1 TITLE OF THE | NVENTI ON APPARATUS AND METHOD FOR PGCSI TI ONI NG HEAD- AT
TARGET POSI TI ON ON DI SK BACKGROUND OF THE INVENTICN 5 The present

invention relates to a disk drive that

read and

uses
fromand to a disk, and in particular, to a dISk drlvﬁmwmeW‘Hmmmn

of f set between a track position specified by a command and a
target position at which 10 the head is tjo he actual |y posistissoned, as wel |

as a head positioning nmethod used for this disk drive.

A hard di sk drive

-is well known as a disk drive that uses disks (disk nedia) as recording

media. In general, a plurality efrgengentfikC§eEN@IELACKkS are 15 arranged
on a recording surface of a disk. The pitch of the servo tracks on the

di sk is-fixed. rSefAMATUNINITBIEGIOD SFOR PO Tt OOING BOED BEr YAREFACK
discretely at equal intervals in the circunferential direction of the

di sk. The serveastforomtomIXK pre-witten in the disk is called enbedded
servo. The servo information is a kind of positional information, also
called a servo pattern, and GaKsRWWNDdRESKIE codENNdNuUr st signals. The

address code contains a cylinder code (cylinder nunber).

The cylinder code

25 indicates a cylintke posienbnionerheodi sklatenhtehat igskcdriespondi ng
servo information is witten. The burst signal is also called a position
error signal, dfteGtuses a head to read and write data from and to

a disk, and in particular, to a disk drive that sets

an offset between a track position specified by

-a command from a host and a target position at which-

10 the head is to be actually positioned, as well as

a head positioning method used for this disk drive.

A hard disk drive is well known as a disk drive

that uses disks (disk media) as recording media.

In geheral, a plurality of concentric servo tracks are

15 arranged on a recording surface of a disk.

of the servo tracks on the disk is fixed.

The pitch

Servo

information is pre-written in each servo track

discretely at equal intervals in the circumferential

direction of the disk. The servo information

20 pre-written in the disk is called embedded servo. The

servo information is a kind of positional information,

also called a servo pattern, and contains address

code and burst signals. The .address code contains

a cylinder code (cylinder number). The cylinder code

25 indicates a cylinder position on the disk at which the

corresponding servo information is written. The burst

signal is also called a position error signal, and it

A
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2 indicates information (position error) on the position of the head
Telative to the cylinder (servo track) in which the correspondi ng servo
information is witten. The cylinder code in the servo information is a
value 5 that varies with the consecutive servo tracks (in general, the
‘respective servo tracks have different values). If a host utilizing the
hard di sk drive provides a read/wite_copmand to the drive, the position
of a 10 target track on the disk specified by this command is cal cul at ed.
Then, head positioning control is carried out on the basis of the servo

information readdvdhe Readnathich cidal; &l |oms, the,heads té’o%ﬁ%i%—%

positioned at the target position (in the radial direction o

di sk). In thiscstaie Hdel headteadsOrews id s ada (6000 ofF r 1Ot hey di sk.
In"this case, the tracks in which the head wites data coincide with the

servo tracks. whiehpitheh cfr ddwpdrdicks {drackipidetion {4 xeeht 20 The
heads of recent hard disk drives are mainly of a conposite type. The

conposite head The conposkd w@fdea iredthdessl (o eadf @teaeindy) Bndk avarhd e head
(wite elenent) separately fornmed on the sane slider. Wth a hard disk
drive cofpri si Adraducterd econpddl ttdhcheaahsahe 26 sigmad toacios seimati o of a
read signal (reproduction signal) is degraded if the head has a |arge

azi mut h general, the respective servo tracks have different

values) .
If a host utilizing the hard disk drive provides
a read/write command to the drive, the position of a

10 target track on the disk specified by this command is
calculated. Then, head positioning control is carried
~out on the basis of the servo information read by the
head. This control allows the head to be positioned
at the target position (in the radial direction of the

15 disk). .In this state, the head reads or writes data
from or to the disk. 1In this case, the tracks in
which the head writes data coincide with the servo
tracks. The pitch of the tracks (track pitch) is
fixed.

20 The heads of recent hard disk drives are mainly
of a composite type. The composite head is composed
of a read head (read element) and a write head (write
element) separately formed on the same slider. With a
hard disk drive comprising such a composite head, the

25 signal to noise ratio of a read signal (reproduction
signal) is degraded if the head has a large azimuth

angle. This is because crosstalk may occur, in which



angle. This is because crosstalk may occur, in which 3 data recorded in a
drack on the disk is deleted by witing data in adjacent tracks. Thus,

t echni ques have hitherto been proposed which suppress the adverse effects
of crosstalk. 5 For exanple, Jpn. Pat. Appln. KOKAI Publication No.

*10- 255201 describes a technique of dividing the recording surface on the
disk into areas with a large azinuth angle and areas with a small azinmuth
angle. The technique (hereinafter referred to as the prior 10 art)
described in this publication arranges servo tracks in each area, the

tracks having ajdvck @itedy mnau&g&t@ﬁttﬁéeals§psgléé?@kéﬁ,bgﬂ the

prior art, servo information is witten using different trac itches for

t he areas\Mtf1wﬂMtﬂﬁggﬁg@glﬁﬁﬂiﬁjﬁ@gﬁtaﬂgaéﬁsfor the areas with the snall
azimuth angle. Thus, in the prior art, in order to suppress the adverse

ef fects of crosstal kThesul técign f qoes t hevkanhgeheazbnutBnapgbpostdt he head,

it is necessary to wite servo information using different track pitches
for 20 the respécidlvesarmasss ntloe wdedirsdeef Eeot di 6 suogacelkhas been

di vided on the basis of a difference in azinmuth angle. However, the | ength
(known as the Hexd exdnely, ofpnt hePdieadhpmln heKOBAI aPudiiegtion of the disk
varies with the head. Crosstal k may also occur if 25 the wdth (wite

wi dth) over whi¥h detz’ 3’ etdeityibewiaterchaides ohi Agvidintethariation

in head w dth. . . .
recordlng surface on the disk into areas with a large

azimuth angle and areas with a small azimuth angle.
The technique (hereinafter referred to as the prior

10 art) described in this publication arranges servo
tracks in each area, the tracks having a track pitch
unique to that area. Specifically, in the prior art,
servo information is written using different track
pitches‘for the areas with the large azimuth angle and

15 for the areas with the small azimuth angle.

Thus, in the prior art, in order to-suppress.the
adverse effects of crosstalk resulting from the large
azimuth angle of the heéd, it is necessary to write

' servo inférmafion using different track pitches for
20 the respective areas into which the recording surface
has been divided on the basis of a difference in
azimuth angle. However, the length (known as the head
width) of the head in the radial direction of the disk
varies with the head. Crosstalk may also occur if
25 the width (write width) over which data is actually
written varies owing to the variation in head width.

In this case, different track pitches must be used to



In this case, different track pitches nust be used to 4 wite servo
Anformation in the respective areas on the disk into which the recording
surface is divided, also taking the variation in head width into account.
5 BRI EF SUMVARY OF THE | NVENTI ON According to one aspect of this invention,
‘there is provided a disk drive as defined in claim1 of the appended
clainms. 10 According to another aspect of this invention, there 1is

provi ded a disk drive as defined in claim10. According to a further
aspect of this invention, there is provided a disk drive as defined in
claim12. WWEbedBHQVD01afsthtlbnrnheﬁh@sg@§pe@ﬁlmm Sres s mrenthon, there

IS prOV|ded th flned in cI Feat.ure nts of
the inventi® geéng8f i"ﬁé&% i HE s elr?dgensturc Hins. §2% Q{Sd&gle %ng
DESCR'PT'ONt§E1I@Et§EVEBAhthSW81@Fhﬂﬂalﬂ@ﬁﬂm«iﬂ%me@m@@@manylng dr awi ngs,

whi ch are incorporated in and constitute a part of the specification,
illustrate enbodinents of the invention, and together with the 5 general

description gi ven above aQﬁ%.n1ﬁ¥§ﬁﬁﬂ@q3?dﬁ§§r¥@®t@ﬁ1@ﬁ t he enbodi nents

gi ven bel ow, serve to principles of the invention. FIG 1 is a
di agram show ng t he conflguratlon of

According to one aspect of this invention, there is
provided a disk drive as defined in claim 1 of the
appended claims.

10 According to another aspect of this invention, there
is provided a disk drive as defined in claim 10.

According to a further aspect of this invention,
there is provided a disk drive as defined in claim 12.

According to a still further aspect of this

15 invention, there is provided a method as defined in claim
14.
Features of embodiments of the invention are defined

in the dependent claims.

20



a hard disk drive according to an enbodi nent of the 10 present invention;
F1G 2Ais a view showing the format of a recording surface H (i=0, 1) of
a disk 11; FIG 2B is a diagram show ng that cylinder codes wth different
values are witten in consecutive servo 15 tracks on the disk 11 at a
‘fixed pitch; FIGS. 3A and 3B are views showing the relationship between a
set of areas Al to An on recording surfaces Ho and Hl of the disk 11 and a
set of offset values A0l to AOn for the respective areas Al to An; 20 FIG
4 is a diagram show ng an exanple of the structure of data in an offset
tabl e 222; - 6BREEB DESCRIZTAONgOIAMTEHOWEVFREY: SNEMS OofT RhePRMHENEi onal
rel ati onship between a first target track TI1 an QQQ% track
TT2 if the fi rst%\?‘ﬁr thcomptagé{&ng-r%rﬁg teach g};%tc%e%cr%néglcu.tl voterac{stgeéﬁ/olrgracks
Tk 5 on theqdighkstlituklkGa %airft aff |ove dpedi Shov ingn ani opes @t a oaal
procedure used when a command is executed; FIG 7 is a diagramshow ng an
exanpl e of ehbodiakatisoRshity et iear 1Bth &tk FIIthSaryet Tt YAtk TT1 10

o 5ol 00 Sered Rt anT e g gl Are Shoni ng (ot uni que. of fset
val ues are skeredptidrROME 22 prowdigknts giespechs vew HDBSThaviAg di ff erent
data track %&%%g?% the principles of the invention.
FIG. 1 is a diagram showing the configuration of
a hard disk drive according to an embodiment of the
10 present invention;
FIG. 2A is a view showing the format of a recording
surface H; (i=0, 1) of a disk 11;
FIG. 2B is a diagram showing that cylinder codes
with different values are written in consecutive servo
15 tracks on the disk 11 at a fixed pitch;
FIGS. 3A and 3B are views showing the relationship

between a set of areas A; to A, on recording surfaces Hp
and H; of the disk 11 and a set of offset values AO; to
AO, for the respective areas A; to Ay;

20 FIG. 4 is a diagram showing an example of the

structure of data in an offset table 222;



15 (track density); FIGS. 9A and 9B are flow charts show ng the procedure
of a process for determning the offsets G and 0 Q for each area A ;
FIG 10A is a diagramshowing that a head 12-i 20 is positioned at a
predeterm ned position on the track Tjk; FIG 10B is a di agram show ng
‘that the head 12_i - is offset fromthe predeterm ned position on the track
Tjk in a radially outside direction of the disk; and 25 FIG 10Cis a

di agram showi ng that the head 12 i is offset fromthe predeterm ned
position on the track Tjk in a radially inward direction of the disk. - 7

DETAI LED DESCRI PTI ON-£3. THE 4 NVENTA &ham V£ Bwi gheagnegakhp1EherdEawi ngs,
description wll be given of an enbodi nent in which the present invention

is applied to apdwrddaisk timeiordGp Ibéswder bl 6Cks€li agr st showkrg t he
configuration of a hard disk drive (hereinafter referred to as an HDD)
according to afTanodi rerdeoind heepyeisentackhveny i 0. theé nfFr & targedi sk
(magnetic disk medium 11 has two disk surfaces including a top and bottom
surfaces. 10 AttdasdstTnel ofeadte afvotltk skossefatese ofethe drskkilTye. g.
both di sk surfaces constitute recording surfaces HO and HL on whi ch dat a

i s magneti cal | YTr éd6t d&eik Heads (nmagnetic heads) 12_0 and 12_1 are

arranged in associ atl on with the recording surfaces HO and H,
FIG. 6 1s a flow chart showing an operational

procedure used when a command is executed;

FIG. 7 is a diagram showing an example of the

relationship between both the first target track TT;
10 (=T4x) and offsets 04 and AOj and both the second
target track TT; and an offset AO5';

FIGS. B8A and 8B are diagrams showing that unique
offset values are stored in FROMs 22 provided in
respective HDDs having different data track pitches

15 {(track density); | _ _

FIGS. 9A and 9B afe flow charts ehowing the
procedure of a process for determining the offsets 05
and AOj for each area Ay;

FIG. 10A is a diagram showing that a head 12_j;

20 1s positioned at a predetermined position on the
track Tyxs

FIG. 10B is a diagram ehowing that the head 12_;
is offset from the predetermined position on the track
Tjk in a radially outside direction of the disk; and

25 FIG. 10C is a diagram showing that the head 12_;
is offset from the predetermined position on the track

Tyx in a radially inward direction of the disk.



