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RECORDED BY USING THIS 5 FI ELD OF THE | NVENTI ON The present invention
relates to a master information magnetic recording apparatus for
prerecording predetermined informationlsignals, wusing a master information
~carrier, in a magnetic recording nediumwi th |arge capacity and high
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reproductlpgﬁm ‘bﬁgnﬁgsrafr@rrﬁﬁ% SR8 GARMEa conventi onal i nducti ve
type magnetic head, has conme into practical use. At present, with the

practicall%gég@%omﬁwqmm' éN ve type head, a signal with a track
he 'su

width in S m'cron ‘range can bé reproduced with a high SINratio. In
order for a nadRetr¢eenfierentsp mageetic yepondang/soproducing Apparaivepy amend t o
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' for enabling such a high recording densify, significant factors include the
20 improvement in the linear recording density achieved by the improvement in
' the performance of a magnetic recording medium and a head-disk interface,

as well as the appearance of a new signal processing mode such as a partial

response.

In recent years, however, the tendency toward an increase in the

25  track density significantly exceeds that of the linear recording density, thus

improving the areal recording density. This is due to the fact that a

magneto-resistive type head, which has a much improved reproduction

output performance compared with a conventional inductive type magnetic

head, has come into practical use. At present, with the practical use of the

30 magneto-resistive type head, a signal with a track width in the sub micron
range can be reproduced with a high S/N ratio.

In order for a magnetic head to trace such narrow tracks accurately
and to reproduce signals at a high S/N ratio, the tracking servo technology of
the magnetic head plays an important role. Such a tracking servo

35 technology is described in detail in, for example, “Yamaguchi: Highly
Accurate Servo Technology of Magnetic Disk Apparatus, Journal of the
Magnetics Society, Vol. 20, No. 3, pp. 771 (1996)”.




24 August 2005 2 . FIG 32 is a plan view showing a conPfigtingisbrOBP a
conventional nmagnetic disk device 90. The magnetic di sk device 90 has a
.di sk-shaped nagnetic disk 8. The magnetic disk 8 is rotated by a notor
(not shown). The magnetic di sk device 90 has a head arm 225 pivotably
provided 5 around a pivot axis 226. A2 the tip of the head arm 225, a head
suspension 222 is provided. On the tip of the head suspension 222, a
magneti c head 221 is nounted. The nagnetic disk device 90 is provided with

a voice coil no 23 fo iyl a i n L. which the
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t he tracklen servo signal pattern 214, etc. is referred to as a preformt

recordi ng. n rr‘rasfter information magnetic recording technol ogy t hfa'g is a
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pr er ecor dPEYORRat erecordimenaesion brepacadgabt predetermined angles over a

20 revolution of a disk, that is, over an angle of 360 degrees. In the preformat

recording region, as shown in FIG. 33, a synchronous signal pattern 211, a

sector mark pattern 212, an address information signal pattern 213 and a

tracking servo signal pattern 214, etc. are recorded. Thus, the magnetic

head, based on these patterns, reproduces signals at every predetermined

25 period to verify its position and corrects its displacement in the radial
direction of the magnetic disk as required, thus tracing a track correctly.

, Prerecording the above-mentioned preformat information signal

patterns (master information) such as the synchronous signal pattern 211,

. the sector mark pattern 212, the address information signal pattern 213 and

. 30 the tracking servo signal pattern 214, etc. is referred to as a preformat

' recording. A master information magnetic recording technology that is a

technology enabling the preformat recording in a short time is disclosed in JP

10 (1998)-40544A. This master information magnetic recording technology

‘enables the preformat recording in a short time.

35 Herein, a method for prerecording master information on a magnetic

disk will be explained. First, a magnetic disk is magnetized in one direction,

thus initializing the magnetic disk. Next, the master information carrier on




disk will be explained. First, a magnetic disk is magne2ftZtdgust 33@S
direction, thus initializing the magnetic di sk. Next, the naster

i nformation carrier on 24 August 2005 3 which ferromagnetic thin film
patterns are forned is brought into contact wth the magnetic disk. The
ferromagnetic pattern herein denotes alpattern corresponding to an

I nformation signal to be preformat-recorded. For exanple, in the case of
preformat-recording signals shomm in FIG 33, the 5 ferronagnetic pattern
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' P %onsg uently, at t e ec’Ige of the ferromagnetlc thin film on the master carrier,

magnetization reversal occurs. Thus, it is possible to record a magnetization
pattern corresponding to the ferromagnetic thin film patterns formed on the
master carrier in the magnetic recording medium.

25 Thus, the master information magnetic recording causes the
magnetization reversal along the edge of the ferromagnetic thin film pattern
on the master information carrier. Therefore, in order to obtain excellent
reproduced signals, it is desirable that the direction of the transfer field
approximates the direction perpendicular to the edge of the ferromagnetic

30  thin film on the master carrier.

Herein, a line parallel to the direction of the relative movement
between the magnetic head and the magnetic disk due to a rotation of the
magnetic disk is referred to as a pattern angle reference; and an angle made
by the pattern angle reference and the ferromagnetic thin film pattern

35 formed on the master information carrier is referred to as a pattern angle.
In general, this pattern angle differs according to the radial position of the
disk.




by the pattern angle reference and the ferromagnetic theft AngstodPPern 35
formed on the nmaster information carrier is referred to as a pattern angle.
In general, this pattern angle differs according to the radial position of
the disk. 24 August 2005 4 The pattern angle is an angle made by a tangent
of an arc showing an orbit on which the magnetic head on the pivoting head
arm noves and the noving direction of the head, which is perpendicular to
‘the radial di rection of the rragnetic disk Therefore t he pattern angl e
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20  tracking servo signal corresponding to the phase detection method. The
phase detection method is proposed in, for example, JP60 (1985)-104724A,
JP8 (1996)-221919A, ete. This phase detection method is a detection
method which is not likely to be affected by noise and can obtain the position
error signal with high accuracy. Therefore, in the case where the track
25  density is much more increased in the future, the method is becoming an
mmportant method capable of corresponding to the improvement of the
positioning aecuracy of the head.
FIG. 34 is an enlarged view for explaining a configuration of another
preformat information signal patterns, which is to be formed on a
30  conventional master information carrier as ferromagnetic thin film patterns.
This ferromagnetic thin film pattern 94 corresponds to a preformat pattern of
the phase detection method disclosed in the JP8 (1996)-221919A mentioned
above.
The ferromagnetic pattern 94 includes a synchronous signal pattern
35 95, a sector mark pattern 91, an address information signal pattern 98, a
tracking servo signal pattern 96 and a tracking servo signal pattern 97. The
- servo signal pattern 97 is formed tilting with respect to the servo signal




t he phase detection nethod disclosed in the JP8 (1996)- 2ZH184gnsheRPPoned
above. The ferromagnetic pattern 94 includes a synchronous signal pattern
35 95, a sector mark pattern 91, an address information signal pattern 98,
a tracking servo signal pattern 96 and a tracking servo signal pattern 97.
The servo signal pattern 97 is formeddtilting with respect to the servo
signal 24 August 2005 5 pattern 96. Therefore, when the nagnetic head
shifts along the radial direction of the magnetic disk, the position of a
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as ment i Srsden befosmasivsneantisre As a result, the position of the magnetization
20 reversal, that is, the position of a pulse becomes unclear. This causes the
phase disturbance of signals, thus making the highly accurate positioning of
the head by the phase detection method difficult. Furthermore, the effective
strength of the transfer field with respect to the servo signal pattern 97 is
‘different from that with respect to the other patterns. As a result, it
25 - becomes difficult to set an appropriate transfer field condition for all patterns
 having different pattern angles. When recording with an appropriate
transfer field cannot be carried out, the reproduction output decreases.
The problems such as the phase disturbance of signals or the
reduction of the reproduction output as mentioned above become more
30  serious as the displacement of the transfer field direction with respect to the
direction perpendicular to the ferromagnetic substance on the master
information carrier becomes larger.
That is, in the preformat pattern in which plural types of patterns
having different patfern angles are present in the moving direction of a
35 magnetic head, it becomes important to achieve the quality of signals
acceptable for practical use by minimizing the phase disturbance of signals or
-reduction of the reproduction output.




30 serious as the displacenent of the transfer field di PEAWSASHZPHOr espect
to the direction perpendicular to the ferromagnetic substance on the master
i nformation carrier becones larger. That is, in the preformat pattern in
which plural types of patterns having different pattern angles are present
in the noving direction of a 35 nmagnetic head, it becones inportant to
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ferromagnettc thin film pattern formed on the surface of the master
information carrier comprises not less than two kinds of different patterns
. each having a different pattern angle showing an angle with respect to the
direction of the relative movement between the magnetic head mounted on
an arm and the rotating magnetic recording medium, the member for
applying a magnetic field applies the magnetic field along the direction
which is perpendicular to the direction shown by an angle that is smaller
than the maximum pattern angle among the not less than two kinds of
patterns, and that is larger than the minimum pattern angle among the not
less than two kinds of patterns. |
In accordance with a second aspect of the present invention, there is
provided a method for manufacturing a magnetic recording medium in
which master information is recorded in advance, the method comprising
allowing a recording surface formed on a magnetic recording medium to face
a surface of a master information carrier on which a ferromagnetic thin film
pattern corresponding to an information signal is formed, and applying a
magnetic field to the ferromagnetic thin film pattern formed on the surface




l ess than two kinds of patterns. In accordance with a séfdHagasipde@®Sof the
present invention, there is provided a nethod for manufacturing a nmagnetic
recording mediumin which master information is recorded in advance, the
met hod conprising allowing a recordifg surface formed on a magnetic
recording nediumto face a surface of a master information carrier on
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mast er | AR Son magnetic recording apparatus according to the first
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the present invention.

