; gqre3eFpd4FnD( 6TAMS MAGNETI C TRANSFER METHOD FOR A HI GH DENSI TY MAGNETI C
REGORDI NG MEDI UM BACKGROUND OF THE | NVENTI ON Field of the Invention The
present invention relates to a nagnetic transfer nethod of magnetically

transferring a predeterm ned data such as servo data or the like, and in

agnet i cPERBr B TSR B PR PP RPN Cabi s

speaking, with regard to nagnetic s@géggﬁ medi unms, there is a denand for

i ncreased city and | ow Further desired are so-called
hi gh-speeo‘mmmmﬂ"mw@um, whi ch are capabl e of advantageously readi ng out
the data of a specC d location in a short tine. At present, a new type of

magneti c recor*lf?'ﬁﬁ medi um_ whi ch conprises two magnetic | ayers separated by
a coupling layer forned GFAGRREEHIRIRE Lﬁﬁiw‘@l‘]“&g@ﬁqf erronmagnetic coupling
(AFC) to realize an remarkabl e increase in recording capacity is being
devel oped. This new nedi a t§aelisofobei ABYeN&fi®red to as a "Synthetic
Ferromagnetic Media" (SF nedia). AFC nedia are characterized by each of the
magneti c | ayerBhéaniegerespeventeby oppasese tengnariongttiion tdiansdidons, by
provi di ng a nonmagnetic coupling |ayer between the two magnetic |ayers .
Exanpl esmethod ghf dersyie tyi eabhett wanstor oi mg anadiedst ¢ ymivke ¢ date suwr mal
stability of the antiferromagnetic coupling between two nagnetic |ayers
can be iaproagedoaddtaherr tber diikg,densl tiy foartther liaw riease dudidved been
proposed i n Japanese Unexam ned Patent Publication Nos. 2001-56921,
2001- 56928r fandi2@04ha§68L5c WEbhsfegaltd to htilghs-deypel tof nEgletdiensity
magneti c recordi ng nmedi um so-called tracking servo technol ogy, wherein the
magnet i craéeaddangumatiélip.scans the track width to achieve a high S/N rati o,
is utilized in the sanme nmethod as for the nmagnetic recording nmedi uns such
as the conventional harHedcskptapnf béxichkeeRéilsksedugded in ZI P (1 onmega)
drives or the |like. The servo data required to inplenent the tracking servo
t echnol ogy nusteberdple $peahihgd” withatebardr écomdechedni d et adiagde i n
advance when the disk is manufactured. At present, a preformat such as that
descri bededbove, ethépysia & phmatd zegk Setore asodrdi sugh @ppaEd bty & | S
formed by causing the magnetic head to approach the disk, and witing the
si gnal obewt task.aFuathefedebiled heedisek dad kel ng glotsgieasd Reossuse t he
servo data is recorded for one disk at a tine, on one track at a tine, a
signi fi caetiiameyunivhotht are capebQei b€d abonntthe aaraflor maiddingy aper atlieon,
giving rise to a problemw th respect to the nmanufacturing efficiency.

data of a specified location in a short time. At present, a new

type of magnetic recording medium, which comprises two magnetic
layers separated by a coupling layer formed of ruthenium,

utilizing antiferromagnetic coupling (AFC) to realize an

remarkable increase in recording capacity is being developed.
This new media type is 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

VAN 1

*G00002*



Further, although the nagnetic data of the AFC nedia is recorded and

repr oduced by scanning the track thereof wth a nagnetic head in the sane
nmet hod as for conventional magnetic recordi ng nedia, because the size of
the magnetic head is relatively large in conparison to a magnetization
region, a 2 magnetic field producing noise on the inverse nagnetization
portions theianfdvisreonagnapbt icrnlHaiebetveen twpunadeet ipeuyses dea
magnetic field is applied not only to the upper nagnetic |ayer but also to
t he | owerbéaymprovetdhendwohengaevirdihgydessitliyefaritdea linmreased have
recordi ng accuracy of the AFC nedia due to problens such as the disorder
caused i nbébr pagnesedatinodaptateseotineRemtiawdr Patigndt Pablldyert i drheleaf.ore, a
reproduction signal having a favorable S/ N ratio cannot be obtai ned

t herefrone0@lfagopabl eosergeopepr addcioon -siegral. must be obtai ned in order
to accurately control the track position. If the SINratio of the servo
reproduction sigheh pégargetyothignaypehaf haghbaensprel aadmldad by use of
a servo recording apparatus is not favorable, such a situation becones an

obstacl e t8chbh@iRgrhed IBNCe Picaa fdy 0kabke nhr 86KV O3 SEINVE®L A G bl Te 1N
accurate and efficient preformatti ng nmethod, wherein a pattern bearing

servo dat gheWh§RePBE KELA { QKRS Oy o @SS Qfh AR AHR wiatrRanetd galdwe
transferred to a nmagnetic recordi ng medium has been proposed in Japanese

Unexami negd E@%ﬁnb/ﬁutelat&atl 98 U@%ll@%ﬁlg%B)th%B%@?r% mEHRP s W%h@nd
Z0(1998) - 269566 Accordlng to these magnetic transfer technol ogies,

master nmeghypLhayl f‘&cé‘Pdi‘H&\éﬁéHﬂ?rﬂé %ru’&}PQrsr @ﬁ@%&@n%?oﬁ@f I@rﬁ?{@ ciﬂ%s Is to

be transferred to a nagnetic recording nmedi um (a sl ave nedi IS prepared.

