22 Novenber 2005 MAGNETI C TRANSFER METHOD FOR A HI GH DENSI. TY MAGNETI C
'RECORDI'NG MEDI UM BACKGROUND OF THE | NVENTION  Fi el d ;of NRgemddvemigson The
- present invention relates to a magnetic transfer nethod of nagnetically
“transferring a predeterm ned data such as servo data or the like, and in
particular to a nethod of performng nagnetic transfer to a high density

magnetic r Related Art _CGenera o
speaki ng, %@gﬁ%;ﬁ%@%@@@%&g W&TJ&AGFHEFE ll]%c%%i‘l%nd for

i'ncreased storage capacity and | ow cost. Further desired are 'so-called ‘
hi gh- speed access nedi uns,. which ar@EEyﬂable of advant ageously readi ng out

the data of a specified Iocatlon in a short tine.. At present, a new type
- of magnetic recordi ng medi um which conprises two nagnetlc | ayers separated
by a coupling layer formed of ruthenium wutilizin : :

~antiferromagneti ccoupl i ng PHEGROUND ((Fa|THEe INVENREARAb! e i ncrease

i recordi ng capacrty i's belng develooed

Thi's nem/nedla type is sonetlnes;‘
referred to as a"Synthetic. FEE R : Rt 0N OF nedia) . AFC nedia is
characterized b%? each of the nma netrc Iayers havi ng respectively opposite
magnet i zati on dithécPrERENthYNBED tdnn@e%etﬁﬁwﬁgyﬁnmegmsﬁ&ﬁ|¢rpna€§we - '

.-betmeen the two nmagnetic | ayers. qPIes of high-density
- method o magnetlcally trans errlng a predetermlned data such

"as servo data or the like, and in partlcular to a method of
performing-magnetic'transfer to a high*denSity magnetic
recording medium.

Description of the Related Art

'Generally speaking, with regard to_magnetic reccrding
mediuns, there is a demand'fcr-lncreased storage Capacity and
low cost Further de51red are so called hlgh—speed access.
medlums, Wthh are capable of advantageously readlng ‘ont the
data of a SpEleled locatlon in. a ‘short t:tme At present, a new o
typeof magnetlc recordlng medlum, wh:Lch comprlses two magnetic -
layers separated by a coupllng layer formed of ruthenlum,
utlllzlng antlferromagnetlc coupllng (AFC} to reallze a

"remarkable ‘increaseé in recordlng capac1ty is belng developed':'f
ThlS new - medla type is sometlmes referred to as a “Synthetlc;:;
':FerromagnetchMedla” (SF‘medla) AFC medla.ls characterlzedlqy
each of the magnetic layers hav1ng respectlvely opp051te
magnetlzatlon dlrectlons, by prov1d1ng a nonmagnetlc coupllng
layer'between.the two:nagnetlc layers. Examples of'hlgh den31ty-

,magnetlc recordlng medlums in Wthh the thermal stablllty of



the magnet FE“U5T
_the track:- ther

magnetic recordi ng mediuns. in which the thermal stability of 22 Novenber

L 2005 the antiferromagnetic coupling between two magnet i godaysss Lafp be

"inproved and the recording density further increased have been proposed in

“Japanese Unexani ned Patent Publication Nos. -2001-56921, 2001-56922, and

2001-56925. Wth regard to this type of high-density recording nedlun1

' 1 ed hnol h head ly. -
o the (RRh e R L AR B 5 T3 Ha S e sare

--scans the trac

met hod as fQr n ecordl nedj ung .such as the. conventional hard
di sks or flgkl gog?gk§£us Si A HQMd%EQﬁtdfﬁyé %8F tRererked hae servo

dat nt the track t echnol t be ™
ata teaul t%gf’hﬁfm?@ LR R I S R P I A

formatted”
~ manuf act ur 1A a ormat such as that described above. enploys -
- a SpECIa|I?§8 EPB%T 2@95“ §§ &?51&&0 3@ %29 - or med by causing the

magneti c head tgwa@proach the d and witing the signal one track at a
time while the disk*F&IBEATSP FB%atté’a’e Hebigbedeneitymarastiagi nedivecor ded:

~for one disk at,.a.tine, .on one track at a tine, a si gni ficant anount of

ftl me is reqai rettdrtdAcking spEve trahncleIperherehn i magnetie handa -

problen1mﬁth r gg ct to the manuf acturing efficiency. Further, although
‘T‘T’?e“s ﬁé’é?& yidth’ e‘%fbr%%d%aréagbdﬁlﬁécrwcecanm ng -

g%ﬁlzed 1n the same method’ as for the magnetlc recordlng
medlums such as the conventlonal hard dlsks or flex1ble disks
‘used_ln ZIP-(Iomega} drlves or the like.

'Thegservo data required.to implement the tracking'servo-.
technology must be “preformatted” that is, recorded on the disk
in advance when the dlsk is manufactured At present. a preformat
such as that descrlbed above employs a spec1allzed servo
recordlng apparatus and 1s formed by cau51ng the magnetlc head
to approach.the disk,. and‘wrltlng'the srgnal one‘track:at a time -

'whlle the dlSk is belng rotated Because the servo‘data is:
d_ recorded for one dlSk at a tlme,.on one track at a time, a
‘151gn1f1cant amount - of tlme 1s requlred fox thelpreformattlhghh"'
uh'operatlon,.g1v1ng rlse to a problem with respect to the
manufacturlng efflclency.r

Further, although the magnetlc data of‘the AFC medla 1s
recorded and reproduced by scannlng the - track thereof w1th a;

-.:magnetlc head 1n the same method as for conventlonal magnetlcif
recordlng medla, because the 31ze of the magnetlc head is '

