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- rapidly increasing at the rate of 100% per year. As the technical background '
for enabling such a high recording density, 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)”.
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32 is a plan view showi ng a configuration of a conventional magnetic disk
~device 90. The nagnetic di sk device 90 has a di sk-shaped magnetic disk 8.
The magnetic disk 8 is rotated by a nmotor (not shown). The magnetic disk
device 90 has a head arm 225 pivotabl y2provided 5 around a pivot axis 226.
At the tip of the head arm 225, a head suspension 222 is provided. On the
tip of the head suspension 222, a nagnetic head 221 is nounted. The
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'preformat recording region") spaced af 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




enabl es the preformat recording in a short tine. 35 Her@fiugupie2f@d for
prerecording master information on a nagnetic disk wll be explained.
First, a magnetic disk is nmagnetized in one direction, thus initializing

t he magnetic disk. Next, the master information carrier on 24 August 2005 3
whi ch ferromagnetic thin filmpatterns3are formed i s brought into contact
with the nmagnetic disk. The ferromagnetic pattern herein denotes a pattern
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20  direction of magnetization at the time of initialization is maintained.

Consequently, at the edge of the ferromagnetic 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.




Herein, a line parallel to the direction of the rel ativé*iN&#Eh200pet ween
the magnetic head and the nagnetic disk due to a rotation of the nagnetic
disk is referred to as a pattern angle reference; and an angle made by the
pattern angle reference and the ferromagnetic thin filmpattern 35 forned
on the master information carrier is réferred to as a pattern angle. In
general, this pattern angle differs according to the radial position of the
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pattern angles, respectively. A typical example of such a pattern is a

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 aécuracy 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




FIG 34 is an enlarged view for explaining a configurat 2dnA8gughePReér
preformat information signal patterns, which is to be formed on a 30
conventional master information carrier as ferromagnetic thin film
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preformat pattern of the phase detectdon nethod disclosed in the JP8
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resul t, pmaster information carrier. 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. ‘
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patterns having different pattern angles. Wen recording with an
appropriate transfer field cannot be carried out, the reproduction output
decreases. The probl ens such as the phase disturbance of signals or the
reduction of the reproduction output as nentioned above becone nore 30
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24 August 2005 6 It is an object of the present invention to provide a
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~ showi ng i & rma ohhséggl%e%to tt?le magnetlc 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 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




direction of the relative novement between the magneti c2fiehdgneiuAP@d on an
armand the rotating magnetic recording nmedium the nenber 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
maxi mum pattern angl e anong the not less than two kinds of patterns, and

| L _haZI isfbﬁﬂ%tt atsftﬁﬂnfl &Qnélmélg l&ﬁﬁﬂié&aﬂ%&rﬁc@d\ﬂ{@%@ﬁﬁdﬂg;ﬁﬁgﬁﬁforhﬁﬂ%ﬁ Pan t wo
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signal is forned, and applyin magnetic fi o the ferromagnetic thin
fil'm pat PRI g*rﬁw%ﬁ% 3 gty aﬁ&g&ﬁﬂé@o@@fﬂ@g AR RS Spih

i nf or mat reypecandi gie HiattibaCes thé GelRer Hidventdiitl Betvdeor tRE rAAgnéte
magneti c re(ﬁordl nga di um and todt e magnetic recqrdin dium,.in order
to recor BERHEPHR T‘ﬂgf’i B8R Qgnand | theorRENEGRENFEC (TEEEFHRE RE B Bm

wherei n 4he ther iimigaetdrCapplying id maaidtRr fieltiospples fhé MBagtediageld! the
mast er |Qlfoor t Ss t s of different

tiqn carrier conprises not_ | n,t in
Tt or nsalopier e L i O trmichig, el ie PEPARGy iy SR S g {
respect pergeheiclilaeedithy difeddis: shbwhi e afDyegetha et \weealldriharpgiet | ¢
head -mount ed on an_arm an t he I’O&?tl nglﬁsn?ggetl C re.cordlf(r}gqtrredl um, and the

‘menber BPXYBHTY PRGCED e fPTs Bidg apiFoiRRRs ol PatEng 2 ong t he
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per pendi ¢  to the direction shown by an angle that is smaller than the
maxi rrum%ﬁajﬁ"g?t@?rﬁlsangl e among the not | ess than two kinds of patterns and

| arger than the m ninum pattern angle anong the not | ess than two kinds of

patterns,,. T GS FIG 1 is a cross-sectional

Vi ew shﬁg%ﬁ%%%@ Sﬁmg i nformati on magnetic recording
appar at us accpiGli D@:ls hmx@séige&ﬁoﬁab@iémlﬁ@wg{g atdmelﬁg]gﬁ&ﬁ@ﬁ dffﬁlﬁfﬁsj;ct@fnh FIG 2
is a cross-sectional perspective view showi ng.a configuration o e
mmster (FRGTIRATORAERGHEdRoris RIPAG S geratiae i adidl katodiosgt ol

the present invention.

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.




embodi nent. FIG 3 is a plan view showi ng a configurati 8ff &agashdgHetic

di sk device provided with a magnetic disk in which naster information is

recorded by the master information magnetic recordi ng apparatus accordi ng
to the first enbodinent. FIG 4 is a®lan view showi ng a configuration of
a master information carrier provided for the naster infornation magneti c

recordi ng app®Iat Us isagCectbmatit ovieWe fdr lexbl-eARRMipIRYn EhEesSof $han

enlarged V|em1for expl.aining a confi tion of a ona netlc thin film
pattern r@lﬂéﬂ%g PO ARATGSH OB @?ast%ea Pﬁmﬁg%carﬁ@rf i rst
enbodineahcoﬂﬂngmgmﬁéﬁ?&ﬂﬁn%adﬁhght6 is a schenatlc vi ew for explaining

pattern angle f _the ferromagnetic t filmpatte formed on the
rmmeriMOHg#}Z%ﬁﬁ%W'%@m% %%WW?WW@W% iR e 7 is a
gr aph shefithg féﬁem@r@hquﬂmfmnbpmeﬁﬂ ahfetheatddRn® offBE QlisiehckbRiing
ferromagn %h% tﬁln [ attern and the radius of the disk accordlng to
the firsto&A6HE dﬁP ‘8 is a graph showing the rel ati onshi p between

