0 6 OCT 2004 5 10 15 20 25 30 [ Docunent type] Specification [Title of the
I nvention] Method of magnetic transfer for perpendicul ar recordi ng nmedi um
[Detai |l ed Description of the Invention] [0001] [ Technical fieldj&f(QThzk

i nvention] The present invention relates to a nethod for witing servo
signals for positioning a read-wite head into a magnetic disk surface by
means of nmagnetic transfer technique in a hard disk drive (hereinafter
abbreviated to HDD). The HDD, which uses magnetic filmas recording
material, is now a main streamof external nenory. In particular, the
present i %enti on relates to magnetic transfer technique in a perpendicul ar
magnet i ¢ rneOSHEISRG Bel umSPEROABEIOR the direction of recorded

magnet i zatiQn i s perpendicylar to the nmedium surface. [0002] [Background
of the in\mh“t]? 8?.]}?@1'?1'2"‘?&&%3& ng density of a magnetic recording nedium for

HDD i% as hig bt L4 02 age. at _present and the
menory capaci %e@dzgn%gﬁaéﬂlﬁé%ﬂ%féﬁgr&g}%g%?mé@%f%oggg}g K™ he
enhancenent "of recording density, the size per bit of the magnetic
material is dimnishing. It is _becomng difficult to read- wite data by
so- cal | edPebanre Qﬁsﬁﬁp%@ﬁgfﬁébieénﬁ%‘@@é ng system in which the direction
of recor Hg{fgneti zation is a longitudinal direction, that is, a

directio he surface of the magnetic recording nmedium Accordingly, a

so- cal | glepefiRandietybathdBaRetics) recordi ng system has been proposed, in
whi the direction of recorded imagnetization is -perpendicular to the

surfdace of tH&e prepsotiisvenitor tilatenieds umethadder pemdng skeavo sy ifor
recordi ngogﬁgchﬂ%]gla QeaGd-%ezhoeoaAd into a maguetic disk surface by means of magnetic
transfer technique in 2 hard disk drive (hereinafter abbreviated toc HDD). The
DD, which uses magnetic film as recording material, is now 2 main streaﬁ: of
external IDEemory. In particular, the present invention relates to magnetic
transfer technigue in a perpendicular magnetic recording mediﬁm, in which the
direction of recorded magnetization is perpendicular to the medium surface.
[0002)

[Background of the iﬁvention] _

The recording density of 2 mag:neﬁc recorcing medium for HDD is as high
as 20 Gbit/in® in the development stage at present and the memory capacity is
Increasing in the rate of 60 % a year. With the enhancement of recording density,
the size per bit of the magnetic material is diminishing. It is becoming difficult
to read-write data by so-called longitudinal magnetic recording system, in which
the dirsction of recorded magnetization is a longitudinal direction, that is, a
direction in the surface of the magnetic recording medium. Accordingly, a so-
called perpendicular magnetic recording systex has been proposed, in which the
directicn of recorded magnetization is perpendicular to the surface of the

magnetic recording medium, A perpendicular magnetic recording medium



conprises a magnetic recording |layer of hard nmagnetic substance and a
backing layer of soft magnetic material that serves to concentrate M‘uﬂm L
magnetic flux generated by the magnetic head .and used for recording tlzl@
magnetic recording layer. 5 0003] In a conmmon HDD, recording and
reproduction of data are performed with a magnetic head Boating over the
sur f ace ofmhesasos & poenapgerdrg éoordii nerdmed gnatofsubstal decan dl e Ske ckhape .
The floating is effected by a f]loating nmechanism called slider and the,
f1ying hevgatof 80% apegastic argentzl fart BRIvesipornetn GRtothe ea AT tHRG NSt i C
recording nedium.is stored in the.data tracks congentrically positioned on
the nedi 8RRETHECHRY 128 SPHFHY 4 839@&%&%&‘? i Breepr YREAC *&er]@aa@&}jfiﬁ'ec%gé?f
noves to_the target data track with high speed and positioned. The

recordi Syeé'urface of the magnetic recordi ng nmedi um cont ai ns p--reformt

i nf osmaticgpdihat  includes track in- servo signals for detecting relative
posi tion' between the head 15 a fad the data back, and address signals or
regener ati velgl0ekmsh@ndBD, Theordps €babmat od ifiosiet data eot Hespeopdidgithe a
data track is recorded on a circle .concentric with the data track at

certai n magwedic hpadrileaiing Ther pretorisae of tind oriatitd paghetherentiodizgragnet i ¢

recordin dium.is recorded on preforpat . sectjons with a sector form
whi ch | SPEHESEAAT PAIFSPR G5 EAFPF ortHe APF ARG At HEC 26 %sé@tiiqwa%ﬁ%@mm

i nt erval 3 ' | - oL ' hg:.c . row of
preform%%ﬁ%%gﬁ]@ggfdr@mf%ggﬁgﬂhﬁﬁrlso%vtgﬁ{%%E?Iéltrn' gftqt Egﬁ%r%(gfn% ?’g recordi ng

medilom ahalhenid hecoseii emedfiubhs eobed 10ftht Retd epdthe ddr@ e heaehllF Resitioned
preformat information has been, conventionally recorded using a specjal

wri ti ng Gappae arediveal iretheraccaginanpd aepafdiertomund 2ieg 2 teadvegitetliesd

recording nmedium.on the HDD 25 - 0004], AccQ nyi w.t h tiju bove-descri bed

enhancertBAt oo rbEaRI R g BT, W P oR PTG CHUHoF Py B 4Ch el BY of GFiat e

| nf or mMatsh 828 oABe hAEHEAS kB dlOz REA1IARY cd@ind DB Bla tWhitsiRGHbAG kAt

preformat information- This is becomng a serious factor to | ower

ef fi ci ensglip@etHbrgrvgduervoniZuds for delestingDBlatose posdifrObeBYeerRbveheky, a

met hod for,witing the preformat information to a magpetic. recording medium

has® beer bt 6BESEFA AT SRS GRETEHT SIETRLT Bh PR FERETIPT Fifgaly 1he
preformat information corresponding to a deta track is recorded on a circle |
concexntric with the data ixack at certain angular intervals. The preformat
information of the whele magnetic recording medinm is recorded on preformat
sections with a sector form, which is substantizlly a linear foxm, arranged at

20  certain angular intervals 2s shown in Figure 11. For preventing the center of the

row of preiormat signals from diverting from the cenier of the magnetic recording
medinxmm or from the center of the orbit of the read-write head, the preformat
informaticn bhas been conventionally recorded using a special writing apparatus

called a track writer after mounting the magnetic recording medium on the HDD.

ro
o

r0004]

Accempanying with the above-described enhancement of recording density,
recording density of the preformat information is also increasing, to prolong the
time for writing the preformat information. This is becoming a serious facior 1o
lower efficiency in DD production ard to raise HDD cost.

30 [0005).
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XRecenily, a method for writing the preformat information ic a magnetic

the irnformation e T O
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06 OCT 2004 recording nediumw th area! manngr by neans of magnetic
transfer technique using a master disk carrying the prefornat infﬂﬁrﬁﬂizﬁm,
in place of witing to each of the tracks wjlth |inear manner using the
signal-witing Lead of a servo slider. For gxanple, Japanese Unexam ned
Patent Application Publication 5 (KO Al No. H10-40544 discl oses a_nethod
for transbesnding ypedifuon reth arafomzatieshit means @igh e gothaltrangepetsdque
recordi ng medium using a master disk _that h protrusions angd recesses,
the prot msshpasuisstarg:esmpoEaREdhe Tl P IGRAYHEFT Bakite rR 1 ace GhFREdes 10
Unexam ned Pat.ent | i cation Publication OKAL) No. . PM 25455 dj scl oses a
et hod | 6RCBIBIBEdBRET: %%%%t%@ﬁ%&i%#%ﬁ%ﬁﬁﬂﬁéﬁé% %fd% o ng
medi um i n,.t;he netic trans eSS : P01

exhaust i ﬁadﬁ?'r %?0% et"t?gl%lleo %ggése‘?%%ﬁ%g?@%dcﬁ%%%ﬁ D&?f@?‘%ﬂf %%ggggg?er ences
don’ t5 di $RlPSRTANIRYNG]. 10544 IS Sfe IR LAYN BB BraxifeRendiprefaimamgnet i
recordi ng medi'um [0006] 15 A kind of technol ogy for nagnetic transfer to a
per pendi ¢xfcain RGN &S adongradiving ayediicmectatingsuednenordhgg mediemiislier e
the direction of magnetization for recording is. perpendicular to the

nedi um sthéhbesirrstaiseens pedFeeRifEsce TGP RSOAP °%hd IﬂPB?PQ?F%)Ofs how an

initialization step and a transfer ep.. . respestivel I V320
magnet i c%‘frﬁaﬁﬁ%’?ﬂﬁ% ‘aﬂﬁ% aaB‘é?f)%%g]itnceﬁ éurm%g ‘rgetgér%é?‘/pn%ﬁ%gg?%%"{b%ﬁemn
structuregeiuh Agi €. 98k 5K NS8bsdd HhahrBtiRedldss coftactSieRaas & kadsten the
case of ?%%Iﬁ"%}\%g?"ﬁiagge??cd recorsdi ng medium In the step for

i ni tical i Aigly ahlen pergrentli satbadingagrdihn meter tiagy ehsdivamsie yiegest be fiel d
per pendi cul ar to t he magnet.i c .recordi ng nmedi um surfag% is appl ii\%g usi ng
singl e meRATRE Phswebinea0d GauTtRg AE SIS HIGReFRAFET $ /6" si ngl e
magnetic.pol e 25 heads are s tf | d. suchedhat £ 0

magnet i c}goovf’%‘éexoftga?? ?eei?:éen%ce\é[%% atﬁ ?fsgi%%eﬁé{)gos?%g%&{g hél{]%et%r%gi um put

bet ween LbenPeiR%Iar Haprati-akgerdnl mediiaken because (1) spread of
magnetic filed in the longitudinal directionis smaller than in the case

usi ng ongd@PHgl e magnetic pole head, and (2) only perpendicul ar conponent

of magnetic field.is. appl ked to the nedi 4.0 +f 1 Q' 2 et
transterring? £hed Héﬁ%&%?@k% rsm(‘:zlg?)lsgglrytgg%%teaé’{)egp%)‘ tLhC'{églE;“)L-’rrlé’:1 iGrr-and two
si ngl e magnsldise RRLEURSAES: & £ rhidv@ih g ensyimewhael the direanigedfsuch t hat
the the magnetic poles of different polarity are opposing wiith the naster
di sk andmagnetization for recording ic perpendiculaY to the medium surface has ever
been devised. Fig. 3(4) and Fig. 3(B) show an initialization step and 2 transfer

step, respectively, in a devised magnetic transfer method to a perpendicular

20 recording medium. The structure of the master disk used in the method is the
szme as that in the case of longitudinal magnetic recording medivm. 1an the step
for initializing the perpendicular magnetic recording medium, a magnetic field
perpendicular to the magnetic recording medinm surface is applied using single
magnetic pole heads as illustrated in the Fig. 3(A). Two single magnetic pole

25  heads zre symmetrically arranged such that the two magnetic poles of different

polarity are opposing with the medium put between the poles. This arrangement

is taken because (1) spread of magnetic filed in the longitudinal direction is

smaller than in the case using one single magnetic pole head, and (2) only

perpendicular component of magnetic Seld is applied to the medium. In the step
30  for transferring, the master disk is clesely contacted to the medium, and TWo

single magnetic pole heads are likewise symmetrically arranged such that the



060CT2004 the nedi um put between the poles, as shown in Fig. 3(B). Here,
tiedirection o the magnetic field is reversed in the transfer steplbfémifh
the initialization step. L/ [0007] Fig. 4 also shows a prior art, In which
one single magnetic pole head bang 5 a yoke is used. In the opposite side
of the nediumto the head, a thick plate nmade_of sqoft smgnetic,.substance
cal | ed athaekedeks pins Heteebtaticimolpd, &cesiorva 18 gl 8.5 maghEtiEegor e Hahd.

This arrangenent |eads the magnetic -Bu .generated by the. pernan gnet
through the ryakectanfelhe paEksgore 1 tﬁf%‘h%gfe}c ﬁEanga“rPe%IIi‘ éﬂ? r%@%flggu‘%s:% st

per pendi cul ar to the nmedium surface. 10 [0008] Fig. 5(A), Fig. 5(B) and
Fig. 5(¢]08%aAw a principle of magnetic transfer in a perpendicul ar

magnetic recqqding . medi um _Fi 2B 3l Fl She 8Bl ShoMetiBgtieth€ad hebihg
di stributi on*\ikﬁeﬂg‘iésor%g%% o=l ﬁgg?smaﬁ'ﬁﬁ ed 10 tae nastegmlgi sk and the

recordling adl e, Gl ool e epbactedidashuinl hedium tortitehoedd el thidkrmsats on 15
per pendi cul ar to eirt surfaces, using |lines of nagneti_cﬁéorc and. a %ﬁl‘gh
showi ng theddbstedthptineetiobupetarendiatislar beohpoirit DIAVIENS MRt paf .

