e3esliﬂwmmm | ~g; METHOD OF MAGNETI C TRANSFER TO MAGN
VEDI UM RECORDI NG LAYERS AND THE MAGNETI C REC
Field of thewlpvention The present invention relates to a nmet'MG0
servo data for positioning a magnetic head for witing and readlng”H&ta to
the surface of a magnetic recording mediumin a hard disk drive by

enpl oyi ng the magnetic transfer technique. The hard di sk drive using a
magnetic filmfor the recording stuff thereof (hereinafter referred to as
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transfer to a REBQOBDING MEDﬁUMJINéﬂJUIMN@CI‘Wd) RECORDINGOLAYERS ayers and

the magnetic r ding layers. ~ s Prior Art
A new servo e@ﬁrﬁ*ﬁmwd ﬁ%ﬂﬁgﬂ@%@iﬁﬁ&transfers servo data for
positioning a magnetic head for witing and reading data to a nagnetic
recordi ng nmedipygld dfabe PRGShtRdt racti ng nmuch attention. For facilitating the
new servo witing technique, the servo data is witten in the formof soft
20 magneti & patt erfhe prasapednvention) relatesdp 4 anethed of variting ceed data fore
surface porti Te i eghn

magnetical |y 'Eﬂrb gﬁg %gﬁ%ﬁ%é%eglrc\s}ge A atiagw{}gt‘fﬁisﬁég? acédggaﬁ Ghe n’éalﬂg%eOfa
recordi ng nedlmmgmlmsbﬁdnmmegmmenmamdwkslklvlerbytexgﬂsﬂbymgnmqnagmdth or in

close proximty to the na net rec r medi um and
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head of the HDD to a hard disk efficiently in a very short tine e new
servo writling amehﬂerq&ﬂesmagebdemoeb(p@npe@rs oSpkcifyally athe presgnt énvéngion

manuf act uri ng costs,of to inprove.the recordin de ity of. the 1
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sectional Vi evinshdihd Otvio Ste@brddhg t h@e@wﬁiﬂtﬂh@naﬁamﬁae&e@ra n?nﬁi&ﬁumﬁ g.
7(b) is another cross sectional view show ng another 5 step of the
conventional ragheingtwe sererding lakererring now to Fig. 7(a), a magnetic
recordi ng medium (nmagnetic disk) 1 is magnetized uniformy to the right
hand side of the figure (circunference direction of the magnetic recording

medi um) 6 by afriexAer nal magnetic field Hex, nuch higher than the coercive

force He of the magnetic 1o recor nmedium 1 and.appl.ied from a per manent
magnet 4 noving i ¥ %‘?r?’%t‘i‘fﬁf\é‘i‘%%&g‘%&ﬂ%é ?tolﬁ‘agn%‘? STARYYRES FeTVP BEB\' di ng

medium 1 with gy ?%éﬁﬁh&g?@%ﬁﬂt&%dtt@?ﬁﬁ'ﬁ%%"@ﬁ& reddifghatR t8%a magﬁé@d _
magneti zati on). (a)) a yoke 5 made of a soft magnetic material is
shown. The yokleecsrdan@l mddeulpeharaﬂveem abtageiing muchraténtiome F@rrfaagtat@m thel 5
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surface portion of a master disk. The new servo writing technique

magnetically transfers the servo data to the surface of the magnetic
recording medium by positioning the master disk in tight contact with or in
close proximity to the magnetic recording medium and by applying a
25 magnetic field from the outside. Since the new serve writing technique
transfers the position data (servo pattern) for controlling the magnetic head
of the HDD to a hard disk efficiently in a very short time, the new servo
writing technique has been expected to drastically reduce the

manufacturing costs of the HDD, to improve the recording density of the



soft magnetic |ayers) scattered and enbedded in the surface portion 3b of
20 the master disk 3. Magnetic transfer is conducted by applying an
external magnetic field Hex to the direction 7 opposite to the direction 6
of the external magnetic field Hex applied for the initial magnetization
fromthe permanent nagnet 4 novi ng above the master disk 3 positioned in
close proximty to or in close contact with the magnetic recording medi um
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direction of the magnetic field for magnetic transfer and opposite to the
direction of the maglze)tlc field for initial magnetization) fromthe_ noving
30 per manent maghig r@écﬁ%sﬁﬁ‘élwgﬂé‘i‘?@ howing ajsten Q& the conyentional i on of
2 the Mmagp&i-hetit BSALENP; Y Y L of the
master disk 3. %T é al?aée #ggghe)t?? w?% &thhstg?ﬁ%as \{163@% g‘g{%%%ﬁbstﬁrg ace
portion of tMpmﬁghecorwenaonahhagnetmﬁmmf@ inverts the initial

magneti zati on, It|n n magneti zati on. Wi th hcoerC|ves
force. I the enbelatBE e 108) Jrr & AEnatHo econkRE madme Paeeds o
expands in pask) |I3|1stﬂakﬁ@t1§dr fu%%rlﬁ ttBetHBiﬁ%?x't HaskK s3de lofCtheliglige t he
paths with | ow magnetic resi stance. nce the 1 eakage magnetic field hardly
reaches the (mgnmfemnlcaylmecﬁlw @mermggmticdec@@mwmgmm)cﬁ byran extermabh t he
enbedded mag L.t ut to
boi ng i nver ¢ o epatit BERL Rl bt il b sHBIBG DAL BB Babblig

recor di ngo rre::hcurdmgbnédmm handraip@didédrdmgqmrnmnleayargnam rﬁ'dsmng im thegati ve

pattern of the enpedded,.magnetjc.layers 3a is transferre the magneti c
Fecor di ng. R ETeRrRRIRB O the SrAsmebic e /BOGRTE | iGN dBEE does

not utilize ghaihe ﬁls@mem&érp(thb%téiﬁotfwmtﬁsgﬁ&%%ﬁﬂ Ialﬁ?ﬂgagwta c

| ayers 3a for gnetlzmgthe magneti ¢ recordi ng nmedi um 1 but utilizes the
enbedded maghekd & madersf Bmoffsmagnetik materiahtiershopni fhet yekd sadntydheragnet i c
field fromth n n t he | eakage magnetic field
fromthe per%ﬁ%ﬁ%@%@@g@%e |\:7lerll§/g§ﬁ£g leti zes the magnetic recording
medi um 11§ hrough the surface portion 3b of the master 20 disk 3 (c Japanese

Unexam ned Lai d n Patent Applic on 2001-34939).. Now the relation
bet ween t he st re%&‘“ﬂgxn‘b‘f’ Whgl%x% n%l magter Aisk :‘3 I%IHPS’r'tH%neF}a’tj‘néioi‘-;%

transfer and £da§m@@e£&loye1nf Blo&E cbietali v&ﬂ@ﬁ’ tHRORGEh &tid FeddR @M hfpdidRd um 1
w il be descrl pbed bel ow. As descri bed above, fine soft magnetic patterns 3a
are enmbeddedmagneticakyifitializest. Thecmpster diskid snclmdes:n@gnet(ia)ay@hmas (Cooss

sect i onal vie descri i stributi magnetic fielgd, around
The soft oG PRARticclnges) dta R gt bnBadia L SRL BINGRS Boridh, B e

di stri bukponsh®masber @igk . |Mégmfm@5]ﬁéféﬁ 1s3condmfctdmsy rapgtyeﬁg anfdxt@@mion the
magneti c recording nmedium 1. As described in Fig a), the magnetic fluxes

converge to masnedictfisldgHerite the deetionsy pquvf@ T'Oe & drectipn tbiof thee sof t
magneti c pat peldifaBaa eﬁ@ﬁbﬂpﬁfeﬁdappﬂa& iﬁPﬂH@Eﬁﬁaﬁ 'n&'é‘g%%ﬂz@ﬂ&ﬁ fFRhgEoed to
t he soft rragnet| C pat erns 3a |verge fromthe soft rragnet| C patter ns 3a
into the regp@manwtemgnemymgvamg ghoya dhiecmpsiier emk 3apd>$twmd inclosed.
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central pertion of the soft 1o nagnetic pattern 3a. The magnetic field Hb

at both ends of the soft
The magnetic transfer process will be described below more in detail.

