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1 TI TLE OF THE | NVENTI ON MAGNETI C D
NAGNETI C DI SK APPARATUS PROVIDED W TH THE SAI\/E mw“I““m‘\“““mmmm
BACKGROUND OF THE I NVENTION 5 This invention rela
to a magnetic disk and a magnetic disk apparatus  *iso159*
provided with the same. In recent years, nagnetic di sk
appar at uses have been wi dely used as exte

evi ces. I n general, a 10 magnat ¢ o SEgZpLZ?QI R

conprises a case in the form of a rectangul ar box. *G00002*
The case contains a MEFHd iQF THESKNVENTUSE as a
magneti ¢ recordi ng medium a spindle notor that
suppYPENEIARE PIBAL 88Dt NAGHESKC RaGHe APCARASAEs HROVIDED

and reading information to and from 15 the
d|skWIgﬁdTgEhéégEactuator that supports the heads for
novenent with resp case further

contai ns a voice cﬁgéKég?%QstﬂgtT?%téwggNgﬁaN
o |28 DR BT R 1 R B o
magnetic disk apparatus provided with the same.

In recent years, magnetic disk apparatuses have
been widely used as external recording devices of
computers and image recording devices. In general, a
magnetic disk apparatus comprises a case in the form
of a rectangular box. The case contains a magnetic
disk for use as a magnetic recording medium, a spindle
motor that supports and rotates the disk, magnetic
heads for writing and reading information to and from
the disk, and a head actuator that supports the heads
for movement with respect to the disk. The case
further contains a voice coil motor that rotates and
positions the head actuator, a board unit that has a
head IC and the like, etc. A printed circuit board
for controlling the respective operations of the
spindle motor, voice coil motor, and magnetic heads
through the board unit is screwed to the outer surface
of the case.

Further miniaturization of magnetic disk
apparatuses has recently been advanced so that they
can be used as recording devices for a wider variety

of electronic apparatuses, or smaller-sized electronic
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20 for controlling the respective operations of the

spi ndl e notor, voice coil notor, and magnetic heads
through the board unit is screwed to the outer surface
of the case. Further mniaturization of magnetic disk

25 appar atuses has recently been advanced so that they
can be used as recording devices for a wder variety

of el ectronic apparatuses, of skalter-sized electronic
apparatuses in particular. Accordingly, magnetic

di sks are expected to be further reduced in size and
enhaappdrahusesoidi pgrdénsiby. Prepesednyly)pragRatic
Appl n. KOKAI Publication No. 2003-22634, for exanple,

5 |sdashﬁgﬁéﬁlexgegkedftbhéeséucahbedrddscedténtBaab and
recording (DTR) type, as a magnetic disk that is

smal PRRpREEYahY éﬁ@@F@énﬁléﬁnééﬁyltyPIQEQSadngn Jhihs Pat.

DTR t k_ha f d et
ot chPRIT Ig?gléinPPEib O anatpe Popanaceas; Sosocxanple,
t T th t di sk
o Es %ﬁ{‘ig%regfoﬁ i3 §?n§5 ehdorhalhgt: i fehcrepEaagk-
|

oo ge88dn ngg?aeggég ool fRaReLYS dRLR BhEL 45,

datasmf&iaégﬁeﬂugpﬁreHEuPEQJﬁ?%hoaéngiigaggggkaiﬁg. This
cor t he

tracks are forned on the data region

DTR pegneideediskdderchhbedy @QQV§urEQ§e§dJ§ﬁ§n5 magnetic
magnetic tracks are divided %y recesses, so

crossaaékibet veen the ﬁé@ﬁ.@ﬁiﬁat&f@§k§o§ﬂ8db§n its

prevented to ensure high-density
projections. The surfaces of the magnetic disk are
rugged and previously formed having patterned regions,
including a servo region to which servo data are
recorded and a data region to which a user can record
data. A large number of projections or magnetic
tracks are formed on the data region.

According to the DTR magnetic disk described
above, the adjacent magnetic tracks are divided by
recesses, so that crosstalk between the magnetic
tracks can be prevented to ensure high-density
recording. In the DTR magnetic disk, the magnetic
tracks are distributed at a high density such that
their pitch is not lower than the visible light
wavelength. Therefore, rainbows such as interference
fringes cannot be seen, so that a recording su?face of
the magnetic disk cannot be recognized visually.

On the other hand, the magnetic disk is mounted

on the spindle motor of the magnetic disk apparatus
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20 recording. In the DIR magnetic disk, the magnetic
tracks are distributed at a high density such that

their pitch is not |ower than the visible |ight

wavel engt h. Therefore, rainbows such as interference
fringes cannot be seen, so that a recording surface of
25 the magnetic di sk cannot be recogni zed visually. On
the other hand, the magnetic-di3k s nounted on the
spindl e notor of the nmagnetic di sk apparatus and
rotated at high speed. Accordingly, to execute
accupatierptetrdi rg andhr epeeduct Berordiegiggneld @xecute
tracks of the magnetic di sk nust be concentrically

posi BFeHEdtat regerdengenndf reptratiuonioh,t @ es piandles 1T
nmotor. However, as described above, since it is

i npo5§pBkE P& Gheumppperécogiskemilis rgsenicentracid 1y
and 1 he, ecorﬁLn surface of the magnetic disk, it is

di f fPRatt1PBe éguFEetﬁ@néééeﬁ?rF@F?§l@ﬂ Ple thegsedingle

t th |.ndl tor. £ [t, it is 10,

i 111 2PE- L o BAPUSL” (A8, BREFEF DR CoP CERE  nAGREE & sl
A POSPErBice GRER ¢ i

ani ohr OB Eoh et T ke Bbahiae TR bnet 8 tracks

posi 4h@ntRY 2668EAENgOLuLREABgRELLE Hsgﬂétﬁg WSk, it is
magneti ¢ di sk and execution of access at high speed.

15 BR£F1 SUMARY fEadtibe! WENELOR + PR PLE8@Nthe magnetic
invention is contrived in consideration of the above

ci r cunastlnces, thadspisdlebineebris he prevkdetd it is
magneti ¢ di sk which permts the eccentricity of
magneifEiendheksot adfeseasheypaosasiioadof the magnetic disk
to minimize the eccentricity of the magnetic tracks,
which is an obstacle for improvement of the
positioning accuracy of the magnetic heads to the
magnetic disk and execution of access at high speed.
BRIEF SUMMARY OF THE INVENTION
The present invention is contrived in
consideration of the above circumstanbes, and its
object is to provide a magnetic disk which permits the
eccentricity of magnetic tracks to be easily measured
visually and the like so that the positioning accuracy
of magnetic heads can be improved, access can be
executed at high speed, and a recording density can be
improved, and to provide a magnetic disk apparatus
including the magnetic disk.
According to an aspect of the invention, there is

provided a magnetic disk comprising: a flat disk-

shaped substrate having a front surface, a back
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20 visually and the |like so that the positioning
accuracy of nmagnetic heads can be inproved, access

can be executed at high speed, and a recording

density can be inproved, and to provide a magnetic

di sk apparatus including the magnetic disk. 25
According to an aspect of the invention, there is

provi ded a magnetic disk comprising: a flat disk-
shaped substrate having a front surface, a back
surface, and a center hole; and a recording region
formedrbacat hkedst ometefr hbhéefrantl andebaekiagr fragesn
excl udi ng an annul ar edge portion | ocated around an

out efopeefpherar édgetponei ofi thet fisostbshdabecandusfaces
patterned dependi ng on the presence of a magnetic

nat ePFalUdiRg RBCANBNAGTT B§DBNPPAEL AT Agcateadt around an
record'ng regi on fornmed between the center hol e and
the GBS BOFLPBATSf PHECSHBELLAReOTanhanAUPEELFARIRAY

regi on, 10 forned continuous to the data_recording.
regigﬁt%%FB%ﬁgg?R%n b?%rOBe#%ﬁhgfﬁsﬁPthSfdﬁtQagne%lc

recopding; ,yegion, and a plurality of servo regions;
and the data’ recording region having a plurality of

magnetic tpackscoeytggdi-ngibA %nEhﬁS%HBeEeHEE§|éecording

direction of the 15 sUbstrate, respectively, an

providgtoh nféheed afétheetli tREt LOALEE hBEeSHRAt EALCALe
a predetermned pitch, and the recording region

i nclpdrogoa pfuthéi syostratecogni bhanlbratkadexyerdyign

in the circunferential direction of the substrate,

r espéerne@l| gombinaoushgeto the data recording region
around the outer periphery of the data recording
region, and a plurality of servo regions; and the data
recording region having a plurality of magnetic tracks
extending in a circumferential direction of the
substrate, respectively, and provided in the radial
direction of the substrate at a predetermined pitch,
and the recording region including a plurality of
recognition tracks extending in the circumferential
direction of the substrate, respectively and arranged
in the radial direction of the substrate
concentrically with the magnetic tracks at a visually
recognizable pitch larger than the pitch of the
magnetic tracks of the data recording region.

According to another aspect of the invention,
there is provided a magnetic disk apparatus
comprising: a magnetic disk acéording to claim 1; a

drive unit which supports the magnetic disk and
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20 in the radial direction of the substrate
concentrically wth the magnetic tracks at a visually
recogni zabl e pitch larger than the pitch of the

magnetic tracks of the data recording region.