,relatlvely large in. comparlson to a magnetlzatlon reglon, a



magnetic head in the sane nethod as for conventional magnetic . recording
. media, because the size of the magnetic head is rel ati v@lyedd9&ddy
~conparison to a magnetization region, 22 Novenber 2005 magnetic field
“produci ng noi se on the inverse nagnetlzatlon portions is inadvertently
applied thereto. Still further, - because the magnetic field is applied not
only to the upper nmagnetic Iayer but also to the |ower layer of.the two
“magneti c I§9§P§tlﬁh§F@1@sPtp¢¢¢nngtnpnsﬁaqmecmedunge&ééumagﬁe@izéhﬁmﬁFC
~nmedia due to Eroblens such. as.the disorder caused in the nmagnetization

- state of tRerFéRBF hagherdeettaymrly tdparidfear eheetoepsegduet Eqpeabgnal having |
~a favorable S/N ratio cannot be obtained therefrom A favorable servo

~ reproduct i BRC3RgRarhenmagiret iobt fieletl iisn appdaedt AoBCEHLAt 8bYtRENEHSLy t he
track position. If the S/Nratio of- the servo reproduction. si gnal of a

- servo sidgradnehit lmehban piedororateedohyrUsSyd oF $REVOWHER
. apparatus is not favorable,. such a situation becones an obstac e to t he

~per f.or manckayra, fid\mrabjseatlamktngosmé/&ed&:daﬁguggggrgg 8EV\E -
-preformatting nmethod, wherein a pattern bearing servo I ch has been

“ fornmed on redistdre nedipmibilsmmgnet cal fpet H@Q§r§éfe@aﬁ§’e& RopeLic
- recording nedium- has been proposed.in Japanese Unexam ned Patent

~Publ i cat | G*RUUEEL1 283 (rl 388 ) e- 383623, 1 chik: o ?ﬁ)atic@éﬁér, aﬂl‘l‘ereﬂ@ré 1%98)

' -26 9566. According to these magnetic transfer technol ogi-es,

: ‘ reproductlon signal hav1ng a favorable S/N ratlo cannot be
obtalned therefrom A favorable. servo reproductlon'si'gnal must
be obtalned in order to accurately control the track position.
If the S/N ratio of the servo reproductlon 31gnal of a servo -

- signal. that has been preformatted by use of a servo recording
apparatus 1s not favorable, such a situation becomes an obstacle
to the performance of a favorable ‘tracking servo

| An- accurate and efflclent preformattlng method whereln
a pattern bearlng servo data, whlch has been: formed on a master

: Vmeda_um,- lS magnetlcally transferred to a magnetlc recordlng

medlum, has been proposed J_n Japanese Unexamlned Patent

'-“'Publlcatlon Nos.. 63(1988) 183623 10(1998)~40544 “and

10(1998)-—269566 o

Accordlng to these magnetlc tranlsfer technoiogles, a -
master medlum hav:Lng an uneven pattern correspondlng to the data:

7 that is to be transferred to a magnetlc recordlng medlum (a slave

. medlum) 1s prepared By brlnglng this master medlum :Lnto close.

contact w1th a slave medium to form a conJ 01ned body, and applylng -'

- a transfer magnetlc fleld thereto, a magnetlc pattern



mast er nedi um havi ng- an uneven pattern corresponding to the data that is
to. be transferred to a. magnetic recordi ng nedium (a_ sl ave nedi u:’r[BOaJ;S
-prepared. By bringing this master mediuminto close 2cdETEPS t sl ave
mediumto forma conjoi ned body, and applying a transfer magnetic field
thereto, a magnetic pattern 22 Novenber 2005 corresponding to the data
(e.g., a servo signal) borne on the master nediumis transferred to the
sl ave medium The preformatting can be performed w thout changing the

relative PO NS8f (LNenIRsken MRALUM andLhe Staxe regdhui LiRt ol

while the two emain relatively“static efore not only 1T1s it

possi bl e hosar f ordmiam aceur abeseeeding+tef the pPrehotMmheqdaha, tHe
beconmes possible to advantageously do so in an extrenely short tine.

Accor di nghye fdardmacainhe caonsaepeds dhatd t hishawt hodand sn@apphse cabl etive
transferring a magnetic pattern to AFC nedia, also. However, the nagnetic
t ransf er pagiodnspradpodead ndmisey anedihav earpt eshumresll 2 heat medhieunt r bimst e¥smoul d
be perforned to_a conventional magnetic |ayer formed of single nagnetic
| ayer; tHEMSe6r RRcRedba FomraRsEetatirArCshalia- comnaisithgnat naghet i c
llayer, which i S \évQ-JUayer ma oeti cla er_ ntaegn%ti C§|'1l1¥ cgutgjlseed re%é
anti f er r onagnet CE EBUpl Thd S HaEs ™MEP BEeW TonsiTarsy™Y Bk atke PHEARTER Y uct ur e
of the Maghel! ¢tl BYSIndl R-CoNVENd ARALAIAMIALG dbeCo” th N HBAlumANd the
magnetic layer of an AFC nediumare different, "if a conventional negnetic
transfer dmihod:iim®. Accordingly, it can be considered that this method

is applicable in transferring a magnetic pattern to AFC media,

also.

However, the magnetic transfer methods proposed thus far

have presumed that the transfer would be performed to a

conventional magnetic layer formed of single magnetic layer:;

the performance of a transfer to AFC media comprising a magnetic

layer, which is two-layer magnetic layer magnetically coupled

by antiferromagnetic coupling, has not been considered. Because

the structure of the magnetic layer of a conventional magnetic

recording medium and the magnetic layer of an AFC medium are

different, if a conventional magnetic transfer method 1is

employed to perform a magnetic transfer to an AFC medium, an

'accurate, favorable transfer is not obtained; therefore, there

is a demand for a magnetic transfer method tailcred to the

properties of AFC media.