When a uniform and_ perpendicul ar magnetic field is applied { i
di sk, tkecgméifiopold tendi § e REEHIFEREE" %d@h@ee%&’&gﬁ& fg‘ﬁ'ft"?rf‘r%%ﬁ%ti 1Iq{a‘?yer

having high perneability. :Henge s, f ks MatiBanat bge fit et
i nt ensi t PErAEERITBAFREL} %;%}T@H &énﬁ??qgg%lg%gee% n T Elg S)[gjosiati on thg

soft-wag?%égg%@&itcgm SthdldRgads@fdcsmal | in the position in the space
- [

bet ween magnetic pattern, as shown in Fig. 5(B). if a
per peidi ¢ggber] magnetic recordi ng nedium having coercive force He of proper

val ue is used, the direction of gpeti zation i.n . the-region. of. SBdium
beneat h the ot Skdydeei @(%%Tfl@rﬁggcéﬁﬁ) RGP LBHR Oéﬁﬁéﬁ?gﬁ??gﬁr%jep
fromthe direction in the injitiaki QR ePic. igtRfiagid B{g5(C) BRowdi rection
is rever ?gap??é?ﬁ”gm%g%eglé;‘o%)\?\glr ? |e%@%%%e?leg iagnﬁg?l t hfago\médiD um _ beneat h
the space,apeacwhang ddeisehén vignetimapgattefe doeernoeddrilbe MARET O

magneti zation is not reversed and the direction of, magnetizatd. h
rig. 5?) and thsreardinmbumiinge skhepbetPEiRCtEs ‘F%‘ﬁ“ SHRF% %’e‘%% ité? %eggtdﬁ’gén&gofn

per pendi SEFEFSRAGEL 12 P EEar I RGBT r e of o oar Ro000] 4 b
showing the distribution of perpendicular component of the magnetic field.
When a uniform 2nd perpendicular magnetic field 1s applhied to the master disk,
the uniform flux is concentrated to the embedced soft-magnetic layer having
high .peImeabﬂiw. Hence, magnetic flux ceneily or magnetic field intensity in
20  the recording medium is Jarge in the position the sofi-magnetic pattern is
ayranged and small in the position in the space between the sofi-magnetic
pattern, as shown in Fig. 5(B). Ifa perpendicular magnetic recording medium
having coercive force He of proper value 1s used, the direction of magnetization in
the region of the medium beneath the soft-magnetic pattern can be reversed in
25  the transfer step from the direction in the initialization step; in Fig. 5{4), the
direction is reversed from upward to downward. In the region of the medium
beneath the space area where the soft-magnetic pattern does not exist, the
magnetization is not reversed and the direction of magnetization holds. Fig. 5(A)
Yiustrates above-described situation and the distribution of intensity of signals
30 when the magnetization transferred to the perpendicular magneiic recording
medium is read oul.

felslsloH
S S \.f\./_\
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0 6 OCT 2004 [Problemto be solved by the invention] According to the
principle of magnetic transfer in a perpendicul ar magnetic recordlbdCT 2004
medi um shown in Fig- 5(A), rig- 5(B) and Fig.. 5(C, if the difference in
val ues of nmagnetic field intensity at the soft-magnetic pattern and
magnetic field 5 intensity at the space wi thout the sort-nmagnetic pattern

|'s si gnido GBI th eI byeREsnvidndmpst entire magnetic flux is

concentrated 1n the soft-magnetic pattern so that the magnetic field .
intensity i sttarden@to thepsiokiplandmes fetpattegrsiean a TRAEPRI X8RS RSP Her

space W thout the soft-magnetic pattern, the nmagneti on kn .the, :

r ecor di ngcbedimg edbanishone sorig mignef 1% %Q@@é&nﬂ%ﬁ@eﬁs@& The =
initial 10 magneti zatiop i n the recording.la e tiaut
the. sof tiatHneE FESCHHLTBE FEeEearIEt A I e Gl og Pt or

the magnetic .transfer. . CERL Lt NG d fEERTRAE e FRbnfpanetier f1 ux
in tHe ﬁ?gﬁﬁéﬁétﬁjg 583%% %S?\ﬁdﬁt%isﬁgﬁs%? ckedrﬁsof t-magnetic enbedded

| ayer, aéo}’kfé L £ 25 iRk PeIERRbIC iy i Ofon bt dwe dsiof thaagfienignstibprares.
Thi ckness 0o ’ﬁ]e sort-magnetic |layer is generally from 300 nmto 500 nm at

pr esent .soHie: tliheemwidttic field heteronyi isudrprpt dhe soflr B1RENS0Q PRILEH? A Fagnet i ¢
enbedded | ayer pattern is 1 um or.thewidth of the space _w thout :
sof t - magreeily zpee ebklke PRACE FRIROUT G e AP B TARR CeT 16701 ‘9‘%%8“3%%31&“}&%

information that. is witten o f th tHaemnitial
sof t-ma t’ﬁeéoﬁ‘b‘%?;f’yg? 93&?%%“%%%%%%##@?2’%??% lee:re]g%? igéo(pn a%? tt he

magnRgt | Cmtagggﬁqman%cﬂhwecaﬁﬁhgnay@maeﬂem thdopevewithonbiltasoft fmagnetic

pattern, thi ckness of the soft-_nmgnetic |ayer_is.necessar.

; ry.to he
t hi nner .paferetoemm sevoedi shedce i 1de4wd EYESHRCLEPR tQﬁanE'%e?lééb‘?‘n‘?‘?ﬁﬁnet ic
transfer is difficult. [0011) 25 It is therefore an object of the present
i nvent i dRCE8] provide a nethod of magnetic transfer for a perpendicul ar

magneti c recgrding oedi | LBPuE of REdBasi nBukhe 1Y sifresagobtit beitern
soft-magnetigaﬁq%%mtaﬁgg%#ebpr esﬁer?t val ue. [0012?l Means, to sol ve

pr obl enjr<3Qifds gtickapsdt-mod geetiet de dde dagreta Ve %@gbéghqlbpengneai?ﬁ{]tg of

oo BN G 2, Tmanel o fecor 16, TEALUm e Bl LV g0 19

recording | ayer Of 1§ ReoRINAH G EREOTHNGn e width in the longitudinal direction
of the soft-magnetic embedded layer pattern is 1 um, or the width of the space
without the soft-magretic pattern is 1 pm. To raise the density of the servo
informatién that is written by magﬁetﬁc ti'ansfer, the length of the soft-magnetic

20 pattern along the circumferential direction of the magnetac ;ecording medium
st become finer. However, to obtain finer pattern, the thickness of the soft-
magnetic layer is necessary to be thinner. Therefore, coexistence of the fine
pattern and the ideal magnetic transferis cifficulr.

[0011]

25 Tt is therefore an object of the present invention to provide a method of
magnetic transfer for 2 perpendicular magretac recording medinm without
increasing the thickness of the soft-magnetic layer than the »resent value.
[0012]
™Means tc solve the problem]

30 Tirst aspect of a method of magnetic transfer for a perpendicular magnetic

recording medinm of the present invention is a method magnetically transierring

1]

L 5 -
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5 9 b OCT 7004 nedium by applying an external magnetic field in an
arrangement where a masterdisk is in close contact with or in profibnildy2tko
the magnetic recording nedium the master di sk having a non-nagnetic
substrate and a nultiple of isolated soft nagnetic material on a surface
o-1- in a surface portion of the non 5 nagnetic substrate, the soft

magnet i crmmtiam ay dyayie anpatiéeral megnespdrEiing aw artdEggrnet Drinate a

i nformation and heing disposed in a linear periodic region, the t hod
conpri si mastépyiskhis ¥ eloat cpatd@ i dhal, 11 ORISR B HagReaseetiq Meries
applied to r.he magnetic recqrdi.ng nediumin a direction perpendicul ar to a
Pt ace BledRE MMGTERFET S0EARU S GOREI BHECE SIaR AIPPa f oLt o
magnet i zat ion -of 0 u ~Qf the. tic re i i S «@-.gned
fo one. aibemom b ey Ear LR ) g TR S PR R e R 1)
nmagnej i Cpd £ ANS{ e 5d18R1e, tRe WRFCH :@mRRENRkk &kl Bhéhiad dtonal ddtdbs@inding to
direction Ts applied to both of the master disk and the magnetic recordi ng
medi um i theprefbbrartriafgeamenbnviet betdpecimsted idisknisr perodosegont @t with
or in proximty to one surface or both surfaces of the nmagnetic recording
medi um niggbog|coprpmeEbly, in the initialization. step, a magnetic field

W L h T o BoCES R SO Etir i SLE T ReL b L e HLBFURPOCFRg? L6 hrar e

magnet | Crgéﬁra'ﬂg%sieajaa&h' B &REct FRYRShELAIKARS ISR Shefhe & tHROBAELEtEi el d in
a |l ongitudi nal T s applied to the magnetic recordi ng medium and the naster

di shusi pgeordén @medines 5o nhat desds osachrhavetgadogay. whollajrias& Segond
aspect of a nethod of magnetic transfer for a_perpendicul ar. netic

r ecor di NFA2ERRWHTYOTRHE Fesdum 19 %&%ﬁ[‘ &h og QIW%BE%@F%FP@I Oytthe
transferrin cef OR{ I g iQnyto a magnetic recording |ayer of the
magnet i cmef%ééolé%f%%* meo% %In@%g%apag{hyi ng an external nmagnetic field in an
arrangenemy a pyhesc trafastested, $K vasichne el agecitoftATin wilbhgiin disne lpdiorciod y

to the magnetic recording medium the master disk having, non-magnetic
subst r at & anpligdgitothicd the pasietnk 614 tramrEn eI GFRET I EIE BIF(AU3uY 8Re or

in 8 surface partionsof Lhe Non: adBetl §u vhal (ke 138 SPLS pFRGDEkYGo one

mat al 2REA “gmg atﬁ érn
surface or both surfaces of the magnetic recording medinm.
[0013]

Preferably, in the initizlization step, a magnetic fleld is applied to the
magnetic recording medium in perpendicular direction (with respect to the
20 medium surface) of the medinvm using a single magnetic pole head, and in the

magnetic transfer step, 2 magnetic feld in a longitudinal direction is applied to
the magnetic recording meditm and the master disk using one or more nNng
heads each having a gap. |
(G014]

~

25 Second aspect of a method of magnetic transfer

k]

or z perpendicular

magnetic recording medium of the present invention is a method magnetically
transferring preformat information tc a mazgnetic recording layer of the magmetic
recording mecium by applying an external mégnetic field in an arrangement
~ where a master Gisk is in close contact with or in proximity to the magnetic
30  recording medium, the master disk having a non-magnetic substrate and a
multiple of 1solatzd soft magnetic meaterial on 2 surface or in a surface portion o1

magnetic material having a patiern

o St B oy e S Aa vl

o



6 060CT2004 corresponding to the preformat information and bei ng di sposed
In a linear periodic region, the nmethod conprising: (1) a step fﬁr
preparing the magnetic recording nmediuman uninitialized magnetic 5é55ﬁmung
medi um as obtained froma nmanufacturing step, and 5 (2) a magnetic transfer
step, in which a magnetic field in a.longitudinal direction is applied to
bot h of theemashémglicsiheaptitites magneriet onetot SENLE HEMOSHY LA ahnear
arrangenent_ where the nastgéggisk is.in close contact with or in proximty

to one BEVLALRIFNCBOLIE B¢ 3G SR magnetic recordi ng nmedi um [00=5]
10 Prefer

bl iptheqanetiggraﬁnsf_rst.ep-g neti Leld: .in a
| ongi t udiHat gﬁe{ﬂ foérc}'{ri%’ﬁr%bg Appi§ gjd‘%tﬁﬂ(?%"tcﬁgcﬁ‘addﬁétﬁg&rug%oaﬁjdﬁ%gil%e%?%e% and t he
master disk s Lh LS 4d 89 a0ea08-LAchBAVIEAG 3 0AReplGBXE]  In a
magneti c Afé%&%%%?@%”o#egﬁ%ééan ag‘g%gn'g asdpect s of Lt higgarrgtprljod of 15
nmagnef i C{i)r@@c{gﬁ{etﬁ@ﬁa@s&%ﬁ@?ﬂirpﬂhﬁh pegnehétic Hetd iniangnaidi dimed Citeugon
present invention, as heads for transfer magnet, preferably, two ring
heads earhapplitdige batiyap the exampodek @ad hhethegnetahde cdingh grrehines PeEdr di ng
medi um and the naster disk are gashyjoneq in a center of .the g@ﬁ.qL Hﬂe
two ri ngaFRERESTPTOTTET 3DE MR ACHHTHCL 1P LPheTHACk Faph OF RN OREAY $eltnd
aspects of the method of .ma fic transfer faQr tpendi cul ar magnetic
recor di n@u%& l?r?l]ebé’ligtsﬁléhﬁreasogﬁ?e I?arﬁ/nee?% lf)e% b[?‘%fge]%ggﬁ‘{&t he magnetic
recordi ngpamedi um has an axis of easy magnetization in a direction
perpendi cular to a surface of the medium [0018] 25 In a magnetic transfer
stepof firsPrafetabl;indhaspegtstiotradséer smephednotnatigawlf anta Mé?d a
per pendi E,ul ar. magneti c -re%%rdl ng medi um.of the rese%tt%nventl .

preferab V?CHPFég_ﬁP@#E@rtor ord eﬂﬁ&ﬁ‘_"e‘?ridi’é% 'r'ﬂ?ﬁc_hf : P% BPLRERE, ng
T 5,05 B Bl o s oco o e Toolol
recordi npp0mg]i um used in the present invention

In 2 magnetic transfer step of first and second aspects of the method of

15  magnetic iransfer for a perpendicular ma.g:netic recording medinum of the present
invention, as heads for transfer magnet, preferably, two ring heads each having
a gap are opposed each other, and the magnetic recording medium and the
master disk are positioned in a center of the gaps of the two ring heads.

