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1. Field of the Invention 5 The present invention relates to a nagnetic
transcription device wusing a nmaster infprmation carrier for recording
predetermned information signals in advance on a magnetic recording

medi um used for a magnetic recording reproduction device having a | arge

capacity and hi gh recordi b d for manufacturing
a magnetic recording 10 M‘ggﬁ?@ﬁﬁ&g@% ﬁﬁﬁ@@ﬁi‘g@ ated Art At
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excellent SIN_ . Characteristics. 25 Furthernore,” along wth the devel opnent

to achilve IHP@W- recording density, the demand for a reduction in the
amount of floatation for a floating magnetic slider against a magnetic

recordi ng fum al so i W ng, since the possibility of a contact

occurring gt FP410% %@hﬁﬁ%&éte‘gﬁirﬁer is increasing also during
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areal recording density of 20 Gbits/sgin is predicted to be realized in a year.
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20 ' As the technical background for enabling such high recording density,
significant factors are the improvement in the linear recording density as
well as a magneto-resistive element type head that can reproduce a signal
with a track width of as small as several uym with excellent S/N
characteristics.

25 Furthermore, along with the development to achieve higher
recording density, the demand for a reduction in the amount of floatation for
a floating magnetic slider against a magnetic recording medium also is
growing, since the possibility of a contact occurring between a disc and a
slider is increasing also during floatation. Under such circumstances, the

30 demand for more smoothness for a recording medium is growing.

Now, for a head to scan narrow tracks accurately, the tracking servo
technology of the head plays an important role. As for a present hard disc
drive employing such tracking servo technology, a servo signal for tracking,
an address information signal and a reproduction clock signal etc. are

35- recorded in the magnetic recording medium at a constant angle interval.
The drive device identifies and corrects the position of a head by these
signals, which are reproduced from the head at a constant time interval, so



that the head can scan accurately on the tracks. Here, as ARplLiANGS0BDOVE,

signals such as the servo signal for tracking, the address information

signal and the reproduction clock signalg serve as reference signals for

the head to scan accurately on the tracks. 5 Therefore, the positioning for

its witing (hereinafter referred to as a formatting) is required to be
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4 Novenber 2Q0#is3as the track density is improved and the number of tracks is
increased. Therefore, instead of using a servo writer for formatting, a
system is proposed in which a so-called master disc on which all the servo

25 information is written in advance is used to perform a surface transcription
of the information of the master disc as a. whole by overlapping a magnetic
disc to be formatted on the master disc and applying an external magnetic
field for transcription from the outside.

As one example thereof, a magnetic transcription system is disclosed

30 in JP10(1998)-40544A. According to the system disclosed in this
publication, a magnetic portion made of a ferromagnetic material is formed
In a pattern corresponding to an information signal on the surface of a base
to create a master information carrier, that is, a magnetic transcription
master, and the surface of this master information carrier is contacted with

35 the surface of a sheet-type or a disc-type magnetic recording medium on
which a ferromagnetic thin film or a ferromagnetic powder-coated layer is
formed. Then, by applying a predetermined external magnetic field thereto,



a magneti zation pattern of the pattern correspondi ng to thenb,iBhhen
signal fornmed on the master information carrier wll be recorded on the
magnetic recording medium An exanple ofgthe conventional steps perforned
for initial 5 nmagnetization and transcription of a magnetic recording
mediumin such a magnetic transcription systemis show in FIG 32.
Furthernore, FIG 33 .sho t he atignship of a di.stance, between a
mmanet i o nehdtBEpe SRR ThOAtarr b Ehd ety Rt b PR bR a AR AG el |
as a rotatigignabdéetned on thegnasiee indadnaiibh Jaesieeckill bd RecorgédtdmRBe
phase of the_nagnetic aead fﬁ{i 10 generating an external nmagnetic field.
The magneti]t‘}aﬁ’él CreCOGine BIESRR- when t he magneti ¢ head approaches to or
separates from t ennegaetile of e¢he decogvereibngh shegs t perforgedt ifer headials

driven @nly_i r ing. ..or. separating.directi.on. .the ot her hand,
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peak | evel) . i n ortion..cqrraspondin . 1 separ atd ng .posi tion
b "t he' gl ST RO RR s BRE b O e litigead s PR O BHRE BT, 50
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si gnal oyol tgq8 e ro%h?f ive to the rotational phase of a nagnetic recording

medi um The ™ Tateral "axis in this drawing shows the vicinity of the phase
in which the 4 NoYahhe apmnefic transcription system involves a method of

performing a surface recording of pattern arrays corresponding to

information signals formed on a master information carrier as magnetization
patterns as a whole, and it is important that the high density information
25 signals are recorded stably over the entire magnetic recording medium.

In the conventional magnetic transcription system as described
above, the separation of the magnetic head for transcription is performed
with respect to the contact body of the master information carrier and the
magnetic recording medium after the magnetic head for transcription is

30 1immobilized with respect to the magnetic recording medium, so that there
was a problem in that deterioration of a recording signal (a big fluctuation of
a reproduction peak level) occurred in a portion corresponding to the
separating position of the magnetic head for transcription (the position at
the phase of 450 degrees in FIG. 33).

35 FIG. 34 shows the peak value of a reproduction signal voltage
relative to the rotational phase of a magnetic recording medium. The
lateral axis in this drawing shows the vicinity of the phase in which the



magnetic head is separated, and the values are onmtted. Thj for
FIG 21 to be explained Iater FI G 354 Is a wavef or m of a4$8g?1§%u%t8 %n
signal in a phase in which the nmagneti'’c head for transcription is

separated. The lateral axis and the vertical axis respectively show the
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for along tine to, cone. In view or egoi ng
pr obl ens, %"P’csmi‘%n% I%B?I@E%teq)metop’ﬁ@?@ﬁ? a8 nihe nitregthy of the epRlicd sxtgmghet i c
transcri phbgietil fidld debirgds lﬁiggéreeOﬁfthé @tteR hiahd, ! the icdershieCldréd @N@lmagn etlc
deteriorati OR does,.not e.an _external ic field

is renoved. .’ ‘P%‘?‘H@‘ tf;lg‘fs Ofll?cirgffseél ﬂ)lgc‘?l%h @‘ ﬁﬁ@h APprQVemsRGIn the f‘% ice
for t ransdﬁnsib}’,rﬂg thatnthe rewtermab maghgtivafieldatrengtirets therappliéb natatallymeeds to e in a

magnetic ?%eq NGBS VIR RY corRiiBled! gt ?herrﬁ%&%) g ({e'te%{ogatgﬂgﬁbﬁitee%ogg

nagnetlc eneratln neans to a contact contactlng
t he nast e‘iﬂeliltiﬁﬂﬁ rfﬁ@qréwgc%lgmalew Whbetome gegin aigher riléé]@ﬁ dutnep, andofnarnreteri ng a

f er r omagngbbend MM&he sbRed fRSIBhg tifkas B&hEON carrier including a base on

whi ch fer pondlngtothe information signals are

f or med, %ﬁmﬁg&l ﬁEb@g%ﬁ‘iYﬁ@‘[f Slnscrl ption device includes driving neans
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According to a first aspect, a magnetic transcription device for transcribing

information signals of a master information carrier in a magnetic recording medium by
applying a magnetic field generated by magnetic field generating means to a contact
body obtained by contacting the master information carrier with a magnetic recording
medium having a ferromagnetic layer, the master information carrier including a base on
which ferromagnetic bodies corresponding to the information signals are formed,
wherein the magnetic transcription device includes driving means for adjusting a
distance between the magnetic field generating means and the contact body while
rotating the magnetic field generating means relative to the contact body; the driving
means is designed to shift the magnetic field generating means and a surface of the



4 Novenber 2004 5 contact body close to each other, drive @ﬁobﬁq’?&% g
selected fromthe magnetic field generating neans and the contac ody to
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recordi ng nedi Emhdﬁuoteh&rerma@ent: Heldgeneranggmeeans andyhe irfice of e doagieet i C
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gener at i ng ﬁp ﬁLﬁIPI n cl ose cont act Wi th the contatt

nmagnet i ¢ $5OLR AR S lﬁééneéh‘ﬁﬁéﬁg’fel"@mé%?@oéﬁﬁ’@na coil for
generation lOancdmgQ@di i@ sbbed gisp'&drf]t[fh@QlﬁteﬁofdﬂllbﬁQ)lﬂraﬁsd:?phbﬁﬁbcbfﬂlﬁé'lﬁngQ| by
current a cation and.that the cursent i.cati on, nea

desi gned T8 BF R0SamsT ALGL 40 bh  Pagietaficd 15 PRRRtifEI Fodhtlo SERE™ o |
after thetrmsblaptiwec@ﬂmgimsacu&dmﬁrﬁ oronedvethd @vis¢ mhguetorecardingmedion  in a
state in whichpfhe b ofako dl?\lmgﬁiegﬁs fn% B Ak O'ﬁ?a%]meﬁﬁgﬁ%eﬁgra{lﬂ%m%n@bove

aspect, the deterloratlon anscrlp on rec

pr event edrelifi tartheeppippiabodyaln driving sleleasti aner seirsicddfipg ﬂlﬁénmhétﬁe&,d head,
so that fa(ﬂhg\zﬁéaﬁﬁl fiﬁdi RS éftack BE6QY & Rlate AikiRE s BENR theOdRral PRt BNt re

magnetic %g(%r?a{gnetlgrecg%mg medium as the center of rotation in a state in which the magnetic
field generating means is in close contact with the contact body, and that

the magnetic field generating means has a magnetic core and a coil for generation
of a magnetic field through a current supplied to the coil by current application means,
and that

the current application means is designed to gradually reduce a current value to
be supplied to the coil after the relative rotation is performed at least for one revolution
in a state in which the rotational drive is maintained.

