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(57) Abstiaciz A master information carrier capable of producing a magnetic recording medium pre-format-recorded with informa-
Wf) tion signals free from regencrative signal detection errors to be caused by regenerative waveform pulse shift, The master information
_l'_: carrier (1) has ferromagnctic thin films {3) arranged in information signal-compatible patterns, and is used to form on the magnetic
w=( recording medium (2) the magnetization (4) of patterns corresponding to the arrangement patterns of the ferromagnetic thin films
&> (3) by being placed opposite to the medium (2) and exposed to a magnetic field. The thin films (3) are formed so that lengths A of
o individual pattems amount to a distance a between magnetizing transition regions (6) of the magnetization (4) to be formed on the
3 medium (2), plus a correction amount .
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invention relates to a master information carrier used for performng a
preformat recording of specific information for a nmagnetic disc and a

met hod for manufacturing a magnetic disc using the sane. 10 BACKGROUND ART

At present, magnetic recording repr ' ices are being designed to
have hi gher recording density in or@%%ﬁggﬁ%ve_ a large capacity wth a
small size. In the field of a hard disc drive, which is a typi c?l magnethlc
15 storage device, a de"il\%ﬁg@’f% ﬂf@ q:z% ' ity of nore than
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20Chi ts/gn2 is discussed. As the technical background for enabling such

hi gh recordi | L.y significant factors are the inprovenment in the
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toward 88 | BEGr@@eCddvicd,"8 ddA@having an areal recording density of more than
10Gbits/in® is commercialized already, and such a rapid progress in the

technology can be observed that even the practical use of a device with
20Gbits/in® is discussed. | |
As the technical background for enabling such high recording density,
20  significant factors are the improvement in the performance of a medium and
in the performance of a head-disc interface as well as the improvement in the
linear recording density achieved by the appearance of a new signal
processing mode such as a partial response. Here, the partial response is a
mode of intentionally providing a known intersymbol interference at the time
25  of waveform equalization conducted for avoiding an intersymbol interference
when the linear recording density is increased. This mode is characterized in
that the deterioration of a bit error rate can be prevented compared to a
conventional peak detection or an integral detection.
In recent years, however, in addition to the appearance of such a
30 signal processing mode, the main factor for improving the surface recording
density is that the tendency toward an increase in the track density is
significantly exceeding the tendency toward an increase in the linear
recording density. This is due to the fact that a magneto-resistive type head,
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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strictly control]mg the position of a magnetic head.

25 The preformat recording of the signals such as the servo signal for
tracking, the address information signal and the reproduction clock signal by
the magnetic head with the use of the single-purpose servo track writer as
mentioned above has the following problems.

First, a recording by a magnetic head basically is a linear recording

30 based on the relative movement of a head and a medium. Therefore, the
above-mentioned method for recording by strictly controlling the position of
the magnetic head with the single-purpose servo track writer requires a great
amount of time for the preformat recording. In addition, since the single-
purpose servo track writer is quite expensive, the cost for the preformat

35 recording becomes extremely high.

Secondly, due to a spacing between the head and the medium, and due
to a broadening of a recording magnetic field caused by the pole shape of the
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surface of the master information carrier for a magnetic recording medium.
According to the configuration disclosed by the same publication, the
25 magnetization reversal pattern corresponding to the pattern of the
ferromagnetic thin films in the master information carrier is transecribed and
recorded in the lump on the magnetic recording medium by a recording
magnetic field arising from the ferromagnetic thin films formed on the surface
of the master information carrier, which is magnetized in one direction. In
30 other words, by forming patterns of the ferromagnetic thin films
corresponding to the servo signal for tracking, the address information signal
and the reprodl_lgtion clock signal etc. on the surface of the master information
carrier by the photolithographic technigue etc., the information signals
corresponding thereto can be recorded in the magnetic recording medium for
35  the preformat recording.

While a recording by a conventional magnetic head basically is a
dynamic linear recording based on the relative movement of a head and a



corresponding to the servo signal for tracking, the addresszgmj?r@bbgn
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information <carrier by the photolithographic technique etc., the
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formed i n od&erefore, the magnetic transﬂ:mn at the rack edge portion where the
preformat recording was performed has excellent sharpness compared with
the recording by a conventional magnetic head, and more accurate tracking is
possible.
25 One example of the surface configuration of a conventional master
information carrier disclosed in the same publication is shown in FIG. 21.
FIG. 21 shows a disc-shaped master information carrier configured so as to
perform a lump sum recording of preformat signals for a magnetic recording
medium such as a hard disc, and wedge pattern areas 74 are formed in one
30 circle of a disc, that is, over an angle of 360 degrees at a constant interval,
with pattern shapes of ferromagnetic thin films corresponding to preformat
signals such as a servo signal for tracking, an address information signal and
a reproduction clock. In addition, 75 shows areas between wedges, and these
areas correspond to data areas on a magnetic recording medium. Also, 76 is
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




