21 Novenber 2005 MAGNETI C TRANSFER METHOD FOR A HI GH DENSI TY MAGNETI C
RECORDI NG MEDI UM BACKGROUND OF THE | NVENTI ON  Fi el d of1 Naeerpatreagioson The
present i‘nvention relates to a magnetic transfer- nethod 'of nagnetically
transferring a predeternined data such as servo data or the like, and in
particular to a nethod o erform ng magnetic transfer to a high-density

" magnet i cMA@@EF&ﬁnﬁRﬁﬂaFm P iFOR 8rHLFH t PRNSET ¥ MACHET I GRESIGHI NG

speaking, with regard to-nagnetic storage nediuns, there is a.demand-for

i ncreased storage capacity and | owMEDSUM Furt her desired are so-called

hi gh-speed access nedi uns; which are capabl e of advantageously readi ng out
the data of a specified location in a short tine: At present, a new type
of magnetic recording medi um which conprises two magnetic |ayers
separated by a coupling |IEnEHGHEN®DOITHRItTeMENTTONUti | zi ng
antiferromagnetic coupling (AFC) to realize an. remarkable increase in
recordi ng capacity is .beingidevebepeHe THREHtAQN Nedia type is sonetines
referred to as a "Synthetic™ Férromagneti ¢ Vedra™ (SF nedia). AFC nedia are

characterized Thy gagSeRt LhOeRRYPRLLE1LAYEN 80NAVINA %r{e%%l%e%?a‘ﬁ%'f%roppos' te
magneti'zation directions, by providing a nonmagneti ¢ coupling [|ayer

bet ween m@ehbaﬂoﬂ&%é@léél/fﬁstra%@f@ﬁisn&f Ay AE0Shided data such

as servo data or the like, and in particular to a method of
performing magnetic transfer to a high-density magnetic
i recording: medium,

Description of the Related Art

Generally speaking, with regard'to magnetic s{:orage
mediums, there ié a .demand -for increased storage capacity and
low cost. Further desired are so-called high-speed access
medi}zms, which are capable of advantageously reading out the.
data of a specified location in a short time. At present, a new

- type of magnetic recording medium, which comprises two magnétic
’layers separated by a coupling layer formed of ruthenium,
z;,; .util'izing antifei:romagnetic coupling (AFC) to realize an
remarkable,increase in recording capacity is being developed.
- This new media type ié sometimes referred to as a “Synthetic
'Ferromagnetic Media” (SF media). AFC media are characterized
by each of the magnetic layers having respectively opposite
magnetization directions, by providing a nonmagnetic coupling
layer between the two magnetic layers. Examples of high-density

magnetic recording mediums in which the thermal stability of



magnetic recording nediuns in which the thermal stability of 1 21 Novenber
2005 the antiferromagnetic coupling between two magnept dlov@yib&s2008n  be

i nprgved and the recording density further increased have .been proposed

i n Japanese Unexam ned Patent Publication Nos. 2001-56921, 2001-56922, '‘and
2001-56925. Wth regard to this type of high-density magnetic recording
medi um  s@heakheilf éF 26kaHHe 6L WirSIC i i ' ad
accurately scans the t'ra%‘k Wi dﬁb t%L h%@ﬁ%g{%eegﬁﬁfvghﬁhgrké%@%fgggﬁ i zed

in the sape mmphedeasahar th@eregégpghgcdéﬁgﬁEgg @igﬁqglgku?ﬁci'gggeﬁs nE08

conventional hard disks or flexi | sSks us onmega) drives or

onvent | | _ o
Lechnol o0y st BEoFpdct o1 e ragre, OpRARnERED, galeaky 2RI oRatgolimos,

advance m@g@nggggh§kzbgﬁgg@gggctgkngpﬁgagggégnt, a preformat such as

t hat described above enploys a §pécra 0 recordi ng apparatus, and
Is fornmed by c | Ng agnetic head t oach the disk, and witing

t he signal oneqﬁfgﬁkréggga?gﬁeéh%ﬁi %p?h%gdﬁggﬁrgeﬂﬁ?gé P8PREEYC Because

t he servo is . recorded for.qne disk at a tinme, on one track at a tine,
a signif?%géﬁdéﬁgﬁ% iy See cpd Fﬁth?ﬁﬁl?grs?¥ﬁp[5@§¢6¥¥Hﬁ9ﬁ'nﬂhe66épation,
gi vi ng. r'ﬁerhg a_Eroq%e W th respect to.the nanufacturin% efficiency.
Further, aritHOUgR the ‘?‘ﬁar%r‘?é{cf“br LY fCqe tAsctiedikawitgdth to achieve

a high S/N ratio, is utilized in the same method as for the

magnetic recording mediums such as the conventional hard disks

C

or flexible disks used in ZIP (Iomega) drives or the like.

The servo data required to implement the tracking servo
technology must be “preformatted”, that is, recorded on the disk
in édvance when thedisk is manufactur‘ed. At present, a preformat
such as that described above employs a specialized servo
recording apparatus, and is formed by causing the magnretic head
to approach the disk, and writing the signal one track at a time
while the disk is being rotated. Because the servo data is
recorded for .one disk at a time, on one track at a time, a
significant amount of time is required for the preformatting
opération, ‘giving. rise to a problem with respect to. the
manufacturing ef‘ficie‘ncy. |

Further, although the magnetic data of the AFC media is
‘recorded and ‘reproduced by scanning the track thereof with a
magnetic head‘in-thelsame method as for conventional magnetic
recordihg.media;_bécause'the size of the magneﬁic head is

relatively large in comparison to a magnetization region, a



recorded and-reproduced by scanning the track thereof W t,2nyBIRGHC
head. in, the* sanme nethod as for conventional nmagnetic

recordi ng: medi . a, -. because the size of the magnetic head is relatively

| arge in conparison to a nmagnetization region, a 2 21 Novenber 2005
magnetic field producing noise on the inverse nmagnetization portions is

i nadver t 8R9MFEHIGied 4 karadusing ingigerathdihe ivsemsse nagneatdgradtion fi el d
is applied not only to the upper nmagnetic |layer but also to the |ower

| ayer of RHE1ORS degrapidyentardrly, afmlied $herete .t Stotheurdmui ng
accuracy of the AFC nedia due to problens such as the disorder caused in
the nmagheCiavss dies aigeedfia Hd dlavers repgridteicc nlody emlyt her efter eypper
reproduction signal having a favorable SIN rati o cannot be .obtained

t her ef r omagheftdvol apke lsetval seprodist lowesi gagbrnvistthdewabimignedicn or der
to accurately control the track position. If the SSNratio of the servo
repr oductliegersi,gnakref ia selvmitstgnahe tiadotdinhdesioradpromited aby use of
a servo recording apparatus is not favorable, such a situation beconmes an

