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111101110111 - 1 -~ &no * TITLE OF THE I NVENTION
PATTERNED DI SK MEDI UM FOR VERTI CAL MAGNETI C RE

AND MAGNETI C DI SK DRI VE W TH THE MEDI UM BACKG?&JW\“MM“““““}Imn“'
THE I NVENTION 5 The present invention relates to N
patterned disk nediumfor vertical magnetic

g LT gt s et NN
including a plurality of magretiic -nenbers are

provi ded on each surface of a disk-shaped substr at esgoooz*
More particularly, the invention relates 10 to a

patterned di sk nmedi ulTTLE Ot tTHEA I NERNTELON

recordi ng, in which nagnetic nenbers included in

ser vBABRAERNER BAEHs MER IFNC IrORUVERTE CAHL MAFNSIK-ISh &RFIORDING,
substrate are magnetized in a direction vertical to
each®¥br MAENETERe DISHe PRISE HIISE FEFaMEDTM a 15

magneti ¢ di sk dringgrovided Wi atterned di sk

th th
nmedi um I n general 5?390N9fQFnﬁﬁﬁoﬁNﬁgNgépﬁrehand,
t the initializat.i f, tic disk drive .
O oron SRR ROl B TR ok (o ato
(d'S%eHEHhU%Er'Qég@Equ hﬂg&%@i@rk%%brﬁﬁkgo in which servo
i nformation i'ncludes position information ﬁecessary 0
posi pheRethesbead akca EﬁEQ%HiRgSFt QQEQIﬂHWié?Sﬂ%gnetic

medi um The area recordi ng serv nformati o
members are provided on each surface of a disk-shaped

substrate. More particularly, the invention relates
to a patterned disk medium for vertical magnetic
recording, in which magnetic members included in
servo pattern areas on each surface of a disk—shaped_
substrate are magnetized in a direction vertical to
each surface. The invention also relates to a
magnetic disk drive provided with the patternéd disk
medium.

In general, servo information is beforehand, or
at the initialization of a magnetic disk drive,
recorded on a disk-shaped magnetic recording medium
(disk medium) installed in the drive. Servo
information includes position information necessary to
position the head at a target position on the disk
medium. The area recording servo information is
called a servo area.

Jpn. Pat. Appln. KOKAI Publication No. 2003-22634
(prior art document 1) describes a technique related

to a patterned disk medium. The patterned disk medium
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called a servo area. 25 Jpn. Pat. Appln . KOKA
Publ i cati on No. 2003-22634 (prior art docunent 1)
describes a technique related to a patterned disk

medi um The patterned di sk nmediumis a magnetic disk
medi umin which a servo pattern in each servo area
(servo zone) is pre-provided as an irregular surface
pattern fornmed of a magnetic-lafer- Prior art

docunent 1 al so discloses a so-called 5 discrete track
recording (DTR) technique for formng data tracks

al solgsiengagaettdensiisdndefdoum g ghdoves saromg gdtecern in
tracks. DTR is a nagnetic recording technique
expeCREY EEINS apled t(Geiner Geacy hd Seprerpnaatislech asacn

data, area %nd i ncrease the surface 10 recording
densi-ty SIRLEE PHIFECEe PR teaxRott Baeds o as magmpFic layer.
tion if it d of an irreqular

i nf or,na- i ly f
pat t 6P1°8n T4 SO6UFFREe WO draheses SurPace iidfer

T o sk 8o REENO RALLE RGBS T2 Rs foy Egying

i nformati on, n i Nt i Zat'ion’pr

magnghikai Rgabhe aﬁ%%t%%ﬁnbsgﬁ%%%&BEQ'a%%i?%&@ﬁ%g grooves

docunent 1_d|scloses the f Ilomnn t wo-'s
magnetbagt kae rRLBed. FiDTR! LY, ahihgelkhe Radsed

disk nediumis rotated, the magnetizing head is roved

bet weenhhhgue2@xpateedpeni pheaylando ARG R itBlRelt rQfr
the disk medium In this state, the head generates a

f err ophgneni eathekddtienaachi nat dnkeetisen thil ssirface
magnetic field). As a result, the magnetic |ayers
provi@edrghnghdessatave and convex portions of the

A servo pattern cannot be used as servo informa-
tion if it is merely formed of an irregular pattern on
a substrate with a magnetic surface layer. To realize
a servo pattern usable as servo information, an
initialization process for reliably magnetizing the
pattern is required. Prior art document 1 discloses
the following two-stage magnetization method.

Firstly, while the patterned disk medium is
rotated, the magnetizing head is moved between the
outer periphery and inner periphery of the disk
medium. In this state, the head generates a
ferromagnetic field in a first direction (first
magnetic field). As a result, the magnetic layers
provided on the concave and convex portions of the
disk médium (i.e., the entire surface of the disk
medium) are magnetized in the first direction.

Subsequently, while the disk medium is again rotated,
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25 disk nmedium (i.e., the entire surface of the disk
medi um) are nagnetized in the first direction.
Subsequently, while the disk nediumis again rotated,
the head is again noved between the outer periphery

and i nner periphery of the disk nedium In this

state, the head generates a magnetic field (second
magnetic field) in a second dirg&ct+on opposite to the

5 first direction. The second magnetic field is as

weak as little influences the concave portions of the
di sktheeteamh iBeegase obvike bseoert mhgnetuiterf ipglrdphery
the nmagnetization of the magnetic |ayer on each
conveRd poperopestrhle vdiodk tiediddmki sieddwsr.sedn Thuis,
only 10 the convex portions of the disk nmediumare
nagnéFPE@d the Pﬁéds§§6ﬁéaéﬁﬁeétm@ﬁneﬁﬁ@tﬁéﬁhdmi&ﬂQﬂyﬁ
nagnetlzaﬁlon ne&g?d i S dlsclosed in Jpn. Pat.
KOKAPSBUBFiEaf 61 NGP 8- 58628 (6#F8FtéPP IBRGHRE zp the

Th d 15.di sk d d bed

do§u§£% grﬁSFSyglobgng Sd%%éP% g@éﬁg ﬁdc gﬁ&iﬁslﬁ as weak
di k h i i whi ch ,
a8 ' SPECLERIRRt LBncbeoRhE! RAnNBHEl Mo Ml Dt ne ik

the huetshagepargnsti za- thboeeE%hHOQaghekﬁ% R 19y a&%e
docunent 2, a magnetizing 20 unit genérates a nagﬁe tic

fielgaghitstatpgnebcthieehdhnekcalbivest odi LREH Mdnvex
using a large direct current (DC). aresult, the

magnevrzavhoofothehdieknmadeéumand eerneexsepqQrt rrm%,ofonly
the disk nediumis adjusted to the first direction.
25 Athercohuwex phethmmgreetifzihg diisk agdinmgemer akegnetized
in the second direction.
Another two-stage magnetization method is
disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 9-54946 (prior art document 2). The patterned
disk medium described in this documenf employs
longitudinal recording, and is a disk-shaped magnetic
recording medium in which an irregular magnetic layer
is formed on the surface. 1In the two-stage magnetiza-
tion method of the prior art document 2, a magnetizing
unit generates a magnetic field (first magnetic field)
in a first direction, using a large direct current
(DC). As a result, the magnetization of the concave
and convex portions of the disk medium is adjusted to
the first direction.
After that, the magnetizing unit again generates
a magnetic field in a second direction opposite to

the first direction, utilizing as weak DC current as
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a magnetic field in a second direction opposite to

the first direction, utilizing as weak DC current as
little influences the concave portions. Because of

the magnetic field in the second direction (second
magnetic field), only the convex portions of the disk
medi um are magneti zed in the second direction. 5 Yet

anot her two-stage nagnetizat+ondnethod is disclosed

in Jpn. Pat. Appln . KOKAl Publication No.

2004- 22056 (prior art docunment 3). The two-stage
magnétitzaei onfieehodsdeber icbadaive dociients .3 Beaaset of
for a doubl e-sided vertical nagnetic recordi ng nmedi um

10 (@8bgbhmagserdée Féetdcahn thgneeicondi sk resdiiom .(slazond
this method, firstly, flat magnetic |ayers forned on
bot M280REaEeS 16f I he OBLEk thEdFORVEHe PREGAONISz 6 ithe disk
one _di,rection by an, external gnetic field that can
penelFat B b3Ef Wégﬁ@??éegaﬁgr§g%TﬁSC§HPf5&68ﬁ§§ﬁﬁ¥ic

15 pol ari of netic |ayer diff.ers .fromthat. of

t he other&nggpgqgﬁgzgaﬁeﬁgﬁffy&59ﬁ§qﬁ%%5 %ﬂu?%ﬁgﬁﬂufs
mask 4k : he +s,gn pa rNS e .
M e b

and ﬁ@COBQOﬂBQQQBBCéﬁkHE§)aEEOHbgﬁﬁeﬁQ Bhe resRetli&tage
20 surfaces of the disk nmedium Each of the first an
secomdgnaskzaebar fictAeHUdeS cHagRat 16 HegudRht 3 is used
corresponding to the to-be- transferred signa

patt éon. al dothgetubhdstiage reagaet maghe@dcneklhedtding medium
described in prior art docunent 1 or 2, when the

ent i f@oshteagédedsvettiheldmskneedcuniiiss magnem)zed Iimn this
the first direction, the following problemis raised
becaligkhefl, firstly, flat magnetic layers formed on both

surfaces of the disk medium are magnetized in one
direction by an external magnetic field that can
penetrate both magnetic layers. The surface magnetic
polarity of one magnetic layer differs from that of
the other layer. Subsequently, using first and second
mask members, the signal patterns of these mask
mediums are transferred to the magnetic layers (first
and second magnetic films) provided on the respective
surfaces of the disk medium. Each of the first and
second mask members includes magnetic regions
corresponding to the to-be-transferred signal pattern.
In the two-stage magnetization method described
in prior art document 1 or 2, when the entire surface
of the disk medium is magnetized in the first
direction, the following problem is raised because of

wide magnetic spacing. Even if a large head is used
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wi de magnetic spacing. Even if a |large head is used

for magnetization, only a weaker magnetic field than a
recordi ng magnetic field generated by the head of the
magneti c disk drive nay be applied to the concave
portions of the magnetic |layers of the disk nedium 5

In the two-stage nmagneti zation nethod, after the

entire surface of the disk nedibmt+s magnetized in the
first direction, a nmagnetic field of a strength that

does not influence the concave portions of the disk

nedi Gari pagersiarsdonn ohdysecord keirr eciinet.i cHAdleder than a
10 it is not always easy to reliably reverse the
magn&Ereaeing @ﬁgaﬁﬁthﬁeeédn@@negéﬁedoby ¢het head of the

.nagnetlc | ayers t he di sk medium On the other hand,

in tﬂ@gPﬁElgtgéékngﬁﬁgﬁl?&Vl@ﬁ appili6d &@s@@ﬁbé@nﬁﬁve
prior _a oth 15 _surfaces of th

doubp8r£3888 QEEF%EaWaﬁﬁﬁﬁéFléadﬁ§ﬁ Oée&P@wFéﬁé medium.

h | t fiel t
ponerhLF a8, YR aEpBs BRORe R TR Con s me'tRet, iR Bhe
stroggcipgnehireabbebd ¢an Qﬁﬁ?pﬁgbﬁq§t93tﬁ%ﬁn%SQQ%%'&n the

| ayers on both surfaces of the nmagne

medi gnrseoppacediby, pé'ﬁégﬂ%klgogﬂgﬁat%flaaQQr%ngth that
However, at the second stage in the two-stage

nagnebezahoonlneuhadceftpél@bnaébedg@uﬁﬁahs3oftmﬁe disk
first and second mask nenmbers nust be used to transfer

t heimedigmalispgeherasetioinhehragrebnd dHayers ichi.r sto2ever,

and second magnetic filns) on both surfaces of the

magndti ésdnek abdalm eBRYEEOSUNMVARY 1QF rEMErsNVENEl ON
magnetization of only the convex portions of the
magnetic layers of the disk medium.

On the other hand, in the two-stage magnetization
method described in prior art document 3, both
surfaces of the double-sided vertical magnetic disk
medium are magnetized by the external magnetic field
that can penetrate both surfaces. 1In this case, a
sufficient strong magnetic field can be applied to the
magnetic layers on both surfaces of the'magnetic disk
medium, compared to prior art documents 1 and 2.
Howevef, at the second stage in the two-stage
magnetization method of prior art document 3, the
first and second mask members must be used to transfer
their signal patterns to the magnetic layers (first
and second magnetic films) on both surfaces of the

magnetic disk medium.
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In accordance with an enbodi nent of the invention,
there is provided a patterned di sk nedium for

vertical magnetic recording. This patterned disk 5
medi um conpri ses: a di sk-shaped flat substrate
including a first surface and a second surface | ocated
an opposite side of the first surface; first servo
pattern areas provided on the férst surface of the
substrate and each including portions provided with 10
magneti ¢ nenbers and portions provided with no

magneti c menber s BRIME rsaymaRYC OFe myEr SINMENTN i r st
servo pattern areas being magnetized in a direction
per pendi cdhapctorthack wstthsamf s cahithentte osfe adred
surface;, and second servo pattern areas provided on 15
t he $B¥BRELSLYf AbEref isheroybsedate pandecask idiskudiasy um
portionsvg;ovided wi th magnetic nenbers and portions

proviQEdVRFERCAS Raghetic merBEAdndt he ThagnegitEerned disk
TagrarRA8n FHTRESARE! dPr BePKOANAEeRnE LAt SCPPOREE 20

cervorSERHLPR & 128 TBAOERLE, BRI e et SntPced ocated
bei rg ch PP orre T am B maRet it bl Sy "6 ‘eirFacse™

of tb@tﬂ@ﬁﬂeékéaQEgESb§d@E bhethir $t rRA LELRF LT 2R
BRI EF DESCRI PTI ON OF THE SEVERAL VI EV8 OF THE DRAW NG

The solbstpantyi agddeavhngscilvwhiel poetibeer pebatiedd With
and constitute a part of the specification, illustrate
enbodageat scohemberksnurndt pontiand pegetided wwithh ntohe
general description given above and the
magnetic members, the magnetic members of the first
servo pattern areas being magnetized in a direction
perpendicular to the first surface and the second
surface; and second servo pattern areas provided on
the second surface of the substrate and each including
portions provided with magnetic members and portions
provided with no magnetic members, the magnetic
members of the second servo pattern areas being
magnetized in a same direction as the direction of
magnetization of the magnetic members of the first
servo pattern areas, a magnetic polarity of surfaces
of the magnetic members of the second pattern areas
being different from a magnetic polarity of surfaces
of the magnetic members of the first pattern areas.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,
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detail ed description of the enbodi nents given bel ow,
serve to explain the principles of the invention. 5
FIG 1 is a schematic plan viewillustrating the

