;e3e ({ vvwIx: &xz6zT({t}> 20a3 DESCRI PTI ON MASTER INFCRNATI?‘!} ?PFR?BUB
AND MA \k@\ CORDI NG METHOD USI NG THE SAME 5 TECHNI CAL FI ELD Thi

K s to a master information carrier used for static and areal

gor ding of digital informati ?n signals on a magnetic recording

rredl um a magnetic recordi ng nethod using the same. 10 BACKGROUND ART A
magneti c reading and reproduci ng apparatus has seen increases in recording
density to achieve a small size and | arge capacity Especially, in the field
of a hard disk drive as a typical pRgoORIPCIORCcordi ng device, an areal 15
recording density of nore than 3 Guit/in2 is already avail able on the
mar ket. Furthernore an areal recording density of 10 Ghit/in2 is expected

Bq a ]1: eWhYMA_STEMeINF@FR:MATI‘@@hhi @ARIH%\FBWENU SM%?N&ETI@ ﬁRﬁ)ﬁﬂ(ﬁRD@NﬁI ij_on-
e of the [ ors that has enabl ed suc i gh recording
density isl\ﬁﬁmr@gﬁﬁﬁﬁn@@fecor di ng density, due to 20 inprovenents
of medi 8m properties, a head-di sk interface performnce, and new signal
processing u partial response. Recently however, the rate of
i ncrease | mggﬁﬁﬂghgﬁéﬁexceeds considerably that of |inear recording
density, and thu§hixenowesioa rplitestoya freecstar indérmaon neneasised far stltic

2C0r Ol N9 FERSE: BE AGRICALoNARE T 1 BIRONEL LRS! GLINE hup BB il Ch 1 s

25 superi or con I ona reproduction” out put
per f or mancegchrdmgwadiurbiaredia meagresicpeoy Isgmaﬁhocﬂa@smgaf&te dersity. It is
possi bh? at present to read a signal froma track whose width is at npst
only a fewmcrons with good S/Nratio by practical use of the

nmagnet o- resﬁ%@K@@QVﬁ@ . Further it is expected that the track pitch

will reach the S%Qnﬁ’gﬁét@&éﬁ%ﬁ@ﬂﬁ@léﬁho(m@u pard it Badb@GnWdaled Hi t her
i mprovenent of the head ormance. A trac fng servo te

i npor t ant £BFOTEHE daseiot B Achigyea %P@%é}zem AREY RARAN Sy aﬁéae%ﬁgdanm ng

Ior eci sel y $ld§ ﬁem ¥t Lol ﬂlrsﬁleveAasCé)ENﬁEﬁllIﬁﬁglﬂleﬂi@fdﬂ:oﬁﬂlﬁg deakcasigasedlhat are
ocate

" degr eeg5 anﬂi i % Pﬁggoéarnﬁ%ﬁtg‘ﬁn&ghﬂég éaﬁll F O%‘%‘q ?%6/89@%??%\4 gtaﬁGO
addr ess si jhatheambm aumdabiamokdmgglnabltgbé 10 €8nt/teds bxpectdDifrh 6OV~ ' Vn
“pref or mat S5 At ine BRE e cRP SRS FYERT BOReTaRE EHER | nfor mat on
at predeterni nedOplerqfdshs plamltynfmhm@ﬂ] ifmgtcaadhabhaeenabigdtsheh hegd position.
The above- qenth et {53K t RO ¥ins LABA} reAPARE SR Sy20ek & T ead
20 1mprovements of medium properties, a head-disk interface performance, and
new signal processing methods such as partial response. Recently however,
the rate of increase in track density exceeds considerably that of linear
recording density, and thus becomes a primary factor of the increasing areal
recording density. Practical use of a magneto-resistive type head, which 1s
25 superior to a conventional inductive type head in reproduction output
performance, has contributed to the progress in the track density. It is
possible at present to read a signal from a track whose width is at most only a
few microns with good S/N ratio by practical use of the magneto-resistive type
head. Further it is expected that the track pitch will reach the sub-micron
30 range in the near future along with further improvement of the head
performance.
A tracking servo technique is important for the head to read a signal
with high S/N ratio by scanning precisely such a narrow track. A
conventional hard disk has areas that are located at predetermined angular
35  intervals around the disk over 360 degrees and in which information such as a

tracking servo signal, an address signal and a read clock signal are recorded
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5 clock signal are to be reference signals for the head to scan irﬂ$ﬁ27003
precisely Therefore, precise record positions are required for t .
information signals. Current preformat recording into a hard disk is
performnmed precisely by magnetic heads that are precisely
position-controlled in a special servo-2rack recording apparatus after
installing the disk into the drive. 10 The above-nentioned preformt
recording of a servo signal, an address signal and a read cl ock signal

usi ng the h at us
has some p;@gﬁ%g%ﬁ%ls?%w&\é%tﬂhwgg1ae|felsr§{lwag %hnhfd therh?a%BR at the
rel ati ve noeedean dsenweteack he rérebidg sneh umfelmedlpumhmedet@e@smcypmm@eener al
for recordi fact means that a

substanti al I}P{ghﬂoﬁﬁ ?@%&E&gﬂ%%@gd?—!}%@ ormat recording in the

above- nent i oned vwme@tl@mcé]tmckmﬁ@ep\rce@gsel pntaksirpssand apead t he
head, usi an&k%@@[?él@Jlestglb\éQefe‘i&% éigl%g%memratgéﬁnmaae bddiQiy. the

speci al servo-track record |ng apparatus Is g@g nsi ve. he cost for
preformat rEeBERIHPLESiSE tpeoE wpglﬁwnz@wrh%me t ﬁwrémm%tlmatgr@éfe to a

space bet weBirbREp GG b cardTRE it Ohall@iskGs @eﬂbfﬁnb‘&'p\f@cléeﬁ?%ﬁd' ng
magnetic field ca sed bg@ta{ol e shape of. the@frlBﬁordl ng hea

transition Bg8Rsh e PHEISCHEBIRAN 5P RALD &{SPRGA Sqrypzac
st eepness. 1bebpamg1apmtamg aftky ngtsléngaht elcékmﬂuehe tbgehead position is

det ect by the t of a change i.n a rea t ude 25 when the
nead midser o tr Q0 AHGrRRURE e by gt e Pee BB aBHoRR Y ack

per f or manceyddiésk sigub adharrdep rexdlidedk mgadl ss1ggdhe ampdndtidecachanged sshar pl y as
the head m_ s T eld
contrary topgﬁas rgafh{ er%eeﬁ?"}ﬁ“géi’{)ﬁ Shag%&n? gbg%%; H(htoysr eal : ie a
preci se tracking ’E’l@rﬁn@tpetahiamqaehmltatthe éaateébat tledrdlativamsaybmentr on track
recording. ifbéh BEARL.d fud thotfaclifEmARAKEARRS | PRSHRI R SIRLL, pGS Of et

recordlng I nventors 0ose a new p or mat

recor dithg ttke Mﬁalﬁfélclhﬁa@neﬁ'@m fﬁéd mpgpsitbaed suhpanéesdlyPang iﬁ?rlAépﬁ i cation

( Tokkai He'1)3q&ﬁe(ﬂ@(ﬁ%efdm?atﬁ%f:ﬁfd%‘é?ﬁl Hiéﬁi&%%ﬁeﬁtlm Rlethsd QLR 1 on carrier
havi ng a shape pattern, correspondi ng n |n armat i on Bﬁl gnal array; and

the 35 pat t8pHo wwsaéfdth&swﬁl%% e egds R3ing RatIssial seHwrgarial

deposi t ed Q@ccﬁcﬁ@@wﬁtm@ Smbﬁldﬁﬁé@ t&@rsbéﬁﬁl schiy8-th®et Aicoldihgr mati on car
Tier surface is R.200 g%ﬁaé' nt o.secure conptact w

magnetic r@é’é’ﬁb‘?fﬁﬁ lﬁﬁﬁ?‘iﬂﬁl‘é‘%rf BE‘ r reforana Tecosipg &t ﬂu’é%ﬁ&pondl ng
to the2pattern afﬂheweaﬁnd bﬁ)bﬂannenlwthie © argpaoe ladtwesn the hoad bed a
information c rrler |s gh on nettl gcordlchg medlul,1

Accor di ng 6 t'H mol S¢t % STlveI‘lo?Cl? nﬁen Y4t }fof%‘ﬁl “APRE %rarpd)n%gsgna 9c

mat eri al cofpesiergrding headt gre magoemtatuaomtummh enck edgece the reegredi zed in
a direct | OfbuoRifial Qidhfifs LBEOLALNAMROTAL! Gnfll aOBRE ARk RN oS the
ferromagnetic materia |zat|on pattern corréspondi ]rg

pattern ar hggdopsitioa 1ﬁe1|et hethe:amveﬁ pha changhia araetdksigng @Flﬁﬁﬁlildﬂ\

carriepsis w%mféqgéﬁedm%eaamt ek 8HE %egyg@d& %ﬂunT&aa stiedp e
preformat rec I‘dl& of atraf lh1 mo &g(g 3ss sighal, a read
cl ock si gnAdFacKmPrEPAECS] Yhyhyh g cedan §15§’§i AY T H@ %SP?%%%ndl ng
Wt It ern ar sayrflpraRete dRall heisses thaceadd. tTe: difiisere 1reratmhﬂ§tma)gme@1@rﬂdler

ile relative ane

bet Weenthe ad and th 1. dﬂr’g 15 re U|redfor
convent | ondt SHItEE e G ot Fase il TRt T hagarpd pRbtiee
char act er i zedtkiyg sersb dtdlmiquetieatealredwingd &urm s aridiongtrablaredodisignot
requirg,relative v t t i and a
it um§ e o eoll u‘?e{ﬁ% spi&%ht‘ﬁ{?%%@e ﬁ?e%tt onegr}lﬁ%ﬁii%%(ﬂl”pﬁg&lﬁg{ 40844 s
genes al | yletforlémglwéhfaommghetlphezbd dire meelstpeajdlsolOpe aefooy neaformebr di ng as
follows. 2 i
10 40544, tRe L7 icEh bR 5 Thlc SRALA Il Rod Faph AR chE ALPSERIET |
shorter as (Edvhsadkd) t&40hdd prThe l%fﬁlteflﬁgldhﬁl%eﬁﬁgﬁéﬁqeé ipfoxgration ALY i on, am

eXpeHSIve VM 4 ERGke ﬁ@&arrdéd}gesquanaf@gt%sar{ BifoRh86bS 8] RS labiBNa8@7KE O of
t he etic head is not necessar}y 1dfl%ref ore, the tecagn ue. sclosed in
pﬂo 8¢

t he re r eRBECER P PHAYH San R b‘tqn%%I}F tigrmptfar OR&cor di ng
and r educenphadigabiioBubasite. sudéaeendiMie raspaodogantibatcnedsr tidadwist er
information carrier and the magnetic recordi ng nmedi um can be mnim zed by
bringing the surface of the master information carrier into secure contact
with the surface of the nmagnetic recordi ng nmedium since relative novenent
between themis not 30 required for the static recording. In addition,
unlike the prior art using a nmagnetic head, a diffusive recording nagnetic
f| eI d caused by a poI e shape of the magnetl c head does not occur. Thus, t he
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~ ~+ AP ~ 2003 4 magnetic recordi ng performance. For exanple, Z%BQER 2003
magnefi c recordi ng techni que di scl osed in Tokkai Hei 10-40544, }

properties of ferromagnetic materials on the master information carrier
surface greatly affect the nagnetic recp ordi ng performance. 5 Tokkai - Hei

