7 Decenber. 2005 MASTER CARRI ER FOR MAGNETI C TRANSFER BACKGROUND OF THE

| NVENTION Field of the Invention The present invention reIgSegm%%aﬁggaster
carrier for magnetic transfer that carries information t hdtse erred
magnetically to. a slave nmedium Description of the Related Art Wth an
increase in information quantity, there is demand for a nagnetic recording
medi um t hat has high nenory capacity, is |lowin cost and capabl e of

hi gh- speed access to_ . _a desiredbl ock of data. As an_exanple of such
amagnetic recordi ng MRedERnCARREER FQRkﬂéﬁNEEIQﬂq§$NS§@g$ding densi ty
magneti c nmedium (nmagnetic disk nmedium that is enployed in a hard disk
drive or flexible disk drive. To realize the high nenory capacity, servo
tracki ng technol ogy has played-an inportant role. In the servo tracking

t echnol ogy, the narrom1d§¥§%ﬁﬁé@ﬂ§ 285 THENABYENTEOr ately with a magnetic
head to generate signals at _a high signal-to-noise ratio (S/Nratio) . -To
performthe servo tracking, Figldepfotheadiivestdiomnal , an address o
information signal, a clock signal, etc., are preformatted in the disk at

‘predeterm ned i nt Eheapresept dnvenkdonf selpsetokeianyasher praxyioz dior ng

accurately and efficiently, a magnetic transfer nethod of nagnetically
t r ansf erpagpetaftor nansbear (thath carraeseinbosmghabn that is taansderieda
master carrier to a nmagnetic recording nmedium1

magnetically to a slave medium.

Description of the Related Art

With an increase in information quantity, there is
demand for a magnetic recording medium that has high memory
Vcapacity, is low in cost and capable of high-speed access to
adesiredblockofdata. Asanexampleofsuchaﬁwgneticrecording
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. In the
servo tracking technology, the narrow data tracks are scanned
accurately with a magnetic head to genérate signals at a high
signal-to-noiseratio (§/Nratio). Toperformtheservotracking,
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



7 Decenber 2005 has been disclosed, for exanple, in Japanese Unexam ned

Patent Publication Nos. 63(1988)-183623, 10(1998)-40544, ﬁgg 2005
10(1998) - 269566. -In the above magnetic transfer method, tHA&IFESPE,

carrier has a pattern of protrusions provided with a magnetic |ayer on the
surfaces. thereof corresponding to information that is transferred to a
magneti c recordi ng nmedium (sl ave nedium such as a magnetic di sk nedi um
and is brought into close contact wth the slave nedium In this state, a
magnet i chag|been fdisclngpibt ifort eaaspde, (herdpmidsy Unekenrioskd Faiena
transfer.field) is applied so that a magnetization pattern correspondi ng
to the FPunbdipation Nber ER4APBE)-283623¢ 4i0JAALE)ed06U4d] laynd he mast er
carrier is transferred to the slave nedium Because magnetic recordi ng can

be perfolG€d998at+-R68BKG.wi t hout changing the relative position between the
master carrier and the slave nmedium accurate pre-formatting can be
performed and the Inneheesppovednadnetpeetrangieti mgthedexthembytehort. The
master carrier that is used for magnetic transfer has a | and/ groove
pattern, cahribrilsas o et fammet pagiahist ol @iriodli deldy wiehf er filkfgepiecesses,
such as photolithography, sputtering, etching, etc., on a silicon
substr at kayar glrashessisfa@d € thelrediheokirkpohtiihg © 9@ fieasrithlen tRagenerate
the aforementioned master carrier by utilizing I'ithography, which is used
for intkgretedstércadttd | LmdqietLat r@Boraing véaner (seabai fediumphi ch is
for optical disk stanper generation.

such as a magnetic disk medium, 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)

is applied so that a magnetization pattern corresponding to the

information {for example, a servo signal) carried by the master

carrier is transferred to the slave medium. Because magnetic

recording can be performed statically without changing the

relativepositionbetween themaster carrier andthe slavemedium,

accurate pre-formatting can be performed and the time required

for pre-formatting is extremely short.

The master carrier that is used for magnetic transfer

hasaland/groovepattern, whichis formed fromamagneticmaterial .

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.
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2 7 Decenber 2005 To enhance the quality of transfer in the aforenentioned

magnetic transfer, it is extrenely inportant to bring the ter I er
and the slave nediuminto close contact with each other &ﬁ%ﬁgﬂpﬂgﬁyggap.
| f the contact between the two is deficient, then regions wherée magnetic
transfer is not perf ormed will occur. |If magnetic transfer is not
perfornmed, signal dropouts occur in the magnetic information transferred
to the slave nediumand therefore-the signal quality is reduced. In the
case where a si gnib endeorcethe gual styod txiagisdler imeherfokergntioatdon
cannot be sufficiently obtained, and consequently, there is a problem

t hat t hemaghie&bicl ttansfét, He isdutatkmdly fihpoat anerenbirdnedti@gastiee
transfer, one or two flat master carriers are brought into cl ose contact

Wi th onecaatriketéngitdes sifava mbdyemnibttdmloBecavataet whth, edlilsothakticl es
must not exist at the contact portion between the master carrier and the

sl ave nedithoukf afysjapar titls abatpcespatwesn ttlee a8 A deFdictiean, stable
magnetic transfer cannot be performed and there is a possibility that the

mast er cahehafediiorsd @Meraetigiat 1S ebins bk li sheo €l peRgeEmddwi DB oFagRet i C
transfer, relatively high pressure is applied on the naster carrier and

the slavernpdgHetio peahefsy €8t hoe- purfFacneaPNEaghalBasdpsRtel okbhg, if
magnetic transfer is repeated a |arge nunber of fines, and the nunber of

cont act sinitshd eig@Re9s ihferiBeneh €rafyesriod WAtaR shgveuRsdinad en@f the
master carrier wll be chipped in the magnetic transfer step.
therefore the signal quality is reduced. In the case where a
signal recorded is a servo signal, the tracking function cannot
be sufficiently obtained, and consequently, there is a problem
that the reliability will be reduced.

In the aforementioned.magnetib transfer, one or two
flat master carriers are brought into close contact with one
oxr both sides of a slave medium. Because of thi's, dust particles
must not exist at the contact portion between the master carrier
and the slavemedium. Ifdustparticlesarepresentonthecontact
portion, stable magnetic transfer cannot be performed and there
is a possibility that the master carrier or slave medium itself
will be damaged.

In thé magnetic transfer, relatively high pressure is
applied on the master carriér and the slave medium to perform
entire—surface contact. Because of this, if magnetic tranéfer
is repeated a large number of times, and the number of contacts
is increased, the magnetic layer formed on the substrate of the

master carrier will be chipped in the magnetic transfer step.

If the fragments of the chipped magnetic layer are present on

3 .



2005 the contact portion between the nmaster carrier and thgrﬁl gl\{]g eﬁi@(gjl um
they can reduce the quantity of transferred signals and cdr B5E™PH use
of deterioration in the durability of the nmaster carrier. The cause of the
‘separation, etc., of the magnetic |ayer of the master carrier lies in a

hi gh chem cal affinity between the magnetic |ayer of the master carrier
and the magnetic layer, protective |ayer, and |ubricant |ayer of the slave

medi um the cénegcti pyroiohhbetngant thel Ryeteirt 8k ivirt AndespeCE1k9e
external force, -and so on. That is, when the master carrier and the sl ave

medi um aned bepartiead caht eediBeNEie GubhiThebfi Sries fOF FEE diddn1d BRamast er
carrier held in close contact with the slave nedium force acts on the

magnet i cchmpey tRé dEsdBEI RSt ST SFEFidM iR tHE IRAEHHN GRPESI s hAstBS
substrate of the master carrier. Because of the high chemcal affinity

bet ween déderi@gnetic |l ayer of the master carrier and the |ubricant |ayer,
protective layer, and magnetic |ayer of the slave nedium if the force in

the opposite diremid eBuks JepsateghyagRBhi, &t on &E%ﬂ&ﬂé&fﬁé@iéﬂ?{aﬁ the

separation of the magnetic layer fromthe nmaster carrier Occurs.

addi ti O£ ithd RRRYRd cH$Si kN1 BBSI R A ‘iﬁrc%ﬂ %eﬂﬂ@%ﬁg%%iin‘ligé;:lﬁ»@%eéﬂr ce

such as shock, etc., and therefore part of the mgnetic I's Sonetines

separ at athOfagReRRedl ader b MehRofa {05 %@ﬂ}épahpﬁﬁgmﬂﬁ%ﬂ% 154&r, Of the
gnetic layer of the taster carrier, a nethod o ormng a diafond-Iike
carbon (dddpeddivB Audle WRINehbeiLAURr 18YELAGE the slave medium, the
fragility of the magnetic layer itself with respect to external
force, and so on. That is, ‘when the master carrier and the élave
medium are separated after magnetic transfer is performed with
the master carrier held in close contact with the slave medium,
force acts on the magnetic layer of the master carrier in a
directionopposite tothe substrate of themaster carrier. Because
of the high chemical affinity between the magnetic layer of the
master carrier and the lubricant layer, protective layer, and
magnetic layer of the slave medium, if the force in the opposite
direction is repeatedly applied on the magnetic layer, the
separation of the magnetic layer from the master carrier occurs.
In addit'ion', in repeated use, the master carrier undergoes
external force such as shock, etc., and therefore part of the
ma-gnetic 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