- pattern structure of a patterned disk nmedium1l for

doubl e-si de vertical magnetic recording according to

an enbodi nent of the invention; FIG 2Ais a view
illustrating the format of a- 10 servo area 11

appearing in FIG 1; FIG 2Bis a viewillustrating

the pattern structure of the preanble section 11A of

t he sélvetrakteaembodppeatisngfi thEl GnveALiBhG a2@ itogether
view illustrating the pattern 15 structure of the

bur stisbcthengeneraf drecsépysoar gavenl apppyearingg tihe

FI G 2A;,FIS. 3 is,a sectiagnal view of the disk nmedium

1. @p&rliefsdgssehpiapnc ofebhroRBIPOGHBRNTE Gdteat bedov,
the structure of ~a,magnpetizati on.apparatus 40 used to

20° | RPEVS) Foec PR3 4 ok Mrelf aneI BLEOFPE t88 LRFoRiGoe

di agram i st rati_n rLuct yr f, netic .di sk

Ot Tue it BERe IR Y Bl BenRlit RGR, Righ Raresr e the

6 ispacbbegksdi-agrami blugt 5@%@99%“8@% %@diéllma&r for

posi?lonlng control system I's a bl ock

i I'1ugbtiBlbngitiBevestiblai Un8gRELaR 2ddEe8s ndebeebirt@ng to
circuit incorporated in the'read/wite channel IC 228

appeani sgobfifkfc br and FhGenBibs;a flowchart usef ul
in explaining a

FIG. 2A is a view illustrating the format of a
servo area 11 appearing in FIG. 1;

FIG. 2B is a view illustrating the pattern
structure of the preamble section 11A of the servo
area 11 appearing in FIG. 2A;

FIG. 2C is a view illustrating the pattern
structure of the burst section 11C of the servo area
11 appearing in FIG. 2A;

FIG. 3 is a sectional view of the disk medium 1;

FIG. 4 is a schematic sectional view illustrating
the structure of a magnetization apparatus 40 used to
initialize the disk medium 1;

FIG. 5 is a block diagram illustrating the
structure of a magnetic disk drive with the disk
medium 1 installed therein;

FIG. 6 is a block diagram illustrating a head
positioning control system;

FIG. 7 1s a block diagram illustrating the

structure of an address detection circuit incorporated
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process perfornmed for change of a head in the 5

enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON An
enbodi nent of the invention will be described wth
reference to the acconpanyi ng drawi ngs. [Qutline of
Pattern of Patterned Di sk Mediumfor 10 Doubl e-side
Vertical Magnetic Recording] FIG 1 is a schematic
plan view illustrating the pat8ern structure of a
patterned disk medium 1l for double-side vertica
magneti c recording according to an enbodi nent of the
i nvehti bhe FTheddivskteredhamli $C 228 sprklrdnaneinerIc.
(e.g., 0.85 inches) patterned disk nmedium The disk
nedlﬂﬁﬂl has two surfaces, i.e., the upper surface
(first surface) SA, and the lower surface (second
surface) 8BG¢sée lFIG.féPWQQ§Q§h@®ﬁlen1PIGﬂpﬂakﬁlng a
plurality of arcuate servo areas é er 20 patt
area@f°i¥S§rEngPﬁ@8d OFhS 80Ffa 3 8ahgRd fa ¢
nedlgﬁ% gﬁ krcunferentlally regul ar intervals. The
arc Of each arcuate servo area corresponds to the

| ocus (head WﬁLﬂi@%@éCQiP’f‘I@ﬁagFL}lgEt%NV%NTION

i ncorporated 1nt drive, assuned whe ead

5;

noved aboxg thsodiskniedirtuihl. 1FRen8Ret k1w ‘iiateh)de%fcrlbed

each servo area 11 along the circunference of the

di skwireHi usrdreficgetot ehbeapeoppahiyanadl drawtihgsr.adi al
position on the disk nmedium 1. Further, servo areas

simlar t@Othéiserwd @aeasrhlo&r@atm@mm@domimeMedium for

surface SB of the disk nedium 1, although they are
not Boehe-Thdes¥evbigréadagheotnct Recoudfiagé SA are

FIG. 1 is a schematic plan view illustrating the

pattern structure of a patterned disk medium 1 for
double-side vertical magnetic recording according to
an embodiment of the invention. The disk medium 1 is
a small-diameter (e.g., 0.85 inches) patterned disk
medium. The disk medium 1 has two surfaces, i.e.,
the upper surface (first surface) SA, and the lower
surface (second surface) SB (see FIG. 3). As shown
in FIG. 1, a plurality of arcuate servo areas (servo
pattern areas) 11 are formed on the surface SA of the
disk medium 1 at circumferentially regular intervais.
The arc of each arcuate servo area corresponds to

the locus (head access locus) of a head 110-0,
incorporated in the drive, assumed when the head is
moved above the disk medium 1. The length (width) of
each servo area 11 along the circumference of the

disk medium 1 is set to be proportional to the radial



5 arranged mrror-symetrical with respect to the

servo areas on the surface SB. Nanely, the disk
medium 1 has an obverse surface and reverse surface.

As will be described later, the disk nmedium1

includes a flat substrate (glass substrate) 10 havi ng

10 two surfaces 10A and 10B (see FIG 3). The surfaces
10A and 10B of the substrate-10%have substrate |ayers

2A and 2B formed thereon, respectively. Magnetic

menbers serving as a recording |ayer (magnetic |ayer)

and ppsanged pn asheedtisknmedtiver A.ar urdheed eereachireas
15 of the substrate |ayers 2A and 2B. Each servo area

11 PF3Midpredcothpapreryp eleaseddr direg floayed. oThéhe
surface _SA of the disk medium1 w Il now be
descPrbéacespRcett hBesdifkcBedBupad -t Rdtoqwgh they are
structgre as the_surface SA, it will no% be descri bed.

20 THRCs8PUB™ar e28°13°5%°t RECESr fdc 8 SKREf SURd agies SR are
medi - e LK erential ly reqgul

Mt eroEraded Bieeneety ettt PUT BUER vaplite tnane serve

surf 8662 $Pon TRReSUL L 258 SAROS hgﬁeQ?Sktﬁgdhﬁgkﬁggﬁ%ﬁ? 1

di vided by the servo areas 11 into the same nu

of Sestoaf 6BQE¥8eS8GLELSY: afdl kaleoLet Berageas 11.
In FIG 1, the surface SAis divided into 15 servo

sectors fpe facil bbatieBgribeddeseeirht iteR. AskUMMuml0
however, it is divided into 100 or nore servo sectors.
On thectudéace SAaofsthetdask nedaes inbkheasegalohelading
bet ween each pair of adjacent servo areas 11 is called

10 a dat@capenfagesEhBR dntialBBedsé&8 FSG. 3). The surfaces

15

20

25

10A and 10B of the substrate 10 have substrate layers
2A and 2B formed thereon, respectively. Magnetic
members serving as a recording layer (magnetic layer)
and arranged in a certain pattern are formed on each
of the substrate layers 2A and 2B. Each servo area 11
is formed of part of the recording layer.

The surface SA of the disk medium 1 will now be
described. Since the surface SB has the same
structure as the surface SA, it will not be described.
The servo areas 11 on the surface SA of the disk
medium 1 are arranged at circumferentially regular
intervals to circumferentially equally divide the
surface SA. The surface SA of the disk medium 1 is
divided by the servo areas 11 into the same number
of sectors (servo sectors) as that of the areas 11.
In FIG. 1, the surface SA is divided into 15 servo

sectors for facilitating the description. Actually,
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5 generally used to record/reproduce user data. In the
enbodi nent, the disk nedium 1l is a patterned disk
medi um of a discrete track recording (DTR) type.
Accordingly, the data areas 12 of the disk nedium1l
bef orehand include a plurality of annular tracks (not
10 shown) concentrically formed wwth a certain pitch
(track pitch Tp). Magnetic tradks are called discrete
tracks (DT). User data is recorded as a nmagnetization
pattern on the magnetic tracks. The magnetic tracks
are howewdrl5idf ia Hewidedgnetioc 104t eri abreesgryo sectors.
CoCrPt) serving as the recording |ayer (nmagnetic
| ayer), aRd phevisdedage Sanpdl ahepddjsécetiesiisimond ,t tidhe area
substrate |ayer 2A (see - FIG_ 3) of the substrate 10.
A coR9esd ReRYWARAHNEEFR P3éé&t Pénaghacesins6T vPe@sedsdatla
and s ca ieg a 50 non- magneti c_guard i s provided

f%4&i

bet weBnC8 3i Fa5F 238Fadént FRaEkstthagearhe is
on ' RERGPER T ket B e BecPRil SRRE SRGRoErE R ahar Ly s the

radi ghLy¥$6d . ghﬁﬁﬁedggﬁhmggﬁgmarleﬁsléslbgttc%rrg%g %figa

pattern In magnetic trac are arrange

W t hnaqeght 8ENaPHE EPret W E!aaeﬁnrgea_@e%ﬁeg%ki) OQE’Pet'he

i nterposed therebetween. In the disk um 1

DTR Aypereongtiyyctrd asta iteakhecabevenceachkMrgneii 1
track is prevented frombeing significantly

I nf | beficedhbydadhatede arpatkealwiiycbhbf aanaulbRutesacke (not

an increase in the recording density of the disk

medi sihodn) concentrically formed with a certain pitch
(track pitch Tp).

Magnetic tracks are called discrete tracks (DT).

User data is recorded as a magnetization pattern on
the magnetic tracks. The magnetic tracks are formed
of a ferromagnetic material (e.g., CoCrPt) serving as
the recording layer (magnetic layer), and provided as
annular projections on the substrate layer 2A (see
FIG. 3) of the substrate 10. A convex non-magnetic
section that cannot record data and is called a
non-magnetic guard is provided between each pair of
adjacent tracks. Thus, the annular magnetic tracks
are concentrically arranged on the disk medium 1 so
that the magnetic property is radially segmented.
Each data area 12 is formed of a pattern in which the
magnetic tracks are arranged with a certain pitch,

with non-magnetic portions interposed therebetween.

In the disk medium 1 of the DTR type constructed as



10

15

20

25

5 As described above, the surface SA of the disk

mediuml is divided into the sane nunber of servo

sectors as that of the servo areas 11 by the servo

areas 11. This nmeans that each magnetic track on the

surface SAis divided into the same nunber of servo 10

sectors as that of the servo areas 11 by the servo

areas 11 in the circunferentd allldi recti on of the disk

medium 1. Further, note that each data area 12 is not

necessarily patterned. [Servo Pattern Structure] 15

FI G tRA abogevi eachl maghedatiicng rileé fier patevehteacfrom being

servo area 11. Further, FIGS. 2B and 2C show the

pat t @t gnsfigantles influgacpdebubleiseeitos rhtAksandhich

burst sectjon 11C of the servo area 11 appearing in

FI G COACT - RYpBEL FPeP). ITRECASENED &heFrecoZAiagd demsity of

20 p te&ns of FELGS. . 2B and 2C show an upper surface
Bepoft PFEHLBF Lhe di sk nedium 1, on which the

head of e di driv asses.fromleft tQ right in

the fi gu%gsdg BE1BRLY BoBIRE STl el e Phaiq 2, te sk

the mgﬁ§gmdﬁ'YQ-dgéiggahiﬁﬁﬁveh@rggmélnhﬁb%rp%%"éfvo

area in which a pattern of magnetic sections an

non- §8gNetECaseehLheng EH@!§§2569a§%%%01ﬁnggr%ﬁ%i%%rvo
necessary for head 12 positioning is enbedded. As

showaréasFLG 2AhigagBanseevatacganlhaBRcRliy ¢OERIK $8S the
a preanble section 11A, address section 11B and burst

sectsonfdd€. Skath dévidedateaaolthes samrshumdeed o0 servo
that the known servo
sectors as that of the servo areas 11 by the servo
areas 11 in the circumferential direction of the disk
medium 1. Further, note that each data area 12 is not
necessarily patterned.

[Servo Pattern Structure]

FIG. 2A is a view illustrating the format of each
servo area 1l1. Further, FIGS. 2B and 2C show the
pattern structures of the preamble section 11A and
burst section 11C of the servo area 11 appearing in
FIG. 2A, respectively. The format of FIG. 2A and the
patterns of FIGS. 2B and 2C show an upper surface SA
side portion of the disk medium 1, on which the head
of the disk drive passes from left to right in the
figures when the disk medium 1 is installed in the
disk drive.

Each servo area 11 is a pre-bit area in which a

pattern of magnetic sections and non-magnetic sections

indicating servo information necessary for head
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5 informati on recorded pattern (servo pattern) is

bef orehand fornmed (pre-bit forned) to nmake each

magneti ¢ portion and non-magnetic portion correspond

to "1" and "0", respectively. The contents of the

preanbl e section 11A, address section 11B and burst 10

section 11C will be described briefly. The preanble

section 11A is provided for — péid ormi ng a phase | ock

| oop (PLL) process, automatic gain control (AGQC)

process, etc. The PLL process is executed to

syncﬁPéﬁFé@n&n§e@@oemﬁﬁ@ﬁﬁﬁt|oﬁs(§@pwm 1% dilgnal2h, each

reproduction clock signal with the nedia pattern

cycl 88tVRePERG g&wﬁéﬁ§éﬁlﬁ@m§ﬁléﬁﬁo@ dreapple pection 11A,
sk medium,1. The

h f _the AGC
e R
t T 20

ST SRR i
t t
oL SRfseabech sheunn BLG:28, 0l ey 2o

t he Béféﬂgﬁﬁh@nEbéheg|r%QELBQto%oEH%dQ'%% %%Q'u@a%h In
this case, the hatched portions indicate non

magnebbaepott boBs 1660868V AcROMaLABS) ¢ @6‘5&&%&' E%trc‘rfé%%ond
portions indicate magnetic portions (convex portions).

Al t etnatiVebyd 1'RE,stespedtpatlignn Ty kentenstk’ bt ethe
13 such that the hatched portions indicate nagnetic

por t PofRgmpéensegtpont LdAs) addmdseosebkatohed IBoanidohsirst
i ndi cat e _non-nmagnetic portions (concave portions). In

t he 8RBBUPHEALC Vhélcbecdaberdhedabriedily.of each

The preamble section 11A is provided for
performing a phase lock loop (PLL) process, automatic
gain control (AGC) process, etc. The PLL process 1is
executed to synchronize a servo information (servo
signal) reproduction clock signal with the media
pattern cycle, thereby compensating an error due to,
for example, the runout of the disk medium 1. The AGC
process is executed to keep the amplitude of a
reproduction signal to an appropriate level. The
preamble section 11A is formed of the vertically
striped pattern shown in FIG. 2B, in which stripes are
radially extended, and are isolated from each other in
the circumferential direction of the disk medium 1.

In this case, the hatched portions indicate non-
magnetic portions (concave portions), and non-hatched
portions indicate magnetic portions (convex portions).