By bringigg Hﬂbmmét easggdhg@d' B0 76P0S§ o %g;%a}ctdfwe@ B e%deetfeééumto

forma conj ol ned body, applying a transf nagnetlc f ereto a
magnetic pattersp 5T t bor ne
ongt he magter %léu?nel S t%éa%%)]%cg"gld{%% ‘{}ﬁ q‘glgevn(e&n% LSr%e preforn\%attl ng
can be pegéeh tn*ﬂ?é‘é b%h‘?’l%‘ P&rﬁ?@ 8"atehhet EQS'J.Ié%pde@é orn'En

medi um an e medi 'S e twb nedia remainre atlvely

stati c. QﬁraeJxPJr?c %eﬂ’\lﬁ’e&isk&?ﬁéﬁh? %t‘iﬁeﬁer rPe%%nacCCéﬂr &R di ng

of the preformat data econes p055| 'e to a ageouély o so I'n an

extremely, Epﬂrﬁst LB 4GE05dbAgLY 0kl 6B o S,%ern %ﬁl_a‘é&ztégf et hod

is applicable I'n transferring a nagnetlc patt so. There

110 1999) - 117800 g AR FEEEr o el BB PARET By BB A B _r%f?%%d gead
Lranst ef [ 0o 3l 8, LR AP ATNENt LORAL: SBGNOLHE geggie&'&ge i, ORI SI g

the steps "of jectin e fragnét 1 ¢ ave ne aninitia

TRgnet | Zak|9p pLACesy \o ledaee%ﬁ 3 Len sl i eam! S LRGNt ©

field to e slave nedium  Which has been con10|ne 2 Mast nedlun1

in the diceetign opgosite Wha ol the il tigl orﬁ%gr{eltg 7t Len, ihgevey, the

magneti c trans proposed t hus f'ar have presune

woul d be Bﬁgk?;”%gnk E%O%%nv%%t|0ﬁgl %lggle n%%n%t reﬁ e{fornance

of a tran an-antl erromagnetl C gne

coupling t has _not been conS|d use th ste ture of a
conventi oﬁwg ﬁggﬁ’et’l gH'ed r(fllr?g ngdl Sul™a) &etnh E&brﬁesdjec ar eu%h?fer ent, if
a conventlonalagg netic tr sfer nmet hod i s enployed to performa nagnetlc

transfer 18" 5& r&@&l&% ciency.

Further, although the magnetic data of the AFC media is
recorded and reproduced by scanning the track thereof with a
magnetic head in the same method as for conventional magnetic
recording media, because the size of the magnetic head is

relatively large in comparison to a magnetization region, a



4 an accurate, favorable transfer is not obtained; therefore, there is a
demand for a magnetic transfer nmethod to the properties of AFC nedia.
SUMVARY OF THE | NVENTI ON The present invention has been devel oped in view
of the forgoing circunstances, and it is an object of the present invention
to provide a magnetic transfer nmethod capable of favorably transferring a
nmagnet i ¢ PAOPEILACt & 18RS MERRCITE NAHGTetdt HeandT&T shefe el diany to
the present invention conprises performng the steps of: performng an
initial nRGEELOASt iien 1 ey et Ivhenplasst ddhangfivet i ldeditithplayer of a
hi gh-density nmagnetic recordi ng nmedi um conprising a substrate, a first
magnet i ¢ bggen skotined magneid o ulistlchties, apmicradhgret ian laou itde lunrsr f or med
on the first magnetic |layer, and a second magnetic |ayer of which the
magnet i zategnednd d¢egeci betnapsettic ther dewehedeykri sf| tngerwa agnetatc of
the first magnetic |ayer, fornmed on the nonmagnetic coupling |ayer, to

uni f or m y liayietrisal themregnet azéimhe forshe anglcd heéisecorcumagnet f ccHaydHES of
sai d high-density magnetic recordi ng medi um magnetic |ayer the so that the
respecti vectagnetiez ato @ othi redrct i sorch tdrergdof dirssmid erdadkaditiral the
antiparallel, and a transfer process of conjoining the magnetic recording

| ayer of whegnkitglzaddrsi sy atRyBEL ther BoWEdi Mggneeli ¢1m a yéu £ hcase heed, a
initially magneti zed, with the nmagnetic |ayer, which is formed in a pattern

cor r espongiepg dav dierdatiayi=a beydimnsf efawtdble t3yN hea tiegneditott gsor di ng
| ayer of a the high-density magnetic recordi ng nmedium of a magnetic

transfer @pthahet®dhdie fi-emf Ok A& 1 ReAVROEYpraadcapphys Ignal tianst er
magnetic field to the conjoined body in the direction opposite the