¢ recordirig apparatus according to a

FIG. 2 is a cross-sectional perspective view showing a configuration
of the master information magnetic recording apparatus according to the first
embodiment.

FIG. 3 is a plan view showing a configuration of a magnetic disk
device provided with a magnetic disk in which master information is recorded
by the master information magnetic recording apparatus according to the first
embodiment.

FIG. 4 is a plan view showing a configuration of a master information
carrier provided for the master information magnetic recording apparatus

- according to the first embodiment.
FIG. 5 is an enlarged view for explaining a configuration of a
ferromagnetic thin film pattern formed on the master information carrier
according to the first embodiment.




according to the first enbodinent. FIG 5 is an enl ar gedhAegH$b2005
explaining a configuration of a ferromagnetic thin filmpattern forned on
the master information carrier according to the first enbodi nent. 24
August 2005 7a FIG 6 is a schematic Taew for explaining pattern angl es of
the ferromagnetic thin filmpatterns formed on the master information
carrier —accomiGngptie hhechdrhatic evibadifseikpldthfag patera 8halRE shaweng the
rel ation hig bet ween thgﬂg?ttern aag%g of the erron%gneth thin film
pat t er n AFAOFRENCHS; tan Jfin pattgras foeed @mthe mpstee IHPFRAtERRRITIFENt . FI G
8 is a gmapbrdihg\b MHe st émbatimseshi p between the direction in 24 August
2005 8 which netic field is applied.by a permanent magnet prqvi ded for
the master i%ﬁg‘ri%ﬁﬁaoﬁrar%ﬁ]%?wg" eg‘?lﬁﬁ%‘%/%lﬂﬁﬁ?eﬂ"%n RAETRAGIE of the
di sk aceftHe fgrrbmddhetti thst rembpaitsanhndHiHe radlihs of tHe ARk slevwddiggt he
relationﬁghg ?etmeeg the d{rection. in 5 which a magnetic field is applied
by a per AT GRRPIEPE ded for a conventional master infornation
magnetic recoiGNG wpparaplsshvvdnkthe foalidtsstap bdivedhsthe firetid®ihs a
graph showing the relationship between the displaced angle in the
direction of the magnetic field and the radius of the disk in the .10
master information magnetic recordi ng apparatus according to the first
enbodiment. FIG 11 is a graph showing the rel ationship between the

di splaced angle in the direction of the magnetic field and the radius of
the disk in a conventional master information magnetic recording '
apparatus. 15 FIG 12 is a perspective view for explaining an exanple of a
met hod of initial magnetization of a magnetic disk according to the first
enbodinent. FIG 13 is a perspective view for explaining a magnetic core
and a coil provided for the master informati on nagnetic recordi ng apparatus
according to the first enbodinent. 20 FIG 14 is an enlarged view for

expl aining a configuration of another ferromagnetic thin filmpattern
formed on a master information carrier




according to a second enbodi nent of the present inventi8ff. Apgast 280ps a
schematic view for explaining pattern angles of another ferromagnetic thin
filmpattern formed on the master information carrier 25 according to the
second enbodinent. FIG 16 is a graph showi ng.the relationship between the
pattern angle of another ferromagneti® thin filmpattern and the radius of
the disk according to the second enbodinent. FIG 17 is a graph show ng
the rel ationship between the direction in 30 which a nagnetic field is

appl i ed 0 d g rovided for he jmast er i nf orymati on
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the disk in th 5 master | nformatiqn gnetic recordi ng apparatus
according to tﬁ@ée%b%& g@@%‘oﬂ!%ﬁg.t |?(r§a@9n$1§pd)%wg% PRflamm
rel at ilonsiwhjrhbat magnetib dialil sipl aadtb PRy A Giesiina30® Daghed prévidedefodi4 ection
of the ”B&rﬁ%hﬁoﬁ%lleklg %nd the radi us_of tpe disk,in a co ventign | master
i nfor mat i on nAgneti ¢ Fecor de%ﬂ?)rérlgta&?? 1| geconing aBP@’r'agﬁﬁ an t he
rel ati onstadpupef theatiskhe direction in which a magnetic field is applied by
a further pernmgmept e ovi ' ] gnetic
recordi ng aﬁgar agusl,(g?lﬁat %rea?;igélllﬂfﬂ% ﬂ%%gaagﬁgﬁﬂgikgﬁééyﬁ%é@ ﬁ?ér%
enbodi merftl&f 1R fae slixestinn qffhernagneticfigld and;jthe gagiupat treodiskgin the
r el ationshhgtebeinfeanatite magaetlt NGcoRBnEOLPPAGRuS NEecoP@ing! $6! tHeedirangl € i n

the direc .of the magnetic field in the master information nmagnetic
et

recor di nge 's according to the third 10 enbodinent. FIG 22 is a

graph showi ng tHIér. ridl &t a grephpshietingethet belatiopshipubétvsen Hes tisplaceee and
o Sy AR ALl PR HESERRL L, L 10T,
i nf or mat iCBHVWf&HiIEaSrteE sriermgtiapparemetic rootdiagrmpragatyse 15 third
enbodbment . Fl BIG232iiSa eggmlﬂiveh@awrffgr %%gaixiﬂl;%tdno%ﬁﬂrlglegﬂ?v%%gl@ﬁfe
ragnet | o aved =3B tealins X meenats itk aqeardinkita baGETDOLEEOR G ng
appar at us accofdGnd3 i$ a pelrspadiivedriewiforexplaining a magnetic core and a coil

provided for the master information magnetic recording apparatus according

to the first embodiment.

20 FIG. 14 1s an enlarged view for explaining a configuration of another
ferromagnetic thin film pattern formed on a master information carrier
according to a second embodiment of the present invention.

FIG. 15 is a schematic view for explaining pattern angles of another
ferromagnetic thin film pattern formed on the master information carrier

25  according to the second embodiment. :

FIG. 16 is a graph showing the relationship between the pattern
angle of another ferromagnetic thin film pattern and the radius of the disk

- according to the second embodiment. ,
FIG. 17 is a graph showing the relationship between the direction in

30 which a magnetic field is applied by another permanent magnet provided for
the master information magnetic recording apparatus and the radius of the
disk according to the second embodiment.

FIG. 18 is a graph showing the relationship between the displaced
angle in the direction of the magnetic field and the radius of the disk in the

35 master information magnetic recording apparatus according to the second
embodiment.

FIG. 19 is a graph showing the relationship between the displaced




20 FIG 24 is a graph showing the rel ationship between EAeiv&Rsbddeprng
performance and the radius of the disk when reproduci ng the magnetic di sk
recorded by a conventional master information recording apparatus. FIG 25
i s a graph showing the relationship between the displaced angle in the
direction of the magnetic field and thHe radius of the disk in the 25
master information nmagnetic recordi ng apparatus according to the third
enbodi nent. FIG 26 is a graph showi ng t he relationship bet ween t he
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accolili nthird enttdimbhh  enbodi msnt FIG 32 is a plan view showing a

configuration net i de netic disk
in which mast e?i(i}ﬁ%% %@1 rgjé‘ ﬁb“e ﬁﬁ? gt'@ﬁff\%@ﬁ??&hﬁlre an
i nf or mat Puipwagnét the radimsdphghappmkawden Féfoddinies the malgaectieddiskew f or
expl ai ni fgoBd&PBY 1tBNAh4RR iRformation magnetic recording apparatus according

to the third embodiment.

20 - FIG. 24 is a graph showing the relationship between the reproducing

- performance and the radius of the disk when reproducing the magnetic disk
recorded by a conventional master information recording apparatus.

FIG. 25 is a graph showing the relationship between the displaced
angle in the direction of the magnetic field and the radius of the disk in the

25 master information magnetic recording apparatus according to the third
embodiment.

FIG. 26 is a graph showing the relationship between the direction in
which a magnetic field is applied by a further permanent magnet provided for
the master information magnetic recording apparatus and the radius of the

30  diskin a fourth embodiment of the present invention.

FIG. 27 is a graph showing the relationship between the displaced
angle in the direction in which a magnetic field is applied and the radius of
the disk in the master information magnetic recording apparatus according to
the fourth embodiment.