The leakage magnetic field (the direction thereof is the same with the
direction of the magnetic field for magnetic transfer and opposite to the
direction of the magnetic field for initial magnetization) from the moving

30 permanent magnet 4 reaches the magnetic layer in the surface portion of



magnetic pattern 3a is the highest, since the nagnetic fluxes converged to
both ends of the soft nagnetic pattern 3a are applied to the nagnetic
recordi ng medium 1. The magnetic field Hg at the center of the region

bet ween the adj acent soft magnetic patterns 3a is |ower than the magnetic
15 field Ho at both ends of the soft nmagnetic pattern 3, since the magnetic
fl uxes once converged diverge well at the center of the region between the
adj acent soft nmagnetic patterns 3a. Fig. 8(b) plots the relations between
the external nignBwigaetit aeepriing meding 1 Harensdy shesusioce aoriier #bt pLthe el ds
Ha, Hb and Hg. t | t i t t he
magnetic fiel ds %ra(ﬁﬁﬁ:}g ﬁﬁéc?%a%ggvlﬁ %%ﬁ%%%cﬁgfgéitﬁgg%%nrg? ?‘getdf :ﬁg{]guﬁggg

al ways keepi ngpdrtmherofvahaesnagstict hetording heeddumeshoridvergs exher indtial

magnetic field Hex. .Therefore, .the curves,for the nmagnetic fi.elds Ho and Hg
el ways aboPEERHIEISK ORIt T aotaraed BesiatzabRE Boh  HiEh BRtH
graph. In contfagd . Id RRe BARGIdA ﬁia?h@tié‘ﬁayé‘saﬁé[}/aﬂﬁe hONRge t RAABNEHE field
correspondi ng external magnetic fiel'd Hex due to the existenceé of the soft
magnet i c patt ee¥pands. iniaealelr tocthpsurfage ofdbe adster disk @, fig. along|thayathe| ow
the broken lin t Len [ el fer rh Fig.
8(b) designat egitthhz&nag%%g??e%é frlh%?éc’?%gé'r §§‘b‘t]éh Fh%]ﬁ%%]gaé% ﬁ%ﬁgﬁéé/gg@é 1|rl-r%rél Irl'P(’ati C
patterns 3a saidichéethgaghéti@lalyyr inltiey @hghetic ideerding neidiem4l thrbhgh ghéila
applied to the gpnetjc reco,rcii ng nmediym 1 heneath the soft nmpagnetic
patterns 3a i n‘éﬁggé penstg layiTerra Hoeelnilah MasRayAHGTE remainy WEhoyhpl i ed
i's higher ghanydihe H-Wg%‘d‘ ¢n Fthe! HoddonsOofl RRE eﬁx&éﬁetimﬁl@,t it theapskaktit 0 the
magneti c recording nmedium 1, the coercive force thereof is Hc, iIs
facilitated byrepplipgnmedinnext dralew thegembeddéd ahagndsic, layiess JanKBaug, he

follow ng rel ati ons hol t o, 1,he tic recordin diym1l, Hb, 7> , Hg
75 Hor and e DeSARve BB it B BRALER BakBiRt vt Bt (Binstorata (6 ok
conventional nagRabiie reéRBRiemeHAGRN. TR HRFAELO LRIV Rchiigtlel @&tiibed f or
the magnetic transfer to a magnetic recordi ng nedi um.including only one
recordi ng | ayefboves dpesvadrutilize ithe jlapkras magoebie fields clsemethe erdieddedinet i c
transfer technj . nsf.ef..t : | t W0, a
et er i R i niasasHe et gR s T FerlblAn AT BAsheR? Rl ERAMAT b B
recordi ng nedi utitiz@o tha ewibedded nidpmetiorlagersndy aista ntasknfodlipeairuping ke

invention to proyide a nethod of magnetic transfer, that faciljtates
ransferring mERKEF SrETERAIEIS fadh EHIBFIATE TEaEReteh op aiAEh b Sredaee
included in a r%ﬂgg:ﬂgﬁbcriae%ﬂ! fitb PBAhARNt! Malhe@AOLAIE IR §6dpridtizbdGhe

invention to p e a magnetic recording nedium includi'ng two recording
| ayers, that fawignetiatreeor@ing madivinedrtihngugh theserfacepepioni 3b of theamgster

i ndependent |y t,0,thg respective recording layer.s. anspf or . soj viing,.t he
Probl ens Ac?gorgfsrlfg ?o (‘Ef;e%gﬂ?z‘é"rﬁei gﬁ?e’f%gﬁdi sﬁadaoﬁ%& }a)a%élttho%)p&cgtwn
magnetical ly 3gobr®&aeserring data to a nmagnetic recordi ng nmedi um i ncl udi ng

a first magnetic 5 recording |layer and a second nagnetic recording |ayer
below the first nmagnetic recording |layer, the nethod including the steps of

appl yi ng an ini ti alhtz} pg %Qﬂﬁxib‘ét&ééﬁl @tlni Qtr@ﬂ%@ﬂ bk drdnk *b@:téﬁgi‘%a{gg%etia.
recording nmediumto nagnetically rnitiallze the magnetic recordi ndg nedi um
positioning a fieldstfor magnetic transfer and the coercive force Hc of the magnetic

256 recording medium 1 will be described below.

As described above, fine soft magnetic patterns 3a are embedded in the
surface of the master disk 1. Fig. 8(a) shows cross sectional views describing
the distribution of the magnetic field around the soft magnetic patterns 3a.

30 Fig. 8(b) is a graph describing the distributions of the parallel components



s-master disk in close proximty to or in close contact with the magnetic
recordi ng nmedium the master disk including a nonmagnetic substrate
includi ng soft nmagnetic | ayers enbedded in the surface portions thereof and
shaped with respective |line patterns or respective island patterns
indicating first data and app lying a first transfer magnetic field to the
first master 1o disk and the nagnetic recording nmediumin opposite to the
initializing netic field to transfer the first data fromthe first

mast er di sk toOffqﬂh@ segnatis frexpson the meagneficrgearding medimmdt ageousl y, the
met hod further includes the step of applying a second transfer magnetic
field to the first master disk and the magnetic 15 recording nediumin the
direction same w tAstdwecsbeddhi Pig. &(a) theimagnetid flurgs wogverte cof thel sbft o
transfer the first data fromthe first, master disk tq the first nagnetic
recording | ayeP2BRENG RALGERUSR YD thedeHanH efﬂPtﬁi‘érso?%’é’iaEB%%C Pﬁ@emseia

posi ti oni ngsa sR9RARSTRE Habhetd ARHES! bhtt IBvdrBed  Rerhd i3 m%h@ﬁcdl sk,

h
the second 20 master di sk being p05|t|oneg In close proximty to or In
cl ose .cont act pitternshda,ndiyaege fromethe dofh gnagnbiticnpattémssda amtd thesragiond sk

i ncluding a no netlc bstra e includin tic layers e ded
i he cor faco IEBRRCENY s RiAdRLE palied 8 18 nBR 10ea R0 Bl forel KEC BraBHBRRCCC,
respective isl #ei Hatbedlelth thltéittdINebreios @fdhelabR ma¢hdtltepatan saf 1sa1bwt ying
a 2s second transfer magnetic field to the second master disk anpd the

magneti c recor 8%y the dragnatic fiwesajongergechensatie the cANtrAb PaTHE of Hhe §‘?ftt he
Initializing gﬂfﬁ%ﬁ% it é%t‘?équ 53 t'fl?e”?ﬂagngmeﬁ ﬁc‘?ﬂ)d g %chf Eﬁ?\/ topeResapd

master disk't magnetic rec ant ageousl vy,
the strength oinatglneut ipasterh mnrsfﬂme hiplyestt smcé |th¢ ahzgmttm Hiuxes rcongdrigedftot he

d transf fiel different f h .
Advant ageous! y POt Eaab il ot astAa RBHPM I REGABPLEN FecHIIREE g er

?Pgmt Qgcﬁog{ ﬁ'eyé‘coiwﬁ‘h%em‘éfh\irﬁel SPRORagmanetibld HRCAt 3hodLehforess Be redibher ent
between the adjacent soft magnetic patterns 3a is lower than the magnetic
15 field Hb at both ends of the soft magnetic pattern 3, since the magnetic
fluxes once converged diverge well at the center of the region between the

adjacent soft magnetic patterns 3a.

