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25  of waveform equalization conducted for avoiding an intersymbol interference
when the linear recording density is increased. This mode is characterized in
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which has exceedingly excellent reproduction output performance compared
35 to a conventional inductive type magnetic head, has come into practical use.
At present, due to the commercialization of the magneto-resistive type head, a
signal with a track width as small as several um can be reproduced at an
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While a recording by a conventional magnetic head basically is a dynam c
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20 FIG 22 are the ferromagnetic thin filns 63. In addition, the planar
shapes of the ferromagnetic thin filnms 63,in FIG 22 are all rectangular,
but in fact the shapes are not Iimted thereto and can be fornmed into
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35 a marker used for positioning the magnetic recording medium at the time
when it is closely contacted with the surface of the master information carrier.

An enlarged view of a portion A of the master information carrier




7 recording nediumdisclosed in the sane publication will be expl ai ned
below. FIG 25A to FIG 25C are cross- secgl onal views of a vertical
magneti c recording medium 61 taken in the circunferential direction of a
disc, and the ,. lateral direction of the surface matches the tine base
direction at the time 5 when a magnetized pattern to be recorded in the
vertical magnetic recording nmedium6l is reproduced by a magnetic head.
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However, as a result of further examinations conducted by the present
inventors, it became clear that it is difficult to obtain the preferable vertical
magnetic field distribution as described above by the method disclosed in the
same publication. In other words, a demagnetizing field in the direction

35  perpendicular to the film surface is strong inside the ferromagnetic thin films
63, so that sufficiently large leakage magnetic flux 66 contributing to the
recording, that is, a magnetic field in the vertical direction, cannot be obtained
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operating a e tinme

pr ef or mat In order to obtain a larger reproduction signal amplitude with the

conventional method disclosed in the same publication, as shown in FIG. 26A,

25 it is necessary to erase the magnetization in the vertical magnetic recording
medium 61 by applying a d.c. magnetic field prior to the operation of closely
contacting the vertical magnetic recording medium 61 with the surface of the
master information carrier 62, and to provide the initial magnetization 69 for
the vertical magnetic recording medium 61.

30 However, a vertical magnetic recording medium has a strong
demagnetizing field in the direction perpendicular to the film surface of a
magnetic layer, so that it is difficult to realize the d.c. erasing state uniformly
and stably in a large area over the entire disc surface. That is, due to the
demagnetizing field at the time when the magnetization is erased by applying

35 a d.c. magnetic field, the initial magnetization 69 in the vertical magnetic
recording medium 61 becomes extremely small compared to the value of the
residual magnetization intrinsic in the vertical magnetic recording medium




14 recording using this master information carrier. FIG 16Ais a plan view
showi ng the configuration of a nmaster inflgr mation carrier according to the
second enbodi ment; FIG 16B and FIG 16C are expl anatory di agrans
schematical |y show ng another exanple of 5 operating a magnetic _
transcription head at the tine of performng a preformat recordi ng using
this master information carrier. FIG I7A is a plan view showi ng the
configurati &l.of a master information carrier according to the second

nmbodi t; FIG G. 14C are_ex nat ory diagrans.schematically
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20 amplitude over the entire disc surface, and also to provide a vertical magnetic

recording medium capable of accurate servo tracking by using this master
information carrier.

DISCLOSURE OF THE INVENTION
25 In order to achieve the first object mentioned above, a first
configuration of a master information carrier according to the present
invention has an array of ferromagnetic films formed on a base surface
according to information signals, the master information carrier being used
for forming a magnetized pattern corresponding to the array of the
30 ferromagnetic films in an in-plane magnetic recording medium through
application of a magnetic field with the master information carrier opposing
the in-plane magnetic recording medium, wherein a length of each
ferromagnetic film is larger than a length between magnetic transition areas
of the magnetized pattern to be formed by the ferromagnetic film in the in-
35 plane magnetic recording medium.
Furthermore, to achieve the first object mentioned above, a second
configuration of a master information carrier according to the present