t he directionFl@. &% ai\?a ph SHNEnG thidi Alatdorigtdpabditebheté diseaish iigd by a
per manent magnet provided for the master information magnetic recording
apparatus and the radius of the disk according to the first enbodi nent.
FIG 9 is a graph showing the relationship between the direction. in 5
which a magnetic field is applied by a permanent nmagnet provided for a
conventional master information magnetic recordi ng apparatus and the :
radius of the disk. FIG 10 is a graph show ng the rel ationship between the
di splaced angle in the direction of the magnetic field and the radius of
the disk in the .10 naster information magnetic recordi ng apparatus
according to the first enbodinent. FIG 11 is a graph show ng the

rel ati onship between the displaced angle in the direction of the magnetic
field and the radius of the disk in a _




conventional master information magnetic recordi ng appalatddguss2ePa 12 is
a perspective view for explaining an exanple of a nethod of initial

magneti zati on of a magnetic di sk according to the first enbodinent. FIG
13 is a perspective view for explaining a nagnetic core and a coil provided
for the master information magnetic reeordi ng apparatus according to the
first enbodinment. 20 FIG 14 is an enlarged view for explaining a
configuration of another ferromagnetic thin filmpattern forned on a

d_enbodi
ol AR g PSR, 0P R R
‘anot her Wastaradnraation magneticrrependieg apperated ard threradivs of thafdmk’rat i on

carrier gZ&oakagtdithd fire dhiBodinetd enbodiment. FIG 16 is a graph show ng
the rel atlonshlrﬁ[é)e ween th attern | e of _anot her ferronggnetic thin

filmpattern a 1§ 3HGP qm@goﬁhs%kreqat!e@#ap metwsenibesdizettipn n
enbodismenwhidhl & mhgnétic diedd aphailing b iqferhﬂn@hltqmgh@t besviged fohen

di t t f d b th t

mmanet | presngesSedl sighBe [RINBAGe Batnels RgrSnec P BRI Ran b at us

‘and the readitegoftthetdiek. di sk according to the second enbodinent. FIG 18 is
h sh t

i Poction of t paGrwd & ?c‘ff*m'l il E‘% @‘%{5’?3?%@ Beffep:t B iorla ‘Qﬁ

mast er i rAEAAARtEA H@fll(tf asagnefac skhant dbe Fedsruphthe disknin the

enbodiomenhastel GnfdfmatioR mragaan@ h@abftﬁnghapﬁ&la%hs oAt dinBetove@ie Ehet
di spl aceqmg@ (ﬁ{[%u%t 2005 9 angle in the direction of the magnetic field and
the radi U™ot &disk in a conventional master information magneti c

recor di ng appafdfusll & & gi2dhi shewvimgaihe sélationghiphbetvwesdent tlon displadeet ween
the diregljn m'%he"mf%lﬁto  of HHE erac%'x{e#:%l ﬁeldsax?&’Qhé%QdRYs 8r bhE WheE gy manent

magnet provi ded fa(_)l or mat gneti c recordi ng appar at us
and the raBreRigralmesteninformationanagnetac @pepndmﬁ appsatufent of the present

i nvemsi on. Fl GFI&1 mas a ;@&@;ﬁﬁ&tﬁr@ bR dok @:epzhﬁiﬁglaw@%an@pmiﬂ@%@tﬁmOf
recordi ngﬂtgaﬁrfor g t he d'ﬁ?#ﬁ{fd an n e%g_ ion of the
magneti c FEPeYt e aghf etP b 55?‘6‘1 H ’Eﬁﬁb‘ér at us
accordi ng to tH&Gt ABrisla pk@spedbiveiviewtfor explaining 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




FIG 22 is a graph showing the relationship between the2febrgasicZden
performance and the displaced angle of a reproduction gap with respect to a
pattern when reproducing a magnetic disk in which information is recorded
by the master information magnetic recordi ng apparatus according to the 15
third embodiment. FIG 23 is a graph showing the rel ationship between the
reproduction output and the radius of the disk when reproducing the
magneti ¢ disk recorded by the master informati on magnetic recording :

appar atu i - L Qs Lr di-en Fl G.. 2408 a.:graph show ng
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ol ati onspi p. boren snoeaut how idthe Felod BpA o Ron in. net i ¢
[reld andvbih 3 idenetisfioldhis Brdied by fithes pespesent Fragnehprevidad ftet i c
o DG e e A e, O
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i n; or maL i o;ﬂﬁn&@ﬂ@b i2d ;Se@cfgdphgsmgath%rﬁdationﬁg h%ﬁgt?mthe hecoraﬁlggimfsﬁgl n

urt :

f?heorel atﬁonshia?gtgn%etgﬁ. tﬁgra?iégr#nagg%ﬁ??%%gf}gclln to_fﬁe %irﬁ,aé@(%(i)cﬁﬁl rtlis]\%]\‘lm ch a
magnet i ¢ ‘PF SREFIPE IYGHIARGnMAsRREC ragarding ppparatugiasronding fte thedhind
i nf 016t ieoxbodigeat.i ¢ recordi ng aEpar at us accr:]ordl Ingt to the Lotjrt h .

nbodi t. 35 ' a shpow 1 I Il onshi p be n e
Feproducti on-_Sicont 1o adtefh thafins My i sonsp TR abe bavtiditone
magnet i ¢ Parfokmanee endddelsdisplacedmaigly of afxteplémiuwimnnga;naﬁalp reqeot dclb tég 2o i
R e el
field i sﬁap%ei %&SB%I algf){mﬁﬁep PasnaHe fecordingtapmasehweacewding e thast er
i nf oldrat t]nimdmgnﬂﬁmgm_rergo(rjdi ng apE?r at gs and the r ﬁdi Es of t?e 5 di sk

