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disk.
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carrier 25 phaserdisturbaoce o€ signads) dhashodkingnthe 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 pattern 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.



FIG 16 is a graph showing the relationship between the pattern angle of
anot her ferromagnetic thin filmpattern and the radius of the disk
according to the second enbodinment. FIG 17 is a graph show ng the

relati onship between the direction in 30 which a nagnetic field is applied
by anot her pernmanent magnet provided forgthe master informati on nagnetic
recordi ng apparatus and the radius of the disk according to the second
enbodiment. FIG 18 is a graph showing the rel ati onship between the

di spl aced angle in the direction of the magnetic field and the radius of
the disk in the 36 mﬁmrommtorqfath@npmngt invensionr dpngreyidar at usaster
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magnet i ¢ didikection 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.

The method for manufacturing a magnetic recording medium

30 according to the present invention is a method for manufacturing a magnetic

recording medium in which master information is recorded in advance. The

method includes: 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

35 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 surface formed on the magnetic recording medium and to the



recorded by the master information magnetic recordi ng apparatus according
10 to the fourth enbodinent. FIG 29 is a graph show ng the relationship
bet ween the direction in which a nagnetic field is applied by a further
per manent magnet provided for the master informati on nagnetic recording
apparatus and the radius of the 5 disk agccording to a fifth enbodi nent.
FIG 30 is a graph showing the relationship between the displaced angle in
the direction of the nagnetic field and the radius of the disk in the
master informati on magnetic recordln paratus according to the fifth
enbodi nent magnetiagecgnding raedjuapHnghrder g’greqaed the anfoomatiop signaldato the
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and a magn along the direction in WhICh a magnetic
fieldis SSHhEtWOqLdﬂdb%f@HmegE%erpend| cular to the direction shown by an
angle that is smaller than the maxi num pattern angle, and that is |arger

than t he MBRIEFDESCRIPTION OFCTHHBRAWINGS anong the not |ess than two
ossi bl.e t.o incr e the r rod ction
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magnetic r s enabling a highly reliable preformat recording
into the %ﬁgé)?%%@}tgﬂg@%ﬁéﬂ 11 medium It is preferable that the not |ess

than two Ki nds ofFlphtd i ﬂ§ra$9esevt4pn@1riw§smctp@t vievhshewing Axpnfiguzation
different pAthemhaBRiformation magnetic recording apparatus according to the first

20 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.

25 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

30 according to the first embodiment.

FIG. 6 is a schematic view for explaining pattern angles of the
ferromagnetic thin film patterns formed on the master information carrier
according to the first embodiment.

FIG. 7 is a graph showing the relationship between the pattern angle

35  of the ferromagnetic thin film pattern and the radius of the disk according to
the first embodiment.

FIG. 8 is a graph showing the relationship between the direction in



It is preferable that the direction in which a magnetic field is applied 5
Is a direction perpendicular to an average direction of the directions
shown by the pattern angles of two kinds of patterns anong the not | ess
than two kinds of patterns. It is preferable that the direction in which a
magnetic field is applied is a directiowth a weight assigned so that the
angle with respect to either 10 one of directions is smaller than the angle
W th respect to another direction, in the two kinds of d|rect|ons

per pendi cul o the diregtjons shomn by the pattern an es of the two
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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



In the nethod for manufacturing the magnetic recordi ng nmedi um according to
t he enbodi nent of the present invention, a magnetic field is 15 applied
along the direction in which a magnetic field is applied, which is

perpendi cular to the direction shown by an angle that is smaller than the
maxi mum pattern angle and larger than th@ m nimum pattern angle anong the
not |less than two kinds of patterns. Therefore, it is possible to further
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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