Accordi ng to anot her aspect of the invention, 25

there is provided a nmagnetic di sk apparat us

conprising: a magnetic disk accerding to claiml; a
drive unit which supports the magnetic di sk and

rotates it at a predeterm ned speed; a head which

per f ponstenf ot mati anppedeesshigetiosptba; MagRebHCwHi sk;
and a head actuator which noves the head in a radia

di reperbarmet hnfespettionoptrheesadngt fordthak. magnetic disk;
Addi ti onal objects and advantages of the invention
willand achepdreftiatohewlésbr npveentihki bhadf ohl ewsadial
and in part will be obvious fromthe description, or
may PereebtARdvbyhpraePree 5P the mpgvehirodisihe

obj ects a advant ages .of the 10 invention may be
real i zed gﬁalg595Fieag5§Cﬁﬁaﬁgdoﬁdyﬁgtages of” the

: g q : i or ticularly |
oo ot STERL PO EF 208 FRLERELhORE BRELBEN: Eibtign wicn
SEVE ) '
dramf%%é%@§%$%ﬁga%EE?%%%Y%gggt%geoggggﬁgggﬁbﬁggg?itute

a Daﬂés@fié®§o§P68£fﬁ§9tBQ”leBk%ﬁét%gtgrSEPQPE”E?tﬁth

the invention, and together w t ener a o
descihpénonogi verhabengcand Lhe age&ﬁthgésd8§0£h@t'0n

of the enbodi nents given below, serve fo explain the
priniypdesiof nae baveasldned and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments giﬁen below,
serve to explain the principles of the invention.
FIGS. 1A and 1B are plan views showing a front
surface pattern and a back surface pattern of a
magnetic disk according to an embodiment of the
present invention;
FIG. 2 is an enlarged perspective view partly in
cross section showing a data recording region of the

magnetic disk;

FIG. 3 is a plan view of a data recording region,
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20 FIGS. 1A and 1B are plan views show ng a front
surface pattern and a back surface pattern of a
magnetic di sk according to an enbodi ment of the
present invention; FIG 2 is an enlarged perspective
view partly in 25 cross section showi ng a data
recording region of the magnetic disk; FIG 3 is a
plan view of a data recording reégi en, servo regions,
and a landing region of the magnetic disk; FIG 4 is
an enl arged plan view schematically showing the

| andiseg vicegiegrions,Fla@Gd & il&rﬁli\tigeWeSﬁhﬁmaiﬂ o;qié Ynagnetic
showi ng the servo regions of the nmagnetic disk; FIG

6 i sdds;ew schematical ly showing the optical
reflectance of a data recording region and a servo
regi on patittérn ‘oft &t ke ragrraideas dilsin ViGWIsGhehatsi gl ly
expl oged .Ber s?‘ecéi ve view showing a hard disk drive
(her 8PRAF0Er *FREf éAPEd G0 Y8919/ HDD) according to an

enbodi nmen f tthe present inyention; FIG 8 is a block
di agr am s?%%ﬁatsi cal By V§F&M5ﬁé‘e%%1§1¥geﬁwlr}ﬁ e servo

HDD; r;‘éiggﬁ f/’% igﬁeamgiSQEEq!ce\égtSi qQnal view

schemafi OW n | nspeé‘t’i on device for

det ecti ngrtrlte ceGGeRt KiiGht %c%fe_n{a@%.lc'ﬁgﬁptgh%ﬂnﬁf;thaend

FIG 10 is a plan view schenmatically show ng a

I Nnspeptiealpre¢esstdscagolrhg bﬁ%ﬁe%hh%&dQ%ﬁi%%gion and a
servo region pattern of the magnetic disk;

FIG. 7 is an exploded perspective view showing a
hard disk drive (hereinafter referred to as an HDD)
according to an embodiment of the present invention;

FIG. 8 is a block diagram schematically showing
an arrangement of the HDD;

FIG. 8 is a side elevational view schematically
showing an inspection device for detecting the
eccentricity of the magnetic disk; and

FIG. 10 is a plan view schematically showing an
inspection process using the inspection device.

DETAILED DESCRIPTION OF THE INVENTION

A magnetic disk according to an embodiment of
this invention will now be described in detail with
reference to the accompanying drawings.

As shown in FIGS. 1A, 1B and 2, a magnetic disk
50 according to the present embodiment comprises a

substrate 54 in the form of a flat disk having a-

center hole 52 and recording layers 56 formed on at
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20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A magneti c

di sk according to an enbodi nent of this invention
will now be described in detail with reference to the
acconpanyi ng drawi ngs. As shown in FIGS. 1A, 1B and 2,
a magnetic disk 25 50 according to the present

enbodi nent conprises a substrate 54 in the formof a
flat disk having a center hel e752-and recording

| ayers 56 fornmed on at |east one surface of the
substrate (front and back surfaces of the substrate

in thesstasep. shachcef ctheher ee®sdirag el a¥eLs t56.n MYk
constitutes a recording region, has the formof a
ri ngsusdpcesarifathy csobertsabealin thesaceaeof. t Bach of the
substrate 54 except its inner and outer periphera
edge FF6PEFORY. 1BYER ST Sé0r HhAgh apastis@ties foreedrofing
ferronagnetl mat eri al , 8% CoCrPt, and is

ehé

pat t 8FA&RD T 6§efP€gﬁ8ﬁ§ o ;Eéyéigtwﬁpéﬁlﬁégé gEVers
Wi nonnagnet i ¢

e EASS: 5%359%2%;%5& S eRe o34l BrReP i Bast fger and

di sk an serves

pgfpeﬁgécﬁ %?YﬁagggiugdaeigpalﬁﬁnsTheEﬁﬁén5?F8rgﬁgﬁ ggver

is fogned asrfeBTRr d%%?&ngbﬁ%t}érﬁQ?@§l lpa grn of

the recording Iayer ont SI

dlSkC5@rPElGén$51§h9$§t€rﬁéﬁter@hegetQ@ L 8y ro§6tﬂg gayer
the back side of the disk 50. Roughly spea i ng, eac

pat t ehicbf hahe ﬁecmagneglclﬁueér5ﬁlla%bugﬁilédd@&%h a

recording region 58, a I|anding region 57, and

pl urabnnggoétsermoterial, e.g., SiOp. Thus, the resulting
magnetic disk has a leveled surface and serves for
perpendicular magnetic recording.

The magnetic disk 50 is formed as a DTR medium.
FIG. 1A shows a pattern of the recording layer 56 on
the front side of the disk 50. FIG. 1B shows a
pattern of the layer 56 on the back side of the disk
50. Roughly speaking, each pattern of the recording
layer 56 includes a data recording region 58, a
landing region 57, and a plurality of servo
regions 60.

As shown in FIG. 2, the substrate 54 is formed of
glass, for example, and has a base layer (SUL) 66 on
each of its front and back surfaces. The substrate 54
may be formed of aluminum in place of glass. Patterns
of the data recording region 58 and the servo regions

60 are formed on each base layer 66.

The data recording region 58 forms a recording
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20 regions 60. As shown in FIG 2, the substrate 54 is
formed of glass, for exanple, and has a base |ayer

(SUL) 66 on each of its front and back surfaces. The

substrate 54 may be fornmed of alum numin place of
glass. Patterns 25 of the data recording region 58 and
the servo regions 60 are forned on each base |ayer
66. The data recording region 58 ferns a recording

regi on where user data are recorded and reproduced by

a head of a nmagnetic disk apparatus (mentioned later),
and rﬁéipatWéemeoﬁseheddaaaamecmbdbm@eﬁe@m@nr&@ﬂdﬁuced by
conposed of projections of a nagnetic nmaterial on the

5 suffBgadoPtt Remagbstiat di5%. apbreaspecilfiendlioned Rater),

data_recording region 58 has a plurality of circul ar

ri ng?g aﬁéﬁ H%ﬁﬁ@FPcofrEBEsdGEatﬁﬁ?0§§ﬂ@§ gegion 58 is
erpendj cul gr recording.layers of a ferromagnetic

et er P APOTEACP E4ohAghét

mat ef P al °C Pt PLOTRE gRét Bc"@PREkd CoPagpgiaipgon the

rra bstapt i al gaxiakly wth the center . _hole
o e b s e e e MM e Poae Lo o idak the
itc TPei he I ad] digegtio ..substrate
B he magea ey AHe B2 Phar "ad) B T ERe Srad e 1ar
15 ditegtsbaped hagnéﬁbétE@&@k§46§fﬁhgkvb@$@eb¥s
nonmagnetic guard belt portions 64 in the formof
recessesehdiwvhieh dateraangolabereeedr dede rfepagaerd c

to the present enbodinent, Si02 is inplanted in"the

nonmagheriel gl@edrbelt pBhébenmaGdethcorderkkosbeuek
arranged substantially coaxially with the center
hole 52 and side by side at predetermined periods or
track pitches Tp in the radial direction of the
substrate 54,

The magnetic tracks 62 that adjoin in the radial
direction of the substrate 54 '‘are divided by
nonmagnetic guard belt portions 64 in the form of
recesses to which data cannot be recorded. According
to the present embodiment, SiOp is implanted in the
nonmagnetic guard belt portions 64 in order to level
the disk surface. Further, a thin carbon protective
film is formed on the magnetic disk surface, and it is
Coated with a lubricant. A protective layer may be
formed directly on the ifregular surface without
embedding the guard belt portions 64 in the surface.

A radial width Tw of each magnetic track 62 that
extends in the radial direction of the substrate 54 is

larger than a width TN of each nonmagnetic guard belt
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20 the disk surface. Further, a thin carbon protective
filmis formed on the magnetic disk surface, and it is
coated with a lubricant. A protective |ayer nmay be

fornmed directly on the irregular surface w thout
enbeddi ng the guard belt portions 64 in the surface.

25 Aradial width Tw of each nagnetic track 62 that
extends in the radial direct+ongof-the substrate 54 is
larger than a width TN of each nonmagnetic guard belt
portion 64. In the present enbodi ment, the ratio of

t he padtabnwedt h ofi enehpregeeti embbackeb?,t @hthat @b of
each nonmagnetic guard belt portion 64 is 2:1, and the
patt ERA shdipé wadahrefordrhgmeggeonc58rhak a2magnehiae of
S occupancy of 67% Since the data recording -region

58 RashalANPAIPEhER aABAsHt Dedkcpedingnlsd kFPR;1fornd the

CharBLPeRiccEoghal ypelt eoncpely a5 CLrsck pich) TR I
(o hmperact o LSslem Rl g S estLon Y o
SC IR (e PEBOELL, Sakoatn S ShoMcn Bl

o msplahene £8Gio ropbLoupueLY;dhangeedp i 1

the smskeer ofhdheas eflgeipper 1i§nt 5afav;fbsngéﬁqi n@gﬁggi gn
57 forms a region in which the heads ar oaded o

and ual mackedpd t oarh hehatagaet b emdisKyS0igRtt B€f fraction by
magneti ¢ di sk apparatus described |ater.
the magnetic tracks 62 cannot be visually recognized
in the magnetic disk 50.

As shown in FIGS. 1A, 1B, 3, and 4, the landing
region 57 is formed in an annular shape and
continuously disposed around the outer periphery of
the data recording region 58 on the inside of the edge
portion 51. The landing region 57 forms a region in
which the heads are loaded on and unloaded from the
magnetic disk 50 in the magnetic disk apparatus
described later.