4



of the nmaster carrier, or a nethod of further. formng a |lubricant 4 7
Decenber 2005 | ayer on the uppernost |ayer of the master carrier_ which
makes contact with the slave medium is disclosed in Japarfd2Ecmhesdi®oned
Pat ent Publication No. 2000-195048 or 2001-14665. By formng the DLCfilm
or lubricant |ayer, the separation, etc., of the nmagnetic |ayer of the
master carrier are reduced to sone degree and the durability of the naster
carrier is enhanced. However, these nethods cannot prevent the separation,

etc., pfla?érr@ﬁﬂﬂ&é'%pﬂ@tﬁs@QWth By thé Mmadee i | Qrri & LI QAP MRS onal
magnetic "layer, the size of the fragnments of a separated or chi pped

magnet i Ccoh @it witdHeRE sh¥veaRA ¥, 00s d8kel oseblieNTRESAEBS tHeSAinined
Therefore, if separation occurs, poor magnhetic transfer Is caused by the

separ at eﬁa@énﬁhbﬁﬁﬁﬂcgﬁ%ﬁtﬁ&. 'W@@—P@Q‘O&@%Pfﬁ@llif@%§ .e{ rllagp?rc;x‘ﬁ{iwce s

deteriorated. In the case where the separation, etc., magnet 1°c

| ayer OCEWE SDRYCF1 Ay b £CLUANESndl NG UKD ANl HNAl i ORA S, xS an

al l owabl e range, and consequent t se of e naster carrier cannot be

conti nueghgAst § el SRSt s Eﬁé%gétélfsocrarerfcfzgx% % rbACAUTES s e YR di @

to which nagnetic transfer is per a single nmaster carrier is

ext 1 eNel 4o d Y LAla 11 (P HEGINIO ntE JIRBYLASLYT] 0Q608aed G GQRNer hand,

eveh in the case where the separation, magneti c |ayer ‘occurs,

if the S@P@é@gﬁ%@h Pg%%r%ﬁ?ﬁ%ﬂ%%%fr%ﬂ’ ckhe bid}ﬂzﬂgg}gﬁﬁe}#&regz ‘o

transfer sign cient ¢l ose contact “propér
poor layer completely. In addition, in the conventional magnetic

layer, the size of the fragments of a separated or chippedmagnetic
layer, caused by separation, etc., often becomes great.
Therefore, if separationoccurs, poor magnetic transfer is caused

by the separated or chipped magnetic layer and therefore transfer
performance is deteriorated.

In the case where the separation, etc., of themagnetic
layer occurs over a wide range, the number of signal dropouts
exceeds an allowable.range, and consequently, the use of the
master carrier cannot be continued. As the master carrier i.s‘
expensive, the number of slave media to which magnetic transfer
is performed by a single master carrier is extremely important
in reducing the manufacturing cost.

On the other hénd, even in the case where 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. Inthis case, there is no reduction

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



magnetic transfer is slight. In this case, there is no reduction in the
quantity of magnetic transfer and the use of the naster 5 Dece r. 2005
carrier can be continued. SUMMARY OF THE | NVENTI ON Enbodi némHe€ems ﬂﬁWQS
present invention has been nade in view of the circunstances nentioned
above. Enbodi nents of the present invention seek to provide a naster
carrier for magnetic transfer that prevents poor transfer, with enhanced
durability. According to a first aspect of the present invention, there is
provi dedcarABsSt farC k! t8Rt {@ied@gnetic transfer, conprising: a substrate |
with a | and/ groove pattern conprising |ands and grooves; and a magnetic 5
| ayer forned on the | and/ groaoswesrypalrt ean wereripy he adhesi on bet ween the |
substrate, and the magnetic layer is 1.2 x 109 NNnR or greater and wherein
a first oxygen com@ssiim@hitencBotht phesdmgnelvcathanehat opasd wmd he | and
is reduced as the distance fromsaid surface becones greater, so that it
IS greatefet haf ahsecandudxygfbesoneantoatd oAbBe at Embbeimagretdc trayer
formed on the groove. In the first master carrier of the present invention, 5
a surf aceregerithe nvegoesn Csdaly eto Spoeviefe thensdtast lareisny tbe maghetized. |n
addition, a ratio of the first oxygen concentration Do and the second ;
oxygen cormesfietrathan ievebhté Romormayahefdr) twheh ¢angeeal dOrddhtiay0. 8. %
Furthernore, an average oxygen concentration in the depth direction from
the first oxygen &omneelitmatibon forsheasgpeondOxygepresanseninatnioionyay be
15 at%

there is provided a master carrier for magnetic transfer,
comprising: a substrate with a land/groove pattern comprising
lands and grooves; and a magnetic layer formed on the land/groove
pattern wherein the adhesion between the substrate and the
magnetic layer is 1.2 x 10° N/m® or greater and wherein a first
oxXygen concentration Dy at the magnetic layer formed on the land
is reduced as the distance from said surface becomes greater,
so that it is greater than a second oxygen concentration Dy at
the magnetic layer formed on the groove.

In the first master carrier of the present invention,
a surface on the magnetic layer side of the substrate may be
oxidized. In addition, a ratio of the first oxygen concentration
Dp and the second oxygen concentration Dy, D,/Dos, may be 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 may be 15 at$
(atomic percent) or less.

If the adhesion between the substrate and the magnetic

layer is 1.2 x 10° N/m® or greater, there is no possibility that



(atomc percent) or less. If the adhes| on between the substrate and the
magnetic Jlayer is 1.2 x 109 N. /M2 or greater, there is ng_possjbility
that 6 7 Decenber 2005 the magnetic |ayer will be chi pped, ’ &Fssmpst 2PP
master carrier and the slave nmediumare repeatedly contacted with each
other. The inventors have investigated various materials and found that a
ceramic material is very effective in enhancing the adhesion between
itself and the rragneti c layer. However, a ceramic nmaterial has great

internal _str cer am rovi ded.on str sur f ace,
t he adhesﬁonlg%%rtev\%é:n s r"rqéLgne ﬁhl%’eg 8v?ﬂelgetc%m c %g%rg%grenlhanced

but ther§hds$h§ié&gﬁ%k%%deﬁta t:fgﬁﬂﬁ%ﬁlgh%aﬁggggeﬁh&%%ﬁreggg Spﬁ.r

substrate m separation w e Int éfrnal stress in

the cer llr%;éel orkfnibe 5 %]gl%ta%eau(,ggfgug t el i aﬁsoéhg' ?ﬁgnd dﬁt{e a8 he

sane Crys syst em oxi dé as ramc layer 1S Sl on

het ween égﬁefﬂlacmr{?aée%%ﬁ_ 3nd Jde, sunslrale ‘:‘tﬂe enﬁgn&c_’ﬂ Qﬁéaghé{eéfgﬁ oved.

In additi an oxygen concertration at f strate surface 1s high,

the cer agi,ddayetsbeforms, i andohber ef areeti| mseparati on dueato:

internal stress can be prevente n accor w th e second aspect of

t he presneé\terlariveﬂgéorhretat%erenténpgpw edsa mester, caLfl Ee(@gnf‘él c,

transfer, conprising: a substrate, a pattern, provi don

subst fatgﬂzoé’!‘&eﬁh GOMRhES &Sk tl ¢l é&ﬁ/f&fe,' apgs hawieR9dod HEBIREh criayer on
at | east the surfaces; wherein at | east

magnetic layer and the ceramic layer is enhanced, but there is
a possibility that between the ceramic layer and the substrate,
film separation will take place due to the internal stress in
the ceramic layer. If the substrate surface itself is oxidized,
or the same crystal system oxide as the ceramic layer is formed,
the adhesion between the ceramic layer and the substrate can
be considerably improved. In addition, | if an  oxygen
concentration at the substrate surface is high, the ceramic layer
becomes thin and therefore film separation due to internal stress
can be prevented.
In accordance with the second aspect of the present
inventicn, there is provided a master carrier for magnetic
.transfer, comprising: a substrate, and a pattern, provided on the
substrate, which comprises a plurality of 1lands having a
magnetic layer on at leastrthe surfaces; wherein at least a
surface of the magnetic layer be oxidized, nitrified, and/or
carbonized.
The expression "at least a surface of the magnetic layer

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



surface of the magnetic |ayer be oxidized, nitrified, and/or carbonized.

