; YZe3eVS" F6| T<A MAGNETI C TRANSFER METHOD FOR A HI G+ DENSI TY MAGNETI C
RECORDI NG MEDI UM Field of the Invention The present invention relates to a
magneti c transfer nethod of magnetically transferring a predeterm ned data
suth as servo data or the like, and in particular to a nethod of performng
nmagnet i CMAGRASEEr TRANSFER UETIRTS FOR ABae! sENEooY diatiEEd RECORPIRG ption
of the Related Art Generally speaking, with regard to magnetic recording
medi uns, there is a demand for incrgagegystorage capacity and | ow cost.
Further desired are so-called high-speed access nedi uns, which are capabl e

of adv eadi ng out the data of a specified location in a short
tinme. ammﬂﬁmmﬁmmmmm new type of nagnetic recordi ng nmedium which conprises
two magnetic_ |l ayers separﬁ&&%lﬂ) Cd)ﬁu%fglg‘rtl\}% &\prmad of ruthenium

i oupl'ing ( 0 reéi

utilizing afktlPferromagnetic-t ze a remarkabl e increase

in recording capacity is be%mg;gevglggedEE Thi§.nem1nedia type is sonetines
referred to as a "Synthetic el on(SF nedia) . AFC nedia is
characterized ﬁg each oftthe nagnetic Ha ers having reigeciiveli opposite
magnet i zati on iTeRFFBRET BYVBREYPRI hG At RdnhBgRelFENELUFI FRGPSAFEr bet ween
the two magpetic_| ayers, ., npl es of hi gh-density magnetic recording

medi ums TR CDARCHE (HRSE st Gl LA 1 5700 & predetermined data”such

as servo data or the like, and in particular 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 recording
mediums, there is a demand for increased storage capacity and
low cost. Further desired are so-called high-speed access
mediums, 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 magnetic
layers separated by a coupling layer formed of ruthenium,
utilizing antiferromagnetic coupling (AFC) to realize a
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 is 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
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the antiferromagnetic coupling between two nmagnetic | ayers can be inproved
and the recording density further increased have been proposed in Japanese
Unexam ned Patent Publication Nos. 2001-56921, 2001-56922, and 2001-56925.
Wth regard to this type of high-density recordi ng medium so-called
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for the nagpetic [ con?i{%#nediu , such_as., the.conventional hard?disks or
n e

f1 exi bl €U RV T PRIOhedy FivesY of T HAST | /ST IR It dat a
[ to inpl t he_t Ki L I . be tted",
that 1 o PIELATHUP B tHo HERT I SSFEBLOFarE T He b BT ACREHEF AiPtr od. AL
t, that d [ b I ialized
Cervo r B S0 Shpar ATHES 655 1 €14 of M- B5025usi ng T he mmgnet o head fo
approach the disk, and witing the si%nal one track at a tinme while the

disk is being Wlﬁtfhféa?‘rée‘%%ﬁggst%ép%é VoL Pt AR T B EECPE@INGrM¥KEIR sk at a

tinme, on one track at a tine, a significant amount of tine is required for
the prefRTRatied WekitiDieryoviaghresedyo W oFrobt dhenreaneEdpekeado the
manuf acturing efficiency. Further, although the magnetic data of the AFC
medi a | e BRbY arhre vl ddar by iskdnfiongchhe ver ackigheP ABf rakidr a
magneti c head in the same nethod as for conventional nagnetic recording
medi a, betdisel idrd sizethd sdree magleed cahebelr i the ahagneely Yeegeding
conparison to a magnetization region, a 2 magnetic field produci ng noi se
on the insdiwes myHetds dhicoropyenitdienals haggdddaskenpryf dppibéd dheket o.
Still further, because the nmagnetic field is applied not only to the upper

magnet i ey ein biEP al Bomepal harioeerot ayee bikehe two magnetic |ayers,

.there is alimt to the recording accuracy of the AFC nedia due to problens

such as the diBw dearvwvagsdd iregquiged to implement the tracking servo
technology must be “preformatted”, that is, recorded on the disk
in advance when the disk is manufactured. At present, a preformat
such as that described above employs a specialized servo
recording apparatus, and is formed by causing the magnetic 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
operation, giving rise to a problem with respect to the
manufacturing efficiency.