The pattern of the landing region 57 is composed
essentially of a convex portion formed of a magnetic
substance on the surface of the substrate 54. More
specifically, the landing region 57 is formed of a
ferromagnetic material (CoCrPt) likewise the magnetic
tracks 62 of the data recording region 58 and has a
plurality of annular magnetic tracks 70 that are

concentric with the magnetic tracks 62 of the data
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20 The pattern of the |anding region 57 is conposed
essentially of a convex portion fornmed of a magnetic
substance on the surface of the substrate 54. More
specifically, the landing region 57 is formed of a
ferromagnetic material (CoCrPt) |ikew se the nagnetic
25 tracks 62 of the data recording region 58 and has a
plurality of annul ar magneti€ t¥@cks 70 that are
concentric with the magnetic tracks 62 of the data 10
recording region 58. A plurality of tracks of the
magnéeceordiagkgeploncdBst it ute recognition tracks 70A.
The recognition tracks 70A is forned to the.entlre
regi on or PapPdamaléftys athd daanidi mf rtdgi amdbiktand tracks 70
arranged at a predetermned pitch TLp wider than the
radiSgnﬁFﬂEHt?prSFoﬁﬁétl@@gﬁéﬁpéstﬁ@@ks ?@eoﬁepbgnd&u@n
recording region 58. The radial width of a
recoéﬁ? %Snggégﬁﬁn§§§mF rﬁ@dtﬁﬁdepﬁéiglEﬁgﬁgfzofaatpart of
Lti . ac 70A is formed to a.w a ,
can Bae,tR4ERE° Faldh S2aeRroR TaeBuBre ot SopRpgR Cormined

ot nep ot Rob HaneF " BFPR. Fe, apRadchuPEhCaB bntetan

other in ther rection aré sepa Sch

OthemaQMeﬁganﬁgﬁékEC69U6Edt9@!Bétzzrgéggﬁ9§§F3§§90%SP8.

essentially of a concave portion to whic . anno
be renerdediadcnoadhngrte thecBheseBh %EBQBhWE@tfgrmed by

Si02 is buried in the respective nonnagnéti c guar

bel tshg2plorabkeyt bé deskgateiasetkhaks 70A is formed to
a width that can be visually recognized, for example,
50 pm or more.

Recognition tracks 70A disposed adjacent to each
other in the radial direction are separated from each
other by nonmagnetic guard belts 72 each composed
essentially of a concave portion to which data cannot
be recorded. According to the present embodiment,
Si02 is buried in the respective nonmagnetic guard
belts 72 to make the disk surface flat.

The radial width TLw of the respective
recognition tracks 70A disposed in the radial
direction of the substrate 54 is set equal to, for
example, the track width TW of the magnetic tracks 62.
However, TW need not be necessarily equal to TLw
because a rainbow pattern to be generated is
determined by the ratio of the width TLw of the
recognition tracks to the track pitch TLp of the

recognition tracks 70A.
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The radial width TLw of the respective 20 recognition
tracks 70A disposed in the radial direction of the
substrate 54 is set equal to, for exanple, the track

wi dth TWof the magnetic tracks 62. However, TWneed

not be necessarily equal to TLw because a rainbow
pattern to be generated is 25 determ ned by the ratio

of the wwdth TLw of the recogniltion tracks to the

track pitch TLp of the recognition tracks 70A. - 11

Wien the track pitch TLp of the recognition tracks

70A is foltfen ttdie floradxanipia) QY ofin tlsd neecodhiet ion
diffracted |ight obtained fromlight having a wave

| engft¥ 36K S500Pnmsaf@raed el ddnr ain@lnleﬂcﬁ,f B?SCHgmea[ﬂr&e
at a_ _posit,i having .a refl ection angle o .6,

can evi%tf%lr}la)?treéjcg ﬁihfe@.btﬁsl%cfrﬁ%g%ﬁvé}awm a wave
recognition tr s 70A_which are formed . in a | ow
densggbggﬁdo§a§%§en@i?@51Pﬁ rEGIGT Fe @ dddh He Afsearrgars

; ' t he entr.icit f t o . .
mgnet & Eragk 60 o ehe darE TEReraGNoag Gif 4. s it
ShOMBahnbE|G@su&él?ﬂge%%gﬁEQe%h the @k@%}iigﬁp%%ove, the
magnetic tracks 62 formed in the data recording

regi @eacbgnandohhe rbickg- soapednrranatieC ks 170 lOf
formed in the [anding region 57 are sectored in the 15

ci rcdeheiént ball danebti ot sokllke rewbsriad, 540y @ sed as

plurality of servo region patterns 60. In these _

drawfngattene darameesurdinggthegieernehd raed tiyhe fl andi ng
magnetic track 62 of the data recording region 58,

As shown in FIGS. 1A and 1B and 3, the ring-
shaped magnetic tracks 62 formed in the data recording
region 58 and the ring-shaped magnetic tracks 70
formed in the landing region 57 are sectored in the
circumferential direction of the substrate 54 by the
plurality of servo region patterns 60. In these
drawings, the data recording region 58 and the landing
region 57 are shown to be divided in fifteen sectors.
Actually, however, the data recording region 58 is
divided in 100 servo sectors or more.

Each servo region 60 is a prebid region in which
necessary information for positioning the head of the
magnetic disk apparatus is implanted in a magnetic or
nonmagnetic manner. The pattern of each servo region
60 has an arcuate shape that coincides with a movement
path of the head. Further, each servo region 60 has a

circumferentially extended pattern such that its
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region 57 are shown to be divided in fifteen sectors.
Actual ly, however, the data recording region 58 is 20
divided in 100 servo sectors or nore. Each servo
region 60 is a prebid region in which necessary
informati on for positioning the head of the magnetic
di sk apparatus is inplanted in a magnetic or
nonmagneti ¢ manner. The patt-erm»f €ach servo region
25 60 has an arcuate shape that coincides with a
novenent path of the head. Further, each servo region

60 has reundieremtienentiraithy aaomendest RAMEIT W Mt the
its 12 circunferential length along the circunference

of tREbssusster Stie 154 rencrsades proppreient iten the theiial
radial  position on the substrate, that is, a region
on tﬁ@Slé&P@rOﬁeﬁhﬁhémébtgﬁd@,oﬁhame1$ubstm@@admson the

Ionger The 5 servo _regions 60 of the front-side
r ecoPHitfg P§§éPh§Ga10§lﬁﬁe°§uﬁ§ﬁr@P@S$¢aéﬁdlﬁhéogeewo The

regi 0_of .the de recording |ayer 56 are
arraggzgg'regﬁppgr ﬁ o?b§r§rpﬁtfﬁéd€|F@&ﬁﬁ@ﬂ@ﬁtﬂéwer 56

G 15K gRe EbaSxaBR! 81 0° cBRLELES SR ANE.T AN o

si de are arrange

dlr355b9051@€drEE8§81$ﬁuﬁg§eEa§% Sl geaﬁéanpg i dhe ddf ferent

cl ockwi se direction e record

the orgsesi endisk 50 Daxeep o i c gaterial
shapes, one on the front glgéEg%g géﬁg?%ggkon ?ﬁ& example,

backthd5péneeofst ba ﬁBéV@rbﬁE|§E§e6Qr@”EErQQé@Bein the
described in detail with reference to
counterclockwise direction, and those on the back side
in the clockwise direction. Thus, the recording
regions of the magnetic disk 50 have patterned
magnetic material shapes, one on the front side and
another on the back.

One of the servo regions 60 will now be described
in detail with reference to FIG. 5.

FIG. 5 shows the servo region 60 that is provided
on the front side of the magnetic disk 50. This servo
region 60 is a pattern in a position where the head
passes from left to right of FIG. 5 in a passing
direction X when the magnetic disk 50 is set in a
drive. If the pattern 60 is representéd by an arcuate
Sservo region pattern shape, circular arcs on the outer
and inner peripheral sides are situated on the left-

and right-hand sides, respectively, of FIG. 5. The

data recording region 58 is located on either side of

the servo region 60.
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FIG 5 shows the servo region 60 that is provided on

the front side of the magnetic disk 50. This servo

region 60 is a pattern in a position where the head 20

passes fromleft to right of FIG 5 in a passing

direction X when the magnetic disk 50 is set in a

drive. If the pattern 60 is represented by an arcuate

servo region pattern shape, -cingul ar arcs on the outer

and inner peripheral sides are situated on the left 25

and right-hand sides, respectively, of FIG 5. The

data recoRdihpglyegbenk38gi,sthecahedeen eift heke $ied&Ofregion

the servo region 60. 13 Roughly speaking, the pattern

of the Befva pegrohleepohbson PPeambl eddoessopo?@iocans,

addres ortion 73, and a burst portion 74 for

devi ¥tF oh BefebtPoRtionked fas davéatéoordfngctggn?n Like

58, it is_conposed of 5 magnetic patterns formed o

ferr%%%gi%??c %?%f%%?goﬁ%glﬁﬂd5%onhﬁghétC@mpaﬁeérn§Th

for ecesses between . the pagnetic patterns. e
pregﬁ%?ég%éﬁt?%ﬁt%ﬁn?s¥§¥%%?d%g f%gﬁ%?iﬁﬁﬁiszErojeCtlonS
r OCESSI i ng. In e

Srocessiéﬁk c ocﬁs ﬁ%?gééf%% E?E%%% ?Epf%ﬂ%ﬁi?%nbﬁFﬁeen

syn hZ@ek M j | ays that are cause y _
rgtg?ﬁgghecceﬁﬁérgﬁéﬁgﬁﬁggihe i ke of the nmagnetic disk