The expression "at | east a surface of the magnetic |layer i.,5, oxidized,
nitrified, and/or carbonized" means that the 7 7 Decenber Z@b@ﬂwgaﬁgﬂﬁc

| ayer nmay have oxidized, nitrified, and carbonized portions at the sane
time, or may have one or two of the oxidized, nitrified, and carbonized
portions. It is further preferable that the entire area of the nagnetic
| ayer may be oxidized, nitrified, and/or carbonized. In the second aspect

of the present. invention, the quantidit f oxidization Ptrifl Lqn,
and/ or CEBSHZat 1D on™¥ hé asf’t?rf%leéls%/e g of " ]Flleglrreadgnefﬂm?,l 1By P%?Lr%ﬁgbe

greater dhanothal, of oxhdizall o, pif il loghi ol ABYAETFA ROzl on on

t he rate” side of e fag ayer. a e concéntratiron of

oxygen, nitr, , and/ car.ho gnetic layer surface side nay be
greaterrpﬁﬁﬁ%gﬁgf % gd%%agﬁf'ﬁ@tggééggn%%d/or carbon on the substrate side

of the magnetic 'gyceri-s | Al s gééﬁeragfée GHantidy Ofcig%i dirgdt beNene.

nitrification, and/or carbonization on the nagnetic |ayer surface side is

made gr eplfler ikhanythendy elagiguanti ty: of s odgdi zabi/en, cattddfiLat i on,
and/or carbonization for the entire magnetic layer. In the second aspect

of the present invwentin, stbengUlkptet abrofrnexy@eisedt t1:0881%icANdABE carbon
in the oxidized portion, nitrified portion, and/or carbonized portion nmay

be in thgamange o8f dxidibetAéh,at Y atreahei Hef Candljom trb@SReEt ofi0obhhe

quantity of
the surface side of the magnetic layer may be greater than that
of oxidization, nitrification, and/or carbonization on the
substrate side of the magnetic layer. That 1s, the concentration
of oxygen, nitrogen, and/or carbon on the magnetic layer surface
side may be greater than that of oxygen, nitrogen, and/or
carbon on the substrate side of the magnetic layer. In this case,
the quantity. of oxidization, nitrificatiqn, and/or
carbonization on the magnetic layer surface side is made greater
than the average guantity of oxidization, nitrification, and/ocr
carbonization for the entire magnetic layer.

In the second aspect of the present invention, the sum
total of oxygen, nitrogen, and/or carbon in the oxidized portion,
nitrified portion, and/or carbonized portion may be in the range
of 0.5 to 40 at% (atomic percent) with respect to the guantity of
all elements in the magnetic layer. It 1is preferable that it
be in the range of 1 to 30 at%.

According to embodiments of the master carrier of the
present invention, the adhesion between the substrate and the

magnetic layer is made higher, and the oxygen concentration in the



range of 1 to 30 at% According to enbodinents of the naster_carrier of the
present invention, the adhesion between the substrate and t'hHe®® c

| ayer is made hi gher, and the oxygen concentration in the 8 7 Decenber 2005
substrate is nmade higher at the surface than at the interior. Therefore,
even if the master carrier and the slave nediumare contacted at high
pressure during nmagnetic transfer, there is no possibility that the

TGNt T Gl ANSa | e Dfia 801 BPSL A8 ApnkCSHLEcd NBhEn ALE RACSiigRaL; dF 0oLt s

due to poor transfer caused ragnents of a chipped nagnetic |ayer.
In addidirodel €AYEhi A% idhol R GUal iy 0Lt LARSEALT gsqaéé ORak Surk afire PE

prevented, the durability of the naster carrier can b enhanced, and the

nunber of,Jd-aR3heLs LAk Red e eas8dinhmifle CASE MARIRra GRERDI Eslyer is
i nterposed between the substrate and the nagnetic |ayer to enhance the

adhesi on, hetyagn ¢t henger aieC ﬁ@%x@étﬁ’f‘d 1bhermagnet i el ayRfppddle aubsirate
surface itself is oxidized, or the same crystal system oxide as the

ceram ¢ Jlayer,i sthordedreBacauseqahit isopdies oxygeno C%B@%ntfﬁéﬂlﬁb@t the
surface portion is enhanced and the ceramc |ayer can be nade thinner. As

a resul tgafdddn sgpakakl oORrdYRehOs i 4 ernalnibpess kadhdia Ppreveated.1dn
enbodi ments of the master carrier with a pattern consisting of a plurality

of | andsaing,a smaeaatteohayert0e &helisprdAcasnsttRereal sighaleasina
surface of the magnetic |ayer is
be prevented, the durability of the master carrier can be
enhanced, and the number of transfers can be increased.

In the case where a ceramic layer is interposed between
the substrate and the magnetic layer to enhance the adhesion
between the ceramic layer and the magnetic layer, the substrate
surface itself is oxidized, or the same crystal system oxide as
the ceramic layer is formed. Because of fhis, the oxygen
concentration at the surface portion is enhanced and the ceramic
layer can be made thinner. As a result, film separation due to
internal stress can be prevented. |

In embodiments of the master carrier with a pattern
consisting of a plurality of lands having a magnetic layer on the
surfaces thereof, at least a surface of the magnetic layer 1is
oxidized, nitrified, and/or carbonized. Because of this, the
chemical affinity between the magnetic layer of the master
carrier and the lubricant layer, protective layer, and magnetic
layer of the slave medium becomes small, compared with a

conventional master carrier.



oxi di zed, nitrified, and/or carbonized. Because of this, the chem cal
affinity between the magnetic |ayer of the master carrier d %@e

| ubricant |ayer, protective |ayer, and nagnetic |ayer of €ﬁ§“§ F20Rdi um
beconmes snmall, conpared with a conventional master carrier. 9 7 Decenber
2005 An oxidized, nitrified, or carbonized magnetic |ayer becones tougher
conpared with a magnetic |ayer not oxidized, nitrified, and carboni zed.
Since a portion or all of the magnetic |ayer of the nmaster carrier of the

present invention is QX8 ZRM, nitlirdikhedorOa rtBhROBLZ R gnbDE: TREPSL I C
| ayer itself becomes tougher conpared with a conventlonaP one and

t her ef orgediige Ni GHugHAST SbAPEL=d Owekh ELNFhadriieGe. TMRY | ho@noaxbdbzed,
nitrified, or carbonized magnetic l|ayer is partially separated or chipped,
t he fragietdisikdpnehdiecagepdratedsoncehi pradigagoet 4T1 | @y etheaimagagald i n
cohesive force and size and therefore have no adverse effect on transfer
qual i ty.layEatofi shesnhageent harsépar af ethd agsent sifivearmisgpncdsyertdonead,
magnetic |ayer are large in size, transfer quality is severely degraded.
On t he orherifimdd, ¢he cogpanated, f rdgmentsnétom tthyernagmlifc bageresdf the
master carrier of the present invention are small in size, so transfer
qual i ty HEiFatGdRaEsd péthpregenrert iBecade and fEcagfantales Rt i oned
above, the  durability of the master carrier as described in enbodi nents of

the presemitSaeHt CONSKECERFRNYFSnd the lifetine thereof is

Even if an oxidized, nitrified, or carbonized magnetic
layer is partially separated or chipped, the fragments from the
separated or chipped magnetic layer are small in cohesive force
and size and therefore have no adverse effect on transfer guality.
That is, since the separated fragments from a conventional
magnetic layer are large in size, transfer quality is severely
degraded. On the other hand, the separated fragments from the
magnetic layer of the master carrier of the present invention
are small 1in size, so transfer quality degradation can be
prevented.

Because of the advantages mentioned above, the
durability of the master carrier as described in embodiments of
the present invention is enhanced and the lifetime thereof is

' prolonged. As a result, the manufacturing cost for preformatted

magnetic recording media can be reduced.
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prol onged. As a result, the manufacturing cost for preformatted magnetic
recordi ng nedia can be reduced. 10 7 Decenber 2005 In enbodinents of the
master carrier of the present invention, the quantity of APEH TS
nitrification, and/or carbonization on the surface side of the nagnetic

| ayer is made greater than that of oxidization, nitrification, and/or
carboni zation on the substrate side of the nagnetic |ayer. Therefore, the
master carrier as described in enbodinents of the present invention is

capabl e of effectiuel ¥ J0fif fecember, 2005 achi eyi lanoﬁn@a@cgysgénén the

durability of the surface and .a reduction in the chemcal affinity

bet ween ifedmanet ithd ayfinti®ly tde SRSALIa R, eniePdribecidbri gaatod ayer,
protective layer, and magnetic |layer of the slave nedium while preventing
an i ncreassor iz dthiorguantitey sofr faxedszadi o, iy thdJrietdld Qayeands ofiade
carboni zation of the entire magnetic layer. If the sumtotal of oxygen,

ni tr ogengretddror tagmonthan t bé oxaxdidiedtpont i omitmifd céteon por andhor and/ or
carboni zed portion is in the range of 0.5 to 40 at% (atom c percent) with
respect carhdmg zggranti tgn ofthal | sebsmmattes EAdtheofraghet imadrtarc, laher.

af orement i oned advant ages can be sufficiently obtained and a magnetic

| ayer wHikdraf@yeno HiveRaater f arrenrt B maptatived diar aebedinmante cah be

obt ai ned.. BRI EF DESCRI PTI ON OF THE DRAW NGS .
the present invention is capable of effectively

10a



The present invention will be described in further detail with reference
to the acconpanyi ng drawi ngs wherein: FIGS. 1A through I C_are diagrans
showi ng the steps of a nagnetic transfer nmethod which uses T@580Per 203 1 i er
constructed according to-a first enbodi nent of the present invention;