30 circle of a disc, that is, over an angle of 360 degrees g ag,5QBgHaNt
interval, wth pattern shapes of ferromggnetic thin filns corr%spondlng to
preformat signals such as a servo signal for tracking, an address
informati on signal and a reproduction clock. In addition, 75 shows areas
bet ween wedges, and these areas correspond to data areas on a magnetic
recording nmedium AlsQ, 76 is 35 a marker used for positioning the magnetic
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FIG. 23 and FIG. 24 show examples of cross-sectional configurations
25  of the master information carrier of FIG. 22 taken on alternate long and short
dash line LL'. The alternate long and short dash line LI’ corresponds to the
circumferential direction of the magnetic recording medium, and the lateral
direction of the surface also matches the time base direction of the signal at
the time when the signal recorded in the magnetic recording medium is
30 reproduced by a magnetichead. The magnetic information carrier 62 may be
configured such that pattern shapes made of the ferromagnetic thin films 63
are buried and arranged in a surface portion of a nonmagnetic base 64 as
shown in FIG. 23, or such that pattern shapes made of the ferromagnetic thin
films 63 are arranged in the form of protrusions on the surface of the
35 nonmagnetic base 64 as shown in FIG. 24. However, in view of durability or
long-life of the master information carrier, the configuration shown in FIG. 23

is superior,
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at the time when the recorded magnetized pattern is reproduced by a

magnetic head, the position of the reproduction pulse is shifted from the

25 desired pulse position by a certain time.

In this case, it would not be a problem when the shift quantity of the
reproduction pulse mentioned above is sufficiently small in ratio to a detection
window width of a reproduction signal processing circuit. However, when the
amount exceeds the permissible limit of the detection window width, the

30 reproduction signal processing circuit cannot detect the reproduction pulse,
so that a reproduction signal error arises.

Furthermore, the preformat recording using the master disc disclosed
in the same publication is effective not only for a conventional in-plane
magnetic recording medium but also for a vertical magnetic recording

35 medium to be used for performing super high density recording in the future,
and the development of its application is awaited.

The magnetic recording method for recording in a vertical magnetic
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As a result, as shown in FIG. 25C, in the vertical magnetic recording
medium 61, a magnetized pattern, which includes a non-recorded area
corresponding to a portion between the ferromagnetic thin films on the
25 surface of the master information carrier and an area where magnetization
was recorded by the leakage flux from the ferromagnetic thin films, is formed
in which the two areas are arranged alternately via a magnetic transition
area 68. In addition, the recorded magnetized pattern of FIG. 25C shows a
case in which the vertical magnetic recording medium 61 is erased to a
30  neutral point in advance by applying a magnetic field alternately in opposite
directions or through application of a thermomagnetization method or the like
prior to the recording by using the master information carrier 62.
On the other hand, as shown in FIG. 26A, prior to the operation of
closely contacting the vertical magnetic recording medium 61 with the surface
35  of the master information carrier 62, by applying a d.c. magnetic field to the
vertical magnetic recording medium 61 and providing initial magnetization 69,
as shown in FIG. 26C, it is possible to form the recorded magnetization 67
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having high magnetic permeability inside the master information carrier, the
25 magnetic field at the portion between the individual ferromagnetic thin films
needs to be reduced sufficiently compared to the volume of the applied
magnetic field (the level shown by a straight line 81) and the magnetic field at
the ferromagnetic thin film surface needs to be increased sufficiently
compared to the volume of the applied magnetic field (the level shown by the
30  straight line 81).

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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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



25 it is necessary to erase the magneti zation in the vertic [@%@ '
recordi ng nedium 61 by applying a d.c. magnetic field pri ori%é e%bg
operation of closely contacting the vertical magnetic recordi ng nedi um 61
with the surface of the nmaster information carrier 62, and to provide the
initial magnetization 69 for the vertical magnetic recording nedium 61. 30
However, a vertical magnetic recordi ng nedium has a strong demagneti zing
field in th&ldirection perpendicular to the filmsurface of a nagnetic
|ayer, so that it Fusthérnidiellin fife L6 tlife hffer SREYIBMECRHBRCHY BY M Y
and stably in a Iarﬁe]éllarﬁa qver thﬁ\gent'l re disc Séﬁ,ﬁt ace.”“That_ 1s, due to
the demagn@Stly Peld dhgmpgpetic domaing Inehighgtha masmesigationdsdeeallyy
appl yi ng 35ravetsed byehealentagrietizihg fibR intréas), scroatethe4alti ' maSnétiz4thién

'he. val (B of ok LirtHe MR, (TRl E AT G T8 b prElbher | o
recor di ng neuffimentdy bargeasp jonxigualramplibudmoer the entireatise serfade by ne

af ter the aghk b6adriforl methol desCABEELbEyL] o d. the magnetic domains in
whi ch the magnetizati.on i a Isy, reversed by, the demagnetizing field

| o QY.