14 Referring back to FIGS. 1 and 2, on the recording surface fornmed on the
magnetic disk 8, a disk-shaped master information carrier 2 is nounted.
FIG 4 is a plan view showing a configuration of the naster information
carrier 2; and FIG 5 is an enlarged view for explaining a 5 configuration
of the ferromagnetic thin filmpattern 4oformed on the master information
carrier 2. Hereinafter, a nethod for formng a ferromagnetic thin film
pattern 8 having fine patterned indented surface corresponding to
information signals_on the surface of the master information carrier 2 is
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Therefore, nagnetic materials with a saturation nmagnetic flux density of
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information signal pattern 28 and the servo signal pattern 6. Therefore,
the servo signal pattern 7 has a different pattern angle fromthose 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 filmpattern 4 formed on the master information carrier
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35 novenent of the magnetic head and the magnetic disk. These different
patterns include two kinds of patterns having the different pattern angles
ment i oned above. 16 Note here, in FIG 5, a bold solid line shows a part
made of ferromagnetic materials such as Co, and the rest shows the part
made of non ferromagnetic materials. Howgver, the relationship may be
opposite, that is, the bold solid Iine may show the part made of non
ferromagnetic materials 5 and the rest shows the part nade of magnetic
materials such as Co Wth reference back to FIG 1, the master information
carrier fadﬁﬂ@ﬂdmvice 3 has an upper flange 12. The upper flange 12 is

provided so as tqgRg éfe‘fﬁ'@leeﬂﬁ% thie ﬁ&eleHQI@Eénsl:WJ RERISOSF éiﬁeﬁﬁs&ﬁi two
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8. The c field applying unit 1 applies a magnetic field to the 30
ferromagnetic thilb i§ prefepalile shatthe memed fon applying st maghetio fiekt isomadar ri er
2 and the Pofarti kmgg'ffl&i order to record the information signals shown
by the ferro netlcthln mpatterns 4 into the magnetjc disk 8. The
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1, at all of the Itafl prefepablel Ghst Ghet BRrbsK foleapfgiiRt iaC thhghdtic fivl@e
appl ' e%5| : ctorllnpnses 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.



5 direction normal to the line showi ng the average direction of the pattern
angl e of the synchronous signal pattern 5 and the pattern angle of the
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 ng2apparatus 100 according to the
first enbodiment will be explained. In order to determne 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
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gat te ][ n 5 d lai'z!ﬂ,letS ﬁny%es:j gﬂagdgat he rsﬁcﬁ?n Thevite wq!tt)tratwﬁgs ttﬁe gaﬁdstatat tern
| S or ne on e ea or i ce e or i netic
hend | o arinfbroition SHites: toRiard, he Hds 5ithe N aon Jetrding Mediean L,

t Ee patter Imrdél]gt(li‘brmgdﬁfel madtdwnfdmamm aﬁrﬁmsmw e@ontdct tWith the rmagnem S k

t he POS tion Q Vot act i st ance
renPore! dBedih B, Phikif 3he luct0 388 3 i6hRkd RRE A0 BaHlaBhE
order to dewetspme wmenpaunmam antih éh@fcentw hxﬂeavfomeghat tlprat:em]ens @f thetilt
angle Wit h o gaRatd rdcrdif ?\E YR aﬂa%ﬁe%m&'plaeé hifkctivlly furt her taken

account as a meter ?g sch e tical qh) | at j onshi p. bet ween
the pattern angl E 1§ preferakle r that |’E‘af’?ﬁrn111‘ maﬁ@pt @Fﬁ‘@eémf SeeRrding t he

(rjrast( er 25 E@mrm:: Icz:grﬂmrr Inﬁdﬂuae@nd tshetlmddatucgw%ﬁllB dmwgih?)tl ?Ehe rrwmtat c

|1 S SNOo n I he It a an of

synohr Souat LT B Gt ol el asctide WS Snp Aot rPREAHG VERPOIR ¢ e
i nner ci r cwmfler tmbringdthehmasteranfeaimation emam:emtb cohtaatiwith thesnagnétac

pattern anghg&s dﬁ?ﬁm 1%11 and 32C of the servo signal pattern 7 change as the
radi al position ves io the inner circunference,to the, outer

ci rcunf erence of Ph@edin%% fos| manpfpciuring  theomasngtisgeeprding medivgs t he
rel ati onshigechidingead thHecembblihénolthe Ofrebéist $ﬂmhidiﬂ%l$n§gﬁmﬁi ﬁ@m fern 5
andth radlu f the@ﬁ?ﬁ broken,cyrve in th shows eof
fhe rofdt; GRble scligh o biot, pompbrehie Gd45 4Pt SRR R )
and the ragieuperdiculae B5tht direcihe stmgnebiycan isgigle dbpt yé mmallert thanothe he
first e”bo%é‘ﬁ%mﬁ&%tgﬁ%géng%%}ﬁ} frebt €h ttﬁetn.blﬁuﬁﬁﬁftﬁf é&-hoa{ bi QR0 %”' er