15 respectively. The head 12-i (i=0, 1) is caused to float over the disk
11 by rotation of the disk 11 while the HDD is in operation. The head 12-i
is used to read data fromthe recording surface H of the disk 11 (data
recording) and to wite data to the recording 20 surface H of the disk 11
‘(data reproduction). The head 12-i is of a conposite type in which a read
head 121 and a wite head 122 are separaté& y-forned on the sane slider.
The read head 121 is, for exanple, a magneto resistive head (MR head)
conposed of a magneto 25 resistive (MR) elenent. The wite head 122 is, for
exanpl e, an inductive hBRUATDRPOBEMCHI PamoNNducrHye INVENT-IION m el enent. |n
the arrangenent shown in 8 FIG 1, the HDD is assuned to conprise a single
di sk 11. However, t e tHDD af@yr ssorpricettze pluavalidy, ofesdi siisidd st acked.
FIG 2A shows the format of the recording surface 5 H (i=0, 1) of the
disk 11. As sh#wdli Ret Kilgen @fr @n eqlsidimsnt yi rofwisierhy o feg qase 94tk ar e
arranged on the recording surface H of the disk 11 discretely at equal
intervals in tREVERTIIRf éreRPPaled réetd gt dite Hilske 11 B¥fa- rladisal Iy in
t he radigl direc&jon of,.10 the disk 11. The area between the adjacent servo

areas 110 on t Re r8&sr giiﬁﬁr?ﬂ‘_rfs SR ISP UL PR Rt @ Wi urality
O oL By A T MR AT A B LT
according to an embodiment of the present invention.
In FIG. 1, a disk (magnetic disk medium) 11 has two
disk surfaces including a top and bottom surfaces.

10 At least one of the two disk surfaces of the disk 11,
e.g. both disk surfaces constitute recording surfaces
Hp and H; on which data is magnetically recorded.
Heads (magnetic heads) 12.p and 12_7 are arranged in
association with the recording surfaces HO and H1,

15 respectively. The head 12_; (i=0, 1) is éaused to
float over the disk 11 by rotation of the disk 11
while the HDD is in operation. The head 12_4; 1is used

- Lo read data from the recording surface Hj of the disk
11 (data recording) and to write data to the recording

20 surface Hj of the disk 11 (data.reproduction).

The head 12_; is of a composite type in which a read

head 121 and a write head 122 are separately formed on
the same slider. The read head 121 is, for example, a
magneto resistive head (MR head) composed of a magneto

25 resistive (MR) element. The write head 122 is, for
exXample, an inductive head composed of an inductive

thin-film element. In the arrangement shown in



15 of the disk 11. The pitch (servo track pitch) of the servo tracks 111 is
fixed. Servo information is pre-witten in each servo area 110 for each
servo track 111. Each servo information item contains cylinder code
(cylinder nunber) and burst signals. 20 The cylinder code and the burst
'signals are positional information required to position the head 12-i at a
target position on a target track. In this case, the cylinder code in the
respective servo information itens witten in the servo area 110 for the
respective 25 servo tracks 111 are different values CYL (in general,

different val uss)e Fefergd ngoback Jo.FlGy o Lhg gk 11 15 rotated o at a

hi gh speed by a ‘spindl e notor ereina €d"to as"4n "SPM') 13.

The head 12-i igisattachedhyo,dhe ¢h9 @hpan.actyatprLcaryi age); 14. s The

head 12-i noves i% the radial direction of ?ﬂe 5 di sk 1% %sagﬁela tOator 14
noves rotativelyisddhus, stdexdead 12-i is positioned on a target track. The
actuator 14 includes a voice coil notor (hereinafter referred to as a VCM

15 serving as a drivng. spaIrsieowé othéheoaghaber tid. rIherSPY,13uard-Lhe VCM
15 are 10 driven by driving currents independently supplied by a driver IC

16. The driver HC 1i6=G,5 I8 mof orherdvek 1tonpasedhoefnong thip. r AyEPY, 21
determ nes the anobunt of control required to determ ne the driving
currents suppld edlunglihey dvl veervC dbed® 1he SPM 4Branded hen VEM
recording surface Hi of the disk 11 discretely at
equal intervals in the circumferential direction of
the disk 11 and radially in the radial direction of
10 the disk 11. The area between the adjacent servo
areas 110 on the recording surface Hj is used for user
data. A plurality of data sectors are arranged in
the user data area. A plurality of concentric servo
tracks 111 are arranged on the recording surface Hj
15 of the.disk 11. The pitch (servo track pitch) of
the servo tracks 111 is fixed. Servo information is
pre-written in eéch servo area 110 for each servo
track 111. Each servo information item contains
cylinder code (cylinder number) and burst‘signals.
20 Thé cylinder che and the burst signals are positional
information required to position the head 12_; at
a target position on a target track. 1In this case,
the cylinder code in the respective servo information
items written in the servo area 110 for the respective
25 servo tracks 111 are different values CYL (in general,

different values) .

Referring back to FIG. 1, the disk 11 is rotated



15 15, respectively. The head 12-i is connected to a head | C (head
anplifier circuit) 17. The head IC 17 includes a read anplifier (not
shown) that anplifies a read signal read by the head 12-i and a wite
anplifier (not 20 shown) that converts wite data into a wite current. A
head 1C 23 is connected to a read/wite IC (read/wite channel) 18. The
read/wite IC 18 is a signal processing degvice that executes various
signal processes. These signal processes iInclude a process 25 of
subjecting a read signal to an analog-to-digital (A/D) conversion, a

process of encadi ng M(ﬁ 251%1%6?’813}/ and, .Q&Pgeﬁgtgioﬁg%?g%%g?i%gi talized read

data.. 10 The read/w al so ‘has a func

(binarizing) ajead signal dato, ag@ad ppbse @ﬁgm%a?aﬁﬁl a {ynction of

extracting burst signals (in this case, burst signals A *B, C, and D) from

servo 5 infornmatitridy agsofglanes, Wt had LEALAGoS1 90 r{PYESt 14t i i ng
signal) froma gate array 19. The burst signals are tranSmtted to the CPU

21, which uses Tthemed®ri posimdoss ngh cemé r phd (41 agkréotlomi vg epatrol) to
settle the head 12 i at a target position on a target 10 track. The gate
array 19 thas a dimctibresftigenscatatygr Varmousst rotagiséypal sThas| uding a
burst timng signal, froma read pulse signal outputted by the read/wite
| C 18 and a furidtd dread ¥kiyats ipgstlyldmeldéron a target track. The
actuator 14 includes a voice coil motor (hereinafter
referred to as a VCM) 15 serving as a driving source
for the actuator 14. The SPM 13 and the VCM 15 are
10 driven by driving currents independently supplied by
a driver IC 16. The driver IC 16 is a motor driver
composed of one chip. A CPU 21 determines the amount
of control required to determine the driving currents
supplied by the driver IC 16 to the SPM 13 and the VCM
15 15, respectively.
| The head 12_j is connected to a head IC (head
amplifier circuit) 17. The head IC 17 includes a read
amplifier (not shown) that amplifies a read signal
read by the head 12_; and a write amplifier (hot
20 shown) that converts write data into a write current.
A head IC 23 is connected to a read/write IC
(read/write channel) 18. The read/write IC 18 is a
signal processing device that executes various signal
processes. These signal processes include a process
25 of subjecting a read signal to an analog-to-digital
(A/D) conversion, a process of encoding write data,

and a process of decoding digitalized read data.



15 code fromservo information. The cylinder code is wused for seek control
%0 nove the head 12-i to the target track. A disk controller (hereinafter
referred to as an "HDC') 20 is connected to a host (host systen)
utilizing the HDD. The host is digital 20 electronic equi pnent represented
‘by a personal conputer. The HDC 20 processes read data decoded by the
read/ wite I1C 21 in accordance with a contgol- signal fromthe gate array
19 to generate data to be transmitted to the host. The HDC 20 al so
transfers 25 wite data transferred by the host, to the read/wite 1C 18

i n accordance WHd & LN Gle sicgnal dramide - gale @ @Yo d%ursidy The CPU
21 is a main controller for the HDD. The CPU 21 contains an F (Fl ash

Read Only Memory)inad2d Ainty)a RAM{Randam Acess Mriy)pBse ThegFROM 22 i's
a rewitable nonvolatile nenory. The FROM 22 5 pre-stores a control program
221 to be execuired dyfurher i GPY £l & x thhec tiomg rehr Pf o ga P21 ( contri s a
process routine for determning a target position at which the head 12-i
is to be actualdasepositnoned,gral g e siG, aid posifranaserwndor mati on on a
target track specified 10 by a command fromthe host. The target position
is detePnined irdidmg timn bzl aadeaaylee oflthes helin® $igoalt Kleutske into
account. The FROM 22 al so pre-stores an offset table 222, described |ater.
A part of the tEMit%e \rEwlof it RA P jarpaed by tHee GRUr2L as

signals are transmitted to the CPU 21, which uses them

for positioning control (track following control) to

settle the head 12_; at a target position on a target
10 track.

The gate array 19 has a function of generating
various timing signals including a burst timing
signal, from a read pulse signal outputted by the
read/write IC 18 and a function of extractrng cylinder

15 _ code from servo information. The cylinder code is
used for seek control to move the head 12_; to the
target track. A disk controller (hereinafter referred
to as an "HDC") 20 1s connected to a host (host
system) utilizing the HDD. The host is digital

20 electronic equipment represented by a personal
computer. The HDC 20 processes read data decoded by
the read/write IC 21 in accordance with a control
signal from the gate array 19 to generate data to be
transmitted to the host. The HDC 20 also transfers

25 write data transferred by the host, to the read/write
IC 18 1in accordance with a control signal from the

gate array 19.



15 a work area. The offset table 222 indicates the relationship between
concentric areas A) (j= 1 to n) (see FIGS. 3A and 3B) on the recording
surfaces HO and Hl of the disk 11 and both offset values G and A g. 20
The recording surfaces HO and Hl are divided into the areas A on the

‘basi s of the azimuth angle of each position of the head 12-i in the radi al
direction of the disk. A plurality of serye tracks 111 are arranged in
each area Aj. Here, the offset value 25 (fourth offset value) 9 wll be

described. First, it 1is assunmed that a leading track TjO in the area A is

atarget track TTL. fhe ¢asoet tracknITL chgrepnatier 2 pcefgpred to as a
fied

first target track TT1l) 1s specifi y a read/wite conman romthe

host. In the presenipy embaciuning duhardieh PPSLLhORCLHNELROSILLGRy| N the
radi al direction of the disk 11) TP at which the head 5 12=i Is t0 be

actual 'y positizmneshdoesimot (rdn@ys A60L8SI denyt{h aspredgterabpned position
on the target track TTl. If a track TjO is assumed to be the track TT1,
the of fset val g Gs indieat esatt he wbfiselatfvs mexasple, The thevradially
inward direction of the disk 10 11) of the target position TP fromthe
predeterm ned posittioreomr tétentarheprogaek TT1 (o beaekedjiOpd Byt tRek on
the disk 11 to which a target position (TP) belongs is called a second
target track TEEU The prEdeterni el poedramn2varcestbenaeenpacdata read

routine for determining a target position at which the
head 12_; is to be actually positioned, on the basis
of positional information on a target track specified

10 by a command from the host. The target position is
determined taking the azimuth angle of the head 12_5
or the like into account. The FROM 22 also pre-stores
an offset table 222, described later. A part of the
entire area of the RAM 23 is used by the CPU 21 as

15 a work area.

