8rhbvenbef 2005 MAGNETI C TRANSFER MASTER MEDI UM FORM NG METHOD BACKGROUND

OF THE I NVENTION Field of the Invention The present ish\Wentdndrenr eltdt®es in
general to a magnetic transfer master nmedi um provided on the surface
thereof with protrusion portions forned in a pattern for transmtting data
to a magnetic recording nedium and in particular to a magnetic transfer
master nmedium for transferring data to a perpendi cul ar magnetic recording
medium Further, the present invention relates to a magnetic transfer

met hod of enpl oYARERIHE MRFAGEER W%MM%WQMH&MW ding to the
present invention to transfer data to a perpendicul ar nagnetic recording
medi um and a magnetic transfer nmaster nmedium form ng nethod. Description
of the Related Art Generally speaking, with regard to nagnetic storage
medi unms, there-is a denanBACKEROUKMD e@BeTHEt DNHPETEANacity and | ow cost.
Further desired are so-called high-speed access nediuns, which are capable
of advant ageously readi ng ouielhe ofdalla dnwerdeizired [ ocation in a short
time. Exanples of these nediuns include the high speed nagnetic recording
medi ums  ( magnehieC peieslentediny@bk il Ineaed dan ikargdndirsk appar atasses iand

fl exi bl e di sk apparatuses. So-called tracking servo technol ogy, wherein

t he magnetie sifead maetdrahRld viC Prova T W tMdtdudfaek thd-dNoventigr 2005

protrusion portions formed in a pattern for transmitting data
to a magnetic recording medium, and in particular to a magnetic
transfer master medium for transferring data to a perpendicular
magnetic recording medium.

Further, the present invention relates to a magnetic
transfernethodofem@loyingthenmgnetictransferﬁastermedimn
according to the present invention to transfer data to a
perpendicular magnetic recording medium, and a magnetic
transfer master medium forming method.

Description of the Related Art

Generally speaking, with regard to magnetic storage
mediuvms, there is a demand for increased storage capacity and
low cost. Further desired are so-called high-speed access
mediums, which are capable df advantageously reading out the
data of a desired location in a short time. Examples of these
mediums include the high speed magnetic recording mediums
{magnetic disk mediums) utilized in hard disk apparatuses and
flexiblediskapparatuses.So—calledtrackingservbtechnology,

wherein the magnetic head accurately scans a narrow width track




to achieve a high SINratio, plays a substantial role in attaining the

hi gh storage capacity thereof. A servo signal, address$ datveenbsimidlo5 repl ay
clock signal, etc., used for tracking within a certain interval occurring
in one rotation of the disk are "preformatted”, that is, recorded on the
di sk in advance. Magnetic transfer nethods realizing accurate and _

ef fi ci ent tPrattoremn aibdgh SR maitd o el afes & vt ant e berte i ghtkindngt he

| i ke borne on a master nmediumis nagnetically transferred therefromto a
magnet i ¢ thedr g toedigentapavétpdere prapodedervo, s fgrabx el ss)dphaese
Unexam ned Patent Publication Nos. 63(1988)-183623, 10(1998)-40544, and

10. (1998) £2605866. r&ctay dihgck asidresk, rEgnet uedd dosf eraicddhoowoghes, aa
mast er nedi um havi ng an uneven pattern corresponding to the data that is

to be traonsteaindihbesvsl avectieditg {a oRENEbtEL1 06006 BBe ABREKUAYei S
prepared. By bringing this master nedi um brought into close contact with a

sl ave nedrgpeforhetrea” fophotned, bpdyorddd oAPehyi Alsf thanalehcargnetic
field thereto, a nagnetic pattern corresponding to the data (e.g., a servo

signal ) borne aqMadiidmstoisfRdiRisad s 82 16¢ 48chPsrsl anvg medium The
preformatting can be perforned w thout changing the relative positions of

the mast esf fEEl &k 3B roRGatavey, MREE MO n thl ahta s b 4 R 10 B 2

remain stationary. Therefore not only is it possible to perform an

accurat e of el fi BRI Rfrdd8nM fLAEH me dALA 1 d haBREPTER 1RQSELDL L Preqg
advant ageously do so in an extrenely short tine. However, as to the
magnet i ¢ fIRGA R0 B WHgdD 8 NSy 48%ium, have been proposed
in, for example, Japanese Unexamined Patent Publication Nos.
63(1988)-183623, 10(1998)-40544, and 10(1998)-269566.
According to these magnetic transfer technologies, a
master medium having an uneven pattern corresponding to the data
that is to be transferred to a slave medium {a magnetic recording
medium} is prepared. By bringing this master medium brought into
close contact with a slave medium to form a conjoined body, and
épplying a transfer magnetic field thereto, a magnetic pattern
corresponding to the data (e.g., a servo signal) borne on the
master medium is transferred to the slave medium. The
preformatting can be performed without changing the relative
positions of the master medium and the slave medium; that is,
while the two media remain stationary. Therefore not only is
‘it possible to perform an accurate recording .of the preformat
data, it becomes possible to advantageously do so in an extremely

short time,

However, as to the magnetic recording medium, two




Possibilities are |ongitudinal magnetic recording nmediuns provided with an
easy magnetization axis in the horizontal direction it Nelatban 2003 he
surface of the magnetic |ayer thereof, and perpendi cul ar nagnetic

recordi ng nmediuns provided wth an easy magneti zation axis in the vertical
di rectiop.l tion to the surface of the magnetic |ayer thereof;

in..rel ,
homever,go?ﬁlP&ﬁFgﬁFspP§@t#@@91¢§ﬁ&P@&dmﬁame#égnéﬁberdé@grmEdgudeiuns are
generallﬁ enRonedh and the magnetic transfer technol ogy described above
has al soPb8Eh9aEVELEBears 6aa8i Mgometakyténnt haisl angithedhnal zongagt i
recording_nediuns as the magnetic recording medi um of choice. On the other
hand, if94*BeFpendiBuralatiagnsdi theesurdang o¥dium magaeplieyedyean
increase in data storage capacity can be expected in conparison to the

| ongi t udFhereahigred perpenddiond aredaynet i Eafe &ASENG Rodhiugl BroRpasyi C
transfer is performed on a perpendicul ar magnetic recording nedium a

magnet i cvitlel an ety hagapplzedibn &kes pek pendi cakal o 8i restion; ¥ th, respect
to the surface of the nmagnetic |ayer thereof; wherein the optinal

condi t i orslali fdrerta hheombr Bste tof eAsasadie M Al TREBSELE,; R&ANsLEr S
performed on a |ongitudinal magnetic recording “medium For exanpl'€, when a

magnet i GL1t ransfeart immi@émpbﬁ@i@;dﬂ%mﬁ%&é%% f@&é‘f&ir‘}%ﬁg&cg{e\?ﬂ;/\%gn he

medi um the magnetic disorder is large at the border porti

i nver se aBgREtiezatlilon enggidyads Al e iy erd ad-JIpgnst itzear#ﬂnodl rtions,
wherein a problemarises in that the signal quality 1s not tavorable.
Based 8ddeveriberd 200%e has also been developed focusing mainly on the
longitudinal magnetic recording mediums as the magnetic
recording medium of choice. On the other hand, if a perpendicular
magnetic recordipg medium is employed, an increase in data
Storage capacity can be expected in comparison to the
longitudinal magnetic recording mediums.

For cases in which a magnetic transfer is performed on a
perpéndicular magnetic recording medium, a magnetic field must
be applied in the perpendicular direction with respect to the
surface of the magnetic layer thereof; wherein the optimal
conditions differ in contrast to cases in which a magnetic
transfer is performed on a longitudinal magnetic recording
medium.

For example, when a magnetic trahsfer is performed to a
perpendicular magnetic recording medium, the magnetic disorder
is large at the border portions between the inverse fnagnetization

portions and the uninverted magnetization portions, wherein a

problem arises in that the signal quality is not favorable. Based




upon the analysis by the inventors of the present invention, it has becone
clear that this problemis due to an insufficient constNaraibef 2005
magnetic flux of the inverse magnetization portions, and is the cause of a
reduction in signal quality. Further, when a perpendi cul ar nmagnetic
transfer is to be perfornmed, the thickness of the pattern of protrusion

portions uponneHebgnabesiBgbgt thel 8N€En0brs Ner MBRECHrBBALYM hoeARESN NI N.
Because the magnetic pole distance generated to pass a nagnetic fi el d

through vietthasbercr® sheat €Khkermgnebiepiisl f) qgod d hgr §n3h§ﬁﬂeient _
assi stance from adj acent pr otrusi on pOI’tI ons 1 n constrail ni ng e magnetl C

f1ux bet weehs BEQLIESH OO hi GRSt 1 ?f&%y&»{‘; {Eﬁediﬂigré%étﬁﬁ’ﬂ%gﬁgéﬁgo?ay or

sufficiently favorable signal™ quality roviding a So

vent | o Seeke o i He B NGRS € (1 A SISO HIL P Ry CABETE of

invention seek to provi a m : of
Fecor ding medi Lt T et SEed Rererne et Mt CFa orms s ter okt um
conpri sir SRSt r vi ded wi a surface on which rotrusion
portionsQﬁgéing a'ngéﬁeppgckgégf %ﬁ E%Q@ﬁtFEWHQ%'PFBFrPFgHEf@9¥?¥@P%aIa to
t he nngnqtcjxqmﬁlqay)grtgéng£neé enﬂ%\icul ar gr]a%neti c recordi ng nedium_  wherein
the magnetic layer is "SEE FoF iy S nePadRERy gied up venbase o -
portionsﬁggﬁmﬁgpthge rotrusion pqrtions so that the magnetic |ayer forned
on the protrusion portion l%ﬁ@qﬁna‘lﬁﬁﬁﬂ‘éFi%e‘F%?%Fed to pass a magnetic

field through vertically is short (diamagnetic field), and there

is no assistance from adjacent protrusion portions in
constraining the magnetic flux between protrusion portions,
etc.; it is difficult to realize sufficiently favorable signal
quality by providing a soft magnetic layer having a simple form.

-SUMMARY OF THE INVENTION

Embodiments of the present invention seek to provide a
magnetic transfer master medium capable of performing a
favorable magnetic transfer onto a perpendicular magnetic
recording medium.

Disclosed herein is a magnetic transfer master medium

~comprising a substrate provided with a surface on which
protrusion portions having a magnetic layer have been formed
for transferring data to the magnetic layer of a perpendicular
magnetic recording medium, wherein

the magnetic layer is also formed in the depression



formed in the depression portions are magnetically linked, and the ratio of
the thickness of said magnetic layer to the track dirgectésmmedtioad the
magnetic | ayer of the protrusion portions is. greater than or equal to
0.8, and less than or equal to 3. According to a first aspect of the
present invention, there is provided a magnetic transfer master nmedi um
conprising: a substrate provided with a surface on which protrusion
portions, which forma pattern, having a magnetic |ayer thereon have been

formed 1 ot41anstersidng datapta. the granshicolaver ole apseasadieu ar

magneti c” recordi ng e er é1n ‘sal magneti ¢ while a

magnet i Cl%(@i‘ Aed Sy PRI @t Brof AGs SUPHIALS NN ah el AN PaLReRdi cul ar

r
to the surtface thereof. According to a second aspect of” the present

~inventi OBprmédef e dre REP¥:980oR FRONEllL dricanabRbt M@siBf NMBidHN GAAPT i Sing:
a substrate provided with a surface on which protrusion portions having a

magneti c | ayethbasabpent eneedhi oknets ansferid rggdatact Daydie tmameti c | ayer
of a perpendicular magnetic recording medium wherein a second magnetic

| ayer havaol &ixHatden endoh ofgriet inzajricaricpangbledsf tithd hercgasysion
‘magnetization axis of the magnetic |layer, and a coercive nmagnetic force

| ar ger thantidret isf gsaktemuduaet bt ¢@yelr tios 0. fr oviddasibethernot leeysrlot r usi on
portions. 5 8 Novenber 2005 According to a third aspect of the present

i nventi o 3-

According to a first aspect of the present invention,
there is provided a magnetic transfer master medium comprising:
a substrate provided with a surface on which protrusion
portions, which form a pattern, having a magnetic layer thereon
have been formed for transferring data to the magnetic layer of
a perpendicular magnetic recording medium, wherein said
magnetic layer is formed while a magnetic field is applied to
the substrate in the direction perpendicular tc the surface
thereof.