According to the above aspect, the deterioration of transcription recording signals
can be prevented when an external magnetic field is removed by the magnetic head, so
that uniform transcription recording can be performed over the entire magnetic recording
medium.



4 Novenber 2004 6 Moreover, the current application neans jRy Q?Q %08,
current value to the coil for generating a necessary magnetic elg ?or
the transcription by gradually increasi®ng the current value while
perform ng the rotational drive. According to the above aspect, the
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cor responlzri]9 g&ﬁé %Prh %t&métgﬁélhégglqungl s are formed, wherein the anl(gnet i C
transcription Aesirdiagdorthe isbexs apect Ay oxteurel hagneticjfield cag ba apaliet

bet ween tfk%ld%@ﬁ?‘bbﬁtrcflhﬁéﬂmEl@é’uﬁl':%ﬁﬂré}ﬁt%@ﬁfppﬂ@@t&t'ﬁ@cﬁi?m act body while
rotating the nEcF; Eneratl ng nmeans rel at| ve to the contact body,
d ngBe?n%“P%

wherein the @sh55h | 2eMaenediv; ransrEptioRedsigsnoF  transeriipg

gener at i nipferaaiisn aipgal ofWw hate i@formalien eaficait a bﬁ@v{etcd R86:ding ®adibmobyer 4
tin nmeans an

d t | t el d f th

the cont P BBRy PREIDRIE Enell b SRR aohialius BRERE BhinrShpfier e
magnet i ¢ batyorhtaingd bgdiontactisg tHeemassert mfomfatlomtcamw witht b enapoytic odcatdimg) t he
magnetic o bighthAsnes %‘oﬁﬁgH&?&lﬁﬁ; he&ﬁ%é@ermoiaﬂ&o%%h?&ﬁnﬁe&lx a%'ageh@ﬁ ter

t he relatlve rotation one revol uti
magnet i c Yhishdfegomaeaetit fosisarmoriespandpur s dhe infosmatione sémisaste Berasedwhi | e

mai nt ai ni waefehleﬂreomgn@i&a&m%hy@n AeioE Tohprics an{rﬁigrﬁeﬁrfspﬁﬁt adj@stimBopet i
nf ormati on .Si.gnal s of

d t
| i or | GFAEG PETEOR rinG TG | 1o enrath HUEF oS A SRy B Ronet o

field genmtaimgcthbyna@gm:eﬁeld genefating emena rélagvereaths doataat bodit, aadteremaﬁg/

Fecor o ngt S e is o MOAENEL alcHRTRL HO SALELRL D SRORGE bF
carrier |ﬁ§ICQ@Fﬁﬁd30éYl§h§étQ)¢ﬁCh\Mh€@ T{vaRg @idﬁ@heltlﬂ seldnted ﬁ;@nébwmemdiq}@ to

the inf Org@fef&iﬁg%ﬁ%§|aﬁd MLodrdiBdy td‘ft%t@'t&:ﬁ@@uﬁ%ﬂ@l@ ?hef ée%lﬂ pﬁ%f atl ng
means i s pable of %ﬁ?tln relatlveto he cont act. bod %ﬁI‘IVIn

least onelPEanaRptiecP oy A theccenter g refatih Ahsrrky Haing B dnaghetic

field generating means relative to the contact body, and after the relative rotation is

performed at least for one revolution, the magnetic field generating means is separated
from the contact body while maintaining the rotational drive,

According to a third aspect, a magnetic transcription device for transcribing
information signals of a master information carrier in a magnetic recording medium by
applying a magnetic field generated by magnetic field generating means to a contact
body obtained by contacting the master information carrier with a magnetic recording
medium having a ferromagnetic layer, the master information carrier including a base on
which ferromagnetic bodies corresponding to the information signals are formed,
wherein the magnetic field generating means is capable of rotating relative to the contact
body by driving at least one selected from the magnetic field generating means and the
contact body to rotate taking substantially the central part of the magnetic recording
medium as the center of rotation in a state in which the magnetic field generating means



contact body to rotate taking substantiall y the central pajoQimbd®004
magneti c recording nediumas the cent rotation in a state 1n which
the magnetic field generating neans 4 verrber 2004 7 is in close contact
with the contact body, wherein the nmagnetic field generating neans has a
magneti c tsome:lm&oataeowﬁthftbé c@&@ﬂ%ﬂymh%nﬁthﬁ'&ﬂi@bn@ fieldegehetaing Uakina
current #)%El edeﬁocghe ﬁy curren{ ?I I cat ﬁf@gqﬁ@@d t he nEurrent
applicatio S 0§ ESBTANS, Of SateFtYCa Vaf¥EY 0 be
suppl i ed suppliké te thd coalf bsemmrdm appliction eneans,t adi tha chsrepeappicatied atansdast f or
one revol yij.pR d%@dl%flgtr&ubﬂxg%&ﬁ@nwﬁ £ 8 8L Lahba | ol Isaﬁepﬁie%ﬁw@d

According to
recordin gmtﬁé‘ﬂ% 1§ ﬁ?fff@quraé hesst §op PRYTIvVRiUsioRdR SIS lng\ﬁbllch t}m‘ TO&*WES& CbTVe is
i nformati gRigadhéd.er in a magnetic recording medi um by applying a magnetic

field generate net ield gen n ns to a contact body
obt ai ned by cogfa%?ﬁnﬁg Bl SR PO (PO BR A RERE AP RGB! |
recor di ngmedilimu rfoh asansugibing emfbﬁﬁagmetsﬂgﬁalbaofiéﬁ miakter idimition Riierthi #n

' hf arrom odi e r espondi to the
Caf or mat | Bt SaliBRe Al Y HILSE CIRERT for SEhSRieh Al RABRRE T ner o
field gengenerating npgsante aeehtact body abtelnccﬂ by lsentactimtetbe ntaetdymfmirmentcmach
other, drjyghnehedlmdofasd r@&ﬁdﬁ@' ‘ﬁféHﬁﬁ‘nflﬁa%B%l b B % cfia.?lﬂd &%ng{a@e&“g

nmeans and. the contact body torotate, rot
gener at i nioRERLen Cf‘@%ﬂ%“lﬁ)a bare cngkhish WG%EOCHF& eqrresprnding tarthe e

rotation irﬁommlbﬂ@i@asafe fonaed, tﬁ&heﬁhﬁ&céﬁ)ﬁﬂédﬂt ion, separating the magnetic
field generati

romt cont a t bod le i ntai.nin
rot ati onal fr'lﬂ%mﬁ Wgtfceplglﬁ Qgﬂlﬁf 8ﬂ‘5 P%Pﬁ&*%) "’r‘?é%a%ve
aspect, t biesajm eachoother, ahnivafg bir mastcmnqoselemﬁ:& foor dienmagnegicafidd ge&érabﬁg
prevent edy e t r | form
transcri pt :e%}lsa?lgiggfedfql%&%goﬁtdge per %r%g&gg\?%re rtﬁﬁéﬁﬁé 1?&18 enér%tn{;élc recordl ng
medi um | felative taBewentasidady; andie magnetic field gener at| ng means and the

surface of theaftRé agdtiveadatibRYs P@ff&meﬁta@ teaSt R2nk Qeﬁﬁ@tfbnog atl‘ﬁ?ith;[@ bod
act body

rotating th |cf|eld eneratin sre ative to ft

such t hat mﬁgnqrgagf"? 8?@3&6’1&&?63’6?7%%% é‘tac Lﬂe F}aé‘}tﬂnlj’@ ¢ HtatRNheans
and the cdmtetotcohmpibye the tdnsorptioho rot at e tak| ng substantially the central
part of the rein I 4m enter of .rotati ord| ng
to the above a’g&g&c’{]ﬁg t(ﬁ&% % ‘é‘??snggatt ﬁlorﬁla ge{m{e}gﬁsgﬁraﬁcpgﬂo? 5%8?@?318 ijnal S
may be prearebt @devantgd lmnhashewh@tg rthe inzagneticl hiead agp permeatéd, my, theb ubtfarm even

more  uni @it SEdRl! AR beggﬁ&gﬁéaweml%%ﬁw&ﬁa@;éﬁ& %Bfmﬁgﬁrggal gneti c

recording medi aspect nutac turing a

m Acc
magnet i ¢ disc ﬁ'b'ihe ﬂg?‘éﬁ'i%%’@?tbm?gm?ﬁ?e@ﬁ%d gpnesitipsameanstand the surdaceioifthe mat i on
carrier i fontaciE@detiey HRCeHifled@losoadi ¢udh yth@PRhile NBtalingBEO hddhefit Gleld

generated_b netic field ner a 0 cont act, body. obt ai ned by
cont act i ng" r%??émgrﬁg?agﬁ TPIREYY Hgﬁ o??niaﬁpgf)‘g? %tt:l?a'i ateleﬁgd’ﬁ‘ﬁtﬁe@“teg from the
magnetic field generating means and the contact body is driven to rotate taking
substantially the central part of the magnetic recording medium as the center of rotation.

