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41 - 1 TITLE OF THE | NVENTI ON MAGNETI C DI SK AND
MAGNETI C DI SK DEVI CE PROVI DED WTH THE SAME

BACKGROUND OF THE I NVENTION 5 This inventi e,mmmummmmun
to a magnetic disk and a magnetic disk d

provided with the sane. In recent years, magnetsegodi sk
devi ces have been w dely used as external recording
devi ces of conputers and inmgel recording devices. In

general, a magnetic 10 di sk device conprises a case in

the formof a rectangul ar box. The case contains a

nagnetic disk for u§'T&éiﬁﬂnﬂﬂﬂﬁﬁNyﬂﬂﬁﬁﬁNﬂng medi um
spi ndl orts and rotates the disk,

LB BT bY St AN, PG T DSk DR 10 GRGUBY f T

and Epg S%ﬁ the di sk, and a head actuator that

supp S E heads for nmovenent with respect to the

di sk. The case fuéﬁ@ﬁ?R&@ﬁbagpsﬁﬁEVQNQE ?bk not or

that rotates and positionst ead a board

unit that thas @anré%%qolncr%'l%ttehse dd l%e’ma%trfétl'% Riidd efhd a

circuit board 20 for controlling the respective

oper abyaasief dik& depiikdl @rEvtidled VALEE to@ IsafRt.or,
and magnetic heads through the board unit is screwed

to the outler reuwchaceeadfs,t i gasd.c Rirdhelevices have been

m niaturization of nmagnetic di sk devices
widely used as external recording devices of computers
and image recording devices. In general, a magnetic
disk device 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 aétuator, 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 devices

has recently been advanced so that they can be used as

recording devices for a wider variety of electronic

apparatuses, or smaller-sized electronic apparatuses
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25 has recently been advanced so that they can be used
as recording devices for a wder variety of

el ectronic apparatuses, or snaller-sized electronic
appar at uses in particular. Accordingly, magnetic
di sks are expected to be further reduced in size and
enhanced in recording density. Proposed in Jpn. Pat.
Appl n. KOKAI  Publication NoT 2803=22634, for exanple,
is a magnetic 5 disk of the so-called

di screte-track-recording (DTR) type, as a magnetic

di skiPhBETFSCRABEL - sPEERTEABT Lensiragelhilghddeksi vye

di Thi TR etic disk has rugged
ur {SERECERAACR RBQHBETBormberiaECt i o 1881 oPecsrganced in

dat d ect i o The 10 surfaces of
tﬁeaﬁgéﬂg rngdlgRSé § PLSEQHoﬁﬁ bheyPh-oféty fEP KOKAI

haV'EQbP?EE@égﬁa 5e9586§L22%§|2g382 eé§%§r¥ggﬁgggﬁgagnetlc

sServo are recor
whi chi axuser tgansbecqk d.daka éekgr?gﬁﬁggggﬁ %éngh (DTR)

C
prOJectlons or nagnetlc trac S are

dat atypgj 0oas AcgapdeRdct aikRe+RIR 1BIBRENG-diSkg ang
descri bed above, the adjacent nagnetic tracks are

di vi eegubys heghsdeasisg tbabrafagst alrkibebweenabhetic

magneti c tracks can be prevented to ensure

hi ghddeksheéy 20ggedosdrfigecebn thd BTRapagnéti madieskal that

t he magnetic
can record data is formed on its projections. The
surfaces of the magnetic disk are rugged and previ-
ously 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 surface
of the magnetic disk cannot be recognized visually.

Thus, in the case of a single-sided disk, the

recording surface cannot be identified. 1In
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tracks are distributed at a high density such that

their pitch is not |lower than the visible |ight

wavel engt h. Therefore, rainbows such as interference
fringes cannot be seen, so that a recording surface 25

of the magnetic di sk cannot be recogni zed visually.

Thus, in the case of a single-sided disk, the

recordi ng surface cannot be Tdedtified. In

i ncorporating the magnetic disk into a magnetic di sk
drive or the like, therefore, it is hard accurately to
set iRsopperetdAIr Ehat maenes ichdigkgaeattioc shaagnetic disk
i ncreasi ng the recordin% capacity, .the 5 recording

| ayef*8KBUPH pPef ér-&Bry TherBLevFded tod Sefgrd gicgeirgtely to
t he magnetic _di sk, For the,ksa reason as  aforesajd,
howeVBE . FRePSF U5 LoBDTETEEISE FoverEemagretife noad.
magneti c dj.sk . _he. discrin d wth. e. SO
inthis cgée}n%?gggaﬁgr5%§pgﬁgg#%§%§ifﬁ%gQgﬁiénﬁhﬁy

t he b G di gl S L d.

mgner o d! R devrees B P EORRY R AT &1 e

AccosgdiagokotAR Aaspastief qiBe.i nyert ioR, shhRr @cadsdn as
provi ded a nmagneti ¢ di sk conprising a disk-shaped 15

substfareshadi ngoacoent erhBokedeandbretkdiony He&@irGRS of

provi ded individually on obverse and reverse surfaces

of theesmbgteate, dihé& ceooodi bg degicensmihaviengwith ease.

patterned magnetic material shapes, the respective

pat t Bt Boshapebisf ceRe,r étoidi hgrdegboroparn attled yolhwerogd ent
20 and reverse sides being different. According to

anot hep Bapeetisf diRk WAEBnifoAs incorporated 1into a

magnetic disk device.
BRIEF SUMMARY OF THE INVENTION

According to an aspect of the invention, there
is provided a magnetic disk comprising a disk-shaped
substrate having a center hole; and recording regions
provided individually on obverse and reverse surfaces
of the substrate, the recording regions having
patterned magnetic material shapes, the respective
pattern shapes of the recording regions on the obverse
and reverse sides being different.

According to another aspect of the invention,
there is provided a magnetic disk device comprising:

a magnetic disk which comprises a disk-shaped
substrate having a center hole, and recording regions
provided individually on obverse and reverse surfaces
of the substrate, the recording regions having

patterned magnetic material shapes, the respective
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there is provided a magnetic di sk device conpri sing:

a magnetic di sk which conprises a di sk-shaped

substrate having a center hole, and recording regions

25 provided individually on obverse and reverse

surfaces of the substrate, the recording regions

having patterned nagnetic material shapes, the
respective pattern shapes of-th& recordi ng regi ons on

the obverse and reverse sides being different; a

drive unit which supports and rotates the nmagnetic

di skpattarsorbeass Speslle Begohldadawhiegh oper bor imhe obverse
informati on processing for the magnetic disk; and a
head®8€t GEVEE SRhSdReFaBraNPy ddbFesenhé head with

respect to the magnetic_di sk, the magnetjc di sk being

| ocated ift grdWFegPP5nth§ SORPORAS 88ch rotatre $&kvo
regi gn terns_and.a_ novenent path of the head on

t he ﬁ%&ﬁ%@%% ek ks ﬁO“FFﬁ’St‘wSPﬁegach other. BRI EF
DESCRI PTI THE . : El.

TA 15 & Pl uren ARou e 5 e Paie AT e L ogr g9 for

magnehtCmdhakraecaidkPdah@ an enbodi ment of the
invention; FIG 1B is a plan view showi ng a reverse

pattern af hthe aegnetioe @hikh Fh@ia 1vs maReenhkdoedad
perspective view, partially 20 in section, show ng a

dat awi ehi oaspattetn ohet hegneageetiiekdi sk; FIG 3 is a
diagramtypically showng a servo

the magnetic disk being located in a direction
such that each of the servo region patterns and a
movement path of the head on the magnetic disk are in
line with each other.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1A is a plan view showing a surface pattern
of a magnetic disk according to an embodiment of the
invention;

FIG. 1B is a plan view showing a reverse pattern
of the magnetic disk;

FIG. 2 is an enlarged perspective view, partially
in section, showing a data region pattern of the
magnetic disk;

FIG. 3 is a diagram typically showing a servo
region pattern of the magnetic disk;

FIG. 4 is a diagram schematically showing optical
reflection factors of a data region pattern and a

servo region pattern of the magnetic disk;

FIG. 5 is an exploded perspective view showing



10

15

20

25

region pattern of the magnetic disk; FIG 4 is a

di agram schematically showi ng optical 25 reflection
factors of a data region pattern and a servo region
pattern of the magnetic disk; FIG 5 is an expl oded

per spective view show ng an HDD according to the

enbodi nent of the invention; FIG 6 is a block

di agram schematically showing @ configuration of the
HDD; FIG 7 is a diagramillustrating head positioning

5 control in the HDD;, and FIG 8 is a diagram

i |l usnrd@bPngcaddrésyg det ébe emmbpdprmepsssifnghieniavention;
channel of the HDD. DETAI LED DESCRI PTI ON CF THE _

| NVENTI ONFAGra§néfi & Bilskkaddapdrny schedr tdimsddivmdiowing |
of 10 this invention will now be described in detai
wit hd FeRE+8HERTEBNt RE SBEoRPRAYI ng drawi ngs. As shown

LD Eheor BlBnt egmear iaeTainan Sel 3 biain Bl st pming
t he é 59}8E s fkﬁé Q'Bk h &ing ais center hole 52 and
recorglng ay%rs 6 Pofn%g on at | east one surface of

the substgate éoﬁgeéséf%BQamf§!§ %%ﬁg%gg@g§34%§%éﬂaetec-

substrate 1n this case). ~ Each of t ayers

56, whbehpeenstkiHgesn a8 t£BEARAILNGfr @dicompphas the
formof a ring that 20 coaxially covers all the area

of the substrEREABYED eDESPRI PTSON NDEr TARJIWVERT ION

peri pheral edge portions. Each recording |ayer 56 is

f or med of Aambgnetrrgnesikc acoatreiingl toe.ag erCodiktentamd

is patterned. Those
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
least one surface of the substrate (obverse and
reverse surfaces of the substrate in this case).
Each of the recording layers 56, which constitutes
a recording region, has the form of a ring that
coaxially covers all the area of the substrate 54
except its inner and outer peripheral edge portions.
Each recording layer 56 is formed of a ferromagnetic
material, e.g., CoCrPt, and is patterned. Those
regions of the layer which have no magnetic material
are filled with a nonmagnetic material, e.g., SiOs.