Fig. 8(b) plots the relations between the external magnetic field Hex

20 and the above described magnetic fields Ha, Hb and Hg. Due to the
existence of the soft magnetic patterns 3a, the magnetic fields Hb and Hg
increase with increasing magnetic field Hex always keeping higher values
than that of the corresponding external magnetic field Hex. Therefore, the
curves for the magnetic fields Hb and Hg are always above the broken line,

25 the gradient thereof is 1, on the graph. In contrast, the magnetic field Ha is
always lower than the corresponding external magnetic field Hex due to the
existence of the soft magnetic patterns 3a. The curve for the magnetic field

Ha is always below the broken line, the gradient thereof is 1. The reference
symbol Ht in Fig. 8(b) designates the magnetic field strength, thereat the

30 soft magnetic patterns 3a saturate magnetically. Therefore, the magnetic



Advant ageousl y, the coercive force Hcl of the first magnetic recording

| ayer, the coercive force Hc2 of the second magnetic recording | ayer, the
strength Hex2 of the first transfer nagnetic field and the strength Hexl of
t he second transfer magnetic field are set at the respective val ues, which
makes the following relations hold: Hcl <C Hc2, Hexl <C Hex2, Hcl K Hex2,
and Hexl <C Hc2. is Advantageously, the first data are servo signals, and
the patterns of the soft_magnetic layers in the first master disk and the
patterns of thBeldofia anphed ite they myagnetic ingeording maedingy dr bementh sthe soft

different fr O%ﬁgﬁé‘ti@hﬂ%nﬁé‘ 39 ihg%faséé‘é’h%fb'i%%ﬁéxg @Ié‘% Bxterhl ﬂﬁ%g:bﬂc ‘dtéﬁ%

second magnetic recordi ng Tayer are n rased ring recording

second dat a i nHekepplied is higlneethan tlecmagnetic fiedddt. Advant ageously, the
magneti c recordi ng nedium further includes one or nore isolation |ayers

di sposed between the first magnetic recording |layer 25 and the second
magneti ¢ regor di NgThéysrepfithghBele tRinsferoTHB @i tichRtAditd mediuBl, he
Description of the Drawing Figures Fig. 1 shows graphs explaining how the
soft magnetic peereize darce mg@s Hg, tShfgcﬂﬁ@&eérbsdamlymgeanreat@n& magnetic

i ndependent |y t r i ] i haa LGk i
modium the cobrd e ERERENRY haXfloRib g FerdRt hOC A FERACRROMAE
ot her, when exiednah 1mé{beHccHEDeEH6 ankdeblh <del Hex2, different from each
other, are applied to the nmagnetic recording nmedium Figs. 2(a) through

2(c) are schematic cross sectional views explaining the principle of
magnetic transfer, that conbines the coercive forces Hcl and Hc2 of two

recordi ng !lgye??ﬁjel)g(llﬁggﬁggﬁg{%ﬁ&fbﬁggqﬁ{,@t{oﬁcprdi ng medi um and t he external

magnetic field transtferring the soft nagnetic patterns
enbedded in the maSher cativeksionallepagribtict bransfert bechnéppe desadeadeabovt rig

| ayers. Figs. 3f(a).and 3( are cross segtional views .describing the steps
of 15 magnet i ce&?‘gﬁ@f 3‘91‘ atg’)'@oﬂﬁﬂ’(jt‘tco ‘iaﬁéfelri ?%taemgﬂf’%n’fecwfd?{‘%emleﬁ\}@ﬁti on.
Figs. 4(a) thr pudidifheonlpbRe 8BFEingeefdronal vi ews describing the steps of
magneti c transfer according to the second enbodi nent of the invention.

Figs. 5(a) through 5(c) are cross sectional views describing the steps of

magneti c transfer cording to .the third enbodi nent..of the inveniion, 20
Fro 6 1 dfcross SOBEEhAR o dhiebile TordRe ClRhuthal, Wadi®ht: aBRGH  ng
two recordi ng keahaigueaciradsiog thosdfthtmadenutit patebadembeddedf int 4 endsbareditk on.
Fig. 7(a) is a.cross se(iti onal vi ew _show ng aﬁétgp of the conventi opal
magneti ¢ t ransfRfependernily to7{wy recording: Tt ipdudeddp) 3iareRAt W eRBIREg
anot her step ofyddpgmconventional magnetic transfer. Fig. 8(a) shows cross
sectional views describing the distribution of the magnetic field around
the soft magnetic patterns.

20 In view of the foregoing, it is an object of the invention to provide a
method of magnetic transfer, that facilitates transferring magnetic signals
independently to two recording layers included in a magnetic recording
medium, It is another object of the invention to provide a magnetic
recording medium, including two recording layers, that facilitates

25 transferring different magnetic signals independently to the respective

recording layers.

Means for solving the Problems
According to the invention, there is provided a method of magnetically

30 transferring data to a magnetic recording medium including a first magnetic



Fig. 8(b) is a graph describing the distributions of the parallel 30
conponents of the magnetic fluxes on the magnetic recording nmedium s
Nodes for carrying out the Invention Now the invention will be described
hereinafter in detail with reference to the acconpani ed drawi ng figures
which illustrate the preferred enbodi nents of the invention. 5 First, how
magnetic transfer is effected when external magnetic fields, the strengths
Hexl and Hex2 tgere f are different fromeach other arebelg‘ﬁlied tg a
magneti c r ecSFY P TuAPHng | SREPRY TPABRGLC Sepring) LAyar sPeloWotheo frst o
forces theregf ic Atdrding 1856, dhbfREGRE hecRAIGREhe REdRT of WpblyiR€ ahnO
descri bed bel Q\g(-lv.k#?cljbre, i tg_i s?ass_umed that the l?%l ati oér?? Hc}ylpk yll_g%, Hex 1 cc
Hex2, Hcl cdiniéalizing mepgnekicdiald in maralleltedhemagnesic reqerdingianediugnty Hex2
are | ocated ' O 1 .er 0 | Q- A5 (1) etic
transfer to @%59%2%2)1&3@ %éﬁ%dpﬁemga%ﬁgzlgggﬁg@g #ﬁgirug%’f & ?Sslﬁéfélﬁlé %3@ ‘gﬂ

ext er nal sragmettee dislelid tlesd pThemity o aliinatloss comiapt etk uhe edagnetidvance
to magnetic transfer netizes a magneti.c recording nediumin one

i rection urkeEPTOAE MERIY NG PMsteh Wl BORAUE & APBBAERENS IRATA t ho
graph (Aa i Ninklu@ling sof® htftinefidlayer9 Baibefdéd Al urticelRietibhd Mdadof Sidrce the
follow ng rel ations hold between the recording magnetic fields Ha, Ho and
Hg gener at edshnped vethroeapective line pdtteiond orameghéctivetislant @attegne inditatkngand t he
magneti c recgrdi medium and th oerciye forc L,y HQ, 7> I Hel ,
nd b o hotst sA% R A3 Rte < A FepeFE mFEe A S Iphih ity s
desi gnat g5 tdigkr eedrHE NGagRaietrédrding! theBRiIRahNofiRiteeH tRé ipRIAlizafy of the
soft magnetic pattern 3a, Hb the recording nagnetic field at both ends of
the soft magWegnetighieldett transiortherfirst (ata Jegin dif finshgnatet disketithg ¢ he

center of th@ec&ﬁcﬂhﬁ%n%ﬂc'?@éo‘ﬁ@ﬁlglh ~adj acent soft nagnetic patterns 3a. 9
(2) Magnetic transfer to the recording nmedium the coercive thereof is Hc2,

by an external nadvesttagedusty, dhelemgthed &irthar inaludee the sgtep (oB)applyiBgg 1,
excel | ent ”aé’erégﬁa %rgr{s QrS];neargnie&c field to the first master disk and the magnetic
15 recording medium in the direction same with the direction of the initializing
magnetic field to transfer the first data from the first master disk to the first
magnetic recording layer.
Advantageously, the method further includes the step of positioning a
second master disk in substitution for the first master disk, the second
20 master disk being positioned in close proximity to or in close contact with
the magnetic recording medium, the second master disk including a
nonmagnetic substrate including soft magnetic layers embedded in the
surface portion thereof and shaped with respective line patterns or
respective island patterns indicating second data; and the step of applying a
26 second transfer magnetic field to the second master disk and the magnetic
recording medium in the direction same with the direction of the initializing
magnetic field to transfer the second data from the second master disk to

the first magnetic recording layer.