15 FIG 26A to FIG 26C are explanatory diagrans schematically show ng

anot her exanple of performng the convegﬁ' onal step of preformat recording
for a vertical magnetic recording nediu sing a master information
carrier. 5 FIG 27 is an explanatory di agram schematically show ng a
vertical magnetic field distribution at the time of recording in a vertical
magneti ¢ recordi ng nmedium by using a conventional manufacturi ng nmet hod and
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25 preformat recording of the magnetized pattern corresponding to the array of
the ferromagnetic films in the master information carrier for the in-plane
magnetic recording medium. Accordingly, an in-plane magnetic recording

medium without reproduction signal detection errors can be provided.
In order to achieve the second object mentioned above, a second
30 method for manufacturing an information recording medium according to the
present invention is a manufacturing method for a magnetic recording
medium including the step of applying a magnetic field while opposing a
master information carrier provided with an array of ferromagnetic films
formed according to information signals on a base surface against a surface of
35 a vertical magnetic recording medium and thus performing a preformat
recording of a magnetized pattern corresponding to the array of the

ferromagnetic films for a magnetic layer in the vertical magnetic recording
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On the other hand, as shown in FIG 5A it is also possible to equally
erase the in-plane nmagnetic recording meq%um 2 by applying a d.c. nmagnetic
field in one direction and to provide inirtial magnetization 11, and then,
as 10 shown in FIG 5B, to contact the in-plane nmagnetic recordi ng nedi um 2
closely with the surface of the master information carrier 1 and to apply
the magnetic field 9. Accordingly, as shown in FIG 5C a nagnetized
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ic recording nedium 2 is reproduced by using
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FIG. 5A to FIG. 5C are explanatory diagrams schematically showing
another example of performing the step of preformat recording for an in-plane



Accordi ngly, when the recorded nmagneti zed pattern is reproduced by 25 the
magneti c head, there is a pulse shift arg i ng between an act ual
reproducti on waveform 55 and a desired r %roduction wavef orm 57, which
corresponds to the difference between a and al or b and bl as shown in the
drawi ng. Wien this quantity of pulse shift exceeds the permissible limt of
a detection wi ndow wi dth of a reproduction signal processing circuit, the
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FIG. 15A is a plan view showing the configuration of a master

35 information carrier according to the second embodiment; FIG. 15B and FIG.
15C are explanatory diagrams schematically showing one example of
operating a magnetic transcription head at the time of performing a preformat



19 reproduction waveform by the magnetic head coul d be suppressed to not
nore than the permssible limt of the di%ection w ndow wi dt h of the
reproduction signal processing circuit. e pattern of the ferromagnetic
thin films 3 on the surface of the 5 nmaster information carrier 1 can be
manuf actured, |ike the conventional pattern of the ferromagnetic thin filns
shown in FIG 22, by using a variety of known |ithographic techniques. Now,
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FIG 12 is a cross-sectional view show ng one exanple of a schematic 15
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28 views taken on broken line MM indicated on the surface of the naster
information carriers 22 shown in FIG 15 FIG 16A and FIG 17A. Wen
the.. preformat recording is perforned, shown in FIG 17B, the nagnetic
transcription head 37a is shifted relative to the nmaster 5 information
carrier 22 toward the direction shown by an arrow 46 while maintaining a
constant distance fromthe back face of the master information carrier 22.
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15 pattern areas 34. This works as an air channel for evacuating the air
between the master information carrier ap the magnetic recordi ng nedi um
As al ready explained by referring to FIG 712, in the magnetic recordi ng
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35 configuration shown in FIG. 8 or FIG. 9 is contacted closely with the surface of
the vertical magnetic recording medium 21, and an applied magnetic field 25
is applied in the direction parallel to the film surface of ferromagnetic thin




30 separating it in the direction parallel to the surface. Next, yet

anot her exanple of perform ng the magneths recording nethod according to
the present enbodinment will be shown by referring to FIG 19A to FIG 19C
FIG 19B and FIG 19C are cross-sectional views taken on broken |ine MM

I ndi cated on the surface of the master information 35 carrier 22 shown in
FIG 19A. A magnetic transcription head 37c showmn in FIG 19B is also a
ring type afiltize32agble¢ nastemhdormptionrahded237b shown in FIG 18B etc.,
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ferromagnetic thin films 63 in the conventional method, while the magnetic
field 25 is applied in the direction parallel to the film surface of the
30 ferromagnetic thin films 23 in the present embodiment. Accordingly, in the
present embodiment, the demagnetizing field inside each pattern of the
ferromagnetic thin films 23 is small, and magnetic paths with small magnetic
resistance are formed successively in the in-plane of the master information
carrier 22. As a result, in the present embodiment, as shown in FIG. 10, an
35 extremely large volume of leakage flux 26 can be obtained compared to the
leakage flux 66 obtained by the conventional method shown in FIG. 27.
As already described, this leakage flux 26 substantially contains a