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



magneti zation state of the |ower nagnetic |ayer; therefore, a reproduction
signal having a favorable S/N ratio cannot be obtained therefrom A
favorabl e servo reproduction signal nmust be obtained in order to accurately
control the track position. If the SINratio of the servo reproduction

signal of a serva..sigpal_that. has been preformatted by us f_a,_ servo

recor di H‘&ggﬁzcércat d‘seli%s1 pr{oo[cp Vot ab les,e scﬁ'éﬁt}ée s}rf{]%ﬁ%nm%%ﬁ%ﬁégatéhogbst acl e
to the perfarmance of a, favorahl e tracki servo. An accurate and efficient
or ef or MRPEIHE b triod: VAN TN - AHIN TE DU TRE Qervol dht SUTRRPER has been
formed on a master nedium . is_magnetically transferred to a magnetic

recor di R§SRGeuRheh R B pricifotd § P S Unxa%i hedtat BRPer

Publication Nos. 63(1988)-183623, 10(1998)-40544, and 10(1998)-269566.
Accor di Fg9re tikedevipagheti elerarefidie eufiolldyices O fathgstvp medled Bavi ng
an uneven pattern corresponding to the data that is to be transferred to a
magnet i d ayegsr dithgneedisum (amdtate AbEi baFordipgeparvyacByobrthgi MCt hi s
master nediuminto close contact with a slave nediumto form a conj oi ned
body, ameddpgpldrend ca Andnising suefnets ctli¢ eliberde et causedngnethe pattern 3
corresponding to the data (e.g., a servo signal) borne on the master nmedi um
i s trangkgmedd z2at itdre sdladee ofetdthemloThe paghet irat tapgrecabhbeeperépraed

wi t hout changing the relative positions of the master nmedi um and the sl ave
medi um trlegtradsyctvittn esitdreal \imwiet & riamd et at i Netyt so ataonofheeef ore not
only is it possible to performan accurate recording of the preformat data,
it beconiks gioss] hhe ried radvaht gemtesh e des®m repawdexttiemekygshartust me.
Accordingly, it can be considered that this nmethod is applicable in

transf ebrl pptaimegnéhi crgat ties mdom rARE Inedioat rallsacheHowewRrpos heismgnet i
.transfer nethods proposed thus far have presunmed that the transfer woul d be
per f or mad tthea Yohvwesttiiconad thegetive |myperodwrtesh of i ghayl @f nageetve | ayer
the perfornmance of a transfer to AFC nedia conprising a nmagnetic |ayer

whi ch | sigriaio-thatehasapeen predpemamagdebycabbyofoapsedvbyrecording
antiferromagnetic coupling, has not been considered. Because the structure
of the npgratdtaid ageiotfazorabuentsudiala shgnet i onresosnk sgnnelitls tiae bad t he
magnetic | ayer of an AFC nediumare different, if a conventional magnetic

t ransf e omatheopdrsf e royed it ;a perfarab e naginekiggt sangber to an AFC

medi um an accurate, favorable transfer is not obtained; therefore, there
is a demand f an aceagaekl antir ansietenet podfdambhot efdgteethedpreiperéies of
AFC nedi a. SUWARY OF THE | NVENTI ON The present invention has been

devel opedpbRteravbobring sor@goidig Whukht RAsaSee@Mbinied ®nala md$est of the
present 4 invention to provide a magnetic transfer nethod capabl e of

f avor ablme dinansfies math et inrginet | ttr f19d fer red ot ARC mEghat idheetagaehgc
transfer nmethod according to the present invention conprises performng the
St eps omediaiy, OiHd NP ddre pgppeded imyRipands€huhexénined patéanpattern
corresponding to the data to be transferred to the nmagnetic |ayer of a
magnet i @ulacG = igh Mesk ung3 of 988 B EE 2, NG Beogpdaopuw t antithe | am nat ed
magneti c recording |ayer of a high-density magnetic recordi ng nedi um