30



facilitated, since the follow ng relations hold between the recording s
magnetic fields Ha, Hb and Hg generated by the magnetic field Hex2 applied
to the master di sk and the magnetic recordi ng nedium and the coercive force
Hc2: Hb J> Hc2, Hg J> Hc2, and Ha Hc2. (3) Magnetic transfer to the
recordi ng medium the coercive thereof is Hcl, 10 ~ an external magnetic
field Hex2 As shown in the graph (H in Fig. 1, the following relations
hol d bet ween the recording magnetic fields Ha, Hb and Hg generated by the
magnetic field Hex2degpnrgeanslo thaestrangth of dhe firghtranger raagratic 1¢Iécilﬁdjl ng

di dth
Ther of or e, t et Raely Dot T The b el kaou oo M0 wsBlitn! Brodt o

the initial magheti zati on bel ow the soft magnetic patterns 3a is also
inverted by the magnetic transfer. Wen the external nmagnetic field Hex
much hi gher than the coercive force He is applied to the master disk 3, the
transfer signals CaftviitheBfisty,itht €ertivelthiRePRURCHLS GO MEoBM Lgbd . 20
since the magnetic recording medium1 is nmagnetized uniformy in opposite
to the initial andgheicoersivieolorasi efetrei sﬂqoed/mgn&tmrrecqrdmgelay@r sire Yiffereoh t he
magneti c recorgin (4) Magnetic transfer to the recordi ng medi um
t he coercive tﬁ' F’g%afrzﬁdoéﬂacz 2s bean external magnetic field Hexl As shown
in the graph (G in Fig. 1, the following relations hold between the
recordi ng magnetic fields Ha, Hb and Hg enerated by the nmagnetic fjeld

Hex1 applied to théd Fatageously kKhe raercre lee Phec Breti ABREtes TRePERE t he
coercive fqpce eﬁ}%? tHPcoclive fhite HEZ of AR %x%ﬁgT%%&‘?iflﬂé Fayédr ' €he
rragnetlzatlonl themanetlcrecordlngrm| e|n|t|al

magnet i zati on styength HaxZof e finsttinangfer magne‘aé fmhlean&ghetstmngﬁcbﬁedil f

medi um bel ow t soft .na er 3a no t he fion.of the

magnet i c recorg?‘hﬁ %ﬂﬂltﬁ%’i‘&tﬁ &ﬁ&'\f?}hccf%ﬁgrﬁfe§8 lat %@ﬁ@f‘?"’(&‘b’ﬁt%‘r‘% IR ot

existing. In Om%svm@dﬁuom?g bE/aBi9hé old IR & @) MGl OFWS| Hc@ & Hidkot he 5
magnetic recording nedium 1, since the initial magneti zation i s retai ned

uni formy thr oug&ﬁﬁxlt@deiﬂagnetl c recording nedium 1. By appropriately

conbi ning the coercive forces Hcl and Hc2 and the
15

Advantageously, the first data are servo signals, and the patterns of
the soft magnetic layers in the first master disk and the patterns of the soft
magnetic layers in the second master disk are different from each other
such that the servo signals recorded in the second magnetic recording layer

20 are not erased during recording the second data in the first magnetic

recording layer.

Advantageously, the magnetic recording medium further includes one
or more isolation layers disposed between the first magnetic recording layer
25 and the second magnetic recording layer and made of a nonmagnetic

material.



external magnetic fields Hexl] and Hex 2, the soft magnetic patterns to
enbedded in the master disk are transferred i ndependently to two recording
| ayers included in the magnetic recording nedium The principle of the
magnetic' transfer will be described belowwith reference to Figs. 2(a)’

t hrough 2(c). In the follow ng, the relations between the coercive force
Hcl, the coercive force Hc2, the external nagnetic field Hexl, and the

external 15 tic fiel 2 are_the sane with those descri bed above.
Fig. 2(a) i ﬁﬁ%%?p%@Bﬂgaﬁgﬁr%WW%W% sinplified magnetic recording
medi um descri bi rEjgt e sho@B gfaphdi bkFlainiRgNBbivZ Bhd Qoft The: BN ghiterdsecor di ng

medi um 1 incl udes an ugper recording layer |a, the coercive force thereof
is 20 Hcl, eavabeddedinthe masteridigk pegranplerrediadepsndentls t dwegeeandingof i s

Hc2. In the . i:nk ] al i 1.QD, u I redi . n | a and
the lower r elégggl lﬁéhl]dgéi/yrl%] %gg'?%?(it {ﬁelzc?]} déﬁ?znédﬂ s}nhu?ﬁ??eg%eégﬁglfgicﬁgtﬂée%g{)pl i ed
ext ernal smadgiel aadfHed drdidiffrenctrom givdr ofhlednwhbe egterhal waghetic dlddcl and

Hc2. 25 Fig.. 2(b) is rqss sectional view describing the step of first
magnet i c traﬂ%’glera.ndRégég’r 3H§erﬁ%f¥°@n ragh oy, ane APRLT 0, 3he MARRRIT | o
posi tioned akeM&i¥ nRQidhe magnetic recording nmedium 1. An external

magnetic field Hex2, the direction thereof is opposite to that of the
initializing nmadfigsi %(a) ittomghi2c)agysl $obdmadict dressmsagtionalk viewscaxglaigingdi um 1.

The upper regording | ayer |a.. t he coercive farce thereof is;HCl ;1S
maner | zed. (iRraIgleth HagnRys BhaieRd, R Ghtince VR Sotriedbross Halerd ¢
magnet i zgf i oHc218f 6R6 Geddp@ihg laybheinchidedoinng nafnReic aptordig Mddanatdml
transfer to the recording rre,dltggﬁét he coercive thereof is Hcl, by an

1

external magiét PELEFRE) gnagaetic, Herl sndHer% ipadransieram the it st
mast er di sk ﬁa@ﬁé‘t}j&o Irp?'ﬂt%h% re%eaﬁga L‘@Z?éﬁg gmé@cef' hﬁ%ﬁsowiﬁglep?ﬁg@gtgg GioNghd ayer

| b, the coercive e thereof | escri bed egol ng
par agr aph ( 2jespédiyeaecardinglayées to the recordi ng nedium the coercive

thereof is Hc2, Ry ap, exterpak magnetic field Hex2". Fig. c) ,isS a,cross
oot onal vi ew dRgr P Y A IO Sertismal o gReIGaE thistene Of

Ref erri ngs noMabReti¢ Srandfed hecord mPaatHe Fst &hbslifent of theRasbhtioned,
preferably, above or on the magnetic recording nedium 1. An external

magnetic field Heigs, 4@hshumebddarercnessasttionalihiens dessriing thastersdf ¢ he
Ll ANl O 8k SRR AESRAL9, o0 o L
Figs. 5(a) through 5(c) are cross sectional views describing the steps of
magnetic transfer according to the third embodiment of the invention.

20 Fig. 6 is a cross sectional view of a magnetic recording medium
including two recording layers according to the fourth embodiment of the
invention.

Fig. 7(a) is a cross sectional view showing a step of the conventional
magnetic transfer.

