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The present invention relates to a master informatjon carrier used for
performing a preformat recording of specific information for a magnetic disc
and a method for manufacturing a magnetic disc using the same.
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BACKGROUND ART
At present, magnetic recording reproduction devices are being
designed to have higher recording density in order to achieve a large capacity
with a small size. In the field of a hard disc drive, which is a typical magnetic
15 storage device, a device 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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invention relates to a master information carrier used for performng a
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The above-mentioned preformat signals such as the servo signal for
tracking, the address information signal and the reproduction clock -signal
serve as reference signals for the magnetic head to scan accurately on the

20 tracks. Therefore, when these signals are recorded, positioning is required to
be performed correctly with precision. In a present hard disc drive, after a
disc is incorporated into the drive, by using a single-purpose servo recording
device called a servo track writer, a preformat recording is performed by
strictly controlling 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

| DESCRI PTI ON 23 August 2004 MASTER | NFORMATI ON CARRI ER AND§/$T
HeA8dnt



35 to a conventional inductive type nagnetic head, has cone é%g EHI’Z%B&I cal
use. At present, due to the commercialization of the magne St strve
type head, a signal with a track wwdth as small as several u mcan be
reproduced at an 2 23 August 2004 excellent S/N ratio. On the other hand,
along with a further inprovement in the performance of the head in the
years to cone, a track _pitch is expected to reach the subm cron range in
t he near futrﬁﬁ@'dl%\heaﬁo*{ ampggREc teantbiont lacks im sbatpnessrindhet track edge

o
tracki ng sef @“fcg ﬂ‘%géﬂﬁfm P:t%f'e?ﬂf‘dﬁ%tﬁéﬁiiz)é'%? c@@ege 2 the peprgductions
are forned iontpit an@Etudenate |the) rtiae Wwhed lieshead\ndlent bffitrack r8:0 h@ﬁnﬁal Ff g
the discg t on calle

a wedlgz ['s %ea@%&ﬁglﬁggﬁ%@]g{e 51%31':’5% ﬁlﬁ?%?g?&%P&%fP”%\%ﬁé gnzgge?/gg
signal for teEfoRmed, therenredused signal isenatonly remuiredbeihaye BB[RIKOdﬂmItISJ’fN

cl ock si gnatraﬁbc\vheﬁesdaeﬁﬁﬁg%cume@ s %RE. trhEEs 5&5&/%35%%' dafaor gqs 18 ol

tracking, the a (ri % i nformation signal éhlg ction c
etc. are reFS?qr ?’8 E@elbﬁﬁlfv&r%s@?gﬁﬁp’éo ugh pde dayedr stegp shangg
t hese si gnahshienrepetvdunetéori sutmite angditude ast ﬁlqot@fl@l‘vﬂi?én tRes GleddNerent g
magnet i g9 15 Pﬁﬁ&d AP sta terv sg,as to
scan onft he 145 P8 ag%tj}rg% ?‘%%ﬂ eHQ% ?E% %8??@8% nd ien@bove
posi tion of Pralegbgers amsfaﬁue@emem@né,dwbmbfmakas itsdiffieiils te provide thée

servo si gnalacé@rate te&Hiing setb6 t8CHHASSy KoF ALBRYING" %ﬁlﬁicraﬂdcréglfs in the

reproduction clock -signal serve as reference S|gna or the magnhetic
head to scad atth @Ry on the 20 tracks. Therefore, when these signals

are recorded, posiNdwmsngeans tesplve ede problemgdnfthe al]ﬁdfo@ﬁfalt%édrmﬂg bi tlée
reci si r r er_a. disc_is i,ncorparated into
Phe drivs, EahdH e aRal, 38, ool by, i myBhr A reriiid sPHbIRER o1 o

pose servo ' re
track wri teiPrOEPSGFlebEthﬁ nréém’rdumgent@rmnf dPHOE1998)-405444¢ Imaindyt isothe ng

the positi onemnoacg@mlh ahﬁf’é?stezzﬁlfa-ﬂﬁaﬁbﬁfc@}ﬁﬁf inéh Q%agé oh ﬁ:’hlgé‘al S
such as the_s rvo Sfo% trﬁtc | t he address 1 n mat [ on signal and
the reproduPBHSARY F‘EP@%‘FI ﬁi’%ﬁ’a‘@%‘fﬁpé’nﬁ%t rm‘fttl%élﬁf $ A%
si ngl e- pur p(ﬁmmeﬂgr andtbrangmg mhersmfacmﬂtﬂmnmhs@b@\mfdtmﬂdiﬁ chetibP inbe

