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TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
MRITING DATA | N A DI SK DRI VE BACKGROUND OF THE

ﬁmmwmmmmmmm|iesent i nvention generally relates to a
d|s nd particularly relates to a nethod
for wertsdisng data in a disk drive of a perpendicul ar

magneti c recording nethod. In general, in a disk drive
mhich represents a hard disk driwe, a rotary type

) 10 actuator is used as a mechani smfor
mmuwmﬂmWMMMhead at a targeted position (track of
an access,Pbj ect) onrtravrdi ok medi unvwkirgbni s a data
recording medium In the case where a head nounted on

SUChMETHOD aklyD AYPERATUSAFOR WRITLWGEEDAEA IM A DISK DRIVE
positioning control 15 (servo control) in the radia
direction on the AMIKGRENUMDHYHONMNGINDIONM CPU

which is a main controller of the drive, a so-called

azi muth aRgeePFesgeheiAVEAtiPA GANPAAGLY relates to a disk

circunferential area or outer circunferential area of
the s neftUnRa Bl F il & HY skebr o8, tohd Berhedcontr ol

d by d tt
dat T TEED dttte i e br kRt hEed SF b CeBF RO Rl
‘“““ﬁﬂiﬁ%kié‘é%@%r@fﬁg mé@hégls case, the azinuth

angl e becones
In general, in a disk drive which represents a

hard disk drive, a rotary type (rotation type)
actuator is used as a mechanism for positioning a head
at a targeted position (track of an access object) on
a disk medium which is a data recording medium.

In the case where a head mounted on such a rotary
type actuator is subjected to positioning control
(servo control) in the radial direction on the disk
medium by cohtrol of a CPU which is a main cocontroller
of the drive, a so-called azimuth angle is generated
in an inner circumferential area or outer
circumferential area of the disk medium.

In a disk drive, the servo control is carried out
by reproducing a servo pattern (servo data) recorded
on the disk medium by a read head contained in the
head. In this case, the azimuth angle becomes larger
in, for example, the outer circumferential area on the
disk medium, and thus, a detection range (detection
sensitivity) by the read head is expanded.

Consequently, it is a factor causing the lowering of
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in, for exanple, the outer circunferential area on the

25 di sk nedium and thus, a detection range (detection
sensitivity) by the read head is expanded.

Consequently, it is a factor causing the |owering of

the preciseness of the head positioning. In order to

sol ve such a problem there has been proposed a disk
drive in which an interval of serwvo- tracks having a
servo pattern recorded therein is nmade 5 narrower in,

for exanple, an outer circunferential area where an

azi mhd pngt sdesosest | eigeiedsesosiOionengnpl e, Jpn.

Pat. Appln. KOKAlI Publication No. 6-60573). Moreover,
when an aknnotdernngbesosvéasgeh, aaprdblehf echeve haackeen
wi dth of a data track having user data recorded

t herReP¢3ed a7 | &b le, dainde t husyhidleran i sntasmrvahf dfieservo
such that the recording density is |lowered and so on.

I n orifsks &bivg 3 e broprariern cmcwderﬂ i oreFeimhi ghmade
a di stance between tracks 15 ad oi ni in the radi al

di 1 GEX3 O Wi S (TR S s AT g %Ja%cwé%%rentlal

gzgﬁﬁiadlon%ﬁéELg%ﬁgﬁ§%914%5gf%¥?%F?%%%Af£5qe5n see, for
| nf el genglal e by Al | £c0f s She head.

a so- called fringe area ékgener e except for an
ef feed i veedeeposyding area in the data tracks in the
case where data is witten on the disk nmediumby a

wite heatbrddWsr f rimae &% ez imutRNagg £a Y‘@eigrgéfra an

cannot be normally read out by the read head

Par taffidariws track diisdkedrdves afata track hav1ng user data
recorded therein is variable, and thus, there is an
inflﬁence such that the recording density is lowered
and so on. In order to solve the problem, a
constitution in which a distance between tracks
adjoining in the radial direction on a disk medium is
changed has been proposed (see, for example, Jpn. Pat.
Appln. KOKAI Publication No. 2002-237142).

As a result of an influence generated by the
azimuth angle of the head, a so-called fringe area is
generated except for an effective recording area in
the data tracks in the case where data is written on
the disk medium by a write head. This fringe area is
an area where data cannot be normally read out by the
read head. Particularly, in a disk drive of a
perpendicular magnetic recording method; a single pole
type head having the length in the circumferential

direction of the track is used as a write head, so
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25 perpendi cul ar magnetic recordi ng nethod, a single
pole type head having the length in the

circunferential direction of the track is used as a
wite head, so that the fringe area is generated in a
degree that cannot be neglected due to the azinuth
angle. In the above-described prior-art literatures,

the technol ogy capable of solvdA ng, particularly, the

5 influence of the fringe area by the azinmuth angle

has not been proposed. BRI EF SUMVARY OF THE | NVENTI ON
An objacttlod fhengevarnda ohs i getrorpredi te a deghod thiof
witing data for a disk drive, the nethod being 10
capainef eipprebstted deeticutle | gzimmehiaidlence of

a fringe area by an azi muth angle, resulting

i npr oveneht bRet #kovarde et bbed nor i epraducl hgeratures, the
characterlstlcs Accordlng to one aspect of the

pr eSERRNTIHLRHY | APabI e ‘?%e?%l‘flsn%'r kA HfebC Wl arat v viEhe e

met hod. which is to a disk drive, for

rec&rfbﬁln ik Sor FhedR i By sl S, pas

ar the method conprising: a step
S R PRI

of on of a data track to wite data

on the di Sk ”Ed'ME'iEF' §9M@§§‘9r6’§“fﬁE"‘t&\V‘Eﬁf‘ION

instruction sent froma host system a step of

determ nizg yEHEroOre KOt i dhent POSI 14 0k of rdheqdal 3method
track is included in an internediate circunferenti al

ar e oan wihier iip kdRdi 16 a ad CHOVEF ST ON M hod bd ey

case where the position 25 of the data track is

I nCclametblien cifh dupefessing, particularly, the influence of
a fringe area by an azimuth angle, resulting
improvement of the data recording/reproducing
characteristics.