i ncrease, so that Fh‘@eWn‘?ftS’?haﬂ ﬁﬁ’ﬁ PEEi PR @H%“%@ a Jirstyobjret of dibegpresentd.
Ther e; ore, EJnvsineti(ﬂli td kalué the @bobé-&idhtﬁ)nﬁdiﬁwbl%lﬁ@% the i-éi%k%%‘t Iths%ﬁﬁdlsgy
repro i oR; . e enthre disc .surface by. the ..
coﬁven%na@%{sﬁ%@d “3@”@%5%@6@8@% %vﬁ’o#’rf’ﬁlgef Br Bbaogitﬁ% "B'%CB'B?W it
is a first edjréen caahleef peevsding prefornat signads ewising noarepbodiectimnsigantd

bl [ -l | 9 - 44A
probl ems | netes b LI BlarRABAEAR Foodditl agéa@.gg_gdgy Bphrdfihds F?ér% %?iqg :

and to provide a master jnforngtion carrje ] or mat
Signal s caubPHESeTbTIAEDets [EaneHioB Zvas of & maEgchied patierpitarhe Tegraad in
recordi ng medi innp]!ayleapagﬂdﬂiméédidjg:ﬁg hmaﬂﬁjal gja_ei PRABriBe E‘léédréidg &ﬂﬁitl_hb?é‘

ar eas a z er 0.;he recor in .an.in-plane, mgneti.c

recor d|01n5g neﬁglga%sfgyggt E)r%éét(’)r%%‘# %lg%otfodipﬁ&vﬁg a0, fi-plape g‘é%gqeﬁ’nﬂ eeqrding nt |
and al so t omndsuryeapable of prennatensgret trackingpbyiiusing theidimasteaiaformation
accurat € Segxgidr agKirilelMorss i d'Gebdt P ot G5 ﬂo”éfl%v?&% 'na?%aaéigi gﬂﬁf‘orrmation

Furt hernore, a.secontg%é)g)ifect S to provide a nm nformati o carrier

capabl e of FETHISFARG Wﬁﬁimgirﬁﬁ atFignals in pcertigabmegnetie seenrding

n'ed: um exhi biddiam aexhibitibgm zandnﬁ‘m?ﬁi thntsgﬁéigﬁt rlﬁ?@@dﬂﬁiéb@@ctﬁrﬂ nﬁgrnlap

anplit o] | yrfac and.akso to provide a vertical

nmagnet Iu%ba r é@f&lﬁlﬂﬁa %%éid fi’lgemg%t;ig%g‘}sg Sﬁ%@tﬁ?g Sosfé’rl?fc?%ﬁ)ea% R’F#@c%ﬁnﬁ@i"‘%ﬂf

this. mast erecording madiam capalilerof McsCaeSHRFoGRatIHEg bivESgkhis 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
80 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
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second contl‘geur ations gn i 0 | ane . . .
invention includes the s eBs of overlapping the master information carrier
according to the above-mentioned first or second configurations on an in-plane
magnetic recording medium, applying a magnetic field and thus performing a
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 vertical 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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this master information carrier by a magnetic head.
FIG. 2 is an explanatory diagram schematically showing another
configuration of a master information carrier according to an embodiment of
the present invention and the relationship with a reproduction waveform
25 obtained by reproducing preformat signals recorded with the use of this
master information carrier by a magnetic head.
FIG. 3 is an explanatory diagram schematically showing yet another
configuration of a master information carrier according to a first embodiment
of the present invention and the relationship with a reproduction waveform
30 obtained by reproducing preformat signals recorded with the use of this
master information carrier by a magnetic head.
FIG. 4A to FIG. 4C are explanatory diagrams schematically showing
one example of performing the step of preformat recording for an in-plane
magnetic recording medium using the above-mentioned master information
35  carrier.

feld

FIG. 5A to FIG. 5C are explanatory diagrams schematically showing
another example of performing the step of preformat recording for an in-plane



configuration of a master information carrier according to apaggbadioggnt of
the present invention and the rel ationshifg wth a reproduction waveform 25
obt ai ned by reproducing preformat signals recorded with the use of this
master information carrier by a magnetic head. FIG 3 is an explanatory

di agram schematically show ng yet another configuration of a master

I nformation_carrier acc&rding o0 a first enbodi nent of the present
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showing another example of performing the step of preformat recording for a
vertical magnetic recording medium using a master information carrier

according to a second embodiment of the present invention.
FIG. 12 is a cross-sectional view showing the configuration of a
25 magnetic recording device used for performing a preformat recording for a
vertical magnetic recording medium using a master information carrier

according to the second embodiment.

FIG. 13 is an explanatory diagram showing a configuration example of

a magnetic transcription head installed in the above-mentioned magnetic
30 recording device.

FIG. 14 is an explanatory diagram showing another configuration of a
magnetic transcription head installed in the above-mentioned magnetic
recording device

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



vertical nagnetic recording nediumusing a master informati9nagaidie64

according to a second enbodi nent of the IEﬁéesent invention. FIG 12 is a

cross-sectional view show ng the configuration of "a 25 magnetic recording

device used for performng a preformat recording for a vertical magnetic

recording mediumusing a master information carrier according to the

second enbodiment. FIG 13 is an explanatory diagram show ng a .
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g a magnetic transcription head a
recording using this master information carrier.