Thus, the resulting magnetic disk has a leveled

surface and serves for perpendicular magnetic
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regions of the layer which have no magnetic materia

25 are filled with a nonmagnetic material, e.g., Si02.
Thus, the resulting magnetic disk has a | evel ed

surface and serves for perpendicul ar magnetic

recording. The magnetic disk 50 is formed as a DIR
medium FIG 1A shows a pattern of the recording | ayer
56 on the obverse side of the disk 50. FIG 1B shows

a 5 pattern of the layer 56 on the reverse side of the
di sk 50. Roughly speaki ng, each pattern of the
recordcogdliager 56 includes a data region pattern 58

and a plurality of servo region patterns 60. As shown

in FIG 2Thenhmagnesticada sk4 50s isofipathest as1i@ @Plssedium.
for exanple, and has a base |layer (SUL) 66 on_ each of
its bbYers® SRAVEeReP3Et8Pf 8écsheTRECOSGHE0r dB¥e54 56 on

f d _of al um ' I f I - The dat
"ol bRepAPPBPASSA HRd EEnEarss : Plgi of far 1B AECHS =
h I 66, 15 The dat '
ot t P KCEB™ BFnEi8 FAUGFdegon BPoRSUREPE eGP B 4ne
i . .
i k8% 2 PERPPETLGPEREY. Bl DRl R e

proj eetbeasngf 18, 8R0BGL i fARLEL @l 4R at Be 3 Whf g%%t%frn 58
the substraté 54 More 20 specifically, the data

regi @ndpat petirad8thasrasepkdr 2kt ynobagiksulsano.

ri ng-shaped magnetic tracks 62 that serve as

per pendi cakashbeaond FJGl.aper $hef sabsfteatendgndts Cormed of

material (CoCrPt). These magnetic tracks 62 are

arr apgedssubstrantiamply, ceadi Abkyawbtlse layer (SUL) 66 on
each of its obverse and reverse surfaces. The
substrate 54 may be formed of aluminum in place of
glass. The data region pattern 58 and the servo
region patterns 60 are formed on each base layer 66.

The data region pattern 58 forms a recording

region where user data are recorded and reproduced by
a head of a magnetic disk device (mentioned later),
and is composed of projections of a magnetic
material on the surface of the substrate 54. More
specifically, the data region pattern 58 has a
plurality of circular ring-shaped magnetic tracks 62
that serve as perpendicular recording layers of a
ferromagnetic material (CoCrPt). These magnetic
tracks 62 are 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.
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25 the center hole 52 and side by side at

predeterm ned 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 formof recesses to which data

cannot be-recorded. According 5/to"the present

enmbodi ment, Si02 is inplanted in the nonmagnetic

guard belt portions 64 in order to |level the disk _
surface. FEhft Répneiichitdackebéd Shete@divdn fiin hhes radial

f d th ti i sk f , d it i t ed
i { NS P BE PEaRE. CRCpFBRSEERTE Fyarenty 'BESE05or med
di I he i f | t nbeddi
the Geatatheh et abeFaneRes PhEEREnS. otk PR Faarart
i dt h Le ot 2,.th ds i -
Fadi A7 8T PGSt Fon“Or [ne SanERTarS BA recCrarae Phaniging

WﬁdtBoT%hefp§@§BnEOEHBBHEREﬁtgugﬁészEFimﬁ%aaQ% | QR the
64. In the present enbodinent, the“ratio of the radi a

W dt Roshagaehiaagnakucbenackoe2ibast kat jaf oreRehto level
nonmagnetic guard belt portion 64 is 2:1, and the
dat athegdonakpatt€éane58 PFastaemrngaetihd¢nocaupancyroftective
67% Since the data region pattern 58 has a high 20
trackidensst yoexedednnghe20akmet icf diséxamplfecet, hand it is
r adi al Eattetn period (track pitch) Tp is shorter than
a visppred| vgkh favebsageRt . ThAsprateaitaewlpatremay be
that is forned b{ light diffraction by the magnetic
trackerBedcdhrBELBE PnstGARI  rreeydnirz 64 rifacehe izhout
magnet i c di sk 50.

g 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
portion 64. In the present embodiment, the ratio of
the radial width of each magnetic track 62 to that of
each nonmagnetic guard belt portion 64 is 2:1, and the
data region pattern 58 has a magnetic occupancy of
67%. Since the data region pattern 58 has a high
track density exceeding 120 kTPI, for example, the
radial pattern period (track pitch) Tp is shorter than
a visible light wavelength. Thus, a rainbow pattern
that is formed by light diffraction by the magnetic
tracks 62 cannot be visually recognized in the
magnetic disk 50.

As shown in FIGS. 1A and 1B, the ring-shaped

magnetic tracks 62 that constitute the data region
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As shown in FIGS. 1A and 1B, the ring-shaped nmmgnetic
tracks 62 that constitute the data region pattern 58
are sectored in the circunferential direction of the
substrate 54 by the servo region patterns 60. In
these drawi ngs, the data region pattern 58 is shown
to be divided in fifteen sectors. 5 Actually, however,
the data region pattern 58 is ®&ivided in 100 servo
sectors or nore. Each servo region pattern 60 is a
prebid region in which necessary information for
posipaonenyg dhearbeadcobretleinaghet c¢rdusiedenitéaeli s
inplanted in a 10 magnetic or nonmagnetic manner. Each
serv@l¥%@Fb®n 95tFb?nSBbSh§§t9n5érbMaFéesﬁéﬁﬁotﬁ&glon
coincides wt novenpent path of the head. Further,

eachp%%?%ﬁn?ea?on IBaFF@Fﬁ @GaWén850|FEGnPéFénFFQPP?

d d h t
o o T rerR 188 Fp clfPuPohbetr Ak S8l Ehr Aretesn” Mekors.
'”Cfﬁéégéligha§£889ék'OQhEOdBPS {%%18' §g§%gk qn ; %he

substra , a reglion on out peri p era

si degpfi g 1§Up§gr§é vstEQES 5 OIhﬁoggrvo region

patterns 60 of verse-side recording | ayer 56 of

the substrpate 20r54 apdibRepser¥enr egi 68 Raphenis 8Rgion
of the reverse- side récording |ayer 56 are arranged

in diffenesh necdessriynitbernhteunt eeenpbal tdoheali @he

For exanple, the patterns on the obverse side are

arr areed ¢ohH the maguatiécctbskwiseider ést inplaanedt hase

on the reverse 25 side in the clockw se direction.

Thustagmet Fecor dipgmagegtoasmainehe nigabt serdiskesdon

have patterned
pattern 60 has an arcuate shape that coincides with a
movement path of the head. Further, each servo region
pattern 60 is a circumferentially extended pattern
such that its circumferential length along the
circumference of the substrate 54 increases in
proportion to the radial position on the substrate,
that is, a region on the outer peripheral side of the
substrate is longer. The servo region patterns 60 of
the obverse-side recording layer 56 of the substrate
54 and the servo region patterns 60 of the reverse-
side recording layer 56 are arranged in different
orders in the circumferential direction. For example,
the patterns on the obverse side are arranged in the
counterclockwise direction, and those on the reverse
side in the clockwise direction. Thus, the recording

regions of the magnetic disk 50 have patterned

magnetic material shapes, one on the obverse side and
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magnetic material shapes, one on the obverse side and

9 another on the reverse. One of the servo region

patterns 60 will now be described in detail with

reference to FIG 3. FIG 3 shows the servo region

pattern 60 that is 5 provided on the obverse side of

the magnetic disk 50. This servo region pattern 60 is

a pattern in a position where $he-head passes from

left toright of FIG 3 in a passing direction X when

the magnetic disk. 50 is set in a drive. If the

pat t @nAtBeri enr épeere@egent.ed by an arcuate servo

region pattern shape, circular arcs on the outer and

i nner per PpRePdl thiedesrvar egilonared tennishé0 efitll aww be

ri ght-hand sides, respectively, of FIG 3. The data

r egi RSPatPEAnIBgdefta oAt Bd T CERPREr t8i H&Cof 3the

servo regi 15 pattern,60. Roughly .speaking, t .

Servo reg?gﬁ'pgtF§PHS65hﬁa§er§°pF8§ﬁ8 ep65FgF8n%$OFh§$ 18

addr [ byr rtion_74 far .
.§§5v9855 8A de gﬁgﬁgsfhéaag 89 Ehg.magne?%grﬁlgg’SO.

deviati on detection. ata regl on-pa

it isnheenpesed 9Egﬁeansgkee%g @@tEEfgﬁggeEg?q o a

ferromagnetic projections an nonma tic patterns

fornpdsotipgcerses bREWREAJ! PEssBBIRGLIC 1B2kt @pNS i ghke o
preanble portion 70 is provided to perform PLL

pr ocEssi ng andaAgEspiagedsiragribA Kh@hBhLt8% magnetic disk
processi ng, clocks for servo signal reproduction are
synchf ohézedt winhat dmevdel a§$§ that pateecauseédiby repre-
sented by an arcuate sérvo region pattern shape,
circular arcs on the outer and inner peripheral sides
are situated on the left- and right-hand sides,
respectively, of FIG. 3. The data region pattern 58
is located on either side of the servo region
pattern 60.
Roughly speaking, the servo region pattern 60 has
a preamble portion 70, an address portion 72, and a
burst portion 74 for deviation detection. Like the
data region pattern 58, it is composed of magnetic
patterns formed of ferromagnetic projections and
nonmagnetic patterns formed of recesses between the
magnetic patterns.
The preamble portion 70 is provided to perform
PLL processing and AGC processing. 1In the PLL
processing, clocks for servo signal reproduction are

synchronized with time delays that are caused by

rotation eccentricity or the like of the magnetic
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rotation eccentricity or the like of the magnetic - 10
di sk 50. The AGC processing serves to maintain an
appropriate signal reproduction anplitude. The
preanble portion 70 is formed as a repetitive pattern
region that is substantially radially continuous at 5

| east in the radial direction of the substrate 54 and

i ncl udes magnetic and nonmagnetlilc portions arranged
alternately in the circunferential direction of the
substrate 54. The magneti c-nonmagnetic ratio of the
preadbsl porti Bhe7BGEspsabssanngaskeyvesltot hatintain s
10 magneti c occupancy_i s about 50% The

ci r cBRPEPRALPRE Siepeti FPBACPEFLAEN AAPAA tVgdei.-es The
proportion . to the, radial distance, is not |anger than
t he 9F§?%P%elPaﬁFloﬁav8Iéﬁg?ﬁrgﬁgnaﬁnaaﬁeBGFéF&H§tpattern

h
Casel 81 PhelRat alFeg bt ons piTvetna At 1va SRntd s 2t
iden{ify the ?ﬁévgaaﬁggoalBéEEﬁBﬂ Ry %h%h%ubstrate 54 and

di ffraction. ress portion 7 a Servo signa

recognc MilikonmegHer ¢al Lad aoaﬁagae@ekpo%%% arranged
information, cylinder information, etc. are orweg iI'n

Nhnc@gs&gﬁaegl9oﬂﬁStheatl@bamaé&aﬁg@a1aal&a%t§@%eof the
pitches as the circunferential pitches of the

preashbet patéi 6. 70The Thagagkisdabnmabbemalc @athas oF the
pattern such that it changes with every servo track

| n opyeambbe| pgsehont A8 iaf bubstensfiadlyi dt:dke tihmt is, its
address reading during 25 head seek operation,

t herBdgpretiehecrapenaHt LenabsutMafAbhesTae- eicodad easatial

recorded after code conversion _ .
repetition pericd, 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 region
pattern, it is hard to identify the servo region
pattern by light diffraction.