P eoor di FS% o &V RAp Rl orth ARG rotoRind Redfake' & Fubpllion

Therefore, acebwcﬁ@ﬁwpd}ee@rdq@g aed wholerafcomaigngtipgtion reversyl pattern
control I'ing cbﬂesmhg% file phheriREEkL! ﬁﬁlﬁﬁggﬂ\éﬁ@ tl}iﬁeﬁﬁﬁg% 2Bl dip P
anoynt tine or mat

Fecordi ng.  FHFaE Pl i iheser BISEAion GRESCHiF somaEaatis 5ot die Medtwp. | s
qui te expensive, r\tceon:hng té ¢he tconfiguedtiorirdisclosed 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 reproduction clock signal etc. on the surface of the master information
carrier by the 'photolithographic technique 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
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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
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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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5 23 August 2004 shown in FIG 21 is shown in FIG 22. FIG 22 shows the
pattern configuration of ferromagnetic thin filnms 63 formed according to
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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



35 nonmagnetic base 64 as shown in FIG 24. However, in viegsafgdiiralylity
or long-life of the master information carrier, the configuratiion shown in
FIG 23 is superior. 6 23 August 2004 In the above-nentioned conventi onal

preformat technology, the patterns of the ferromagnetic thin filnms on the
surface of the master information carrier correspond to the nmagnetized
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time when tbg hmgFeedRddRaAalL zed pattern is reproduced by a magnetic
head, the positi©o roduction_pul se is shifted fromthe 25

desired pul se pos%ty?%?iglgg‘lggtp Fagnetid field 6% leakage b 66tcomaspandiog te a
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vertical m%%ﬁﬁl r691(,: o4 dz'nra]lgnetized 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



35 nmediumto be used for perform ng super high density recoggi U@usjt'ﬁoéi‘e
future, and the developnent of its appligation is awaited. ﬁe magneti c
recording method for recording in a vertical magnetic 7 23 August 2004
recordi ng nmedi um di sclosed in the sane publication will be expl ai ned bel ow.
FIG 25A to FIG 25C are cross-sectional views of a vertical magnetic
recording medjum 61 taken in the circunferential direction of a disc, and
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publication, by focusing magnetic flux on the ferromagnetic thin film portions

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




35 of the nmaster information carrier 62, by applying a d.c. 2spagedtizeoli el d
to the vertical magnetic recording nedium 6l and providing initial

magneti zation 69, as shown in FIG 26C, it is possible to formthe
recorded magnetization 67 8 23 August 2004 with a pattern including the
resi dual magnetization of the initial rmagnetization 69 and the
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Gommgner i oina 11 ot of a8t ke 3Bfainl ol Meser® AL BUBLLS Wikl abdbiBhlS witR fhe
conventlonal 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




35 perpendicular to the filmsurface is strong inside the f j C
thin filme 63, so that sufficiently |argg | eakage mgnetic%ﬁeg&gg%d'
contributing to the recording, that is, a magnetic field in the vertical
di rection, cannot be obtained 9 23 August 2004 at the surface of the
ferromagnetic thin filns 63. Furthernore, since the magnetic flux is not
focused sufficiently on the ferromagnetic thin filnms 63 inside the naster
information®arrier, a strong vertical magnetic field exceeding.-the half
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appl yi ng
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



35 a d.c} magnetic field, the initial nmagnetization 69 in tb@ﬁM?&&b@@h
magnetic recording nmedi um 61 becones eﬁh{enely smal | conpared to the val ue
of the residual magnetization intrinsic-in the vertical magnetic recording
medi um 10 61. 23 August 2004 Furthernore, in the course of time after the
application of a d.c. magnetic field, the magnetic domains in which the
magneti zation is locally reversed by the demagnetizing field increase, so
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invention includes the steps 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



Furthernore, to achieve the first object nentioned above, asgsegand oqoa
configuration of a master information cag?ier according to the present
August 2004 11 invention has an array of ferromagnetic filnms fornmed on a
base surface according to information signals, the master information
carrier being used for formng a nagnetized pattern corresponding to the
array of the ferromagnetic filnms in an in-plane magnetic recordi ng nmedi um
t hrough 5 apptdivesivdrersin thavapgoetic fiel @ icapplidd paemlled$o the swffacerdirection
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t he ferromaBREFCDESCRIFAIGNORIHBDRAVANGS on carrier for the in-plane
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A R e i R
g 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.