FIG. 20A is a plan view showing the configuration of a master
information carrier according to the second embodiment; FIG. 20B and FIG.
20C are explanatory diagrams schematically showing yet another example of

25  operating a magnetic transcription head at the time of performing a preformat
recording using this master information carrier.

FIG. 21 is a plan view showing the configuration of a conventional
master information carrier. '

 FIG. 22is an enlarged plan view showing one portion of FIG. 21.
30 FIG. 23 is a cross-sectional view showing a configuration example of a
conventional master information carrier.

FIG. 24 is a cross-sectional view showing another configuration of a
conventional master information carrier.

FIG. 25A to FIG. 25C are explanatory diagrams schematically

35 showing one example of performing the conventional step of preformat
recording for a wvertical magnetic recording medium using a master
information carrier.



recording using this master information carrier. FIG 20A ig3a,Qlanoyhew
showi ng the configuration of a master impkormation carrier according to the
second enbodi nent; FIG 20B and FIG 20C are explanatory di agrans
schematically showi ng yet another exanple of 25 operating a nagnetic
transcription head at the time of perform ng a preformat recording using
this master inforpation carrier. FIG 21 is pl an vi ew show ng the
configuration of XlenY@ht forBlG. B64 eare m}amtoun diagraims. sehegnatigalls an
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I nformati on carrler 5 FIG 27 is an expl anatory di agram schematically

showi n % time of recording in
a vertlglc(ZI %@Sfﬂo@g@gg%RmGﬁﬁgTﬁg Wﬁ] nti onal manufacturing
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present i nVﬁ? explained in detail. [First Enbodi nent] First,
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rragnetlzed 20 1ternto be recorded |nt e | n- ﬁ gnetj.c recor
medi um 2 i saB ane magnefic recording medium 2, an the Iateral direction of the

surface also matches the time base direction at the time when a magnetized
20 pattern to be recorded in the in-plane magnetic recording medium 2 is
"~ reproduced with a magnetic head.

First, as shown in FIG. 4A, the in-plane magnetic recording medium 2
is prepared. In addition, the magnetization of the in-plane magnetic
recording medium 2 shown in FIG. 4A is erased to a neutral point in advance

25 by applying a magnetic field alternately in opposite directions or through
application of a thermomagnetization method or the like.

Next, as shown in FIG. 4B, the side face of a master information
carrier 1 where ferromagnetic thin films 3 are formed is contacted closely with
the surface of the in-plane magnetic recording medium 2, and a magnetic field

30 9isapplied. In addition, the example shown here uses a master information
carrier in which the ferromagnetic thin films 3 are buried in the in-plane, but
a master information carrier on which the ferromagnetic thin films 3 are
formed as protrusions may be used as well.

By applying the magnetic field 9, leakage flux 10 corresponding to a

35 shape pattern of the ferromagnetic thin films 8 is generated on the surface of
the master information carrier 1. Accordingly, magnetization 4 with a
pattern corresponding to the shape pattern of the ferromagnetic thin films 3 is
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P ferromagnetic thin s formed on the master information carrier 1 of the

present embodiment, the magnetized pattern to be recorded by the preformat

25 recording in the 'in-plane magnetic recording medium 2 by this master

information carrier 1 and a reproduction waveform of this magnetized pattern

reproduced by a magnetic head will be explained. In addition, in FIG. 1, the

master information carrier 1 and the in-plane magnetic recording medium 2

are shown in cross-section taken in the circumferential direction of the disc,

30  and the lateral direction of the surface matches the time base direction at the

time when the magnetized pattern to be recorded in the in-plane magnetic
recording medium 2 is reproduced by using the magnetic head.

Now, for the purpose of comparing with FIG. 1, a conventional master

information carrier used in the preformat technology, a magnetized pattern

35 recorded by a preformat recording in a conventional in-plane magnetic

recording medium by this master information and a reproduction waveform of

this magnetized pattern are shown in FIG. 6. In addition, the in-plane
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value b on the in-plane magnetic recording medium 52.

Accordingly, when the recorded magnetized pattern is reproduced by

25 the magnetic head, there is a pulse shift arising between an actual

reproduction waveform 55 and a desired reproduction waveform.57, which

corresponds to the difference between a and a, or b and b, as shown in the

drawing. When this quantity of pulse shift exceeds the permissible limit of a

detection window width of a reproduction signal processing circuit, the

80  reproduction signal processing circuit cannot detect the reproduced pulse, so

that a reproduction signal error occurs.