100173

20 In 2 magnetic transfer step of first and second aspects of the method of
magnetic transfer for a perpendicular magnetic recording medinm of the present
invention, preferably, the magnetic recording medium has an axis of easy
magnetization in a direction perpendicular io a surface of the medium.

[0018]

25 In a magnetic transier step of Srst and second aspects of the method of
magnetic transfer for a perpendicular magretic recording medium of the present
invention, preferzbly, direction of recorded magnetization in szid magnetic
recording medinm is perpendicular to said magnetic recording medium.

[0015}
30  [Aspects of the embodiments of the inventicn]
£ perpendiculer magnetic recording wedium used in the present invention
comprises a non-magnetic substrate, and 2t Jezst 2 soft-magnetic layer and 2

7



conprises a non-nmagnetic substrate, and at !east a soft-nmagnetic |aver and
a7 0 6 OCT 2004 magnetic recording |ayer sequentially forned on th&bdGbg004
ate. A protective layer and liquid lubricant | ayer may further be fornmed on
the magnetic recording layer. A structure of a typical perpendicul ar
magnetic recording nmediumis shown in Fig. 12. 5 [0020] As a non-nagnetic
subst r ateaghetia trobtdwedeyk: chateigaly doskefian HEe snpvuate. Agiretéanitehe
central portion thereof, which is corTFgDn y l%%d in a longitudinal nagnetic
PPWed i S OFEP

recor di Ngyeeénin: grs) e itrseidlaveREn A o el S BEN A PTEIr BEd
Al all oy,

, _reinforced glass, or crystallized glass.. Amorphous cobalt alloy
s 10 pHiapEr B SUUCERY & SRR AT o By o D & NP A g 1
Sendust q{olw ;%f}gtc hs a FeSi Al alloy may al so be used- The anor phous
cobalt alt® may Pe obtai ned by adding netal elenent or el enents sel ected
fromthegpgpgup consisting of Zr, Nb, Ta, Hf, Ti and W to cobalt.
Ferromagnetic material of an alloy containing at |east cobalt and chrom um
i s favorabl yAusedonunaggert sobeeate dilng Halwer dieh tiFar isid distehhenrpaagnedi c
material to be used in a perpendicylar nmagnetic recordi ng iredi.um. it is
necessarole hattieee e Tak PArtiin hBsEgora i@l FsETIREXK e S PR IQRBI ML he
ferromagnetic material takes orientati i | teetiQn. L, Gl to
recor di a%??ﬁc’:@c%lfcﬁ?ﬁemﬁg]guﬁ@t ?nc“yr%%:g(r?’ fl“l‘nng ?13%% cﬁ%h%?;?%{e%gg)%%g Ng’lftp

easy magneld 23ty Qbidfdecd T RABGNehisEaBle@rdlaks | Suhegihdarcdbalbelibnid he
direction 20 perpendicular to the recording surface. It is also inportant
f or 1@ he prmferdldly wikd fragoftiragretorldiyay 4Raydrledli Fhallayher Seedesvallenie®d in

th yendj_cul ' ' t I t han_th ' f |

e | onPrRFNRR LPEORBAISG HE SFHLr I Nt PARBRaBY JORONEAGD EryetaP T IRe
ori entaty. LN .8 | i ; £7 .
nder - | S0P e Bl Tt Ba e L A A e Rt o e of 22

bet ween TheI$0Tt =aadWettd eobalre rFedPomagnetie magredl of aeediogi gtiayies at44. A
thin filmconsisting principally of rbon_ nmay be used for .Ergt ecti éeﬂ ayer
455 Per flpash opforl erier OB ITR AR L2 THIR OB UG8 d AR BREPEHGFECIRRR caTRT f4y & 46.
[0021] .A_nEster disk. ' ik t i Q. = Yin
congbent it(%lr?aqF §%§1“Iagjﬁglléltcu1§$tr1€!é ‘Ja}nlgjg}?leg%lggd Irlzlg%dr‘D | r?téltar?réel(ljll Er# ﬁgge%glﬁ‘éoé a% a
mast er diekiim, the nedeRsent thavant i-exis & hesdgmali dksa3 peaipdissescture of
non- magneti ¢ substrate 32 and a '

9

the ferromagnetic material takes orientation in the direction perpendicular to
recorﬁing surface of the magnetic recording medivm. Namely, the axis of easy
magnetization of the ferromagnetic material is required to be in the directicn

20  perpendicular to the recording surface. It is also important for the materizal of
magnetic recording layer 44 that the coexcive force in the perpendicular direction
is extremely larger than the coercive force in the longitudinal direction. In order
to favorably control crystaliine orientation and grain size of the magnetic
recording layer €4, an under-layer 43 mace of T or TiCx alloy, for example, may

25  beprovided between the soft magnetic layer 42 and the magnetic recording layer
44. A thin film consisting principally of carbon may be used for protective layer
45. Perfluoropoivether lubricant mav be used for liguid Jubricant layer 46.
[0021]

ek 33 llustrated in Fig. 10 that is used in a conventional

Jd's

A rmasier ¢
30 longitudinal magnetic recording medium may be used as a master disk in the

present invention. A master disk 33 comprises non-magnetic subsirate 32 and a

plurality of soff magnetic material that are isclated each other, disposed 1n

8



plum , of soft magnetic materail that are isolated each other, disposed in
8 0 6 OCT 1004 periodical and lineal region 31, and have a pattern§f 0CT 2004
corresponding to the preformat information on the surface or in the
surface portion of the non- magnetic substrate. [0022] 5 Here, "a pattern
corresponding to the preformat information" nmeans a pattern used for
magnet i cadhiypdicaansieinéagrddion #iefadnatvd afetieanisaortaspchdngrbyhet i ¢
recordi ng medium The pattern _depends on the specificat.i ong of the HDD,
F

and t he prafpematusédmation eoriherRI dsea 01 Brigia S ASs PREGAR Of £0¢ 888r di ng

medi um may al sp be used. The pattern is generally disposed in the |ineal 10
regi ons BREDAENHIGTFEdially in the master disk and arranged periodically
at a cer*eot(pﬂi,)r] angul ar interval as shorn in Fig. 10. [0023] The

non- magnet1¢-'substrate 32 of the nmaster di sk may be nmade of gl ass,

siligon, or reskndepaad perRRpen BRIEMHOE dorahognidhe ofi - megnetd ¢
material 15 pattern. The non-magnetic substrate has a size corresponding to
t he magneitternnaedrid nge grexticaiit rabefdrarsie pedfprmad ipfatetin o Bas t he
sanme shape and size _as thqse of__the magngltei C recor_q\i?n medi um_ Thi gkness
of the noRZreiHerEceThnghBerme. | SoHPAFEFABEYePRBAT0E FRACLRCAIEHH 1€

dependi th roduction ondi tions..ing ing. k- EC_IeG i Ng
o um o Th0: OGRS HEanarT L b 20 oP UL At STy B EER
magnet i CBt e &ay0flsh e FEst eThdipsk:dhak eeablaliPassiasatabible liyeat hat is
substantially larger than |ongitudi nal perneability of the nagnetic
recoPdi ng diayen lofxtthéimmemdilly inether tianterridk and Nenesiged pastiedicely2g a
permeabi l ity val ue of 100 agr Ig_r er.i aFB.gr éerabl e. By selecting such

mat er i alCeTENY apgularamieryal 33 NYRAR e'g nerated in the perpendicul ar
directi faithe magnetic recording layer of the magnetic recording nedium
when a longitudi nal magnetic Meld is applied by a head for nagnetic
transfer, asTHesed-keddaicsubstraided@iof thPrefstenblsk saftbaragret dicglasteri al
i ncl udes pure cobalt._ As previously cribed, .thickness of the

0.de :
sof t - magHEEPe; ﬁﬁétﬁ%?lpdie_ﬁeéidﬁ?é@@r%mﬂxipégg’giqr%gt% SQA-ERpBITIES B iltfet i c
- 21y5concenLrat A Wil £ e L8 Bak 8 HEALLERLGERIRE 1o the magmetic

recording medium to be transferred, and preferably has the same shape and size

ac those of the magnetic recording medium. Thickness of the non-magnetic
substrate is preferably from 0.2 mm to 0.5 mm depending on the preduction
conditions inclading the magnetic recording medivm to be used and magnetic
20 feld intensity.
[0024]
The soft-magnetic material of the master disk prefefably has permezbibity
that is substantially larger than longitudinal perme_abﬂjty of the magnetic

recording laver of the magnetic recording medium. Namely, relative

[\
Wl

permeability vaine of 100 or larger is preferable. By selecting such material, a
large magnetic field car be generated in the perpendicular direction of the
magnetic recording layer of the magnetic recording medium when 2 longitudinal
magnetic field is applied by a head for magﬁetﬁc transfer, as descrabed later in
detail, Preferable sofi-magnetic material includes pure cobalt. As previously

30  described, thickness of the soft-magnetic material is preferably large from the

kiabul ]]_-\110 '."1-\5 AT T IS T TR 1o
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smal | for higher density of preformatted information. Thus, the optp 2004
value 9 0 6 OCT 2004 of the thickness exists, and preferably in he m
nom 200 nmto 500 a ,nacre preferably 250 nmto 350 nm nost preferably 300
nm The soft-nmagnetic material of the master disk may be placed on the
surface of the non-magnetic .substrate.32.or in the syidace:repn’.0n 9fthe

e

subst r até thg dhptigeassdibte 28G FEEE B HeanE 6786 pbsTt "Y' he sof t - magnet | ¢
mat eri al onp. e surface the s raten t ai ak o place -
ek Z3UAACH PhabUE SHUEPEALEND R0 £811 940 PRk |

in the &dF e nean orm depressions with a

certain_desjred 1 hesyn L8 QrOthOfutiaee sikisé hatiem sgadtico
embed t 82 e&?%i-?ﬁagnetaﬁl{%t%{ﬁerl ai%t“}i}'Iril@‘ﬂr?a(aC depre]ssi ons. [0025] l10 The

i ni tialig %%i;ﬁo%e%zeer% thhepfasertidmuttiid oubitsafer Tomlece by thppiyrfang a
magnetic fie to the perpendicul ar magnetic recording nediumwth the
fielsl dhegestomncpesiicis wit-arameidmarexdalnsherageaced 1 TRNeats Bhal |y
enpl oyed. For exanple

two opposi ng,.single magneti c, pol e heads used
as showeertainmaftieBpALo Bhacy 1%356 Sﬁgﬁﬁgr%él%lgg%’aﬁaugggﬁﬁ%eo ¥ {n%r%g used
as sho in Fig. 35 4(A). The neti e i,m ol 3ot P d kabbatd on
step i \é\n‘lﬁ@é@%%lgi"? Vt”t}hfz)%)ce‘l Lﬁ‘f‘%é:‘g%?ﬁgh)a&BJellrnc%)%éﬁgglrlég%i nﬁﬁ\égggfe%%ﬁgFiul ar

directi JRGNeLLE. mhesondinghanan e ddyepsiopendi cul ar magnetic
recor di %glcﬁ%%%%r?no“ and tg?le D:erggne}tic field with the intensity of 0.4 to | T