Alternatively, the striped pattern may be constructed
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5 magnetic portion of the preanble section 11A is set
substantially 50% of the stripe pitch of the entire
preanbl e section 11A. The address section 11B is
formed of a pattern called a Manchester code. The
pattern of the address 10 section 11B is constructed
such that "1" and "0" indicate a magnetic portion and
non- magneti c portion, respectilvely. The pattern of
the address section 11B includes a servo. area
identification code called a servo address mark
(SAMuckethat théohatthed pSEE)oandibBicgltiendegnetic
information (CYL), etc. The information of the
addreestiersi dAonYBxoPREE1PAEN, t BEdcpbPNtietched portions
information is common to all portions of each sector,
and 391 FRF8f BPR-FBFRBEL6F PartéPRScAFPRCavEi pegtions) .

il t _of th mbl e ,section 11A
0. | F0 (e GRRRRLARTy - SERPoS pUTEEr AP ChaereRt A8 cach
pod be 3 e L
ot LRrTerhe s roSEPRCSp: toR PaR=RESCEREF Rand Ik e oot
cyl1 DSt LA PRIRL! 8051 8¢ EREMBY-OhedpBBEhELR LBl ontire
varies 1 n the artrangenent o 5 gﬁetlc nenbers

bet weelahibee S8E¥P1 bhacks, Therefore, in the pattern
indicating the cylinder information, breaks in

magnet i snTRecHBdrBstheetadbal 1dir et ifermel 44 at Rattern
di sk medium 1. Specifically, the cylinder information

is foahkeldoé Mapahéstaracqder edThy, photeraxatfipkie address

converting the cylinder address into a gray code and

t hersexpiersihy thecgnayreotdedbguahMahehe8fl&r and “0”
indicate a magnetic portion and non-magnetic portion,
respectively. The pattern of the address section 11B
includes a servo area identification code called a
servo address mark (SAM), sector information (SEC) and
cylinder information (CYL), etc. The information of
the address section 11B other than the cylinder
information is common to all portions of each sector,
and is therefore formed of a vertically striped
pattern similar to that of the preamble section 11A.
In this vértically striped pattern, however, the
arrangement of the magnetic/non-magnetic portions is
not uniform in stripe pitch.

On the other hand, the cylinder information is
formed of a pattern that varies in the arrangement of
magnetic members between the servo tracks. Therefore,
in the pattern indicating the cylinder information,

breaks in magnetism occur in the radial direction of
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5 code. As well known, gray codes are used to mnimze
the influence of address m sreadi ng during a seek
operation. In a gray code into which a cylinder

address is converted, the nunmber of bits, by which
informati on varies between adj acent servo tracks, is

10 minimum (1 bit). Accordingly, in the pattern

indicat- ing the cylinder inforlddati-on, the closer to

the least significant bit (LSB), the higher the
frequency of breaks in magnetism Further, this

pat t eRhfa Hask meaienr§.i nSpheifadralydi teet icod ioketrhe

di sk, medium 1. 15 The burst section 11Cis an

of f - tRAekMAEi et LBnfoamed aed Patderacrcaidréeyiani dior
(off-trac quantit¥ ., of the head from a target
posi??@ﬂPESn-?PQXQ %6§9tFBﬁ)cYééP?§§p6ﬁéFﬁ§Stén&° a gray
targ track..ln the burst section 11C,  four marks
acqu?%%% %§§sﬁb??iﬁﬁpfﬁssbﬁgsgBSfgéaQOCESFtEVnapyﬁpépﬁSter
int adi Lkect] of sk medium re . . .
fornggééTheg%oﬁ%iﬁa%ﬁgwgfeg%§§Igaé ﬁrgfg uﬁ?éB%OCm&H&mlze

D. Sugd ﬁnP?&éﬁ&E 88 §BHY@sEnng?%a§%2giBu@qhﬁhaaseek

plurality of marks are arrange _ _ _
ci rcopgesenbhal dhrecyiap ebathendbsiniedi Hmed 1Wnii

25 the sane array pitch as enployed in the preéanble

sectaddrdd4, isscosedrted, t BRebtufibesesti BAt3]CoyTheich

radial array pitch of the pattern of the burst section

15 1nfrrmaseontvaaigal betpeepoatijanahtt eetrhe pirbeksof is

the address fatgern change of the address section

11B.mimpmeny (1lthett adi Atcardaggpit chnothehpapattrer dndficat-

the  burst section 11Cis set to a value proportiona

to 1ing the cylinder information, the closer to the least
significant bit (LSB), the higher the frequency of
breaks in magnetism. Further, this pattern has
symmetry in the radial direction of the disk medium 1.

The burst section 11C is an off-track detection

area used to detect the deviation (off-track quantity)
of the head from a target position (on-track position)
corresponding to a target track. In the burst section
11C, four marks acquired by shifting the phase of a
certain pattern in the radial direction of the disk
medium 1 are formed. The four marks are called bursts
A, B, C and D. Such a pattern as shown in FIG. 2C,
in which a plurality of marks are arranged in the
circumferential direction of the disk medium 1 with
the same array pitch as employed in the preamble

section 11A, is used for the burst section 11C. The

radial array pitch of the pattern of the burst section
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5 the pitch of the servo tracks. In FIG 2C, to
facilitate the drawing, bursts A B, C and D of the
burst section 11C each include three nagnetic nenbers

in the circunferential direction of the disk medium 1.
Actual Iy, however, burst A, B, C and D each incl ude,

10 for exanple, ten magnetic nmenbers in the

circunferen- tial direction-of Itthe di sk nedi um 1, and
these ten magnetic nmenbers are repeatedly arranged in
the radial direction of the disk medium1l with a

pi t chlEwigéesehetopht ¥hlok pepsetionedadks thEhgitch of the
off-track quantity is 15 determ ned by calculating the
aver 2gEr8fp| PEGEETHf ChaRger efr bbgcergresisgRalcs ion LHE -
bursts A, B, and D. . I n the enbodi nent, the burst
sect&@ﬂeiic FgéfSﬁﬁééloﬁrrﬁypBﬂFEFn°€bGP§tPﬁéﬁ@éPnPf the

i i . d D. .Ho , ,

on 1 BR08, %E?’c?ﬁéﬁ‘lﬁﬁ?isiﬁat%%”saweépﬁ,“’%éﬁéﬁr%?f to
[ t or

the BhBopetefl bEnERaceepiblBrallhy B By, FRE, PBry

patt esni ¢2pabe Hﬁ@ddnggﬁEgCEuEQ%s af f gt rack \GUANGICt ¥ o
[ Sectional Structure and gnetizati6on Direction 5

of Dbeksdedeufidh ELE edcahowsihihe $@ebbORaGhethe Hlefibers
medium1l. As shown in FIG 3, the disk nedium1

i ncl ideshéheitbumtkatngliassdsubstiaheoct(Oth&hdisk medium 1.

substrate 10 includes the surfaces 10A and 10B. The

sur facegaldp ahdweoBr, hhuestha, sBbsCrahd Dagerd @(8dilhde,

2A and 2B forned thereon, respectively. The substrate

| ayefQr22x@ReleB ten magnetic members in the circumferen-
tial direction of the disk medium 1, and these ten
magnetic members are repeatedly arranged in the radial
direction of the disk medium 1 with a pitch twice the
pitch of the servo tracks. The off-track quantity is
determined by calculating the average amplitude of
the reproduction signals of the bursts A, B, C and D.
In the embodiment, the burst section 11C is formed of
a pattern (burst pattern) including the bursts A, B,
C and D. However, a pattern other than the burst
pattern, such as a known phase difference servo
pattern, may be used for the burst section 11C. It is
sufficient if the pattern can be used to detect the
off-track quantity.

[Sectional Structure and Magnetization Direction
of Disk Medium 1]
FIG. 3 shows the section of the disk medium 1.

As shown in FIG. 3, the disk medium 1 includes the
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5 include respective soft magnetic layers (high
magnetic perneability |layers). Magnetic nenbers 3A

and 3B patterned as projections and used as recording

| ayers are provided on the substrate |ayer 2A and 2B,
respectively. The magnetic nenbers 3A and 3B are 10
formed of a ferronmagnetic substance having vertica
magneti c ani sotropy (e.g., CoClRt) .- A dianond-1ike
carbon (DLC) protection film (protection |ayer), not
shown, is forned on each of the surfaces SA and SB of

t he 8iak etdsanslbsamdtieslOoat Fdewistibsa radler il®ariincllfles
The substrate 10 may not necessarily be forned of
gIasEhelﬁuF§a§9ﬁfﬂ@%eﬁﬂdlﬂOBhe Shbssuafeces i19Paand 10B
non- gnet%c one, and may be forned of, for exanple

alun?ﬁ Gr FREFETRRE ﬁﬁgﬁéﬁldspﬁérﬁénﬁﬁﬁe@ﬁcﬁormed

it s6,ang 2E vyt neseeoally Do T ot e,
anOtDﬁéluégrEQ g@%&bg §8?§tﬁ9§geE§V|ﬁ gé%&tl%lgh magnetic

magneti c ani S Yy, SucC

ferrﬁ@?@@ﬁﬁi?lt?“?§§é?§? gggﬁ@EE@Cﬁémﬁ gn% SBA 3

t he di sk medium 1 have irregufarities t ect the

exi spepeerasd a§5pB@ﬁe@ﬁh§B§n§ﬁdoﬁsEHeagaQQ%bkglng layers
menbers. However, the surfaces SA and SB nay be

fIataE@eﬂrbylﬁealbngthbesuboﬁﬁav@ Raktirons Wnkh os,

non- magneti c substance such - 17 as SiQ2 . In FIG 3,

arrogesgécisveryt t ehhenmébretignaeinbe reesheasnd3ABande

3B patterned on the disk nedium1. Arrow "T"

i ndi Eatreedtpg @i fercrpoagoétihmgasbsLancenhbning vertical
magnetic anisotropy (e.g., CoCrPt). A diamond-like
carbon (DLC) protection film (protection layer), not
shown, 1is formed on each of the surfaces SA and SB of
the disk medium 1, and is coated with a lubricant.
The substrate 10 may not necessarily be formed of
glass. It is sufficient if the substrate 16 is a
non-magnetic one, and may be formed of, for example,
aluminum. Further, the magnetic (ferromagnetic)
members 3A and 3B may not necessarily be formed of a
CoCrPt-based material, but may be formed of another
ferromagnetic substance having vertical magnetic
anisotropy, such as an FePt-based ferromagnetic
substance. The surfaces SA and SB of the disk medium
1 have irregularities that reflect the existence and
non-existence of the magnetic members. However, the

surfaces SA and SB may be flattened by filling the

concave portions with a non-magnetic substance such
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5 the magnetic nmenbers 3A and 3B. In the enbodi nent,
the magneti c nmenbers 3A and 3B are nagnetized in the
direction, indicated by arrow "T", by a nmagnetization
process perfornmed on the disk nmedium1 after it is
produced. In this case, the magnetic nmenbers 3A and 10
3B are nmagneti zed so that the tip of arrow "T"
indicates the N pole, and the Bdttoem of arrow
indicates the S pole. [Qutline of D sk Medium

Manuf acturi ng Method] A brief description will be

gi veasofi@zpet hod for 15 manuf acturing the patterned
di sk nmedium 1. This nethod conprlses a transfer
process, ﬁﬁgﬁgﬁic3waﬁéﬁpal“TmoﬁW|Mgl§¢@@e§§ &g fMagnstic
process, Fir a_nmethod for producing a stanper

used™FROERE Paﬁ§#ePBpPSE§§§neﬂlpp feeded ek pedivmme -

t 20 divi ded to th

of pateern Qﬁ?ibﬁﬁ@?53532?38%%&%6C'aﬁangpét?“@gwﬁ.elﬁétlon in
d t d t

oo t e AstLElnehBebaC spPabLEE N A MeosBogdment,

anEtHQnmg?SQQEECm@ﬁSe cavh ?ﬁ?sgépg§grﬁa%ﬂe% zed, ﬂg the

resi st-coafed naster at e. 5 expos drawi

i's p@if@éﬁﬁgnpnlhﬂﬁcgﬁédr@y”ﬁ%&%& splat g f bOMiPRtization
i nner periphery to the outer perlphery u3|ng an
expopuveeapppeatusmtar oapphyi A8 s&nmekledhr anakBerbeami s

to the master plate while rotating the plate. In the
devebopdenedst epp theésressst ohet hagnestier mepbatte 3A and

~acqui red after exposure drawing is devel oped. The

resuBBaarenmageetpratdespstbabj beetipooff errow “ 1~
indicates the N pole, and the bottom of arrow “1*”
indicates the S pole.

[Outline of Disk Medium Manufacturing Method]

A brief description will be given of a method for
manufacturing the patterned disk medium 1. This
method comprises a transfer process, magnetic material
working process and finish process. Firstly, a method
for producing a stamper used in the transfer process
will be described. The stamper producing process is
divided into the steps of pattern drawing, development
and electrotyping, and a finish step. 1In the
pattern-drawing step, portions of a magnetic disk
medium that should be made non-magnetic are drawn by
exposure on a resist-coated master plate. This
exposure drawing is performed on the entire master
plate from the inner periphery to the outer periphery,

using an exposure apparatus for applying an electron
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5 exanple, reactive ion etching (RIE), thereby
inparting a pattern with concave and convex portions
to the naster plate. In the electrotyping step, the
master plate with the pattern with concave and convex
portions is subjected to an el ectrical conduction 10
process, thereby electrotyping nickel (Ni) on the
surface of the master plate- Frildm the naster plate
with Ni, an N plate having the pattern with concave
and convex portions is peeled. Lastly, a disk stanper
of NPef® tor fbé m§8ﬁakln@atheWNulplapaaton@awaa|mﬂate
15 and outer dianeters in a punching process. Using
this stafkPethet Revedrpraensd stepk F@sSLsits on the master
pr od In the enmbodi nent, the convex portions of

t he é%%ﬁﬁe?chbFFQSﬁSESrtSXBSFFF8n§r8WlPﬁel§|§FW%%$H%%

2bovaret FEo9b ANE) TASAEanF L ohde SPusEAFFacEs Lo/ For
A@°°égéﬂ€i¥ Egacgﬁogf§ghugﬁchqg gﬁgE tﬁ%&%b w%parting

mrror-s stanpers are n

reSp§Cﬁé¥€e§Hr@@EﬁscohEabgeaBHaESB@Exp gg%g%n%nglu@%g

in the disk nedium manufacturing process, an inprint

appanastsroplas.a daubhe- §&§@t§bﬁ9b&ﬁ@e%%%ptr%%%f%bster
type is used to performtransfer by inprint

lit hobaaphyith the phokkew ngtAaBBatavE BaH YonkR&

opposite surfaces of a 19 vertical magnetic recording

di skesubsonat sasebgeated twi h aleesiritalThenderctiicoal

magnetic recording disk substrate neans the substrate

10 aRremewms i Bhereby3eleatwhtyhinagnétckell d)ién s ohaviheg

vertical magnetic
surface of the master plate. From the master plate
with Ni, an Ni plate having the pattern with concave
and convex portions is peeled. Lastly, a disk stamper
of Ni is formed by making the Ni plate to have inner
and outer diameters in a punching process. Using this
stamper, the patterned disk medium 1 is produced. 1In
the embodiment, the convex portions of the stamper
correspond to portions of the disk medium 1 that are
to be made non-magnetic. As mentioned above, the
disk medium 1 has two surfaces. Accordingly, to
manufacture the disk medium 1, two mirror-symmetric
stampers are needed for the respective surfaces.

