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“TRANSFERRI NG | NFORVATI ON SI GNAL FROM MASTER %m&?ﬁ@m
" TECHNI CAL FI ELD The present invention relates to a nethod and ar at us
for magnetically transferring magnetic information signals held in a

master nediumto a slave nedium BACKGROUND OF THE | NVENTI ON The magnetic

transfer nmethod is one for magnetically transferring magnetic patterns
corresponding to magnetic. information (for exanple, servo signals) held

in a master ' I ' applying transferrin magneti c
flerd in a stHsH AL ANRAEEARA THE K MARR EAICALAN THEANSRER RV

cl ose contagf 'ngﬁeﬂml ' ' f | | sed,
for exarrpl_e,Fimn apanes?lﬁ%mgmgmwmg?ﬁgg&ﬁmgb
63(1988) - 183623, 10(1998)-40544, 10(1998)-269566 and the |ike. Moreover,
transferri Lc field is applied by arranging a magnetic field
generati ng%mfémmn el ectromagnet device or a permanent nagnet
device to a single shde t: 'tﬁ(% S di ' te ere
the single side or Elgftéhpgés gg lgyéﬁt5 e sr?%l&éegﬁr%déﬁ%ng%]@ ?ﬁg] %‘gsa{%é’?’}%é%if‘ém are
in close maghefitally trinsferingivagnetid infohmation Bignaishdlfién 8lmygermdiinim and

t he master diumthat are in close contact wth each other, or the
magnet i c ff&éAYCMCHEMRtjvely rotated, magnetic patterns are transferred to
a track on a circunference of the slave nediumof disk shape. However, in
said magnetic transfer nethod, in order to enhance transfer accuracy by

t ransf er r i BACROROUNDp QK #HE INYENEI@NY corresponding to transfer

i nformation, in whi ChTﬁ‘ rraagnet.i c |layer of u(Peven patterns was forned on
. ¢ magnetic transter method is one for magnetically transferring

magnetic patterns corresponding to magnetic information (for example, servo
signals) held in a master medium to a slave medium by applying transferring
magnetic field in a state where the master medium and the Slave medium are in.
close contact with each other. This magnetic transfer method is disclosed, for
example, in Japanese Unexamined Patent Publication .Nos. 63(1988)-183623,
10(1998)-40544, 10(1998)-269566 and the like.

Moreover, transferring magnetic field is applied by arranging a
magnetic field generating means such as an electromagnet device or a permanent
magnet device to a single side or both sides of the slave medium in a state whére
the single side or both sides of the slave medium and the master medium are in
close contact with each other. In this time, if the sléve medium and the master
medium that are in close contact with each other, or the magnetic field is relatively
rotated, magnetic patterns are transferred to a track on a circumference of the slave
medium of disk shape.

However, in said magnetic transfer method, in order to enhance
transfer accuracy by trahsferring magnetic patterns accuratély corresponding to

transfer information, in which a magnetic layer of uneven patterns was formed on
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i nformation bearing surface of the naster mediumto record themtherein, to
a recording surface of the slave nedium a transferring magnetic field
shoul d be accurately applied in a track direction in a state where the
close contact property between an information bearing surface of the
master nedium and a slave surface of the slave nediumis assured. However ,
it is difficult that nagnetic field generated by an actual magnetic field
generating nmeans is nmade to be parallel to a track direction and a slave
surface i na@ I@f%ﬁ@t@nr@aﬂmgrswfmea)f\ﬂhctmwer diedamhitorefordnthem thepen, to a
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the magnet ct\’\mntm mfonﬁatmrcbemwsanfaace of tiet maﬁdr middiem aMeea stave sutfagef er

i nformati on ervo nal s at isfactory tracking function cannot be
obt ai ned a%l ?‘éﬁomea’c‘ﬁné%ass@m ducing the information is |owered.

SUMARY COF THE INVENT de wi th.the

above- descri bed probl iélggre-'\;QF i gc%iﬁmfﬁﬂmﬁbj ec%}le&t%gapge@géﬁ?d bﬁ(v%‘hta%ﬁ‘ll S

to provi damgrﬁuhfrél(hgdnmtmgpﬁemsus mhd¢ todgnRirakiell doya Ha@l@&ﬁférchbﬂghnd a
OI‘IT&'[IOI’I signals held in a master nediumto a slave nmediumin

magneti c f
a gt ate V\hg?%e t ffaggs drr a nplang ndisatiomeard oy evertisal; whirestion; rﬁrcm:cl o3 ?rmnf] act
wi th each gthghf ut i acc ate sfer of the
magnet i ¢ p%%t er r%wf;e c@#‘?ﬂﬁﬁg% ({ &x(? t?:g 9“8 E'PV%&H%WH’
di rection afd immaﬂeabslbeblffseg dﬁag6€¢driblfsl ﬁbfbrs ACI@‘Qh@“dTﬂ;ei @fqRe appRestior
t he presen& | nventtl there is provided a
irection o such transferring magnetic ﬁeld becomes greater, the magnetic transfer
of high accuracy does not executed because the magnetic patterns of such area are
scattered. Thus, when the transfer information is servo signals, a satisfactory
tracking function cannot be obtained and reliability of reproducing the information

1s lowered.

SUMMARY OF THE INVENTION
The present invention was made with the above-described problems n
mind. The object of the present invention is to provide a method and an ap_pafatus
for magnetically transferring magnetic information signals held in a master
medium to a slave medium in a state where the master medium and the slave
medium are in close contact with each other, which is capable of executing
accurate transfer of the magnetic patterns by defining the allowable range of the
application direction of the transferring magnetic field.
According to one aspect of the present invention, there is provided a
'magnetic transfer method for applying a transferring magnetic field in a state that a

master medium for magnetically transferring in which a magnetic layer is formed



magnetic transfer nethod for applying a transferring magnetic field in a
state that a nmaster nediumfor nmagnetically transferring in which a

" magnetic layer is formed 2 in a portion corresponding to information
signals on a surface of a substrate, and a magnetic recordi ng nmedi um whi ch
Is a slave nedium for being magnetically transferred, are in close contact
with each other, conprising the steps of. applying a nagnetic field to the
slave nediumin a track direction of a slave surface to initial ~ DC
magneti ze the slave nmedium previously in the track direction; bringing the
mast er medilumPQAdon henesmém&m mfvmmtmoltmeselscnm sutfacs ofia substratenard a and

applying t sferri netr el d the track .direction of .a slave
sur f ace toﬁl%gﬁggfigtrgc%r r%?‘ﬁ §RelS, avﬁq% eter"i]leciiHmaE%‘i DEME Sraens F%ﬁ
the transf gahifbfred "RQNALdI6sd é&itgctl »%uwefabh Dtier! 86 r1§ r:’ﬁ@ st saof’%hgpﬁﬁ%
direction with respect to the slave surface. Acc g to t e ot pect
of the preaamgnetwé'mid mrﬂletsimreemredlumnmmmﬁ chrercagnetfracslaveasmfane toghitiadl f or

appl yi ng ansfe neticg.field in state t . a master nediumfor
nmagnet i calap;[ Rﬁﬁé e e BHnaPrﬁﬁ{jWé in rﬂaﬁ/éracﬂ ilr%mdmngl%g rSB‘Ft i on
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magnetic recording nmediumwhich Is a ve ne |um bei'ng” magneti cally
t r ansf er r eapplyung the tednsferingagnetin fieldeiacthe (ttdckrdlremmmrofsa slave karfateps of
applying a naglnetrc fiel.d to the slave nedium.in .a track direction of a

slave sur$XfCHte @ masnels wrnsfery wheredn (3t applcatiore@ngls i etheo transterming he
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cl ose contac eac ransterring

field in télave surdhcedi recti on of a sl ave surface to execute a nagnetic
transfer, wherein an app | Il cation an le of the_ transferring nmagnetic field
is within a range of¥ccg t1Q ﬂ&rﬂé er 1a5peqieof rthe kpregente nventionn thes ahe
parall el t&

i nvention, t her ds:% ﬁl\égne&cggé&epglem()&?&lJb%lyﬁﬁ%eﬂm%”fn% %ga%l field Ina

state that a master medium for magnetically transferring in which a magnetlc layer

is formed in a portion corresponding to information signals on a surface of a
substrate, and a magnetic recording medium which is a slave medium for being
magnetically transferred, are in close contact with each other, comprising the steps -
of: applying a magnetic field to the slave medium in a track direction of a slave
surface to initial DC magnetize the slave medium previously in the track direction;
bringing the master medium and the slave medium into close contact with each
other; and applying the transferring magnetic field in the track direction of a slave
surface to. execute a magnetic transfer, wherein an application angle of the
transferring magnetic field is within a range of + 30° with respect to the track
direction on a plane parallel to the slave. '