nmagnet i zableOBbdhiaehi O Ofddha & eendsrrARetba thayethé o FaangidHiadlon .
transfer the pattern corresponding to the data, wherein the initial

magnet i zatrifOR hR QYRS $a&ARSIcH $HY @Rl il rddudistonmagngtdic I & dafva
magni tude | arger than tw ce the coercive nmagnetic force of the second

magnetic lsayeal andtt Rl BRBhYbREr3rageeBd Bponsti6f fd eddhvoidbiddif a
magni tude that inverts the nmagnetization of the first magnetic | ayer and

does not fa%\s%x%&u%fi§9$ot0@abt3@a§%9%mgn§$£@a£ﬁaﬁnoeddmetéﬁspcﬂﬂse&é&l@
opposite that of the first nagnetic field. Here, the expression"to

uni form yicRi tinal e R e e fidrir 2N the senanddranetitct ayer s of
sai d high-density magnetic recordi ng nmedium magnetic | ayer the so that the

respective magnghi zakL,eHtdl LEQL L PPS-1 DEE 69 A EnQF + £AG 8fk BB &alWNerein
antiparallel,” refers to the performance of the magnetization, over all

regions, gophbabrhhSediisy JBORSHA d,a%Eh chSh BRI ZR4-rdd BREa dhd &4 on

and the second magnetic layer is magnetized in the direction opposite said

di rectionp@lyithe MRIRRYEALIQN Of dhedidStedBaNe] iad @€ c 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 uneven pattern corresponding to the data
that is to be transferred to a magnetic recording medium (a slave
medium) is prepared. By bringing this master medium into close

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

a transfer magnetic field thereto, a magnetic pattern



The expression "conjoining the magnetic recording |ayer of the high-density
magneti c recordi ng nmedium which has been initially magnetized, with the
magnetic |layer, which is fornmed in a pattern corresponding to the data to
be transferred to the 6 magneti c recording |ayer of a the high-density
magneti c recordi ng_nedium of a magnetic transfer nmaster nmedium to forma
conj oi NneFYOEREPeREERS §@ Hit THY (e bringeFy S fLeN@ldsboEsst ast thAd

mai ntai ning a uni form di stance separating the respective opposed surfaces
of the nemshepEnedivmntst heanagaered fecbhdi Adawednaghiubut ThEso to the
bringing into conplete contact of said respective surfaces. The referent of
"t he dat tefdbenatahsdecardoeopehEomgdevithpetocdangihgyeheotedahyaetic
recordi ng medi unf may be servo data, for exanple, but not limted thereto.
Not e t hatpositjpams i cfil Gie byspassnadgitieahdabséeslangneédtumi ehdtt hspugh
the second magnetic |ayer and the magnetic |ayer of the master nedium so

t hat sai dwBpmehectbelaiidoesmadh wd fecive he stagriet.i ZThérofioséaicx ohliyhe
first magnetic |ayer when the transfer nagnetic field is applied, the
second neghett pokayBleCed phe fagneh izt tdt a rpabirai Agf OFf Mharpee€bimatt S
desirabl e that through the coupling by the nonmagnetic coupling |ayer

bet ween tdet$LGeNde SBEOS KIS didyley t SRAREIH tZREJUE 18y fatsei A droeftasflel e
first magnetic layer, the first nagnetic |ayer is magnetized in an

anti paral $iebreitiasd | ArdardittyBat tier pad PaINSs Zadtad 1fat kB isemERHod
magnetic | ayer. The expression "magnetized in a pattern fornf refers to the
magnet i zaf & Qi f i @A6Te r80iteRA e clrie niRENRh hfe t BY 8Fat e B tReAFChRedi RECt i ON
of the initial magnetization or the direction opposite thereto, so that the
entirety thegseof forms a pattern. The expression "the first magnetic |ayer
is magnetized in an 7 antiparallel direction to the patterned

magneti zation ojnd he 1RRCRENBIRBbLEd|, aY8Tded&f AhSq 11t AP aRRIkobaRARE Of
t he magneti zati on so that the nagnetization direction of “each region of the

first maghsti chaysh k8. 0Lhenbed)LnitBB00PRASELE rdneeG! iFaRckapilRat of each
regi on of e second magnetic | ayer corresponding to éach said region of

the fi rs"rg??@@@ﬂ:ctﬂé”ﬁ@fer Mg gt dleh I &I &1 681y qaka’ 6810:BRYBRLLEGnEN El d

does not ct the magnetization state of the Tirst nmagnetic [ayer” is not

that the H@ﬁie_Eé@épdﬁge%muﬁ,nt@amﬁﬁesw HndREReld 6 éﬁﬁgec@;ﬂhgt hat

no direct change is caused”to magnetization of the first nmagnetic |ayer

even i f S@lié(? t :'Li(;ClB:y%IrdOPrg[ 3 v&'h?eciiﬁrx?tto”&gg.ﬁutiit“ié abgﬁ%neﬁi!&%:ﬂ?bn the

t hi ckness e magnetic |layer of the master medium t er mea Ity

(mterial ), of cLbe; magetics | ayareily Lo 1TAILL (R, LheRanA 260on

di stance between the master ium an gnetic recordi ng medium the

formof thg pat %}fg.\l}g e@%@rﬁt&ﬁié??‘lersﬁ%?ﬂ R nTRIhEl FEG Uha SLEr Pfgﬁgﬁy be

controlled so that the nagnetic the transfer magnetic does

not effecint\t}ﬂ? ”BQPS%E%EN ?BFéEzi&EE Rhatngef LHSL 1 ABYAGHE] ﬁabﬁ%ﬁ&za&%n..