In the transfer process included in the disk

medium manufacturing process, an imprint apparatus of
a double-side simultaneous transfer type is used to

perform transfer by imprint lithography in the

following manner. Firstly, the opposite surfaces of a
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5 anisotropy are forned on the entire substrate |ayers
2A and 2B that are provided on the opposite surfaces

of the substrate (glass substrate) 10. A hole is

formed in the center of the vertical magnetic

recordi ng di sk substrate, through which the shaft of

10 a spindle notor, described later, is inserted.

Using this hole, the vertical Yfhgnetic recording disk
substrate is chucked and hel d between the two stanpers
for the respective surfaces. In this state, the

ent i Ver§icpicBegnetike réicok ddnlgs distke sarbs turitfeoradey ckted
pressed by the stanpers, whereby convex and concave
port PeRE 8f reRésStwo Ihanpersiged megmetdor egaardime disk

resist surfaces of the disk substrate. Resulting from
t hi sSPPﬁﬁ&EF BFBEésHelet FEPsELEEEnd Ot & Shéhriide IMof-1G. 3

R e g

CONCaKesbeshal BAL! kBURAr 8o ¢HRY Ml \WICTORL AU ACR e

I
portions o e magnetic layer th are to

Uon'ﬂﬁgﬁﬁﬁiQBaEﬁa€X89§e?rob@dEHi%nSE%%eop%%%it%ﬁgdyfaces
is left as convex resist portions on the 25 portions

to befl eht asbbheakBINGLEEsTBUBELTa3A)aNG 3Ba $hawn jin
FIG 3. Using these convex resist portions as guard

| ayefsrmeleiopphsi tensurf aceshef viehe idiagk mdQnetic

substrate are subjected to ion mlling, thereby

renoveagrdhhy theknaghetiretpor thepsighosatiet athet khaft of

concave portions. Thus, the nagnetic nenbers 3A and

3B afr 8Rgedlenmatassi fedcpabedr Aatas, shewdniserfle@. 3Using
this hole, the vertical magnetic recording disk
substrate is chucked and held between the two stampers
for the respective surfaces. In this state, the
entire surfaces of the disk substrate are uniformly
pressed by the stampers, whereby convex and concave
portions of the two stampers are transferred to the
resist surfaces of the disk substrate. Resulting from
.this transfer process, the portions to be made non-
magnetic are formed as the concave resist portions.

In the next magnetic material working process,
the concave resist portions are removed, whereby
surface portions of the magnetic layer that are to be
made non-magnetic are exposed. 1In this state, the
resist is left as convex resist portions on the
portions to be left as the magnetic members 3A and 3B

shown in FIG. 3. Using these convex resist portions

as guard layers, the opposite surfaces of the disk
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5 are forned. In the finish process, respective DLC
protective |layers are provided on the opposite surface
of the disk substrate on which the magnetic nenbers 3A
and 3B are fornmed, and are coated with a |ubricant.
This is the conpletion of the disk nmedium1. At this
10 stage, however, the magnetic nenbers 3A and 3B of
the disk nmedium 1l are not yet afagreti zed, therefore

it is necessary to nagnetize themby a nedia

magneti zati on nethod descri bed bel ow. [ Media
Magnevbssraor Reehsdpitstadmedi domagddtliinat,i ameretdyod
wi |l be described. FIG 4 is a schematic sectiona

vi ewrFIPYUsfgatnay the magngdtigr oot igngediccattedl at the
magneti zati on apparatus 40 wused to initialize
(maghRePRF2E8F PRECAPER - nediisr 1 thPhEagRghdG Fembeys 3A and

apparatus 40 is used to magnetize 20 the nagnetic
ngﬁbégsa§£§898 Bénpétggﬁﬁég a®3¢SRERve 2SpSPOWONd oA IG. 3,

g L R e

an enornous e éctrormgnetl

ftrOBQOHEQE§5EClEgQEg'a@% @Egvlﬂgféggsk$ﬁggﬁg%%i%% NG face

op of the el ectromagnetic coi

magneti Zaki 0 sRPBALALYA 40 Bl 3R 10AS tASRRAR 1 MHeHoers 32
(SPM 43 for rotating the disk nedium 1. ring

nmagnehtzabi afe Ebemdbsk aradibv® Lobs cehygked abY e SRV,
21 43 so that part of the disk nedium11 is positioned

in Thesais ghp 42mpAesiom beér ehkthat spakkedalint he diagk this
mediuml is positioned in the air gap 42. In this
st at 8taghenhawever, the magnetic members 3A and 3B of the
disk medium 1 are not yet magnetized, therefore it is
necessary to magnetize them by a media magnetization
method described below.
[Media Magnetization Method]
A media magnetization method will be described.
FIG. 4 is a schematic sectional view illustrating the
structure of a dedicated magnetization apparatus 40
used to initialize (magnetize) the disk medium 1.
The magnetization apparatus 40 is used to magnetize
the magnetic members 3A and 3B patterned as concave
portions on the disk medium 1. The magnetization
apparatus 40 has an enormous electromagnetic coil 41
for generating a strong magnetic field. An air gap 42
is formed in the top of the electromagnetic coil 41.
The magnetiéation apparatus 40 also has a spindle

motor (SPM) 43 for rotating the disk medium 1. During

magnetization, the disk medium 1 is chucked by the SPM
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5 DC current is supplied to the el ectromagnetic coi

41, the coil 41 generates a strong DC nagnetic field.
As aresult, inthe air gap 42, the DC magnetic field
is applied to the disk nmedium 1l substantially
perpendi cu- larly to the surfaces of the disk medi um
1. This 10 magnetic field is an external magnetic
field that can penetrate both &lurf-aces SA and SB.
Such an external magnetic field as this wl]l

herei nafter be referred to as "a doubl e-side

" penettBasiofthegppagkt efndahenaigmdt medifurelld"is Atogitiioned in

time, the disk nmedium1l is rotated 15 by the SPM 43,

and th& Aigneerc iembers 3A and 3B included in an

annul ar area of the sane radialﬁafositiqn are '
magnet i ze@SPHTE GiEFEctilGt Perfendi diltardisko mefEum 1 is
surf $.SA and.SB, of the disk dium1 (in this
casegggﬁt%ﬁge i}SCF'8naﬂﬁd98§tég?byIQrFQ&s“Ptqq$':ﬂ?en a
FI G n3) e. ' , +th | ectromagneti ¢ .coil .

a1 12 SERerred oy aR AR SPoF T BaR e A s coil 41,

nDt 0fhENebi1SHOWEkne$atkhal EEr%ﬁ%B@gyﬁ?ﬁgé§£§Jﬁ¥§£é¥] As

parallel to the surfaces SA an m

1. Wi kesddtihendipk ERE 4aplabs rokated Ryndhe SAMe1d is
43, the electromagnetic coil 41 applies a™DC nagnetic

fieldppbietiheodthk ovdkumediium a dubethin@ially perpendicu-
perpendi cular to the - 22 surfaces SA and SB. In this
st at aripetel eber enmndacret b€ thil d4kki medadaimpriacatred s
over the surfaces SA and SB between a position inside
t he Pageetper fpRédyisf an ehtednsk mednemit &iclal that can

position outside the outer
penetrate both surfaces SA and SB. Such an external

magnetic field as this will hereinafter be referred to
as “a double-side penetration type external magnetic
field”. At this time, the disk medium 1 is rotated
by the SPM 43, and the magnetic members 3A and 3B
included in an annular area of the same radial
position are magnetized in a direction perpendicular
to the surfaces SA and SB of the disk medium 1 (in
this case, in the direction indicated by arrow “T” in
FIG. 3).

In the embodiment, the electromagnetic coil 41 is
supported by an actuator, such as a linear motor (not
shown), so that it can move in a direction parallel to
thé surfaces SA and SB of the disk medium 1. While
the disk medium 1 is rotated by the SPM 43, the
electromagnetic coil 41 applies a DC magnetic field to

the disk medium 1 in a direction perpendicular to the
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5 periphery of the sane, the pattern forned of the
magneti ¢ nenbers 3A and 3B extendi ng between the inner
and outer peripheries. As a result, the entire

surfaces of the disk medium 1l are scanned by the air
gap 42 of the electromagnetic coil 41, and all 10
magneti c nenbers 3A and 3B on the surfaces SA and SB

of the disk nmedium 1 are unifor2# y magneti zed in the
direction indicated by arrow "T* shown in FIG 3.
Accordingly, the magnetic nenbers 3A belonging to the
serveuifeass1fRAofindhéBsur flaceh3A amdtehe thegedeict rbhag-
menbers 3B belonging to the servo areas of the surface
3B aP@taPsaoﬁégﬁgtPﬁeaepﬁpﬁﬁ@aaﬁde@Wﬁénthﬁdﬁ@éﬁ@@e@ySA and

arro T" FIG 3. . This neans that the servo
pattﬁ%nb?§¥F9B Pn?SFﬁEPPBn}HSFdéaE esdpfp§rapegiphery of.
whi t Tl

20 SE hH e ReE ufﬂnﬁfhsnfosgtﬁ??%?%at‘éi&%”‘%%ﬁeoggﬁér

can Eshgagumkgﬁhgegmeéf =i 0.khe, %C% 3% e

t he hus enbo |nen each

SerVﬁa@ﬁ@@lenméﬁﬁe§gr&ﬁcﬁﬁdséBa@thgdgEgtBgt%§§% the inner

medium 1l can be relrably 1nitialize

i ni thalii gatkenpbrBgnetigati Onl Aree8ssc, TRBe entire
above-descri bed direction of nagnetlzatlon i.e., the

di restrbaces afl emkadeskl medium oppesi keaddedbeimeerR air
the surfaces SA and SB of the disk nmedium1 when
obseg@ed42romm the eéspecbmagnstiifaceslof 1t handmagietic
nmenbers 3A on the surface SA and the nmagnetic nenbers
3B onaghetsarmnaseess. 3NagpHy 3Bt ha thgnetirfaces SA and SB

of the disk medium 1 are uniformly magnetized in the
direction indicated by arrow “T” shown in FIG. 3.
Accordingly, the magnetic members 3A belonging to the
servo areas 1l of the surface 3A and the magnetic
members 3B belonging to the servo areas of the surface
3B are also magnetized in the direction indicated by
arrow “T” of FIG. 3. This means that the servo
pattern (servo information) of each servo area 11,
which includes portions with the magnetic members 3A
and portions without them, is initialized. The same
can be said of the servo areas on the surface SB of
the disk medium 1. Thus, in the embodiment, each
servo area on the surfaces SA and SB of the disk
medium 1 can be reliably initialized by one
initialization (magnetization) process.

The above-described direction of magnetization,

i.e., the direction of a leakage flux, is opposite
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5 pole of the surfaces of the magnetic nenbers 3A on
the surface SA is opposite to that of the surfaces of
the magnetic nmenbers 3B on the surface SB. In the
exanple of FIG 3, the magnetic pole of the surfaces
of the magnetic nmenbers 3Ais N, while that of the
surfaces 10 of the magnetic nenbers 3B is S. Note that

‘the above- described di sk nedi &3 menuf acturing process

and magnetization (initialization) process, and the

di sk nmedi um packi ng process after magnetization are a
seri estueeautbrasiic TpreseSdesndt Bér effortdet dsk mediom 1
15 danger of the di sk nedi um bei ng nagnetized in a
mwon@healPééﬁFBﬁd(ﬁﬁOQ &hee&eiseRCopy6sise feseshsf the
shown _in ant age of the Enmbodi nent] In

gene?ﬁ?neFFc Wﬁmgeﬁ%AgérHQd 8Fsﬁuﬁ§é§@n§ﬁaﬁﬁﬁgt somagnetic
d .of dd

S A BT

for BoLE FEAEnIIpEbatel B2 ERaPRabhesks, luiss ot pmon the

t he gu?faﬁEdSH”lsAbﬁBobat@ genenak %?rEh%aEuQ?%%%%'%f the

25 di sk nmedium as described in prior art docunent 1,

nmagneigaet i enméipetsabbzahi @Ak BLREESS, SBN Milnct&h%n example
external magnetic field is applied to the disk nedium

- 24ofiBI@erBporard heftneeishpppengrt Reedisslk raRGISURNE the
However, the initialization process of prior art
docunepetidi héwbsrir 3 thalN, olvhthe ehbadofenhei Burfaces
that in the forner, the external nmagnetic field does
of the magnetlc members 3B is S. Note that the above-
described disk medium manufacturing process and
magnetization (initialization) process, and the disk
medium packing process after magnetization are a
series of automatic processes, therefore there is no
danger of the disk medium being magnetized in a wrong
direction (in a direction opposite to that shown in
FIG. 3).

[Advantage of the Embodiment]

In general, if, in a patterned disk medium having
each servo pattern formed of embedded magnetic and
non-magnetic portions, the magnetic portions do not
have the same magnetization property, it is difficult
for a disk drive to reproduce servo information from
the disk medium. Also in a general vertical magnetic
disk medium as described in prior art document 1, a

magnetization (initialization) process, in which an

external magnetic field is applied to the disk medium,



10

15

20

25

5 not penetrate both surfaces of the disk medi um
Accordingly, in the fornmer, the flux density of the
external magnetic field is significantly weaker than
that of the recording head of the disk drive, which
makes it difficult to sufficiently nmagnetize 10
(initialize) the enbedded servo patterns. This being
so, the prior art patterned-di €é nedi umrequires,
after it is incorporated into the disk drive,
initialization of the servo patterns based on, for,
exanp$ epe D enadubefosenghi ppihgadhef diké dedkudri ve.
15 The external magnetic field may not necessarily be
of alPeavarpehlerabibhatypatiprni Praresat pénpirgor art

ossible if the intensity of the external nmagnetic .
Pielﬁo?gm?ﬂErgagég%eFﬁ FEP@ ERaE, ohoheGePmoPEimgpar i

th ti ti t t h , d |

20 ST acts ofct herBFSk ragi G oEtBt! BaRAGReE: & e Go°s
'nteﬁéttée g£?§ﬁgeggthssﬁggghﬁgdofl%hésd§|%omedium.
necessary to further accurately confrol, For exanple,

the MBEHLELLGR,!I 98Pch8 EBEmaPParaLus:(di azngg@giugg she

initialization apparatus) for initralizing t

medi ¢ite s BONEGnet{c FoE1@XaBPEEgnexXt 8EARL yViBEREORhaN
is exerted on the disk nmediuminifialization

appatldtisof paiié pécdheinagnetdsorothéhaiserveipalt @hish

25 may well disappear, which degrades the yield of

di skrakesli ipsdibhichet othesuh@ndienhlyheagnetize

initialization process of a disk nediumdescribed in

priofi%}ﬁi@b% nEhg embedded servo patterns. This being
so, the prior art patterned disk medium requires,
after it is incorporated into the disk drive,
initialization of the servo patterns based on, for
example, DC erasure using the head of the disk drive.