~ On the contrary, as shown in FIG. 1, in the master information carrier

1 of the present invention, the shift quantity of the magnetic transition area 6

from the end portions of the ferromagnetic thin film 3 is taken into account so

35  asto obtain the desired lengths between the magnetic transition areas a and b

in the magnetized pattern recorded on the in-plane magnetic recording

medium 2, and therefore, the pattern length A of the ferromagnetic thin films




becones shorter than the desired value a on the in-plane magnatygsthesordi ng
20 medium 52. On the contrary, an actual ;gength between the nmagnetic
transition areas bl in the portion corresponding to the distance B between
the patterns of the ferromagnetic thin filns becones |onger than the
desired value b on the in-plane magnetic recordi ng nmedi um 52. Accordingly,
when the recorded magneti zed pattern is reproduced by 25 the magnetic
head, there3dang thel g@t@mefB katwsengthsepatternsSee FI&. 23 epdoBIGt Rd) are
wavef or m 55 cgRdceddesadwihceepr oducti on waveform 57, which corresponds to
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recording medium 2 and so forth, so that it is necessary to make an estimate
for each embodiment on the basis of experimental experiences as mentioned
25 above.

In one example, the experiment was conducted by using a Co film with
saturation magnetic flux density of 1.6T as the ferromagnetic thin film 3 on
the master information carrier 1 under the conditions where the thickness of
the ferromagnetic thin film 3 was between 0.2z m and 1.0 m, the desired

30 lengths between the magnetic transition areas a, b were between 0.5 o m and
5.0 » m, and the coercivity of the in-plane magnetic recording medium 2 was
in the range between 150kA/m and 300kA/m. According to the results of
this experiment, it is suitable to determine the correction amount « to be in
the range between 0.05 1z m and 1.0 z m based on the values of the lengths a, b

35  ofthe magnetic transition areas, and also to determine the values of «/a and
/b to be in the range between 0.01 and 0.8.

With this correction amount o, the quantity of pulse shift in the




bet ween the magnetic transition areas b and the actual Ieng@@Aggﬁﬁgg? t he
magnetic transition areas bl. The appropi%ate correction anount™a di ?ers
20 depending on the nmagnetic property or the thickness of the ferromagnetic
thin filnms 3 and the values of the desired | engths between the magnetic
transition areas a and b, and further on the magnetic property of the

I n-pl ane nmagnetic recording nmedium?2 and so forth, so that it is necessary
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truncated shape (the length of the master information carrier 1 in the
circumferential direction) to be larger only by the appropriate correction
25 amount o than the desired length between the magnetic transition areas a,
and on the contrary by determining the distance B between the patterns of the
ferromagnetic thin films 3 to be smaller only by the correction amount «
than the desired length between the magnetic transition areas b.
Furthermore, FIG. 1 shows a configuration example of the master
30 information carrier 1 in which the surface of the ferromagnetic thin film 3 and
the surface of the nonmagnetic base 8 are not stepped but are substantially
flat. However, the configuration of the master information carrier according
to the present invention is not limited hereto. For example, as shown in FIG.
2, the surface of the ferromagnetic thin film 3 may be recessed by a
35 substantially constant amount relative to the surface of the nonmagnetic base
8. On the contrary, as shown in FIG. 3, the surface of the ferromagnetic thin
film 3 may protrude by a substantially constant amount from the surface of



recording medium2 in the ferromagnetic thin films 3 and thes hggat bohet ween
the patterns B should be controlled. In %@her words, as shown in FIG 2 and
FIG 3, the sane effect as that 20 in the configuration shown in FIG 1
can be obtained by determning the pattern Iength A of the outernost
surface portion facing the in-plane magnetic recording nedium?2 in the
ferromagnetic thin filnms 3 having a cross-sectional truncated shape (the
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pr ef er abl e reproduction waveform by the magnetic head should be suppressed to not
more than the permissible limit of the detection window width of the
25  reproduction signal processing circuit. In view thereof, it is sufficient to

determine the correction amount o so as to control the desired lengths

between the magnetic transition areas a and b to be in the range including a
certain tolerance in addition to the optimum values to be realized accurately.

Here, in comparing the configurations of FIG. 1 to FIG. 3 with each

30 other, in order to realize the desired lengths between the magnetic transition

areas a and b exactly, in the strict sense of the word, it is necessary to increase

the correction amount o« in the configuration of FIG. 2 versus the

configuration of FIG. 1 and to reduce the correction amount « in the

configuration of FIG. 3 versus the configuration of FIG. 1. In most cases,

35 however, the difference in the correction amount o« between the

configurations of FIG. 1 to FIG. 3 is so small as not to be more than the

permissible limit of the detection window width of the reproduction signal



to determne the above-nentioned protruding anount in the conhigutabopn of
FIG 3 to be not nore than 100nm In addition, in the master information
carrier 1 shown in FIG 1 to FIG 3, i4lis not necessarily required to
strictly control the correction anmount 20 a in order to exactly realize
the desired |l engths between the nagnetic transition areas a and b on the
I n-pl ane nmagnetic recording nmedium2. In other words, with the correction
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t racki2dg, thnplmiﬂmasaldpf'mm ifexpeneively. and a reproduction clock signal
wer e used[n g the i nfornatl on signals applicable to the
present i n[?| on aclEﬁ%l llfJ not limted to the above-nentioned signals.
In the following, a second embodiment of the present invention will be
explained.