10- 40544 has sone discl osure about the“"magnetic properties of the
ferromagnetic nmaterials suitable for the nagnetic recording technique in
the range clarified at the application. The application, however, has not
clarified pajughtiht@rdeyuiyy @neadstadithia wpgneti¢ asotdiag nédiant ihdadigsd recordi ng

performancg in the net,i c recordi ni 10 The netic recording
t echni que @]ag;a %’é‘gﬂn?g E%lex_%wolng%%go % qa%ge "N A ﬁg}a%gc recordi ng
t echni que feavimaggreticagaédriad anetderdastgr mreﬁnhmnmsmc'ahﬁel 1saecmrdpl:le1neﬂh;e

different fr a ntional technique, and thus, it is difficult
to obtain ?ﬁ%nﬁa%f%%a?dlﬁ%&%%a’t ?%n carrier structure with superior nmagnetic

recordiing per f orﬁmmfcémgrtd the pieleure efiToldgnedéicl - é@ﬁﬂtldltlm@ferr_emmagnelﬁc by
anal ogy w .t 0he Hr#%fqixg fne &Qsﬁe‘i‘%‘ ﬁ?&%‘%‘ G a?ﬁ%f%gﬂﬂ&z %@Qgﬁ&%d %;hz?r efore,

sufficient exp er e req recor
mechani sm dlaafdl@ar |19uq;tcothesneo@ d@mg alaﬁ@tlerﬁeﬂdm@mmtmbhv thisrier with

superi or ”EQHEB% %%%ﬁ?élﬂaﬂ Q%Jé%iti g%n%@te?n%ﬁh%ﬁoxﬂ{mgﬁg@ﬁé pattefgor di ng

usi ng the sane e clari mechanj smare r ired. DI SCLOSURE
OF THE | M@my@ﬁt tieyremagretiqim abydalof the mraster ntf%’%atilméﬁtl?%ﬁsseeks to

provi dey a FRskRId drﬂa%@{ém@e@@ﬂmgfne\&aﬁlﬁ sghht &, ehé byefoaagt f@ﬁﬂ@h c
recordi ng ﬁsﬁhgé or mance, ferabl e recor,di ggt hod usi ng

C
the master® £ %&%h’%ﬁgiﬂ? r'm e%ﬁ}gﬂ%flsl%e?&hchél%wé Yly the

magnet i ¢ rggnaldiingcheobdbgusifotiesiont:sponding ﬁﬁtﬁ&h@&ﬂﬁﬁf@héﬂ&hkﬂhe Hei
10- 40544 to evel ani sm regar d| ng the magnetic recording

per f or manc&* %%&fggﬁmela"g?%%?ﬂ?g f a 30 master information carrier to
obt ai n superi or Wadlendlatiyepavfanemnicewaed the hegdemidtheenedidnng nmet hod usi ng

the sae. F%glllte'aefﬂp&?ﬁ’v%nt Elhﬁ o l%tﬂ?l%?ﬁg%thaﬂgié olék%f?f”ﬁb' ﬁaé“ er of

this inven I'ses er n° Cof respondi n Mt i on
si gnal ar reharatterized ﬂoe@ogtaad armd zaeahlglmem sumrlea@orCHngghmte@hasmothuhm s 35

provided by %&‘ﬁxo%m%&rﬁ efernoegﬁ%%‘él 1%&&%%&1& J:%E%em%l'a{ ?zd?ﬁ'ma

nonmagnetic substrat er omagnet i mIis a soft magnetlc film

or a seni harepult, the frwhnigge-disclosetgn®ek kaiflileind 0-404d1 wigenpralboeliedtive f or ce
in the ”%l‘th@fi%ﬂleﬂ'sﬁ@}étté&fb of6gat f&@ffﬁ’ﬁé'ag%l?dx&na' i's not nore than
40kA/r2£)cand thehg,emdua magneti zati on of the f ﬂagﬁetlc thin filmin
the trdck | engt sl U SR reesing el Oft &n BJHE a-ligl H)-d8vd4: WRan t he
coercive fg@ieendled & trmgn@fdlﬁlart%wldh@lsmgwnnﬁlfmﬁ Biradd donifiged
ferromagnet | %Pt hin filmhas a sa urati On{)‘fﬁg‘%ﬁ’é’l zation at. | east three tines

the coerci GdDPGREE 5 P TRGHGEPE Meator AMCXBRPIT g rack
pr ef er abl yl,ecmtdm@appm dtaaddr ﬂl@@lse ghaitionecopéraireitiid mtagnetic hhed iengt h

di recti on ol Lhgd nRLIRLIO, L EAGlio i BANRL LRGOL! AY RLAGY usi ng

t he above-Ten t1'on carrier, iagnetiza
i nf or P&t | dlheqnpdesipumdoﬁ@etmeﬁnznatfmcordmgmnénghale raodagtioscoségor ded on a

magnetic recor dié&ﬁﬁﬁﬁ' Hgg? B'&w%gnghg ABRL S efnfbﬂﬁgﬁ{;ﬁ%éﬂ{bl iy into
secure contact wt I'c recor di em surface an e/ appl yi ng
a direct c@ﬁgﬁ‘étml({(?dt(}m&lf@@(ilﬁmWh‘hgﬁétm@efhbéﬂl&”ﬁ@né%b? purippof the

ferromagnehi6iek fh frhiakih WREELIH0 kBOuFRDhedct Wath PhOS ALY thar rier has a
shape pattern corres)locﬁndl ng,.to the |nthr mation signal array by arraying a

f er r omagnePRENEHE FPOPTPRE AREHYL SN Tl G RAYTREREPetween them 1S not

30  required for the static recording. In addition, unlike the prior art using a
magnetic head, a diffusive recording magnetic field caused by a pole shape of
the magnetic head does not occur. Thus, the magnetic transition at track
edges of the recorded preformat signal is steeper compared with the recording
with a magnetic head. This further ensures precise tracking.

35 The magnetic recording technique disclosed in Tokkai-Hei 10-40544,

however, cannot provide a structure which is maximized in view of the



substrate. The do excitation magnetic field is not nore than t chﬁBRizpﬂg
force of the magnetic recordi ng nedium and nagnetization res

ferromagnetic thin filmafter elimnating the do excitation nmagnetic field
is 20 greater than the coercive force of the magnetic recordi ng nedium The
do excitation magnetic field is preferably smaller than the saturation
magnetic field of the ferromagnetic thin film Accordingly, this invention
can provide, in a magnetic recording techni que based on the disclosure of

Tokkai - Hei m:la@néﬁﬁégmal rn2dndenf ormati on carrier having better magnetic
recordi ng perfor nce gnetic,.recordin t.hod usk gd h%, i’{rgster
Ei TR G G TERRUARGS e B 31 Ty arti al

i nformati on carr
expl oded vH@WlomosleV\magnaat propemhes Uﬁfenm’m@@ﬁerti(ﬁilaﬁéheﬁ'slbflahé nastan exanpl e
of this |nve%nt|o ded view to show a c£ross-section
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i n an daxanfblekaifHeihl 4054Ehss some BisGlosBré sbautpdietmagnexphiogertiad évheo show
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information carr 'S’ nve 2a0 6
FIG 4 i s vangeaphrified shohe appﬂa@tem z dihieapphicaties shdwevez, st arclarified mat i on

carrier ;r)émc%léﬂy ?a“&fe?féd ?8 rifed tha a%@r%e%%s?Pé%\%’uﬁﬂ%;‘%‘?fogﬂ%%%@ﬁgat' on

process fo mast e n carrier of thi's I nvent
graph to sﬁmmgna@ﬂé@qoz@mgdﬁcmé@ss for a master information career that

| S _notygonsti tutpge ﬂ&%fe@ic%c&%ﬁé‘te%llhﬂﬁ%%h&&sed@ﬁ%kﬂlﬁ@ﬁe’: 9B.4eMARENG QUT

THE IN\/EI\FI'I ON The fol l'ow ng expl anation concerns enbodi nents of master 10
i nf or mat i of NEHr MRGRELIGFeqOKIRE; tﬁ‘&}éTHﬂP% RAXHIE MrEpedetic reeudng mgcharineys,

referring {intBeneblceld ﬁKfefB&ﬁ'fﬁoﬂMthﬁt éf dedidienednakplcBAafued an@fthtinst
function re;{f\ to the netjc.recordi ng nechani sm ) 1 shows an
exanpl e of 18 b oo BBt RGP ST S PgFbre with sipSrior

magnetic recording performance and a preferred magnetic recording method
15 by analogy with the prior art.

In the magnetic recording technmique, therefore, sufficient experiments
are required to clarify the magnetic recording mechanism, and early provision
of a master information carrier with superior magnetic recording performance
and a method of magnetic recording using the same based on the clarified

20  mechanism are required.

DISCLOSURE OF THE INVENTION

In view of the above problems, this invention seeks to provide a

master information carrier with sufficiently good magnetic recording
25  performance, and a preferable magnetic recording method using the master
information carrier.

The inventors studied energetically the magnetic recording technique
focusing on the disclosure of Tokkai-Hei 10-40544 to develop the mechanism
regarding the magnetic recording performance, and reached a structure of a

30  master information carrier to obtain superior recording performance and a
magnetic recording method using the same.