FIG. 5A to FIG. 5C are explanatory diagrams schematically showing

another example of performing the step of preformat recording for an in-plane



recording of a nmagnetized pattern corresponding to the array3algtdi®oos
ferromagnetic films for a magnetic layerign the vertical magnetic recording
12 23 August 2004 nedium wherein the magnetic field is applied parallel to
the surface direction of the ferromagnetic filmand to the magnetic |ayer
of the vertical magnetic recording medium According tof't|h| s met hodl, I t hend
demagnetizing -field in.the respective 5 ferromagnetic filns is smll, a
magngt ic pa o resepding meAsimcusingsther abeve-meationedunastercedaimation i n

t he in-pl aneanfiet. he nmaster information carrier, so that Iealéatge Ilhux vv:th
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magnet i ¢ fi eprifigwrstion)eeamplcof avemsedtivfabatastéet irforinatidacthreiddeind @he be
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recordi ng oheadf ormati on signals with |arge reproduction signal anplitudes
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i nf or mat i on® Pﬂi%?”ﬁ?fyﬂw%ﬁb@memdmm@n.z is an expl anatory diagram
carrier accaid o b o onor soeronel Vigh sMbving % B AlraliBa YRR LY &
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Sgt aanot hgﬁﬂagonf' foﬁg;‘fl%%cg@a %gesf)?er i n&%%n%?@g#lg% r u?"%ccordi ng to a
first embodiment FHF ihéspﬂ%%ﬂkﬂn@ﬁ%’nﬁa@namnachemamm showhighawertical
repr oduct i omagaeticofiehd3Qisolibatioadadyhé Qﬁﬁ@%f%éwrcgih@;ﬂf H8erticd] %%%%&&ﬁ]p ered
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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



FIG 5A to FIG 5C are explanatory diagranms schematical ly show,gg:t 2809t her
exampl e of performng the step of preforgat recording for an in-plane 13 23
August 2004 magnetic recordi ng nmedi um using the above-nenti oned mnast er
information carrier. FIG 6 is an explanatory diagram schematically
showing a configuration exanple of a conventional master information
carrier and the 5 relationship with a reproducti on wavef or m obt ai ned by
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vertical magnetic c i ng medi um usi ng a .ras i nf.oormat.i on carrier
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recordi rr%gleum usi n%ﬂ% ter i1 nfor n@at I on ag%)v@eﬁﬂg (;:c%I?J ?“%g%%‘a@ﬁ‘g%
second 08PFEAYNE &NEgETERiG @%?Frﬁé@mrhh%d) Al thee tigreek Ravéwnmggca preformat
confi gurati mwdﬁigahﬁngftmm&awﬁhf&niémemm:* on head installed in the

above-nenti oned et 30_recordin evi.ce. FIG 14 is.an explanatory

di agr am showi ng m jré:%c}ﬁf? ?Ygoﬁ%ogvmﬁa&%tq og ﬁ@%‘ﬁl?ﬁ(rﬁ‘oﬁ“ﬁ%
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operating a magnetic transcription head at the time of performing a preformat
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.



15C are expl anatory diagrams schematically show ng one exanpi@,Qfst 2004
operating a nmagnetic transcription head g the tinme of performng a
preformat 23 August 2004 14 recording using this nmaster information
carrier. FIG 16A is a plan view showi ng the configuration of a master

I nformation carrier according to the second enbodiment; FIG 16B and FI G
16C are explanatory diagrans schenmatically show ng anot her exanple of 5
operating a magneﬁ[@-t? ste i PiGo2Bie azreatexplanatome difgpemsosehamatically
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show ng yet anot hey, ex | e” of .15 operati.ng magneti ¢ transcription head
at the timef” ﬁ?@ﬁ]ﬂm?ﬁ% EeRFPQPS'?IH%twa‘?eé@E‘PZhWOﬁSi ng this naster

i nformation carrier. FIG 19A is a plan view show ng the configuration of a
master.qnin | | B i odinment; FIG 19B
and FlI 0 1@%@@@?@%@%@%@@@%@3@% ng yet anot her
exanpl e of 20 opelat they fallewitnmt embodiments pfi tre heesentt inventiomewill be
perform ng axpraghéd fletaiecording using this master information carrier.

