egpati NedeNBSE L CEITHSF e W Wlrirleispon@ilnd B8N Rfma b tHat used
for integrated circuit (1C fabrication, or a stanper technique, which is

for optigal tdhgkretarpetoganpbghk@ic ZecoladiNaReR e sAUAld meddfund)r anst er
in the aforenmenti oned nmagnetic transfer, it is extremely inportant to bring

the mast gicEald hefagiék i Deishkaned Bd] WAd kD Ehaser aras o¥é tdbraet ot her
w t hout any gap. If the contact between the two Is deficient, then regions

where negnehi ehkr ansier megingl. pPerfeniedsvhaté, 0O6CHEgnekh cngretli gokr ansfer
is not performed, signal dropouts occur in the nmagnetic information
transf er hegnkeither $h eFer Ned IRt dheeebered 6 a8 gnatafised i tHi d1%)
reduced. In the case where a signal recorded is a servo signal, the
tracki ngikudisd i Ded Ganaak the ndddci Ltilonh phtaicredcoandsponagaygensd lthe there
is a problemthat the reliability will be reduced. In the aforenentioned
magnet i cihFapmbheionONfopledanplfd ab 88EVEIsGRd] Llca ralie DpQUEHd niadt@rcl ose
contact with one or both sides of a slave nedium Because of this, dust
particl esappsbrnot exafbfetréletcothacslPos tredi el werduse msjresticarri er
and the slave nedium |f dust particles are present on the contact portion,
stabl e magaetrtintr anaf e pamfotrmae pesftdrard vand tHwrte dimaragipossiiE [ ity
that the master carrier or slave nediumitself wll be damaged. In the
magnet i crelansfegoidd iadri vetyebn ghepiesisir earsiappindechop lhle ke,
carrier and the slave nediumto performentire-surface contact. Because of
this, ifanmagmetecpteafisteatt $nygepaatied pedfargedanbetheft imemessquanegd he
nunber of contacts is increased, the magnetic |ayer fornmed on the substrate
of the mistrepreafpiramtwing be ekitpeselyn stheetvagnetic transfer step. If the
fragnents of the chi pped magnetic | ayer are present on 3 t he cont act
porti on between th&hgasdstrexaarmreranbathes sisede foedhagme t heyt rears fresduce
the quantity of transferred signals and can be the cause of deterioration
in the dbrabilang/ofoohepmtseen, cdrirdheis fPhmeddfirsm afnaghetseprrtatriiand, etc .
, of the magnetic |ayer

by performing processes, such as photolithography, sputtering,

etching, etc., on a silicon substrate, a glass substrate, or
the like.

It is also possible to generate the aforementioned
master carrier by utilizing lithography, which is used for
integrated circuit (IC) fabrication, or a stamper technique,

which is for optical disk stamper generation.



of the master carrier lies in a high chemcal affinity between the nagnetic
| ayer of the master carrier and the nagnetic | ayer, protective |ayer, and

| ubricant |ayer of the slave nedium the fragility of the magnetic |ayer
itself with respect to external force, and so on. That is, when the master
carrier and the slave nmedium are separated after magnetic transfer is
performed with the naster carrier held in close contact with the slave

medi um force act emhihee thgogiald tyay®et rofis foe imedices f caenéet idbned
direction opposite to the substrate of the naster carrier. Because of the
hi gh chergrosd i @tiianisty rhet waene k beemappainipe dausr tofbt heg mrstmasearri er and
the lubricant |ayer, protective |ayer, and magnetic | ayer of the slave

medi umgarddidheanothe s atdencepipnsihecdil @6éicvhtisct aiadt edky appéied on
the magnetic |ayer, the separation of the magnetic |ayer fromthe naster
carri erwicaits any @apddi LEofhe idortepeaiRd wisd thiketwasterdeaieientpnder goes
external force such as shock, etc., and therefore part of the nmagnetic

| ayer itheg0pBYHiBRS vIRPA Ab§He 0L cAYamehyr A8 nd e hodrhed wiadustagrt he
separation, etc. , of the magnetic |ayer of the master carrier, a method of
form ng @ nth preiik | 4 ken £ePons (M) pd it # drmdd | hei ggnediepbayer osgntace of
the master carrier, or a nethod of further formng a |ubricant 4 | ayer on
the uppel rBstmbapetiefidfermmsi®f tGanIRrd €b fiRkes) sanmaeli uw dRdt he

sl ave medium is disclosed in Japanese Unexam ned Patent Publication No.
2000- 19504 s r L O0fHe IiGhta1 Bud10rmy ng heidded fi im ehel BREECRAEEAYEr, the
separation, etc., of the magnetic layer of the nmaster carrier are reduced
to sonesidgHeecdddieidud alifvid ¥ighal het N@sdreickaaly ifehcis oanbanaet.
However, these nethods cannot prevent the separation, etc . , of the

magnet ige lsayfari @AY 18E ebyaihedaddhBi @dnséduéiel ¢porentd analy pagpeeinc | ayer,
the size of the fragnents of a separated or chipped nmagnetic | ayer, caused
by sepairt othe et€lialof 1ty beCorese greaticedberefore, if separation occurs,
poor magnetic transfer is caused by the separated or chipped nmagnetic |ayer
and therefore transfitie pforemamtdenedl dagertiatednsifert,henease where the
separation, etc . , of the magnetic |ayer occurs over a w de range, the
nunber fifatsingnst e xlr oqgort sr € xaee dsrauglat | Dvadb| €1l sswgeontadtcobshqoret |y, the
use of the master carrier cannot be continued. As the master carrier is
expensiaebothes hdederf afslslvaveedtdna tBeodunod ofeignes ) cdustapstetcilss
performed by a single naster carrier is extrenely inportant in reducing the
manuf actust ngtcesist @t the obdiescthand tierehetnetheloasa swiear eathker
separation, etc., of the nmagnetic |ayer occurs, if the separated or chipped
f ragnerdrsd the sdald medhem i nflfldnsepastichles arapséeensiogndie doopaat and
deficient close contact property which | ead to poor nagnetic transfer is

sl i ght .paxtidn s s¢add.e nhgnetisc transtkic tbdegmatnbe hee yirméd wrof thageaet i c
transfer and the use of the nmaster 5 carrier can be continued. SUMVARY OF
THE | NVENA pNsShbipisyebibat mlenmasherasabsearnedes iave/megiom fheelf

ci rcunst ances nentioned above. Accordingly, it is the primary object of the
pr esentwilly doe | damagedr ovi de a master carrier for magnetic transfer that
prevents poor transfer, with enhanced durability. To achieve this end,
there is provi dedmathermsagnesiertroqysfienr, tedatayedti kioh arsfssrurecdapri si ng
a substrate with a | and/ groove pattern conprising | ands and grooves, and a
magnet iappBied dorivhe mas tae daand/egr o that séene Medimmhési parforve

bet ween the substrate and the magnetic layer is Z . 2 X 109 N nR or

gr eat erentiredsirfare eorfiact. oRggan seonfebniat iidchmagnstt itchérangfieri ¢ | ayer
formed on the land is reduced as the distance fromsaid surface becones

gr eat eris gepadtied @ Largeduarever v tamese opddodyg evimegic @ft cankteatbh at t he
magnetic | ayer fornmed on the groove. In the first master carrier of the
presentis dvemeased a tbernageebihcthayemdraiiad payehesiwestofatdeofstbstrate is
oxidized. In addition, a ratio of the first oxygen concentration Do and the
second nexgfen eoncent rveitl odeDich ipmedb in $hienmahaetdngsrehsfedsstero. 8.
Furthernore, an average oxygen concentration in the depth direction from
the firkf the dereaomentafattinen chd ppiesl segoed iox goe c aree presentnons 15 at %
(atom c percent) or less .



| f the adhesion between the substrate and the magnetic layer is 1.2 x 109
N nm2 or greater, there is no possibility that 6 the magnetic |ayer wll
be chi pped, even if the master carrier and the slave nedium are repeatedly
contacted with each other. The inventors have investigated various
materials and found that a ceramc material is very effective in enhancing
t he adhesion between itself and the nmagnetic | ayer. However, a ceramc

mat er i akhbagsogteat: pairérina itwess tdHe aastiamicatmiwer drsd piwigedyon the
substrate surface, the adhesion between the magnetic | ayer and the ceram c

| ayer i medil@)CeHeylttin irheliRd s$ha @osst bt{idf tirhalk fRetrerrifhglsed @i C
| ayer and the substrate, filmseparation will take place due to the

i nternakastpbeshd Batibe ceHaleeibakeionl fn ithe gubsbhi al eydH taeanddesetf is
oxi di zed, or the sane crystal system oxide as the ceramc |ayer is forned,
t he adhegh@nhetween the ceramic |ayer and the substrate can be
considerably inproved. In addition, if an oxygen concentration at the

substrate surfacerhs dHHb o FR@LEEHT £t SYEELBEGUPERL Malrand dNgpef ore
filmseparation due to internal stress can be prevented. "I n accordance wth

the pregenthicN¥gBtLeNcatPEEL 15 PridViadadqh SREANEaMBSE LN CAY B wd O
magnetic transfer, conprising a substraté, and a pattern, provided on the

substrat@e mgﬁetgemmﬁle%fatné url(atadﬂéﬂ c@ﬁ:r'i@@dén@%\ﬁé‘ﬂa?ngﬁgeeiéﬁef ayer on

at | east the surfaces er eof is preferable that af |east a surface of

the magpebiredtayey 18§e@%i dhaetubpi tahti Bye ANl @heCcal BRI A8diudDethe
expression "at least a surface of the magnetic |ayer is oxidized,

nitrifi Q@ag_ﬁfl(i{t?[ o RO ARt ARG tNat sEDE Wi th FREPRAILC thayere ARy have
oxidized, nitrified, and carbonized portions at the Sane tinme, or may have

one or trae-cf, hAQ NXbdi.Zefhafild,l hed t RdthaGRIhoRh28dePolHd @RS s1dvé S,
further preferable that the entire area of the nagnetic | ayer be oxidi zed,