For the above-mentioned purposes, a master information carrier of
this invention comprises a shape pattern corresponding to an information
signal array to be recorded on a magnetic recording medium, which is

35  provided by an array of a ferromagnetic thin film deposited on a nonmagnetic

substrate. The ferromagnetic thin film is a soft magnetic film or a semihard



according to this invention. FIG 1 shows an information signal §1rra 15
pattern in a preformat area that is disposed at a given predeter 'IinqéPR 2[][]3
angul ar distance in the circunferential direction 2 (i.e., the track |ength
direction) of a disc-shaped nonmagnetic_substrate for three tracks In the
substrate radial direction 3 (i.e., trak width direction). The hatched
rectangul ar portions are conposed of a ferromagnetic thin film1l. The
information signal array 20 pattern shown in FIG 1 is forned on an act ual
mast er i nf op ABLAQNAGALK WaliclS i @RECilO f506 LS BROAY ck Rerikth Rl BbAGraRea of a
magneti c di.sk” medi um.on which master 1 nformation signals (prefornat

si gnal s) arBlorgwdigedgnalis nohpae thar 4P8AM ARG ARG m%&qk}na@etmaémuenuy
at a predetygthé RedoARGHERE tidh HANGE HetrhdleletigBs HIrat§oit bf HEThesn N4 tieH
direction 2 and is forne ov%r the,‘%g{?lre recording track area in the
substrat e riRP 1ggieatsY Gangherrerchisoesarlihe speenaticnGrondindmesiyal arr ay
pat ter n5pr MefedhbRytha fbabhommenethih filkh Rak il sathusatioor magndizatsdrnge waki ous

l'i t hographi¢c techni ques. The pl anar, shapes of the.ferrqmagnet thin filns
1in FG EoEgectimes thE gheray Bree o he priEnsEe geror 5t EthE T

t hereto. Varefousblshiapes a3QeaanObecbelveqieetheabditydhnpe langthelitoetienddd use.
Typically 3 Q?Q@a@n it inﬁ‘s&bstrate of a master information carrier is forned
to be a di E &oFr §g8n ?%g'to t he shape of a magnetic disk mediumto be

si gnal -recor ded. Ifthemdigaeatet erconding metdwod tistnglilekalydi memiaonkd mastof t he

di sc- shape H]%;gei : nat. SSall incide with each 35
ot her. T?n g%%g en gld“farrrglre]?gﬂgﬁﬁgﬁﬁféﬁﬁggﬁgﬁigﬁsﬁg{ﬁs éflgﬂégla%ave a di ameter
ei t her | ar geforovatiomdigeal aanistegordstl an ampemetic ra¢sflingaiedmmbye ~ ~ APB
2000 5 di $¢+Sh RRIRFBIRE, infat T2k e @f sl IwdiAf L.op:carrier
i s not necz)gggg?ﬁgggea pe?‘?ﬁect llgl?% g#gc%?&%?ar@ Si‘e}cafe {)Hglr%%ftc}#t rtg_%e%?éég%@%cg as an
ori ent at i oneqarding Bedmetgecs Ragdyrnrdnngredispeteyrrant{dexsdetin® can be
formed on ag,RaddticHel N6 ckbitCHHE RERMESCIRARE BOAL! (BBSiAdRe BSadtsed tO

det erm pe d%{?ectlons and positions of the master .information carrier in the

f
above- hent i é‘)awitmfagwabﬁ?sa B8 pAHPIT COERUIIE B REILOIRMIY ned | at er .
FIGS. 2 andighashewiyclipssagas a rso0hghdiec thas i depbeité@bh @mopmnsg@iticof 10
15 this ingeFti.op t aken, al on%ﬁalternate %qag an short':t dgl?h line I-1 in
FIG 1. ThEUPFHat - [Theods SEpRiee Posnahe 15l de Rreriont tham S (PSR 2 of the
di sc- shapedomownfitlgnetaistie fubsdording. mdthemnt i iel mapnes pands rdsodiaghintthbengt h
direction . digital infornmation signal arra nd sim dtapeously,
corres pondggltlégt%ﬁlele ' ?E’E@l? 13%18@% di Irnélcl:%tl”g%aleA Crr%)g%{tea?mlnnlp 8Ignn§tt1(i: g%ﬁclgr rier of
thi s i Aengreatet dimaibéhd coereige fyrcaf tyd mggacpe otooudieg pediver.n Thage of a

f erromagnet.i Gthi ' - . .4 as
shown 1 FREAHATldenBLE Ol %gﬁéﬁeflgﬁﬁfe%%%%1’5%?‘?&@%%%‘%‘&%%%%‘2&16
f er r omagnetield ehhihe feriomagnsictt g1 8bmface part of the nonmagnetic substrate
4 ats S_hO}er ' nt Fl ﬁcc@l*diz!fél?,rﬁh{lg"ﬁw\é%ﬁ%?hﬂtprQst:]idg,UiﬁlaEF%ﬂEi I d:i@%‘gc_drﬂ{rﬁgt' get ?f thi
mast eri nf or i.on carrjer e struc shown is the better.
master inf & ﬁl%g%%ﬁdrmb#heo&%lﬁwei%ﬁﬁk?bﬁegéﬁ-épééésa Ragidnetic 20 flux
fl ow cosr egpfonsiatigntcarée Baviay Rtted nhanicditagbaidicy hhiforhahed ad hern by

applying a_do excitation magnetic. field x for exciting.the ferromagnetic
ChEn 1 1 m RHERLGr o et BOPEShe CH eI RO HOUPPRIET on) of t he
information signal array. The do excitation magnetic field can be applied

by novi ng ?éIWD@ﬁmﬁ@&t@@%D@ﬁﬁ@@OWQnet adj acent to the naster

25 information carrier . respectively show typical flows of
the 30 magnetic FlGx1w apaaiiabssplodtienes tdohewoi tasiennimgrdidrccdivsrd Hex
i's appid eds%&@'ﬁ@ﬁeﬂ@ﬁfﬁé LSk sk eedhum surface is in secure contact with
the surface of the master information carrier, the magnetic flux | eaking on
the surface of tHEGnAstRertialespleded gieve b shay aguesstsscipe 1 fagmgebstrateagnet i ¢
resi st ancecg@lim@seandl Afetlor b hRistQMRENSidfort fiichiih AnRakhesIe ofEhBY acts
as a recording, magnetic field, and thus, magnetization information
correspond}rl*?’ﬁ%f](?nt he ferromagnetic thin filmpattern array can be recorded
on the nmagnetic B88k3 Eﬂaﬁiipumiall-_dx@lo%di\&ie‘? t6 ghewat &1@)Sésl—isﬁwldr1gin3tlh@w t heI
magnetj,zati on . pr.ocess .a .35 mast.er i.nformatiaon carrier due to i cation
of 2t oxe TPl a TR ERGRR o R AR R abhe SanfSeL BBy hat i on
carrier of exdipld ofithrt ingantibhG. 4



~+ ~~|l pi ~ ?003 g does not show the change in nagnetization of t ép@ 2@1@3
ferromagnetic thin filml, but shows that Ha and Hb change accordr n

change in the do excitation magnetic field Hex, where Ha denotes a

recordi ng magnetic field right above a gortion where the ferronmagnetic thin
film21l exists on the master information~5 carrier surface while Hbo denotes
a recording magnetic field right above a portion w thout the ferromagnetic
thin film1l, as shown in FIGS. 2 and 3. In FIG 4, the ferromagnetic thin
filmon the nast &Id. Hﬁl@ra@falphl’to(Shbfvl £maghefbaiboysdgsslbgalmsstert o the
neutral poi.n d thu ? magnetrzatron is determned to be O.
The recordrlﬁgd Hb?gr?ét‘f% re “ﬁré“Y%’ghft‘ ‘10 above the portion where the

f erromagnet i c t hikiGG.ia 1malgleph3:b$llswbstcﬁhe1i alalgyetraaimdrap e fow aamaetdrai n

val ue of i f ti magnetic field Hex is increased.

Here, HS déh gngatécmé %egwrft ﬁ@e tgornromatgnetr c thin film1l reaches

magneti & sat ur at ild6y. Gana gltaphstoehbtveadmgsxatluataom pmmfssgfwta makfeel d. This
eyt O Olinlfia iR e RS kEEI S bRLEQTBONEL: it Votpld hfflchBvi 10 1 L her
15 soft rragnetlc pro ejty or FUnctions as a
shielding film Narrely, t he surface magnetic fl ux of the master infornotion
carrier duegfgr *@m%;@@mﬁgt@gﬁpﬁEXMqu@mgnetr c field Hex a
caused by its sel ective passing insid errorragnetr c thin filml having
a hi gh magnetic paenelpving gxplanaioneonresns ambodunertsof grasteyht above t he
sur f acgqof 1hftﬁn?dl16rﬁéaﬁ?iéﬁ§8ﬁﬁh§1dd’éh1’ﬂlo§ﬂdrfﬂ ﬂaa%hé‘ﬁ@lédaﬁdﬂ%rﬁne%dﬁas | ower

magneti c perpeabi hty d he .do excifati rragnetr C
field Hex rlegr‘éhleg tﬂ@aerréur@ﬁﬁ ﬂ&l?fe:at%trﬂﬁ eXhlpnation 4 @1 ction

magnet i zat |1@mt&@wtalterlaagn@gﬁtdletcbuﬁngm@dmh@rﬂagnet| c flux can flow inside

the ferromagneti in.film r.esul t he do
excitation magnet‘l‘r g’hflr Sétoa’Sﬁé}(e’faén@@eOé hfﬁr?r} %ﬁgé‘%em OBé“‘arIH(e,’r eased
accordi ng (mb(y.tdmg tdehik meveraom. of1Gné sdlmmxm irﬁcbnrmantmsmgtrgﬁhl arifayel d Hex The

change jn.a case. ecre iel X is
Coversifl o sl Pran B8 AR R IR BB A mgﬁ"e‘?% iR

i ncreased. distenceootll mgcum@nentlel dmetttiml—% (ird. gﬂnte ta ]engbtedpecmom)mfw t hout
the 30 T et QRGNS diithAdd d.tjoshsaté fif e thalROL e Aibdhiite daggyct tat on

magnetic field i s IncTea erroznagnetic mlrs

nmagnet i zed dectine Jpeliteak ‘@rﬁtbfdlteweoab eXed halched resignanlios prorepas REX and

the magnet icgnfpodd b?ﬁ?élnSm‘h'?gﬁgﬂlé DEnadaes. | $hb MefHeRaGEn @R Alayragpien the do
Xx. reaches HS, Hb j ncrease,due to spontaneous

excitation net

magnet £9at PR stlﬁ@r Iérl‘_‘e]oﬁsf@hé? en e 4etRal wapteg dplorBtionEEFielny nor e,
and thus, Hoarpick ko b@ubwrﬂa@edl@@ﬁﬁhglan@a 8nh Yndghetfaalitlnalcdas® &f whivh do
excitation ma exc tation

neti
et ¢ f TRRAEREMoNEn HEt U PR DA RGNS Aot B er SPEPEHGAR e Ha,
and the valfomnabemmmomomn@uﬁmeamubf at h@xeldxatemnntmltangulangmeﬁm@ i el d
e s Lot 45nety L0, B il e BSRATR OB, SR SER AR IRe L et (e
magnetrzatron process Wit e ‘'do exci 'on nmag ne |c field 5 Hex
has hygﬁeresqt(sdmﬂ)tl’aclaahuenvwlmuhsmaﬂ@leohcaﬂ taetioon ﬁagﬂi‘berabom -eld Hex is
returned t I ,
magnetl Zat ?%%t\l(?{e%fsm?(ﬂrﬁﬁ@?% Q%%ltllg )[éﬁtl;eXﬁ \ﬁfev\%gea feﬁﬁirﬁié’giettc thin
i nf or mat i oAlwaisHPBRES by fugtee mu@uﬁ lsthomemlpéwlehw%ﬁcten zed in the

nmagneti zati on pragRSsahsr htea%h)tfth@t&l&ﬁﬁgﬁ@u@aﬁharﬁtnsvr HhFi@. 1 hee gyr face of
a magnetic drsk di uméurfacgﬁg\%%egﬁdo EXﬁltatl n ic field Hex of a

proper val GgctaBggar, 15| qrau repey lipjtedd b‘ﬁPr egg“f’H%S %F:%Sr di ng
magnet R0 frcghcﬂ)elstal@t@h@cc@mylg tb hRe nqréhﬂ@(muMere the ferromagnetr c thin film
exists is 0 or a extne % rrtall.vg;tlgltt t té orln nmagnetic
field Ho right a E:a[hé“b PRGN G THS A R arlé?t ’hrHB ‘éP? Otlﬁf“rf tifm 15 can
be i ncreasddnsal gche melige cfomretsbemdj@rge;atthe shhamofdnmatg:metmrdm\ fredo@enHo of t he
magnetic d i t a ey, al can
be goner at 'regg‘é ﬁaﬂ 18£81(1A8 o ThE s rkete%(??%xﬁéﬁtét?c”dlqg%etgh&5 (ﬁ’ﬂhétoorfftlhg