FIG 2 is a sectional view of a master carrier according to a second'
enbodi ment of the present- invention; and FIGS. 3A and 3B are sectional
views of a master carrier according to a third enbodi nent of the present

e, SR B A T R AR el 1
e Tl i X

to a firs enbodi nent_of, the pr ser_JLt inven%: n. As _shqwn i.n%t\Ee figure,
the magn® it@eﬂf‘_ﬁﬁg?ﬁrcqﬁ’h%‘aaﬁ ot 1R ceR 'ﬁ%)’e’r'eé’dﬁf’ S VNOEESFA Fig. 1
that the di mensiogs o__i each pa g are shown .at rabi. S differin% fromthe
actual MRERIRSCIANLBVEF PEWEE FARVARBRELPE: { FaHLPePERYEREADAOH | ng

| ongi tudjnal recording will be given., shown in Fig.. 1A, an initializin
frerd (HRGTeasE; 1 {theyghnatilty of qhst aatdialn 3160 T35 tH0RacRPAAO  ong
the direction of the data frack to perform initial magnetization. The

sl ave nEtRERPDRLFRLLGNI Phelnfi EAtATE SHBERRELE gayﬁﬁd a magnetic |ayer

(magnetic recording_surface) . 2b.. Thereafter, as shown in Fi % 1B, the
magnetic recor di ng](? the sum total of oxygen, nitrogen, and/of carbon

in the oxidized portion, nitrified portion, and/or carbonized
portion is in the range of 0.5 to 40 at% (atomic percent) with
respect to the quantity of all elements in the magnetic layer,
the aforementioned advantages can be sufficiently obtained and
a magnetic layer which has no adverse effect on the magnetic
characteristic can be obtained.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further
detail with reference to the accompanying drawings wherein:

FIGS. 1A through 1C are diagrams showing the steps of
amagnetic transfermethodwhichuses amaster carrier constructed
according to 'a first embodiment of the present invention;

| FIG. 2 is a sectional viewof amaster éarriér'accdrding

to a second embodiment of the present- invention; and

FIGS. 3A and 3B afe sectional views of a master carrier
according to a third embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the pfesent invention will hereinafter

be described in detail with reference to the attached drawings.
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surface of the slave- nedium 2, and the top surface of the land pattern
32a of the information carrying surface of a master carrier, 3, %re br ought
into close contact with each other. The land pattern 32a dfPgR@ber 2005
i nformation carrying surface is forned by depositing a magnetic |ayer 32
on the mcroscopic |and/groove pattern on the substrate 31 of the master
carrier 3. In the state of the close contact, a magnetic field (Hdu) for
magnetic transfer (hereinafter referred to as a transfer field (Hdu)) is
applied in the o I e oL eCciq ‘ ' L an i nLidaki zi ng
R LaslahECth ol o MR E e PhabBEr fipfhen

field (Hn)to perform nmagne rans ans S

passed U Ut N LANLPaLL 1, 328 oLyl 6 DRORELL Eal s 2251800t hat Lhe
Tagnet | AN b eI GOME I YIS onl? ZoDefe0ReE,2008 Tharslore, as

shown in : 'onpattern I's “transterred ata track
L SR e WRTUAN 0 11
Son iR iar e et N, SRR R shage Y SRR 4R an
U { ace PG A FROHE g 2ot el P a0 a M oroscopic
opposi 16 10 the. | APoPEERSRACaF rormdadifaie: CrohSere masher Tofrrar s o
hel d

longitudinal recording will be given. As shown in Fig. 1A, an
initializing field (Hjp) is first applied to a slave medium 2
in one direction along the direction of the data track to perform
initial magnetization. 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
pattern32aoftheinformationcarryingsurfaceofamastercarrier
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 miéroscopiclland/éroove
pattern on the substrate 31 of the master carrier 3. Inthe state |
oftheclésecontact,anmgneticfield{ﬂdu)formagnetictransfer
(hereinafter referred to as a transfer field (Hgy)) is applied
in the opposite direction from the direction of the initializing
field (Hip)to perform magnetic transfer. The transfer field
(Hqy) is passed through the land pattern 32a of the magnetic layer
32, so fhat the magnetization of the land pattern 32a is not

reversed and the magnetization in each groove is reversed.

12



by a hol der (not shown) and is brought into close contact with the slave

medi um 2. Al though only one side 2b of the slave nmedium 2_i in Fig.
1, the slave nedium 2 nay have magnetic |layers on both S|aé§mﬁﬂgm2$p5 In
this case there are single-sided serial transfer and doubl e-si ded

si mul t aneous transfer. The single-sided serial transfer is performed wth
the master carrier 3 brought into close contact wwth one side of the sl ave
medi um 2. The doubl e-si ded sinmultaneous transfer is performed with two

mast er CayHd s Ford braal GHow i FRPE WO AGH g éélé%’éibﬁ';ﬂae&elg& ide slave
sSubs

medium 2. In the naster carrier 3,” the ‘adhesion bet ween t trate 31

and the regifdfcrdaytlo e darh XA ¥ UnI'BAUR nddfiys Y f aggportion of

the substrate 31 is oxidized so that the oxygen concentra |on i's gradual |y

reduced frajn éﬂ%&%@ﬁs&axﬁc&gﬁggw&é &PUphRe ey, b LRy i et h

of the substrate 31. T I-on
Do 1 epr e3HR Sahdle 396YSE BheGRIGRIN gaaggfg%ezﬁfethtegmf&%stwntc%e A oroove

pattern of the substrate 31 and e oxygen - concen

a depth %Eﬂfa'@%aéf'rt%% 1{159 y}.eax.llal 5ag8s 5%‘1@3%]’."0&\';'55 %%%eﬁlef ﬁ're?g' ation

at the groove face. In- ad I'tion, e oxid process 1's Sso t hat
the rati asqf, Dh/D0|S|ntherange of 0.05-to 0.8. Furthernore, the

" oxi dati on process is perfornmed so that the average oxygen concentration

fromthe |and faceTBfa mddte S 4a3Yi 363 3% EQrhlg s4aHL !Eh%fslbafaes of’a Hiflatom c

percent) or |ess
and has an information carrying surface on one side thereof.

V'I"he information carrying surface is formed from the magnetic
iayer 32 and has amicroscopic 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 ('nolt shown) and is brought into close contact with
the slave medium 2. Although only one side 2b of the slave medium
2 is shown in Fig. 1, the slave medium 2 may have magnetic iayer_s
onboth sides thereof. Inthiscasethereare single-sidedserial
transfer and double-sided simultaneous transfer. The
single-sidedserial transfer is performedwith the master carrier
3-brought into close contact with one side of the slave medium
2. The double—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 bétween 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

oxygen concentration is gradually reduced from the surface in

13




The af orenenti oned oxi dati on process can adopt ion inplant at [ on a dry
oxi dati on process, a wet oxidation process, etc. For exa
perform ng reverse sputtering on the surface of the substr (Reé’e@ A5t hen

exposing the surface to a high-concentrati on ozone atnosphere for a fixed
time, the surface portion is partially oxidized. Since the oxygen _

concentration becones high by the oxidation of the surface portion of the
substrate 31 of the master carrier. 3, the adhesion between the substrate

31 and thBefagRetion ehthe dephbaitie sulkstoaty3ip ofhgiteka ca reTb,é_tLehor e,

even if magnetic transfer is repeatedly perforned, there is no
possi bi | #£yDs hat Dy hies nelytret hed | fiy ewhB¢h wp$ | xégpreséppedthésorygensul t, there

are no dust particles, the quality of transferred signals is ensured and
t he dur a%@lllWIytmt%ﬂ@ ahsthe tandi face3instbehdapvddgrbéveé Patéwioar 02005
Note that in the case where the | and/ groove pattern on the substrate 31 of
t he mastiehe cartrstarat®: Xl andeDat tepresamic grioo\ux i eohcepresitiont be
positive | and/ groove pattern shown in Fig. 1, as im |ar nmagnetization
pattern adephtofinkfmeasdredniiromcvhdetlabyl &ppkyi dget.he thei bikgkieni ng fiel d -
(Hn) and the transfer field (Hdu) in directions. opposite to the
af or enreméncrntrat ientaonshe Igrasverizfay.ablia thatttibe, egeebkidhayen 32 be
provided wth a protective coating such as a dianond-Iike carbon (DLC)
coati ng,pmtaessd ti sTperifermeol sdethit ttha datird @by, /pYeis ild the range

0f 0.05t0 0.8. Furthermore, the oxidation process is performed

so that the average oxygen concentration from the land face of

{

the substrate 31 to the depth of h is 15 at% (atomic percent)

or less.