conpri silng 1@ Fbsiassas. a first nmagnetic |ayer formed on the substrate, a
nonmagneti c coupling |ayer forned on the first magnetic |ayer, and a second
magneti c | ayendcyvmthPnd e drnnmaieid ic oty d fdr | ey@ino Wog £8s hag been
magneti zed i n advance so that the magnetization of said first magnetic
layer apfh @l dm8geamth RO EInCuhSYER RIQ it EBEFe8REnaRngNt e LG8 | Y
antiparallel, to forma conjoined body; and applying a transfer magnetic
field tqphe; sany Beners RO 8q hea HaBfdt 10N reBBeal h§ xﬁ&?i@kh recsiQpeof the

magneti zation of the second nmagnetic layer to nagnetically transfer the
pat t er n eQin&HPQRALRA LR lNeRPA Ainging this master medium into close

contact with a slavemedium to form a conjoined body, and applying

a transfer magnetic field thereto, a magnetic pattern



Here, the expression "magnetized in advance so that the magnetization of
each .of said first nmagnetic |ayer and said second nmagnetic |layer is uniform
and oriented nutually antiparallel,” refers to the performance of the
magneti zati on, over all nagnetization regions, so that the first magnetic

| ayer is ' ' [ [ nd t C netic |ayeg.i.s
magnet i z%%‘%}é&%ﬁ g%ﬁiq%}]edo&paggési (?eg C‘gl'a’i § g‘%"i’g’t %g%ndﬁqt %é)r?rrlaeg%t ngti on of
the first_magnetic¢.|layer. 5 he_expression _"conjaini.ng t magneti c
ayer . IATREE 8t HENE neZenaf PEFRACES: EbBoRARRS PEALAE-aaPs o he
transferred, of a pagnetic nmaster nediumw th the magnetic recording | ayer
of "o i GrESgia Ot TRGets COF ot i HEC ol bhPF o BPE5LG onbhoE) LHas
bringing into, cl ose_contact and mai ntaining a uniform distance separating
the res IVECRH SR UrRakRE BEIERB ﬁﬁgt ERengdpum BRE1ERe thagnétic
recording nedium but also to the bringing into conplete contact of said

r espect | Wiel sithgckdo merea repaiante3tiye Y&éitaé:%%ngéeif?ﬁﬁ§?él"‘?1é@ntld t he
magnetic recording |layer of a magnetic recording nediunf nmay be servo data,
for exanp? dt Besshbile|toPead orferiascutpRreicosddng oY Wspragornat
transfer magnetic field through the second nagnetic |ayer and the magnetic
| ayer ofdatr pbdhesomesipgmsiiie secshnimprausly dyego éammexivagnetivzed in
a pattern formw thout affecting the magneti zation state of the first
magnet i cshewertimghe Agiaprdindly dési cabl eet¢rnside veghihdie tdowmphergoldy t he
nonmagneti ¢ coupling | ayer between the second nagnetic | ayer nmagnetized in
a patt er¥s fapmhigabidd If trensieguéiigc al ngenetinerd i tern oy ddtd melddper i s
magneti zed in an antiparallel direction to the patterned nagnetization of

t he seconksoragnetic |ayer. The expression "magnetized in a pattern fornt
refers to the magnetizati on of each region of the nmagnetic |ayer in either
t he direction Rdweher i ritd akgmegnet tzahsdarronetheddipeopdoed dipos ifee
thereto, so that the entirety thereof forns a pattern. The expression "the
first ndvaret iprésyredi shatgheéi zednsfecanwbuldabei pardloreledditreat i on to the
patterned magneti zation of the second nmagnetic |layer"” refers to the