Wi t hout t héla‘ceerha@ndgwetnz@tehtcrwbstlm:ebcﬂro nsi ngcetshzeu}ye@a)rculdmgfltr}'a@anéntr c field
Hb, W'3@0u5t}9§10\/![1q'e&ﬂe%nmrl%tehtzsatthgﬁoﬁ%gﬁgﬁE'sgmtlﬁtleqi %6 i HOr tion where

the 20 ferromagnetrc th m exi st s, S correspondr ng to
the patt er Alapetey edher fvepe oy sragrethen thtofta Jrnﬁ-ga?ec diskgpedigm | nThej s
case, it is nore preferable that the magnetic disk nmediumis uniformy
dc-erased in the circunferential direction by using a do magnetic field
wth a reversed polarity to Ho before bringing the nmaster information
carrier surface into secure 25 contact with the magnetic di sk surface, so
that the portion right above the ferromagnetic thin filmand the portion
vvrthout the ferromagnetrc th|n filmcan be saturatron recorded vvrth a

o o v o —— rr



performance. Therefore, hard nmagnetic materials for magnetic di gk i
the like are not used preferably for the ferromagnetic thin fgﬁngpgh@ﬁg
i nventors have found that the above-nentioned magnetic recordi ng mechani sm
can be provided by using a ferromagneti (;Zrthi n filmhaving either 35 soft
magnetic property or sem hard nmagnetic property with a coercive force of
about 40kA/mor less in the substrate circunfeerential direction. APP
Q003 10 In the magnetic recording nethod of this invention, Ho is required
to be great dfscishaped hentmrgnetic eubstektaafthy master difsembtivg @atiéerdds Hdie

appl i ed Hex_val ue .when recording is. cakried out,. As nentioned.above, the
Ebor i ng. rbeeTEr T BPHERGHU A ET DAL i e R B AR G BRE B
magnet i zat i fiat)afr 4 Wwedge-tleaponeghdtdferntito akial mtchpearhiee foenredmagaetitcoft hi n
fil mshoul d;hay ati net i i h I.S:.suffi gt ently; greater
than the. collel bafpBabie OR-FRANIMZAM B0 uba b B RoRiib i ng

magnet i cd r epositiong ofrdtchmdsiel inforsativenatiion in Hee aboveegeitieded o be greater

than the coenciw 0 j j gk j 10 to be

signal -r ecorﬁE edc?{\%ﬂféﬁbﬁécfgggl %é%%?ﬁ%%%&s%{p?%ﬁgﬁg%%? magneti c recordi ng
properties can belHbs.a medi3 shewrarnss-snesignalod e masteranfmatian ¢daxicr of ur ned
to 0 vari esﬂﬁ%?ﬁéﬂtﬂg’l E&eh@o?blﬁ&qﬂ{teq&% f%& sHy&! dd@ﬁ%]-%ﬂr{e req M. For a

soft nmagnet|c m or sem hard magnetic n.in (g_eneral resi dual
magnet i zat i dheMmeilsl soerpande tashe siscwrsrental disedtion aptihe disehapedso t he
15 abovgy r eguhm@BBetic kakktsalees Thdainealorl @pshdat€ & bitdeAgliedRbetddn 60@¥eCi Ve
force is ne estisa?r.y for .the.ferlro_rm neélc tdgtl n filml to provi d% a‘rq?él dual
magnet i zat | BFERY ERRation signal @rraspand sHautarersl cpes t9fthe i GFagnet i ¢
gi sk mdsdi Unlen%t]@ﬁ%@@ﬁ&n.f OA nnzegft@f tifogmation capgaes tﬁiﬁirﬁz&nﬁﬂd}cumﬁesf coLrpI et ed
y 20 detaching t,he master infor ion carrier fromthe syrface e
magnet o d ETRAdR AT e PP hTORET S 1 BT R RRHerE Sl d Hex
to 0. If thenaegmétcendtirmmnodgitche sfubstratmdmetshownhinnFiG.| 2ot b7 larcdiages due
to any ex | - dli L, tig fi t n X legnal
recordi ing; ngg%hlg}%dﬁggg%#éfg% g%ﬁ?@%%"%ﬂ? %%rgefch@%&m%%zlt? C (ﬁ %‘E_lfg}‘%d_i umis
re- r ecor dedpart afShpapnivaigngtideragimate 4 eel showntihd'I¢aBue FosmHbeisewpeiot ni ned
to be greatgfql '&%ﬂitgha%cﬁ%'iﬁﬁé@fﬁh%rzﬁﬁsﬂé? ; Oor B MBARALS ‘Ehé‘!sﬁjﬁcg‘ﬁ‘é' um when
Hex is returned to the master Information carrier can provide a stable
magnet i zat | 80w 11 FeCnadnehe ketdisk nedi um until the master information

carrier itself isade{achgdofhRbh e iAdTRhiCirdealionRdhivRtsds hdgeafter the
do excitatign gnetlcflgd 30 is retyrne

dto 0. AS a {ﬂsjgult si gnal
recor di#ly cHHXBeVcrmperas et ayrayiof adarroarsdetls thHeiip patleraddtifi ed
re-recor di ngp®lkigad At akcideimgnelehzat ifed HI ofoé eRpit@kaht Herrbee@nheiipghiy ocess

properly as ntion above,. in.a ferramagnetic thin il mco sing a

mast er inf oﬁﬁgf’i] 8138 Eg’rl??@i\fl e t}ﬂns(ft’rar?\i‘gﬁpg@h(}n?ﬁéo >é)£iﬂla'ﬁg}fg)ﬁﬁngﬁ8’9i zation M
is made to &ignal alregst Ths dgeratatas iagn8tic diebt civbe hppliad big nofvitge nagnetic
di sk medi umy.. by. provi di 1 | f Lye force. For
exanpl e, \/\/f%ﬁ %Ilhé;pgloﬂég{é%e&%glr‘ %Z&I—%lg%t? &glhg{lgt éﬁég{“&%"i@%ﬁ Stér%a netic disk
medi um2% bmfgingmiadn caomrdedIGs. 2000 & respedievde shomdypienl owmokthieal s

prepared to : rda 1. I i I | east
DOORAY m 1 ol ARLFUEIRRAHEL RdUe) Whof AR BGRa LR I QLR & L (*Phat the
coercive foteRliqdwhie sherremepe sher mpdivmisiatacangtn maregeriadt withidiesr m so
S that the §aF4QMIIAL I £LstbPidTofhh bl Rid Bige biagnbiib EluixaBaldi®gdnstheel di ng
film The dolﬁ%éltapon magnetic field He applied in the magnetic

n x,to b
recordi ng n¥t dithe W?%St?ln\fg?lltm%fﬁo? ST YR Werglet aHE° HOGRBICECt han t he
coer ci \3® f oressstideceddorpespaginis to tie $kroldicubtic bhint filen pREGeAt harayeeos di ag
met hod of thi s‘hnventi on If& do @%(Ci tation n?gnet%c‘ field Hex ca(? be
nopl i ed 10 WETHHEY Br1PeOn AP Rk R Bt B b AR IOr BE GGHGE PG R 11 m
1 conposi ngtotthe femstregnietit shimpfiinopattzrn iaeray ¢an be geoedal oaplpd meanietn usi ng
a per manent; npgnet. el ectromagnet, however, such a partial application of

do excitation magnetic field is difficult, and thus, such a do excitation
magnetic field i sFléni4isransoheappid edwtto shoWahganagaettatpn miongsstia

ferromagnet j,g o fehii Aok hlaMo cabifiBr due to application of a de excitation magnetic field

H,, in an example of a master information carrier of this invention. FIG. 4



15 magnetic | ayer of the magnetic di sk nmedium and the substrates on which
the layer and filmare deposited. Since sone pattern shapes of t%elf APR 7[][]3
ferromagnetic thin filmcannot provide a sufficient shielding effect, a
certain recording magnetic field may be %ppl ied partially to the magnetic

| ayer of the magnetic di sk medium even 20 right above the portion where the
ferromagnetic thin filmexists. In such a case, when the do excitation
magnetic fielJ]d Hex i s nade greater than the coercive force Hc of the

magneti ¢ di SICCHEAE Shw the chiassde magnenezAtaiest (Hadhyi W REBYCNR H1.6lG; o ased
may be partikaltlsho@erBgpnet iaﬁﬂqﬂi[oé rlrla%neti ationreversed even Ib mJhove the
portion where the. féﬁ;lrorrégnet|h(:hfahig AP ‘?%.t‘bﬂ}et(fhmlg.éxné;he.d.clécxcitef?i@;!irpl e,
when the shifeteielly iaqld dis, volherer, deerottmgé@ﬁﬂﬁ;gtﬂagngﬂi# 1&-1%5'?%“ ci ent

for the thi pknigesswiierd fig £, the layer, it is difficul O%VF&/i de
the shi e} di ng“ef.fec%elt 0 t,hé%gljépéﬁ ?Csetl}g%ﬁ?étjée?ﬁﬁe()n Be mrstariisfornegiet i c
layer. In t (T daEuacenehibh Henstes heredostingmgustde fay %IgHt%bB?@Qt ed
directly 30puoitidn ®ithouexkd ohd ongti ¢ fi el d, ~and thys, “partr al

demagneti zati on Of,b\ﬁ:géngt' z tilﬂgﬁg]?%ve.r sgfﬁl%lc)g&ssgho%\ﬂiq%@%/ Zetiech3r i ght
abovetphedpg@tlim?g_ vh'e ’tl d :;gsts ttghetthm'ﬁmnnfthﬁﬂm@tw%rgomﬁgﬂ%al ' ab th
magnet i ¢ di &kreeds previassla ds bd [ netic [ayer s on bo
surfaces tomglgkng&ii al }Zegor di ng gﬁl&% ﬁébﬁgggé\%#’iﬁ'}é%gﬁlssitﬁ‘ég% wever,
when si nalqlsh rethr LGt Bt termped; th e Qs dehdoyecasding mh fxendtROMARIIE figger di ng
met hod tHroyeithe gotiiomwhite tise Shfdh&sthdtid @i RFIN a, ~ ~+ ~ PR 2003 12
shi el di ng ehhgrhiffo {d’ug &%gur on%gge%'gg %}%théﬁlﬁnfﬁ%oﬂgﬂgtw&%i‘méa jayer of
the second side. In such & casBte gl Byeyerifdhe domixeltdiing reddresic Raln Hpe

provi ded tdSbiftRasade higmell dehatyenssabye meﬁ%@%ﬁoﬁﬁg%@gcgﬁ;{ ﬁ{% 1 .