According to the above aspect, the deterioration of transcription recording signals
may be prevented also when the magnetic head is approaching, so that even more
uniform transcription recording is secured over the entire magnetic recording medium.

According to a fifth aspect, a method for manufacturing a magnetic disc for
transcribing information signals of a master information carrier in a magnetic recording
medium by applying a magnetic field generated by magnetic field generating means to a
contact body obtained by contacting the master information carrier with the magnetic
recording medium having a ferromagnetic layer, the master information carrier including
a base on which ferromagnetic bodies corresponding to the information signals are
formed, the method comprising shifting the magnetic field generating means and a
surface of the contact body close to each other, driving at least one selected from the



recordi ng medi um having a ferromagnetic |ayer, the master ARLoLABd12004
carrier including a base on which ferronmagnetic bodi es corresponding to
the information signals are forned, t e met hod conprising shifting the
magnetic field generating neans and a surface of the contact body close to

each ?_t he?;_agfmicvﬁag g%?_eﬂaﬁﬁg tm&RE aaglttﬁﬁtceﬂta&[ oyt ﬂﬁ(rjtﬂattéloﬁﬁfét?@[ro?@i? ifle o
magnetic field. generati means an e, contact bo Q rotate, r eby
rotating {“ﬁ‘éng’r?%%@%“? ]%gll’deaﬁ‘ﬁﬁ%?té‘fq tadheeontact L%‘Efét e g H@gﬁ?ﬂﬁgﬁ!g body,
wher ei n t peneraiigngemeanst hasl l mageedr adienapdneani foagescrathgnef aCcmagicticafilda coi |

for genergati f | lgld &h nt .supplied the coil,
and t hat ?’%dé rgncslgrr_clg%t% Pﬁgieﬁsiocg{rgplcgl@’eé&g%@a tgtrh ggtlrﬂ%q%fjépt?oéld cf?‘@p%%gu ¥ ent
val ue to Badsalbpretucing o curentcelye tafeesupplie tocthecoil efterthatréletive wtativaris or med
at |east pQforfR8 KHCYALUFIOBnd RefollcH Gn d s G J1i6h 'L Abl4pRAk dRly8si S

mai nt ai ned. . Acc%{:dl ng to the above aspect, the deterioration of

transcri pPB¥h¥tor ding signals may be prevented when an external magnetic

fiel ddi S remvﬁdc&ﬁin]ghemaa@aﬁeé hgpelg@&@,deﬁdﬂorettmtoflﬂ@hi@irpﬁbﬁ géﬂaﬁcﬁﬁg Hligh£18
recordi ng erf,ormed over t.he entire nmagnetic recording. i um
Mbr eover , mgl?(g g E’?ee‘%fl{e\‘}a hisd aye %3168?@418 ﬁe}gsielﬁg?’ﬁw‘?ﬁlgbyaﬁ’ﬁé’&@gté? gg §hetic
field forthat firmaraseripionancordipgizen bp peifedhddyovgr theleatite/magetie asiondjng he
current valggwhile performng the rotational drive. According to the
magnetic transcription device as _described above, deterioration of
transcripti on MoEsvaragusregiiaiue ofdhe enil for eorsasting amespssantraagnetin deldcfohead
tst arts Fofth;@pﬁhﬂ‘scﬁﬁti(g%tr@aryﬂ% i[ﬁﬁli@@gxbyc gfrmiaﬁy i%@g[e&é?ﬁg tﬁé’%ﬁ{@ﬁf §alig! gv_ﬁﬂén
ranscription recording.is.secured over the entire magnetic, recording
medi um  ERSTEETHEdhg PAASPAbITAE ASRATIGE R MAEeNC AMDsutionedtiienal vi ew
of a nmagnédscxbdd shwves dgptricvaticesf easatiptidieretordmgafignaly cansisd pretémed whem fir st
enbodi nmen 211 ' ] ont surface 3 of a netic
transcri p%ieélrll?gﬁen%ép éa?i %ﬂlﬂ\j\n @%pﬁmn%g%v? ]i%gl_%la cehlcéffl:e?ld’tsﬁe_tﬁ? i 7 S? né%gﬂﬂa t.
FI G 3 i stranseripian roeerdingriabeoutasdvpvshthgientiretthegnstia tesontingunediaot. i ng and
separating a master carrier in the magnetic transcription device in the
first enmbgdi . FlLG 4 is a graph _showi ng the relationship between tine
and air pﬁgﬁﬁésﬁﬂ@ﬁﬁgﬂ%imﬁ@ms st enbodinment. FIG 5 is a
flowchart showl Itike GbSpecidnal KRRSET 4 PlabAdlic thankeption’ dlice Hp e e bf FI G 6
Is a dia ram.s owi.n%tihte r?thod for performng initial magnetization for
t he magng?-l o e TR Ordérpeléthbodi ment. FIG 7 is a graph show ng the
rel ati onshi p oflGu Ziiseatiegraineshomeng a cmgaee tsidadeeddbf gamgaetit aasseriptioe of a
Magnet! ¢ ineger Sviifl ARSI 80 V5 heARs@hitlathbqn speed of a magnetic head

w th respect to the rotational phase of the nagnetic head at the time of
transcription FIG. 3his o ¢rpsy-sesHerd vl showing the state of attracting and separating a

master carrier in the magnetic transcription device in the first embodiment.

FIG. 4 is a graph showing the relationship between time and air pressure in a
space A in the first embodiment.
FIG. 5 1s a flowchart showing the steps of transcription in the first embodiment

FIG. 6 is a diagram showing the method for performing initial magnetization for
the magnetic disc in the first embodiment.

FIG. 7 is a graph showing the relationship of a distance between a magnetic head
gap and a surface of a magnetic recording medium as well as a rotation speed of a
magnetic head with respect to the rotational phase of the magnetic head at the time of
transcription in the first embodiment.

FIG. 8 is a cross-sectional view of the magnetic head in the first embodiment.

FIG. 9 is a diagram showing the signal area on the master information carrier in
the first embodiment.

FIG. 10 is a diagram showing a portion A of FIG. 9 in detail in the first
embodiment.



FIG 8 is a cross-sectional view of the magnetic head in tyQoddmhisd 2004
enbodinent. FIG 9 is a diagramshowi ng the signal area on the naster
information carrier in the first enbodigrent. FIG 10 is a di agram show ng
a portion Aof FIG 9 in detail in the first enbodinent. 4 Novenber 2004 9
FIG 11 is a detailed cross-sectional view of the signal area on the

master i nfornati arri.er in the first enbodinent. _ EIG .12.is a di ram
showi ng t he stat o Kf- Lhis .aaﬁemlgﬁe%%ﬁwww VRY ohilmstanalhrea ot thae

first embodmaetyr. mfmﬂﬁmﬂaafﬁelanﬁﬂﬁgﬁ@gﬁ@ﬂwm@ﬂthe direction in which a
7ot enbod: ment . PGk 1 T SiAEra v N Shin oot Watial BPEnsTZRUGRALTRS ! | on
for the nasm@gneﬁémmumMmremﬁso(hﬂﬁ:ntthe magnetic disc at the tinme of

i ow of S e nagnali HelRf AiPEAg! FRreiie BbaurHanE i prich soRaebede Bt | o
vi ew showi n@;rararmynmmom . as;m]mdoast%&aﬁhgnetm discaiit mec&ﬂslt@mbcmﬁmndj ng
ional | 15 Ao BT fraduteBln SRRV o o2 BT RRGeR Rt RO The he
first enbcmiha‘mrtmfdim&tmlscaﬂua' aidtham spretivatisc at the tinmwwhiganbaipiéishor y

of a nmagnet, c f scription and a nagnetic field at the tine the
nmagneti c heél‘ldthe ﬁleslg%%l%%lﬁ(?%%o FIG 19 is a diagram showing the relative

vel oci ti of the nEIquew ds shexmbsFertionak viavand dhepmiagnetmshead i dbe fastci ty
vectors. FlG hd@ndsx @ schematic di agram showi ng a nmagnetic disc cross-
section in a state | n which a_recording signal is partially demagneti zed:;
and FIG 20B is BlGyrphishowbsmaticsieveshoning g megnstiastifoerosssaation 25