First, the preformat recording step using a master information carrier,

25  which is performed as one of the steps for manufacturing a vertical magnetic

recording medium, will be explained briefly by referring to FIG. 7A to FIG. 7C.

FI1G. 7A to FIG. 7C are cross-sectional views taken in the circumferential

direction of a disc of a vertical magnetic recording medium 21, and the lateral

direction of the surface also matches the time base direction at the time when

30 a magnetized pattern to be recorded in the vertical magnetic recording
medium 21 is reproduced with a magnetic head.

First, as shown in FIG. 7A, the vertical magnetic recording medium

21 in which preformat signals are to be recorded is prepared. Next, as shown

in FIG. 7B, the surface of a master information carrier 22 according to the

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 paralle] to the film surface of ferromagnetic thin



15 For exanple, by using the configuration of the present ifnygnii®Bpodt is
in principle also possible to record varbgus data signals or audio and
video signals. In this case, by enploying the nmagnetic recordi ng nmethod
for a magnetic recording nediumusing the nmaster information carrier of
the present invention, the software recordi ng nmedium can be mass- produced
by 20 duplication and provided inexpensively. [Second Enbodinent] In the
fol l owi ng, &lmscithen éndodisteninfafmatien paeden?2i nvention will be expl ai ned.
First, the prefor -di. n p i: -ere 1yQf l.on rrier 25
whi ch is perforne asagrr?gﬁgffl thgﬁ%t ggéhg%rlﬁ%gﬁ%gc@é&?i %gn%%{)/errnta?%ﬁs the
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FIG 713, bjnaghstizakign: 26 witly rfePpttern gogrezpondisgk by the Ishrpe @ttaror e tlondi ng
to a shape parbfiagmefic tihen (i PBORCHGrddd in fihlenPertal SnaSSREs %&&)gdﬁiy he
surfac f the.master infornat rrier 22. This | eakage™ flux 2
subst a1 al W%Bm%\fﬁs OW&r@eﬂ‘ﬁgaﬁﬁi ty of directional conponents
' Here, a vertical magnetic field distribution contributing to the
recording in the present embodiment and a reproduction waveform of the
recorded magnetization are shown in FIG. 10. As it is clear by comparing
FIG. 10 with FIG. 27, which shows the vertical magnetic field distribution
25 contributing to the recording in the conventional method disclosed in
JP10(1998)-40544A and the reproduction waveform of the recorded
magnetization, the magnetic field 65 is applied perpendicular to the
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



parallel to the filmsurface of the ferromagnetic thin fil @gggg@,ﬂ%w@ t he
15 vicinity of the both edges of the ferpgmagnetic thin film2

| eakage flux 26 has a relatively |arge quantity of vertical directional
conponents. Due to this nmagnetic field with the vertical directional
conponents, recorded magnetization 27 with a pattern corresponding to the
shape pattern of the ferromagnetic thin films 23 is recorded in the
vertical naédge quariitr af direcbonak dompradntsspatadleh torthiel flm 7irfider ef thee
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polarities to each other are arranged alternately via a magnetic transition
25 area, and thus to obtain a larger reproduction signal amplitude, it was
necessary to provide initial magnetization by erasing magnetization through
application of a d.c. magnetic field in one direction.
On the other hand, according to the magnetic recording method of the
present embodiment, by applying the magnetic field 25, it is possible to obtain
30  a vertical magﬁetic field distribution that has a magnetic field amplitude with
reversed polarities to each other in the vicinity of both edges of each pattern of
the ferromagnetic thin films 23 and also with a large volume. Therefore,
without performing the initialization with application of a d.c. magnetic field,
a recorded magnetized pattern can be formed in which magnetization areas
35  with reversed polarities 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
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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.
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relatively high magnetic permeability, and particularly a relative
permeability of not less than 100 is preferable.
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
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hal f of thebetween 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.
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. 13. FIG. 13 shows the configuration example in which a
magnetic transcription head 37a is made of a permanent-magnet block. The
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provi ded ovepably tHE MEAME:PBAREAPROE e 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 34.

In the following, the operating conditions and so forth of the magnetic
franscription 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 87a of a
permanent magnet block type as shown in FIG. 18 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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for the 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

25 . complete the preformat recording appropriately, it is preferable to perform the

operation of separating the magnetic transcription head 37a from the master

information carrier 22 in a position in which the magnetic transcription head

87a 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.