[ t hfoh. ' t.. .S_a graph s n .
el at onshi p bEIGeanis here R SPawine e prlatipnSdrede theacerotistoRagnet i
field angutnw andithe ofdivseoflithe diskt mhen reproducing the magnetic disk
recorded by the master information 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




nmast er i nformation magnetic recordi ng apparatus accordi #§ Aeguse200pt h
enbodi nent. 10 FIG 31 is a graph showing the relationship between the
~reproduction output and the radius of the disk when reproducing the
magneti c disk recorded by a master information recordi ng apparatus
according to the fifth enbodinent. FII€ 32 is a plan view showing a
configuration of a magnetic disk 15 device provided with a magnetic disk
in which master information is recorded by a conventional naster '

i nfor mat | QHEBEARIH Smb§&X N9 apparatus. FIG 33 is an enlar ged view for
explaining a configuration of preformat information signal patterns, which

is to be recor deirof? i AemAphishowdng khe 2elafiogshipbétsvemm € direetibwiew f or
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PREFERREL HENBaSk a10n, Magheticcrecprqing Anpsrathe angtaeitediecoft the
appar & usdiak eaocatidinge toa fiftleebbdahemnt of the present invention, the

o ormatt on cartGro S B Ao ERe FRAniReBiH bhttes: thy chaarn
pat t er ns angde ihdhp fhrectiginf ¢fcthermagnetie fieldnglahe mdiusofrtigndiskeinf tled d i s
appl i ed ahas@rt ifodha86h! b, A Wh ' i hS 3 | l.@q, Wwhich
i s perpendi uir.ar 0o thghdiﬁl%eggt@?lgﬂféséﬁ%%gggﬂg#agﬁél%Actgﬁ%?lgi go atglga glr t han
t he rraxirﬁi’?‘ﬁ n angle, and that is larger than the mninumpattern
$Rg! é?of the p&IGed i_amogtgl tpw@mﬁhgltﬁé ;i*ﬁlamﬁ&hshiné‘ﬂvf&ﬁ't_ ﬂlfetreﬂ?é&t]?ﬁfbﬁ'
erefor i_S. POSSI 0. ncrease the reproducti on out put of ~a servo
35 si gnafbuggﬁ ea?I g ?g‘%r%ﬁ%%(?fb@ea%@bﬁgf‘?% rPBE‘?fﬂH’F% theq etisndiskuent | y,

it is pogeeardedthy pmoastde informstion revbodingtdmmratgnatdoedinectr thenfifthppar at us
enabl i ng egnH¥dRAbYt €l i abl e preformat recording into the magnetic recording

24 August ZOOSFié’ ﬁgi um It is preferable that the not |ess than two
ki nds of pattefns- &2%e'% ddPlRRIGEWobheyanEen mondiguration iof @ anagrietr disk pattern

angl &5 | devie previdediwieh thabghbic didkeitt whith Ma¥trGRfANTRINEL Sebidghd i s
bl | ed 15 e85 AN RSLRSACIEN 8 10,20, Syt age diecticn of the
FIG. 33 is an enlarged view 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




the pattern angles of two kinds of patterns ampng the nett fEgyst BRRSt wo
kinds of patterns. It is preferable that the direction in which a magnetic
field is applied is a direction with a weight assigned so that the angle
with respect to either 10 one of directions is smaller than the angle with
respect - to another direction, in the tMo kinds of directions perpendicul ar
to the directions shown by the pattern angles of the two kinds of

patterns, respectively. It is preferable that the magnetic recordi ng nedi um
s a magnglddfumdi sk, and that the wei ght changes along the radial direction
of the magnetic_ 15 disk, It is preferable that the nenber for applying a
magnetic fiel d Ytdshrgéeragle thatctheaneinlesprdbanttwy kinds of patéeraisl aret tweo t he

pe][ mne?tkﬁﬁ{gmﬁba’iﬁrﬁé@S(élgﬁdvi%ﬂgté‘dﬁfefr@ﬁt%ﬁﬂtteﬁyéﬁg%.e tgat fa_Celslthe mast er

i nformati on caryi.er n | surface js subs ally

f an- shaped. |t llrtslsﬁ’mé@g@ﬁ&g‘afﬁﬁ? Iat%ﬁ@%iﬂ’é%é’i’hlf‘gra H’pﬁﬂ‘ﬂlﬁgﬁﬁ HaabRkied el d
i s difsposeddiractidqrepermndicilaf v antivorageadiredionsf thealisgpivnisishowindgy t 0 t he
magneti c | ' - | ef I hat, t he r for,applying a
magnet i ¢ ?ﬁ%ﬁé@% C gr%?&vgé kéﬁ‘%sa&rp adtférﬁggaﬁ%@%h%%%tsfég%gﬁ% E‘S?I nd to
at Iea.s_t @rﬂzﬁttﬁr_nﬁhe pair of magnetic cores. It is preferable that the
master | nfor Ml pfeferalsle tha€ t AiRREAGH in WHIBhISEREACHOWRIA [ ARgRQ! ovi ded

for super.i Si and,.nount J t he gnetic. reco I um and t
mast er i n‘fsg ﬁ’&?&gﬁ"\“ Bath Pe‘?’e]igﬁgtaﬁ?@nﬁﬁqg@rt, a@(ﬁh%ﬁqgiﬂa

| érgt% #Uegﬁ@%t ‘@S’r%iﬂl%reg on
t he Néwerorfel efidieedtimmspisesnalie tmretigeanglet with ﬁSpeémf AMRRBEr FivckH6R, 01;] t he
master i - onngctin er for connecting the
Tover 11 ARt RSEL bt BheeeBis BeRRAMEENAE o, (R BEbonts, ALY
i nf or mat ikgtterarangles eldiertyy of phitterherespegtiviedies an el astic plate
provi ded betwegp i§ hget?¥Ble {HANAR ﬁf:@i% dre%érﬂﬁgnﬁteﬂﬁmﬁﬁgq:{ %%%&ch" um It
ormed at, th of 't

Is preferahle that ‘center.  holes are centers magneti c
recor di néﬁﬁhﬁrﬁﬂ%ﬁt el ARgRR

heoxgybial diggrtion pi the gaagnessos 12 |t
i s piéf e_rcﬁéii.e that the master infornmation magnetic recording apparatus
further incl ud‘i?is%lsé'f&la'b?@ﬂga%vth%emégl eI‘d %(%V\éﬂ] ﬁnhgea rrrnaa?gtn%rtic field is made

of a permanent magnet.