According to a second aspect of the present invention,
there is provided a magnetic transfer master medium comprising:
a substrate provided with a surface on which protiusion
portions having a magnetic layer has been formed for
transferring data to the magnetic layer of a perpendicular
magnetic recording medium, wherein a second magnetic layer
having a direction of magnetization parallel to the easy
magnetization axis of the magnetic layer, and a coercive
magnetic force larger than that of said magnetic layer is

provided between the protrusion portions.



there is provided a nethod of manufacturing a magnetic transfer master
medi um provided with a surface on which protrusion

pattern,

the magnetic | ayer of a perpendicul ar
sai d nmagnetic

expr essi

POg LiiORsmbai dpf orm a

having a nagnetic | ayer have been formed for transferring data to

on "a surface on which protrusion portions having a magnetic

| ayer" refers,fo the rtions,_protrudi ng frombase of.the depression
Aéc niﬁ%& a t%lFB aspﬁgéc%%t%efggﬁgan han i 1J)

portions before Urie

a magnetife aﬁ&gargo%ihﬁg”?ﬂrg&‘éﬁéd s LeA%leLPE 1 LD %%ééﬁti%f t&QﬁsEQE’SG

e forned

pr ot r usi

net i ayer en

on porti S, a rotrusion portions thensel ves nay

magneti c recordi ng nmedi um wherein
| ayer is formed while a nmagnetic field is applied to the
substrate in the direction perpendicular to the surface thereof. Here,

t he

7l .
ere et[weén; wher ei n,

from t hep ABENEt&hAY Bhov EHES NET v the FRLESShORN] & & imgngticsal |y 11 nked”

refers

porti onsp&ftidtes gr@atlr rpant a OpattheTamReth

to the passing through the magnetic | ayer of the protrusion

bl Mxghdadic pasgeshatrBrough the

magneti c | ayer of the depression portions en a transfer magnetic field
i s appl ieden nfddiedifbectiransdért ey ddiackbesBe ohadiiet pr Alawesi off porti ons;
and does not refer to whether or not the magnetic |ayer has been forned as

a cont i nueyssndicoripecnednébyer reverdinye meddtimu svioargor tdedns magdetnct he
on portions. Further, the referent of "track direction" is the
di rect i o2 ¥®¥ riss gomaieAgwhdle he mHIEdticoRigldngs t eyt KS dhwed

depr essi

sl ave nmedi um by the nmagnetic transfer.

substrdte in the direction perpendicular to the surface

thereof.

Here, the expression “a surface on which protrusion
portions having a magnetic layer” refers to the portions
protruding from base of the depression portions before the
magnetic layer has been formed therebetween; wherein, a magnetic
layer is formed over at least the tip portion of the these
protrusion peortions, and the protrusion portions themselves may
be formed from the magnetic layer.

Further, the expression “are magnetically linked” refers
to the passing through the magnetic layer of the protrusion
portions of the greater part of the magnetic flux that passes
through the magnetic layer of the depression pertions when a
transfer magnetic field is applied in the direction of the
thickness of the protrusion portions; and does not refer to
whether or not the magnetic layer has been formed as a continuous,
connected layer over the protrusion portions and in the
depression portions.

Further, the referent of “track direction” is the

direction corresponding to the direction along the track formed

on the slave medium by the magnetic transfer.

5a

on the



5a 8 Novenber 2005 Note that it is advantageous, for exanple, that the
transfer data may be servo signals. The magnetic transf elovastear 2080 um
according to enbodinents of the present invention is advantageously
utilized in a magnetic transfer method wherein: the nmagnetic |ayer of the

protrusion portions of said magnetic transfer master nmedi um and the
i c recording nedium are

magnetic | ayeiorQf thhe per Leylar, megne
conjoined to form a conjﬁ?gi %{gﬂ% \AIERH A EPRNSFP iagridetctheel d is
ggghgqrection perpendicular to the

appl i ed tranaicdrCaat ol gl AL,y _ : !
magnetic | ayer of said perpendi cul ar nag%étlc recording nediumso as to

transfer the gabamidQm; iumta the magnetic |ayer of said

per pendi cul ar magne{gi c ltrégggr i neg:r Wegg?%%me e?c??lré%r“@f &P effiliedirents

"conj oi ned" thé Gl AEdRnR0t nPdH 4 o105 rei.n._the respective surfaces

of both of saiglnedrunsnare P% l%%ﬁ%%%?égg?%ggf&5ﬁ§éﬁ?dWF{ﬁ Bagreiother, but

al so st atesnsar @lefhod &tk JEBdL U Lsposed in_a state wherein a uniform
i B HeBnd IR, et Bt Pronera The

interval is na!ntalneq bet ween respecti S _ _ )
Fecor di ng. medt um Such TS TRera Grgerek redin FRNRE A SR e
SUbst  at & P ovy Geser PhoReRuPula R RGRPERT et Ringh RO whi ch for m
?ra gﬁ; ?L(E?r?ﬁ%’h?ng t?)ogang@% \AIﬁISPio;‘L\Qé’S [E%ec{y;zggg a szrla?ls%gil nrigg?rlleet:{g ?:'tieg_ge
is applied to said conjoined body in the direction perpendicular
to the magnetic layer of said perpendicular magnetic recording
medium so as to transfer the data from the master medium to the
magnetic layer of said perpendicular magnetic recording medium.
Here, the referents of “conjoined” include not only to the state
wherein the respective surfaces of both of said mediums are in
complete close contact with each:other, but also states wherein
said mediums are disposed in a state wherein a uniforﬁ.interval
is maintained between the respective surfaces thereof. The
vertical recording medium, more specifically, can be a discoid

magnetic recording medium such as a hard disk, a flexible disk,

or the like.

Disclosed herein is a magnetic transfer master medium
comprising a substrate provided with a surface on which

protrusion portions, which form a pattern, having a magnetic




a magnetic field is applied to the substrate in the direction

perpendi cular to the surface thereof. At this tinme, the Ndiveadidror2dod which
the magnetic field is applied when the magnetic layer is to be forned is
substantially parallel to the direction in which the transfer magnetic
field is applied when a magnetic transfer is to be perforned; the
orientation thereds dasilbebile thetsens Migeeti®Maydy g fimePRASLe
direction. The easy magnetization axis of the nmagnetic layer 1s the

directi o® s\awtesnita dileyl dpEpepel feliaFo {10 tAB W L12C8 Ok nkh igg@%ggnﬁedium

and perpendi-cul ar magnetic anisotropy is given to the magnetic layer by

t he appl iPeatpeoniicofl drhe gragRethe rhicg! ¢l g the formation thereof.
Di scl osed herein is a magnetic transfer master medium conprising a

substrate provhgedhWst fifeS ey trusion _portiqns _fo dina
pattern having a magnet flge' ﬁ%ﬁﬁ%&%ﬁ%ﬂ?@ﬂ% et'Wgﬁg?&lPi ﬁéeégfa to

t he magneéki aEPIlg)égr wiknatRer @gﬁggggl aia%%net i §9fﬁ§°;§%¥§§ nmedi um wherein

it is desirable that a secon gnetic yerlsh Eiylsmagnet i zation
axi s parahbstaheikheeas | zgtion axis, of . the nmagnetic |ayer, and a
coercive nmagnetic fo?/gg %%%?e'{%gtﬁlet G Anig h‘Eéggt Fhe| fyapsfer
provi dednbghsesn ERgQroLrusion .portions. At this tinme the second
magnetic | ayer can %e .?%r%é%ﬂr%d ‘% " (2 pPRIREBHC pbFeneher héfwEenbehe
pr ot r usidy- £ PAE éi,o S 7_8. Novenber 2005 to conpletely fill in said
depr ession por t%On?leO(?r%%%t%él?%¥% eofzcan be in the same direction,

Or in the opposite direction. The easy magnetization axis of

the magnetic layer is the direction substantially perpendicular

to the surface of the master medium, and perpendicular magnetic

anisotropy is given to the magnetic layer by the application

of the magnetic field during the formation thereof.

Disclosed herein is a magnetic transfer master medium
comprising a substrate provided with a surface on which
protrusion portions formed in a pattern having a magnetic
layer has been formed for transferring data to the magnetic

layer of a perpendicular magnetic recording medium, wherein

it is desirable that a second magnetic layer having an easy
magnetization axis parallel to the easy magnetization axis of
the magnetic layer, and a coercive magnetic force larger than
that of said magnetic layer is provided between the protrusion
portions.

At this time, the second magnetic layer can be formed in

the depression portions between the protrusion portions so as




in only a portion of the depression portions between the protrusion
portions, as long as it is forned between the protrusd dloyporddoNOSt is

desirabl e that the second magnetic layer is nagnetized in the opposite
direction to initialized field in advance. The phrase "perpendi cul ar

direction"” refers to the direction perpendicular to the surface of the
mast er nedCUPPTPIRkely £idd sayaichdepasysipgnRitZaiAdN caxbsn ¥ EHEmdI@anetic
| ayer and the second magnetic |ayer are perpendicular to the surface of
the mast efin@8lEnR phetsenood thgnatpeckaysh pSriREASt b&eHeen the
unidirectionally in said perpendicular direction in advance. It Ts

desi r abl ePradrushen cpertivaspagsel bagf 95 cgtoistggrmggcgg wHBgneilc layer is
approximately twice as large as that  of the perpendlcular “rmagnetic

recor di ngpredrusioMgberthehsWi th regard to the magnetic transfer master
medi um according to the present invention, it is preferable that the

magnetic | ayer Forinedeyy 8 Sunfac f raotrusion portions be of
either a soft nagnet or a seni -lLar ﬁ%né;gsrée % éﬂca(%%ﬁ%ﬁgctlgalf% ‘fhgneti c

transf er nempteti fmdiymas i herei.n by making the ratio R between
the cross- sectional hei ghtcgb(fi%.geﬂ,seet lre}e%ﬁlcci(nnets?s lr‘tg’r?e{]’rﬁ%cﬁe@ieclq dyer) of
t he magneidvaricayer of the protrusion portions and the track direction

wi dth of the nagnetic |ayer of the protrusion portions greater than or
equal 1o Q'S aRd bA3EsENAPPDeRlRE S HALRIRSL 20501 o the

direction perpendicular to the surface of the master medium.
That is to say, the easy magnetization axis of the magnetic layer
and the second magnetic layer are perpendicular to the surface
of the master medium; the second magnetic layer is magnetized
unidirectionally in said perpendicular direction in advance.
It is desirable that the coercive magnetic force of the
second magnetic layer is approximately twice as large as that
of the perpendicular magnetic recording medium. Note that with
regard to the magnetic transfer master medium according to the
present invention, it is preferable that the magnetic layer
formed on the surfaces of the protrusion portions be of either
a soft magnet or a semi-hard magnet,

According to the magnetic transfer master medium as
disclosed_herein by making the ratio R between the cross-
sectional height (i.e., the thickness of the magnetic layer)
of the magnetic layer of the protrusion portions and the track
direction width of the magnetic layer of the protrusion

portions.greater than or equal to 0.8 and less than or equal




'to 3.0, the signal quality can be inproved by raising the effect of the

attraction of magnetic flux the toward the magnetic | ayaloveafbdheEE f ace
of the protrusion portions, and signal om ssions can be prevented, whereby
a favorabl e nmagnetic transfer can be perfornmed onto a perpendicul ar

magnet ito 3RAQr Bhag Rt LGuaifi t  B8n iiﬁlpBokz%d: 6§Sréimfhﬁm90tﬁe dPfedpverse

magnetic field generated w thin the magnetic |ayer en a transter

magnet if fechel gt SacPBhi SdnbinkRe ]Qd%ﬁ?;? ttih%nt%laﬁgetl’% @%%‘n%%grclng hei ght

beconmes larger, the attraction o e magneti c flux sai etic
| ayer keecepes gfﬁégéq9§¢: n? Lgpalk %?%' y.is red eg t?ereb .:..On the
ot her hand, i? the rati oh% §85rgg 8g %‘%ﬁl%ﬁ%' a%'éijrréé na om{lh%sjsciﬂsf ace of
the ma Koy h e th ur%ace f._the protrusian portiqns becqnes
remar kabl e, a g t%ggggﬁtggérﬁ i%iéﬁgﬁggﬂﬁ%ﬂfﬁﬁmﬁ§‘%§F8nﬁ fregEd™ Jfi%ces, or
the tr r.deficiencies due . to signal defjciencies, or the |ike caused by
said d nagfgo%nc?cgﬁrqn urt tpegr,p%yi%%éfqlggmqeow%fr?%%r e‘?e?‘ilqnéye?f on not
only surface, of the protrusion portions but on the_depression
porti otntls?leeblé?é\k%% 1h eﬁrso?ﬁ%%ioo rphE LBRE T3S MRINet ik Eieild 9ereratgshet i c
| ayer forgg? % er the protrusion portions and the magnetic |layer fornmed in
the deprédidifo ¥‘§of‘ﬁ if arigatst 4 15ransiern, mae bt g r&ke 1 dninf the
magnet i_.¢C E¥Uéftoma$d the magnetic | ayer of the surface of the protrusion
por t i of¥P &% 4Bi Hit S cler £% &b6r ahPesnagfbiraalripiylt hagrmns
perforged. Still further, according to the magnetic transfer master 9
arger, the attraction of the magnetic flux by said magnetic
layer becomes deficient, and signal quality is reduced thereby.
On the other hand, if the ratio R is greater than 3.0, damage
to the surface of the magnetic layer of the surface of the
protrusion portions becomes remarkable, and the contact
deficiencies caused by said damaged pieces, or the transfer
deficiencies due to signal deficiencies or the like caused by
said damage occur.
Further, by the formation of the magnetic layer on not only
the surface of the protrusion portions but on the depression
portions between the protrusion portions as well, wherein the
magnetic layer formed over the protrusion portions and the
magnetic layer formed in the depression portions are
' - magnetically linked, the attraction of the magnetic flux toward
thé magnetic layer of the surface of the protrusion portions
is facilitated, and a favorable magnetic transfer can be

performed.