35 FIG. 28 is a graph showing the relationship between the reproduction
' output and the radius of the disk when reproducing the magnetic disk
recorded by the master information magnetic recording apparatus according




preformat information signal patterns, which is to be ré@ohagdsbidOas
magnetic disk. 20 FIG 34 is an enlarged view for explaining a
~configuration of another preformat information signal patterns, which is
to be recorded on a magnetic disk. DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS 25 In the nmaster informatil®n nagnetic recordi ng apparat us
according to the enbodi nent of the present invention, the ferronmagnetic
thin filmpattern forned on the surface of the master information carrier

conpri Sestd‘ﬂfeﬂoﬁ?&eﬁlpéﬁhﬁéﬂ kinds of different patterns each having a
different pattern aélg_e, and a magnetic field is applied along the

direction i n witk 27 ifagremaph showting the 2elatiopshipdbetmreenhttiesdipectieniti cul ar
to the divwhedh ' oo
o the diwhidh # %ﬁéld@é‘aﬁﬂ%@b% %rﬂ%rp%?ﬁldn%t%%%ghe&ﬁﬁgng S L

pattern | e, njﬁghat I.s larger. t anﬁghe m ni num r

pattern a nﬁ‘aﬁﬁf’é Propaiden Pﬁ%ﬂ%‘ﬂ%"ﬂ@P ygAPPasatusenand theyadaiopkthe t s
possi Bl e diskiancordaisetd hdiftlepmbddighétn out put of a servo 35 signal pattern
reproduced b gaet: | cQrding. medi um nseqguently, Jt j.s.possible to
br ovi do. o mmot SCAElE B PER ShORidE: the Felainatay parusdr the ARt o

hi ghl y remalone the dfitrotien ofctherdagyetintield hadnhgneaiivs ofter diskgin2theAugust
2005 11 rmdited infbfmhBoR’ Rlaghaflk erécﬂ?&iﬁgﬂgeﬁﬂathg Zzlic%cg)ptfiﬁﬁt \A%a R0

patterns are iwo kinds of patterns eac ng a er et ern angl e.
It is préafnéli’e(ﬁiipé’ntthat the direction in which a magnetic field is applied 5
i rs] alﬁibr ecti on Hi&. mriéianﬁla@h sm“aﬁgage rramm]jﬁishﬁﬁbémeaf thfe%p?é]dﬁfohors
shown. by t es (of; t i nds of patterns_.anmong the not |ess

t han two Oﬁlﬁ;ﬁgts%gf %%gt g of) {hq @%ﬂ‘r é’fnlg?lhbtlegg‘?(i’rﬁ“lmg ﬁ@edma%ei‘agng.}sﬁf which a
magnet i ¢ re¢adadiby appasted infosmatmhinr erordingvadparatweaghtrdagsiogtiedfifth t hat

t he angl emddimegepect to either 10 one of directions is smaller than the
angle with res&i&t t 0. anot her direction, in the tw kinds of directions

t

per pendi cul ar N ﬁe&lﬁpo‘ﬁswsﬁwn@yam@ﬁgpaﬂi@m ofan ghagnetic disk t wo
ki nd35 of dpedct progided esigk el inghytic Hisk i Whththable? ihfAnddih E8986dea
recor di ng |nl,¢%1ngsna na eﬁé‘? dItSk and E.hat t Iangel ht changes al ong the
radi al di’r éctionor %@a%ﬁej qrmatid gragpeticreparding ARPAALESt hat t he menber
for applying aFhagnddis fincledlargedasd®w for explaining a configuration of _
preformat information signal patterns, which is to be recorded on a magnetic
disk.
20 FIG. 34 is an enlarged view for explaining a configuration of ancther

preformat information signal patterns, which is to be recorded on a magnetic
disk.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 : In the master information magnetic recording apparatus according to
the embodiment of the present invention, the ferromagnetic thin film pattern
formed on the surface of the master information carrier comprises not less
than two kinds of different patterns each having a different pattern angle,
7 and a magnetic field is applied along the direction in which a magnetic field is
30 applied, which is perpendicular to the direction shown by an angle that is
smaller than the maximum pattern angle, and that is larger than the
minimum pattern angle of the pattern among the not less than two kinds of
patterns.
Therefore, it is possible to increase the reproduction output of a servo
35 signal pattern reproduced by a magnetic recording medium. Consequently,
it is possible to provide a master information magnetic recording apparatus
enabling a highly reliable preformat recording into the magnetic recording




of a permanent nmgnet. It is preferable that the permaneftArEYRELOPS
provided with a facing surface that faces the master information carrier,
-and the facing surface is 20 substantially fan-shaped. It is preferable
that the nenber for applying a magnetic field is disposed on the naster

I nformation carrier at the opposite silde to the magneti c recordi ng medi um
It is preferable that the nenber for applying a magnetic field 25
conprises a pair of magnetic cores and a coil wound to at | east one of the
pair of pRranghic cores. It is preferable that the master information
carrier facing menber = conprises a |lower flange provided for superinposing
and mount i ng t b 1sgagkeable thatdhe net lesaithandme kinsdsnefspatteninst aenewe on
carrier il@iﬁdléiddfpﬁtﬁé@ﬁ_s e&&llgavﬂ;@pﬁﬂifféraﬂﬂﬁagé%hﬁgﬁ.ﬁn the |0W_erff|an?_e for
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upﬁgr 5 | ?isgediréd:tidrs perehdiaibetd hatavehgrendisédion d(ijﬁ %feﬁﬁi-édﬁibn@&rﬂ}bﬁvfﬁr byf aci ng
menber t 0, ' Std ¢ e vide t n e . l.oyer
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the cent qatisnanges ofhedwa himdsefpetterns, respectimeimet i ¢ recor di ng medi um
and the el asti gt Ré r8ferhBRPALL MRS )ﬂlaglnteti'csregﬁﬂﬁﬁgaﬂleﬂj[%qg 4 rﬁ?&}ép?eﬁcer .
|nformat|dﬁ nﬁ?{g{] tic recor(aln apparat us further_ includes a suttion device
for draw Q"t the werht $ Piﬂﬁlgcﬁ%er rastial diggetdon é the graggetione
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It is preferable that the permanent magnet is provided with a facing

surface that faces the master information carrier, and the facing surface is
20  substantially fan-shaped.
It is preferable that the member for applying a magnetic field is
disposed on the master information carrier at the opposite side to the
- magnetic recording medium.
It is preferable that the member for applying a magnetic field
25  comprises a pair of magnetic cores and a coil wound to at least one of the pair
of magnetic cores.

It is preferable that the master information carrier facing member
comprises a lower flange provided for superimposing and mounting the
magnetic recording medium and the master information carrier in this order,

30 . an upper flange provided on the lower flange for pressing an edge portion of
the upper surface of the master information carrier, and a connecting
- member for connecting the lower flange to the upper flange.

It is preferable that the master information carrier facing member

further comprises an elastic plate provided between the lower flange and the
35  magnetic recording medium. '

It is preferable that center holes are formed at the centers of the

magnetic recording medium and the elastic member, respectively.




15 applied along the direction in which a magnetic fiel d%&uggpt 288> which
-1s perpendicular to the direction shown by an angle that is - smaller than
the maxi mum pattern angle and |larger than the m nimum pattern angl e anong
the- not | ess than two kinds of patterns. Therefore, it is possible to
further increase a reproduction outputlof a 20 servo signal pattern
reproduced by the nagnetic recording nmedium Consequently, it is possible
to provide a magnetic recording nediumin which a highly reliable
preformat recorgi ng | i . LS. preferabl e that the not,.less than
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I ncl udes a ter 1nformation carrier ] ( 1 tion
carrier fREPTERELe; the embedunents ohdha mnesent inyentiony #p sepgnefisr fieldamge 11.
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f or med orPeirﬁgn%l V& B digation showy by apyangly’ that ped E thantidiened. On
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di sposed.¢n@ino MsstB3hwoUinkB o fhadths Pl ate 14, a center hole 15 is

Therefore, it is possible to farther increase a reproduction output of a

20 servo signal pattern reproduced by the magnetic recording medium.
Consequently, it is possible to provide a magnetic recording medium in which
a highly reliable preformat recording is carried out.
It is preferable that the not less than two kinds of patterns are two
kinds of patterns each having a different pattern angle.

25 It is preferable that the direction in which a magnetic field is applied
is a direction perpendicular to an average direction of the directions shown by
the pattern angles of two kinds of patterns among the not less than two kind
of patterns. _ '

It is preferable that the direction in which a magnetic field is applied

30  is a direction with a weight assigned so that the angle with respect to either

~ one of directions is smaller than the angle with respect to another direction in

the two kinds of directions perpendicular to the directions shown by the

pattern angles of the two kinds of patterns, respectively.
, It is preferable that the magnetic recording medium is a magnetic
35  disk, and the weight changes along the radial direction of the magnetic disk.

| Hereinafter, the present invention will be explained with reference to

 drawings. ' |




formed so that the hole formed on the bottom surface of 24hdugBaEaP8Sporti on
15 22 is exposed. On the elastic plate 14, a disk-shaped nagnetic disk 8 is
nounted. At the center of the magnetic disk 8, a center hole 10 is forned
so that the hole formed on the bottom surface of the concave portion 22 is
exposed. On the surface of the magnetiX disk 8 opposite side to the
elastic plate 14, a 20 recording surface is forned. FIG 3 is a plan view
showi ng a configuration of a magnetic disk apparatus 150 provided with the
magnetic disk 8 in which master information is recorded by the master

i nformati on netic recording apparatus 100. The magnetic disk 8 is
driven to Q@rﬂ%@ 1§ notor (not 25 shown). The nagnetic disk
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t he pi voty ugust 2005 14 Referring back to FIGs.
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_ t&e surface of the magnetic disk 8 opposite side to the elastic plate 14, a

20 recording surface is formed.