50. The A psosefSiagpSLEVes 10 1B PLaIDN488 to perform

appropriate signal reproduction anplitude. The 18

pr edidl @purdsoing Gand AGT NEtbESsSiK@pet i4i vige PALE Ern
processing, clocks for servo signal reproduction are
synchronized with time delays that are caused by
rotation eccentricity or the like of the magnetic disk
50. The AGC processing serves to maintain an
appropriate signal reproduction amplitude. The
preamble portion 70 is formed as a repetitive pattern
region that is substantially radially continuous at
least in the radial direction of the substrate 54 and
includes magnetic and nonmagnetic portions arranged
alternately in the circumferential direction of the
substrate 54. The magnetic-nonmagnetic ratio of the
preamble portion 70 is substantially 1:1, that is, its
magnetic occupancy is about 50%. The circumferential
repetition period, which varies in proportion to the
radial distance, is not longer than the visible light
wavelength even in an outermost peripheral portion of

the substrate 54. As in the case of the data

recording region, it is hard to identify the servo
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region that is substantially radially continuous at

| east in the radial direction of the substrate 54 and
i ncl udes magnetic and nonmagnetic portions arranged
alternately in the circunferential direction of the 20
substrate 54. The magnetic-nonmagnetic ratio of the
preambl e portion 70 is substantially 1:1, that is, its
magneti c occupancy is about 50%4 The circunferenti al
repetition period, which varies in proportion to the
radi al distance, is not |longer than the visible Iight
25 waregliengtly évemti rlidfif raudttdiommst peri pheral portion
of the substrate 54. As in the case of the data

recor di ng Iedihen addreiss fparat itom iTdenta fae e sigmedl -
14 region by light diffraction. In the address
portF8ﬁ°?§lté°§eﬁ@§esﬁgﬁéﬁd Be GEFVICt gy koode atald ed a
servo sector _information, cylinder information,
etc.lgggrPBFﬁQQ'lﬁyélﬁﬁﬁéhé§€€F“@6é@§rtWép agge formed in

hes as the cjrcunferentia

R O e B T s
infoggﬂ&hgncqééu@feﬁgk%f 1SB§@c§%%t ﬁ %pﬁhan%ﬁpﬁﬁkbgortion

every servo trac n or 8888 e I

of a7yl st eke b?l@ggE§35nES§ F@goqukbgg 19aQ%%%nS%%%h that

operation, therefore, he | nf or mat

NhnCheSbﬁéngégonQhaadeE9CQég%@ akhek . Co@% 89@%%r%'oﬁessen
is performed such that variations from adj acént track

cal | edeGtaylaedes afeanithfike IheaﬂagagklQe@@ﬁ%@a@%ilng
of the address portion 73 is about 50%
head seek operation, therefore, the information is
Manchester-encoded and recorded after code conversion
is performed such that variations from adjacent tracks
called Gray codes are minimal. The magnetic occupancy
of the address portion 73 is about 50%.

The burst portion 74 is an off-track detection
region for detecting an off-track deviation from an
on-track state of a cylinder address. It is formed
with four marks or bursts A, B, C and D whose pattern
phases are shifted in the radial direction. Each
burst has a plurality of marks that are arranged at
the same pitch periods as the preamble portion in the
circumferential direction. A radial period is
proportional to the change period of an address
pattern, that is? to a servo track period. In the
present embodiment, each burst is formed for 10

periods in the circumferential direction. 1In the

radial direction, its patterns are repeated with a
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15 The burst portion 74 is an off-track detection

region for detecting an off-track deviation froman
on-track state of a cylinder address. It is forned

with four marks or bursts A, B, C and D whose pattern
phases are shifted in the radial direction. Each 20

burst has a plurality of marks that are arranged at

the sane pitch periods as the pkrganble portion in the
circunferential direction. A radial period is
proportional to the change period of an address

pat t ®&Ficchdvwiice ao larseramn tthreacde ipey itathcH pd o5 The
present enbodi ment, each burst is forned for 10

per i BRSNS} 1h© cGURARTe i ralB /diG egtd dhbumstt ketterns is
radi a d|r tion, its patterns are repeated with a 15
perl g °as Iong as the servo track period. The

of A, B and burst patterns is
about %E%%%géé’c(“ac%n y,eaec’awcﬁﬁaf% Wb Tore ectangie,
t re st aral | el ogram base
on B s e B ng PSR o Easse Pojeriaty
on thag1eBehi kbR tRGKLF QEMRACE a%%%'%sas tD'%‘g %taﬁglp\%:\r?& the

wor ki ng accuracy, transfer ormati1 on,

t he macksniagepsefewhahceQURHed. a%u%%%e %rw%%giing
are fornmed 10 as nonmagnetic portions. A tail

descefpuirenyof trhasperncophatabn, p@%btloﬁo@%E%Qt'Qﬁe marks
based on the burst portion 74 is om tted.
of f - @Fackonevhati onunsledal cFuatedrhy the marks are formed

as nonmagnetic portions.

A detailed description of the principle of
position detection based on the burst portion 74 is
omitted. The off-track deviation is calculated by
arithmetically processing an average amplitude value
of reproduction signals for the burst portions A, B, C
and D. Although the A, B, C and D burst patterns are
used in the present embodiment, they may be replaced
with conventional phase difference servo patterns or
the like that are arranged as off-track detecting
means. However, the magnetic occupancy of the phase
difference servo patterns is about 50%.

In the case of a magnetic disk that has a low-
density pattern with a track pitch of 400 ﬁm or more,
optical diffraction is caused by irregular track
patterns if the substrate is roughened so that whole
surface of a magnetic layer is irregular. Thus,

reflected light from the data region pattern can be
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arithnmetically processing an average anplitude val ue
15 of reproduction signals for the burst portions A

B, C and D. Although the A, B, C and D burst patterns
are used in the present enbodi nent, they nmay be
replaced wth conventional phase difference servo
patterns or the |like that are arranged as off-track
detecting 20 nmeans. However ,-t hig nmaegneti ¢ occupancy of
the phase difference servo patterns is about 50% In
the case of a magnetic disk that has a low density
patt gipuwilily actogok zpidt el of r4Q@pAMR-Qr KEDIE.T £ rARitAl
diffraction is caused by irregular track 25 patterns

i f thégbtbst Lat shils resghende socuhat whatve reufifaceattern
of a nagnetlc | ayer is _irregular. Thus, reflected

l i ght FP@HF?ﬁebGaNaSPééﬂanrﬁépgéﬂﬁedanmé B@sevisual ly
recogni ze ralnbom#llke diffracted light. In

this case%ntﬁ@eaFééétﬁ sér@@g@@§#§rdsfﬁtéﬁ@té§§?pf(ﬁmack
I ease n the cas

gggxéigghd¥ %gﬁg?gﬁggggn%FQEKthﬁ Bitdh1&ndiedt enough

thanw5081¥h ERleobkgggl ga grﬁﬁg%oh p %g%ﬁgp&ug&, so that

di ffraction neOer OCCUTs,

recoghi zg Hafé'egoféeéﬁage |r:EaEFSOW k%e?urfa%% %%e

the magnetic | ayer egu here ore,
i s dihbleustiryhsyabkythe hegAERize1bher 14 ﬁgﬁgolégggular,

data regions. If the recording |ayerS have magneti
and tnenaﬁgnetumtpahtamﬂslca$tlﬂlbhslmygﬁgtk%cébﬁﬁzéothe
servo and data regions.

If the recording layers have magnetic and
nonmagnetic patterns, as in the magnetic disk 50
according to the present embodiment, on the other
hand, the lower the magnetic occupancy of the
patterns, the lower the intensity of reflected light
is. This is because magnetic and nonmagnetic portions
have somewhat different reflection factors. Also,
this characteristic is attributable to influences of
multi-path reflection from the embedded nonmagnetic
portion and absorbance.

Thus, even in the case of a high-density pattern
from which optical diffraction cannot be expected, the
arcuate tracks of the servo regions 60 can be
optically discriminated by a difference in reflected
light intensity. This can be done in a manner such

that a certain or greater difference in magnetic

occupancy is provided between the data recording
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according to the present enbodi nment, on the other

hand, the | ower the magnetic occupancy of the 15

patterns, the lower the intensity of reflected |ight

is. This is because nmagnetic and nonmagneti c portions

have sonewhat different reflection factors. Also,

this characteristic is attributable to influences of

multi-path reflection from t-he enbedded nonmagnetic 20

portion and absorbance. Thus, even in the case of a

hi gh-density pattern fromwhich optical diffraction

canngegbeneXBeetned t hichee ratoc dalee onisaglys of the servo

regions 60 can be optically discrimnated by a

di f f erencdfi fhegfd dot ed 25 fleirginicd nifersicyt 1O Srcabtical

be done_in a manner such that a certain or greater

di f f BFEAEELLRNNAGRELTe thecBpaneyniss cpnoviedeld shetiveen ted

t he da%a rec rdLn% 17 region 58 and the servo regions

60. PFCEREPE-PL1LVdi f £Br EREePERSEBSUEMDOTimENGRL it

refl .ap.factor. the patterns can be discrim nated

satiggé%?g%Flgchﬁapﬁg E?e%gﬁtdéﬁﬁo&?ﬁ@ﬁ?}nﬁhéeEion 58 is

magngt LG+ Ogeupa f.the data recording region 58 is

about 875 Sunrt et he phepetBhlstRighbnPleit pdntpascies

of the a t] a r ortion 73
PhEapbLenBeLt hoRt {8y Zg%%ﬁﬁhégg ?ﬁérgﬁﬁfgpgﬁ&gn 73

of each servo region 60 are us, . . .
in r@fléathoﬁefﬁ@tQégibﬁanhSrgaBQ%fecﬁﬁgéngtbggﬁ99f5§ence
0 2

10 great enough for fhe optical recognitioh

servbn reflleosion factor from the data recording region is
great enough for the optical recognition of the servo
regions.

FIG. 6 shows an optical microscope image near the
servo region 60. The magnetic tracks 62, fine
patterns, etc. are invisible. The preamble portion 70
and the address portion 73 of the servo region 60 can
be optically recognized even if they are darker and
denser than the data recording region 58. Arcuate
Servo patterns can be discriminated more clearly
through a polarizing filter, for example.

As mentioned before, each servo region 60 is
substantially in the shape of a circular arc. The
pattern shape of the servo region is effective in
discriminating the front and back of the magnetic disk
50. If the servo region pattern is perfectly radial,
it is symmetrical. Although the servo region patterns
on each disk surface can be discriminated, therefore,

the side, front or back, on which the patterns are
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FIG 6 shows an optical mcroscope image near the
servo region 60. The magnetic tracks 62, fine
patterns, etc. are invisible. The preanble portion 70
15 and the address portion 73 of the servo region 60
can be optically recognized even if they are darker
and denser than the data recording region 58. Arcuate
servo patterns can be discri#mnpged-nore clearly
through a polarizing filter, for exanple. 20 As
menti oned before, each servo region 60 is
substfentriesl loarinott e shape: idficdl .Ci rGUl@ &HLE sdhR regions
pattern shape of the servo region is effective in
di sceiOniargt ifegmele ifr drte drech baels safnd ke eagiedd i £k
50. If the servo region pattern is perfectly radial,
25 i FhPYNs G .c &y, sAlnvisougi drre tsemy caregitorbe easily
patterns_ .aon each disk surface can be discrim nated,
t her efGPE1T1eMe 14 dbe miche ofr theckaanetitd chigkhes
pattg&gg gre 18 formed cannot Dbe identified. Since
the S&PU8°PBgi odd 280 25FE™P¥mBd 958 Sthé théadd Paddiang
di regti X S in _Fl 5, servo informatjon
cann%%bggtégs?ﬁﬁk E§2EFW9P@d%%F BREVE FEBPIHSO0
magngt-k g4 di [ 1S ~~In_an_assenhl Qce in
R R e B SE L5 Ray ng LRI CSRAIST 651 o
60 m&gﬁé@ﬂ&'MiEQrHE?aEE%ﬁgoﬁs' hb”%%&&%ﬁ?&%dfs”ééygntial
magnetic di sk apparatus as the drive, it 'is essentla
to seb she dhekdi@kwsbhautnBust akiskakihy SidesiHaUS, Tthus,
10 it is effective to formthe arcuate servo region

1t 1s effective to form the arcuate servo region

patterns by which the side, front or back, of the
magnetic disk 50 can be recognized with ease.