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
7 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.




information carrier toward the side of the infornation PécdYEVAG2HEai umin
-order to bring the master information carrier into contact with the
magnetic 5 recording medi um wherein the suction device is provided with an
exhaust duct- so as to communicate with the center holes fornmed at the
centers of the magnetic recording mediZum and the el astic plate,
respectively. It is preferable that the master information magnetic
recording apparatus further includes a suction device for drawi ng the
master 10 info i | r he side of.the infarmation.recording
e um i n_or der 1t & pREARPIS, that " <t SnfnReon Tapndid Yeettubd U [

t he nmagnefPparatas ofenther nseludes 1an suvsiometdeviref dor ndrasiagt whengnadter

magnet i c HEeAnEtinE ERALE TwaFRE SRishE & tﬁé‘ﬁf%‘fﬁigﬂit)ﬂg%oﬂfin% e G

i nvention, magnetic field is . 15 applied alon direction 1n which a
magnet i c ?’f‘%l‘&oﬂg“%glw opstehindprmatign Gasner drfofontact; wihdheaaagaetishown by
an andi e tdvatrding mediah] e/hebrdiantid gucti@mx idevive datgretidedn@hth andhanger than

the m ni t e ng.,..t,he not |ess t.han i nds, of tterns.
Ther of or AP A€ K0 ARE iR e A8 ker BRBs thtfed B e PoReBOb e of "o
20 servo Biaghatic petording megnuodwaadtheyelastéc pldaaebpeatsety.di ng medi um
Consequently, if L€ Vi Le T | ' I n
i oh e b St v %@&gﬁéﬁ%ﬂf Sfha: Rhe) gg&%’?% @?ﬁfaﬁé’rﬂr ?’g%é'gé&pg e

pr ef er abl R3S r |iggludepag SHStRRNEEVise ot t daveingr ¢he winaskemhds of
- pﬁttgj_ms et Ao n_gnﬁexdtdva@rdefﬁe E?lbtﬁﬂheaﬂﬂélﬁ?a@%‘i &écdraj.%v ﬁ{e%ltriaﬂlﬁl t hat
the direc a netic field is applied is rection.

per pendi c%ljldgg t{’ (@ r%fbl %Vepggg&d#%r@??%ﬂn S?rrt‘%ﬁ&f) ceetach ﬁ?%@ hﬁﬁnﬁ?’e the
pattern aegbeingfmadivbnki nds of patterns among the not |ess than two kinds

of patterns. |ty shdgdi®ballss ﬁl@iﬁﬁ%&%’?‘&ﬁ% iSSI ﬁegg:m,g%&?w;&%c field

Is applied 3Q 1s a_direction wt e [ i angle with
respect ta5cevdipgrto tecembodiment ob theirresemt ventioan a magnegicefiohd: is r espect
t o anét hexppliedeslongntlien direBfoh i Hhiks a0 adink6iet id1ASisPLF e wHIA it 0 the
di rections sggwuf%thg}eﬁggtegnhﬁ}%%ez of ‘the t ki nds of ‘patterns,
respecftl\Peeiry.. ! b ef 8F‘é 1 h Yn%r‘i’é‘.tg}ec e bt 8 e Rnﬁhes a
magnet i c ma3simmmkpatyenh ahglevaidylirgeh dhae shamoimgmune phéidical ardls aedongn of the
magnetic tﬁb%téeggqhggqgjoggh St{)gg?&r'&%%nt invention will be explained with

reference to draw ngs.. 2 ugb i .
Theretore, it is possible to further mcrease 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. '




13 (First Enbodinent) FIG | is a cross-sectional view Sfolggsa2005
configuration of a master information magnetic recordi ng apparatus 100
according to a first enbodiment; and FIG 2 is a cross-sectional
perspective view thereof. The master infornati on recording medi um 100

i ncludes a master information carrier ¥acing device 3. The information
carrier facing device 3 has a substantially disk-shaped | ower flange 11.
On the upper surface of the |ower flange 11, a substantially cylindrical
shaped _concave portion 22 is 10 formed. At the center of the bottom surface
formed on e concave po tion 22, a cylindrical shaped hole is formed. On
t he concav diment) subst anti al | y di sk-shaped elastic plate 14 is

di sposed. At t hFIGemt1§ra &bost hec8bAsI h%wpéﬁ’c;vﬁ gj 1 fcanﬁ a%{ rpr £ nste?

formed so.that f.he hole for med on the bottom ace e concayve portion
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_ the 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. *




tracking scanning orbit 224 having the pivot axis.226 ag4iAugash2@ps 24
August 2005 14 Referring back to FIGs. 1 and 2, on the recording surface
formed on the magnetic disk 8, a disk-shaped master information carrier 2
is mounted. FIG 4 is a plan. view showing a configuration of the naster
information carrier 2, and FIG 5 is a4 enlarged view for explaining a 5
configuration of the ferromagnetic thin filmpattern 4 formed on the master
information carrier 2. Hereinafter, a nethod for formng a ferronagnetic
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formed, and then the resist film is removed.