In the address portion 72, a servo signal recog-
nition code called a éervo mark, sector information,
cylinder information, etc. are formed in Manchester
codes that are arranged at the same pitches as the
circumferential pitches of the preamble portion 70.
The cylinder information has a pattern such that it
changes with every servo track. 1In order to lessen
the influence of a mistake in address reading during
head seek operation, therefore, the information is
Manchester-encoded and recorded after code conversion

is performed such that variations from adjacent tracks
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is performed such that variations from adjacent tracks
- 11 called Gay codes are mniml. The magnetic
occupancy of the address portion 72 is about 50% The
burst portion 74 is an off-track detection region for
detecting an off-track deviation froman 5 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 burst has a
plurality of marks that are arranged at the sane

pi t cha pbedodsansceespreanbiaipatti oRilPnmagneRéc occupancy
circunferential direction. A radial period is

prop®ft FaRapdesesRePeRahGR Bér i8d2BPUENSAddr ess
pattern, to a servgétrack per.i.o

present ehBSdPHEHF PREEACBY tlFsaPoPﬁgdqﬁg klge%eCtion
per'?gélbﬁ EE? SEEEEQES ER'gkdeESSE'ggV1églgﬁhf¥%m an

radi alrdirrection eérns are repeat

perigd_twice §§a£8n8$a§ Eg§158é¥0a58§%§sperElesT%%rmed

magneti ¢ occupancy o and D burst patterns is

abouf;; 76% oBashaakkyoreaahseark, i 8, deshgned Absa pattern
rectangle, 20 or nore strlctly, a parall el ogram based

on apskews angl ehattkheihi BReOkabfead aAceessioReperadichy
on the nmachining performance, such as the stanper

wor kbagstabesracylutaansfepff namti ohatetee, aeatged, at
the marks are somewhat rounded. Further, the marks
are thenedmesSpaschopangndsi espohei pnsamaldepairitédn in

descrj ption of the Er|n0|ple of , , ,
the circumferential direction. A radial period is

proportional to the change period of an address
pattern, that is, to a servo track period. 1In the
present embodiment, each burst is formed for 10
periods in the circumferential direction. In the
radial direction, its patterns are repeated with a
period twice as long as the servo track period. The
magnetic occupancy of A, B, C and D burst patterns is
about 75%.

Basically, each mark is designed for a rectangle,
or more strictly, a parallelogram based on a skew
angle at the time of head access. Depending on the
machining performance, such as the stamper working
accuracy, transfer formation, etc., however, the marks
are somewhat rounded. Further, the marks are formed
as nonmagnetic portions.

A detailed description of the principle of

position detection based on the burst portion 74 is
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posi tion detection based on the burst portion 74 is 12
omtted. The off-track deviation is cal cul ated by
arithnetically processing an average anplitude val ue
of reproduction signals for the burst portions A B, C
and D. Although the A, B, C and D burst patterns are 5
used in the present enbodi nent, they may be repl aced

wi th conventional phase differédce servo patterns or
the like that are arranged as off-track detecting
nmeans.. However, the magnetic occupancy of the phase

di f fepehtedser VoepatfeEngciksdanbatisnoisigalput & cdaby
of a magnetic disk that has a |ow density pattern

wi t hARIthEekipRt Ll BFOZBOShRPOPI MBI ELa98pRTpaftude value

diff ti [ d,by i I t K t i f

O TEBLLo LS cased, By 11 a0 af. ek BRLLCERS W o, o
LCcnl | S lar. ,Th 5 | ect [

TRgnELA o 285 b8 R SR B oI gghoy! gl BN, are

recogpigednagna pakbobaw Likeadhbhtactady hb9hbe HBplaced

this case, the arcuate servo region pattern” shape can

be vi;stiRl t¥ni8609BhASdpHEER B3$€crbRckhBeedsep@ttdrns or
magnetic disk that has a track 20 pitch shorter

enoughet haRet BRaYi sikbl erkbghbdwa¥eoflifengblk aptiecaling
diffraction never occurs, so that it 1is hard to
recogaaze.a Hawabew, pahtemagnktithecwvhokecysuoiftf ate phase
the magnetic layer is made irregular, therefore, it

is difffenencei seavbyprebteevegniszebbhé 52%.servo and

data regions. |If the recording | ayers have nagnetic
and In the case of a magnetic disk that has a low-

density pattern with a track pitch of 400 nm 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
visually recognized as a rainbow-like diffracted
light. 1In this case, the arcuate servo region pattern
shape can be visually recognized with ease.

In the case of a magnetic disk that has a track
pitch shorter enough than the visible light wave-
length, optical diffraction never occurs, so that it
is hard to recognize a rainbow pattern. If the whole
surface of the magnetic layer is made irregular,
therefore, it is difficult visually to recognize the
servo and data regions.

If the recording layers have magnetic and

nonmagnetic patterns, as in the magnetic disk 50
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nonmagnetic patterns, as in the magnetic disk 50 - 13
according to the present enbodi nent, on the other
hand, the |ower the nagnetic occupancy of the
patterns, the lower the intensity of reflected Iight
is. This is because magnetic and nonmagneti c portions
5 have somewhat different reflection factors. Al so,
this characteristic is attributt@bl € to influences of
multi-path reflection fromthe enbedded nonmagnetic
portion and absorbance. Thus, even in the case of a

hi gh3 @eAEREYIpEet BRA PIESERENEMAPERMSPEL) cah the other

di ffraction cannot be expected, the arcuate traces of
the 3390 FREi bAVBAL FBPNEaEDSEAR eécusappaapﬁ
dlscrl nated gxga dlffegﬁnce in reflected

e raPEOEREY; eSSt abhE TRt AnhahHep TR Lohse Aiont
t diff tic 15 .
R S A L e
the §§6¥055ﬁ8%99tp355?59§n@ ek&eEE?%ﬁ EQC@OQ'ffeﬁﬁg%e

of about 10% 1 n opti cal ectlon actor,

pat tenns @H@r@@tgt§§thﬂ1ﬂétgetrﬁéhtéﬁaétﬁb|h%flh%nb%% of
present enbodi nent, the 20 magnetic occupancy of the

datanmbgiepapﬁttefme581bﬁ fabauth67%nbwhided hb&magnetic
respective magneti c occupancies of the preanble
port?@ntﬂ@naaddthbsadUaess portion 72 of each servo
region pattern 60 are 50% Thus, the difference in

refl ecti oRhfact evenr ém the dase pégohizh-ganisdty ipsttern

great enough for the optical recognition of the servo
reg|%ﬁ°%aY?é?§s°ptlcal diffraction cannot be expected, the

arcuate traces of the servo region patterns 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 1is provided between the data region pattern
58 and the servec region patterns 60.

If there is a difference of about 10% in optical
reflection factor, the patterns can be discriminated
satisfactorily. 1In the present embodiment, the
magnetic occupancy of the data region pattern 58 is
about 67%, while the respective magnetic occupancies
of the preamble portion 70 aﬁd the address portibn 72
of each servo region pattern 60 are 50%. Thus, the
difference in reflection factor from the data region
pattern is great enough for the optical recognition of
the servo region patterns.

FIG. 4 shows an optical microscope image near the
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FIG 4 shows an optical mcroscope i mage near the 14

servo region pattern 60. The magnetic tracks 62, fine
patterns, etc. are invisible. The preanble portion 70

and the address portion 72 of the servo region pattern

60 can be optically recogni zed even if they are darker

5 and denser than the data region pattern 58. Arcuate
servo patterns can be discrim Adted nore clearly

through a polarizing filter, for exanple. A preferable
line width that can be visually recognized is 10 gm

or nBgevoPregépabpgttenar éPer eThelDaghetiengrhcks HtRe fine
conbi nati on of the preanble portion_ 70 and the ‘
addrB38tpBRET 0AL?2 BFSt ABVLAAEEAost Ther PERaMBRILesepy¥sion 70
sector ;shoul d ge 0.01 mm,or re_ . The line wdth of

10 gfPfstBevPErhPES| PRFEL8Rd ' ¢affhof "eh&cF¥gargddonsPattern
easi identifiable eyes. However, 15.th

o r cbtr P EnbrarBRLR s TNy R pRETERI VG elotbn Ergu, papngarker
60 i e .t IS c 0 ae i ekkLphe
depenth o SelE e Fadr AT Gasrt i on PRE-eElpePrar Arouate

and LepeovhdtBsrat EhE bBNAL s8R4mPHEEEA RBLEPREEEr1y
portions are about 10 gm and 20 gm 20 respectively:

The spr¥aghegi polpattengsrédtean ber easmpyeVisually
observed by being enlarged at a low nagnification

t hrough aAnpgeiftyabgegllase. wihtus, thhe chengkehvalkuahay
conmbi nation of the preanble portion and the address
portrepoghichd LanéPnpot permpher al Psef¥oallby secherefsre,
adjusted to 0.01 nm or nore. In the present .
enbobifrehendthecfepbei ePBRinpEdaBNEY HhE Preenhfer @prtion

70 and the address portion 72 of the innermost
peripheral servo sector should be 0.01 mm or more.