30 15C. In FIG. 15C, the separating operation is performed in the position

where the magnetic transcription head 87a faces the area between wedges 35

where the pattern of the ferromagnetic thin films 28 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

35 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,



transcription recording is provided over all the wedge pattgfp, @U P0§4 of
the master information carrier 22, the pgeformat recording Is et ed,
and the 10 magnetic transcription head 37a is noved rel atively far away
fromthe master information carrier. FIG 17C shows the state of
separating the master information carrier 22 far away by shifting the
magnetic transcription head 37a in the direction perpendicular to the
surface of Mﬁ@lﬁﬂﬁﬂ”@rm hh@ﬂmng@mmrqflmaclﬁae@amtstmhﬂcﬁeddmténs devicehidws by
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shown in FI 30 15 n FI G, 15C arating opéeration is d|n
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d e ne C ranscr.i pti
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Dependi ng on the,configurati gnetic transcription
August 2804“5%&% fory Rerigroyme; Hbearmaag%nrewdm qshrofs thec|présent n
this devi Ceamlﬁ)dlmen’amiﬁprmtdjeﬁﬁbsﬂl lthe tverteulfah ét@@ré‘c%?&ﬁ@hh@ﬂnﬁﬁezlat L on

per pondithy ab8 e FRAREE bitobRARRH e ﬁ%&?%?gh%’%%aeﬂ% 3 ihe sprtral Bole 41 of such
a case, as t%geﬁscatlh@cmdengtmomxﬁmﬁl by theathayst hevitegt®tamd duan@cthet i on
head 37a i Sd@&ftﬁﬁfe@ﬂm‘ Qtattgea&ﬁﬁiréd %tw'e@n"\meﬂ bBth BRI Care ARG ' ON
head 37a f aclosely © Bay tﬁe area %etween 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



35 where the pattern of the ferromagnetic thin films 23 is %&%&@86’4 It
is also possible to performthe separatgpg operation by sh g the
magnetic transcription head 37a in the direction parall el 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 bhetween wedges ,35,. where the
shape pat t emredipm Rd besing dhemmagnetic geearding idevieet proyidash with dhe aimgd i n
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t ier 22
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verti cal naghetm@gn@té@rtmnﬁgnﬁmm ad 3t sot 3 torsive rax rapprmmnapphed er
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performthe oper on 30 magneti c transcriptign I%ead 37a
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t aken on br master infermmtionrearcier 2, @ shewvns in Fl6e 18C, td’s'enrnﬁsherseparatmg

i nf or mat i onopaFdtic & petferdeedid A posfbionl#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 suiface 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.

Neﬁt, 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



When the preformat recording is perforned, as shown in FI G23’L}§? ust bH&4
magnetic transcription head 37b is shift relative to the %r
information carrier 22 toward the direction shown by the arrow 46 while

mai ntai ni ng a constant distance fromthe 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
appr opr i at eth@pldgeticingneripidn bead 88b ihequippedwithfthe wedl ivindésg 45ethe22.
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22, t eis fear t netlz attern recorded on the verti cal
magnet i ¢ 25P F‘E‘b@“&f—"ﬂ HE%?%HPEJ? I“Ila%k‘e @r‘g%%d or demagnetized, and _
excel I ent resul tsThuan ibés ahitapomlbleFthstd;B@reMnﬁg tthe ﬁiasteﬁ-d@ﬁfolsmﬁoail Eg
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obt ai ned al BHOF Ao the 09&%%?1@‘- of wagébagethengagmemmtnam@cdphenthe@d foomafiiee] to
the surfaceswMaKs of ¥Ied nedxe&:N BifoPmaiihcadtieP 85 Mo th FIG. TRENCerbficer di Ng

hod di d nt will bhe shqown by referring to
T o ob g 88, RS SARSALIT ety 05 i the ot
taken on br séparatingetheNinagdetiateahseniptive kead a%e fivin th_e nmﬁbﬁinﬂoﬁmmﬁl I on
35 [ g%r?&‘ﬁﬂ" L9AY . shown in
FI Gcarlgiselr s also a ri nSE&ﬁ"n h%”ﬁz%r}ﬁﬁgﬁ otié @%%é%ﬁﬁ1%§%§%8%digig%got%
in FIG 18Baragbetwnaen vmdg@ %i“d@rﬁ@]g@@at@m&f the fermgmagnetic rthm;ﬁlmptzson

head 37b i sisefit fop@édW th the coil winding 45, the configuration of this

magnet i g transcription head 37c |ff rs in that the fjrst nefic gore 43
and t hé“second maft&EYeLc 6EPHTRS 6%%@1‘{% SEAgECTintion h\‘??a gl!a of a
per manent - npermanéhtciaghet | blockt hme vehooen  ith eRIGhi B3 n@lgetthe 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
25 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. 194, it is also possible to use a master
information carrier in which one piece or about two pieces among the plurality
30 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 fo this configuration, at least in one portion within the circle of
the disc, an area between wedgeé 35" having a sufficiently large area relative

to the size of the magnetic transcription head 37¢ can be provided.
35 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




5 transcription head 37c is used, the | eakage flux 26 for p§§>)4\hgugg%bjpe
master information carrier 22 vmth the &pplied magnetic field

generated through excitation of the magnetic core by the coil current, but
as shown by the arrow 42 in FIG 19B, the | eakage flux 26 is generated by
t he residual magnetization of the permanent-magnet bl ock 49 nmagnetized in
the magneti ath di rect.i on of e ring type magnetic core. Thus, it is
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of the masteP on carrier as shown in FIG 18C Therefore, 15 as in
FIG 15C and FIG qe@ itien,j thenpembenof the meig‘eopantermamﬁétomth@tnaster
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wi t hout su 8&9" b ¢h g Srmﬁgﬂ%ﬂ&m}%{?@m heed 3 Tesistin thﬁepoappm ed
magneti c fifilcihg the area between wedges 35/35’, as shown in FIG. 20C, the separating

operation can be performed by shifting the magnetic transcription head 87¢ in
the direction parallel to the surface of the master information carrier 22 (in
26  the direction 47 shown in FIG. 200).