The external magnetic field may not necessarily

be of a media penetration type. Initialization is
possible if the intensity of the external magnetic
field is increased. In this case, however, to impart
the same magnetization property to the upper and lower
surfaces of the disk medium, subtle magnetic field
intensity adjustment is required. It is also
hecessary to further accurately control, for example,
the magnetic air gap in the apparatus (disk medium
initialization apparatus) for initializing the disk
medium. Moreover, 1if, for example, external vibration

is exerted on the disk medium initialization

apparatus, part of the magnetism of the servo patterns
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5 the entire surfaces of the disk nediumare

magneti zed by a doubl e-si de penetration type external
magnetic field. In this case, however, after

magneti zation, signal patterns of the first and

second mask nmenbers nust be transferred to the
respective magnetic layers 10 (first and second

magnetic filns) fornmed on boet h25surfaces of the disk
medium |In contrast, in the enbodi nent, servo patterns
are formed of portions of each surface of the disk

medi nay lwet bviddedppesah, magnehi degeabless thangipaddt iodnslisk
15 of each surface provided with no magnetic nmenbers.

Fur the#lunfe magnetic nembers (servo patterns) are
reliably magnetized (initiaILzedg si.mply by the
doubl e- si B pBRePFAEFoR2 (pe 1Bx tELN AN LrdgrRéRiRE iPnePFoCess

h ic.fiel f di, sk di [
50 t9be}  SRREoPaRhGRy S=86 BRE A% PROCServe BRELBERS 3
Uhompil VER: e BOYPLEAL! X-CORERILY haRTRA. 108 HELRELS seq
(no Servo defects ué t 0o nmagneti zation def eCt's occur,

Wi t h,{ he a&%ﬁhéggge%cggﬁeﬁﬁmoﬁafcggéneke'&hahi E@%bg@ic

process, suc erasure proc using fthe

recorgdéng, head ehitheadbskndibyeri sa¥RBeCRASAEY 1 zhRion,
addition, in the enbodi nent, the upper/lower surfaces

of téegnaUNsateecdhskofedhynrfipatt ghAedecdbsl ABsk members

medi um) 1 magnetized (initialized) by the double-side

penetust iloa typesextreedatonmapgeetespkicelidecanghetic layers

checked easily in the foll ow ng manner. Firstly,

assuhirsiat antesdcgkdnwdguat lecnaghnsi zEdriedi bhabiozéd)
surfaces of the disk medium.

In contrast, in the embodiment, servo patterns
are formed of portions of each surface of the disk
medium 1 provided with magnetic members, and portions
of each surface provided with no magnetic members.
Further, the magnetic members (servo patterns) are
reliably magnetized (initialized) simply by the
double-side penetration type external magnetic field
(the CD magnetic field of the disk medium penetration
type). Accordingly, as long as the servo patterns
themselves are physically correctly formed, no defects
(no servo defects) due to magnetization defects occur,
with the result that the servo pattern initialization
process, such as a DC erasure process, using the
recording head of the disk drive is unnecessary.

In addition, in the embodiment, the upper/lower

surfaces of the magnetic disk medium (patterned disk
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5 by the doubl e-side penetration type externa
magnetic field is installed in the disk drive. In
this state, the upper surface (obverse surface) SA of
the disk mnmedium 1 opposing the down head of the disk
drive has a |leakage flux directed toward the down
head (N pole). 10 On the other hand, the | ower surface
(reverse surface) SB of the dizgk medi um 1 opposi ng
the up head of the disk drive has a | eakage fl ux
directed away fromthe down head (S pole). Therefore,
t he médkumkdiumagnetizede (eénbodadeatd)sbgl she double-side
advant ageous in that the 15 obverse and reverse
sur fﬁ%’é@téﬁt%ﬁ@ hEdeuaKktecanlbmagpasiicy fdeflar wianede

% % checking the magnetization direction of at
Ieas? ®f e%u??%ééyo#ntEéenﬁéﬂ&ﬁWEHGIﬁagéﬁéralFlrster
patterned di sk, ned i nclyding the disk nedium1
of tH@® %ﬂ%oﬁ?ﬂ%n?hea ésbr@G?aEH 3nPﬁg?étéFEQaténééﬂ@&lzed
are hown each servo
are25¥2§?%r%% ?—Slggtpgpg%fgge98 Eﬁg?t %frgﬁlamﬁgﬁﬁtlc
recofdin 9§n§h§¥a 14t hiscfasg; s eé?g gervgr %ﬁ%sl%tate,

formed of a strlpe pattern of ~abouf "a hun and

sever@d ﬁ%?iroéuP§Q@QER§5§er§@'gBr%écé? gHCBfSQﬂEt%

t han vi si i ght wavel engt hs (about 400 nm

t hi smélil Skm nBdbpipd s eNgnthé HBRNSBEYE oEaEhérﬁlgﬁsdéﬁve has
irregular surface, it is difficult to - 27 recognize

rai ribolegbdos eflldk f fif acttod. tédwaoddtngl Yowni Redd (N pole).

general patterned disk nmedium it is difficult to

di scon nimatethée bhvédr sehantiowevessefsuef deeseksemsurface)

each ot her.
SB of the disk medium 1 opposing the up head of the
disk drive has a leakage flux directed away from the
down head (S pole). Therefore, the disk medium 1 of
the embodiment is also advantageous in that the
obverse and reverse surfaces of the medium 1 can be
easily determined simply by checking the magnetization
direction of at least one surface of the medium 1.

In general, patterned disk mediums, including the
disk medium 1 of the embodiment, are provided with |
arcuate servo areas as shown in FIG. 1. Assume here
that each servo area is formed of a pattern (servo
pattern) of a high recording density. 1In this case,
each servo area is formed of a striped pattern of
about a hundred and several tens of nanometers, which
is much shorter than visible light wavelengths (about

400 nm). In this disk medium, even if the servo

pattern has an irregular surface, it is difficult to
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5 When servo tracks are fornmed with the di sk nedi um
installed in the disk drive, which is the obverse or
reverse surface of the di sk nedium does not nmatter
However, in such a patterned disk nmediumw th servo
areas pre-formed thereon as the disk nmedium 1 of the

10 enbodi nent, which is the obverse or reverse surface
of the disk mediumis very- nm@drtant when a head di sk
assenbly (HAD) is assenbled. This is because the

order of appearance of the previously nentioned

si gnaksog@pieaniphénbewticonottd, daddressisect i arcbidiandy,
15 burst section 11C) in the servo area is inportant.

In tReadoskeradi patteshethdiskbogiddum , ithé sugdificult to
surface gobverse surface) SAis the N—pole side, and
the FOREF méB?F§c§h€r@9§?§§eséﬁﬁaé§YeSBel§UﬁﬁéCSSp@n§m
si de, co glngly, in the enbodi nent, the test for
checﬁ?ﬁg % ®Which surface is the obverse or reverse

dol 1 ver ed "PEna 30T E BHRRYE RERUFSETS Ly e TR Biedy medium
in a;diek,del V?ﬁetﬁ nd?@kfﬂgﬁb%tahﬁqF geth%lo%ve se or

sufficrent | irection o age

the pedbubri su2Ba0et 8¢t efe [1§Ewﬁ%a&9m°&8¥§9ﬁ%tt! ﬁa@t%‘%.

Drive] The structure of a magnetic disk drive w

28 Hesetebpdihrkathya bhbtebnkd aibBkogkqdLagdha®h servo
illustrating the structure of a magnetic disk drive

wi t hatbesdpsk-fiedinadh thiepsbal hedthbereksR. méeudi Skof the

drive mainly conprises a head di sk assenbly (HDA)
embodiment, which is the obverse or reverse surface of
the disk medium is very important when a head disk
assembly (HAD) is assembled. This is because the
order of appearance of the previously mentioned
signals (preamble section 11A, address section 11B and
burst section 11C) in the servo area is important. 1In
the disk medium 1 of the embodiment, the upper surface
(obverse surface) SA is the N-pole side, and the lower
surface (reverse surface) SB is the S-pole side.
Accordingly, in the embodiment, the test for checking
which surface is the obverse or reverse surface,
performed when a magnetic disk medium delivered in a
disk drive manufacturer is installed in a disk drive,
can be facilitated since it is sufficient if the
direction of the leakage flux of the medium is
detected.

[Structure of Magnetic Disk Drive]

The structure of a magnetic disk drive will be



10

15

20

25

5 section 100 and printed circuit board (PCB) section
200. The HDA section 100 is the main unit of the
magneti c di sk drive. The HDA section 100 includes the
di sk nedi um (patterned di sk medium for vertica
magnetic recording) 1, a pair of down and up heads 10
110-0 and 110-1, a spindle notor (SPM) 120, an
actuator 130 and a head anpkifi28 FC (HIC) 140. As
descri bed above, the disk medium1l is a disk nedium
having its opposite surfaces processed for DIR, i.e.,
a D?@?%QpébﬁdtbélﬁébYdlsEIﬁedﬁuwﬁ(pabﬂephedldgshHQS
medi um for vertical magnetic recording). Since the

di skibbar bR inasthn ebveFsErsupfagemannetégedek drive

surface, it appropriately installed in the
dr|v%4%?tE?etaésg %géémaﬁdlpégéﬁéﬁdsEPPéééDPheF@SfdlSk

onfl ? t he aforenenglogeﬁ, ?verse/ vers %O
conf T R TR érﬁ?wﬁ@feﬁe?h AT e 88TR6Y0 &E&
A

ana et P nR88 Eenh ok b UAOE £ B0Y ! BORE 1 BERT Fegtion
eachzé@rneﬂh@yﬂﬁpugéaegoﬂagastLg eﬁ@dmshﬁnﬁﬂanggykﬂg

a read elenment and wite elenent on a slide

25 andesk MR @1 8RI riThe read gbaNBBEtisn 00 exanples
a giant magneto resistive element (GWR). The heads

110-thandi 4k Omddaie (Pabtednea absachediam (3@. vd%tical
The actuator 130 includes suspension arns 131-0 and
131-agmpetvt shabtdinld@) ahd mopeercoifl dowhoan@VAEM) heads
133. The suspension arns 131-0 and 131-1 support the
headsl A-19-anantld40- 12 spspetei metypr THEMpi 130, shaft
actuator 130 and a head amplifier IC (HIC) 140.

As described above, the disk medium 1 is a disk
medium having its opposite surfaces proéessed for DTR,
i.e., a DTR type patterned disk medium (patterned disk
medium for vertical magnetic recording). Since the
disk medium 1 has an obverse surface and reverse
surface, it is appropriately installed in the disk
drive after the obverse and reverse surface thereof
are confirmed by the aforementioned obverse/reverse
confirming (determining) method. The heads 110-0 and
110-1 are opposed to the upper and lower surfaces SA
and SB, respectively. The heads 110-0 and 110-1 are
each formed by mounting magnetic head elements having
a read element and write element on a slider (ABS) as
a head main unit. The read element is, for example,

a giant magneto resistive element (GMR). The heads

110-0 and 110-1 are mounted on an actuator 130.
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5 132 supports the suspension arns 131-0 and 131-1 so
that they can rotate. The VCM 133 is a driving source

for the actuator 130. The VCM 133 inparts torque to

the suspension arns 131-0 and 131-1 to cause themto

pi vot about the pivot shaft 132, thereby radially 10
nmovi ng the heads 110-0 and 110-1. The heads 110-0 and
110-1 are connected to the H €946 for anplifying the

i nput/out put signals (head signals) of the heads

110-0 and 110-1. The HIC 140 is secured to, for

exanpl e, &hpr edévetwirndd Opdncilowiesf sifspenes iact watmgy 131-0
130, and_electrically connected to the PCB section

200 @nd a3iréxi pEEotabhaftri8R. apgwepdrce ciodlFpgtos, (VCM)
for fsgllltatlng the draw ng, the HIC 140 _is located
away from fhe SEFBENSEOP3ETMPhis—OnapRe 13dmhodip@Rrt the

hoar DERAReAR2 00384, 03221 5esoREt 3?&? Zoﬁhgoﬁ'&f"%gtt% att
HI 1

iy ba2saabpdses ThiielipenetproaAthlc 1410 Mg 151 oo

ZOQ PRLPl ¥he nEEth?tEQHt S ﬁEeWbML§?§|észgodrg YPlsource

driver IC 21 read/wite c anne

cont ¢kl ehe ( HBDELa 230 and, CP@h%4QCMTh@3WQE?%r@%'%%&dd% to
210 drives the SPM 120 at a constant ati onal

speethe Thaspehstofr k¥fs 181200aakis@31-30 toSupplsiees HefE to
VCM 133 with a current determned from a VCM

operpiivoh abhouht tdespgrmatedhbytt h82CPYUh246by trheialyy
driving the actuator 130. The read/wite channel I1C

220 nevingettheeheads 110-0 and 110-1.

The heads 110-0 and 110-1 are connected to the
HIC 140 for amplifying the input/output signals (head
signals) of the heads 110-0 and 110-1. The HIC 140 is
secured to, for example, a predetérmined portion of
the actuator 130, and electrically connected to the
PCB section 200 via a flexible cable (FPC). However,
in FIG. 5, for facilitating the drawing, the HIC 140
is located away from the actuator 130. Thus, in the
embodiment, the HIC 140 is provided on the actuator
130 located near the heads 110-0 and 110-1 to reduce
the noise (SN) of the head signals. Alternatively,
the HIC 140 may be secured to the PCB section 200.

The PCB section 200 mainly comprises four system
LSIs, i.e., a motor driver IC 210, read/write channel
IC 220, disk controller (HDC) 230 and CPU 240. The
motor driver IC 210 drives the SPM 120 at a constant

rotational speed. The motor driver IC 210 also
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5 perform ng signal processing related to read/wite
operations. The read/wite channel 1C 220 is forned
of a circuit for perform ng channel sw tching of the
H C 140 and processing a recording/reproduci ng signa
to/fromeach head. The HDC 230 forns an interface 10
bet ween the disk drive and a host system (e.g., a
personal conputer) using the dB8k drive. The CPU 240
is a min controller for the disk drive. The CPU 240
realizes a head positioning control systemthat
utilsueelies tkeveCHniddmattiona ¢Grraetpdeétermifsdr foom
patter % of each servo area 11 formed on the disk
mediain{@! arerapirpigmewet udesignarem| braMe CPU 240,

(DeHe st es%&&é?ﬁ%@ﬁéd@%%%%?'rp;%é?i'm (11 rmare
The CPU, 24 20 VP
3¥°?L2“’cpﬂﬂaiﬁea (T bp sCbRRR R skCar 0o bt fgtexipaa%’eg
T RA|
PSR S e I S AR TR T

o eospesi {62l | yTh@yréM/d}ﬁ{@fcwﬁngf%%@‘?o D§E fgrﬂed

processor forned a hardware circuit 5 and

for di gh-spesd: prosessd Ao rfi AT SihNel ysw1£@§11§§’%g49he

may not have the DSP. In this case, the

per fRIQTEL 4D g ap F ORSs €D ¢ %mmlﬁ@/f@pﬁ@d@&m@f signal
the DSP. Thus, the disk drive shown in FIG 5
substtcazfﬁncaﬂue;actrhdlesmm sThelCHDT 238 f:@menamontatedfske
drives except for the disk nmedium 1l installed therein.