The offset table 222 indicates the relationship
between concentric areas Aj (J= 1 to n) (see FIGS. 3A
and 3B) on the recording surfaces Hg and Hj of
the disk 11 and both offset values 04 and ACH.

20 The recording surfaces Hg and Hy are divided into the
areas Aj on the basis of the azimuth angle of each
position of the head 12_; in the radial direction
of the disk. A plurality of servo tracks 111 are
arranged in each area Aj. Here, the offset wvalue

25 (fourth offset value) 05 will be described. First, it
is assumed that a leading track Ty0 in the area Ay 1is

a target track TT;. The target track TT; (hereinafter



15 and a data wite because the head 12-i is of the conposite type.
*However, for sinplification of description, the predeterm ned position is
assurmed to be on a center line in the target track TT1l. The offset val ue
(third offset value) A 0j 20 indicates the difference (pitch difference)
‘between a servo track pitch STP and a data track pitch DTP. The data
track pitch DIP enables the adverse effec{s of crosstalk to be suppressed.
The DTP and the STP have the relationship expressed by the follow ng 25
equation: DIP = STP + 0 O (1) 1In the prior art, the data track pitch DTP

is 13 equal tgqdMe,SefuQ tyack ﬂrtsto%jl t%TﬁgeJh@faéﬁ’Tp%g £9-5 %@1%{%3 case,

the target position TP coincides w e predetermmned po Ion on the

target track Thl; a HeuwRvels: vherbdiedaddord rack which DIP i5c egraleto the 5

servo track pitch STP, with some HDDs, the adverse effects of crosstalk
become nore si ghidddaint ,Suchtarrdds g€ €l @ssifhedodpioidMoidypes. A first

type includes HDDs in which the head 12 i has an azinmuth angle varying
mar kedl y dependiany adn dihesqrasirt icoh tore 1 $hel dj skpi ot iwisicradigd wWesection
Wth the first type of HDD, owing to the varying azinmuth angle of the
head 12_i5 the Mi-dt h g wrd thee e adtug 1l low evo swhti thnedad@e s snactabbdyswi tten by
the head 12 i also varies depending on the position on the disk inits
r adi al coincide with a predetermined position on the target
track TTy. If a track T4p is assumed to be the track
TT1, the offset value Oy indicates the offset (for
example, in the radially inward direction of the disk
10 11) of the target position TP from the predetermined
position on the.target track TTq (= track TjO)-
A track on the disk 11 to which a target position
(TP) belongs is called a second target track TTyp.
The predetermined position varies between .a data read
15 and a data write because the head 12_; is of the
composite type. However, for simplification of
description, the predetermined position is assumed to
be on a center line in the target track TT;.
The offset value (third offset value) AOj
20 indicates the difference (pitch difference) between
a servo track pitch STP and a data track pitch DTP.
The data track pitch DTP enables the adverse effects
of crosstalk to be suppressed. The DTP and the STP
have the relationship expressed by the following
25 equation:

DTP = STP + AOj (1)

In the prior art, the data track pitch DTP is



15 direction. This is equivalent to the head wdth of the head 12_i
daryi ng depending on the position on the disk inits radial direction. A
second type includes HDDs in which the heads 12 0 and 12 1, correspondi ng
to the recording surfaces HO and Hl, respectively, of 20 the disk 11, have
‘greatly different head wi dths (which depend on the physical shapes of the
heads). Thus, in the present enbodi ment, ;kor _each area A, a unique data
track pitch DTP (DTP_STP) is set which enables the adverse effects of
crosstalk to be suppressed. 25 Specifically, a unique offset value 0 0] is

set for_ each g fqtoThﬁ {tiln%st% %eﬂgchrgﬁbs 1%&1% an d(%lbtn 3;:&3: 54

Al to A _1 are a sured to b respectivel

can be cal cul at gd ml§0<99£9an@@e %we%hsofsg'thewE ggﬁeaaas Qi ¢} *
DO | (N_I - 1/2) + AG/2 (2) 5 Specifically, set val ue 8 can be
Ca|CU|ated fromid pre@eQrhindddodsOioasonekheasat-her pupber rof tracks N
to NN |I. Inthis case, 01= z Ol/2. Alternatively, thé offset value § can
be cal cul at ed Hsiaget hewfioh | Ohé N@a equatkoR: pi@cﬁ]D?PChs|e¢u@Q.tb Ehe_1 -
1/2) + DQ/2 = DOL*NI + 002*N2 + + A _1*N -1 + A = ACp*Np + AG (3)

Here, S A Op*Npseeps eseatls b hecls udT bf Qlﬁp*BmeOHDDp,Ithe paterAs is
apparent from Equation (3), the

effects of crosstalk become more significant. Such
HDDs are classified into two types. A first type
includes HDDs in which the head 12_; has an azimuth
angle varying markedly depending on the position on

10 the disk in its radial direction. With the first
type of HDD, owing to the varying azimuth angle of
the head 12_5, the width (write width) over which
data is actually written by the head 12_; also varies
depending on the position on the disk in its radial

15 direction. This is equivalent to the head width of
the head 12_; varying depending on the position on the
disk in its radial direction. A second type includes
HDDs in which the heads 12_g and 12-.7, corresponding
to the recording surfaces Hg and Hj, respectively, of

20 | the disk 11, have greatly different head widths (which
depend on the physical shapes of the heads). Thus, in
the present embodiment, for each area Ay, a unique
data track pitch DTP (DTP2STP) is set which enables
the adverse effects of crosstalk to be suppressed.

25 Specifically, a unique offset value Aoj is set for

each area Aj.

The numbers of servo tracks 111 arranged in areas



15 offset value G can also be calculated fromthe offset values A0l to O
Y and the nunber of tracks N to N |I. Accordingly, if the tine required
to calculate the offset value O does not matter, information on the

of fset value g need not 20 necessarily be stored in an entry E in the

‘of fset table 222. It is assunmed that the k+l-th track Tjk in the area A
is the first target track TT1l. In this_casg, _the offset of the target
position TP at which the head 25 12 i is to be actually positioned, from
the predeter- mined position on the target track TTlI (=track Tjk) is
expressed by Qak(STP+O O ) =0 +k* 1 I A and_3B_show t he

rel ati onship bé% Eﬁ;%@é%tag§q%ﬁ%ggggagoA?etglgﬁooﬁjfﬁé Fgé gagﬁaeggffaces
HO and Hl of thendi skeddt apg) e S6t t | ues On for
the respective areas Al. to Aﬁe5©%hg£8f?§e§5%2§532¥%0¥ﬁtgé%éggggﬁg

determ ned takiwgthi the ascoeking dghfeignce in head wi dth between the

head 12 0 and the head 12 1 corresponding to the recording surfaces HO and
Hl, respectively. FIG; 4 e-oy\rs+am@:§afrm§_pf—thﬁzﬁt;ugt re of @ata 10 in
the offset table 222." As shown in this figure, each entry E (j=1 to n) in
the offsét table 2225pet©fESaﬂﬁagktpesbfﬁeatinﬁmuaabBonahn@bcative of a

| eading track Tjo of the servo tracks 111 contained "in the area A, as
wel | as the of feeicwbived Gromnds-1, AO5-71, and A0y, as well as the

number of tracks N7 to Ny-1. 1In this case, 01=A07/2.
Alternatively, the offset value Oj can be

calculated using the following equation:

10 Oj = Oj—l + AOj_l(Nj_l - 1/2) + AOj/2

AO1*N7 + AOp*Ny + - + AOy-1*Ny-q + A 04
= L AOp*Np + A0 (3)
Here, EIAOp*Np represents the sum of AQp*Np-for
p=1 to Jj-1. As is apparent from Equation (3), the
15 offset wvalue 04 can also be calculated from the
offset values AOj to AOj and the number of tracks
Np to Ny-71. Accordingly, if the time required to.
calculate the offset value 0 does not matter,
information on the offset wvalue 04 need ﬁot
20 necessarily be stored in an entry Ej in.the offset
table 222.
It.is assumed that the k+1-th track T4k in the
area Aj is the first target track TTj;. 1In this case,
"the offset of the target poéition TP at which the head
25 12_3i is to be actually positioned, from the predeter-
mined position on the target track TT] (=track Tyx) 1is

expressed by Oj+k(STP+AOj)=Oj+k*DTP.



150 . Here, it is assuned that the first target track TT1l is the track
ik, Tjp<_TT1<T(j+1)0, and the track TT1l is contained in the area Aj. In
this case, with reference to the entry Ef in the offset table 222, it is
possible to obtain the offset values O and 0 G 20 required to determ ne
‘the offset of the target position TP at which the head 12 i is to be
actually positioned, fromthe (predeternmned-position on the) first
target track TTl. FIG 5 shows an exanple of the positional 25 relationship
between the first target track TT1l (=Tjk) and a second target track TT2 if

the first target triack TTHaisn@aoh Hof henConsesHt bNenSEr ¥orikagks Tjk 16
on the disk 11. In the exanple in FIG 5, for the convenience of draw ng,

it is assuned thaletf @ff HHaCGkSaare Owltzarlhr&@l e ep8foPlitHes@f £ase AL, A2,
and A3. The CPU 21 in FIG 1 controls each section of the "5 HDD in

accordance withd hawcant radl fpreogiash 221 sidredset nof hen&EROM 22¢ For
exanpl e, CPU 21 executes seek <control to nove the head 12-i to the second
target track Weldws theiditsk A0, The skeondspargevet naeksTEZ. toSA,.
determ ned on the basis of the first target track 10 TT1 and the offset

val ues O%nd 0 We FFecitt icalugs Ahe toeddfid eargdeteradkedT2aksngbt ai ned
by correcting the first target track TT1 on the basis of the offset
values g and LGS adteWdad 1PLiferenee b deeal vidthovedweent Blee second

target track TT2. The CPU 21 al sq
g -Eead 12_p and g%e head 12_7 corresponding to the

recording surfaces Hp and Hy, respectively.
FIG. 4 shows an example of the structure of data
10 in the offset table 222. As shown in this figure,
each entry Ej (j=1 to n) in the offset table 222
stores track position information indicative of
a leading track Ty0 of the servo tracks 111 contained
in the area Ay, as well as the offset values 04 and
15 AOj. Here, it 1is assumed that the first target track
TT; is the track T4y, T40STT3<T(4+1)0, and the track
TTq is contained in the area Aj. In this case, with
reference to the entry Ej in the offset table 222,
it is possible to obtain the offset values 04 and A(E
20 required to determine the offset of the target
position TP at which the head 12_; is to be actually
positioned, from the (predetermined position on the)
first target track TT;.
FIG. 5 shows an example of the positional
25 relationship between the first target track TTj (=T5k)
and a second target track TT, if the first target

track TT7 is each of the consecutive servo tracks Tyx



15 executes positioning control to the position the head 12-i noved to the
second target track TT2, at the target position TP on the target track
TT2. The value 0 Q' for the offset of the target position TP from the
predeterm ned position on the second target track 20 TT2 is determ ned on
‘the basis of the first target track TT1 and the offset values Q and 0 0j.
The CPU 21 also uses the HDC 20 to execute read/wite control in
accordance with a read/wite command fromthe host. Now, with reference to
the flow chart in FIG 6, 25 description will be given of execution of a

read/wite commnthd iidie HDOD showhd nekhp1d, 1hakiag by wey efieexanple
the case in which a wite command from 17 the host is executed. It is

assuned that themhestierov flegravivgl ei comyragdstieetihenbbDrshpwarbBkEl G 1.
The wite command is received by the HDC 20, which then passes the command
to the CPU 21. ddfe aareadited oimerrkoro s et ereasnand has heenadel i vered by
the HDC 20, the CPU 21 cal culates the position of the first target track
TT1 specified by thi®Bhedp@ndl (shepIlGSl). chokmalbyeaahr eadtwoint e fcamrand

fromthe host specifies a disk address using a |ogic address (logic 10

bl ock addr ess) HDFhug! a@-Qicdasee thetli ke 1gontrol spragcenssa’y shosedp Sl to
execute a calcul ation process to convert_the |ogic address into a physical
address represéhtdts VERSE 4he fiPStetaryee  t FBEKZTTeXeraEeS SeeKis assumed

h he fir r rack TT1 i h
that the st éé%égglttéuﬁove thg ﬁegh 12_; to the second target

track TTp on the disk 11. The second target track TT»p
is determined on the basis of the first target track
10 TT7; and the offset values 05 and AOj. Specifically,
the second target track TT; is obtained by correcting
the first target track TT1] on the basis of the offset
values Oy and AOj; the head 12_; is to be actually
moved to the second target track TT,. The CPU 21 also
15 executes positioning control to the position the head
12_; moved to the second target track TTp, at the
target position TP on the target tfack TT». The value
AOj' for the offset of the target position TP from
the predetermined position on the second target track
20 TT, is determined on the basis of the first target
track TTy and the offset values Oj and AOj. The CPU
21 also uses the HDC 20 to execute read/write control
in accordance with a read/write command from the host.
Now, with reference to the flow chart in FIG. 6,
25 description will be given of execution of a read/write
command in the HDD shown in FIG. 1, taking by way

of example the case in which a write command from



15 track Tjk. Once the CPU 21 identifies the position of the first target

4rack TT1l (step S2), di
=Tj k) belongs (step S2). The area Aj is one of the 20

target track TT1 (
areas Al to An (see
‘and H1 are divided.