The line width of 10 um is a visible limit and cannot
be regarded as easily identifiable by eyes. However,
the circumferential lengths of the servo region
patterns 60 increase with distance from the inner
periphery, depending on the radial position on the
substrate, and line widths of the inner and outer
peripheral portions are about 10 um and 20 um,
respectively. The servo region patterns 60 can be
easily visually observed by being enlarged at a low
magnification through a magnifying glass. Thus, the
length of the combination of the preamble portion and
the address portion of the innermost peripheral servo
sector is adjusted to 0.0l mm or more. 1In the present
embodiment, the repetition frequency and circumferen-

tial pitch of the preamble portion 70 are adjusted so
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tial pitch of the preanble portion 70 are adjusted so

15 that the ine width is 50 umor nore that can be
directly visually recognized with ease w thout using

any magni fying mcroscope or the like. As nentioned

bef ore, each servo region pattern 60 5 is

substantially in the shape of a circular arc. This

servo region pattern shape is éfSfective in

di scrimnating the obverse and reverse of the nagnetic
disk 50. If the servo region pattern is perfectly

radi Bhati theslgpamwidibals APt honghr tthersetbat r egnohe

10 patterns on each _disk surface can be discrim nated,

t her@tbeetlyheispdélyobeepgaigedr eiéhseasen wifiheontt Wesing
patterns are fornmed c¢cannot be identified. Since the

ser volY cYrBR pELPEr RECEOSSPRET BENES itRe head

passi ng direction X a hown in EIG_ 3, servo _infar-

G mat L on"E aRRBE LBEogaBrRg HFde AR G851 CRE Gruegrern 60
t he , | L [,S:m k Ln_an_a l,y _pr.qcess
B o Vet = Lok oo
pattenns 80rpLevLbgushypheraed LReLEON s & FiFacenRQYS ated

in the magnetic disk device as the drive, it is 20

esseaisakimOnseinghendi skve®sw bRAUL eResakiord thleS magnetic
side. Thus, it is effective to formthe arcuate servo

regi @hspasder nsfbyhehsebvbheegide, pabterse i6r peevrercsa,y

of the magnetic disk 50 can be recogni zed with ease.

Besi dagdjal heinovenspmmpathcef .t hallhbadgdf thiee se2¥o region
magneti c di sk device is an arcuate path around a

rot apyteerve emchanhsdiswhsohfackel cee Wwendiscedniateded,

therefore, the side, obverse or reverse, on which the
patterns are formed cannot be identified. Since the
servo region patterns 60 are formed in the head
passing direction X, as shown in FIG. 3, servo infor-
mation cannot be easily identified if the side of the
magnetic disk is mistaken. In an assembly process in
which the magnetic disk 50 having the servo region
patterns 60 previously formed thereon is incorporated
in the magnetic disk device as the drive, it is
essential to set the disk 50 without mistaking its
side. Thus, it is effective to form the arcuate servo
region patterns by which the side, obverse or reverse,
of the magnetic disk 50 can be recognized with ease.
Besides, the movement path of the head of the
magnetic disk device is an arcuate path around a
rotary drive mechanism, which will be mentioned later.

Preferably, therefore, the servo region patterns 60 of
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Preferably, therefore, the servo region patterns 60 of
16 the magnetic disk 50 should be arcuate patterns

that are substantially coincident with the head
novenent path. The following is a brief description

of a nmethod 5 of manufacturing the magnetic disk 50
descri bed above. Mnufacturing processes include a
transfer process, a nagneti—c preocessi ng process, and

a finishing process. First, a nethod of manufacturing
a stanper that «constitutes a base of a pattern used

i n t hbet mapsksic dOspr S6esbouilld bige ades@iticbedtthrns that
met hod of manufacturing a stanper can be divided into
st ep38f SHPAKRAG L adeVeLopRreALend| Wdfthothrohigiagy mogigent
finishipg. In the pattern drawing, a part of the
nagnBPFg°disk to be demagnetized is 15 exposed for

on'a 1 8si ST CcSALAA REEr oF By Phiatg o LGRS oi I e thod
e T A e e T

et c. hRuEFQRILS 1 ABt ¥ WskR sl HHEAWRT PRLLEIHSr 2docess, a
After this matri X is treated for electrica

conduelhbich bt Yrokksssubf 8¢eckess¢! eatdr of FimREGHMN process.

ni ckel . Subsequently, the nickel is separated from

t he FatbkX, aandtaocd sk- shapgdcsiaiper aofs tRimpleal that

formed by punching for inside and outside dianeters.

25 Thenstampéeshasbpsej ect rops taernhosedpant $hehitatansfer

are to be demagnetized. Stanpers for the obverse and
process will be described.

A method of manufacturing a stamper can be
divided into steps of drawing, development, electro-
forming, and finishing. In the pattern drawing, a
part of the magnetic disk to be demagnetized is
exposed for drawing from its inner periphery to outer
periphery on a resist-ccated matrix by using an
electron beam exposure unit of a matrix-rotation type.
The resulting structure is subjected to development,
RIE, etc. to form a matrix with irregular patterns.
After this matrix is treated for electrical
conductibility, 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 demagnetized. Stampers for the obverse and

reverse surfaces of the magnetic disk are formed
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reverse surfaces of the magnetic disk are formed 17

individually. 1In the transfer process, the

irregularities of the stanper are transferred to the

magnetic disk by the inprint |ithography using an

inmprinter of a 5 synchronous doubl e-si ded transfer

type. More specifically, base |ayers are first forned

individu- ally on the opposrtelgldes of the substrate

54 that is fornmed of glass or silicon, and nmagnetic

| ayers of a ferromagnetic material are further forned

over iappvhgualdyt he base | ayers. A resist is applied

to both surfaces of the perpendicul ar-recording

magneti ¢ dRskhBy tEprafesaPrrgessar tbe dpeegidrrisies of

baked, it _is chucked i ts cent ole 52. Fo

exantts, °FrEFd $F6octhee orEShs Ea 5Eel§aﬁﬁét|l§sid§tsk by

Int |de f t he netlc

i siCh8 EhEREnr cnEsPREEREhY ERBRE, Bus Bp-1TRemeree

t hat e t % rse
s FhEnPLAYL ¢ goEPFe Q%ﬁé@ %Eéﬁﬁ§@9 ng%

sur faces, 1 ndivi ereb e who sur aces are

pre5§§gcyﬁ1&9[myy bIBHslayegsl5&@g@h§gtp@b&ﬁ@eslgﬁl%qdu-
the stanpers are transferred to the resist surface.

thlSal[@néﬁEthQF@p@SSLtbhglﬂéét§ft@hbesdﬁﬁﬁgﬁeblBﬁdthat is
are forned as recesses in the resist. Then, in the

magnédroeProfegsang proséiscohheannngaghetikayeryers of a
surface of the parts to be demagnetized 25 is exposed
af t eferhemagnétilal mpesikstlatrehéurespectovmebovivems apbing
the recesses of the resist is renoved. At

the base layers.

A resist is applied to both surfaces of the
perpendicular~-recording mégnetic disk by spin coating.
After the disk is baked, it is chucked by its center
hole 52. For example, liquid SiOp (SOG) is used as
the resist. 1In this state, the opposite sides of the
magnetic disk are sandwiched between two types of
stampers that are provided for the reverse and obverse
surfaces, individually, whereby the whole surfaces are
pressed uniformly. Thus, the irregular patterns of
the stampers are transferred to the resist surface.

By this transfer process, the parts to be demagnetized
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
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that part where the magnetic layer is to be left, the

- 18 resist is forned as projections. Then, only

those parts of the magnetic |ayer which are situated
corresponding to the recesses are renoved by ion

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

5 magnetic material is worked into a desired pattern.
Subsequently, S102 films are féBmed individually to

an adequat e thickness on the opposite surfaces of the
magneti c di sk by, for exanple, sputtering, thereby

el i iewisthgis htormedgasaprojestobnshe Bhsk, sanflgcebose

10 By renoving the SiQ2 filns to the depth of the

magried ¥es | af ekheupagresipylegoer shishuarer paguathe

flat pattern nagnetic di sk can be obtained having the

r ec€SeEEeTPPIRHNY ER Ehe RBRRAGAEt RECNBEBPVEF. P¥nifRe
final,finishin rocess, the disk surfaces 15 are

ol bl RSt EE ot sba: AB FedbrRaccavaRa pheTeby the
car Ct fiLlmis f d.thereafter. The
nagmﬁ%%§%#§k$%%§g%%#nbst%O?Eggp%gggng 8ﬁﬁéaﬁﬁeﬁFtF§rn‘
conpl et ed appl hcati 0 h [ -

fol I owi ngs?%séggéggg ! pt ?%25oqf&gﬁﬁaéégd?SEMQEIOES‘%\V&EE%lly
(HDQ)o agn t @ BGOEL £ i Bk Sksde¥hCent h@%pb§it§r Qui-ggdes of
with the magnetic di sk 50 descri bed above. As shown in

FI GXhé maghétia dangrebyc doskedemple, 3PuceBRLhSEStAereby
flat, rectangul ar disk enclosure 13. The enclosure 13
has el bokrahapedthbaseri@gahdratiep 25 tbeeriik thatfaces.
hernetically closes a top opening of the base 12.

By removing the SiOy films to the depth of the
magnetic layer surfaces by reverse sputtering, the
flat pattern magnetic disk can be obtained having the
recesses filled with the nonmagnetic material.

In the final finishing process, the disk surfaces
are polished further to improve the levelness, and the
carbon protective film is formed thereafter. The
magnetic disk according to the present embodiment is
completed by further application of the lubricant.

The following is a description of a hard disk
drive (HDD) as the magnetic disk device that is
provided with the magnetic disk 50 described above.

As shown in FIGS. 5 and 6, a magnetic'disk device
10 comprises a flat, rectangular disk enclosure 13.
The enclosure 13 has a box-shaped base 12 and a top
cover 11 that hermetically closes a top opening of the

base 12.