i nf or mat i onregeHds 1Bh o RES, ééjcﬁgat‘{‘éﬁ % a .g?rt rbsqlinf or mat I'on "si'dt ttern into
secure conleh(_:lt V\%th 5 the second “i% ghlairatian enagwdicdedddon t he
first side. THPepaEorabdintenssincvly fnromasast Hen B D ihﬁgi bifBat er
mgnet i dhak mags i eberE B S ORI G Diatieutt iwetions nhe shiclding
signal -r ecg?lp dinﬁ\ga’ﬁ r iersiifpee naggndtic homef drsessted i6REhARnAGTRAPEL | zat i on
or magnet i datitothe Syﬁlﬁ@@ionio‘l‘th@‘a\{ie&@i?gﬁoﬁ a (%Ll% &% ?f?,l (g%g_n;eotni c | cEi/)er_ at the
second si d@el\fz‘éftti which the th&%t er infornmatic el § GAgECOPBUGht into
secure contact. BrontthBSHelisderomsignstievbin fihg Ipaatingla Keraangidgzat i on or
magnet i zat p@mfr%ﬁu_bt}sailt}maw@)@dsihﬁ th@%oi‘ﬂi‘&&'{'ifgihﬁ'aﬁ% [awg;' ﬁi}, écg%fgg ect, the do
exci t aig ongy §%ﬁﬁcfﬂ erll?,’ﬂ]l—%s ouﬁl d b% In e reE ! €8i ng the
coercive 1 %or C 0 18 nigfetheretin hasiowmr nTignatiesiedindabiofymat i on
carrier priendhapiiemamdmdper theat: é&itﬁ@i@ﬁrlﬁggmﬁpcoﬁgg b l_vm%%{é d%_ _

exci tat i onfefemneticticith§l g]lrﬁfl 1tegl }zﬁr@é\gf. F'cg_rz t. g errp‘?ra‘é Fclt At film
mat eri al s haylgjg prtefera e magrheti ¢ properzresn getwnitivadand ohas, rfoor

exa(rjrpl Ie, efn@é’ 8}%? l%lﬂugga?ﬂtm gﬂemfﬁgl.lgm@?ﬁitg thid #1917 the aljll‘etlge , can 36
used. [In an aereppiveherd the delek Mt (ﬁga(ae t ﬁ%ﬁ@ ering was use recor

on a prRgnet.i G di sk medi um havin ARIE elstBeeerdhanghl ¥i,ng 120kA/ m
do exglB t aﬁ%ﬁfz‘ﬁlﬁ’rﬁ’ﬁﬁg 2£GANE Oy Whit ko ireectaenal the Glo Qs cH 860 Jroperties
wer e foundie . Sdther diain@B REL i of the Cp filmused as the
Ferromagnehl £pf RN T {Eif s oérlgg s{ai%%%(e)ga?ég%%%mﬁlﬂ%ﬁ’fc‘fﬁ@%m#ﬁnqm le the
resi dual nagnetizat!g q angatveliered hbelcatzoith tidl HOA e M GR i S

suf fi ci ents Wisegasednpared to the coercive force of the magnetic di sk nedi um
FIG 5 is a sch LG . \Yiewto show t magneti zati on process of another
mast e:{ [ n; or mat ?g%tl%:(g)rl ér{}n&mﬁg’&%ff‘agﬂ&r}gorlggbﬁb@m iherpartioa viliohexciHeat i on 30
magnée q C %&raamuatshlprﬁlml 1Gis icrdared h&ﬁlﬁﬁ@ﬂﬁe 3OO, FLG 5ﬁ unlike the
exanpl e i felflfB, idinciaded SR Eheerft‘harll ” Itr}_gt IIS case, rlelc%llga? ) with
excel | ent_si %n?.l qual i1y’ can be Df B ety thda il mn s ine gdletisoct by alid on
magnet i ¢ FIRICEtB 0T the Be exeitathe maggetit fiet HR & 1 mByhefiEfAYsSe of the

i ncr ease lehking fasmaht @aubd isQfNBINEL] #at) oR .
pidly. ~ When the d ;
field H,, reaches H, H C excitation magnetic

; p INcrease due to spontaneous magnetization of the
erromagnetic thi :
g n film 1 does not occur any more, and thus, H,

Increased according only to the increase of the de excitation ma

35
» Will be

gnetic field H,.



35 saturation of the ferromagnetic thin film demagnetization pay occur on
the previously dc-erased di sk magnetic |ayer right above the p@li} ﬂpﬁR/\,ﬁg
the j~ APR 2003 13 ferromagnetic thin filmexists. Even if the Ha is
sufficiently small not to cause denmagnetization, the magnetization
saturation of the ferromagnetic thin fdmr educes gradi ent of the

recordi ng magnetic field Ho at the border of the portion with the
ferromagnetic thin filmand the portion without the 5 ferromagnetic thin

film and §his tmltﬁubﬁaﬁégﬁéti&rﬁé&ﬂ(!{ hlé echde8aPRd chAnkdh & n@gnet i zati on
pattern recordeg ﬁ'g}gﬂfﬁ@c m In Con(:l]ttlig a the quality of
the si gnal ¥VespPlsd o E% ﬁ‘le'tln et Levent tag fe geedat 1‘P’brt her

i npr Ovenenmagﬁbﬁr: ﬁfeQer whemrabataot e’f[‘hist;b}f@m@fieﬁdﬁﬁsrmg@@i bz ahé tm:tpr ocess
as 10 sho rthI G

observed,. ,t he exci atlonrranetlcf Hex is
o e or anr vt b e iR Sy arass &igh Arp e T A ARRRReenSi b FE ot um
aRd ?I $0 sHgl }hwhysinafesﬁ;at U, atvatie W&:gnesheeicfelxatﬁ!tmﬁnﬁagﬁelnmﬁe&am;ast| on of
t he erroma

netl m.can € d. FIL.G 6.js,a schematic view
il ar torneed g Qs b ERRAR LR o (8 rediciiy S IALLS
magnet i zathbnfﬂn@be&anmgnemmMm @&tmi nf ormati on carrier having a structure
different fromt 0 i . .S i nvention
shown in FlI GS. 4{%l ch%‘ tnl%%’tgpﬁ{ %ﬁégng\%&f&&%{ t%gﬁfstlﬁlté’eérﬁ@? er
i nformati o@macﬁm'medha\theugla_tgmetlﬁafgmpuzc@w srbingheygoshome dontt@1tE i s not
pr ef erap! eysl fifadeloflaSmEERNEGHRRYAILR] S5irRLo 4100 b8 B (bn B hidhfr TBLi On

carrier of this 1 nventi e recordi ng perfornmance. odi ment
shown in Field 1., of Reorepgruyaiig éhs. nrﬁbﬁémezﬁi‘{qv@hlw%f 4)t1ﬁélppéﬁdotrlr’§gnetl c thin

filmis Cofb%bﬂﬁh Bh ¥, @Eﬁe‘ﬁel&@?ﬂqé&&%ﬂr@@h& 90&1&?@%@% tny féﬁf&hbgzﬁbtﬁar rier of
5 G
this inventio , t hé recordlnglﬂga nefj Hbo is still snmaller

than the cbdg L‘]il%e*%ﬁsdéor% AFF XU I Py @V‘d %Oﬁlé’dgﬁrheé(\’)@hn%fter a do
exci t ati onmaedsst ifeld Hekight Bﬁbvélﬂferlﬁﬁ ﬁ@ﬁdﬁnh@utach‘é&bwo@ia tiaanenia field

HS of ferroma etlcthnfl lied.. It will be i for such a
boar’| Tocorn T s elanpbply Toethel RRat/E8 thish 1t romaPg ToRBuLr it Lo o gl sk
nmagneti c | mpgnetibdisk meﬁm&m{ i OAIS byesidt&r ssedatidh staghletizhhien raségal can
|nformat|0tr)1 carrlﬁr ch racteri etiz i}lon glrocess shown

1R o Gl SO B Rk EE di B paRRE B e Bl o rer n
provi ded twithhet she feanenagnetive him §imrbyi wéiog irhe irenr dagrnegneanfitie Hecor ded

b | h
Cgefgf’vg' ng}t@oﬁfg%ﬁéhﬂw%td &%@g@%‘id cﬁeh%g %ﬁx q?_%%é‘gbtoiﬁ&ﬁ Wi V\ﬁ%’%e to the
exci t &0 onfemmymegnadict than ﬁllﬂe%lﬁtthalnd @lt@qa@mala}cw{eapgnémgatpmhﬁmtmﬂ@ becorres
greater t Natapor Y trdfia o RIBHiA Slm{ 18 holideRS BOAHE chih, il B mbre Theref ore,

when recording 1s car JTied out usi ng Hex val ue on ~ ~~ ~P~ 2003 14

the di sk neigHeep Lefﬂﬁstéhem%&ner@ %vxeéusmysenénfeﬂabééc eFGHARI A4t i on

pat terns ddlﬁdumwélsthﬂhheedmntmhgmgglcpermhgﬁ&lé gelddeithesneetdadepaladbpve the
ortion \A,herﬁmﬁ%ﬁbeﬁrrorm etl c th f| | m exi sts an theF(gortl on wi t hout

t he sanme i BEBYS ?ﬁ’afﬁ SHPa KBS §81% PEWCdi f f erent
from sat @htadtiwith theweneon . didbserfs@Eeed i;hz@taﬂﬂemm tiba umczrhd)ivaghﬂagnet ic

Spont ancoue AHERET AR AL BERARe A R hind cYE R CRf RERGLERERY VY, L™
that is sufamiled satnkgtitn-gecorderwitdda pglanitg 1evm1sea1 veeddr otdiellc of the magnetic
di sk medi um can g, ferromagnetic thin film 1 should function as a shielding film in
order to provide the above-mentioned recording mechanism with the master
30 information carrier of this invention and to obtain sufficient recording
performance. Therefore, hard magnetic materials for magnetic disk media or
the like are not used preferably for the ferromagnetic thin film 1. The
inventors have found that the above-mentioned magnetic recording
mechanism can be provided by using a ferromagnetic thin film having either
35  soft magnetic property or semihard magnetic property with a coercive force of

about 40kA/m or less in the substrate circumferential direction.