it identifies the area Al on the disk 11 to which the

FIGS. 3A and 3B) into which the recording surface HO
Then, the CPU 21 references the entry E in the offset

table 222 which corresponds to the area 4 identified in step S2 (step
S3). Then, the CPU 21 reads the offset values 25 G and 0 G stored in the

referenced entry Ej

et b ™ CPU 21
(=Tj k) and the gfd seisval ues, Q. andy A Olvrﬁéd?%é‘ ALEP I]r§§ S%e t’?%rrm

cal cul ates the value of the offset (first o

(step S4). On the basis of the first target track TT1

set va

0Qg)

of the target masiidon Hnthee sespnshbargetntrask H@wﬁr%‘ 1. 1. .
predet erm ned position on the first target track TT1 5 (Step S5). ThIS

of fset val ue { @hk (WO Epmded | e€tBecai daiapyragk pbtchot hahienabl es the

adverse effects of

crosstalk to be suppressed. Then, on the basis of the

target track TRh4rETp&)seanchd heomafidiset tvatbhe {By+k{ STP#r020-2adCPU 21 10
determines the position of the second target track TT2 and the offset
val ue (sécond ofdweingabuel Wrige (otrepnd Sbys Beedesetibedegrpyi onsly, the

of fset value 9 can

al so be calculated in accordance with Equation (3) on

the basis of tHPOf4%etthal R EDhicabcnlaties Theeeposerion of the

10

15

20

25

first target track TT1 specified by this command (step
S1). Normally, a read/write command from the host
specifies a disk address using a logic address (logic
block address). Thus, to access the disk 11, it is
necessary in step S1 to execute a calculation process
to convert the logic address into a physical address
representative of the first target track TT;. Here,
it is assumed that the first target track TT; is the
track Tyk.

Once the CPU 21 identifies the position of the
first target track TTy (step S2), it identifies the
area A4 on the disk 11 to which the target track TT;
(=Tjk) belongs (step S2). The area Aj is one of the
areas A} to A, (see FIGS. 3A and 3B) into which the
recording surface Hp and Hy are divided. Then, the
CPU 21 references the entry Ej in the offset table 222
which corresponds to the area Aj identified in step S2
(step S3). Then, the CPU 21 reads the offset values
Oj and AOj stored in the referenced entry Ej
(step S4).. On the basis of the first target track TT;

(:Tjk) and the offset values Oj and AOj read in step



15 the position of the second target track TT2 and the offset value A G'
Tan be determned fromthe first target track TT1l (Tjk) and the offset
values 0 01 to DQJ . As described previously, the head 12-i is to 20 be
actually noved to the second target track TT2. Specifically, the target
‘position TP (at which the head 12-j is positioned) that is offset fromthe
predeterm ned position on the leading 4rack TH0 in the area A by the

of fset value {Otk(STP+O G ) belongs 25 to the second target track TT2
(servo track 111). On the other hand, the offset value 0 ' indicates

the offset of ishe tafgetruposi tdarulR @k tihe secand JO thargetsd¢ ack TT2
frompredeterm ned position on the target track TT2. FIG 7 shows an

exanpl e of the (fielsat ioaTshitp veatuasen g Aost off agle Ehkgetli k)  and
offsets g and A 0j and both the second target 5°track TT2 and an offset O
G '. Then, thepcRdt2brexecuthes sseslncCodrgdt ttaramverT4 herdiead 12-i to the
target track TT2 determned in step S6 (step S7). This seek control is
executed on tperdrdiegmomeal Psindem codetlextTiacttedcdrout t heagat BT1L0 arr ay
19. When the head 12-j is noved to the second target track TT2, the CPU 21
execut es Sposi t i (Srfiary Sdont MEIL fdEa thgrabm rigd)+i 65 Posdon refdedts) t he
head 12 i at the target position TP on the target track TT2 éstep S8) .

Thi s pOSitioniﬁgqﬁﬁﬁrpﬂaQKspltCh that enables the adverse effects of

crosstalk to be suppressed.
Then, on the basis of the target track TT; (=Tjk)

and the offset value {Oj+k(STP+AOj), CPU 21

10 determines the position of the second target track TT»
and the offset value (second offset value) AOj' (step
S6). As described previously, the offset value 04 can
also be calculated in accordance with Equation (3) on
the basis of the offset value AO; to AOj. Therefore,

15 the position of the second target track TTo and the
offset value AOj' can be determined from the first
target track TT; (T4x) and the offset values A0Oq
to AOj.

As described previously, the head 12_; is to

20 be actually moved to the second target track TT,.
Specifically, the target position TP (at which the
head 12_j is positioned) that is offset from the
predetermined position on the leading track TjO in the
area A5 by the offset value {Oj+k(STP+AOj) belongs

25 to the second target track TT, (servo track 111).
On the other hand, the offset wvalue Aoj' indicates

the offset of the target position TP on the second



15 based on burst signals extracted by the read/wite I1C 18. The target
Position TP at which the head 12 i is to be positioned in this positioning
control is offset fromthe predeterm ned position on the second target
track TT2 in the radial direction of the disk 11 by 20 the offset value 0O
‘G When the head 12 i is positioned within a predeternined error range
fromthe target position TP (in this casg the target position for a
wite) on the second target track TT2, the CPU 21 proceeds to step S9. In
step S9, the CPU 21 causes 25 the head 12-i to execute a read/wite (in

this case, a W\%}%.tg%)c' £ Y, fggltzf*_};%nfrg%t%gﬁtbte%%%%sdi&% 2?3{ 9§fe 20

position TP at I'ch t'he hea e posi I's ermned to be

a position on the Larget braek TTErd nsteadof dihe phgdel eymed position
on the first target tragk '?’% specified by a commné&?lromthe host. 5 The

position on the-38¢906 shaidefe tiferGK pbkd ithoffiseit drpmt p«ﬂdjq@erm ned
position on the first target track TT1 in the radial direction-of the disk

11 by the of fsel valfge tlf iostaref fset wabuehthOrhk( SEBHQ0jtkrgethi s of fset
value reflects a track pitcﬁJ t hat engbl es 10 the adverse effects of
crosstal B to bersuppressechd _aAcezrfrfdsierth&ojby positioning the head 12_i at
the determ ned target position TP and exécuting a read/wite, it is
possi bl e to achi eve Thedat &t &0 Qi teete DI hatelenadrheiso ¥ heo usevef t he
disk 11 in which
the head 12_; to the target track TT), determined in
step S6 (step S7). This seek control is executed on
the basis of a cylinder code extracted from the gate
10 array 19. When the head 12—j is moved to the second
target track TTp, the CPU 21 executes positioning
control (tracking control) to position (settle) the
head 12_; at the target position TP on the target
track TTy, (step S8). This positioning control is
15 based on burst signals extracted by the read/write IC
18. The target position TP at which the head 12_; 1is
to be positioned in this positioning control is offset
from the predetermined pbsition on the second target
track TT, in the radial direction of the disk 11 by
20 the offset value-AOj'. When the head 12_5 1is
positioned within a predetermined error range from the
target position TP (in this case, the target position
for a write) on the second target track TT)p, the CPU
21 proceeds to step S9. 1In step SS9, the CPU 21 causes
25 - the head 12_; to execute a read/write (in this case,

a write).

Thus, in the present embodiment, the target



15 the servo tracks 111 are arranged at a fixed pitch ,(servo track pitch)
STP, with the adverse effects of crosstal k suppressed. In the above

enbodi ment, the areas Al to An on the recording surfaces HO and Hl of the
disk 11 and 20 the offset values 01 to On and AO1 to A On for the
Tespective areas Al to An are determined taking into account a difference
in the azinuth angle of the heads 12 _0 aw 12_1 at each position on the
disk in the radial direction, as well as a difference in head 25 w dth

bet ween the heads 12 0 and 12_1. However, only one of these two

differences my e gkeny 1o, acsount. Forg SXanple, i gnly e, giffer ence

in 21 azinuth angle is taken into account, each o ording surfaces

HO and HL of the dieslerkl BRY e pesiamidarily; f vided,d nt ﬁtp'wﬁéﬂ%z; f

concentric areas. In this case, the adverse effects o e b di nce in

head wi dth bet wegn ke Jreats 2 ardnikld g@y: ¢ &imidh dhhese adver se

effects are elimnated by determning the offset values 01 to On and 0 OL
to A on on theazhagits tafadiheuppgrediifidd g} ue ddhidtel Bppr opié atesst andar d
for the head widths of the heads 10 12 0 and 12_1. If only the difference
in head w dth Bétewpers itthen eadhel Zddcmtl - deti sttakem T ntios acthHsat , t he
entire recording surfaces HO and HL of the disk 11 nay correspond to the
areas A0 and Afromegpectingglatermined position on the first target

track TT; in the radial direction of the disk 11 by
the offset value (first offset value) {Oj+k(STP+AOj}.
This offset value reflects a track pitch that enables
10 the adverse effects of crosstalk to be suppressed.
Accordingly, by positioning the head 12_; at the
determined target position TP and executing a
read/write, it is possible ﬁo achieve a data track
pitch DTP that enables the use of the disk 11 in which
15 the servo tracks 111 are arranged at a fixed pitch
(servo track pitch) STP, with the adverse effects of
crosstalk suppressed.
In the above embodiment, the areas A; to A, on
the recording surfaces Hp and H7 of the disk 11 and
20 the offset values 01 to On and AO7 to A0, for the
respective areas A to A, are determined taking into
account a difference in the azimuth angle of the heads
12_p and 12_.1 at each position on the disk in the
radial direction, as well as a difference in head
25 width between the heads 12_p and 12_1. However,
only oﬁe of these two differences may be taken into

account. For example, if only the difference in



15 Here, the offset values G and A G (or 0 O) my be set for each
¥ecording surface H (i=0, 1). The offset values G and 0 G can be
determned (calculated) fromthe head width of the head 12 i by measuring
t he head wi dth during the manufacture of the 20 HDD (or the head 12_i). The
‘of fset values G and 0 O (or A Q) deternmined may be stored in the FROM
22, for exanple, in a format simlar to phat_for the offset table 222,
shown in FIG 4. Here, information indicative of the recording surface Hi
(head 12_i) 25 can be used in place of information (track position

I nformation indjcahiMe é?{%té“aié G@éi&é}g ir’i@&@c@é‘uﬁ@e eBERAA tpgired with

the offset values G and In this exanple, the nunber of

entries in the yoffigeingd aéalfef&?c?e'%s (}{3@ deq shar ot yeweduced. 1 Homgyere the

adverse effects of the difference in the azinmuth angle at each position on
the disk in itsimdiadl @idiecidan mibetaeenuthei heads ddntenayieemain. These
adverse effects are elimnated by determning the offset values 01 to On
and A0l to A Ommeed he baditsiofcddre, tppeadvensd sbfeetsnofhehappropriate
standard for the head widths of the heads 12 0 and 12 1. 10 Furt hernore,
if only the difdidifeaicande hedead dtidth sbebkeeni bho aegdant 2-phenfieads are
classified into, for exanple, first heads having a head width neeting a
first standard dhd SEcbritEedds HE Ry adhiense we B Actahath £5iBURSLES t he

first standard but which neets
by determining the offset values 07 to O and AO7] to

AOp on the basis of the upper limit value in the
appropriate standard for the head widths of the heads
10 12_g and 12_7.