FIG 20A is | an .view showi ng the configuration of a master infornmation
carrier accgév’ﬂghgn‘%b?dﬁ’l‘?@n cond enmbodiment; FIG 20B and FIG 20C are

expl anat ory di agr Fimststieesrpi &a_}dcyrcﬁhg\éﬂmﬂ)mﬁt ﬁgﬁbl&;;wlﬁ%ﬂgﬁhﬁmfzm%@ as
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reproduced with a magneticghead.

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




recording for a vertical magnetic recording nmediumusing a sRaL&lst 2004
information carrier. 15 23 August 2004 Fl@ 26A to FIG 26C are explanatory
di agrans schematically showi ng another exanple of performng the
conventional step of preformat recording for a vertical magnetic
recording mediumusing a master information carrier. 5 FIG 27 is an

expl anatory di agram schematically showing a vertical magnetic field
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shown in FIG. 4A to FIG. 4C.

Here, referring to FIG. 1, the relationship between the pattern of the
ferromagnetic thin films 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




pattern corresponding to the shape pattern of the ferromagnggiaggidibfpdi| e
3 is 16 23 August 2004 formed in the in-pyane magnetic recordi ng medi um 2
as shown in FIG 4C. As shown in FIG 4C, the in-plane nagnetic recording
nmedi um 2 now has a negnetized pattern including a non-recorded area, which
Is a portion facing the surface of the ferromagnetic thin filnms 3, and an

area where the 5 magnetization 4 is recorded by the | eakage flux 10, in
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pattern reﬁfoduced by a magnetic head will be explained. In addition, in
FIG 1, the nast®huk rﬁrﬂﬁmtall@éhgﬂzﬁrtfét%eﬂtﬁélﬂlég?ﬁticpsrﬁﬁ ﬁ%nrmea@ah@erem -
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and a repr o‘é‘rﬁlltl,]fa Refagnetic recording med:
Accordmgly, 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




this magnetized pattern are shown in FIG 6. In addition, theaigudtbatsg 17
23 August 2004 magnetic recording nmedia Zgshown in FIG 1 and G 6 are
provided in advance with the initial magnetization 11 and then recorded by
the preformat recording as already explained by using FIG 5Ato FIG 5C
As shown in FIG 6, according to the configuration in the conventional 5
exanple, a pattern length A of the ferromagnetic thin filnms and a di stance
B between Bhangdhe e‘ﬂlﬁgﬂmﬁ Brketiveendifegpatterns (Bee BIG. B3 andaFH@sR4) are
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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
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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
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the reproduction signal processing circuit. The pattern of the
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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



film3 may protrude by a substantially constant anpunt fronpspggsdibbese of
20 23 August 2004 the nonnmagnetic base 8. Moreover, although a speC|f|c
illustration is omtted here, it may ako be conflgured such that the
ferromagnetic thin films 3 are formed as protrusions on the surface of the
nonmagnetic base 8 (See FIG 24). However, in the configuration of FIG 2,

I f the recessed anount of the 5 surface of the ferromagnetic thin film3
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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




perm ssible [imt of the detection wi ndow width of the reproginglispnos gnal
23 August 2004 21 processing circuit, sogghat this difference nay be

i gnored. An exanple of the enbodi nent according to the present invention
was described above, but the present invention can be applied to various
enbodi nents other than this exanple. For exanple, the above-nentioned 5
explanation referred to an exanple of applying the present invention to a
magnet i ¢ r eddmgi 3homtlue waster bdomativedamiem22hard di sc drive or the |ike.
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magnetic fieldydmg 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
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direction of this applied magnetic field 25 also matches the direction
parallel to the, filmsurface of a magnetic layer in the vertical nagnetic
recording medium 21. In addition, FIG 7B shows an exanple of 5 using the
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27.
n FIG recorded magnetized pattern in which magnetization areas with reversed