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




recording magnetic field independently of the kind of nBgnéugdst&lBprdi ng 35
medi um into which naster information signals are recorded, materials with
hi gher saturation magnetic flux density are preferred. ' Particularly, in a
magnetic disk with a high coercive force over 2000 24 August 2005 15
oersted and a flexible disk with a thilék magnetic |ayer, sufficient
recordi ng cannot be perforned at a saturation magnetic flux density of

|l ess than 0.8 tesla in sone cases. Therefore, magnetic materials with a

saturation ghetic.fl. ensity of 0.8 tesl r more, preferablly 1.0
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to i por Bypn signals are formed. The ferromagnetic thin filmpattern 4

I ncl udes a synghronous signal 20 pattern 5, a sector mark pattern 27, an
addr ess i nf or ndtiun °8; theaPuplace afthegmasters gpfpsmatignatarsicet &r he fingnd a
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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.




i nformation signal pattern 28 and the servo signal patt8frA88ushdl05¢t he
ferromagnetic thin filmpattern 4 formed on the master information carrier
2 in the first enbodi ment includes not |ess than two kinds of patterns

di sposed sequentially along the direction of the relative 35 novenent of
the magnetic head and the magnetic di di6. These different patterns include
two kinds of patterns having the different pattern angles nentioned above.
24 August 2005 16 Note here, in FIG 5, a bold solid |ine shows a part nade
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and the center Jjole 10 so,that the master information carrier I s brought
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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




magnetic field applying unit 1 and the magnetic di sk 8. 2frdugdghéPPe field
.applying unit 1 applies a magnetic field to the 30 ferromagnetic thin film
patterns 4 forned on the naster information carrier 2 and the magnetic
disk 8 in order to record the information signals shown by the
ferromagnetic thin filmpatterns 4 intld 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
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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




25 information carrier 2 and the radial position of the2fleagust28Psk. As
showmn in FIG 6, the pattern angles 31A, 31B and 31C of the synchronous
signal pattern 5 change as the radial position noves fromthe inner
~circunference to the outer circunference of the disk. Al so, the pattern

. angl es 32A, 32B and 32C of the servolsi gnal pattern 7 change as the radial
- position noves from 30 the inner circunference to the outer circunference
of the disk. A solid curve in FIG 7 shows an exanple of the relationship

“between the pattern angle of t.he sync r onous s1 attern 5 and the
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t he magneaidms of the disk. For comparison, a graph shows the displaced angle in the
20  direction in 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




head is made to be a direction in which a magnetic fiel &4 8ugppt 2885as 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 Iine shows the displaced angl @a9between the direction perpendicul ar
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 js e SS with 30_signed_jinte we eqardl ess of the
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hi ghly r ekagidtie recording medium in which preformat recording was carried out.

20 The procedure for 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




magnetic recording nedi umin which preformat recording ®dshegast 2808ut. 20
The procedure for recording information signals corresponding to the
patterns'forned on the master information carrier 2 into the nagnetic disk
8, that is a magnetic recording nmedium is explained. In the first

~ enbodiment, as shown in FIG 1, first20 the magnetic disk 8 is brought into
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plate 14, and an atmospheric pressure acts on the center portion of the

20  master information carrier 2,

In this state, only the vicinity of the center portion 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




Next, the suction device 16 is started. Thus, air betweéft ARgUHRIPEP

I nformation carrier 2 and the nagnetic disk 8 is sucked out through the

- center hole 10 of the magnetic disk 8 and the center hole 15 of the elastic
plate 14, and an at nospheric pressure acts on the center portion of the 20
‘mast er |nformat|on carrier 2. InthisZtate, only the vicinity of the
center portion of the master information carrier 2 is in contact wth the
magnetic disk 8 and the master information carrier 2 and the magnetic

di sk 8 %ﬂ# be in secure contact wth each other at their periphery. In
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signal s ta@clarst abtestiopranpt the diettios perpendicular to the crossing direction is
20  referred to as a second direction. 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




As mentioned above, according to the first enbodinent, 2ReAugeastditgnetic
thin filmpattern 4 forned on the surface of the master 15 information
carrier -2 includes a synchronous signal pattern 5 fornmed al ong a head orbit
pi votably nmounted on the arm pivots, and a servo signal pattern 7 formed
along the direction that crosses to tI#2 tangential direction of the arc.
The direction perpendicular to the tangential direction of the arc is
referred to a first direction and the direction perpendicular to the

crossing ect| |s 20 rred to as second d| r tion. sed on the
first di rg@f‘ B apda %‘Bﬁgidmﬁ} one,copg AHA-| Betmmen ‘5@ ﬁ%}ﬂ"?e
along t hemialgmentzl @ied IDUA aaddeeaned gaph33 hdéng e al_rg nﬁ'Eltr haveseat Bae bé t he
Servo sig ther magnet | 1 S IS ILNClrease
Ther of or By e fhola b ERRAEHEE Bt e afieramESt nE o8 Rt Ro b D HRE s
signal r em@emﬁandashﬂ battem ‘augb ghthe wwoeugnai radrradliesd tangent e
nmagnety c filjlrﬁi&ds ACRDSE Helﬂ%gﬁetlé Feld POES k@ﬁ@r Iﬂ:d[}li”(l ﬁ)%l g %@El@rcor%l .

i nformati on Efft I C ecor ar at us enab | ng rella
pr ef or mat 2 ff‘é‘é‘ﬁ? mﬁgeeilﬁeo perond gy gamg3medi um Note here that an

exanpl e of t he Iiﬁ;ﬂédd)bl{fﬂiel @il 21 alleabt bR of R B0 ciRsi (RDA! PBB) Aiayehs I i er

facing devi having the |o rflanell d the u f,l.an
provi ded g rﬁ?gl nﬁé’i}\%@\é\ﬁﬁ t%%‘eg Fﬁ%@?ﬁ@g" lcl%elﬂ&eygﬁ“# %ﬁ? ed to
this, andgamy ot her devi ces can be enpl oyed as long as the device has a

confiyguration cgpable c%eé’ h@%ggnéﬁ«? ﬁé@?ﬁﬁeﬂa@é&é&éﬁﬁeoglﬁ%f 56 ﬂed nto

contact with the nmagnetic exce is a p spectlve

vi ew for Oxiheasl A oxrtbeepeneian &el d:gﬂne{adfe Sypihei PRYMRRentIBagRety RERd f or
t he mast ghduBédtéehé eap rrﬁagﬁeing:tﬁeﬁ;&s%lnﬁlfoﬁﬁaﬁbﬁtcuﬁnei 'b theanakhéetié i el d

appl yi ng unit ha net i c r 4 u 2 and 20B
AR5 1" 00idbhet 208 P 2Bph ke kB BaghctRLERa S B She rgagfsgﬁw tic
cores 20/lavd- B8R i0@ed)alpas3 cahca;;plﬁra megnetlb ifteld atonggtize diraetions bﬁt\hmg t he

aver ?‘Ee dideisdni @nHef hﬁe‘ghgﬁiﬁggﬁﬂa ﬁg&lla%ﬁe @&&@ﬂﬁﬂﬁ}{ QQ&EE% D%’Il%l)f gpattern 5
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rod-shaped magnetic substances facing each other with a gap 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