magnetic transfer ne (0] e present Invention Is a ne conpri sing

the steps of: pﬁé&&{;ﬁ}e At rr]r{ Urddle H?Qﬁ%%%%%%?{}%géﬁ%ﬂ?%&@d the, d LSt

magnetic |ayer and : “magnetic layer o ensity magnetic

recordi ng?%g' UL <WhEReLRa Sl ftlrﬁﬁtsfggdw%ﬁa.g %%ng‘}f%%%%ﬁ ¢, layers

magnetic layer-are unrform’y ‘magnetized so that the respective

magneti zaL,0n. 4L § §§L1 ORI nbRE" £26n8kE O1LGRALE LI YR rmance of a
transfer to an AFCmedia withan antiferromagneticmagnetically
coupling two layers, has not been considered. Because the
structure of a conventional magnetic recording medium and the

AFC medium are different, if a conventional magnetic transfer

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



8 antiparallel; and a transfer process of conjoining the magnetic |ayer
of the high-density magnetic recordi ng nedium which has been initially
magneti zed, with the magnetic transfer master nedium to forma conjoined
body, and applying a transfer magnetic field to the conjoined body to
magnetically transfer the nmagnetic pattern; wherein, the initial
magnet i zadR orCprbeees EavierabseotrappEgrngsanptr sbtmagedyi therelforel a
magni tude | arger than tw ce the coercive magnetic force of the second
magnet i ¢ thgee isandetmhsd Hppbyiagnet setoadsfagnettiltod teltthe phibphricsesf a
magni tude that inverts the nmagnetization of the first magnetic | ayer and
does not davEFamedffact on the second nagnetic layer, in the direction
opposite that of the first nagnetic field; whereby, the nagnetization of
the first magnetic | ayer anSUMWARRYeOPNTHEBAINUYENTIDHyer can be stabilized in
a state of mutually antiparallel orientation, and a favorable initial
magnet i zati on stigd oredee obiaittash By pRYdrodawry dgwl timRSker ogf tae
magnetic pattern to a high-density nagnetic recordi ng medi um having a
favorabl ecbphbing OvgBehbEahteBs, shateiti 1 sbea0BRScPOSSirbk et prekiain an
out put signal having a favorable S/Nratio. In particular, by passing the
transfer resgtiénfitel gréviauoh hhgneescendrapameti mekaver capdphe oragnetic
| ayer of the nmaster nedium so that said magnetic flux does not affect the
magnet i zafph9drabay et Phnkherli h§t aMRERRELEC! BYeEerhheos@aGendtmgnetic | ayer
can be magnetized in a pattern form "wherein, if the magnetization of the

first magnetic tRyefadSeCRUSEHL9rbE RELRDE S -AYLYahLY canthRapakkehei N
relation to the patterned 9 magneti zati on of the sécond nmaghetic | ayer

through the,&QupbhNgoRyrt BEsNRAPRGPRE LG EHHPEE@Es'%¥?r %Ebe%iB%r%B
magnetic | ayer and the second magnetic”| ayer, the flrsF magneti ¢ | ayer,

whi ch hasiQf@DaﬂHBQS%éfﬁgaEﬂoﬂd¥§8885srBEGEKESp@%p%EE%CRaEBQQHEhe transfer

magnetic field, which is a potential source of disSturbancé; because the

i nver si on izafli of st eyt LfS t] her
stabilizeﬁg%§P§%+§ %%gggcéfo% g$b?hgeﬂ§gggt?§gbgﬁgho %%%gggggoﬁgﬁﬁgg%etic

| ayer and gnet | in - 1 ; C si.gn

Y andchig: TRORCLL6aEoEL g ERELEMADncRL LS BEOULRE QS bANGe
transfer gmslersBEdi UM ohnlBRePIESEBLOLINEN: hORAEE,BRLY 0, kHRALS s
favorabl e trans?er of the servo S|gnan can eaS|Fy perPorned onto a

hi gh- densj efl ec i ng i y or etic
recordingh%%%€€%€ %g e%é %%ﬁu a8§§§§§n§?§?§?ggtﬁe&QERPEEMEggégﬁ | ON OF THE