25 Fig. 7(b) is another cross sectional view showing another step of the
conventional magnetic transfer.

Fig. 8(a) shows cross sectional views describing the distribution of the
magnetic field around the soft magnetic patterns.
Fig. 8(b) is a graph describing the distributions of the parallel

30 components of the magnetic fluxes on the magnetic recording medium.



15 exclusively to the upper recording layer |la, the coercive force thereof
is Hcl, as described in the foregoi ng paragraphs (1) "Magnetic transfer to
the recording nmedium the coercive thereof is Hcl, by an external magnetic
field Hexl". Any soft magnetic pattern on the second master disk 3 is not
transferred by the external nmagnetic field Hexl] to the | ower recording
layer 20 Ib, the coercive force thereof is Hc2, and the magnetization

al i gned beforﬁgthe second ste etrc transfer is retained in the

| ower recor di NPIeESE ArHIRE 0&@?&%%’88 PR the foregoing paragraph (4)

"Magnetic transfeNodwo thiae el RElEi dBkeriRd GoRJigANE: tineneqdil iwithic2, by
an external magnetic field Hexl" . 25 In summary, the nmagnetic transfer

met hod descr i Beldrensee the apwmpanieddraying fignges wiyieh illussrade she prefprrepar i ng
a magnetic regoidhife %Wllq-%c n%hﬂghng an upper recording layer la, the
coercive force there a |l ower recording so layer |b, the
coercive ferce thereof is Hc2 12 Othe step of setti ng the coerci ve

forces Hcl and Hc t hat Hcl t transfer pl yi ng
an ext ernal rragne%r“if"% %raﬂ%ﬂeﬁﬁctt%’é rrrartgfgctteﬂ ed’l?w r?%g tccfrtféggold
between the reeoOrtichgtNP IR £nd Hdx@l fiferbbt afd defiehld fideN08H Qﬁh@tﬂ drge
magnetic recordi ng medi um by the applied external nmagnetic field Hex2 and
t he coercr ve kppled teg|magnetisorcerdane mediumpnclpding mchmlmﬁmg the
Ho~>Hcl , a p n a
first rraster g? ésx)lgw%gﬁ (ltégl_@ﬁreo(? Ihrelr Qlﬁéeg_gcr%igﬁe %&emﬁ '%bé Cheg‘%: eu’sr \ile;%y to

t he | ower mwecdesdritg:d e, | b and to 1o magneti ze the upper recording |ayer
la uniformy in opposite to the initial magnetization direction and the
second transfer step of applying an external magnetic field Hexl, that
makes the foll ow eliaki I ;be%JH | ds
Ha, Hb and Hg geng%a%e % agg@gﬁégﬁgﬁ%ﬁgggﬁfﬁgﬁ‘% 2% E a%pl i ed
external magnédxe, hn&lmeﬂ%Hcmdldt hadadat EicteHeR  Hesl, Hall Heﬂz ladﬁ@loaarséh t hat
HbHc2, HgHc2, Hch2 HoHcl , HgHcl, and HaHcl to transfer the soft magneti c
patterns on a asdeseribadean the @asﬁeemtpa@rf\ﬁ‘ayl to the upper recording |ayer
la and to retar n the magnetization in the |ower recording |ayer I'b w thout
bei ng af f €6t ed by the application of the external 20 nagnetic field Hexl.
Thus, the sof t(1RE@Eektic tRaistar asthe rreestdetk npdidia, thséicité Skereof & Hel,
transferred |ndependently to t he recor dr ng layers of a magnetic recording
medi um 25 Entdddiihe eicifipld k be described nore in detail

bel ow in connecti %ewlltlllelﬁlggtlmgﬁ %Bﬁﬁctteﬁe{f%fdvance to magnetic transfer

magnetizes a magnetic recording medium in one direction until the

20 magnetization thereof saturates. As shown in the graph (A) in Fig. 1,
excellent magnetic transfer is facilitated, since the following relations hold
between the recording magnetic fields Ha, Hb and Hg generated by the
magnetic field Hex1 applied to the master disk and the magnetic recording
medium and the coercive force Hcl: Hb > Hel, Hg>Hcl, and Ha< Hel.

25

As described with reference to Figs. 8(a) and 8(b), Ha designates the
recording magnetic field beneath the central portion of the soft magnetic
pattern 3a, Hb the recording magnetic field at both ends of the soft magnetic
pattern 3a, and Hg the recording magnetic field at the center of the region

30 between the adjacent soft magnetic patterns 3a.



13 First enbodi nent Figs. 3(a) and 3(b) are cross sectional views

descri bing the steps of magnetic transfer according to a first enbodi nent
of the invention. Magnetic transfer is conducted on a magnetic recording
medium 1 5 i,ncluding an upper recording |layer la, the coercive force Hcl
thereof is 3000 Ce, and a |lower recording |layer |Ib, the coercive force Hc2
thereof is 6000 Ce. According to the first enbodi nent, the soft magnetic
patterns on ter tdci sk% e terl%nsltredenl the.vl SR di ng
| ayer Ib. In Eﬁ%‘ﬁ%—}—aﬁ% o mms i B -t e tipr. ~e€or di ng
| ayer | a and kjhgn detdranemapheiiefield Hewer 1b are magnetically initialized by
applying an external initializing n? netic field of around 7000 Ce to the
magneti ¢ recor di ngs mhavomn the graghe (B s dfigr 1sexgslisnbmpenstici gansfenys tne

magnetic tran 1Sy 1. conguct na| i i el f 6000
Ce applied i nﬁfcc)g%%ksel%f e nggt ﬁ(kab i%ﬂ?‘?éﬁa%e%ﬁo%gglg%m%%. mﬁiegg%‘aé? al
magnet i ¢ f3 el shakeatiodpied iIzesHbhendpHer geraratedi by thayaraghaticrfidlérHey2 and
transfers the saqft, nmagpetic patterns . 3a on the master. disk.3 only to the

| ower recor di MRPUSRy & the, masier itk aRdqe, MAERats dpeeding BRI SRS i sk
3 are from 0. {ehQvd fecaR29: HB Y HAL 1 SHip, adl Hahepepft magnetic layers are
500 nmin thickness. The master disk includes a single crystal silicon
substrate. The soft magnetic patterns are made of pure cobalt. Second
enbodi ment 25 Figs. al vi ribing
the steps of HagHasRs LA ERQEHYE. bR GO X

i nvent i onyg Vaghnghicktdrhalsfa@hetis fic@deet ed on a magnetic recordi ng nmedium 1
i ncl udi ng an upper recording layer Ta, the coercive force Hcl thereof is

3000 Ce, and a | ofershosavpiiulithg grapbr () in tFig. docheifollowing aelations tholdof i s

6000 Ce. 3 di to th d i t ot h ft t,l t
on a master 1etvehofhe:SecbifinB R aRler RN TRL il N5 Rle o SREREY fy RRET O7 1S
recordi ng | aygaiaghbtit fiehutiexp hpplied $6 thé ammstér ARERAIN thet magsdtey reaorllihg t he

upper recording layer la through the second step of magnetic transfer. 5
Ref erri ng nowmediwpgand(thy epss@ye dexeg Hek Hhix Hali HemyHst epnd thia >Hdor di ng

| ayers la andtb are netically initidalized.by an,external ipitializing
mgneti ¢ el SHERTate, TR AsoBaERtonlt ke e RRe Y QPuig RaPBim alebsf B ng The
first step of theagnRidIC riagmBtibLtion tHRleW thet eofiamagnetietiaatdrng! 8a ok LE0 Oe
is applied in opposite to the initial magnetization direction in the first
step of nagneitertadabythe magnetigosansipr cWhannige exfernal magneficgtield Hey
uniformy in Syl ; | Qabds i i i | soft
magnet o’ patt SrRTgyEfet Sl Btk (IRQRRL 1B 0 AE SR aBR L e oY
recordi ng | ayéransfer signésfe@mr hoigbaowitten Bngthedfhapnetds cedopdimg mlediveeclond
step of nmagnetjc tflansfer . an external. magnetic fi.el&l o'ff 30?0. Ce is..applied
in the saff dFMEELREAAGREHCIREP AN EM 8H§t“ilazg<i’teitl&ﬁ §RHEERIOH OPROSIe
magnet i zat i onté Rhé iRitlAWRAgRAEALBLBirdéBMar even ifStHendbbRetdAsk BndohhBesoft

magnetic patters 3a on a_ ,
magnetic recording medium 1.