2 and the nmgnetic the direction pe icular to
average di gg@tnioéhe%f h@ﬁé‘”{ﬂ]ﬁ‘é’é@l‘%ﬁa 1e50H by the pattern angl e of the

synchronous si gnatheRafolr€id i pasibleht® ﬂﬂrtl%ihh@fba%h@feﬂi‘bdh&ﬁo@@hﬁﬁ[ﬁb%w e

of the §ervg si gnal att agraph show rel at,. onship
bet woeR0: nESHT BERah PHT R Fenodurett, By 1% BRgRAER , dipdrd iy mpash:
magnet i c f i(imseqpentty,ng wposmhlea:nd)rbheieramagled)i‘c teherding metioor th mdhiclo t he
first enbog lgr%tgl] ia%le r&fSrfha éﬁ% rﬂe &ui€l ationshi p between the

n ie 'S ap

direction i netic and the radi al position when

the direction perlbémr% rabl etfélatrtberﬁﬁhlﬁgs éh%mtwef kinde oferptbenng Heakve s
nmade to :Je k?nd!éls: Ibfapztﬂtgfhs %hc\Mlhé;\Eng al&ifm&ﬂﬁﬁa}]tﬁeﬁn etﬁgtel s appl i ed ?s in thteh
rior n . apP§Cl ssa sho e I iLtio e
Tmgnet 28 i sk andt inbrara th e o aeRat iy e A pirtnkie (BIF in.oRBird
fieldis ap@huhrb@';ompm’paagiwﬂamtof amhdelaqgal direvgiomofithe. dlfec@onscs_hpwmhsgr aph
showi ng. an (fRGLerFRdhel Qﬁvd@ té}n%lnt&gt ndPRESthen hBlidnds

applied by t magnet | c un|t 1 and t rection
per pendi culoipattgrise edge of each of the ferromagnetic thin filmpatterns
?L thle se(r]I vo signgis pﬁiféﬁt‘ble %?éiﬂﬁhé Birestitne i evldul astﬁ@ﬁbtlﬁdiel@wa lied

is ed.an irection of a e
Fad s 307 dha-Gifeitbn §RIE brEht datendd gL i et il phmeth o pihet o
the 20 di r eoeiofdirectivhs chsmahlegtkan ¢thé naglk withapspeddoamothémdirectoon i t he
radi us of t c r3; t of
the mgnet I'he pid KiETLE Aol dR bEARRRRRRPIc I Qi QubE TRIIZHR
applied as Raﬁtetrﬁeﬂftﬁlﬁfﬁ)@f thettwq kindscf paterasdgrespectively) i d I i ne shows t he

di splhaced angl e Q@EM‘Q}?t@fetrBBledtKﬁcﬁhé)&@g&ﬁ:ﬂ%cﬁﬂﬂg ﬁﬂdhhﬁ ﬁdﬂ%ﬁé?étli@f -
synchr a i rectjon.in ch a c fie
2 e poRPen it H B b B ed R oned ha el difFsion of the tudafrii bk
directi on per pend{ereimzftemthdnpreﬂdege inveritiivn s8H\be eipdamedpmithaeferénesmto t he
di rection id@a%é&' a magnetic field is applied.