DRAW NGS L HEE: S 20 10885 2886 AAInWLNEBL LNS, JBL 0 DR {5 91 2nfst e

medi um a magneti c recordi ng nedi I gures are views

| Tustratipg. the basi g pLocRasesel t06o0m0R8LLG! bANSher JIRthod Ageor di ng

to the present 1nvention Figu a‘gréap the hysteresi s curve o

he maonet P e TE0a it oF T arRe nd 1ot rnestofe el A AT SRt BhOCL  on

process, @ﬁg second magnetic layers of said high-density magnetic

recording medium magnetic layer the so that the respective
magnetization directions thereof are oriented mutually
antiparallel, and

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



10 Figures 5A, 5B and 5C are drawings illustrating the magneti zation
state of the first magnetic |ayer and the second magnetic | ayer.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Herei nafter the preferred

enbodi nent of the present invention will be explained with reference to the
attached drawings. First, a magnetic transfer master medi umused in

per f or m nigo negetEion ettrianskecsdiagdlayergoéta ¢heebopdi-agnsadivumagnkitdle i s

sl ave medium for receiving the magnetic transferal of predeterm ned data
from t he neagoeditg tmeaiaimer ofas tnergmedi ¢ mrainlslf dremex peai mediukj o ¥orm a
cross-sectional view of the main parts of a magnetic recording nmedium1 and
a master seiinysikbd Heelyregnatdspl elog & ngamBdednmd§nesiant AE(d recehdi ng
medi um conprising a nagnetic |layer 6 having a substrate 2, on which are

fornmed atcbgpsinadfboay fROIAREI gikayelod, oBpBeNBIRGE hagPeRliizRG ilayer 4,
and a second magnetic Tayer 5. Although the substrate 2 showmn in Fig. 1 is

provi ded @nro8tYoRNsr sUE 86&- L ASRRfe tWd NageecomPlcariRack J a¥ahsGera
record/ pl ayback | ayer can be provided on both surfaces of tHe substrate 2.

wih o pr oy RO g B R i ae i & (he honmmgnet i
or 1 ent 80 1 1 oppa Lot TRe TP ane s et et Rap-RaBetr e ST LRSS base
i ori ol B ol ACTRE BB € de 110 TARGACEEE ForoS el Tniract et a
magnet | ¢ FRSEPTse EThe Rt Qndd e BReLa S oI T 4E e ke,
uneven patver N iors il g e CART e anogh. LPE o BERReads fnBY .
and o maghBr CE P oghs P (HLES Ro® Lo8s RAPRR fe RN AL BRRAT 11
19 15 prodPhdtr h PR % Fart oFnalf skoea A pHD Y SR E s T B TR e as a
cont i gur aEPBRCAEEoF R figoE o CPRe T er FeAPBRG08! AT S t he magneti c. | ayer can
neven pat L or n FEFC & CHANEGY S i vt el P o PARY HadiekThs R 1 ng
magneti ¢ FASSF, SURoF BBy SFoP Ao A" AL ol AVEGPT BapoAdind £ (11 Hath 1o be

transferred as result, .can al.so be Fort§%§es in h the

Subst 1 at eV RIIEE FOf REBZHENG PEr ORaBROTES WintBYEdl (Hhchcad TRE 0P he | i ke,
oL RERRRISEH! YaRRALLLSE Ly IR Lo e gt e (e
caut Vol enl 5, cRESBEEMTIATRITE S b otel ch Sl o o o
the t Opm)r%gglng (Erz’attlginf olvzer 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

initially magnetized, with the magnetic layer, which is formed

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



protective filminproves the contact durability, enabling the perfornmance
of multiple magnetic transfers. Also, a silicon |layer applied by a
sputtering process or the |like can be provided as an under |ayer of the DLC
protective layer in order to inprove the contact characteristics. The
magnetic transfer is perforned in the state wherein the surface of the
magnet i ¢ MagRe i agreedrdind daver hef naghkei Biphydens2tyf mepsemdst er medi um
10 are brought into and naintained in conplete contact, or in the state
wher ei n saédo nagne tned ihayeo f6a aredyredi id ragnetfiec hayeer Ifedien opo$edmand
brought into proximty to each other, and maintained at a uniform

separ ati oa cosjanced Fogg” . r@fer2Broandt 2€h Ay et de abr hggingl iatvatilnget he
basi c processes of this magnetic transfer nethod. Fig. 2A shows a nagnetic
r ecor di ngcortaotn ahatmbastberhngubj eni edrhodaBthntki abpaRgRehigz @hieon
process. Fig. 2B illustrates the process wherein the nmaster nedium and the
magnet i ¢ f&6p¢ dt Nge RHOEBRS €r P& OGGIE t1id Aaskesanadninehdithd AaEhatic
conj oi ned body and a transfer magnetic field (Hdu) is applied thereto. Fig.
2C i |l ustratesdihg rerangt, BatidnsStattnhdbrtiRg iMRoNet b CInfaRitd BenREEUM
after the magnetic transfer has been perforned; "each of the Figs. 2A, 2B,

and 2C argrcs9s§- s86bLOPA,cVEEWBa0Esa portion of the track along the
| engt hwi se direction thereof . Note that in Figs . 2A, 2B, and 2C, as to