nitrifiedqigndboe §8pReALEQGa 1t ar RyROCONE BRIy G8r bk eFoPheling: B €SENt
invention, the quantity of oxidization, nitrification, and/or carbonization

on the s Ae8tekrdeaptithendBynet eokayesntScOngdliLnehalat/Bahe ®fum,
oxidi zation, nitrification, and/or carbonization on the substrate side of
the magRRirce laatey .onThale ifagridiei € ONEEsH réf | e Gha SX¥HEPBarPiéF0gRNa and/ or
carbon on the magnetic |ayer surface side is greater than that of oxygen,
ni t r ogeni raad!iavn cppboNtOmottte: stbstrate oF tiee nhstbe Jmgnieir CBéayese I N
this case, the quantity of oxidization, nitrification, and/or carbonization
on the mEgnRki BigRyHemmidd neE Sinde y errdengt katmigridaic s eaveragee
guantity of oxidization, nitrification, and/or carbonization for the entire
magnet i tasaygar caldrildie asecahd Mabiketapdr Lagerof ptBeeptesaniai;8¥enin@n, the
sumtotal of oxygen, nitrogen, and/or carbon in the oxidized portion,
nitrifi ecgnetiicoiayandddreicashaniezedd panf iidhthe forédan angeoppodite5 to 40
at% (atom c percent) with respect to the quantity of all elenents in the
magnet i dilmyoarior tid scqpedterdy eapinbted tobethe hdgneangelafet, t bh80 at %
According to the naster carrier of the present invention, the adhesion
bet ween stepa athisin af et ke thaigine timghayer iayethemamter biaghdler andutde oxygen
concentration in the substrate is 8

In addition, in repeated use, the master carrier undergoes

external force such as shock, etc., and therefore part of the
magnetic layer is sometimes separated or chipped.

As a method for reducing the separation, etc., of the
magnetic layer of the master carrier, a method of forming a
diamond-like carbon (DLC) film on the magnetic layer surface

of the master carrier, or a method of further forming a lubricant



made higher at the surface than at the interior. Therefore, even if the
master carrier and the slave nediumare contacted at high pressure during
magnetic transfer, there is no possibility that the magnetic layer will be
chipped. As a result, there are no signal dropouts due to poor transfer
caused by the fragnments of a chipped magnetic layer. In addition, a
reduction in the quality of transferred signals can be prevented, the

dur abi | ilayef dihehmsipperaasti @byeanobetles heastast cnd tde wiidremate s
transfers can be increased. In the case where a ceramic layer is interposed
bet ween dhet scbstitattthastatbactmaneti<dli aytostd ienh@psee 8 @nacaas ned
between the ceramic | ayer and the nagnetic |ayer, the substrate surface
itself isatxhtlizaslicitibe 1$eUTE @(-sT $8 04y Sdem ouxi-del @65 I hecdoamiad ayer
is formed. Because of this, the oxygen concentration at the surface portion
i's enhangled Bmd £hem cer anibril@yer learkbe tiRdeddimitaion Avta resd tchef i I m
separation due to internal stress can be prevented. In the naster carrier
with a pridesnieansjst i0TgthE maPtelr dldini < alrandsdhiagtingo asdegargred ayer
on the surfaces thereof, at |least a surface of the magnetic layer is

oxi di zedanditHd Huedbiandhos £ b aRisaed: cBeeadsei Oferdirfced he HMeRIG3
affinity between the magnetic | ayer of the master carrier and the | ubricant

layer, priées e dddy®inngraRenetine $syLFaefoh hetsl. auer fRdimdgrkagenes
smal |, conpared with a conventional master carrier. An oxidized, nitrified,

or carboniyed Baﬂﬁﬂéi:él#{ayel’n hes@esoh pugheth&oapavedt Wohh 1amagaeeticc | ayer
not oxidized, 9 nitrified, and carboni zed. Since a portion or all of the
nmagnet i Clapyef tole 4 1ee BERS FEQgHéRE s Off 4 BepRrasedlod ONeppea@madghe®iidli zed,
nitrified, or carbonized, the magnetic | ayer itself beconmes tougher
conpar edlawéh, aceaB¥&nNbyoBapba@Reidnd kthier. ¢f orechapciogte s eptedtance to
external force. Even if an oxidized, nitrified, or carbonized nmagnetic
| ayer isTparéfakby iTepapat£eion oeluppebodhRabhagierd ardd fun i besepa at ed
or chi pped magnetic |ayer are small in cohesive force and size and
t her ef origy htnees &va pdved 92 € 1ieséd @R gneansf ayauand yhe f8fbré L rasigtes t he
separated fragnents froma conventional nmagnetic |layer are large in size,
transf erpgufibrhynce sevaeekyidegraded. On the other hand, the separated
fragnents fromthe nagnetic |ayer of the naster carrier of the present
i nvention are smal Inithestaee whe rier eins fseypaaaliicny, eegr adat tba reayndia c
prevent ed. Because of the advantages nentioned above, the durability of the
mast er chayeeroofutbheopeesentideviearigen tilse entmdoeced farsd grizdl |drogtdutes
t hereof is prolonged. As a result, the manufacturing cost for preformatted
magnet i cexeeeddi ag gkllbaabdr bengedueed. conselgmemadtyer tdar russy aff tthee
present invention, the quantity of oxidization, nitrification, and/or
car boni zmésbaronarheesucénoet sheecofit i heedugrfs itthd aysrtes gmdelgyr aat er
than that of oxidization, nitrification, and/or carbonization on the
subst r at expeneive, t tiee magnhety ofl ayave ribraeftor ehichenagneeic daransffernf t he
present invention is capable of effectively 10

is performed by a single master carrier is extremely important

in reducing the manufacturing cost.

Ontheother hand, eveninthe casewhere the separation,
etc., of the magnetic layer occurs, if the separated or chipped
fragments are small, the influences such as transfer signal
dropout and deficient close contact property which lead to poor
magnetic transfer is slight. In this case, there is no reduction

in the quantity of magnetic transfer and the use of the master



achi eving an enhancenent in the durability of the surface and a reduction
in the chemcal affinity between the nmagnetic |ayer of the master carrier
and the lubricant |ayer, protective |ayer, and nagnetic |ayer of the slave
medi um while preventing an increase in the quantity of oxidization,
nitrification, and/or carbonization of the entire magnetic layer. If the
sumtotal of oxygen, nitrogen, and/or carbon in the oxidized portion,

nitrifiedrpeetl @an dd/IntGarieeni zed portion is in the range of 0.5 to 40
at% (atom c percent) with respect to the quantity of all elenents in the

magnetic | ayer, the af or ergpiMaRyedradvantiagencay be sufficiently obtai ned
and a magnetic | ayer which has no adverse effect on the nmagnetic

characteristic Ca@h_QePQlafs%hr&eqn_v%REEEnDlﬁ%@Rho%BnOhka‘ace THE JRAWNGS e
present invention will be described in further detail with reference to the
acconpapy rRandiaWcReSmehes sheg fh&R . 'M&ddeEﬁH&ﬁﬁﬁﬁf@sdtﬁéﬁﬁﬂﬁméﬁﬁmﬂng
the steps of a magnetic transfernethodwhi ch uses "anaster carrier

construghed rC6erh G A At EhskneIBAdt SRS ad RemBE@8eNtf PYERtEON; FI G
2 is a seCtional view of a master carrier according to a second enbodi nent

of the prERERtd RYaRERY M4 HiRent3A R IB A& SOCHiANplen SN PT a
master carrier according to a third enbodi nent of the present invention.
DESCRIPghgbeEi{QE PREFERRED EMBCDI MENTS Enbodi ments of the present

invention wll héreinafter be described in detail wth reference to the

attached draw ngsqo ddhielbGhils SheMSthB8eSIERY Rfi RIRIPSEEE ddANSE er

met hod in which a naster carrier is enployed according to a first

enbodi MeRtrek it %rph%%@tii&%ﬂs@ér,A%oﬁgg’ﬂbiirﬁotahesljﬂ&d&rﬁae thecHragneti c
transfer nmethod adopts |ongitudinal recording. tein Fig. 1 that the

di mensi Qaﬁd‘?kr%%% PaE te h &AWL idlg 18h48% MY §L6bYBY, fA Mkl Aot M2l

di mensi ons. An overview of the magnéetic transfér nmethod adopting

l'ongi tudippal FReRld RG WHd 16 MLy DWW | N Thed adhds idh ifddeal i zi ng
field (Hn) is first applied to a slave nedium2 in one direction along the

di rect | gReQbeNendal ank £ 26ke | Sn A PhBIrUcicAl SARANEL] 2251 N1 0They 5 ave

medium 2 i s equi pped w a substrate Za and a fmagnetic |ayer (nagnetic

recordi Bg gHELBEE) 2L 2BRERERN CE £ 185 5BRYBehcbhfendBat | B8 NIRAREIAL
recording surface of the slave nmedium 2, and the top surface of the |and

pat t er nm3gaedfict he yier doraidd bt aley ilhe Uls atRife BB ittie CRiIdtificesd, are
brought into close contact with each other. The | and pattern 32a of the

i nfor matirem sarkyk0gracel Beeomesl gravdeby depesiti iy Bs npesetée dragrer 32 on
the m croscopic | and/ groove pattern on the substrate 31 of the naster

carrier a3secbRdt Beygtat ecabehR@ath8sepioat athe mad®aPeti Ladd el thihkly) for
magneti c transfer ?herelnafter referreg to as a transfer field (Hdu) ) is
appl i edohnthlee gappasi.te direction fromthe direction of the initializing

In the first master carrier of the present invention,

a surface on the magnetic layer side of the substrate is oxidized.

In addition, a ratio of the first oxygen concentration Dy and

the second oxygen concentration Dp, Dn/Dg, 1s in the range of

0.05 to 0.8. Furthermore, an average oxygen concentration in

the depth direction from the first oxygen concentration to the

second oxygen concentration is 15 at% (atomic percent) or less.