Still further, according to the magnetic transfer master



8 Novenber 2005 nmedi um as di sclosed herein if the magnetic |ayer of the
pattern of protrusion portions of the magnetic |ayer f@rnedemerth@surface
of the master nediumis a magnetic layer that is fornmed while a magnetic
field is applied in the direction perpendicular to the surface of the
subst r at Gne IRGAUSE dilicS o RIRBLEE ! 2¥EL LT | s thereby given
per pendi cul ar rragnetli C Ozg’ni sot r%%g} g%; %lﬁ{esﬁ%ﬁg%% T % ci),gttﬁlée ef fective
magnet i C Ut tyr of il NeLi.C. er-due to the inverse netic field
OCCUTT | ngp when t he %x;:s?t e?sggi Eénkﬁéég%eéﬁ con; o HEet i tlﬁayfrslr%’ Ded 88 um
and a transf en, magnet ield.is applied to performthe magnetic transfer
becones |arger, a%% :Oﬁgtfg?f gg;{é elgéé)%%/mflh]es RS ﬁlﬁé’elrst r &6t ed
toward t neti.g | ayer of the_.surface of th rotrusjon portions is

i ncr ease(rfc‘n?%g S%lﬁ;iter %i ﬁl?gngFl‘t:hgl %nje?i%pﬁjrjtﬁffc]‘grh e i Hearedn and t he
magneti c di r...at the _border_portions of the inverse magnetic fields
and uni \%é:%%é%%r%&ﬁgt ?:8 FF@I 5‘@?%% ® bRt SUpprIRTd: 2 the MESRUSEHEN 1S gnal
gquality can bg.i-rTroved_and a favorabl e magnetic transfer can be perforned
onto a pBPPBfibiEutaYehabheelE dedbediohy sdaimpeperdticuleay, neanstdiong to
the magnetic transfer master nedium as disclosed herein if the interval
bet ween BR&SOBFEPYUBYoRDpEr PrERStEE E£heldur thce efifadtd venstaameatsdi um  whi ch
are provided with a magnetic layer, is provided with a second magnetic

| ayer t hAPaREEtY PRekbriNagneinee ilaverastne tpathle énvessetmnetfic deddgnet i c

| ayer, and a coercive nagnetic force larger than that of said magnetic

| ayer, aPSERORNFaGIf thelmpatethmedigm has drepn coarjciinedmibetd elbwrece and

whi ch has been magneti zed
medium and a transfer magnetic field is applied to perform the

magnetic transfer becomes larger, and the effect whereby the
magnetic flux is attracted toward the magnetic layer of the
surfe;ce of the protrusion portions is increased, the constraint
of the magnetic flux can be improved, and the magnetic disorder
at the border portions of the inverse magnetic fields and
uninverted magnetic fields can be suppressed; whereby, the
signal quality can be improved and a favorable magnetic transfer
can be performed onto a perpendicular magnetic recording medium.
In addition, according to the maghetic transfer master
medium as disclosed herein if the interval between the
protrusion portions of the surface of the master medium, which
are provided with a magnetic layer, is provided with a second
magnetic layer that has an easily magnetized axis parallel to
that of the magnetic layer, and a coercive magnetic force larger
than that of said magnetic layer, a second magnetic layer having

& large coercive magnetic force and which has been magnetized

10



10 8 Novenber 2005 in the direction opposite that in which the transfer
magnetic field is to be applied can be used when the gaghedmicet ransder 1S
to be perfornmed; by magnetizing the magnetic field in advance as described
above, the effect whereby the magnetic flux is attracted toward the

magnet i d.nl ayer difrechdonucppoei bé thet D obliich Athe rian®Fer mdghtdased, and
the magnetic disorder at the border portions of the inverse magnetic

fields dheldniinyvent Bd appUNediEar i1 dssE@MWIRE THRPIBGHRE MeLeRFert he
signal quality can be inproved and a favorable nagnétic transfer can be

per f or ne¢ 8l pepebRABE: WY RbgfRY &ling ﬁﬁe%ﬁﬂ&l@éwm i ablandat a borne

by the nmagnetic transfer naster ium” of the present invention is, for

exanpl easS @ SRRl Povd, LAY %?%%ttEﬂﬂﬁkﬁf %%ethgg i ¥ Qﬂpl§;can be

easily perforned onto a perpendicul ar nagne C reco |ng ne I 'unt Wwher eby

or ef or MR ¢d RecPentiacl BhoRARELS o § A RS S R A

efficiently. According to neti ¢ rans sc osed

th f,th t d
wth a -‘éﬁ"%ﬁ ﬁ?ﬁségfﬁg&f%%ﬁc réé%e%%ﬁg et %eri‘aog%' ”‘Vegf REGATRER hody:

datg d t i.d d.bod th
i ot SR perSPREHS 60k o LSRR ‘B ﬁaa&gfsét&?i )
er.pen |cuI magneti c

ﬁ%gfélﬁgéﬁég%g'ﬁlgeﬁ”%%'&” SCaiRERP Pl UheteY odtSaomd GEPTASY: on o
the magnetig.fLyx, tovard the T A N LN 1 AR
performed onto a peérpendicular magnetic recording medium.
If the data borne by the magnetic transfer master medium
of the present invention is, for example, serve signals, a
favorable transfer of the servo signals can be easily performed
onto a perpendicular magnetic recording medium; whereby

preformatted perpendicular magnetic recording mediums can be

manufactured efficiently.

According to the magnetic transfer method as disclosed
herein the magnetic transfer master medium of the present
invention is conjoined with a perpendicular magnetic recording
medium to form a conjoined body; and a transfer magnetic field
is applied to said conjoined body in the direction perpendicular

to the track surface of said perpendicular magnetic recording
medium to transfer data to said perpendicular magnetic recording
medium; wherein, as described above, because the attraction of
the magnetic flux toward the soft magnetic layer of the surface

of the protrusion portions is favorabie, a favorable magnetic

11



of the protrusion portions is favorable, a favorable nagnetic 11 8 Novermber

2005 transfer can be perforned. Note that a perpendi cud atovaget i2005
recording mediumonto which a nagnetic transfer has been perforned
according to the magnetic transfer nethod descri bed. above enpl oying the
magnet i Fransdesf eanmbst genfiedimem.of the present invention is a recording
medi um provided with a favorable data signal; for cases in which .the

transfer dataNpsesehaD =ipgnplesdiculpar nhghbaic f@@&f@ir&% niled vl 8yPack
quality is inproved due to the increased accuracy in the positioning of

the magmetich heasyn 8RLEF: PESER PTH LN K nl e IRAWNGS Jd3Wi8iql tbStRe

cross-sectional view of a portion of a magnetic transfer st.er nmedi um

accor di ngghettbe: fdrnster &@%@d@é‘écﬁibé@%b%%s&%lbg%E Ly ELQHEE 2 TS a

cross-sectional view of a portion of a nagnetic tr er master nedi um

accor di ﬁgah@féb%éﬁéﬁ%eﬂm@@ﬂrﬁﬂ%f ﬁ%eé%xgt E%rfx;?egrﬁ%i&?v'@rg 28: J'rzcii%ﬁégi 3m| 5@

cross-sectional view of a portion g ranster master

o 095- seat T ona et SR R e B MAERRY P R e i um
rer oo L SO0 BRSPS (ER! ity S 1 @
and playback quality is improved due to the increased accuracy

in the positioning of the magnetic head.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a portion of a
magnetic transfer master medium according to the first |
embodiment of the present invention,

Figure 2 is a cross-sectional view of a poxrtion of a
magnetic transfer master medium according to the second
enbodiment of the present invention,

Figure 3 is a cross-sectional view of a porticn of a
magnetic transfer master medium according to the third
embodiment of the present invention,

Figure 4 is a cross-sectional view of a portion of a
magnetic transfer master medium according to the fourth
embodiment of the present inﬁention,

Figure 5 is a perspective view of a slave mediumand a master
medium,

Figure 6A, 6B, and 6C are drawings illustrating the basic

 processes of a magnetic transfer method,

12



Figure 6A, 6B, and 6C are drawings illustrating the basic processes of a
magnetic transfer nethod, 12 8 Novenber 2005 Figure 7 § SNewatoss-SEed i onal
view of a portion of a 'magnetic transfer nmaster nedium according to
anot her enbodi nent of the present invention, Figure 8 is a cross-sectional
view of a portion of a magnetic transfer master medi um according to
anot her enmbodi fefireof ifeapreeeatseatibnbadnyiawdoEi gupest8n 8B, aand 9C
are drawings illustrating the basic processes of a magnetic transfer
met hod uPRENeE Ry tre igneBist e rtmetisine b coasiddngmediano tife FEYH8i8ent
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Hereinafter the preferred
enmbodi medfstbe pheseneséntventhgrption will be explained with reference to
the attached drawings. Figs. 1-4 are cross-sectional views of a portion of

respective nadghisfume t8 ansfercresseseFRbWEE RAE6RTPENY HOrEhen BEEsent
invention. Fig. 1 is a cross-sectional view of a portion of a nagnetic

transfennmgnﬁkﬂcrnm&mﬁﬂe&aﬁ@édéﬁkaﬁiﬁhﬁcﬁb&ﬁﬁngﬁﬁ9th%%%roémﬁgﬁimgé@Sen?

invention. The master nmedium 3 is formed in a discol shape, as Shown in

Fig. 5 deScthdask-dedom, idnsh@lOt) ush@n portions- formed in a pattern for
transferring data to the slave nediumis provided on the surface thereof

iF'n the donut sfhiapeds beYi o ﬁﬂ@!%%Q‘ebarétbfnggtitﬂgl%tihfhetis&f%eitglasF:icg' 5.
igure 1 is a cross-sectional view of a portron o e
processes of a magnetic transfer method utilizing the magnetic
transfer master medium of Figure 8.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter the preferred embodiments.of the present
invention will be explained with reference to the attached
drawings. Figs. 1-4 are cross-sectional views of é portion of
respective magnetic transfer master mediums according to the
present invention.

Fig. 1 is a cross—-sectional view of a portion of a magnetic
transfer‘master'mediumlaccording'to the first embodiment of the
present invention. The master medium 3 is formed in a discoid
shape, as shown in Fig. 5 described.below, and protrusion
portions formed in a pattern for transferring data to the slave
medium is provided on the surface thereof in the donut shaped
region enclosed by the dotted line shown in Fig. 5.

Figure 1 is a cross-sectional view of a portion of the
circumferential direction of the magnetic transfer master

medium 3 shown in Fig. 5. The magnetic transfer master medium

3 shown in Fig. 1 comprises a substrate 3a provided with

13



circunferential direction of the magnetic transfer nmaster nedium 3 shown
in Fig. 5. The magnetic transfer master nedium 3 shov# Ndvdmiger 200EPri ses
a substrate 3a provided with 13 8 Novenber 2005 protrusion portions forned
in a pattern on the surface thereof, and a soft magnetic |ayer 3b forned
over the _protrusions portions and in the depression portions between the
prot r usi ﬁ%&ﬁﬁ%?or%@nﬁrfﬁﬁw én pdrateen foor hbd ourfarse sivcfraee ,of t he
substrate 3a have a width win the circunferential direction (the track

di r ect i ofN%hhEPESImaguethedayenedls Sotmesgmes i ¢ hleayest Bl { o pdrovenst he
surface of the protrusion portions of the substrate 3a has a height d, and

t he wi dt Angfin Kdectepunbeientpatt dine biitaren thatprct ridiomipdirt ions.
corresponding to the width in-the circunferential direction of the uneven

pattern &hetprotubsioatporiSions furdidy wn bReesuthece alf @R 6Bpsrdhwl of the
hei ght d of the magnetic |ayer of the surface of the protrusion portions

of the sdbdshawueea 3aidich the niittiieh cWrictin@ea@tAfi 410 an Qcreawal(the +@afxand
| ess than or equal to 3.0. The-nagnetic |ayer forned on the surFace of the

pr ot r usi dhrepoi bi prshe@fed he PRSIt @ndasard hhenoBopetd & | ayer farged in

t he depression portions between said protrusion portions are mnagnhetically

linked: dver ediaapbertior &f case provbishoa ﬁaﬁe%hgtofsi eld &éb%@?éjcgd from

the substrate side toward the direction of the so magneti c layer,

because Idhbasrghel ghtfid, uxn®@r QIREMASAt R YK ANOUS NinfdQ0 e 1591 £ Eﬁg&‘%t e
| ayer of the depression portions to the soft nmagnetic Tayer of e’

protrusitdmtpard | aftfe width corresponding to the width in the
| circumferential direction of the uneven pattern of the substrate
3a is width w. Here, the ratio R (R = d/w) of the height d of
the magnetic layer of the surface of the protrusion portions
of the substrate 3a to the width w is greater than or equal to
0.8 and less than or equal to 3.0.