According to one aspect of the present invention,
there is provided a data write method which is applied
to a disk drive, for recording data on a disk medium
by a head mounted on a rotary type actuator, the
method comprising: a step of deciding a position of a
data track to write data on the disk medium in
accordance with an instruction sent from a host
system; a step of determining whether or not the
position of the data track is included in an
intermediate circumferential area on the disk medium;
a conversion step of, in the case where the position
of the data track is included in an inner
circumferential area or an outer circumferential area

on the disk medium in accordance with the
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circunferential area or an outer circunferential area
on the disk nmediumin accordance with the
determination results, carrying out a track pitch
conversion processing so that a track pitch of the
data track is set larger than a track pitch in the
internmedi ate circunferential area based on azinmuth 5
angl e of the head; a servo contgol-step of carrying
out servo control for positioning the head at the
position of the data track on the di sk nmedi um based on
t he detaedmdciocorweil ed, byat heihg askt pat €hack pitch
conversion processing or the track pitch in the 10

i nt eroreti It oTiprord ey bng | b Eiea; a anta @k spepclofof the
carrying out a data wite operation by the head
posiddtonddragk the sef vioa cost rohan BRI ERRCESCR T ON OFe

THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng

dr avli HES S RIE of X FHEER poR bt 2l 21%R ibeaed eonatinutle
R R T R
Ses PN Al en AbovE, Andh LT o1 164 deseriton

o B 1 16 a1 218 L3 LR pocea on

gf&%gj NG 4k a0 PR e A 1 henPresent o;%ﬂe/&mi on;

is a view showng a data format according to

t he cyhedigii ip2feddlng 4 tﬁué’i@ﬁ%@t‘gﬂ% a shape of
a servo pattern according to the enbodi nent;
intermediate circumferential area; and a step of
carrying out a data write operation by the head
positioned by the servo control.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a block diagram showing the major
portions of a disk drive according to an embodiment of
the present invention;

FIG. 2 is a view showing a data format according
to the embodiment;

FIG. 3 is a view showing a shape of a servo

pattern according to the embodiment;

FIGS. 4A to 4C are views for illustrating a servo
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FIGS. 4A to 4C are views for illustrating a servo
pattern and an azimuth angle of a head according to

t he enbodinent; FIGS. 5A to 5C are views for
illustrating the relationship between an azi nuth
angle of a wite head 5 and a data track w dth
according to the enbodinent; FIG 6 is a view for
illustrating a track pitch -of %ata track in a data
wite operation according to the enbodinent; FIG 7
is a flowmhart for illustrating the 10 procedure of

t he dataewni apdoper atinnthceayllengft a hbaed esboddinnt ro
FIGS. 8A to 8C are graphs each showi ng one exanple of
a setheapukodimehei/track width with respect to the
position of the wite head in the radial 15 direction
accor di ngFL6St heRAefBodnane; VARHSFEGE Qlﬂgsérﬁtéwghéhﬁ

for |Ikustrat|n the procedure of a data w.i
oper BE1Bh*BRFRAYP AP ?F%@Rn 2Bn9&I BB BQdaLi BA acUéFH?ngead

SCRI PTI ON
| e R 9867 EFaF Rl T 86O et o “thee o=t
f,
Phe” CaccormbnyPngodr ati8he - EECRalErarHof GreRe pilen

drivey fh&a %ré§k319|chagéagf§9ésgﬁ$&99 EHeaEBbQBlﬁé to

portions of a disk drive of a perpe |cu ar magnetic
r ecot llé ngmpBaenascording to the present enbodi nment.
A disk drive 10 has a disk medium 11 which is

FIG. 7 is a flowchart for illustrating the
procedure of the data write operation according to the
embodiment;

FIGS. 8A to 8C are graphs each showing one
example of a set value of the track width with respect
to the position of the write head in the radial
direction according to the embodiment; and

FIG. 9 is a flowchart for illustrating the
procedure of a data write operation using a track
conversion equation according to the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Hereinaftér, one embodiment of the present
invention will be described with reference to the
accompanying drawings.

(Constitution of disk drive)

FIG. 1 is a block diagram showing the major
portions of a disk drive of a perpendicular magnetic
recording method according to the present embodiment.

A disk drive 10 has a disk medium 11 which is
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rotated by a spindle notor 16, a head 12 for

perform ng data recording or reproduction, and a

m croprocessor (CPU) 17 which is a nmain controller.

The head 12 has a structure in which a wite head 5

el ement and a read head el enent are nounted on a
slider. The wite head elenent (120) is a single pole
type head capabl e of perform ng perpendi cul ar magnetic
recordi ng on the disk nmedium (11). The read head
element is a reproduction head which reads out a servo
10 pedteted (Iserayossliid@)e ofiotiSer1data Kegeredron the

di sk medium 11. The head 12 is nounted on a rotary
typeref{fatminonidtd ypejoadingtor Agprddectatdmat amd 13
rotates in the radial direction on the disk nmedium 11
15 Wicropieeesarl ROy IVOW)iak. ighe mCvh ldonsroller.
driven and controlled according to servo control of
the CPU 27616 THRAEPLY 22 af rFesuetiereohtrehiglpra write head
recordln gyrodu0|ng data to/froma targeted

positiHF Qeteks R o efalwear&)a% RPN eRd on @

medi 1 |n ccor danc |nst ion sent, from

a host C& %c"ff@% eh‘?%cg @er%r@smgle pole
Commi 557 aé%ffe%rdrﬁ SR BRI Haoneric

(he%&&%ﬂdgoram&r@rﬁmk)mé JHdlI‘E 25 edlé&%é&@

conver si on processing describe | at'er. drive
10 iesleMestr PrePV deh Mdib i & Nedlld wibosy dréa'iié)rbd@'é;hservo

circuit parts such as a head anplifier connected to
t he partitearrhe@k Bierita )ansk ther data recorded on the disk
medium 11.