If the adhesion between the substrate and the magnetic

layer is 1.2 X 109 N/m2 or greater, there is no possibility that



field (Hn)to performmagnetic transfer. The transfer field (Hdu) is passed
through the land pattern 32a of the magnetic |ayer 32, so that the

magneti zati on of the |land pattern 32a is not reversed and the magneti zati on
in each groove is reversed. 12 Therefore, as shown in Fig. 1C a

magneti zation pattern is transferred to the data track of the slave nmedi um
2. The magneti zation pattern corresponds to a pattern, forned by both the

| ands 32ghefmd dice tRgeiyer hayar bd2chlippba, | aben naf | the eRigtdMgasitileace of
the master carrier 3 and the grooves between the | ands 32a. The naster

carrier gnisthordiegd/d MeditieagBapgpebtadli skombslcbas wich fiimeithes.
carrying surface on one side thereof. The information carrying surface is

forned fre@itrienBaehhoec! BnaSs Bkl Das idull kd OSEDP] € andndbanaaratpattern
corresponding to a servo signal. The bottom surface, opposite to the

i nf or mat y ofe 201 ¥ ik S { PGS vkt BerEBsli 08 CLANdARINSinG thRl ddhesa drol der
(not shown) and is brought into close contact with the slave nedium 2 .

Al t houghy,gpl¥ecAnetrgide gﬁdoi:htehﬁaléh@‘t@c”ﬁ‘iiy%@.z aswebawn bncEk@mid, the

sl ave nmedium 2 may have magnetic [Nayers on both sides thereof . in this

case thepgrareasi Agkegskded;sepiahit cangker, apd doublgmsidedysi-mikt aneous
transfer. The single-Sided serial transfer is performed with the naster

carrier 3rByoHEAt ohntAeCkape tearbaAGL WalR 008G eSialh i d e st N um 2.
The doubl e-si dedsi mul t aneous transferis performed with two master carriers

3 broughhabpteie! pﬁgeg%@%é’wa&a@f&t& 1ghdesigfchRgnsbay piedingre 1d N the
master carrier 3, the adhesion between the substrate 31 and the nagnetic

llayer 3 hspds %iﬂ«:@?iﬁ% ha pakfater thd e snfagayeer hhanid duptsuehsd,rate 31
is oxidized so that the oxygen concentration is gradually reduced fromthe

surface kR1h3sephPBtdbheFil 0Nt HkelpPadeitle Ao e SURM AR sthessTHE 1S, @

relation of Do > Dh is obtained in which Do represents the oxygen

concentr ahbeAmideaend fasarHdshBetkand/ giooyes Bakkarni §loxilke st rate
31 and Dh represents the oxygen concentration at a depth of h measured from

the | andotage darR criyBea®XyEereh VIGRIY Aat iR Rlradnfie: dh9eYe: § Femdd) _
addition, the oxidation process is perforned so that the ratio of Dh/Do is

in the rangeaghe@i0d betleed. ther theammice lalke @bddatHouyAeRSS idan
performed so that the average oxygen concentration fromthe |and face of S
t he subsbeatendlidedabhe dephhbveld.h s d8datYohat affi anpekgertn) or | ess. The
af orenenti oned oxi dati on process can adopt ion inplantation, a dry

oxi dat i oaopteagsatianwet thxidaddtoraty eaegaceaichi ghpreiaxaaphaicluyer
perform ng reverse sputtering on the surface of the substrate 31 and then
eXposi Nngbkhemswrflane ahd tthdrd oo At entgadd it iorodacatohspbenalfarresd | xed
time, the surface portion is partially oxidized. Since the oxygen

concent r aanobebgceresitkidgh by the oxi dation of the surface portion of the
substrate 31 of the master carrier 3, the adhesion between the substrate 31
and the magnetic | ayeacddrhaceresithx th@9 pes@ndr igrveatteran,Thdrexfeoories even
if magnetic transfer is repeatedly perforned, there is no possibility that
t he magnetrovidayern 32cwnd masteh predtichs for emgrnetidiermmmsEemno dust
particles, the quality of transferred signals is ensured, and the

dur abi | i cpmpfritshiagmstubis teatei, ean@aima erdancpdovided on the substrate,

which comprises a plurality of lands having a magnetic layer
on at least the surfaces thereof. It is preferable that at least
a surface of the magnetic layer be oxidized, nitrified, and/or
carbonized.

The expression “at least a surface of themagnetic layer

is oxidized, nitrified, and/or carbonized” means that the



Note that in the case where the | and/ groove pattern on the substrate 31 of
the master carrier 3 is a negative | and/ groove pattern opposite the
positive | and/ groove pattern shown in Fig. 1, a simlar magnetization
pattern can be transferred and recorded by applying the initializing field
(Hn) and the transfer field (Hdu) in directions opposite to the

af orenentioned directions. It is preferable that the magnetic |ayer 32 be

provi defhgtieth A 1RvRIre Gld W ehBaatd gl isiead) asi dr f N dahd kea ei8éRDRed DLC)
coating, etc. It may be provided with a lubricant layer. It is further

prefer @:lar&ltol}@ at RhPEahecting, eRahd Plase@nshslorofwd JA Eheastidizad, 5 to 30
nm and | ubricant |ayer. Furthernnre between the magnetic |ayer 32 and

t he prQtl%ﬂﬁ%ogo%tdmgja@dﬁm@rmrgng ayer such as a silicon (Si) |ayer
may be provided to reinforce the contact therebetween. The |ubricant |ayer

i mproves dur abi | ity j degh AdRE Opre SeEIL BS 1960 eheddattioef hirehi 8B, tydi ch
occurs in correcting for a shift that occurs when the magnetic |ayer 32 and

the sl augrdidimag e &HTQUHT zdd! 0 GOt @icdd W 4y es€ hc EbeRizd@e substrate
31 of the nmaster carrier 3 uses nickel (Ni), silicon (Si), alum num

al l oys, etc. The rhandé GRQVRI RAEEEE QT ildiec s U pak8edt iSvdOr 14, by a
stanper generation nmethod, etc. In the stanper generation method, a

uni f or nphod 4081 ¢ oklaﬂdlszarﬂlro%{ ﬁ%ﬂffll@atwﬁ aRR9h c%ﬁ&@ﬁz@h@n gl ass
plate (or a quartz plate) . Then, while the glass plate is being rotated,

15 admhssk kh9RhcReamEoss %h@'n‘é‘a@tx{ectrlch%%ranulg%géeé%Héﬁ'ﬂgatt_0 a
servo signal is irradiated to expose predetérm ned patterns (e. g.,

patt er ¥ CAUIBSRANAMNG 10 8 SREMOL S I/ M oS OASL POntHE ERbiTe
phot or esi st filmthat correspond to the franes of the data tracks . Next,

the phefiWasiate §idadrstlenayored ct th y&MDV aHatei £XRASEELOEA t O46i o@nd an
original disk with a |and/groove shape consisting of the photoresist film

is obt Qﬂﬂ‘@ﬂyaé‘ﬁﬂnlﬂl@&fﬂm Lanke rl aaeh & @eVeneadpidt N 1bhe rssiif pgee Of the
original dis the dis urface is plated (or electrocast) to generate a

ni ckel giNe iURpldAla RMEM G IR tPQs tdMRyd N O 0yeén padd@r b ddhEbSHbstrate
is separated fromthe original disk. After this substrate is oxidized,

anmagnetdre thayshoandape o £ iore theahhggetie foyard am the sl aagdegreonye
pattern of the substrate. In this manner a nmaster carrier is generated. In

addi ti @uarithy) af rkitdie af e manit oineick 00 i gt hadndli 6K dHrigenesat fom second
original plate and then plating the second original disk, a substrate with

a negatdrvehé andhertaeVea pat sarfiage) ke genedaterhatart thenmitecavdyape at i ng

the second original disk (or hardening a resin solution applied to the

second cqurargiintal off IRidiw geinet atrel tar i fi gak oon gi avedl/ et ska aven L hevighat i ng

the third original disk, a substrate with a positive | and/ groove pattern

may be flaor netk €Ot idee nddrest hantbysr phot oresi st pattern is forned on the

af orenenti oned gl ass plate; then, etching is performed to form grooves in

t he gl ass pl ate; Imhehplxcrmesnastes cenbiead offctlohpaiesecat dnvennabngdi sk; and

thereafter, a substrate may be fornmed 16 in the aforenenti oned manner.
the sum total of oxygen, nitrogen, and/or carbon in the oxidized

portion, nitrified portion, and/or carbonized portion is in the
rangeof 0.5to0 40 at% (atomicpercent) withrespect tothequantity
of all elements in the magnetic layer. It is preferable that
it be in the range of 1 to 30 at%.
Accordingtothemastercarrierof thepresent invention,
the adhesion between the substrate and the magnetic layer is

made higher, and the oxygen concentration in the substrate is



It is preferable that the groove depth (or land height) in the | and/ groove
pattern of the substrate 31 be in the range of 80 to 800 nm It is further
preferable that it be in the range of 100 to 600 nm The magnetic |ayer 32
is formed by forming a thin filmof magnetic nmaterial on the substrate 31
wi th a vacuum vapor deposition nethod (vacuum evaporation, sputtering, ion
plating, etc.), a plating nethod, etc. The nagnetic nmaterial for the

magnet i gal@Y¥elghdd §8RIRITHLAYa 684N §E6Dhe 1ALELYESXW tThER £6PY ovedN Zr,
CoNbTazr, etc. ) , iron (Fe) , alloys with Fe (FeCo, FeCoNi, FeN M,