Besides, the movement path of the head of the
magnetic disk apparatus is an arcuate path around a
rotary drive mechanism, which will be mentioned later.
Preferably, therefore,: the servo regions 60 of the
magnetic disk 50 are arcuate patterns that are
substantially coincident with the head movement path.

The following is a brief description of a method
of manufacturing the magnetic disk 50 described above.
Manufacturing processes include a transfer process, a
magnetic processing process, and a finishing process.
First, a method of manufacturing a stamper that
constitutes a base of a pattern used in the transfer
process will be described.

A method of manufacturing a stamper can be

divided into steps of drawing, development,
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patterns by which the side, front or back, of the

magneti c di sk 50 can be recogni zed with ease. Besides,

the novenent path of the head of the magnetic disk

apparatus is an arcuate path around a 15 rotary drive

mechani sm which will be nentioned later. Preferably,

therefore, the servo regions 60 of the nmagnetic disk

50 are arcuate patterns that-ark substantially

coi ncident with the head novenent path. The foll ow ng

is a brief description of a method 20 of

nmanufdeatmofe triiegragnet i ilissk k) descrdrked ahue,

Manuf act uri ng processes include a transfer process, a

magnéliriae ingo c @s piany o ddes magymek ta f idiisshitg beyr ocess.

First, a nethod of manufacturing a stanper that

cons tieMaues ts Asss d sofe xpasact doF Weed iing thwent riars fiemer

25 process wi Il be described. A nmethod of .

nanuf’g&lt??‘ler’fé & Os O &r PE& Ph& £ Ydio @e&ﬁﬁﬁs&m%matrlx
ect r of or m ng,

1 i SR G AP 8 B 6T DG e S S oo e maC L=
”Hg”‘%‘t%ft‘_jﬂoﬁk_t cbe -demgnet i é?‘;j? Itzcr&ft osedé_fr‘5 m}fcted

drawi ng fromi i'nnér perlph

on atbedksbl16BRkaE , Mk X o5 DY (Using a% %'a$9:t Lon, shgam

exposure unit of a'matrix- rotation

reSUhEk@?uib&UﬁbQE%rh§ SUWf%%Ethlgomg%%qlOH%EQEEP@éé for

etc orma matrix with irregular patterns
thi sefrattirxcas toaduedibenitgl eckisi galraerdygtibility,

its surface is
electroformed with nickel. Subsequently, the nickel
is separated from the matrix, and a disk~shaped
stamper of nickel is formed by punching for inside and
outside diameters. The stamper has projections on
those parts which are to be démagnetized. Stampers
for the front and back surfaces of the magnetic disk
are formed individually.

In the transfer process, the irregularities of
the stamper are transferred to the magnetic disk by
the imprint lithography using an imprinter of a
synchronous double-sided transfer type. More
specifically, base layers are first formed
individually on the opposite sides of the substrate 54
that is formed of glass or silicon, and magnetic
layers of a ferromagnetic material are further formed
overlapping the base layers.

A resist is applied to both surfaces of the

perpendicular-recording magnetic disk by spin coating.
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10 el ectroformed with nickel. Subsequently, the nicke

is separated fromthe matrix, and a di sk-shaped

stanper of nickel is formed by punching for inside and

out si de di aneters. The stanper has projections on

those parts which are to be denmagnetized. Stanpers 15

for the front and back surfaces of the magnetic disk

are fornmed individually. In the2@ransfer process, the

irregularities of the stanper are transferred to the
magnetic disk by the inprint |ithography using an

i npr Adit@r dfthea QG ks yiree Hyadealys idould estsidest toyansfLrcenter

type. More specifically, base |ayers are first forned

i nd| \I;HO&@aWy orqu@X@}ﬁmi@,t d isiudel Of0% WS Gibsits ateebhs

that is forned of glass or silicon, and magnetic

I ayerj%le o8 isdrr orfayridtisc Statteri AiheaPrasitifers ifdasedf the

l'i ed
ggtg%gr gggggfn& baseé*g%l ifﬁﬁ reS|st |s app ie th
dl Slksb.)éﬁ%@r% q:(?l%ttl Qi%e I%Q/ldb\fdt %or g% dl Skésl(%%ager%nt

cked by 1ts center Hol"€s

| i qudr@'a@%s(,S%)dl'vsi qqyasw tel}%br St:'h%t whl tly rf ces are
Five &

state, the opposite sides”df gnetic

sandpireBgddbenweerniyo t yPes ok e %f?%?ﬂf%ﬂ ttﬁyfﬁs of
prov?ged for the bacﬁoand front surfa @%

|ndlVhduatbmpewhebebyt&b@s@%@&%ds%bf%%%Sr%%ﬁstp%%§%%@e

uniformy. Thus, the irregular patterns of the

stanﬁershasettaasikerpedcéestheh@e@a$ts3ﬁbf@@edemagnetlzed
are formed as recesses in the resist.

Then, in the magnetic processing process, the
magnetic layer surface of the parts to be demagnetized
is exposed after the residual resist at the respective
bottoms of the recesses of the resist is removed. At
that part where the magnetic layer is to be left, the
resist is formed as projections. Then, only those
parts of the magnetic layer which are situated
corresponding to the recesses are removed by ion
milling using the resist as a guard layer, whereby the
magnetic material is worked into a desired pattern.

Subsequently, SiOy films are formed individually
to an adequate thickness on the opposite surfaces of
the magnetic disk by, for example, sputtering, thereby
eliminating the irregularities of the disk surfaces.
By removing the SiOp films to the depth of the
magnetic layer surfaces by back sputtering, the flat

pattern magnetic disk can be obtained having the
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By this transfer process, the parts to be demagneti zed

10 are fornmed as recesses in the resist. Then, in the
magneti ¢ processi ng process, the magnetic |ayer

surface of the parts to be demagnetized is exposed

after the residual resist at the respective bottons

of the recesses of the resist is renoved. At 15 that

part where the magnetic layer ixlto- be left, the

resist is formed as projections. Then, only those

parts of the magnetic |ayer which are situated

cor r espesdiesg fiid leke wiete s$es nantaceravied iyt dxamk ] .

mlling using the resist as a guard |ayer, whereby the

20 magnet il redtcerfiialali  iwdrshechd mtrevcae sigsithed duiatkt eyuxrfaces
Subsequently, SiQ2 filnms are fornmed individually to

an aéééu&?élﬁﬁﬁ@kﬁé§§h@ﬁ e iopposiet ¢ hsudeacdsiesfs, tdnel the
mag netlgpdls for exanple, sputtering, thereby

ellnFﬁ5 ngFﬁEeFFﬁgﬁuﬁéﬁmtHésf@ﬁmﬁﬁet@ﬁ§@a§ﬁﬁﬂace§he

25 By glng Ee Si CQdf ng Q t he depth of the

nagne??c ayer-8(r PECES Bﬁgb &k QﬁuPF§FPH§ empodimgnt is
tt t d th

Pal L SEhe TBORRL LS, ClarE R ORLRLRE TS L B

final f'”TﬁE'@%l@B%ﬁ%ﬁsustge IS GIACRT ay%:d disk

pol i shed further to iInprove t e e Iness N

CarbﬁﬁlﬁéORHDDDVésfth€1mﬁgﬁgﬁﬁﬁddﬁgﬁr%@E%%%tugh%h%t is
magneti ¢ di sk according to the present enbodinent iIs

conpbeteddby withheheappbheaticoaiek thedkubriigrRt above.
The following is a"description of a hard disk
As shown in FIGS. 7 and 8, a magnetic disk
apparatus 10 comprises a flat, rectangular disk
enclosure 13. The enclosure 13 has a box-shaped base
12 and a top cover 11 that hermetiéally closes a top
opening of the base 12.
The disk enclosure 13 contains the magnetic disk
50, a spindle motor 15, magnetic heads 33, and a head
actuator 14. The spindle motor 15 supports and
rotates the disk. The magnetic heads 33 are used to
record and reproduce information to and from the disk.
The head actuator 14 supports the magnetic heads for
movement with respect to the.magnetic disk 50. The
enclosure 13 further contains a voice coil motor
(hereinafter, referred to as a VCM) 16, a ramp ioad
mechanism 18, an inertia latch mechanism 20, and a
flexible printed circuit board unit (hereinafter,

referred to as an FPC unit) 17. The VCM 16 rotates

and positions the head actuator 14. The ramp load
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drive (HDD) as the magnetic disk apparatus that is
provided with the nagnetic di sk 50 descri bed above.
10 As shown in FIGS. 7 and 8, a magnetic disk
apparatus 10 conprises a flat, rectangular disk

encl osure 13. The encl osure 13 has a box-shaped base
12 and a top cover 11 that hernetically closes a top
openi ng of the base 12. 15 TFhe x sk- encl osure 13
contains the magnetic disk 50, a spindle notor 15,
magneti ¢ heads 33, and a head actuator 14. The

spi ndieehamtiom 18 $uper ttheantgneitateseblie dizskn B@osition
magneti ¢ heads 33 are used to record and reproduce

i nf ooddt itbe tagaed ifor ahstkhéodivdlen t2@ Teadieade moved to
actuator 14 supports the nmagnetic heads for novenent

wi t hthespagermg stheemdghetriyc odi she5@iskhe Tércliosirtd a

13 fﬁrther contains a voice coil notor (hereinafter

r ef erPEGDt BegianivenpO160ldsr ale head amsubanicrsmilgn a
an ingrtia | at ch mechani sm 20, and_a 25 flexible