obst acl emetid at beepebf praBNemsOfsuaH awordkl gikbaekirn @SR ifingld on. An
accurate and efficient preformatti ng nethod, wherein a pattern bearing

servo damagnehtiichthas HegBel FMEle Olbwe MBRiflet BAIMBYr | $HERYIRICAL! Y
transferred to a nagnetic recording nedium has beén proposed in Japanese
Unexam neépPatiaBtibubkigakionaNesy @3Eh988hni83828 rHRGHIWInAPo 44 and
obtained therefrom. A favorable servo reproduction signal must
J) be obtained in order to accurately control the track position.
If the S/N ratiq of the servo reproduction signal of a servo
signal that has been preformatted by use of a servo recording
~ apparatus is not favorable, such a situat_:ion becomes an obstacle
to the performance of a favorable tracking servo function.
An accurate and efficient preformatting method, wherein
a pattern bearing servo data, which has been formed on a master
medium, is magnetically transferred to a magnetic recording
-medium, has been proposed in 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 ﬁneven pattern corresponding to the data
that is to be transferred to a magnetic recoraing medium (a slave
medium) is prepared. By bringing this master medium into close

contact with a slave medium to forma conjoined body, and applying

a transfer magnetic field thereto, a magnetic pattern



10(1998) - 269566. According to these magnetic transfer technol ogies, a
mast er medi um havi ng an uneven pattern correspondi ng 2pNbienskatzaost hat i s
to be transferred to a magnetic recording nedium (a slave nmedium is
prepared. By bringing this nmaster mediuminto close contact with a slave
mediumto forma conjoi ned body, and applying a transfer magnetic field

thereto, eorpgneindipatierthesd Elcdoamgr a2085ve0kE8aR2NdbBGnk 0ok hgnglat a
(e.g., a servo signal) ‘borne on the master nediumis transferred to the

sl ave -nedhasted Need Pief D§ MeEdh 85e £284 e PER 05 1BF Wak HOUL . CPABYI N the
relative positions of the master nedium and the slave nediumthat is,
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possi ble to performan accurate recording o e pr dat a,
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short time. Accordingly, it can be considered that this method"
is applicable in transferring a magnetic pattern to AFC medi.a,
L also.
Tﬁere has been proposed, 'as described in Japanese Patent
Application No. 11(1999)-117800, an extremely favorable
magnetic transfer method ofrtransferring data to a conventional
. magnetic recording medium, comprising the steps of subjecting
the magnetic layer of a slave medium to an initial magnetization
process in advance, and then applying a transfer magnetié field
to the slave mec_iium, which has been conjoined with a master medium,
in the direction opposite that of the initial magnetization.
However, the magnetic transfer methods proposed.thus far
have presumed that the transfer would be performed to a
conventional single magnetic layer; the ‘performance of a
transfer to an AFC media with én antiferromagnetic mégneti'cally
coupling two layers, has not been considered. Because t.he
structure of a conventional magnetic recording medium and the

AFC medium are different, if a conventional magnetic transfer

method is employed to performa magnetic transfer to an AFC medium,



to the slave nedium which has been conjoined with a master nmedium in the
direction opposite that of the initial magnetizati on.2Hdwaneber 20082 nagneti c
transfer nmethods proposed.thus far have presuned that the transfer would
be perforned to a .conventional single nagnetic |ayer; the performance of
a transfer to an AFC nedia with an anti ferromagnetic nmagnetically
coupling two | ayers, has not been considered. Because the structure of a

conventi onal,, NRONELIG, r @605 HiG r@@ln%ban@sth@t BB sl urprare sdié f erent,
if a -conventi onal magnetic transfer nethod is enployed to performa

nmagnetic transfer;toanARGymedium 4. 21 Novepbals 2005, 4% .a8C0H at ke

favor abl e transfer is not obtained; therefore, there is a denand for a

magnetic tr gt ; et hod,fo the properties of AFC nedia. SUMMARY OF. THE
| NVENTI ON é%%%’ di nent s ogxthg present invention seek to provide a magnetic

transfer method capable of fgﬁ&bggl Ftﬁﬁﬁ%%%ﬁﬁkﬂﬁua magnetic pattern to AFC

media. According to an aspec I'nvention, there is provided a
magneti c transf the steps of
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magnetic pattern to AFC media.

According to an aspect of the invention, there 1is
provided a magnetic transfer method comprising the steps of:
performing an initial magnetization process on the prepared
magnetic recording layer of a high-density magnetic recording
medium comprising a substrate, a first magnetic layer formed
on the substrate, a nonmagnetic coupling layer formed on the
first magnetic layer, and a second magnetic layer of which the
magnetization and coercive magnetic force thereof 1s larger
than that of the first . magnetic layer, formed on the
nonmagnetic coupling layer, to uniformly initially magnetize
the first and the second magnetic lavers of said high-density
magnetic recording medium magnetic layer so that the
respective magnetization directions thereof are oriented
mutually antiparallel, and

Performing a transfer process of conjoining the magnetic

_recording layer of the high-density magnetic recording medium,
which has been initially magnetized, with the magnetic layer,

which is formed in a pattern corresponding to the data to be

transferred



on the substrate, a honnagnetic coupling layer forned on the first
magnetic | ayer, and a second magnetic |ayer of which 3hgovamtgnetdxati on and
coercive ‘magnetic force thereof is larger than that of the first magnetic
| ayer, formed on the nonmagnetic coupling layer, to uniformy initially
magnetize the first and the second magnetic |ayers of said high-density
magneti c £&gGgLdi i }.C r thile- th Y&neti |
magnet i zat'(lgon dwgggﬁgg%%gggéb#%ﬁfiOe%%egﬂéwt@gl(Ii%/@int par%ll?e c and
Perform feri:process. of jsQl DI ' recordi ayer
of the hi SreUEaany pRiaible 63% Baghgti) ERA5ERE SRR reasBE el RO YD
magnetized, w.th th netic layer, which is forned.i.n a.patfern '
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magnetic recording | ayer, of_a the high-density. etic recordjng medi um
or 25 gt So§ PERFEHY i e R 20 TERTNLEE CHTg e EOAYE L an

appl ying a. transfer magnet ic field to the conjoined bodé ]iln the direction
opposi t e TheS PR 5EE APCHIY BRPPSA1GH L3 FRT SEBRENARYARLIY YE3RFL%D
magnetically transfer the pattern corresponding to the data, wherein the
initial ﬁﬁﬁ%é@@%%ﬁ?%npﬁﬁ¥R§ESPQ%ﬁ%i%@st%ﬁ APty MLEEI%irst magnetic field

of a magnitude | arger than twice the coercive magnetic force of the second
magneti c |ayerjjghdnﬂﬁéﬁl magnetization process consists of applying a

first magnetic field of a magnitude larger than twice the
‘coercive magnetic force of the secénd magnetic layer, and then
applying a second magnetic field, which is of a magnitude that
inverts the magnetization of the first magnetic layer and does
not have an effect on the second magnetic layer, in thé direction
opposite that of the first magnetic field.