FeAl Si, i FaAle mB@TRN c&Efie) andit®lkel1 40k )med Al a3ld B¥AL¥EEBINt GNighe.
etc.). Particularly, FeCo and FeCoNi are preferred. It is preferable that

the thi}$58§§§r8fdﬁm%%%@t(id B¥8hsB2rbeHdird he FaNass Ofp PO; £ ¢3AQ nm  The

range of 100 to 900 nmis further preferable. I'n the case of perpendicul ar
recordi pge RPHROXL ABL Lhr L6 SYE MBI .CARE! £TrSs @bt [ heh A Orprenld C[’)?:Ed

| ongi tudinal tecording I1s used. In perpendicular recording, Initial

magneti z2aghon k3openter ARd €8 bBat thenskave aRdidMyg ithdTB3RhARE i N one
direction perpendicular to the slave nmedium pl ane . th the slave nedium 2

and t he,pagt ef i 3LE1 BhgRe bl 01 d e £l 0SG CRIMAU oM t RAGIOLIET i &1 ansfer
field is applied Iin the opposite direction fromthe direction of the
initial net,i [ i | QF Legtr f [ t he
P e s R TRy ST e i ok e S AR
32a 17 o¢Qhhd 85 FBS I, G E&E 13 o HSn PEEP RN £HE HunRANGE 11380 f the
| and pattern 32a 1s reversed. In this way, a nagnhetization pattern
correspapdi pg ggcgggsgqu/groove pattern of the substrate 31 of the master
b

carrier 3 can be recorded on the slave nedium?2. In the case of

longi tudi nal recokdidig 558 JRGRES Idkrlanfil 1 96881 iHE‘ePB?QédeHtw%%‘H ying an

initializing field and a transfer field is constructed of vertically spaced

ring el egbr oBgdReLset Bah RA¥emagaRich CMAWRE YOR A 528 dRAHD RiHIaR i ch
extends in the radial direction of the sfave nmedium 2. Wth the vertically

spaced Eé@geéheﬁﬁéQﬂﬁgﬁﬁkﬁlagé%néﬁéﬁﬂﬁiﬁb@%e&ﬁ&ﬁiégﬁg i hd R rection
are applied parallel to the data track direction. ife the sl ave nedium 2

and thespghek gakkher i3 akedkekny Lot %m%d,saweara\%fﬁrtafli alyds A &:aRRl i ed by

the magnetic field generation neans. The nagnetic field generation neans

may be Qéoﬂhéeée%@mﬁQaHanriierb%h@@Le BedB@sBBGRCthE f i @hd @eReeati on
nmeans nmay be arranged only on one side. Alternatively, the magnetic f field

gener at EeACBRARS tHBY: HE thensh F HEEE b Ht idb1S 1 kNEhea PESARMRNE h&RERInid  anged
on one side or two permanent magnets arranged on both sides. The magnetic

field genoeat &on yeansd AhiRaecgaserdfa pIRAN]I euhar sépeosdiBE dSe to
constructed of el ectromagnets or permanent nmagnets of opposite polarities,

whi ch akifatdirsposedrakeveaantbeb@lrewenteent act body consisting of the slave

medium 2 and the master carrier 3. The magnetic field generation neans

generates a magnethcthé ahgstdr aperipendiitid ar pdieeehi oonghdtiflg of a
pluralityof landshavingamagnetic layeronthe surfaces thereof,
at least a surface of the magnetic layer is oxidized, nitrified,
and/or carbonized. Because of this, the chemical affinity
between themagnetic layer of themaster carrier and the lubricant
layer, protective layer, and magnetic layer of the slave medium
becomes small, compared with a conventional master carrier.

An oxidized, nitrified, or carbonized magnetic layer

becomes tougher compared with a magnetic layer not oxidized,



applies it on the contact body. In the case where the nmagnetic field
generation neans applies a magnetic field on a portion of the slave nedium
2, magnetic transfer is performed on the entire surface by noving either
the contact body or the magnetic field. Fig. 2 is a sectional view of
amaster carrier 4 according to a second enbodi nent of the present
invention. In the second enbodi nent, the master carrier 4 is nmade up of a

substraig t4% MaE,NEn@ chaRdndZeEVe Beht8ibo At { bh BrGEI BHF ¢ HeSgndsdi & or med
on the | and/ groove pattern of the substrate 41, and a nagnetic | ayer 42

deposi t iy} P& 1ehaBtExl @i A8orlthd P%e%leh‘ﬂ%ﬁ@ér@@i&%%}%ﬁidi&‘édcer am ¢
| ayer 43 and the magnetic layer 42 are forned to predeterm ned t hi cknesses

by SPUt i8icsith & C-or AULRAIAV, &1 e RDIPISAL 00 1heot aflse prdogropues of the

| and/ groove pattern of the substrate 41.° The adheSion befween the ceranic

layer 434 éﬂ"@oﬁggrﬁ%&i wﬁitﬁ‘yaerco %ein%if&in%{]l- on@ mac@a%eretébertfﬂ%shgghbet ween

the ceram c | ayer and the surtace of e substrate 41, e surtace of

the substyats Ald sOddizs0h1 he,saie as the aforenentioned case.
Therefore, the surface portion is oxidized, or the sane crystal system
between t he. magnet i) ayer 5t 4Ra T e & SR ez AAAEELEL o
ar eat or LR NEEIPRRE Y RL Sh BRI R UTRbRNS e AR Kot e
the cer aaRe Tayer oga PR L RS F o T Tana P acys KOfRe™ M

directi appls 1 berdepld, ofotDRATUN naler 3L o AR OB GSRRONceRLLRL LON Dh at

a depth of measured fromt ace (or a herlght nmeasur e om t he

groove f 3y the d anddyor %ﬁa%ﬁ%&{)@f%érﬁeﬁes arpghaki eBnPEnPRogaln- The

rati o of /Dois 1n the ran 0 0.8. Furthernore, the average

oxygen GONGRIY, tyi i h Heegk ion of the gept b Lk g e of
t he substratejf%lﬁ fkgrgeg?gb%ffﬁ %{ﬁéﬁnﬁsgiace) %ga%g%gig?(gggﬁf%ﬁgercent)

or | ess.gethe &Rl 2Mon LAYEHtASr HURAC a5 d @%ﬁ%ec%aopr*a%\m% t-8f! fnand the

magnetic lTayer 42. On the other hand, the Ceramc | ayer 43 has great

i nt er naln A5 13 D&Y the HaRees! Bhkiri ¥ t Bat hbl Byseparaihoanwibh take
pl ace between the ceram c |ayer 43 and the substrate 41. However, the

adhesi ony hetapen the £eIaM & | fyehs for agdai Deysybgtagheids Bas Been
consi derably enhanced by oxidi zing the Surface of "the substrate 41, or

form ng g,y crystal systemoxide as the ceramic layer 43. In addition,
by maki ng the oxygen concentration of the surface of the substrate 41

hi gher, the ceranmgeday 8 o L& dmEegd HiMaer i aRddt lieseEprendil m
separation due to internal stress can be further prevented. Fig. 3 is a

secti onadurdieM fy o fMSHE A &+ eda i @ECOF dthg poedehbi LAvenbodhmest of
t he present invention. As shown in Fig. 3A the master carrier 10 in the

third erdidineid drid atd R dird) thedust rial @ rbll g nagnat keshayer 12.
The substrate 11 has a | and pattern on the surface thereof, the | and
pattern «if heaReadtagihg ddOFBRIgIF b teddmaghv0isi i dinwined@a
can be reduced.
In the master carrier of the present invention, the
quantity of oxidization, nitrification, and/or carbonization
on the surface side of the magnetic layer is made greater than
that of oxidization, nitrification, and/or carbonization on the

substrate side of the magnetic layer. Therefore, the master

carrier of the present invention is capable of effectively
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is to be transferred. The magnetic layer 12 is fornmed on both the | ands 1la
in the |land pattern and grooves 11b of the substrate 11 . Because the
magnetic layer 12 is forned on the |land pattern of the substrate 11, the
master carrier 10 is equipped with a pattern of |ands 15 having a nagnetic
| ayer on the surface . Note that the master carrier 10 is not limted to
this enbodi nent. For exanple, the magnetic | ayer may be forned only on the

| ands 1L§chf@6i98rQ@r@mhén@éﬁéﬁfnl&ftﬂé”HH%éB¥¥ié§'dEJﬁHéf%dP%HE@'dhd ayer
may be formed on"a flat substrate. That is, the ["ands thensel ves may be

formed fg %cﬂ.uf@l%}?tl'ncthéy&{eml{?l TREeliG io@f@feeilizthé n%acjﬁé@ié Ya ?f‘érd' zed,

nitrified, and/or carboni zed magneti ¢ layer 12 is forned so

quant | tyo pfe 1o g8t b@Mg R 11 heabh oAt A7 POgEzati i de 1 oduye

gradually fromthe sur ace toward the substrate

enbodi geé‘xﬁzd Mgrégﬁglﬁeiégﬁkaéé%r he YRJGLOnes; onl yw%ﬁl%xkaﬂ%h}e?unrtiﬁ?oca S as an

exanpl € OXi at|on quantlty di stribu rection

of the fiﬁg}f—éghgkﬁlmt ug %ﬂggegta,ﬁie BYEL 1 dR2 r{ﬁfﬁﬁéza&f%? Al or

di rection nes nagnetlc ayer t'he master

carrier d0, béniQQEggﬁgggdtﬁ%egg@lggrhégggﬂhcaﬁl + As shown in the figure,

t he oxygen quantity surface e of t nagnetic layer 12 is

greater than the oxyggh. alantd e/apgfo%%%nsupﬁtt %%d/aoq_,d daSgduced

gradual Iy fromthe sur Bce side Towar dubstrate §| i's preferable

that th 4 h
rragnetl g r}%% &?(%Le In eﬂlr%nn’\émer} ngxrlgé%%gp %8: Zogr{% %%?g?ﬁrg%%er}to?gnt etc}la(r?d 21
further ,prefepabl *rﬁ‘aéhétf Qﬁel Rt hesr 89&‘0 Aed 2 trp‘@réé}bédh%ﬁ%se

where the nmagnetic |ayer as not on y an oxi di ze tion t also

nitrifieds cEaEQOEHJ%r?g&V &'ﬂeefé’z%ztn%ain OJhé eg‘}Pai%&!l(;rene pity,

t he n|trog quantity, car Bon quantity Ts int |6ned

ranges WA JRGfnt 0ofdd AR RSN Obet ferFRONELE £y | NS sl JHee

formati on of the nagnetic |ayer substrate 1{ havi ng a
pattern £ag,brePeEf 95?@9 Qﬁlfsﬁr AL89n8 BBb@rEQY%Ef%fct”%QPQHeC n{s'%}n"erth@ W' th