FIG 21 is & Qha@fbeﬂﬁﬁw ﬂé@oﬁcﬁﬁ r @nditioRs BhA PPGV\Q%'B % raotg%w ﬂﬁiomﬁgaée of

the disc and a peak. val ue ﬁ a reproquction signal in thé firs
enbodi ment . COFF‘@PO? IRETPIQANE O’éﬁ%ﬂﬁ} g the waveform of a reproductlon

signal fsn a pOSIFI(}mlv\h@rafecidL@ seeibgal idwead ther mhbabte Mddd o the fidss t o
be separated ,30.in the first enbodinent. FIG 23 is a flowhart show ng

the steps FPPPERE ption in a second enbodi nent.
FIG. 18 is a diagram schematically showing the history of a magnetic

field for transcription and a magnetic field at the time the magnetic head is
separated.

20 FIG. 19 is a diagram showing the relative velocity of the magnetic
head 3 to the transcription master 2 as velocity vectors.

FIG. 20A i1s a schematic diagram showing a magnetic dise cross-
section in a state in which a recording signal is partially demagnetized; and
FIG. 20B is a graph showing a corresponding reproduction signal.

25 FiG. 21 is a graph showing the relationship between a rotational
phase of the disc and a peak value of a reproduction signal in the first
embodiment.

FIG. 22 is a graph showing the waveform of a reproduction signal in
a position where the magnetic head for transcription starts to be separated

30  in the first embodiment.

FIG. 23 is a flowchart showing the steps of transcription in a second
embodiment.

FIG. 24 is a graph showing the relationship of a rotational phase of a
magnetic head to a rotation speed of the magnetic head and a distance

35 between a gap of the magnetic head and a surface of a magnetic recording
medium at the time of transcription in the second embodiment.

FiG. 25 is a cross-sectional view of a magnetic transcription device at



FIG 24 is a graph showing the relationship of a rotationaj Nplagserobos
magnetic head to a rotation speed of the magnetic head and a di stance 35
bet ween a gap of the magnetic head and ggsurface of a magnetic recording
mediumat the tinme of transcription in the second enbodinment. FIG 25 is a
cross-sectional view of a magnetic transcription device at 4 Novenber 2004
10 the tine,of .transcriptign in a thiyd odinent. FIG 26 is a
cross-sectit(;]r?aﬁlm\?iOgjﬁr%]f‘gqqpel%b‘ﬁgttﬁlgc{?lgﬁg@r@%ﬁ'on device at the tinme of
initial magneti zafi(@r26 is 4 keosshiectionaboidiwrefithe Fla@nefié trsnserigtine Havice

show ng t he %Eﬁ f d.rar LpLi -0 th hir 5, epbodi.ment. FIG 28 is a
graph show aht;él} e %e(fftalgl ?tg%lg Pgh%ﬁg%ﬂlg%f%t%bé)ﬁ%:}r(aper{gg% 18}eneil:. magnetic head to
a rotation speed BIGt2tinadlosichart shawingithe stepsefttramdcnipticappl tledthiodt he
coi |l of 5theer§g9%1& head at the tinme of transcription in the third

enbodi ment . 29 is a cross-sectional view of a magnetic head in the
third enbodi nentFIGkI28 is30 grapshowimthe redatinialyin ¢fer setepional phase of a

transcripti L Ba Hhqur i ) ' aamg] ]
relati onshi-%ag?&élérh gtg gt*&%@%ﬁg‘sg op Oafl-_th%n %ﬁ%@% ?lggﬁea ?%ﬁg%}%t_‘ta ﬁ%n
speed of tHPHliaghta the keddidhe magoetieheadantithe sime of dransaringicyoin the t he
32 e b f] oarE P IRORIE 2 CTops. of -t ranscription in a  conventional

is a flowchar ] . } . . )
exanpl €0 20 FI G E;I%Jt’]l 39 ds g appessershiong | rewr off at asdRtis ead i theatlisd
bet we:aln a éfgg&ﬁ?ﬁ@;ﬁjead gap a][\d a surf?pe ﬁf g magﬂetlc re;:o[dl tn% medi um
as well as aro on. speed of a netic. head w respect to the
rotational phase - é]%ééof’r&&’@haé't gggﬁ’l%g ﬂ??léf*ﬂ? @ﬁnﬁ?réﬂgﬁﬁilﬁﬁ Brth ¢ he
convent i onadmb@ingd et ][:I G d34 S g gr aphkshovvl ng ]Ehe rel at :jOI’lS_hI p bet vvelen_ a
rotational 25 p .a disc and a peak val.ue o reproducti pn signal in
t he conventi onal 1562 gf—ﬁ“%‘ SQ%WP%gpgheg’r'eéﬁhOE‘ﬁI&H ‘?afga ﬁ&ﬂrg\?@éﬁﬁ?ﬁ‘? %t fe
repr odust i anaghghahehd toa patsitionospesierfahe haagngtie hiead haaba fcui'relnt value
transcripti tart e rated.. i;n th onvent i gnal exanpl e.
DeaCR! P oS Bl Bl ot RN aREricrtba 1 VARt s TR SR i iPe o
t he presentfountheembodiment. be

FIG. 32 is a flowchart showing the steps of transcription in a

conventional example.
20 FIG. 33 is a graph showing the relationship of a distance between a
magnetic head gap and a surface of a magnetic recording medium as well as
a rotation speed of a magnetic head with respect to the rotational phase of
the magnetic head at the time of transcription in the conventional example.
FIG. 34 is a graph showing the relationship between a rotational
25  phase of a disc and a peak value of a reproduction signal in the conventional
example,
FIG. 35 is a graph showing a waveform of the reproduction signal in
a position where the magnetic head for transcription starts to be separated
in the conventional example.

30
DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, embodiments of the present invention will be
explained with reference to the drawings.
[First Embodiment)]
35 FIG. 1 shows a magnetic transcription device of the present

embodiment. 1 is a magnetic disc serving as a magnetic recording medium,
and 2 is a magnetic transcription master serving as a master information



explained with reference to the drawi ngs. [First Enmbodi mend Nodémibdr@ood
shows a magnetic transcription device of the present enbodinent. 1is a
magnetic disc serving as a magnetic recgfding nedium and 2 is a magnetic
transcription master serving as a nmaster information 4 Novenber 2004 11
carrier. 2d is a contact surface on the magnetic transcription master 2
that is in contac \Mth the .ma etlc &FSC 1, nd a groove 2e ext&stlng

radial ly f9SHeEr he ¢ 45 psoniich emasnede Krit BRFORP QR megster

di sposed i nistinecortant adith she fmagné’tdc a1$scsm0ﬁnd:j 4 gEd)&ize 2e e?;téeﬁd@gnﬁﬂﬁéllycd
head f or ran cr| Qn IS . a netic he arm ea
rotation ﬁr glgf:eg %ﬁﬁeﬂ%ﬁgﬁ&ﬂ%ﬂﬁ Oﬁe@ﬁﬁmr ?nlsa%pg%eat

control ci raomtact Gurfaca 2dpper shognstian@I6Gor 2.supporst a?fmaglﬂeﬂmg]mﬁd Cfogl sc