bet ween wedges 35' having a large area, it is possible to obtain excellent
results w thout subjecting the nei ghborlg wedge pattern areas 34 to the
applied magnetic field. In addition, the hunber of the wedge pattern area
34 on the master 5 information carrier 22 generally is determined with a
consi der abl e degree of redundancy agai nst the positioning precision of the
magneti c head required for the magnetic recording reproduction device, and
eyenI in ]E helarge equdreity oﬁldimbﬁmgalommbonénﬁswpamlmets thieefilth SSirfiutel 6f the
circle of t .20 i [ enRvQe trac er,f ormaneot

realized wi fl%r&bggﬂeélg %’Bﬁ ﬁ“} %0 %Jll% e?nﬁ‘rl@ rlaf%ee ecQF %@f@f. c
recordi ng ndnmtrmrzal ¢ompunieniis chp h@rahtammtmriﬂ&emdnm@ @fdiledmth(ﬂdlgeslobt/hma ng
the master féﬁ%@ QP thi rﬁhﬁ@ﬁ%n&t@‘éﬁ t'orfhglv@luxjng'%l'oﬁ t@%@%d%a@neﬂc

magnetic r EE‘O{’ repro UCt I on etz
gid

cor r espchdi 5tlgle vokypap v@d@@@éﬂeﬂemﬁgaﬁﬁaﬁ%ﬁhbw e dlfedO is the
addi ti onal | vOI\mnhdﬂ e IdIFaNDAal OcsthBBhEARI b HEN BALHET Kt rburrhﬁel%f""gfé“et ic
r

eproduct o HpRERetb i NS e ReREoLt ot Feroufi FRARBEgERa: Fo !

separati ng Veletmaégnegmetm rmdmg)medmuﬂmeaﬂ a$§o:13/\m'gpanfamrmsqbohdeﬁdfd Withhg
Lhe, Tagnet ! fhd VARKE o RhECReshERMl. dferletishlin i Bl th AREAFIHAY Al "0

sur f ace of t master |n ormatl carril er rec
the ar riflv 4179°0r mediums2].oand Alse mathagaeard o tar m@dugnmnvm@mm is

in the posiémodhssd by thisQeaémdbﬂhgﬁ@ﬁz Q&énﬁ%ﬁém 11€1§d@3‘ tld%lﬁfgé
20C, the separati ng @‘E&rat on an b gémed b fing ma ne
transcripti8h HeTRTIFLCUMN Y al§REp ?P leOlgtheadEaSFettl

mast ﬁr i nf opattermnecaded by tha cbhnexﬂﬁomddandgnetﬁt headéini)lécblsmain@dlzI G 20Q).
Furt hernore, FIG E ster

I nformation carri etlé;‘g)éﬁ &%evd]o%e%h%ge %\2&09%% ?Ev&-.ggi&slscs%gg\fé% O™ nt o
a concave sthgmagaeticaaeording meihed pﬁth@presgné anﬂwdiment differs frage thatin
exhaust pat tise &nvegionalenéthed sh'o%vnbﬁi FEGN2Y Hh?tﬂ&ﬂhﬁ%’edf&ﬂriﬁh eé@ﬁelai

recordi ng dlu é and the.master infor t,lon | hapst

while FIG EH op| oW largs, pene pﬁ&‘ifgwﬂﬂbr‘ﬁﬁgﬁ pp %t i on
carrier 22 tmeardh athher line the eribity of tine baﬂg&lge@%fﬁhdfdrh@n\a@ﬂeﬁcﬂ@i&ﬁﬁm%r ea
34 are for 0

of the magw rgﬁg{%%ﬁg}}e‘@gggﬁf}oﬁﬁl &%%ﬂg% mﬁ‘é‘gﬁ 1%1%3%%;1%8”‘&1-&1[9? r to
t he sur%cew #igtd edistributinnt correspending 5o the ipattérn hepel of the
direction tfm&haghéua%udqnﬁmi%aﬁ P@o‘ﬁﬂﬂﬁh‘%ﬁr bh'@et}ﬁé %ﬁeﬁ?&"\fﬁé‘ a‘ﬁeGG&Salﬁ5 s

Ul‘atIOI’l O

formadlnacon hape or .not. Accordi
the magneti @ @Bﬁﬁl% et?‘ ecFamer P rgna&bﬁﬁe forg B oxder &o expoond,
second enbom(medled aﬁagM1mdepaﬂtemmmmh1oh magndeisatiometead ovith fweréé’d?