a vacuum vapor dep05| I on such as sputtering, Ion | ati ng, etc. reactive

gas is imtspdueed; dut ng hoprabheaiakgt.he magnetic Iayer 12, it can have an
oxi dized portion, a nitrified portion, and/or a carbonized portion. For

instance, if an oxidi ZPkasdE&RPTINYEEM R SpRAFesc§0 argon (Ar), and
reactive sputtering is perfornmed, the magnetic layer 12 with an oxidi zed

portion can be forfRd. pFhgcHRINRLEAL i BKCW112 SBNGBE cRildeld i18d M taddi ng
nitrogen to Ar. Furthernore, it can be carbonized by addi ng hydrocarbon

such as agethanewtehArerliebackhab the BREBRG Vidkedrhd iGRit easddaihave a
distribution for an oxygen quantity in the direction of the filmthickness
by adjusting the appest f t@asud 100 FOIdIRIGRIMDENLIE NFREABT §Cepiy 12.
Alternatively, after a magnetic layer is fornmed by an ordinary nethod

wi t hout gerRbBYILtAE teacs fyemgdhodiWie JIRgHES bhend St caBY i B dedidtraldted
oxi di zed, nitrified, and/or carbonized. In this case, dry or wet oxidation,
nitrificattondingrbonhzatiiren BRbbadmends ofeltheapredentmlrndirdicy, can be
enpl oyed. For 22 exanple, if the surface of a magnetic |ayer forned by
sputter depositionris. @ faaaskdyiseyesewsPus erdthy e8dr €% pesed rdl riy

hi gh-concentration ion atnosphere for a fixed tine, a region near the
surface porii 88cbHAd. efboditeh@go@n the are3@ nmiawen tirgap tdesur f ace) can be
partially oxidized easily. Furthernore, filmformation by reactive
sputtering may be EDGHL BadantitIB hbe oxdtliodnon viewtsr o f iaCads08r cittier
carboni zati on processesafterfilmformation. In the master carrier for
magnet i catecanding eb thehtibkdr émpadachet®niof tdhe mAERIAC dmyaitiwms. been
oxidized, nitrified, and/or carbonized. Because of this, the magnetic |ayer
i's tough and robuspESQRERT2ONADFT CHEE PREGHRRE DS MMBODIMENTTONpared with a
conventional one. As the chem cal affinity between the slave nedium and the
magnetic |ayer is efBbHiméhesseEPanatpods@it iheemagdretwll apale ffafidhe
master carrier can be prevented when the slave nedium and the naster
carrier 1oéeisepaipd®d if HeFneachi oh helferditse tidhehabst €4 clead Id@iwidfgd.he
present invention can be repeatedly used in a | arge nunber of magnetic
recordi ng nmedia, conpared with a conventional one . In addition, even if
separation, etc . , of the magnetic layér on the lands in the Iand/groove
pattern take place, the fragnents of the chipped nagnetic |ayer are small,
and therefore, the nmaster carrier can be used w thout having an adverse
effect on transfer quality. Thus, the durability of the naster carrier for
magnetic transfer is enhanced and the lifetine can be prolonged. As a
result, the manufacturing cost for preformatted magnetic recording nedia



23 Now, a description will be given of the results obtained fromthe
experinent of durability after magnetic transfer has been repeatedly
performed on enbodi nents of the master carrier of the present invention.
Initially, a description will be given of the generation of master carriers
used as enbodi nents. As the substrates of the nmaster carriers of the

enbodi nents, N substrates were gene rated by a stanper generation nethod.

More specifically;qrafdi@lodd nase ‘éfit%?)sao@! L hepet b oft Danore HMA A F anged
bet ween the disk cénter and a radial position of 20 to 40 mm The track

Wi dth apdyRk ERhadhg @Y %E%QQe¥2HsméH§¥§2§§‘5%dbr&@H§*¥@(E“f£¥bgrocess for

the substrate surface was perforned by e sing the surface of the N

subst 1 ghtolionalcOX¥OEACPLASIBN | Dnf bec oXhUAiON L AceR? @ T artgas of

argon and oxygen was us the sputtering pressure was set 1.16 Pa

(8.7 mger )nah%t%g%’}F%’%‘%e‘%xlé%%’ﬁ-odmﬁo%?sgﬁron 'efxfcﬁﬁg%t%%ﬁgc | ayer

was fornmed on thée surface-processed ubstr magn yer has a

hi ck . 2 A . i 4 1.08
thic ”ﬁ_%%gﬁ%n 9%32{“81 %ﬂtﬁg %h%ﬁglgntg%ll%glspro%s%%rc% Yﬁ%é:tll,ar;é Shoth Lifa (

mrorr) odi arati ve exanp were generated by
o

varyin e e i ete. t.hai; . differ fromone another in
the re g%?%ﬁ é& the o yggﬁnkgﬁﬁﬁﬁ¥$§¥ybgﬁﬂ%n§%l%h% | and face of the

| and/ groove pat{ gnnog0fyLle SKHIRNaQRGeRLr aELABCLD Aehbe gaugdace. and

also differ in the average 2 oxygen concentra ato | and
subst r 300 SugRtTPEg  LEG xRy RELTPEE R (AL Sl Shol S TR CERY % on
0. oa o 8T g B e U hbbe b gRh RAnEan ot Eh IROMEE 3 at 0«
{hor ebalveer HEEEEH =1 S5TTE Ry BB TR R F0 Bad o G R

enbodi [Iﬁ@tti%’l }ngﬁnﬁll{lﬁrartﬁto%. The slave medium 2 is equipped with a

substrate 2a and a magnetic layer (magnetic recording surface)
2b. Thereafter, as shown in Fig. 1B, the magnetic recording
surface of the slave medium 2, and the top surface of the land
pattern32aoftheinformationcarryingsurfaceof amastercarrier
3, are brought into close contact with each other. The land
pattern 32a of the information carrying surface is formed by
depositing a magnetic layer 32 on the microscopic land/groove
pattern on the substrate 31 of themaster carrier 3. 1In the state
of the close contact, amagnetic field (Hgy) for magnetic transfer
(hereinafter referred to as a transfer field (Hgy)) is applied
in the opposite direction from the direction of the initializing
field (Hjip)to perform magnetic transfer. The transfer field
(Hqu) is passed through the land pattern 32a of the magnetic layer
32, so that the magnetization of the land pattern 32a is not

reversed and the magnetization in each groove is reversed.
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was processed so that the oxygen concentration ratio becones Dh/Do =0 . 7,
I . a. , Do > Dh and the average oxygen concentrati on becones 10 at o .
The magnetic |ayer was forned on the substrate so that the adhesion

t her ebet ween becones 1.2 x 109 NnR. In the nmaster carrier of the

enbodi mrent 3, the substrate was processed so that the oxygen concentration
rati o beconmes Dh/Do = 0 7 a . , Do > Dh and the average oxygen

A A
concentid it Ofo e a®SsHwiat 24 - Fildie tegngth&ghayesav@snf paedranikhe
substrate so that the adhesion therebetween beconmes 1.2 x 109 NNn2. In the

nmast er ks LErPdat e €ROPR 841 VL2 EKABP! €nd, s1 80 SABBI GHPSL I atige as the
enbodi nent 1 was enpl oyed. The nmagnetic |ayer was forned on the substrate

S0 t hatyd hiee 20hesi O JIaaheteeeR shRHRIPS 08a &t e Nifrmdd i BopBSt er

carrier of the conparative exanple 2, the substrate was proceSsed so that
the oxygenieancesdd 8k habh8tPECOURS: BH/IPt e Infortrat ildh FaPbysng the

aver age oxygen concentration becones 100 ato. The nagnetic |ayer was forned
25 surface of the master carrier 3 and the grooves between the lands
32a.

The master carrier 3 is formed into the shape of a disk
and has an information carrying surface on one side thereof.
The information carrying surface is formed from the magnetic
layer 32 and has a microscopic land/groove pattern corresponding
to a servo signal. The bottom surface, opposite to the
information carrying surface, of the master carrier 3 is held
by a holder (not shown) and is brought into close contact with
the slavemedium 2. Although onlyone side 2b of the slave medium
2 is shown in Fig. 1, the slave medium 2 may have magnetic layers
onboth sides thereof. Inthiscasetherearesingle-sidedserial
transfer and double-sided simultaneous transfer. The
single-sided serial transfer isperformedwith themaster carrier
3 brought into close contact with one side of the slave medium
2. Thedouble-sided simultaneous transfer is performed with two
master carriers 3 brought into close contact with both sides
of the slave medium 2.

In the master carrier 3, the adhesion between the
substrate 31 and the magnetic layer 3 is 1 X 109 N/m2 or greater.
The surface portion of the substrate 31 is oxidized so that the

oxXygen concentration is gradually reduced from the surface in
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on the substrate so that the adhesion therebetween becones 1.2 X 109 N n2.
As the slave nedium a 3.5" disk-shaped magnetic recordi ng nedi um was nade
by a sputtering apparatus device (Shibaura Mechatronics: S 50S sputter
apparatus). That is, in the device, the pressure was reduced to 1 . 33 X 10
5Pa( 1X10 4 niforr) at roomtenperature. Then, argon (Ar) was introduced
and the pressure was increased to 0.4 Pa (3 nforr). Under these conditions,
an al umyHeplateivas thaad edpt B o20i{e sapdt aa €& Bi1 .| aypatdfs,thirekaessn60 nm
and a CoCrPt |layer of thickness 25 nm were sequentially stacked. The

sat ur at &g @goqrbetﬂhzaité Wb t¥bided S wWhidP O, Gadisdsen@dehdeo£pgéki ve fiel d
(HAS) is 199 KA/m (2500 Ce ) . Electromagnets were arranged so that the

peak Maghgldédni ot doh N €NEHE Y1 HEEOFRSe 398 Wfémééaﬁgr&)’eteﬁaete&ﬁ bwi ce the

coercive field (HAS) of the slave nedium In this sfate, e slave nedi um

was magngld z&fhdilAne 4 hagt b}?trkhée}g&lé’%ﬁ@é @Hé’ioBJﬁenD@o%%%‘:&ja%@oinPQt Al ter

the initral DC magneti zati on, ave nedium a the master carrier were

brought 4 &k 05 Kot ashrdht Preactnet hghd FAckhi . gt at %heao@@g@%ti c field
of 199 kA/ m (2500 Ce) was applied and nagnetic transfer was performed. The

durabi | idynQfnthee 1BStLF EKHrdeowgﬁfé%éﬂ U@hegdaitE%hLOWQe-oIEéEtE%n the
contact pressure between the master carrier and the slave nediumwas set to

0. 49 MPa,( 50, kofd e AN d Doy cuer ufoniaci el ndonpa ated1QQtimgs.