Hére, the expression “*touniformly initiallymagnetize the
first and the second magnetic layers of said high-density
magnetic récording medium magnetic layer the so that the
respective magnetization directions thereof are oriented
mutually antiparallél,” refers to the performance of the

- magnetization, over all regions, so that the first magnetic layer
is magnetized in one direction and the second magnetic layer
is magnetized in the direction opposite said direction of the
magnetization of the first magnetic layer.

The expression “conjoining the magnetic recording layer
of the high-density magnetic recording medium, which has been
initiallf magnetized, with the magnetic layer, which is formed

- in a pattern corresponding to the data to be transferred to the



appl ying a second magnetic field, which is of a magnitude that inverts the
magneti zation of the first nmagnetic | ayer and does n»t Nbessbear2066f ect on
the second magnetic layer, in the direction opposite that of the first
magnetic field. Here, the expression "to uniformly initially nmagnetize the
first and the second nmagnetic |ayers of said high-density magnetic

recor di ngmagde tie "BEOSEE Lnd aVLfet NOF S® th@thiNe- d&e$PEF IhygnaBHRet | zation

directions thereof are oriented mutually antiparallel," Tefers to the

per f or ManggcO+diNg mdBIRE! bEa! HAYnUSY t2hhs EEDI oSty t RS #d et

magnetic |ayer is magnetized in one direction and the second magnetic | ayer
i's magnetj zgg, 4 b ' t. i sai ' ' t
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magneti zation © expres conjoining the
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whi ch has been ini y magn e magh ayer;

formed i tfern_correspondi ng t he data to he tra erred to the 6
3 Noventir BEALE BrBBREENERIAAL OF titn P & hE AR AR ThE et
recor di ng_nmedi of .a magneti ¢ transter. master medium to form a

oot nodr BattA e Rerd ol RET adatn £ Rbp T iee Fho e EbmbLetedinthat ang
mai ntai ning a uni formdi stance separating the respective opposed surfaces
of the na%“tgeﬁalrfgdﬁﬁﬁ%ﬁ‘l the® $t recording medium but also to the

bringing into ql%rrpl ef.e cont act .
e referent of “the data to be transferred to the magnetic

recording layer of a mag-netic recording medium” may be servo
L./ : data, for example, but not limited thereto.

Note that, in pérticular, by passing the transfer magnetic
field through the second magnetic layer and the magnetic layer
of the master medium so that said magnetic field does not affect
the magnetization state of the first magnetic layer when thé

- transfer magnetic field is applied, the second magnetic layer
can be magnetized in a pattern form; wherein, it is desirable
that through the coupling by the nonmagnetic coupling layer
between the second magnetic layer magnetized in a pattern form
and the first magnetic 1ayér, the first magnetic layer is
magnetized in an antiparallel direction to the patterned

- magnetization of the second magnetic layer. The
expression “magnetized in a pattern form” refers to the
magnetization of each region of the magnetic layer in either
the direction of the initial magnetization or the direction
opposite thereto, so that the entirety thereof forms a pattern.

The expression “the first magnetic layer is magnetized in an



of said respective surfaces. The referent of "the data to be transferred to
the magnetic recording |layer of a nmagnetic recordi ngZhiidvamiier 2805 be servo
data, for exanple, but not limted thereto. Note that, in particular, by
passing the transfer magnetic field through the second magnetic |ayer and
the magnetic layer of the master nedium so that said magnetic field does .
not affect the magnetization state of the first magnetic |ayer when the

transfer magaetiparbietd dsSrapfibhede the seoitheangaghétidajyen ocadhbe
magnetized in a pattern form wherein, it is desirable that through the

coupling by §d@monaBgratiicc T4 Ngefa)er tobainteepet henseeend MaghRet i C
| ayer nmagnetized in a pattern form and the first magnetic | ayer, the first

magnetic | aygdgreti-AROHEt k3edHaR aheanhdprfrakhelodi eettOibnt 0ot heapatt erned
magneti zati on of the second magnetic |ayer. The expression "nagnetized in

a pattern forddidnef ges i t kerséagnpehbeati anvel eagh Jreghesy ofint hengagnetic
| ayer in either the direction of the initial magnetization or the

direction oppOSi;te & L%9onSAd hilat NEreRLIChetYJiRAr & LREMBeBoRAt L ErN.
The expression "the first magnetic layer is nmagnetized in an 7 21 Novenber
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magnetic | ayer refers to the performance of the magnetization so that the
nagnetizaIicthynggtiggbpﬁ each
Note that the referen£ of "said magnetic field does not
affect the magnetization state of the first magnetic layer™
is not that the magnetic field does not enter the first
magnetic layer, but that no direct change 1s caused to
magnetization of the {first magnetic layer even 1if said
magnetic field enters the first magnetic layer. Further, the
thickness of the ﬁmgnetic layer of the master medium, the
permeability (material} of the magnetic layer of the master
medium, the separation distance between the master medium and.
the magnetic recording medium, the form of the patterned
magnetic layer of the master medium, etc., may be controlled
so that the magnetic field of the transfer magnetic field
does not effect the.magnetization state of the first magnetic
layer.
Disclosed herein is an embodiment of magnetic transfer
‘method of the present invention comprising the steps of:
performing an initial magnetization process on the first
magnetic layer and the second magnetic layer of the high-

density magnetic recording medium, wherein, said first and



region of the first magnetic layer is oriented in th e opposite direction
to that of each region of the second nagnetic |ayer ZpNoespesrdoog t o each
said region of the first magnetic |layer. Note that the referent of "said
magnetic field does not affect the magnetization state of the first
magnetic layer" is not that the magnetic field does not enter the first
magnetic |ayer, but that no direct change is caused to nagnetization of
the first nmpgnetisechbayermayenitl sdiedts magneidie figld eater sudiferhiy st
magnetic |layer. Further, the thickness of the magnetic | ayer of the naster
medi um t hemapesieabl |44 YehoBt @hbalespbcthee Ma@pabi Lzdraxvar Hfrddigeonast er

medi um the separation distance between the master nedium and the nmagnetic

recordi ng medituBr the Hordndly hieupatt erned magnetic |ayer of the master
medium etc., may be controlled so that the magnetic field of the transfer

magnetic field does not effect the magnetization state of the firs t
magnetic layer. Disclosed herein is an enbodi nent of. nagnetic transfer
nmet hod of the present invention conprising the steps of: perform ng an
initial nmagnetization process on the first nagnetic |ayer and the second
magnetic | ayer of the high- density magnetic recordi ng nedium wherein,
said first and 8 21 Novenber 2005
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said second magnetic | ayers magnetic |layer are uniformy nagnetized so
that the respective magnetization directions thereof2@aKevepibez2008 nutual |y
21 Novenber 2005 antiparallel; and a transfer process of conjoining the
magnetic |ayer of the high-density magnetic recordi ng medium which has
been initially magnetized, with the magnetic transfer master nedium. to