present inv | I

opi i od o Bolakitibs 6o Btn hfity G dirbiifed aBeRhTRAS TRl GARSR

referr &P t o2E8R e&%‘hﬂhélsoﬁo eﬂbﬁﬂm r?glaltgeror@roéu@ﬁl@al81m§nemp11tudeontjm@s

medi um t o bResdFaELEo PROVIHY iRftiAl RapHefiSSor the

present i nveﬁt a& ﬁgg? | i T tle ggéﬂ?o an(()j P‘Z@S%ﬂ%%%ﬁkelbﬁga%b—ﬁg@(@{ ht i cal

magnet i c reﬁBPfﬂi? 6‘&?51%?3 ‘Fl dRi MeAiRif® i ¢ disc, a magnetic card

and a 10 magnet i cOtnadﬁme othhehahyl, abeordirigtp tli‘eemagﬂetlefrémﬂu@méebcd bbttke

' the yort Ps %%mnﬁé’;d?’%e?@%@’ Sphiging fhe HetBBp s 25 gﬁpgﬁgﬁw@gg e

servo siynat Vﬁﬁ'ﬂca rl&@gnetgc figld distmbution rth@t s acmasn@wa lellramplitede withct i on

;:I Ofﬁ s |1 gnafevm?i pokitas t%%lmaldtﬁer Bithd %@uhfsf of Both! |dges bgBALS é‘fftei-ﬂ bl e

(0 i e 10, e Soribichbl 2 AR 25 Bk MATLUEE L AT Siate MR Loned

al so possi bWethoaxtqmtﬁ:rdnmgrtheummmumtmrgww}sapphcmﬂmmon ¢V nigmesicoieltds. | n

this case, Vi C.leqor t for a vertical

gnet 1o cAarah s reenenred RO GurC B Sl TRk Ragfplfidot Bree:

pr esent3d nvwiith mversenbpolantles to each other are arranged alternately via a magnetic
transition area, and thus a larger reproduction signal amplitude can be

obtained. In other words, the magnetic recording method of the present




20 software recordi ng medi um can be mass-produced by duplication and

provi ded i nexpensively | NDUSTRI AL APPLI I LITY As described above, with
the master information carrier used for perform ng a static surface
recording of information signals in an in-plane magnetic recordi ng nedi um
it is now possible to record a desired magnetized pattern closer to a set
point by nodifying the array of patterns in the ferromagnetic thin fil ns.
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i rnately in opposite directions or through application of a
thermomagnetization method. In any case, the recorded magnetized pattern
that can be obtained in consequence does not differ much from that recorded
by the process shown in FIG. 7A to FIG. 7C, and reproduction signals of
excellent quality can be obtained.

25 Furthermore, the reproduction waveform reproduced from the
magnetized pattern recorded by the magnetic recording method of the present
embodiment does not have a rectangular shape peculiar to vertical magnetic
recording such as the reproduction waveform reproduced from the magnetized
pattern recorded by the conventional method shown in FIG. 27 or the

30 reproduction waveform reproduced from the magnetized pattern recorded by a
magnetic head, but instead has the same single-peak-shape as the
reproduction waveform of longitudinal magnetic recording (in-plane magnetic
recording). For detecting the rectangular waveform peculiar to the vertical
magnetic recording with a signal processing circuit used for a recording

35  reproduction device of the present in-plane magnetic recording medium, this
rectangular shape needs to be differentiated and converted to the same
single-peak waveform as that of longitudinal magnetic recording.




3. A nmethod for manufacturing a magnetic recordi ng medi um 25 conpri si ng:
over |l apping the naster information carri 5 according to claiml1 or claim?2
on an in-plane magnetic recordi ng nediun? applying a magnetic field and
thus performng a preformat recording of the nmagnetized pattern
corresponding to the array of the ferromagnetic filns in the master

i nformation carrier for the in-plane magnetic recording 30 nedium 4. The
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25 Furthermore, for achieving excellent recording performance by the

magnetic recording method of the present embodiment, it is necessary that

the demagnetizing field in the in-plane direction of the film inside each

pattern of the ferromagnetic thin films 23 is small, and that magnetic paths

with small magnetic resistance are formed successively in the in-plane of the

30 master information carrier 22. Therefore, contrary to the conventional

method shown in FIG. 27, it is not preferable to increase the thickness of the
ferromagnetic thin films in ratio to the pattern length thereof.