Ther eaf ter, carrier surtface was observed at a 480x mag

ratio by,26  osacdiof.feer ephiraheRhekberene @ X1 aesepeoak 28 aNgeMrormed |
visual fields. If the nunber of worn or cracked portions in the nagnetic

f
layer widdighdihgnelavksudk Bk?béﬁ E8néeRtrhes8n FiohStiyalipd 8dRsog good
state (O in which good rmagneiic transfer can be perfornmed. If it is 3 to

5, it ispeyvalyaiemhes f @ st aldtiod M Wai 68 ERENQLI Gk LARSHEENERN be

performed. If it is 5 or.greater, it is evaluated as a poor state ( X ) in
whi ch acgurpgys of transfer becones poor. Magnetic transfer was perfornmed on
the af orenenti oned nediumusing the nmaster carriers of the enbodinents 1 to

3 and The aforementioned oxidation process can adopt ion
implantation, a dry oxidation process, a wet oxidation process,
etc. Forexample, byperformingreverse sputteringonthesurface
of the substrate 31 and then exposing the surface to a
high-concentration ozone atmosphere for a fixed time, the surface
portion is partially oxidized.

Since the oxygen concentration becomes high by the
oxidation of the surface portion of the substrate 31 of themaster
carrier 3, the adhesion between the substrate 31 and the magnetic
layer 32 becomes 1 X lO9 N/m2 or greater. Therefore, even if
magnetic transfer is repeatedly performed, there is no
possibility that the magnetic layer 32 will be chipped. As a
result, there are no dust particles, the quality of transferred
signals is ensured, and the durability of the master carrier

3 is enhanced.

14



conparative exanples 1 and 2, and the durability was evaluated. The results
are listed in Table 1. Table 1 dhesion betweenAverageNunber ofthe

substrat eoxygenworn orand the softDh/ Doconcentrationcrackedagnetic

| ayer (at e) portions(N nR) (eval uati on) Enbodi nent 11.2 X

1090. 0530( O Enbodi nent 21.2 x 1090. 7101( O Enbodi ment 31. 2 x 1090 . 7173 (
D )Conparative8 , 8 x 1080 . 0538 ( x )exanple 1Conparativel.2 X

109110012( ) exanp go2. A e paiesl dgboTable el cplel 17, o oyt gt € he

enbodi nents 1 to 3, neet the condition o ter carrier of

the pressite hOVeRLLopaLbaty D3e>c Bl AddcLbe adheston betyegndq substrate

and the magnetic lTayer 1Is or greater, can be used even

after Tgnel) & LAnSLer s, ATl oriRd 00y . bl b Al 30, heen faund

t hat the enbodl nen ic average oxygen concentrations are
3 at% an %.are,in_a _aaad a h r.carriers au t he
nunber o é‘g?gho@rl 'r%i’c &d “%‘g‘raﬁ@%\@ﬁ%?%éaeé%g%%%ggﬁaaﬂn?%tgla n%%%'rr%% t he
other hand, in th nparatj ve ex | es, that, do nof. t the afo nti oned
condi t1 T8 TREPRURBerY ORI 1P or 1T kel Bt 41 et HERonEbig 470 FDeat ¢ or
magnetic_transfer_.i farmed, .,1000 .;tinmes . Thus, it has been nade cl ear
that a | 6FBes RERtaE ISt (Beini BAIEFRHAGT TORRYBHSS SCCUhe CoRPATER WP ho
enbodine&{ge& %8n§' Wil e the present invention has been described with
referencé 10 F € preferred enbodi nents thereof, the invention is not to be

e Lo e et B4 5 YR Lt e e VGG O LD e o0ve
nagnetiCw££gn§f§¥6téé%qwés%ég¥ing such as a diamond-like carbon (DLC)
coating, etc. It may be provided with a lubricant layer. It
is further preferable that the protective coating consist of
a DLC coating of 5 to 30 nm and a lubricant layer. Furthermore,
between the magnetic layer 32 and the protective coating, a
reinforcement layer such as a silicon (Si) layer may be provided
to reinforce the contact therebetween. The lubricant layer
improves durability degradation, such as scores due to friction,
whichoccursincorrecting forashift that occurswhenthemagnetic
layer 32 and the slave medium 2 are brought into contact with
each other,
The substrate 31 of the master carrier 3 uses nickel
(Ni), silicon (Si), aluminum, alloys, etc. The land/groove
pattern on the substrate 31 is formed by a stamper generation
method, etc.
Inthe stamper generationmethod, auniformphotoresist
film is first formed on the smooth surface of a glass plate (or

a quartz plate). Then, while the glass plate is being rotated,

15



a substrate with a | and/ groove pattern conprising |lands and grooves; and a
magnetic | ayer forned on said | and/ groove pattern; wherein adhesi on between
said substrate and said magnetic layer is 1.2 X 109 NNnR or greater; and
wherein a first oxygen concentration Do at Said nmagnetic |layer fornmed on
said land is reduced gradually toward the direction of the depth of said
substrate and is greater than a second oxygen concentration Dh at said

nmagneti & 1ayer fogredpeamsabe ghoeYectZonTheafifSheHutateldehcesaidigng to
claiml ~ wherein a ceramc layer is provided between said substrate and

sai d meghel kerlayeignal iEher FBe! 8fe 8T ERP0BE G SHE i K @bt e@ns2,
wherein a surface on the magnetic |ayer side of said substrate is oxidized.

4. The (@s§e| pattéeLhisaEEPFrEsPIntiong! 8bM e PlsiZnatiendl pogikabng of said
first oxygen concentration Do and said second oxygen concentration Dh,

Dh/ Do, 48 tRet8Rti2BIBHEE0PeBst0rP1B- tBAt correspond to the frames
of the data tracks. Next, the photoresist film is developed to
remove the exposed portions, and an original disk with a
land/groove shape consisting of the photoresist filmis obtained.
Next, based on the land/groove pattern on the surface of the
original disk, the disk surface is plated (or electrocast) to
generate a nickel (Ni) substrate having a positive land/groove
pattern. The substrate is separated from the original disk.
After this substrateisoxidized, amagneticlayer andaprotective
coating are formed on the land/groove pattern of the substrate.
In this manner a master carrier is generated.

In addition, by plating the aforementioned original
disk to generate a second original plate and then plating the
second original disk, a substrate with a negative land/groove
pattern may be generated. Furthermore, by plating the second
original disk (or hardeninga resin solutionappliedto the second
original disk) to generate a third original disk and then plating
the third original disk, a substrate with a positive land/groove
pattern may be formed.

On the other hand, a photoresist pattern is formed on
the aforementioned glass plate; then, etching is performed to
form grooves in the glass plate; the photoresist is removed to

obtainanoriginal disk; and thereafter, a substratemaybe formed
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5. The master carrier according to any one of the preceding clains wherein
an average oxygen concentration in said depth direction fromsaid first
oxygen concentration to said second oxygen concentration is 15 at% or |ess.
6. A master carrier for magnetic transfer, conprising: a substrate; and a
pattern, provided on said substrate, which conprises a plurality of |ands
havi ng a nagnetic |ayer on at |east the surface; wherein at | east a surface

of sai dnmagretdfotayetitioneximazgedy. nitrified, and/ or carbonized. 7. The
master carrier according claim®6,wherein the entire area of said magnetic

layer is oxidizedt Dstgrdficathblandhet o §osbeediegth The Al REiGAEYI er
according to claim®6 or 7,wherein the quantity of oxidization,

ni trifiigatihen]aakidg@ocsar banicaahi 68 ORe ds W f P8Ee SIdOfi rsahd paggetic
| ayer is greater than that of oxidization, nitrification, and/or
car bonigz@Boto @D 0t Af. SUbSt kat €r Shee e reaiabrBEARL £t baYER thrange

of 100 to 600 nm.

The magnetic layer 32 is formed by forming a thin film
of magnetic material on the substrate 31 with a vacuum vapor
deposition method (vacuumevaporation, sputtering, ion plating,
etc.), a plating method, etc. The magnetic material for the
magnetic layer 32 can employ cobalt (Co), alloys with Co (CoNi,
CoNiZr, CoNbTaZr, etc.), iron (Fe), alloys with Fe (FeCo, FeCoNi,
FeNiMo, FeAlSi, FeAl, FeTaN, etc.), nickel (Ni), and alloys with
Ni (NiFe, etc.). Particularly, FeCo and FeCoNi are preferred.
It is preferable that the thickness of the magnetic layer 32
be in the range of 50 to 500 nm. The range of 100 to 400 nm is
further preferable.