per f or reaeverit 1 dwea hagaghétzaci bayso fhametihefmagngtiezabbortdicr éatyean of
each region of the first nagnetic layer is oriented in the opposite

di r ect i drhefpetdtionegrret pfa torndifireect o AFOMeddehcomgk baing & hegsetdrd
magnetic | ayer corresponding to each said of the first nagnetic |ayer. Note
t hat t helayder emtiabf 15va tthoutl safefrembgng tii kel apgn etagredti iora ISt atceupflethe
first magnetic layer” is not that the magnetic field does not enter the
first ndgnemnitd fleayemadngt itchabupdidir eeds cloangeen s aaustrdd. Beeause
magneti zation of the first nmagnetic |layer even if said nmagnetic field

ent ers ttiee fatrmtcimagnetfi thleayegnekict heyertdie & kiookreds cofalt magmedgiet i C

| ayer of the master nedium the perneability (nmaterial) of the magnetic

| ayer ofrdderdisg enedizginuandt ke sepgnationldiystrance aher®ee mediammaseer

medi um and the magnetic recording nedium the formof the patterned

magnet i odi &ferewt, t he ansvervenedonsl mugnethay thancdetr aldtétdsd st hat the
magnetic field of the transfer magnetic field does not effect the

magnet | zatp boysd ate péribemfarsbgnaghet teahayer. tAcear dFagmediuhe Bmgneti c
transfer nmethod of the present invention: because a transfer magnetic field
i's appl i@&cctoate £ oy sl dahafsfared sbio € aslp o T &g); toree vened | ehleayer ,
which is formed in a pattern corresponding to the data to be transferred to
the magnes i £ dewendofon svgaghbeiteeerdsfgrmpeithidd @fidoregneald ahwst er
mediumw th the magnetic recording |ayer of a 7

properties of AFC media.
SUMMARY OF THE INVENTION

The present invention has been developed in view of the

forgoing circumstances, and it is an object of the present



hi gh-density magnetic recordi ng nmedi um whi ch has been nagnetized in advance
so that the magnetization of the first magnetic |ayer and the second
magnetic | ayer thereof is uniformand oriented nutually antiparallel, in
the direction opposite the direction of the magnetization of the second
magnetic, | ayer.to netically transfer th tern r,respondi ng to the
data. A TRERabR EPREreFdn & e dRSLEh: FsnbRet ThaeReH FRRRBTE 00 be
performed nore accurately ipn conparison.to a netic codi.ng met hod usi ng
5 magnet B RERRL Y yhEFBEICEF BT dRIMRAREhLC RYGFEER FRGAELI BRERGN por L1 ons
can be suppressed; further, in conmparison to using a nmagnetic head, because
the depth to WHFHIRIRE HegriehaRs 4% e Perdt3GEeEthe FaghBei BXPEEBFdI ng
medi um can be nore easily controlled, the effect of the transfer magnetic
field ontRWNEieat Comprtiee PayEerBind behe cdtierd, ChheFepy CiRdngi $&fder
caused in the magnetization of the first magnetic layer by the transfer
magnet i dndgRe Hieake ver supprdssied fommgd iig oP3hyerbecatseseirsdiaer tef the
magneti zati on can be reduced, the noise | evel of the reproduction signal
can be rddeictatadabeetubnsianeedbyoithdatronsat ppdsinge afo apmeghdeia
hi gh-density nmagnetic recordi ng nmedi um capabl e of nore accurately
i npl enrentéogrding kiety wer ob a egnetogynadrepaedicn withhheaswingtehe
transfer magnetic field through the second nagnetic | ayer and the magnetic
| ayer ofmaddueetrbst escomdi ngn lsydthatf sahdghaderesiicyf mebdetioesraobrdfifget t he
magneti zation state of the first nmagnetic |ayer, the second magnetic | ayer
can be maghbtmzedmpni aipatsesubforatewher 8inst8magnéttihelaggmettoratdon of
the first nagnetic layer is caused to be oriented antiparallel in relation
to the pattehiaesubagnete zasinonmwighdeisecoudlimgngayer| dpemetihboughet he
coupling by the nonmagnetic coupling |layer on the first nmagnetic |ayer and
t he secaohilrsagrairiet layeyert hendflia Stecvaghebiyockdyel ayahi tdrihas dreehe
magneti zed i n advance, receives no effect fromthe transfer magnetic field,
whi ch | snenmpadeat i alcoapuricry Diydr stwiriednbes baveth hegaasezehein adensicen
magneti zation of the first magnetic |ayer becones thermally stabilized by
only thes@aatHaan thk hhgnsagpetisateoPradld fhesseanagde thgredyer laykesaadd t he
nonmagneti c coupling therewith, an accurate signal pattern can be
transf ers@donffunddieeticf 1aher dara hot serhyahlieomrgneeidc mutardflgr nast er
medi um of the present invention are servo signals, a favorable transfer of
t he servantigashslenn the feas & \edrejdiaiakthodnt;oaad it glemsid v remgiieti c
recordi ng medi um whereby preformatted magnetic recordi ng medi uns can be
manuf actndgtle € & i £iend o tBRl E6nPESLRIFISON 10F tHdE IDRAMNGS bpgosetd is a
cross-sectional view of the main parts of a master medium and a nagnetic
recor di nghéeddingygt iastd offi ghi¢ et gils t 28 t ol oZCthe eseid @end mddrissiiratogegrt he
basi ¢ processes of the magnetic transfer nmethod according to the present
i nvent i ot mAoPEiRHIAY OF ahbEerPRERERRRR SYBODE VENDSnHehei taftles datar.ef erred
enbodi nent of the present