The head 12 is mounted on a rotary type
(rotational type) actuator 13. The actuator 13
rotates in the radial direction on the disk medium 11
by a voice coii motor (VCM) 14. The VCM 14 is driven
and controlled according to servo control of the
CPU 20.

The CPU 20 carries out control for recording or
reproducing data to/from a targeted position (access
targeted track) on the disk medium 11 in accordance
with an instruction sent from a host system such as,
for example, a personal computer located outside the
drive. In the present embodiment, the CPU 20 carries
out servo control (head positioning control) including
a track pitch conversion processing described later.

The disk drive 10 is also provided with a circuit

board 15 on which circuit parts such as a head
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read head el ement of the head 12, respectively, are
mounted. (Track format) 5 In a disk drive, as shown in
FIG 1, a servo pattern (servo data) 200 is recorded
on the disk nedium 11 during the manufacturing
process. An area where the servo pattern 200 has been
recorded may be referred to as a servo sector. The
servo sectors are 10 arranged at equal intervals in

the circunferential direction on the di sk nedium 11.
The CPU 20 carries out the servo control (head

POS i dniplnil Migs 1€ ¥l Jt Y US| Hige thiel ServeaPpad 1ehien208hd the
thereby configuring a data track 100 for recording 15
userretat ehdzat welemeser vof seod disad AIG 2esseatiwaely ) nare
whi ch a data surface on the disk nmedium 11 shown in

FI Gmourisesd been devel oped on a flat plane. As shown

in FIG 2, a large nunber of data tracks 20 100 are
arr afgefkeo@mtlically in the radial direction 210

on the disk meng)jr um 11, The respective _data tracks are
di vi ded it & M T T Wt 23RS 1R 0BEC t ol 100cSARYC

ranagako T SREE L denl g 1 0 Ak il ens Sl

dents TyTha T KBRS LA oG one s Rrade. i e

(A todde dererddiag, atEle Rave el necy ded-dsqddt@ay e

included in the servo pattern. Here, an interva (S‘I‘yvv)

of adfiatled 98 \és td afddvo sector. The servo sectors are
arranged at equal intervals in the circumferential
direction on the disk medium 11.

The CPU 20 carries out the servo control (head
positioning control) by using the servo pattern 200,
thereby configuring a data track 100 for recording
user data between servo sectors.

FIG. 2 is a view in which a data surface on the
disk medium 11 shown in FIG. 1 has been developed on a
flat plane.

As shown in FIG. 2, a large number of data tracks
100 are arranged concentrically in the radial
direction 210 on the disk medium 11. The respective
data tracks are divided into multiple data sectors
100a to 100c and managed. More specifically, in a
disk drive, a data sector is an access unit. In servo
sectors 200a, 200b, a track address (cylinder code) An

for identifying the data track 100 and servo burst

data (A to D) described later have been recorded as
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defined by the servo sectors 200a, 200b and a di stance
bet ween the adjoining data tracks 100 in the radial 5
direction are not necessarily the sane. Wth respect
to the servo track interval, the data tracks 100 are
arranged in the radial direction with a di stance of
1.5-fold, for exanple. It should be noted that the

di stance between the adjoi ni-ng &ata tracks 100 in the
10 radial direction nmeans an interval between a
central Iline of a data track width (Tw) (dotted |ine
of Flaa 2)nahdded cemttlad $éirmeo opattermdj oi ni ng track.
FIG 3 shows a shape of the servo pattern 200

radi al | y Be¥angaa imteheatl adSavy) dofeat tonchn(sdevdi skack)
15 medium 11. In a disk drive, as described above, the

head@BLRRA Y i tHhe K F ¥Rl 2BCaPF2ci§ & o?0Ameanil sk distance

medi,um 11 by .t he ar ty e actuator 13. Thus, it is
pr efkéq'té'b?ee“ ttﬁ%ﬁ C;ﬂeo 13 er FROPD 1M bt iie aradlal

20 (e Fedr 3 ézec?ti’on%c'a%‘%%rnﬁﬁmﬁaei‘f#?ﬁ%' iy fespect
Fl G%O Ahd %e%dartera%lﬁ ?ofvéir é aéé 1"2racekrvol 0 are

pattern and an azi nmu hea accor

to theMesent, ed'@dfa{'@fgl c?’ﬁ %&?rqu:l'paat tcglatartce of

i ncl udes,” as shown in FIG 4A, servo burst

D) 400 -amd tAC ke ;2RSS J(tcyéwﬂled EOARt P lend® the

this case, the CPU 20 carries out servo control for
per fdrsiangepasitviedt ttheai®olnig ddws heattd? 10 in the

controlling the actuator 13 at a targeted data track

(f orragidamiplag, refataicin adhressark)interval between a central
line of a data track width (Tw) (dotted line of
FIG. 2) and a central line of the adjoining track.

FIG. 3 shows a shape of the servo pattern 200
radially arranged in the radial direction on the disk
medium 11. In a disk drive, as described above, the
head 12 moves in the radial direction on the disk
medium 11 by the rotary type actuator 13. Thus, it is
preferable that the servo pattern 200 indicates a
circular arc shape 300 along the rotational trace of
the head 12.