10 In these cases, the magnetic field generated by the 2ftrAesass208Pied to
the coil 21 or the magnetic field generated by the permanent nmagnet are
i nduced to the gap 34 facing the nmaster information carrier by the magnetic
cores 20A and 20B. The | eakage magnetic field 34 fromthe gap 33, by the
above-nentioned shape, can apply a madddetic field along the direction of
the 15 normal to the line show ng the average direction. of the pattern
angl e of the synchronous signal pattern 5 and the pattern angle of the
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Herein, 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.




control the position of the magnetic head with higher agéuhagyst 280phis
ferromagnetic thin filmpattern 4A, all of the synchronous 10 signal
pattern 5, the sector mark pattern 27, and the address information signal
pattern 28 are forned along the head orbit. Therefore, these patterns have
the sane pattern angles at the sane ra&di al position. However, the servo
signal pattern 7 .and the servo signal pattern 35, etc. are patterns forned
tilting with respect to the synchronous signal 15 pattern 5. Therefore,

the pattern angl]I:, t hereof are different. Furthernore, as nentioned above,
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pattern 7, and the pattern angle of the servo signal pattern 35.

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




5 circunference of the disk as shown in a solid curve sBRouiigustFR@D516. The
pattern angles 32A, 32B, and 32C of the servo signal pattern 7 change as
the radial position noves fromthe inner circunference to the outer

- circunference of the disk as shown in a broken curve shown in FIG 16. The
pattern angl es 36A, 36B, and 36C of tI®s servo signal pattern 35 10 change
as the radial position noves fromthe inner circunference to the outer
circunference of the disk as shown i n another broken curve shown in FIG
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20
- (Third Embodiment)

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.




possible to minimze the phase disturbance of the signaP4aHaguste20@ducti on
of the reproduction output with respect to the servo signal pattern 35 and
it is possible to carry out preformat recordi ng capabl e of achieving the
quality of 5 signals acceptable for practical use. In order to nmake the
direction-in which a magnetic field i s2Gpplied to be the direction of the
normal to the line show ng the average direction of the pattern angles of
t he synchronous signal pattern 5, the servo signal pattern 7 and the servo

signal pattern aso nent i oned,above, . in 1he tmanent 10 nmagnet .
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. angle of the servo signal pattern 35. 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




24 August 2005 26 FIG 22 is a graph showing the rel ati 8ftihpgusfeZA@an t he
repr oduci ng = performance when the magnetic di sk recorded by the master

i nformati on nagnetic recording apparatus is reproduced and the displ aced
angl e between the reproducing gap and the pattern. The absci ssa shows the
di spl aced 5 angl e between the reprodudd®g angle and the pattern; and the
~ordinate shows the reproducing performance. As the displaced angl e between
the reproducing gap and the pattern becones |arger, the reproducing

perf or man .S | red. FIG 23 is a gra howi ng the.rel atiopgshi p between
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the rapi ughaaf ist AecohSbidlhgikn W the Q&Trﬁﬂih‘gfn@ﬁctﬂlﬁnnm@eﬁdtﬁeﬂssﬁakﬁ‘i@ﬁ:ﬂéd by a
convenhopal sgast r information recording apparatus. FIG 23 shows the

r epr oduct I'6REG AR AL e synchronous signal pattern 5, the servo signal

- pattern 7 and tA®shewuanghgrdoveatémionabFIBe),an aregnemnitionhl dhdciion appl i ed

o . { e b RLACHRLEH Spoby U5 BURIAGS AIEL TR AIPANS,
servo si giiiteinBpeheconms ¢4 degpepssiben thve radipsosudt innm. o @pthe aher he
/SR B Aho RIS, WSS i ABSSORES ST e
per pond! B diniehth e displA e dcante hFwpe g REFRcmanal BRGRER TARG £ 5 i n
25 converderemaigmzd gmitdim 8Hebepomes makimam 5§ ehownniFFEG. 26, Wit the
whon ¢ he oy 56 B8 ot ' TRow 85 @vBh R e BORE Do dishln S BRI g ™ o 1 ne
third entysdnpedhto abantstbdeerens respectively, which aye mawbtsnoallenangles Biart he
servassi @pdediebd M thedpmbsakiowered to 30 only about 0.5 when the disk _
i spl aced  angi GthET Fords e dhe SRERSHoRHE Hhishet magRebie I ét SHELPEE us. o
the di sk the mhster infiratation aragubtiorneta@ing iappaestistigrdippaoahesthagt or di ng
to thet @nﬁl%diﬁl%?,dégg%pared with a conventional direction in which a magnetic

field is applied, an angle made by the direction in which a magnetic field is

20 applied 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




35 FIG 25 shows the angle (displaced angle in the direéfifngast 28@5
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 24 August 2005 27 pattern 5, the servo signal pattern 7 and the
servo signal pattern 35 as a functior28f the radial position of the disk,
when the direction in which a magnetic field is applied is determned to
the direction perpendicul ar to the average direction of the servo signal

pattern 7_and the S8LY 35 5.t a_combi nation..of the
errongnBBe HHFatRiR, SieAlrerlRic. ek, Pompace dg sbe paRE iR ESn s
shown i n miagnatiowecordmg Maﬁlu{a 19 In a conventional direction in which
a magnetic fiel gy, ot Shan
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preformat Tecor capa I'evi ng Si gnal |ty accep abl e for
practi calreasectmelm her more, the naxi mum val ue of the 25 di spl aced angle. in
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2ppl | eq He1at BPRILIR fg° SEMEBThERE ATGHEh QB ol yion PRPREOES servo
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g R TS M B b 50,
shown in FIG. 28 whlch 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




