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One of the primary technical factors that has enabled such high
recording density is the increasing linear recording density, due to
20 improvements 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 is
25  superior to a conventional inductive type head in reproduction output
performance, has contributed to the progress in the track density. Itis
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




(hereinafter, recording such signals is referred to as "preformat'). A
magneti ¢ head can scan a track by reading such information at predeterm ned
periods, and nonitoring and correcting the head position. The
above-nentioned tracking servo signal, an address and a read 5 10 15 20
clock signal are to be reference signal 9 for the head to scan a track
precisely. Therefore, precise record positions are required for these
information signals. Current preformat recording into a hard disk is
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(Tokkai Hei) 10-40544. The reference discloses a master information carrier

having a shape pattern corresponding to an information signal array, and the
35 pattern is provided as an array of a ferromagnetic material deposited on a

nonmagnetic substrate surface. The master information carrier surface is



a result, the technique disclosed in Tokkai-Hei 10-40544 is generally
effective for the problens related to preformat recording as follows. 20
First, since areal recording is carried out in Tokkai-Hei 10-40544, the
tinme needed for the prefornat recording is substantially shorter as
conpared to the prior art using a nagnetgc head. In addition, an expensive
servo-track recordi ng apparatus for precise position control of the
magneti c head i s not necessary. Therefore, the technique disclosed in the
reference c rove 25 the productivity of the.preformt r rd|ng and
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25  the productivity of the preformat recording and reduce production costs.

Secondly, a space gap between the master information carrier and the
magnetic recording medium can be minimized by bringing the surface of the
master information carrier into secure contact with the surface of the
magnetic recording medium, since relative movement between them is 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




The inventors studi ed energetically the magnetic recording technique
focusing on the disclosure of Tokkai-Hei 10-40544 to devel op the nmechani sm
regardi ng the magnetic recordi ng performance, and reached a structure of a
30 master information carrier to obtain superior recording performance and
a magnetic recordi ng nethod using the sape. For the above-nentioned

pur poses, a master information carrier of this invention conprises a shape
pattern corresponding to an information signal array to be recorded on a
magneti c recording nmedium which is 35 provided by an array of a
fe_rronagnetmgflﬁtlﬁrwqrﬁ%rtﬂ'emﬁmw(@n a nonmagneti c substrate. The
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carri ergg BRyfhRERARAF k& hitdd. THE DRAWNGS FIG 1 is a partial exploded
view to show a master information carrier 30 surface in an exanple of this
invention. FIG 2 is partial exploded viewto show a cross-section in the
substrate 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 v

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



circunferential direction of a master information carrier in an exanple of
this invention. FIG 3 is a partial exploded viewto show a cross-section
in the 35 substrate circunferential direction of a master information
carrier in another exanple of this invention. 6 FIG 4 is a graph to show
a magneti zation process for a master infgprrmation carrier of this invention.
FIG 5 is a graph to show another magnetization process for a nmaster
information carrier of this invention. 5 FIG 6 is a graph to show a
fragneti zation prqcess for_ a ster infornation carrjer that i.s not
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substrate. The dc excitation magnetic field is not more than the coercive

force of the magnetic recording medium, and magnetization residing in the
ferromagnetic thin film after eliminating the dc excitation magnetic field is
20 greater than the coercive force of the magnetic recording medium. The dc
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
technique based on the disclosure of Tokkai-Hei 10-40544, a master
25 information carrier having better magnetic recording performance and a
magnetic recording method using the master information carrier.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a partial exploded view to show a master information carrier
30 surface in an example of this invention.

FIG. 2 is partial exploded view to show a cross-section in the substrate
circumferential direction of a master information carrier in an example of this
invention.

FIG. 3 is a partial exploded view to show a cross-section in the

35 substrate circumferential direction of a master information carrier in another
example of this invention.




Typically a nonmagnetic substrate of a master information carrier is forned
to be a disc corresponding to the shape of a magnetic di sk nediumto be
signal -recorded. The dianmeter of a magnetic di sk nmediumand that of the

di sc- shaped nonmagnetic substrate do not necessarily coincide with each 35
other. In sone enbodi ments, the nonmagngfic substrate can have a di aneter
either larger or smaller than that of a magnetic di sk nmedium The 7

di sc-shaped nonmagnetic substrate of the nmaster information carrier is not
necessarily a perfect circle. An_arc flat portjon ref rred to as an
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The planar shapes of the ferromagnetic thin films 1 in FIG. 1 are all

rectangular, but the actual shapes are not limited thereto. Various shapes
30 can be selected according to the intended use.