The magnetic layer formed on the suffaqe— of the protrusion
portions of the substrate 3.a and the magnetic layer formed in
the depression portions between said protrusion portions are
magnetically linked: for example, for a case in which a magnetic
field is applied from the substrate side toward the direction
of the soft magnetic layer, because the magnetic flux proceeds
continuously from the soft magnetic layer of the depression
portions to the soft magnetic layer ofrthe protrusion portions,
in comparison to cases in which the soft magnetic layer of the
depression portions is not magnetically linked with that of the
protrusion portions, or cases in which a soft magnetic layer

has not been provided in the depression portions, the effect
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I n conparison to cases in which the soft magnetic |ayer of the depression
portions is not magnetically linked with that of the gpnuivdigican oot i ons,
or cases in which a soft nagnetic |ayer has not been provided in the
depression portions, the effect 14 8 Novenber 2005 whereby the magnetic

flux is ed.to the soft magnetic |layer of the surface of the
protrusi %ﬁ%%%y g’ﬁ‘? RadniigMe £ L udot 2 at hagchedyin hbeiso flempgneticeraymic

mat eri al , Png?I | oy, . alum num glass, quartz, silicon, nickel, or the like
i s used tO fortTHe &fb<th dilee Farirasieonmximdri anediimmBigiFer t her, the
uneven pattern_can be forned by use of a stanping nethod, a photo

li t hography net¥d® thet hevntketipurasier, aasetanidmateirdnilal anfarmyng t he
soft magnetic |ayer 3b, Co, a Co alloy (CoNi, CoNi Zr, CoNbTaZr, or the

li ke), FELWH I, 50leys;FaCertEeCohilictaNi Mcke FEAbSI th&eW ke RaTaieq NI, a
Ni alloy (NiFe), or the |ike can be enployed therefor; it is particularly
pr ef er abl%® fieam tbeosuberrEeEoB b Emplmyerhr TRRUNKOLT UShan HeQ! t ikpas
formng the pattern (uneven pattern) of the naster nedium 3 can be forned
by use ofNgVenappibern meirhbd fisetkd bytiee birek ¢ telngiaRPhaehel ng paLkgi nal

di sks of optical disks, a photo |ithography nethod used in the field of

manuf act diithggzephycordhotior or @het hekki keurbREe, asSkbPke gléygle%?&i on of
t he manufacture of a naster nediumw |l be given. First, a layer o

phot or esformiggftdrared famadice 51®aRef 38} coSUL t@cglggya&@@’scgﬂlﬁg%y ate (or
a quartz substrate) by use of a spin coating process; then,. a [asér beam
(or an efeBbTefrpeamthe like), Fe, an Fe alloy (FeCo, FeCoNi, FeNiMo,
FeAlSi, FeAl, FeTaN), Ni, a Ni alloy (NiFe), or the 1like can
be employed therefor; it is particularly preferable that FeCo,
or FeCoNi be employed. |
The protrusion portions forming the pattern (uneveﬁ
pattern) of the master medium 3 can be formed by use of a stamping
method used in the field of manufacturing original disks of
optical disks, a photo lithography method used in the field of
manufacturing semi-conductors, or the like. Here, a simple
explanation of the manufacture of a master medium will be given.
First, a layer of photoresist is formed on the smooth, flat
surface of a glass substrate (or a quartz substrate) by use of
a spin coating prqcess; then, a laser beam (or an electron beanm),
which is modulated in correspondence to a servo signal, is
emitted while this glass substrate is being rotated, énd a
predetermined pattern, such as that of a servo signal extending

linearly in the radial direction from the rotational center of

‘each track, is exposed over the entire surface of the photoresist
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which is nodul ated in correspondence to a servo signal, is emtted while
this glass substrate is being rotated, and a predet erénetenpgast K5 such
as that of a servo signal extending linearly in.the radial direction from
the rotational center of each track, is exposed over the entire surface of
t he phot O{)ﬁﬁ:ihSt 15 8 Novenber 2005 on the portions corresponding to each
frame on the G ¥Rbkt8REfGE respemsingeo phohof mmisonithesubr eahesréOCa,

devel opmecg%t1 ]grocess, the exposed portion of the photoresist is renoved and
an ori gi nal'®tt sk'habhagorasintves pabjectefotoed dyve hepmensi A s s
photoresist is obtained thereby. Next, the surface of the uneven pattern

thus for nef SHPCRESReThten off the phicitgireati sti 5K refiosdbd] 85d 88 od 8y fn P at i NG
process (el ectroform ng), whereby an N substrate having a positive uneven

pattern i$l§bhardngsw dnhivesybsttarteroigead W%%Eﬁgiﬁﬁééﬂméé}ﬁ&r i gi nal
i

disk. This Ni substrate can be enployed as a naster ne mas 1S, or after

e Lo pat Lor . Chor ot Prabact | M. [AAdE bR AT ALE over
oo or o mal o ar o et (B 1T R AO P0e HiBler B tS
sher oy sl auims s RgmAROISENED PobEELE, A1 e LT, A o0
di sk or bpvhagdenpogiefiva ayetbethStESsE N d I Sssed a'ﬁa%%f 'teg%%%%%t@% 1A

original disk; this third original disk can 'be et

substrat eshelvéengpee pegi 4w¥¢ HRAGY G he original disk. This Ni substrate
can be employed as a master medium as is, or after a soft magnetic
layer or a protective layer has been further applied over the
uneven pattern thereof, as required.

Further, the aforementioned original disk can be metal
plated to form a second original disk, and this second original
disk used to perform a further metal plating process, whereby
a substrate having a negative uneven pattern can be formed. Also,
a third original disk can be formed by metal plating the second .
original disk or by hardening of a synthetic resin impressed
onto the second original disk; this third original disk can be
metal plated to obtain a substrate having a positive uneven
pattern.

On the other hand, after the uneven pattern has beén formed
of photoresist on the glass substrate, etching can be performed
to form holes in the glass substrate, whereby a substrate from

which photoresist has been removed can be obtained; a substrate

can be formed therefrom based on any of the methods described
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pattern. On the other hand, after the uneven pattern has been fornmed of
phot oresi st on the glass substrate, etching can be perd aideanbdo Farin hol es

in the glass substrate, whereby a substrate from which photoresist has
been renoved can be obtained; a substrate can be forned therefrom based on
any of the methods described 16 8 November 2005 above. Ni or a N alloy can
be used as the material to forma netallic substrate, and any of various

types of nmethods of fo[ning a netallic layer, including el ectroless
deposition netthoB¥, aeNécaldepr sani be methods, thpuiieri-ig]Mebheds, and ion

pl ati ng neth$d$ can be enployed as the plating method used to formthis
substratBeta{lis prbpErabee thdt anpeolteivahit ool thpesPbt keShORS Q&he depth
of the upeven pattern) formed on the substrate be in the range of. 50-800

nm nor e" PFBiRY abl §et8D1EO0Laper, Fonctageng B1wWRkeB1ERLS qUpBKEn pAttern is
that of a sanple servo signal, said pattern is forned as a rectangular form

of protMﬁﬁ%ﬁﬁ%oﬁﬁamﬁrdmm@mmﬂdhh@@hb@@ﬁ%pgtiéﬁﬁ#Q%@ﬂﬁg&gﬁ%n%i?ab
e e

circunferential direction thereof. Mre specifically, 1t 15" pre
that t hdladngid niethdies radi e dinpachicon e tgeoglgqip@ ?ggﬁiog. gg?a min the
a i

circunferential direction; it is preferable that a ern-o “type, .

15 S0 S0E 2 the paviern o el SALAPES S EILAL 8e i3 Tonoe
- protrusions (the depth of the uneven pattern) formed on the
substrate be in the range of 50-800 nm; more preferablf, 80-600
hm. For cases in which this uneven pattern is that of a sample
seérvo signal, said pattern is formed as a rectangular form of
protrusion pbrtions longer in the radial direction than the
circumferential direction thereof. More specifically, it is
preferable that the length in the radial direction be 0.05-20
Hm, and 0.05-5 pm in the circumferential direction; it is
preferable that a pattern of this type, in which the length in
the radial direction is long and within this range, is selected
as the pattern for bearing servo signal data.

The magnetic layer 3b, which is provided over the uneven
pattern of the substrate,-is formed of a magnetic material and
by use of a physical vapor deposition méans such as a vacuum
deposition method, a sputtering'metﬁod, an ion plating method,
or by a metal plating method, etec. It is preferable that thé
thickness of the magnetic layer 3b be in the range of 50-500

nm, and even more preferably, in the range of 80-300 nm. Note

that as already described, the ratio R of the height d of the
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The magnetic |ayer 3b, which is provided over the uneven pattern of:the
substrate, is formed of a magnetic material and by us® N¥évempdysi@H vapor

deposition nmeans such as a vacuum deposition nmethod, a sputtering nethod,

an ion plating nethod, or by a netal plating nethod, etc. It is preferable
s of the magnetic layer 3b be in the range of 50-500 nm

t hat thenlthi knei

and even ﬁ‘gln?%df:e 8¥ehI3Lt the erefpeagel dhaprat@usionNobetibhatons @l r eady
described, . the ratio R of the height d of the 17 8 Novenber 2005 magnetic

| ayer of SUREtEGtade 6P the pidthusi dhepedt dns afs-the, sWleSkigie 3a to the
width wthereof is 0.8-3.0, and nore preferably, 0.9-2.5. Note that it is
pr ef er abPESEREEPAYS- 809nA. Bi.anond Li ke Carbon (DLC) filmor other type of
protective filmbe formed over the soft magnetic |ayer of the surface of

t he protrusi onfNoberthansit ahs ph@feﬁabmértﬁati895LQMeﬁmbﬁi%thﬁe?iREOVided'
Also, it is also possible to provide a contact enhancing layer fornmed of

Si or tHearbee bRlLGkenilheosodth&BIPGHECoFaYELLaRe;Lher; PLOLECH e Layer.
The | ubricant serves to inprove the g%rabil?ty w?%ﬁgrgégécégt%ogﬁ? ace

Gir oo e cony o g pracece, ege T S SSETERRReP Al BRTERR B L1
PP ough fourth enbodt ent & oF Che Brbeahe vent Chet Preadeti vaFsS, The
mast er I‘-i:éidiiﬂna]lgoérﬂﬁs:ii&ﬁléf%%tﬁfcgﬁgéuénc?cﬁ)Mnhgn%g%gﬂg}Srér formed
of Si or the like between the soft magnetic layer and the
protective layer. The lubricant serves to improve the durability
with respect to surface damage due to friction or the like when
correcting misalignments occurring during the conjoining
process.

Figs. 2~4 are cross-sectional views of a portion of the
magnetictransfermastermediumsaccordingtothesecondthrough
fourth embodiments of the present invention, respectively. The
master medium 13 and the master medium 23 shown in the Figs.

2 and 3, respectively, comprise a substrate 13a, 23a provided
with protrusion portions formed in a pattern on the surface
thereof, and a soft magnetic layer 13b, 23b formed over the
protrusions portions and in the depression portions between the
protrusion portions, similar to the master medium 3 of the first
embodiment. According to the master medium 13 according to the
second embodiment shown in Fig. 2, the soft magnetic layer of

the protrusion portions and the soft magnetic layver of the

_depression portions are separated by a spatial interval. Even
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~wherein, the thickness of the soft nmagnetic |layer to be

2 and 3, respectively, conprise a substrate 13a, 23a pr‘ovi ded wth
protrusion portions fornmed in a pattern on the surface Ndweneefr, 200% a soft

magnetic | ayer 13b, 23b fornmed over the protrusions portions and in the
depression portions between the protrusion portions, simlar to the master
medi um 3 t flr.st odi nent. According to the master medium 13

accor di ngﬁﬁ 8 %%eaﬁ%%%%ﬁgggﬁb'ﬂgﬁﬁﬁttwfi FH§stancetef sbetimemneti c

| ayer of :Eh§ protrusjon portions and the soft nmagnetic |ayer of the

depr essi S pUFt FORRT AT 0B e sachdthyt aagnat st liimfergeabanBye robis: hddvenber
2005 in q.8€ arated state such as this, if the distance of the interval of
t he - separdiisR G ssuc khenaemenghert dénknijeedanbes ofdmite dbbiidiare) acr 0ss,
t he same effect described above can be obtained. Further, according to the
mast er nedi um ¥8réherneachprdingnbodthentaotet hee@i @8eTd dHVa it $hown i n
Fig. 3, as_opposed to the master nmedium 13 shown in Fig. 2, the soft
magnet i c SrRPEimept ofictlpr prewsingnipoehi O08 Sinckh g ol ARUNelIpdsaer of
the depression portions are forned so as to be conpletely continuous, so
nat ur al | 0 ¥ie misss egamedahmol 3 tshenat thawid 012 0k hehgo FRGRRI & 1 d '1%§Eegow d
the soft magnetic |ayer of the protrusion portions can be perfor

ef f ect i vefythaher ofest 2t omgob tinbor3, arkB 36C Yl ehddhdite: 365N angpthi rd
enbodi ments of the present invention, respectively, can be” nanufactured by

the sanedPRT#®8108 gwritd ohar aTé Ite rilst &5 aBRd BB ooy e (I8, {;EB%Ra%Bgdi ment ;
orned on"the
surface ¥ naterrsulldst,r dhetkas case also, the attraction of the magnetic
flux toward the soft magnetic layer of the protrusion portions
can be performed effectively.