(Servo pattern and azimuth angle)

FIGS. 4A to 4C are views for illustrating a servo
pattern and an azimuth angle of the head 12 according
to the present embodiment,

The servo pattern includes, as shown in FIG. 4A,
servo burst data (A to D) 400 and a track address

(cylinder code) 401. 1In this case, the CPU 20 carries
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included in the internmediate circunferential area on 5
the di sk nmedium 11. Usually, the CPU 20 positions the
head 12 at a center position of a track identified by
the track address k by using the servo burst data A,

B. In FIG 4A, the CPU 20 positions the read head of
10 the head 12 at the targeted data track. Here, in
the internmediate circunferenti@ area, the azinmuth
angle of the head 12 is approximtely zero in
accordance wth the state of the rotary type actuator
13. dut sEnte aséntrool hisy @er shong Nods & idBindg heontrol
azimuth 15 angle is generated in the head 12 in, for
exarp] eehe Heeadut2rbgiconimfel king atharaatudtot hi3 at a
case, the servo pattern is arranged so that the data

tradiareftehtdaip ek (fRersmngim) trecheaddekss k)
direction of the disk nmedium 11l not dependi ng on the

azi mitht SN0l HE THRAR S CAF TN SRR iR L area on
arr engnt, of t.he rvo pattern, in the servo , |

con%?% rg%t% Héeéij\}gn 1 erLﬁs‘fanl wi e rGigef 0 jResitions the
det gct the, read head. has an_azinuth angle.._In

or dgl%at%g l\ggﬁa\rlke agucc%netaerprpo%ﬁletfﬁor? % & o't a:‘bc?een%fled by

t hatt’heastxsg@é"”’écjd(%{isc‘n}% | ur#!%%{b: e SELMD, ch.Hsetr N4,

recorded on the e servo ernis
recgy,ded such that the track interval (cylinder 10
interval) is made narrower in accordance with the

azi nuth anglEzd0)4mf dite dmaddoadithend rack POSHthONd of

included in the outer circunferential area or inner
the head 12 at the targeted data track. Here, in the
intermediate circumferential area, the azimuth angle
of the head 12 is approximately zero in accordance
with the state of the rotary type actuator 13. 1In
contrast to this, as shown in FIG. 4B, the azimuth
angle is generated in the head 12 in, for example, the
outer circumferential area. In this case, the servo
pattern is arranged so that the data tracks are at an
equal interval (Tw) in the radial direction of the
disk medium 11 not depending on the azimuth angle of
the head 12.

With such an arrangement of the servo pattern, in
the servo control, the servo pattern in a wide range
is detected when the read head has an azimuth angle.
In order to solve such a problem, it is preferable
that, as shown in FIG. 4C, when the servo pattern is
recorded on the disk medium 11, the servo pattern is

recorded such that the track interval (cylinder
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circunferential area. For this reason, it becones 5
possi bl e that the detection sensibility of the servo
pattern is nmaintained at a predeterm ned | evel not
dependi ng on the azinmuth angle when the read head
detects the servo pattern in the outer circunferentia
area and the inner circunferential area. It should be
10 noted that it is practical Lbat-the servo patterns
are recorded at an interval in accordance with the
respective azimuth angles each zone divided in the

radi abtettval) i D6 medd hea ch Ske freth uwmeddrd{feé mut th anigé e
and data track width) 15 Next, with reference to FIGS.
5A tazBGith henglel B)i anShilpe betavkel? tdte @z nutdclangbeition
of the wite head 120 of the head 12 and the data

t r acki o e Wit | theo b of hreebes oant Fk sared moa HB&T
drive, of a_perpendjcul ar 20 magneti c recordi ng nethod,
t he %?%ﬂfré%e‘d&l i¥eqys Ehowrih 1MIsoma 1t ReFemes

I ' [ e h h
Ponde i T ahdl B ke T S lPbh 0 oh s sagrvo
. . h . O
!:E)r espo%dg%t%q%af%la%%gief% agtapgrgépezcgg‘?%n’gmﬁ?@gi%é%]_d 3
. > - ! e T
ot s g ol e LA ol 0 o TRAIS e T0R i
IS T ed el Yoo ddt ddven 1Y e db d & circumferential

circunferenti al area, user data is mwltten in
accartan e dM tHe ai nisg et i curk Bsod e 1 Wi et . (Wt ofhdbeqd be

wite head 120, and a data track having a recording
aread¥ed g£hat it is practical that the servo patterns are
recorded at an interval in accordance with the |
respective azimuth angles each zone divided in the
radial direction on the disk medium 11.
(Azimuth angle and data track width)

Next, with reference to FIGS. 5A to 5C, the
relationship between the azimuth angle of the write
head 120 of the head 12 and the data track width will
be explained below.

First, in a disk drive of a perpendicular
magnetic recording method, the write head 120 is, as
shown in FIG. 5A, a single pole type head whose main
magnetic pole has the length in the circumferential
direction of the track. It should be noted that the
main magnetic pole corresponds to a magnetic gap of
the write head for use in a drive of a longitudinal

magnetic recording method.

As shown in FIG. S5A, since the azimuth angle is
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5 configured. Here, the data track wdth Tw
correspondi ng to the di stance between adj oi ning tracks
is determined with a margin such as an erase band

wi dth and a positioning error based on the recording
area DT. The width corresponding to this margin is 10
call ed as a guard band area GB. On the other hand, in
the outer circunferential -arealor-inner
circunferential area, data wite is carried out by
the wite head 120 in a state of the azinuth angle
bei rgpenematted vz atwwim i thd | Kt dfnedatld ¢ivcumdssential
a fringe area (or side wite area) DIf where data

r epraothsct ivEer slatt ist abt ettien ganeaat@dands witls a
case, as shown in FIG 5C it is preferable that the
guam@%@@rm@ﬁm width cl@ntey he sl e nyeadhel 20,
di stance between adj 0i ni ng tracks |s 20 secured in

accadhricdafia Haak fﬁﬁ‘fﬂg@ & L e l%r%re?)r'?ﬂu ed

that the magnetic recordi ng, w dth wite he w dt h

is WPh W‘f‘%gffretl%erree'cotr rfbaqaen@?‘?ékl"%l{th ﬁ‘é guar d)

band vvirdt h ins a{:nd the ZI rrut h n&kw C%ﬁhe r\1/\/r| te racks
head U, X SHE K nihd it FTHre (G r WA of

t he c%atoaett ﬁﬁ@ed q“tg}? ltai rﬁj'gfﬁ)'é)& art A D& ba(rﬁ

for ate aS|nd|cate w ng fornu

12 Md%hwa?hcp%sgosﬂ-tfbrﬁr(b] Wy #o B hadded | dn shaul x_de&?rdlng

noted that the rmagnetic recording length L may be an
equiatdemr valiue forddmndicatd sgbidieng a®WRi Hfmdhgin is

fringe area DIf. Moreover, in the case
called as a guard band area GB.