Here, the expression “magnetized in advance so that the

magnetization of each of said first magnetic layer and said
second magnetic layer is uniform and oriented 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.



invention will be explained with reference to the attached 9 draw ngs.
First, a magnetic transfer nmaster nediumused in performng nmagnetic
transfers, and a nagnetic recording nmedium which is slave nedium for
receiving the magnetic transferal of predeterm ned data fromthe magnetic
transfer nastei mediumwi | | he expl ai hed. Figi 1 is a.cross-sectjonal view
of the main pattS TIPLERRENet | IR hedidghet Lnd 3y ShasPBEChedfum 10.
The magnetic recording nmedium 10 is an AFC recordi ng nmedi um conprising a
magnet i cEPEPLF 16 RRA hee B SFiESR B D ROVHI® HadPet ¢ enbhanefrER8d a first
magnetic |ayer 3, a nonmagnetic coupling |layer 4, and a second magnetic

| ayer 5.0# & HeagieEhe mapser sied g il ithermgonetils seevordéadohasaky one
surface thereof with a nagnetic |ayer 6, a magnetic |ayer nay be provided
on bot h sbird ddeh-censid ysubgneatie recah@ing medimmineeferbayemo andyt he
second magnetic layer 5 are provided with a property, due to the

anti f er rohagheingioguphtngcibaet kententragnet meicsaphing bayed férmwher eby

t he magneti zati on of said magnetic layers is oriented in opposite

di recti ohsstdbte thpbratlsyr &he téspantheeaobapdebaserdacasf béxicthke base.
Further, the master nmedium 10 is fornmed of as an annul ar di sk, and

conpri sesasatsubsédate dhdptbei nlednatsur facertheyenédiuinh Batuakgentpattern
corresponding to the data ( a . g . , servo signhals) that is to be