(Testa) [pezegnerally enployed. Although the field to be applied may

contain a conponent in the |ongitudinal 2Q directi.on of the r |.cular
magh@ti c recBheinginbarinp ster Cf MeREFIF IR VeBRaRar A5 P qﬁgr&ﬁginﬂ:ﬁ he
coercive force in .the l,ongitudie [ | -Hor ERHeet kGt ererthlag
| ayer ofPfRECH r%%lﬁld‘ioct(heaﬁerr%églr?g |1ggr:é%%é%t?§§9jr‘r}eglﬂﬁgm [0026] The nmgnetic

transf erg;st &RoRferBenBI@ASPko thavestiuen sisfzper 4 oined irntidlappinylaged
magnetic freld to a conbination of the perpendicular nmagnetic, I’%ﬁordi ng
di sk andfar emstrgrle diwk cppDRZRNER TRaENERATYA Heg OpFeal AfgrtaPRarc™ ™ *

directian. of_ the nmedium surface, in_ wh ' i i -of Fidhe
recor di n’”gl’%‘r@(ﬁ-ﬁs’n?%ﬁgaef%@t”éjrg ﬁiyg;%et%gétg!%é&?%ogﬁgé%é ?gr}%%gtc&c\n%i&%rﬂi n ¢
proxgm t‘ﬁ%‘gﬁ OTRg gﬂglg—gﬁzgc ofe14 hepiediiungieriredaBistion af=p he neeesady rig treedi um

and "two 3 that are in close contact yvithoh[ in proximty to
two surflacesr okabhwensdiednrce in the perpendicular direction of the magnetic

recording layer of the perpendicular magnetic recording medinm, and the
magnetic field with the intensity of 0.4 to 1 T (Tesla) is generally employed.
Although the field to be applied may contain a component in the longitudinal

20  Qivection of the perpendicular magnetic recording medium, the intensity 1s
preferably.smaller than the coercive force in the longitudinal divection of the
magnetic recording layer of the perpendicular magnetic recording medinm.
[c026]

The magnetic transfer step of the presentinvention is performed by

25 applying 2 magnetic feld to a combination of the perpendicular magnetic
recording disk and a master disk with the field direction in the Jongitudinal
direction of the medium surizace, in which the combination consists ol the
recording medinm and a master disk that is in close contact with or in proximity
10 a surface of the medium or consists of the recording medium and two master

30  disks that are in close contact with or in proximity to two surfaces of the medium.
Fig. 1 shows the arrangemenrt in which a master disk is ﬂisposed on a suriace of
the recording medium, and Fig. 2 shows the arrangement, 1n which two masier

10



Fig. | shows the arrangenment In which a master disk is disposed on a
"surface of the -recording nedium are. Fig- 2 shows the arrangemﬁfnﬁta iﬂ]
which two naster 10 06 OCT 2004 di sks arle di'sposed on both sur @FeTs gff
the recording nmedium (00271 A magnetic head used for applying a

l'ongi tudinal magnetic field. in the magnetic transfer step of the present

i nvent i GASRGTDEIIIEAGTHEEE EEHBFTSTING & S operraméit “agnet 4 and yoke 3
attache(f to,_foth pol es of the magnet as shown in Fig. 1. A gap is forned
bet ween 1EHe7 i ps of the yoke 3. The gap is opposite to the master disk in.

operation. The wi dth fﬁth@ Q r %“%an i i1l thé he

rgnge from 3’"‘ W%e‘%c ﬁﬁféelpsggcaﬁﬁgd&)g?%%ﬁeé In!glger ias I?E%%g&gﬁgé}r?ag%]et I C

recor di og, pdiym L gt 318, ysed pAlLheughel honrhog teeadprinddlestoniiding 10
n

per mane gnet 1S ilTlustrated in Fig. 1 and Fig- 2, the permanent nagnet

may;5 Ofceaiivient RR cheplaged voke @ snheana th boill pulestridhe approelh £2680%ze or
ot her nmeans known by the skilled person. The magneti c_head generates a

magnet i ¢énfRigl d.i& gaphie formgidthetimreab tdiertars PHEhoFOknS. nhfhEer s PREGFUF Y
mediumin the magnetic transfer_step.qf fhe invention. The knfensi f
the genéhatméstrgriekila THeEREIONs 158 w@&ep ’g?‘i/gﬁﬂ 0?&*&%%@?%%36%&%3’8’1 T,
depending on the cpercive force an . | 14 | =P8, h eub qk &t

| ongi tuaﬁlﬁgle TR Pﬁhé B %ﬁ@ Iﬁ?g&eeqel%gz%gg%g{ojﬁﬂd% #gdsl %legr&o% tﬁglE ma%%gt e
recor di g.@g rlgeqp” i Vo Qf tARLE0EE theaene beadlmyeided witieamast er

di sk, a%c‘jL e 5%8255 thlé rrvggnetic headiﬁOQZBi 20 The master disk is

di SpwSeghelrth il @sereeReads bitdrated imFrg oxendthist 8, threPeBRPEREFRAFTHFL DaY!
magneti c recordi_ng nedium’ The surface, of .the master. disk o seirt ek fst he

S

per pendiof Gbursavdnaniace@ By FAgRAER AT ARATRTOPIESS St O]‘iloﬁc Ude

SoT L TR ets HIRhS LA 0L IB0S Fal %}girggﬁﬁqcfl?eﬁ{ 6L QL ihbs bnboEABLib gl1d o

di spose n proxim e recordi ng medi unt neans here
that 25:hhacdbshanes] bptwaen difesysfactc ofcdrdengraseEnrains khemea phwtic

opposite surface of the perpendicul ar magnetic recordi medi um d .
cont r ol teantferiged ofthernvesson. [Jezgtepq Wétﬁﬁﬁ%?ﬁtegrg%ﬁgp@?“éegg 5t the

TLEI 0 LIS, £L8 HENe, 0 Y 5L BLOELXHP5L YO0 SRPRSLL 6T
permeability in perpendicular and longitudinal directions of the magnetic
recording laver of the magnetic recording medium, permeability of the soit-
magnetic layer of the master disk, and the shape of the magnetic head.

[0028]

20 The master dick is disposed in close contact with or in proximity to the
perpendicular magnetic recording medivm. The surface of the master disk
opposite to the perpendicular magnetic recording medium is the surface that
includes soft-magnetic material portions carrying the ﬁreformat information. "To
dispose the master disk in proximity to the recording medium" means here that

95  the distance between the surface of the master disk and the opposite suriace of
the perpendicular magnetic recording mediurn is controlled to be 1 mm or less.
[0029]

In the mzgnetic t}ansfer step of the invention, the two ring heads are
preferably positioned opposite each other and generate a magnetic feld in the

30 longitudinal direction of the magnetic recording medium. Physical shape and
intensity distribution of the senerated magnetic Seld need 1o be identical
betwesn the two ring heads. In the case in which one master disk 1s niacec oD

11



30 longitudinal direction of the magnetic recordi ng nedium Physical shape
and intensity distribution of the generated nmagnetic field need tgpfBET 2004
i dentical between the two heads. Si, the case in which one master disk is
pl aced on 11 0 6 OCT 2004 one surface of the perpendicul ar nmagnetic

recording nediumas_illustrated.in Fit . 1. the surfaee of file: .-031n Fie
per pendi G é?nl?ﬁﬁr?ztt{il@ HEEBBPH}%QET@Cﬁ%’TﬁLan]T“G OEEEBNEASE Wit h of i n Fe
proximty to the Laked 8R0S bizoned Rt ngent 8hRfintdesd édfact
heads, i%%r“el”hrggggﬁ?ﬁ? ge ell(%gﬁ??rltagf’ thé t\?\/o1 gﬁgs. Irlllotﬁer words, the
two ri ngwfchhﬁa% LRELIRRSithitRBads SeATELK k€ BbsRAniedotthite wirtthr néspectzgo t he
surface of the perpendicular magnetic recording nediumin c|ose contact
With or heudy aximbty detail tinettreastraer of the twn gavs. caselhieon Weidsh thad PSR er
di sks are placed on both surfaces of the perpendicul ar netic receording
medi Gm dseads st pasdbued ﬁ!@?’—*l@,ﬁ’i%%%ﬁ&g‘iwﬁ I%Wﬁ?" gﬁgﬁ'ﬁ’élace otiBe
per pendi cul ar magnetic recordi ng.nedi L L ch d.s FHeaval i dbshay from
t he bot W%lmeﬂéé%‘gﬂa’fmﬁﬁﬁeﬁagﬁ‘é@%&nré%b ! %gbncg%%eucr#ﬁgwpém tg%(l)lﬁgg %ﬁﬁt e
center of, ffie 0L kg AR, £ Q0B0L hiTheviomRREtankishoiant 0k cdhesboth

'S

arrangengen at each of the polarity and the intensity distribution of
t he magnalifgcdd 6f thgpeeraididuly mhentwo recogihe adedinso asd lypiratediisal 2 8m2t h
- respect to the surface of the magnetj.c recording medi um opposi ngrgk)a& is

mest er ch phawe ahitbh censpeet Lo rRETERTEY PREREHGF CEHE PR PRI
MRgEt T & S d'@%g?ggg R, 18 %%%\%kfacfegl%}f%g%ﬁsgﬂéﬁe DY i P ke dibirg 1§ ead

cont insmae%lé‘?‘]p onent "as” wel T "as a Fongit udi nal ~“conponent as

shown i g%cféiﬁon%ﬁ%-t}ﬁ}’céﬁt@@@ﬂitﬂ@tﬁzbe:iﬁigr}@aldeads symmetrical as shown in
Fig 1 nd Fig. 2, the perpendicul ar magnetic field conponent can be

cancel | e@0&0pund the of the perpendi cul ar magnetic recordi ng nedi um

f d th di ing th 3 ' | f
The mactor ATOR ScaRh SRTRL BRe Sl PEnRRkl AT RANFLL G, SRR EE0.RR! SBEN ©

arrangemen o apply only

| ongi t udiynal, (ragnst dictfibabdntd thiensunbae i clafgedeeapal bente culcaringeyrmds c
recordi ng medi um opposite to the master disk, 25 [0031] Distance .bet ween
t he 1$ur f acesyob ot dieriqed pshdiespeelrtotignatiiace et ohd WWW%&&)@ Y t he

0 st ancePTRars BIDREBRS T e e B gt 1 ALY o isk b 4o SRR e e
recor di ng medium andis fREdS| AeopEastc Helihergantad by kinglengnbéaxhd
contains a perpendicular component as well as 2 longitudinal component as
shown in Flg 9({A). Ry arranging the ring heads symmetrical as shown in Fig. 1
20 and Fig. 2, the perpendicular magnetic field component can be cancelled around
the of the perpendiéu]ar magnetic recording medium surface or around the plane
disposing the soft-magnetic embedded pattern of the master disk. Conseguently,
this arrangement allows to apply only longitudinal magnetic field to the suriace
" of the perpendicular magnetic recording medium opposite to the master disk.
25  [0031]

Distance Dm between the surface of the perpendicular magnetic recording
medium opposite to the master disk and a medium-side plane of the gap of the
ring head and distance Dm' between the center plane of the perpendicular
magnetic recording medium and 2 medium-side plane of the gap of the ring head

30 areto be optimized depending om the intensity of the magnetic field generated by

the ring head, the shape of the soft-magneiic patiern o1 the master disk,



30 are-to be optim sed depending on the intensity of the magnetic field

generated by the ring head; the shape of the soft-nmagnetic patt dbn)ldf208he
mast er - di sk, substance of the soft-nagnetic |ayer, and nagnetic property of
the recording 12 0 6 OCT 1004 medium Preferable ranges Dman Dmi are from

3mm to 00032010, Hhe. NRgDeL LT ansf By 'shefx©h 1 hexitoventhon is
perforne%;}l[?b\%ﬁée%lg“fﬁﬁg% z\irirjang‘e?j';’i ?i ng heads to the place to which

pr ef or maoBof ormation is to be recorded 5 These novenent of the ring heads
is necessary to be done along the |ongitudinal magnetic field generated by
the ring hedbhe Fhegaéngtiaestemsteptd Hreviedcnhom INDepHITERESh DB BT E Eg e3R8 e
to N-pole of the generated gnetic fiel.d. Specifi.call . the,ri IS
ar r anged@rsavied g tigadgdp tggptlﬁ%e 9 1%35‘%&:%93? 8 é?8n€ﬁ36 b?%&?@?ﬂd'
directi of the recarding nedk Q i. . i d h 8y akQ Al
tran fe(r)ﬂé?fe Eﬁﬁée?‘f}%& %é@g *é%ﬁé‘r%g]fl&sgﬁﬁg%neg%ﬁ%q{ei e Ildé %ﬁgg%t h}gﬁr%di umNi s
rotatin diA ' Vi Bgad Rehhe Tid el o8 Dindshiee eigwadnfrereNce
of the qnn%é?‘%ﬁﬂg f{”&g%#%glg’%ég%f@ng% ?ln ormati on oftg!the r.rag_tygr disk is

tr ansf ergpd tb G- oRespBnstile ub di-polGofiign e erated ananetindel emoppcditsidyi ng
above-déscribed initialization step and nmagngtic .trﬁgersfr@r steaﬁ AC\ the

per penditbel Angnwgtets et dusg Heditafmaas WhitenT o85St et &S e R&PEon is
transferred froma master disk..-having. rd rErps = i G0l for
exanpl e,mrué?:]oé‘ Cﬁﬂ"é‘ Brt dr’ﬁ%‘ta‘?%\f[%?%a%gc% V'|ui§‘;1]tc |}ﬁré§§ﬂ?§g%%fﬁrﬁ?f‘gl Oelip endi ng
N §he tadhare i coOnaahddeimonet ¢ soagaedt figldmdiilond raetiu2034 ocat ed
periodically wth a certain angular interval as shown in fag. ii. ,&§034]
Al t houghroahtivie- cetior Hingdherst Frodiovompit s divfiction) izde RO EHEE O &0°
magnetic transfer step, a nethod of the second aspect of the present

i nventi GA¢€ -not conprise an initialization step and carries out nagnetic
transfer 0@%«3@ 25 using a magnetic recording nmedium as obtained froma

medi um p[ro uction process, that is, an uninitialized medium The se_colnd
aspect of thPréfovendtiafoissatipossithé endeteadssk intemsiomgadeixreynandieilaisi ng