1, and Y [ s ._cen raI art oFr a.ga oW, is a
passage%forﬁ'ghgﬁJ tlgl’il’ ilg 3“8%1%9“%?’?%% By p é%g ggﬁetdﬁzle@%ﬁ?‘ﬁ%n B&ESheen

t he magnetik7 mmmm hﬂacbdlrlm mechanrsin t dred dABdeetdonthl eirehit.9 is a gas

tlet f h .
connect ed o't ho i - slppatind Sdd b 3BeGes dEche pBndhiE Mt R g
exhaust i ng mthale 7 isprovideddineits Iientmlmrmﬁnr augas flopunp isar pdsddgecforng a
b V,
ggﬁt rgl lp:’ ﬁ;ég{aglasgﬂl uplk'(?E deﬁ?éﬁag @ I:)an air afgarsa§¥1§g1§1ggﬁb3¥Je§% 'S pr%%ged in
t he ai ri0supn 98@%0112111%@@ 2handf Breeimpenadin désofl. 0. Dis pa ngasr ousle
cannot be d8iHNRERG £¥abTRAEUHE pasEIg 30, 1ste{1§u&'idﬂbﬂglﬁgﬁﬂg?é&§m9fthé %ﬁa i tor

magneti c head_ for transcription Wi Tl expl al ned netic
transcri pt iGHled | andy 15 dgednt beHESt ﬁﬁéﬁ%tﬁoé pruigoling, exhawstngnvEngas? vi a

t he magnet i Bufiagmarde) 72 agd ot Hig- su%@lﬁ%ﬁlﬂ@ﬁ ifer H@ﬁdeﬁﬁtgaé 088 13X pPesdurd 6

magnetic he ddr|V|n nism 1 onstructed of _a rotation _driving
pa?t inclu gpasfsﬁge gxﬁﬂgqg 1S AT Eﬁ"i r cgpiiollAng ArEaSHEPAY-i ¢ head
for tramscripti oﬁ?rqgambirﬁltémof b@lﬁmnﬁ]tp&vhbaiﬂnﬂ.th@aneé@@ﬂyl 1t2h -
mechani sm par udi e i near s or elevati n e
magneti c hedd hfa&%f?lﬁﬂggjrqlﬁ Pgﬁ@n&ﬂ B faé‘gﬁﬁff‘nPBE %%ed ﬁ%‘h }Eﬁe§ UL and
a Wi thdr avifimst, the laniingipechanism afdhe gnagwetiekeap ey, tranbcmp’abnﬂ\&gbbafs
ment i oned r d Gl etic head. for, t.ran ion rom
The surtac Epel’ | hErkteae! Ren RNt lndotERtion 7, ib SRBGFARY' B afe

dr awi ng) . megna'gﬂélea diedegdmeohmglsnedﬁanasthBMagnemoﬂmeadtaauh tdoamdéhe

controlg, iply controls the drive according to an
[ nstruct [ on s fhe%gg%ﬁ#ﬂoﬁ %%fr%t rol circuit 18. In addition, the nmagnetic
head dri ving rrec% gicrhead) duivingomechamient dRfs gensirudad watiobaton above

and may be griving part including, for example, a servo motor for rotating the magnetic

head for transcription 3 parallel to the magnetic head 1, an elevation

mechanism part including, for example, a linear stage for elevating the

256  magnetic head for transcription 3 with respect to the magnetic disc 1, and a

withdrawing mechanism part including, for example, a linear stage as

mentioned above for withdrawing the magnetic head for transcription 3 from

the surface of the magnetic disc 1 (the details are not shown in the drawing).

The magnetic head driving mechanism 17 is connected to the control

30 circuit 18, and flexibly controls the drive according to an instruction signal

from the control circuit 18. In addition, the magnetic head driving

mechanism is not limited to the configuration mentioned above and may be

formed in any other configuration as long as a similar operation can be
performed.

35 Next, the steps for attracting / separating the magnetic transcription

master by pressure will be explained in detail with reference to FIG. 1 and

FIG. 3. First, the step of separation through delivery of pressure will be



formed in any other configuration as long as a simlar opefRLIGRHE200HE
performed. 35 Next, the steps for attracting | separating the nmagnetic
transcription nmaster by pressure will Qe explained in detail wth
reference to FIG 1 and FIG 3. First, the step of separation through
delivery of pressure will be 4 Novenber 2004 12 explained with reference to
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2 contacted closely with the magnetic disc 1 is separated slightly therefrom.

FIG. 4 is a diagram showing the relationship between an elapsed
time at this point and air pressure in the space interposed between the
magnetic transcription master 2 and the magnetic disc 1 (hereinafter

25 abbreviated as space A). In this drawing, the air pressure in the space A
rises momentarily over 101.3kpa after about 3 seconds have elapsed, and the
air pressure is maintained approximately at 130kpa during one second to
follow, which is a period corresponding to the state in which the magnetic
transcription master 2 and the magnetic disc 1 are separated from each

30 other as mentioned above.

Next, the step of achieving a close contact by suction will be
explained also with reference to FIG. 3. The air-supply pump 12 is stopped,
and the air-supply valve 13 is closed. Thereafter, the exhaust valve 11 is
opened, and the suction pump 10 is operated. Through this operation, gas

35 in the venthole 7 is vented in the lower direction as indicated by an arrow E
of FIG. 3, so that the gas inside the groove 2e, that is, in the space A also is

vented.



and the air-supply valve 13 is closed. Thereafter, the exhaNs{eMsdrveodl is

opened, and the suction punp 10 is operated. Through this operation, gas 35
in the venthole 7 is vented in the |owergdirection as indicated by an arrow
E of FIG 3, so that the gas inside the groove 2e, that is, in the space A
also is vented. 4 Novenber 2004 13 Here, as shown in FIG 2, the groove 2e
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will be de ‘in detail. FIG 9 schematically shows a flat surface in
one exanpl e of tHEhemforet the magmesicrirphsoriptios resté: 2 Asprdsowd agaidstGhe9, a
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1. FIG 2 aﬂ?@_cﬁ&%ly%o@fa%té& théntiSh&Ph ~and in fact, the signal area

2a in FIG 9is forned on the confact surface shown in FIG_ 2. 20 An
enl arged vi ew of Me¥oithe sragmadircirenseription nyatterd wilhbe daserild in detaikhown
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i nf or magsi onsuisgmmiallf atadiglly ¢6 Vrdeprinbigad plaBendtile Hiapselic frahsek e, in
a 25 position corresponding,to the preformat recording. In,FIG 10, .
hat ched porPA8HfE %o&iﬂgs]ﬁoh'ﬁl%llﬁ TH %%é?‘?cglé%ltg%ﬁgnt%ﬂé‘ frremagpatignet i ¢
thin fil ms.thThdilmstieface nf ehoahhghetpadier b. SEIGN 2i and FIG. dl8rd sehdidatcar eas
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an addr ess surfagensitovonis F§Gal. and so forth. In addition, the master _
11 o g o1 Pat S GBS A, ADSHATRIS, o ARG SEBCOYE! o
shown schematically in FIG. 10. As shown in FIG. 10, a master information
pattern including magnetic portions made of ferromagnetic thin films is
formed in the signal area 2a with a pattern corresponding to a digital
information signal that is recorded in the magnetic disc 1, for example, in a
25  position corresponding to the preformat recording. _
In FIG. 10, hatched portions correspond to the magnetic portions
made of ferromagnetic thin films. The master information pattern shown in
FIG. 10 includes areas arranged in a sequential order in the longitudinal
direction of the track, and each area includes a clock signal, a servo signal for
30 tracking, and an address information signal and so forth. In addition, the
master information pattern shown in FIG. 10 is an example, and the
configuration or the array etc. of the master information pattern will be
determined suitably. ‘
For example, as in the case of a hard disc drive, when first a
35 reference signal is recorded in a magnetic film of a hard disc, and a
preformat recording of a servo signal for tracking etc. is performed based on
this reference signal, only the reference signal used for the preformat



determ ned suitably. For exanple, as in the case of a hard f8,$&nEdiovgs When
first a 35 reference signal is recorded in a magnetic filmof a hard disc,
and a preformat recording of a servo signal for tracking etc. is perforned
based on this reference signal, only the reference signal used for the
preformat 4 Novenber 2004 14 recording IS transcribed and recorded in
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field |ndetgar%?gﬁqntly of t
mast er f on is recorded, it is generally preferable that the
nmagnet i materi al Hef@&naﬁy ldaffgena laads bﬁhiagherﬁﬁ:%ateﬁaltsldm lsleeﬁﬁéd ¥is&he

bl e. artic or t C coerci ve
Poree or mibcRehasielad it it e, EanRitesS ooy ReRtEr e i o b “ReERe e
magnetic | amaterlal aLB‘eﬂmehgn‘d mragnendlnmgtemml om@boﬂ&u@gmém ﬂﬁieﬂﬁhrastlbﬁg .
t t t] ensd t ener a
et o AEHSkaferiat ot ORI 4 GasfibBinIebiaind BFF igBal MR- AROGRT Y
| ess t han (Eignalksl amagredfter wobydingtmédisim t hBor éxdmphs [Re, Uos FaeCoialdy or