If only the difference in head width between the
heads 12_p and 12_7 1s taken into account, the entire
recording surfaces Hg and Hy of the disk 11 may
correspond to the areas Ap and Aj, respectively.

15 Here, the offset values 0j and AO; (or AO;) may
be set for each recording surface H; (i=0, 1).
The offset values O; and AO; can be determined
(calculated) from the head width of the head 12_; by
measuring the head width during the manufacture of the

20 HDD (or the head 12_3j). The offset values 0; and AO;
(or AO;i) determined may be stored in the FROM 22, for
example, in a format similar to that for the offset
table 222, shown in FIG. 4. Here, information
indicative of the recording surface Hj (head 12_;)

25 can be used in place of information (track position
information indicative of the leading track) on the

area Aj paired with the offset values 0; and AO; (or



15 a second standard. This classification serves to provide HDDs such as

42 hose descri bed below. First, the upper limt value of the head width in
the first standard is defined as HAWJLI. The upper limt value of the head
width in the second standard is defined as 20 HAUL2 ( HAUL2>HWUL1) . Then,
‘the heads are classified into the first heads having a head w dth neeting
the first standard, the second heads having a head wdth which is outside
the first standard but which neets the second standard, and third heads
having a head 25 width that is al so outside the second standard. The third

heads are treatged. as d@ﬁe%weéxgﬁg&ec;araﬂ@t nQﬁbe%D!é'ft &4 i HDRs. +&R _the
ot her hand, the fifrst heads 23 are mounted in a first HDD that realizes a

first data tragkspict ¢RpDEP 200 r8in tcaadhdens) tndduddre. satansheheads are

mounted in a second HDD that realizes a second data track pitch DITP
(second track dersirtsy) F fleattgeroft hare tdief fdrestcdata thacke mutah IR fir st
track density). The offset value 01 (= 0 01/2) determ ned fromthe head
wi dth HAWULL i s ast eredh posa tproedetre rimieneti ggosirt iidrs imdiel FRROM@2idem t he
first HDD, as shown in FIG 8A. The offset value 01 is 10 stored in the
FROM 22 Bn t he bieitivstenHbbDewlidagist Hi%s- HDRY izetssimmg nidmdacadvesse On t he

ot her hand, the offset value 02 (=A02/2) determ ned fromthe head w dth
HWIL2 is st or e@ fifeca spradetedrim ined gsb 3 i/t s Thie g ARV @B $et t he second

HDD, as shown in FIG 8B. , _
values 07 to Op and AO7 to AOp on the basis of the

upper limit value in the appropriate standard for the
head widths of the heads 12_p and 12_7.

10 Furthermore, if only the difference in head width
is taken into account, the heads are classified into,
for example, first heads having a head width meeting
a first standard and second heads having a head width
which is outside the first standard but which meets

15 a second standard. This classificatioh serves to
provide HDDs such as those described below. First,
the upper limit value of the head width in the first
standard is defined as HWgypj1. The upper limit value
of the head width in the second staﬁdard is defined as

20 HWyr,p (HWyp»>HWyri1) . Then, the heads are classified
into the first heads having a head width meeting the
first standard, the second heads having a head width
which is outside the first standard but which meets
the second standard, and third heads having a head

25 width that is alsoc outside the second standard. The
third heads are treated as defectives that cannot be

mounted in HDDs. On the other hand, the first heads



15 The offset value 02 is stored in the FROM 22 in the second HDD whil e
dhis HDD is being manufactured. The relationship between the offset val ues
01 and 02 is 01<02. Consequently, the use of the second head enables the
second HDD to be manufactured in spite of 20 a decrease in track density
‘conpared to the first HDD manufactured using the first head. That is, it
is possible to effectively utilize the segond head, having a head width
which is outside the first standard but ich neets the second standard.
25 Now, a process of determning the offset values O and A 0] for each

j will b ' i ~ h | GS. 9A
ana 9B and 24 TGS HOR. 108, did S0C Show No LHeL heat BoSi T oria: Fe
for sinplificatdQnrof,descriqpt i on, - dit ﬂ€h€?§ﬂ§%$t§pat.§ entir recordlng

surfaces HO and H1 of the disk 11 are nto a nu er n of areas A,

i.e. 5 A to Andals maRaGRIBIted Flﬁ%,sé%@bbﬁlt&ﬁ Sr&a1 PoAfter |
specifying the area Aj, at an initial value of 1 and sets a variable h for

determning t h%e@fofn%tdat\éfﬂt&%c}@tplaith Mt alsaad e ofadk (8depi §IL) . Then,
the CPU 21 selects the track (servo track) Tjk from 10 the area A on the

di sk 11 Estep Skd)gerHeren itthd S imssuteech thadcl heiterckTTj kfissone of the

servo tracks 111 in the area AJ which lies at an internmediate position in

the radial dirégtEicdn deinstifey)di sklhe Howesestr ,va hee t0ack=&Kjdg /sy be | ocated at

ahother determined from the head width HWyp1 is stored in
a predetermined position in the FROM 22 in the first
HDD, as shown in FIG. 8A. The offset value 07 1is

10 stored in the FROM 22 in the first HDD while this HDD
is being manufactured. On the other hand, the offset
value Oy (=A0,/2) determined from the head width
HWyr2 1s stored in a predetermined position in the
FROM 22 in the second HDD, as shown in FIG. 8B.

15 The offset value 62 is stored in the FROM 22 in
the second HDD while this HDD is being ﬁanufactured.
The relationship between the offset values 0; and Oy
is 07<0». Consequently, the use of the second head
enables fhe second HDD to be manufactured in spite of

20 a decrease 1in track density compared to the first HDD
manufactured using the first head. That is, it is
possible to effectively utilize the second head,
having a head width which is outside the first
standard but which meets the second standard.

25 Now, a process of determining the offset values

Oj and AOj for each area Aj will be described with

reference to the flow charts in FIGS. 9A and 9B and



15 position in the area Aj. Then, the CPU 21 executes control to position
the head 12-i corresponding to the recording surface H on which the area
Aj exists, at a predeterm ned position on the track Tjk (step S13). In
step S13, the CPU 21 20 executes seek control to nove the head 12-i to the
track Tjk. The CPU 21 al so executes positioning control to position the
head 12-i noved to the track Tjk, at a ppgdeterm ned position on the track
Tjk. FIG 10A shows that the head.12-i is positioned at the 25

predeterm ned position. on. the track Tjk. In the state shown in FIG 10A,

the CPU 21 cau h a - i t r , 512
sectors) of fi r%gt%stz'Sq %sﬁoﬁt aar%cg ltqga %I:?Os‘ﬁ%i t%}g(%g%éés%r?@g(%%ﬁ the CPU 21

causes the headichs,i A reaghdatadoom the 4&ackidi kon Ande NBASHE £Sm@R error
rate ERL indicative of the rate of a read error (step S15). The neasured

error rate 5 ERkd xisd afredideh reddfSin@rearfacében RAM@ 34, Thenghéhe CPU 21
executes control to shift the position of the head 12-i fromthe track Tjk
(the predeternmdietk gdsidieordionddie trtacka Thkbén naof asht e s ij)utiNadéd
direction of the disk 11 by the 10 anbunt STP+(h-1)*0 O (step S16). FIG
11B shows t hat Aft He gasiftdromafagdmerhiead BRr$t hashdeerUshl fsedsfaom the
track Tjk in the radially outward direction of the disk 11 by the anpunt
STP+(h-1)*0 O HRIMb4erl J t¥ReChVN g dfhe heref fAet af amelmbhdalovalfieom t he
track of 1 and sets a variable h for determining the offset
value, at an initial value of 1 (step S11). Then, the
CPU 21 selects the track (servo track) T4yx from
10 the area Aj on the disk 11 (step S12). Here, it 1is
assumed that the track T4y is one of the servo tracks
111 in the area A which lies at an intermediate
position in the radial direction of the disk.
However, the track Tyx may be located at another
15 position in the area Aj.
Then, the CPU 21 executes control to position the
head 12_; corresponding to the recording surface H; on
which the area Ay exlists, at a predetermined position
on the track Tyx {step S13). 1In step S13, the CPU 21
20 executes seek control to move the head 12_; to the
track Tyx. The CPU 21 also executes positioning
control to position the head 12_; moved to the track
Tyx, at a predetermined position on the track Tyy.
FIG. 10A shows that the head 12_; is positioned at the
25 predetermined positibn_bh_the'track_Tjk.. In the state
shown in FIG. 1OA; the CPU 21 causes the head 12_5 to

write one track (for example, 512 sectors) of first



15 Tjk equals the STP (Servo Track Pitch). In the state shown in FIG 11B,
¥ he CPU 21 causes the head 12 i to wite one track of second test data to
the disk 11 (step S17). Then, the CPU 21 executes control to shift the
position of the head 12-i fromthe track Tjk 20 (the predeterm ned position
‘on the track Tik) in aradially inward direction of the disk 11 by the
amount STP+(h-1)* 0 O (step S18). FIG _11&shows that the position of the
head 12-i has been shifted from the track Tjk in the radially inward
direction of the 25 disk 11 by the ampunt STP+(h-1)*A O This position of

the head 12-i i f f Posiii{o ' R 11 y e, anount
2(STPo(h- 1)+0 O 267 1 The 6t a1 Shonn s P G A1c, TR cror 21 Latiaes

the head 12_i to,Wdd ecianenddfick of secondytesta datan %Hett@aék%-%step
S19). Then, the CPU 21 executes control to refurn the head 12_i 0 the

position of ther tiecduddk {steprS20}atdher CPLh2lcsapsesot henbeaded2_ i to
read data fromthe track Tjk and neasures an error rate ER2 indicative of

the rate of a readc erdad {istep (824 .sThe. neasaredaeiroq &ater ER2tks stored
in a second area in the RAM 23. Then, on the basis of the 10 error rates
ER1 and ER2 st dtled is stwerdd rist anili secondea afeashe resypezsively, in the RAM
23, the CPU 21 makes determ nations descri bed bel ow The CPU determ nes
whet her or not the viiter BER2e EFU| 31 sqakteteshaonarohr eshehdfTH (step S22).

the position of the head 12_; from the track Tyx
(the predetermined position on the track Tjk) in
a radially outward direction of the disk 11 by the
10 amount STP+ (h-1)* A0 (step S16). FIG. 11B shows that
the position of the head 12_; has been shifted from
the track Tyx in the radially outward direction of
the disk 11 by the amount STP+(h-1)*A0O. For h=1l, the
value of the offset of the head 12_; from the track
15 Tyx equals the STP (Servo Track Pitch). In the state
shown in FIG. 11B, the CPU 21 causes.the head 12_; to
write one track of second test data to the disk 11
(step S17). Then, the CPU 21 executes control to
shift the position of the head 12_; from the track Tyx
20 (the predetermined position on the track Tjk) in
a radially inward direction of the disk 11 by the
amount STP+(h-1)*AO (step S18). FIG. 11C shows that
the position of the head 12_; has been shifted from
the track Tyx in the radially inward direction of the
25 disk 11 by the amount STP+(h-1)*A0O. This poéition of
the head 12_; 1s offset from the position shown in

FIG. 11B by the amount 2{STP+ (h-1)*AO}.