FIG. 3 is a plan view showing a configuration of a magnetic disk
apparatus 150 provided with the magnetic disk 8 in which master
information is recorded by the master information magnetic recording
apparatus 100. The magnet1c disk 8 is driven to be rotated by a motor (not

25 shown).

The magnetic disk apparatus 150 includes a head arm 18 pivotably
provided around a pivot axis 226. At the tip of the head arm 18, a head
suspension 222 is provided. At the tip of the head suspension 222, a
magnetic head 19 is mounted. The magnetic head device 150 is provided

30  with a voice coil motor 223 for driving the head arm 18 in a way in which the
voice coil motor 223 is placed on the opposite side of the head arm 18 with
respect to the pivot axis 226 disposed therebetween. ‘

In the magnetic disk device 150 having such a configuration, when
the head arm 18 is driven by the voice coil motor 223, the head arm 18 pivots

35 around the pivot axis 226. Therefore, the magnetic head 19 mounted on the
head suspension 222 moves on the magnetic disk 8 along an arc-shaped
tracking scanning orbit 224 having the pivot axis 226 as its center. *




surface roughness and an excellent flatness, by a sputt éfti/ggudt 8885 Next,
aresist filmis exposed and devel oped by a photolithographi c nethod or
anot her |ithographic technique using a | aser beamor an electron beam 15
Then, the patterned indented surface is forned by dry etching or the Iike.
Al ternatively, the patterned indentedldurface al so can be forned by a
so-called lift-off technology in which a resist filmis forned on a surface
of a substrate and i s devel oped, a ferrorragnetic thin filmnade of Co or

“the like is Si mlsr noved.. 20,.The t hod for
formng the pat %ﬂfg n%f(é]%rjt QS% e ﬁ‘é‘?tr & SRS €r rier 2
is not |itha magnetlt: Idﬂslasoat émkns]napmﬁmmtdradﬁ)mﬁ?ainon exmigy] 21s imbantddne

pattorn mey be fReed i hepihy Wity Ushpgify | 258haBhagbRORr 88 Thalr O

beam or by machi ni ng.  Fur theérnore ormn
f er r omagnB¥PRENEfiPM GATTicRe2: 28 dsEl€ade infan renlarzess vmm@raewlwmgua not

linted teufiiRraHbhtdrthe Feof@hlithetich®in iH18 ga%mgpﬂﬁ-t@d SBtheqs atrf ormi ng
thin filns .hat .have bee? carried out can be enployed. An exarrp? such

a et hod yimafian ¢a deposition, ion plating, CVD, plating, or the
| i ke. The mat erHateinhftebhe fnethaﬂmgrfetmmg‘falfémrbﬁfagﬁ:@nmthga fihe gttdrac®s of

th f, t 2
ot | AR B bpnid bifeoRAl LEEACE Lot OSpIRERE to BRSR liaBRt ' o
regar dl esep dhe syyéadgeef tth© master |laf01‘mtw1ha:adriﬁ:aga1es ideserabest.i dfirsta aeni har d
Magngoi C fof@neddiditic MinFi18OHHadBRAMBHAR (1B 6F tﬁé h]ﬂeris%ﬂﬁéd b @E&g‘é@é e a
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passage ff@m@mahthamthwrealxlﬁdm lsrredmmde 16 (to be expl ai ned
20 The method for forming the patterned indented surface on the master
| ‘information carrier 2 is not limited to the aforementioned methods. For
example, the fine pattern may be formed directly by using a laser, electron
beam, or 1on beam, or by machining.
Furthermore, the method for forming the ferromagnetic film on the
25  surface of the glass substrate also is not limited to the sputtering method.
For instance, general methods of forming thin films that have been carried
out can be employed. An example of such a method includes vacuum
deposition, ion plating, CVD, plating, or the like.
The material of the ferromagnetic film for forming the surfaces of the
30 convex portion of the pattern on the master information carrier 2 is not
limited to Co. Many kinds of magnetic materials can be used regardless of
whether the material is a hard-magnetic material, a semihard magnetic
material, or a soft magnetic material. In order to generate a sufficient
recording magnetic field independently of the kind of magnetic recording
- 35 medium into which master information signals are recorded, materials with
higher saturation magnetic flux density are preferred.
- Particularly, in a magnetic disk with a high coercive force over 2000




10 later). Thus, on the surface of the master infornati8ff #48RFEL09D the
fine pattern corresponding to the preformat infornmation signals are
formed. As a whole, the ferromagnetic thin filmpatterns 4 provided with
the convexoconcave corresponding to information signals are fornmed at 15
predeterm ned angle intervals along alkhead orbit as shown in FIG 4. FIG 5
Is an enlarged view show ng a region 25 shown in FIG 4 that is a part of
the ferromagnetic thin filmpattern 4 on which the convexoconcave

correspondi n to,infornption signals.are forned. The ferromgnetic thin
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2 in the st (i]nbodi ment inc¢cludes not |ess_than two Kkinds of patterns
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two ki nds ;of, paihterps having.the different patterp angles, nenii oned above.
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The ferromagnetic thin film pattern 4 includes a synchronous signal

20 pattern 5, a sector mark pattern 27, an address information signal pattern 28,
a servo signal pattern 6, and a servo signal pattern 7. All of the synchronous
signal pattern 5, the sector mark pattern 27, the address information signal
pattern 28, and the servo signal pattern 6 are formed along the head orbit.
Therefore, these patterns have the same pattern angles at the same radial

25  posttion.

The servo signal pattern 7 is formed to tilt with respect to the
synchronous signal pattern 5, the sector mark pattern 27, the address
information signal pattern 28 and the servo signal pattern 6. Therefore, the
servo signal pattern 7 has a different pattern angle from those of the

30 synchronous signal pattern 5, the sector mark pattern 27, the address °
information signal pattern 28 and the servo signal pattern 6.

' Thus, the ferromagnetic thin film pattern 4 formed on the master
information carrier 2 in the first embodiment includes not less than two
kinds of patterns disposed sequentially along the direction of the relative

35 movement of the magnetic head and the magnetic disk. These different
patterns include two kinds of patterns having the different pattern angles
mentioned above. |




press the edge on the upper surface of the master infor#éthegushePPer

The upper flange 12 and the | ower flange 11 are connected to each ot her
with 10 bolts 13. The master information magnetic recordi ng apparatus 100
includes a suction device 16. The suction device 16 is provided in a way
in which it is in communication withlthe center hole 15 formed in the
elastic plate 14 and the center hole 10 forned in the magnetic disk 8 via
a suction duct 17. The 15 naster infornation carrier 2 is drawn toward the
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t he radlﬁlﬂgssmlons of the disk the magnetic field can be applied in the 5

directio to the line showi ng the average direction of the pattern
Thus, with the upper flange 12 for pressing the edge of the upper

20 surface of the master information carrier 2 and the suction device 16 for
' drawing the master information carrier 2 toward the side of the magnetic
disk 8, the master information carrier 2 is brought into contact with the
magnetic disk 8 uniformly.
The master information magnetic recording apparatus 100 includes a
25 magnetic field applying unit 1. The magnetic field applying unit 1 is formed
‘ of a substantially fan-shaped permanent magnet and is disposed on the
magnetic disk 8 with the master information carrier 2 disposed between the
magnetic field applying unit 1 and the magnetic disk 8.
The magnetic field applying unit 1 applies a magnetic field to the
30 ferromagnetic thin film patterns 4 formed on the master information carrier 2
and the magnetic disk 8 in order to record the information signals shown by
the ferromagnetic thin film patterns 4 into the magnetic disk 8.
The surface of the magnetic field applying unit 1 facing the master
information carrier 2 has a fan shape. One side 24 of the magnetic field
35 applying unit 1 is a curve having a line showing the average direction of the
pattern angle of the synchronous signal pattern 5 and the pattern angle of
the servo signal pattern 7 as a tangent. A magnetizing direction 23 of the




angl e of the synchronous signal pattern 5 and the patterft AHgnst 800phe

. servo signal pattern 7. Hereinafter, the direction in which a magnetic
field is applied by the magnetic field applying unit 1 provided for the
master information magnetic . 10 recordi ng apparatus 100 according to the -
first enbodi ment will be explained. Id7rder to deternmine the direction in
which a magnetic field is applied, it is necessary to know the pattern
angle. As exanples of two patterns having different pattern angles in the

sanme radi g| Ltd QR, attention is_paidat I t he synchronous si gnal
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20 In order to determine the pattern angle of the servo signal pattern 7,

a tilt angle with respect to the synchronous signal pattern 5 is further taken
account as a parameter.
FIG. 6 schematically shows the relationship between the pattern
_ angles of the ferromagnetic thin film patterns 8 formed on the master
25  information carrier 2 and the radial position of the magnetic disk. As shown
' in FIG. 6, the pattern angles 31A, 31B and 31C of the synchronous signal
pattern 5 change as the radial position moves from the inner circumference to
- the outer circumference of the disk. Also, the pattern angles 324, 32B and
32C of the servo signal pattern 7 change as the radial position moves from
30 the inner circumference to the outer circumference of the disk.
A solid curve in FIG. 7 shows an example of the relationship between
' the pattern angle of the synchronous signal pattern 5 and the radius of the
disk. A broken curve in FIG. 7 shows an example of the relationship
between the pattern angle of the servo signal pattern 7 and the radius of the
35 disk. _
The magnetic field applying unit 1 of the first embodiment applies a
magnetic field to the master information carrier 2 and the magnetic disk 8