pri nt8H"Ei PG 168ar d ThAi € PEnEP&itnaft &8, mopateds wd tiho

as ap. .uni 7. The VCM 16 rotates nd . positions

t he éggg%gtﬁéﬁg%nfﬂFSThéuF nﬁsléaarﬁémpﬁégﬁgﬁrsnﬁfg base
hol dgot hgmagpgt k6 h 33.4n.a_pesi.ti.on off t

magnet i ¢ 8F§keg%%%ﬁeﬁgggé éggdgﬁgrggﬁéggﬁ p8tofh2%’ head

out epaBELtRer i RheuyMOf ¢t hedi sk, The i i c
mechani sm 20 hol ds t he ﬁegggacgagt%?r%ﬁs%ﬁ §n5kg%uﬁpner

posi sueBacdhefFPReuBbttdA Wa1mpunted with circuit
conponents, such as a preanplifier. The base
As mentioned before, the magnetic disk 50 is a
small-diameter patterned medium with a perpendicularly
magnetized dual-film structure, both surfaces of which
are processed for DTR. More specifically, the disk 50
has recording layers 56 on its front and back
surfaces. It is formed having a diameter of 1.8 or
0.85 inch. The magnetic disk 50 is coaxially fitted
on a hub (not shown) of the spindle motor 15 and fixed
to the hub by a clamp spring 21. The magnetic disk 50
is supported and rotated at a given speed by the
spindle motor 15 as a driver unit.
The head actuator 14 has a bearing portion 24
fixed on the bottom wall of the base 12, two arms 27
attached to the bearing portion, and suspensions 30
extending individually from the arms. The magnetic
heads 33 are supported individually on the respective
extended ends of the suspensions 30. The arms 27,

suspensions 30, and heads 33 are supported for
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12 has a bottomwall, and the spindle .notor 15, head
actuator 14, VCM 16, etc. are arranged on the inner
surface of the bottomwall. 10 As nentioned before,

the magnetic disk 50 is a snall-dianeter patterned
mediumwi th a perpendicularly magnetized dual-film
structure, both surfaces of which are processed for

DTR. More specifically, the-di 2k 56 has recording

| ayers 56 on its front and back 15 surfaces. It is

formed having a dianeter of 1.8 or 0.85 inch. The
magnevtetiihgkmb@iba eeaxhal kitef bbbedngoboathvh ©RQt The
shown) of the spindle notor 15 and fixed to the hub

by ahekdap3dpinagugde. aTHewnaygreti thditskab@s ithe front-side
supported and rotated at a given speed by the 20

spi nBfechBibY 18vas afdiheemagneticTHeskedd actuanoup-head
14 has a Eearing portion 24 fixed on the bottomwall

of tﬁ%aBa 2ces thRoPafkssade secasréndt davrs bBathrgdisk.
portion nd_suspensi ons 38 extendi ng i ndividually
fromFhed% n@?g%E lﬁagﬁé?l 3psahadddes3fareusappsr reficad

ool Lg0n40g LepRest foe et onied Sodsadl L.

suspenst ons e arns

head u t 2 0 j Lan_ar.oun
he B PR e e Pk 2B TP BN g4
downe heneint hat faces the front-side recording |ayer

of the magnetic disk 50 and an up-head that faces the
back-si deThecucHi bg hayes obithecdisk225akRaeBel to the

magneti c head 33, a slider for use as a head

head actuator 14, a pair of yokes 38 fixed to the base
12 and opposed to the voice coil, and a magnet (not
shown) fixed to one of the yokes. The VCM 16
generates a rotational torque around the bearing
portion 24 in the arms 27 and moves the magnetic heads
33 in the radial direction of the magnetic disk 50.

The FPC unit 17 has a rectangular board body 34
that is fixed on the bottom wall of the base 12.
Electronic components, connectors, etc. are mounted on
the board body. The FPC unit 17 has a belt-shaped
main flexible printed circuit board 36 that
electrically connects the board body 34 and the head
actuator 14. The magnetic heads 33 that are supported
by the head actuator 14 are connected electrically to
the FPC unit 17 through a relay FPC (not shown) and
the main flexible printed circuit board 36.

As mentioned before, the magnetic disk 50 has the

front and back sides and is set in the base 12 with
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body is mounted with a magnetic head el enent that

includes a read elenent (GVR elenent) and a wite

el ement. The VCM 16 has a voice coil 22 attached to

the 10 head actuator 14, a pair of yokes 38 fixed to

the base 12 and opposed to the voice coil, and a

magnet (not shown) fixed to one of the yokes. The VCM

16 generates a rotational t-orcqe around the bearing
portion 24 in the arns 27 and noves the magnetic heads

15 33 in the radial direction of the magnetic di sk 50.

The ERE umichtlankagaak edidargulldignkearsd kody 3he thaly

is fixed on the bottomwall of the base 12.

El ectegeinentoppdhentts theomagotedris, ddtsk adiom nauid eds on

the board body. The FPC unit 17 has a belt-shaped 20

mai nSPPekppitd aghivned neildenitt whiddr ¢h86 avatate shape of the
electrically connects the board body 34 and the head

act uSEEVC1E°I¥RES&Gneti EhseBAINSS iich 8t sdr-e §@wFFrted

by t actuator .14 are connected electrically to
Che. PR p ot R BigRhE FBray TRRCaun Sondut i oot side
t he KN ; Lb ' d circuit board 36. As
went?ggeéﬁégégrg?aﬁéggkggng F%g 5 §6%h§§pFﬁguCPP6ht

and bagkasidessandsi Scset kgakhgrgaﬁga#%iwgtgoz%hethe
front and back sides aligned so that the hea

novemaghepathd@kkt BgpaRERaL.C ghek apRaALALUS S o Fe@%gn 60

substantially coincident with the arcuate shape o
servbasefitensefifeof oftheimagneti grei sk. thBecircumference of

a circle that is concentric with the magnetic disk and
has its radius equivalent to the distance from the
rotation center of the magnetic disk to the center of
the bearing portion 24 of the head actuator 14. The
radius of the circular arc is equivalent to the
distance from the bearing portion 24 to each magnetic
head 33. 1In other words, each servo region 60 has the
shape of a circular arc that is always substantially
coincident with the head movement path even when the
magnetic rotates. The radius of the circular arc of
each servo region 60 is equivalent to the distance
from the bearing portion 24 to each magnetic head 33.
The center of the circular arc moves along a circular
path that is concentric with the magnetic disk and
varies in synchronism with the angle phase on the disk
on which the patterns are formed. The radius of the
path of the center of the circular arc is equivalent

to the distance from the center of the spindle motor
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5 specifications of the magnetic disk 50 ful fil

outside and inside dianeters, recording and

reproduci ng characteristics, etc. that are adaptive

to the nmagnetic disk apparatus. Each arcuate servo

region 60 has its center of circular arc on the
circunference of 10 a circle that is concentric with

the magnetic di sk and has its 2mdi-us equivalent to

the di stance fromthe rotation center of the nmagnetic

disk to the center of the bearing portion 24 of the
headlactoatbe téntethef radi heaafingheotitiewm @ .arc is

equi valent to the 15 distance fromthe bearing portion

24 to each wpagméteicc cilvead t3%®oami otheere iwerfdsr,easdferred to
servo region 60 has the shape of a circular arc that

i's aPﬁa?sP§@bsﬁQn§PélF@nté@ﬁﬁém@eﬁbewnﬁﬁpﬁﬁélwea@peratlons
noveng % gath even when the netic rotates. The

radi 85 &fSt RBLRALEUMRL O&r é5of V§ d&ch a6y PaIne§ien hegds

IS engvaI fromthe bearin

d
portlonoﬁgﬁn%h gﬁgﬁﬂﬁhgtﬁ ﬁéaél§§d tPhéNeeptiErrofurface
Loor ol Efib! BbrRbf, NBYESCE 28 Bagll 14, 2hpcPIalel"the' Base

concentric wth magnetic di's
syncBpepbsmywhth the angle phase on the disk 25 on
which the patterns are forned. The radius of the path

of the censeshelint he ¢IGculgar sanG rige %%Wb%%l%@teﬂéétronlc
the di stance fromthe center of thé spindle notor

15 toothenennsearef mbhatkbaabhnghpoptBon 4. TAe@élnted

circuit board (hereinafter, referred to as a PCB) 40

for ebattobhingcbhponespechayelgpenaludes four system
LSI’'s, a hard disk controller (hereinafter, referred
to as a HDC) 41, a read/write channel IC 42, an MPU
43, and a motor driver IC 44. Further, the PCB 40 is
mounted with a connector that.can be connected to a
connector on the side of the FPC unit 17 and a main
connector for connecting the HDD to an electronic
apparatus such as a personal computer.

The MPU 43 is a controller of a drive operating
system and includes a ROM, RAM, CPU, and logic
processor, which realize a positioning control system
according to the present embodiment. The logic
processor is an arithmetic processor composed of a
hardware circuit and is uéed for high-speed arithmetic
processing. Further, operating software (FW) is saved
in the ROM, and the MPU controls the drive in

accordance with this FW.

The HDC 41 is an interface section in the HDD.
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of the spindle notor 15, VCM 16, and magnetic heads 5
through the FPC unit 17 is fixed to the outer surface

of the bottomwall of the base 12, and faces the base
bottomwall. As shown in FIG 8, a |arge nunber of

el ectronic conponents are nounted on the PCB 40.