The disk enclosure 13 contains the magnetic disk
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The di sk enclosure 13 contains the magnetic disk 19
50, a spindle notor 15, magnetic heads 33, and a head
actuator 14. The spindle notor 15 supports and

rotates the disk. The nagnetic heads 33 are used to
record and reproduce information to and fromthe disk.
5 The head actuator 14 supports the magnetic heads for
novement with respect to the mad§netic disk 50. The
encl osure 13 further contains a voice coil notor
(hereinafter, referred to as a VCM 16, a ranp | oad
mechahi san $8indheimeroralbat vhgnethanhead2033andnd &0head
flexible printed circuit board unit (hereinafter,

ref efFed2E8ras?an EPE amwl@?movﬁé élwsmeppét:at egd
and §03|t|ons th hF ﬁatuator 14. The

mechaPtht 18RI d8s an@?aeeﬁéadgeeés 58aa§83P?F8nto

?Eftﬁgg%”?ggﬁ%;?e§%$55ﬁ8r§n SPrbAEidioke HE PRER FRS disk.

| at cfy, gechani 9m20: bl d5 Lheobead eELUALGEC14ci edds for

shunt p03| 'S nbun

C'fCﬂb$eﬁ8HPOQ§BESre§ﬁééta%oatﬁéeﬁgphéEhérdllkesﬁaseThe
12 has a bottomwal |, and the spindfe notor ead

20 a@ﬁ@ﬁb@ﬁré413Vﬁbkﬂﬁerebéntaiﬁsaér689@6 eBit hgokprer
surface of the bottomwall. As nentioned before, the

magnéhéce tihskt 80, | sefiersadl todhanat BcMpatiber aedanpdilvand
with a perpendicularly magnetized dual-film

st rucechenibot h8suahatesrofawhatbh2feahenpsncédsednflon
DTR. Mre specifically, the disk 50 has recording

| ayefkestbba prinbpdersscuhtl beesdsenit (hereinafter,

referred to as an FPC unit) 17. The VCM 16 rotates
and positions the head actuator 14. The ramp load
mechanism 18 holds the magnetic heads 33 in a position
off the magnetic disk 50 when the heads are moved to
the outermost periphery of the disk. The inertia
latch mechanism 20 holds the head actuator 14 in a
shunt position. The FPC unit 17 is mounted with
circuit components, such as a preamplifier. The base
12 has a bottom wall, and the spindle motor 15, head
actuator 14, VCM 16, etc. are arranged on the inner
surface of the bottom wall.

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 obverse and reverse

surfaces. It is formed having a diameter of 1.8 or



10

15

20

25

surfaces. It is fornmed having a dianmeter of 1.8 or 20
0.85 inch. The magnetic disk 50 is coaxially fitted

on a hub (not shown) of the spindle notor 15 and fi xed
to the hub by a clanp spring 21. The magnetic disk 50

is supported and rotated at a given speed by the 5
spindle notor 15 as a driver unit. The head actuator

14 has a bearing portion 24~ fidfed on the bottom wal l

of the base 12, two arns 27 attached to the bearing
portion, and suspensions 30 extending individually
fronPtRe apgb. TEéenﬂgg@@rcgcmllﬁéa@@ 33 socexdappor tiddted
individuahl% on the respective extended ends of the
suspBisfofieP3dnofhahgrpe 2% theuspnsilen&cder dfd and fixed

boar Lo oBar FrBnBES =" $aE sRta gs Ancl Hite HGORr et ok 50
t hat b id di | ayer .of .the
mgnist: SoapbPeel 4R E et s RL Bl SR VRS seRE o

revessendidenteser dsngql ayariob, thgdisk. In each
magneti c head 33, a slider for use as a head body is

mount ed Wrhb acHBYARLLE tRead sehrrent pdaiating Hides 4
read el ement (GWR elenent) and a wite 20 el'enent.

The ¥Chedbohagha Beteemcaiuh 123 rathachadet a2t heywcheaths 27
actuator 14, a pair of yokes 38 fixed to the base 12

and appaskddt bot hbevbeeeiegi bprandna emgnetisprdtsions 30

shown) fixed to one of the yokes. The VCM 16 gener 25

at esedtepeanfonnfivadyad lar Sunt the beasi.ng Ther iagme24.c

'n tﬁgagén§3Zgrgngugggﬁieﬁh?ngﬁggghgi196%%5t%i Egs;g%tive
extended ends of the suspensions 30. The arms 27,
suspensions 30, and heads 33 are supported for
rotating motion around the bearing portion 24. The
heads 33 include a down-head that faces the obverse-
side recording layer of the magnetic disk 50 and an
up-head that faces the reverse-side recording layer of
the disk. 1In each magnetic head 33, a slider for use
as a head body is mounted with a magnetic head element
that includes a read element (GMR element) and a write
element.

The VCM 16 has a voice coil 22 attached to the

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 gener-
ates 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.
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radial direction of the magnetic disk 50. 21 The FPC
unit 17 has a rectangul ar board body 34 that is fixed
on the bottomwall of the base 12. Electronic
conmponents, connectors, etc. are nmounted on the board
body. The FPC unit 17 has a belt-shaped 5 main

flexible printed circuit board 36 that electri- cally
connects the board body 34 andZ2tlhe -head actuator 14.

The magnetic heads 33 that are supported by the head
actuator 14 are connected electrically to the FPC

unit 17 t Aheug®Caungitay 7FRESs( motr estiewg land bideer drdgiady 34
10 flexible printed circuit board 36. As nentioned

bef oEkatt he Aagaet P dhskbstthasveRd odbéesdagsd 12.-
reverse sides and is set in the base 12 wth the
obveFé@CEﬁen#§v6P§EO§F8é§'aFP§ﬁ§Gt§6Svh§FCthérﬁeﬁﬁunted on

Subst Rt PRRFS) BBRNCI dBRE APEhUCHe drcbate Rade orarre
SpectLfor ?%ﬁ@g%%eﬁvﬁénﬁ%dﬁe %%%&@%%é%d?#'f AR

and poshde dh3aeter ghef EBQEQ' BY43Nd 4" GRLOAUE rk‘l%ad actuator

characteristics, etc. at are adaptive to the

magnei ¢ @hékmaéﬁb%ﬁc E@@BsaBGU@h%tS%&%Osb@@dyied by the
pattern 60 has its center of circular arc on the

Ci rchehdr enceadbraldi aekecbhakcitedceneeririica Iyt td hthe FPC
magnetic di sk and has its radius equivalent to the

di standée fi7omhtrbeghotatrednyc&@®Cer(noft tshewmgretd chdi slain
25 to the center of the bearing portion 24 of the head

act udleribde pPhméntedi gd refiithbogirdcdiéar arc is

As mentioned before, the magnetic disk 50 has the
obverse and reverse sides and is set in the base 12
with the obverse and reverse sides aligned so that
the head movement path of the magnetic disk device is
substantially coincident with the arcuate shape of the
servo region patterns 60 of the magnetic disk. The
specifications of the magnetic disk 50 fulfill outside
and inside diameters, recording and reproducing
characteristics, etc. that are adaptive to the
magnetic disk device. Each arcuate servo region
pattern 60 has its center of circular arc on the
circumference of a circle that is concentric with the
magnetic disk and has its radius equivalent to the
distance from the rotation center of the maghetic 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
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equi valent to the distance fromthe bearing portion 24

22 to each magnetic head 33. In other words, each

servo region pattern 60 has the shape of a circul ar

arc that is always substantially coincident with the
head novenent path even when the magnetic rotates. The

5 radius of the circular arc of each servo region

pattern 60 is equival ent to~thé2di stance fromthe

bearing portion 24 to each nmagnetic head 33. The

center of the circular arc noves along a circular path

t hatt¢ sezehceagretiai phadhé3mghBt PENEFsKOaAE  vERIFES SErVO

10 in synchronismw_th the angle phase on the di sk on
whi cheghen paRE ke AR épehﬁérﬁﬁﬁ stRRer 8di GsCof CHhETpaLR that

f th f th h
i
t f
e BTGPk R BB oerts PR o

for Ege Q'bknshghslgsaﬁsetgye BEeEQEhogérvgfrEB§on

spi nd not or 15, 6, d magnetic heads through

t he 5&%&@Bht6é7lgse&umeglbattBe eubenisunhaee rroh the
bottom wal | of base 12, and faces the base 20

bot tipan nehy . pAﬁtSBﬁWBM eoFle@ch6magnbaﬁge hewabes .of The

el ectronic conponents are nounted on the PCB 40.

Theseestecr- ofr ohecctonpbdaentscmabrkey mdchgde tdwrcular path

system LSl's, a hard disk controller (hereinafter, .

ref ethet is asngeRbrHDCyigh, ther madh@itiite digdnpeld vgries

42, an MPU 43, and a notor driver |C 44. Further, the

PCB 40 F¥n@BLApagm 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 15 to
the center of the bearing portion 24.

A printed circuit board (hereinafter, referred to
as a PCB) 40 for controlling the respective operations
of the spindle motor 15, VCM 16, and magnetic heads
through the FPC unit 17 is fixed to the outer surface
of the bottom wall of the base 12, and faces the base
bottom wall.

As shown in FIG. 6, a large number of electronic
components are mounted on the PCB 40. These elec-
tronic components mainly include 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
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with a connector that can be connected to a connector
23 on the side of the FPC unit 17 and a main

connector for connecting the HDD to an el ectronic
apparatus such as a personal conputer. The MPU 43 is

a controller of a drive operating 5 system and
includes a ROM RAM CPU, and | ogic processor, which
realize a positioning control 8ystem according to the
present enbodi nent. The | ogic processor is an
arithmetic processor conposed of a hardware circuit
and ¢ HRedside afghhepEBd unithiét pedle prépesSRAgCtor

Further, operating software (FW is saved in the ROM
and t®e ®PU@ERERrSI SNenBPHr FoedinelactsPRARCAPRRERTUS such

this FW The HDC 41 is an interface section in the
HDD. 2% 1¥ RKERANILsCPAPBFRAtion with an interface

bet ween %ﬁetﬂ Udh§k'gr%¥%o§g?o?%ggsgfs SLEM. 4 er%%ing

per sonal conputer, t g read/wite channe

IC 4 d e: rLv I , re I.ng
e rRGER pibe HRL e dn Rbw, CRif SPOT CRYGTREBILTY |

Si gngtods PHOCeRROEnaseath abed Pbkitk8aAdhW kbRtrol system
operation. It is conposed of a circuit that sw tches

channetsr@ing beatheappbbéher ehboaifleREQCESHES logic
recordi ng and reproducing signals, such as read/wite

si gnatscedher nbs oandarvenmet Ccddrbseasdei vempbisedf of a

the VCM 16 and the spindle 25 notor 15. It drivingly
conthdtdwahe spradit andoisfosedcbdast haghrepaedonramdimetic

applies a VCM mani pul at ed , _
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.

It exchanges information with an interface between
the disk drive and a host system, e.g., a personal
computer, the MPU 43, the read/write channel IC 42,
and the motor driver IC 44, thereby managing the
whole HDD.