According to another aspect of the present invention, there is provided
a magnetic transfer method for applying a transferring magnetic field in a state that
a master medium for magnetically transferring in which a magnetic layer is formed

in a portion corresponding to information signals on a surface of a substrate, and a



a magnetic transfer nmethod for applying a transferring nmagnetic field in a
state that a master nediumfor nmagnetically transferring in which a

" magnetic layer is formed in a portion corresponding to information sig
nals on a surface of a substrate, and a 3 magnetic recordi ng nmedi um which
Is a slave nedium for being magnetically transferred, are in close contact
with each other, conprising the steps of. applying a nmagnetic field to the.
slave nediumin a track direction of a slave surface to initial DC
magneti ze the slave mediumpreviously in the track direction; bringing the
mast er medMAgNgHE reperdingveedinE owhic tlS mig‘ee goedingt fox tbmr@magnenea y and

applying t nsferring na tlcf the track djre sl ave
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transferrith@t a master medlum for magnetlcally transferring in which a magnetic layer is

formed in a portion corresponding to information signals on a surface of a substrate,
and a magnetic recording medium which is a slave medium for being magnetically
transferred, are in close contact with each other, which combrises: a magnetic field
generating means for applying the transferring magnetic field to the slave medium
in close contact with the master medium in a track direction, wherein an
application angle of the transferring magnetic field by the magnetic field
generating means is within a range of + 30° in a vertical direction with respect to a
slave surface and is within a range of + 30° with respect to the track direction on a
plane parallel to the slave surface. '
As the magnetic field generating means for applying the transferring

magnetic field, an electromagnet device or a permanent magnet device can be used.
However, the electromagnet device is preferably used because the conditions such

as the magnetic field intensity and the like can be more easily set and regulated.



magnetic field, an el ectromagnet device or a permanent nagnet device can be
used. However, the el ectromagnet device is preferably used because the

* conditions such as the magnetic field intensity and the |like can be nore
easily set and regulated. 4 There are a case that a single surface
sequential transfer is executed by bringing the naster nmediuminto close
contact with the single surface of the slave nediumand a case that a both
surfaces simultaneous transfer is executed by bringing the naster nedi unms
into close contact with both surfaces of the slave nedium At that tine,
the master nediumi &hﬁrgam caserthata sngleanfacetseqnential eansfar igexeauted by e

or. both syr.faces of t ve ne m and ic.fi.el d generati

means i o abrBBEEEmeREr HieAbin BRI Fnlel RaRdbe Singis shregs A te Sve
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applied ina lon rev
slave medium having a disk shape.

It 1s preferable that the slave medium is a disk-shaped magnetic
recording medium such as a hard disk, a flexible disk and the like. It is also
preferable that the magnetic layer of the master medium is magnetically transferred
with the coercive force (Hem) of 48kA/m ( 600 Oe) or less.

It is preferable that in the. above magnetic transfer method,
fundamentally, the initial DC magnetization for DC magnetizing the slave medium
in the track direction is first executed and the slave medium is brought into close
contact with the master medium in which the magnetic layer is formed on the

" micro uneven patterns corfesponding to the information to be transferred, and then
the transferring magnetic field is applied in a direction reverse to the initial DC
magnetization direction of the slave surface to execute the magnetic transfer. It is
preferablé that the information is a servo signal.

The initial magnétization of the slave medium is executed by

generating the magnetic field at a portion of the track direction, and rotating the



magneti zation direction of the slave surface to execute the magnetic
transfer. It is preferable that the information is a servo signal. The
“initial magnetization of the slave nediumis executed by generating the
magnetic field at a portion of the track direction, and rotating the 5
sl ave mediumor the magnetic field in the track direction, wherein the
magnetic field has magnetic field intensity distribution having portions
of the magnetic field intensity not |ess than the coercive force of the

slave nmediumin at | east one position of the track direction. Also, it is
pr ef er abl eslayegagdium orthe magpeasic feld i the wack dprcatlomnwbcrenm@hct magnetic
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transfer and the sl ave ned initial netized in c ose cont ac
wi th each slavemediumt srdynngreingle diieetldnalrposltkml of dektratkr dicddtion, andtierseha t he

magnetic field ha neti.c field inten i stribution that themanetlc
field int eﬂggpﬁtlgi“@ﬁ g{#ﬁ{lﬂé}hﬂt W&fr%ﬁwimg e cgEave forca©fdhei num
transferri SRR fihel ] nl N any position of
the track %llgyect | oéllhqgotptg|‘§?1dltgg)%gﬁioglﬁg?gégg% | e d intensity within the

range of the opti minlsozainss preferablerthgnappigcationl of the teinsfersing mapnetic fiedd

| east one . positio n the single track direction, and the magnetic field:
intensity }S,pxteﬁgte,d&bégg@era{m&@lp{e magééftw 6isld at a pegiamahthedeack %—l’@ﬁhﬁ‘?ﬂv&ﬂ@le of

ey L0, bl A48 kA % ) FRGREKL Sl g st el
transferri mgtlaiﬂi_sgm incagdnietized Imto%&l ¢ontact With adh tothes of e magnetic field in
the track direction, wherein the magnetic field has magnetic field intensity
distribution that the magnetic field intensity greater than the maximum value of the
range of the optimum transferring magnetic field intensity does not exist in any
position of the track direction, portion to be the magnetic field intensity within the
range of the optimum transferring magnetic field intensity exists in at least one
position in the single track directibn and the magnetic field intensity in the reverse
track direction is less than the minimum value of the range of the optimum
transferrlng magnetic field intensity in the whole positions of the track direction.
The range of the optimum transferring magnetic field intensity is 0.6~1.3 times the
coercive force (Hcs) of the slave medium. |
. According to the aforementioned present invention, because when
executing the magnetic transfer, the application angle of the transferring magnetic
field is within a range of + 30° in a vertical direction with respect to the slave

surface, or the application angle of the transferring magnetic field is within a range



coercive force (Hcs) of the slave nmedium According to the aforementioned
present invention, because when executing the magnetic transfer, the

B application angle of the transferring magnetic field is within a range of

30 in a vertical direction with respect to the slave surface, or the
application angle of the transferring nmagnetic field is within a range 6
off 30 with respect to the track direction on a plane parallel to the slave
surface, or sum of absolute values of an application angle of the
transferring magnetic field in a direction vertical to the slave surface
and an appbf ¢a30°owithng$pecoto tietratk direétéon bna plagephuralel teklt stavd sudaggct

to the track directio parallel to the slave surface is within

on pl ane
30, an accOf &8 eraéﬁgﬁlé? Vaﬁleswgaﬁe@w@@a@mpaﬂg@rqfsthem@megée%gr@ac\/ﬁqlﬁ
honbgeneou ri.les. on. I r of t:he s edi an n
assure an %(E‘{a eﬁtlbﬁrgé}@llc%g%f’nﬂ%t igloa?éi %ﬁgfcceaggho sé@\jgcaglsgn;ﬁ%let BFitﬁgr ove
reliabilitrahsferraed maighetdofild wath R@pédiao 1he hatk difetaon oara gRvEGRrallR to
regul ating the application ,anfl e of the magnetic field for nagnetic
transfer whenslaveasurfageosamitin 305, go ageuratssisansfeviofhthemagneticepattarns nan be

i b d_so. that . desi i bl
o “the. whor S WA bR TnaSBieb ths VBARCR Iach ot {bE RateCP e | 1
t he magnet afd taehskude aflexcbNent'iakin@ Rthdtiof ihi & EadeSoeRSVd ¥ignAR foikiPidve

BRI EF- DESCRI PTI ON OF THE DRAW NGS The enbodi nents of the present invention
wi || be exyshabidy theneof. ref erence to the acconpanying drawi ngs, in which:

Fig.l is a perspective view showing nain parts af magnetic transfe
apparatus for executt nf§o% TGRS !tl&eqtmaggqtgcr.msﬁgdadg&%rd )ﬁgretggiaé}pg €
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definition of application angle ) .
range as described above, an excellent magnetic transfer can be executed, so that

design of accuracy in assembly of the whole device, intensity and distribution of
the maghetic field in the magnetic field generating means and the like is easily

perfonned.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present invention will be explained with
reference to the accompanying drawings, in which:

Fig.1 is a perspective view showing main parts of a magnetic
transfer apparatus for executing a magnetic transfer method according to an
embodiment of the present invention;

Fig.2 is a front view showing a first definition of application angle
of trénsferring magnetic field;

Fig.3 is a plan view showing a second definition of application
angle of transferring magnetic field;