These 10 el ectroni c conponents nainly include four

system LSI's, a hard di sk contd®l |-er (hereinafter,
referred to as a HDC) 41, a read/wite channel 1C 42,

an M\PU 43, and a notor driver 1C 44. Further, the PCB

40 i $t swohbedew timfaroerrhect orithhain dat dref aceniecivweten the
to a 15 connector on the side of the FPC unit 17 and a
waindi§$nﬁééN@raﬂ§rac@@ﬁécﬁWﬁ@eﬂheeHllrt@-@mrsonal
electronlc appar atus such as a personal conputer. The

MPU £8TMP8tgreofteoMEdr 46H éhﬁwnﬁﬁ@ﬁﬂﬁ%ﬁﬁrﬁ?aﬁﬂﬁ#eﬂﬁ 42,

and in U, an Ic 20 praocessor,
mhicﬁn§e§3|zgogoﬁogﬁﬂygﬁlﬁg éémtg g?@&@ﬁﬁ%%ﬂﬂ% diig whole
to tE gpPresent embodi nent. The |ogic processor is an
arithmetic processor conposed of a hardware circuit

and is usedf QL i Ah-sReeq Ap ()ﬁ)&“ﬁ 1S A d%Zgl Sécp%jlegnal

Furt her, operatlng softmare 'S save

RONlp@B@eEB@rNBHs%@@bE@BSWEQ% Wl wirl £ ACHRARNCE . Tt is
wth this FW The HDC 41 is an interface section in

the BHBpo26d bt excharges ithher MRtiitehed dhathels of a head

interface between the disk drive and a host system

e.g. amplpéiswndlC and processes recording and reproducing
signals, such as read/write signals. The motor driver
IC 44 is a drive unit for the VCM 16 and the spindle
motor 15. It drivingly controls the spindle motor for
constant rotation and applies a VCM manipulated
variable from the MPU 43 as a current value to the
VCM, thereby driving the head actuator 14.

Next, a method of inspecting the eccentricity of
the magnetic disk 50 in a HDD assembly process will be
explained. Here, a method of measuring the
eccentricity of the magnetic disk 50, in particular,
the eccentricity of the magnetic tracks 62 with
respect to the center of rotation of the spindle motor
using the recognition tracks 70A formed to the landing
region 57 will be explained.

FIG. 9 shows an inspection device 80 for
detecting the eccentricity. The inspection device 80

is arranged above the HDD and includes a camera 82 for

imaging the surface of the magnetic disk 50, a support



10

15

20

25

conmputer, the MPU 43, the read/wite channel |C 42,
and the notor driver |1C 44, thereby managi ng the whol e
5 HDD. The read/wite channel 1C 42 is a head signha
processor associated with read/wite operation. It is
conposed of a circuit that sw tches channels of a head
anplifier I C and processes recordi ng and reproduci ng
10 signals, such as read/wite2sigrals. The notor
driver 1C44 is a drive unit for the VCM 16 and the
spindle notor 15. It drivingly controls the spindle
not otaboe 83ombtiaht suppatriten tand cappkzescat¥eM its
mani pul ated variable fromthe MPU 43 as a current

val uBcfetiha ¢8nVER atdhessby, dei congrohéehedd Hotcuat or
14. Next, a nethod of inspecting the eccentricity of

t he REGREEPENEI 3Ra98 FAta HDBIRSsEibLpepromess @2l | abe

expl ai ned. re,. a nmethod of measuring the,
ecceﬂ???gPF;ESffPﬁegﬁﬁﬁgéyFegdP§k359?nFﬁ15éFVhcépérFhe
20 the gccentricity of the magnetic tracks 62 with
respec# fo the center of rotation of the spindle notor

T DoTheERepiheRBCLiRANAlAOT ERELEY e L3%uIY

region 57 wll be e ai ned

i nspaetbpn1 gexhgeo8Refon ChLpg.t
eccentricity. Theoingpec?ggﬁggggi%égga Q?% g??%ﬁagdon @

abovieatdel1pDbratHei AsbudesuBsegBhA182 Rk mE?HQEEQ disk

the surface of the magnetic disk 50,  a supporf 27

t abl 80 88s whoohtsdppnr 48dt bencageralgoriRal tbSa hub 23 of
the spindle motor 15. As described above, the
magnetic disk 50 includes the data recording region 58
on which the magnetic tracks 62 are formed, the
landing region 57 on which the recognition tracks 70A
are formed, and servo regions 60.

Next, as shown in FIGS. 9 and 10, the camera 82
of the inspection device 80 is arranged above the
magnetic disk 50 and fixed at a position from which
the landing region 57 is imaged. Then, the magnetic
disk 50 is rotated once together with the hub 23 of
the spindle motor 15 while imaging the recognition
tracks 70A of the landing region 57 by the camera 82.
At the time, when the center of rotation of the
spindle motor 15 is not concentric with the center of
the recognition tracks 70A formed on the magnetic disk
50 and eccentricity occurs, the patterns of the
recognition tracks 70A displayed on the monitor 86

move. Subsequently, after the position of the
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position can be adjusted, a controller 84 for
processing i nage data i maged by the canera 82, a
nonitor 86 for displaying an eccentricity, and the 5
like. In the inspection process, first, the spindle
notor 15 and ot her necessary parts are nounted on a
base 12 of the HDD. Subsequently, the magnetic disk

50 is mounted on and tentati-vel28 fi-xed to a hub 23 of
10 the spindle notor 15. As described above, the
magnetic di sk 50 includes the data recording region 58
on whaghethe dagkebDcitradkasG2dase tammnedhet B@ount of
| andi ng region 57 on which the recognition tracks 70A
are ToraRantand Shevparégiroaso60thes rHerunisdoghowa cks
FIGS, 9 and 10, the canera 82 of the inspection .
devi 682g8S| ¥15hinngeatapdoady hehenmgaseis cdrdrksd safdxed

fi osi tion_from whic the | anding regi on 57
o hagknd BRBR25TRe FAnEPEadLa: BRead Ts Pyt & cacBRce
t oge i the hub 23 of 20 the spindle notor 15
mh?l%gf%%§1%g'the recognition tracks 70A of the

{ho cont et of Fol a0y Sk of CTRE “Qpi KAFe AL or Es Fathe 62

the center of rotation of t spi

concentthe Mhth tBEoe8NLE rfiohNgsr §eQIRLY@R tracks
70A fornmed on the magnetic disk 25 50 and eccentricity

occucsncéherpasleynsieh the reeeganitbantkragks798A

di spl ayed on the nonitor 86 nove. Subsequently, after

t he hosdrdomgby, t hee28ccentricity of the magnetic tracks
62 to the center of rotation of the spindle motor 15
can be eliminated by adjusting the position of the
magnetic disk 50 so that the amount of movement of the
patterns of the recognition tracks 7OA, that is, the
eccentricity thereof is within the standard.

The magnetic disk 50 and the HDD arranged as
described above have the eccentricity measuring
recognition tracks 70A which are concentrically with
the magnetic tracks 62 for recording data and can be
visually recognized. Accordingly, the eccentricity
between the center of the magnetic tracks 62 formed on
the magnetic disk and the center of rotation of the
spindle motor 15 can be easily measured, thereby the
magnetic disk apparatus can be assembled such that the
eccentricity is reduced. With this arrangement, there
can be obtained a magnetic disk and a HDD with which a
positioning accuracy can be improved, access can be

executed at high speed, and the density of the
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magneti c disk 50 is adjusted so that the anount of
nmovenent of the patterns of the recognition tracks

70A is within a standard, the magnetic disk is fixed

to the hub 23 of the spindle notor 15 by a clanp 5

spring 21. In the magnetic disk 50, the magnetic

tracks 62 of the data recording region 58 are forned
concentrically with the recegniad or tracks 70A.
Accordingly, the eccentricity of the magnetic tracks

10 62 to the center of rotation of the spindle notor

15 wapnbéiel tmerésedabybadjiustriengetthe position of the
magneti c di sk 50 so that the anmount of novenent of the
patterns &Hrtherneddgnireicogntitdors tZ@kkst HAA iage thrgmed in
eccentricity thereof is within the standard. 15 The .
magn&ffclandkngorgadonne "Hebighr Afgegtaysedefeorn pegording
abovgggave he eccentricity neasuring . recognition

tracR8-70A (RhFCHRCAPEL¥onEEREFFLRN yRWiRR TERETREGRetee sty
t 62 _f .0g. dat be L sual

econirzed. ChecEERPanTS oM E-atkaniPr ey 28 Bertieaod
the P@EEEE;?faEBSrH@QBeEbCtkéaggés@%tfgﬁgggiﬁ%ntgh%ince
magnetic di sk and the“center of rotation o e

spi ngdhe #pbAt dhdcBAckes@ashbysnBasuhedmathereby (k& so
magneti ¢ di sk apparatus can be assenbl ed Such that the

ecceonbni bet yisgalegueedsriYheh,t Bhe ascansegent, at bk

25 can be obtained a magnetic disk and a HDD with

whi capparpbsst cani hg aasiigcyanagebdeihnpbagederacéessof a

can be executed at high speed, and the density of the
front/back direction depending on media being
supplied. Further, the servo regions are formed in an
arc shape in correspondence to a head moving path,
which is advantageous to prevent deterioration of seek
performance and a SN ratio between the inner and outer
peripheries of the disk, thereby the performance of
the magnetic disk apparatus can be improved.

The present invention is not limited directly to
the embodiments described above, and its components
may be embodied in modified forms without departing
from the scope or spirit of the invention. Further,
various inventions may be made by suitably combining a
plurality of components described in connection with
the forgoing embodiments. For example, some of the
components according to the foregoing embodiment may
be omitted. Furthermore, components according to

different embodiments may be combined as required.

While the recognition tracks are formed in the



29 magnetic tracks can be increased. Further, the
recognition tracks 70A are forned in the | anding
region 57 which is not used for recording data.
Accordingly, reduction in the recording density 5 due
to the recognition tracks 70A can be prevented.
Further, according to the present enbodi nent, since
the front and back surfaces -of 3the fmagnetic di sk 50
can be visually confirnmed, the assenbly of a disk
apparatus can be easily managed in consideration of a
10 f demd/ibac k ediioec toifort hee prerachientg. cond ingdiian ligiengmbodiment
supplied. Further, the servo regions are formed in an
arc SR&FE Ibecc ghodspondiencraserd Heamwimd spdivh,no means
whi ch ,i 5 advant ageous to prevent deterioration of seek
per f oraRCE &NGTEtON Pad ShsetiRcar dimg itmserksama voleer
15 pﬁéiﬁh%rLes g% t he di sk, thereby the perfornance of
the MEGAELT ¢DditER QFpEratedieRs v ithsr Jredetiive disk such
present .inv ion is not limted directly to the
> errboglgmte:htgs%gie:éacFieﬁggr&&t%’vg,eg&r?&’i fs S¥G58h&fdd Oy nd the
?e eqbedi edrihg zRdihi-ed f QL M EROYL Jeparting 29 . p pe
romthe scope or spirit of the Tnvent’ion. Further,
vari edsiipveBticeRsMBRbe HERAR Y- 134 LablopeC 9:!3%‘:1%!&% Yisk
plurality of conponents described in connection wt
t he tangbengdemkedidmanks. iROkhexamRlse,. some of the
conmponents according to the foregoi ng enbodi ment nay
25 be om fihedddEwrichetmitde GO @RN iaeeel,dithg tfimber of
di fferent enbodi nents nay be conbi ned as required.
10 the magnetic disk in the HDD is not limited to one