On the other hand, in the outer circumferential
area or inner circumferential area, data write is
carried out by the write head 120 in a state of the
azimuth angle being generated as shown in FIG. 5B. 1In
this case, a fringe area (or side write area) DTf
where data reproduction is not stable is generated.

In this case, as shown in FIG. 5C, it is preferable
that the guard band area GB for sufficiently
maintaining the distance between adjoining tracks is
secured in accordance with the fringe area DTE.

Here, provided that the magnetic recording width
(write head width) is W, the magnetic recording length
is L, the guard band width is G, and the azimuth angle
of the write head 6, the adjoining distance (track
width) Tw of the data tracks in the radial direction
can be formulated as indicated in the following

formula (1):
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5 where the value of L cannot be neglected fromthe
above-described fornmula (1), it is necessary to secure
the adjoining track di-stance Tw | onger in accordance
with sinO FIGS. 8A to 8C are graphs each show ng one

10 exanple of a track width (cylinder width STw) of a
servo pattern with respect to the position of the

wite head 120 in the radiat dizection (horizontal

axis) on the disk nedium ||l and a set val ue (distance

of vertical axis) of a data track width (interval Tw).

15 As shawn 3 W X GosBA+ & ixr adk |@i|dtthc810 of the sgryvo
pattern is set so as to be narrower at. the position of

t he i nnerltcigtouniferenticedrdaortioutmagnetic recording
circunferential area where an azinmuth angle is

gendeaodd. IOmatvhdeotane e dvavd 1 e tdatad ue doke viirgtiica80ing the
20 is set so as to becone w der (distance becones

| ar §&OPNG oL KéS didn s ra@#f Hldnt i Aloraetor duttdre case
circunferential .area wWhere an azinmuth angle i
gené’?l&trgd%h@l &algg Sfods FNgt Pomedies Olr%cqi“ ittt h
820 _, 25 based aqn t track wi.dth (cylinder w dth ST

o PREY e BRI EE LT § e Ueciif cel 17 CoRe o Ry Decure
cyl i.nder, - rval i t, t 0

o s pgdodrnth stk o SR o darBs 0 PR
the Gasesiwaere there is no azinmuth angle of the wite
head 120 and the fringe area (side wite area) can be

negl ectederddene @t dderatd s theaiibdidskone

example of a track width (cylinder width STw) of a
servo pattern with respect to the position of the
write head 120 in the radial direction (horizontal
axis) on the disk medium 11 and a set value (distance
of vertical axis) of a data track width (interval Tw).
As shown in FIG. 8A, a track width 810 of the servo
pattern is set so as to be narrower at the position of
the inner circumferential area or outer
circumferential area where an azimuth angle is
generated. On the other hand, a data track width 800
is set so as to become wider (distance becomes larger)
in the inner circumferential area or outer
circumferential area where an azimuth angle is
generated.

FIG. 8B shows a ratio of a data track width 820
based on the track width (cylinder width STw) of the
servo pattern. More specifically, the servo cylinder

interval can be widest, and to the contrary, a user
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5 width 820 based on the servo track interval, it is

set so as to becone the m ninumval ue. To the

contrary, in the case where an azinuth angle is

generated in the wite head 120, the contrary

tendency is indicated, so that, at the ratio based on

10 the servo track interval, it is set so that the

data track wi dth 820 becones 1arger. FIG 8C shows

one exanple of the set value used in a practical case

in a processing (track pitch conversion processing)

of sRittd ngifdign daj atd@oicavcih Hé Adatewddackn piieMase

when the CPU 20 carries out the wite operation as

desartdred dradmwy .isThad dAsimitte dradie dAasHe onrite seadol20

track interval is set so that it becones a certain

val uenditthen fomimge mier efsiade ive ithe amweh )alcati rleet i on

on the disk 20 nmedium 11. More specifically, a data

t r adledliettted i ntaneg ) B3CWhiertie akttiperdata track

internmediate circunferential area, outer .

i 1 GRS A 413 SFRLRANE | TRIFO f Fatit O Tad - abeals set

in the radELoaI di recti.on on . the di LIl<emedi um 1l is

uti 15% &P a° LFOE ST ity U8 a1 (Data write

operatio qg%ein r thedﬁg Ite atlo

the 14 pP%%en ee%%%%%‘r%%’t W | %eg\géé(%lvé}?%%% Ilél%%/vﬂé\}lnf%

refedr 'tso A@a@ec?rhqﬂ 7thé:|v¢}'t6 il'?‘ fdvj_f(w f‘@r(e contrar

!Ilusrfgpatilng dz;nst ate of  track pllt%hees of ‘data trac?< Y

I n e £aRs WErédi®lted, so that, at the ratio based on
the servo track interval, it is set so that the data
track width 820 becomes larger.

FIG. 8C shows one example of the set value used
in a practical case in a processing (track pitch
conversion processing) of setting the data track width
(data track pitch) when the CPU 20 carries ocut the
write operation as described later.