The read/write channel IC 42 is a head signal
processor associated with read/write.operation. It is
composed of a circuit that switches channels of a head
amplifier IC 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
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variable fromthe MPU 43 as a current value to the -
24 VCM thereby driving the head actuator 14. A
configuration of a head positioning controller wll
now be described in brief with reference to FIG 7. 5
FIG 7 is a block diagramof the head positioning
controller. In FIG 7, synbols C, F, P and S

i ndi vidual | y desi gnate transfe4functions of the
system Specifically, a control object P is equiva-
lent to the head actuator 14 that includes the VCM 16,
10 witMe Bherghsl dpiviegsbheshpadapcerafent 1dhat is
realized by a channel 1 C and an MPU (part of off-track
det ect i ngAnEaR§} IUA2ESREr BF Br BEESsBPSihdrndey gontroller
f eedba controller first _controller nd a

Sy noREbholS™ 185 S EFELaPEnt RoRBaREaTEGH LecEFBAce to
(se§E£€ Cﬁntroller), and specifically, is realized by
an - Thé operation of the control processor will be
descri bedpip detagl 5l ghgLy Lhg shgnal: RHACESIAN pdsitioning
generates track current p03|t|gn (TP) information on
20 thentpeneti ¢ dirgkpd@,in, aggRpdance, Wet hpaang s
reproduci ng signal including address i nf or mation from
the seAY0idu8ULONdpAL§RADE E€Dahkgbt woderianbead the

position (HP). Based on a target track position (RP)
on téestagnet Epecilfskablyand aoposbli objerctoP (E) equiva-
between the target 25 track position and a current
posi 1énh tFPyhef headhachugheti ¢4hthdt33nohutlee the VCM 16,
magneti c di sk 50, the first
while a signal processor S is an element that is
realized by a channel IC and an MPU (part of off-track
detecting means).

A control processor includes a feedback
controller C (first controller) and a synchronous
suppression/compensation section (second controller),
and specifically, is realized by an MPU.

The operation of the control processor will be
described in detail later. The signal processor S
generates track current position (TP) information on
the magnetic disk 50 in accordance with a reproducing
signal including address information from the servo
region patterns 60 right under a head position (HP).
Based on a target track position (RP) on the magnetic
disk 50 and a position error (E) between the target
track position and a current position (TP) of each

magnetic head 33 on the magnetic disk 50, the first

controller C outputs an FB control value Ul in a
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controller C outputs an FB control value Ul in a 25
direction to | essen the position error. The second
controller F is an FF conpensation section for
correcting the shape of the magnetic track on the
magnetic di sk 50, vibration that is synchronous 5 wth
the disk rotation, etc. It saves a previously

calibrated rotation synchromoug>conmpensation val ue in

a nenory table. Normally, the second controller F

never uses the position error (E), and outputs an FF
contdbrevhiore tR baseenohhsepvsiséenoerirater mati on 10
(not shown) fromthe signal processor S with reference

to the tab @.S¢ﬁ€néoﬁPPgF°6#66e§séﬁ adds§ Fugoppensation
respective outputs Ul and U2 of the first and_second
ContTEFTERR o BndoRreGRANgupBR] 889PReOFathift MAGTGARGe track
as a control _value U.ito, t VCM 16, t hrough, the HDC 41,

15 Tl b5 RO hEo R mgher T PRasAS a5 S ha Sy SUSE GRrons
SYNCRI CROLe CQIBRNSBLLONOKA! Uect aDhE sLyogabi Brakedusly
an initial stage of operation. If "the position error

(E) bgropestbargstathan ayREasBhoukakbRpehBattidhl ¢alue in
starts to be calibrated again, 20 whereupon the
syncirasedsy coapeasat Nepm¥alye tse Wpdah@dcoMiroller F
operation for detecting the position error by the

r epriogiaer ngsss ghak pobhithow berdescEl)bhedndnobtipafts an FF
with reference to FIG 7. 25 The magnetic disk 50 is

rot atedtatl avéinedU2r beaedonal sspredsbytbhre igfiomdlac ion

notor 15. The
(not shown) from the signal processor S with reference

to the table. The control processor adds up the
respective outputs Ul and U2 of the first and second
controllers C and F, and supplies the resulting value
as a control value U to the VCM 16 through the HDC 41,
thereby driving the magnetic heads 33.

The rotation synchronous compensation value table
is calibrated in an initial stage of operation. If
the position error (E) becomes larger than a preset
value, the table starts to be calibrated again,
whereupon the synchronous compensation value is
updated.

An operation for detecting the position error by
the reproducing éignal will now be describéed in brief
with reference to FIG. 7.

The magnetic disk 50 is rotated at a fixed
rotational speed by the spindle motor 15. The

magnetic heads 33 are elastically supported by gimbals
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magneti ¢ heads 33 are elastically supported by ginbals
- 26 that are attached to the suspensions 30. They
are designed to fly with a fine gap above the
magneti ¢ disk surface, balanced by an air pressure
that is generated as the disk rotates. Thus, a head
reproduc 5 ing elenent can detect a nmagnetic flux

| eakage from the disk nmagneti €6 ayer with a given
magneti ¢ gap above the disk surface. As the magnetic
disk 50 rotates, its servo region patterns 60 pass

ri ghthghderet et ashRdt te hBadsusBenppiong g0gi vépey are
period.  Fi xed-period servo processing can be executed
by d%?%%gPﬁﬁ tPatkYp¥sthi BntiRtoPARt RBAVEr 6RE magnetic

duci i I - egi W
R A R Rt T
SeTLELERLLSTL! 203 TLLo0rBsEyg mukael ol Mol Seproduc-

servo reglon p%?tgrns | 1 :
of e?ﬁ? SBENE EeQéHndgééEﬁrg f188n %'@nEiEkDQEQQagﬁ'%%%m
the Sefvo narks are arranged at preéetern1ne

i nt efyal §isACROGHERILY 1aBe HDEN4A yiges hAeneRarngl
to start servo processing when the preanbl e portion gb

20 capesertgdtdiusdesutbaceagneti c head. The fol | ow ng

is a description of an address reproduction

processi ngscohti gepaeican dnskhéOchannatks, Assslemyva rregion
FIG 8, an output signal froma head anplifier IC

(H Qpratharngséteopnest edghd vhdemnghet neg2sthcalieadsd 38 in
read by the channel 1C After it is subjected to

| ongPt Y€V RRI PeF §Ral efuxpfzRErdAdbyesO Processing can be

executed by detecting track position information from
reproducing signals for the servo region patterns.

Once the HDC 41 recognizes one of servo region
pattern identification flags called servo marks in the
servo region patterns 60, the timing for the arrival
of each servo region pattern can be anticipated,
since the servo marks are arranged at predetermined
intervals. Accordingly, the HDC 41 urges the channel
to start servo processing when the preamble portion 70
comes right under the magnetic head.

The following is a description of an address
reproduction processing configuration in the channel.
As shown in FIG. 8, an output signal from a head
amplifier IC (HIC) that is connected to the magnetic
heads 33 is read by the channel IC. After it is
subjected to longitudinal signal equalization by an

analog filter as an equalizer 45, the signal is
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analog filter as an equalizer 45, the signal is 27
sanpled as a digital value by an ADC 46. A magnetic
field | eakage fromthe magnetic disk 50 is

per pendi cul ar magnetization and is a
magneti ¢/ nonmagneti c pattern. However, DC offset 5
conponents are thoroughly renoved by the high-pass
characteristic of the H C and éduali zer processing of
a front-stage portion of the channel 1C for

| ongi tudi nal equalization. Thus, an analog filter

post sayup ped $$oﬁ1dh@lbaéaﬁﬁl@eprtﬁ@nA?@ 25 substan 10
tially a false sine wave. A difference froma

convent|oﬁamaﬁéﬁbéﬁdﬁééﬂgr1ﬁﬁ§ﬁ€?|érﬁ@dFBﬁlmﬁé§etﬁc disk

that_t he S|%nal gng ;tude i s halved. The gnet!c di sk

accordi hg P rPHe b BLBht M2 GRBLAFAEAPT 820t Prited to
tt d . Ho | ect f th

i TRt FORE b/ TRa RaBREe FoE oY FRE™T ca éa'sg%ﬁ RS B5rost

] Cp g8 oSty oL BDIAL £ 140 1B

chanogl radbusi st e propgti Arcdhsk @%h@ﬂh%ﬁrCP@oQQSSLng
properly set according to the 20 magnetic f

| eak@gea of rbhe-pabyer psrthiont BE ehanaabnh€l thefor

processing is swtched depending on its reproducing

si gnbbngphaseinAlr epnaliduacing.si Ghak,cbackaadprg filter

synchroni zed with nedium pattern periods in pull-in

pr ocesstngutSett 6roa5tbyl pndenbilef prmitpon 70s lsegdbstan-

address readi ng_ processing. Burst portion processing

is chiaiby aufalse sine wave. A difference from a
conventional perpendicular magnetic medium lies in
that the signal amplitude is halved.

The magnetic disk according to the present
embodiment 1s not limited to a patterned medium.
However, selection of the direction of the magnetic
flux leakage of the servo region patterns may cause
misidentification of 1 or 0, and hence, failure in
code detection in the channel. Thus, the magnetic
disk polarity can be properly set according to the
magnetic flux leakage of the patterns.

In the channel IC, the processing is switched
depending on its reproducing signal phase. A repro-
ducing signal clocks are synchronized with medium
pattern periods in pull-in processing. Sector
cylinder information is read in address reading

processing. Burst portion processing is carried out

as necessary information for off-track detection.
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as necessary information for off-track detection. 28
A detailed description of the pull-in processing is
omtted. In this processing, the timng for sanpling
the ADC is synchronized with a sine-wave reproducing
signal, and AGC processing is perfornmed to 5 adj ust
the signal anplitudes of digital sanple values to a
certain level. Periods 1 and 028f a disk pattern are
sanpled at four points. Then, in reproducing the
address information, noises of the sanple valued are
| oner ed b¥ deErRled0deikréptddn Tiie tognplud lvdnu@y cmessing
converted into sector information and track
|nfo%ﬁa@mbﬁtﬁﬁrouéﬁ tW@FePBPCGéééBEngtBPoEé@épﬁgfHéSed
on naX|n§ el i hood estinmtion b ter bi, decoder

48 oF 2P yngcs 8 berseSubrivercr s ¥ 5 s e B 21 n82080%

processor 1? servoﬁé ack infornatE%n

nﬁgna?%%saggsélesﬁ AR
the $&i§ét E'QPgZéi BH 11EU8@BE$EPHQBQ%Q§ %%g?ﬂtu alues

of f - ect n proc ssin e si‘gnal es

are §theEE§ga£9 saiehe- h@Eglggs'@tgﬁﬁab %Eoge%ﬁ@mgﬁditern
the order of the burst signal patterns A, B, C and D

and ar¥okhmpgeedabuersdui yaliank. to an average
anplitude is outputted to the MPU 43, whereby a servo

processi ngheat et hupkpirsdusined the thelrddBU.indvormation,

receiving this interrupt, the MPU 43 reads 25 the

bur shossgrab$ thet hempilpeveéueds apg dovieresr iyl a ADG

and converts theminto off-track val ues by DSP.
filter 47. The sample values are converted into
sector information and track information through
Viterbi decoding processing based on maximum
likelihood estimation by a Viterbi decoder 48 or gray
code reverse conversion by a gray processor 49. Thus,
servo track information of the magnetic heads 33 can
be obtained.