The aforementioned oxidation process can adopt ion
implantation, a dry oxidation process, a wet oxidation process,
etc.'Forexample,byperformingreversespuﬁteringonthesurface
of the substrate 31 and then exposing the surface to a
high-concentration oczone 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 the master
carrier 3, the adhesion between the substrate 31 and the magnetic

9 .
layer 32 becomes 1 X 10 N/m‘2 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.
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Is further preferable that the protective coating consist of a DLC coating
of 5to 30 nmand a lubricant layer. . Furthernore, betwe the na etlc

| ayer 32 and the protective coating, a reinforcenent |ayer SREADSE

silicon (Si) layer nmay be provided to reinforce the contact therebetmeen.
The lubricant layer inproves durability degradation, such as scores due to
friction, which occurs in correcting fora shift that occurs when the
magnetic |layer 32 and the slave nedium 2 are brought into contact with

each other. The substs atleaBlitH @RS Whkereathee aRdUgesoteChattethi ).,
silicon (Si), alumnum alloys, etc. The |and/ groove pattern on the

substraten 3¢hé SsapsaREL Y32 éfaﬂﬁérmgsﬂéka&hgﬂleﬂeBhQQ aChegakAvkhe st anper
generation method, auniform photoresist filmis first forméd on the snooth

surface pind f r t T t s plate
I's being r%té Jove ? %%ﬁlgn%pg) é%g% t:faleloggtg?)clyghtm gﬂd/%e?b%eaggg?%%t%ron

beam) WDQ%@HH m@cq da@amtlgr%asﬁé/&éam éEté%ﬁ%‘n%@gréﬂsféEPé&

predet er m ned patterns ~(e.g., erns corresponding to a servo signal) at

pos Gt gy QTP St L7 i Lo O
oXPoeed QOLALEEE 7 10,5 A8kt i 00 TS SHARE BB =1

of the photoresi ai ned. groove
pattern on.dhe face of the original disk, the disk surface is plated
(or eIectrocast?ﬂg

It is preferable that the magnetic layer 32 be provided
with a protective coating such as a diambnd—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
impr'oves durability degradation, such as scores due to friction,
whichoccursincorrecting forashiftthatoccurs when themagnetic
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.

| Inthestampe:generationmethod,auniformphotdresist
film is first formed on the smooth surface of a glass plate (or

a quartz plate). Then, while the glass plate is being rotated,
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generate a nickel (N) substrate having a positive | and/ groove pattern.
The substrate is separated fromthe original disk. After glrijl S S bsiqrq te is
oxi di zed, a nagnetic |layer and a protective coating are f i
| and/ groove pattern of the substrate. In this manner a naster carrier is
generated. In addition, by plating the aforenmentioned original disk to
generate a second original plate and then plating the second ori gi nal
di sk, a substrate with a negative |and/groove pattern nmay be generated.
Furt her ndr &asey pighknheane (oscendelecigonabedingkmpdulhsiedeacagrdingsin
solution applied to the second original disk) to generate a third original
di sk andtelkeaepiatiignal is ihradisteditvatxposk predatratmiates] patheanpositi ve
| and/ groove pattern may be forned. On the other hand, a photoresist
pattern (&.§or neatbarns heonfespordi ngnsn glseasroplsdtomalt)han, pesthiogsi s
performed to formgrooves in the glass plate; the photoresist is. renoved -
to obtabm tineoenginal pHotkreahdtt beéimathet, carsebpbndt eomajiebérbnesed 16 7
Decenber 2005 in the aforenentioned manner. It is preferable that the
groove deptihe datlhandabiisghtYext n tihkephatdiesisees Pamt s Medileliopedsubstrat e
31 be in the range of 80 to 800 nm It is further preferable that it be-
in the reergeve ofhd 08xpos680pbrtidhe, nagdehhCokrayehad2diskl aigRdaby forni ng
a thin film of mgnetic nmaterial on the substrate 31 with a vacuum vapor
deposi t i andbghoové shapent QYSDOE Big 08 thenphid €6 égi st @1 1p & bPBained.

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 positivé land/groove

pattern. The substrate is separated from the original disk.

After this substrateisoxidized, amagneticlayerandaprotective

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 solution applied to 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

‘obtain an originél disk; and thereafter, a substratemaybe.formed
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etc.), a plating nethod, etc. The nmagnetic material for the nmagnetic |ayer
32 can enploy cobalt (Co) , alloys with Co (CoN, CoNi Zr, NoTaZr tc.),
iron (Fe) , alloys with Fe (FeCo, FeCoNi, FeN M, FeAISi,7§3%F@%§é¥§E,
etc.), nickel (Ni), and alloys with N (N Fe, 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
nmis further preferable. In the case of perpendicul ar recording,

appr oxi nhtefhe afereagptigsedr meanperer 3 as the af orenentioned | ongitudinal
recording is used. In perpendicular recording, initial DC magnetization is

performed so that Ihdspaetenaldlemhat chengnooniezdepth ioanband hedighd)
perpendicular to the slave nediumplane. Wth the slave nedium2 and the
mast er chirike Ind/groeve |ppdd caonodcthewstihsézebeoBhdre im thtenshegefi el d
Is applied in the opposite direction fromthe direction of the initial
magnet i z_f iEdhtod ¢@eomi.onltd pénfbher bt rable absftei t M8 hoethdieanganst er
field is passed through the magnetic |ayer 32 of the |land pattern 32a 17 7
DecenberoR0D80otot RBOmamt er carrier 3, the perpendicul ar nmagneti zati on of
the land pattern 32a is reversed. In this way, a nagnetization pattern
correspondi ng to theelmullegriaoVeypatizis 0brinbd Isyifettrdne a IThiof fike nmaster
carrier 3 can be recorded on the slave nmedium 2. In the case of
| ongi t udihatagreedidi mgterbal omgtkti subserdtgefer at thnaneansumotrappprl yi ng
an initializing '

deposition method {vacuum evaporation, 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 the slavemedium2 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

directiontoperformmagnetictransfer., Sincethetransfer field

is passed through the magnetic layer 32 of the land pattern 32a
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field and a transfer field is constructed of vertically spaced ring

el ectromagnets that have a coil wound on a core having a g&f vm#)crl)’lb@ t ends
inthe radial direction of the slave nedium 2. Wth the vérticarf éaced

ring el ectromagnets, transfer fields generated in the sane direction are
applied parallel to the data track direction. Wile the slave nedium 2 and
- the master <carrier 3 are being rotated, transfer fields are applied by the
magnetic field generation neans. The nmagnetic field generation neans nay
be provi 88dthe nagker cairyiest 3 dfie pelpendigndaircmagrétiizgtnonad £ dheneans
maybe arranged only on one side. Alternatively, the magnetic field

gener at i danAedas teay BEacdsstrevereddof Ansthibewaper aamaghetdgaet oar r anged
on one side or two permanent magnets arranged on bot-h sides. The magnetic
fiel d gepaticrorcomespomiihptodbe ind pgrpencdpatternrcetthdistlpsitsate
constructed of el ectromagnets or .permanent nmagnets of opposite polarities,
whi ch ar 81do§pobednasitay esand ciel3owan benracdrdedyors alsd stliave afedile sl ave
medium 2 and the master carrier 3. The magnetic field generation neans
generate8a magnetic field in a perpendicular direction and 18 7 Decenber
2005 applies it on the contact body. In the case where the magnetic field

generation means appl the easego€t lenfiebdiaalarpesiku@ng,othche sl ave nmedi um
2, magnetic transfer is performed on the entire surface by noving either

the contmagnbbdy-ficlbegengpation fikahd. fbirgapBliysng sactnemaklviz@wgof a

master carrier 4 according
field and a transfer field is constructed of vertically spaced
ring electromagnets that have a‘ coil wound on a core having a
gap which extends in the radial direction of the slave medium
2. With the verticaliy spaced ring electromagnets, transfer
fields generated in the same direction are appiied parallel to
the data track direction. Whj.le the slave medium 2 énd the master‘
carrier 3 are béing rotated, transfer fields afe applied by the
maghetic field generation means. Thel magnetic field generation
means may be provided so that it is rotatable. The magnetic field
generationmeansmaybe arrangedonlyonone éide . Alternatively,
the magnetic 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 thé 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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to a second enbodi nent of the present invention. In the second enbodinent,

the master carrier 4 is made up of a substrate 41 having gI%andggaﬂﬁge
pattern, a thin ceramc |layer 43 forned on the |and/groov Elga t he

substrate 41, and a magnetic |ayer 42 deposited on the Ceram c | ayer 43.
In the illustrated exanple, the ceramic |ayer 43 and the nmagnetic |ayer 42
are fornmed to predeterm ned thicknesses by sputtering, etc., and they are
deposited on the |ands and grooves of. the | and/ groove pattern of the
‘subst r at 8PR1ieFhit Qnilthsi oonbetteeody he Irethri catawtie A8 i mhbetmenet i c

| ayer 42 is high. To enhance the adhesi on between the ceramc |ayer 43
and the Sieldcgenérahéonsubstnat applieshe saghacecofitha subst pa@iofl is
oxi di zed the sane as the aforenenti oned case. Therefore, the surface

portion 0§ bhedszade medibm 2ammagnysial tsaﬁtsearoxgdﬁer@&rhaa ol apkc | ayer
43 is fornmed. In this manner, the adhesi on between the magnetic |ayer 42

and the eetarecudnfsre 3, meviing e e shercdieiaw@eboiieo £ &R gnkayer 43

and the substrate 41, becone 1 X 109 NNnR or greater. As with'the first

enbodi nefifeldihe oxygen concentration Do at the land face in the

| and/ gr oove pattern of the substrate 41, 19 7 Decenber 2005 including the

ceram c |ayer 43, ¥iggpddunbeyticHuted i hAstekandfiages hRcbRa;dyr ection
of the depth of the substrate 31. The oxygen concentration Dh at a depth