Furt heréﬁoret;heq_li]%@ﬁ’ Be'lfs erends on the bit length or the saturation
magnet i zation gnet I'c recording mediumor the thickness of a

magnetic |ayer, flara , &n jonder toogenenhts 8 sulficibint recomding inmgnetictielée
about 1 independently of the type of the magnetic recording medium in which master
information is recorded, it is generally preferable that the magnetic material
has as large a saturation magnetic flux density as possible. In particular,
25 for a magnetic disc having a high coercive force of more than 2000 oersted or
for a flexible disc having a thick magnetic layer, a sufficient recording may
not be performed when the saturation magnetic flux density is 0.8 tesla or
lower, so that generally a magnetic material having the saturation magnetic
flux density of not less than 0.8 tesla, preferably not less than 1.0 tesla, is
30 used. Furthermore, although it depends on the bit length or the saturation
magnetization of a magnetic recording medium or the thickness of a
magnetic layer, for example in a case where the bit length is set to be about 1
pm, the saturation magnetization of the magnetic recording medium to be
about 500 emu/cc, and the thickness of the magnetic layer in the magnetic
35 recording medium to be about 20 nm, the thickness of the ferromagnetic thin
film 16 preferably is in a range of about 50 nm to 500 nm.
Here, in order to obtain a recording signal of an excellent quality in



gm the saturation magnetization of the magnetic recordi ngt NBGUmke-boode
about 500 enu/cc, and the thickness of the nmagnetic layer in the nmagnetic
35 recording mediumto be about 20 nm tjae thickness of the ferromagnetic
thin film216 preferably is in a range of about 50 nmto 500 nm Here, in
order to obtain a recording si gnal of an excel | ent qual ity in 4 Novenber
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master 2 will be explained. Specifically, the magnetic transcription master
used for the recording system of the present invention is formed in the
25 following steps: a resist film is formed on the surface of a Si substrate; the
resist film is exposed and developed for patterning by a laser beam such as in
photolithography or by the lithographic technique using an electron beam;
- the resist film is etched by dry etching etc. to form a minute uneven shape
corresponding to an information signal; and a ferromagnetic thin film made
30 of Co etc. is formed by sputtering, vacuum evaporation, ion plating, CVD,
plating or the like in such a manner that the ferromagnetic thin film is
buried in the recess portions, so that a magnetic transcription master
provided with a magnetic portion corresponding to.the information signal

can be obtained.
35 In addition, the method for forming an uneven shape in the surface of
the magnetic transcription master is not limited to the methods mentioned

above. It is also possible, for example, to form a minute uneven shape



provided with a magnetic portion corresponding to. the infprNagRhidR 2804gnal
can be obtained. 35 In addition, the method for form ng an uneven shape in
the surface of the magnetic transcriptijgn master is not limted to the
met hods nmentioned above. It is also possible, for exanple, to forma

m nut e uneven shape 4 Novenber 2004 16 directly by neans of a | aser, an
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Fur t her nor erotation axis, and the magnetic head for initial magnetization 103 is rotated
parallel to the magnetic disc 1 through at least 360 degrees, for example, 450
degrees. Thus, the magnetization direction of the magnetic disc 1 is
determined in advance in one direction as shown by the arrows in FIG. 12
25 (initial magnetization). In a stage in which the initial magnetization is
completed, the magnetic head for initial magnetization 103 is separated from
the magnetic disc 1 while the rotation is maintained (separation of the
magnetic head for initial magnetization).
Next, while maintaining a state in which the magnetic transcription
30 master 2 is positioned and overlapped on the magnetic disc 1, the magnetic
transcription master 2 and the magnetic disc 1 are brought uniformly into a
close contact with each other by the method mentioned above. Furthermore,
the magnetic head for transcription 3 is shifted by the magnetic head driving
mechanism 17 in the direction indicated by arrow B in FIG. 1, and the gap 3d
35 of the magnetic head for transcription 3 is allowed to approach the magnetic
disc 1 to a distance of 1.5 mm (approaching of the magnetic head for
transcription).



t he magnetic head for transcription 3 is shifted by the magrRsetdshaoaty
driving nechanism 17 in the direction indicated by arrowB in FIG 1, and
the gap 3d 35 of the magnetic head for tjranscription 3 is allowed to
approach the magnetic disc 1 to a distance of 1.5 nm (approachi ng of the
magneti c head for transcription). 4 Novenber 2004 17 Then, the nagnetic
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Here, the operation at the time of transcription will be described in

more detail. FIG. 7 shows the relationship of a rotational phase of the
magnetic head for transcription 3 to a rotation speed of the magnetic head
25 for transcription 3 as well as to a distance between the gap 3d of the
magnetic head for transcription 3 and the surface of the magnetic disc 1 at
the time of transcription.
Here, the transcription is completed when the magnetic head for
transcription 3 is rotated for 360 degrees or more, but the magnetic head for
30 transcription 3 maintains its rotation also thereafter at 60 revolutions per
minute. In the example shown in this drawing, when the rotational phase
of the magnetic head for transcription 3 reaches 450 degrees, the magnetic
head for transcription 3 is shifted in the direction indicated by an arrow C in
FIG. 1 and starts to separate from the magnetic disc 1 until the rotational
35 phase reaches 540 degrees, at which point the separation is completed. Also
during this separating operation, the magnetic head for transcription 3
maintains its rotational operation.



head for transcription 3 is shifted in the direction indi caigeerder200fr r ow
Cin FIG 1 and starts to separate fromthe magnetic disc 1 until the
rotational 35 phase reaches 540 degrees,gat which point the separation is
conpleted. Also during this separating operation, the magnetic head for
transcription 3 maintains its rotational operation. 4 Novenber 2004 18 In
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amplitude of the reproduction waveform also can be suppressed over the
entire area of the rotational phase. In other words, according to the present
embodiment, uniform transeription recording can be achieved over the entire
magnetic recording medium.
25 the present inventfion can achieve uniform transcription recording
the present embodiment
FiGS. 16A and 16B are schematic diagrams respectively showing the
state of magnetization remaining in the magnetic layer of the magnetic disc
1 in this state and a waveform of a reproduction signal when using a ring
30 head corresponding thereto. Here, the direction of the arrow shows the
direction of the magnetic field, and the length shows the magnetic field
strength. The ring head (not shown in the drawing) converts a change in
the magnetic flux crossing the gap into an electric current. Therefore, by
approaching and scanning the magnetic disc 1 that is magnetized as in FIG.
35 16A, the leakage flux from the magnetic disc 1 can be detected, and a
waveform of a reproduction signal as shown in FIG. 16B can be obtained.
Here will be explained a difference in the state of applying an



the magnetic flux crossing the gap into an electric curredNoJigsehone, by
approachi ng and scanning the magnetic disc 1 that is nmagnetized as in FIG
35 16A, the | eakage flux fromthe nmagnetjgc disc 1 can be detected, and a
wavef orm of a reproduction signal as shown in FIG 16B can be obtai ned.
Here will be explained a difference in the state of applying an 4 Novenber
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a
solid line is the history o c field when the magnetic head 3
passes t hr JUBRSUMREIYBIFASIEr 4t  the tine of transcription. 20 The history of

a magnetic fieldPhe hirReicTel® SRNMNIiA theRoriRnth]l dire@SoiPHicrRENOY
conpari son wi.th FI.G % %m nt a, H%&FI G 18 corres ond&ﬂtg, a ,goL nt_in
time when tiRPBRFHEVE donEapmpeneticdielddgoing: togag tt&ﬁ Hght HREGHIOR 1 ihe he
point Gs ?s:‘lxjagvipg,oceaﬁmtlfer Qgh@li@;icﬁoml_ﬂ @tﬁe@gakhdixa ﬁ@i ﬁﬁe;ﬁcal{)hﬂredﬁiﬁ[ iz;igal
magnetic fi i ncreases and,.re its pe t he poipt b. it
ot oceeds. f AARIPTRESE ER DoLDIBHEF don 16i MASBOLE P19 oY R amifelhe PRERd | s
reduced, antiredtidrhin andrdwimg,. thenivershoont héreneyaeblid lineisdhetdsagef and
reaches it eak at. .t Qisnt ¢. This coryespgnds,. to..the t tha h
bornt & pabBaBeRrub dRiE R i fhe FHeeRUASRT S a S meg Mbithehitie oAb %, he
hori zont al thedgmetdfdrdnsiription.l n ot her words, as the vertical magnetic
field 30 appro . | . rtigal el el t poi nt
G s oreased. S Bittbfy By dhatheliC Belfab h8polRECHId i HCE 1A BRIPD
point G arke exmained bpeempanagnatite FiGeBd A pgipt edo &, tifecopreaponds te he
horizontal 5 point in time when the magnetic head 3 is located sufficiently far away
from the point G. As it proceeds from the point a toward a point b, the
vertical magnetic field increases and reaches its peak at the point b. As it
25 proceeds from the point b toward a point ¢, the vertical magnetic field is
reduced, and at the same time, the horizontal magnetic field increases and
reaches its peak at the point c. This corresponds to the fact that the point G
passes through in order of the vertical magnetic field L and the horizontal
magnetic field J. In other words, as the vertical magnetic field L
30 approaches the point G, the vertical magnetic field at the point G is
increased, and as the vertical magnetic field L. moves away from the point G
and the horizontal magnetic field J approaches the point G, the horizontal
magnetic field is increased.
In addition, as it proceeds from the point ¢ toward a point d, the
35 horizontal magnetic field is reduced, and at the same time, the vertical
magnetic field increases in the negative direction and reaches its peak at the
point d. When the point a is reached via the point d, both the vertical