Fig.4 is a schematic view showing another embodiment of a

‘magnetic field generating means; and



of transferring magnetic field; Fig.3 is a plan view show ng a second
defmtion of application angle of transferring magnetic field; Fig.4 is a
- schematic view show ng anot her enbodi nrent of a magnetic field generating
means; and 7 Fig.5 is a schematic view show ng principal steps of the
magnetic transfer method according of the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON' Her ei nbel ow, description will be given for
enbodi ments of the present invention in detail with reference to the
acconpanying drawings. Fig.1l is a perspective view showing main parts of a
magnetic transfer appPmStua schemakecwiewnshoawinmggpraidipalt stepss 6£ theratalgaetic
according to enhodj nent  of e present invention. Figs.2 and 3 are

Vi ews shgm}rﬁﬁgfg%mréﬁ?‘{d %‘Pfé’r‘émgt‘?#éne&’ﬁ?ﬂe%&%‘i%‘ﬁo&ngl e of transferring
magnetic field, Fig.4 is a schematic view show ng another enbodi ment of a
magnetic field generating nmeans, and Fig.5 is a schematic view show ng

princi pal PHEAILEDDESCRIAEION OF A HEANVENIdONccording of the present

i nvention. Note that_eac f the figures is.a sche ic view, and that

di mensi on of each p qrgmgploqvhe F?%H’qkqﬁ’oml ther &1ven OHWH‘E?&{FHCIF*F oi?ﬁh dhe
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- magnetic ransfer, a slave surface (nmagnetic rec I'ng°surt ace) of a sl ave

medi um 2 (magnet i cFigdds di pegspeetive niew Shaklingechih pagetofl aimagnétac traiéfen an

i nformati on bearing surface of a master medium 3 so_that the slave nmedium

and the nedRRAratusden exAcHtiBg amageelc Eanfacmeihadaccaedingitnan egbagdiment of

p et o M IRIGPERP MGehbES PS04 BRI A BN e
medi um 2 agpplicatiomaspghy oMeansferrihg maghetdd SitRY, Rigd is a schematic view showing
another embodiment of a magnetic field generating means, and Fig.5 is a
schematic view showing principal steps of the magnetic transfer method according
of the present invention. Note that each of the figures is a schematic view, and that
dimension of each parts or the like shown therein is different from an actual
dimension. .
In the magnetic transfer apparatus of Fig.1, during the magnetic
transfer; a slave surface (magnetic recording surface) of a slave medium 2
(magnetic recording medium) is allowed to get in contact with an information
bearing surface of a master medium 3 so that the slave medium and the master
‘medium are in close contact with each other with predetermined pressing force
after initial DC magnetization to be described later is executed. In this close
contact state between the slave medium 2 and the master medium 3, a transferring
magnetic field is applied to them by a magnetic field generating means. Thus,
| magnetic patterns such as serv0o signal of the maéter medium 3 are transferred to
the slave medium 2 to be recorded therein.
The slave medium 2 is a disk type magnetic recording medium such

as a hard disk, a flexible disk and the like which a magnetic recordiﬁg layer is



magnetic field is applied to them by a nmagnetic field generating neans.
Thus, magneti-c patterns such as servQo signal of the master nedium 3 are
“transferred to the slave nmedium 2 to be recorded therein. The slave nmedi um
2 is a disk type magnetic recording nediumsuch as a hard disk,* a
flexible .disk and the |like which a magnetic recording layer is 8 formed on
both surfaces or one surface thereof. A cleaning process for renoving

m cro protrusions or adhering particles on a surface of the slave nedi um by
a grind head, abrasive substance and the like-is executed, if desired,
before t he femagdon heth snifacemer one swiaeetheneafi ufn deaning iprocsss fer tumoviog

th h ot.her. eqver e slave nedium 2.is allowed to previousl.
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formed (refwhich [HgndmlesEltbaxS)‘.he Thercoidh fsrce Hdsao £t slabe mediher 2rﬁiﬂyliﬁ1the
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br ought |nfr8Cl€1F18 reshenaand ¥ tass dhabtheegearcivel toree pEdheislave mediumodnin 2her e
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Thus, the 1nitial magnetlzation (DC demagnetization) of whole track is executed by

rotating the slave medium 2 or the magnetic field in the tracking direction.

The master medium 3 is formed into a disk shape. On one surface of
the master medium 3, a transfer-information bearing surface on which micro
uneven patterns due to a magnetic layer 32 are fofmed is formed (referring to
Fig.5). The other surface of the master medium c()ntrary' to one surface is held to a
close contact means (not shown) to be brought into close contact with a conveyed
slave medium 2. As shown, there are a single surface sequential transfer in which
the master medium 3 is brought into close contact with one surface of the slave
medium 2 and a both surface simultaneous transfer in which the mater medium 3 is
respectively brought into close contact with both surfaces of the slave medium 2.
A cleaning process for removing micro particles adhered to the master medium 3 is
performed, if necessary, before the master medium 3 and the slave medium 3 are in

élose contact with each other.



medium 2 and a both surface simnmultaneous transfer in which the mater nmedium
3 is respectively brought into close contact with both surfaces of the

" slave nedium 2. A cleaning process for renmoving mcro particles adhered to
the master nedium3 is perforned, if necessary, before the master nmedium 3 .
and the slave nedium 3 are in close contact with each other. 9 In a
magnetic field generating neans 5, el ectronagnet devices 50, 50, in which
a coil 53 is wound on a core 52 having a gap 51 extending to the radi al
direction of the slave nedium 2 and the naster nedium 3 held on a cl ose
contact neans, ar e lara magoetioficldgeneratmi mmas 5selbetronfagnbedeadesuh®, 30, 3.

In this St?‘ie&“ﬂige 9&3“&?@“%1&1 energ %rrgagna% ?hg%p' es tr&)&s]?agrrlng
magnetic f A i 9% ui"@ @li on
to the mediigBticn of ﬂh@sraberﬁ 9iah@Ghe RafChediifin 8"6AH dr's ciq%.;@ a3
Buring the magnetic field application, a transferring magnetic fie

appl i ed bymntdaas,nagratangetlicl dpparaidaiows sidensf drednedanss 21 3i ninothigbtags) of

the master, medi um.3 magnetj cally transferred and recorded o a sl ave
surface of ﬂ%%@ag&“éﬁ’/éj Ei%&ea?ﬁaﬁnwpw OtAPIIY ti"l‘i‘ﬁg‘tﬁf’aglwa@}?@% figldehaag um 2

and the magleheifBikl' arah]% o'st}f%rt‘f‘é ekt RN 5. 81l same
generati ng ans I's rotat a ‘? ran erri ng rﬁagnet icTreld
gener at es directimgoetr anduﬁadleithé n&dlmsw,en of the track direction, vvherel n

the magnetic field has magnetic field intensity distribution t hat t he
magnetic field inte grf‘ea@gnetﬂ%ﬁﬁdmlrﬁ@%pﬁummﬁy@ngﬂn@mtmaﬁ@é

{ranst or 11 BoPiokh By e haiferl” (R dRieAlink IR iy SFaCfiinformdeity R by
the track giasesnediumed s ﬂmrghemll}&)trm&ﬁ@d aBdretorded itehGldvet ﬁﬂﬁdcb)bﬂ/ﬁlé hin

the range of the optinmumtransferring magnetic field intensity exists. in
at | east oﬂéV%dgcdlluah 2 iwhileh gotating| iwtegralk ther dave onedizmd 2t pad nthg neaster

field intepshivm' 11§ préferdnié chdtAhE magnetic field generating means 5 is rotatably

mounted.

The transferring magnetic field generates the magnetic field at a

~portion of the track direction, wherein the magnetic field has magnetic field
‘intensity distribution that the magnetic field intensity greater than the maximum
value of the range (0.6~1.3 times the coercive force Hes of the slave medium) of
the optimum transferring magnetic field intensity does not exist in any position of
the track direction, and portion to be the magnetic field intensity within the range
of the optimum transferring magnetic field intensity exists. in at least oné position
in the single track direction, and the magnetic field intensity in the reverse track
direction is less than the minimum value of the range of the optimum transferring
magnetic field intensity in the whole positions of the track direction.

When executing the magnetic transfer, the application angle of the
transferring magnetic field by the magnetic field generating means 5 is within +
30° in the vertical direction with respect to the slave surface of the slave medium 2.