Subsequently, in the burst portion 74, the

channel proceeds to off-track detection processing.
The signal amplitudes are subjected to sample-hold
integral processing in.the order of the burst signal
patterns A, B, C and D, and a voltage value equivalent
to an average amplitude is outputted to the MPU 43,
whereby a servo processing interrupt is issued to the
MPU. On receiving this interrupt, the MPU 43 reads
the burst signals in the time series by an internal

ADC, and converts them into off-track values by DSP.

Based on these off-track values and the servo track
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Based on these off-track values and the servo track 29
information, the servo track positions of the nmagnetic
heads 33 are detected precisely. According to the
magneti ¢ disk 50 and the HDD constructed in this
manner, the side, obverse or 5 reverse, of the
magneti ¢ di sk can be visually recognized, and the
assenbly of the disk device-cad%be- easily nmanaged
without failing to be aware of the side by the
supplied nmedium Further, each servo region pattern

i s fornfednabiohe shapesevfoatthetubapibieng0of the magnetic
corresponding to the head novenent path. This is
advartageodd 26t AeteebrRIpRFEGEARAYe and the preven-

ti fol [ f SN rati t .the.i t

per i pher | BECOFIERE BPsksBRBRAECha*ér FOr RRACE 6 0D
th tic disk deyvi be | d. 15 A DIR
Syt SHrT e SCRRYnER | EF SoBFANRG sy BPeRt iR URYERSSr Pbr
fate§eb8r93EaoEEQBQ”ﬁagﬁgtPS aﬂpkoxsg ARdy ;LG Y face
recordi ng density can be 1 ncreased. The i ncreased

reCOfQé@@nﬁS@éitXnHeéﬁé LQs8RpiPcheashel AiskeaakdkBIcan be
capacity. Since the servo inforimation, 20 along with

dat acd s at¥SmahsgéQr wednbyti FRL anhat tBNbet ARarBedifUlhe side
never requires servo information recording (STW
servioyttiaeksuppl eed mbdchmi s @nrateant agehobetrhe rageon

of the patterned nmediumto the HDD. Mdre specifically,

t he paghetrincidi §kr56dhas the sRBpar ofiatecssrvudaregiren
patterns 60 that depend on the configuration of the

HDD, candespendbogr s¢ &hd hegdrpevement path. This is

advantageous to the seek'performance and the preven-
tion of lowering of SN ratios at the inner and outer
peripheries of the disk, so that the performance of

the magnetic disk device can be improved.

A DTR system is a magnetic recording system in
which error rates in data regions can be improved and
the surface recording density can be increased. The
increased recording density leads to an increase in
recording capacity. Since the servo information,
along with data tracks, is formed by implantation, the
medium never requires servo information recording
(STW: servo track write), which is an advantage of the
use of the patterned medium to the HDD.

More specifically, the magnetic disk 50 has the
arcuate servo region patterns 60 that depend on the
configuration of the HDD, and its obverse and reverse

are oriented as it is incorporated in the HDD.
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are oriented as it is incorporated in the HDD. 30
Accordingly, the magnetic di sk 50 can produce the
follow ng functions and effects. First, the magnetic

di sk 50 can ensure high seek perfornmance. As

menti oned before, the HDC 41 requests 5 the channe

to start serve processing at a timng when any of the
servo region patterns 60 comes3Pight under the

magneti c head 33. If the servo region patterns are
arranged at equal spaces and if the magnetic heads 33

are A¢xeddimgipne theimbodetect dbak PRecevspkpidngel@he
timng error is within an all owabl e range and

negl gt bPelngshpnet sope fNAcehaeFbR-of a servo region
pattern crpssing period that is attributable to | .
eccentricFﬁﬁﬁﬁtiﬁgeopagﬂgtﬁﬁgﬂéﬁicggi§ﬁp BOREFEr Dighe seek
magneti ¢ heads 33 ve ip.a cirgular _arc,as ey .V

Te et angen i Aoy e PadngR e FBerofndr Hpfe Y1 Pekuests
mag I C ] 50 _duri 0 Lan,. f X L,
Thoect rerShagt CPe CHE R Be SEE Y BRbBRE no E &SIy when

di regt |, ofe @ﬁe“@ELvésrégiBhepééggﬁhsd%beQBEQQ #Rdnht under
arouse a problem 20 If the servo region patterns are

fornesk pradestiy nheadi 3kly, 1Foehexaspke, rkfe¥nap@tterns
situated in fixed angle phases w thout dependi nhg on

t he danadi al rpogedi an. eqGehcepbhesnmagdetiifc theads gddtadlcsdeads
nove in the circum ferential direction, however, the

angl @3 phesefiyadyinsthet hadéspedireottihe,r ohat resulting
center of the spindle notor 15. Thus, a servo

st artimynphaseordist whebin an allowable range and

negligible despite some fluctuation of a servo region
pattern crossing period that is attributable to
eccentric mounting of the magnetic disk. However, the
magnetic heads 33 move in a circular arc as they move
at high speed in the radial direction of the magnetic
disk 50 during seek operation, for example. Thus, the
magnetic heads move in the circumferential direction
as well as in the radial direction and arouse a
problem.

If the servo region patterns are formed perfectly
radially, for example, they are situated in fixed
angle phases without depending on the radial position.
Since the magnetic heads 33 also move in the circum-
ferential direction,.however, the angle phases vary
with respect to the rotation center of the spindle
motor 15. Thus, a servo starting phase (distance

from a servo region starting position in which a



10

15

20

25

froma servo region starting position in which a 31
reproduci ng head is situated when a servo gate is

boot ed) as viewed fromthe magnetic head side changes.
This phase difference is settled depending on the seek
speed, error in the magnetic head path, and control 5
period. If the phase difference exceeds an all owabl e
range, it is hard to fetch serv¥d signals at the

preanbl e portion 70. Possibly, therefore, the servo

mark (SAM at the head of the address portion 72 may

fai | réeprbéudehgchedg thusitesbktli Rhehnaassesveodldss is

10 error. The occurrence of the servo | oss error can

be beetvedl eseridueiinfrhinghhspmadanssék bpadasiice panges.
estimating a timng error time fromthe seek speed and

t he E?FPnEBFSFn%F%ﬁFFBHGaﬁé E6FLeEt ﬁlﬁpﬁnéiéf’\?ooélattg‘.e seek
15 rise time. In this case, however, the_ _servgo charac-
Lor | SPFEY SSERARGER BYSalrPUEtas: PR PRe O For Tt
period,.sq th k _perf.or I r

eV PEABE: 11 6ntacBioegan Can Bace Facrrgg g allovaple
enab y formin e,se egi pat:t.er. [
circ%?gggérgeag%egagﬁetéegggﬁ%vgﬁgﬁf %%Fﬁ?qéeggnﬁiﬁ)

the ﬁkggﬁﬁgggﬁokﬁibhe7@$rV@ob%ﬁ%ﬁgﬁtk%@re@%&%gt&%% rvo
bet ween the inner and outer peripheries of the

magnghi-¢ diak)5@tcanebaechddugedheTheds@esw0portion 72 may

information detection SN at the inner periphery of the

25 difak15@0i bei Hetietakby ltbwer eeéstie ing & rhiaglsdnwredross
recordi ng density even though the servo region pat-
error. -

The occurrence of the servo loss error can be
prevent even during high-speed seek operation by
estimating a timing error time from the seek speed and
the cylinder information and correcting a servo gate
rise time. In this case, however, the servo charac-
teristic is changed by a fluctuation of the control
period, so that the seek performance lowers
inevitably. High-speed seek can be effectively
enabled by forming the servo region patterns in a
circular arc after the head movement path.

Secondly, the difference in the servo information
detection SN between the inner and outer peripheries
of the magnetic disk 50 can be reduced. The servo
information detection SN at the.inner periphery of the
disk 50 is inevitably lowered due to a high linear
recording density even though the servo region pat-

terns 60 are arranged along the magnetic head movement
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terns 60 are arranged along the magnetic head novenent
32 path. If the servo region patterns are perfectly
radi al, however, the SN ratio on the inner periphera
side of the magnetic disk lowers drastically. A
simulation indicates that the SN ratio at the outer 5
peri pheral portion of the disk also lowers. This is
attributable to the skew angl e3@f the magnetic heads.
More specifically, the servo signals are applied with
a skew to the magnetic heads, so that the build-up of
t he Betlvo si§nbhe Berdegradeédnandténrasl srg reddhecitdn
10 of the_anplitude. In the case of a small-dianeter

magnERftadi sRowereTpaFbPciNaFatéer 98 §hgnarneroersigperal
enhanced t maxi num,i n .or to increase t f or mat

of 11 1 eRCYE %cmﬁﬁw oPE et ez Sraeteralivr o &

t he i nne st 15 peri her ne di_ sk

i r et OTS ThEPheteaeceBaar bodt, G MROREHHS, Phckne outer

det % ghégﬁﬂr ﬁ¥t18hCPfA§Rb”dHE§ Qﬁgéeﬁhwégqu'¥ﬁg%’ls

ther apes o € servo region pattern

thata@@¥§ﬁ§€a9@éakbekhéoskEQeaHBQBGEECth@aﬁﬁgﬁétékeheads
essential. In the present 20 enbodi nent, prebid-Ilength

si gnabrel @ﬁgéleichm@y$etme sé@gboalgabugr Ageabppitld With
accordance with the <circunferential |ength of the

vi sual $y¥ewetoghhzahbgnepatt Benss,t Be datecthenbSilat-up of
the i nner peripheral portion of the magnetic disk,
and the setrwti shghaipeéd d2greflethengpentdké lsptoreduction

This invention is not limted directly to the
of the amplitude.