the master information magnetic recordi ng apparatus and2¢heugasi 4908f t he
disk; FIG 27 is a graph showing the relationship between the displaced
angle 35 in the direction of the magnetic field and the radi us of the disk
in.a master information magnetic recording apparatus; and FIG 28 is a
graph showing the relationship betwedé® the reproducti on output and the
radi us of the di sk 24 August 2005 28 when reproduci ng the magnetic disk
recorded by the master information magnetic recordi ng apparatus. \Wen the

out 5 pr oBEREPRE FR wonia oy o tnirBre R ey oo BY e out or
ci r cunf er ertghisg is bmtrladmtmsﬁlaa;déd é@laee@hngheoﬁdﬂ:ﬁat&mm aipmlat pafterhe servo
si gnal pag t:ﬁrtﬂe%ﬁr cﬁo tglerrﬁﬁ ﬁLLe S 5&%111&11 Fh@ ld&ﬂl%ce erg}a Qebe

smal | er than the ace ern angl e 0 Signal
pattern 7thesemwe agnélcpabﬁerbf we hhﬁg@éwteon joé [the mngnatlcéiqldonln thehi ch a

magnets ¢ 61hﬁéh'd:1ﬂc&nﬁﬁﬂidc€d)flthe$ﬁ%tﬂydﬁkcWe\i@n'n% i5|drrié@ outh® WagRhaced 10
angl es of ,the servo al pattern,7 serv a‘%hﬁg tterp .35 and the
'synchr ono Ear ﬁ ’?@’rerﬁ%’v%rs %.ﬂ‘\/&ée fqg obthe mAgpeHe| vel v,
The reproﬂeidtxscamaillﬁrptham the d@lmdvmgegjfa:hemrv@srgnm pattero Bignhe
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FIG 28, respec I vel own by a curve in FIG _ 23 nentioned above
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| at the desirable radial position of the magnetic disk. Further, it is possible
: 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
- 80  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




30 disk; FIG 30 is a graph showing the rel ationship befhedBagd#e20P3pl aced
angle in the direction of the magnetic field and the. radius of the disk
in the master information nmagnetic recording apparatus; and FIG 31 is a
graph showing the rel ati onship between the reproduction output and the

radi us of the disk when reproducing t3% magnetic disk recorded by the

~master information 35 recording apparatus. In the exanples shown in FlIGs.
29 to 31 according to the fifth enbodi nent, weighing is changed accordi ng

to the rag] i.tion,of .the 24.Augyst 2005 magneti c, di sk. ..

Spect 11 oot atuftRite 2d Hos' 8Bictieel 307 50y of Flte FRRFRHL DB dicatedi ng | s
carri ed oby the aphendedhdaiins phtldthamgbe thé faregomer descsipdival afathiampas 7 in

t he direcginn BhifR i el g | leer t i Sp gl e of
t he servoﬁ%ﬁg%a eg@tterﬁmggﬁéﬁﬁéﬁéﬂﬁ1?%@g?gg%gyhﬂﬁgnﬁggggpgéﬂgﬁggéggIn t he
5 outer cFF@HﬁH@ﬁ%P&%H%Wa%ﬁﬁmﬂﬂyﬁetic di sk, weighing is carried out so that
the & splaced angle of the servo signal pattern 35 in the direction of the
magnetic field is smaller than the displaced angle of the servo signa
pattern 7 in the direction of the magnetic field. Thus, when the direction
~in which a magnetic field is applied is 10 determ ned at the inner
circunference of the magnetic disk by carrying out the weighting so that

t he di splaced angle of the servo signal pattern 7 in the direction of the
magnetic field is smaller than the displaced angle of the servo signal
pattern 35 in the direction of the magnetic field, it is possible to

i nprove the reproduction output of the servo signal pattern 7 having the 15
| owest reproduction output at the inner circunference of the nmagnetic disk.
By finely defining the weighing along the radial direction of the nmagnetic
disk, it is possible to inprove the m ni num output of each pattern at the
desirable radial position of the magnetic disk. Further, it is possible to
m nim ze 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

enbodi ment, the exanple of using the weighing expressed by the |inear
function with respect to the radial position 25 of the magnetic disk is
expl ai ned. However, the present invention is not limted to this. Wighing
expressed by the secondary or higher order '




" _surface

equation, various kinds of arbitrary functions or pl uralftAugest 28eei ons
may be enployed. Thus, according to the first to fifth enbodi nents, as
conpared with 30 the case where the prior art is used, the reproduction
out put can be inproved significantly. Therefore, it is possible to

m ninize the phase disturbance of theélsignal or the influence of noise and
~to carry out the preformat recording capable of obtaining the quality of
reproduced signal acceptable for practical wuse. 35 The invention nmay be
enbodi ed wga tHhGaf orms wi thout departing fromthe spirit or
essenti al cha?ggg?‘%gﬁ%%qtshereof. The enbodi ments disclosed in this
application are to be considered in all respects 24 August 2005 30 as
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recor di nng sur,face formed on a nmagnetic recor medi um
Phe ster information carrier on which the ferromagnetic thin

fil lmllﬂat tera inmgnétie Pi;ld @p@y]t 'ti;@ @-efmefdrcaﬁﬂtlﬁﬂgt %pﬂﬂ j Béic rEéIHt 8%t EI%H 4
appl yi ng | 0 efromggnet i | | ern fornmed on
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surface fipforerhtim camieradmstiaces thecoradirdimgnedifaca forthedoon ke MgRnestic
r ecor di NgoRRdiMN SLiQELERA 48 th D d S90S ¢ o
magneti c Eelti)g}; I ng. nedi umy 15 gﬁ%é@?#{ﬁ%@éﬁ%&%@ﬁ‘? |e% tPir}{e%nIsz;t tern
formed orfif ARlormatignesigralsiato thesmagnetie seooudingimediumer conpri ses not | ess
thanlbwo Kiwtierdif thief ferobidenepirt theh Flm paserh A6 3ntihk! §rade PREHET N
angl e Sh?ﬁ\éﬁgr qgfo%ﬂ%t?onwcgpriére%gn%f)}:ises 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, 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