FIG 8 is a graph showing the relationship between the &fr&dgnsh2PAS 5
which a magnetic field is applied by the magnetic field applying unit 1 and
the radius of the disk according to the first enbodinent. FIG 9 is a graph
~showing the relationship between the direction in which a nagnetic field is
. applied and the radial position when tll8e direction perpendicular to the
~noving orbit of the magnetic head is nade to be a direction in which a 10
magnetic field is applied as in the prior art. In FIGs. 8 and 9, the

~abscissa shows the radial position of the nagnetjc disk_and the ordinate
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angl 800f ¢ 0RtiBA M Which a magnetic field is applied as a function of the radius of the
' disk when the direction perpendicular to the moving orbit of the magnetic

head is made to be a direction in which a magnetic field is applied as in the

prior art. In FIGs. 10 and 11, a solid line shows the displaced angle between

the direction perpendicular to the edge of the synchronous signal pattern 5

25 and the direction in which a magnetic field is applied; and a broken line

©

shows the displaced angle between the direction perpendicular to the edge of

the servo signal pattern 7 and the direction in which a magnetic field is
applied.

In FIGs. 10 and 11, the angle shown in the ordinate is expressed with

-30  signed integers. However, regardless of the signs, the larger the absolute

value of the displaced angle in the direction of the magnetic field is, the more

significantly the reproduced signal is deteriorated. As shown in FIG. 11,ina

conventional direction in which a magnetic field is applied, the displaced

angle in the direction of the magnetic field of the servo signal pattern 7 is -41

35 degrees when the radius of the disk is 18 mm and the absolute value thereof

is 41 degrees.
On the contrary, in the direction in which a magnetic field is applied




signal pattern 7 is -20 degrees and the absol ute val ue 2Hef@gpst 20090
degrees. Thus, according to the direction in which a magnetic field is
applied in the first enbodinent, the absolute value of the displaced angle
in the 5 direction of the magnetic field of the servo signal pattern 7 is
reduced fromthe absol ute val ue of tha9di splaced angle in the direction of
the magnetic field in the prior art. Therefore, it is possible to prevent
the reproducing signal as to the servo signal pattern 7 fron1being
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I nf or mat |3§ﬁepsﬁla E PEafticad péedi ng to the patterns are recorded |nto t he
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RECICEw A AR RS
first embagheatEntecording mshivinninFvtichlgrefernpelr reeostihg Vegneirried dut. rot ated in
parajhel to 24’[‘%3%%5e<ﬁ8%§?0r recording information signals corresponding to the
| patterns formed on the master information carrier 2 into the magnetic disk 8,
that is a magnetic recording medium, is explained. In the first embodiment,
as shown in FIG. 1, first, the magnetic disk 8 is brought into contact with the
master information carrier 2 by using atmospheric pressure. Furthermore,
25  the magnetic disk 8 is mechanically pressed onto the master information
~carrier 2, resulting in an entire and uniform contact between the magnetic
disk 8 and the master information carrier 2.
Thereafter, by magnetizing the ferromagnetic thin film on the convex
portion of the patterns formed on the master information carrier 2 by the use
30  of the magnetic field applying unit 1 made of a permanent magnet, preformat
' information signals corresponding to the patterns are recorded into the
magnetic disk 8. Hereinafter, the recording procedures will be explained in
detail. _
FIG. 12 is a perspective view for explaining an example of a method of
35 the initial magnetization of the magnetic disk according to the first
embodiment.
As shown in FIG. 12, a permanent magnet 1A is rotated in parallel to




20 the magnetic disk 8 around a center axis 112 of the RdgHagwet 4P9R s,
which is indicated wwth an alternating |ong and short dash line, with the
perrranent magnet 1A positioned close to the magnetic disk 8, thereby
‘magnetizing the magnetic disk 8 in advance (initial nagnetization). The

B permanent magnet 5 1A may have the sa¥® shape as that of the nmagnetic field
applying unit 1 forned of a permanent magnet used in recordi ng prefornat
information signals. It is desi rabI e that the magnetizing direction 23A of
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each ot hdhe patiern e Oé‘meldsall the rrepm@ngaﬁs,@facwfa@aeumgngtw sk a‘?swemu ng

torqug ofprblhighPRith odfhct willeeABIHGIC di sk 8 and the rraster |nf ormati on
30,cane_i.nto with

carrier 2 are dan C h

appropriately, %eé&u 4 ﬁ‘éc i9p devine flérlﬁls%‘gﬁéac his. e %‘f' Wﬁﬂtﬁ”’y t he
magnlelt i lcii:foemhtapplcarm@- a][lahdjthwdtagmfetla digkr apenickedomet thioupht ﬂieedl in
paral | e r n ng |ong
and short g%e;rﬂﬁ?]gﬁ]zé gﬁ the Iﬁgﬁéé&pﬁlﬁ?% Jufd tﬁ ?‘ n?:{'oﬁocefl? %kttﬁ{z h%géétacgpl yi ng
a direct I%&‘@l ﬁlflngnadagneﬂreospmrm presshize repts eﬂﬂ 3Be i eendemnmordon cofr theer 2.

Consggue@ﬁééferiﬂgrﬁﬁhbﬁr@gﬂgf pc thin filmconvex portions of the master
I nf or mat i.on Ca&n t s stgtree orrrlT iel é%&lty ogsthgege%rbg; I;)%rtmn of the master
information carrier 2 is in contact with the magnetic disk 8, and the master
information carrier 2 and the magnetic disk 8 may not be in secure contact
with each other at their periphery. In order to obtain a secure coniact
25 between them at their periphery in the first embodiment, the upper flange 12
is placed on the upper surface of the master information carrier 2 at the edge,
and the upper flange 12 and the lower flange 11 are fixed to each other with
the bolts 13. In this case, by adjusting the fastening torque of the bolts 13,
the magnetic disk 8 and the master information carrier 2 are pressed and
~ 30 come into contact with each other appropriately, resulting in a uniform
- contact between them. Finally, the magnetic field applying unit 1 made of a
permanent magnet is rotated in parallel to the master information carrier 2
around the alternating long and short dash line shown in FIG. 1 as its
ratation center, thus applying a direct exciting magnetic field to the master
35 information carrier 2. Consequently, the ferromagnetic thin film convex
portions of the master information carrier 2 are magnetized, thus recording
preformat information signals corresponding to the pattern into the magnetic




preformat information signals corresponding to the pattéffipgust 2085
magneti c 24 August 2005 21 disk 8. As described above, in the first

- enbodi nent, the direction of the magnetic field generated by the magnetic
field applying unit 1 nakes the direction, which is a direction of the
normal to the line showing the averagé&ls direction of the pattern angles of
the ferromagnetic thin filmpatterns of selected two kinds of patterns
each having a different pattern angle, to be a transfer field. As a
result, sij Is possible to mnimze the angle made by the direction
of the rra%’ﬁ;g%c field and the direction perpendicular to the edge of the
ferromagneti c tAs rdescribednabdve, masther ficsir engrodiment ptbesduhctlbnrbfamhe of 10

t he sign 0 ! ufift zed,
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to increase th epr o] he | r sent.ed t he

servo si gnal ellfflnﬁglwfiui 3 g%ﬁ%crom gfgt DSE @meﬁ;hsgﬁ%ently,
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dovi cos R GEOEREN bobtEBbaR 1o 302 rpenhlin Birekfen B 3ha 27 if BBt apabl o
of bringitag firss dm&m@n angd therdtrectnor perpeardiulantto the orisantg direé¢ticmes
magnghi € rdfetkoBrPRS &!ESNd Hirection. Based on the first direction and the second
- direction, a magnetic field is applied along the direction that is defined so

that the signal represented by the servo signal pattern 7 reproduced by the

magnetic disk 8 is increased,
Therefore, it is possible to increase the reproduction output of the
25 = signal represented by the servo signal pattern 7 reproduced from the
magnetic disk 8. Consequently, it is possible to provide a master information
magnetic recordmg apparatus enabling the highly rehable preformat
recording into the magnetic recording medium.
Note here that an example of the configuration in which the master
30 information carrier facing device 3 having the lower flange 11 and the upper
flange 12 is provided was explained. However, the present invention is not
himited to this, and any other devices can be employed as long as the device
has a configuration capable of bringing the master information carrier 2 into
contact with the magnetic disk 8 excellently.
35 FIG. 13 is a perspective view for explaining another magnetic.ﬁeld
applying unit 1B provided for the master information magnetic recording
apparatus. The magnetic field applying unit 1B has a pair of magnetic cores