In FIGS. 10 and 11, the angle shown in the ordinate is expressed wth 30
signed integers. However, regardless of the signs, the |arger the absol ute
val ue of the displaced angle in the direction of the magnetic field is, the
nore significantly the reproduced signal is deteriorated. As shown in FIG
11, in a conventional direction in whichga magnetic field is applied, the
di spl aced angle in the direction of the nagnetic field of the servo signal
pattern 7 is -41 35 degrees when the radius of the disk is 18 nm and the
absol ute value thereof is 41 degrees. On the contrary, in the direction in
whi ch a magnetic field is applied 19 in the first enbodi nent, as shown in
FIG 10, thepdiss m’é?} g e of the servo signal pattern 7 is -20 degrees
and the absol ute ue. thereof is,20 de re Thus, COI’dJ ng to the
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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.



5 1A may have the sane shape as that of the magnetic field applying unit 1
formed of a permanent magnet used in recording preformat information
signals. It is desirable that the nagnetizing direction 23A of the

per manent magnet 1A is opposite to the magnetizing direction 23 of the

per manent magnet 1. Thus, the directionlgaf a magnetic field at the tine of
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22 20A and 20B and a coil 21 wound around one core 20A. Between the pair of
magneti c cores 20A and 20B) a gap 33 along an arc 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 as a
tangent is 5 formed. A | eakage magneticifield 34 is generated tomthe
magnetic core 20A toward the magnetic core 20B beyond the gap 33. Instead
of the coil 21, at |east one of the two cores (20A, 20B) may be nmade of a
per manent magnet to generate a_l eakage magnetic field beyond the gap. 10 In
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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.



Note here, in FIG 14, a bold solid Iine shows a part nade of ferromagnetic
materials such as Co, and the rest shows the part made of non 20
ferromagnetic materials. However) the relationship may be opposite. Herein,
as three patterns having different pattern angles at the sane radi al
position, attention is paid toward the ggnchronous signal pattern 5, the
servo signal pattern 7 and the servo signal pattern 35. The synchronous
signal pattern 5 is forned along the noving orbit of the magnetic head. The
25 nmoving orbit of the magnetic head is an arc haV| ng a pivot axis, 226 of a
head actuator as Nete bem.ecin FiG: e atbeld salid ling ehoys a dardt madenoft he
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field and t eradlaso Int mast er ormat i on magnetic
recordi ng JPpEReiESL BPbﬁDFP@Xo t he second enbodi nent and FIG 19 is a
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t han 64 degxm:bkhe magretijerdisk &int 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
356 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



In other words, the direction in which a nagnetic field is applied in 35
the master information nagnetic recordi ng apparatus according to the second
enbodi ment, as conpared with the conventional direction in which a nagnetic
field is applied, the displaced angle of the servo signal pattern 35 in

25 the direction of the magnetic field hgcones smaller. Consequently, it is
possible to mnimze the phase di sturbance of the signal and the reduction
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
qual i ty of magnefitafiel@pppbiias|wif ok ipprazeilelafo gbe surfacerfgeing themasterne
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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



15 di sk when reproduci ng the magnetic disk recorded by a conventi onal
master information recording apparatus. FIG 23 shows the reproduction

out put of the synchronous signal pattern 5, the servo signal pattern 7 and
the servo signal pattern 35 when a nmagnetic field is applied along the
direction perpendicular to the average 28 direction of the pattern angle of
the servo signal pattern 7 and the pattern angle of the servo signha
pattern 35. FIG 24 shows the reproduction output of the synchronous signal
pattern 5, the servo signal pattern 7 and the servog signal pattern 35 when
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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



i nformati on magnetic recordi ng apparatus and FIG 28 is a graph show ng the
rel ati onshi p between the reproduction output and the radius of the disk