That 1s, when seen from front as shown in Fig.2, an angle a between an application
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direction is less than the m ni mum val ue of the range of the optinum
transferring magnetic field intensity in the whole positions of the track
~direction. Wen executing the nagnetic transfer, the application angle of
the transferring magnetic field by the magnetic field generating neans 5
is withinf 30 in the vertical direction with respect to the slave surface
of the slave nedium?2. That is, when seen fromfront as shown in Fig.2, an
angl e a between an application 10 angle of the lines G of magnetic force
of the transferring magnetic field generated in portions where the

magnet i ¢ f BRI elsthgdpasdd afymagneticalgrea pttha Earsigame magngtri]c fiskhgenerated t he
| f : : |- i ofeJel! { i L .
reat am 3 1 & OFicHs, WErd R ittt Refay i€ sPbASE M ptithc fichf eclPRtRg ) o

a i ndi cat esneanplJandlitheglaversurfacs € of g slapt imédiuAn2 and1escotontit with the
transferring magnetic field is within f 30 with respect to the track

di recti on stasterpngdampgy i defingedtq he withine+30.f dklsoofm thehfiguregvthe mpavarch 2.
That is, when seen,.froma.,plane direction as shown in Fig.3, an angle R
bet ween th@nglﬁpq f%ﬁt%a@rh?se@]ﬁ%}?nof lines G of the transferring nmagnetic

field generated in pRIbi BRSappiREBoM Bﬁ%léf’(ﬁ”t%itfanfsféﬂ'iﬂg!rﬁa _iciﬁ@lgqx witlfin
magnetic field generating nmeans 5 and a tangential direction of a
ci r cunf er et 3Q8] withaekpest to itke tratkidirestion aoa planetparallelte thedlave Sirfase of

‘defi ned b ithin. 3 i he fi ., the.out. d le R..
oot ned Loheotd By Ahais, Whehern Tetand Gtk SR g3,
transferri pg 2ABREbeEvddnahd aRgHE%tidH dikE&i AP iﬁgseagcgkg@&aﬂéfemﬁ% gﬂhggggﬁe N

the vertical drrection and t angle O 1nthe tra I rection I ned
to be wi t hfialB3genératedr maportidnsr whexshthdefaghefiofieddhasitapphied pié aaignetic

I f t.he t f [ tic field.wll be d i bed |ater, Th
o A T Boel e e B 3t o o,
0, 2not her s1B0badH A0 o (hE QIAICHERRIRING! A Eo BE IRPEI TN CRiso, TRURE'

device for generating the transterring magnetic as s
figure, the outward angle B indicates a plus direction. '

Also, in the application angle of the transferring magnetic field, sum
of the absolute values of the angle a in the vertical direction and the angle B in the
track direction is defined to be within 30°. The reason for such definition about the
application angles of the transferring magnetic field will be described later.

The magnetic field generating means 5 may be arrénged in only one
side. Also, in another embodiment, the electromagnet device or the permanent
magnet device for generating the transferring magnetic field as shown in Fig.
4(A)~(C) may be arranged in only one side or both sides as the magnetic field
generating means 5.

| The magnetic field generating means 5 shown in Fig. 4(A) is so
constructed that both side portions, parallel to the slave surface, of one
electromagnet 55 (or permanent magnet) exteﬁding in the radial direction of the
slave medium 2 are made of opposite magnetic poles, to generate the magnetic

field in the track direction. The magnetic field generating means 5 shown in Fig.
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4(A)-(C) may be arranged in only one side or both sides as the magnetic
field generating neans 5. The magnetic field generating neans 5 shown in
"Fig. 4(A) is so constructed that both side portions, parallel to the slave
surface, of one electromagnet 55 (or permanent magnet) extending in the
radial direction of the slave nedium2 are nmade of opposite nmagnetic
poles, to generate the magnetic field in the track direction. The nmagnetic
field generating neans 5 shown in Fig. 11 4(B) is so constructed that the
end surfaces toward the slave surface, of two parallel electronmagnets -56,
57 (or per4éBgrs sengorstaictedk thatdthegend sunfacesdioatard diheeslavosudhce hef svave

medi um and _s d.fromea redet er m ned,  gap re .mage of
opposi te &E?gfei? el grcggagqeg gsgge&]aigr tR§ emagnf:qsyea{tqmial@g]ént ckad‘a]
directi on. dTﬂeenaﬁgﬂr%é §1afvb%€dlﬂﬁ{‘§ﬁ@ts Q&dnﬁaﬂﬁea%hsm at é@eteﬁ‘é]
constructed that two parall end sur aces, toward t ve sur ace

the per rranammawhgmﬁabpml(eoma@etm pohasg mtg):nhaw te hhaghaﬂedidtd A shé Qfa‘ckons

and exten Lng int radi al Jreiiitlon are made of opposite_nagnetic pol es,
to gener at 8ireptien.npdfie: magnetis f1gld generating imeanse 8t shown AnsBig.i A(@nes so

magnetic f ragae" t p €. a

descri bed gg%ve &ﬁeﬁgingl ”Zﬁfh":lle h%ﬁc{/e a? gﬁ’&gg\gt %enrg?ﬁ% gﬁ‘ﬂggﬁgﬁg thﬁ in -
the track penna:nermmnlagneﬂ”léSamrl eheatromgﬁegl Baviag Uhehdpednsfwkseodonpangt i
field are definped, t hin 30, respectively, and the sum-of the

absol ute vEktgading in &ﬁer#maé directing @re snase of eppasitganagrstic peles,  genesate
schemati c meem Wfﬂgldoﬁxfth% t&%ﬁ(tcﬁ{é?:ﬁo f the magnetic transfer.. Fig. 5(A)
I'C

shows a step o ield in one direction to initially

D.C. nagneti ze the sA]@ueulirBtﬁeumagnetEt Fiel@ (EBneshiyi niedised Of thdrresjsbctive
master nedium 3. and the slave nedium 2 into close contact with each other

and then apmbpdiments gsdeseribadabpvienthe angle etinghe vettinak direetiom and the angle

direction, g, the track direction in the application angles of the transferring magnetic field
are defined to be within £30°, respectively, and the sum of the absolute values of
~ them 1s defined to be within 30°.

Next, Fig.5 is a schematic view showing basic patterns of the
magnetic transfer.. Fig. 5(A) shows a step of applying the magnetic field in one
direction to initially D.C. magnetize the slave medium 2, Fig. 5(B) shows a step of
bring the master medium 3 and the slave medium 2 into close éontact with each
other and then applying magnetic field in a direction reverse to the one direction,
and Fig. 5(C) shows a state after the magnetic transfer, respectively.

First, as shown in Fig. 5(A), the initial magnetic field Hin is applied to
the slave medium 2 in one track direction to previously execute the initial

~magnetization (DC demagnetlzatlon) Then, as shown in Fig. 5(B), a slave surface
(magnetic recording surface) of the slave medium 2 and an information beanng
surface .formed by coating micro uneven patterns on a substrate 31 of the master
medium 3 with a magnetic layer 32 are in close contact with each other and then,

the transferring magnetic field Hdu is applied to the slave medium 2 in a track
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and Fig. 5(C) shows a state after the magnetic transfer, respectively.
First, as shown in Fig. 5(A), the initial nagnetic field Hn is applied to
“the slave medium 2 in one track direction to previously execute the initial
magneti zati on (DC denmagneti zation). Then, as shown in Fig. 5(B), a slave
surface (magnetic recording surface) of the slave nmedium 2 and an

I nformati on bearing surface formed by coating mcro uneven patterns on a
substrate 31 of the master nmedium 3 with a magnetic |ayer 32 are in close
cont act mnth each other and then, the transferring magnetic field Hdu is
appl i ed t oditeetien ag¥crsedp the 2pphcation divection o theamtml\ mwmtsedlrocttdm to

orbcute t nNGHETER A Pie arEpti kS RECASE reSut ARV ingig. SEOETTaBhstiRer i
patterns apgiémgnabefrafsteRsd drﬂc%&ﬁéed)rbnt bR %ia%esxﬁwctaa&ﬁancg;t) " itle Qfathe |

slave nedium 2 according to the patterns of protrusions a recesses of
t he magnet medivmy2 raCBQrdmg ttoéhe plattermst 0D pratessi onsyasd récessesodf tie nmapnetic

di 3. th er on the suhstrate 31 of the
gsltg?] mag Gﬁ?éeo\éf@‘edegom g‘%ﬁeatlvge\gréun %ﬁ;&'q}shgﬁ@\;@ﬁ@ Bas rever se to the
ositive atterns i [ W rred
zlgndI rla\éordgd by cha&nlglghgv?ﬁw}l%&rectlo SCOIE?%%%](H}'?{&F%Q ﬂ% ﬂ'{%%{e

and the di mediumn3 odret hegativeapatterns ileyinggneven shapéd rH(Zbrsé Qob&nedpbﬁmfe ons
When the substrate 31 is made

reverse. to the af nt.i oned directions.
of ferr omaB'ﬂéffmé @%gfgng@ ARG MAENRIIC pRHgMsHEAN bk dansiearedeibracordedabyf er

b f I a iC
Cayer - ab ot e WHof ofbeVinihl RUBRLECRI Ty A IREUAfTRERE
t ransfer caandferrirey maagreticbfieldr Bldudiondeadiregitglsi evemgefo fe aferénitationed

transfer p g . When the substrate 31 is nmade of nonmagnetic substance,
t he magnet Hi’ér 32 needs to be provided. It is preferable that the

magnetic layer 32 ofywbe (iBSittralE s ?M(fesofafeﬁ(&magﬁg‘gg%ﬁﬁaﬁ@g §lc"AVAR9 a

and the like, the magnetic transfer can be performed by means of only the substrate
31, so that the magnetic layer 32 need not be coated thereon. However, an
'excellient magnetic transfer can be performed by providihg a magnetic layer 32
having good transfer property. When the substrate 31 is made of nonmagnetic
substance, the magnetic layer 32 needs to be provided. It is preferable that the
magnetic layer 32 of the master medium 3 is a soft magnetic layer having a
coercive force Hecm of 48kA/m ( 600 Oe) or less.