[ Hede Pt i 0re ndl Qordr bve Sysd emjhost system (e.g., a

personal computer) using the disk drive.

The CPU 240 is a main controller for the disk
drive. The CPU 240 realizes a head positioning
control system that utilizes, as servo information,
the pattern (servo pattern) of each servo area 11
formed on the disk medium 1. The CPU 240 includes a
ROM, RAM, microprocessor (MPU) and digital signal
processor (DSP). The ROM stores a control program
(firmware program). The CPU 240, more specifically,
the MPU of the CPU 240, controls the disk drive in
accordance with the control program. The memory area
of the RAM is used as, for example, a work area by the
CPU 240, more specifically, by the MPU of the CPU.
The DSP is a processor formed of a hardware circuit,
and used for high-speed processing. Alternatively,
the CPU 240 may not have the DSP. 1In this case, the

CPU 240 performs computations corresponding to those
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5 A description will now be mainly given of the
configuration of the head positioning control system
realized by the CPU 240 appearing in FIG 5. FIG 6

is a block diagramillustrating the configuration of

the head positioning control system In FIG 6, 10
reference synbols C, F, P and S denote the transm s-

sion functions of the system Alontrolled object P
specifically corresponds to the actuator 130 including

the VCM 133. A signal-processing unit S is specifi- _
cal | 9fr 6Bri P88 -byThHe r 846/ diiske dehiaenehowd 220 Fifd £5 has

CPU 240. Part of off-track quantity detection
prOCEEQFFQHF%aé}¥CEP@dSBVetﬁér€P®uE$OaSAQQﬁWﬁﬂﬂlonal disk

o OSBERNED bafBPErTEY I8 Bpiomentin TN Goresn
i opl t. t tr.ol

20 uni t Cb"PE spect léﬁﬁp?g”'&g&trf&%w W crU 240,

The signah- Bégg E%anuglElsn%%n%rahgﬁngﬁikﬁé%%1ffbthe

i nformati on tin OSItIOI’]

(i =Onfidurhton @fpﬁﬁéeHEaHrﬁgglﬁgéh hgocgggkoq & em

di sk nmedium 1 corresponding to the hea sition )

25 Theapbsedibp théocret QD hppearenat ed, mased onrag. ¢
reproduction signal (servo reproduction signal)

i ncl ugli agbbadkedsagnénr irhl ienraepngdubed coh@igaraeive of
32 area 11 just below the head position (HP). The
firstheoneadl pesitiertibackononbiobyshktm.C) InoRIput $,a
feedback (FB) operation value UL for reducing a

posi ¥ BPEPNER r oYpE} s pet wBenPaandr §etlenpsek the transmis-

sion functions of the system. A controlled object P
specifically corresponds to the actuator 130 including
the VCM 133. A signal-processing unit S is specifi-
cally realized by. the read/write channel IC 220 and
CPU 240. Part of off-track quantity detection
processing is executed by the CPU 240.

A control process unit CP comprises a feedback
control unit C as a first controller and a runout
suppression/compensation unit F. The control process
unit CP is specifically realized by the CPU 240.

The signal-processing unit S generates position
information indicating the position of the head 110-i
(1 =0, 1), i.e., a present track position (TP) on the
disk medium 1 corresponding to the head position (HP).
The position information is generated, based on a
reproduction signal (servo reproduction signal)

including address information reproduced from a servo
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5 position (RP) and the present track position (TP)
corresponding to the head 110-i. The second control -

| er (runout suppression/conpensation unit F) is a
feedf orward (FF) conpensation unit for conpensating
the shape of a track on the disk nedium1, or 10

vi bration that occurs in synchronismwth the rotation
of the disk medium The second3@ontroller has a

menory table (runout conpensation value table) that
stores pre-calibrated runout conpensation val ues. The
secomue@ohlrbm$brbdb@8 bbe headupbyitisent HBPpositiona
15 error % and refers to the nenory table based on
servo sectbe’ fhreEnaenbrosLppl i Edetlbamkt Rensicghaunit C)

pr ocessi g unit S, thereb% out putting, as an_FF
oper @t FRACY ot ukeeBbagk  (ih btoE%ﬁﬁEhgatVéﬁHQapéefor

correggondlng toth sergo sect or gnf0£nat on.

cont ToRIot ot e Pant £ 8ph Lapgeeh TRL BEFHRFL AUsargtLs ack
o e 13 A9, S859ND, oL LaLLET 5. a0, SupRLh s fe

addition resu con

Contf&%i %Féﬁwfﬁé ﬁk(éﬁ%ﬂﬂééa %f§ ? re?Hét %EBHd Bgadro1-

rrven e nenory ta r unout

conpesis at +@fowel 88oh 20 8] oh BcsHbERSAEHohOuasi cakl bEg- 5
tion process during the initialization of the dISk

dri veeedeiwdhe poBj téonpénest 06n (it SEbrgbehpthsatang

33 preset value, a re-calibration process is started.

As the eshdpe d¢heartunack conpeasdisbmmediueslstored in

the nmenory table are updated. [Off-track Quantity

Det ecthont Procekat i ocOigk in synchronism with the rotation

of the disk medium. The second controller has a
memory table (runout compensation value table) that
stores pre-calibrated runout compensation values. The
second controller does not normally use the positional
error (E), and refers to the memory table based on
servo sector information supplied from the signal-
processing unit S, thereby outputting, as an FF
operation value U2, a runout compensation value
corresponding to the servo sector information.

The control process unit CP adds up the outputs
Ul and U2 of the first and second controllers, and
supplies the addition result as a control value U to
the controlled object P (VCM 133). As a result, the
head 110~i is driven. The memory table (runout
compensation value table) is subjected to a calibra-
tion process during the initialization of the disk

drive. When the positional error (E) is higher than a
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5 Drive] A brief description will be given of the

process of detecting an off-track quantity

(positional error) based on a servo reproduction

signal. The disk nmedium 1 is rotated at a constant

rotational speed by the 10 SPM 120. The head 110-i (i

=0, 1) is elastically supported by the suspension

arm131-i (i = 0, 1) via a gin¥a provided thereon.

The head 110-i is designed to float above the disk
medium 1, with a fine air _gap interposed therebetween

by aprep?ésga%éegeﬁerarééligr@ﬁppé pecgissk ieditamted. As

is rotated, Thus, the read elenent of the head 110-i
can @ef%EPthethéaﬁéﬁéuFlG?mpﬁﬂsﬁﬁéoﬁagﬁépﬁé Fé@éﬁ§ gmn the

t he di sk t ant t
i FOSTREY. COROR ERE UPGRERB) um 1 [ rot at egapt he
servo 20 360as. 11 QnoLle sk dIRdLNICE BASS.J st P,

t he head nterval r
servgrjpajtern |nfornat|on on the servo areas 11 is
reproduced by the head 110-i at regular intervals.

Servo progesskBg 6aBcRepex8RULEY 1abe @AWAY dmtt@{eV@r%cess
25 by detecting track position information in the

server @atéetinynbar pEEL-eRabRpHaduead yby pblke thead 1 error)
110-i, i.e., in servo information (servo reproduction

34 Bag@al¢n.aUpenvoncepredognubnng1gnaerVOTa@dﬁ&$$ medium
mark (servo area identification code), the HDC 230
can kstfnuoeatedeati pecansehhthroletiextlsepeedaibga the
reaches the
SPM 120. The head 110-i (1 = 0, 1) is elastically
supported by the suspension arm 131-i (i = 0, 1) via
a gimbal provided thereon. The head 110-i is designed
to float above the disk medium 1, with a fine air gap
interposed therebetween by air pressure generated
while the disk medium 1 is rotated. Thus, the read
element of the head 110-1 can detect the leakage flux
of the magnetic layers of the disk medium 1 with a
constant magnetic gap maintained.

When the disk medium 1 is rotated, the servo
areas 11 on the disk medium 1 pass just blow the head
110-i at regular intervals. As a result, servo
pattern information on the servo areas 11 is
reproduced by the head 110-i at regular intervals.
Servo processing can be executed at regular intervals
by detecting track position information in the servo

pattern information reproduced by the head 110-i,

i.e., in servo information (servo reproduction
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5 position just blow the head 110-i, since the servo
areas 11 pass just below the head 110-i at regul ar
intervals. The HDC 230 asserts a known servo gate

signal at the timng at which the preanble section 11A
of each servo area 11 passes just bel ow the head 10
110-i, thereby causing the read/wite channel |C 220

to start servo processing. Refédring nowto FIG 7,

the signal processing by the read/wite channel 1C

220 will be described. FIG 7 illustrates the
strustgnelpf an address 15 detection circuit
incorporated in the read/wite channel IC 220. A

r epr oduct Ppanspgreal rgepgnakedgby seleyoheddires®- imagrkd (servo
amplified by the HC 140 is input to the read/wite
chanpfa| £donbifhfaEéont cpdegubjrbet BACt 634ncapaksgimate

Lo FREP B BT TR el has, e o
B
[ Uralat ey hsks il e 8oV BEbiesh ot anekiged.

magnekt £ PRIL L 0N$LandpROP3FBYBEELEsPAT khels: sERWBY ghate
a DC offset conponent contained in a reproduction

Sign@igﬁé@”&thﬁhﬁrﬁﬂﬂbhﬁ secth@BhltAei preaddle section 11A
conpl etely renoved by the high-pass characteristic of

the &f G44R sadvbherkanyit pdspak sughabetguakhzahicad
process by the equalizer 221. As a result, the signa
acquitediaftkerabnl ogusihgethagrehd/weptedabbinoel IC 220

to start servo processing.

Referring now to FIG. 7, the signal processing
by the read/write channel IC 220 will be described.
FIG. 7 illustraﬁes the structure of an address
detection circuit incorporated in the read/write
channel IC 220. A reproduction signal generated by
the head 110-i and amplified by the HIC 140 is input
to the read/write channel IC 220, where it is
subjected to an analog filtering process (longitudinal
signal equaiization process) using an equalizer 221,
and then sampled as a digital value using an
analog-to-digital converter (ADC) 222.

The leakage flux of the disk medium 1 is a
vertically magnetized flux, and each servo pattern is
a combination of magnetic portions and non-magnetic
portions. However, a DC offset component contained in

a reproduction signal from the preamble section 11A is
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5 signal fromthe preanble section 11A using the
equal i zer. 221, i.e., the output of the equalizer 221,

is a substantially pseudo sine-wave signal. This

signal only differs fromthat acquired froma

conventional vertical magnetic recording di sk nmedi um

10 in that its anplitude is 1/2. The read/wite

channel 1C 220 switches the- pi3dcess in accordance

with the phase of the reproduction signal. Nanely, it
perfornms a synchro- nization acquisition process,

addr esmpietdilpgrpmogessbistardhlighspapisocessaceteristtic of
the synchroni zati on acquisition process, a clock

si gnahef BECr épPodndt tbe lesgiyndhnedi sédnailt lequiad ization
medi a pattern cycle. More specifically, in the .
synchEefRfsat P¥ntheqBRERLEERpLEdess ASt Re r€8NBILirnghe signal
timng of the ADC 222 Es 2%,ﬁ¥nchroniéed wth a |

si ne2WBVeTPEPREEGE PBALSAGhAl Fe TRt 18 Ss FRERPENCIAC 0N

o cortarnt) PR ek oL S RELREE P s g Uk SO

fro”éé?&l r2?§1a”§.ﬁ}”dkﬁétBﬂgpgkgb%aggggggkgéﬁék%e%21,

is performed. Th 25 thi'§ process, ther

cycles 8f substaaldaif®y pEeusdchipedi,avRaklighn1i.s This
sanpled at four pointS. In the address reading

procesgnadddhessdif86rsi AkenMhbenatcgasted/ Bybnder

information) is read. Mre specifically, in the

addressveratlonglprecessalt hegnBaise reboaddsngnalisk medium

indicating a series of digital sanple values and

out puh tham the ADEl22Adesiseddeed

The read/write channel IC 220 switches the

process in accordance with the phase of the
reproduction signal. Namely, it performs a synchro-
nization acquisition process, address reading process
and burst process, etc. In the synchronization
acquisition process, a clock signal for reproduction
is synchronized with the media pattern cycle. More
specifically, in the synchronization acquisition
process, the sampling timing of the ADC 222 is
synchronized with a sine-wave reproduction signal.
In the synchronization acquisition process, AGC
processing for adjusting, to a certain level, the
amplitudes of signals output from the ADC 222 and
indicating digital sample values is performed. In
this process, the respective cycles of “1” and “0” of

each media pattern is sampled at four points.

In the address reading process, address
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5 by a finite inmpul se response (FIR) filter 223.
Subsequently, the output of the FIRfilter 223 is sent
to a Viterbi decoder 224, where it is subjected to a
Viterbi decoding process based on maxi num |i kel i hood
estimation. As a result, the reproduction signal 10
reproduced by the head 110-i and anplified by the H C
140 is decoded into binary dat&6 The resultant binary
data is sent to a gray processor 225, where it is
subjected to a gray code reverse conversi on process,
wher éB{ornet bPRard yeatrs/Fylépdesr Ladornes ieadr dss remd.
information (sector/cylinder information). Thus, the

i nf Of'*BEi BRSORLLRBLSYy vort FREKAAETRRSC K SPRd "He BFOLEGS), the
IS positiongd is.acgﬁireg“ In.the burst, process, . ur.st
i nf oPRBPFoRTi @ S48HATr eB°BG251BEr & SFFIEEs SitnG 18 adi

(0L o5ABL8) A0S ERROERL B RrbRe e g 20, S MR

(Ca'By'Qtfﬁ%ipéfﬁgpﬁgﬁ%f?§8g85§é R@Eﬁg”ﬁ&ﬁ%%g b 3t he

bur st” process, es of 'sighals a

sanpsgphebdeAndyi NntEr sheduti Brt REOFARr £9f tRUr 9B is sent
(burst signal patterns) A B, C 25 and D. The burst

processangiterblli Hegupplki €341 henelPd 1240 sWistibieltkageo a
val ues corresponding to the average values of the

si gnédltanpli dededing puostssAbaBedCoandaxidim Dikendhood
generates a servo interrupt to the CPU 240. Upon
rece¢sthgathenser 6 antesnlpt, thherépyogagtion signal
sequential ly reads the vol tage val ues (burst

i nf ofPR¥PARFeeobYespenBrAg ﬂgOrheaﬁﬁeﬁ@@éliaﬁde§Yo¢he HIC

140 is decoded into binary data. The resultant binary
data is sent to a gray processor 225, where it is
subjected to a gray code reverse conversion process,
whereby the binary data 1s converted into adaress
information (sector/cylinder information). Thus, the
information on the servo track at which the head 110-1i
is positioned is acquired.