forma coapeipadabdy; AeladPPhisfdr PrdcRRS 6F cIPI iy thel dagRethe
-conj oi ned body to nagnetically transfer the magnétic pattern; wherein, the

initial -”B_Q?éi:iclﬁtﬂh%”hi?ﬁ‘)&@ﬁ%_i%?”ﬁééﬁét?é AR MY dddingd, WRYReIhEsTiel d
of a magnitude larger Than twcé the coercive nmagnetic force of the

second megaghi $nlaYE{1 g’?%%ﬁ?ﬁng‘ﬁglMi%a?hé%g%ﬁggn?%%ggféglHaftwi chis

of a magnitude that In e magnetization of | _rragnel_clay_er
s AR S SR Al
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favorable_initial magnetization state, it,becones ossible to obtain an
out put siFRAF FATHF 1% aﬂ’%f%}?\gr%t%b?s? H“?J%?‘F]E')%GI QF?TByOSaQ‘si ng the

transfer magneti¢ field through,the second nmagnetic | ayer and the nmagnetic
nﬁ.'%utu e larger than twice the coercive magnetic force of the

| ayer of
secondmagnetic layer, and then applyinga second magnetic fielid, -
- which is of a magnitude that inverts the magnetization of the
first magnetic layer and does not have an effect on the second
magnetic layér, in the direction opposite that of the first
magnetic field; whereby, the magnetization of the first magnetic
layer and the second magnetic layer can be stabilized in a state
of mutually antiparallel orientation, and a favorable initial
magnetization state can be_ obtained. By performing the transfer
. of amagneticpattern to a high-densitymagnetic recording medium
having a favorable initial magnetization state, it becomes
posegible to obtain an output signal having a favorable S/N ratio.
In particular, by passing the transfer magnetic field
through the second magnetic layer and the m.agnetic layer of the
mas_ter medium so that said magnetic flux does not affect the
magnetization state of the first magnetic layer, the second
magnetic layer can be magnetized in a pattern form: wherein,

if the magnetization of the first magnetic layer is caused to

.be oriented mutually antiparallel in relation to the patterned



master nedium so that said magneti zation state of the magnetic flux does
not affect the first nagnetic |ayer can be magneti zed21 Nbvdnhter@egget i zati on
of the first be oriented nutually antiparallel nmagnetic |ayer, the second
in a pattern form wherein, nmagnetic layer is caused to in relation to the
patterned 21 Novenber 2005 nagneti zation of the second magnetic |ayer

t hrough thegoetipkahfionhyf tthe sesoRdReRignetdieuphiag tRyREgtHheohpl Shg
magnetic | ayer and the second nmagnetic |ayer, the first nagnetic | ayer,

whi ch  habybeks magnejieeic | doasivans a.ayeaceirvesengiettephgheemt heyer
transfer magnetic field, which is a potential source of disturbance;

because tagditivelsdchdpeBeki:aat 1890 the it maRRstd iak@)é?rwll? CRIMES
thermally stabilized by only the attion of the magnetization of the second

magnet i c hayeﬁe@ﬂ%agﬁetﬂggaagﬂeagsaﬁeé'fL&eggelifsg enbt fo@ggﬂér%if/%%t e

signal pattern can be transferre Fur the data

o gnal s, ST o T Lo PR PR SBuBEESFL Dot or e
onto @  djsturbance; because the inversion magnetization of the first -
magnetic layer becomes thermally stabilized by only the action
of the magnetization of the second magnetic layer and the
nonmagnetic-coupling'therewith, a more accurate signal pattern
can be transferred.

Further, if the data borne by the magnetic transfer master
medium of the present invention are servo signals, a favorable
transfer of the servo signals can be easily performed onto é
high-density magnetic recording medium; whereby preformatted
magnetic recording mediums can be manufactured efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of thermain‘parts of
a master medium and & magnetic recording medium,

L’_ Figures 2A, 2B, and 2C are views illustrating the basic
précesses of the magnetic‘transfer method according to the

- present invention-

Figure 3 is a graph of the hysteresis curve of a
high~density magnetic recording medium,
Figure 4 is a drawing illustrating the magnetic field

applied in the performance of the initial magnetization process,

and

10



hi gh- den5|ty magneti c recording nedlun1 mhereby prefornatted magneti c
recordi ng nmediuns can be manufactured efficiently. BR NHbvddhiszR0BTI ON OF
THE DRAW NGS Figure 1 is a cross-sectional view of the main-parts of a
master nmedi um and A magnetic recordi ng medium Figures 2A, 2B, and 2C are
views illustrating the basic processes of the nmagnetic transfer nethod
according to th&igpresedd,i AdenhdoBCFagar dr3vwiaga dgiapbtoitihe hiseteresis
curve of a high-density magnetic recording medium Figure 4 is a draw ng
i | | ustrat imagnetd zesgoet s¢atbebtl thapflired mnaghbeipeldpsrancetht kBeohaiti al
magneti zati on process, and 10 21 Novenber 2005 Figures 5A, 5B and 5C are

dr awi ngs ‘mebunetriat lageirhe nmagnetization state of the first magnetic |ayer
and the second nmgnetic |ayer. DESCRI PTION OF THE PREFERRED ENMBODI MENTS

Hereinafter the prebestedrerbadbientsObriRERRESS ERBODAYARET ON Wi ll be
explained with reference to the attached drawi ngs. First, a magnetic

transfer master yepdi HEFHE@dLh8 pPEEL PEA] PRLhE Bfaﬂﬁeeﬁf:feséﬂg a

magnetic recording medium which is s ave neglunt for receiving the

nmagnetic §(aB5ke6Al qufl Beedebeh Mhogdydeharbeaehile TRIPAL! SrELangke

mast er medi um
drawings. First, a magnetic transfer master medium used in

performing magnetic transfers, and a magnetic recording medium,
which is slave medium, for receiving the magnetic transferal
. of predetermined data from the magnetic transfer master medium
will be explained.
Fig. 1 is a cross-sectional view of the main parts of a
- magnetic recording medium 1 and a master medium 10. The magnetic
recording medium 10 is an AFC recording medium comprising a
magnetic layer 6 having a substrate 2, on which are formed at
least a first magnetic layer 3, a nonmagnetic coupling layer
4, and a second magnetic layer 5. Aithough the substrate 2 shown
in Fig. 1 is provided on only one surface thereof with a
record/playback layer 6, a record/playback layer can be'provided
on both surfaces of the substrate 2., The first magnetic layer
3 and the second magnetic layer 5 are provided with a property,
due to the antiferromagnetic coupling via the nonmagnetic
coupling layer 4, whereby the magnetization of said magaetic
layers is oriented in opposite directions. Note that substrate
11 can be a hard base or a flexible base. Further, the second