Nickel, silicon, quartz platé, glass, aluminum, alloy, ceramics,
synthetic. resin and the like are used as the substrate 31 of the master medium 3.
The uneven patterns are formed with a stampér method, a photo-fabrication
method and the like.

In the stamper method, photo-resist is formed on a glass plate (or
quartz plate) having an even surface by a spin-coating and the like, a laser light (or
electron beam) modulated according to the servo signal is irradiated on the glass

plate while rotating the glass plate, and the whole photo-resist is exposed and thus
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coercive force Hcm of 48kA/m ( 600 Ce) or less. N ckel, silicon, quartz

pl ate, glass, alumnum alloy, ceramcs, synthetic resin and the like are
" used as the substrate 31 of the naster nedium 3. The uneven patterns are
formed with a stanper nethod, a photo-fabrication nethod and the like. In-
the stanper nethod, photo-resist is formed on a glass plate (or quartz

pl ate) having an even surface by a spin-coating and the |like, a laser |ight
(or electron beam) nodul ated according to the servo signal is irradiated
on the glass plate while rotating the glass plate, and the whol e

phot o- r esi predeterexped pdttemd, forexaniple, maﬁdatsecmr'respdmﬂiagttertm servorsignahapd e,

adi ol | ai ¢ GEePBMENGEY T B el Risped é‘r@hn@eﬁp@%“rﬁ”aﬂéﬁﬁn& capler teyeach
ci 1 ount er oneck: p APRRPECRCBORIohS SobSERGRARETE IR, PARERVE s o fhe e

portions eireumérenes. tbherbaﬂdzmﬂae phets-flesigt ixadevelopedviaid thak Pogﬁ@péx@nohae
phot o-resist. Next, based on the uneven patterns on the surtace of the

di sk, pl at AFegremvEdtosrbain adisk ihgvingsar waeHen shape Hue s thephote gesist. aNnxta Ni

~ substrat trat
emoved 1r St BRI RRRHECoR B SyBie o E A6 Drdelfe (e diotRimtadi
i tsel f, orpeéfforinedonahy suffaé@ts obaaMANEsityate BN posRiveCinet@n ga'tt'efﬂsnay
be coat ed on t he uneven patterns to be used as a master medium SO

anot her pl aid ﬂ'@m@? Nesyhsimts wg@nmvedrfeomutbk da&jfal 6Ubatkzieana}sbc<mcki ds sk

Cubstrate pabhy ARGIRHBSHRES oR FTPea oot BEERRa s 4 TRiSicire e

on the sefilfitnal} b& cBhtedas theSevbh g,attems tBEbebis@HQQta xhﬂéter fle@Afncont act
with the second disk and a curing be perforned to make a third disk, and

t hen anot her pl at i nd\ls@yandthepplatiogrmaly be pdnﬁ)nnﬂdrm thes diskcagalin 46 make 2
ULt IR ORA AEEHEPEL) Rt et i) B8 el e
substrate having negative uneven patterns. Also, a plating may be performed on
the second disk or resin solution may be brought into close contact with the second
disk and a curing be performed to make a third disk, and then another plating may
be performed on the third disk to obtain a substrate having positive uneven patterns.

On the other hand, after patterns due to the photo-resist are formed on
the glass plate, holes are formed in the glass plate by etching and the photo-resist is
removed to obtain a disk, and then a substrate may be made as described above.

Ni or Ni alloy can be used as metal materials of the substrate, and
various metal film growth methods such as non-electrolysis plating, electroforming,
sputtering, ion plating and the like can be used in the plating for making the
substrate. It is preferable that the depth of the uneven patterns (height of the
protrusions) on the substrate is within a range of 80nm ~ 800nm and more
preferably, within a range of 100nm ~ 600nm. .In a case of servo signals, the
uneven patterns are formed long in the radial direction. For example, it is
preferable that the length in the radial direction is 0.05 ~ 20um, and that the length
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the glass plate, holes are forned in the glass plate by etching and the
photo-resist is renoved to obtain a disk, and then a substrate nmay be nade
" as described above. N or Ni alloy can be used as netal nmaterials of the
substrate, and -various netal filmgrowh nmethods such as non-el ectrolysis
plating, electroformng, sputtering, ion plating and the |ike can be used
in the plating for making the substrate. It is preferable that the depth
of the uneven patterns (height of the protrusions) on the substrate is

w thin a range of 80nm- 800nm and nore preferably, within a range of
100nm - 600hihe circamfersatiak diseetian & Qrﬂ%ﬁl s, SHthe Itua@refq:r@dt:ttbamwndme thesened
long in th adi al..direction. .For fer t he
ength i n THERSarigtns Riiac? i i A GRicTiop e prefofibly SERglAdisgiatremiator
the circunbgasns hﬁbnﬁhﬁ@ﬁ.bfq—{b $ev8 sfinats.©m It is preferable that within
these ranges, patterns longer in the radial direction are preferably

sel ected as pattern§mmatlone(ﬁruhngnagmtrmhmenBZdBoﬁhnagrmtwolaye@nal&xecuted

Fornatlonﬁ;thena etlc 2§sgét magnetic |ayer) exgcut ed . by
vacuum fi | BY oY etod, sugh Asq% ideRo HoHle }ﬂfﬁtﬁp@mﬁ@g
?ect)rl\lllod Egﬁl‘fdglrl@d ICoN TaZr andﬁ&ﬁ aHPEﬁké% Efeftﬁkgfiaﬁ(?& ??:eg,’ Cﬁg%o(fﬁ@hei\l??\//b

FeAl Si, FE€aNiZEeCTaNbTaKr antlithallikey, Fé| Fe)alloyr(FbélouFed?oh’h eNjitefo, FeiSer i al
eCoNi, can be used. It is

of the Pr abl FeCo,

pref er abl eg?ﬁ‘jﬂ %Pjﬁ%i Nic llﬁe§g°}5f ike) rﬁ&?@ngﬁl wseda g rmagnegiq migteral ghdhe of
50 - 500n f pr Y, 0G t is
preferable t afﬁgl rgt elglie?‘%/rgmfyl IF%WS({J?h&a(gﬁDﬁ%g cl‘1f‘58(r}rre E: ép%ﬁblmnet{lé

| ayer and thitkress oahthd my@nemeyldyerflsrwaﬂm Mo rgnger efes@bl 500nm and more

di anond-1i ke-ca fil mof 5 - SOnmas protective filmand the

| ubri cant pT"’i?@E’ l@m W‘@Seoi 1007t 4890me nf orci ng 1 ayer such as Si may be

formed between them@nﬂé Brafemble A ot HOtERESAM ¥ocH b BLARE rdibld §ant

| ayer inproves
the magnetic layer and a lubricant layer may be formed. More preferably,

diamond-like-carbon (DLC) film of 5 ~ 30nm as protective film and the lubricant

layer exist. Also, a contact-reinforcing layer such as Si may be formed between
the magnetic layer and the protective film. The lubricant layer improves
deterioration of durability such as generation of scars due to rubbing when
correcting deviation generated during contaéting with the slave medium.