According to the examinations conducted by the present inventors, it

is preferable that the thickness of the ferromagnetic thin films 23 is about as

35 large as or not larger than the pattern length of the ferromagnetic thin films

23 in the circumferential direction of the master information carrier 22. The

pattern length of this ferromagnetic thin film 23 is formed so as to



bet ween the magnetic transcription head and the back face of the master
information carrier in a state in which e surface of the master

i nformati on 36 carrier and the surface of the vertical magnetic recording
medi um are opposed to each other, and separating the nagnetic transcription
head fromthe master information carrier in a position corresponding to an
area where the 5 ferromagnetic filns are not fornmed. 10. The nethod for
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mast er inf ormwgnetm nemrdmg nimdmmhﬁl marpmegedcon a flange 38. Next, air present
between the vertical magnetic recording medium 21 and the master
20 information carrier 22 is exhausted from a central hole 41 of the vertical
magnetic recording medium by an exhaust device 40 connected to the flange
38 via an exhaust duct 39. Thus, due to the decompression state achieved
between the vertical magnetic recording medium 21 and the master
. information carrier 22, both of them are contacted closely. In addition, 37
25 shown in FIG. 12 is a magnetic transcription head for providing the master
information carrier 22 with the applied magnetic field 25.
The magnetic transcription head 37, which is arranged near the back
face of the master information carrier 22, is configured so as to perform a
relative movement against the master information carrier 22 while
30 maintaining a constant distance from the back face of the master information
carrier 22. Due to this configuration, the applied magnetic field required for
the transcription recording can be provided over necessary areas of the master
information carrier 22.

job)

An enlarged view of a configuration example near the magnetic

35 transcription head 37 in the magnetic recording device shown in FIG. 12 is
shown in FIG. 18. FIG. 13 shows the configuration example in which a
magnetic transcription head 37a is made of a permanent-magnet block. The



37 field is applied, generating airflow in a space fornmed by the vertical
magneti ¢ recordi ng nmedium and t he concavgqport i on of the master information
carrier, and thus closely contacting the master information carrier with
the vertical magnetic recording nmedi um
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-1 319310% (tz'éns?i:?lp Ton {xead 397$11n0£e niL.a(\)gnle(%ic recording device shown in FIG. 12 is
shown in FIG. 14. FIG. 14 shows the configuration example in which a
magnetic transcription head 37b is formed as a ring type with a first magnetic

15  core 43 and a second magnetic core 44 made of a ferromagnetic material, and
also in which the first magnetic core 43 is an electromagnet equipped with a
coil winding 45. The magnetic transcription head 37b has a gap between the
first magnetic core 43 and the second magnetic core 44 so as to provide the
surface facing the master information carrier 22 with the applied magnetic

20 field 25 in the film in-plane direction of the ferromagnetic thin films 23 on the
master information carrier 22. Also in the configuration of FIG. 14, by
rotating the magnetic transcription head 37b around the disc center of the
vertical magnetic recording medium 21, the applied magnetic field needed for
the transcription recording can be provided over all the wedge pattern areas

25 384.

In the following, the operating conditions and so forth of the magnetic
transcription head in the magnetic recording device at the time when the
magnetic recording method of the present embodiment is performed will be
explained by referring to some specific embodiments.

30 First, the operation of a magnetic transcription head in a magnetic
recording device provided with the magnetic transcription head 37a of a
permanent magnet block type as shown in FIG. 13 will be explained. FIG.
15B and FIG. 15C, FIG. 16B and FIG. 16C, and FIG. 17B and FIG. 17C show
the relative position relationship between the vertical magnetic recording

35 medium, the master information carrier and the magnetic transcription head
at the time when a preformat recording is performed for the vertical magnetic
recording medium using the magnetic recording device and are cross-sectional
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22 far away by shifting the magnetic transcription head 37a in the direction
perpendicular to the surface of the master information carrier 22 (in the
direction shown by an arrow 47 in FIG. 17C). At this time, it is not
preferable to perform the operation of separating the magnetic transcription
head 37a in a position in which the magnetic transcription head 37a faces the
wedge pattern 34 of the master information carrier 22. This is because,
depending on the distribution of the leakage magnetic flux 26 from the
magnetic transcription head 37a, the ferromagnetic thin films 28 inside the
wedge pattern area 34 may be magnetized in the direction perpendicular to
the film surface, and as a result, the recorded magnetized pattern in the
vertical magnetic recording medium 21 may be erased or demagnetized.

To prevent the above-described phenomenon from occurring and to
complete the preformat recording appropriately, it is preferable to perform the
operation of separating the magnetic transcription head 87a from the master
information carrier 22 in a position in which the magnetic transcription head
37a faces an area between wedges 35 where the pattern of the ferromagnetic
thin films 23 is not formed. Such a preferable embodiment is shown in FIG.
15C. In FIG. 15C, the separating operation is performed in the position
where the magnetic transcription head 37a faces the area between wedges 35
where the pattern of the ferromagnetic thin films 23 is not formed by shifting
the magnetic transcription head 37a in the direction perpendicular to the
surface of the master information carrier 22 (in the direction shown by the
arrow 47), so that the recorded magnetized pattern is neither erased nor
demagnetized as described above.