¥ aABI ormPaRERe ePHeRE RaNHEAT CEBAEE TH T POTEH0 g guaar s by
longi t u@n@%&zeﬁc%ﬂn@'f&' gt@ﬂ. tﬁppg%ﬂ@§ﬁ% Sagketilascording medinm to which
| preformat informnation is transferred from 2 master disk having a struciure
shown in Fig. 10, for example, records the preformat information in lineaxr region
35 extending in the radial direction of the rdagﬂe'tic recording medium 34 and
20 located periodically with a certain angular interval as shown in Fig. 11.
[0034]

Although above-described method comprises initialization step before
magnetic transfer step, a method of the second aspect of the present invention
does not comprise an initialization step and carries out magnetic transier step

25  using 2 magnetic recording medium 2s obtained from a medium production
process, thatis, an uninitialized medium. The second aspect of the invention s
possible because in the magnetic transfer using lon gitudinal magnetic feld in
the invented method, magnetic field for transfer in the perpendicular direction,
the field being generated by longitudinal field applied to ihe master disk, has

30 intense peaks at both edges of the soft-magnetic pattern and opposite di;-ectjozqs
at the edgss, as shown in Fig. 8(0), while details will be described later.
Therefore. a patiarn of magnetization transition can he recorded on the magnetlc

13



30 intense peaks at both edges of the soft-nagnetic pattern and opposite
directions at the edges, as shown in Fig. 3(C), while details wll (e(CT 2004
described later. Therefore, a pattern of magnetization transition can be
recorded on the nmagnetic 13 0 6 OCT 2304 recording nediumonly by a

transfer_ M ol B g Lzation, & by JheaLangerent in which two
SR hontln] Bht B} LaaLlon, 035k, dheratiAnaen

ring heads 0p etic transfer step In the invention has nostly
"~ been. demg ed so far. However, magnetic 5 transfer is possible using one
ring head a .'n. the present invention. Arrangements in magnetic transfer
usi ng one ri Ageheadnaemeshannw hinhFRvg ritd aeed Fogpodedin Them agpraiconadisiétons
for the gap width and the magnetic field intensity as_previously described
may al soSis® ¥nplojeEnitirmbaa gt cLeyaASFER Yed PREZDNETTHIEThBRRETE WA ues

f d D eferably in.th f 0.6.10 2.4 Mm_i der, t
a3 s RS RS 0 T
nedl um : I r : I 0e e
e U B 18,0088, Do The i prasyom o seetemper O

ri ng heagains cRENEbhE e tHopapvatidh ag dodngptesgnieyi cafivel dhingbm sits tasof retiieusly
transfer devise. [0036] 15 <Wbrking> Benefit of the nmagnetic transfer step
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uni fclodrm%ﬁﬁﬁ}mgrd%%gﬁqsﬁggﬂﬁggmﬂngs.5%1[10333%) Il:i g. 6 shé(;g\#\/s an arra%{ggerrent ug;‘ a
magnet i chy esdrdiong meghead. Ahmsitvgr heall skay aaglacad agher bggihet sidepdltbehead

in an experinment of a nmagnetic_transfer. step. usi one singl e . magnpetic
pol e heaBrasper durseulby thagiia plthe HeeF ﬁﬁletdﬁ’énggéﬁrozr?&@ri’gﬁg lb%aﬂﬁifg. 6.

L0 SR HEE O s BIPRS00 RO S ieang oL e
under thmggsansferring magnet or in their nei ghborhood- Since only one
singl e magnetic pole head is used, the generated magnetic field spreads
tpv\gl@d | SMEEEETal direr on as the |ines of magnetic force shown in the
Wg, --e, Benefit of the magnetic transfer step of the present invention using two
opposing ring heads will be described in the follewing in comparison with the
case using one single magnetic pole head. The perpendicular magnetic recording
medium in the following description 18 assumed to be magnetized in the
20  initizlization step uniformly upward on the drawings.
[0037]

Fig. 6 shows an arrangement of 2 magnetic recording medium, a master
disk, and a single magnetic pole head in an expeﬁmeﬁt of a magnetic transier
step using one single magnetic pole head. We consider magnetic transfer in the

25  arrangement of Fig. 6. In ihis experiment, the magnetic recording medium 18
fixed and not moved relative to the transferring magnet. So, magnetic transiferis
done right under the transferring magnet or in their neighborhood. Since only
ome single magnetic pole head is used, the generéted magnetic field spreads
toward longitudinal direction as the lines of magnetic force shown in the Hgure,

30  andinciudes a longitudinal component and a perpendicular component.

(0038 |

Tig. 7{A) shows the width of the nsed single magnetic pole head and the
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30 and includes a | ongitudinal conmponent and a perpendi cul ar corrpchﬁe@g.
[0038] Fig. 7(A) shows the width of the used single magnetic hol e *he QWH
the 140 6 OCT 2004 ~ lines of magnetic force of the magnetic field

generated by the head. Fig. 7(B) is a graph showing intensity distribution

of the lpngl tudinaleconpenents ok ddher maneid Lrbiel Syadraiatedrhy WBisa
singl e magneti c pole head on the magnetic recording nedium surface. Fig.
7(0 is gagptaghoshonimgnaityrdinsfpotshgfiabeilonthedinsl enspeneni ¢hthehe
arrangenment of Fig. 6. The transfer signal has two linearly symetric pews
of si gnahaignttnsialp. gefrratidbanbe shegveenzntiac podkbers iy 81 EENEUM t o

13.5 mMm On the other hand, peaks in. longitudinal co nent,. of . netic
field iresasding meﬁﬂ*ﬁmbmﬁ@?ﬁ-gg%%r?a@as ByEERE SIHTEINE AadfetiFt S’r@%qu?ﬁ“t he
medi ym surface are gxist at the pasit ons, COLI ] Jhengdges of
The 30 HAGRETTRgRer ¢ pate T Cre Boo 1] Sre SR M B Mo

posi ti ong, gl g0 o peakss ibnat hatestapalminbanahty OISO thEipgakOBLahovs

| ongi t udi‘nal’ component and per pendi cul ar conponent of a magnetic Meld
gener at efli_Byman $6 NGl nimgr®h itee poher head, nFak: mdnegitodifdlaothd®eamitansi ty

distribution of a single ‘magnet,ic rol e head h%;tm peaks in a,
| ongi t udbagbeticiisdntePsity GPEEHION BeDERRFS Ml e BIngRs Magnedis pgp 4Pt he

positiong corresponding to the width of.the n 1 [

per pendir]t??lf! i) %ﬁ%ﬁ?ﬁ Ea¢ &ﬂﬁ‘jdﬁg&ﬁ Qoﬁm%“agl&%ggf P?egﬁj%ng ae:)g?%ees %fo%ie_ti on
COrpg@s p%ﬂ?fbgnfr % ?&@t}?éad?f ThEg IRgned neiﬂﬁ é’%ﬂ@'ﬁfﬁﬁ&h@fpdsb@oﬂ@-gﬂe@bC

Mel d 20 Intensity at the peak position of each of the | ongitudinal
conponenjeAidi hige spargientécutzar conponent is nearly the same- The
distribution of transferred signal intensity in Fig. 7(C) shows that the

t wo peak@@ﬂ ongly recording transfer signals corresponds to the two peaks

in | ongitudipal gg%gfg%ws dg‘%g#&akﬁéﬁ&% YneRflnd! chRE1hARSons heBElS

are recorded By erpen ar nagnet e 5 generated by application
of nmagneiiagnktel feldaddwatmbbera dingle niEgfrectd paethearsf The magnetic feld or med
in the peak of the perpendi.cul ar conponent cﬁf the magnetic field at the
maghét cEieRsita DRABUYRRPRS RegREs BATENE THEARES §2F SVRSHAT e sanme

magni t uq%n%%uoéintali]%o%n%%%iegalﬂq.é Q@an%?z%@@ﬁ%—a}:ﬂqﬁh%@ﬁﬁhﬁ, Shemsot-Ratet he

positions corresponding to the width of the magnet, and one peakin a
perpendicular component (a component in ¥Y-axis divection) at the position
corresponding to the center of the magoet. The magnitude of the magnetic fieid

20  intensity at the peak position of 2ach of the Jongitudinal component and the
perpendicular component is nearly the same. The distribution of transferred
signal initensity in Fig. 7(C) shows that the two peaks strongly recording transfer
signals corresponds to the two peaks in longitudinal n:;agnetic Beld intensity, and
that the transfer signals are recorded by a perpendicular magnetic field

25  gemerated by application of magnetic field to the master disk. Effective transfer
is not performed in the peak of the perpendicular component of the magnetic
field at the magnet center although the magnetic field intensity is nearly the
samme magnitude as of the longitudinal component. The result shows that the
perpendicular transferring field generated by application of 2 longitudinal Seld

30  to the master disk is more effective for magnetic transfer than the perpendicular
transferring field generated by application of a perpendicular field to the master
digk
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per pendi cul ar transferring field generated by application of a |ongitudinal
field 30 to the master disk is nore effective for nagnetic transfe[LEtUha?
the perpendicular transferring field generated by application of 004
perpendicular field to the master disk. 15 06 OCT 2004 [0040] Fig. 8(A)
shows a W“C field that is generated by two ring heads and applied in
the | ongitUdinal direction of a |am nate of a perpendicul ar nmagnetic
recordi ng meei ; S LSK e 1 aly S A ivh f-tkansf erred
%g”&a%gsk?gﬁﬁg_ﬁég@&ftg@gg&ﬁ@dn% Haousd B} ensitye ok

5 signal s madé®by t’he amnate of a per pendi cul ar magnetic

recor di ng,pRdH UM BRdicd giREEET BirskiioeaBSatnipats oOb rerpenfrndicuagmetic
magnetic "~ recordi ng medium and a master disk that are in close contact with
or in prexcrdity shelieachndtherastEi disk8eBE alowbomsnetenfitnalerstemetce of
the |longitudinal magnetic field and Fig. 8(C shows the distribution of

per péndi sxgrals 10adagrdniedelidel detfene s aena 0l H P BHYREHR TRE SREH et i

field. A ti field li nd th ft- i £ -
et o FeRCIRGnE St Ea P en G dpbige 23z RIS ERIMIES Tadlnddlte
per meabi || é&ﬁdﬁ@glﬁ&ﬁwm 4 %@gﬁg{s ph My e A nSRBGE oMt RO Beisof t

magneti c” hateri he magnetic concentrated to the soft-magnetic

mat eri al paRd ity theakagahbl UFiHa8(@)ehck sconponkniz ghistipdopenafithel ar to the
| am nate, thus, the perpendicular nmagnetic field is enerated and fr a?gf er
si gnal s hmgitedoraledazThec fehe radddiep Stprrapwathe & 97 OF PETREIHAS &

maxi_num i nt ensi.t t he edges of the.pattern, while-t.he 4, di Lok re
oppdsi t P 3ERE G e?ﬁ‘éﬁﬁggjrzfe%eclofl&%%&?ﬁg%eaﬁeﬁéﬁ' dhi %ﬁﬁ?gﬁ%l@
magnet | Zﬁg H@&'géx%dﬂaf, o4t QHA S A hRtkbRlF 2Bk ipRsiel didieiparendtcebaio 20
magneti c Bcor I'ng nmedi um magheti zation around right edge of the soft
nmagnet i ctiv@keft alagnsticaueateres wytht iighduames vl ipe rpei coul e 2 hergrags Burilel d
conmponent generated in the_transfer step. . the ot her hand, around lLeft
edge of atsrp@cgowthﬁ&@ghﬁ iSEWSPFHFFnW%%g;%%F@@Dﬁ@&ﬂgi cc?abﬁ?%ﬁ?gaﬁ‘gt ic
field is d i IS:4:08) S R jON A% dde I8 dhbd@dhization
magnet i 25 ?%ﬁ& ?@%&gﬁeﬂﬁﬁé ,‘E] ?@?ﬁg%@%e%ﬁ]é%%oﬁ‘%i nitial }?ragnet ization is
not 13 eveespshandlhetathd DAL ate Trinig)che geeppedjyene mHdmretivalgelstisc fiel d

intensity that involves recording of trgngfg,ch signal §,dt he flc'-:f"x ilensi ty in
t he soft gﬁﬁgquca%ft@m_gpr pggqeéglap“{f, ELorEefe e generaled pexpendicuiar

magnetic field has maximum intensity at the edges of the pattern, while the
directions ave opposite. If we assume the magnetic recorging medium 2s
uniformly magnetized upward in the figure by initialization of the perpendicular
20  magnetic recording medium, magnetization around right edge of the soft
magnetic material is reversed by the downward perpendicular magnetic feld
component generated in the transfer step. Oxn the other _hand, around left edge of
the soft magnetic material, the generated perpendjculér magaetic feld is npward,
which is the same direction 2s in the initialization magnetization, consequently,

the direction of initial magnetization is not reversed and held.