15 Here, it is assuned that ER2-ER1L TH. In this case, the CPU 21

determ nes that the wites of the second test data in steps S17 and S19
adversely affects the first test data witten in the track Tjk. That is,
the CPU 21 determ nes that the adverse 20 effects of crosstal k cannot be
‘elimnated even by witing data while shifting the head 12-i fromthe
track Tjk in the radially outward or inwagg direction of the disk 11 by

t he amount STP+(h-1)*0 0. Then, the CPU 21 executes step S23, descri bed

| ater, in order 25 to suppress the adverse effects of crosst al k.

Specifically, the CRY Qgﬁgggghﬁﬁead @Pée Pl@ |@P $§r %SFégcrease

the value of the offset 0 2- fron1 Frac ep S23)

Then, the CPUL ysas tihe Iwwlrﬁ@doxy@rha@é@ @f@e@éﬁ&uwscsagpé Sl4 to
S22, described later. That is, the CPU 2'1 repeats steps S14 to S22 while

incrementing the Tneardialy e sl'téb’ shant i ITHER - ERIsTEbG S £Pe223d et S
assunmed t hat ER2- ERI<TH. In this case, the CPU 21 determ nes that the

current val ue eforithe loffsetetfn tihee hestd 1221, fromubepssaekod| &risnéhe
m ni num offset value required to elimnate the adverse effects 10 of
crosstal b. Thermradie TGRU &t «detEr®i nesTivielPier2 brcanedst tice poéatier2j;is 1
(initial value) (step S24). If the pointer j is 1, the CPU 21 determ nes
the offset valtfesa@rdjdadmd Gomrilpies tack He;jaread Apessuras can dancer wi t h
the follow ng equation (step S25):
rate ER» 1nd1cat1ve of the rate of a read error (step
S521). The measured error rate ERy is stored in a
second area in the RAM 23. Then, on the basis of the
10 error rates ERj] and ERp stored in the first and second
areas, respectively, in the RAM 23, the CPU 21 makes
determinations described below. The CPU determines
whether or not the value ERy-ER; is smaller than
a threshold TH (step S$S22).
15 Here, it 1is assumed that ERp-ER72TH. 1In this
case, the CPU 21 determines that the writes of the
second test data in steps S17 and S19 adversely
affects the first test data written in the track Tyx-
That is, the CPU 21 determines that the adverse
20 effects of crosstalk cannot be eliminated even by
writing data while shifting the head 12_; from the
track T4x in the radially outward or inward direction |
of the disk 11 by the amount STP+(h-1)*A0O. Then, the
CPU 21 executes step $23, described later, in order
25 to suppress the adverse effects of crosstalk.

Specifically, the CPU 21 increments a variable h by 1

in order to increase the value of the offset of the



15 A =2(h-1)*DOQg =Dg/2 (4) On the other hand, if the pointer j is
not 1, the CPU 21 determnes the offset values 0 G and § unique to the
area Al in accordance with the foI | owi ng 20 equation (step S26) AQ =
2(h-1)*DO G g-1+Dg-1 (N_I - 1/2) + AG/2 (5) Then, the CPU 21
'stores |nformat|on i ndi cati ve of the leading track Tjo in the area Al and
information 25 indicative of the offset vagpues G and 0 G determned, in
the entry Ef in the offset table 222, retained in the FROM 22 (step S27).
Then, the CPU 21 28 determ nes whet her or not the pointer | is n,

i ndi cating thepfinal car. eafr%l?n(tﬁeepcr%%@ Tl [ O€ep PO B ef i}Eﬁe nie the

CPU 21 increnents the i nter one sets the varl a

(initial valuekpy 03t €Re32dhe ﬁf‘d}’eﬂé}ﬁc&?ufe?ﬁl%F@% €S t&?e(ﬂﬁ@é:ess

starting with step S12 in order to determne the vatues O and G uni que

to the area A sithgiscatied tdysAhe ddudemy eta o Nt efhd J@,attmé cbhe CPU 21
repeats the process starting with step S12 until the 10 pointer j becones n

and the val ues 20 Qepand OstapguE 4 ti tdeE anenl Ani adceileierng nege Then, if
it is determned at step S28 that the pointer j is n, the CPU 21 ends the
process oOf deteamimixig tthéoflf setisi I GERafBRAXTH (step S23).
It is assumed that ER»-ER7<TH. 1In this case, the
CPU 21 determines that the current value of the offset
of the head 12_; from the track T4y is the minimum
offset value required to eliminate the adverse effects
10 of crosstalk. Then, the CPU 21 determines whether or
not the pointer j is 1 (initial value) (step S24).
If the pointer j is 1, the CPU 21 determiﬁes the
offset wvalues AOj and 05 unique to the area A in
accordance with the following equation (step S25):
15 Aoj = 2(h-1)*AO0
04 = AOj/2 (4)
On the other hand, if the pointer j is not 1, the
CPU 21 determines the offset values AOj and 04 unique
to the area A4 in accordance with the following
20 equation (step S26):
Aoj = 2(h-1)*A0
Oj = Oj—l + Aoj—l(Nj—l - 1/2) + AOj/Z (5)
Then, the CPU 21 stores information indicative of
the leading track Tyo in the area Ay and information
25 | indicatiye of the offset Qalues 05 and-AOj
determined, in the entry'Ej in the offset table 222,

retained in the FROM 22 (step S27). Then, the CPU 21



15 I n the above descri bed process of determining the Q and A Q, for
sinplification of description, the process fromsteps S13 to S21 is
executed only once for a certain h. However, for nmeasurenent accuracy,
the process fromsteps S13 to S21 nmay be repeated 20 a predeterm ned nunber
‘of tinmes r. In this case, it may be determ ned whether or not the value ({
E (ER2)- (ERL) }/r) is smaller than the thgeshold TH.  The value ( { E
(ER2) - S (ERL1) } /r) is obtained by subtracting the average. of error
rates ER1 (E(ER1)/r) 25 fromthe average of error rates ER2 ( (ER2) /r) In

Lype. tovever . Ae TEALS 1970 56 ind 2 Ty EACH bb bf Bn i nduoti ve type

that uses a co @6[ r@ttﬁé) expcute & aﬂ/lwfé S 4241 his;casg, the head

width of the heas ~07@and 12 1 has only to e taken into account The
recording surfagszﬁsnﬂ& andi & 4 of, thee disk 11 (Ry-be-neoaged Bs1ateas AO
and Al, respectively. Tn the descr | ption of the above enbodi nent, the

pr esent invent IOy orapEiedsdins tiree HRD (dard B sk 1 D(ix\iﬁﬁlaHOWEY%) t he
present invention is applicable 10 to disk drives other than HDDs, such as

magnet o- Sopti calstdirs kS )i vesTiprrovitdesd ¢chiat21t h@x&c@’é@ﬂSthi@a}draﬁéssV\/rl te data
fromand to a disk. Additional advantages and nodifications will readily
occur to those slddtiew ivi tthestan .SThereforéer to determine the
values AOj and Oj unique to the area Aj indicated
by the incremented pointer j. That is, the CPU 21
repeats the process starting with step S12 until the
10 pointer j becomes n and the values AOj and Oj unique
to the area A, are determined. Then, if it is
determined at step S28 that the pointer j is n, the
CPU 21 ends the process of determining the offsets Oj
and AOj.
15 In the above described process of determining the
Oj and AOj, for simplification of description, the
pfocess from steps S13 to S21 is executed only once
for a certain h. However, for measurement accuracy,
the process from steps S13 to S21 may be repeated
20 a predetermined number of times r. In this case,
it may be determined whether or not the wvalue
({Z (ERp)-2 (ER7)}/r) is smaller than the threshold TH.
The value ({XZ (ERp)-X (ER7)}/r) is obtained by
subtracting the average of error rates ERj (X (ERy)/r)
25 from the average of error rates ER»p (Z(ERZ)/r)!
In the above embodiment, thé heads 12_.g and 12_1

are each of a composite type. However, the heads 12_¢



15 the invention in its broader aspects is not limted to the specific
details and representative enbodi nents shown and descri bed herein.

Accordi ngly, various nodifications may be nade wi thout departing fromthe
spirit or scope of the general inventive concept as 20 defined by the
‘appended clainms and their equival ents. LLOYD WSE 30 WHAT IS CLAIMED IS
1. A disk drive conprising: a disk having,g recording surface on which a
plurality of concentric tracks are arranged at a fixed 5 pitch; a head
arranged in association with the recording surface of the disk and used to

d d it fr e disk;.neans.for calculating a first
(r)??se?nvamia gn Sl%ﬁqugégrega%rf %%eogogrlltllrgﬁu%%\éefityg? Fg?gelﬁlg??apk

ified by a commnd, f , Lr val ye cting a
Track pitch whish SoaE o aier s ShTaars Sttt K HET SR e e,
the first offsete iadate yindircad+ n@h@%@é&§6£29§) §n&_a£9§ﬁj R9s!I Lhop 45 at

which the head is to be actually positioned from a predeterm ned position
on the first tajgetakdrackntid accsadt al dheestbondohgt berdhsks npagsqyfor

determ ning a second target track, to which the target position bel ongs,
and a second offsetf 2= valsle bh mde bashsnefed hes pastakonyohnéihe, first
t ar get
respectively.
In the description of the above embodiment, the
present invention is applied to the HDD (Hard Disk
Drive). However, the present invention is applicable
10 to disk drives other than HDDs, such as magneto-
optical disk drives provided that their heads read and
write data from and to a disk.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
15 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

20 defined by the appended claims and their equivalents.



track and the first offset value cal cul ated by the cal cul ati ng neans, the

second of fset val ue indicating

predeterm ned position on the second target track in the-radiaf

direction of the disk; and neans for executing control
‘at the target position on the second target track on LLOYD WSE 31

an offset of the target position fron1a

to p05|t|on tWeEhe d

t he

basis of the second target track positiom@nd- second of fset val ue each
by the determning neans. 2. The disk drive according to claim
5 the head is a conposite head; the recording surface of the

det er m ned

1, wherein:
disk is divided into
azi muth angl'e of the head;

of fset 10

recordi ng surface of the disk and the

a pluralityuefr ganeenliieg aeas in accordance with an
and the cal cul ating neans cal cul ates the first

val ues |m_acqpnﬂﬁﬂgqmmﬁgl@5mp£ﬁs$@§ plurality of areas on the

relative position of the first

target track in the onkisrasvihe 4 iretot@igetstrpske behongiag 40 the one
The di sk drive according to claim2, further conprising neans
for identifyi npliheldny arfea;orarechtmherteiackheacal ot aigang aeanst caddul at es

area. 15 3.

the first

of fset value in accordance with the area identified by

i dentifyiong meanis@nd the rel ative position of the

10

15

20

25

t he

a head arranged in association with the recording

surface of the disk and used to read and write data
from and to the disk;
means for calculating a first offset value on

the basis of the position of a first target track

specified by a command from a host, the first offset

value reflecting a track pitch which enables adverse

effects of crosstalk to be suppressed, the first

offset value indicating an offset of a target position

at which the head is to be actually positioned from

a predetermined position on the first target track in

a radial direction of the disk;

means for determining a second target track, to

which the target position belongs, and a second offset

value on the basis of the position of the first target

track and the first offset value calculated by the

calculating means, the second offset value indicating

an offset of the target position from a predetermined

position on the second target track in the radial

direction of the disk; and

means for executing control to position the head

at the target position on the second target track on



20 first target track in the identified area. 4. The disk drive according
toclaim3, further conprising: a nonvolatile nenory which pre-sEct?]ﬁ)swi%E
third and fourth offset val ues unique to each of the areas on 25 & e
recording surface of the disk, the third offset wvalue indicating a pitch
difference between a first track pitch representative of the pitch of the
tracks LLOYD WSE - 32 on the recordingszsurface and a second track pitch
the enabl es the adverse effects of crosstalk to be suppressed, the fourth
of fset value indicating, if a predetermned track at a predeterm ned
relative 5 positHecomaMitdidy the cdsPondl g af £k Spdbec fhfsingt ar get
track, an offset of the target position at™ which the head is to be

actual |y posi tiseethd rarpddie vaanedeiamm aede pRShdd 0By Ofnd heefifsint A0t
track in the radial direction of the disk; and 10 neans for reading the
third and fourtdeaoff.set val ues corresponding to the area identified by the
identifying nmeans, fromthe nonvolatile nenory; and wherein the cal cul ating
means cal cul ates the. fiTs afflsetrvad uecoordihegbasi sle@fmt he wherdiand 15
fourth offset values read by the reading neans, the first track pitch, and
an of fset® of the firgte theapktis tg aukipehetofisad; of the first target track

being offset fromthe relative position of the predeterm ned
. the recording surface of the disk is divided into

a plurality of concentric areas in accordance with
an azimuth angle of the head; and
the calculating means calculates the first offset

10 values in accordance with one of the plurality of
areas on the recording surface of the disk and the
relative position of the first target track in the one
area, the first target track belonging to the one
area.