10 obtained, and thus, it can cause saturation magnetization reversal to
the magnetic disk medium On the contrary, the recording magnety § fARRI2B03
in the enbodi ment shown in FIG 6 is nore contributed by the do excitatlon
magnetic field Hex rather than by the ont aneous magneti zati on of the
ferromagnetic thin film and thus, Hb nnot be raised sufficiently high 15
conpared to Hc. Moreover, in the recording mechanismof this invention,
saturation-recording can be carried out w thout providing nagnetization

]ghange to t_he {rﬁm’ﬁd xfjlabﬁé’@é t’dcb&hhgdab@t\ht @d_tdﬂ;ehﬂ@QmémJtibrv\/rm,b rie 1'b%ﬁ1irted to .
erromagnetic thin fi exi sts) by.deterninin ~ . : ot her
hand e oaht Erdolbbiun G Ragnele B B Ml alt B e cnobb et of

]Ic:I G 6, anhitbushert fezo2lingagetatricd ddLEtyeAsrﬂlg’(tﬁodrﬁdd(nkﬁ)_vghﬁleﬁmbicbﬁgVWere ][he
erromagnetic thi exi sts, i.s,demagneti zed consi der . resul t,
the. of gonr earabllh feld B e R RE e R B aglfalion S 4Bl or ot e
consi dér abfeyramagpegid thyn &idmpas ok feordrhegmativodiméihn shfouldhhave aventi on. Al so
as nention f or ..0bt-ai Ri 0 i i 5. rries in
Ehe mgner TP RRG tndeior 2 tiBh M A% RO IBERGY ereAEE AL 44 DS GRBLERSCE,

gr eat er t hHpof the weenetivdiskonediude of the magnetic disk nediumto be

si gnal -recorded ' : d; - hapd,.in the
engodi ment Shom&%ﬁ@g#@é%@%ﬁé%%ﬁrﬁo ?lfgg}é%?f&%gsn%%gpoghgglib when Hex is
returned txsamiredrothsi greatesdhanba cpdrerviedorestliy aftthe magnptit dishmeshums of t he

30 f eryomegngt dignhhidiofdddhen 81 RLBESIHth @ &Y cbb@mddhetiche mast er
informati on carrier cannot provi de_ a_sta e n'agnetl zati.on condi tlo

bl
cont i nuousYeFOYHNE REORAIESECAB bgiobkaIRad; uis merteed@bose Hnwrlverathél.
exci t ati onyefagiet 1000 Fhfkdad¥ding thehe! AR JfAh radidudh@ agBstigdtionpr mat i on
carrier is_detached fregmé%lhe maqg ti‘& di sk rreﬂi um surfaaje. As %r?sult,
probl ens i hel Pt gnagetiedgmypreemuagd magnatie ilgy dn ganeralsthegresiual occur
easily, am@laghatbkaati(gi Mga‘.é inceeaedi 43¢ hie Soéltchfd ibuietvagae Q@hi’gylhodlﬂo.tfhe ﬁ 4 APP
200N As_.nmentioned above,. in e netic recording nmethod.of this
Cventh on bf;if%gﬂgﬁg{@&%@&ﬁ;@i%ﬁ?ﬁﬁ 5?13%;%%; d};ﬁﬁé%fé’t‘?iz’ﬁti on
reversa cassaaydp e 1 e T e spont aneous
magnet i Zatﬁlﬁg-&f*z&tﬁ'% f»ﬁﬁ&ﬁ%@%{l%‘% t%ngril@hé LodTLivBs %g Iﬁ‘bof'tﬁ%{%a@ee‘%ﬁ”ds on the
5 spont aneou “Fr“éﬁne(fl zat'ion e erromagne]tl c rrafirrm K& sat ur ati on
magnet i zatdiek vfm.t he ferromagnetic thin filmis preferably greater
conpared to the L f : Jronek | : tlel] i in order
tor ealize suf_fj?@?%%tbyrﬁ)elégé ?Hggj%lgr l#‘%‘r‘?n mancgk oer(ﬁfi escr%)gﬁ)el%g?wnecor di ng
medi umd Asledaekisgithe srasiesinfenmation parnanieemdhs surfaee ehtha wrigontic
nmagnet i zatdigR \RiQin 48 AulGhEeRBI0RKEEatidh thdgnkiicifRlPHEf &F@bl1Y tRé | east
three tines the.coerci force H of. tgﬁ‘fm%l c recor ding nmediumin or

der to obtBARNSEFFHW edggmagngtc s Klyafes duswo &%at ur at i on
recor di ng uexpbetcdigiiiuthedan otk tigficas botbrahabli g, digyantecomlingatayexanpl e,

wh th i f H- qf th tic.dj.sk iumto b
o gnal - r etideor Il Re s ot PR AT PR G  BaP PR ARAEE al | ow a
relialZdbe gatrtmadyidemagedrzddnglfchn vabucodf 4] metbt@ynoetdan mbergragtaritbasat ur at i on

tizat : , ? i . A'm Th
ognet | 2ot Rl hien B ARTRABRLCAREL Ry WheRR 2ie LRRR TR ™ The
magnet i zatthermasies)nibumatips sasheutah pevidegn etabletagnapiation sy éhe H~ with t he

20 i ncr easgaPfietit giskARe AREEuhBPHH Y20RGNRIdrABFioW ety 2B S AbiRRed
saturation recording can _be carried qut at ower He, As

a.l He, ~. a resW,
phenonena Euathgnagaiic dekmoien priacealtgdhagorritatipnmaneticdiag
i nsuf Boci @ptetalthell db 09 A&fa%;;uﬁ,a@ifgh@l wcoﬁuﬁ@kgﬂbmbm#ﬁ&@algﬁb?éﬂy From this
re

point of view, pr efer ably in.,a rerromagnetic thin l.m ative
Der meabi | 15w HETSE i P 9en o d Tt o T PRk A BAEBRO 2GS  or
i nformati on car ricefon Hetteticdecoidinbpratsd papbrlyCE. mdhgosabsbaal e a

circunferential dir. ecti of a naster inpforpation carrier.i,s the direction
of the bi tergRgrelicii fin orParRmarlivoPRMBRPERET & Mo be recor ded
on the nmagnetittoditbk rewditahmagnetizdteorcM, cunfaeedntbealt lehstectgroat agtlees al so
wth et Fhiecti - 30 ' ' . r.ol..Qf the
FerrotBancr e miny b ot (8SEpBferic BolHEUE LT BRLREKe AL Bilerin

recor di ng lpedlfob comanive forcea Kaserampls, orbivea thercoerniyd frce Hs ofriet i oned above,
hi gher magnetic perneability in the substrate circunferential direction of
the master information carrier (i.e., track length direction of the
magnetic disk nmedium is preferred for a 35 ferromagnetic thin film since
magneti zation is sped up by Hek application. Preferably the ferromagnetic
thin filmhas an axis of easy mmgnetization in 2 ~~RR~0~~ 1Gthe film
surface {filmplane) rather than having the easy axis in the fihnthickness

M T - 3 Y



further preferred that there is the axis of easy magnetizati on%izfné%g? ?qu
substrate cil~cunferential direction in the filmsurface {track 1 h&HMY
direction of the 5 magnetic disk nedium while there is an axis of bar d
magneti zation in the substrate radial direction (track width direction of

t he magnetic disk). For reference, nmagnetic anisotropy control is carried
out oppositely in a typical ferromagnetic thin filmused for an inductive
magneti c head as an elenent to recor d signals simlarly on a magnetic
rec?L f“ trlﬁnﬂ?@létmll(is}chﬁéc%ihmdtol& figﬁﬂpﬁicﬁicﬁéﬂ i%cgooaz{aympafwe@inéja@gx@fog i ed out
so tha e fr.ac en rection o netic recor ding medium
becones t HBeHIA P aed ot SRl vhel DREALS ek f o di p o
becones t [PO0&A/ S w@kideas ymamghiehiigal,onInThe daeasioghosldtieatiotad thghgiad C

per neabi | i tfg,i.n f‘very | ow maﬁne,ti clfie¥d range QﬁiUCh a‘ﬁ tgg wnitial

magnet i ¢ SEFHRALITTG {7 GeEgPRST AP OPETY HEURR FaRgr Tt SFeqies 40K6 81015 har d
magnet bz atthahthdfemramagineicdihie ¢ inonanftairsatakimtioh ssasyhigbnegfilmati on. In a
process to repr C j ls &) a i egor di dium a

| eaki ng magnet i ?‘i% el e?flcg{laglf)ﬁ @%@J&gﬁ%ﬁﬁcxgﬁgrﬁgﬂﬁ@% |eu%agu§e ace detected
by a magnetéwdimmuheitBodst dnminveasion/isndetederined té be sot wraithdme theragnet i ¢ per
meabi lity - i h bt i avd be | . jon in the
20 di rect onreayt PhE) L BECaRRRARL AL e, = LEPhOLRERE Y 1RENRS, 0

exci t at i onneihgdedithisfineertdonidhe sgpirisatiom nmammepgdiedd k. ¢asthe dpplgedret hod of
this ipvertiafingenyshaht vehyichboihd kAR EnARNY HhOOMARNELAL chekt " 1/m

to 100kAlmorders, Ih this magnetic field rque,, I gher magnetic
per neabi | intl@StP’élféfB%'IaPH@H CAY1 éﬁ@r%ﬁme@ﬂl PPHPEONSISERE BPLTHRNERE t he axis of
eazyt Lragn%é@@éth@@lédﬂﬁjm@%hetth?oﬁé\g@ﬁﬁm phrtidlen fcﬁtit@xfl ohas exaTRanst i zalt i on,
an us, recordi se i Vi e masier jnformation carrier is also
pr oved. MFEHCIGA3s gfirvibad Busrphe’ flctatats HHRETRIRE o
properti esur@foﬁfxgy éf@[:l]i%c_@to aldge ra@eagcmpﬁeirtggﬂm ffeh{lomaigmgtih ehireginetl| ﬂneI 20
recording net of t i nvention cannpt be ai ne usi al ogy
based o ey idirekae Bren el Rafhet 2 e PEerlhaiube R 0% M
used to oBawirmipt Bherredepesied. di ng properties by COTltrd hllg nmagnetic
anisotropy int u 1 £..9 [ de Fe- alline alloy
(1l er oo as PRSI pAe SRS E TGS B B ALY AT
enbodi nenprowdpel suffigisnhbhiehbng effecthasettaon ra®r fogTaaghetesieldaday Bof t
megnet| ¢ GpbiEd LAk RYEolRLERGE I TRIBE IO nPIABAE M 8Ok Rium Svait APR 2003
su of nmastér | nfor r