Typically a nonmagnetic substrate of a master information carrier is
formed to be a disc corresponding to the shape of a magnetic disk medium to
be signal-recorded. The diameter of a magnetic disk medium and that of the
disc-shaped nonmagnetic substrate do not necessarily coincide with each

35 other. Insome embodiments, the nonmagnetic substrate can have a
diameter either larger or smaller than that of a magnetic disk medium. The
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35 soft magnetic property or sem hard nmagnetic property with a coercive
force of about 40kA/mor less in the substrate circunferential direction.
10 In the magnetic recording-nethod of this invention, Hb is required to be
greater than the magnetic di sk nmedi um coercive force H- at the applied HeX
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d he change of ina case of ecreasmg dc excitation magnetic
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The recording magnetic field H, right above the portion without the
30 ferromagnetic thin film 1 is increased rapidly as the dc excitation magnetic

field H,, is increased, since the ferromagnetic thin film 1 is magnetized by the

application of the dc excitation magnetic field H,, and the magnetic flux

leaking from the edges is increased rapidly. When the dc excitation magnetic

field H_, reaches H,, H, increase due to spontaneous magnetization of the

35 ferromagnetic thin film 1 does not occur any more, and thus, H, will be
increased according only to the increase of the dc excitation magnetic field H,,.
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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.




25 estimated to be about 1400kA/m while the residual magnetization M is
estimated to be about 1100kA/m which is sufficient when conpared to the
coercive force of the magnetic disk medium FIG 5 is a schematic viewto
show t he magneti zati on process of another master information carrier
according to application of a do excitaigon 30 nagnetic field HeX as in
FIG 4. In the exanple shown in FIG 5, unlike the exanple in FIG 4, HS is
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‘be provided by setting the do e i.c field HeX to be,in the
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's carried %J:;grpe%icu(ﬁlslg %gcﬂgmHgﬁ(tﬂV&xleur%agt%r information carrier itself is detached
from the magnetic disk medium surface after the dc excitation magnetic field
30 isreturned to 0. As a result, signal recording can be completed properly
without causing the above-identified re-recording or partial demagnetization.
To complete the recording process properly as mentioned above, in a
ferromagnetic thin film composing a master information carrier of this
invention, the residual magnetization M, is made to be at least as great as the
35 coercive force H, of the magnetic disk medium, by providing at least a certain
level of coercive force. For example, when the coercive force H, of the




14 the disk magnetic layer that is previously dc-erased, nmagnetization
patterns distinguishable in their polarities reside respectively above the
portion where the ferromagnetic thin filmexists and the portion w thout
the sanme film The recordi ng nechanism however, is conpletely different
fromthat of this 5 invention. Mre speqgifically, the recording nagnetic
field Ho in the recordi ng nechanismof this invention is generated by the
spont aneous nagneti zati on of the ferromagnetic thin film and a Hbo val ue

‘that is sufficiently high, conpared tqQ the cqerciy or ce of the, magnetic
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demagnet i zed considerably.. As a result, the signals. r
enbodi niht _esReRuaLY qrlvia Bheicniges frh%ffeww%xc&zmagfm 1 ¢prapeging fhe
conpar ed t oniddgercinfodhaRen ciridri In iaseeRt-hl0ippldasion AfsinE A pepmasgeabove, for
obt ai ni ng good rrﬁgneil recorgl ng. 25 properties.in the.na Egtl c .recording
mot hod of  FIAETER Ve flochrpmAgRel HgvyGey s 7 bigin, APRUGAtioR 45 06 RECIEIAT o
force H—(; of nidpnetiediedd icdiffielt,madl thus) sudtea sicgraitatien arped tiotinid fHex isb
returned to Q. r in t . i sho i F 6,, Ho is
G omi 11 cant P BFefed o IRR artdedpuS et Talop it i bt 1nd ™ 12
i f the Hatumagneticlayerafthamagnatic disk mesligm, cadrtbawyhbetratestdn whidhi thei s
greater suf iiﬁ%%’ﬂd'ﬂhﬁﬁ?@d%’osiﬁeﬁe master information carrier cannot provide
i tion

a stable magrietization con n continuously to the magnetic di sk nmedi um
in the period thaSingesoms patdernashanesof ghe fareompenefi¢ehinifdm eannated to 0
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medi um surface.. a.result, proble i ncl udi ng.re-,rt(ai(; rding 35 or”partial
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is invention, netic recordin S.provi ded wi neti zation
reversal by%&% &%ﬁn’gﬁﬁgémﬁgﬁogm?éegﬁ—ﬁ&a}ﬁe rlg{n@(_ﬁle BreRisL tgﬁgﬁﬁ‘én eous
magnet i zat i ooeroivetfhecefHy ofctile gnagnetia disk niédiom, $he diskHnakaet la@pehdtison t he
5 spontaneo ti.zal] 0 ' | ' _saturation
magneti zati gﬁe‘ﬁg’g%lﬁ dtcfleg%ég??%#aﬁeﬁg?{dém&h%gg%%fﬁegb’%fmé%%'lffga{gay&r eater
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to realyge ggfﬁ&p%ﬁggs recordi ng performance for the magnetic recording

medi um As result of a Ethdy by the inventors, the saturation
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t he ferr onmayragnetizativn revérsabodearaindvitably 6aakdght above the portion where
the 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
35 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