SUMMARY OF THE INVENTION

The present invention has been developed in view of the

forgoing circumstances, and embodiments of the present



enpl oyed to performa magnetic transfer to an AFC nedium an accurate,
favorable transfer is not obtained; therefore, there is a demand for a
magnetic transfer method tailored to the properties of RECERRRHT &2 CEUMVARY
OF THE | NVENTI ON The present invention has been devel oped in view of the
forgoi ng circunstances, and enbodi nents of the present 4 22 Novenber 2005
i nvention seek to provide a magnetic transfer nethod capable of favorably
transferring a magnetic pattern to AFC nedia. According to a first aspect

f th t ti th o i ded tic t f hod
Compr i 5| i VR PRttt 0 pBErTH6hi G aCHRGhet FEoNagsr  "VRIER FEPTorfed i n
a_patter ncCoyeopanding Lot b, dal .o et Lapslenred 4g theymaonetic
recordi ng ayer o magnetic recordi ng nmedium of a magnetic mast er

medi um to faceyadJypgngt kg Leeord %%Ple@i/eéf o&}%a gyeg@atd%éﬁﬁio@geﬁa&

recordi ng nmedi um conprising a substrate, a st magnetic |ayer forned on

the substiat@rod deenragRghbeic COMHIARG hkayabaf asapd Ohd heef iskebsmagnetic
| ayer, and a second magnetic |ayer formed on the nonnagnetic coupling

| ayer, whpeditikasnbeen nmghetizedabdradwaner sk tAatméde ifpgnebazaéion of
said first magnetic |ayer and said second nmagnetic |ayer are uniform and
ori ent ed menmussloypdangi par atheel datand tappleyi hgaes fararsf eto wAgnekigeetiel d to
t he conjoined body in the direction opposite
recording layer of a magnetic recording medium, of a magnetic
master medium to face a magnetic recording layer of a high-
density magnetic récording 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 formed on the nonmagnetic coupling layer, which
has been magnetized in advance so that the magnetization of said
first magnetic layer and sald second magnetic layer are uniform
and oriented mutually antiparallel, and applying a transfer
magnetic field to the conjcined body in the direction opposite
the direction of the magnetization of the second magnetic layer
to magnetically transfer the pattern corresponding to the data.
Disclosed herein in a magnetic transfer method comprising
the steps of: conjoining the magnetic layer, which is formed in
a pattern corresponding to the data to be transferred to the
magnetic layer of a magnetic recording medium, of a magnetic
master medium with the laminated 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



the direction of the magnetization of the second nmagnetic |ayer to.
magnetically transfer the pattern corresponding to the data. D scl osed
herein in a magnetic transfer method conprising the éﬁ?’ X &%} ni ng
the magnetic layer, which is forned in a pattern corresponding to the data
to be transferred to the nmagnetic |ayer of a magnetic recordi ng nedi um of
a magnetic nmaster nediumw th the | am nated magnetic recording |ayer of a
hi gh-density nagnetic recordi ng medi um conprising a substrate, a first

Formed o The T S RoRarI e  Byer Cang e dRtond B % Ry enter 200

magnet i ¢ Y &echOhBBR O dN8 nNQATRENE 46 AP InRImbaN&T i zaMhbahoFhas: been
magneti zed in advance so that the magneti zation of said first magnetic

| ayer andfisaitd magoenic negreat iaad| ayed seeomnhidaoymatiandagereatedunifemat | y
antiparallel, to forma conjoined body; and applying a transfer magnetic
field to aik evkgwiatedubohllivn anttheadiriéeti ohcofpo®i Be cohaodinedchpdyy of t he
magneti zati on of _the second magnetic Iager to magnetically transfer the

pattern X6} POBPEHEY Ry TRIHERAINCHeF el 1R e ok ks SOBACT REGReTY €17 n

advance S( t hat the o8 netlzatl n_of eac . of said first tic layer and
sai d second %ﬁﬁ%% P BYRP1S uhi'F of fY and Bt i ﬁtg HP8a€F92§%lon i

anti par al{gl ,seéﬁfdern%gkgt&éelagéi owafaggn&ttlémynm%ké@t LRB. pafVernall

magnetl zation regi ons, so th firs magnet i’ c aye
corresponding to the data.

Here, the expression "magnetize in advance so that the
magnetization of each of said first magnetic layver and said
second magnetic layer 1is uniform and criented mutually
antiparallel," refers to the performance of the magnetization,
over all magnetization 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.

5a




I's magnetized in aone direction and the second nagnetic | ayer is magneti zed
in the .direction opposite said direction of the etNlrsz.etlc{)er}T Ot5hef|rst
‘magnetic layer. 5a 22 Novenmber 2005 The expressi on *“Conjoini ng the magneti c
~layer, which is formed in a pattern corresponding to the data to be
transferred, of a.magnetic master nmediumwi th the magnetic recording |ayer
~of a high-density nagnetic recording nedium' refers to not only the.
“bringing into clBye cpressticanliconjeiniag nilng magueitfior baydrstwinceh is _
separating the respective opposed surfaces of the master mediumand the |
- nmagneti c réconed ig agdittmrobubrrassending tbetrbsr dageng betoroonfd@ieel,cont act
of said respective surfaces. The referent of "the data to be transferred to
. the magnetof a megpratiingmbayet aédaunaggt ithe Aaghditng - ﬁ@@lcbﬂﬂrincﬂﬁl)eyk&r servo -
data, for exanple, but not linmted thereto. In particular, by passing the -

- transfer. nefjrehi.ght deh gi t ineigle tike rs €6 pathfRGAS Line r@ﬂ@fs adnbbedmgnet i c

"..,Iayer of the master medium the second nmagnetic |ayer can be nagnetized in

a pattern fios omiddioy iaffectlicie ddnamrgBabl Ralhenisiad € Ohnihehirst
nmagnetic layer; wherein, it' is desirable that through the coupling by the

" honmagnet idi coinpd rhgaﬁaa;)aafldgetﬁlﬁe&ee@%c%&@@népﬁagé@téﬁrf@é’@é spgnetized in
a- pattern formand.the first magnetic layer, the first magnetic layer is .