35 FIG 13 is a perspective view for explaini ng anot her 2flejagestc20Pel d
applying unit 1B provided for the master information nmagnetic recording
apparatus. The magnetic field applying unit 1B has a pair of magnetic cores
24 August 2005 22 20A and 20B and a coil 21 wound around one core 20A
Between the pair of magnetic cores 2@ and 20B, a gap 33 along an are
orbit having a line showi ng the average direction of the pattern angle of
the synchronous signal pattern 5 and the pattern angle of the servo signal

pattern 7 at ent fornmed, A | eakage net| field 34 is
gener at e 28R i A ﬁ‘ﬁ‘gr?ef‘?‘E%BY(Ede@W”t QICQTR etreenothe BYE obeyond
the gap 3thaghesticeade®20handoR2dB2h gap 3Badénonm @ic tabitt h@vﬁ@r aslif@0A,
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with reference to are” giLven
r ef er encesynghpanays sigapbmatiern; feandt the mt@tpl analel of the ﬁen@'peatgnak

onm tted RRfteirn 75{1311%5&@@9@81%\9@)@%@ h]_@s]g erromagnetic thin filmpattern
4A of this enbchd rrﬁnt and hat of ment i oned L‘f‘f net {: thin
filmpattern 4 54thepors, § £ Fashe ?‘% @W%E@%m@é{r e 8t and the
servo si godlslpgiddenmagtietis sabktaneesdacing dd&h%th@b@dtﬂn‘mngap along the arc
20  orbit having a line showing the average direction of the synchronous signal
pattern 5 and the servo signal pattern 7 as a tangent and a permanent
magnet connected to the rod-shaped magnetic substances (not shown).

(Second Embodiment) :
25 FIG. 14 is an enlarged view for explaining a configuration of another
ferromagnetic thin film pattern 4A formed on the master information carrier.
The component elements that are the same as those of the ferromagnetic thin
film pattern 4 explained with reference to FIG. 5 in the first embodiment are
. given the same reference numbers. Therefore, the detailed explanation
‘30 thereof is omitted herein. The difference between the ferromagnetic thin
- film pattern 4A of this embodiment and that of the above-mentioned
ferromagnetic thin film pattern 4 is that a servo signal pattern 35 is further

formed and the servo signal pattern 6 is not formed in this embodiment.
As shown in FIG. 14, the tilting direction of the servo signal pattern

35 35 1s opposite to that of the servo signal pattern 7. As a result, when the
- magnetic head moves toward the exfernal side of the magnetic disk, the
phase of the reproducing signal tends to be late in the servo signal pattern 7




As shown in FIG 14, the tilting direction of the servo24ifwgnsipdp®aern 35
35 is opposite to that of the servo signal pattern 7. As a result, when the
magneti ¢ head noves toward the external side of the magnetic disk, the
phase of the reproducing signal tends to be late in the servo signal
pattern 7 24 August 2005 23 but tends 230 be fast in the servo signal
pattern 35 with respect to the synnchronous signals. Therefore, by
detecting the phase difference between the servo si gnal pattern 7 and the
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Herem as three patterns having different pattern angles at the same
radial position, attention is paid toward the synchronous signal pattern 5, the
servo signal pattern 7 and the servo signal pattern 35. The synchronous
signal pattern 5 is formed along the moving orbit of the magnetic head. The

25  moving orbit of the magnetic head is an arc having a pivot axis 226 of a head
actuator as its center.

On the other hand, in order to determine the pattern angle of the
servo signal pattern 35, similar to the servo signal pattern 7, a tilt angle with
respect to the synchronous signal pattern 5 is further taken into account as a

30 parameter. Herein, the time in which a magnetic head moves on the servo
signal pattern 35 is constant in an arbitrary radial position similar to the
other patterns.

FIG. 15 is a schematic view for explaining pattern angles of another

. ferromagnetic thin film pattern 4A. The component elements that are the

35 same as those of the ferromagnetic thin film pattern 4 explained with
reference to FIG. 6 are given the same reference numbers, and therefore the
detailed explanation therefor is omitted herein.




other patterns. FIG 15 is a schematic view for explai nPAApgaste?@0angl es
of another ferromagnetic thin filmpattern 4A. The conponent el enents that
are the 35 sane as those of the ferromagnetic thin filmpattern 4
explained with reference to FIG 6 are given the same reference nunbers,
and therefore the detailed explanati@a therefor is omtted herein. 24
August 2005 24 FI.G 16 is a graph show ng the rel ationship between the
pattern angle of another ferromagnetic thin filmpattern 4A and the radius
of. the di sk. The pattern angles 31A, 31B, and 31C of the synchronous
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20 FIG. 18 is a graph showing the relationship between the displaced
angle in the direction of the magnetic field and the radius of the disk in the
master informafion magnetic recording apparatus according to the second
embodiment; and FIG. 19 is a graph showing the relationship between the
displaced angle in the direction of the magnetic field and the radius of the

'25  disk in a conventional master information magnetic recording apparatus.

As shown in FIG. 19, in the conventional direction the magnetic field
is applied, the displaced angle of the direction of the magnetic field as to the
servo signal pattern 35 is 64 degrees when the radius is 46 mm. On the
other hand, as shown in FIG. 18, the displaced angle in the direction in which

30 a magnetic field is applied in the second embodiment becomes maximal as
well when the radius of the servo signal pattern 35 is 46 mm. However, even
at this time, the displaced angle is reduced to about 50 degrees, which is
much smaller angle than 64 degrees in the prior art.

In other words, the direction in which a magnetic field is applied in

35 the master information magnetic recording apparatus according to the second
embodiment, as compared with the conventional direction in which a
magnetic field is applied, the displaced angle of the sexrvo signal pattern 35 in




30 a magnetic field is applied in the second enbodi nent 2fvagrast 28RS mal as
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FIG. 20 is a graph showing the relationship between the direction in
which a magnetic field is applied by a further permanent magnet provided for
the master information magnetic recording apparatus and the radius of the

25 disk. FIG. 20 shows the relationship between the direction in which a
magnetic field is applied and the radial position when the direction in which
a magnetic field is applied is defined to be a direction perpendicular to the
average direction of the servo signal pattern 7 and the servo signal pattern 35.
Two patterns may be selected from the all kinds of ferromagnetic film

30 patterns so that the displaced angle between the two patterns is the largest.

FIG. 21 is a graph showing the simulation result of the relationship
between the recording performance of the master information magnetic
recording apparatus and the displaced angle in the direction of the magnetic

, field. The abscissa shows the displaced angle in the direction of the

35 magnetic field and the ordinate shows the recording performance. As the

displacement of the displaced angle in the direction of the magnetic field
becomes larger, the recording performance is lowered.




average direction of the servo signal pattern 7 and the2detyguss 3pa@p
pattern 35. Two patterns may be selected fromthe all kinds of _
ferromagnetic film30 patterns so that the displaced angl e between the two
patterns is the largest. FIG 21 is a graph showi ng the simulation result
of the rel-ationship between the recordfng perfornmance of the master

i nformati on magnetic recording apparatus and the displaced angle in the
direction of the magnetic field. The abscissa shows the displaced angle in
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average 20.direction of. t pattern angle of the
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20  direction of the pattern angle of the servo signal pattern 7 and the pattern
angle of the servo signal pattern 85. FIG. 24 shows the reproduction output
of the synchronous signal patte'rn 5, the servo signal pattern 7 and the servo
signal pattern 35 when a magnetic field is applied along the direction .
_ perpendicular to the pattern angle of the synchronous signal pattern 5 in
25  conventional case.

In the prior art, as shown in FIG. 24, the reproduction output of the
servo signal pattern 35 is lowered to about 0.3 when the disk radius is about
46 mm. On the other hand, according to the third embodiment, as shown in
FIG. 23, the reproduction output of the servo signal pattern 35 is lowered to

- 30 only about 0.5 when the disk radius is 46 mm.

FIG. 25 is a graph showing the relationship between the displaced
angle in the direction of the magnetic field and the radius of the disk in the
master information magnetic recording apparatus according to the third
embodiment.

35 FIG. 25 shows the angle (displaced angle in the direction of the
' magnetic field) made by the direction in which a magnetic field is applied and
the direction perpendicular to each of the edges of the synchronous signal
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servo signal pattern 35 is |lowered to about 0.3 when the disk radius is
about 46 mm On the other hand, according to the third enbodi nent, as
shown in FIG 23, the reproduction output of the servo signal pattern 35
is lowered to 30 only about 0.5 when 3he disk radius is 46 mm FIG 25 is
~a graph showing the relationship between the displaced angle in the
direction of the magnetic field and the radius of the disk in the master
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si gngb dyplid and the direction perpendicular to the edge of the servo signal
pattern 7 becomes smaller. Consequently, it is possible to minimize the
phase disturbance of the signal and the reduction of the reproduction output
and to carry out preformat recording capable of achieving the signal quality
acceptable for practical wuse. Furthermore, the maximum value of the

25  displaced angle in the direction of the magnetic field is reduced as compared

with the above-mentioned case where the direction in which a magnetic field
is applied is determined by selecting the synchronous signal pattern 5, Servo
signal pattern 7 and the servo signal pattern 35.