That is, the ratio based on the servo track
interval is set so that it becomes a certain value at
a certain interval in the radial direction on the disk
medium 11. More specifically, a data track width
{interval) 830 which is set per intermediate
circumferential area, outer circumferential area and
inner circumferential area in the radial direction on
the disk medium 11 is utilized as a zone setting
value.

(Data write operation)

Hereinafter, the data write operation of the
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5 data is recorded in the radial direction (outer
circunferential direction 60 and inner circunferentia
direction 61) on the disk medium 11 according to the
present enbodi nent. Herein, track pitches (TP1, TP2)
are referred to 10 as an adjoining track interval
wth the center line (shown by dotted |lines) of the
data track as a reference.-Theddata track width (Tw)
becomes a range including the recording area DTd, the
fringe area (side wite area) DIf, and the guard band
ar epr@3ents eterd itnten tCRIU 120 bree eeiplesi reect dowisowl wiftidat a
wite sent fromthe host system the CPU 20 obtains a
tr adefeagdrees £ q AldShdeér agate). i ndicating a data track
position (targeted position) on the disk nmedium 11 at
whi ch t h&T®l vairft awviaw oper atd bist satny i 2ds brite 20f
(Step SI). In this case, wite data to be recorded on

t he tdasi REGiARASLPS daliasdqardt ddedha dave d'(ﬂﬁﬁﬁ‘qdlser
sent, fromthe hos yste The, CPU 20 determ

\M;gtdﬁ&a o HGCH he™ chﬁ%ga% DHALHIERTS)
t i
i r TS Irmenet ml}rleéﬁ(rﬁcsuro%g) f}%qem{%eélo@ﬁ%ﬁf@feerentlal

' nCch.%%t%.o?L 65' I dry tCHC? 28K 1 qfrﬁsffsacé&dllrﬂg t{@ the

case where the targeted data track position whith
an aeeThtoRIgddiredicl uded in the internediate

circunferential area on the disk nmedium 11, the CPU

20 carri gfeiin an tsdial p SEEVds COMT OITP2) are referred to
as an adjoining track interval with the center line
(shown by dotted lines) of the data track as a
reference. The data track width (Tw) becomes a range
including the recording area DTd, the fringe area
(side write area) DTf, and the guard band area GB.

When the CPU 20 receives a command of data write
sent from the host system, the CPU 20 obtains a track
address (cylinder code) indicating a data track
position (targeted position) on the disk medium 11 at
which the relevant write operation is carried out
(Step S1). In this case, write data to be recorded on
the disk medium 11 is also included in the command
sent from the host system.

The CPU 20 determines whether or not a zone
including the obtained track address is within the
range of the intermediate circumferential area (Step
S2). Here, each zone includes a plurality of track

addresses.
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5 ("Yes" in Step S2, S3). That is, the CPU 20 perforns
the positioning control of the wite head 120 of the
head 12 at the targeted data track position by driving
and controlling the actuator 13 (actually, VCM 14)

using the track address and the servo burst data which
10 are reproduced by the read head of the head 12.
Furthernore, the CPU 20 directssthe positioned wite
head 120 to carry out the wite operation for witing
the data at the targeted data track position (Step

S4). Hergn singecdde wzdratthang sgofed hdatva i teadb

head 120 is approximately zero in the internediate

ci r qunfierient ivelicir ey drheaass toascofionincliged in the
recording area DTd where no fringe area DIf is

r epriothecmrtd is tree cormipm ey gtovarl 1 9 QN G-l ekl siFmpdium
5A). 20 In this case, since the azimuth angle of the

wr i tld hede CRY 120 sadriche smea yaYkéJr%ié}]n %%Vo control

t di at nf I h
b1 t ChJPe atlﬁb"sl.;éﬁ"%.sraefne”%;?a Pk 1 St Gl R P by orms
e SO0 210, DI a0 e QU AN PR P 28 e
hanqiegcpelfp% Zt% qga[xlqeesc %ﬁtdaté}f t%@??@éfﬂ’bn by dr1v1ng

conversi on processi ng e case

targgt %&%ﬁoﬂa{y RS 14dQph thY clmlﬁa@mémﬁssvcm 14)

obJect i's 1nclud in not the internediate
Ci r yH¥f Ry aid alrafieaaddittiss fad examd &rvd heuodlt elata which

circunferential area (arrow 60) on the disk nedium 11
are reproduced by the read head of the head 12.

Furthermore, the CPU 20 directs the positioned
write head 120 to carry out the write operation for
writing the data at the targeted data track position
(Step S4). Here, since the azimuth angle of the write
head 120 is approximately zero in the intermediate
circumferential area, the data track of only the
recording area DTd where no fringe area DTf is
reproduced is recorded as shown in FIG. 6 (see
FIG. 5A).

In this case, since the azimuth angle of the
write head 120 is approximately zero in the
intermediate circumferential area, the interval (track
pitch) of the adjoining data tracks is determined by
the recording area DTd and the guard band area GB
without considering the fringe area DTf.

On the other hand, the CPU 20 carries out the

track pitch conversion processing in the case where
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5 ("No" in Step S2, S5). Specifically, in the outer
circunferential area, the wite head 120 carries out
the wite operation for witing data in a state where
the azinmuth angle is generated (see FIG 5C). The
track pitch conversion processing is a 10 processing
for setting the track pitches (TP1, TP2) at the tine
when a predeterm ned guard bantearea GB is secured in
the data wdth including the fringe area DIf which is
generated when the wite operation is perforned based
on the azirgdtedanides ofrddie podiei dd heach 129. alNextgess
the CPU 20 carries out servo control by using the

t r ack jaotdr eiss danol uded sier voothurlsd Daternddthte ar e
reproduced by the read head of the head 12 (Step S6).
I n tdhi cweramecoia ¥ ol sea heo@PU Dor pexdrap he, t e 2outer
positioning control of the center position of the

Wi tad et ¥p cxiralalioer o 90} hen tR kd bk dreqier 11

exampl e, TP1) calculated by the track pitch conversjon
procedd ngth IFFR merr worlds §9ﬁ9¥§ifﬁbf%ar+?e%h%u?u%%ﬁ

25 Si tioni | of th ' h

P I LA S g
toe P ! cor

L0 O L WA oL AR RS (P02 T 0P, DEGE0Mnexe
the i \pzi 'trﬁh@r(‘gérg?Pé thegapd o beadsd20r1dn tdj s

case, the converston anount of the track pitch based
on the agiduthof pheckrtbevdeadod20rbsedetggmiped by

theprocessing for setting the track pitches (TPl, TP2) at
the time when a predetermined guard band area GB is
secured in the data width including the fringe area
DTf which is generated when the write operation is
performed based on the azimuth angle of the write
head 120.