magnetic layer 5 is formed of a material of which the coercive
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will be explained. Fig. 1 is a cross-sectional view of the main parts of a
magneti c recording medium 1 and a master medium 10. TheNeeghiedri2005r ecor di ng
medi um 10 is an AFC recordi ng medi um conprising a nagnetic |ayer 6 having
a substrate 2, on which are formed at least a first nmagnetic layer 3, a
nonmagneti c coupllng | ayer 4, and a second magnetic |layer 5. Al though the
subst r at emagshtiin foncéﬂ@pzjther¢mbvmﬂedf@nmaghytude Jurfaeechharendtwith a
record/ pl ayback | ayer 6, a record/playback |ayer can be provided on both '

surfaces of the cotsdial madnethie Foiret HBUNGE ithd @yest Ragndtihelggennd
magnetic layer 5 are provided with a property, due to the
antiferropmagnetic coupling via the nonmagnetic coupling |ayer 4, whereby
t he magneti zation of said magnetic layers is oriented in opposite

di rections. Notﬁufﬂaérs%%tzﬁ@é@er kG ?@ i3 b@-frﬁe@%ea&%n@a fﬂa@?‘ﬂ%ﬁ base.

Further, the second nagnetlc ayer 5 1s fornmed of a materia ich the

coercive ggd2é0ﬁ5y§$ggr a 2005 PRIPEL i £ égégg E52, t{ﬁ%f§¢ ﬁh@%egf fmghpi t ude

| ar ger than t hat the coercive magnetic orce Irst magnetic

I f I k, d
vy 2k een HUE BRI PR MR, ol PUSGeed 1R O gk o

conprises a su a SUI’ ace ereo

fgr [ ﬁzpﬁan%%@gaig ;{}ga}ggltsgft(oe beJ t’ra%esrf/e%resd %%atﬁ)a }nga}ie!tict ?ag%rt %anff erred
the magnetic recording medium 1, and a magnetic layer 12 formed
over the uneven pattern of the substrate 11. By forming the

i:) | magngtic layer 12 over the uneven pattern, the master medium
10 is provided with a patterned magnetic layer (a soft magnetic
layer) as a result. Note that the master medium 10 is not limited
to being of the configuration according to the current
embodiment: the magnetic layer can be formed on only the upper
surface of the protrusion portions of the uneven pattern; or
a master medium having a flat surface formed by filling in the
depression portions of the uneven pattern formed thereon with
a magnétic layer, thereby forming a pattern co;responding to

iufl the data to be transferred as a result, can also be_employed.
For cases in which the substrate 11 is formed of a ferromagnetic
material such as Ni or the like, it is not necessarily required
that the magnetic layer be provided; the uneven pattern provided
on the surface of the substrate serves as the eqﬁivaient of the
“patterned magnetic layer.”

Still further, if a protective film such as Diamond-Like

Carbon (DLC) or the like is coated on the topmost layer, this

12



the magnetic recording nedium11, and a magnetic |layer 12 formed over the
uneven pattern of the substrate 11. By forming the nmayNevémbéray0es 12 over
t he uneven pattern, the master nmedium 10 is provided with a patterned

magnetic | ayer (a soft magnetic layer) as a result. Note that the master

~Curr ont DraRs s dridndd EReCehCRek B Al Tk s B5RR) ShechRper

surface _of the protrusion poriions of fhe uneven patfern; or ,a,nmaster

redi um BRRAGTAC] S SO FESRES MAPHRh byt Tant FPRG- | ALFRe Sd8piseenon
portions of the uneven pattern f ornmed thereon with. a magnetic |ayer,

t her eby ﬁﬁﬂapilﬁgt AR FREHORALGATS O Hd Utk crhbe PERYI@*ded as a
result, can also be enployed. _For cases jn which the substrate 11 is
formed & anfUNKSHAEYRet PE thPeFiRIotRhL ¥ IRYest ipHerdekEo iHPTaveot
necessarily required that the magnetic |ayer be provided; the uneven

pat t er n §heowd ctorharasiarislcecf the substrate serves as the equival ent
of the "patterned magnetic layer." Still further, if a protective film
such as Di anoAdeLiRgneCichémapbEeyr oF phefpiried dncbheettaba viherebpnost

| ayer," this 12 21 Novenber 2005 protective filminproves the contact :
dur abi | ith, senfbbengf tithe meemedriraneesootlingl mépi emnagmet thetmaguedéeis. Al so,
a silicon layer applied by a sputtering process or the like can be

provi dedayas b3 afhdée hayeeraiedien DIOCape dimmiglvie ireyeantdmatoiesiined i nprove "

in complete contact, or in the state wherein said magnetic layer
6 and said magnetic layer 12 are opposed and brought into
proximity to each other, and maintained at a uniform separation
distance.

Figs. 2A, 2B, and 2C are drawings illustratincj the basic
processes of this magnetic transfer method. Fig. -2A shows a
maghetic recording medium that has been subjected to an initial

- magnetization process. Fig. 2B illustrates the process wherein
the mastervmedium and the magnetic recording medium are brought
into close contact to form a conjoined body and a transfer
magnetic field (Hdu) is applied thereto. Fig. 2C illustrates
the -magrietization state of the magnetic recording medium after
rthe fnagnetic transfer has been performed; each of the Figs. 23, -
2B, and 2C are cross-sectional views of a portion of the track
along the lengthwise direction thereof. Note that in Figs. 2A,
IZB, and 2C, as to the magnetic recording medium 1, only the
magnetic layer 6 thereof is shown.

Next, the initial magnetization process will be explained

13



t he contact characteristics. The magnetic transfer is performed in the
state wherein the surface of the magnetic recordi ng medicusmBeratdst he
magnetic |ayer 12 of the master nedium 10 are brought into and maintai ned
in conplete contact, or in the state wherei n said magnetic layer 6 and

said ma 2.ar B ht _i.nt rox1n1t t o, each
ot her, g%ghlﬁglen f#\%]é g?leemﬁcgﬁ?é%ﬁfn para Flg'ns -l s Hr gl g?ﬁtlfB and
2C are drawings illu tratln %6£$€ rocesses of this gnetlc transfer
ret hod, HEEPE %Fla‘% RRERB i CERCRERL IR LAYSES] ect ed
to an i ma netlzatlo grocess . 2B illustrates the process
wher ei n Hﬁ?? WS GedRtth B @ﬁgnﬁﬁbﬁeF?EOF@éBHdﬂﬁqeﬁﬁd@Eﬁlare br ought
into close contact-to forma conjoined body and a transfer magnetic field
(Hdu) | LHpbiserragretbcakly. couriedusthat bysteresiggsarveatheresifat e of
t he nagnetlc recording nmediumafter the nagnetic transfer has been ,
per f or med: £ g ofomhehat gef 2Aconyentipdachagb-deosdtyeneiooeslicvi ews of a
portion of the track along the |lengthw se direction thereof. Note that in
Figs. 2AecaBlinmdiedivashavingea nagnel¢ cnagoeticngayedi urmslshorhyinhe
magnetic layer 6 thereof is shown. Next, the initial magnetization process
will be Bl aF ma&mthmtm&mmoé shetdikivo mdmaARC redenm 1,
which is a high-density magnetic

is represented by a hysteresis curve having a step at a portlon

thereof, and which also has a minor loop L2 based on the
(.‘ antiferromagnetic coupling. If the magnetic récording medium