sheet and may be increased when necessary.
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VWil e the recognition tracks are fornmed in the 30

| andi ng regi on of the magnetic disk in the enbodi nent
descri bed above, the present invention is by no nmeans
limted thereto, and the recording tracks nay be
formed in the other regions of the magnetic di sk such
5 as the data recording region, a systemregion, and
the |like. The eccentricity -of 3he vmgnetic tracks can
be easily detected and the position of the nmagnetic
disk can be adjusted also in this case. In addition
to the above nenti onedWHAleIsuocharMeb 180 t he magnetic
disk in the HOD is not limted to one sheet and nay
be increased vhewmgreddssatisk -cBiprMHATGd S CLAIVED | S:
1. A magnetic disk conprising: a flat disk-shaped
subst r at e ehikiatg H Fhwhapesh rue rat e dokv g fack;omnd
a center_ hole; and 5 a recording region forned on at

| eastUSKECEH ChE2K S LRGE b &OE sudeader dadiaidiang an

annul ar edge rt.ion | ocate d an outer

0 ar ou -

peri pher al® é§§€ T P& iS5 G ¢t er“é%?gsqf}faitte tténe of the
[ t a _nagneti c

P LEFaRe GERCREINY S racl LSS lan ARG Sage

materi a recording region in

r ecop@ihg on €8icaR cLOEFRY NRELYe SR tihe 28Nt &l 19 %o%gad
gh a nﬁ ar |lamnmdi ng

the edge portion of the substrate, .
regi pprrhenmed %%%tb%%%%%b%et%nﬁh%d@%é%déﬁ”ﬁéﬁéﬂhing on

region

the presence of a magnetic material,

the recording region inciuding a data recording
region formed between the center hole and the edge
portion of the substrate, an annular landing region
formed continuously to the data recording region
around the outer periphery of the data recording
region, and a plurality of servo regions; and

the data recording region having a plurality of
magnetic tracks extending in a circumferential
direction of the substrate, respectively, and provided
in the radial direction of the substrate at a
predetermined pitch, and the recording region
including a plurality of recognition tracks extending
in the circumferential direction of the substrate,
respectively and arranged in the radial direction of
the substrate concentrically wifh the magnetic tracks
at a visually recognizable pitch larger than the pitch

of the magnetic tracks of the data recording region.

2. A magnetic disk comprising:
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around the outer periphery of the data recording 15
region, and a plurality of servo regions; and the data
recording region having a plurality of nmagnetic
tracks extending in a circunferential direction of
the substrate, respectively, and provided in the
radial direction of the substrate at a 20
predetermi ned pitch, and the ré€&ording region
including a plurality of recognition tracks extending
in the C|rcunferent|al direction of the substrate,
respect i vel §lahddapkafferernsthe tradcahagingcei drostt
t he subgtrate concgntrlfall y with the magnetic tracks

25 at"% IFSual §2rEcOYhF 256t e2PFt BnhCPAFGEr PPRER FHQ
oS o B RAREL Ecap R A0 IS S e

r egi on. nagne

d'Skf?@ﬁpeggaupéékaéﬁrEQ%éQgeﬁaiﬁggé O? réﬁﬁﬁla@ Qé%%

surface a center

fOrn@@r@ﬂoﬁtlb§§§éd09§ogﬁdtQﬁ o&EQ?tF@9gF9@9513HH éces

excl udi ng an annul ar edge 5 portion [oca aroun

outepopﬁib@hﬁfathédgﬁbsﬁﬁétéoﬂn@fpbh@e%ﬁéat&éb@néﬂﬁg on
patterned depending on the presence of a nmagnetic

mat ethal prébencecof da ngagegt b6 mackudadg a data
recording region forned between the center hole and

t he edge the perordanof repéosubstiatiéngan detal aecording
| andi ng, region fornmed continuously to the data
recof P e r EgFBed hebupent heeoaertepehppherpdothehedge

dat a recordlng , ,
portion of the substrate, an annular landing region

formed continuously to the data recording region
around the outer periphery of the data recording
region, and a plurality of servo regions which are
formed in substantially radial patterns extending from
the center hole to an outer peripheral edge portion of
the substrate, respectiyely and which divide the data
recording region and the landing region into a
plurality of sections, respectively in the
circumferential direction of the substrate; and

the data recording region has a plurality of
magnetic tracks extending in the circumferential
direction of the substrate, respectively as well as
formed in the radial direction of the substrate at a
predetermined pitch, and the landing region including
a plurality of recognition tracks extending in the
circumferential direction of the substrate,

respectively and arranged in the radial direction of
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region, and a plurality of servo regions which are

formed in substantially radial patterns extending from

15 the center hole to an outer peripheral edge portion

of the substrate, respectively and which divide the

data recording region and the landing region into a
plurality of sections, respectively in the

circunferential direction of- tI¥ substrate; and 20 the
data recording region has a plurality of magnetic

tracks extending in the circunferential direction of

t he Sbbssnasératespevtiensirycasd lywelliths theomagdeitdct teracks
radial direction of the substrate at a predetermni ned

pi t cAt andifRéellindergonégebhci rékghi Agrosratphor &hiet pitch
of recognition tracks ex%endin in the , ,
circﬁ%ngSnWPQPeBFFeEF?S Sont%QeSQB§Pr£€§Prdlng region.

tivel d d i h dial di ' f
33 the subst PAte EOREEAET FCAN 7 GCH e Hinghetr 2

ibstrate Concentricall y witfr e Tagnetrc
tracggfg%&nggxbseakb naﬁﬁgan%gggsogkgggedgpgékrgt%”are

t he the magnéti ¢ trac

recordi-Raqdr egi et ¢..diS cqrdi t :
claim2, 5 mhe?gfngPﬁgggeg%gE?%igﬁ ?rggég g? Fﬂg 18nding

substegtienare af pifed bA ube gft bkembegion or a part
of the landing region at a pitch of 400 nmor nore.

4. The nagnet Thedmaknacder diisg tecekdimg?to \Wharai 12,

the data recording region includes a plurality 10 of

si gnahehelidi hjendghet recbrddikg, regiioh aneladeangegluatlity

equal spaces in the radial direction of the
of signal holding magnetic tracks, which are arranged
at equal spaces in the radial direction of the
substrate and formed in a circular ring-shaped
pattern, and nonmagnetic guard belts, which are
situated between the magnetic tracks adjoining in the
radial direction of the substrate and magnetically
divide the magnetic tracks in the radial direction of
the substrate, the magnetic tracks being configured so
that the magnetic occupancy of the data region pattern
is 65% or more.

5. The magnetic disk according to claim 4,

wherein each of the servo region patterns has a
repetitive pattern region which is substantially
radially continuous at least in the radial direction
of the substrate and includes magnetic and nonmagnetic
portions, arranged alternately in the circumferential

direction of the substrate, the magnetic occupancy of

the repetitive pattern region of the servo region
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substrate and forned in a circular ring-shaped

pattern, and nonmagnetic guard belts, which are

situated between the nagnetic tracks adjoining in the

15 radial direction of the substrate and magnetically

di vide the magnetic tracks in the radial direction of
the substrate, the magnetic tracks being configured so
that the magnetic occupancy-of 3¢he-data region pattern
is 65%or nore. 20 5. The magnetic disk according to
claim4, wherein each of the servo region patterns

has Ba2tFepet beipe phever A0keghoAlnplnmfiersntial length of

substantiallg, [adiallé conti nuous at least in the

radi BPSdF FBEHHbAVET PRRECENLEEFAPE AAANPNENGdes

magnet i ¢ _apd nopmagnetic 25 portions, afranged ,

al t eFnat ef' eFﬁthﬁgcg?Eﬁﬁ?é?@n?FaFgedFP%EFF%ﬁeoPeFHQ .01
subsgrate, pg magneti ¢ occupancy of the repetitive
pattern region’ of the servo region - 34 pattern being

about 50% _ a @iﬁggﬂg€ﬁgnhhgk BEEgEQtHE.CEREFEQQ?EHtive

pattern region along the <circ erenti al rectiron of

the substaaheghetng BiQk aBBLRHiIREI €0 B18imAlFRgNeLicC
di sk apparatus conprising: a magnetic disk according

to claima;daidei vaiunivhivhi shppupper taet hagragaet késk and
disk and rotates it at a predeterm ned speed; a head

whi chopaténr e anf arpaédenepmboedsispgelior 10 t he

magneti ¢ di sk; and

a head which performs information processing for
the magnetic disk; and

a head actuator which moves the head in a radial
direction with respect to the magnetic disk.

7. The magnetic disk apparatus according to
claim 6, wherein the magnetic disk is arranged such
that the magnetic tracks of the data recording region
and the recognition tracks of the landing region are
located concentrically with the center of rotation of
the drive unit.

8. A magnetic disk apparatus comprising:

a magnetic disk according to claim 2;

a drive unit which supports the magnetic disk and
rotates it at a predetermined speed;

a head which performs information processing for
the magnetic disk; and

a head actuator which moves the heads in a radial

direction with respect to the magnetic disk.

9. A magnetic disk apparatus according to



a head actuator which noves the head in a radia
direction with respect to the magnetic disk. 7. The
magneti ¢ di sk apparatus according to claim®6, wherein
the magnetic disk is arranged such 15 that the
magnetic tracks of the data recording region and the
recognition tracks of the landing region are |ocated
concentrically with the center 3o rotation of the
drive unit. 8. A magnetic di sk apparatus conpri sing:
20 a magnetic disk according to claim2; a drive unit
whi cBLa&pp8r t shereimaghet megdesicaddskr dsapesangeat sach
predet erm ned speed; a head which perforns information
procEQ%Fn@hFoWagPﬁélﬁaﬁﬁéﬁké Qﬁsﬁheaﬁétésrécﬁéédng region
t he heads in radi al , direction

actuat ﬁhlch nove
Wit h Pgsﬁ &t r?8°9ﬁé an&rﬁe gi Sk. tée A2REGREL F&IdPsK are

appa cla [

o AR AR 5T SOk Pt OBEER, fiCepgation of
tracggeo&rEOQ gﬁ&g recording region and the

recognition tracks of the landing region are |ocated
concentrically with the center of rotation of 5 the
drive unit.