15 3. The disk drive according to claim 2, further
comprising means for identifying the one area; and
wherein the calculating means calculates the first
offset value in accordance with the aréa identified by

the identifying means and the relative position of the

20 first target track in the identified area.
4. The disk drive according to claim 3, further
comprising:

a nonvolatile memory which pre-stores a third and
fourth offset values unique to each of the areas on
25 thé recording surface of the disk, the third offset
value indicating a pitch difference between a first

track pitch representative of the pitch of the tracks



track in the area to which the first target track 20 belongs. 5. The disk
«drive according to claim3, further conprising: a nonvolatile ne {£h
pre-stores a third offset value unique to each of the areas on t;$§%§yMgé:
recording surface of the disk, the third offset value indicating a pitch
‘di fference between a first track pitch representative of the pitch of the
tracks on the LLOYD WSE 33 recording sspface and a second track pitch
the enables the adverse effects of crosstalk to be suppressed; and neans
for reading, fromthe nonvolatile nenory, the third offset val ue

correspondi ng b@ @a@hr@to%@@g_, su¥ flahe arRAS rRNYMY HfRm gy @ea to which
a leading track on the recording surface of the disk belongs, to the area

identified by the edaenlickyithg aR®RS;scard ey @M dles aloul@d ivg means
calculates the first offset value on the basis of the third offset 10
val ue read by theptreadieng mhanfoutritd fdfriistett nackie piddiltatandy,ani Of f set of
the first target track, the offset of the first target track being of fset
fromthe rel ati peepesietrinonedf tirae kprddet ermrdeed triacdd ineltdieivarea to
which the first target track belongs. 15 6. The disk drive according to
clai m 1, >f urt heesigempr Wdithg Daivdich €0 TP Pul el adideh dtshettrealdh: r wind
wher ei n: target track, an offset of the target position at
which the head is to be actually positioned from the
predetermined position on the first target track in
the radial direction of fhe disk; and
10 means for reading the third and fourth offset
values corresponding to the area identified by the
identifying means, from the nonvolatile memory; and
wherein the calculating means calculates the
first offset value on the basis of the third and
15 fourth offset values read by the reading means, the
first track pitch, and an offset of the first target
track, the offset of the first target track being
offset from the relative position of the predetermined
track in the area to which the first target track
20 belongs.
5. The disk drive according to claim 3, further
comprising:
a nonvolatile memory which pre-stores a third
offset value unique to each of the areas on the
25 recording surface of the disk, the third offset value

indicating a pitch difference between a first track

pitch representative of the pitch of the tracks on the



t he di sk has another recording surface constituting a surface opposite to
¥ he recording 20 surface relative to the disk and corresponding to the
anot her head; and the cal cul ating neans cal cul ates the first offgepypwelSge
on the basis of the recording surface of the disk, to which the first
‘target track belongs, and the 25 relative position of the first target
track on the recording surface. 7. The disk drive according to claim®é
further LLOYD WSE 34 conprising neans for identifying the recording
surface of the disk to which the first target track belongs; and wherein

the cal cul ati ngcpBaasngalseWrales e o idesionPffisetk lue, ithacgendance with
the recordi ng surface identified by the identifying nmeans and the

relative posithenadfetrle kifffslctsargelcdgank 10n dhed eagighidigesurdrace. 8.
The disk drive according to claim7, further conprising: 10 a nonvolatile
menory whi ch pre- st arcesisa fidd rbaahichg,f dirdrh dfd setnwal ares] eimemery 0 t he
recordi ng surface of the disk, the third offset value indicating a pitch
di f ference bet ween thifridr stf ftsredc kv adivec lrareprsgsemtiatg vieo exfctt hef piteds of t he
tracks on the recording surface 15 and a second track pitch the enabl es the
adver se Seff ecttheofrrerss sealdk ndo fyems wipreessed;o el dlowr theading

track on the recording surface of the disk belongs,

to the area identified by the identifying means; and
wherein the calculating means calculates the

first offset value on the basis of the third offset

10 value read by the reading means, the first track
pitch, and an offset of the first target track, the
offset of the first target track being offset from the
relative position of the predetermined track in the
area to which the first target track belongs.

15 6. The disk drive according to claim 1, further
comprising another head paired with the head; and
wherein:

the disk has another recording surface
constituting a surface opposite to the recording

20 surface relative to the disk and corresponding to the
another head; and

the calculating means calculates the first offset
value on the basis of the recordiﬁg surface of the
disk, to which the first target track belongs, and the

25 relative position of the first target track on the
recording surface.

7. The disk drive according to claim 6, further



of fset value indicating, if a predetermned track at a predeterm ned
‘relative position on the recording surface is the first target LrWWI&P
of fset of the 20 target position at which the head is to be act uat
positioned fromthe predeterm ned position on the first target track in
the radial direction of the disk; and neans for reading the third and

fourth offset

25 val ues corresponding-tos4he-area identified by the

identifying neans, fromthe nonvolatile nenory; and wherein the cal cul ating
nmeans cal cul ates the LLOYD WSE 35 first offset value on the basis of the

third and foucbhpefitsely welawes faad duhdihe, i
pitch, and an offset of the first target tra

r?fdiﬁkg Meang i dheuf#dsd track
ck fromthe relative position

of the predetenft re@ Bikkack emide trecarididg sardace tamhichdde; first
target track belongs. 9. The disk drive according to claim?7, further

conpri sing: a monvehatridie nenroros whilcht iprersdaiescal ddlidtks khoffsedt val ue

uni que to each

of the recording surfaces of the disk, the third offset

val ue indi cati ngfaepi tvel uediifif erceroeldratansertta fhe stedomtinidwchface

representative

of the pitch of the tracks on each of the recording

surfaces®and alisleadnad itedadly pihech derd ignsblesnadres 1Bddier seeleftfisct s of
crosstalk to be suppressed; and

10

15

20

25

position of the first target track on the recording

surface.
8. The disk drive according to claim 7, further
comprising:

a nonvolatile memory which pre-stores a third and
fourth offset values unique to the recording surface
of the disk, the third offset value indicating a pitch
difference between a first track pitch representative
of the pitch of the tracks on the recording surface
and a second track pitch the enables the adverse
effects of crosstalk to be suppressed, the fourth
offset value indicating, if a predetermined track at
a predetérmined relative position on the recording
surface is the first target track, an offset of the
target position at which the head is to be actually
positioned from the predetermined position on the
first target track in the radial direction of the
disk; and

means for reading the third and fourth offset
values corresponding to the area identified by the
identifying means, from the nonvolatile memory; and

wherein the calculating means calculates the



means for reading, fromthe nonvolatile nenory, the third offset value
corresponding to each of the recording surfaces of the disk froEI@Yégﬁgéng
recording surface to the recording surface identified 20 by the
identifying means; and wherein the calcul ating neans calculates the first
of fset value on the basis of the third offset value corresponding to each
of the recording surfaces of the disk-frps a | eading recording surface to
the 25 recording surface identified by the identifying means, the first
track pitch, and an offset of the first target track fromthe relative

position of theikl@BMSE va13@ dor adet efddned 4 rack on thefecordi ng
surface to which the first target track belongs. 10. A disk drive

conprising: a dicskthawfifea reqered ng KNSR O oty andnrd urahd ty of
concentric tracks are arranged at a fixed pitch; a head arranged in
associ ati on w tfh rtstre trec0r diingh,sunmfcacen of f idwer di Sketandfiused tordetad and
wite data fromand to the disk; 10 neans for calculating a first offset
val ue on the Wasick dfram gihtec lr edisftfistee noes idoraresporndinpradd ttermisaed W dt h
of the head and the position of a first target track specified by a
command Prom atHEsk arhdhsi s ordiinferahde drei iy Vi ditf fldrente Pet ween a

first track
target track belongs.

9. The disk drive according to claim 7, further
comprising:
a nonvolatile memory which pre-stores a third
10 . offset value unique to each of the recording surfaces
of the disk, the third offset value indicating a pitch
difference between a first track pitch representative
of the pitch of the tracks on each of the recording
surfaces and a second track pitch the enables the
15 adverse effects of crosstalk to be suppressed; and
means for reading, from the nonvolatile memory,
the third offset value corresponding to each of the
recording surfaces of the disk from a leading
recording surface to the recording surface identified
20 by the identifying means; and
wherein the calculating means calculates the
first offset value on the basis of the third offset
value corresponding to each of the recording surfaces
of the disk from a leading recording surface to the
25 recording surface identified by the identifying means,
the first track pitch, and an offset of the first

target track from the relative position of the



15 pitch representative of the pitch of the tracks and a second track
pitch which enabl es adverse effects of crosstalk to be SqureS%ﬁ&ﬂTﬁ&@F
first offset value indicating an offset of a target position at iC he
head is to be actually positioned froma predeterm ned 20 track on the
first target track in a radial direction of the disk; neans for

determ ning a second target track, to _whgeh the target position bel ongs,
and a second offset value on the basis of the position of the first target
25 track and the first offset value cal culated by the calcul ating neans,

the second of f $8te el i@l Gatd NG o 10 F 1581081 {hesd AF 98t @95&1&1&@ froma
predeterm ned LLOYD WSE 37 position on the second target track in the

radial directiwonr ofitdte wWirsgjetr avhdeansi s executing control to position
the head at the target position on the second. target track on 5 the

basi s of the second d.ar getditskack ipasiddmpr adichgecond of f set val ue each
determ ned by the determning neans. 11. The disk drive according to claim
10, further conpri s miisk rowiolqata | ee oendiyg Wik cha e esst wneshaal0 third

of fset value indicating the pitch difference corresponding to the head

wi dt h of 5t he hesldrranld t e elanadne wiat clut stk ngp neanisr aaded| at es fheedi r st

of fset value on the basis of the third offset val ue
pitch;

a head arranged in association with the recording
surface of the disk and used to read and write data
from and to the disk;

10 ' means for calculating a first offset value on the
basis of a pitch difference corresponding to the head
width of the head and the position of a first target
track specified by a command from a host, the pitch
difference being a difference between a first track

15 pitch representative of the pitch of the tracks and
a second track pitch which enables adverse effects of
crosstalk to be suppressed, the first offset wvalue
indicating an offset of a target position at which the
head is to be actually positioned from a predetermined

20 track on the first target track in a radial direction
of the disk;

means for determin;ng a second target track, to
which the target position belongs, and a second offset
value on the basis of the position of the first target