'.{rﬁgnet i zednasrt@h resttiivpasald Q:lhedknfa@%tew& r@cbb&n@%é@ﬁﬂﬁd pegnetdzald on of
| ' the brlnglng 1nto complete contact of said respectlve surfaces. |
The referent of “the data to be transferred to the. magnet_ic
recording layer of a: magn'etic -'recordihg mediu'm""may be servo
data, for e;‘iample, but notqu"_mited thereto. -
In partlcular, by pa351ng the transfer magnetlc field
| through the second magnetlc layer and the magnetlc layer of the
master medium, the second magnetlc layer can be magnetlzed 1n ,
a.pattern form without' affectlng'thelnagnetlzatlon state of the:
rflrst:magnetlc layer, whereln, 1t is de51rable that through the
coupllng by the nonmagnetlc coupllng layer between the second . -
- magnetlc layer magnetlzed :Ln a pattern form and the first
magnet:Lc layer,- the flrst magnetlc layer is magnetlzed in an' 3
ant1paralle1 dlrectlon to the patterneci magnetlzatn.on of the_
second magnetlc layer. o o |
The expre351on “‘mag-hetii‘iedr in a patte'rh' forh.l”.-refer.s- to '
_7 7 the magnetlzatlon of each reglon of the magnetlc layer in e::.ther'
-rthe dlrectlon of the 1n1t1al magnetlzatlon or the dlrectlon

,oppos:Lte thereto, so that the entirety thereof forms a pattern. .

,_The expre351on “the flrst magnetlc layer is magnetlzed in an



second magnetic layer. The expression "magnetized in a pattern form' refers

to the magneti zati on of each region of the magnetic | in . eit he
direction of the initial magnetization or the directf%%ﬁgﬁﬁﬂgﬁ?éqﬁﬁgieto,

so that the'entirety thereof forns a pattern. The expression "the. first
magnetic | ayer is magnetized in an 22 Novenber 2005 antiparallel direction
to the patterned nagneti zation of the second magnetic |layer" refers to the
performance of the nmgnetization so that the magnetization direction of

each regiQﬂt%ﬁgﬁgﬂrélfHiﬁﬁea%%%ﬂe%%fﬁh%¥f %ﬁéﬁfﬁgdeQ£§§béﬂlégﬁio§pgﬂ§i%ﬁ%

direction o e magnetization e _ each region o he 'second
magneti ¢ Laysiy C%@%\%medlp%y%ﬁbe%&e%@' degf {he fid S dmgreti 6r layer.

Note that the referent of ut affecting the "nagnetization state of

the firstnaBonatiaeibayss "tHat Rek hbgter i@ ivROACELC fdeld daes pojianter
the first magnetic layer, but that no direct change is caused to the
magnet i zabf ofheoftikbe ddgnsticnegpet iie bayeiteVen the Sadgbstargnetrectiel d
enters the first magnetic layer. Further, the thickness of the magnetic
| ayer ofof hehaaskgnetkeditign t herpet rabbl i eychmatkgtibal ofof tHdhesamgnet i C
| ayer of the master nedium the separation distance between the naster
medi um andeqrivs iradeger ccorcmpdindgngedp uegch e ifdoraf athe tfhespaneeneedt
magnetic | ayer of the naster nedium etc., may be controlled so that the
magneti c #3¥#% of the transfer magnetic

Note that the referent of Twithout affecting 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 is caused to the magnetization of the first
magnetic layer even if said magnetic field enters the first
magnetic layer; Further, the thickness of the magnetic layer
of the master medium, the permeability (material) of the magnetic
layer of the master wmedium, 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
maghetic layver.

In the magnetic transfer method disclosed herein: because
a transfer magnetic field is applied to a conjoined body
formed by conjoining the magnetic layer, which is form in a
pattern corresponding to the data to be transferred to the
magnetic layer of a magnetic recording medium, of a magnetic

master medium with the magnetic recording layer of a



e

field does not effect the magnetization state of the first- magnetic |ayer. -
In the magnetic transfer nethod disclosed herein: because a transfer -

rmagnetic field is applied to a conjoined body forned2sy Nogafbeni 4¢0% he _
magnetic layer, which is formin a pattern correspondi.ng to the data to be:
transferred to the nmagnetic |ayer of a magnetic recording nedium of a = -

magneti c ster .mediumwith the magnetic recording,layer. of a 7 22
‘Novenber 20 %gﬁ’l'a‘ﬁgﬂé ¥ FYIRRGH e t5eE FQ&BHdI“ﬁGlﬁﬁdwgﬁFW%% BREP been

magneti zed in -advance so that the magnetization -of the first magnetic
layer and tHRIRRELARC ntyrRETENSaper tPAEr EBF PRIDAFBRFORME dhierdtest
mut ual |y antigaral lel, in the direction opposite the direction of the

magnet i zat i BRIBF L1 R AisonRdnfhEerend psinetis hayRBiihanacf 18 ansifarn he

“pattern corresponding to the data, the magnetic inversion of the small

magnet i zat | 3R rEgi e Antusd Lyerpbinaip r o dec hat lyerhicompRdsde to a

magnetic recoding nethod. using a nagnetic head, whereby. di sorder in the
i nverted nagpRidizaqtdepefttitvnnagast beasippiodsshe; sqaanchaagnet he levigpar i son
to using a nmagnetic head, because the depth to which the.magnetic field '
penet r at es th&gEGIdCRd lvebbrus fry hbeinahteam permespording jrocthe dsitiead, the
effect of the transfer magnetic field. on the first magnetic |layer can be -
reduced, wheremadnatigiisyededopaesddid smed ‘magnetization ©w¥gidmes fdarst
magnetic | ayer - A o
- ‘be p(_arformed_ more accurately in comparison to a magnetic recoding
method”uSihgfa magnetic head, whereby disorder in the inverted
magnetization portions'gén‘bé'suppressed; further;:in
comparison to using a magnetic head, because théfdepﬁh.to'WhiCh :
the niagnetic fié-ld'penetratesl' the magnetic recording medium éan
be more easily controlled,.thé:effect of the transfér,magnetic
field on;the first magnetic layer can be reduced,'whergby the
'dis_order caused in the magnetization of the firstsmagnetic layer
by the'transf_er_ma'gnet'ic'fieldf,_(;an be suppre-s'sed; That is to
say, bécauSe'diéorder of the:magnetizatidn can be reduced, the
noise level of the'réproducﬁ:ién. signal canbe reduced as a result;
~whereby it becomes possible_tézprOVide a high—dehsityﬂmagnetic
-recording]mediUm cépable'of-more accurately implementing
ttackingﬁéérvo technology."ff
_In:particular, by paséing'the trénSfer'maéﬁetic field
'through thé'secbnd1hagnetid layer-and thé_magnetic layer of the
mastér medium so that said maghetic field'doesfhot-affect the
maghetization’state of the first magnetic laYer, the second