28 when reproduci ng the magnetic di sk recorded by the master information
magneti c recordi ng apparatus. Wien the direction in which a magnetic field
is applied is determ ned by carrying ouiga predeterm ned wei ghing fromthe
inner circunference to 5 the outer circunference so that the displaced
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of the nagnetlc field is made to _be smaller than the displaced angle of the
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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 Therefore, it is possible to adjust the reproduction output along the
radi al position of the magnetic disk so as to satisfy the performnce
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 posppion 25 of the magnetic disk is
expl ai ned. However, the present invention is not limted to this. Wi ghing
expressed by the secondary or higher order equation, various kinds of
arbitrary functions_ or, plurality of functions nmay be enpl oyed. Thus,
accor di ng ttbetnh@gnqtt%dlsﬁﬁ axcund @ epnieraxis 412 of the magnetiodisk whipk izase
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ferromagnetic 5 thext, flsiopan ire FiGe dr, the pdastinglate bh thef magnetiodisk $nal is
sur f ace ?ﬁ%%ﬁ%%*ﬂmméff?%a?%?‘*a"fneffaf'a@?um Cobifectcbn Tho 2000 atepep 01 10
master i nf GPARPRGRIE 46 Ahat s efP.O? glée Shifasnation fagrier |2 rﬁrpaﬁtl@hn is
formed, andhdGaatermoieforimdd ghd th@pﬁeyfoﬂﬁngmhmef@ﬁt}ﬁpmagn@glcadlan@am c
field tlg tg)e fe{lro ne#i:f t.ﬂi}lnafilﬁepattern formed on the surface of the
mast er "I nf Fﬂﬁg sk %t F?léf? Tt he recordi ng surface fornmed on the
magnetic recordi ri\@xtethejml@mn devict d e ghatted. r'é‘husdalmd)erlmdemthemmtdler to

record the ;jphQIdTR earﬁéﬂ@ahﬁd' On&iﬁle@ﬁg eg.%k%'dneuf"% kAR %ﬁ
wherein the ferromagnetic th tern ont e_sur ceo t he
mast or | nf GRRERN BolecH) of éhecraﬁgw%@%k)@ %% Prf‘&hlt%bol@i haof ghegelaptde ent

patterns, gAgie hayiand andhirhessiuridPréssure i@k corsibel shtan poitiba ¥ the
respecEOt o] ntJQS e9'11r1 oclgltnla ﬂ)nocfar}u%% 2reI ative novenent between the nagnetic head

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 contact

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

rotation 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



nounted on an armand the rotating nagnetic recording nedium and 20 the
menber for applying a magnetic field applies the magnetic field along the
direction which is perpendicular to the direction shown by an angle that is
smal l er than the maxi num pattern angle anong the not | ess than two ki nds of
patterns, and that is larger than the m2ai nrum pattern angl e anong t he not

| ess than two kinds of patterns. 25 2. The master information magnetic
recordi ng apparatus according to claim1l, wherein the not |less than two

ki nds of patterns are two kinds of patterns each having a different pattern
angle. 30 Fiski8e naster information magnetic recordi ng apparatus according
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of the upper mast e nfornatl rr| er, a connecti ng
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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 recording apparatus enabling the highly reliable 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
limited 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



11. The master information magnetic recordi ng apparatus according to claim
10, wherein the master information carrier facing nenber further 33
conprises an elastic plate provided between the |ower flange and the
magnetic recording nedium 12. The nmaster information magnetic recording
apparatus according to 5 claim 11, whergpn center holes are forned at the
centers of the magnetic recording nmedium and the el astic nenber
respectively 13. The master information magnetic recordi ng appar at us
according to claim 12, further conprising a suction device for _draw ng the
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(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 is opposite to that of the servo signal pattern 7. As a result, when the

magnetic head moves toward the external side of the magnetic disk, the

phase of the reproducing signal tends to be late in the servo signal pattern 7



10 17. The nethod according to claim 15, wherein the direction in which
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 anmong the not |ess than two kinds of patterns. 15 18. The net hod
according to claim 16, wherein the direggion in which 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 Eerpendlcular 20 t he
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ervo s1gnal pattern and t e 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.



wWi[M!y', 3#10% 10RR 10RR
10RR! ~* | 3#10%RR&' () -!y0, 3#109ME ()-!y", 3#10%& ()-!0, 3#10%W&' () -

1" }[OM It , $10%H& ()-!p, $109DD& () -, 10%& ()-! @109%& ()- ! @10%& () -
Ss109&' ()-[Xv  zXJ<!! 10MM

10MM y ", 2#109ME () - &t , 2#10%HH () - & 24#109&' ()- & ~, (#109UR& ()- &'t , $1
0%HH&" () - 1" $g$l I+ @B #109&' ()-F f @ #10%8&&' ()-F k[ @B