A resin substrate may be manufactured using the above disk and the
magnetic layer may be formed thereon to be the master medium. Acryl resins such
as poly carbonate and poly methyl methacrylate, vinyl chloride resins such as poly
vinyl chloride and vinyl chloride copolymer, epoxy resins, amorphous poly olefin,
poly ester and the like can be used as the resin material of the resin substrate.
From the point of view of moisture proof property, dimensions stability, price and
the like, polycarbonate is preferable. Burrs on the formed product can be removed
by means of vanishing or polishing. Also, ultraviolet curable resin, electron beam

curable resin and the like may be formed on the disk by means of spin coating or
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deterioration of durability such as generation of scars due to rubbing when
correcting deviation generated during contacting wwth the slave nedium A
" resin substrate may be manufactured using the above disk and the nmagnetic
| ayer may be forned thereon to be the master nedium Acryl resins such as
poly carbonate and poly nethyl nethacrylate, vinyl chloride resins such as
poly vinyl chloride and vinyl chloride copol yner, epoxy resins, anorphous
poly olefin, poly ester and the |ike can be used as the resin material of
the resin substrate. Fromthe point of view of npisture proof property,

di nensi onsbat egating It ippreferableithat the heéight opiieypratrbsioas enithe pesih subditate
Burrs on the formed product. c remgved - b s of. vani shin r

pol i shi ng. AWétg‘}n di §9i°3|§é): ~§{h(§ﬁm airfrlgsr'PH{e Bleserebl, WHBIR 2 dansm 6 108sT n
and the |ikgommy be fornmed on the disk by nmeans of spin coating or 15 bar
coating. It is preferable that the height of the protrusions on the resin
substrate is wthi The magnetiotays is caftedron Hredmiroepatteaiconhhy sumthtdofi a

range of 100 500n The netjc layer is coated on the mcro patterns on
the surf ac@’eJFsthgS‘F%@itﬂ rgg’g?dg %F@S(eé TB‘HfIHFh Tihganagnaticrlayerdis dasmadh from
magnetic | | fir et ter| o)
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i on pl at i ndepusithmrimetidl, shatierige mesthed| ianPlatingemettiorl, a6 plinohletiodandl, in

t he phot o-{hg tication nethod, for exanple, photo-resist is coated on the
flat surfad€lfe-a flat substrate to form patterns according to information

by exposure and dev ' a; | tterns of
the servo signals. ?ﬁ%&&ﬁ?%’hgpgﬁ%g}ﬁg’g‘?ga@gﬁgh%ﬂ%@? g)ic%’fa&milﬁ’ W th
patterns aplibtbaesiet isvicoatddobastea fan surfade poh ac flat eabsiste @ formh Natterns

t hi ckness of the magnetic |ayer by neans of etching process. Subsequently,
film growtasoRdng tp Antarmatignieyexppsuse and dsueloppendusingea phote mask basech

t hi ckness

on the p'attems of the servo signals. Subsequently, the substrate is etched in
according with patterns and formed with holes having a depth corresponding to the
thickness of the magnetic layer by means of etching process. Subsequently, film
growth material is coated up to the surface of the substrate in a thickness
corresponding to the formed hole by means of vacuum film growth method such as
vacuum deposition method, sputtering method, ion plating method, and plating
method and the like. Subsequently, the surface thereof is polished to remove burrs
and to flatten.

A magnetic recording medium having a disk shape such as a hard disk,
high-density flexible disk and the like is used as the slave medium 2, and a coating
type magnetic recording medium or a metal thin film type magnetic recording
layer is formed as the magnetic recording layer. Co, Co alloy (CdPtCr, CoCr,
CoPtCrTa, CoPtCrNbTa‘, CoCrB, CoNi and the like), Fe and Fe alloy (FeCo, FePt,
FeCoNi) can be used as a magnetic material of the metal thin film type magnetic
reéording layer. This is preferable because more accurate transfer can be

performed in case that the magnetic flux density is greater and the magnetic
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corresponding to the fornmed hole by neans of vacuum filmgrowth method such
as vacuum deposition nmethod, sputtering nethod, ion plating nethod, and

" plating nethod and the |ike. Subsequently, the surface thereof is polished
to renove burrs and to flatten. A nmagnetic recordi ng nmedi um having a di sk
shape such as a hard disk, high-density flexible disk and the like is used
as the slave nedium 2, and a coating type magnetic recording nediumor a
nmetal thin filmtype magnetic recording layer is forned as the nagnetic
recording layer. Co, Co alloy (CoPtCr, CoCr, CoPtCrTa, CoPtCrNoTa, CoCrB,
CoNi and t l4aisotepy 1sFghewinl Bethy Isaype( dz@dionFepithe #ppdistipncdirettomuoddthas a

' ' he, r | thin fi ti di I )
ROTet | ¢ TR Bt 1o Lo SR Sl bt e
that the nygfidore ridnberdgas) e h%agg{?ﬁetﬁﬁ}e?ﬂﬂ it"e _%}ﬁBleCma%ﬁa&]E@%ﬁpr

I's shown in the sane direction as e applicationdirection of t
magnet i ¢ f basal layem isrfdemed.o Phe\crystalt steuctexpuand dherdgtiet iparantwotshopld bader

por t ide) th ti terial, it.is preferable that
Lonmaanet | EATE SRt e msgachermed. Hdnah fo SrTot CobryCel aridrMao Nidl: Rue
par amet er %%%nghpﬁf%ﬁ%k%ew th the magnetic layer. For that, C, CTi,

CoCr, CrTa, and the |i ke can be used. Now, the result of

test executed with tNewathd resaltiafitest exetutednwith theexpplicatisi elifection EIREt i C
field within the.aforenentioned.range will be explained. The naster
medi um t hBaBsigngaenatie Agld withim iecatprementiosrdrange woll besaplaned hEhet est

f ol | : ' . ' . ¢ .St e netho a N
substrate MsiehangiRERRE U na MG e btiicYahttel YAHBRA B84 e &
t he patt er test heevas folldwdhgl i nes with equal interval and width of 0.5m

within a range of 20 - 40mmfrom center of the disk
g (Preparation of Master Medium)

By Ni stamper method, a Ni substrate having disk-shaped patterns of
0.2pm depth was prepared, wherein the patterns have radial lines with equal
interval and width of 0.5pm within a range of 20 ~ 40mm from center of the disk
to in the radial direction and the line interval is 0.5um at the innermost position
which is 20mm distant radially from the center of the disk. In the vacuum film
growth apparatus, under conditions that pressure was decreased to 1.33 x107® Pa(10
"Torr) at room temperature and then argon gas was introduced to be 0.4Pa(3 x10°
*Torr), a FeCo film (soft magnetic layer) having a thickness of 200nm was fdnned
on the Ni substrate to be the master medium. The coercive force Hem thereof was
8kA/M (100 Oe), and the magnetic flux density Ms was 28.9T (23000 Gauss).

| (Preparation of Slave Medium)

In the vacuum film growth apparatus, under conditions that pressure
was decreased to 1.33 x10”Pa(10”"Torr) at room temperature and then argon gas
was introduced to be 0.4Pa(3 x10Torr), a glass plate was heated to 200°C to
prepare a magnetic recording medium (hard disk) having a disk shape of 3.5inch
type in which CrTi was 60nm thick, CoCrPt was 25nm thick, the magnetic flux
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toin the radial direction and the line interval is 0.5mat the innernost .
position which is 20mmdistant radially fromthe center of the disk. In

" the vacuum film growth apparatus, under conditions that pressure was
decreased to 1.33 x 10-5Pa(10" 7Torr) at roomtenperature and then argon
gas was introduced to be 0.4Pa(3 x 10- 3Torr), a FeCo film (soft magnetic

| ayer) having a thickness of 200nmwas forned on the Ni substrate to be
the master nmedium The coercive force Hcmthereof was 8kA/M (100 Ce), iand
t he magnet i . ns 2 3000 Gauss Pre t] ave
vedi iy nCERabIMESA p 7 0wt ORI LRl S WO RRKARE Gredir e
was decrea to 1.33 x10-5Pa(10-7Torr) at roomtenperature and then argon
gas was i nt foduced to be O. 4Pa(3 x 10-3Torr), a glass plate was heated to
200C to prepare a ﬂgﬁdvlledmcbfomMag@tméﬁlausfe(hard di sk) havi ng a di sk
shape of 3.5inch type i.n RRS’OTI was 60nm t hi ck, was 25nmth|ck
the magnetic fl ux ed@ﬂg% adepleciromagnes O‘t‘z’&u’é’s %m Wasearraged )
force Hcs r) ~he
ring type %%géﬁgﬁgég% E‘ggﬁéﬁgat gﬁb ﬁe(la_‘iﬁ%ngf?} was arrangﬁcp(Fo-gsfﬂﬁ C(E %%ez peak
of the rragtime’sdhélmedcwatm Hcsva&tlﬁ’QSIaAé médiaat) &e)the whifabe iof the dlavees

the coercive force Hcs. sl ave |um on the surface of the s|ave
medi um  t oMCAIYRafQ jnia M’B@&e’ﬂag@etﬂ slaxe paedium.  Nisxt, tl’!ehélaé’P anediggyi um

initially gt t

cont act it i Bam JPREHRS %’S‘rffﬁeﬁ“%%e‘“’*ﬂ T R ihed) ot Sfiact

was regul awéthh each dithalt amdheunenkof)thd Hing tpp htad efelcﬁ’odaagn‘eemlstrygu\l@ﬁedZQY KA//m
(2600 Oe) the ST(( 3§R of the Iave medium In the_ a Ilcatlon anle of

t he magnet %%‘Flﬁ? ¢ feeRtyhyas ZQM@M? ace
el ect romgw&%SlNéemgmgt ic field was applied in a di rect [ on