The ferromagnetic thin filmshould be not only high in the saturation
magneti zation Me, but al so should be magnetized rapidly over H- with the 20
i ncrease of HeX. As nore rapidly nmagnetized by HeX application, saturation
recording can be carried out at a lower HeX. As a result, phenonena such as
above-nentioned partial demagnetizati omglue to an insufficient shielding
effect can be prevented nore conpletely. Fromthis point of view,
preferably in a ferromagnetic thin film relative perneablllty in the
-substrate 25 circunferential direction_ of er |nf t|on arrier IS
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medi um bec etization he track width direction
becones t hefieldiaof this wagp. magnet i zation. The reason is that a magnetic
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per meabi | i tg’oea:eﬁ}erfoghdjy dmﬂ@mgemﬁkﬂ/m dyexcitativa mbgneweﬂelldylmpé!l ionin
the 20 direc [ cases, do
excitation ?ﬁétﬁﬁg’te?y g?(? e% r@l'elg r(Elegw Stf%é%rraglglé? %%:kuﬁrg@grrldl ng method of
this invent nmgmm\zatmnll\é;of\theﬁ uged ae she fergemaenetasthialmis’ | kA mto
100kA/ g 01 dgiﬁmak&l wﬂ'ﬂ)egamnﬁfd(ﬁﬁ/hlelvsfinfeaﬁmei'esﬂhghﬁ{agﬂﬂiﬁﬁﬁbﬁ Meiseabi ity
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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 dc-erased disk magnetic layer right above the portion where the




Materials for ferromagnetic thin filnms used to obtain preferred recording
properties by controlling magnetic anisotropy in the substrate surface
i ncl ude Fe-based polycrystall.ine alloy filnms, such as Fe-Al -Si, Fe-Ta-C,
Fe-Hf Al-N or the like. In the enbodinent, a polycrystalline filmbased on
35 Fe-Ta-N was used. Soft magnetic filnmggthat have isotropic nmagnetic
properties in 17 substrate surfaces of master information carriers also
can be used as ferromagnetic thin films. For exanple, Co-based anorphous
he |.i ke can provide high

films mainly conprising .Co-Ta-Zr, -Nb-.Zr of._t
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i nvent i Bh i somparatine examplefofamagaetization processef amastarinfgmaionn si gnal ,
an address ghiial haviflade RAMrE Atk HOAl that B Bhd AR brrliigYer . T Nt

limted thereto but e used Iin principle to record variQus data_signals
and audi o af¥TaIGEGhs igvantion showndn HGeadandsdf 1 The ywentenshavafowad copi ed
and produceghsntha hastae isfofndtidh ArtieWhaeilg the MagndidtRnHvkeds dHdlwal mation
30 carriers, o%‘ éh S I nventl o% and the techni to r.ecordhon magneti c
recordi ng mfy b§ 15,80t preferable singe lqlﬁfCBP%‘aF?%ﬁyé%fPFlpéF%F erp@st9ivent i on nmay
be errbpztli edaﬂfomtatie_n capder MLmié qm%iﬁhtimhb re@pdirg %r@féxlrn@mdgn_e spih_rit or
essential characteristics thereof.. e odi ment i.sclosed ji.n thi
application are tgnB eﬁlgﬁgfl%‘?lgtdsl}oﬁv %ﬂﬁﬁsge@?ssag%ra&oni Wﬁﬁg???ﬁtﬁ%&and not
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wi thin the nmeaning range_of equival ency of the alns _are intended to
be enbr acedmagnesicfield Hy 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



19 CLAIM5S 1. A master information carrier having a shape pattern
corresponding to an information signal array to be recorded on a nmagnetic
recordi ng medium and the shape pattern being provided by arraying a
ferromagnetic thin fil mdeposited on a nonmagnetic substrate surface;
wherein the ferromagnetic thin filmis pfther a soft magnetic filmor a
sem hard magnetic filmhaving a coercive force not nore than 40kA/min the
track length direction of the information signals, and a residual