#10%+& () -FIk@ #10% ()-F' Q! 10%& () -f10% () -

1OMV$SE %88 ' zX6+ @ @ #109%& () - k™ @ #10%+& () - ! p@ #10900& () -! k* @#10%+
& ()-! k[ @#10%+&10) - mw&e()grapl{l( g5blyg e mm mobetwyen thespattem

13?}%‘\/2/@%# 3% s (yi%cgt(h@%@a{@oﬂa léﬁ@cﬁﬁpﬁﬁﬁ a@ﬁe;;ixfé@ﬁ&@?(@rédnﬁ of thé disk."
p@10%0& (e patdenn e)s 3{%#8£§&&1%151 3{0 the synci&onous signal pattern 5
8/ 01p223' 4¢hi3NEY bt A1 1adHd §obition! m@é@%&n( the lnine@elfviadRrdrce toQEE e () -
(&IOR8 o SR e NG b g o Bhdy i HETE Ui
pattern angles 32A, 32B, and 32C of the servo s1gnal pattern 7 change as the
radial position moves from the inner circumference to the outer circumference
of the disk as shown in a broken curve shown in FIG. 16.

The pattern angles 36A, 36B, and 36C of the servo signal pattern 35

10 change as the radial position moves from the inner circumference to the outer
circumference of the disk as shown in another broken curve shown in FIG.
16.

FIG. 17 is a graph showing the relationship between the direction in
which a magnetic field is applied by another permanent magnet provided for

15 the master information magnetic recording apparatus and the radius of the
disk. The direction in which a magnetic field is applied is a direction
perpendicular to the direction of the average direction of the pattern angle of
the synchronous signal pattern 5, the pattern angle of the servo signal
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 information 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 servo signal pattern 35 in
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In order to make the direction in which a magnetic field is applied to

be the direction of the normal to the line showing the average direction of the
pattern angles of the synchronous signal pattern 5, the servo signal pattern 7
and the servo signal pattern 35 as mentioned above, in the permanent

10 magnet constituting the magnetic field applying unit 1 shown in FIG. 2, one
side 24 of the permanent magnet may be formed so that it has a line showing
the average direction of the pattern angles of the synchronous signal pattern
5, the servo signal pattern 7, and the servo signal pattern 35 as a tangent.
Alternately, in the magnetic field applying unit 1B shown in FIG. 13, the

15 center line of the gap 33 facing the master information carrier 2 is allowed to
coincide with the tangent showing the direction of the average direction of the
pattern angles of the synchronous signal pattern 5, the servo signal pattern 7,
and the servo signal pattern 35. At this time, as the means for generating a
magnetic field, a permanent magnet may be used instead of coil 21.

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.
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5 angle between the reproducing angle and the pattern; and the ordinate shows
the reproducing performance, As the displaced angle between the
reproducing gap and the pattern becomes larger, the reproducing
performance is lowered.

FIG. 23 is a graph showing the relationship between the reproduction

10 output and the radius of the disk when reproducing the magnetic disk
recorded, using the distribution of directions in which a magnetic field is
applied shown in FIG. 20, by the master information magnetic recording
apparatus according to the third embodiment. FIG. 24 is a graph showing
the relationship between the reproducing performance and the radius of the

15  disk when reproducing the magnetic disk recorded by a conventional master
information recording apparatus.

FIG. 23 shows the reproduction output of the synchronous signal
pattern 5, the servo signal pattern 7 and the servo signal pattern 35 when a
magnetic field is applied along the direction perpendicular to the average

20 direction of the pattern angle of the servo signal pattern 7 and the pattern
angle of the servo signal pattern 35. FIG. 24 shows the reproduction output
of the synchronous signal pattern 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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As shown in the above-mentioned FIG. 19, in a conventional direction
in which a magnetic field is applied, the displaced angle of the servo signal
pattern 35 becomes 64 degrees when the radius is 46 mm. On the other

10 hand, in the direction in which a magnetic field is applied in the third
embodiment, the displaced angle between the servo signal pattern 7 and the
servo signal pattern 35 becomes maximum as shown in FIG. 25, when the
radius is 46 mm. However, even at this time, the displaced angles are
reduced to about 42 degrees respectively, which are much smaller angles than

15 64 degrees in the prior art.