of h neassiredetoam éfeodinetil @ eHOprashat UMvénFESSUr efh fh@MsLREHGr OOve
face in the |and/groove pattern) is in a relation of Do > Dh. The ratio of
embodiment, the master carrier 4 is made up of a substrate 41
having a iand/groove pattern, a thin cera\_mid 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
43andthesurfaceofthesubstratedl,thesurfaceofthesubstrate
41 is oxidized the same as the aforementioned case. Tﬁerefore,
the surface portion is oxidized, or the same crystal system oxide
as the ceramic layer 43 is formed.
In thismanner, the adhesionbetween the magnetic layer
42 and the ceramic layer 43, and the adhesion between the ceramic

layer 43 and the substrate 41, become 1 X 10° N/rrl:2 or greater,

As with the first embodiment, the oxygen concentration D, at

the land face in the land/groove pattern of the substrate 41,
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concentration in the direction of the depth fromthe | and 71(‘Jﬁ$:ce f %ﬂﬁ
substrate 41 to the depth of h (groove face) is 15 at% (at Emgﬁrr t) or
| ess. The ceram c | ayer 43 enhances the adhesion between itself and the
magnetic | ayer 42. On the other hand, the ceramc |ayer 43 has great
Internal stress, so there is a possibility that filmseparation wll take
pl ace between the ceramic |layer 43 and the substrate 41. However, the
adhesi onipelndény the ceramitclaygerd A3 igndgreaduasiiys tnestueetll firas bhen

consi derably enhanced by oxidizing the surface of the substrate 41, or
form ng. lanefagaeinr fheatlisgstéonorifdehasdepthcefathe kapetraie Bi.
addition, by naking the oxygen concentration of the surface of the

subst r at Bhe ddxpgghecontdrt cat th CDY, ayera 4RpiAn die e silticdn€roandhe
therefore filmseparation due to internal stress can be further prevented.
Fig. 3 ibtandsfatéofat ailemigiit & mestsrrechrfiricar the gaeeefdifdget Gnathhird
enbodi ment of the present invention. As shown in Fig. 3A, the naster

carrier Léndngtbevehpaeterdpdidrant a +&1£8LbRReE DY Bhpg. subid kalk oldrand a
magnetic |ayer 12. The substrate 11 has a |l and pattern on the surface

t her eof ,D{A®, lizndn pRétLINyE & 0SPONEL W, § 0 IFAHE Y ( @h@ ava@r8gEVo
signal) that 20 7 Decenber 2005 is to be transferred. The nagnetic’| ayer 12

i s forneskygebaioncertardtainds il thé diteetliando paiHe HBpRANE S6RATRS1andb Of
the substrate 11. Because the magnetic layer 12 is fornmed on the |and
pat t ern fade tde thebsubaite-akk 4iheonthé edeeti rdh 1QrcowRI¥aRRediwi 15 a
at% (atomic percent) or less.
The ceramic layer 43 enhances the adhesion between
Aitself and the magnetic layer 42. On the other hénd, the ceramic
layer 43 has great internal stress, s0 thereris a possibility
that film separation will také place between the ceramic layer
43 and the subétrate 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
thesame crystal systemoxide as the ceramic layer 43. Inaddition,
by making the oxygen concentration of the surface of the substrate
41 higher, the ceramic layer 43 can be made thinner and therefore
Afilm 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 ihformation (e'. g., a servo signal) that
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pattern of lands 15. having a magnetic |layer on the surface . Note that
the master carrier 10 is not limted to this enbodi nent. 3% exgggg%S t he
magnetic | ayer may be formed only, on the lands |Ila. Furt SBTes

pattern of |ands consisting of a magnetic |ayer nay be fornmed on a .flat
substrate. That is, the lands thenselves may be fornmed froma magnetic

| ayer. The magnetic layer 12 is partially oxidized, nitrified, and/or
carboni.zed. The nmagnetic layer 12 is formed so that the . quantity of

oxi dati ans v bel tiraakirereand tR& hRReti M d fer redygedogiaduah! Nofkom t he
surface toward the-substrate 11. In "the third enbodi nent, the magnetic

llayer 12HndgrAGES] PRNYEID 1 2R S ¢ OFn RMACEESo R8s AN LES A RlcCsubsOra®B shows
the oxidation-quantity distribution in the direction of the filmthickness

of the rﬁg.“ehka%ah@ée’&hé%nag{détité1%§v'§%“{lﬁéiéma *f?t:g\ireﬁeaﬁitq{é hpbSattérh

t hi ckness of the magnetic 1ayer . carrier 10 I's represented

as the %@i&fé"itsgibs%:ﬁae ns %ﬂ%%ais%et:h%f‘%jrgﬁé&;eiot be 8§%g§§teﬁuﬁﬂhté( Ds on

the surface side of t magnetic layer 12 i's greater e oxygen
Ut | s YR o E DS 4 g L TR aGhebel oBEC
oxOEn, BB Wl AP RSN 5018 Ll L EARILS €L Uiy WAk fenl oY1 12
ot % RORERSAAENE. O gL KAt AOSP chehdy 0 s Lfle iRogoce
nitrifi ﬁqaf%ndf'ﬁ@i;ﬁ%'}%%%,pg%ég@érnt(ﬁe 155}1{‘&& %to?llsisting of a magnetic
layer may be formed on a flat substrate. That is, the lands
themselves may be formed from a magnetic layer.
Themagneticlayerl2ispartiallyoxidized, nitrified,
and/or carbonized. The magnetic layer 12 is formed so that the
quantity of 6xidatioh, nitrification, and caxbénization is
reduced gradually from the surface toward the-substrate 11. in
the third embodiment, the mégnétic 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 -
layver 12 bf the master carrier 10 is represented as the horizontal
axis. Asshowninthe figure, the oxygenquantityDsonthe surface
" side of the magnetic layer 12 is g}:eater than the oxygen gquantity
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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of the oxygen quantity, the nitrogen quantity, and'the carbon quantity S
in the aforenentioned ranges with respect to all the elengﬁ@ 0 -t
magnetic | ayer 12. The formation of the nagnetic |ayer

. substrate 11 having a | and pattern can be perfornmed by formng a th|n

| ayer of magnetic material wth a vacuum vapor deposition such as
sputtering, ion plating, etc. If reactive gas is introduced during
formati on of the magnetic layer 12, it can have an oxidized portion, a
nitrifi donpdhrer greendlvke dhetr bonibeedn pbet rengeFof 1 st Bcat%.f n
oxidizing 'gas (e.g., oxygen) is added to argon (Ar)., and reactive

sput t er itthe icagenlmredhd magneginetliaydmyie hhz wothoaldyosndozedipedt i on
can be forned. The magnetic layer 12 can be nitrified by adding nitrogen
to Ar. partimnboteldsd nianiliéedatidobzbdnhyedqsh g diysly ehardinntsveh as
met hane to Ar. Note that the magnetic |ayer 12 can easily have a

di stri butf dihd exyareroxygen iqugntdhey niitroges duteetiicg) ahdt BRef chpbbhi ckness
by adjusting the anount of gas during formation of the magnetic |ayer 12.
Al t er natqueaityi tyafierim tmgnetoteh@yelonsd f paNGEs byien resgdessr yongihod

wi t hout enpl oying reactive gas, the magnetic |ayer may be partially

oxi di zedhenidIrdrfdretth aMdiing maghovidetayerni2his case, dry or wet
oxidation, nitrification, carbonization nethods, as well as ion

i npl antati on, can The e‘_tminmgbn o &x2e hgwmgrlgp@,é pzag@t@ thé the

surface of a magnetic layer fornmed by sputter deposition is cleaned by

reverse Mﬁﬁﬁﬂdﬂglaﬁdveﬁgoéeﬂaﬁ@ 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
haveanoxidizedpértion,anitrifiedportion,and/oraCarbonized
portion -For 1nstance, 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.
Fﬁrthermore, it can be carbonized by adding hydrocatbon such
as methane to Ar. Note that the magnetic layer 12 can easily
have a distribution for an oxygen quantity in the direction of
thefilmthicknessbyadjustingtheamountofgasduringfbrmation
of the magnetic_layer_lZ.
| Alternatively, after é magnetic layer is formed by an
ordinary method without employing reactive gas, the magnetic
layer may be partially oxidized, nitrified, and/or carboniied.
In this case, dry or wet oxidation, nitrification, carbonization

methods, as well as ion implantation, can be employed. For
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hi gh-concentration ion atnosphere for a fixed time, a region near the
surface portion (e.g., aregion 10 to 30 nmaway from the rface an be
partially oxidized easily. Furthernore, film formation by ‘ﬁ@@ﬁ@%?dﬁs
sputtering may be conmbined with the oxidation, nitrification, and
carboni zati on processes after film formation. In the nmaster carrier for
magnetic transfer of the. third enbodinment, the magnetic |ayer has been
oxidized, nitrified, _and/or carbonized. Because of this, the nagnetic

| ayer | sSXEBReR: AhdthebourfageeRfer AN e JAKST EoEMRE DY drytissmpar ed
with a conventional one. As the chem cal affinity between the slave

medi um af@PPRétingndsi eleaped by seaerset spusssaiag emdbiexprsedgnet i c

| ayer fromthe naster carrier can be prevented when the slave medi um and

t he nastBigharpneengretisapion admospinessacfor et HémedrHuisne t he wegitcer
carrier of the present invention can be repeatedly used in a |arge nunber
of magnebedrrtebersiinfpoedrerticonfeared W regdonodl@ehbi 30ahmomeay Ifirom
addition, even if separation, etc. , of the nagnetic |layer on the lands in
t he | andthesonrd asst)t eambetpska: il ldgeoxidibzéd agsdiys ofutrhbhechioppeditagnet i c
| ayer are small, and therefore, the nmaster carrier can be used w thout
havi ng &ermatéesebgf reactivet spndfteriguakaly beTlewmb iee] duirtdbidlid y of the
master carrier for magnetic transfer is enhanced and the lifetine can be
pr ol ongeexidat donesuilttr,i fiilve tnisomyf @wd cairhgndtaat i oherqureed o sratffted fiagnet i c
recordi ng nedia can be reduced. 23 7 Decenber 2005 Now, a descri ptlon wil |
be gi venfefmaéheonesul ts obt ai ned