t ransf ertled B ndiengragreet compayee dorafadthe fnaghétriespeeddrvd Bgrifedesm 1, and
a magnetic layer 12 forned over the uneven pattern of the substrate 11. By
form ng the nugmetderdraya of 2 toedat A& dpeveranidefat tbhhamaaetmedi um 10
10 is provided with a patterned magnetic | ayer (a soft nagnetic |layer) as a
resul t. Netertibay Lhecpmster meghufiiOrksorainbi Metiedmt ombei Bg ekribe
configuration according to the current enbodi nent : the nagnetic |ayer can
be fornegaea, opby &Remppeer baur haeelemitba Bhekewsi.on portions of the
uneven pattern; or a master medium having a flat surface forned by filling
in the depressi®rppptieensrpfoyhpaspengntpat teanster mdghbeieoniwbh a
magnetic | ayer, thereby formng a pattern corresponding to the data to be
transf er¢edoaghaies¥donL algaksa chea papl DyedheFasgeases idyawicehthbe
substrate 11 1s forned of a ?erronagnetic material such as N or the like,
it is nohageeeshadihy, r egei s€cbhdaiadier fmansld € dady 8 RegpeeYizdadint he
uneven pattern provided on the surface of the substrate serves as the

equi val eatpaftddre fopat hetnedt NBEF@Et Ind a¥RS maghbkhikatUbhhefaté loAthe
protective filmsuch as D anond-Li ke Carbon (DLC) or the like is coated on
the topnpsistayfinet{d 9 afat;eqhiyeihi | Mt iiPREYESabhe €0t &Gl HghaBhEI LY,
enabling the performance of nmultiple nmagnetic transfers. Al so, a silicon
layer appbagUiRy By S LSy i OL€ ol 1l 1ld e GrRRwkenPEaki dedoag an
under |l ayer of the DLC protective layer in order to inprove the contact
charact epaght€sc ThoePBARGhbEibEANShER batRerhoraRe bRdt heestrat@twherein
the surface of the magnetic recording nedium1l and the magnetic |ayer 12 of
the mastgigABdidmafeal etheodgbbti AhgnandcmMbibai nedmhhneeRLEt €ncant act ,
or in the state wherein said nagneti ¢ |ayer 6 and said magnetic |ayer 12

are opposgdi pAdabiawolt rbRt9ohlto 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 ineither

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




proximty to each other, and maintained at a uniform separation di stance.

Figs.. 2A, 2B, and 2C are drawings illustrating the basic processes of this
magnetic transfer nethod. Fig. 2A shows a nagnetic recordi ng nmedi umt hat
has been subjected to an initial nagnetization process. Fig. 2B illustrates

the proc . haqt . di I.G. .. rdi jum are
br ought ?ﬁ?%%?%ggg%oﬁtgg%?%%gkf g‘?m&g@cgﬁﬁg}sﬁgﬁgﬁ%gﬁgﬁéz%%?rog{nsr?%‘%er@%%agneti C
field Hdy_i ppLi thereto. ,Fig.. 2C illustrat the i,zation state
of the n%ﬁﬁé?,gcgﬁggg%ﬁég,ﬁé& ur]ﬁ%%etrer ttohleé%r?aéﬁgtsfiogﬁarngcﬁeg%gfﬁ }s been
perfornmed; each of .the Figs,. 2A, 2B, _and, ,2C are cross-sectional views of a
borti on BRIPRELPALRNA DGR BAGTR S doPtt TORt T Rerdora RGBS AL i n
Figs. 2A, _2B, %nd 2C,_as tp éhe magnet i.c recordi?1 medium |, only the
nmagnet i coffa% 6T ERSPABICTLC JRIRA. TS TLRONG S 1P i 8 OBROS}HE LT Y r st
magnetic | ayer 3 and the second nmagnetic |layer 5 are subjected to the
initial ﬂ’gg}rfuB?i pagpgtdgstipn FAirectdss ofh&4Sh medl FragietibmtignPns
performed so that the magnetization direction of the first magnetic |ayer 3
i s uni di PREPRSASI L2V VN §OorFESPONEdRPet @ RAA Saiflect Sheofi¥he Mam@ELicand the
magneti zation direction of the second magnetic layer 5 is oriented

anti par alR®Frto that of the first magnetic layer 3. Then, as shown in Fig.
2B, the surface 6 of the magnetic recording medium1 and the data bearing
surface fornedVoyet hhanghet refpagat ¢f Cvatbeusyeif feld imderdrye pattern of
the substrate 12 11 of the master medium 10, are brought into cl ose