(4) Magnetic transfer to the recording medium, the coercive thereof is Hc2,

25 by an external magnetic field Hex1

As shown in the graph (@) in Fig. 1, the following relations hold
between the recording magnetic fields Ha, Hb and Hg generated by the
magnetic field Hex1 applied to the master disk and the magnetic recording

medium and the coercive force Hc2: Hb < Hc2, Hg<Hc2, and Ha < Hc2.

30 Therefore, the magnetization in the magnetic recording medium aligned by

10



20 master disk 3 are transferred only to the upper recording |ayer |a.
According to the second enbodi nent, the sanme master disk is used in the
first and second steps of magnetic transfer. Third enbodi nent 25 Figs. 5(a)
‘through 5(c). are cross sectional view describing the steps of magnetic
transfer according to a third enbodi nent of the invention. According to the
third enbodi nent, different master disks including different soft nagnetic

patterns enbedded.therein are.used in the first..and secon t eps_of,.
ragnet | o ¢ abp it e tiEuay 86 AdR VEHER TR pE BRBEGT RE AR Righis o
transfer is gesstdiighedium bebEnelid Soft atPmatio ®apRehs!Ba hok e thié begiciofupper
recording layer la, the coercive force Hcl thereof is 3000 Ce, and a | ower
recordi ng | ayi8e magnatiferecerting wedivme abeyeowhieh, ay soft magmetiodatterre¥aer ri ng
now to Fig. Gtabs BERAREOHIGkHGR 6ol thE kil kslls cARiof BE Wnflidipid ayers 12
and Ib are magnetically initialized by an exte naf rnitralizing magnetic
field of & ounagW@iDréerdiRgf mediung Inemecthiei Mitid) bjagheticatidn g rétaéndd r st
step of magneti.c transfer, ap_.external nmagnetic field of 6000 Ce is applied
in opposite tH OrYB“lVﬁﬁ?quﬂloﬁgb‘??elpﬁ%%?co’f?cgﬁr}ﬁ%%ﬁe&hum ‘the first step of
magnetic transfer. The upper recording layer la is magnetized uniformy in
opposite to the initial nmagnetization direction, and the soft magnetic
patters 2a on a nBse@pprapirigtely comhining thenedeseive donses ylol cand, EcR amst the

recordi ng |ay P ] ElLg. C CL lebi step
of magnetic teﬁ{g%llﬁ érgﬁkﬁéﬁé@'}gﬁl@éﬁv}é%@k gf gfe (xt ?édcﬁ ?rgs(%fpslgg%ﬁ%fc ﬁgg}%g&?ﬁ C
transfer 16 rapbatied ihythe mmsérediskiask transfenckdaindepémicnsly toagoatcordinge! d of
3000 Ce is applied,i o the sane directiopn with_the 'Eitial .magneti zati on
direction in PHerss ds i1y e rmAgRGHG FeCOF IpgomeRiunrd FreRfiRAPEa0h BRE i n the
| ower recor dipgehayetraksfhs wiiahé efdsede bl ow Al tefBRARE {oC FRAL LRGP 3a on
a master disk 3 are transferred only to the upper recording |layer la. 25 By
usi ng di f f er ethirongls 26. i Shesfollawintgs the relatiang bstwesndthe: evercivd faregybketlj ¢

| < onpl oyabl i GEraEReE R, b Shtep el BB TTORE e, BT e YhedfRl T

recor di ng14 aymaghétié HeldH LR \e@e ShiGahe Gl thoge HadeibedtaDovdlg t he servo
signals witten therein w thout being erased during witing data in the 30

upper recording layer la. is Fourth enmbodinent Fig. 6 is a cross

sectional view of ti ' j i NEl bdi i

| ayers according ?% 2?29 ggr ﬁoéﬁ%ﬁh@%yﬂ@?b@g “qﬁl\%ﬁeﬁ%%&getk:%gé@?% now
to Fig, 6) thmedhgndesaibiagohestey oftiticimegnetidatien. tTthetaghatio teborditipdi ment
includes a substrate 9 de of alum num or. glass, and a.fifst non netic
under coat | ng. FaGEHD GongRIES RaheT ERARIGHEIFbT A esyehtn Bt S 1t he
substrateg®. e ddd §lowerFREFBAE LaydPdB! ARAIRGvE BXES thiddedfSis TRTE thO
control the easy axes of magnetization in the recording 10 layers. The
first nonmagn#eb cofunitérlcmasneidzatiope the ouiper reawrdiig dayves| laognd tbh laweroCr
CoW and CoTi . : | Gyl ecordi. ' r.di Q
enbodi nent fulfeigﬁlgdrﬂ?g@%%gg %I%I él\g\grgﬂgé(yégir%gﬁ?%glﬁgjr Bglélfgﬁ)prglgé oelr#%‘%ljrglglfi rst
nonmagneti ¢ lmagneic okt Hog haychrhigher thaa thewesrcivedorsds frllaadeiic2 1l is a
magnetic netal |ayer containing, for exanple, Co as the main conponent
thereof and from several %to several teen % of an appropriate conbination
of Pt, CrpsTa, anﬂiézgdi%da ERdRE 8EQion8] vibw BedBRbISE tite Mehbf 3V Blaghleil as a
CoCrPt Ta [ ayer and a CPtB layer). (The Iower recording layer I1
corresponds t trankfer]| Beferring nowctoritign2(b), sa/firstimagter disls3 isaqasitianedabye 5( c) . )

0 . . : . ! A >
el nage s nohian e PRl ReRRRE AabCL 88 dabbl SRt ned e
conponent t hegleoflireetidh BiferdofGeQGppbsiyeto tita t@GI\bhb aiRializiie nig@efi fledyds, and

25 a second nonmagnetic undercoating | ayer 13 containing Co as_the main
applied to the magnetic recording medium 1. The upper recording layer 1a,

30 the coercive force thereof is Hcl, is magnetized uniformly in the opposite
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conponent thereof such as a CoCr |ayer, a CoWlayer, and a CoTi | ayer.

Al t hough the second nonnagnetic undercoating |layer 13 and the nonmagnetic
isolation layer 12 are alloy layers containing Co as the nmain conponents

t hereof ,’ the .conpositions and the contents thereof are different so from
each other. ~7 The magnetic recordi ng medi um according to the fourth
enbodi nent further includes an upper recording |layer 14 (corresponds to the

upper recordj.ng. layer_la in Figs, ,2(a) thraough 5(c).. orned .on the second
under coat i ngfuregyexl toghapof j1Beid gt fratigk &saéwanﬁs@&t 9 fRIsRPMENs, Co s
as the mai n (GOAPAREN3)! 25 &0dti@RAnafkr PHRP rb §ingCHRUNRN] $Re Qberive O, Ta,

and B added thereto in the same manner as the | ower recording layer 11, the
conposi t i onghereof ie el aby aaddetbraale miighttic dinld f Hex't Hdwesofh magndtipner

recording |la 11 ¢t rovide the,u er recogding |ayer .1 i th a coercive
force | ower ‘{aﬁ{fﬁnf ﬁﬁ&hgfﬁrtshgm}sg lsggic%'ied{rﬁ‘as A\ re’T'ﬁSlYe&y%ﬂgh‘?@O Btic
recor di ng madeardime W0k 11) fhe dodecit® Worch thekediisan2, fay AerribedGhugRs a
carbon | ayer_ (carbon protection |ayer) 15 on the upper_recording |l ayer 14