The master mediums 13, 23 according to the second and third
embodiments of the present invention, respectively, can be
manufactured by the same method used to form the master medium
3 of the first embodiment; wherein, the thickness of the soft
magnetic layer to be formed on the surface of the substrate can
be changed when the formation thereof is performed.

The master medium 33 according to the fourth embodiment
comprises a flat substrate 33a, and a soft magnetic layer 33b
formed in an uneven pattern over the surface of said substrate
33a. In this manner, the flat substrate 33a can be used; wherein
the protrusion and depression portions formed by the soft
magnetic layer 3b can obtain the same effect as that obtained
by the soft magnetic layer provided across the uneven pattern

of the surface of the substrates of Figs. 1-3 described above.

According to the master medium 33: after a uniformmagnetic layer
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be changed when the formation thereof is-perfornmed. The master medi um 33
according to the fourth enbodi nent conprises a flat s@b$¢venlee’334)0%and a
soft magnetic layer 33b fornmed in an uneven pattern over the surface of
said substrate 33a. In this manner, the flat substrate 33a can be used,
wherein ¢fhe protrusion and depression portions formed by the soft
magneti ¢ PaRePt3p Ehichbeasndt hassheenefbeatdasvehathabtahped tQY3§?e sof t
magneti c | ayer provided across the uneven pattern of the sur?ace of "t he

subst r at eEheflepngss ibrBane panithed 1aBQVErt 1 ¢S BFHHY L@ r;‘gqgt i um
33: after a uniformmagnetic layer 19 8 Novenber 2085 %?%E% atf%?gggess d

~has been 33 neah dverfdie=¢ubstysal ¢ £33a e ' Ot r usj on
portions of the soft nagne??i Iaygf §3 BoggnlggHP§?§E§9bﬁggE§do?raé%ﬁoto._
|1 thogr apkkeretihade predecndiesd ot e Hhe Lhitknsss g, of égggﬁgggt Jfaanetic

| ayer 33b to the surface of the protrusion portio

di st ance Hherapfed f JLate, Jote dnal Tht o
i stance tiieeraofe ééﬁ%ffﬁhétﬁééxékﬁ%%§ré@%?ﬁf 8 SeSirespan 3hea€ﬁ%rrg??o R

each of the above-descri bed nt
of the thiicness thofeSaCH, magneti.c layers 13b, 23b, and 33b,
K é}&glﬂ%ﬁgace%ﬁfﬂb‘?t? EralEthe width win

each of which covers or forns t protrusion

t he circunferefbiral +diy; ' . f i.s,greater than or equal to 0.8 and
ttgla?{ffa %ﬁec%{}&lgﬁr g’(rgr)bg icl}?eﬁ &?’et ﬁg”%"rﬁj@cqct?%h%sf er

| ess than or equa! : _ .

o eoont T mvent P e o aner et A e ThEdeum of [Vipanicknbss
d of each of th'e soft magnetic layers 13b, 23b, and 33b, each
of which covers or forms the protrusion portions, to the width
W in the circumferential directioln thereof is greater than or
equal to 0.8 and less than or equal to 3.

Next, an embodiment of the magnetic transfer method of
em'ploying.the magnetic transfer master medium according to the
pPresent invention to transfer data to a slave medium will be
explained.

Fig. 5 is a perspective view of a slave medium 2 and master
mediums 3, 4. The slave medium utilized according to the magnetic
transfer method of the present invention is a disk shaped
magnetic recording medium such as a hard dis];, a flexible disk,
or the like, which has been provided with a magnetic recording
-layer on a single surface or on both surfaces thereof; in
particular, a perpendicular magnétic recording medium on which
a favorable magnetization direction of the magnetic recording

layer has been formed in the direction perpendicular to the

rgcordingsurfacethereof,isxﬁjlizedthereas.Theslavenedium
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explained. Fig. 5is a perspective view of a slave nedium 2 and master

medi uns 3,4. The slave nediumutilized according to the negaeldc 2ausansf er
nmet hod of the present invention is a disk shaped nagnetic recordi ng nmedi um
such as a hard disk, a flexible disk, or the like, which has been provided
with a nagngtic recording -layer on a single surface or on both surfaces

t hereof ; 4 At P CUCHRRE, SBbpRiBenti sivwr imdhieLi & cenpribey arddisenidn whi ch
a favorabl e magneti zation direction of the magnetic recording |ayer has

been for fiBBsthatALahpadnidon npemsdnidi cekardiagt heyer etoadidngmaynbace
thereof, is utilized thereas. The sl ave nedium 20 8 Novenber 2005 2 of the

current ERGeEMHREL oW Cl rdEmE cEi cahp ficeesdodicscni 6f aliIskuaFacda havi ng
a magnetic recording |layer 2b and a nagnetic recording |ayer 2c,
respect i ¥eyee¢dHrmed on each of both surfaces thereof. Further, the master
medium 3 is the master nedium shown in the first enbodinent, and is

provi ded wit h Brothersi arhepaddtans mdonmed i %h@ahhgﬁc@rCﬁaéaﬁﬁﬂOQH{;QH to the
data to be recorded onto the |lower recording surface 2b of the slave

medi um 2in The finest emboadindatsd drsa 9 ﬁﬂ&i&%@wh%%&ﬁﬁﬁﬂ&?ﬂ&%%ﬁ ;as the
master medium 3, and is provided with protrusion portions fornmed in a

pat t er n fomies piondi @m&@fmq:&a}@sér&l@ﬁné eeor dgd QuLQ %gebgppggoraggor di ng
surface 2c of the slave nmedium 2. The nasSter nedi uns , 4 conprise a

substr atomt3athéalowespectbyalivg SAreach o5 WHiGh 3R LEHI WAl 2Pr AL USi on
portions has been formed, and a soft
mastermedium 4 is of the same layered configuration as the master
medium 3, and is provided with protrusion portions formed in-
a pattern corresponding to the data to be recorded onto the upper
recording surface 2c of the slave medium 2. The master mediums
3, 4 comprise a substrate 3a, 4a, respectively, on each of which
a pattern of protrusion portions has been formed, and a soft
magnetic layer 3b, 4b, formed on the respective protrusion
portions formed in a pattern thereon.

Figs. 6A, 6B, and 6C illustrate the basic processes of the
magnetic trapsfer method of the current embodiment. Fig. 6A
illustrates the process wherein an initial magnetic field is
applied unidirectionally so as to perform the initial
magnetization of the slave medium. Fig. 6B illustrates the
process wherein the slave medium the master medium are conjoined
to forma conj oined body, and a transfer magnetic field is applied
thereto in the direction opposite the direction in which the

initial magnetization hasbeen performed. Fig. 6C shows the state

of the recording surface of the slave medium after the magnetic
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magnetic | ayer 3b, 4b, fornmed on the respective protrusion portions fornmed
in a pattern thereon. Figs. 6A, 6B, and 6C illustrate g heobagler roaaEesses

of the magnetic transfer nmethod of the current enbodinent: Fig. 6A
illustrates the process wherein an initial magnetic field is applied
unidirectionally so as to performthe initial magnetization of the slave
medi um HIRNSBE ihdudieeat goetfermed paeste Wieie) ridie, skRayesmedigdn dhe

mast er nesg umare conjoined to forma conjoined body, and a transfer
magnet i ¢ SHas dnily Epplbedr f4es @@ dralithes i FEEL 9o PRRASLY I Jgction
in which the initial nmagnetization hagﬂﬁeen perfor%ed. F%ggvggﬁgﬂ%%% t he
state of.the recording surface of the slave nediumafter the nagnetic 21 8

Novenber 2005 transfer has been perforned. Note that, Figs. 6A, 6B, and 6C
show only the Rewehokacenrecgl dgng syrface; f the slave nedium, 2. As
9L eRg S 1ace 2P d%‘r"i‘?% TS W3t igppl i ed

shown in Fig. 6A, an initial direct current magne i
the of the slave

in the dffectiemn per REPHi el Af +h ?Bﬁeé{:%&% &ﬁi%réfgfqﬂq%ggrﬁﬁlﬁd:rm ace 2b

medium 2 in advance, so as to initrally ~ma
t he surface of the

e el burengedis EaLdiNthe Tl e AEag R, e o e S e Gl

recording layer 2b of this slave ne ) h
et or el s ot ar mracaing: RiA tea%y BarhoEePEansr ne daghatienticld
Hdu i appbi echd hal&lo 40 f1P. A SR RYRENDCLar Lo the rack surface
2b of this slave medium 2 is conjoined with the soft magnetic
layer 3b formed on the surface of the protrusion portions of
the master medium 3 to form a conjoined body, and a transfer
magnetic field Hdu is applied thereto in the direction
perpendicula.r to the track surface of the slave medium 2 and
opposite that in which the initial direct current magnetic field
Hin has been applied (i.e., in the direction opposite the
direction in which the initial magnetization has been performed)
to perform the magnetic transfer. As a result, the data (a servo
signal, for example) corresponding to the protrusion portions
formed in a pattern on the data bearing surface of the master
medium 3 is magnetically transferred and recorded on the magnetic
recording surface 2b of‘the slave medium 2, as shown in Fig.
6C. Here, an explanation has been proffered for ther performance
of a magnetic transfer from the lower-side master mediuﬁ 3 to
the lower-side recording surface 2b of the slave medium 2;

however, as shown in Fig. 5, by conjoining the upper-side

recording surface 2¢ to the lower-side master medium 4, the
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opposite that in which the initial direct current magnetic field H n has

been applied (i.e., in the direction opposite the diregthyOrnpemMigsthe
initial magnetization has been perfornmed) to performthe magnetic
transfer. As a result, the data (a servo signal, for exanple) '
corresponding to the protrusion portions formed in a pattern on the data

beari ng BagpaEecdiranefemsberbe pedifommadi sharegnetd £ &byt id apsberLed.and
recorded on the magnetic recording surface 2b of the slave nedium 2, as

shown i ntefgrdingCsubéres.an expl anati on has been proffered for the
performance of a magnetic transfer fromthe | ower-side master nedium3 to

the | ower - si deFuetos dj RyesliEbace 25 of, %Hfgﬂ%u%@lé?{’%&tezﬁg‘cé@g%e as

shown in Fig. 5, by conjoining the upper-side recor sur to the

per formod 1 he Sane 4 101 Fha T oaey oo Gec et drtl REIRUPI R ¢ FAENST  oven
pat torn. The oppost 01 Thar R (e {3051 (Pvc GatCBPROSRIFES ARFYE G5, by
[LeTa D and the T aneors e T (V08 P of it B PR SR o
Tagnot i o1 el arc TIE L AR CF CHEHREt O (o SPR Lo KBRCReHR YR o

magnetic field and the tra magne _ _ !
Tagnet i ¢ T oree P ie ETave o PR FErarAcE: ngher Heparai i ty
of the gBs! ehiRd1Sh@YBetic field and the transfer magnetic field, it
is necessary that a value therefor be determined based on a
consideration of the coercive magnetic force of the slave medium
2, the relative magnetic permeability of the master and slave
mediums, or the like.

As to the slave medium 2, a disk shaped magnetic recording
medium such as a hard disk, a flexible disk or the like can be
employed_thereas. A magnetic recording layer thereof is formed
by coating a layer of magnetic material, or by forming a thin
metallic magnetic film recording layer on the surface thereof.