30 (Fourth Embodiment)

FIG. 26 is a graph showing the relationship between the direction in
which a magnetic field is applied by a further permanent magnet provided in
the master information magnetic recording apparatus and the radius of the
disk; FIG. 27 is a graph showing the relationship between the displaced angle

35  in the direction of the magnetic field and the radius of the disk in a master
 information magnetic recording apparatus; and FIG. 28 is a graph showing
the relationship between the reproduction output and the radius of the disk




acceptabl e for practical use. Furthernore, the maxi num ¢4lAegest 28@525

di spl aced angle. in the direction of the magnetic field is reduced as
conpared wi th the above-nentioned case where the direction in which a
magnetic field is applied is determ ned by selecting the synchronous
signal pattern 5 servo signal patterd® 7 and the servo signal pattern 35.
30 (Fourth Enbodinent) FIG 26 is a graph showi ng the rel ationship between
the direction in mhich a magnetic field is applied by a further pernmanent
magnet pr
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case of @prgl uhg‘IGr 28r which is the same level as the reproduction output of the
20  servo signal pattern 7.
Thus, according to the fourth embodiment, the reproduction output
“can be improved significantly as compared with the case of using the prior art.
Therefore, it is possible to minimize the phase disturbance of the signals and
the influence of noise.
25
(Fifth Embodlment)
FIG. 29 is a graph showmg the relationship between the direction in
which a magnetic field is applied by a further permanent magnet provided for
| the master information magnetic recording apparatus and the radius of the
30 disk; FIG. 30 is a graph showing the relationship between the displaced angle
' in the direction of the magnetic field and the. radius of the disk in the master
information magnetic recording apparatus; and FIG. 31 is a graph showing
the relationship between the reproduction output and the radius of the disk
when reproducing the magnetic disk recorded by the master information
35 ° recording apparatus. ‘
In the examples shown in FIGs. 29 to 31 according to the fifth
embodiment, weighing is changed according to the radial position of the




Therefore, it is possible to nmininize the phase disturbdfictugfst @08 gnal s
and the influence of noise. 25 (Fifth Enbodinent) FIG 29 is a graph

show ng the rel ationship between the direction in which a magnetic field
is.applied by a further permanent magnet provided for the nmaster

i nformati on magnetic recordi ng apparatd¥s and the radius of the 30 disk;

FIG 30 is a graph showing the rel ationship between the displaced angle in
the direction of the nmagnetic field and the. radius of the disk in the
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radi al to minimize the difference of the reproduction output between patterns.

20 Therefore, it is possible to adjust the reproduction output along the radial
position of the magnetic disk so as to satisfy the performance required for the
reproduction output.

Note here that in the fifth embodiment, the example of using the
weighing expressed by the linear function with respect to the radial position

25 of the magnetic disk is explained. However, the present invention is not
limited to this. Weighing expressed by the secondary or higher order

_equation, various kinds of arbitrary functions or piurality‘ of functions may be
employed. -
Thus, according to the first to fifth embodiments, as compared with

30 the case where the prior art is used, the reproduction output can be improved
significantly. Therefore, it is possible to minimize the phase disturbance of
the signal or the influence of noise and to carry out the preformat recording
capable of obtaining the quality of reproduced signal acceptable for practical
use. :

35 The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof  The
embodiments disclosed in this application are to be considered in all respects




position of the magnetic disk so as to satisfy the perféffaZest48@Pred for
the reproduction output. Note here that in the fifth enbodi nent, the
exanpl e ‘'of using the weighing expressed by the linear function wth
respect to the radial position 25 of the magnetic disk is explained.
However, the present invention is not 30imted to this. Wighing expressed
~ by the secondary or higher order equation, various kinds of arbitrary
functions or pIuraIity of functions may be enployed. Thus, according to
the first di th. 30.the, case where.the
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use. 35 TH¥ h ﬁﬁ@dled in other specific forns w thout
departg ng fromthe splrlt or essential characteristics thereof. The
enbodi nents disclosed in this application are to be considered in al
respects 24 August 2005 30 as illustrative and not restrictive, the scope
- of the invention being indicated by the appended clains rather than by the
foregoing description, all changes that conme wthin the neaning and range
of equival ency of the clainms are intended to be enbraced therein. 5 24
August 2005 31 WHAT IS CLAIMED IS: 1. A master. information nmagnetic
recordi ng apparatus conprising, a master information carrier having a
surface on which a ferromagnetic 5 thin filmpattern corresponding to an
information signal is forned, a master information carrier facing nmenber
for allowing a recording surface forned on a magnetic recording nediumto
face the surface of the master information carrier on which the
ferromagnetic thin filmpattern is fornmed, and 10 a -nagnetic field
app!l ying menber for applying a magnetic field to the ferromagnetic thin
filmpattern formed on the surface of the master information carrier that
faces the recording surface fornmed on the nmagnetic |
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| eren P ster |1 nr,or netic recoral ng
appar at us a%c%?gdﬂ O%mr?%m a?llﬂ%ﬁ CIRg ;mesnbeg, ngqr ﬂo‘("ﬁggcﬁ F@E‘?%ﬁﬁﬁg

whi ch a nehags rm@l onis mgnemdracerchngdmdmmouo faee e cswfha@r of chan

aver age dinbSdri RFo1hatiie cSiisChh %‘ﬁmﬁw oﬁggn%@@gw Bl@”gét‘%ér&g% .

ki nds of patterns am)ng the not | ess rns
HPﬁﬁ magnetlc recording apparatus according to claim 2,

o0 August g ownigihgonandnn oh Lpiyihd 5 BaghbY fAdNect | on
eit hegrJ onfgglg)?"%5 %?er ie@citlﬂléﬁsm%égg%ﬂmer tRaf ORe gﬁg? % ho’fégﬁe&as%rpanot her
~di rect i odnfarmatien campierkihad Sacds he saprding pefaenfirmeddasn the thiggbitiect i ons
shown by rbb@-dped b8 AunPREH 88 tﬁfa 1115%11 gpré%oﬁl&%g’&[eﬂ%h%”& ok 8Reckid/ el Y- 5.

The . mastethglln or mat i on gne icre i.ng app us accor Ing to claim 4,
t

wher ei n gREtion figg @W%ﬁ&%ﬁlgr%mﬁ@@sk and the wei ght
chan@ss al owbetdin thedlepdonttigreici t9n dfint P6aRA ThEd Shsthe él&fzﬁce dfgagmest er

I nf or mat i t|c Fecaord ar at us ng, to.cl V\,herelnthe
nenber fgggsggglqgifﬁ agl%a?ilé[?ffxg cqzﬁﬁrﬁe%&%aﬁa ﬁlﬁnp@ﬁ‘rﬁ%@ $ of B0t 7. The
master i phderns, e eg acliffercot giat:rappasiashowags an dingle withctaapset

to the direction of the relative movement between the magnetic head

mounted on an arm and the rotating magnetic recording medium, and

20 . the member for applying a magnetic field applies the magnetic field along

' the direction which is perpendicular to the direction shown by an anglé that

.1s smaller than the maximum pattern angle among the not less than two
kinds of patterns, and that is larger than the minimum pattern angle among
the not less than two kinds of patterns.

25
2. The master information magnetic recording apparatus according to claim
1, wherein the not less than two kinds of patterns are two kinds of patterns
each having a different pattern angle.

30 3. The master information magnetic recording apparatus according to any of
plaims 1 or 2, wherein the direction in which a magnetic field is applied is a
direction perpendicular to an average direction of the directions shown by the
pattern angles of two kinds of patterns among the not less than two kinds of
patterns.