1l having a hysteresis such as that described above is subjected

to a conventional initial magnetization process consisting of

applying‘an initial magnetization field unidirectionally along

the lengthwise direction of the track thereof, although the

magnetization direction of the second magnetic layer 5, which

is the upper magnetic layer, becomes the same direction as that

of the initial magnetization field, due to the action of the

antiferromagnetic coupling represented by the minor loop L2,

the magnetization direction of the first magnetic layer 3 is

not stable; therefore, it is difficult to obtain a the ideal

state in which the magnification directions of the first and

second magnetic layers 3, 5, respectively, are oriented

antiparallel.

Therefore, according to the current embodiment of the

present invention, as shown in Fig. 4: first, a first magnetic

field H1 having a magnitude HA that causes both the first and

14



recording nmedium is provided with two nmagnetic recording layers 3, 5.
Because .said two magnetic recording |ayers are antiferrRomrgnsirizoes! y

coupl ed, the hysteresis curve thereof differs fromthat of a conventional
hi gh-density nmagnetic recordi ng nedium having a single nmagnetic |ayer, as

hown in _ Fig, 3; wherejin th ti f h_of. said two, ti
Cayers 1S PEPEUBREEE 1775 T3 Sl e40s cai @amipirg oF BRRCHt 22 i ehr i on

t her eof ,, and whi .sq has .a mi | L2 based, on the antjf ti
coupl | nih S PPRINEBHEtE SRR SHEBRLERel [RAVERYLAoH4FBFBLPE Sheh as

t hat described above is subjected to a conventiognal initial nagnetization
process 6hEFeEkagRan, ppINAGy Eite aftthe meagsédic bl ¢bd is gradually
unidirectionally along the |engthw se direction of the track thereof,
al t hougladieashiynang st | BENd sgnat it Fireld bt vireme? i Bagriewds, which
is the upper nmagnetic |ayer, becones the sane direction as that of the
i nitial Hradhett Zavieatsf itoledmagnetisathenaefi theofirht magnétéer bapgnetic
coupling represented by the mnor |oop L2, the magnetization direction of
t he first amdghasino lefiferct3 onsthactagiaibl mtidw el dhe, setond mhdfiecikt to
obtain a the ideal state in which the magnification dire.ctions of the
first addyesecond apgheedcinayer siedd iorespecidived vhaar efothenfdst
antiparall 6l. Therefore, according to the current enbodi nent of the
pr esent magrertticonticlsd dlowefittedivhich the siagrai fudsto fragnetmagndtitd H
havi ng a magni tude HA that causes both the first and

field is reduced to 0. In this way, by changing the magnitude

(f - and orientation of the applied magnetic field, as shown in Fig.

ASA, first, by applying the magnetic field H1, the fir'st'magnetic
layer 3 and the second magnetic layer 5 are magnetized in the-
same direction as said first magnetic field H1. Then, as shown
in Fig. 5B, by applying the magnetic field.HZ,rin the opposite
direction, only the magnetization of the first magnetic lajer
3, which has a relati#ely small coercive magnetic force, is
inverted in the direction of the magnetic field H2. Therefore,
by subsequently reducing the magnitude of the magnetic field
to 0, the magnetization of the first magnetic field 3 and the
‘magnetization of the second magnetic field 5 can be sﬁabilized
in a state of antiparallel orientation.

Note that, as described above, the magnitude of the first
magnetic field H1 is set to be greater than or equal to arvalue
.HA, which is the magnitude of the magnetic field at which both
the first and second magnetic layers 3 and 5 reach saturation

magnetization, and the magnetic field H2 is set to be of a

15



‘Fig. 5AZ:(f MRSy thspMaons e tisgh &

14 21 Novenber 2005 second magnetic layers 3 and 5 to reach saturation
magneti.zation, 1is applied unidirectionally along the rognbsr2005li recti on
of . the track; then, the nagnitude of the magnetic field is gradually
decreased, and a second magnetic field H2 having a magnitude HB that

I nverts . etd zati.gn of_.the first_ magneti.c | ayer %ﬁ d gas no effect
on the %&%@‘t i iléer?%oft o COS SiRF TfegTret neltég:e?/qg:qes ‘ia)%l? ds"i‘%gt he
direction oppasite tha%_of qu firs gnetic field_Hl; after which the
mmoni t UGBS A opt A1 Fia arq Els diirad tLGeACe fEt hhe THEET b dang! ng
t he magnitude and orientation of the %fplied,nggfetic field, as shown in
thy did sy magnetiq shavfigrvt i c

| ayer 3 and the second nmagnetic layer 5 are magnetized in the sane
di recti ¥ftasoes aat rdifepdgide mapnatd zatiomed, the sesand inpgrieficsB, by
applying the magnetic field H2, in the opposite direction, only the
magnet i 2a@%€dn 2of the first magnetic layer 3, which has a relatively snal
coercive magnetic force, is inverted in the direction of the magnetic
field H2. Thehetordingbyostbsegbeoneyasstibiedy inhé imdgmagnds iofa tilvea
magnetic field to O, the magnetization of the first magnetic field 3 and
the magrecesasti én fefvolrhbleedond imdgmetgne tfiizeltd ofh carehe vdteadsiiln 2@k in a
state of antiparallel orientation: Note that, as described above, the-
magni t udespkcttheef maghetimgudine diireat idhs ofsdha divestgraat eseddmn or
equal to a val ue : '

magnetic layers 3, 5 of the magnetic recording medium 1 are

oriented antiparallel and are thermally stable, can be obtained.

Then, as shown in Fig. 2B, the surface 6 of the magnetic
recording medium 1 and the data bearing surface formed by the
ma_gnertic layer 12 coated over the uneven pattern of the substrate
11 of the master medium 10, are brought into'close contact to
form a conjoined body, and a transfer magnetic field (Hdu) is
applied in the circumferential direction of the track of the
magnetic recordingmedium 1 in the direction opposite the initial
magnetization direction of the second magnetic layer 5. At this
time, the thickness of the magnetic layer 12 of the master medium
10,rthe'permeability (material) of the magnetic layer 12, the
form of the patterned magnetic layer 12, the separation distance
between the master medium 10 and the magnetic recording medium
1, etc., may be controlled so that the magnetic flux of the
transfer magnetic field Hdu does not effect the magnetization

state of the first magnetic layer.