magnetic layer can be magnetized in a pattern form: wherein,



by the transfer magnetic field can be suppressed. That is to say, because
di sorder of the nagnetization can be reduced, the noi D1eve|
reproduction signal can be reduced as a result; mheré%§ ?%%ones possi bl e
to provide a high-density magnetic recording nmedi um capabl e of nore
accurately inplenmenting tracking. servo technology. In particular, by
passing the transfer magnetic field through the second nagnetic | ayer and
the magnetic |layer of the master nediumso that said. magnetic field does

not affecietge FRGNELIZALIEN F 2He ¢ rEkaemeﬁéthmﬂaﬁéf G 4 ayflsed & second
magnetic | ayer can be nagnetlzed In a pattern form erein, 22 Novenber

2005 if tibe sppneldzahiteniol bh@lﬁ)&f§lléﬂﬁgﬁﬁtﬂéla|tabﬁrtbStB@U§£ﬂtéﬁ1ed3€
oriented mutually antiparallel in relation to the patterned nmagnetization
of the sevaoyretisghnétncof ayiee ddwomdgmaghet coupd yary thHrpughetine noagreina
coupling layer of the first nmagnetic |ayer and the second nagnetic |ayer,
the firstPymbhetpernagrat iovdellings lbEen ﬁﬁgﬁé?lféésrnm%@W%hE% 13¥’%i ves
no effect fromthe transfer ggetlc field,, which i ﬁtentlal urce of

di st ur bartd Gt TEETE ARG VARKTbn Tgnet FalPoRCG! ot PBYoT1 1% Thgnet | ¢
o he S BAbpkOf TLLY 2L AP 1h2 80y RKoRD deckDEroBChio ket 1 RO 2211 On

of the second magnet ayer nonmagnetrc coupling therew

accur ate @fmeﬂoa%%eu@anfmara%fl%w e@s Fur thedentdibit heodata Qoﬂ‘ne by
t he magnetic transfer master

disturbance; and 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 couplingrtherewith, an accurate signal pattern
can be transferred.

Further, if the data borne by the magnetic transfer master
medium as per the embodiments of the present invention are
serve signals, a faveorable transfer of the serve signals can
be easily performed onto a 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 the main parts of
a master medium and a magnetic recording medium,

Figures 2A, 2B, and 2C are views illustrating the basic
processes of the magnetic transfer methed according to the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter the preferred embodiment of the present

invention will be explained with reference to the attached



medium as per the enbodi nents of the present invention are servo signals, |
a favorable transfer of the servo signals can be easily perfornmed onto a-
hi gh-density magnetic recording nedium. vvhereby pref @Zmifotvedbengh@ls ¢ -
recordi ng nediunms can be manufactured efficiently. BRIEF DESCRI PTION OF
THE DRAWNGS Fi gure 1 is a cross-sectional view of the main parts of a

mast er. medi y %Qtﬂ?ﬂg&'% RGO ?xsf[f@g ﬁéQHéfsméémﬁB?sé&dn?-C are._ ,

views ill USt ratl n asi c processes o magneti c tran met hod

E(Ii/gglrjldivggrrtsg Iglg(rglérf‘%g??' %EJBF hggg& Ig%eel%s%& %}%Qf JF%@ °§rﬁ es§3 .E&il n\/ent ion |
w Il be expalpgd; W%faxF efal q}qne t %tl%ﬁgeghg maghetic. %ran é\&*e”‘f’ef

2005 . draw ngs. rra neti‘c rans ter iR tSe pertorm ng
'magnetlctra sf.er and a etic recaordin h

medi um for® cre%%%tﬁgrqlﬁgdgggﬁgtfi%m{‘ri‘ﬁs?gglg? ]éllg;r%’arsleé dljng q‘F[Fom
the magneti nsfer . ter medium wll be explalned Fig. I is-a
Ccross-sect |‘6hgia]€/?e?§(%f&5x}%{ mai n parts of a- magnet i c recording nmediuml
and a master madl m 1. 0., The. magnetlc eci)r edium 10 is an AF :
recordl ng medi um cjo%”pr% Ina 8ro s—~Sectiona v1e o) € maln parts of” a

_magnetic recordlng medium 1 and a master medlum 10. The magnetlc

: recordlng medlum 10 is an AFC recording medium comprlslng a
' magnet;c _1ayer 6 hav1ng a substrate 2, on _th_.ch are formed_at
' ,ile_ast a first magnetic layexr '3, a nonmatjnetic 'cou_pling layer
: 4,. and a second magnetic iayer 5 . Although the sn_bs_trate 2 shown =
in Fig. 1 is nrovided on only one-surface the_re_of w1th a magnetic '
. layer 6, a magnetic 'la;yer_'lma-yl-be prov-j_ded. on both surfaces _orf
_ the substrate' 2. The first .rnagnetic I_.ay’er 3 andﬁ_ the second
m'a'g.n'etic layer 5 ar.e-'provid’eci with a property; due 'to the
antif.errem-agnetic c':o.upling"'vi-a the'nonmagnetic co'npling layer
4, whereby the magnetlzatlon of sald magnetlc layers is orlented |
E _1n opp081te directions. Note that substrate 11 can ‘be a hard B i
”base or a flex1ble base.
E_‘ur,ther, the_'master _rne'dinm. 10 isr'for'm'ed ..o_.'f as ranr annular
disk, and-ebmprises a s-.ubs-t—ra't':e 11 provided a-‘s'.nrface. thereof.
7";w3.th an uneven pattern correspondlng to the dalta (e g , Servo
' s:Lgnals) that is to be transferred to the magnet:Lc layer 6 of L
7 'the magnetlc reco,rdlng me‘d_lnm 1.r and a magnet:L__c jlayer 12 formed -
ove’r’_. the un_even pattern of _th-e. s,ubstrate 11. By for.minlg_ the -