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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August 2004 |arge quantity of directionabgconponents parallel the film

surface of the ferromagnetic thin filnms 23, but a sufficiently large

vol ume of vertical directional conponents can be obtained in the vicinity
of the both edges of the ferromagnetic thin film 23 conpared to the vol une
31 of the applied ma netlc 5 field 25 (the volune of this applied magnetic
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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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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.
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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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



magnetic transcription head 37a is nade of a pernmanent - nagng ﬁAQé&ﬁ&OOJhe 27
23 August 2004 magnetic transcription hegg 37a made of a permanent - magnet
block is magnetized in the direction parallel to the side facing the
master information carrier 22 as shown by arrow 42 so as to provide the
ferromagnetic thin films 23 of the master information carrier 22 with the
applied -magnetic field 25 in 5 the in-plane direction of the film In the
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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,



recording medi um using the magnetic recording device and arg; ust 2004
cross-sectional 28 23 August 2004 views bgken on broken |ine I ndi cat ed
on the surface of the master information carriers 22 shown in FIG 15A,
FIG 16A and FIG 17A. Wen the preformat recording is perforned, as shown
in: FIG 17B, the magnetic transcription head 37a is shifted relative to
the master 5 information carrier 22 toward the direction shown by an arrow
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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



Dependi ng on the configuration of a magnetic transcription gfﬁhgfﬁ 884 23
August 2004 particularly on the arrangengpt of nachine parts in u&ed I n
this device, it is sonetines difficult to performthe separating operation
by shifting the nmagnetic transcription head 37a in the direction

perpendi cular to the surface of the master information carrier 22. In such
a case, as long as _the operation 5 of separating the nmagnetic transcription
head 37a is %%‘%ﬂ@% #ddby ising the Jpagoefic mcqmdmm%smemededc withatbe rrimg i on
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to the deco si on ac 5 t ywveen the em.are
cont act ed "B@ségnaw %ﬁ%drﬁeqdﬁé fg¥ gié g&%@@ﬁ’ tippapserdingiis psorded sver e
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carrier are secure
resul t, theinigeeeiiongasrisn 22 at e between the vertical magnetic recording

medi um 21 and thh%ét(%%e'oﬁftﬁimegﬂetﬁ%éhﬁén oﬁ?féa ﬁf%%%ﬁh&ﬂfr
erformthé operatlon o

conpl etely and,easil ddi tion, r to
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can be sele operati on of ghet | transcrl ead 37b
%&Bdfaces %hé wer}lege attern area 34 on tﬂa master mformatmrpl) carrier 2

at the tinme
there is no fear that the magnetized pattern recorded on the vertical magnetlc
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 a preformat recording is performed for the vertical magn rdi ng
30 23 August 2004 nedium 21 by using thegfragnetic recording dg{‘}é%é&gg%w de
with the ring type magnetic transcription head 37b shown in FIG 14 w ||
be explained by referring to FIG 18A to FIG 18C. FIG 18B and FIG 18C
are cross-sectional views taken on broken |ine MM indicated on the
surface of the master information carriers 22 shown in FIG 18A Wen the
preformat rteondiggticdrpasdriptiedhead 38hisvwquippedGrith 8Be coil veindhgnds) the
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head 37b f nélés tp fhe wperptiomof separating the magmetic tmsnsemptmn dreadt from tha?r r i er
22, there ggrfaee bfthe bitter HFoPMAiShi ch@ficP alkt®ohd &F FTdeqdgen t'Il‘lfer dﬁﬁ'&' cal

t 25 | .b d d t
excel | o r 88 by Bt JCo A I 6C: i 6 Befoscentie BHHINS: dbé lerabiom:of | ng
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f f t n
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the surfac earﬁﬂeh%tw%ﬁé‘twa‘ﬂﬁﬁ% V@@aﬁﬁhé pettepa of Sherfergormiagnatig hbin ﬁlmawr d| ng

nmet hod accojghdtfot-@etine present enbodi ment will be shown by referring to

FIG 1 to FIG C. FIG 19B FG. 19C are cross- eCt | vie
t aken br oken | FPRERE ﬁ?fpeﬁfe%%n he, gnagnetic draps b@@a BhRoflndt i on