n | ayer .
to protect tiRkeeapIscParagaaphii Ry “Magnetid sransteriio therecssding Bedingai thet wear
caused by t ¢ 3 Cild i t J : ifovng 1s data and for
readi ng dat rab,% elkzg%e;%egé&g\g%g&%%%g‘gﬂgﬁ h%ﬁgggﬁ‘\g/{é{]ﬁ%ﬁé% descri bed above,
‘the nethod of magnetic transfer according to the invention facilitates
transferring dif .er??t ma%neti c s%(gnal i.ndep en entlﬁ() 2Ott0 wo recordi ng
| ayers included i'f 'f?'aé% i TP ET By Wi uificr Pty ef6r &Pt Re d of
nmagnet i C ¢ r adgéedticd asfirN RefcrringenbRVRNFILREAG bédoallemastepalisk 20id he
application fields of the magnetic printing technique in such a way that
the upper rawsitéined, paglerahly, abe ewen thaanagredicoratprding ayediuand. ¢ie | ower
recor di ng 'aéﬁ%nfaf{maﬁgnt% e8! o @fr8dfor AkFLof &E gﬁé .siéﬁ‘l%%t{?&ﬁ&é o 2s the
servo signalSWwitfe Srein Wit hout © et nNg erased dufing witing data in
the upp elrI rtmedhfﬁe?g;iﬂlgmfa’ggeﬁi?» fieldNiﬁ'apf)Hedtt@th&ﬂakggti&rec&g@iﬁghﬂeﬂiﬁﬁ; _
magnetical ly transferring data to a netic,recordin ium c rising a
first magnet}-clheteff dRagfotigRatterng o8 Decsshiondmariey élsgé{gmwﬁ% bel ow
the firsis MegRRidifely 8 hctupfr RYSIng G eFTANOR efBPorS fibrddids Hegps of
applying an initialilzing nmagnetic field in parallel to the magnetic
recordi ng meali descritiedr &bythe ofonegpineg insathgxaphai ¢1) aiMagneticetnangfert oc theecor di ng
medi um posi tioning a first master. di,sk i se proximty to or. i.n,£lose
Cont act 1o visRrine Bedi: HF aBvaledds Hal By RoShline) akoRic S| o ng a
nonmagnet i ¢ HeRBt r&he %Wd&ﬁieﬁﬁ patérnmeangid gedordemseerbatited isnnbhe
surface portions thereof and shaped with respective |ine patterns or
respective igpasfarisdihyeihesexteraial magngtie field Henl o thriloyssirpearding layest
transfer onetd Lelk L St Tl 3 i
recor di né(;mne |’u€%%ic%b§:%%oga?%éeﬁgeguﬁ§ I|_Hr31§|?t| a f}% %gﬁggﬁéet{&ﬁ CAPF%%?%% eby to
transfer t hethieises¢ndistien of mpagrehie thansfer isastanediis khe bweraeswdingllayexynet i ¢
recording layer. 2. The,nethod, according to { ML, further .copprising the
step of appl i}? RS (§e8§§E841dnpﬂ?‘gn@f%ﬁ'm%gﬁgﬁrepﬁ@ %@nfﬁ(é trziu}s&r E‘ggﬁ‘%r di sk
and the 20 npghalihg Mce@md tidcieréelivel Bhdreof ing e, mcatﬂ SfteSATaprebictiold
direction of the initializing magnetic field, ereby to transfer the first
data to the Herkt magnetic recording layer. 3. The nethod according to
Claiml, %urt her conprising the step of positioning a second naster disk in
substituffon for the first master di sk, 25 the second master disk being
positioned in clhseumntasynthy niggnetici thawdfers method descriliedhalidve inalydes i c
recordi ng rregi} u‘nhﬁt he second master di sk conprising a nonmagnetic substrate
conpri si ng sb%OHBYHE $%€P$ayers enbedded in the surface portion thereof and

shaped with (espagd it¥g of pRGaring a magnetic recording medium including an upper
recording layer 1a, the coercive force thereof is Hcl, and a lower recording

30 layer 1b, the coercive force thereof is Hc2;
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19 patterns or respective island patterns indicating second data and the
step of applying a second transfer magnetic field to the second master disk
and the magnetic recording nediumin the direction same with the direction
of the initializing mugnetic field, whereby to transfer the second data to
the 5 first magnetic recording layer. 4. The method according to Claim 2,
wherein the strength of the first transfer magnetic field and the strength
of the second transfer nagnetic field are different from each otgfr. 5. The
met hod accor diflg the efemi pf settipgetbhe soerqive &reeshbich and h%@ ﬁf‘%cﬁs hat el Gnsf er
magnetic fiel nd the strength of the second transfer magnetic field are
different from éach other. 6. The nmethod according to Claim 1, wherein the
coercive forcé@of thd\dirkt Knsforostep i of appdpingi ngy exteranl andkeie fiddrHex2 force
of the second magnetic recording |ayer are different fromeach other. 7.
The met hod acdébatdimakesothel Eillewang \Mﬁiﬂﬁ&nﬁ hald hesween hefrseerding magnetige

b Y i . : ¢ .
magnet | o r st s Brand ¥ eeidifudt i the Erastell hinafle bIBRATTME o
field and the agblied@kterbak maghetibdiedd ¢luxd drdatisd edercivgrfeices Hdlednl &2 set

at the respective val ues,_which ke_the fol ] ow relatigns hqld; 20 Hcl K
Hc2, Hexl K Héseszl}t%ﬂ]g@ﬁiﬁ%zﬁg%ﬁc2 <<IEI€2:I—iE{§.>> glﬂ*ﬁ@ 1h88dd¢2 8 ilng t o
Claimb5, wheregj r e f t i (W C i.ng
Cayer, i he cod? St dRE bl B et tirnd on'o ok el BB o BREGHALT,
strengt h Hex2 retortiing layestlat batskdusivelynet ithe Iowelrdreacrdihg daysrr Bnghll tdex| of

the second transfer, nagnetic field are set at .1he 2s respective val ues,

whi ch makel% hd3gatizgit 5%65@?%31%&@&%@@ OFR ThERBASIECo thesnitgl 1 <c
Hex2, and Hex pl, #diodtioR QirecBon;T{¥y Met hod according to aim8, wherein the
first data are servo signals, and the patterns of the soft magnetic |ayers

in the first st ehe desdndatrdnsfee spat vfeapdyofg ahexterhal magnetic Geldallexs, i n
t he second naster disk are different from each other such that the servo

si gnal s recor dbat makesethe dknwing melatianschold betkesy theyracoring 18asratitsed
during recordifigqd fe $8°QR4 1 2146 fthé $h %lﬁ%‘!&eﬁé Grdifs Hedind dyapr - 10.
The magnetic recor gpl:ahg ned?urr?gggcfrai ‘ibedni n d % m 1, Fur tlﬁg’gr conpr iyg?ﬂr%]}g one
or nore isol atapphietl exéesabaetagrenictfivdd fllexdt amb ghe coercivecforats dfcl and He2

such that Hb<He2, Hg<Hce2, Ha<Hc2, Hb>Hcl, Hg>Hcel, and Ha<Hcl

to transfer the soft magnetic patterns on a second master disk exclusively to

the upper recording layer 1la and to retain the magnetization in the lower

recording layer 1b without being affected by the application of the external

20 magnetic field Hex1.

Thus, the soft magnetic patterns embedded in the master disks are
transferred independently to the recording layers of a magnetic recording

medium.

25
Embodiments
Now the invention will be described more in detail below in connection

with the embodiments thereof.
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In the transfer step shown in Fig. 3(b), the magnetic transfer is

15 conducted by an external magnetic field Hex of 6000 Oe applied in opposite
to the initializing magnetic field. The external magnetic field Hex
magnetizes the upper recording layer la uniformly and transfers the soft
magnetic patterns 3a on the master disk 3 only to the lower recording layer

1b. The soft magnetic patterns 3a on the master disk 3 are from 0.5to 3z m

20 in line width, and the soft magnetic layers are 500 nm in thickness. The
master disk includes a single crystal silicon substrate. The soft magnetic

patterns are made of pure cobalt.

Second embodiment

25 Figs. 4(a) through 4(c) are cross sectional views describing the steps of
magnetic transfer according to a second embodiment of the invention.

Magnetic transfer is conducted on a magnetic recording medium 1

including an upper recording layer 1a, the coercive force Hcl thereof is 3000

Oe, and a lower recording layer 1b, the coercive force Hc2 thereof is 6000 Oe.