In the application angle of the magnetic field (peak magnetic field) by

the upper and lower electromagnets, the magnetic field was applied in a direction
reverse to the application direction at the initial D.C. magnetization while the angle
a in the vertical direction shown in Fig. 2 was varied in a range of 0° ~ +45° and
the angle B in the track direction shown in Fig. 3 was varied in a range of 0° ~ 345°,
to execute the magnet transfer.- Also, close contact of the master medium and the
slave medium was performed by means of pressing an aluminum plate with a
rubber plate inserted. |

(Evaluation Method of Electromagnetic Conversion Property)

The transferring signal of the slave medium was evaluated by means
of an apparatus fof measuring electromagnet conversion property (SS-6 produced
by Kyoto Denshi Ltd.). An ‘MR head in which gap of a reproduction head was
0.24pm, width of a reproduction track wés 1.9um, gap of a recording head was
0.4pm and width of a recording track was 2.4um was used as the head. The read-
out signal was frequency-divided by a spectrum—anélyzer and difference (C/N)
between the peak intensity C of the first signal and noise N of the medium fitted
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reverse to the application direction at the initial D.C nmagnetization
while the angle. a in the vertical direction shown in Fig. 2 was varied in
"arange of 0 - 45 and the angle Rin the track direction shown in Fig. 3
was varied in a range of 0 - f45, +to execute the magnet transfer. Al so,

cl ose contact of the master nedium and the slave nedium was perforned by
nmeans of pressing an alum num plate with a rubber plate inserted.

(Eval uation Method of El ectronagnetic Conversion Property) The transferring

measuri ng Ao MR sty VRR AR wat sRRE) %Kwiv%°@§nsh.
Ltd.). An Nghheathehnthehirple $2Bn@fthe a’n%lhf gowetd QN dreaHapgs aAB a¥ o

a reproduction track was 1.9m gap of a recording head was "'0.4m and w dth
of. a recor ddavguse adienvihe Izla:tmwva@luas@G/Iﬁsgolt Hesshthad. —6R (geeater inuthe shins|

was frequen db ectrum anal zer nd differen bet ween
the peak i ﬁﬁ’éﬁg‘ qﬁeﬂé}ﬁéngﬁ“ﬁg ‘@?sgﬁgﬁ i Lan§ieh ot ﬁ%d’n‘gﬂl‘(ﬂwq MaSed
18 from outegi éﬁ& @jﬁﬁ; ted while
the val uetes\,ﬁe éTﬁ tf;cgavng&?hgﬁgﬁg u\“el(s\:f?‘ﬁ\/vere %Piew??ﬁg@lé@ a=R=0)
was OdB. Because when the relative value AC/N got |ess than -6dB (greater
in the mnus di rec;t/é;égee the signal intensity was small and the transfer

got bad, the val ue lhi vated as a permtted value. The result is shown
in table 1 and table 2. (Table 1)C/N(dB) 450 -9.2 -9.5 =9.6 -10.0 -10.3
E

'10.7'111'J.3.0'J.l 1'J.UU ‘-i-UU '8J.'UU OJ. 8J 91 07 !'\

-12.5.-14. 1]}169 350 -6.3 77 -7.4 -8CIN-@B) -9.1 -9.5 109 213.5 -14.7
300 -2.7 {T. L tT. T8 7 8.5 -9 LT -9/ - L3[T 145 25T 9727 -%.5
T71 T8 1 454_%29 %95 1 %0 71000 |1-103 ] 105 | 1 |13 % ] 171 | 2196

40° | -81 -89 |-91 | -89 | 91 | 97 |-105]|-125!-14.1 | -16.9
35163 |-771-74| -87 | -89 | -91 | 95 | -109 | -13.5 | -14.7
30| -271-711-71] -83 | -87 | -85 | -9.1 | 97 | -13.1 | -14.5
25°1-19 1} -27]-65| -7.1 -8.1 -84 | -89 | -11.1 | -12.7 | -14.1
2000 -13|-17|-27| -68 | -7.8 | 81 | -85 | -9.1 | -9.5 | -104
15°1-05}-12}-19-27 | -71 | -75 | -81 | -83 | -89 | -9.1
10°1-02)1-04)-15| -19 | 28 | -64 | -74 | -79 | -83 | -89
5¢{-01/-02-07) -18 | 21 | 25| -69 | -7.1 | -8.1 | -8.7
0° 0 102)-02] 09 1 -15]-211} 28] -67 | -72 | -85
0° 5° 10° | 15° 20° 25° 30° 35° 40° | 45°
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20 -1.3 -1.7 -2.7 -6.8 -7.8 -8.1 -8.5 -9.1 -9.5 -10.4 15 -0.5 -1.2 -1.9
-2.7-7.1-7.5-8.1-83-89-9.1 10 -0.2 -0.4 -1.5-1.9 -2.8 -6.4 -7.4
-7.9 -8.3-8.9 50-0.1-0.2-0.7-1.8-2.1-2.5-6.9-7.121-81-87 00
-0.2 -0.2-0.9-1.5-2.1-2.8-6.7-7.2-8.505 10 15 20 25 300 350 400
450 a 19 (Table 2) ON (dB) 450 -9.3 -9.7 -10.1 -10.5 -10.8 -11.2 -11.3
-14.3 -17.4 -19.1 40 -8.7 -9.1 -8.9 -9.5-9.9 -10.1 -10.8 -11.9 -15.1
-17.6 350 -7.1 -8.7 -8.6 -9.1-9.3-9.7 -10.1 -11.3 -11.9 -13.8 30 -2.8
-7.9 -8.3-8.1-8.4-8.3-9.3-9.7-10.5-11.1 25 -2.1-2.8-6.9-7.1-7.4
-7.9 -8.1-9.8-9.9 -10.8 20 -1.5-2.4 -3.0 -6.3 -6.8 -7.4-7.9 -8.9 -9.1
-9.5 15 -0.9 -1.4 (Ta@le‘Z%-7 -6.4 -6.7 -7.5-8.2-8.8-9.6 10 -0.3 -0.5
-0.9 -2.5-3.1-6.7-7.3-7.7-8.5-9.1 50-0.1-0.3-0.4-2.1-2.3-3.1
-6.7 -7.1-7.9-84 00-0.2-0.3-1.0-12.9-2.1-2.7-7.0-7.9-8.8-0-5
-10 -15 -p0_-45 -30 -35 -40 -45 a Also,_Table 1 shows values when the
angle a ahdPtHe angle 0 all re varie‘dCF ;@% directions, and Table 2
I ar i n he s|{dipecti and e
anale (3 e BT RIS LB | o e BLEL VAR SRPATT OISR
a is the duoeqti®n |i 0 whj c® 9 | nes50f mpgnetig if JL@@,ga'el_l_igncnglqd upngrd
W th respgct {0 a ¢l ose-conta¢t surface ol the gtave [redrunyand
35¢1-7.1 | -87 | -8.6 | -9.1 -9.3 -97 | -10.1 | -11.3 | -11.9 | -13.8
30° 1 -28 | -79 | -83 | -8.1 -8.4 | -8.3 -9.3 -9.7 | -10.5 | -11.1
25°1-2.1]-28]-69 | -7.1 -74 | -7.9 -8.1 -9.8 -9.9 | -10.8
20°1 -1.5 | -24 -3.0 | -6.3 -6.8 -7.4 -7.9 -8.9 | 9.1 -9.5
15°1-09 | -14 ] -16 | -2.7 -6.4 | -6.7 -7.5 -82 | -8.8 -9.6
10°}1 -03]-051-09 ] -25 -3.1 -6.7 -7.3 -7.7 | -8.5 -9.1
5°1-01]1-03]-04] 21| -23 -3.1 -6.7 -7.1 -79 | -8.4
0° 0 -0.1 1 -03 7 -1.0 -1.9 | -2.1 -2.7 -70 | 7.9 | -8.8
-0° | -5° | -10° | -15° | -20° | -25° | -30° | -35° | -40° | -45°
o