In the case of perpendicular recording, approximately
the same master carrier 3 as the aforementioned longitudinal
recording is used. In perpendicular recording, initial DC
magnetizationisperformedsothat theslavemedium?2 ismagnetized
in one direction perpendicular to the slave medium plane. With
the slave medium 2 and the master carrier 3 held in close contact
with each other, a transfer field is applied in the opposite
direction from the direction of the initial magnetization

directiontoperformmagnetic transfer. Sincethetransfer field

is passed through the magnetic layer 32 of the land pattern 32a
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9. The master carrier according to claim6, 7 or 8~ wherein the quantity of
oxidization, nitrification, and/or carbonization on the surface side of
said magnetic layer is greater than the average quantity of oxidization,
nitrification, and/or carbonization for the entire magnetic layer. 10. The
master carrier according to any one of clains 6 to 9 , wherein the sum
total of oxygen, nitrogen, and/or carbon in the oxidized portion, nitrified

porti on,c ARGEOha§BEROH 2L Pt LAB pSrpdndheul 2P PHetdi i@ AEtReW th
respect to the quantity of all el'ements in sajd magnetic |ayer. 11. The

nast er Cafrid §Fa@ECk d3ng 19 AOYePHEIOl 1G] alNEs Gid P, 10 madhieE L2 & 1HE sum
total of oxygen, nitrogen, and/or carbon in the oxidized Portion, nitrified

por ti on,p AR o4 c6§EQ§FbE@QLan{6 £ 08 1% d/Q rldoe o Bl P oF Hr §Qb§£§a%t h

respect to the quantity of all elenents’in said nagnetic |ayer. CA(L A
3. AT 3. ABAGf the master carrier 3 can be recorded on the slave medlum
3AFAN3AS3AFAYAaI A TY.AY. ANF. Au. AF. Af 3. AF. A@ 1 . A(Y. A | .ATY. A

CACAF LA AyXELAAAf & Aa%d<Sved . 4
y@| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa]ca] ca] ca
| cal ca] cal ¢ al cal oal cal e sfelcal sal ealed o W recora
j1Z"##UR8BY ) <+++W, / 0113355>77 xsm% ZT caacar%(aO]ca]L%g] ca] ca] cal ca] ca] cajc

a] ca] Calxﬁﬁj&f@lfﬂf&] f%éhe%ﬁ%gaigak O%%fglﬁa] ]Eﬁle? ¢2L {48

<6<i =0=>7a H T el JFMYNNK! shid ca cal ca] ca] a] ca] ca

] ca] ca] cal cad ccﬁ]&%] fea]aﬁalf@c}] 9@&@3] f@]&&]@&éﬂé‘@l&@b@%&%@q apsetga] cal ca
] ca! PQQSUUVVHYZ. abQddef f gggi Akt kl } xsni d_Z] ] ca] caJca] ca] ca]ca]ca

] ca] ca] C@Jﬁ@]&?&&@&&ﬁ&&ﬁ&@@]&?&@ﬂl&?& AlAlcalRalcalcal edkeahadlingl gal cal ca

Jcalllm

0Bo] qqqrc{é P WHXER <ot ddd 08! #5gnes i 4] aah%@t%hcclfcah%ak@alf@a]n@ama] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

PASWD! } xsni q34)H Ga)e al&a) 6ol Al cl £l £ al 67 ol &l ﬁ@&&@ﬂ&@lca]faﬂlgaéfa]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal \\] BIJIKGMC28?] v%RUl wr mhc”Y] ca] ca] ca]

ca] ca] cag & &a]aaw £ &RliGR kel sahead £ 68l 68]LAd %@ﬁa]é@b%a]aqq]eqak ea] ca] ca

]caljcaljcaljcajcal U s

E~): aD }xsdudtdld cadcalicabeabaa] crd £ ol ealcal £7d arbicakcabealad gakeakcal calc

aJca]ca]calcalcalca]calcalca]calca]cajcal/S
carrier 3 are being rotated, transfer fields are applied by the

magnetic field generation means. The magnetic field generation
means may be provided so that it is rotatable. The magnetic field
generationmeansmaybearrangedonlyononeside. Alternatively,
themagnetic field generationmeans may be constructed of a single
permanent magnet arranged on one side or two permanent magnets
arranged on both sides.

The magnetic field generation means in the case of
perpendicular recording is constructed of electromagnets or
permanent magnets of opposite polarities, which are disposed
above and below a contact body consisting of the slave medium
2 and the master carrier 3. The magnetic field generation means

generates a magnetic field in a perpendicular direction and
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of the slave medium 2, magnetic transfer is performed on the
entire surface by moving either the contact body or the magnetic
field.

Fig.2isasectionalviewofamastercarrier4according
to a second embodiment of the present invention. 1In the second
embodiment, the master carrier 4 is made up of a substrate 41
having a land/groove pattern, a thin ceramic layer 43 formed
on the land/groove pattern of the substrate 41, and a magnetic
layer 42 deposited on the ceramic layer 43.

In the illustrated example, the ceramic layer 43 and
the magnetic layer 42 are formed to predetermined thicknesses
by sputtering, etc., and they are deposited on the lands and
grooves of the land/groove pattern of the substrate 41. The
adhesion between the ceramic layer 43 and the magnetic layer
42 is high. To enhance the adhesion between the ceramic layer
43 and the surface of the substrate 41, the surface of the substrate
4] is oxidized the same as the aforementioned case. Therefore,
the surface portion is oxidized, or the same crystal system oxide
as the ceramic layer 43 is formed.

Inthismanner, the adhesion between the magnetic layer
42 and the ceramic layer 43, and the adhesion between the ceramic
layer 43 and the substrate 41, become 1 X 109 N/m2 or greater.
As with the first embodiment, the oxygen concentration Dy at

the land face in the land/groove pattern of the substrate 41,

19



10"@t10% & ()-vbC@"10% & ()- @YyLZ10% & ()-F "10% & ()- 10 10 10f;

t109%&' ()-y. "10%& ()- -8 ~\:1& "10%H& ()- ! "10%H& ()-33"10%& ()- 10:

10: 10:SS;10% & ()-'2 "10%:& ()-8 : ; <=Wp j!l~ @F

"10% & ()-y Z10% & ()-!y Z109%&' ()-F10% & ()- 10H 10H 10HyS;

S10%K& ()-j! Z"##UW8R@B~_@0,8 "10% & ()-nmbZ10% & ()-* "10% & () -

(410% & ()-0 "10% & ()- '9 "10% : & ()-988884 ) <++b@! L6! 10%1H&' () - &*
including the ceramic layer 43, is gradually reduced from the
land face in the direction of the depth of the substrate 31.
The oxygen concentration Dhn at a depth of h measured from the
land face (or a height h measured from the groove face in the
land/groove pattern) is in a relation of Dy > Dp. The ratio of
Dh/Do is in the range of 0.05 to 0.8. Furthermore, the average
oxygen concentration in the direction of the depth from the land
face of the substrate 41 to the depth of h (groove face) is 15
at% (atomic percent) or less.

The ceramic layer 43 enhances the adhesion between
itself and the magnetic layer 42. On the other hand, the ceramic
layer 43 has great internal stress, so there is a possibility
that film separation will take place between the ceramic layer
43 and the substrate 41. However, the adhesion between the
ceramic layer 43 and the substrate 41 has been considerably
enhanced by oxidizing the surface of the substrate 41, or forming
the same crystal systemoxide as theceramic layer43. 1Inaddition,
by making the oxygen concentration of the surface of the substrate
41 higher, the ceramic layer 43 can be made thinner and therefore
film separation due to internal stress can be further prevented.

Fig. 3 is a sectional view of a master carrier 10
according to a third embodiment of the present invention. As
shown in Fig. 3A, the master carrier 10 in the third embodiment
is equipped with a substrate 11 and a magnetic layer 12. The

substrate 11 has a land pattern on the surface thereof, the land

pattern corresponding to information (e.g., a servo signal) that
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is to be transferred. The magnetic layer 12 is formed on both
the lands 11a in the land pattern and grooves 11b of the substrate
11. Because the magnetic layer 12 is formed on the land pattern
of the substrate 11, the master carrier 10 is equipped with a
pattern of lands 15 having a magnetic layer on the surface. Note
that the master carrier 10 is not limited to this embodiment.
For example, the magnetic layer may be formed only on the lands
1lla. Furthermore, a pattern of lands consisting of a magnetic
layer may be formed on a flat substrate. That is, the lands
themselves may be formed from a magnetic layer.

Themagneticlayerlzispartiéllyoxidized,nitrified,
and/or carbonized. The magnetic layer 12 is formed so that the
quantity of oxidation, nitrification, and carbonization is
reduced gradually from the surface toward the substrate 11. 1In
the third embodiment, the magnetic layer 12 undergoes only an
oxidation process as an example.

Fig. 3B shows the oxidation-quantity distribution in
the direction of the film thickness of the magnetic layer 12.
In the figure, the direction of the film thickness of the magnetic
layer 12 of the master carrier 10 is represented as the horizontal
axis. Asshowninthe figure, theoxygenquantityDsonthesurface
side of the magnetic layer 12 is greater than the oxygen quantity
Dmon the substrate side, and is reduced gradually fromthe surface
side toward the substrate side. It is preferable that the total
oxygen quantity with respect to all the elements of the magnetic

layer 12 be in the range of 0.5 to 40 at% (atomic percent) and
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the case where the magnetic layer 12 has not only an oxidized
portionbut alsonitrified and carbonized portions, the sumtotal
of the oxygen quantity, the nitrogen quantity, and the carbon
quantity is in the aforementioned ranges with respect to all

the elements of the magnetic layer 12.

The formation of the magnetic layer 12 onto the
substrate 11 having a land pattern can be performed by forming
a thin layer of magnetic material with a vacuum vapor deposition
such as sputtering, ion plating, etc. If reactive gas is
introduced during formation of the magnetic layer 12, it can
have an oxidizedportion, anitrifiedportion, and/or acarbonized
portion. For instance, if an oxidizing gas (e.g., oxygen) is
added to argon (Ar), and reactive sputtering is performed, the
magnetic layer 12 with an oxidized portion can be formed. The
magnetic layer 12 can be nitrified by adding nitrogen to Ar.
Furthermore, it can be carbonized by adding hydrocarbon such
as methane to Ar. Note that the magnetic layer 12 can easily
have a distribution for an oxygen quantity in the direction of
the filmthickness by adjusting the amount of gas during formation
of the magnetic layer 12,

Alternatively, after a magnetic layer is formed by an
ordinary method without employing reactive gas, the magnetic
layer may be partially oxidized, nitrified, and/or carbonized.