35 carrier peérrshoemt imaEh& llesk Bypmgstatvie i aREGT i 18 i ebe.,hehd Brggsdtivn in
FIG 19B isyalgeriftibhead 87c 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




type as the magnetic transcription head 37b shown in FIG 1§§A§é&st208&'t
while 31 23 August 2004 the nagnetic tra88cription head 37b Is equi pped
with the coil winding 45, the configuration of this magnetic transcription
head 37c differs in that the first mgnetic core 43 and the second
magnetic core 44 are opposed to each other via a permanent-magnet bl ock
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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 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




the position in which the magnetic transcription head 37c f rea
32 23 August 2004 between wedges 35" havigag a | arge area, ?fﬁggl}psgg@?zgl eto
obtain excellent results wi thout subjecting the neighboring wedge pattern
areas 34 to the applied nagnetic field. - In addition, the nunber of the
wedge pattern area 34 on the master 5 information carrier 22 generally is
determ ned with a considerabl e degree of redundancy agai nst the

posi ti oni ng configisation of thieemeggrebici rechrditigr deice,edithén cottbinatignetarc be
recording rep[geeti on device, and even in the case where one piece or
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dependent o HASERHTAL RpBT FRAMILIFS"
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.



wedges 35 is fornmed in a concave shape or not. Accordi ng to2tRhaqds 2884
August 2004 configuration of the magneti% recordi ng device, ei t%er

conbi nati on can be selected. The second élnbodi ment of the present

i nvention was descri bed above, but the present invention is not limted to
the 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 recordi ng nedi unLAfRIPe nmounted mainly on a hard
disc drive or the like. However, the present invention is not limted
hereto and is applicable to other vertical magnetic recording nmedia such
as a flexiblle magdemniaster suformatigneairicic antpeaisthg anl BriaRgoL fargoinapactic
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descri bed above, with the master information carrier used for 25
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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.



23 August 2004 34 CLAIM5 1. A master information carrier CORpPh| §idi9od
array of ferromagnetic filns formed on a base surface accordi ng to
information signals, the master 5 inforgmtion carrier being used for

form ng a nmagnetized pattern corresponding to the array of the
ferromagnetic filnms in an in-plane nmagnetic recordi ng nmedi umthrough
application of a magnetic field with the nmaster information carrier _
opposi ng the in-plane magnetic recording nedium wherein a |length of each
ferromagnesj c f Al methed! for gemnufdoaming 4 eaticdl mighdietragedingagedtmcedniaiziig i on
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20 7. The method for manufacturing a vertical 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 info;t‘mation carrier is opposed against the surface of the

25  vertical magnetic recording medium.

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.
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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
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magnetic 5 recordi ng nedium and thus perform ng a preformat recordi ng of a
magneti zed pattern corresponding to thébarray of the ferromagnetic filmns
for a magnetic layer in the vertical magnetic recordi ng nmedium wherein
the magnetic field is applied parallel to the surface direction of the
ferromagnetic filmand to the magnetic |ayer of the vertical magnetic 10.
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| engt h of erromagne ic films. 30 9. The nethod for manufacturing a
vertical magnetic recording nedium according to claimb5, conprising:
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magnetic recordi ng medi um are opposed to each ot her and separating the
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Formed. " 108°HTHEEHBHY FOF RSTIFACA U Prig P EREi cal magneti  recording
medi un20 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 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



according to claim9, wherein the magnetic transcription headig,ssByi4 ed
perpendi cular to the surface of the master information carrier at the tine
10 when the magnetic transcription head B¢ separated fromthe master
information carrier. |I.l1. The nmethod for manufacturing a vertical nagnetic
recordi ng medium according to claim9, wherein the magnetic transcription
head is shifted 15 paraIIeI to the surface of the master information
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transcription he r he side of a back face of the naster
|nfornatlonngﬁ?ﬁigyuﬁﬂﬂﬁngﬁﬁ Y% with an el ectromagnet relative to the
master information carrier while maintaining a constant distance between
the magnetic- transcription head and the back face of the naster
information carrier in a state in which 25 the surface of the naster
information carrier and the surface of the vertical nagnetic recording
medi um are opposed to each other, and separating the nmagnetic 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 nedium according to any one of
claims 5 to 12, wherein the surface of the master information carrier
conprises a land portion where the array of the ferromagnetic filnms is
formed and a concave portion stepped against the land 35 portion, the

met hod conprising: exhausting froma central side of the vertical nagnetic
recording medium overl apped on the master information carrier when the
magneti c 23 August 2004 37 field is applied, generating airflow in 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 nmagnetic recording nedi um