35
4. The master information magnetic recording apparatus according to claim
2, wherein the direction in which a magnetic field is applied is a direction




15 6, wherein the permanent magnet is provided with a fafiAggyst2dee t hat
faces the nmaster information carrier, and the facing surface is
substantially fan-shaped. 8. The naster information magnetic recording
apparatus according to claim 20 1, wherein the nmenber for applying a
magnetic field is di sposed on the nast3r information carrier at the
‘opposite side to the magnetic recording nedium 9. The nmaster information
magnetic recordi ng apparatus according to claim 25 1, wherein the nmenber

for appl yi® LGt C L RES | F.10 I G and a coil
wound Fo o4 &, SRR Eoikhbd ol SR (RE a BN rolRRR ' Gich) HRT0E
i nf or mat | SHeHEeIS Senaléglbﬂwmg{uappale;aw respestdiongnatber dixgickion, imble ei n t he
mast er i n{vos WadPHF GREEIGs HAPeAAICIBIDES tHOAREEESS: sBRvA HyolR) phttenpe
provi ded for suFﬁ%{ r%(zﬁ%% %n nmount i ng t he. magnetic recordi ng nmedi um and
the mast e?P§fiF OF tha § (HPAtieng 1esPRAEHOLY: an upper flange provided on
the | dwer flange for pressing an edge portion of the upper surface of the
mast er i ngor ' ' . connect i menber, for copnecti t he
Toer 11 niige e k6 ltbhariad h A ANEbid e MRRRR s HeoSRARE Sh hlghor ¢
recor di ngd-aphenicin the magmetic xgearding neidinmds awhegeretic disk, and the waiglt nat i on
carvier faifis BRSHRRM WBAIRfirdAioftUI4RD mERARRASRIPI | ses an el asti ¢ pl ate
n

provi ded between the |lower flange and the ~magnetic recordi ng nedium 12.
The master informati on magnetic recordi ng apparatus according to 5 claim
11, \der eb.n Tlniheistdoindormditod aia@@diRirebhelifg Apphfatb dcber BeElabm

recordin | he, el asti c,nenber., respectibvely..13. The naster
ot or mat VTR RS niclfh s R AR LARER HAsRe L A GO it 2 RPTIBRR ¢ her
conpri si Mgagnéfucti on device for drawing the master 10 information carrier

toward the side of the information recording nediumin order to bring the
mast er i\%or tion carrier into contact with the nagnetic __recording

medi um  vherdihmastersndenmatioemagaetis reeerding appaxatua Acesaiing fo aladm so as

t1 g a6mMme,) 'Wﬂ&tr@ixy\iﬂd'péﬁg%lﬁﬁﬁtrlﬁ&g{i@ ieqalrt)@id@aebvﬁh d{a@‘ %% a{%tf‘a@esrr?gnet ic
recor din i um an e elastic _phape, sespectively. . nast er

i nf or mat iq%ﬁg%r%ge (TRICTIEHIOR ﬁarla%a?&luéheacfjé IOi ﬁﬂrf‘éﬁe y’(?l é}lh‘?tilf’% t her

conpri si Agneskapedi on device for drawing the naster

8. The master information magnetic recording apparatus according to claim

. 20 1, wherein the member for applying a magnetic field is disposed on the

' master information carrier at the opposite side to the magnetic recording
medium.

7 9. The master information magnetic recordiﬁg apparatus according to claim
25 1, wherein the member for applying a magnetic field comprises a pair of
magnetic cores and a coil wound to at least one of the pair of magnetic cores.

10. The master information magnetic recording apparatus according to
claim 1, wherein the master information carrier facing member comprises,
30 . a lower flange provided for superimposing and mounting the magnetic

recording medium and the master information carrier in this order,

an upper flange provided on the lower flange for pressing an edge portion
of the upper surface of the master information carrier, and

a connecting member for connecting the lower flange to the upper flange.

- - 35

11. The master information magnetic recording apparatus according to
claim' 10, wherein the ‘master information carrier facing member further




information carrier toward the side of the information Pécbagisig2@8di umin
20 order to bring the naster information carrier into contact with the
magneti c recording nedium 15. A nethod for manufacturing a magnetic
recording nmediumin which naster information is recorded in advance, the
met hod conprising 25 allowing a recor@ﬁng surface forned on a magnetic
recording mediumto face a surface of a master information carrier on

whi ch a ferronagnetic thin filmpattern corresponding to an information

signal i sodiaphed %1@&%@% oPABA" bontded] dnbOIdS: TRLATRGRCHAE hi D

fllmpattern mast er I’ITB.IOI’] carrier that
faces themaé’@éﬂ‘lﬂ'?@r wgafBe formed on the magnetic recording medi um and
to the magnetlc recordl ng medium in order to record the information signal

into the cotL nedi um wherein t.he ferromagnetic . thin film
pattern f Ee bgfpﬁ’%@tw fsne ﬁ’ﬁsfeé?Pr‘glﬁgoﬁ‘Hﬁ?T% gc%@PF@chEﬂmrl ses
not | dss d:lhan Imherm ehtell hbleseate f@mqiant ¢hescertarsh ofidhie ngagnetii¢ f er ent
patt ern apgbesRA A Ind AL B L LEBRE Gkl ek, i rection of the

relati ve novene ween t e magn nmounted on an arm and t he
rotating magnetic recording medium and .24 August 2005 34 the nenber for

appl ying g3, ”ﬁg‘ﬁétin‘ésféreirﬁb%ﬁhbﬁsn{ eﬁ%gfb%hﬁn% &bﬂaﬂtaggaccbﬂﬁng' fgction
in WhICh gi‘ﬁtlcbﬁ I s .applie t.he direc bel ng erpendlcular to
t he di re a‘FPIHHBF’élgt RatSurtor ndeyige Haﬁl’%‘ﬂ@g Qi ANt tern
ang| dOarrumgomﬁita:mot:aﬂrﬁe&Stdvd’m theoside nﬂsth@flﬁﬁﬁ'ﬁ]izﬂi(ﬂ:ﬁ r@(édi‘dﬁxg afedénmt iwan t he

m ni mum p t. e t han patterns. 16.
The. ot nad 0% £6 bERS, e ARt uhtior Bl el SBnitl SPufihe BRI o
patterns @p@rdm@madm@ of patterns each having a different pattern angle.

10 17. The ngphbRgn a%eosehtith H@vfcb%”%x%%déﬂh%ﬂi Bt thgagte&ﬁetogb I3 @i ch a

magnetic field is a s a Lon per I cular to an average
di rect i orforypupiat %%Pgéttgﬁn‘éené%mf%yfqrﬁﬁ’%pé{) ttﬁ? rpeaﬁ@qSegfo the mM@ENEtids of
“patt @6ns reommigng hiedimatardetise élastic piMtekiddgactfelpat terns. 15 18. The net hod
according to claim 16, wherein the direction in which a magnetic field is
applied is a direction with a weight assigned so that the angle with
respect tlt ei Thermaster oinfoifmation omeghstic mecorsking happadasus ragcerding hto

claim 1, further comprising a suction device for drawing the master
information carrier toward the side of the information recording medium in
20  order to bring the master information carrier into contact with the magnetic

recording medium.

15. A method for manufacturing a magnetic recording medium in which
master information is recorded in advance, the method comprising
25 allowing a recording surface formed on a magnetic recording medium to
face a surface of a master information carrier on which a ferromagnetic thin
film pattern corresponding to an information signal is formed, and
applying a magnetic field to the ferromagnetic thin film pattern formed
on the surface of the master information carrier that faces the recording
30 swface formed on the magnetic recording medium and to the magnetic
recording medium, in order to record the information signal into the magnetic
recording medium,
wherein the ferromagnetic thin film pattern formed on the surface of the
master information carrier comprises not less than two kinds of different
35 patterns, each having a different pattern angle showing an angle with respect
to the direction of the relative movement between the magnetic head
mounted on an arm and the rotating magnetic recording medium, and




respect to another direction in the two kinds of directdSugasheftdpcul ar
to 20 the directions shown by the pattern angles of the two kinds of
patterns, respectively. 19. The nmethod according to claim 18, wherein the
. magnetic recording nediumis a magnetic disk, and the wei ght changes al ong
“the radial direction 25 of the magne8fic disk.  ABSTRACT OF THE DI SCLOSURE

- The master information recordi ng apparatus 100 includes a master
i nformation carrier, a master information carrier facing nenber, and a

magnetic fi ' : . Rfe in fi . . forned -
on the surfg%%n%%ﬂk%eﬁ?}aagﬁgﬁﬁér?f%ra%gﬁlgﬁggggﬁ)%#{lﬂr?c &E]é‘?‘ﬁ?[tei‘f%@sngt han two
ki nds of tef fliegtion iy tvehigh aanresmaticnfield ds fapplieds thet dérestiangbeinghowi ng
an  angl gepbhdicARReE) theo didaetich 'sheWOBy Un LAGId ShA! iV SmBR¥ETRAL IRl veen a
magneti ¢ head and a,c rotating naﬁgnegl C relcordl ng rreq{ltlﬁgm The magnet.i c
field apgPoFigunpatiersppgle amang (e inotrlesy than swg kinds of patterss anghi ch i s
- per pebdi datger thantthe minianin patiehawhgdy agfonandleendtlads imrstnd kéidd dfan t he
ngf t he maxi num pattern and | arger than the mnimum pattern

pattern %{lﬁke% .
angl e of e pattern anong the not |ess than two kinds of patterns.
Sel ected Figure: FIG 1

16. The method according to claim 15, wherein the not less than two kinds

| * of patterns are two kinds of patterns each having a different pattern angle.
10

17. The method according to claim 15, wherein the direction in which a

- magnetic field is applied is a direction perpendicular to an average direction
of the directions shown by the pattern angles of two kinds of patterns among
the not less than two kinds of patterns.

15
18. The method according to claim 16, wherein the direction in which a

magnetic field is applied is a direction with a weight assigned so that the
‘angle with respect to either one of directions is smaller than the angle with
respect to another direction in the two kinds of directions perpendicular to

20  the directions shown by the pattern angles of the two kinds of patterns,
respectively. '

19. The method according to claim 18, wherein the magnetic recording
medium is a magnetic disk, and the weight changes along the radial direction
25  of the magnetic disk.