As to the material forming the thin metallic magnetic laver,
Co, a Co alloy {(CoPtCr, CoCr, CoPtCrTa, CrNbTa, CoCeB, CoNi or
the like), Fe, or an Fe alloy (FeCo, FeP, FeCoNi) can be employed
therefor. Note that it is preferable that a noen-magnetic sub
layer be provided so as to provide the magnetic anisotropy
required peneath the magnetic material. The crystalline

structure and a lattice coefficient of the non-magnetic sub layer

must be matched to that of the magnetic recording layer. To this

23



medi uns, -or the like. As to the slave nmedium 2, a di sk shaped nmagnetic
recording nediumsuch as a hard disk, a flexible disks Qioiddidt kepamn be
enpl oyed thereas. A magnhetic recording |layer thereof is fornmed by coating a
| ayer of magnetic material, or by forming a thin netallic nagnetic film
recording layer on the surface thereof. As to the material formng the

thin net #@#id.c Gagiatlic (Gy®r, Créa, THB,aNioM (GP Fa PFhe RO TA,
CrNbTa, CoCeB, CoNi or the like) , Fe, or an Fe alloy (FeCo, FeP, FeCoN )

can be empipdysed .t lenafter:, Nof @dddt dd disyiref LS @@aﬁé}gﬁ%@d{@ﬁa@gne“ c
ni S0

sub layer be provided so as to provide the magnetic ropy required

oot TGl anC of Tne mon maghort & ik I Pci AEPHENE EnfHe il “Te

coefficient of the non-nagnetiC sub | a
Cr.Ti, CoCr,

magnet i c aheicol dB9ck . Q. 40} s :23. V, 5.en
Crta, Crl?/b, %II AY , (I:?u?él%élﬂotrﬂ{]h@'l il%ellgs[%) ee’frp a%/le%.%%ﬁ?r? ?&jrrﬁgc}fé’@rr to
or to

stabi | i zgoh-hedrerPandi-gi a eti ion of the netic.layer,
i nprove the recording angmglnggggc aﬁ%%s%ﬁ ﬁrtoflqetraﬁg)serﬁraé:fher‘é}ﬂ e that a
backi ng haWghqnkes f ft magnetic |ayer be provided beneath the
nonmagneti c sgg IaggrgPBN%tggg?hat it is preferable that the thickness of the
10 nmand |ess than

magneti c recorgipg {ﬁggripeigL§%%§%5%$$Qggéa§ggg%h%ﬁicgpeéaugﬁ £H5e20 nm and

or equal to 500 nm and rnorée
g?sfh;hﬁ%ﬁ?%%gﬂg?%%éé%ééﬁbJHng%ﬁﬁy%&batg& Lﬁagrgigéggéf1&?%&)2&FaggiCkness
less than or equal to 500 nm, and more preferably greater than
or equal to 20 nm and less than or equal to 200 nm. Further,
it is preferable that the thickness of the non-magnetic layer
be greater than or equal to 10 nm and less than or equal to 150
nm, and more preferably greater than or equal to 20 nm and less
than or equal to 80 nm. Still further, it is preferable that
the thickness of the backing layer be greater than or equal to
50 nm and less than or equal to 2000 nm, and more preferably
greater than or equal to 80 nm and less than or equal to 400
nm. |
‘Next, the results of an actual experiment to determine the
transfer accuracy of a magnetic transfer performed utilizing
.the magnetic transfer master medium accordin'g to the presént
invention will be explained.
The slave medium utilized in the experiment was formed in
a vacuum film forming apparatus (a Shibaura Mechatronix: S-505

sputtering apparatus), under conditions wherein Argon has been

introduced after depressurization at room temperature to 1.33
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be greater than or equal to 10 nmand | ess than or equal to 150 nm and
nore preferably greater than or equal to 20 nm and | ess Nndhatbeyr 2@QEal to
80 nm Still further, it is preferable that the thickness of the backing:
| ayer be greater than or equal to 50 nmand |l ess than or equal to 2000 nm
and nore preferably greater than or. equal to 80 nmand | ess than or equal

to 400 nm 1NeXtpa tthe-T eguhyS,pk Eﬂefg#é’é‘éuleé‘%esf io'%”% ff?;g}?ﬁgf ;ﬁcgrﬁgggne“ ¢

transfer accuracy of a nmagnetic transter perforne
transfer $LEL j.u cor.di t he pr nt jnvention will be
expl ai nethBT%e a\?déa ‘%%ﬁﬁrﬁttﬁ#]fqu%%‘ﬁlﬁ’ t‘%gagf‘ﬁb Rl Xes thaEmrivas a
vacuum figamdpor mi . r.at us\é?a Shj li%ur Mechatroni x: S-505 sputtering
appar at us), undeﬁ%%éﬁgpﬁﬁgﬁg e rdﬁh’e f?&éfatbé‘@gn‘?'?ﬁqm aF t3
depr essur| gg’h,%rf_ agé oognte@er ature to 1.33 24 8 Novenber 2005 x 10-5 Pa
(10°7 Torlrnf and th %f’e RIF S PEVDS 42Pa s BonTag iy Sub Aajems icat e was
heat ed tg gﬁonc, .a 300 nm Ni Fe | ayer that serves as the backing |ayer
formed by the Lot tYFhdhbtTe- TRy crhat servemaaydie sragnetimreamndings t he
non- magngtic sub Iag/er, and _a 30 nmlayer of CoCrPt that serves as the
magnet i ¢ €6 HPRG SFAYRRtiet by sEauendi Breyesnriedrodeesrm t Tf csdke a
3.5" disk shgped magne-ti c recording nmedi um having a saturation
magnet i zAPFBRAMEEGRCE19Tr 20pdingy B v day imggRetsiad wwdricinve  for ce Hes
of 199 kA/méZSOO Oe). The evaluation of the signal quality was perforned
by use magnetization Ms of 5.7T (4700 Gauss) r and a magnetic coercive
force Hes of 199 kA/m (2500 Oe).
The evaluation of the signal quality was performed by use
of a magnetic conversion property measuring apparatus (Kyodo
Electronics S$5-60) to evaluate the transfer signal of the slave
medium. As to the head, an MR head is employed, wherein: the
read head gap is 0.19 pm; the read track width is 2.0‘pm; is
the write head gap is 0.4 pm; and the write track width is 2.6
pm. The read in signal is subjected to a frequency analysis by
a spectral analyzer; wherein the peak intensity (C) of a primary
signal, narrow band noise, and the ratio C/N are measured. The
C/N value computed of the signal recorded and read back by the
- same head is designated as 0 dB, the relative value AC/N is
obtained: the evaluation is favorable (indicated by an “0”) if
the value AC/N is greater than or equal to -2.0 dB, and deficient
(indicated by an “X”) if the value AC/N is less than -2.0 dB.
Next, the evaluation of the signal omissions and the

contact deficiencies will be explained. A magne_tic‘ developing

fluid (Sigma Phi Chemicals Sigmarker-Q) was diluted to 1/10th
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of a magnetic conversion property neasuring apparatus (Kyodo Electronics
SS-60) to evaluate the transfer signal of the slave nmediganAs tadshe
head, an MR head is enpl oyed, wherein: the read head gap is 0.19 pm the
read track wwdth is 2.0 m is the wite head gap is 0.4 m and the wite
track wwdth is 2.6 pm The read in signal is subjected to a frequency

anal ysi s @3ncentymdritoral Sanal NE®he t M Seie ohgPE 8Ky | BLANS HEXgéur ecﬁ{tﬁhe

primary signal, narrow band noise, and the ratio"C/ N are ne

C/ N val uéiltﬁomﬁoec«ﬂlmfg tshe rsicenalr £RE0L 15¢ean C?d{gﬁdogg‘tﬁg%%%aé t}%%lse%}aﬁ head

is designated as 0 dB, the relative value ACCN Is uation

i s favor ahlems(fierdineat ey R fddmed f reater than or
equal to --2.0 dB, and deﬂ%}ent © dl%te%%@ng'l‘\%&n e AC/N

Cont act der o anc, s 11 B oy ol A sl iﬁ.ﬁ&%&ﬁﬁ aﬁnﬁ?'a?q”oia ¥(si g

contact deficiencies wl e explal ne ¥ (Sigma

Phi Cherrbgalcg a k iluted.to /10 25 8 enber 2005
2 ggrgbnggﬁ%ldg%dg\%elt(&){pl ﬁégf‘ﬁéu.?a‘ Sl o[ ﬁét? Shve Lopeel

concentrati on.

recordi ngasHEfage i_umon which a nma netl c _ transfer has
been perfgrérred dF?égtSQgﬁdsﬁﬁga ﬁliltegﬁl W&O&fﬁssi’ K& ldoht sue

defi ci enghg8rafer base t he anount  of chan e to the edge of
t he signal p](gltter%\ﬁgl i JSéa(gx'('ﬁev%lgjpee § AT G %h@néflecﬁéiﬁfiégn Nor e

speci fi cghty qHPdr randaom vi evvl .fields of the portion of the
recor di ng s%? ace tf\igl e HEIPUNT %%W%@&ﬁa@ﬂfﬁﬁbﬁér has

been perﬁé@ﬂ%fﬁr‘?ﬂeo&jﬁz%@éegbgérgegoaé IarTE(S) Q?zr?gg frrlla?(;l;[:lglncab‘glgr?%y use
of a diffgrential interference microscope: if less than five
locations therein were found to have signal omissions, the
evaluation was_févorable (indicated by an “0”}, and if five or
more locations therein were found to have signal omission, the
transfer was evaluated as deficient {(indicated by an “X").
The master medium of example 1 comprises a discoid quartz
substrate on the surface of which a pattérn of protrusion
portions having a track width of 2.5 pm, a track pitch of 3.0um,
a bit length of 0.5um and of a height of 2.5um is formed in the
region of the disk 20mm to 40mm in the radial direction from
the center thereof. Note that a soft maghetic layer of FeCo30at$%
is formed on this substrate by a sputtering method wherein the
Argon sputtering pressure is 1.5 x 10! pa (1..08mTorr) r and the
electrical current introduced is 2.80 W/cm?. Note that the width
W of the protrusion portions in the circumferential direction
(the bit length) corresponds to 0.5um. That is to say, the master

medium of example 1 has a cross-section vherein the soft magnetic
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of a differential interference mcroscope: if less than five |ocations
therein were found to have signal om ssions, the evalgatdsmvwas F@yprabl e |
(indicated by an "O') , and if five or nore locations therein were found
to have signal omission, the transfer was eval uated as deficient A

(i ndi cat eﬁ b%/ an éﬁ) The master nmedi um of exanple 1 conprises a discoid
quartz stb¥tFatt Bhetseriaceaet Hrevibrehraspanteont bbngrbés usibaigiporti ons
having a track wwdth of 2.5 m a track pitch of 3.0m a bit length of 0.5m
and of a hetyWEnessp dB%l0n’ surf, ox medithni h ithe begicamrefchike adi kr8pTR 40 40Mm

in the radial direction from the center thereof. Note that a soft magnetic

| ayer of WetdBOatis, isnd orivedraid i stisethsheabeaPyid gputiering net hod |
wherein the Argon sputtering pressure is 1.5 x 10" Pa (1.08mforr) ,. and

the electricalTheumeeitiexi neddduced ¢samp B ViR, mhatert habiibhco dih W of
the protrusion portions in the circunferential direction (the bit [ength)

cor r esporsdunet byPeSas et dfS ekampay, 1} onddsieh < ABIEULLOf § ﬁ%ﬁéf‘?ﬂ; has a
cross-section wherein the soft magnetic 26 8 Novenber 2005 [ayer of the

surface ¢het hef preigrsiien] poetignsnbas,F el ght ' S pm a
width in the circunferenti aI9 direction W= 0. Sth%fjgggk?ﬁz%ﬁ%otlﬁ%ss

therebet heera ihe it 4 - The BSLeY; JBAI LML EXAURLEPoh®y &) TASLEL, fBdi um of

the sanme type as that of exanple 1, a as Cross-section
sof t magweti 0, baprr @hgt t&gesyaftageRofthEQ%Ib%&g}e% si;ah por tj’ ons has a height

d=1 O0m awdth in the circunferential direction™w =0.5 m and the
rati o R therebehaatdstSr FiedZim of example 3 is a master medium of the
same type as that of example 1, and has a cross-section wherein
the soft magnetic layer of the surface of the protrusion portions
has a height d = 1.4pum, a width in the circumferential direction
w = 0.5 pm, and the ratio R therebetween is R = 2.8.
The master medium of comparative example 1 is a masterx

medium comprising a flat discoid quartz substrate on which a
soft magnetic layer 0.5 pm in thickness has been formed, after
which said magnetic layer has been processed into a pattern by
use of a lithography technology; wherein the soft magnetic layer
is formed only on the portions corresponding to the protrusion
portions, and because the soft magnetic layer is not formed in
the depression portions, the protrusion portions and the

depression portions are not magnetically -linked. This master
medium has a cross-—section wherein the soft magnetic layer of

the surface of the protrusion portions has a height (thickness)
d = 0.5 um, a width in the circumferential direction w = 0.5

pm, and the ratio R therebetween is R = 1. The master medium
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The master medium of exanple 3 is a master nediumof the sanme type as that
of exanple 1, and has a cross-section wherein the sofg nwmgagidec 2@yer of
the surface of the protrusion portions has a height d = 1.4m a width in
the circunferential direction w= 0.5 pm and the ratio R therebetween is
R = 2.8. The master nedium of conparative exanple 1 is a naster medium
conprisi R §ORParagisecpyanpiett babst rates orseditoin ashendin rgnelire | ayer
0.5 pmin thickness has been forned, after which said magnetic |ayer has
been pro®egsedirnteyarpaft tha byurfuse off ahki phogiaphynt @SHalR@y hawher ein
the soft magnetic layer 1is fornmed only on the portions corresponding to

the protaubebghtpdr+i®rs ugné kecrusant ke esefitcTRgRsnG "aﬁ%%iﬁéje%t'lgh formed
in the depression portions, the protrusion portions an& the depression

port i onswaszeonst gaﬁaiﬁﬁélyatiakﬁdthébépe%ébﬁris dium has a
Cross--section erein the soft nagnetic layer of ""the surface of the

protrusi on porth®nsasesr &né@ilﬁ}ﬁ]toftc@&rﬁﬂﬁé‘ﬁﬁElvedefaﬂg?sep?]hg?rg@%gggsi g the

circunferential direction w= 0.5 pm and the.rati ween'is R =

L The mpsieta edbumdie &NV ENbE 2005 Phr FOIPARLLYE s BXATRLENLINES 2

cross--section wherein the soft magnetic [ayer of e surface

pr ot r usiDPaRVelrinOBscPaghich ?Veé_gfgﬁ g%gﬁ@:ﬁ:ﬂ eq:rﬁ%?ow%é]r%rl%ﬁ&’vﬁ%ﬁti s R =

circunferential direction = 0. and the e

1. The nast als EEEHIPL eQTRA Bl ¥Re€ I c j.ses uartz substrate

rovided with protrusion portions f’grérr%glgi %y%g %gfyégﬁ 8§e? WMiPch o soft

P .

magnet | %di@y%rof@%mfcorl%r tihsatO.35 pm in thickness, and has a
Cross-—section wherein the soft magnetic layer of the surface

of the protrusion portions has a height (thickness) d = 0.35

bm, a width in the circumferential direction w = 0.5 pm, aﬁd

the ratio R therebetween is R = 0.7.