Inthemaster carrier formagnetic transfer of thethird
embodiment, the magnetic layer has been oxidized, nitrified,
and/or carbonized. Because of this, the ﬁagnetic 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 éeparation 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 themagnetic layer on the lands in the land/groove pattern
take place, the fragments of the chipped magnetic 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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~fromthe experinment of durability after magnetic transfer has been

repeatedly perfornmed on enbodi nents of the master carrier th ent
invention. Initially, a description will be given of the ggﬂi‘iﬂa@&ﬁ

master carriers used as enbodi nents. As the substrates of the naster
carriers . of the enbodinents, Ni substrates were generated by a stanper
generation nethod. Mre specifically, radial lines wwth a bit |ength of
0.5 um are arranged between the disk center and a radial position of 20 to
40 mm The track vileihaatesqriptiarei IDpbewnwndof thefresnlespbthivedy. The
oxi dation process for the substrate surface was performed by exposing the

surface dfomhehdieghsinatie O durapildery aftasmhagngtilderaxisdatri has
process, a mxed. gas of argon and oxygen was used and the sputtering

pressur eb¥@s efedtedl v e drtel ofl@fbodiNentE0en B mvst@encatheeeaf ter,
a FeCo30at % magnetic | ayer was forned on the surface-processed N

substratef dike prEsehtcintaneiohas a thickness of 200 nm The Ar sputtering
pressure was 1.44 X 10 Pa (1.08 niforr). -1 Enbodinents 1 to 3 and

conpar ative exanplgidiaPl PhUeseeAtabads by Ma Gy diheheypAsHLeibhe,
etc., so that they differ ~fromone another in the relation of the oxygen

concent r@t igasc &P @iriherbandohase Sfnbhenbapgd/ groove pattern and the
oxygen concentration Dh at the groove face, and also differ in the average
24 As the substrates of the master carriers of the
"embodiments, Ni substrates were generated brya stamper generation
method. More specifically, radial lines with a bit lencjth of
0.5 um are arranged between the disk center and a radial position
of 20 to 40 mm. The track width and pitch are 10um and 12p
m respectively.

The. oxidation process for the substrate surface was
performed by exposing the suirface 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 107t

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 lend face of the land/groove battern and the oxygen

concentrationDp at the groove face, andalsodiffer in the average

24



7 Decenber 2005 oxygen concentration (at% fromthe |land face to the
groove. face. In the nmaster carrier of the enbodi nent 1, t,lrlst; sllrjlgst te was
processed so that the ratio of the oxygen concentration at Fremop 3f ace
and the oxygen concentration at the groove face becones Dh/Do = 0.05,

i.e., Do > Dh and the average oxygen concentration becones 3 at% The
magnetic | ayer was fornmed on the substrate so that the adhesion

t her ebet ween becones 1.2 X 109 NnR2. In the nmaster carrier of the

enbodi memty@en cloacanitxtatdboa (ae®) firomesised asal faet tbhehexypgevecfacent rati on
ratio becones Dh/Da = 0.7, i.e., Do > Dh and the average oxygen
concentrati on bechireke i sakY caihel amghahiccemiy@imavss 1 | atedubstirhee
substrate so that the adhesion therebetween becomes 1.2 X 109 Nn2 In the

nmast er aald ipfocdsdde sembrdinené Fatide S iR bajgenesnpeneeasednsatt hat
t he oxygen concentration ratio beconmes Dh/Do = 0.7, i.e., Do > Dh and the

aver age tthey dethd @ it e ohﬁ@@i’fe&oﬂﬁemﬂ:’fatibﬂ gegEREi grbayer raas forned
on the substrate so that the adhesi on therebetween becones 1.2 X 109 N nR

In the Mmsdshesany 8l Ofo.l0%e Gompar ajj ve mxam enk avdia @Bk ywgdistrate as
t he enbodi nent | ‘was enployed. The magnetic |ayer was fornmed on the

subst r at@ e ted + 1 e RREOR 402! ebEl IRy ecI S v r8wXs188 rNe@lon! N the

master carrier of the conparative exanple 2, the substrate was processed

SO that {e SWBEGRIEORERhERIERE adid s PoRCORIESHEIULXN DHeloome s 1, Px = Dh
and the average oxygen cencentration becomes 100 at% The nmagnetic |ayer

was forng® y/m?.
In fhe master carrier of the embodiment 2, the substrate
was processed so that the oxygen concentration ratio becomes
Dnh/Do = 0.7, i.e., Do > Dy and the averagé 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.

Inthemaster carrier of the embodiment 3, the substrate
was processed so that the oxygen concentration ratio becomes
Dn/Do = 0.7, i.e., Dg > Dp and the average oxygen concentration
lbecomes 17 at%. .The magnetic layer was formed on the substrate
so that the adhesion therebetween becomes 1.2 X 10° N/mz.

In the master carrier of the comparative example 1,
the same substrate aé the embodiment 1 was employed. Themagnetic
layerwas formedon the substrate so that theadhesion therebetween
becomes 8.8 X 108 N/mz.

In the master carrier of the comparative example 2,
the substrate was processed so that the oxygen concentration

" ratio becomes Dn/Dp = 1, i.e., Dg = Dp and the average oxygeh

concentration becomes 100 at%. The magnetic layer was formed
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25 7 Decenber 2005 on the substrate so that the adhesi on therebetween

becones 1.2 x 109 Nrte. As the slave nedium a 3.5" disk7 apeﬂg&g&getic
recordi ng medi um was made by a sputtering apparatus device '
Mechatronics ; S-50S sputter apparatus) . That is, in the device, the
pressure.was reduced to 1.33 X 10-5 Pa (1 X 10-4 nmTorr) at room
tenperature. Then, argon (Ar) was introduced and the pressure was
increased to 0.4 Pa (3 mforr). Under these conditions, an alum num plate
was heat®d thg substrabd o it the @dhelsion thassbetdeam badomesolsrdt | ayer

of thicknessqy25 were sequentially stacked. The saturated nagnetization
Ms is aﬁnu"(m&% Gauss) , and the coercive field (Hcs) is 199 kA/ m (2500
Ce) . Electromagnets were arranged so that the peak magnetic field o
i ntensity beconesA898hkAshHaEE0dEdIsimequda . &0 didiceshdped auegmetic fi el d
(HOS) of the slave nmedium In this state, the slave nediumwas nagneti zed
in one adigceciding medient eam imtde dy DGpmiretirqtapraradfterdéticenitial DC
magneti zati on, the slave nediumand the nmaster carrier were-brought into
cl ose cdSthddauna MecBathontiber. SF0Shspuist et eyppmregngt ¢ Thiagl dspfinl99 KA/ m
(2500 Ce) was applied and magnetic transfer was perfornmed. The durability

of the whetdeviess ittle passevdleintsdrasucd®iloors33TRaL ol pat he xonpatt
pressure between the master carrier and the slave nediumwas set to 0.49

MPa (5. 8Togh) caR roand: ¢émpyratere . coThes) edgand (Aeparzad et 10a0cedmmel

Thereafter, the nmaster _
the pressure was incr_eased 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 7T (4500 Gauss), ahd the coercive field (Hgg) is 199 kA/m (2500
Oe).

Electfomagnets were arranged so that ﬁhe peak mégnetic
field intensity becomes 398 KA/m (5000 Oe) equal to twice the
coercive field (Hgs) of the slave medium. In this state, the
slave medium was magnetized in one direction to perform initial
DCmagnetization. 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 Oe) was applied and magnetic transfe‘r was performed.