In the burst process, burst information is
acquired by a burst processing circuit (not shown)
incorporated in the read/write channel IC 220, and an
off-track quantity is detected (calculated) based on
the burst information. In the burst process, the
amplitudes of signals are sample-held and integrated
in the order of bursts (burst signal patterns) A, B, C
and D. The burst processing circuit supplies the CPU
240 with voltage values corresponding to the average

values of the signal amplitudes of bursts A, B, C and
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5 the signal anplitudes of bursts A, B, C and D, using
an ADC i ncorporated in the CPU 240. Based on the read
burst information, the CPU 240 cal cul ates the

of f -

track quantity using the DSP. Fromthe off-track

quantity and the servo track information acquired 10
in the address readi ng process, the CPU 240 can
accurately detect the servo-tradk position of the

head. [Processing Perfornmed Wien the Head |Is Changed]

A description wll be given of processing 15 perforned
whenDt hantiegenesathangedefrominhert@pt0tbothel1CGPYU @40. .
vice versa. In the disk drive shown in FIG 5, the
headUR20- befsivisnd ther eprvduébtarsighal ther 670t 40
recordi ng |ayer of the ggger surface SA of the disk

medi

BRAYSNGARLEYhEGATS 1 veltaes valpesr dprddlice a

| ower surface

' | f h di I f th
S5 ot ERENG LR helpof 1o PBRDeFo Fho. PRE8RBodPIEAE. Of
sincg, Lhe, ypper .and L auer suriaces SA andcSEhaye yging

di ff
per f
t hat

eren gnetl aracteristics, process

QBWRSEV\@SBQEE&Q@@Q if chaneed dublergazad LAMehe
e p art. As

In t ro sune here that it becones

necessanyph@sehaRgermati backehbargst 2unaekl chig aecethe
because of a user's - 38 data access request issued

fromarhestcrygtientity ukhhg easepsbhe E€PUm24Be off-track
determ nes in accordance with the control program

whet

heantheypaedenhkysselectedckheadofpredent akead)reds

identical to the head (target

in the address reading process, the CPU 240 can
accurately detect the servo track position of the
head.

[Processing Performed When the Head Is Changedj

A description will be given of processing
performed when the head is changed from the 110-0 to
110-1 or vice versa. In the disk drive shown in
FIG. 5, the head 110-0 is used to reproduce a signal
from the recording layer of the upper surface SA of
the disk medium 1, while head 110-1 is used to
reproduce a signal from the recording layer of the
lower surface SB of the disk medium 1. However, in
the embodiment, since the upper and lower surfaces SA
and SB have different magnetic characteristics, the
process performed when the head is changed differs
from that in the prior art.

Assume here that it becomes necessary to change

a track (target track) to access because of a user’s
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5 head) corresponding to the to-be-accessed track
(target track). If the present head differs fromthe
target head, the CPU 240 shifts to the process per-
formed when the head is changed. In the conventiona
process during head change, the signal of the H C 140
10 processed by the read/wite channel 1C 220 is
swi t ched, whereby a seek proces$ for noving the target
head to a target track is started based on track
position information read by the target head (the head
cor rézspandcagssoretieesar gesuedafkpm bBnhosft system.n IB
t he enbodi ment, a process perforned during head change
di f feRingcaedm the €BHvEADI 8RhPrBABCEs L pePFEepPKE@nce with

Referring to the flowhart of FI 8, the proces
per f bR fre@CRbF PhgPRegd2RhERGEPA gh@ Bh56& et S iPFtﬁé

d i bed., Fi CPU, 240 i

00 herd: BherEht et BB 550 e roray tPefsa b (target
h he t head f

Che PEad] LOFLPEpeablpl ea) PRECLONBATARILSERUPLISCR. |

pol ag S rmedeb ett] n r [
F£i¥get ScPEELPr Med . ¥3émkggﬁene ﬁgeﬁ gg&f@&% from the

pol arity” correspondi ng er t e nunber o

the target R&aQeaghbscan 9dd ghievantBuRher prodekhReber-
the setting of the head polarity includes reverse of

the fwihed pREArthy headr eeoctbAgedas Wl khascoh&entional
polarity 39 reverse of a reproduction signal. After
t hatprobes P 240gshebtischhagepetaki sngnadeoff itkve HIC 140
normal one to a servo search one, ‘and requests the
HDC pBoceospdrbyr hha seeddwsésechhesneps I62230d 1s
switched, whereby a seek process for moving the target
head to a target track is started based on track
position information read by the target head (the head
corresponding to the target track). In contrast, in
the eﬁbodiment, a process performed during head change
differing from the conventional one is performed.
Referring to the flowchart of FIG. 8, the process
performed during head change in the embodiment will be
described. Firsfly, the CPU 240 performs a register
operation for the HDC 230, thereby requesting change
of the head to the target head and reverse of the head
polarity (step S1). The reverse of the head polarity
is performed by setting an appropriate polarity
corresponding to whether the head number of the target
head is an odd or even number. Further, the setting

of the head polarity includes reverse of the write

polarity for recording, as well as the polarity
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5 S3). The servo search node is provided for detecting
a servo address mark (SAM enbedded in the tip portion
of the address section 11B of each servo area 11. From
the detected servo address mark, the timng at which
the servo areas 11 pass just below the target 10 head
110-i cab be estimated. The servo search node is used
when the servo area passing-ti @°ng-i s anmbi guous,

e.g., when the disk drive is started. Further, the
servo search node is also used in, for exanple, a
recovergrpeocéss egpratiedtihensapgnedror (servo |ost 15

error), in which the servo areas 11 are not detected

at esti naféderi #ha§, Khs 6EBUPAEdshiftsedpenspar@tdon mode
request fromthe CPU 240, the HDC 230 sets the
poIaFFf? Bf NATFRpr 8BECEPOR SPENAI SFBFCDt RBCH énggFequests

d [ [ |s f h 0 d/ we
o P4 RSB0 ORE R Rh AL ghRE R BRI oo
to b t d it | I 2Q .
T . A e h RETRE

Corr3598995n9d89e§35$\9?ﬁ|e(éﬁmogiﬁﬁggd@}ﬁ the¢har Q%Z portion

head, and the sign o reproduction signal is

revepsednel 8qtihesdi skchedhuima dgedabh tBevo area 11.
enbodi nent, their upper and | ower surfaces exhibit

di f f eremt theakagectkuxspokar btidesssHawewker thief tifm@nd0 at
above-described polarity setting is perfornmed, a

reprediichi ohessgnab auepat 1fir pessheubar gefloleaticanéhrget
processed by the read/wite channel | C 220 apparently

exhi bead Lhe-samebcharastémasede, Tbgasélkysssemrch mode is

used when the servo area passing timing is ambiguous,
e.g., when the disk drive is started. Further, the
servo search mode is also used in, fqr example, a
recovery process executed when an error (servo lost
error), in which the servo areas 11 are not detected
at estimated timing, has occurred.

In response to a request from the CPU 240, the
HDC 230 sets the polarity of a reproduction signal for
the HIC 140, and switches processing signals for the
read/write channel IC 220. As a result, a reproduc-
tion signal to be processed by the read/write channel
IC 220 is switched to the output signal of the HIC 140
corresponding to a signal reproduced by the target
head, and the sign of the reproduction signal is
reversed. In the disk medium 1 used in the
embodiment, their upper and lower surfaces exhibit

different leakage flux polarities. However, if the
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5 whether the target head is the up or down head. The
read/ wite channel | C 220 executes SAM (servo address
mar k) detection on the output signal of the H C 140
reproduced by the target head and having its polarity
reversed appropriately (step S4). The 10 read/wite
channel 1 C 220 sends, to the CPU 240 via the HDC 230,
a SAM detection result indicatidfg whet her the SAM
detecti on has succeeded. Upon receiving the SAM
detection result (step S5), the CPU 240 determ nes
frombbies-desaribabephénrihyg SAMcdegedsi prrifasmes, a
succeeded (step S6). If it is determ ned that the SAM
det eé@PéﬁdH§§l§Oc§é@6éél CHRBUEPEr 280 tLAGY £AEES t h@ad and
programto stegyS? wher e the CPU 240 perforns

regi%?%?eﬁﬁﬁga FoFeﬁﬁéwﬂB€52§5aHPﬁérésyzﬁgtQPﬁ@ﬁﬁntly
t he node f he servo, sear 0

Todes hb%ﬁankéﬁnaﬁmﬁoaeareﬁﬁeraﬁ|awrngegér§3ess T

oDl QPUELLANREOCERS L onRER! OLTEe ELT SH Yo zeg

pattern I N Ornat On SerVO I N Ornat n 1S Irea

regul ar sepyo.Lahoryvaks. Aasediond be o %@(‘éc%ef:re\éo $AM (servo

pattern 1 nformation, positioning control

quanffé¥eks ﬁékﬁN'éé@@ct@@ﬁegnoﬁhéh%uﬁﬁﬂkf@hgnal of the
guantity, the head 110-i is noved to a target track. -

41 fAdvantagepobdReedeby bPHei agrbeadhehangel havihg its
di sk nmedium 1 used in the enbodi nent, the upper and
| oneposariageseerhsbidt apppoprietséyvdstpat Sdnn The
polarities. Therefore, if servo information 5 (servo
sugnae§d/wrnéprguanedlmﬂﬁhaaﬂ pehdsit yor éher §8U 240 via

the HDC 230, a SAM detection result indicating whether
the SAM detection has succeeded. Upon receiving the
SAM detection result (step S5), the CPU 240 determines
from this result whether the SAM detection has
succeeded (step S6). If it is determined that the SAM
detection has succeeded, the CPU 240 advances the
program to step S7, where the CPU 240 performs a
register operation for the HDC 230, thereby returning
the mode from the servo search mode to the normal
mode. In the normal modé,'the following servo
reproduction process is performed. Firstly, servo
pattern information (servo information) is read at
regular servo intervals. Based on the read servo
pattern information, a head positioning control
quantity is calculated. Based on the control

quantity, the head 110-i is moved to a target track.
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problems will occur. Nanely, since the relationship
bet ween "data 1" portions and "data 0" portions is
opposite between the upper and | ower surfaces of the
di sk medium 1, the code recorded on the address 10
section 11B w Il be erroneously recogni zed. Further,

a phase difference of 180 degrees occurs in preanble
synchroni zati on, which makes SAM detection itself
difficult. Accordingly, it is difficult to reproduce
servo information fromone of the surfaces of the disk
15 nedi umiadventhigghtfoProkiess AurliegstHealde Chsemed
information is reproduced, it is necessary to perform
pol arity lévéhgedéékrmggénmuﬁguﬁ@dth@ felign embpgtiment, the
direction of the one surface of the disk nmedium1

(r evePBer ?nﬁabﬁﬁFchﬁéﬁaFFFye#Bﬂbéét88?P§ﬁ$e EGrWﬁ

t he enbodi nent o ar & verse,qof each iS .

oer {57 arﬂoP%m A L ahtgehess rall sf 20 1hF%nation
wh t

A IR S b AU A T SO

only?%ledéﬁg QiéﬁhSCBngriNXPgﬁg hg@?ltﬁ' ?eia%gonship

anpl reproductron sigha

anpl hEt gLeh VR det et Lgnrappki Lhar )\dlaragow%%tr%qoln@ is
the HIC 140 is perforned (i.e., reverse of rmagnetic -

42 pphbasity betwdeheehkolppsrpahbionBRE), shfadle$0of the
reverse of magnetic polarity for recording. i.e.,

revedsskohedibe pol ahet godk acreededi pg ther ediiress
supplied to the recording head, is perforned. ,
TheretorépncohBerhl hghs eheodavasayveascdgnirke. Further,

characteristics are conpletely
a phase difference of 180 degrees occurs in preamble

synchronization, which makes SAM detection itself
difficult. Accordingly, it is difficult to reproduce
servo information from one of the surfaces of the disk
medium 1. In light of this, at least when servo
information is reproduced, it is necessary to perform
polarity reverse corresponding to the magnetization
direction of the one surface of the disk medium 1
(reverse of magnetic polarity for detection).

In the embodiment, the polarity reverse of each
head is performed not only when servo information is
reproduced, but also when data is written to the data
area 12 and read therefrom. In the embodiment, not
only reverse of the polarity of a signal (i.e.,
amplified reproduction signal) output from an
amplifier (GMR detection amplifier) incorporated in

the HIC 140 is performed (i.e., reverse of magnetic
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i dentical between the upper and | ower surface of the

di sk nmedium 1, and hence there is no error rate

di fference t herebetween, for exanple. In other words,

the relationship between the arrangenent of user data

10 "1" and "0" and the magneti zation direction of the
recording layer is nerely opposite between the upper

and | ower surface of the disk d@dium 1. Therefore, no
problemw || occur even when the above-descri bed
processi ng of the enbodinment is perforned. 15 In
contpasariaygsfioe thaecthencusr et fpomad)tyboft aﬂh@ reverse
recording head is not reversed. In this case, "data

1" aff mAgratoc pererdhy ﬁﬁreé@ﬁoééﬂégaréaeandreﬁﬁése of
nagnetlzatlon direction of the recording | ayer on

uppef hgyppaeeisygetof Fﬁ@OHPéRgnﬁHFﬁﬁPE é&PPééﬁ@n&OZGhe

h f
bo oS uinnt fraRever PRE S PR o TEPEE kR G ERERLnT
each (gt @, 2o, 12209 SELUO-ALE 11 BPLALI LT B¥RLSe ce1y

must era on ohe “surface Si

medi ymefktlzansbb%weeh dasi abke aheC%wterr@%%%aE%eon%e
processing of the control programby the CP

conphiexk ABdifMch,t kA8 hénteduheed E@fnbe%QQ6%e§aE%
magneti c reverse processing. However, the process - 43

perf ot fFEdrdncenghbeadeehange ifbrt Bearphedi memnt othexd words,
very sinple process and can deal with the di sk nedi um

1 i nthki chlaheéonmagnpt beaween dheeetirangemeeschfsasex data
area 11 differs between the upper and | ower surfaces.

5 I n“addenfoii0”i andhéhpr neesstpaptérnedidecitignhedd the

recording layer is merely opposite between the upper
and lower surface of the disk medium 1. Therefore, no
problem will occur even when the above-described
processing of the embodiment is performed.