The master medium of comparative example 3 comprises a
quartz substrate provided with protrusion portions formed in
a pattern over which a soft magnetic layer has been formed, that
is, is a master medium of the same type as that of example 1;
said soft magnetic layer is 2.0 pm in thickness, and has a
cross-section wherein the soft magnetic layer of the surface
of the protrusion portions has a height d = 2.0 pm, a width in
the circumferential direction w = 0.5 pﬁn, and the ratio R

therebetween is R = 4,

A magnetic transfer to the slave medium described above
was performed utilizing each of the master mediums of each of
the examples and comparative examples described above, and an

evaluation of the signal quality, the number of signal omissions,
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is, is a master nediumof the sanme type as that of exanple 1; said soft
magnetic layer is 0.35 min thickness, and has a cross-&egdmsdr VdE®i n t he
soft magnetic |ayer of the surface of the protrusion portions has a height
(thickness) d = 0.35 pm a wdth in the circunferential direction w= 0.5
pm and tgg ratio R therebetween is R = 0.7. The nmaster medi um of

conpar at P8 BRaRId o tc prpriesdy was earfiarnsiths That £e i Dk etk Md N 2 re
-protrusion portions fornmed in a pattern over which a soft magnetic |ayer
has been®h8FRedn €hatt iLs, is a naster medium of the same type as that of
exanple 1; said soft magnetic layer is 2.0 pmin thickness, and has a
cross-section wherein the soft nmagnetic |ayer of the surface of the
protrusion portions has a height d = 2.0 pm a width in the
circunferential direction w= 0.5 pm and the ratio R therebetween is R =
4. A magnetic transfer to the slave nedi um descri bed above was perforned
utilizing each of the nmaster nediuns of each of the exanples and
conpar ati ve exanpl es descri bed above, and an evaluation of the signal
quality, the nunber of signal om ssions, 28 8 Novenber 2005 and the contact
property was perfornmed. The results thereof are shown in Chart 1. 29 8
Novenber 2005 Chart 1 SoftR = d/wSignal Signal
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magnet i ceval uati onom ssi ons | ayer
portions?(dB)contact (magneticproperty |inkage)eval uatgomodsanet e2dos

Yesl1l.0-0.4(0)4(0) Exanple 2 Yes2.0+0.1(0)3(0) Exanple 3 Yes2.8-1. 1 (0)4(0)
Conparative Nol.0-3.3(X)3(0) Exanple 1 Conparative YesO0.7-2.1(X)2(0)

Exanpl e 2 Conparative Yes4.0-0.1(0)1.3 (X) Exanple 3 As shown in Chart 1,
for case€hamtwidi ch any of the naster

i nof

medi uns of Exanples 1-3 are used,

the soft nmmanetic | ayer

rati o Rypetween—the—cross-sectional hejight of
the protrusion portfi onsSeftthe st er dvbdi um ( Shamals tihSitgimianness
the mag }e_t ic |ayer) anﬂagﬂgtggac direction %Iiu‘é(t‘%fo ]%m% Q! IhléSl o_n
portiong is greater gn or equaj to 0.8 and I'ess than ¢r equal ;
further| for master PURE hAvijng a soft e‘fﬁ*%ﬁ’ﬂib‘f@mdﬂuﬁlb@hfe
depression portions béepeeﬂsibﬁ protrusion jportions to ppeyi,de nmagngt
| i nkage| t her ebet weer}, ., 3 r-abl e eval uatign of sighal quality, |t
number pf signal oni|s |Oort1:sl%\ﬁ% d [t he contact propép‘% i s )Sﬁﬁgﬁé’& t
ot her hhnd, for casegs (F“Iﬁlgﬂ%té-ﬁ? tlhe master ngdi uns of Conpprapevey
linkage) evaluation
Example 1 Yes 1.0 -0.4(0) 4 (0)
Example 2 Yes 2.0 +0.1(0) 3 (0)
Example 3 Yes 2.8 -1.1(0) 4 {0}
Comparative No 1.0 =-3.3(X) 3(0)
Example 1
Comparative Yes 0.7 =-2.1(X) 2(0)
Example 2
Comparative Yes 4.0 -0.1(0C) 13 ()
Example 3

As shown in Chart 1, for cases in which any of the master

mediums of Examples 1-3 are used, the ratio R between the

cross-sectional height of the soft magnetic layer of the

protrusion portions of the master medium (that is the thickness
of the magnetic layer) and the track direction width w of the
protrusion portions is greater than or equal to 0.8 énd less
than or equal to 3; further, for master mediums having a soft
magnetic formed in the depression portions between the

protrusion portions to provide magnetic linkage therebetween,
a favorable evaluation of the signal quality, the number of
signal omissions, and the contact property is obtained. On the
other hand, for cases in which the master mediums of Comparative

Examples 1-3 are used, for master mediums not having magnetic

30

rel ati ve(nunber depressi onC/ Nof),

t he
of
of

iC
he
he



Exanpl es 1-3 are used, for master nediuns not having magnetic 30 8 Novenber
2005 conj oi nnment between the depression portions and thelPpratgdisizons
portions, or for master mediuns wherein the ratio R thereof is not within
the range defined as greater than or equal to 0.8 and |ess than or equal
to 3, one property fromanong the signal quality, the signal om ssions,
and the EORUREMSNSpRetyeen Chieiepiremtsiokerbrtibhh ared etenpeoteuisiennode
cross-sectional view shown in Fig. 7, a magnetic transfer master nedi um
accor di n§ortéoanet her f eniredi reenmeali uhse wheese At thaVEMi®R WHdrRF is
expl ai ned. The magnetic transfer nmaster nmedium 53 according to the current
enbodi mefPtcuphiseshearanbst darenbd havigpeagesuthageor0BqWhhChodgpgessi on
portions and protrusion portions have been forned in a pattern; a soft

magnet i cahdybes $ZHeaor medegial e FUbhacgrebetpe f%éﬁ'éﬁﬂﬂﬂ“tﬁ%rékgﬂéla”d
depression portions; wherein the soft magnetic |ayer 52 conprises a soft

magnet | cquiayey, SPheokithel sukls€ot, | BRAPERLT USHED-PORLLANSBNYsa Soft
magneti c | ayer 52b forned in the depression portions between he
protrusidafpeiéhons, and is forned while a magnetic field Hpr is applied
to the substrate 51 in the direction perpendicular to the surface thereof.

mothod or Lhe T1KE, and w16 A RgRat e T T b Hg abpTTE 1o t he
Zggls;[ Lgtﬂcﬁd%;iﬁ% Lﬂ;@.dif,ecat Iy n el Pendlcutar 1o she n?eucgl?rgeaéggé :I?Iflg The
to another embodiment of the present inventionwill be explained.
The magnetic transfer master medium 53 acco:n_;ding to the
current embodiment comprises: a subétrate 51 having a surface
on which depression portions and protrusion portions have been
formed in a pattern; a soft magnetic layer 52 formed on the
surface of the protrusion portions and depression portions;
wherein the soft magnetic layer 52 comprises a soft magnetic
layer 52a of the surface of the protrusion portions and a soft
magnetic layer 52b formed in the depression portions between
the protrusion portions, and is formed while a magnetic field
Hpr is applied to the substrate 51 in the direction perpendicular
to the surface thereof.
The formation of the magnetic layer 52 is performed by use
of a sputtering method or the like, and while a magnetic field’
Hpr is being applied to the substrate 51 in the direction
perpendicular to the surface thereof. The application of the

magnetic field Hpr during the formation the soft magnetic layer

52 serves to provide perpendicular magnetic anisotropy to the.
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magnetic field Hpor during the formation the soft magnetic |ayer 52 serves

to provide perpendi cul ar magneti c ani sotropy to the 313 §idNemarer2 @005
formed magnetic layer 52 in the direction in which said nagnetic field Hpr
has been applied. That is to say, the easy magnetization axis of the soft

~magnetic |ayer 52 is the direction substantially perpendicular to the surf

ace of thEoHRRd ergmetiionl Sger NGt enttitad ditrbetdbheid Wbl chns Ml Gfa g sagnet i
field Hor is applied is substantially parallel to the direction in which
the transfisld Hpgrets beéh elppbitHdd .i Bhappls €5lsuben i SREPSlidhdriansfien, is to
be perforned; the orientation thereof can be in the sanme direction, or in
the opposizties difrtes 50t nldfgridis By FBRENEL Al § PR 8Kl § T ygagneti
| ayer 52 is nade to be substantia??y per pendi cul ar tongﬁgﬁﬂﬁ¥§§€%l§? t he
mast er mpdingerl duldhis ARANSIL eI o8f LR Iy MY i td Gpilux is
attracted to the soft nagneticliayerowhen tE% ffgﬁg%gﬁ %ggﬁﬁﬁﬁé% 28 dis
applied ade ke rgmrewedn MWexlon i di ng to_yet another
enbodi ment of the preséht inveﬁ?%%ﬁﬁﬁﬁfﬁgg%qg%%%giﬁgd}%Tﬁ§Fﬁ§§¥€anedium
63 shownsubshiag+i8139MRLI-56S b e 61 pravided w a,surface on

i ?”B ? e 84 éﬁé%lr%?tl I in, whi gffb:t&ﬁaéﬁgﬁs eirayer

whi ch protrusion porfions forne I a pattern and

62, wWhi chab$s e the US| 0 ortions and in the depression

portions ﬁgtﬁggﬁnggg?é gggtggs?%ﬁﬁééétﬁgﬁg ?o?angﬁéFe%F?ﬂﬁ%ﬁﬁtéStBOthe

magnet i Chel .p endi [ .magnetic recordjng.medium further

conprising ggﬁgagé??é F§§e§QE§H¥§F19P|Fﬁﬁ§ePE il hSpFESgFSnsame
direction, or in the opposite direction.

If the easy magnetization axis of the soft magnetic layer
52 is made to be substantially perpendicular to the surface of
the master medium 53 in this manner, the effect whereby the
magnetic flix is attracted to the soft magnetic layer when the
transfer magnetic field is applied can be improved.

Next, a master medium according to yet another embodiment
of the present invention will be explained.