Also, Table 1 shows values when the angle o and the angle B all were
varied in plus directions, and Table 2 shows values when the angle a was varied in
the plus direction and the angle B was varied in the plus direction. The plus
direction of the angle o is the direction in which lines of magnetic force are
inclined upward with respect to a close-contact surface of the slave medium and
the master medium 50 as to proceed toward the slave medium, and the direction
inclined downward is the minus direction. The plus direction of the angle P is the
direction in which lines of magnetic force are inclined toward the outer
circumference with respect to a tangent line of the track on the close contact

surface of the slave medium and the master medium, and the direction inclined
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the master nediumso as to proceed toward the slave nedium and the
direction inclined dowmward is the mnus direction. The plus direction of
"the angle | is the direction in which Iines of nagnetic force are inclined
toward the outer circunference with respect to a tangent line of the track
on the.close contact surface of the slave nedium and the master medi um
and the direction inclined 20 toward the inner circunference is the m nus -
direction. Also, because data when the angle (3 in the plane track

di rection sv ied i s appraoxi mat el t,0 each th int

di rection dﬁ Ll ﬁUgBH&XrgBF? %ﬁjedﬁllﬁw Airepion; Od Fuse td W%PB
omtted. ﬁgb% Q

magneti c mﬁsfer coul d be perfor ?é(}lti%{nzw%éé"(*%%{l H&egﬁé}\gkﬁnﬁelfﬁqlgalrtgn&@h
+30 - - 30otlsrmlthe Ipjus directiomandnglthe aminas directjonddatagnehe anmuaramfeetloﬁoul d

be perforned if .t (? angle (3 was within a range of +30 - -30 (m nus val ues
were not EGATHHEdwere equal to plus values). Also, when any one of the

angle a and the an g e u rect r oM _Nu
direction, a good r g*lgeﬁogﬁt]ﬁeﬁ?ltgl gt#@efeﬁlle %Egkl t\ﬁgsa{nfégeﬁ ?VEES’ ’ igﬂoa/ni ch
absol ute vaiagﬁet)é ttahefentcbald beperformed iftheeingldawawithird8 eshgpane30°oC- -
transfer cg&\d ge perforrred within a range surrounded with a thick rul ed

line in whi midarly,n svhens theuaaglealou@saso N’ hgepd magnestc dransfer-owldsbe

smal ler th et ransfer method for
appl yi ng aa?rr gﬁg?%gﬂ%ggahﬁaéﬁ%g %ﬂl e?dﬁlg? Qf §§ #@a@"&uf‘rﬁ’ FW&I\?% f or
nmagnet i cal shown das et ieqoall o Yk Gahdes). MRISE When ﬁﬁf?ronb?offtﬁé ARgle & aﬂdRHét' on
correspond%g to information signals on a 'surface of a substrate, and

ed

magnetic r 2R} greatien i e phsidiregtion méhmnuwdlrc@nom@ grgadmgetqfdhe | y
transferr elqa'lat?\;e vélﬂeCA@fN? WAL raf% th e%(fcth Oﬁsoﬁute value of %e Other one was

smaller than 30°. A good magnetic transfer could be performed within a range

surrounded with a thick ruled line in which sum of the absolute_ values of both

angles a and B was smaller than 30°.
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the steps of applying a magnetic field to the slave nediumin a track
direction of a slave surface to initial DC magnetize the slave nedi um
“previously in the track direction; bringing the master nedium and the

sl ave nediuminto close contact wth each other; and applying the
transferring magnetic field in the track direction of a slave surface to
execute a magnetic transfer, wherein an application angle of the
transferring magnetic field is wthin a range of 30 in a vertical
direction with resp {o the s ave surface. 2. A magnetic transfer nethod
for applying a transYaptisfde ﬁ% Btic. fieldin a state that a master

medi um for magneticyl |y haghd{e ?%g}gr 'rﬁbtl’i@diqﬂr% mﬂgedt hﬁngf?é?[eg g?délg{lged

in a portion corresponding”to information S|gna on-a sur

substrat e, fiahll im arafgtethat a enasteli ngedimi fon nhigobticalya tahsfeering dhuwhichon

bei ng magnetlcall)i transferred, are in close contact with each other,

" conpri si ngMagReticlayar isstormed) ip; %@Oﬁtl%ﬁﬁgﬁﬁl@fﬂ% dOtlafqrﬁ@tlena%naiﬁmmm in
a track di e ave

Todl um pr eVt e o ¢ uPtce AR 2 WildRERe rlodrBlly it BRRRAS AR

and the sl ﬁnd)emglmagnleﬁtail}ctraﬁsfeﬁedtaetm clodelcontdadt witlhesich efher Etjwhp/lﬁ:ﬂﬁgt he
transferri magnetic field in the track direction of a slave surface to

execute a eRs @'t ransfer, wherein an application angl e of the
et o 08, Tt L el AR R R i Pl aRGlon i
slave surface to initial DC magnetize the slave medium previously in the track
direction;
bri_hging the master medium and the slave medium into close contact
with each other; and |
applying the transferring magnetic field in the track direction of a
slave surface to execute a magnetic transfer, '

wherein an application angle of the transferring magnetic field is

within a range of + 30° in a vertical direction with respect to the slave surface.

2. A magnetic transfer method for applying a transferring magnetic
field in a state that a master medium for magnetically transferring in which a
magnetic layer is formed in a portion corresponding to information signals on a
surfaqe of a substrate, and a magnetic recording medium which is a slave medium
for being magnetically transferred, are in close contact with each other, comprising
the steps of:

applying a magnetic field to the slave medium in a track direction of a
slave surface to initial DC magnetize the slave medium previously in the track

direction,;
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3. A magnetic transfer nethod for applying a transferring nmagnetic field
in a state that a master medium for nmagnetically transferring in which a
“magnetic layer is forned in a portion corresponding to information signals
on a surface of a substrate, and a nagnetic recording nmediumwhich is a

sl ave nmedium for being nmagnetically transferred, are in close contact with
each other, conprising the steps of: applying a nagnetic field to the
slave nediumin a track direction of a slave surface to initial DC

magnetize the slave nedi.umpreviously. in th rack dir.ection; bringing the
mast er medi um and tﬁglrﬁlﬁgég‘ﬁ&ﬂs?ﬁhm%@@nélaﬁgéﬁ%é S(ﬁle‘{lﬂm Hite £leseRMEICt and
appl yi ng t Rgit espsibbf-ignd magnetic field in the track direction of a slave
surface to execute a nmagnetic transfer, wherein a sum of absol ute val ues of

an application angl epplyinpethet tramsféreing neagmetiocfidld i Sedtrack alifbictieat oo
vertical to the s|ave surface and an ap?Iication angle of the transferring
magneti c f SEVE SWiase Fo.exrsatte a gnagnetictensterdi recti on on a pl ane paral lel to

the slave surface i it hin.3 . g i c.trapsf.er apparat ar’
appl yi ng a transfer %%Ewagﬁegl?rgﬁpﬁgl éhéi? Qfﬁl{l%tﬁemﬁﬁg?ng ng%qc @f? dth f or
nmagnet i cal within anafigs of #B0°nwithi &%}@t toegNEhtle dirdotfin o1 afpPariEshralleldoRRE L | ON
corresponding to information signals on a surface of a Substrate, and a
magneti c r 8a¥edi ng medium which is a slave nedium for being magnetically
transferred, are in close contact with each other, which conprises: a
magnetic field generating nmeans for applying the transferring magnetic
field to the slave ediuignetic] @aRsfeP Mathdd Wbof RpplEngrask&hsfeRHigU MaoRefic

track direction,
field in a state that a master medium for magnetically transferring in which a
magnetic layer is formed in a portion corresponding to information signals on a
surface of a substrate, and a magnetic recording medium which is a slave medium
for being magnetically transferred, are in close contact with each other, comprising
the steps of:

-applymg a magnetic field to the slave medium in a track direction of a
slave surface to initial DC magnetize the slave medium previously in the track
direction; _

bringing the master medium and the slave medium into close contact
with each other; and

applying the transferring magnetic field in the track direction of a
slave surféce to execute a magnetic transfer,

wherein a sum of absolute values of an application angle of the
transferring magnetic field in a direction vertical to the slave surface and an
application angle of the transferring magnetic field with respect to the track

direction on a plane parallel to the slave surface is within 30°.
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wherein an application angle of the transferring magnetic field by the
magnetic field generating neans is within a range of 30 in a vertical
“direction wth respect to a slave surface and is within a range off 30

wWith respect to the track direction on a plane parallel to the slave

surface. 24

4. A magnetic transfer apparatus for applying a transferring magnetic
field in a state that a master medium for magnetically transferring in which a
magnetic layer is formed in a portion corresponding to information signals on a
surface of a substrate, and a magnetic recording medium which is a slave medium
for being magnetically transferred, are in close contact with each other, which
comprises:

a magnetic field generating means for applying the transferring
magnetic field to the slave medium in close contact with the master medium in a
track direction,

wherein an application angle of the transferring magnetic field by the
magnetlc field generatmg means 1s within a range of + 30° in a vertical direction
with respect to a slave surface and is within a range of + 30° with respect to the

track direction on a plane parallel to the slave surface.
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