7 magn_etic 'l'ay'er 12 over the uneven pattern, the master medium

10



magnetic |ayer 6 having a substrate 2, on which are fornmed at |east a first
magnetic | ayer 3, a nonmagnet.ic coupllng | ayer 4, and a second magnetic
l'ayer 5. Although the substrate 2 shown in Fig. 1 is proViodesben 203 one
surface thereof with a magnetic . layer 6, a magnetic |ayer may be provided.
on both surfaces of .the substrate 2. The first magnetic layer 3 and the

second magRetig x%rcieﬁ FLEn A ggtﬁggn&a% iy %Dgég%ﬁ ﬁ%%otf% rﬁ&%@tﬁner eby-

~anti ferromagnetic. coupli ng via. ‘the nonnagnhetic I"ayer :
t he magnet i y
~directions. i%&ftb 'ta%'f? FSE%%hcagng%éma%har gg%argédo%s O]Z%ﬁeﬁ % base.

Furth th d f d of I di sk _

“conpr] sés a‘fsﬁﬁéﬁ%té'f*%%‘ oA QU et RRe &8 et feancbheven

‘patt di th d I that is to b

bransf or red® ﬁﬁgﬁﬂméﬂ%fg e BReRatraer Y 1R, PhPRBL e SRt 1

and a rragnetlc | aye formed over the. unev 8‘l;t}attern of the substrate
n

11. By forntH§TEhe ?‘rgg ?l%r?%?'ésrl%ﬁ FRF& PR © &nuﬁﬁf’{a&rﬂaﬂf?}’éﬂnﬁ%‘f er
edi um 10 22 Novenber 2005 10.i s vi ded.. er ne etic |ayer
(a soft magRePTErey Qpgrum ?Vangeguffolt aFFia%1 ? ]ﬁ'g‘ﬂ thei s
not lim teddeto bei ng of the cor} urat1 on accaor di n to e. current

enbodi ment . “ERHE% FH éf‘?’ttll‘%ﬂfero ck eb‘én?‘()‘?"i‘ré%f“ﬁ}?rrb “ﬁﬁgtbﬁﬁﬁi’n with ace

of the rotru3|o rtjons of .the uneven.pattern;
: pre a mag D layer, thereby forml g a pattern correspondlng to

'the data to be transferred as a result, can also be employed.
For cases in which the subs,trate 11 is formed of a fe_rromagnetic
. ma_teri‘a.l_sucéh as Ni or Ithe .lik'_e', '_it.is not necessa_rily required
“that the magnetic layer be provided; the uneven patte’r_n pro‘vided
on theVSU_r'face of the subst_rate serves as the equiya'lent_ of the
.“patterned,"r_‘nai;.;netic layer.” '_‘_
| Still further, if a protec'tive £ilm such a.s Diamond'—Like
'Carbon (DLC) or the like is coated on the topmost layer, thlS
protect:.ve Film 1mproves the -contact durablln.ty, enabllng the
'performance of multlple magnetlc transfers Also, a 51].3.con
- layer applled bya sputterlng process or the llke can be prov1ded
as an under layer of the DLC protectlve layer in order to ‘improve
the contact characterlstlcs | o | |
.The magnetic transfer is fpe.rformed :Ln the_sftate wherein -
the surilface- ‘of the rnagne'tic ‘recor'ding medium 1 and'the 'magnetic'
layer 12 of the master medium 10 are brought into and malntalned :
in complete contact, or in the state whereln sa:Ld magnetlc layer

6 and sald magnetlc layer 12 are opposed and brought into

11



--pattern pr

a nast er medi um having a flat surface formed by filling. in the depression

portions of the uneven pattern formed thereon with ggqﬁgggﬁ!
thereby formng a pattern corresponding to the data to rané%%rred as.

“a result, can also be enployed. For cases in which the substrate 11 is

formed of a ferromagnetic material. such as Ni or the like, it is not
necessarllgk?e uired that the nagnetlc | ayer be prOV|ded t he uneven
%ﬂal theashratdes ot P e s mest 8 t L0 FRATRIHII ent
of the. é%%terned magnetic layer." Still further, if a protective film
such as Di "RR¢¥ ke Carbon (DLC) or -the like is coated on the t opnost

“layer, this protective filminproves the contact durability, enabling the
_performance of mM#%S plP& mdBnand 2€r apsfd&raingsd llaséirpténn Fagdrasigplied.

by a sputtering process or the like can he provided as an under |ayer of

. the DLC prREQRITIRS | ol thisn macdetico trapsées mREhednt Bey. charaleeesiatics.
-The nagnetlc transfer is perfornmed in the state wherein the surface of the

magnet i ¢ FERDIRS ¥ nesoivdiny merdi uthshatigies ibeenagebigoted tchannisterakedi um -

10 are brought into and maintained. in conplete contact, or in the state

 wher ei n s@abnaigmatiion ayece6saiicaicd hhiwetrateaytdre. mzoaeesoﬂposem and
.brought into 11 22 Novenber 2005 proximity to each other; and maintained at