magnetic field is increased. In addition, as it proceeds f4RQRdhserpobnt c
toward a point d, the 35 horizontal rragnetic field is reduced, and at the
same time, the vertical magnetic fieldgyncreases in the negative direction
and reaches its peak at the point d. en the point a is reached via the
point d, both the vertical 4 Novenber 2004 20 magnetlc field and the
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posi tions Vﬂ%fea %Ee | evel of the recording signal drops 15 particularly

greatly. ThHe pol b and the point d respectively correspond to the
magnet i1® fi el ds dthe kiotiesi Aines amdFlthe IBOSMWI—Ias\mmthmgnaanmlﬁeethei S
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horizontal n®gnetic field reaches Its peak val ue has nof “vertical _ magnetic
field, but Bointtheare Resiidens hwhase t the Ilerel of thasrerowdne Hgpahtdieps
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magnetic fields a an er. 2 differ atly in
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corres pondl mggnetiodleld aeacldissits peak value has not vertical magnetic field, but in
the track of the dotted line, a considerable amount of vertical magnetic field
1s applied.
As is shown here, the histories of the magnetic fields applied to the
25  transcription master 2 differ greatly in the cases where the magnetic head 3
passes through and separates in the vertical direction, and this difference is
the cause for the deterioration occurring in the recording signal only in the
phase in which the magnetic head 3 is separated.
FIGS. 20A and 20B are schematic diagrams respectively showing the
30 state of magnetization of the magnetic layer in the phase of separating the
magnetic head 3 from the magnetic disc 1 and a signal waveform reproduced
by using a magnetic head to be mounted on a corresponding actual hard disc
drive in the conventional example. As in FIGS. 16A, 16B, the direction of
the arrow shows the direction of the magnetic field, and the length shows the
35 magnetic field strength. As is observed here, due to the strength of
magnetization becoming partially weak, a drop in the reproduction signal
voltage occurs in accordance thereto.



drive in the conventional exanple. As in FIGS. 16A, 16B, throWMsgseboon of
the arrow shows the direction of the magnetic field, and the I ength shows
the 35 magnetic field strength. As is observed here, due to the strength of
magneti zati on becom ng partially weak, a drop in the reproduction signal
vol tage occurs in accordance thereto. 4 Novenber 2004 21 FIG 19 shows the
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transcription process with respect to the conventional method.

In addition, in the configuration of the present embodiment, the

25 magnetic head for transcription 3 was driven to rotate, but exactly the same
effect can be obtained also by driving the side of the magnetic disc 1 to rotate.

In other words, it is sufficient to rotate the magnetic head for transcription 3
relative to the side of the magnetic disc 1, and both the magnetic head for
transcription 3 and the side of the magnetic disc 1 may be driven rotatively.

30 Furthermore, in the description of the present embodiment, the
magnetic head for transcription 3 included a magnetic core and a permanent
magnet. However, as long as the same external magnetic field as shown in
FIG. 8 is generated, it is also possible to use, for example, an electromagnet
made of a magnetic core and a coil. Although a detailed explanation is

35 omitted here, it is designed to perform the same operation also for the
operation at the time of initial magnetization. Furthermore, the present
embodiment was described by referring to an example in which the magnetic



FIG 8 is generated, it is also possible to use, for exandggvéiber 2004

el ectromagnet nmade of a magnetic core and a coil. Although a detailed
explanation is 35 omtted here, it is dgsigned to performthe sane
operation also for the operation at the tine of initial nagnetization.
Furthernore, the present enbodi ment was described by referring to an
exanpl e in which the Hagnetic 4, N(ivenber 2004 22 recorﬂ_’kng meditjlm s an
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speed of the magnetic head fo tyanscription 3 and di stance hetween the
gap 3d of t%a?éﬁﬁ]teppﬁr%é‘gﬂ OF‘iY W{I?%ré]@r 5”(9?5103%3?\@!afpﬁetrgﬁﬁqréﬁgo%},\?tlﬁe
mﬁgnet ic di@@ﬁiagatd, hﬂﬁerb&ﬂh@br@é@n&reml itdeinit dollows thB@¥epd ?dvﬂlhsnm@m'mng,
t he magneti e rotates at, .60 reval uti.ons per m nut t both times en
the oper at | G EgfiiiecinRInashig e ra b of PO minpelis Rad fOF fEARsbDHTER 't ho
magnet i ¢ heggelformadgistultpi¢nnlBwitidthd fetasionbhopeitict) dikeagnidiel timdicdc 1
appr oaghes fromaéi{)mn ho Jt 5 mm aencd se(F?ratt es frr.otrp 1.535 m?ot 0}?3 mm 30 By
det er i ngPREAEPR,when thE mpaenetls hEad or Lrapseiption Sappropehes o g v t h
hi gher reliabilit§lG.r24showe tharghatamshipns ariopstiionalcpnatiet ofotie. maghbticd
Embodi ment lp.a4 for transcription 3 to a rotation speed of the magnetic head for
transcription 3 and a distance between the gap 3d of the magnetic head for
transcription 3 and the surface of the magnetic disc 1 at the time of
25 transcription. As shown in this drawing, the magnetic head rotates at 60
revolutions per minute at both times when the operation is performed in that
the distance between the gap 3d of the magnetic head for transcription 3 and
the surface of the magnetic disc 1 approaches from 3 mm to 1.5 mm and
separates from 1.5 mm to 3 mm.
30 By determining the steps as such, a signal recording can be
performed with higher reliability in a wide range of transcription conditions.
[Third Embodiment]
Next, a third embodiment of the present invention will be explained.
As for the contents that are the same as those in the first embodiment, the
35 explanation thereof is omitted. FIG. 25 and FIG. 26 show magnetic
transcription devices in the present embodiment. FIG. 29 shows a cross-
sectional view of a magnetic head 203 in the circumferential direction of the



Next, a third enbodi ment of the present invention wll be £xplahnedoos AS
for the contents that are the sane as those in the first enbodi nent, the
35 expl anation thereof is omtted. FIG 525 and FIG 26 show magnetlc
transcription devices in the present errbodl ment. FIG 29 shows a cross-
sectional view of a magnetic head 203 in the circunferential direction of
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a cl ose comracw AiinhFHacRAGosthdhat ithe trhagn@ma&xeadtzﬂﬁ is rotated at least 360
degrees, for example, 450 degrees. Thus, the magnetization direction is
determined in advance in one direction for the magnetic disc 1 as shown by
the arrow of FIG. 12 (initial magnetization).

25 Then, in the state in which the rotation of the magnetic head 203 is
maintained, the value of the electric current to be supplied to the coil 203c is
reduced gradually. Thereafter, the magnetic head 203 is separatéd
temporarily from the disc 1.

Next, as shown in FIG. 25, while maintaining a state in which the

30 magnetic transcription master 2 is positioned and overlapped on the
magnetic disc 1, the magnetic transcription master 2 and the magnetic disc 1
are brought uniformly into a close contact with each other. In this state, the
gap 203d of the magnetic head 203 is allowed to approach the magnetic disc
1, for example, as close as up to a distance of 1.5 mm (approaching of the

35 magnetic head). Thereafter, an electric current of 20A, for example, is
supplied again to the coil 203¢ this time in the opposite direction to the time
of initial magnetization (transcription).



gap 203d of the magnetic head 203 is allowed to approach thRov&aebgs di sc
1, for exanple, as close as up to a distance of 1.5 mm (approaching of the
35 magnetic head). Thereafter, an electrjc current of 20A, for exanple, is
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third errbocnonmmmhas Inoaddition, a magnetic field can be applied and removed by

controlling the electric current, so that it is advantageous for the device to
have improved design flexibility.
Furthermore, the present embodiment was described by referring to

25 an example in which the magnetic recording medium is an inplane recording
medium. However, the same effect can be obtained also in the case of using
the present magnetic transcription device for transcription for a vertical
recording medium,

{Fourth Embodiment]

30 Next, another embodiment of the present invention will be explained.
As for the contents that are the same as those in the third embodiment, the
explanation thereof is omitted. The object of the third embodiment was to
solve the problem of signal deterioration in the cut-off position of the
magnetic head 203 with the coil 203c. However, also at the time an electric

35 current is applied to the coil, signal deterioration can be observed also in the
position where current is applied due to conditions for transcription, that is,
when a recording signal is not overwritten completely when the magnetic
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As described above, the present invention can achieve uniform

25 transcription recording over the entire surface of a magnetic recording
medium without causing deterioration in the transcription recording signal
due to the effect of magnetic flux in the vertical direction existing below the
gap of the magnetic head used for generating an external magnetic field in
the phase in which the magnetic head is separated.