The durability of the master carrier was evaluated aé
follows. Thatis, the contactpressurebetweenthemastercarrier
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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carrier surface was observed at a 480x magnification ratio by 26 7 Decenber
2005 a differential interference m croscope at 50 randon1vgﬁgal i e ds |
t he nunber of worn or cracked portions in the magnetic |ayer he 50
visual fields is 2 or less, it is evaluated as a good-state (0) |n mhlch
good magnetic transfer can be perfornmed. If it is 3 to 5, it is evaluated
as..a fair state (:LA) 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

transf era geeearenpoan.- 1Mﬁf&ééﬁﬂé£8§c & hegd 9 ARGm néod},g fields
the e

af or ement i oned rredlumusmgthe mast er riers o ments 1 to 3
and conpaidd YEmBEIFNPE Al lLu The
results are listed in Tgé? gf:ge§ ﬁ%ﬁ%g?%%b"betttv%e gr%\aégel\lféng of the

ayor (at Byt s Ty al o u%%?%%‘é R R S e e L
nbodi m%%%%i%ﬁ%ée Q@ﬁ Z&%&%L ﬁ%ﬁ%égﬁg&f .2 X 10! canjb7e31\a/\égfrg§r aél ve8.8 X

.1080. 0 exanpl € "1""onpar-at
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 ﬁhich'accuracy of transfer
becomes poor.

Magnetic transfer was performed on the aforementioned

_ mediuﬁ 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 7

Bdhesion 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(O)
Embodiment 2 | 1.2 x 10° | 0.7 10 ' 1(0)
[Embodiment 3 1.2 'X 10° 0.7 17 ' 3(A)
Comparative 8.8 X 108 0.05 3 8 (%)
example 1 ' ‘ :
Comparative 1.2 x 10° 1 100 12 (X)
Example 2

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

embodiments 1 to 3, whichmeet the condition of the master carrier
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exanple 2 As indicated in Table 1, it has been found that the enbodi nents
1 to 3, which neet the condition of the master carrier 27 7 cenber 2005
of the present invention that Do > Dh and the adhesion bet deFFemPRE2005
substrate and the magnetic layer is 1.2 X 109 NNnR or greater, can be used
even after magnetic transfer is perfornmed 1000 tinmes. It has al so been
found. that-the enbodinents 1 and 2 in. which the average oxygen
concentrations are 3 at%and.10 at% are in a good state as the naster

carriersofbgpausfesbAL niﬁgr,pﬁlé?ﬁ%\g%{dé}: r >CbﬁC§RS ﬂ?eg LS, 138 P%;g{e%gtel 3(;0

small (0 or 1) . On the ot ant i1’ fhé®conparative exanple
ot T chS e AR OB BB P PR 10PN B BRNSE
oot ons R ERSEATENE, SCERr o v e 0 B TG0 WOhEL,
R o8 AR BSSEUSSER US Hlept B SRl BLELE Lo e
Bt 25 FOSERE e AERRE:Shet ! S Wi U P =
compri i 86508 A 2LCeib Wb A d AN GHQ0E BRLLELT ERIRLLALDS J A0dsn
'or cracked portions are ex»t_remely small (0 or 1). On the other
hand, in the comparative examples tﬁat do not meet the
aforementioned conditions, the number of'wornor cracked portions |
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 coﬁpared 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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and grooves; and a magnetic |ayer fornmed on said | and/ groove pattern;

wher ei n adhesi on between said substrate and sai d magnetic Igﬁer Ls ](.@2 X

109 NNnR2 or greater; and wherein a first oxygen concentrat i’ &42083; ¢
magnetic |ayer forned 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 nmagnetic |ayer fornmed on said groove. 2.
The master carrier according to claiml1l ; wherein a ceramc |layer is '
provi ded between said substrate and s@LaIM$magnetic |ayer. 3. The master
carrier according to claiml1l or 2, wherein a surface on the magnetic |ayer
side of said subsirathe nastexriaarstersforhwagnetde txansdier,according to
claiml1l, 2 or 3., wherein aratio of said first oxygen concentration Do

and sai dompsdendgexygen concentration Dh, Dh/Do, is in the range of 0.05

to -0.8. 29 7 Decenber 2005 5. The-nmaster carrier according to- any one of
the preceding claisubstirerte wi tinadeerdge covegeat tenn ecmpatiisdmg hasds d depth -
direction fromsaid first oxygen concentration to said second oxygen
concentandi gnoowve&h ah&loor |less. 6. A master carrier for magnetic transfer,
conpri si ng: ,
a magnétic layer formed on said land/groove pattern;

lwherein adhesion between said substrate and said
magnetic layer is 1.2 X 10° N/ru2 or greater;

and wherein a first oxygen concentration Dy at said
magnetic layer formed on said land is reduced graduaily toward
| the direction of the depth of said substrate and is greater than
a second oxygen concentration Dp at said magnetic laver formed

on said groove.

2. The master carrier according to claim 1 » Wherein

a ceramic 1ayér is providgéd between said substrate and said

magnetic layer.

3. The master carrier according to claim 1 or 2,

wherein asurface on themagnetic léyerside of said substrateis -
oxidizéd.

"4, The master carrier according to claini 1, 2 orr 3;,
wherein a ratio of said first 62ygen concentration Do and said

.Asecond oxygen concentration Dn, Dh/Do, is in the range of 0.05

to -0.8.'
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a substrate; and a pattern, provided on said substrate, which corrpri ses a

plurality of |ands having a nagnetic |ayer on at |east the
wherein at |east a surface of said nagnetic layer is oxidi zlé e"ﬁe’f?(?qq ed,

and/ or carbonized. 7. The nmaster carrier according claim6,, wherein the.
entire area of said magnetic |layer is oxidized, nitrified, and/or
carboni zed. 8. The nmaster carrier according to claim6 or 7:, wherein the
gquantity of oxidization, nitrification, and/or carbonization on a surface -
side of said magnetic layer is greater than that of oxidization,
nitrification, andgorzﬁgrbom zation on the substrate side of said magneti c
layer. 30 7 Decenb@r B G SURICRRETRF ASHOFLING oke R mpea @fclthem 6, 7 or
g., Wwherein he quantity of oxidization, nitrification, and/or
car boni ZBF?S bﬂgtﬁgaéﬂ?fra‘(&’ée%?%ad? aé’zﬁ’%ﬁ%gl’ﬁeyq{emltaqmem&am@at er than
the avera es%& of _oxidization, nitrification, and/or carbonization
for the a‘iléié‘riéﬁ 1’F%9‘é?-<31f11©rv:n‘irt@lrithsirs.rstamwgEna@@ﬁ{&;dhf‘:‘ﬁa{#2 ofiny one
or

of clal t he, sum total of oxy ni t rogen,

car bon |n t %&gxg P& oglr*‘qudIh cr‘ﬁ':E?I’ftfl?aefef'-C|?}'éar-1-$og5 ah#/ or leasboni zed
portion is in the range of 0.5 to 4 0 at %w th respect to the quantity of
all elements in sadd mREt&r | @YV er for magnetic transfer,

comprising:

a substrate; and -

a pattern, provided on said substrate, which compri‘Ses
a plurality of lands having a magnetic layer on at least the
surface;

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

7. The mas.ter carrier according claim 6, wherein

the entire area of said- magnetlc layer is ox1d:|.zed n:.trlfled,
and/ or carbonlzed

8. Themaster carrier according to claim 6 or 7, wherein
thequantityof oxldlzatlon, 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.
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11. The master carrier according to any one of clains 6 to 10 , wherein
the sumtotal of oxygen, nitrogen, and/or carbon in the dIZ%P ? tlon,
nitrified portion, and/or carbonized portion is in the raﬁgg d

at% with respect to.the quantity of all elenments in said nagnetic Iayer.
31 ABSTRACT MASTER CARRI ER FOR MAGNETI C TRANSFER A master carrier for
magnetic transfer is equipped with a substrate with a |and/ groove pattern
of | ands and grooves, and a magnetic |ayer forned on the | and/ groove
pattern. The adhesion between the substrate and the nagnetic |layer is 1.2
X 10[ERR] N'n{ERR] or greater. A first oxygen concentration Do at the

magnetic |ayer forged ®Keinh q“gg radual |y toward the

direction of the depth of tﬁgég%%sftrﬁ'ae[rg an q:(% Le#%ﬂé‘?/latlﬁhﬁ a s?é‘-t(Snd

OXY9eN GRISASLE AOGuBtitiy d 6 1ROPSEL Snl Y f%fcrge&on%“aw? groove
carbonlzatlon on the surface side of saJ.d magnetic layer is |

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

layex

10. Themaster carrier according to any ane of

t¢laims 6 to 9 r wherein the sum total of oxygen, nltrogen, and/or
carbon in the ox1dlzed 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, Themastercarrier 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 carbenized

portion is in the range of 1 to 30 at% with respect to.the qu_antity :

of all elements in said magnetic layer.
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ABSTRACT

MASTER CARRIER FOR MAGNETIC TRANSFER
Amaster carrier formagnetic transfer is equippedwith

a substrate with a land/groove pattern of lands and grooves,
and a magnetic layer formed on the land/groove pattern. The
adhesion between the substrate and the magnetic layer is 1.2
X 109 N/m2 or greater. A first oxygen concentration Dy at the
magnetic layer formed on the land is reduced gradually toward
the direction of the depth of the substrate and is greater than

a second oxygen concentration Dh at the magnetic layer formed

on the groove.

(Figure 2)
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