Next, the CPU 20 carries out servo control by
using the track address and the servo burst data which
are reproduced by the read head of the head 12 (Step
S6). In this servo control, the CPU 20 performs the
positioning control of the center position of the
write head 120 in accordance with the track pitch (for
example, TP1l) calculated by the track pitch conversion
processing.

In other words, the CPU 20 carries out the
positioning control of the write head 120 so that the

track pitch (set by cylinder code) corresponding to

the original targeted data track position becomes a
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5 range of the fringe area DIf in accordance with the
rel evant azinmuth angle, that is, the range of the
guard band area GB which is secured in accordance with
the increase of the relevant fringe area DITf.

(Concrete exanple of track pitch conversion 10
processing) The CPU 20 carries out a concrete
processing as follow ngs as the t+¥ack pitch
conversion processing. Nanmely, the CPU 20 set the
ratio of the servo cylinder interval versus data track
i nt erealk @8 tchb wiidldh plas Headregemvadtdpligsad onuntier

k as a zone setting value in the case where the
addraessudfh tang le arfgethed wdttae thessk 120 conbrerttleids i gase,
the cylinder code of the servo pattern. More

Spedihfe cainvwersipn kacade athdrhe itraak sueitclpioazed for the
exanple, "k = 1/4" in 1/3 feed of the servo pattern,

t he agrowih off ofre sritst hepd dQ o HAateamined tpe the
follow ng can be set. That is, in the caiﬁiwhere [

t
i s SE9s O dfio TGP 2% Wer vig TIPSt h the
3 53Rl O L Sl iy i e
the case WG £ artefa S8 TRl 4n 408 58IY% with
patt’ern position for use in the positioning control of

18 e Wd A eatk 13 beoipst YW 8nge harted W8y and
"3 + (5/8)". In the case where "ratio = 8/4", the

Ser V@orRaddtey %)@Qrgjlté ¥ ftFadis @i teipasid v gn cont r ol
of the wite he 120 becones "1/8", "2 + (1/8)" and
"4 Processing)

The CPU 20 carries out a concrete processing as
followings as the track pitch conversion processing.

Namely, the CPU 20 set the ratio of the servo
cylinder interval versus data track interval as
multiple (integer multiple) of number k as a zone
setting value in the case where the address of the
targeted data track is converted into the cylinder
code of the servo pattern.

More Specifically, in the case where it is set
as, for example, “k = 1/4” in 1/3 feed of the servo
pattern, the amount of off-set of the servo pattern as
the following can be set. That is, in the case where
it is set as “ratio = 6/4”, the servo pattern position
for use in the positioning control of the writhe head
120 becomes “1/8”, “1 + (5/8)” and “3 + (1/8)”. 1In
the case where it is set as “ratio = 7/4”, the servo

pattern position for use in the positioning control of
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5(1/8)". In practice, the CPU 20 carries out the data
wite operation as shown in a flowhart of FIG 9 by
carrying out the conversion processing using the
follow ng track pitch conversion equation (2). 10 That
IS, supposing that the targeted data track address is
A, the targeted servo cylinder code is B, the pitch
conversion coefficient is p; amgl the correction
coefficient is b, the track pitch conversion equation
(2) can be represented as the 15 linear equation. B= p.
X AtHe WRitdd Hel exanea-dfes ratjig = 6/ 4 desryi hatd 23 +
above, the track pitch conversion can be easily
achi@v/ed ‘hy Isubdte tagdengiliamat i‘orat 6y 4 047 p,thed/Brvo
for b 20 respectively. The CPU 20 obtains the data

t r agle tddthre g Sigriorcaffayivre ot ndwl Wirdninopiioh ¢h the
accordance with the conmand sent fromthe host system
( St ey igel headsuE grgangs T8 GPU 20 comAr't £the™d +
obtai ned address 25 into a servo cylinder code

recorldéd “on the disk medium 11 by using the
above-described track pitc ohversion equation (2
(Step S1" BfER-1¢He (gﬁfc rfest bt ébagth§ré9%a
servo .control for paosjtji,oning . the '

bas€d lgcﬁe t eersaetrlvoorpcail iénhd@rrpglo%ga o%&{da"lscﬁneﬁso %6, 9 by

conversind SEP SF3)conther Pasd tianadk wiid e, dead 4120
is caused to carry out the wite operation for witing
following track pitch conversion eqguation (2).

That is, supposing that the targeted data track
address is A, the targeted servo cylinder codé is B,
the pitch conversion coefficient is p, and the
correction coefficient is b, the track pitch
conversion equation (2) can be represented as the
linear equation.

B=pxA+b (2)

In the example of “ratio = 6/4” described above,
the track pitch conversion can be easily achieved by
substituting “ratio = 6/4” for p, “1/8” for b
respectively.

The CPU 20 obtains the data track address for
carrying out the write operation in accordance with
the command sent from the host system (Step S11).