The magnetization of each of the regions of the first

16



HA, which is the magnitude of the nmagnetic field at which both the first

and second magnetic layers 3 and 5 reach saturation ppgB@dhBatZ00mn, and the
magnetic field H2 is set to be of a 15 21 Novenber 2005 magnitude | ess than
the coercive magnetic force Hc2 of said nagnetic |ayer 5, which avoids the

influengﬁa@ﬁeﬁfg’f$g§¥ 500pg Eﬁow-nYﬁrF$ﬂgh§ﬁgaggeBE§ghk%ﬁ EF%%&%&LLﬁB

magneti c |ayer does not affect gnetization. o?" 7
magneti C i 0.t he Qye-described initial, . .magnetization
pr ocess,a#?%%%?gﬁgc‘isﬁlgipa%ﬁn%%tne 9 %2&#08 saf Ih KREFSPROPAENY Eg'ﬁéiti ve
magnetization digpections of .the first and secon netic layers 3, 5 of

t he nagnlg?qlcorlle %r‘g?%gsﬁﬁa?‘an?ﬁgﬁ?élcof?%ﬁfeg'aﬂ?i gggaFFE«gFCtaﬁ"dF dhe
thermal |y stable, can be obtained. Then, as shown in Fig. 2B, the surface 6
of the AT EronEens b Agokl L | DRrEIE NRORELANBEARI AGUBEANIaseYFTor nad
by the gﬁgti c layer 12 coated qver the uneven pattern of the substrate
11 of tHe nEst AL STERUmMtbe ragBebisudprernis thesmaddyt asebidizedr ima

conj oi ned body, and a transfer magnetic field (Hdu) is applied in the

ci rcunf € EXAIEE 1B kel Sheopagpetiratkonfof lRachegreesponddagdiagioedi um 1
in the direction opposite the initial- nagnetization direction of the
second rfgride Eirpfemagnesic Hiayen Bnendt hbet Reckndsnaghethe hageaetbc | ayer

12 of the master medium 10, the perneability (material) of the magnetic
| ayer 148 tHeiented in opposite directions. :

If the above described magnetic transfer method is
utilized for transferring a magnetic pattern to an AFC media
such as that described above, a magnetic pattern corresponding
to a predetermined data can be aqcurately transferréd; in
particular, if the transfer data are servo signals,‘the'tracking

performance is improved.
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formof the patterned magnetic |layer 12, the separation di stance between

the master nedium 10 and the nagnetic recordi ng nmedi upy Nbveribér. 20088y be
controlled so that the nmagnetic flux of the transfer magnetic field Hdu
does not effect the nmagnetization state of the first magnetic |ayer. The
magneti zation of gach of.the regi ons of the first 16 21 Noverber 2005
magneti c aa%/elrs £ aaqsm%ﬁoﬁ' in Fig. 2C, is oriented nutually antiparallel
with respect to that of each corresponding small  region of the second
magnetic | ayert 52 MpIMRLLT fe@ngier ieethod i ¢errehaghet FhecstipPrngtby t he
nonmagnetic coupling layer 4. In this way, the magnetic |layer is thermally
stabilized i nPSFIQmEiag pmniH-ide magrEization BFosass ebr £kspondi ng
region of the first magnetic layer 3 and the second magnetic layer 5 is
or i ent edddNPgosia it tiauey, off at heghbdeasdéycmabodtiagnecordingnsf er
method is utilized for transferring a magnetic pattern to an.AFC nedi a
such as nmeshituny exurm et oV eSuke st i € Phrsermagoetéspdagengformed
predeterm ned data can be accurately transferred; in particular, if the
t r ansf erorddthe snd seratee signmadmyadriet ic ankiplinget Aperaficeméd bnptheed. 17 -

21 Novenber 2005 What is clainmed is:

first magnetic layer, and a second magnetic layer of which the
coercive magnetic force is larger than that of the first magnetic
layer, formed on the nonmagnetic coupling layer, to uniformly
initially magnetize the first and the second magnetic layers
of said high-density magnetic recording medium magnetic layer
so that the respective magnetization directions thereof are
oriented mutually antiparallel, and
performing a transfer process of conjoining the magnetic

- recording layer of the high-density magnetic recording medium,
which has been initially magnetized, with the magnetic layer,
which is formed in a pattern corresponding to the data to be
transferred to the magnetic recording layer of a the high~density
magnetic recording medium, of a magnetic transfer master medium,‘
to form a conjoined body, and applying a transfer magnetic field
to the conjoined bociy in the direction opposite the magnetization
direction of the second magnetic layer to magnetically transfer
the pattern corresponding to the data, wherein

- the initial magnetization process consists of applying a
first magnetic field of a magnitude greater than or equal to

the saturation magnetic field of the first and second magnetic

18
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. A magnetic transfer method conprising the steps of: performng an
initial. magneti zati on process on the magnetic recordingolayssr 20b5a hi gh
-density magnetic recording nediumconprising a substrate, a first
magnetic |l ayer formed on the substrate, a nonnmagnetic coupling | ayer

f d £ h G i Cole . _of ~whi ch
the  coar S maiE e BPbLY hd R ooy 2y e BRYIRL P hagret

I , f d. t ti | i | ay.er, i.f.orm initiall
e FERARR Rk RN B e RN ety kDO el Y
magnetic recordiing medi um nmagnetic Iager sQ that the resgeptlve

magnet i 244 on drgeﬁﬁo%%tHHE%%BP afeeChren SRTORS M99aRt P Fatar$®el , and

perform,ng a transfer process of caonjoining the magnetic recording |ayer
of the HifgHifeki%se SRR ESrididy %d'gmf.lmwna%@tb@eﬁlﬁhdnal|y
magneti zed, with the magnetic layer, which is fornmed in a pattern :
corresponding to the data to be transferred to the magnetic recording

| ayer of "a the high-density magnetic recording nedium of a nmagnetic :
transfer master medium to forma conjoined body, and applying a transfer
magnetic field to the conjoined body in the direction opposite the ' ’
magneti zation direction of the second nagnetic |ayer to nagnetically
transfer the pattern corresponding to the-data, wherein the initia.1 -