cont act maghetiratdon; sitnée Pddyheaddrstt magsldd crdgyanc ify alak (tHa®) is
applied in the circunferential direction of the track of the first nagnetic
| ayer 3 thetheonétectiionl dppesi nettédrtenithalfimagneagrationlalyerctiudn of

t he second magnetic layer 5 . At this time, the thickness of the nagnetic

| ayer 12tbéttie digstcdrchedyamsioausad fyekhedtd dnetyl {atnt @n iod] fheff itrtsd
magnetic |ayer 12, the formof the patterned magnetic |ayer 12, the

separ at i vagdestiandeybet wyen tilfe saust oeomediiomiie lahdnter smddreetficratecor di ng
medium 1, etc., may be controlled so that the transfer magnetic field Hdu
does notmafyfiett ct Re yragné&uirzaeiren theattbicknelse foifr Shemaguoateitdid dyerer The
magneti zati on of each of the regions of the first magnetic |ayer 3, as
shown i noEitthe 2€sties noydiant etdhamta ypeedd il ldlt wilhateespéttof bhe matgreft igach
correspondi ng small region of the second magnetic |ayer 5, by way of the
anti f err oangmet f dlooupkiteg pédite, Ndemegpetiad ioougl shgnteyieetwicen rihehi s
way, the magnetic layer is thermally stabilized in a state in which the
magnet i zagsbrrofnieddach eodr ébpondigng triegireroaidinige medisim, medreetioon ayfer 3
and the second magnetic layer 5 is oriented in opposite directions. If the
above detbei bedtregret Negnednst dayeet lodd the oieisltieze dhefddrunt,r atsf.er manyy a
magnetic pattern to an AFC nedia such as that described above, a magnetic
patt ern bercaspondl e soot lza prtéeatayme nibd fdatlal chrhect nevsfatelagnetic
transferred; in particular, if the transfer data is servo signals, the
tracki ngfigdld does not effect the magnetization state of the first

magnetic layer.

According to the magnetic transfer method of the present
invention: because a transfer magnetic field is applied to a
conjoined body formed by 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 magnetic recording layer of a



performance is inproved. 14 \What is clainmed is: 1. A magnetic transfer
met hod conprising the steps of: positioning a magnetic |ayer, which is
formed in a pattern corresponding to the data to be transferred to the
magneti c recording |l ayer of a magnetic recording nmedium of a magnetic

mast er rﬁ%—;@é&f%ﬁﬂ@@f@%%&?&% iﬂgdglagﬁggm%hahagggééﬁnsi ty magnetic

recordi ng umc rrsing a strate, magneti c l'ayer forned on

th b . i i N the first i ti
P (LSRR b SR S PRl e Rt A s R 412 e
I , which h b tized i d that, .th tizati f
said firAOTREHALAY AghP Bt SBA AL BRgRA taghRITE TRSkTORre HRLEBFM and
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magneti zati on of the second magnetic layer to magnetically transfer the
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in claiml, wherein: the second magnetic |layer is magnetized in a pattern
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the master medi um and the second magnetic |ayer of the recording nedium so
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caused to be in a relation of antiparallel orientation through the coupling
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magnetized in a pattern formand said first nagnetic |ayer

magnetization portions can be suppressed; further, in

comparison to using a magnetic head, because the depth to which

the magnetic field penetrates the magnetic recording medium can

be more easily controlled, the effect of the transfer magnetic

field on the first magnetic layer can be reduced, whereby the

disorder caused in the magnetization of the first magnetic layer

by the transfer magnetic field can be suppressed. That is to

say, because disorder of the magnetization can be reduced, the

noise level of the reproduction signal can be reduced as a result;

whereby it becomes possible to provide a high-density magnetic

recording medium capable of more accurately implementing

tracking servo technology.