“a-unifor mté@alﬁétte@ﬂn@dgwam@ the magnetlc recordlng medium are brought

1nto close contact to form a conjoined body and a transfer
magnetic ‘fie_ld Hdu is applied ‘thereto. Flg 'ZAC. illustrates the
- magnetization state of.th_e mag'netic recording medium after the _
,ma'gnetic ftra‘nsfet has been per'fofmed-; each of the Figs. 2A, 23,
: and 2C are cross- sectlonal v1ews of a portlon of the track along
the lengthvuse dlrectlon thereof Note that in Flgs.‘ 2a, 2B,
7 and 2C, as to the magnetlc: recordlng med:l.um 1 only the magnetlc
layer 6 thereof is shown o
As shown in Flg ZA, flrst, the flrst magnetlc layer 3 and '
| the Second magnetlc layer 5 are subj ected to the 1n1t1al magnetic -

' p-roces-s In this- case, the 1n1t1al magnetlzatlon is performed.:‘

- S0 that the magnetlzatlon dlrectlon of the flrst magnetlc layer. e
3 is unldlrectlonal along the 01rcumferent3.al ch.rectlon of the.,
o track and the magnetlzatlon dlrectlon of the second magnetlc.- .

layer 5 1s orlented antlparallel to that of the flrst magnetlc

”.1ayer 3 | | | |

| Then, as shown in f‘lg 2B- ‘the surface 6 ‘of the magnetlc_
eroordlng medium 1‘_and the data bearing su_r_-face Vfo‘rr_ned by the'

. magnetic lﬂay_er 12 coated over the uneven ,patter_'n: of the substrate

12



Figs. 2A, 2B, and 2C are drawings- illustrating the basic processes of this
magnetic transfer nmethod. Fig. 2A shows a mmgnetic recordi ng medi umthat
has been subjected to. an initial magnetization process Noivgmbep 2005

i l.lustrates the process wherein the master nedi um and the magnetic
recordi ng medi um are brought |nto close contact to forma conJ oi ned body
and a transfer netic field Hdu .is applied -thereto._ Fig

illustrates ﬂh@f MRAStEA MeAignal @ gire H@W@ﬁeﬁﬂ*&or%%%% & af ter
the magnetic transfer has been perforned; each of the Fi 2A, 2B, and 2C
“are cross-séerMonaton] dwsdobodypored on tgransfen mééke’m@ngle%%e (Hdngdmwi se.
-~ direction thereof. Note that in. Figs.. 2A, 2B, and 2C,_ as to the magnetic
_recording nmegpuied, ionthe tmerqmgﬁeemlauayleregtnmwath% etowh.ofaAghghown -
in Fig. 2A first, the first magnetic tayer 3 and the second magnetic |ayer.
5. .are subj &étret nagnélel ¢ riatea Smagnéhiecdproeceisn dppadi e ddue, iniHdalniti al
magneti zati-on is performed so that the magnetization direction of the
first nmagnemagnébyeationdisenbidnrelt thenstcatdngankéici kayer orehtitdiis -
direction of the track,and the magnetization direction. of the second
magnetic | bijmee, &hstlmmlermedoﬁrﬁhepmagheem tlayeral2 of tiemhistsr mabinet i c
l'ayer 3.. Then, as shown. in Fig. 2B, the surface .6 of the nagnetic. :
recordi ng. h@dlume Permradbtihétgalmabeatahy strftaceafoeted byyehel2 magreet i c :
Iayer 12 coated over .the uneven pattern, .of the substrate. .12 o
form of the patterned magnetlc layer iz, the separatlon distance
between the master medium 10 and the magnetic -recordlng medium
i, "etc., maj/_ be'contrell_ed‘ 's:o that 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
magnetic layer 3, as shown in Fig. 2C, is oriented-antiparallel-
‘_with' respect to that of ea‘chrc‘o‘rrespo_nding small region ‘o-f the
- second 'magn-etic Ilay'er 5, by way of the anti ferromagnetic coupling
- - of the n_o_nrhagneti_c couplfing Vlayer 4. In this way, “the magnetic
layer is therrhall.y stabiliéed--in a.state in w-h_ich,the
magnet_izati._o_n o..f each _corre_‘speﬂding region of the firs_t ma-gﬁetic- o
layer 3 a’h_d the second magnetic layer 5 is oriented in opposite
directi"o'ﬂé
If the above descrlbed magnetlc transfer method is
utlllzed for transferrlng a magnetlc pattern to an AFC medla
such_ as that described above‘, .a magnetlc pattern co_rrespondlng‘

to a predetermined data can be accurately transferred;. in

7 particular, if the transfer data is servo signals, the tracking



22 _Novenber._2005..11.0f . the master nedium 10, .are-brought—into -¢lose. -
contact to forma conjoined body, and a transfer- magnetic field (Hdu) is
applied in the circunferential direction of the track 23 NowembersiOHagnetic -
layer 3 in-‘the direction opposite thée initial nmagnetization direction of

t he second nagnetic layer 5. At this. tinme, the thickness of the nmagnetic
layer 12 of the master nmedium 10, the perneability (material) of the
magnet i ¢ | RRFLopmanaee isf dApre¥edt he patterned magnetic layer 12, the
~ separation distance between the master -nedium 10 and thhe magnetic -
recording nedium 1, etc., nmay be controlled so that 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 nmagnetic
‘layer 3, as. shown in-Fig. 2C, is oriented antiparallel with respect to

that of each corresponding small region of the second .nagnetic |ayer 5,
byway of the anti ferromagneti.c coupling of the nonmagnetic coupling

| ayer- 4. In this way, the magnetic layer is thermally stabilized a. state
in which the magnetization of each corresponding region of. the first '
magnetic |layer 3. and the second magnetic layer 5 is-oriented. in opposite
directions. If the above described 'nagnetic transfer- nethod is o
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utilized for transferring a magnetic pattern to an AFC nedi a such as that
descri bed above, . -a magnetic pattern.corresponding to a predeterm ned. data
can be accurately transferred; in . particular, if theZ2@r dnsémpedal@3 s o
'servo signals., the tracking 13 22 Noverber 2005 What i:s clainmed is: 1. A .
magnetic transfer. nethod conprising the steps of: positioning a magnetic -
| ayer, which is forned in a pattern corresponding to the data'to.be - -
transferred®dt the T &Y d5%ecording | ayer of a magnetic recording medium
of ‘a magnetic nmaster nediumto face a magnetic recordi n%ﬁ{ﬁay%r of %