. magnetizati od pr éceoegnetdssityrn sdferapittiony s defigtedraignetiainik)l d of a

magni t ude greater than or equal to the saturation magnetic field of the
first amdregedond magnetic

said ‘magnitude of the first magnetic field is
approximately twice‘or larger than the coercive magnetic Aforce
- of the second magnetic layer.
3. A magnetic transfer method és defined in claim 1 or 2,
wherein
said magnitude of the second magnetic field is of a value
lsmallelr t.han the coercive magnetic force of the seqond magnetic
layer.
4. A magnetic transfer method as defined in claim 1,
2 or 3, .wherein
the magnetic field of the transfer magnetic field is passed
through the second magnetic layer and the métjnetic layer of the
- master medium so that said magnetic field does not affect the
magnetizationstabaofthefirstnmgneticlayerwhenthetransfer
magnetic field is applied, thereby mégnetizing the second
magnetic layer in a pattern form, wherein

the magnetization of the first magnetic layer and the
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18 21 Novenber 2005 | ayers, and then applying a second nmagnetic field,
which is of a magnitude that inverts the magneti zati 8nnglerhb doosSt
magnetic | ayer and does not have an effect on the second nmagnetic | ayer,
in the direction opposite that of the first nmagnetic field. 1. A nmagnetic

transfer fl in.cla : reln Ld ni.tude of ~ the
first %@%él%q?clgz]a |estqL ezgapﬂplrool}P?ﬁ?%%f—e%%d?@agﬁgkéf: Sggy?ﬁaehr% ﬁ&“éS&r cive
magnetic_fagrce, of' the second nagnetic.layer..3 magnetj c transfer mnethod
e ter | rt B 17 o nf L SrESTNBT o PR LSRR ot PiUERBREERE SiBortd BlSnet | ¢
field is of a value smaller than the cqerciye nmagnetic force of the second
magnet i c€°% 9 by ASIGRIF]ELH WP hd@YRS GEEMesd ithecF&FRPE, 2 or
3, :wherein. the magnetic field of the transfer magnetic field is passed

t hr ough 3B SebOntP negrergRetager andat Rethaghefrem aper the fiastnast er

medi um so that said magnetic field does not affect the nmgnetization state
of the fR@¢FeQnkayer|ayer when the transfer nmagnetic field is applied,

t her eby nagneti zing the second nagnetic layer in a pattern form wherein ~
t he magneti zabi o gfagnet¥¢ rerapafpetietheyars adeifihed in claim 1,

2, 3 or 4, wherein

said data to be transferred are servo signals.
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19 21 Novenber 2005 patterned nmagnetization of the second magnetic |ayer
are caused to be in a relation of antiparallel orienpib@mebdects the
coupling by the nonmagnetic coupling |ayer between the second magnetic

| ayer magnetized in a pattern formand the first magnetic layer. 5.. A
magnetic transfer. nethod as defined in claiml1, 2, 3 or 4, wherein said
data to be transferred are servo signals. 20 21 Novenber 2005 6. The
magnetic transfep. met hd abgfidaidn drandfeteimethble ofespachi e magmreihzati on
directions of the first magnetic |ayer and the second nmagnetic | ayer are
paral |l el totha réespesrtfizeembetseicratiihe Qi ghetdensi by nmagnéirs: megoeding

medi um and the magnetic transfer master nmedium 7. The magnetic transfer
met hod of clavew 1anghetkes n selgendt rmepgsfticoflaksra fromrayeliegndto canr ansfer
master mediumto the recording |ayer does not conprise a heating of the
recordi ng | ayerrisge NeEvREHnEPE c M FATATEL trefRgaBIC cFaF PMILRIWHEFE IR t he
direction of nagnetization of the transfer nagnetic field is parallel to

an i nt er f acB™Bethfe @R IPREL fi YIRdERE I 3P HPEgREEH & r ecor di ng medi um and t he
magnetic transfer master nmedi um

7. The magnetic transfer method of claim 1, wherein the
transfer of data from the magnhetic transfer master medium to
the recording layer does not comprise a heating of the

recording layer.

8. The magnetic transfer method of claim 1, wherein the
direction of magnetization of the transfer magnetic field is
- parallel to an interface between the high-density magnetic

recording medium and the magnetic transfer master medium.

9, The magnetic transfer method of ¢laim 1, wherein the
magnetic layer of the magnetic transfer master medium is
formed only on an upper surface of protrusion portions

corresponding to the pattern.

10. The magnetic transfer methed of claim 1, wherein the
'-magnetic layer of the magnetic transfer master medium is
formed on an upper surface of depression portions

corresponding to the pattern.
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9. The magnetic transfer nethod of claim1l1l, wherein the nmagnetic |ayer of
the magnetic transfer master nediumis fornmed only om Qevameerogar f ace of
protrusion portions corresponding to the pattern. 10. The magnetic
transfer nmethod of claim1, wherein the magnetic |ayer of the magnetic
transfer master nmediumis fornmed on an upper surface of depression
portions corresponding to the pattern. 20a 21 Novenber 2005 11. The
magnetic transfeq nerRedn®dndliai Mrdns tenithodacpr OtAed ilyewhetsin s di sposed
on the magnetic layer of the magnetic transfer master medium 20b
ABSTRACT MAGNEdt & TRANIEER VETd 1«3 HORBNA tHE G PENSICT Yaye MAGNEIRC RECORDI NG
MEDI UM An accurate magnetic transfer to a high-density slave nedium
havi ng t womaggeeid cdaayées reanteut mbdizamg antiferromagnetic coupling is
perfornmed. By applying a first magnetic field that causes both the first
and second magnetic |ayers of the magnetic |ayer of a slave nediumto
reach saturation mnagnetization unidirectionally along the circunferenti al
direction of the track, the first and second nagnetic | ayers

20b



are magnetized unifornly in the sane. direction as-the first _magnetic
field. .Then, a second nmagnetic field that inverts th621N@@§ﬂkyQ@050n of the
first magnetic |ayer and has no effect on .the magnetization of the second

magnetic layer is applied in t ARseRRESI t-e d| rection, whereby only the
magnetlzatlon ‘direction of the first nmagnetic l[ayer is inverted in the

directi field. Thereb a.favorable initial -
magneti za | on ga@W% iy e AR DENSTAY, MAGNETY OREISRDINGSt  and
second magnetic |ayers-are ori-ent.egp@n i parallel can be obtai ned.

An accurate magnetic transfer to a high-density slave

medium héving two magnetic layers and utilizing
antiferromagnetic coupling is performed. By applying a first
magnetic field that causes both the first and second magnetic
layers of themagnetic layer of a slave medium to reach saturatiop
magnetization unidirectionally along the circuﬁferential
direction of the track, the first and second magnetic layers
aie magnetized uniformly in the-same_difection as the first
magnetic field. Then, a second magnetic field that inverts the
magnetization of the first magnetic layer and has no effect on
the mégnetization of the second magnetic layer is applied in
the opposite direction, whereby only the magnetization
directioﬁ of the first'magnetic layer-;s inverted in the
direction of the second magnetic field. Thereby, a favorable
initial magnetizatiqn state in which the magnetization
directions of the first and second magnetic layers are oriented

antiparéllel can be obtained.

Figure 1
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