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 field does not affect the

magnetization state of the first magnetic layer, the second

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



3 . A mgnetic transfer nethod as defined in claim1l or 2, wherein said
data are servo signals. 16 .A;f. A&y. A A& . AN. A&al . AL(y. AN. As. A9; S. AL;

f.As. A9; . A9. AON. A&@H FXw./ 1& 1 2

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca]ca]ca

]CAa]Ca]P?%%ﬁLPQ%%?%Fgg §<ﬁ]?§g?ﬁécfi#st mé%ﬁ%?ﬂc layer.is.ca

Z aw9: VZ[ *} xsni caJ caJcaJca] ca]ca]cal]caJca]ca]ca]ca]ca %%?agica]ca]
ca] ca] ca (éa]o(i%%?%]e%‘]a]a%]%]i r%]%.]l%?.] %]?J ﬁj%ll%lacli%] ! r]%\ ‘he) W@ﬁﬁﬁéiﬁ .- 1/0011)2
*2344v5 xsnid_Z|Cc]calca]calcaJca]ca] ca]calca céjca]ca cajcaJca]calca]calc
?} S?ng\é%b%%%%}a%ﬁ]fﬁ% %@g%%@%ﬁﬁéﬁ?;g%%g{%%é%@%c5?8 a‘i%“éﬁ ]claf] < ajcalc
Z!ca]ch&%]%%%sgéég%caégikca ca cakfg%cakggﬁggécg#%%%cgh;gﬂca C c%%fa]ca]c
| pTTT U gp | EPERE A7 o 3 & oA T cHYS ca] ca)

cal ca cal el cpl cal cal el cal ca cal cal.calqal gal oal ol cal ¢al 8] cal o] o] oal o2l

has been magnetized in advance, receives no effect from the

transfer magnetic field, which is a potential source of

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 coupling therewith, an 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, and

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter a preferred embodiment of the present

invention will be explained with reference to the attached
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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 mastexr 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 magnetic
layer 6, a magnetic layer may 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 master medium 10 is formed of 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
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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, i1f a protective film such as Diamond-Like
Carbon (DLC) or the like i1s coated on the topmost layer, this
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

11
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1011s!10 &Qinﬁkﬁ?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. 2A 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. 2A, 2B,
and 2C, as to the magnetic recording medium 1, only the magnetic
layer 6 thereof is shown.

As shown in Fig. 2A, first, the first magnetic layer 3 and
the second magnetic layer 5 are subjected to the initial magnetic
process. In this case, the initial magnetization is performed
so that the magnetization direction of the first magnetic layer
3 is unidirectional along the circumferential direction of the
track, and the magnetization direction of the second magnetic
layer 5 is oriented antiparallel to that of the first magnetic
layer 3.

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

12
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10%&f()'Pi;Afféﬁgﬂﬁgg%gg-ﬂghium 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
first magnetic layer 3 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 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 each corresponding small region of the
second magnetic layer 5, by way of the antiferromagnetic coupling
of 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 is servo signals, the tracking

13
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What is claimed is:

1. A magnetic transfer method comprising the steps of:
positioning a magnetic layer, which is formed in a pattern
corresponding to the data to be transferred to the magnetic
recording layer of a magnetic recording medium, of a magnetic
master medium to face a 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 formed on the nonmagnetic coupling layer, which
has been magnetized in advance so that the magnetization of said
first magnetic layer and said second magnetic layer are uniform
and oriented mutually antiparallel, and

applying a transfer magnetic field to the conjoined body
in the direction opposite the direction of the magnetization
of the second magnetic layer tomagnetically transfer the pattern

corresponding to the data.

2 . A magnetic transfer method as defined in claim 1,
wherein:

the second magnetic layer is magnetized in a pattern form
by passing the transfer magnetic field through the magnetic layer
of the master medium and the second magnetic layer of the
recording medium so that said magnetic flux does not affect the

magnetization state of the first magnetic layer, and,

15
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coupling by the nonmagnetic coupling layer between said second
magnetic layer magnetized in a pattern form and said first
magnetic layer.

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

4

wherein said data are servo signals.
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