the magnetic repok dic?g YR élfn“%_,heO@J_watt%eb@%%%té;f%ﬂr@eﬁﬁo%éﬁég%t&% _
shown. Next, the initial nagnetization process will be explained 13 n
nor e det aj-bcord N8gATSy8BAEEM I WHEEDCT S 80 PH 9N dRBEE b~ "REDELEC sEeGRr di ng
medium is provided with two maghetic recording layers 3, 5 Because said
(wo magne st eEQE dbRgmbBYCT Sudl RoBNLLheteamBgRebkeal |y coupled, the
hysteresis curve thereof differs fromthat of a conventional high-density
ti . . . . . S0 Fia.
5 aher oi 1t he T s o aar ar der G s eat A e e® O
t . . . . q
[P eSent e DY e USHESN] SRURNERINLR0 2 SUEP Al B PELAR AT SLy and
B R R e st
o ong ¢ heoh PRl KB Rln, DRt g o RORE, EERLE Rah Bt oo Fadt nOhs" ey
magnet | o TEpbe PLpiaante P HA 4 S0P MU, (e 3 pEBhER SR bE R PPt
ti . . . : . o X
Fopresent 2atoy ceSne Ghfed Gl ' A st el T AR B AR B e
Ci . t - ¢ it T . . th
Tdeal st at et entipe SRRt Ras E0kP DA PEn hE; nbbradodhety Bub e TaY e Sond
ti 3 : tively, ' : [ | 1 el..  Theref :
nccor di ngPPETERE K R Eba ke SroencheRhet POk BT e o RER T
Fig. 4: first i i ield H Iy it.ude HA t hat
1% he BhALpng ELES HEGBELLE TLekd, MEndeY.00,0,aReRua g 1t causes
ti ' i i i di i L, I h t hwi di ti
o ‘the ¢ raeRnephERB Ehe B fRE RBE S S na e Tarrc P g PR ReR 1y
decreased, and, a second etic field H2 hav!n% a nagnit¥ge HB t hat
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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



3 and has no effect on the nagnetization of the second magnetic |layer 5 is
applied in the direction opposite that of the first magnetic field Hi;
after which the nagnitude of the magnetic field is reduced to 0. In this
way, by changing the magnitude and orientation of the applied magnetic
field, as shown in Fig. 5A first, by applying the magnetic field Hl, the
first mugaRtiearaybel3danacthensteohienngheerocapegnstarzatiagneti tde in
the sane direction as said first magnetic field HL. Then, as shown in Fig.
5B, by apptydomg magnebgnelagetl’ekdfb2s itp the pppdsirmendier oct ithre, only the
magneti zation of the first magnetic layer 3, which has a relatively small
coerci ve magnetigatbooeso thatmiey hadnehithéidnreicte oni @f otfhea ciageegtioan fiel d
H2. Therefore, by subsequently reducing the nagnitude of the magnetic field
to 0, theofragrefizatinayreftideafersts orgsated in ehd ol tdhaimagnebnzati on
of the second magnetic field 5 can be stabilized in a state of antiparall el
orientatiod.thi¥et €ftdath ragigdasf thedsadmmenayhe tiged yarleoekekhentiihgt
magnetic field HL is set to be greater than or equal to a value HA which

is the megniéade okitihecgmgnebircthieelrd rat wWaigakthet hatke first and second
magnetic |layers 3 and 5 reach saturation magnetization, and the nagnetic

field H2 is setNd@eben®f BndSerdmait tdide 855 nlhipit tike fGRarcidve smagret i ¢
force Hc2 of said magnetic |layer 5, which avoids the influence of the m nor

| oop L2, éf‘f@é%%ﬁ@%a{&%é%@%r@%t@té ke EhéSfif@e%tcj&eﬁﬁa/qray%rwgfs does
not affect the magnetization of the second magnetic |ayer 5. According to
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magneti zati on sate, wherein the respective magnetization directions of the

first andhseepnd.geaneli Gd ayeteedcningt the & rlaRfRidiNg iediym 1

are oriented antiparalle are thermal Iy stable, can e obtained. Then,
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magnet i zati on each correspondi r eqgi.on, of fir magnet i.c. | ayer 3
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above desgr} bef qRangti¢st
magnetization process on the first magnetic layer and the second
magnetic layer of the high-density magnetic recording medium,
wherein, said first and said second magnetic layers magnetic

layer are uniformly magnetized so that the respective

magnetization directions thereof are oriented mutually



utilized for transferring a magnetic pattern to an AFC nedia such as that
descri bed above, a magnetic pattern corresponding to a predeterm ned data
can be accurately transferred; in particular, if the transfer data are
servo signals, the tracking performance is inproved. 17 What is clained
is: 1. Anmagnetic_ transfer method conprising the steps of: performng an
initial rRRaratioh grstassrams fere Prefess e frexbl el Ny &per magngtic