Depending on the configuration of a magnetic transcription device,
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e F$10%& Q'ar?scnptlon head 37a in the direction parallel to the surface of the master

10 information carrier 22 as illustrated in FIG. 16C (in the direction 47 shown in

FIG. 16C).

In the master information carrier 22 shown in FIG. 16B and FIG. 16C,
the areas between wedges 35, where the shape pattern of the ferromagnetic
thin films is not formed, are formed in a concave shape adjacent the wedge

15 pattern areas 34. This works as an air channel for evacuating the air
between the master information carrier and the magnetic recording medium.
As already explained by referring to FIG. 12, in the magnetic recording device
used for performing the magnetic recording method of the present
embodiment, air present between the vertical magnetic recording medium 21
20  and the master information carrier 22 is exhausted from the central hole 41 of
the vertical recording medium 21 by the exhaust device 40, and due to the
decompression state achieved between them, both of them are contacted
closely. By forming the area between wedges 35 into a concave shape
adjacent the wedge pattern area 34 as shown in FIG. 16B etc., exhaust paths
25  of air between the vertical magnetic recording medium 21 and the master
information carrier 22 are secured sufficiently. As a result, the
decompression state between the vertical magnetic recording medium 21 and
the master information carrier 22 can be achieved more completely and easily.

In addition, whether to perform the operation of separating the

30 magnetic transcription head 37a from the master information carrier 22 in
the direction perpendicular to the surface of the master information carrier 22
as shown in FIG. 15C or in the parallel direction thereto as shown in FIG. 16C,
is not dependent on whether the area between wedges 35 is formed in a
concave shape or not. According to the configuration of the magnetic

35 recording device, either combination can be selected.

Next, the operation of the magnetic transcription head 37b at the time
when a preformat recording is performed for the vertical magnetic recording
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maintaining a constant distance from the back face of the master information
10  carrier 22. In this process, the coil winding 45 is provided with coil current in
the magnetic transcription head 37b so as to give an appropriate applied
magnetic field to the master information carrier 22. At the time when the
applied magnetic field needed for the transcription recording is provided over
all the wedge pattern areas 34, the preformat recording is completed, and the
15 magnetic transcription head 37b is moved relatively far away from the master
information carrier 22.

In the case of this magnetic transcription head 37b, the coil current
can be switched off to stop providing the master information carrier 22 with
the applied magnetic field. Therefore, if the coil current is switched off prior

20  to the operation of separating the magnetic transcription head 37b from the
master information carrier 22, as shown in FIG. 18C, even if the separating
operation is performed in a position in which the magnetic transcription head
37b faces the wedge pattern area 34 on the master information carrier 22,
there is no fear that the magnetized pattern recorded on the vertical magnetic

25 recording medium 21 will be erased or demagnetized, and excellent results
can be obtained.

FIG. 18C shows the state of separating the magnetic transcription
head 37b in the direction perpendicular to the surface of the master
information carrier 22, but excellent results can be obtained also in the case of

30 separating it in the direction parallel to the surface.

Next, yet another example of performing the magnetic recording
method according to the present embodiment will be shown by referring to
FIG. 19A to FIG. 19C. FIG. 19B and FIG. 19C are cross-sectional views
taken on broken line MM’ indicated on the surface of the master information

35 carrier 22 shown in FIG. 19A.

A magnetic transcription head 37c¢ shown in FIG. 19B is also a ring

type as the magnetic transcription head 37b shown in FIG. 18B etc., but while
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cox%g’gura ion (gf) thls magnetic transcription head 37c differs in that the first
magnetic core 43 and the second magnetic core 44 are opposed to each other
via a permanent-magnet block 49. “In other words, when this magnetic
transcription head 37c is used, the leakage flux 26 for providing the master
information carrier 22 with the applied magnetic field is not generated
through excitation of the magnetic core by the coil current, but as shown by
the arrow 42 in FIG. 19B, the leakage flux 26 is generated by the residual
magnetization of the permanent-magnet block 49 magnetized in the magnetic
path direction of the ring type magnetic core.

Thus, it is not possible to stop providing the master information
carrier 22 with the applied magnetic field by switching off the coil current
prior to the operation of separating the magnetic transcription head from the
surface of the master information carrier as shown in FIG. 18C. Therefore,
as in FIG. 15C and FIG. 16C, it is necessary to perform the operation of
separating the magnetic transcription head 37¢ from the master information
carrier 22 in a position in which the magnetic transcription head 37c¢ faces the

area between wedges 35 where the pattern of the ferromagnetic thin films 23 .

is not formed.