25 track and the first offset value calculated by the
calculating means, the second offset value indicating

an offset of the target position from a predetermined



stored in the nonvolatile nmenory and the position of 15 the first target
track. 12. A disk drive conprising: a disk having a recordi ng suLf{@L®WISE
which a plurality of concentric servo tracks are arranged at a first track
pitch, servo information including 20 positional information being witten
discretely at equal intervals in a circunferential direction of the disk
for each of the servo tracks; a head arrapged-in association wth the
recording surface of the disk and used to read and wite data 25 from and
to the disk; and neans for controlling a data wite to the disk executed

by the head, thg cantgrpldd %ére?ébsoﬂé-qurﬂ§Etrac§81ncgﬂérP!aJilQQ the data
wite so that the track pitch of data tracks forned on the recording

surface of the didisdkiamh aff e tagofx dag@ggwites is a second track pitch
whi ch enabl es the adverse effects of crosstalk 5 to be suppressed. 13. The

di sk drive accordi ngndan<| @M d2ecurheseconttbe heagokstaoa0RREShtgghead;
the recording surface of the disk is divided into 10 a plurality of
concentric areas itheadworgangs s t ivrancmzi et e angl et 8t gébhet head; oand t he
second track pitch is set for each of the
5 the basis of the second target track position and
second offset value each determined by the determining
means.
11. The disk drive according to claim 10, further
comprising a nonvolatile memory which pre-stores a
10 third offset value indicating the pitch difference
corresponding to the head width of the head and
wherein the calculating means calculates the first
offset value on the basis of the third offset value
stored in the nonvolatile memory and the position of
15 the first target track.
12. A disk drive comprising:
a disk having a recording surface on which
a plurality of concentric servo tracks are arranged at
a first tfack pitch, servo information including
20 positional information being written discretely at
equal intervals in a circumferential direction of the
disk for each of the servo tracks;
a head arranged in association with the recording
surface of the disk and used to read and write data
25 from and to the disk; and

means for controlling a data write to the disk

executed by the head, the controlling means



areas on the recording surface of the disk to have a value reflecting a
data wite wdth of the head 15 associated with the azinmuth angll_q_lf D Wi
head, the second track pitch being equal to or larger than the I rst
track pitch. 14. A nethod of positioning a head at a target position on a
disk in a disk drive, the disk having 20 a recording surface on which a
plurality of concentric tracks are aryranged at a fixed pitch, the head
being used to read and wite data fromand to the disk, the nethod
conprising: calculating a first offset value on the basis of 25 the

position of a fbhstrchanget HHAs PeE fieddyritn e cammand, fy gma.host, the
first offset value reflecting a track pitch which enables adverse effects

of LLOYD W SE d32a &hreesdsalfo e ders iy esseshaide dirsicoffsethyal ue
indicating an offset of a target position at which the head is to be

actual |y positidameéd afsr amra spriedeiferda medvr Poss tion aeddied fiFsdk t ar get
track in aradial 5 direction of the disk; determning a second target
track, to whichkittlhd whardeternpdslids drh el bragsse anff ectsecohdofdsted 1 val ue on
the basis of the position of the first target track and the cal cul ated
first of Pset, ﬁ@e%§eéwm@nﬁﬁ%ﬁﬁ 10 value indicating an offset of the target

- position from a predeterm ned position on the second target track in
13. The disk drive according to claim 12,

wherein:
the head is a composite head;
the recording éurface of the disk is divided into
10 a plurality of concentric areas in accordance with
an azimuth angle of the head; and
the second track pitch is set for each of the
areas on the recording surface of the disk to have
a value reflecting a data write width of the head
15 associated with the azimuth angle of the head, the
second track pitch being équal to or larger than the
first track pitch.
14. A method of positioning a head at a target
position on a disk in a disk drive, the disk having
20 a recording surface on which a plurality of concentric
tracks are arranged at a fixed pitch, the-head being
used to read and write data ffom and to the disk, the
method comprising:
calculating a first offset value on the basis of
25 the position of a first target track specified by a
command from a host, the first offset value reflecting

a track pitch which enables adverse effects of



the radial direction of the disk; and positioning the head at the target
position on the determ ned second target track on the basis of the 15
determ ned second target track position and second offset val ygydwisgrhe
nmet hod according to claim 14, wherein: the head is a conposite head; the
recording surface of the disk is divided into 20 a plurality of concentric
areas in accordance with an azimuth angl es®f the head; and the first offset
values is calculated in accordance with one of the plurality of areas on
the recording surface of the disk and the relative 25 position of the first

target track I@rb@%t%rmza,to ﬁofée s&?@%s@(yettﬁg aclk helonging §othe one of

the plurality of areas. 16. The nethod according to claim

15, further comPRicSitAG o %aldlorfgfsteftl Ik and: gt hof fisiedn val UgSich the
corresponding to an area on the recording surface of the disk to which the

first target thaek hel argde facamal 1 nwwid adrid® MERIOry i E: PriersdOr es
the third and fourth offset values unique to each of the areas on the
recordi ng surf a@oeidfiodnhenditdle, fiivestt Hambaf ftsstck vial ue dandlialti ng a pitch
difference between a first track pitch representative of the pitch of the
tracks 16 on t ke resdarodi wf $lvef aéskand a second track pitch
determining a second target track, to which the
target position belongs, and a second offset value on
the basis of the position of the first target track
and the calculated first offset, the second offset
10 value indicating an offset of the target position from
a predetermined position on the second target track in
the radial direction of the disk; and
positioning the head at the target position on
the determined second target track on the basis of the
15 determined second target track position and second
offset value.
15. The method according to claim 14, wherein:
the head is a composite head;
the recording surface of the disk is divided into
20 a plurality of concentric areas in accordance with
an azimuth angle of the head; and
the first offset values is calculated in
accordance with one of the plurality of areas on
the recording surface of the disk and the relative
25 position of the first target track in the area,
the first target track belonging to the one of the-

plurality of areas.



‘the enabl es the adverse effects of crosstalk to be suppressed, the fourth
offset value indicating, if a predetermned track at a predeternngﬁé ISE
relative position within the corresponding area is the first 15 E AR
track, an offset of the target position at which the head is to be
actually positioned fromthe predeterm ned position on the first target
track in the radial direction of the disky and wherein the first offset
value is calculated on 20 the basis of the third and fourth offset val ues
read fromthe nonvolatile nmenory, the first track pitch, and an offset of

the first target track, e @fficed Mcotdend i¢stciargetstragkibeing of f set
fromthe relative position of the predetermned track in the area to 25

whi ch the firstcdnagetidg ackdel Pngsi rd 7and heouwetiogs ecorei ngeg 0 cl ai m 16,
further conmprising: LLOYD WSE - 41 neasuring the third and fourth

of fset val ues farrreeaeindifng he arreasrsirémo:iee s aeing | Higr sia@gecfor the
di sk drive; and storing the neasured third and fourth offset 5 values for
each of the ardams idighaemorvictfatile fienoriyardd: Theckhebdbsh@scof ghmg t o
claim17, wherein the neasuring includes: selecting a track from each of
t he areas; a nonvolatile memory which pre-stores the third and
fourth offset values unique to each of the areas on
the recording surface of the disk, the third offset
value indicating a pitch difference between a first
track pitch representative of the pitch of the tracks
10 on the recording surface and a second track pitch
the enables the adverse effects of crosstalk to be
suppressed, the fourth offset value indicating, if
a predetermined track at a predetermined relative
position within the corresponding area is the first
15  target track, an offset of the target position at
which the head is ﬁo be actually posifioned from the
predetermined position on the first target track in
the radial direction of the disk; and
wherein the first offset value is calculated on
20 the basis of the third and fourth offset values read
from the nonvolatile memory,.the first track pitch,
énd an offset of the first target track, fhe offset of
the first.target track being offset from the relative
position of the predetermined track in the area to
25 which the first target track belongs.
17. The method according to claim 16, further

comprising:



.10 allowing the head to wite data at a position offset fromthe selected
track in the radial direction of the disk by an anmount "the firi[] 95@5551
pitch+(h-1)* AO" (where h denotes a variable with an initial val 8

and O O denotes a predetermned fifth offset 15 value); determ ni ng whet her
'a data wite executed by the head causes the selected track to be
adversely affected by crosstalk; repeateff y witing the data while
increnenting 20 the variable h by one until it is determ ned that the
data wite executed by the head will not cause the selected track to be

adversel y affected By Lhossifldte Wien-d tad$ Aol erim edsipab,1hes data wite

executed by the head will not cause the selected track 25 to be adversely

affected by cressialde tdet eiddy rihitiMEe e wvad deur {y B¢ O'sdo bethe
third offset value unique to the corresponding area; and LLOYD WSE - 42

det erm ni ng t helifsowrdrdi vaf;f seid val ue unique to the corresponding area, on
the basis of the determned third offset value. 19. The nethod accordi ng
to claim15, furtherstoxionpritst measadeagtial tdiand ofdseth vatffiget

corresponding to each of areas froman area to which a |eading track on
the recofdi ng salfugse fofr tamehdicsk e erigpns olit hghe anavae e whieh the first

target track belongs, from
memory.

18. The method according to claim 17, wherein the
measuring includes:
selecting a track from each of the areas;

10 allowing the head to write data at a position
offset from the selected track in the radial direction
of the disk by an amount "the first track pitch+(h-1)*
AO" (where h denotes a variable with an initial value
of 1 and AO denotes a predetermined fifth offset

15 value) ;

determining whether a data write executed by the
head causes the seleéted track to be adversely
affected by crosstalk;

repeatedly writing the data while incrementing

20 . the variable h by one until it is determined that the
data write executed by the head will not cause the
selected track to be adversely affected by crosstalk;

when it is'détermined that the data write
executed by the head will not cause the selected track

25 to be adversely affected by crosstalk, determining
twice the value " (h-1)*AO" to be the third offset

value unigque to the corresponding area; and



a nonvol atile nenory which pre-stores a third offset 10 value unique to
ach of the areas on the recording surface of the disk, the third offset
value indicating a pitch difference between a first track pitchLLOYD WISE
representative of the pitch of the tracks on the recording surface and a
'second track pitch the enables 15 the adverse effects of crosstalk to be
suppressed; and wherein the first offsetgyalue is calculated on the basis
of the third offset value read fromthe nonvolatile nmenory, the first
track pitch, and an offset of the first target track, the of fset being 20

offset fromthe rel Qiéﬁ/@rnpl%ﬁc{(%é)fféﬁ‘ﬁt&@?%@{ L ﬁe' Pot hgear ea
to which the first target tra bel ongs. 20. The net ordlng to claim

19, further corprriesigegididy MBasyridig die shi1rd of fasl a/@&éh%ni@édeach of
the areas during a manufacturing stage for the disk drive; and LLOYD W SE

43 storing theneaswifeaddhivad ef fset value for each of the areas in the
nonvol atile nenory. 21. The nethod according to claim 20, wherein the
measuring includes:19% sdlhectiathal tacaok d irom sachl ofm t he, afeasher al | ow ng
the head to wite data at a position offset fromthe selected track in the
radi al 5 comprising reading a third offset value corresponding
to each of areas from an area to which a leading track
on the recording surface of the disk belongs to the
area to which the first target track belongs, from
a nonvolatile memory which pre-stores a third offset
10 value unique to each of the areas on the recording
surface of the disk, the third offset value indicating
a pitch difference between a first track pitch
representative of the pitch of the tracks on the
récording,surface and a second track pitch the enables
15 the adverse effects of crosstalk to be suppressed; and
wherein the first offset value is calculated on
the basis of the third offset value read from the
nonvolatile memory, thé first track pitch, and an
offset of the first target track, the offset being
20 offset from the relative position of the predetermined
track in the area to which the first target track
belongs.
20. The method accdrding to claim 19, further
comprising: |
25 ' measuring the third offset value for each of the
areas during a manufacturing stage for the disk drive;

and



direction of the disk by an amount "the first track pitch+(h-1)*0 O
{where h denotes a variable with 10 an initial value of 1 and AO denotes a
predetermned fifth offset value); determ ning whether a data wr i-t@YD WISE
executed by the head causes the selected track to be adversely affected
by crosstal k; 15 repeatedly witing the data while increnenting the
variable h by one until it is determned that-the data wite executed by
the head will not cause the selected track to be adversely affected by
crosstalk; and 20 determning twice the value "(h-1)*0 0" to be the third

of fset val ue uni que ey GOId asRONHOY BREAd o MASH: i balgedeber ghagd that
the data wite executed by the head will not cause the selected track to
be adversely afff etlcedhiriypLcriossitad khonvolatile memory.
21. The method according to claim 20, wherein the
measuring includes:
5 selecting a track from each of the areas;
allowing the head to write data at a position

offset from the-selected track in the radial

direction of the disk by an amount "the first track

pitch+ (h-1)*AO" (where h denotes a variable with

10 an initial value of 1 and AO denotes a predetermined

fifth offset value);

determining whether a data write executed by
the head causes the selected track to be adversely
affected by crosstalk;

15 repeatedly writing the data while incrementing
the variable h by one until it is determined that the
data wfite executed by the head will not cause the |
selected track to be adversely affected by crosstalk;
and

20 determining twice the value " (h-1)*AO0O" to be the
third offset value unique to the corresponding area,
when it is determined'that.the data write executed by
the head will not cause the selected track to be

adversely affected by crosstalk.