30  According to the second embodiment, the soft magnetic patterns on a master
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Referring now to Fig. 4(a) describing the initializing step, the
recording layers la and 1lb are magnetically initialized by an external

initializing magnetic field of around 7000 Oe.

Referring now to Fig. 4(b) describing the first step of magnetic transfer,
an external magnetic field of 6000 Oe is applied in opposite to the initial
magnetization direction in the first step of magnetic transfer. The upper
recording layer l1a is magnetized uniformly in opposite to the initial
magnetization direction, and the soft magnetic patters 3a on a master disk 3

are transferred only to the lower recording layer 1b.

Referring now to Fig. 4(c) describing the second step of magnetic
transfer, an external magnetic field of 3000 Oe is applied in the same
direction with the initial magnetization direction. The magnetization in the
lower recording layer 1b is unaffected, and the soft magnetic patters 3a on a
master disk 3 are transferred only to the upper recording layer 1la.
According to the second embodiment, the same master disk is used in the

first and second steps of magnetic transfer.

Third embodiment

Figs. 5(a) through 5{(c) are cross sectional views describing the steps of
magnetic transfer according to a third embodiment of the invention.
According to the third embodiment, different master disks including
different soft magnetic patterns embedded therein are used in the first and

second steps of magnetic transfer.
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initializing magnetic field of around 7000 Oe.

10 Referring now to Fig. 5(b) describing the first step of magnetic transfer,
an external magnetic field of 6000 Oe is applied in opposite to the initial
magnetization direction in the first step of magnetic transfer. The upper
recording layer la is magnetized uniformly in opposite to the initial
magnetization direction, and the soft magnetic patters 2a on a master disk 2

15 are transferred only to the lower recording layer 1b.

Referring now to Fig. 5(c) describing the second step of magnetic
transfer, the master disk 2 for the first step of magnetic transfer is replaced
by a master disk 3, and an external magnetic field of 3000 Oe is applied in

20 the same direction with the initial magnetization direction in the second
step of magnetic transfer. The magnetization in the lower recording layer 1b
is unaffected, and the soft magnetic patters 3a on a master disk 3 are

transferred only to the upper recording layer 1a.

25 By using different master disks in the first and second steps of
magnetic transfer, the upper recording layer 1a in the magnetic recording
medium 1 is employable, for example, for a data recording layer and the
lower recording layer 1b for a servo signal storing layer storing the servo
signals written therein without being erased during writing data in the

30 upper recording layer la.
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110%& ()5~ MO% RdfgprriddaowGs Fig. 6, the magnetic recording medium according to

the fourth embodiment includes a substrate 9 made of aluminum or glass,
and a first nonmagnetic undercoating layer 10 of 10 nm in thickness formed
by sputtering on the substrate 9. The first nonmagnetic undercoating layer
10 is formed to control the easy axes of magnetization in the recording

10 layers. The first nonmagnetic undercoating layer 10 is made of an alloy such
as CoCr, CoW and CoTi.

The magnetic recording medium according to the fourth embodiment
further includes a lower recording layer 11 formed on the first nonmagnetic
15 undercoating layer 10. The lower recording layer 11 is a magnetic metal
layer containing, for example, Co as the main component thereof and from
several % to several teen % of an appropriate combination of Pt, Cr, Ta, and
B added thereto (e.g. a magnetic alloy layer such as a CoCrPtTa layer and a
CoCrPtB layer). (The lower recording layer 11 corresponds to the lower

20 recording layer 1b in Figs. 2(a) through 5(c).)

The magnetic recording medium according to the fourth embodiment
further includes a nonmagnetic isolation layer 12 containing Co as the main
component thereof such as a CoCr layer, a CoW layer, and a CoTi layer, and

25 a second nonmagnetic undercoating layer 13 containing Co as the main
component thereof such as a CoCr layer, a CoW layer, and a CoTi layer.
Although the second nonmagnetic undercoating layer 13 and the
nonmagnetic isolation layer 12 are alloy layers containing Co as the main
components thereof, the compositions and the contents thereof are different

30 from each other.
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[ 10%& () - WA ﬁrﬂje%gé%%% lla?r!er 13. Although the upper recording layer 14 contains, Co
5 asthe main component thereof and an appropriate combination of Pt, Cr, Ta,
and B added thereto in the same manner as the lower recording layer 11,
the compositions of the metals added are different from those in the lower
recording layer 11 to provide the upper recording layer 14 with a coercive
force lower than that of the lower recording layer 11.
10
The magnetic recording medium according to the fourth embodiment
further includes a carbon layer (carbon protection layer) 15 on the upper
recording layer 14 to protect the upper recording layer 14 against corrosion
or against wear caused by the friction with the magnetic head for writing

15 data and for reading data.

Advantageous Effects of the Invention]
As described above, the method of magnetic transfer according to the
invention facilitates transferring different magnetic signals independently
20  to two recording layers included in a magnetic recording medium. Therefore,
the method of magnetic transfer according to the invention facilitates
expanding the application fields of the magnetic printing technique in such
a way that the upper recording layer is used for a data recording layer and
the lower recording layer for a servo signal storage layer, that keeps storing
25 the servo signals written therein without being erased during writing data

in the upper recording layer.
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1. A method of magnetically transferring data to a magnetic recording
medium comprising a first magnetic recording layer and a second magnetic
recording layer below the first magnetic recording layer, the method
5 comprising the steps oft
applying an initializing magnetic field in parallel to the magnetic
recording medium, whereby to magnetically initialize the magnetic
recording medium;
positioning a first master disk in close proximity to or in close contact
10 with the magnetic recording medium, the master disk comprising a
nonmagnetic substrate comprising soft magnetic layers embedded in the
surface portions thereof and shaped with respective line patterns or
respective island patterns indicating first data; and
applying a first transfer magnetic field to the first master disk and the
15 magnetic recording medium in opposite to the initializing magnetic field,
whereby to transfer the first data from the first master disk to the second

magnetic recording layer.

2.  The method according to Claim 1, further comprising the step of
applying a second transfer magnetic field to the first master disk and the
20 magnetic recording medium in the direction same with the direction of the

initializing magnetic field, whereby to transfer the first data to the first

magnetic recording layer.

3. The method according to Claim 1, further comprising the step of
positioning a second master disk in substitution for the first master disk,
25 the second master disk being positioned in close proximity to or in close
contact with the magnetic recording medium, the second master disk
comprising a nonmagnetic substrate comprising soft magnetic layers

embedded in the surface portion thereof and shaped with respective line
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5 first magnetic recording layer.

4. The method according to Claim 2, wherein the strength of the first
transfer magnetic field and the strength of the second transfer magnetic

field are different from each other.

5. The method according to Claim 3, wherein the strength of the first
10 transfer magnetic field and the strength of the second transfer magnetic

field are different from each other.

6. The method according to Claim 1, wherein the coercive force of the
first magnetic recording layer and the coercive force of the second magnetic

recording layer are different from each other.

15 7. The method according to Claim 4, wherein the coercive force Hcl of the
first magnetic recording layer, the coercive force Hc2 of the second magnetic
recording layer, the strength Hex2 of the first transfer magnetic field and
the strength Hex1 of the second transfer magnetic field are set at the
respective values, which make the following relations hold:

20 Hcl1<Hc2, Hex1 < Hex2, Hcl1<Hex2, and Hex1 < Hc2.

8. The method according to Claim 5, wherein the coercive force Hcl of the

first magnetic recording layer, the coercive force Hc2 of the second magnetic

recording layer, the strength Hex2 of the first transfer magnetic field and

the strength Hex1 of the second transfer magnetic field are set at the
25 respective values, which make the following relations hold:

Hcl < Hc2, Hex1 < Hex2, Hcl1 < Hex2, and Hex1 < Hec2.
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10. The magnetic recording medium described in Claim 1, further
comprising one or more isolation layers between the first magnetic recording
10 layer and the second magnetic recording layer, the one or more isolation

layers comprising a nonmagnetic material.
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