to the direction of the relative novement between the nagrtagesha@ds
nmounted on an armand the rotating nagnetic recordi ng nmedium and 20 the
menber for applying a nagnetic field applies the magnetic field along the
direction which is perpendicular to the direction shown by an angl e that
is smaller than the maxi mum pattern ar?’&le anong the not | ess than two
"kinds of patterns, and that is larger than the m nimum pattern angl e anong
the not less than two kinds of patterns. 25 2. The master information
magneti c r,di . C [ | &k ej of ¢l ess

t han two Jndg of lg{)tggél sg(gr% t%%plfp%désﬁ%g ggﬁ é‘%srpée%géghﬂﬁ%?/%r% éf
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led is di rection perpendicular to an

which a magnetig field, is app a

aver age d?’?@@?l:’gweo‘fw‘{h’é‘d&i POLICERS LRBYHISY -t he pattern angles of two

ki nds of patterns anong the not |ess than two kinds of patterns. 35 4. The
mast er i ngor ' | Cys ' ar-at us _according .0 claim 2,
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di rection, ir%the tvvt()e ki nds of ((j)i rections pe}%gel% icular to the directions
shown by the pattern angles of the two kinds of patterns, respectively. 5.
The mlst ef. i Thonrmtéoinfomgmedn end@Ricticderdpd Abphristud Gres:ding tb elatdi m 4,

wherein t et | e din diumis a nma ti c disk, and the I ght
changes aﬁ%rvlg_ t&g&rl%ﬁeiﬁg%ri %:og%pg@ﬂngfa Wﬁ%ﬂ?ﬁ#@oﬁ\pﬁesf@%@ﬁ%‘lﬁast er
i nf or mat iraAgMefgneti ¢ recordi ng apparatus according to claim 1, wherein the

menber for applying a nmagnetic field conprises a permanent magnet. 7. The

mast er iniLor tion magnetic._recordi ng apparatus according to claim 15 6,
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fan-shapgg glc ghe .Hpster. information nﬁgenefli.c recording aggatra 1%31

accordin Fo gsier 1 ormation carrier, and acing suriace substantially
fan—shaped.

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




20 1, wherein the menber for applying a magnetic field 24 Aigpes3@08n t he
master information carrier at the opposite side to the magnetic recording
medium 9. The nmaster information magnetic recordi ng apparatus according to
claim 25 1, wherein the nenber for applying a nagnetic field conprises a
pair . of magnetic cores and a coil wou to at |east one of the pair of
magnetic cores. 10. The naster infornmation magnetic recordi ng apparat us
according to claiml1, wherein the master information carrier facing nenber
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recordi ng apparatus according to 5 claim 11, wherein center holes are

forned at 13.heTﬁ6nﬁl@éﬁeroinib%aﬁ%ﬁnﬁ{a!g&etiheféébfﬁiﬁ@ Hﬁﬂéfﬁhén&cbﬂﬁnél gstic
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sucti on deeeuskeng megiwm, ded with an exhaust duct so as to conmunicate wth

the center hghgfihdhesh@lod RBvRENsSDviled BEHBANEhSustldusiesPldi 40 Medi um

and the el astic. plate, respectively.” 14. The ster 1 nfofmati on nmagnetic
r ecor di ngOENBUPIcALRES with ¢hg! t%%‘)ésa%qw,d %Eﬁﬁéien&%“r?pia the, gnagnaiic i on

“devi @8 f akecaliding n@die ambtles elastit plate] teapestivdlyer toward the side of the
i nformation recording mediumin 20 order to bring the master information

carrier into contact with the magnetic recording nedi um
14. The master information magnetic recording apparatus according to

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




15. A method for manufacturing a magnetic recordi ng med2Apgush2edS master
information is recorded in advance, the nethod conprising 25 allowi ng a
recording surface formed on a magnetic recording nediumto face a surface
. of a master information carrier on which a ferromagnetic thin filmpattern
~corresponding to an information signaP4is fornmed, and applying a magnetic
“field to the ferromagnetic thin film pattern forned on the surface of the
mast er |nfornat|on carrier that faces the recording 30 surface forned on
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August Z%Qﬁt %g‘ t he nenber for applying a magnetic field applies the

magneti c along the direction in which a magnetic field is applied,
the direction being perpendicular to the direction shown by an angle that
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. wher@)dn the not less than two kinds of patterns are two kinds of patterns
~each havi f t pattern a e. d accor g to claim
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wei g% assigned so that the angl e vvlth respect to either one of directions
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angl es omagreticwdeldi sdapmliedpét hedimsction 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.




respectively. 19. The method according to claim 18, whel&iHugnsat 48HRetic
“recording mediumis a magnetic disk, and the weight changes al ong the
radial direction 25 of the nagnetic disk. ABSTRACT OF THE DI SCLOSURE The
master information recordi ng apparatus 100 includes a nmaster information
carrier, a master information carrier ¥aci ng nenber, and a magnetic field
appl ying nenber. A ferromagnetic thin filmpattern formed on the surface
of the master information carrier includes not |less than two kinds of

di fferent tﬁ{ﬁ { i rent pattern angle showing an angle
W th respe@%gto %‘Q%??ﬁﬁgg@cﬁb gﬁfel ative novenent between a magnetic
head and a rotating magnetic recordi ng nedium, The magnetic field

appl yi ng uni t apRbiRsstr TREMRIkon| t&LEdNOND 4rh tud 106 GhtRdes W intdbtbS
per pendi cular tao the direction shqwﬁ) by an ‘angl.e that 1s smaller {han the
pattern afYPERBHORLeATRgki fuMasies driPTadion, cgBrex HagmghmembgtmaRd A t er n

angl e Hf agnptit tfld applyige tthembet. | £ derrohametio thim &3mopatpedd Esrased
Sel ect ed gﬁ YHE esﬁrﬁcgofjthe master information carrier includes 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 a
magnetic head and a rotating magnetic recording medium=* The magnetic
10 field applying unit applies a magnetic field along the direction, which is
perpendicular to the direction shown by an angle that is smaller than the
pattern angle of the maximum pattern and larger than the minimum pattern

angle of the pattern among the not less than two kinds of patterns.

15 Selected Figure: FIG. 1