17 substra aces mation carriers also can be used as

f er r oABignetshd abkive the pasiorFshewdhepleaonaeissisddimhbrsriis i shchnmi nl y
conpri E ! ln_g?&qﬂ?eﬂhe @e%%ﬁ'bn?ﬁaéﬁ@id fike H%fi's Qfa?‘é'g‘iigai{c@'r QHaH@E@et Ih c .
perneani || W S er r 1sotropL.s I N,.SUDSTTr surtraces, SO ey are
suitabl e 8 I'Cfveerﬁg%%;@n@iﬁ%é TPASREHG %Q%P%F{ée 3&92%’“?6@% ver thafisr mat i on
carriers @ketibuslyideva@atédmaylbe el dlyatygph £gnatired m 2phaiisizatiom based on

CoTa-Zr was,_used. The Bﬁeﬁent inve_@.ti on]? _tq;?lugh“expl al Fe W th several
enbodi ment &VC EEh CBE” HEPF ADEY The RPTGR vERS e e dp S tARRRPS "® the above
descrpt i portiien éRistocused on applications of magnetic disk nedia installed
in hard disk dri h S venti en 1 i, . - byt be
applied to ]‘Iex?éféxzﬁ%%%t‘#%\ﬁdﬁlgk%l?lgﬁg Hedt 02}%%5%%{‘%%%&;%?@@

i nvent i onis msudficienior éhe thickaepserfithe diskmaguetic layehdt dpdiffiedt to recor ded
| nf or mati BoaheRAL ShRMTBAREL © (BRI RAERTE SiRY bPth/ @ik Mimbtishapes

such as ghetic tapes magnetic¢ cards. In su a case, _a. nonmagnetic
subst r at el@apokt Hys sasmdhe deptir ofrthard ol magnetigday 1pbreated ditgeldy sc but

f or megly as)yifioh d@é&@ﬁhﬁpn %ﬂg&ﬂ@icm,Q1rﬁhﬂﬁts1, phiti e a Mt iratida (ﬁhape of
medi um, At th c>l ~cnrnf erent.i a

0 Poct i on AP aNan SV TIRN AR TSN AE SHesyHEP RS e osaR PAIEGE
di recti ontled ferromagnetic thin film exists.
Generally a magnetic disk medium has a substrate provided with
magnetic layers on both surfaces to allow signal recording on the respective
356  sides. However, when signals are recorded on a first side by using the

magnetic recording method of this invention, it is difficult to provide a



20 information signals to be recorded while the "radi al directlag
interpreted as a track width direction) before applying the abo énﬂﬁ?ﬁbﬁ@@S
enbodi ment. As a result, these magnetic recording nedia, |like a magnetic

di sk, can provide the effects of this invention. Wth regard to information
signals to be recorded, the descriptionldf 25 this invention is focused on
preformat signals such as a tracking servo signal, an address signal, and a
read cl ock signal. This invention, however, is not limted thereto but can

be used in s"l‘ﬁélﬁﬁx&é%ﬁe&%fE}?&&rv%ﬁégh&%tlﬂﬁm%@rﬁa%y (‘ﬁl GbPoffigd Vvideo

signals. In sucha case medl a e cgg produced on a
| arge scal eegendsidew bosuclby cass, mosulfieenhshieldipge ﬁﬁactarbbﬁ Bmvefésrdfmer s of

this inventjgp tﬁ@%&ﬁetfcqﬁmsweoﬁﬁgm%%&oﬂ@Iﬁ%&efﬂf&uﬁeﬁ&& c&ifig media by
using the master infornmation c ngrlers .The invention may be enbodied in

ot her speciFtP¥Eidegrwish @ eenin 1 pmattaoﬁgelgmérﬁat%nepm $QC“6‘P cesteehwtabl

charact gri %ﬂqb%%céri’t?ﬁﬁ@fwheﬂ"ﬁgﬁﬁﬂ@%bff@éﬂlﬁe&ibﬁcth@ﬁ@gt é1Elet hiss@Re! i cation are
to be considered in al respects ustrative gg not restrictive,

the scope ¢k m%%d}q‘webép% ﬁxgt@@lmmﬁeﬂdﬁ AP SATIRS 1 at her
than by thent®s@@eb Bentdesetihtidtarthe abifaebaoids ﬁlhghﬁetlc disk-méHRn2 N ~—~ 18

t hi ' d f I t | ai i nt ended
o be enor dbEE G| ihe MrugBRTSe e SR ReRE e SR ilee B TLRRE o
carrier ha\uaegs a chape deatdgmenization es mmgﬂ1elngat10naeve11sfabisrrabi/i®mble ifgnal array
to b d b
p?ov?d(ra )}% rnf)é)ﬁ?ne lcrﬁag 2%%1 Sge(rég & pc%hl n f%hggpos ng‘ﬁl%lgﬁ%é\ﬁggnes: (r;g

substrat e sarfiaces n(wrte'peght mto estueaontergnet i zati on of the ferromagnetic

thin filmin the sgeknd aabBufldrgebiansal phitey LaLIRLLA s banal s |

greater than a coercive e of I'C recor 2. The
mast er i nf onagéimtsareversahcawyad bﬁgtheom@u&iqaﬁmt smeiélr@ ¢iferht ﬁheaiq on

magnet i zat 'e%ltgimmﬁagfﬁertfc%@mft ERotAiye Blthmlhﬁg@hoé Ay @8 bbiBse the

coercive force o he’ magneti ¢ Fecordin di um ﬂ master. I nformation

carri efdac é@‘rcecﬁldﬂfgf the neagiatiq dJSWEPW r éll‘@t Iiﬂ%teﬁéﬁf%’é]@ltloi“tcy‘l}lﬁl the track

| ength di rqﬁbfe@ab@fhéshﬁopeﬁwmtgeealesﬂegsmhghqi Wit J & samgnet meghbdia film
is at |east The master information carrier according to claiml,

wher ei n théeﬁ‘gpfgﬁﬁéﬁ%‘? c thin filmhas an axis of easy magnetization in
the track |ength Rirrtheféreomagnttie thinf filin ai-aerials lsdvingpsefargblam@tiesicof hard

ti t t tr d t ~+1.Th i RE. i
rmgnet] 2ot gt LRl L SRl P ipl 1S FERLS b REGRTRA N
Fe- bas@f pdllycoyitedikd, venfbieluseds. [The exastyde, 4 06 ddmeddépositedbyi er accordi ng
to claim 1’53%@&' véé‘ﬁs&ﬁ‘f P%QP?IE acméé‘lkéh%%'sﬂ‘ﬁﬁfmﬁ%sh%%ngﬁ%%y%ed in the

filmsurfac I'sotropic’in
coercive force by applylng 120kA/m dc excitation magnetic field, in which

extremely good recording properties were found. The saturation
magnetization M, of the Co film used as the ferromagnetic thin film is

25  estimated to be about 1400kA/m, while the residual magnetization M, is
estimated to be about 1100kA/m, which is sufficient when compared to the
coercive force of the magnetic disk medium.

FIG. 5 i1s a schematic view to show the magnetization process of
another master information carrier according to application of a dc excitation

30 magnetic field H,, as in FIG. 4.

In the example shown in FIG. 5, unlike the example in FIG. 4, H, is
smaller than H,. In this case, recording with excellent signal quality can be
provided by setting the dc excitation magnetic field H,, to be in the range from
H, to H,, but because of the increase of H, as a result of magnetization

35  saturation of the ferromagnetic thin film, demagnetization may occur on the

previously de-erased disk magnetic layer right above the portion where the



7. The master information carrier according to claimgG ~,vhere|n t he
ferromagnetic tlun filmis a Co-based anpbyhous film ~ ~ APf 4 %DR\(I)\% %
The master information carrier according to any one of clains

is used to record the information signal, array on a di sc-shaped magnetlc

di sk medi ump wherein the nonmagnetic substrate is a di sc-shaped substrate
and the track length direction of a information signals is the
circunferential direction of the disc-shaped substrate. 9. A magnetic
recordi ng fetbodghotic eciorfilniragised i z[htdndlﬁthmﬁgﬁmﬁﬁ@'renmly amahgoets C

recordi ng nedic h net at.ion r et cark ndi n - an

i nf or mat i ofi Sf (Eélpg S?tl yaghon %Hlagrngélor'?fnrl]a n nglpsé)ged oﬂ%g‘é@“@w gilig a
mast er i nf d)hnnﬁtlimmed:lmeslgeadnent of d@cmcm&ngtm@xehctﬂeldﬁh, atahadbiderradcor di ng
medi um sur ¥ t tic field
o exci fo St BobmAIERR b kot BHh o oSO PR r . wher e
t he master felmomlaﬁaeilehm@aﬁlm emd; thusy mﬂlm‘dcmamltaom Wwaghd isanereaned in

cor 1 espondifdud::ufiGatibh BatRL BoGNBh (AE hidlerRYicAfLIBXIRGuhNE ther T omagnet i ¢
thlnfllm eposi nonmagnet | c_substr at wherein rragnetlzatlon

resi di ng i gorHBsipRy thenpelEyiof thepignaly mpaqadle\edrferm\thﬁ reforde@ direct current

excitati Onnfﬁ%ﬁ{é%fzb&pfa't@hﬂ rﬂeédgﬁﬁ%ﬁ&rnﬁ%@eﬁﬁﬁtcoer cive force of the
magnetic record [}g medi um recordi.ng. met hod according to

net
claim9, whereinlbrEeigrWhea ‘313#@@191@8}!3? ehﬁleeta@ag{l%m WIRERSeIS S fiel d i s
smal | e10 t hgRownSARIGAbIRH oBE&ﬂ@&ltﬁlefchdethﬁoh'ﬂ@a fcmmmat istrberany I m

11. The ma tic recordin to . c ~, 1~ |n t he
magneti c rg‘egmﬂlﬁéﬁ ﬁ%ﬁ‘?ﬁlgw& PEEL fc‘ﬁrtg ﬁ‘?ﬁ 5%’38%?11%?% 9“&? the track
| engt h di r seaileothaf sahfratmﬁonameatd ﬁnidsﬁisgamatlhat befuratiohiof bigé Ng t he master
lrfa’ nla%lon gar tlﬁ cure act with the magnetic recording
medi um sur (FAEEAERSMC H@% %pf% ‘'ng nmet hod according to claim 11,
wher ei n t he magn&iGe6isesribmatiowitivurim $aatodiEes. dhapkdl torslgmeta ¢ di sk

di | f f | h
it cumtrenprif AL AR o uhBeH AR ol Bl ST ) 5 51%15
The mast er camjorhmtinga sturatiiey dﬁ@cmtdﬁlﬂgl that of ﬁlarmﬁstamgf(elnat1QII~e
ferr OmigneEéﬁl%] JHAL{d i h 8o R 5hOGhH if F9est 47Ranet "Jﬁnef llnl"gﬁﬂ{ s &~58 TR

nagnetlc ~I'm aving a coerciyve force not nore min the track
l ength di ré&ﬁ@ﬁl@ﬁ%ﬁehe@hmeﬁlﬁatqamelshgwaesﬁ ¢ MAgHSIZABIGRTP eSS SE8VE ng

met hOd_ accey #imges tOnst e'ﬂél%blé/\élﬁlé@itﬂs chﬁmﬂéfa%%ﬁ RFbEN tRXGlakadi on nagnetic
fiel dn#(§ 8;{ greater than coercive forﬁe of he maﬁ)getl c recording
15

medi u ORBAHOR CAKIgH PARIHBYEREOR 3RS ?é‘?% BerfgHetid!Cecor di ng nedi um
recorged with magne}ﬁe é@bb@ﬂnér[tfslfomilrpﬁl(byﬁ tthe sangaeibhan s gt ditiva Met hod
accordil ng t

|
L A AroBU RiBendts i R fodidaphly small whemeompspdded opeTvwe

master information carrier of this invention. In FIG. 6, the recording

('D

magnetic field H, is still smaller than the coercive force H, of the magnetic

25  disk medium even after a dc excitation magnetic field that corresponds to a
saturation magnetic field H, of a ferromagnetic thin film is applied. It will be
difficult for such a small recording magnetic field H, to cause magnetization
reversal to a disk magnetic layer that is previously dc-erased.