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 85 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 ir 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




- In addition, the nunber of the wedge pattern area 34 on t%?A t 8f04 O
information carrier 22 generally is detemmined with a considerable d%gree
of redundancy agai nst the positioning precision of the nagnetic head
required for the nmagnetic recording reproduction device, and even in the
case where one piece or about two pieces are mssing in one circle of the
disc, the required servo tracking perfornmance often can be realized
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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.



The second enbodi ment of the present invention was descri begsahgys200dut
the present invention is not limted to ép‘e present enbodi nent and can be
5 applied to a variety of enbodi nents. For exanple, the present enbodi nent
referred to an exanple of applying it to a vertical magnetic recording
medium to be nmounted mainly on a hard disc drive or the |Iike. However, the
present inventionis not limted hereto and is applicable to other

vertical magnetic recording nedia suchrasnes fl exi bl e magnetic disc, a
magnetic card and a 10 nagnetic tape, thereby obtaining the sane effect as
descri bed above. Furthernore, with regard to the information signals to be
recorded inl.the Vemiaster mﬁ:gnmtlm cmmesrdcmgpmngmn Mﬁﬁobﬁﬂérrﬁmﬁ@ﬁbﬁcsum
as a servo r n tion si
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in-plane magnetic recording medium it is now possibl € to record a desired
magneti zed pattern closer to a set point by nodifying the array of
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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 provi an ar ay of ferromeagnetTc accor
i nf or mat | omegligmal s on a base surface against a surface of a vertical
magnetic 5 recording nmedi um and thus performng a preformat recording of a

magnetjged pat hgrn, cat PIRONGL NGt Rk l® o Veloa?! mBSel SR b ™
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 info;t‘mation carrier is opposed against the surface of the

25  vertical magnetic recording médium.

8. The method for manufacturing a vertical 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 vertical magnetic recording medium

according to c¢laim 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



| ayer in the vertical nagnetic recording medium wherein thgs nagRebogs field
Is applied parallel to the surface direction of the ferromagnetic film and
to the magnetic |ayer of the vertical n@netic 10. recordi ng nedium 6.
The net hod for manufacturing a vertical magnetic recording nedi um
according to claim5, wherein magnetization of the vertical nagnetic
recording nediumis erased to a neutral point in advance at |east either by
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Information carrier rerati

ive 35 to the master information carrier while
mai nt ai ni ng 'a constant distance between the nagnetic transcription head and
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recordi ng medium according to claim9, wherein the magnetic transcription
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carrier at the .ti . . .
accordmgnso 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 ecarrier
after electric current to the electromagnet of the magnetic transcription head
is cut off, |
30
13.  The method for manufacturing a vertical 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



10 when the magnetic transcription head is separated from thesmst 8604
information carrier. 1.1. The method for manufacturing a vertical nagnetic
recording medium according to claim?, Wherein the magnetic transcription
head is shifted 15 parallel to the surface of the master information
carrier at the tinme when the nmagnetic transcription head is separated from
the master information carrier. 12. The nmethod for manufacturing a verti cal

magnetic re

gt ¢ PG gg%ﬂgﬁﬁ%%g{w P 3rbad0 %, #ngﬁg vBelifal maenetic
transcripti 6%%@&@3 neadrlumg@@d &he pﬁ@%ﬁ%@rémnwfmkmaa‘m ipformmatiomsaorier,

i nfor mati on aedr hwr clesely déh@é{dtﬁ?éj tHd i dtBr ShREHAFRINGTidrekatl M %%rti&‘t?
mast er informatiqgn carr mai ntai ni ng a constant di stance between
t he nagnet|5“a$¥% 1P5ﬁne Q% and the back face of the master
information carrier |n a state in which 25 the surface of the master
information carrier and the surface of the vertical magnetic recording
medi um are opposed to each other, and separating the nagnetic head fromthe -
master information carrier after electric current to the el ectromagnet of
the magnetic transcription head is cut off. 30 13. The nethod for

manuf acturing a vertical magnetic recording nmedium according to any one of
clainms 5 to 12, wherein the surface of the master information carrier
conprises a |and portion where the array of the ferromagnetic filns is
formed and a concave portion stepped against the land 35 portion, the

nmet hod conpri sing: exhausting froma central side of the vertical nagnetic
recording nedium overl apped on the master infornmation carrier when the
magneti c 23 August 2004 37 field is applied, generating airflowin a space
formed by the-vertical magnetic recording nediumand the concave portion
of the master information carrier, and thus closely contacting the naster
information carrier with the vertical magnetic recording nedi um