30 The invention may be embodied in other forms without departing
from the spirit or essential characteristics thereof. The embodiments
disclosed in this application are to be considered in all respects as illustrative -
and not limiting. The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all changes which come

35  within the meaning and range of equivalency of the claims are intended to be
embraced therein.



and not limting. The scope of the invention is indicated ded
clains rather than by the foregoing description, and all éﬁ§%§%§”€2|c cone
35 within the neani ng and range of equ'éalency of the clains are intended
to be enbraced therein. 4 Novenber 20 26 CLAIMS 1. A nmagnetic
transcription device for transcribing;j mation signals of a naster
information carrier in a magnetic recording nedium by applying a nagnetic
field generated by nagnetic field generating neans to a contact body

obt ai ned by copt AfdpnRéict FENEBSHEN AERESTSF YFarfRETHIRE IWidrn AR AASHAIS
recordi ng nedi um having a_ferromagnetic |ayer, the master information

carrier ifthyansigrinfoamatinn GaTEer en toagkeiis recosdinemedinmeby applyiget o t he
co (i . | o g SPO (
comor | oos ukHadt Tl Geherdted by Ul dichd BAATRANGH)R e WBIRE AL LBRLAEY! C°
fi el d genbody iohgaimednisy aodtadthg ttenthectethddygrmbtiba caotiat iwith ttheagagtiet i ¢
field generati.ng nmeans rel at.i ve o the contact body: wherein_.the drivin
roans Lo ekt GRCERih chAtinbra FRITRRERSRT dRUeT e ThES It TSGR b
surface ofati ipRRiditl PBEYe GhOSBIdICIRAGNafhEBE bodils MrhésfindiRgtb tABe

selected fromthe nmagnetic field generating nmeans and the contact body to
rotat e t akifpgnetivs: denaly axe fomaedentral part of the nmagnetic recording

nmedi um as t he I i s i_n . netic. field
Gonerat ing. meantergi, e dladh il uddh ol SLoidedorhfiscBRIANL plbfiy
gener at i nfprnadjusting s efiateatcedbétvorert tiee aoagraatic fiblol gemériatimgraieatrai andg t he
rotational, drive. 2. The netic transcripti devi ce ,according to. claim
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contact bgfyhakentatRiiodgd cl ose to each other while rotating the nmagnetic

field generating neans relative to the contact body such that at |east one
sel ected from w%@relﬁagh@tdwgépmmwhbe b aditingl thhemnegnetetfialddy i s
driven to ;.J?é%']ﬁg bst all e E%E a fot Demagnet i C
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to cl ai m hagtleeieideotditrg medium as the center of rotation, thereby rotating the

magnetic field generating means relative to the contact body, and

the magnetic field generating means is separated from the contact

body while maintaining the rotational drive.

2. The magnetic transcription device according to claim 1, wherein the
magnetic field generating means and the surface of the contact body are
shifted close to each other while rotating the magnetic field generating
means relative to the contact body such that at least one selected from the
magnetic field generating means and the contact body is driven to rotate
taking substantially the central part of the magnetic recording medium as

the center of rotation.

3. The magnetic transcription device according to claim 1, wherein the
magnetic field generating means includes a magnetic core made of a

ferromagnetic material and a permanent magnet.



magnetic field generating neans includes a magnetic core npgde,Qibed 2004
ferromagnetic material and a coil. 5. A magnetic transcription cPew ce for
transcribing information signals of aypaster information carrier in a
magneti c recordi ng medi um by applying a magnetic field generated by
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for adjusting a distance between the magnetic field generating neans and
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relative (o the contact body, wherein the driving neans.is capable of
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generating meagheadieh e ndaddace teindobptiRntacice b pAikes ENihhefeshase to
each other while rotating the magnetic field generating neans relative to
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cent er of to thatomwtanct bohlgyenber 2004 28 7. The magnetic transcription device
according to claimy5, wherei.n the magnetic.field.generating neans. incl udes
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magnetic field generating neans includes a magnetic core nmade of a
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magnetic recording medium as the center of rotation, thereby rotating the

ot

magnetic field generating means relative to the contact body, and
after the relative rotation is performed at least for one revolution, the
magnetic field generating means is separated from the contact body while

maintaining the rotational drive.

6. The magnetic transcription device according to claim 5, wherein the
magnetic field generating means and the surface of the contact body are
shifted close to each other while rotating the magnetic field generating
means relative to the contact body such that at least one selected from the
magnetic field generating means and the contact body is driven to rotate
taking substantially the central part of the magnetic recording medium as

the center of rotation.



a magnetic field generated by magnetic field generating 5 ‘12“903?266)‘{“ act
body obtai ned by contacting the master information carrier WY h A magneti c
recordi ng medi um having a ferromagneti ggl ayer, the master information
carrier including a base on which ferromagnetic bodies corresponding to the
informatien si I : . i n-1h [ i [ means
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to rotate_takin ubstantially the central part of the magnetic recording
modi um as REAREARGBITA) BRY B PTRARCS RAERT- whi ch the magnetic fiel d
generating neans is in close contact with the contact body, wherein the
magnetic field generating neans has a nmagnetic core and a coil for
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rel ati ve fatamagnetis maenizramedaabill east for one revolution in a state in
which the rotational drive is maintained. 10. The magnetic transcription
device according to claim9, wherein the current application nmeans applies

a current gval ug ffadnR@icCRbhsEAPOANGEALE T8r tAaREBIABMIKIIRSANESA Gifhakd for
the transcription by gradually increasing the current value while
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corresponding to the information signals are forned, the nmethod™ conpri sing

shi fting #MHermagies: vignplsears fgemedat i ng means and a surface of the contact
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substantially the central part of the magnetic recording medium as the
center of rotation in a state in which the magnetic field generating means is
in close contact with the contact body,

wherein the magnetic field generating means has a magnetic core and
a coil for generation of a magnetic field through a current supplied to the
coil by current application means, and

the current application means is capable of gradually reducing a
current value to be supplied to the coil after the relative rotation is
performed at least for one revolution in a state in which the rotational drive

is maintained.

10. The magnetic transcription device according to claim 9, wherein the
current application means applies a current value of the coil for generating
a necessary magnetic field for the transcription by gradually increasing the

current value while performing the rotational drive.



mai ntaining the rotational drive to conplete the transcri QltIL@ermb]e? Oa;pe
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the magnetic field generating neans an he surface of the contact body
are shifted close to each other while rotating the magnetic field
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claim 13, gnsherein a current value of the coil for generating a necessary
magnetic field for the transcr%gtion is applied by gradual ly increasing
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12. The method for manufacturing a magnetic disc according to claim 11,
wherein the magnetic field generating means and the surface of the contact
body are shifted close to each other while rotating the magnetic field
generating means relative to the contact body such that at least one
selected from the magnetic field generating means and the contact body is
driven to rotate taking substantially the central part of the magnetic

recording medium as the center of rotation.

13. A method for manufacturing a magnetic disc for transcribing
information signals of a master information carrier in a magnetic recording
medium by applying a magnetic field generated by magnetic field generating
means to a contact body obtained by contacting the master information
carrier with the magnetic recording medium having a ferromagnetic layer,
the master information carrier including a base on which ferromagnetic
bodies corresponding to the information signals are formed, the method

comprising



body obtained by contacting the master information carriery §ayvi i, 3obpse on
whi ch ferromagneti c bodi es corresponding to the information si gnalrs are
formed with a magnetic recordi ng nedi fhaving a ferromagnetic |ayer,
wherein the magnetic recordi ng nediumincludes driving nmeans for adjusting
a di stance between the nagnetic field generating nmeans and the contact
body while rotating the magnetic field generating neans relative to the
contact body. sbitingi thy ynagmetox tfield genengtiet | meanes| ahd an svefagepbf ¢deand

renoved for_transcription, of the inforpation si.gnals of the ter
o or mat i St e BoheS mashepticT car et et RParIIEStEB: BPPhdDehe
magnet i ¢ HiegirdtigefieldabeAgraTReN néfhAlinde the doa&oBbagttodshhte,SthdAeal t he
deterioration of reproduction_signals fromthe nagnetic recording nedi um
can be prERtahingthe magnetic field generating means relative to the contact body,
wherein the magnetic field generating means has a magnetic core and
a coil for generation of a magnetic field through a current supplied to the
coil, and the transcription is completed by gradually reducing a current
value to be supplied to the coil after the relative rotation is performed at
least for one revolution in a state in which the rotational drive is

maintained.

14. The method for manufacturing a magnetic disc according to claim 13,
wherein a current value of the coil for generating a necessary magnetic field
for the transcription is applied by gradually increasing the current value

while performing the rotational drive.