In this case, dry or wet oxidation, nitrification, carbonization

methods, as well as ion implantation, can be employed. For
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deposition is cleaned by reverse sputtering and exposed to a
high-concentration ion atmosphere for a fixed time, a region
near the surface portion (e.g., a region 10 to 30 nm away from
the surface) canbepartiallyoxidizedeasily. Furthermore, film
formation by reactive sputtering may be combined with the
oxidation, nitrification, andcarbonizationprocessesafter film
formation.

Inthemaster carrier formagnetictransfer of the third
embodiment, the magnetic layer has been oxidized, nitrified,
and/or carbonized. Because of this, the magnetic layer is tough
and robust to external force such as shock, etc, compared with
a conventional one. As the chemical affinity between the slave
medium and the magnetic layer is small, the separation of the
magnetic layer from the master carrier can be prevented when
the slave medium and the master carrier are separated from each
other. Thus, the master carrier of the present invention can
be repeatedly used in a large number of magnetic recording media,
comparedwithaconventionalone. Inaddition, evenif separation,
etc., of themagneticlayer onthe lands in the land/groove pattern
take place, the fragments of the chippedmagnetic layer are small,
and therefore, the master carrier can be used without having
an adverse effect on transfer quality. Thus, the durability of
the master carrier for magnetic transfer is enhanced and the
lifetime can be prolonged. As a result, the manufacturing cost

for preformatted magnetic recording media can be reduced.
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Now, adescriptionwill begiven of the results obtained
from the experiment of durability after magnetic transfer has
been repeatedly performed on embodiments of the master carrier
of the present invention.

Initially, adescriptionwillbegivenof thegeneration
of master carriers used as embodiments.

As the substrates of the master carriers of the
embodiments, Ni substrates were generatedby a stamper generation
method. More specifically, radial lines with a bit length of
0.5 umare arranged between the disk center and a radial position
of 20 to 40 mm. The track width and pitch are 10um and 124
m respectively.

The oxidation process for the substrate surface was
performed by exposing the surface of the Ni substrate to an oxygen
plasma. Intheoxidationprocess, amixedgas of argon and oxygen
was used and the sputtering pressure was set to 1.16 Pa (8.7
mTorr) for argon and oxygen.

Thereafter, a FeCo30at% magnetic layer was formed on
the surface-processed Ni substrate. The magnetic layer has a

thickness of 200 nm. The Ar sputtering pressure was 1.44 X 10_l

Pa (1.08 mTorr).

Embodiments 1 to 3 and comparative examples 1, 2 were
generated by varying the exposure time, etc., so that they differ
from one another in the relation of the oxygen concentration
Do at the land face of the land/groove pattern and the oxygen

concentration Dy at the groove face, andalsodiffer in the average
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oxygen concentration (at%) from the land face to the groove face.

Inthemaster carrier of the embodiment 1, the substrate
was processed so that the ratio of the oxygen concentration at
the land face and the oxygen concentration at the groove face
becomes Dn/Do = 0.05, i.e., Do > Dn and the average oxygen
concentration becomes 3 at%. The magnetic layer was formed on
the substrate so that the adhesion therebetween becomes 1.2 X
10° N/m2.

In themaster carrier of the embodiment 2, the substrate
was processed so that the oxygen concentration ratio becomes

Dn/Dg = 0.7, i.e., Do > D and the average oxygen concentration
becomes 10 at%. The magnetic layer was formed on the substrate
so that the adhesion therebetween becomes 1.2 X 109 N/mz.

In themaster carrierof the embodiment 3, the substrate
was processed so that the oxygen concentration ratio becomes
Dh/Dg = 0.7, i.e., Do > Dh and the average oxygen concentration
becomes 17 at%. The magnetic layer was formed on the substrate
so that the adhesion therebetween becomes 1.2 X 109 N/mz.

In the master carrier of the comparative example 1,
the same substrate as the embodiment 1 was employed. Themagnetic
layerwas formedonthe substratesothat the adhesiontherebetween
pecomes 8.8 X 10° N/mz.

In the master carrier of the comparative example 2,
the substrate was processed so that the oxygen concentration
ratio becomes Dn/Do = 1, i.e., Do = Dp and the average oxygen

concentration becomes 100 at%. The magnetic layer was formed
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on the substrate so that the adhesion therebetween becomes 1.2
X 109 N/m2.
As the slave medium, a 3.5” disk-shaped magnetic

recording medium was made by a sputtering apparatus device

(Shibaura Mechatronics: S-50S sputter apparatus). That is, in

5 4

the device, the pressure was reduced to 1.33 X 10 ~ Pa (1 X 10~
mTorr) at room temperature. Then, argon (Ar) was introduced and
the pressure was increased to 0.4 Pa (3 mTorr). Under these
conditions, an aluminum plate was heated to 200°C, and a CrTi
layer of thickness 60 nm and a CoCrPt layer of thickness 25 nm
were sequentially stacked. The saturated magnetization Ms is
5.7 T (4500 Gauss), and the coercive field (Heg) is 199 kA/m (2500
Oe) .

Electromagnets were arranged so that the peak magnetic
field intensity becomes 398 KA/m (5000 Oe) equal to twice the
coercive field (Hcg) of the slave medium. In this state, the
slave medium was magnetized in one direction to perform initial
DC magnetization. After the initial DCmagnetization, the slave
medium and the master carrier were brought into close contact
with each other. 1In this state, a magnetic field of 199 kA/m
(2500 Ce) was applied and magnetic transfer was performed.

The durability of the master carrier was evaluated as
follows. Thatis, thecontactpressurebetweenthemastercarrier
and the slave medium was set to 0.49 MPa (5.0 kgf/cmz) and they

were contacted and separated 1000 times. Thereafter, themaster

carrier surface was observed at a 480x magnification ratio by
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If the number of worn or cracked portions in the magnetic layer
within the 50 visual fields is 2 or less, it is evaluated as
agoodstate (O) inwhich good magnetic transfer can be performed.
If it is 3 to 5, it is evaluated as a fair state (A) in which
magnetic transfer can be performed. If it is 5 or greater, it
is evaluated as a poor state (X) in which accuracy of transfer
becomes poor.

Magnetic transfer was performed on the aforementioned
medium using the master carriers of the embodiments 1 to 3 and

comparative examples 1 and 2, and the durability was evaluated.

The results are listed in Table 1.

Table 1

Adhesion between Average Number of

the substrate oxygen worn or

and the soft Dh/Do | concentration cracked

magnetic layer (at%) portions

(N/m?) (evaluation)

Embodiment 1 1.2 X 10° 0.05 3 0 (0O)
Embodiment 2 1.2 x 10° 0.7 10 1 (0O)
Embodiment 3 1.2 X 10° 0.7 17 3(A)
Comparative 8.8 X 10° 0.05 3 8 (X)
example 1
Comparative 1.2 X 10° 1 100 12 (X)
example 2

As indicated in Table 1, it has been found that the

embodiments 1 to 3, whichmeet the condition of themaster carrier
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the substrate and the magnetic layeris 1.2 X 109 N/m2 or greater,
can be used even after magnetic transfer is performed 1000 times.
It has also been found that the embodiments 1 and 2 in which
the average oxygen concentrations are 3 at% and 10 at% are in
a good state as the master carriers, because the number of worn
or cracked portions are extremely small (0 or 1). On the other
hand, in the comparative examples that do not meet the
aforementionedconditions, the number of worn or crackedportions
becomes 8 and 12 after magnetic transfer is performed 1000 times.
Thus, it has been made clear that a large number of worn or cracked
portions occur compared with the embodiments 1 to 3.

While the present invention has been described with
reference to the preferred embodiments thereof, the invention
is not to be limited to the details given herein, but may be

modified within the scope of the invention hereinafter claimed.
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magnetic layer is 1.2 X 109 N/m2 or greater;

and wherein a first oxygen concentration Do at said
magnetic layer formed on said land is reduced gradually toward
the direction of the depth of said substrate and is greater than

a second oxygen concentration D at said magnetic layer formed

on said groove.

2. The master carrier according to claim 1 » Wherein

a ceramic layer is provided between said substrate and said

magnetic layer.

3. Themaster carrier according to claim 1 or 2,

wherein asurfaceonthemagneticlayer sideof saidsubstrateis
oxidized.

4. The master carrier according to claim 1, 2 or 3,
wherein a ratio of said first oxygen concentration Do and said

second oxygen concentration Dp, Dn/Do, is in the range of 0.05

to 0.8.
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5. The master carrier according to any one of the

preceding claims, wherein an average oxygen concentration

in said depth direction from said first oxygen concentration

to said second oxygen concentration is 15 at% or less.

6. A master carrier for magnetic transfer,
comprising:

a substrate; and

apattern, provided on said substrate, which comprises
a plurality of lands having a magnetic layer on at least the
surface;

wherein at least a surféce of said magnetic layer is
oxidized, nitrified, and/or carbonized.

7. Themaster carrier according claim 6 , wherein

the entire area of said magnetic layer is oxidized, nitrified,

and/or carbonized.

8. Themastercarrier according to claim 6 or 7, wherein

the quantityof oxidization, nitrification, and/or carbonization
on a surface side of said magnetic layer is greater than that
of oxidization, nitrification, and/or carbonization on the

substrate side of said magnetic layer.

30



9. Themastercarrier according to claim 6, 7 or 8,
wherein thequantityofoxidization, nitrification, and/or
carbonization on the surface side of said magnetic layer is

greater than the average quantity of oxidization,
nitrification, and/or carbonization for the entire magnetic

layer.

10. Themaster carrier according to any one of

c¢laims 6 to 9, wherein the sum total of oxygen, nitrogen, and/or
carbon in the oxidized portion, nitrified portion, and/or
carbonized portion is in the range of 0.5 to 40 at% with respect to

the quantity of all elements in said magnetic layer.

11. Themaster carrier according to any one of claims

6 to 10, wherein the sum total of oxygen, nitrogen, and/or carbon
in the oxidized Portion, nitrified portion, and/or carbonized

'portion is in the range of 1 to 30 at% with respect to the quantity

of all elements in said magnetic layer.
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