hi gh-density nagnetic recordi ng nmedi um conprising a substrate, a first
magnet i ¢ layer dlotmedhdghtHensabytnageet ac nordeghiend enesbingli wé iichybasf or med
on the first magnetic |layer, and a second magnetic |ayer of which the
coerci ve begmetnctial e maghat geedi hanthhbbeohagheticr sramafaet mastayer,
formed on the nonnmagnetic coupling layer, to uniformy initially nagnetize
t he firstmediduthhetsefond amgorfbinkdybodyof asdi dppighndeastirgngdgreti c
recordi ng nmedi um magnetic | ayer so that the respective nmagnetization

di recti onsadhet £of £ & Bd ard e dondtaialday badli par akbakriaadlpettanprag a
transfer process of conjoining the magnetic recording | ayer of the

hi gh- denstiy magneti€ peeoedhnownediun) whechnhasabepaghBitiizakhiyn

magneti zed, with the magnetic layer, which is forned in a pattern
corresponghdees® thesdata &o Beplyangf erredstombhaeiBa@ngtcedr egordi ng | ayer
of a the high-density magnetic recording nedium "of a nagnetic transfer

master maghdm tiQe 0B GUHUPKNAEDOHY, cEBH 2P| A dige 81 & rRN&ieh smpgRet i ¢
field to the conjoinedbody in the direction opposite the nmagnetization

di rect i onsafodd=geRend IRARS! od MM abR1FaGRe beabhi dIAIS S ribegpat tern

corresponding to the data,” wherein the inifial nagnetization process

consi sts of ; 4PP! 109 A rfdgrsite RIS C @4 Ofnd FRgRktYda tgbeaber thhan or
equal to the saturation ragnetic field of the first "and second magnetic 18

layers, apgd-dhen Apol yd ﬁ%gfexs%%(}?goré%gﬂsg fall eéﬁj’eﬁ’!’%&@ drs tﬁ% gegaaai tude

that inverts the magnetization of the first magnetic |ayer a oes not

Q?Vtehgnf ﬁéf&%gﬁe%?ge ieg fg.dtf@gaﬂriagtk.@}{eEpp.bgiEQetﬂiallﬁeBtfi PRORROSL € that
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 amagnetic pattern to a high-densitymagnetic recording medium
having a favorable initial magnetization state, it becomes
possible 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 magnetic layer of the
master 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



2 . A magnetic transfer nethod as defined in claim1l, wherein said

nmagni tude of the first magnetic field is approximately twi ce or |arger than
the coercive magnetic force of the second magnetic layer. 3 . A magnetic
transfer method as defined in claiml or 2, wherein said magnitude of the
second magnetic field is of a value smaller than the coercive nmagnetic

force of MeFBeddEsitd ORafhdie Segpad magnat ke drisis ¢ thranghekhaet ing
defined in claiml, 2 or 3, wherein the magnetic field of the transfer
magnet i cbti €hg nenpagsedichroughintelagesndf nblgmetiest ayagnemi thayamgneti c
| ayer of the master nmedium so that said nagnetic field does not affect the
magnet i zanidohhst aeecnd ndmndtiistlapgnettihe fayet mhgnethe laversf evhimdynetic
field is applied, thereby nagnetizing the second magnetic layer in a
patt er n hasmbesme meionethe etagmetadaatriaa ofeddierds mst efaipet | € doay evheand t he
o transfer magnetic field, which is a potential source of

disturbance; 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 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 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
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patterned magneti zati on of the second nmagnetic | ayer are caused to be in a
relation of antiparallel orientation due to the coupling by the nonmagnetic
coupling layer between the second nagnetic |ayer nagnetized in a pattern
formand the first nmagnetic layer. 5,. A nagnetic transfer nethod as
defined in claim 1, 2, 3 or 4, wherein said data to be transferred are
servo signal s. FAgurms ASSY.OR .aasly. 5Ay.axe Mranwi sy jlbtustrating the

| .ASY. Al . As. As. AsY. A". As. A Y. A" . AsABI | ul J $%B4P Q

"#| | } { vl ng tied el @asdateapdat ba) £af shrerdred] ica]leajecapod] thica¢cahda) ca) ¢
-al] c: a] ca] ca] ca] c”a] ca] ca] ca] cRa] ca] ca] ca!

| $#Y! " " "magt9@b i ¢ *Iageasni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! 1*2*++!-Y-/#0\011a667
7 88J::7,;8; z; <<<"=MBBESGRIPTION OF THE PREFERRED EMBODIMENTS

A<APAQAB} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ma]«ig]op]n] wrad Gayeod 108 & adnBiid e GCEHH b £ JEE MNNO
uuw=YZQ W\ ] | aCaUcedkd} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ualsay] £o o] TR &) &)t ked 6o €] et s8¢ €8¢ cad cahkdgttached
gtgW1jjjkYkkkkl "I ]1lellll mnmgmnnoBooooppCp}xsnid_Z]]ca] ca]ca]ca]ca]ca]calc

a] ca] ca] cal ol ved caf LAd €2] £ ahsgd ol €l £al §pd £ ahs st 62] salicahcabea] ¢a] ca] ca] ¢
al CoFpgtgW1lijijij Ykkkkl j | el I I T mrmgrmnnoBooooppCp} xsni d_Z] ] ca] ca] ca] ca]ca] ¢

a] ca] ca] Gad £84 £ @%L%aiggﬂlg@éfgl Caaﬂopa]r@@drcédf@]r%@b%h&%] caédicaghcal cal c
a]cal caABIl |iJ s109 -Lt1098& () - 109B& (
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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. Although 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 magnetic
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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magnetic force Hc2 thereof is of a magnitude larger than that
of the coercive magnetic force Hcl of the first magnetic layer
3.