In contrast, assume that the current polarity of
the recording head is not reversed. In this case,
“data 1” and “data 0” portions in each data area and
the magnetization direction of the recording layer on
the upper surface side of the disk medium 1 correspond
to those on the lower surface side. However, during
data reading, whenever information is reproduced from
each data area 12 and servo area 11, polarity reverse
must be iterated on one surface side of the disk
medium 1. This is not desirable since it makes the
processing of the control program by the CPU 240
complex, and much time is required for responses to

magnetic reverse processing. However, the process
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change, SAM detection (SAM search) processing is
performed. The reliability of servo information
acquired fromnormal servo reproduction processing is
hi gher than that acquired from SAM detection 10
processi ng. However, problenms will occur if a phase
error exists between correspondi ng servo areas (servo
sectors) of the upper and | owed3surface of the disk
medi um 1. Assune here that servo information is
witten (servo track witing is performed) with the 15
di skeepfpunedindusalngdheadt BaRPA, lnukéetﬁ@b@dnm@ﬁi is a
tional magnetic disk nedium In this case, even

headv%ﬁénﬁémPéep@FPSFﬁédan?héﬁé F§aP|Wﬂ¢€ &Qﬁg@ﬂs&fmedlum
failure in SANIggtectlon sln e the. traverse t|n1n
servg SRBcYBrED ﬁaWﬁ@QFﬁéaa &PRc 81 rRGRe0Br Ot REC Yervo
d t f
o botr SRntt HEEFBPL BERGEh LAB HbpeTRry e aces.
t I
Getont] on iagis PRbRZ RN S0 YT TR E’%%g?ﬂﬁln&e%ﬁ%whead

sur f @eg8gal esamt BSEeé@E baf aghar 'sle)ér@h' g@%@ce%é ihig is
gener al , when the CPU 240 has failed in read i ng “of

serVQerﬂéemaatlomheefémﬁabﬂlatyragub@&volmhewaatldd
executes retry processing. If retry 44 processing has

al soatauiedd fhemCRUr240 detrepnirpesodukatioa pevve slsdsty
error has occurred. At this tinme, the CPU 240 shifts

to resovigie5AMEBt betoacallired doopl SRMpdetession
however, |eads to degradation of 5 access performance
durlﬁ@oﬁ@ﬁﬂlﬁﬁanggowﬁﬁeéonpﬁa§ﬂems will occur if a phase

error exists between corresponding servo areas (servo
sectors) of the upper and lower surface of the disk
medium 1. Assume here that servo information is
written (servo track writing is performed) with the
disk medium installed in the HDA, like the conven-
tional magnetic disk medium. In this case, even if
head change is performed, there is little danger of
failure in SAM detection since the traverse timing of
servo sectors is maintained. Since, however, the
upper and lower patterns of the disk medium 1 of the
embodiment are formed by transfer using different
stampers, synchronized preamble sampling and hence SAM
detection may well fail, even if the upper and lower
surfaces are rather satisfactorily aligned.

In general, when the CPU 240 has failed in
reading of servo information performed at regular

intervals, 1t executes retry processing. If retry
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in the enbodi ment, SAM detection is executed at the

begi nni ng when head change is perfornmed. This

prevents degradation of the access performance of the

di sk drive provided with the disk nedium1 in which it
10 is difficult to prevent m salignnment in phase
between the servo areas of the upper and | ower
surfaces. As described above, i4d the patterned di sk

medi um 1 enployed in the enbodi nent, magnetic nenbers
3A and 3B form ng servo patterns are provided on the
uppepréSeaniingones slisbaes 184, antdeSBPUr @dpedeiteainines
The direction of magnetization detected at the
sur f ket af servie kagheersomehber SC8Arirsdoppdsi tditso time,
that detected at the surfaces of the magnetic nmenbers
3B. WhenCFHe<4PhasiébAstPuspeavaryk Shddrgiectiion. This
mounted in a disk 20 drive, high Sensity recordi .ng can
be r%%??i%ﬁ.prﬁﬁﬁﬁﬁer,OWﬁVFFaIg?é PohCpr6E&asind ols ¢dh

o LSS L UL 00 R LRGSR 108 e

om t el ng

drives £ag Qﬁboﬁ@ﬁ@ﬂE?d AﬂngekggtggﬂuﬁgcggrEUQSGQ%% Uhe

the disk 25 drives can be signiticantly reduce

the B@@Yﬁngﬁ§C&h@ﬁdh@égcéﬁﬁngérE§9p3§§grm%3@ng%hi@°th
the magnetic polarity for defection and - 45 that for

r ecopgéngnesedsgpulibanepuskytheverseds pllrerpahiceelof the
duri ng head change, only the nagnetic polarity for

det edt sbndmayebproeveededithnthbi dis&saediuheneinsSwhdch it

problemin reproduction of servo 5 information, but

i ngehsii dyffcudutredreventadidal agnment in phase between
the servo areas of the upper and lower surfaces.

As described above, in the patterned disk medium

1 employed in the embodiment, magnetic members 3A and
3B forming servo patterns are provided on the upper
and lower surfaces SA and SB, respectively. The
direction of magnetization detected at the surfaces of
the magnetic members 3A is opposite to that detected
at the surfaces of the magnetic members 3B. When the
thus-constructed disk medium 1 is mounted in a disk
drive, high density recording can be realized.
Further, initialization processing, such as servo
track writing, on the disk medium 1 can be omitted.
This being so, the productivity of disk drives can be
enhanced, and the manufacturing cost of the disk
drives can be significantly reduced.

In the above-described process during head

change, both the magnetic polarity for detection and
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fromeach data area 12. Nanely, during reading,

magnetic polarity reverse nust be iterated whenever

data is read fromeach data area 12 and servo area 11

on one of the surfaces of the disk nmedium 1. 10
Addi ti onal advantages and nodifications will readily
occur to those skilled in the art. Therefore, the
invention in its broader aspecd$ is not limted to

the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various 15

nodi theat Fonsreayréngadeewstholitadepasfyngefreesethe
spirit or scope of the general inventive concept as

def i hbdebpat hechppeddedngl heas ahdnthei pnéguithal magsetic
46 WHAT IS CLAIMED |S: 1. A patterned di sk nedium for

ver tPRAFLiRYnéPF cACEREBEANNYR¥OREr FSVAREESE - di SR- ShaFedase,
flat_substrate incluging,a first 5 surface and a
secondCESr +3cROI BEGPEAMahopBBEPHECELEE Ot SBREO | r st

surface; first _se attern_areas _provided,on th

i sIATQEFRERR" of PYRe  BABRRT kP e SndCIRERFnEPUARAG data
Ci . . . b and .

P ovi 58 SBE0Y RRCE Hhkd BT C huheTRE AR AT b HE0S

membeisnofithgo1bkE 8] SELMPsRaLLEENLRr €88 rR8EATWhenever

magnetized in a direction perpendicular to the first

surfageaand tbed seemnNdasHr Haes: a28d $2CARE 88KY8 area 11

pattern areas provided on the second is surface of
the smbsheadve and eaebacssl udi agepditkonsadium 1.
Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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provided wi th magnetic nenbers and portions provided
wi th no magnetic nenbers, the nmagnetic nmenbers of the
second servo pattern areas being magneti zed in a sane
direction as the direction of magnetization of the 20
magnetic nenbers of the first servo pattern areas, a
magnetic polarity of surfaces of the nmagnetic nenbers
of the second pattern areas -beidfg di fferent froma
magnetic polarity of surfaces of the nmagnetic nenbers
of the first pattern areas. 25 2. The patterned disk
medi um according to CVBATY 1S @hBIMED DAgneti c nenbers
including the magnetic nenbers of the first servo
pattern afeas®aPattespedpddskuaed iom thee fiarsticair fgmetic
of the substrate, and, magnetic nenbers including the
nmagnEEFerAenBeFemBEi6ABYI second servo pattern areas

are protruded on the second surface of the substrate.
5 3. The Baﬁﬂé%ﬁé%‘aé??gk f?r@&i FHPECEEEE gt didiGigmiLrst

the. FAGRETTcoRaher ST o, RELFRFe: LEGRFCe 2naRLERa e side
secogﬁe§HéffggsttQﬁggggetlattening the first surface

and t second surface. 10 4. A nethod of determning

an obverse;syef aeeyoapd 2BV ere8 SR80y & the first
patterned di sk nmedium for vertical nagnetic

recogdrngeet Be pREt enPSErdtskafBdeHBy HREhUdiRG pBrtions
di sk-shaped flat substrate including a first surface

and preecdad sithaneghetatenemrbeoppasit pokdishde pebvided
the first surface; first servo pattern areas
with no magnetic members, the magnetic members of the
first servo pattern areas being magnetized in a
direction perpendicular to the first surface and the
second surface; and
second servo pattern areas provided on the second
surface of the substrate and each including portions
provided with magnetic members and portions provided
with no magnetic members, the magnetic members of the
second servo pattern areas being magnetized in a same
direction as the direction of magnetization of the
magnetic membérs of the first servo pattern areas, a
magnetic polarity of surfaces of the magnetic members
of the second pattern areas being different from a
magnetic polarity of surfaces of the magnetic members
of the first pattern areas.
2. The patterned disk medium according to
claim 1, wherein magnetic members including the

magnetic members of the first servo pattern areas are
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provided on the first surface of the substrate and

each including portions provided wth magnetic nenbers

and portions provided with no magnetic nmenbers, the
magnetic nenbers of the first servo pattern areas 20

bei ng magnetized in a direction perpendicular to the

first surface and the second surface; and second servo
pattern areas provided on the gfcond surface of the
substrate and each including portions provided with
magneti ¢ nenbers and portions provided with no 25
magnetotrodatieprs, thhe fimghesuc faerbelfs thk thésteadrd and
servo pattern areas being magnetized in a sane

di r eBegBAtas MRRbErFedncéndohantlremagacités okmblees4®f the
magnetic nmenbers of the first servo pattern areas, a
nmagn8EFeNBof&FVPyPBELeHRf 8683 SR rENBLREGHEE . ORe Fher $econd
of the second_pattern areas being different froma

magnat'f aﬁSIQFigbeoFuEEFFQESS of the magnetic nenbers

5 of the Kirs attern areas, the nethod conpisin
detecting%a dﬁpgc F%ﬁegpeg ﬁég%aagdﬁﬁﬂka€ﬁ° qu%ﬁﬁ§

one : heofi Jr f S u c f

L G s B i e e e

surfgeewadfl the tr¥enagnelcSHERBESsObft RRPRLLRRENQA rFace
di sk nedi um based on the detected direction of the

| eakage thexsebond paghietes @hskedli ¥@a€8BPHANG RBe First

patterned di sk mediumfor vertical nagnetic

recosdrfgcet Apdpahtesnedndi skrffedeum i ncl udi ng: a 15

di sk-shaped flat substrate including a first surface

4. A method of determining an obverse surface

and a reverse surface of a patterned disk medium for
vertical magnetic recording, the patterned disk medium
including: a disk-shaped flat substrate including a
first surface and a second surface located an opposite
side of the first surface; first servo pattern areas
provided on the first surface of the substrate and
each including portions provided with magnetic members
and portions provided with no magnetic members, the
magnetic members of the first servo pattern areas
being magnetized in a direction perpendicular to the
first surface and the second surface; and second servo
pattern areas provided on the second surface of the
substrate and each including portions provided with
magnetic members and portions provided with no
magnetic members, the magnetic members of the second

servo pattern areas being magnetized in a same

direction as the direction of magnetization of the
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and a second surface | ocated an opposite side of the
first surface; first servo pattern areas provi ded on

the first surface of the substrate and each incl uding
portions provided with nmagnetic nenbers and portions

20 provided with no magnetic nenbers, the magnetic
nmenbers of the first servo pattern areas being
magnetized in a direction perpéd®dicular to the first
surface and the second surface; and second servo

pattern areas provided on the second surface of the 25
subsherarethfdmembrrenefudhag fposti o8s ver paitded nwiatteas, a

magneti c nenbers and portions provided with no
nmagnBfPEehefbBPLaTihE RAgABLILACRENDEr $hef regaesdCongmbers

49 bei tized |
di 1 et ir%ﬁe2%5%§é3d$%5§§r§ﬁ'a?s%a%&%iplgi%f!ﬁ%r%ﬁt?&%om :
i PEEEF B : ,
oot Ao ERaPPRaCer VCrt ahEEaBES) Re’ RisnbteReRiin gProers

5 Ofofh@héefQPQtpﬁgggégna5§@§sbeEﬂg ﬁ%&%%ﬁeﬁgm%g%%gﬁg:

magnetic polarity of surfacés oOf the magnetic

of the fifstepatihgra ALed%tidnf bt headdsecatiet on at
corresponding to the first surface of the disk

medi usasiO0oAesegoBHehgagdskogatedceCahtespendied@ndo st ace
second surface of the disk nedium and a main
contobl tee phtthroedt dokk mbange;fwmam the first head
to the second head, and change fromthe second head
to the fidstenmadinghsheachvesser slurdiects aaldcs¢he reverse
controlling, during the head change, reverse of
surface of the patterned disk medium based on the
detected direction of the leakage flux.

5. A magnetic disk drive comprising:

a patterned disk medium for vertical magnetic
recording, the patterned disk medium including: a
disk-shaped flat substrate including a first surface
and a second surface located an opposite side of the
first surface; first servo pattern areas provided on
the first surface of the substrate and each including
portions provided with magnetic members and portions
provided with no magnetic members, the magnetic
members of the first servo pattern areas being
magnetized in a direction perpendicular to the first
surface and the second surface; and second servo
pattern areas provided on the second surface of the
substrate and each including portions provided with

magnetic members and portions provided with no

magnetic members, the magnetic members of the second
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polarity of a signal reproduced by a changed one of

the first head and the second head. 6. The magnetic

di sk drive according to claim5, wherein during the
head change, the main controller 20 also controls
reverse of polarity of a recording current supplied to

t he changed one of the first head and the second

head. 7. The magnetic di sk driw® according to claimb5,
wherein during the head change, the main controller

25 sets a servo search node which enables timnng of
passPRGVEf PIEEGENparEaFnbalagsMpgsethglesinhe seaeged
head to be estimated, the servo pattern areas being 50

i ncl B4EACFHORNEST et AdERFE1pAt Pér Ragresd zagdophef the
second seévo Batgern areﬁB and c rres%onding to the
chanf387fEdd. MEMPTRE RighBPi & 1dPSk SEFVPe PAECErd AFSRS 2
cl ai . .0, serv information, determ ned from

a coﬁ%%ﬂgg?gﬁggggkgﬁﬁnggiguﬁgP F8nS fad e nBRINE et Fembers

port6?nﬁhéSseéghgdgggtggnegggagfbggﬁgfh&%%e%%%%ofroghg

patter!’] ar eas .an the secC ! servo attern areas,
SerVﬁa?ﬂé@iﬁabeErlgy|B§|HQkﬁgc@sS@EVQh@rﬁégnetic members

identification code; and the servo area identification
codeofstHet eckred pAtteha aeewe;search node.

a first head located, corresponding to the first
surface of the disk medium;

a second head located, corresponding to the
second surface of the disk medium; and

a main controller which controls change from the
first head to the second head, and change from the
second head to the first head, the main controller
also controlling, during the head change, reverse of
polarity of a signal reproduced by a changed one of
the first head and the second head.

6. The magnetic disk drive according to claim 5,
wherein during the head change, the main controller
also controls reverse of polarity of a recording
current supplied to the changed one of the first head
and the second head.

7. The magnetic disk drive according to claim 5,
wherein during the head change, the main controller
sets a servo search mode which enables timing of
passing of servo pattern areas just below the changed

head to be estimated, the servo pattern areas being
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included in the first servo pattern areas and the
second servo pattern areas and corresponding to the
changed head.

8. The magnetic disk drive according to claim 7,
wherein:

servo information determined from a combination
of magnetic portions and non-magnetic portions is
embedded in each of the first servo pattern areas and
the second servo pattern areas, the servo information
including a servo area identification code; and

the servo area identification code is detected in

the servo search mode.