-
1

[0041]

To increase perpendicular magnetic field intensity that invelves recording of
transfer signals, the flux density in the soft magnetic material is required to be
large. As the magnetic flux density in the soft magnetic inaterial increases, the

30 leakage flux in a space without the soft magnetic pattern can be made large, and

hence, enough iransier signal can be writien. When a magnetic feld 15 applied
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| arge. As the magnetic flux density in the soft magnetic materi al 06 OCT 2004
increases, the 30 | eakage flux in. a space without the soft nagnetic

pattern can be made | arge, and hence, enough transfer signal can be

written. \Wen a magnetic field is applied to a |am nate including soft.
magnet i GnERheticaksas- peraisahickidny af arhmezeion 051G Batier 20028 fagHetsEon
material is higher and as a dimension of the, pattern t he dgﬁection

al on
of the afpfHectpmagheatigndtichdld ihat i5.denEdngidr &tsn CEHBIEPES M bPEnce. of
the nmagnetic recording medium.is larger, the maghetic flux Ls. ORLe
concent rmaggaets l'etcﬁ%ﬂ@@flilegﬁgﬁé‘?ﬁ@r?p‘%t fer ﬁ%d%?d}‘%g‘c%#%l%oj?ﬁo“? h%ﬁrrraacrl\é?i c
flux density in the soft 5 magnetic patt _ | AL9elon RS & [esubt,
| eakage t?qeugpiﬁf FoHE FHas Bﬁfterﬁagﬁgﬁ”émg%%?g’ Eb@%?ﬁéﬁ%ﬁ ?eal?a:g? flax for
trangferfh Etl%l]?&t.élsn RSk aNgeer. W o ¢oaSdRREka ge dRe: frohetiee acitagnet i c
- held”is applied to a master disk in the longitudinal direction_or in‘@he
per pendiyaubatt i agtinnhBtcalsekage fhoidmsot eustagnet plsoliayerde Sataet | Ll t

to be processed with a fine pattern, the thickness of the.10.soft magnetic

patt er n domside peapevdbens 2maERaEt okl @a‘%?ﬂ%éftcp%all%%té? %ﬁ}hﬁn ﬁie pr esent

value. The pattern size in thelongitudinal directio L $13de h

al ong tH@nﬁWngdél"r‘?&éloafO% h’vbﬂﬁeaﬁ%écter l?@c?étrjdd%%gj&r%g? S%]L!?stse %zlélléer&?g be

| ncr eased, V‘@gﬂ: %ygrﬁggﬁg_‘ﬁﬁ%ufl‘ﬁﬁjge }ﬁﬁré LobR <S8R £AL easichy, tise tivichecappl iled
; c

to a naster dis ‘Targer perpendicul ar nagnetic field for transfer is
genepat aghrhyn A5n appbierirhdn e pengndidilaaidifdction coroetbadprgsrihepike sent

invention than. by application of perpendicular.field as.in.th

convent ipraknt eehine! 881,6.13&@@1&2]5139 e lemg iy gpat F]tgeﬁggnofhar%o’ﬁg%tlﬂﬁ}lhnal
field to.the use of rpendi cukar_ fi ok g 1 D2 Pshrendi cul ar
magnet i calPa?@otrLei‘ﬁ ?i‘gc‘ﬁ’%ﬁ?‘lﬁﬂc\ﬁ Ciiluﬁlhﬁem ﬁ%‘g%:’g? blégnldgzgg?%\&{lﬁgp%o%l owi ng based on
the di f fier.epse of vsEpandigukal Fmagnetthahki seide dhiehsityusitome applesdéd 2t o

t he magnetic recordi ng medium shown in Fig. 5&9{ and Fig. SSC%*E[‘&%??)] As
pr evi ;)ysdnﬁs?@tesdisikpéd?ga mrrg@{dd@flﬁlfamaﬁ?ﬁﬁ‘éﬁe t_qreqranaﬁﬁﬂﬁ_@a [ei; o t tﬁ
magnetic pattern is.focussed .to the sofit n 4y thsnlypce the
softlbnagﬁ"%?ﬁl’éa‘ﬁ%toéll‘?lﬂ@%lgf%‘?l Fd 358" %ﬁr’%g%%c%%ggﬂ? ?algkegwge&zgl %)(() |yr31l t he

pl ace t E3tioHRgNetbEn PALNSF PeUDES iAQhe@instntiThubtechhelaomgnet i ¢ fiel d
i nt ensi ['?‘§.‘P}I§Ir}rpre]gsedrigt%g—ij 3?he per pendi cul ar magneti c recordi ng nmedi um has

peri odi ci@ldaZ]lstrong and weak

Swuperiority of the use of longitudinal feld to the use of perpendicular field

in transferring to a perpendicular magnetic recording medium will be described
20  in the foliowing based on the difference of perpendiculax magnetic field

distribution impressed to the magnetic recording medium shown in Fig. 5{(C) and
Pig. 8(C).
{0043}

As previously described, a perpendicular magnetic field applied to a soft

magnetic patiern is fecussed to the soft magnehc patiern in the place the soit

(R}
S]]

magnetic pattern exists, and the field becomes leakage flux in the place the soft
magnetic pattern does not exist. Thus, the magnetic field intensity impressed 10
the perpendicular magnetic recording medium has periodically strong and weak
values corresponding to existence and non-existence of the soft magnetic patiem.
30 However, since the divection of the impressed magnetic field is not dafferent
between the places with and without the soil magnetic patiern, magnefic

o

iransfer takes offect based on the difference of magnetic field intensity between
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val ues cc responding to exi stence and non-exi stence of the soft magnetic
pattern. 30 However, since the direction of the inpressed magneti & bf (4l 24
is not different between the places with and -w thout the soft magnetic pa:
tern, magnetic transfer tares effect based on the difference of magnetic
field intensity between 17 06 OCT 2Q 4 the places wth and w ihgut tdfie.soft
magnet i ctipaptasies, WERERH0 &8 LT 141888 BEEECHT TP PEsRTOoR"t ke Valte of
intensity of the perpendicul ar .magnetic field erat.ed by thesspft
pacEf oh e eled bl TRURER LY bt BTO SR SR

magnet i cSFABLeFR ¢o n per pendi iTection of
the perpendi culan i G, £ 8cor di nge PRAiAd SoesBRk forcd Hannt ferfentsadet i c
Fel d int gm?‘tzg}e?nb%n@%%c&e %?eﬁh%%ﬂgo t.'Ll magnetic pattern, the direction
of ”Hgneak%%bﬁrbﬂﬁqei Aeabicgakl etk drfeticenetsdid gimefntrh splataiiemtli4n shel

wi thout the soft magnetic pattern, and signal transfer does not t.ake.
effed. Hbgg%ﬁti@ﬁéld idtensitpandhee]boy vt 99l erEmsFicaA as T FHect T BH O

t he perpendicul ar Magnetic  recordi.ng mediuym .speci.fically in.th netic
r ecor di ngf teymvetizagiomesf Flibrddatonas 16V WFGéntthgg Rlécﬁﬁll?iéﬁnflhvé%ht%g 16t
inpressed magnetic field intensity, in the s it hahe sofd.rpgneté c
pattern & m%%%kmtﬂ?g P 8RS ]sgﬁn%dn%e%ﬁ i \énlkg I%err)\.t ehqgft;? in the

pl ace w t hqut t ABIARH] SePakt@fdbtidioPitheseMridsculevyenagnben a
Magnet i AR f)&gm?gﬁ%leﬁrﬁﬁgnetég freld ibnt ensity is ;i_rrpl y applied, .

f
large diédRBans enddivamairicificalliveindtlietrengsictiy riesombugprpEUCETE BERGIEECtthe
places with 15 and wi thout the soft rr%@@eti Cc pat tfrlﬁ" U‘?B.%I’ll t;ct%ar?géeer of
si gridl s wslurmtha®els soelleetyandbe prretRed. CFEOAHTF D9 1BY 2 'Whén®a
| ongi tudinal .yagnetic field is applhed he, :$Qf; gagth £kt geld the
di recti oﬁ’é%f@%@ﬂp@la@ﬁd’icﬁﬂ“ier'%c%}lrr%gﬁ$? t%fl %glzl%é%%?{e% 20 nagnetic Field

are oppog %s?cﬁy thend peht waaeuane bk hethedgatitnt He sifr wmmimeres
pattern. Merely when perpendi cul ar conEonent of the magnetgi c fi.e
13

. id...
gener at ed:Hash apphignatic dreldof L4xgel BAGREBEDFAY THICNSYTER ytwlﬁ‘ﬁg%% ©

force of the perpendicular. netic, recordi I3 e, of Mtk akehZEd
magnet i 2 S R TCE N PR 2 BTG Y E;l‘“ﬁ?a RE Osﬁ%llr%%ggo&réﬁvg%)gnd‘ieng *fo the soft

magngt i ¢ pattenn.can hep thanshantad, Mgnesi eradnsébeigheleid soperf or med
sinply based on intensity o per pendi cul ar conponent of the generated
magnet i ceffketidelyanckoroplitiesed on the difference in the magnetic field
intensitﬁg{?etween the places with and wthout the soft magnetic pattern.
Thi s mak2044e previously described restriction

-In contrast, when a longitudinal magﬁetic field is applied to the soft |
magnetic pattern, the directions of the perpendicular componexrt of generated
20  magnetic field are opposite at the right edge and the left edge of the soft
magnetic pattern. Merely when perpendicular cornponent of the magnetic feld
generated by application of the longitudinal field exce?ds the coercive force of the
perpendicular magnetic recording medium, then imtialized magnetization can be
reversed. That is, signals corresponding to the soft magnetic patiern can be

transfeyred. Maenetic transier here is performed simply based on intensity ol

b3
|9}

perpendicular component of the generated magnetic field, and not based on the
difference in the magnetic field intensity between the places with and without
the soft magnetic pattern. This malkes the previously described restriction
unnecessary that is implied to the magnetic recording layer of the perpendicular
30  magnetic recording medinm when the magnetic transfer is conducted by
applying magnetic Seld in perpendicular direction. Thus, the range of material

selection for the magnetic recording layer is extenaen.