-magneti zation of the ferromagpetic thin filmin the track l.ength direction
of the inf 6ﬁﬁ1§]ﬂ$lbﬂlagpﬁﬁﬁﬁ%yqr 3t spreviouslydeerase cm?gnPUF%téo%ga{lﬁ@sfmgnet ic
recor di ng ristikghisBablEha thestpplaritiéoresidd fuapeetivele abave thelpmgionovhér m 1,
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three ti medBEAYTOMABEFYE VA 1 SIS, ang £he ROTHOTWAHORE LC Ry ‘3. The
mast er i nf cilietdcordingmiéchaniamohavenpr} is colrgiletely differert fromethatiof ¢his
permeabbl RA nq.the track length direction of the information signals of
the fer omiéﬁ%? " thin filmis at least 100. 4. The master information
carrier accordi ng\lore speaiftally, theareconding magnetiofeld & iin tharecording has an
axis of ea [ | LD ' | > | rmation
o gnal's andiaaraifh' ERbiARERIbRG Rl ROlE Sofehidh t‘i?a?‘%?%%ﬁ‘?on. 3

t
The mast er dfithe ferzemagnetde thi@r'g&e}m Ky viedue thatis sutfigiently highhe

ferromagnetdomdied th thdbdetcRB fE&ﬂ@gﬁf&h@%ﬁ{@tﬁtabk in&lifuid é8n Be The master
I nformation _carrier according to claim1,

erein the ferro tic thin
filmid0eaqbitginedoand thus it ¢An pause ﬁwgflﬁqrh%ggﬁﬂzﬂté%éﬂ%ﬁﬁa@r}ﬁﬁot ropic in
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i s used to magnetic fild Hyfrathetthan si dreadpoatamsousmagub tizatmagfdtie nagnet i c
di sk nediu wher ei n. t ' uhst.r ' oSG substrate
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and the tr errgt ron of " a inform s .
ci r cunflér entompareditedli oMakovdreinithscreshrding mechentame of thiis inventipmet i c
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recordi ng nmedium e magneti zatign Informatio ,correspogdl ng to an,
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mast er i nf oARFIAeESET Byeaeﬂ'e@ﬁﬂnﬁ%cﬂg £ K0! 20h tWeldfhéBan®dn&rtinrleeslr di ng
medi um surfaf and by aapl i.n%)a. L] ect cgrrent%&ﬁt(g;taﬁ%g etic field
to excite s geRgHaermevitaplyiin the gmbodiment f ’ rier,

wher e thed_nm&tgﬁétié E\ﬁ)@_ﬁ' a‘fiag}itcabovathé pbrtiﬁih whevd d@fe&\fdn‘ﬂa@étftﬁtﬂﬂh in ]gim ern _
correspondi ng ta the infarmation.signal arra rrayi t Lr gnetic
thin film dEpESiHdamagng lﬁgaﬁcgbgﬁ%‘?liag['%u&sﬁ ’é%lsél?é’l\%ﬁ%PﬁlﬁPﬁgﬂeémgqer el&t%gﬁr rent
excitation embodinmentfshetwoh insFi&t6 wilk detaridrhtsmcansidseablyvia qualey of t he
magnetic re ' ' 3 gf'ﬁ{i. i residing in the ferromagnetic
thin film a?q%egéﬂr%g%g&g{eg@b?tﬁﬁgeg?r ec éég‘%eeg%fl' excitation magnetic field is
greater than the Alserasimentionedakgve; for obsaining eoodbmaeartig reeading 10. The

magnet ig r W@&H& RO ABREGE PidBBding 1Ab@Hod ot thidhiavehiioh, W, AdRGuadddi r ect
current excltation magneti € field S S l%g‘;ﬁet han a aggtkltvjra@ on mg netic
field of the hegregheigiham theqaeprriye foxee I of the.magnatie disk edPHR 49 Phet hod
SPCOf di ng tﬁgﬁhﬁi‘é&?o&(ijed’%h?ﬁiﬂ\e ig'nfétﬁﬁwh el @ rk(Qilrmhél bﬂ@é‘! Yﬁiﬁd}!inithef ]
irect-current-erased.unifor the.tr.ack lengt iy ectiaomn 0 e
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secur e contgaturnéd to 0.helmegsesse; eve if thiersgtursdiomnmagnetization 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 O 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.



surface. 12. The magnetic recordi ng nethod according to claim1l, wherein
the magnetic recording nediumis a disc-shaped nagnetic di sk nmedium and
the track length direction of the information signals is the
circunferential direction of the magnetic disk medi um
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be at least 600kA/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
in a ferromagnetic thin film, relative permeability in the substrate

25  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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substrate radial direction (track width direction of the magnetic disk).

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,

10 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

15 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

20 direction of the axis of hard magnetization.

In most cases, dc 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

25  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 invention cannot be explained by using analogy

30 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

356 Fe-Ta-N was used.

Soft magnetic films that have isotropic magnetic properties in
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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
15 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 sheet, 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
20 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
95 this invention is focused on preformat signals such as a tracking servo signal,
an address signal, and a read clock signal. This invention, however, is 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
30 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 thereof. The
embodiments disclosed in this application are to be considered in all respects
35 asillustrative 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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wherein the ferromagnetic thin film 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, and 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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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 the direct current excitation magnetic field is not greater
than a coercive force of the magnetic recording medium, and 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.