In other words, in the direction in which a magnetic field is applied in
the master information magnetic recording apparatus according to the third
embodiment, as compared 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 use. 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
gignal 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
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, #10%WE' ( bysedrirying pil alprddeter@fined weighing from the inner circumference to
5 the outer circumference so that the displaced angle of the pattern angle of the
servo signal pattern 35 in the direction of the magnetic field is made to be
smaller than the displaced angle of the pattern angle of the servo signal
pattern 7 in the direction of the magnetic field, the direction in which a
magnetic field is applied is shown by a curve in FIG. 26. The displaced

10 angles of the servo signal pattern 7, servo signal pattern 35 and the
synchronous signal pattern 5 are shown by curves in FIG. 27, respectively.
The reproduction outputs of the servo signal pattern 7, servo signal pattern
35 and the synchronous signal pattern 5 are shown by curves in FIG. 28,
respectively.

15 As shown by a curve in FIG. 23 mentioned above in which a magnetic
field is applied in the simple average direction, the reproduction output of the
servo signal pattern 35, which is 0.5 and is lower than that of the servo signal
pattern 7 when the radius of the disk is 46 mm, can be improved to 0.6 as
shown in FIG. 28, 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 Embodiment)

FIG. 29 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 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
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displaced angle of the servo signal pattern 35 in the direction of the magnetic
field is smaller than the displaced angle of the servo signal pattern 7 in the
direction of the magnetic field.
Thus, when the direction in which a magnetic field is applied is
10 determined at the inner circumference of the magnetic disk by carrying out
the weighting so that the displaced 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
improve the reproduction output of the servo signal pattern 7 having the
15  lowest reproduction output at the inner circumference of the magnetic disk.
By finely defining the weighing along the radial direction of the
magnetic disk, it is possible to improve the minimum output of each pattern
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 plurality 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
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as illustrative and not restrictive, the scope of the invention being indicated

by the appended claims rather than by the foregoing description, all changes

that come within the meaning and range of equivalency of the claims are

intended to be embraced therein.
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a master information carrier having a surface on which a ferromagnetic
5 thin film pattern corresponding to an information signal is formed,

a master information carrier facing member for allowing a recording
surface formed on a magnetic recording medium to face the surface of the
master information carrier on which the ferromagnetic thin film pattern is
formed, and

10 a magnetic field applying member for applying a magnetic field to the
ferromagnetic thin film pattern formed on the surface of the master
information carrier that faces the recording surface formed on the magnetic
recording medium and to the magnetic recording medium in order to record
the information signals into the magnetic recording medium,

15 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, 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 angle 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
claims 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
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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.

5. The master information magnetic recording apparatus according to claim
4, wherein the magnetic recording medium is a magnetic disk, and the weight
changes along the radial direction of the magnetic disk.

10 6. The master information magnetic recording apparatus according to claim
1, wherein the member for applying a magnetic field comprises a permanent
magnet.

7. The master information magnetic recording apparatus according to claim

15 6, wherein the permanent magnet is provided with a facing surface that faces
the master information carrier, and the facing surface is 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.

9. The master information magnetic recording 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
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13. The master information magnetic recording apparatus according to
claim 12, further comprising a suction device for drawing the master
10 information carrier toward the side of the information recording medium in
order to bring the master information carrier into contact with the magnetic
recording medium,
wherein the suction device is provided with an exhaust duct so as to
communicate with the center holes formed at the centers of the magnetic
15 recording medium and the elastic plate, respectively.

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 surface 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
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16. The method according to claim 15, wherein the not less than two kind
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
magnetic field is applied is a direction perpendicular to an average directio
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.

A4

p

19. The method according to claim 18, wherein the magnetic recording

p

medium is a magnetic disk, and the weight changes along the radial direction
25  of the magnetic disk.