Further, the master medium 10 is formed as an annular disk,
and comprises a substrate 11 provided a surface thereof with
an uneven pattern corresponding to the data (e. g., servo
signals) that is to be transferred to the magnetic layer 6 of
the magnetic recording medium 1, and a magnetic layer 12 formed
over the uneven pattern of the substrate 11. By forming the
magnetic 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 magnetic layer, thereby forming a pattern corresponding to
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 equivalent 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
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protective film improves the contact durability, enabling the
performance of multiple magnetic transfers. Also, a silicon
layer applied by a sputtering process or the like can be provided
as an under layer of the DLC protective layer in order to improve
the contact characteristics.

The magnetic transfer is performed in the state wherein
the surface of the magnetic recording medium 1 and the magnetic
layer 12 of the master medium 10 are brought into and maintained
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 illustrating the basic
processes of this magnetic transfer method. Fig. Z2A shows a
magnetic recording medium that has been subjected to an initial
magnetization process. Fig. 2B illustrates the process wherein
the master medium 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 magnetization state of the magnetic recording medium after
the magnetic transfer has been performed; each of the Figs. 2A,
2B, and 2C are cross-sectional views of a portion of the track
along the lengthwise direction thereof. Note that in Figs. 23,
2B, 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
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107 inmore detail. The AFCmedium1l, which is a high-density magnetic

recording medium, is provided with two magnetic recording layers
3, 5. Because said two magnetic recording layers are
antiferromagnetically coupled, the hysteresis curve thereof
differs from that of a conventional high-density magnetic
recording medium having a single magnetic layer, as shown in
Fig. 3; wherein the properties of each of said twomagnetic layers
is represented by a hysteresis curve having a step at a portion
thereof, and which also has a minor loop L2 based on the
antiferromagnetic coupling. If the magnetic recording medium
1 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
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second magnetic layers 3 and 5 to reach saturationmagnetization,
is applied unidirectionally along the lengthwise direction of
the track; then, the magnitude of the magnetic field is gradually
decreased, and a second magnetic field H2 having a magnitude
HB that inverts the magnetization of the first magnetic layer
3 and has no effect on the magnetization of the second magnetic
layer 5 is applied in the direction opposite that of the first
magnetic field H1l; after which the magnitude of the magnetic
field is reduced to 0. In this way, by changing the magnitude
and orientation of the applied magnetic field, as shown in Fig.
5A, first, by applying the magnetic field H1, the first magnetic
layer 3 and the second magnetic layer 5 are magnetized in the
same direction as said first magnetic field Hl. Then, as shown
in Fig. 5B, by applying the magnetic field H2, in the opposite
direction, only the magnetization of the first magnetic layer
3, which has a relatively 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 stabilized
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 a value
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
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magnetic layer 5, which avoids the influence of the minor loop

L2, inverts the magnetization of the first magnetic layer 3,

yet does not affect the magnetization of the second magnetic

layer 5.

According to the above-described initial magnetization
process, a favorable initial magnetization sate, wherein the
respective magnetization directions of the first and second
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
magnetic 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 recordingmediuml 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, the 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
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0 ]magnetic layer 3,7 as shown f; F£%. EC, is é;iented mutually

antiparallel with respect to that of each corresponding small
region of the second magnetic layer 5, by the effect of the
antiferromagnetic coupling by the nonmagnetic coupling layer
4. In this way, the magnetic layer is thermally stabilized in
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 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 accurately transferred; in
particular, if the transfer data are servo signals, the tracking

performance is improved.
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What is claimed is:

1. A magnetic transfer method comprising the steps of:

performing an initial magnetization process on the
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
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 conjoinedbody 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
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2 . A magnetic transfer method as defined in claim 1,
wherein
said magnitude of the first magnetic field is
approximately twice or larger than the coercive magnetic force
of the second magnetic layer.
3 . A magnetic transfer method as defined in claim 1 or 2,
wherein
said magnitude of the second magnetic field is of a value
smaller than the coercive magnetic force of the second 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 magnetic layer of the
master medium so that said magnetic field does not affect the
magnetization state of the first magnetic layer when the transfer
magnetic field is applied, thereby magnetizing the second
magnetic layer in a pattern form, wherein

the magnetization of the first magnetic layer and the
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patterned magnetization of the second magnetic layer are caused
to be in a relation of antiparallel orientation due to the
coupling by the nonmagnetic coupling layer between the second
magnetic layer magnetized in a pattern form and the first
magnetic layer.

5.. A magnetic transfer method as defined in claim 1,

2, 3 or 4, wherein

sald data to be transferred are servo signals.
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