However, compared to the magnetic transcription head 37a of a
permanent magnet block type shown in FIG. 13 etc.,, the magnetic
transcription head 37c¢ of a ring type shown in FIG. 19B etc. has a larger
volume due to its configuration. Therefore, even if the magnetic
transcription head 37c is in the position of facing the area between wedges 35
where the pattern of the ferromagnetic thin films 23 is not formed, it is
sometimes difficult to achieve the state in which the magnetization is not
completely applied to the neighboring wedge patter areas 34.

In such a case, as shown in FIG. 19A, it is also possible to use a master
information carrier in which one piece or about two pieces among the plurality
of wedge pattern areas 34 provided at a constant angle interval in one circle,
that is, within an angle of 360 degrees of the master information carrier 22, is
missing. Due to this configuration, at least in one portion within the circle of
the disc, an area between wedges 35’ having a sufficiently large area relative
to the size of the magnetic transcription head 37¢ can be provided.

In other words, when the operation of separating the magnetic
transcription head 37c from the master information carrier 22 is performed in
the position in which the magnetic transcription head 37c faces this area
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for the magnetic recording reproduction device, and even in the case where
one piece or about two pieces are missing in one circle of the disc, the required
servo tracking performance often can be realized without any problem.

10  Furthermore, after the vertical magnetic recording medium 21 in which the
preformat recording was performed by using the master information carrier
22 shown in FIG. 19A is mounted on a magnetic recording reproduction device,
the magnetized pattern corresponding to the missing wedge pattern areas can
be recorded additionally with reference to other magnetized patterns in the

15 magnetic recording medium 21 by using the magnetic head of the magnetic
recording reproduction device.

FIG. 19C showed the state in which the operation of separating the
magnetic transcription head 37c was performed by shifting the magnetic
transcription head 37c¢ in the direction perpendicular to the surface of the

20 master information carrier 22 (in the direction shown by the arrow 47).
However, as long as the magnetic transcription head 37c is in the position
facing the area between wedges 35/35’, as shown in FIG. 20C, the separating
operation can be performed by shifting the magnetic transcription head 37¢ in
the direction parallel to the surface of the master information carrier 22 (in

25  the direction 47 shown in FIG. 20C).

Furthermore, FIG. 19B and FIG. 19C showed examples of using the
master information carrier 22 in which the area between wedges 35 was
formed into a concave shape adjacent the wedge pattern area 34 in order to
secure exhaust paths at the time when air between the vertical magnetic

30 recording medium 21 and the master information carrier 22 is exhausted,
while FIG. 20B and FIG. 20C showed examples of using the master
information carrier 22 in which the area between wedges 35 and the wedge
pattern area 34 are formed flush. However, whether to perform the
separating operation of the magnetic transcription head 37c in the direction

35 perpendicular to the surface of the master information carrier 22 or in the
parallel direction thereto is not dependent on whether the area between
wedges 35 is formed in a concave shape or not. According to the
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Furthermore, with regard to the information signals to be recorded in
the vertical magnetic recording medium, preformat signals such as a servo
signal for tracking, an address information signal and a reproduction clock
signal were used as examples, but the information signals applicable to the
15 present invention also are not limited to the above-mentioned signals. For
example, by using the present invention, it is in principle also possible to
record various data signals or audio and video signals. In this case, by
employing the magnetic recording method for a vertical magnetic recording
medium using the master information carrier of the present invention, the
20 software recording medium can be mass-produced by duplication and
provided inexpensively.

INDUSTRIAL APPLICABILITY
As described above, with the master information carrier used for
25 performing a static surface recording of information signals in an in-plane
magnetic recording medium, it is now possible to record a desired magnetized
pattern closer to a set point by modifying the array of patterns in the
ferromagnetic thin films. Accordingly, a magnetic recording medium arising
no reproduction signal errors can be provided. As a result, in the preformat
30 technology of performing a static surface recording, higher performance
related to the quality of signals to be recorded in the magnetic recording
medium can be further promoted.
Furthermore, when the master information carrier is used to perform
a static surface recording of information signals in a vertical magnetic
35 recording medium, more excellent recording performance can be achieved,
and thus a magnetic recording medium exhibiting reproduction signals of
higher quality can be provided.
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1. A master information carrier comprising an array of ferromagnetic

films formed on a base surface according to information signals, the master

5 information carrier being wused for forming a magnetized pattern

corresponding to the array of the ferromagnetic films in an in-plane magnetic

recording medium through application of a magnetic field with the master
information carrier opposing the in-plane magnetic recording medium,

wherein a length of each ferromagnetic film is larger than a length

10  between magnetic transition areas of the magnetized pattern to be formed by

the ferromagnetic film in the in-plane magnetic recording medium.