2132 210 LR



unnecessary that is inplied to the magnetic recording | ayer of the

per pendi cul ar 30 magnetic recordi ng nmedi um when the nagnetic tranqmemjimw
conducted by applying nagnetic veld In perpendicular direction. Thus, the
range of material selection for the magnetic recording |ayer is extended.
18 0 6 Oﬁb 2?04 [ 0045] The above description is a basis to explain the
experiné “lresult that |arger transfer signals are easily obtai ned by

e cur opfe ANt A o TRANGLLS Wbk SOTDRELSANME] tbanshet using

per pendi cul ar “magneti c T17¢€l A perpendi cul ar

magnet i k860t Mge BRI, WRS <REGPALEsn ey R B nbRi N pormised of a

Ni P-pl ated”al um num substrate and the |ayers |am nated on the substrate

i ncl udi ngagneoictiisidgnetdrantayen vath M &esfal hoynpaerpgndibitdnesgreticFeldo nm
an under-1layer of Ti alloy having thickness of 10 nm a magnetic recording

| ayeb of[088€! all oy having thickness of 30 nm a protective |ayer of carbon
havi ng t.hi cknelss of 10 nm and a liquid lubricant |ayer of

perfl uor%%ﬁfi?é:t Re” I ubricant havi ng thickness of 1 nm A naster disk is

produced by &r;{%%t%hggc 0Ly ymanel 1 & ¥ %@%mﬁ?@a@%ﬁet&iﬁédﬂﬂéﬁg&w ern

correspondi ng esi red™pr ef or mat ormati on On a ‘surfac

si |i con saibstdoah fodbd &f AWiPhh Cko@sSuefin D80 sabriribe apdtiteriayets sohindragnat i ¢
material is provided in the Tinear region extending in radial direction as
shown i rthie gpbgigatd pEdafinge sbitrmegnehictlpasy paiNiba adfovt eviregihackeess of 30

recordi ng nmedi um.was done fra 0 applying. a uniform upward magpetic fj.eld of
| it Shs B 0f TOUBET 157 T TeBHEY PRV & OrIG: RRAL R B SPREPRPE Errona
- ber pendiodl 3¢ At BeoRd il SILAEE: 421500, W0, 0RRASd PR Ml B TBA RRLISE
pol e head?, to orient the nagnetization of the magnetic ‘recording |ayer of
t he magngfitkneecof 1 mgn - ardiaungwi fdridan iipwar df pef0048jp 2pethireninbaicamst er
di sk was made cl.osely contact with a surface aof tH _initialized .
per pendi RETEE HEGRBEFCOT &EBR 0 NG ATERN BRI SIFOT AL Cre® S IEARE SO TRRPER"
soft MagngklaaTBberlal s, a5hn00ad, a0Pesadsl G it MPAIM SUEL Be8orthat
| am nate 0O e perpendi cul ar nmagnetic recordi ng Tredium and the master disk
15  information on a suriace of 2 silicon substrate having thickness of 500 pm: The
pattern of soft magnetic material is provided in the linear region extending in
racdial direction as shown 1n Fig. 10. .
[0047)
At fivst, initialization of the magnetic recording medium was docne by
20  eapplying a uniform upward magnetic field of intensity of 0.5 T to the magnetic
recording medium in the direction perpendicular to the medium surface using
two opposite single magnetic pole heads, to orient the magnetization of the
magnetic recording layer of the magnetic recording medium uniformly vpward.
[0048]
25 Then, a master disk was made clesely contact with a surface of the
initialized perpendicular magnetic recording medium such that the surface on
which soft magnetic material is arranged opposed to the mediuvm surface. A
laminate of the perpendiculay magnetic recording medium and the master disk
was piaced between two opposing ring heads. The ring head had a gap at the tip,

30 the width of the gap being 5 mm. Each of the ring heads is disposed with 15 gep

erallel to the radial divection of the perpendicular magnetic recording medinm,

o]

t 5 distance of 1.5 mm from the contact surface between the perpendicular

19
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was pl aced between two opposing ring heads- The ring head had a obip0&t ke
tip, 30 the width of the gap being 5 nin. Each of the zing heads is

di sposed wit hits gap parallel to the radial direction of the

per pendi cul ar magnetic recording nmedium at a distance of 1.5 mmfromthe

contact surface b§°|tf*“‘%j“ ggg}ﬁhpfr pendicular 19 0 6 OCT 2006 aacgﬁmgnu
[

A _..J.J (2} = L

recor di My Aed tm De haster di%sk2ATH BUy BT i e arr ahgernent
respect 0 Lhepcont ALl Sabace.The TRANSEGCEL eled iptensi gexg@%%@wd by

the ring heads*was 0.5 T. Magneti c transfer was conduct ed keeping the

di st anc%e&ﬁﬂotd‘é@drs@b@é DMETPAdR L otic hedneen widieconidng e adspandt idéi stantact
surface of the 5 | aminate and novi n% the ri ng head al ong the Iongl t udi nal
magnet i aufd Blalrelgévenatsetobpetveenithg reabcathand Be oirieghderieat oalthe

direction of the _perpendicul ar nmag e1| c recor di.n I um coveri whol e
sur face omippte aﬁér%@Wd%&YheaPT %@Pﬂﬁm%éﬂfiﬁ {}1%0
Preformat inf n erredto eC|f| sitiens onthe
obt ai ned® B@Fﬁ%ﬁ Gﬁ%F‘%Bﬁé?a ‘eColdrh Te it UC% OPQEE anple 2> A
per pendig O%@ﬁdf@ﬁ&?ﬁ%&&fc‘“&b?& weﬁﬁﬁhiﬁec%v%ﬁ%&ﬁzﬁ@h@@hﬂgh@b@%ged .15

with a magnet | c 1 ayer, an under-layer, a nmagnetic recording Iayer a
pr ot ect ipeepbAyRIulafnth gndticptdcdr iy imeditml ayer in this order on each of the
both surfaces of the non-magnetic substrate that was the sane as that used
in Exal@PéSh. Material and thickness of each |ayer was the sarre as in

E, - le 1. di sks that are.the sane as that..used anple Ti.
vvergﬁrgrepar ?&’e%ﬁafﬁgrgi HERE z?rgltﬁgﬁigﬁrdt S%ﬁ%oﬁ&u G S Dn E: same
manner %%téﬁxef-ﬁ@apﬂ@n%;éalaﬂisagﬁ%c &éé&dh@ﬁﬁ&diﬁ&d in Exanpl e I wer e
utilized in a nagnetic transfer step. The ri ng heads were positioned at

1.5 mnf[@@ft@]a center plane of the perpendicul ar magnetic recordi ng nmedi um
Except t ) :ln gon of the ring head, magnetic 25 transfer was conducted
in the Sam ér as in Exanple 1. [0052] Pref ormat information was

transferred 4 Q.5pecaii8d POSHERNS ORhRSP@I I was prepared being provided
15 -with a soit magnetic layer, an under-layer, 2 maguetic recording layer, a
protective layer, and a liguid lubricant layer in: this order on each of the both
surfaces of the non-magnetic substrate that was the same s that used m
Example 1. Materizal and thickness of each layer was the same as in Exarople 1.
Two master disks that ave the same as that used in Example 1 were prepared.
20 [0051]
Initizlization step was conducted in the same manner as in Example 1. The
two ring heads used in Example 1 were utilized in 2 magnetic transfer step. The
Ting heads were positioned at 1.5 mom from & center pléﬂe of the perpendicular

magnetic recording medium. Except the position of the ring head, magnetic

3
(o3

transfer was conducted in the same manner as in Example 1.
[0052]
Prefermat information was transferred to specified positions on the both

surfaces of the obtained perpendicular magnetic recording medium.
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e:s;cept that an unimtialized perpendicular magnatic recording medium a

20

g



surfaces of the obtained perpendi cul ar magnetic recordi ng nedi um []0053] 30

<Exanpl e 3> Magnetic transfer was conducted in the same manner as b 0T 2004
Exanple 1 except that an uninitialized perpendi cul ar maagnetic recording
mediumas 20 0 6 OCT 2004 obtai ned from a nedi um manuf acturing process was
utilizedjand,thato@n: piddthakizatiomrst gprvesssnot s coiliict 2dd tReekor mat
information was transferred to specified positions on the surface of the
obt ai ned;erpeadicut@p wagnet icondueedr diredormedt inforsad Hos Has wERaMHFred 2
Magnetic transfer was conducted in the same nmanner as.in Exanple -, except
that onl ypamded inngithems Oh Ahe e TFaLSt & DG BRAEF YL PETPEXETHI T MagdsTised and
That the ri ngi head was positioned such that the gap of the ring head was at
a 10 di sTysEe st e rTomthe contact surface between the perpendicul ar
magneti c qedd,.)%(jor di ng nedi um and the master disk. Preformat information was

t r anst erL to specified positions on the surface of the obtained

per pendi gﬁ&%éﬂggﬁgwtic recordi ng medium [0055) 15 [Effect of the

i nvention] Preformat information is al | owed to be easily recorded on a

per pendi cul aMagragietian sfacerdicogd me@idum bye rewesmehNeE@ETen Examinsfler

using a master disk_carryin tge preformat informati.on according to.
met hod ofxaemé thesSEAY oniem}%agi% .mrw[%ilgn@@iséert fEsTeF ¢ ‘t%pfﬁaf%%s 3?“‘$he
i nvention ks, performed,by.20 i i Lud L 8 R
bl ace. of S5 GBI CHEORAP e pena A S e BT A B PR e B e

not jpeedyihhgke sofitmrRGRet tBe thBiRisalfa®O¢tesanthageigeddienrefesmeatic
information in the master disk. Consegrently, fine pattern of the foft
magnet i crevatéimainedinma apdtibermagiertilibk g Predemnel iormaion pessipraterred

correspondi ng 1.04the, fl 90 988! LY LI PRI bl N0k Tolh ORuicdPe P 0T 2004

recording medium.
[0055]

15 [Effect of the invention)

reformat information is allowed to be easily recorded on a perpendicular

magnetic recording medium by means of magnetic transfer using a master disk
carrying the preformat im"ormaﬁon according 0 a method of the present
invention. Magnetic transfer in the method of the invention is performed by

20 applying a longitudinal magnetic field in place of a conventicnal perpendicuiar
magnetic field. Such a method does not need thick soft magnetic material
corresponding to the preformat information in the master disk. Consequently,
fine pattern of the soft magnetic material, or a pattern with high density is made
possible corresponding to the high-density preformat information.

25
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5 [Brief description of the drawings] Fig. 1 shows a transfer step in an
exanpl e of enbodi nents of the present invention. Fig. 2 shows a tr E‘fflt?rZ[(]J]L
step.in an exanpl e of enbodi ments of the present invention. Fig. 3(A) an
Fig. 3(B) explain a conventional magnetic transfer nethod to a 10

per pendi cul ar magnetic recordi ng nmedi um using a single nmagnetic pol e head;
Fig. 3(A) shows an initialization step and Fig. 3(B) shows a transfer

st ep. Fi@lﬁf@e@%tﬁjm@fﬁﬂﬁﬁrmﬁg&ﬂ ns a conventional magnetic transfer

met hod to a perpendi cul ar magnetic recardi.n Lum.,usi .Sl e
magnet i cFigol estherada thaheler sgea1s 67 tE%R q@t@c%ﬁ%%@%%%ﬂ%i\)%gﬁom an
initialization step and Fig. 4(B) shows a transfer step. Fig. 5(A), Fig.
5(B) andnFegtio®(C) explain a conventional magnetic transfer nmethod to a
per pendi cul ar magnetic recording medium Fig. 5(A) shows a 20 positional
rel aPi onshi p 'between transfer signals and soft magnetic material, Fig.
5(B) shogs, L g}_gaosw%)g tgglg%tris%rg@ﬁgg émmaph@emfpanhbdxm@mmrﬁghémr@w%ordi ng
medi um “arrd “a master disk, and Fig. 5(C) is a graph show ng density

di stri buth@ntek. perpendi cul ar conponent of magnetic flux on the surface of
t he perpendi cul ar magnetic recording nmedium 25 Fig. 6 shows |ines of
magnetic force in nmagnetic transfer using a single nmagnetic polg head.
Fig. 7(A. Fi 7(B). and-Fi g.+.7 - 411858 bm BN Bein def arethpd to a

per pend%lﬂ-gﬁ(g%@“ggﬁiﬁ)ﬁgﬁsse%ﬁ%éggn%ﬁ%\ﬁf du—gﬁon the surface of a rTg%ngtLC

" econdi ng. ] ima a1 s chEaRsEesdsi gae duin usie regnelei Bagpals POlsPhigiale:
si ngl'e magneti¢ pg]e hgad;- Fig. 7(A) sho | i nes of magpetigpforce in the
nei ghbor hoodktafw he isitiglieatiagses @néf@-é%ﬂ%ééfﬁéiﬂ ReAP Fig. 7(B) is
a graph show ng | ongi tudi nal conmponent of magnetic flux on the surface of
the magnetic recording nmedium and Fig. 7(C) shows transfer signals. 5
Fig. 8(A}F, Fgg). 868 agﬁBfggplaiﬁé O)eot¥phfich ah niedrdit Fremsfeagnethied 19 ansf er
to a pe L%ﬁ et ar ﬁag‘ etic recordi ng nedium accordin to the qu%se%rat

i nventi Oﬂéxpendicu]ar magnetic recording medium using a single agnelic poie

15  haviug = soft magnetic yoke; Fig. 4(4) shows an initizlization step and Fig. 4(8)

shows & transfer step.

Fig. 5(4&), Fig. 5(8) and Fig. 5(C) explain a conventional magnetic transfer

method to a perpendicular magnetic recording medium; Fig. 5(A) shows a

. : orinl Fig
20  positional relationship between transier signals and soft magnetic material, ¥ig

5(B) shows lines of magnetic force in a perpendicular magnetic recording medinm

] i B ! howi ity distribution of
and z master disk, and Fig. 5(C) is a graph showirg density

1 i 1 11
perpendicular component of magnetic flux on the surface of the perpendicular

magnetic recording medium.

25

Fig. 6 shows lines of magnetic force in magnetic transfer using a single magnetic

pole head.

7(B) and Fig. 7(C) show lines of magnetic force, perpendicular

Fig. 7(4), Fig.