In the case of a small-diameter magnetic disk, in
particular, servo signal clocks are enhanced to a
maximum in order to increase the format efficiency.
Accordingly, lowering of the SN ratio at the innermost
periphery of the magnetic disk directly influences
address reading, off-track detection accuracy, etc.
As in the present embodiment, therefore, the shapes of
the servo region pattern 60 that advance parallel to
the magnetic heads 33 are essential. In the present
embodiment, prebid-length signal clocks of the servo
region patterns are set in accordance with the
circumferential length of the visually recognizable
patterns, the detection SN at the inner peripheral
portion of the magnetic disk, and the rotational speed
of the spindle motor.

This invention is not limited directly to the

embodiment described above, and its components may be
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enbodi nent descri bed above, and its conponents may be
33 enbodied in nodified forns without departing from
the scope or spirit of the invention. Further,

various inventions may be made by suitably conbining

a plurality of conponents described in connection

with 5 the foregoing enbodi nent. For exanple, sone of
the conponents according to tBeé foregoi ng enbodi nent
may be omitted. Furthernore, conponents according to
di fferent enbodi nents may be conbined as required. In

t he drivadyos gl enmodi fibed , fohmes opi toaltt 10epaftténgi fmom the
factor of the data region pattern of the magnetic

di sks¢@PhighetPihbh ¢hathefinrenséepeo rByrbher, various

patterns. However, it is necessary only that the
respEtTSVEI Ot i BAY PerTedei BH F%&%@PéYoFOWHégé“g a
patterns be different. In the case of a pattern do%swith
o ST {HEE ot CERBRETE 9 pasSTh- Aot it 88" BERES!

h . q : .

e RONELLELSERUPREN PhebDe ALE LROHOD-PALLAENCE the

ref'§5ﬁ§5&éﬁ9§ta££§9a£n§hgétehéeQBQQgeaageémbbaimegg may

smal T er” than that from servo region patterns.

OM NGl t Gnt B d MPT FOL ABAKE 26T UEBmpBRERPYECRccbhgimar kS
of the burst portions are magnetic, and the magnetic

OCCUPRNEYr Ot t BRb HHIBENTt €0h@NShHESc 3B nEUr kBekequiged.

nunber of magnetic disk(s) inthe HDDis not limted

to one buinmayjebéoragoéagedmasdidbntequiheedpticdd
reflection factor of the data region pattern of the
magnetic disk is higher than that of the servo region
patterns. However, it is necessary only that the
respective optical reflection factors of these
patterns be different. In the case of a patterned
medium (one-dot, one-bit type) in a limited sense,
the magnetic occupancy of the data region pattern is
rather lowered to about 30%, and the quantity of
reflected light from the data region pattern is
smaller than that from the servo region patterns.
Owing to the imprint manufacture, moreover, the marks
of the burst portions are magnetic, and the magnetic
occupancy of the burst regions is 25%.

Further, the number of magnetic disk(s) in the

HDD is not limited to one but may be increased as

required.
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WHAT IS CLAIMED IS: 1. A magnetic disk conprising: a
di sk-shaped substrate having a center hole; and
recordi ng regions provided individually on 5 obverse
and reverse surfaces of the substrate, the recording
regi ons having patterned magnetic material shapes,
the respective pattern shapes of the recording

regi ons on the obverse and revéhse-sides being
different. 10 2. A magnetic disk conprising: a flat
di sk-shaped substrate, having obverse and reverse
surfaces and a center WAR, ISrtL.AINEEOFY ng regi on
fornmed on at | east one of the obverse and reverse
surface ahd patmhegnetiidegéndi agmpnishadils presence of

a magnetic material, the recording regi on having g
data regi ®ndpakrerarednguspratsl PeyiBe defFfBteéghene; and

patterns formed, substantially in circular ar whi ch
Padi al |y EXEERENEr BRPLRBSCRALEROAE enGrdecdr Iiieon

substrate to_an outer 20 pecripheral e i
her €OTCER 81 0) BV PRESCARRT Fagi B babt SPACERoge:

plura'itygﬁé 9@55§dhﬁﬁtgggishgcHa%gagnbgake@h@@chb%aetic

of the substrate, eac the servo regi on patterns

havifgrari{adi ¥8apt 3l 9ehet haBpthat vef phhec@Ht BBShbes of the
peri phery of the 25 substrate and a center of a

Circybabrai 6gofedibhsCcthathepabhiegeBcantr reveirsl thees
substrate, a circunferential Iength of the servo
regiloaipat ieffieranthe 35

2. A magnetic disk comprising:

a flat disk-shaped substrate, having obverse and
reverse surfaces and a center hole, and a reéording
region formed on at least one of the obverse and
reverse surface and patterned depending on the
presence of a magnetic material,

the recording region having a data region pattern
and a plurality of servo region patterns formed
substantially in circular arcs which radially extend
from the center hole side of the substrate to an outer
peripheral edge portion thereof and divide the data
region pattern in a plurality of parts in the
circumferential direction of the substrate,

each of the servo region patterns having a radius
larger than that of the outmost periphery of the
substrate and a center of a circular arc on a circular
path concentric with the substrate,.a circumferential

length of the servo region pattern in the
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circunferential direction of the substrate being
increased with distance fromthe center hole, the data
region pattern and each of the servo region patterns
having di fferent magnetic occupancies S and different
optical reflection factors. 3. A magnetic disk
according to claim2, wherein each of the servo
region patterns has a repetitivé pattern region which
is substantially radially continuous at least in the
radi al direction of the 10 substrate and incl udes
magret ¥ cumbelr eobhagnet rect pont pénshar puhgegate being
alternately in the circunferential direction of the
substrafeasSehevi el pdtsiarceptredl theeFPBERF 0RO et Or S

f th titi tt [ d the dat [
pattern drRFeRRhg byo10% BFCABFE 219 FRGM Gdcih ot HEETO

4. A tic disk di ng. laim 2 [ .
Gt O orP Rt FEPR WAL A0 pRbFAPF £ oFSUPEREr CReHERRG oS
R R e R A R I

in a circgl arArhaghahﬁeeeieﬁt beEBrqaRg RENEAGimeti Gherein
guard belts, which are situated betweén the magnetic

tr acksciadp oi ﬂlhélgséﬁvbh@e?@@h@badhé@ﬁbi aAsohk rkbetitive

substrate and nagnetically divide the nagnetic tracks

i n thettadhatedioectvhoahol st bebstubatialéy trheli231ly

magneti c tracks being configured so that the magnetic

occupamcynepus hat daeastegnonhparedinli ¢i8swrdonmede the

and sgbstrate and includes magnetic and nonmagnetic
portions arranged alternately in the circumferential
direction of the substrate, the respective optical
reflection factors of the repetitive pattern region
and the data region pattern differing by 10% or more
from each other.

4. A magnetic disk according to claim 2, wherein
the data region pattern has a plurality 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 nonmag-
netic 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,

and
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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 nagnetic and nonmagnetic 5
portions arranged alternately in the circunferentia
direction of the substrate, the magnetic occupancy of
the repetitive pattern region 8f the servo region
pattern being about 50%  a circunferential |ength of

the repetitive pattern region along the circunferen 10
tial direeatbnobfthhessnbst rapéohepagtoros hmasor nore.

5. A nmagnetic disk according to claiml, wherein the
reco¥@@©@1t€@$om@tb¢énpréviﬁédwhh@hviéuéPP?téﬁt#HélY
obverse and reverse surfaces of the substrate_an

pat t B3 ®bdtl HEpEARF hgURS t Ak pPeEENER BPearﬁﬁgﬁétF&rfﬁtlon
mat er servo.re atterns _on t

o debr Cife aBbrr ot cr T RO aBE BSPBEF SR pif BRHERERecic
the r§¥€{§§58|ggaﬁge&h%l§g9§g£gi§ @Betgéfégggﬂhferential

patterns and are

to bg; £OLAES eQ; tHeCEQB§%&§€eanghQOMQEHEEEeCE&bﬁ%a%@y of

di recti ons. gnetic disk according to claim?2

wher ghg ré?@ti@?@édbﬁgtéﬁﬂ'9@§1éﬁeoﬁreﬁbd§@rvo reglon
i ndividually on the obverse and reverse surfaces of

the sabsératBedng apattesned depepdungeesnthalpresemnce of
of a magnetic 25 material, and the servo region

pat t enasrepet heiobvpaseerni degabnt héosgbsheate rancfelren-
servo region patterns on the reverse side of the
substitatediarectiphepénthg7substrate being 0.01 mm or more.

5. A magnetic disk according to claim 1, wherein
the recording regions are provided individually on the
obverse and reverse surfaces of the substrate and
patterned depending on the presence of a magnetic
material, and the servo region patterns on the obverse
side of the substrate and the servo region patterns on
the reverse side of the substrate are different
patterns and are formed in mirror-image éymmetry so as
to be coincident in clockwise and counterclockwise
directions.

6. A magnetic disk according to claim 2, wherein
the recording regions are provided individually on the
obverse and reverse surfaces of the substrate and
patterned depending on the presence of a magnetic
material, and the servo region patterns on the obverse
side of the substrate and the servo region patterns on

the reverse side of the substrate are different
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patterns and are forned in mrror-inmage synmetry so as
to be coincident in clockw se and countercl ockw se
directions. 7. A magnetic disk device conprising: 5 a
magneti ¢ di sk according to claim1; a drive unit which
supports and rotates the magnetic disk at a constant
speed; a head which perforns information processing
for the magnetic disk; and-103d@ head actuator which
radially noves the head w th respect to the magnetic
di sk, the magnetic disk being located in a direction
suclpa e reachndf athefoemed Eegndnrpativeas amumgtry so as
novenent path of the head on the magnetic disk are in
15 19 epiratfent hép, clockwise and counterclockwise

directions.

7. A magnetic disk device comprising:

a magnetic disk according to claim 1;

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

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

a head actuator which radially moves the head
with respect to the magnetic disk,

the magnetic disk being located in a direction
such that each of the servo region patterns and a
movement path of the head on the magnetic disk are in

line with each other.