The master medium 63 shown in Fig. 8 comprises a substrate
61 provided with a surfacg on which protrusion portions formed
in a pattern and a soft magnetic layer 62, which is formed over
the protrusion portions and in the depression portions between
said protrusion portions for transferring data to the magnetic
layer of a perpendicular magnetic recording medium; further
comprising a magnetic layer 65 for filling in the depression
portion region between the protrusion portions of fhe soft
magnetic layer. Note that, here, the magnetic layer 65 can be

formed in the depression portions directly, that is, without
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portion region between the protrusion portions of the soft nagnetic |ayer.
Note that, here, - the magnetic |ayer 65 can be forneg mnéviédiedepy@Essi on
portions directly, that is, without 32 8 Novenber 2005 havi ng provi ded the
soft magnetic layer 62 in the depression portions. The nagnetic |ayer 65
has an easy magnetization axis parallel to the easy magnetization axis of
the sof t histjmet iprovisiecel th2 sHfe magnetiie Nayetr 63 iin AR@Nelpreeddikradvance
unidirectionally along the easy magneti zation axis thereof, and when a
magnet i c ploiredicbriss applied in the direction opposite this along the easy
magneti zation axis, the magnetic flux is repulsed by the magnetization of

the magnetic | aner mégnedied be¢awsesSahLe sARGRGEH fabhbX iLS +haKRCLRlLy directed
t hereby toward the soft nagngtic | ayer %Zb of&thggprggrégﬁgﬁ 8%%¥ions, t he

ef f ect Wbé&@b)lel”%&”%hbcefa{sgémh ndttbacisf L9 Lhsssehl g%ggehagp{eﬁﬁgg“b

is high. Note that here, easy nmagnetization axis o e's netic

I 621gndrt . L bot.h .ant, al | di cul t

| et SPaehd o MeuBkGrLRYR 1658 balhup SRR 30 3 x fepbend cular Lo
terial : i .has . t,i i f

oL 1) 1 WSRO e SRORELIE U85 050 RGPS Cot g Tor e

o event sy WURLALeaLILN TRONSLLP 2 0 Lhgrenl abep b L puster

magnetic field i s applied; a coercive nagn _ _ _
Lhat of 4 fong s, oLobe IRANSLLG J.2YSE - Ofcnd REGTRATELL L S20LE 09080 U
by the magnetization of the magnetic layer 65, and because said
magnetic flux is forcibly directed thereby toward the soft
magnetic layer 62b of the protrusion portions, the éffect whereby
magnetic flux is attracted to the soft magnetic layer 62b is
high. Note that here, the easy magnetization axis of the soft
magnetic layer 62 and the magnetic layer 65 are both
substantiallyperpendiculartxnthesurfacecﬁfthenmsternmdium.
Note that it is preferable that the material used to form
. the magnetic layer 65 has a magnetic coercive force larger than
that of the soft magnetic layer 62, and of a degree that prevents
the inversion of the magnetization thereof when the transfer
magnetic field is applied; a coercive magnetic force
approximately twice that of the Hes of the magnetic layer of
the magnetic recording medium serving as the slave medium 2 is
adequate.
Next, an embodiment of the magnetic transfer method of

employing the magnetic transfer master medium 63 according to

the present invention to transfer data to the slave medium 2
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adequat e. Next, an enbodi nent of the nagnetic transfer nethod of

-enpl oying the magnetic transfer master nedi um 63 acc® didigeriser tA0 Jr esent
invention to transfer data to the slave nmedium 2 33 8 Novenber 2005 will be
expl ained. Figs. 9A, 9B, and 9C illustrate the basic processes of the
magnetic transfer nmethod of the current enbodinent. Fig. 9A illustrates

the processl Wier edxplanirieriti al magnetic field is applied unidirectionally
so as to performthe initial magnetization of the slave nedium Fig. 9B

i|lustrates th&iger.ogrs9BINEREI 9T Ghe wshawe STEAL WHANd &B%egggkg%%%isum are
| |

conjoined to forma conjoined body, and a transfer magnetic

applied wheRitdd trhe A el QRPRS! 1%£F% | T.G61d i lch ghe
initial rmagnetization has been perfo?%%ﬁ%z |gP 9§$§%%agmﬂﬁﬁe%gﬁ§t f the .
recor di ng 19Wfa6e of thiesh i ym.af ter . t.he netic .transfer .has been
performed. Note that, Fi s.%éﬁfnﬁgg%%%%dggclghgﬁagﬁ ?gPﬁ%lFo%gFlﬁaég

i1l QT oo oo AL ThRaRBELY FEORY 10nPea Taa R FR i r bct ] on

initial direct current magnetic

per pendi gHLRAELY ag.track, surface of .the of the slave nmedium2 in
advance, sg asaggkgﬁpt?gl he %%SHStP?QlPWe %&gbrgﬁn %iﬁﬁﬁéégeﬁthﬁéreof in
he surface of the recording

Caver | beorori SPEPatE KRR BR S BolaHPoRREATHE: HoCkETSBEFAEE 674 he
master NEGhYBY Bdu LU S 1A RS, RE PA LS, wth 8 maanet A fieta
is applied thereto in the direction opposite the direction in
which the initial magnetization has been performed. Fig. 9C shows
the state of the recording surface of the slave medium after
the magnetic transfer has been performed. Note that, Figs. 9A,
9B, and 9C show only the lower face recording surface 2b of the
élave medium 2. | |
As shown in Fig. 9A, an initial direct current magnetic
field Hin is applied in the direction perpendicular to the track
surface of the of the slavemedium 2 in advance, soas toinitially
magnetize the recording surface 2b thereof in one direction.
Then, as shown in Fig. 9B, the surface of the- recording layer
2b of this slave. medium 2 is conjoined with the surface of the
master medium 63, which has been provided with a magnetic layer
65 that has been unidirectionally magnetized,.to forma conjoined
body, and a transfer magnetic field Hdu is applied thereto in
the direction perpendicular to the track surface of the slave

medium 2 and opposite that in which the initial direct current

magnetic field Hin has been applied (which is also the direction
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65 that has been unidirectionally magnetized, to forma conjoined body, and
a transfer magnetic field Hdu is applied thereto in thaishdmgsdt AVOS
perpendicular to the track surface of the slave nedium 2 and opposite that
in which the initial direct current magnetic field H n has been applied
(which is also, the direction 34 8 Novenber 2005 opposite the direction in
whi ch t he*Riaghets cthenyiress isom tie whiraht dhenediguet6s Hasydeds ragngls zed)
to performthe magnetic transfer. As a result, the data (e.g., a servo
signal ) CHFespaitdling 63 bhe peetrnsjoat posd) ans gearftath itha ajdearie  on

t he data bearing surface of the master medium 63 is magnetically

t r ansf er re@ ek e dor dedesm lithe tirgnkitac (eeeQl, dangersiy fAGmab of -the slave
medi um 2, as shown in Fig. 9C. Here, an explanation has been proffered for

the perf comuespoosidiag megnaki protansionh boeribie FowakuSide aMesiel fedi um 3
to the |ower-side recording surface 2b of the slave nedium 2; however, as

shown i noFi ghes daltyy beajronti BarFhecUpEer LS ﬁssE@E%%%g. gy f;ace 2c to the
| ower - si de naster nedium 4, the magnetic transfer can be perforned the

same as fegnilte ca0WeT 5 ke FREP LHIANE SHEEAE S ' nner i
magneti zi ng the magnetic |ayer 65, which hasnb%%\}%rggﬁ%g%?ieﬁogﬁéng

depr essi sarfacki gpsobetMeen LHe mPROLLUSI 00 P Ll ons of..1he,surface of the
master nedium in advance in thrg di rectl'onso%%%??t'gntﬁé “i rglav'\hlhgﬁef he

lerrmameshacionlsed e tbr bRl LR AL LSEEIARY theamonet
magnetic transfer from the lower-side master medium 3 to the
lower-side recording surface 2b of the slave medium 2; however,
as shown in Fig. 5, by conjoining the upper-side recording
surface 2c to the lower-side master medium 4, the magnetic
transfer can be performed the same as for the lower-side
recording surface.

In thismanner, by magnetizing the magnetic layer 65, which
has been provided in the depression portions between the
protrusion portions of the surface of the master medium, in
advance in the direction opposite that in which the transfer
magnetic field is to be applied, the effect wheréby the magnétic
flux occurring when the transfer magnetic field is applied is
attracted to the soft magnetic layer 62 of the protrusion
portions is improved, whereby a favorable magnetic transfer can
be improved.

Note that as to the initial magnetic field and the transfer

magnetic field, it is necessary that a value theréfor be

determined based on a consideration of the coercive magnetic
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attracted to the soft magnetic |layer 62 of the protrusion portions is

i mproved, whereby a favorable magnetic transfer can b Nogprowed.2(NGt e t hat
as to the initial magnetic field and the transfer magnetic field, it .is
necessary that a value therefor be determ ned based on a consideration of
the coercive magnetic 35 8 Novenber 2005 force of the slave nedium 2, the
rel ative %P%ct%ﬁ% pedjumdl, tthe nabseivand@letic pedndabi19tyt he

i ke. 36 8 Novenber 2005 CLAIMS: 1. A magnetic transfer master nedi um
conpri si X thesfgstteat @ngr eviaded maidtitung , seif ake ankehi ch protrusi on
portions, which forma pattern, having a magnetic |ayer thereon have been
formed for transferring data to the magnetic |layer of a perpendicul ar
magneti c recordi ng medi um wherein said magnetic layer is fornmed while a
magnetic field is applied to the substrate in the direction perpendicul ar
to the surface thereof. 2. A magnetic transfer master nmedium conprising: a
substrate provided with a surface on which protrusion portions having a
magnetic | ayer has been fornmed for transferring data to the nmagnetic |ayer
of a perpendi cul ar magnetic recording nedium wherein a second magnetic

| ayer having a direction of
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magneti zation parallel to the easy nmagnetization axis of the magnetic

| ayer, and a coercive magnetic force larger than that 8 afowansermeaEiic

| ayer is provided between the protrusion portions. 3. A nmagnetic transfer
master nedium as defined in claim 2, wherein the second magnetic |ayer is
magnetized in the direction perpendicular to the surface thereof. 4. A
magnet i €ILRIEAsf er nmaster nmedium as defined in claim 2 or 3, wherein the
coercive magnetic force of the second nagnetic |ayer is approximately

tw ce the coér.ci vé magnetic treneéenfndsier pedpendicopkasimmgneti ¢ recordi ng
medi um 37 8 Novenber 2005 5. A nethod of manufacturing a magnetic transfer
mast er nedi imspboviaked pwer hded surthaeesenfavs o photh ugicgmupderi ons, which
forma pattern, having a nmagnetic |ayer have been formed for transferring
dat a toPeméimmgnetiichl dgun dfpadtpenpemiiind ar magaghet ilayescohefery medi um
wherein said nmagnetic layer is formed while a magnetic field is applied to
t he sub$vat &een thened r eex | brapdepeaaicdrar to the mggpehke t#eskeof. 6. A
met hod of manufacturing a magnetic transfer master nedium as described in
cl ai m 5 °twRePefRPPRHEVYRF IR 16T TePFREHAGNBEHER &P@rBRRAt is applied during

the formation of the magnetic layer is substantially parallel to
said magnetic layer is formed while a magnetic field is

applied to the substrate in the direction perpendicular to the
surface thereof.

2. A magnetic transfer master medium comprising:

a substrate provided with a surface on which protrusion
portions having a magnetic layer has been formed for transferring
data to the magnetic layer of a perpendicular magnetic recording
medium, wherein

a second magnetic layer having a direction of
magnetization parallel to the easy magnetization axis of the
magnetic layer, and a coercive magnetic force larger than that
of said magnetic layver is provided between the protrusion
portions.

3. A magnetic transfer master medium as defined in claim
2, wherein

the second magnetic layer is magnetized in the direction
perpendicular to the surface thereof.

4. A magnetic transfer master medium as defined in claim
2 or 3, wherein

the coercive magnetic force of the second magnetic layer
is approximately twice the coercive magnetic force of the

perpendicular magnetic recording medium.
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that in which the transfer magnetic field is applied when a nmagnetic
transfer is to be perforned. 38 ABSTRACT MAGNETI C TRANGRERIASTER IVED UM
MAGNETI C TRANSFER METHOD, AND MAGNETI C TRANSFER MASTER MEDI UM FORM NG
METHOD A favorable nmagnetic transfer is performed to a perpendicul ar
magnetic recording nmedium A master nmediumis provided with a substrate on
the surface of which protrusion portions, which forma pattern
corresponding to the data that is to be transferred, having a pliable

| ayer thereorf-havét eghodf of neahufFrsumasy ez mediapici sraus fdrermgrtevi ded with
a soft magnetic layer fornmed in the.depression portions between the

pr ot r usi®eELIPHr Prorsdedndi Whi eh sug faagneni cdlich lprnkedstan thertisofst magneti c
| ayer of the protrusion portions. The soft magnetic |ayer of the surface
of the piécPusPER PoPAtiITE. i Savdng ok neanafiich lalier nbgvetbes ebtomdidng | ayer
of a perpendicular magnetic recording nmediumto forma conjoi ned body, and
a transf traphetici oy elagai §oappri BaIRet itchd ayen] 6f nedpPboEsrdiruliss
direction fromthe substrate of the master mediumtoward the slave nedi um
to perf GRFPERES NERFITEEE Bt iehdfmer wherein

said magnetic layer 1is formed while a magnetic field is
applied to the substrate in the direction perpendicular to the
surface thereof.

6. A method of manufacturing a magnetic transfer master
medium as described in claim 5, wherein

the direction of the magnetic field that is applied during
the formation of the magnetic layer is substantially parallel to
that in which the transfer magnetic field is applied when

a magnetic transfer is to be performed.
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ABSTRACT

‘MAGNETIC TRANSFER MASTER MEDIUM; MAGNETIC TRANSFER METHOD, AND
MAGNETIC TRANSFER MASTER MEDIUM FORMING METHOD

A favorable magnetic transfer is performed to a
perpendicular magnetic recording medium. A master medium is
provided with a substrate on the surface of which protrusion
portions, which form a pattern corresponding to the data that
is to be transferred, having a pliable layer thereon have been
formed. The master medium is further provided with a soft
magnetic layer formed in the.depression portions between the
protrusion portions, and which is magnetically linked to the
soft magnetic l.ayer of the protrusion portions. The soft magnetic
. layer of the surface of the protrusion portions is conjoined
with the magnetic recording layer of a perpendicular magnetic
recording medium to form a conjoined body, and a transfer
magnetic field is applied to the conjoined body in the direction
from the substrate of the master medium toward the slave ﬁedium

to perform the magnetic transfer.

Figure 1
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