30 componezﬁt of magnetic flux on the surface of a2 magnetic recording medium, and

ienals in t ¢ transfer usi ] ] ead; Fig. -
transfer signals in the magnetic transier USIRg & single magnetic pole heac; Fig

; Tolbt ] ighbor] i single magnetic
7(A) shows lines of magnetic 1o1¢e 1N the neighborhood of the single mag

-~
L



Fig. 8(A) shows a positional relationship between transfer signals and soft
‘magnetic material, Fig. 8(B) shows |lines of nagnetic force in a Uﬁﬂ[g |
per pendi cul ar magnetic recordi ng medium and a master disk, and Fig. (@9
‘is a graph showi ng 10 density distribution of perpendicul ar conponent of
magnetic_fl ux on the-syrface of the.penpendioul ar. FRIHNSILCoT SGORIHRT 1y
medi um BYG. PR T End B § 2 %)J"*saﬁ*(‘)’vi'é‘bﬁg'ﬁﬁéndf?:u‘l a@r‘%orrpone'nlteﬂ%gr?ghggﬂ ’

| ongi t udingl . CORRANGLOh JBARRLLEOIdix oBchhe, sulifioeT(l) & egnetd der

c

recording nmediumin a 1 ase using a ring head and in a case using a
single nﬁ%«gjé.c pol e head; Fig. 9(A) shows a case using a ring head, and
Fig. 9(B) "shows a case using a single nagnetic pole head. Fig. 10 is a

pl an view of a master disk used in the present invention. 20 Fig. 1y is a

plan view of a nagnetic recgording medi um manyf actured by a _magnetic

br ansf or Fig A3 FLne (50 aant 9 UCH EFBIIDF o100 10T AR HGUEYEIG KPwi th a
partial cross-section of a magnet.ic r i [ £, .
present P%ﬂanHiarF?&gnfglCsrﬁg%&lggtr‘rlg%ls Igra%g?%%ﬁgr?ggﬁggﬂxféﬁp eix({)‘}érﬂ?on,
enbodi e fat Rit5 ord AR 80 hi0h dtiedbenld agBlwssian b Tsamsf @bftst ep i n
anot her ggr%c)(f% %%%n%%?i%r%ﬁ%m%fﬁ?ﬁ% p?esent mi r]\?enti o_ri. 23 O b_OCT 2094

[ Desor pt ik Syrsehs), Bign@gBethows dusrsdifingagediiadvicsringe ppepelt @gRdar
recording 2 naster disk 3 soft n&gnetic yo.k§ for, a -riqg. head E‘ fj}) :

per manenm aggiEs T SORGEERCI art 28E PoR 25te Tl ERaAS A 1 BnE SHElS b BRABRINET E6f ¢

tic,lay. Vi f ] I f i
o g ragaoEy EREE At S PhERA I LR b & PEEncRANEL o HRAPLIRE,
di recti ops pfc BEPbESS ABANSIgS chiceledordiBglhagiaf magnetic force

Fig. 9(A) and Fig. 9(B) show a perpendicular component and a longitudinal

component of magnetic flux on the surface of a magnetic recording mediumm in a
15 - case using a ring head and in a case using a single magnetic pele head; ¥Fig. 9(A)
shows a case using a ring head, and Fig. 9(B) shows a case using a single

magnetic pole head.

Fig. 10 is a plan view of 2 master disk used in the present invention.
20

ig. 11 is a plan view of 2 magnetic recording medium manufactured by 2

F 1-}

magnetic transfer step of the present invention.

Fig. 12 is a bird's-eye view with a partial cross-section of a magnetic recording

25  medium used in the present invention.

Fig. 13 shows a transfer step in an example of embodiments of the present

invention.

30  Fig. 14 shows a transfer step in another examyple of embodiments of the present

inventioin.



10 single magnetic pole head 17 shape of the gap portion of the ring head
g g p p gap p Qh
15 18 longitudi nal conponent of magnetic field that is generated By CT 2004

a-single magnetic pole head 19 perpendicul ar” conponent of magnetic field
‘that is generated by a single nagnetic pole head 20 | ongitudi nal conponent

of nagnﬁble%]c%%%é%)?%@:bé}%ener ated by a ring head 20 21 perpendicul ar

conpone that is generated by a ring head 32

non- rragn_lgti CSUbsi Al & oBRinTRskary & Bk 34y pedipehai gbadingagnet i ¢ recor di ng

medi um 35 preformat region 25 41 non-magnetic substrate 42 soft magnetic

backi ng 4 ayeg 5 48r dngder -1 ayer 44 magnetic recording layer 45 protective

| ayer 30 46 liquid lubricant |ayer 24 8 6 OCT 2104 10 15 20 25 30 1 A

met hod & negntimegheanyble fo0p ranpdEsendi cul ar magnetic recording nedi um
said nmethod magnetically transferring preformat information to a nagnetic
recopdi fy | aperEReSE THaEREnet i ¢ recordi ng medi um by applying an external

magnetic field in an arr nt.whers asppster disk is in close contact
with or 9n pFEXIFHEY ?Hegélglg%?nagnefl c recording medium said master disk
havi ng g non; PRGNBtdCesTtbst fratR RAdr 2amtint pirelmdtsofereatiosf t magnetic
material on a surface or in a surface portion of said non-magnetic
substrate, sapft maehttgghetfor singlenrpagnHayPAG 283t tern corresponding to
said preformat _information and being disclosed in a linear periodic
regi on, &her brskseald met hod
16 ¢ direction of magnetic flux
10  direction of applied magnetic field
13 lines of magnetic force
16 single magmetic pole head
17 shape of the gap portion of the ring head
15 i8 lomgitudinal component of magnetic field that is generated by a.single
magnetic pole head '
18  perpendicular component of magnetic field that is generated by a single
magnetic pole head
20 longitudinal component of magnetic field that is generated by a ring head
20 21 perpendicular component of magnetic field that is generated by a ring head
32 non-magnetic subsirate
33 master disk
34 perpendicular magnetic recording mediun

35 preformat region

(W]
[#1]
W=
o

non-magnetic substrate

42  soft magnetic backing layer
43 under-layer

44 mmagnetic recording layer

protective layer

L0
(@)
s
5 Qt

liguid lubricant layer
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conprising: an initialization step, in which a magnetic field is applied to
said magnetic recording mediumin a direction perpendicular to ajsuch gk
of said magnetic recording nmediumso that direction of nagnetization of
whol e surface of said magnetic recording nediumis aligned to one

di recti on[(leipehdi cul ar to said magnetic recording medium and a magnetic
transfer step, in_- which a n,agtnetilc_fi eldin a lorjgitudi natl. dicroeﬁégl%n is
applied tb bothnethashplimmssesc Toraxeadd §£€d"pﬁﬁl&h%{ FE 320t hg Sreditim i n
an arrangenent ; re sakd mast.er -di | S L0 G : 4200 4 N

pr oxi mi tymieggﬁﬁe Smﬁf@fégogrm%%?%%sa&& 12111(:%(§$5S'%%‘fIq“s1 ipgéﬁrrg%%%]?jg&;ﬁggo‘r éliot;?gé

medi um Zm%o%gh@%c&fdiﬁﬁgagéf 6 {ianskehetierreacnanpandifubdsy Bpghehian
recordi ng  redi'um accordi'ng to claimZ2, wherein in said initialization
step,_ a n@agBehi Crrfzigelodicl feldipl dredrtam geah dniragreeeiac master diskgis rediatn i n
per.péndi cul ar direction of said mediumusing a single netic EOl e

) hea
and in satchteegweth or in pnetienits te salhRgREEs eqor &INE MFREUFb Gt FARFEr 41

direction is applied to said netic yecordi j i ster dish
USi g oncEBTITiGE BOP g HE BIS BATH I AviS AP T oM R R Ras: | o
transter {u]%fte{}aPSInpaeMﬁ%Ué 8F iJRaNath G ;;asfﬁéﬂ!dﬂ@aidrﬁdh%hggaﬁg swishatde, said
magnetical Ty transferring preformat information to a magnetic recording

| ayer of gt eh WG hatesedhdivivy raditternrbycaesh yidig g 238 DreoxICTL 2004 S
20 25 20 25 30 external magnetic field in an arrangenent ere a [T‘gst%ﬁj a
di sk js imfotmesioncon et Gedin IReRHRg e8¢ ISP IEHHTEE SPEL P HRG
medi'uUm, said .master disk having a non-magnetic substrate and a multiple
of isol at ¥ BBt fragnetic material on a surface or in a surface portion of
sai d non- pRGNRL LG, SHESEEA], 8n WwRIcH a sfdndmgtield ¢s appiedab shad inmggretpat t er n

corresponding to said preformat informatjeon and being disposed in a.linear
peri odi ¢ Teegrdimg w@ididumeirthadirection perpendicular to a surface of said magnetic .

recording medium so that direction of magnetization of whole surface of said

magnetic recording medium is aligned to vne divection perpendicular to said

15
magnetic recording medium, and _
a magrietic transfer step, in which a2 magretic field in a lon ptudinal directionis
applied to both of said master disk and said magnetic recording medium in an
arrangement where said master disk is in close contact with or in proximity to
20 one surface or both surfaces of said magnetic recording medinum,

2 A method of magnetic transfer for a perpendicular magnetic recording

medium according to claim 1, wherein

51 said initialization step, 2 magnetic field is applied to s2id magnetic recording
25 medium in perpendi_cnlar direction of said medium using a single magnetic pole

head, and in said magnetic transfer step, a magneticfeldm a longitudinal

direction is applied to said magnetic recording medium and said master disk

using one or more ring heads each having = gap.

ag 3 A method of magnetic tramsier for a perpendicular magnetic recording
medium, said method magnetically transferring preformat information to 2
magnetic recording layer of said magnetic recording medinm by applying an

25



conprising: a step for prepaying as said magnetic recordi ng nmedi um an
uninitialized magnetic recording nedi um as obtained froma manufacturing
step, and a nagnetic transfer step, in which a nagnetic field in 35 T 2064
“longitudinal directionis applied to both of said master disk an s% dz
magnetic recarding mediumin an _arrangement where .said;mstigro rusk is in
cl ose dGHEHR! Wgﬁe%?%ﬁwlﬁlrwidﬁ‘i%c o““gd“n‘émé"u“r’f“é‘gé“o“r* 6ﬁss§r1‘aces of said
magnet ;g%nrtﬁ&%ﬂ'hr& imjoﬂﬂniﬁ (}6‘-5.2}@3%3@95_35793‘: TEREREId Sebhansde8 Hestea disk _
per pendi cuf ar magneti'c recofding nedium according to claim wherein in said
magnet i Ko Hkansf ef- psh@pticesumgnet and o eldplenofastlangd saftimeainediicr ection is
applied to said magnetic recording nmedium_ and sai d naster. divsale% usi.ng one
or mor eneterizlemdSutace 9 18 aETa® IRTHEE R GaHt D AR gRRE R G TRESTREE PP a

di cul tic. - di di ' : ' | aim 4,
et o ForrP Pl G Ttk F o7 B OE ey L Rg Romie FUTR2REL nga oap

are opRes&dnLAach a9thRing SR ERAN ek ar RERLM fugit®datidnantodai d mast er
di sk are positioned in a center of said gaps of said two ring heds. |1 A

met hod coimpmagmet i ¢ transfer for a perpendi cul ar magnetic recording nedium

according to.-any one of claiml through.5 whearein said: ic, recordin
nmedi umhAEPIRY IXFRATEE 855 Flﬁé‘f(%bfpiu%gnmﬁ%(lﬁ?e%}% @S%J%gfggggri}di cular to g

sur f ace, ot s@k de B dinpy o 4iAn R N0SE QL RANEti-6 ik aRgierstbor ad per pendi cul ar
magnetic recording mediumaccording to any one of claiml éhr ough .5,

wher ei re diazeeticonaniier ety dedvhiphgree greitt beld W & e Rlgpet FEEFBERAYI ng
et umeipspl:Pe%r %elgc)qjhco%ls%g d Enoas ersl%l:s aé%% s%fid Sn?‘é g%e%%g}ﬁné%ﬁsgw% %di um 26
arrangement where said master disk is in close contact with or in proximity to
one surface or both suriaces of said n_aagnetic recording medium.

. 4 A method of magnetic transfer for a perpendicular magnetic recording
medium according to claizm 3, wherein in said magnetic transfer step, a magneic
field in & longitudinal direction is applied to said magnetic recording medizm

and said master disk using one or more ring hezads having a gap.

5 A method of magnetic transfer or a perpendicular magnetic recording
medium according to claim 2 or claim 4, wherein in said magnetic transfer step,
two ring heads each having a gap are cpposed each other, said magnetic
recording meditm and said master disk are positicned in a center of szid gaps of

said two ring heads.

[V}
92

w ~ .- . ~ ~ - - . -
\§) A method of magnetic transier ior 2 perpendicular magnetic recording
medium according to any one of claim 1 through 5, wherein said magnetic,
recording medium has an axis of easy magnetization in a direction perpendiculer

to z surface of s2id medinm.

30 g A method of magnstic tranéfer for a perpendicular magnetic recofdi:og
medium according to any one of claim 1 through 5, wherein direction of recorded
megﬁaetﬁzation in said magnetic recording medinm s perpendicular to & surfece
of said magnetic recording medium.
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