2. A master information carrier comprising an array of ferromagnetic
films formed on a base surface according to information signals, the master
15 information carrier being used for forming a magnetized pattern
corresponding to the array of the ferromagnetic films in an in-plane magnetic
recording medium through application of a magnetic field with the master
information carrier opposing the in-plane magnetic recording medium,
wherein a distance between adjacent ferromagnetic films is smaller
20 than a length between magnetic transition areas of the magnetized pattern to
be formed by each ferromagnetic film in the in-plane magnetic recording
medium.

3. A method for manufacturing a magnetic recording medium
25  comprising: overlapping the master information carrier according to claim 1
or claim 2 on an in-plane magnetic recording medium,
applying a magnetic field and thus performing a preformat recording
of the magnetized pattern corresponding to the array of the ferromagnetic
films in the master information carrier for the in-plane magnetic recording
30 medium.

4. The method for manufacturing a magnetic recording medium
according to claim 3, wherein the in-plane magnetic recording medium is
magnetized in an opposite polarity to the magnetic field by applying a d.c.

35 magnetic field on the in-plane magnetic recording medium prior to the
operation of overlapping the master information carrier.
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carrier provide ith-an ‘array of ferromagnetic films formed according to
information signals on a base surface against a surface of a vertical magnetic
5 recording medium and thus performing a preformat recording of a magnetized
pattern corresponding to the array of the ferromagnetic films for a magnetic
layer in the vertical magnetic recording medium,
wherein the magnetic field is applied parallel to the surface direction
of the ferromagnetic film and to the magnetic layer of the vertical magnetic

10  recording medium.

6. The method for manufacturing a kmagnetic recording medium
according to claim 5, wherein magnetization of the vertical magnetic
recording medium is erased to a neutral point in advance at least either by

15 applying a magnetic field alternately in opposite directions or through
application of a thermomagnetization method before the master information
carrier is opposed against the surface of the vertical magnetic recording
medium.

20 7. The method for manufacturing a magnetic recording medium
according to claim 5, wherein initial magnetization having an opposite
polarity to the magnetic field is formed in the magnetic layer of the vertical
magnetic recording medium by applying a magnetic field in one direction
before the master information carrier is opposed against the surface of the

25  vertical magnetic recording medium.

8, The method for manufacturing a magnetic recording medium
according to any one of claims 5 to 7, wherein a thickness of the ferromagnetic
films is not more than a minimum value of a length of the ferromagnetic films.
30
9. The method for manufacturing a magnetic recording medium
according to claim 5, comprising:
providing the magnetic field by shifting a magnetic transcription head
arranged on the side of a back face of the master information carrier relative
35 to the master information carrier while maintaining a constant distance
between the magnetic transcription head and the back face of the master
information carrier in a state in which the surface of the master information
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tion fr m the master
information carrier in a position corresponding to an area where the
5 ferromagnetic films are not formed.

10. The method for manufacturing a magnetic recording medium
according to claim 9, wherein the magnetic transcription head is shifted
perpendicular to the surface of the master information carrier at the time

10 when the magnetic transcription head is separated from the master
information carrier.

11. The method for manufacturing a magnetic recording medium
according to claim 9, wherein the magnetic transcription head is shifted
15 parallel to the surface of the master information carrier at the time when the
magnetic transcription head is separated from the master information carrier.

12. The method for manufacturing a magnetic recording medium
according to any one of claims 5 to 8, comprising:

20 providing the magnetic field by shifting a magnetic transcription head
arranged on the side of a back face of the master information carrier and
provided with an electromagnet relative to the master information carrier
while maintaining a constant distance between the magnetic transcription
head and the back face of the master information carrier in a state in which

25  the surface of the master information carrier and the surface of the vertical
magnetic recording medium are opposed to each other, and

separating the magnetic head from the master information carrier
after electric current to the electromagnet of the magnetic transcription head
is cut off.

30
13. The method for manufacturing a magnetic recording medium
according to any one of claims 5 to 12, wherein the surface of the master
information carrier comprises a land portion where the array of the
ferromagnetic films is formed and a concave portion stepped against the land

35 portion, the method comprising:

exhausting from a central side of the vertical magnetic recording
medium overlapped on the master information carrier when the magnetic
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