hi gh-densi ty magnet it HeSEGrdicn g “ABaLEM E%%B?@s‘?%%%t S LeR St Prst

- magnetic layer formed on the substrate, a nonmagneti.c coupling |ayer fornmed

on the firstosigHering aymanadid doyesonyNAaBndt i EOTBG@rit G RALEOM t he
“nonmagnetic coupling |ayer, which has been magnetized in advance sqg that
t he magnet i geR¥eIP@iding ¢o fihesdayaghet be tajeriartedatd e dtrpnfldietic
“layer are uniformand oriented nmutual |y antiparallel, and applying a
transfer negpreyding diayeroofhe Bawjel e dansrpingnmefaui rettd SHBRESi te
the.direction of the magnetization of the second nagnetic layer to :
‘magnet i cal Inestengietiuvhg pdiacsr & cegnespengbagrdbng hbayer £f R nagnetic
transf er. nethod. as defined in clainm:1, the second nagnetic |ayer is
magnet i zed hiwta-qensidrhmagnatic recording medium comprising a substrate,

' - a first magnetic layer forméd '0-1'1: the substrate, a norimagnetic
coupling léy_er formed on the first magnetic layer, and a second
magnetic léyer formed on the ﬁ'o-nmaigrietic coupling layer, which
has been magnetized in ad'va,née_éo‘ that the magnetization of said

 first magnetic layer and said lse-'cond magnetic layer afe uniform
and oriented mutually antiparallel, and
applying a transfer magné-tic field to the COnj_biijaed body
in the dririecti.on opposite the. .dirgc.tion'of- the maighetization "
of the second magnetic laYer"to magnetically transfer the pattern

corresponding to the data.

2 A mag‘nétifc: .tra'nsféf.-'method__ as def_ineqi in.élaim_-l,'
wheretn: o
.thé gecdnd -magneti_c_:"ia_gfe'r is magnetizé-d in é':pai:tern form
by passing' fhe transfer magﬁétic_' f-iéld thrgugh the:mégﬁ._e‘tic_layér"
~of .t'he. :méslt-er med;i..uﬁl and tﬁe _:sle.c.:ond'magnet‘i_(-: lafgr. of the
'rec'ording .megiium so that said magnetic flux does not affect the -

magnetizafi-on state of the -_fir__st magnetic layer, and,

15



bypassing the: transfer magnetic field through the. magnetic |ayer of the
mast er nedi.um and the second magnetic |layer. of the recording nmediumso
that ~sai d magnetic .flux does not affect-the magnetiz3aRi §averbge 210% he
first magnetic |ayer, and, 15 22 Novenber 2005 the magnetization of the
first magnetic layer and the patterned nmagnetization of the second

magnetic layer arg,caused . to be in-a relation of antiparallel orientation
“through the. - cour‘eiﬁa- n’aa%'gle‘fjr@aweq}}ec?f%&pﬂaﬁﬁelt&§ellab’§lrmé§ﬁ. e
second ma'gneﬁ;it%' | ayer magnetized in. %#Eattern formand said first o
magnetic | ayer - S3PRU RS (@A eRs PRt hfe FREAPA AR tiCHI pHeE It e RuSRd 2,
wher ei n sai ﬁg%ta.are servo, signals. |6 22 Novenber 2005 ABSTRACT MAGNETI C
TRANSFER METROBSFOR A Hf 6 HEAS i Neanes G REcarsmie tivepithmonoke thed of

“performng. an accurate magnetic transfer.to a high-density slave nedi um
havi ng two HﬁBRZEPg byufdesNanmeanet i Ao dma Levesrkgiiersr sedubseagnd The
magnetic layer, which has been initially magnetized in advance, of a
magnet i ¢ reéﬁ?ﬂ?ﬁbcn%ﬂ%ﬁnm%gllﬁﬁﬁ%ﬁq]e@vﬁ i fier d foamp ead’ wgisluifizet of a
‘master nmedium A transfer magnetic field is applied to the conjoined
S magnetic layer, : o - -

3 . A magnetic transfer method as defined in claim 1 or 2,

. wherein said data are servo signals.
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‘body in the circunferenti al
layer-in the direction opposite the initial

~controlled so that the magnetic field of the transfer

direction of- the track of the first nmagnetic
. _ magneti zation direction of the
second magnetic layer. At this tinme, the thickness o2t Nevemigaeti@3d ayer
of. the master nedium . .the perneability (material.) of the .magnetic |ayer, .
the. formof the patterned nagnetic layer, the separation distance between

t he master-medi um and t he nmagnetic mesgrACcng nmedium etc., may be
nagnetlc field does

not effect thRRIPE {EALL AR %E@E}%MEDIEZ I{'Ié}sxtomgrn'%trlngzaclv'b?merrc RJEZZORDING

A method of performlng an accurate’ magnetlc transfer to
a hlgh den51ty slave medlum hav1ng two magnetlc layers .and
utlllzlngantlferromagnetlceoupllng The magnetic layer, which
'hasbeen1n1t1allynmgnetlzed1nadvance,ofaimagnetlcrecordlng
medium is con301ned.w1th the data bearlng surface of a master
:medlhm.'A transrer magnetic-field_islapplied tO-the conjoined
'bedY'lh‘the-circumferential directien of the traekiof'the first
H magnetic layer in the directlen'oppositerthe ihitial‘
';magnetlzatlon direction of the second magnetlc layer At thls
| time, the thlckness of‘the:magnetlc layer of the master‘medlum,
_ the permeablllty (materlal) of thelnagnetlc layerr the form of
_ the patterned magnetlc 1ayer, the separatlon dlstance between-
' the master medlunland_the magnetlc recordlng'medlum, ‘ete. romay
be controlled 50 that the magnetlc f:Leld of the transfer magnetlc
fleld does not effect the magnetlzatlon state of the first

_magnetlc 1ayer.

hFigure 1
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