Also in the master information carrier characterized with the

30  magnetization process shown in FIG. 6, a magnetization pattern
corresponding to the shape pattern provided to the surface of the master
information carrier can be recorded by applying a dc excitation magnetic field
H,, substantially equal to the coercive force H, of the magnetic disc medium.
For example, when a dc excitation magnetic field H,, that is equal to H, is

35 applied, H, becomes greater than H, while H, is smaller than H,, as shown in
FIG. 6. Therefore, when recording is carried out by using the H,, value on
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20  magnetic layer right above the portion where the ferromagnetic thin film

exists is demagnetized considerably. As a result, the signals recorded in the
embodiment shown in FIG. 6 will deteriorate considerably in quality
compared to the embodiment of this invention.
Also as mentioned above, for obtaining good magnetic recording

25 properties in the magnetic recording method of this invention, H,, is required
to be greater than the coercive force H, of the magnetic disk medium to be
signal-recorded when H,, is returned to 0. On the other hand, in the
embodiment shown in FIG. 6, H, is significantly smaller than H, when H,, 1s
returned to 0. In this case, even if the saturation magnetization M, of the

30 ferromagnetic thin film is greater sufficiently than H,, the master information
carrier cannot provide a stable magnetization condition continuously to the
magnetic disk medium in the period that the dc excitation magnetic field H,,
is returned to 0 and the master information carrier is detached from the
magnetic disk medium surface. As a result, problems including re-recording

35  or partial demagnetization will occur easily, and stable signal recording is

difficult to carry out.
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5  spontaneous magnetization of the fenomagnetlc thin film, the saturation
magnetization M, of the ferromagnetic thin film is preferably greater
compared to the coercive force H, of the magnetic recording medium in order
to realize sufficient recording performance for the magnetic recording medium.
As a result of a study by the inventors, the saturation magnetization M, of the

10  ferromagnetic thin film is preferably at least three times the coercive force H,
of the magnetic recording medium in order to obtain sufficient recording
performance to allow a saturation recording in the magnetic recording method
of this invention. For example, when the coercive force H, of the magnetic
disk medium to be signal-recorded is 200kA/m, sufficient recording

15  performance to allow a reliable saturation recording can be obtained by
determining the saturation magnetization M, of the ferromagnetic material to
be at least 60kA/m.

The ferromagnetic thin film should be not only high in the saturation
magnetization M, but also should be magnetized rapidly over H, with the

20 increase of H,,. As more rapidly magnetized by H,, application, saturation
recording can be carried out at a lower H,,. As a result, phenomena such as
above-mentioned partial demagnetization due to an insufficient shielding
effect can be prevented more completely. From this point of view, preferably
m a ferromagnetic thin film, relative permeability in the substrate

256  circumferential direction of a master information carrier is decided to be at
least 100. The substrate circumferential direction of a master information
carrier is the direction of the bit length direction of digital information signals
to be recorded on the magnetic disk medium, and the circumferential direction
agrees also with the track length direction.

30 Magnetic anisotropy control of the ferromagnetic thin film is also
important and effective to improve recording performance of a master
information carrier. As mentioned above, higher magnetic permeability in
the substrate circumferential direction of the master information carrier (i.e.,
track length direction of the magnetic disk medium) is preferred for a

35  ferromagnetic thin film since magnetization is sped up by H,, application.

Preferably the ferromagnetic thin film has an axis of easy magnetization in
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For reference, magnetic anisotropy control is carried out oppositely in
a typical ferromagnetic thin film used for an inductive magnetic head as an
element to record signals similarly on a magnetic recording medium, that is,
magnetic anisotropy control is carried out so that the track length direction of
the magnetic recording medium becomes the axis of hard magnetization and
the track width direction becomes the axis of easy magnetization. The
reason is that a magnetic permeability in a very low magnetic field range such
as the initial magnetic permeability is greater in the direction of the axis of
hard magnetization than in the direction of the axis of easy magnetization.

In a process to reproduce signals recorded on a magnetic recording medium, a
leaking magnetic field from the magnetic recording medium surface detected
by a magnetic head is as small as A/m order or less, so higher magnetic
permeability and higher head sensitivity can be obtained by operation in the
direction of the axis of hard magnetization.

In most cases, de excitation magnetic fields H,, applied in the
magnetic recording method of this invention have relatively high values
ranging from several 10kA/m to 100kA/m orders. In this magnetic field
range, higher magnetic permeability is obtained by an operation in the
direction of the axis of easy magnetization than in the direction of the axis of
hard magnetization, and thus, recording sensitivity of the master information
carrier is also improved. This is a significant example to indicate that
magnetic properties preferred for a ferromagnetic thin film in the magnetic
recording method of this imnvention cannot be explained by using analogy
based on any well-known prior art.

Materials for ferromagnetic thin films used to obtain preferred
recording properties by controlling magnetic anisotropy in the substrate
surface include Fe-based polycrystalline alloy films, such as Fe-Al-Si, Fe-Ta-C,
Fe-Hf-Al-N or the like. In the embodiment, a polycrystalline film based on
Fe-Ta-N was used.

Soft magnetic films that have isotropic magnetic properties in
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comprising Co-Ta-Zr, Co-Nb-Zr or the like can provide high magnetic
permeability with superior isotropism in substrate surfaces, so they are -
suitable for ferromagnetic thin film materials used for master information
carriers of this invention. In one example, an amorphous film based on Co-
Ta-Zr was used.

The present invention, though explained with several embodiments,
can be utilized in a variety of embodiments. While the above description is
focused on applications of magnetic disk media installed in hard disk drives,
this invention is not limited thereto but can be applied to flexible magnetic
disks to attain similar effects.

This invention is not limited to magnetic disks but can be applied to
recorded information signals on magnetic recording media having various
shapes such as magnetic tapes and magnetic cards. In such a case, a
nonmagnetic substrate composing a master information carrier is not like a
disc but formed as, for example, a tape and a shest, to agree with the shape of
magnetic recording medium. At the same time, the ‘circumferential
direction’ in the above description is interpreted as a track length direction of
information signals to be recorded while the ‘radial direction’ is interpreted as
a track width direction, before applying the above-mentioned embodiment.
As a result, these magnetic recording media, like a magnetic disk, can provide
the effects of this invention.

With regard to information signals to be recorded, the description of
this invention is focused on preformat signals such as a tracking servo signal,
an address signal, and a read clock signal. 'This invention, however, 1s not
limited thereto but can be used in principle to record various data signals and
audio and video signals. In such a case, soft disk media can be copied and
produced on a large scale at a low cost by using the master information
carriers of this invention and the technique to record on magnetic recording
media by using the master information carriers.

The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics therecof. The
embodiments disclosed in this application are to be considered in all respects
as illustrative and not restrictive, the scope of the invention being indicated by

the appended claims rather than by the foregoing description, all changes that
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1. A master information carrier having a shape pattern corresponding to an
information signal array to be recorded on a magnetic recording medium, and
the shape pattern being provided by arraying a ferromagnetic thin filim
deposited on a nonmagnetic substrate surface;

wherein a residual magnetization of the ferromagnetic thin film in the track
length direction of the information signals is greater than a coercive force of the

magnetic recording medium.

2. 'The master information carrier according to claim 1, wherein saturation
magnetization of the ferromagnetic thin film is at least three times the

coercive force of the magnetic recording medium.

3. The master information carrier according to claim 1, wherein relative
permeability in the track length direction of the information signals of the
ferromagnetic thin film is at least 100.

4. The master information carrier according to claim 1, wherein the
ferromagnetic thin film has an axis of easy magnetization in the track length
direction of the information signals and an axis of hard magnetization in the

track width direction.

5. The master information carrier according to claim 4, wherein the

ferromagnetic thin film is an Fe-based polycrystalline film.,

6. The master information carrier according to claim 1, wherein the
ferromagnetic thin film is easily magnetized in the film surface and

magnetically isotropic in the film surface.

7. The master information carrier according to claim 6, wherein the

ferromagnetic thin film is a Co-based amorphous film.
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8. The master information carrier according to any one of claims 1 to 7,

which is used to record the information signal array on a disc-shaped
magnetic disk medium;

wherein the nonmagnetic substrate is a disc-shaped substrate and the
track length direction of a information signals is the circumferential direction

of the disc-shaped substrate.

9. A magnetic recording method to record magnetization information on a
magnetic recording medium, the magnetization information corresponding to
an information signal array, and the recording being carried out by bringing a
master information carrier into secure contact with the magnetic recording
medium surface and by applying a direct current excitation magnetic field to
excite a ferromagnetic thin film in the master information carrier, where the
master information carrier is provided with a shape pattern corresponding to
the information signal array by arraying the ferromagnetic thin film
deposited on a nonmagnetic substrate;

wherein magnetization residing in the ferromagnetic thin film after removal
of the direct current excitation magnetic field is greater than the coercive force of

the magnetic recording medium.

10. The magnetic recording method according to claim 9, wherein the
applied direct current excitation magnetic field is smaller than a saturation

magnetic field of the ferromagnetic thin film.

11. The magnetic recording method according to claim 9, wherein the
magnetic recording medium is direct-current-erased uniformly in the track
length direction of the information signals before bringing the master

information carrier into secure contact with the magnetic recording medium

surface.

12. The magnetic recording method according to claim 11, wherein the
magnetic recording medium is a disc-shaped magnetic disk medium, and the
track length direction of the information signals is the circumferential

direction of the magnetic disk medium.
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13. The master information carrier according to claim 1, wherein the
ferromagnetic thin filin is either a soft magnetic film or a semihard magnetic film

having a coercive force not more than 40kA/m in the track length direction of the

information signals

14.  The magnetic recording method according to claim 9, wherein the direct
current excitation magnetic field is not greater than a coercive force of the magnetic

recording medium.

15 A hard disk drive device comprising a magnetic recording medium
recorded with magnetization information by the magnetic recording method

according to claim 9.