Subsequently, the CPU 20 converts the obtained address

into a servo cylinder code recorded on the disk medium
11 by using the above-described track pitch conversion

equation (2) (Step S12). Then, the CPU 20 carries out
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5 the user data on the disk nmedium 11. As descri bed
above, according to the present enbodinent, setting

is made so that the track pitch in the outer
circunferential area and the inner circunferentia

area where the influence by the 10 azinmuth angl e of

the wite head 120 is larger than the track pitch in
the internmediate circunferentiad area where there is

no i nfluence by the azinmuth angle, whereby an error
occurred by crosstal k between adjoining data tracks

can the: nidigatesht M efdb s@pect {ocahd ythé her ceosiséad k120
bet ween adj oining data tracks can be suppressed by

suf faacdeshtdry ez ure mp tdwel ingler docddmdolbt 2BnGB Hn
accordance with the range of the fringe area (side

Wi teorarediadiuel Steer Hel Bzi mikhe apes et 1ot efbiee ead 120
data track can be configured 20 which can suppress
t he iNfIAUEIRDE G IHEY rTHgeL i e 1 eRieCRIrF MRz fphit Writing

angle of the head and which is st itable for
rec TP En 3 ehrduudts o‘?ﬁlﬁﬁ s urﬁlaf * In other

words, the dgggcglfeg%g géi,kr)‘ andaé&g%(gﬂg%t | cgﬂgla%e]a_reﬁgng

e .
characteristics o i sk drive

dat aerrM#&ﬁI\éH% ho&e@éiﬁ&%@%@@@ts@@?ﬂ BN ii,§ack pitch in
t1cular he"

par y €ffective’for a wite operation 1n t

case phena & S Ndhgniot et ype head d5qusied asnarwrite
20 head in a disk drive of a perpendi cul ar nmagnetic

reciidign fexdtdiadh.all tasdwwuick e #1d ethfhadndé by ahso

effective in a disk drive of a |ongitudinal magnetic

recardinmg hvedriypie of the write head 120 is larger than the
‘track pitch in the intermediate circumferential area
where there is no influence by the azimuth angle,
whereby an error occurred by crosstalk between
adjoining data tracks can be mitigated. More
specifically, the crosstalk between adjoining data
tracks can be suppressed by sufficiently securing the
guard band area GB in accordance with the range of the
fringe area (side write area) due to the azimuth
angle. Therefore, a data track can be configured
which can suppress the influence of the fringe area
due to the azimuth angle of the head and which is most
suitable for recording and reproduction of user data.
In other words, the data recording and reproduction
characteristics of a disk drive can be enhanced.

A data write method of the present embodiment is

particularly effective for a write operation in the

case where a single pole type head is used as a write
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5 Addi tional advantages and nodifications wll

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to
the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various 10
nodi fi cati ons may be nade w thout departing fromthe
spirit or scope of the general20nventive concept as
defined by the appended cl ai ns and their equival ents.

21 WHAT IS CLAIMED |IS: 1. A data wite nethod which is
applhest tin aa dli sk diriwe,of o peguend hou bat anagnat d¢ sk
medi um by a head nounted on a rotary type actuator,

t he maetdiodti sy owpgredi ngit devdwihgea posed i bmbbfin datalso
track to wite data  on the disk nediumin accordance
wi t Ielafegtiste vt ivrfislerdr¥vomia hosenellidipal magnetic
determ ni ng whet her or not the position of the 10

dat £FALKITE TP Uded in an internmediate

i nf | al t di sk_nedi .in th
wher o e LTt BT G ETHA AT S TPACR ST b FREF daaa  n
re the's $ 3 T
o r U B S B U f PR el I Fens,  mherefore,

accorglance, Wi {4 h&, del £ Hatd Ony E8SM £ S5 s CREE Vi Mited to

out a track pitch conversion processing so that a
tracihdidgdeof i d hee ol Bs tddg Krd Sr&8ént & ORE $IBHd Bment s

track pitch in the internediate circunferential area
baseth®im azidndds @angbed dietdren heakecordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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20 carrying out servo control for positioning the

head at the position of the data track on the disk
medi um based on the track pitch converted by the track
pi tch conversion processing or the track pitch in the
internediate circunferential area; and 25 carrying out
a data wite operation by the head positioned by the
servo control. 2. The method aztording to claiml,
wherein - 22 the decision decides a track address
corresponding to the position of the data track from
the group of tracks resarded ouLAIvEDdiIsk nmedium the
determ nati on determ nes whether or not the 5 decided
track addresshidatd rnacktadotgssdiwiclcldeds i appihed to a
internediate circunferential area on the disk medium
and ik ghrivee c oMY ofeerding dalta toe ek derdiwnr by a
by using the track address. 10 3. The net hod accordiqg

to ASAMTOURARS éith & HeP it TYRRICT A tifes H@idietho

recording area, a fringe area and a guard band area
in 99" H9° direction of the disk medium and the

track pitch conversion processin ets th 15 tr
qccel 0 ?r%%iﬂi:]hon %%dgi%at%zhetrgck éo w?fll:(e data

pitch of clhu I nner

ci rcogmt%{ee'giisql n?éﬁg%n?{jhrg%ceéorcﬁgr?&éﬁv?{ﬁg:éﬁl 1 €Auction

based on the Tange ringe area t I ncreases
i N acqrr dange Mpdsd he azdgut h angle of the head. 4.

The nethod according to claim1l, wherein

determining whether or not the position of the
data track is included in an intermediate
circumferential area on the disk medium;

in the case where the position of the data track
is included in an inner circumferential area or an
outer circumferential area on the disk medium in
accordance with the determination results, carrying
out a track pitch convérsion processing so that a
track pitch of the data track is set larger than a
track pitch in the intermediate circumferential area
based on azimuth angle of the head;

carrying out servo control for positioning the
head at the position of the data track on the disk
medium based on the track pitch converted by the track
pitch conversion processing or the track pitch in fhe
intermediate.circumferential area; and

carrying out a data write operation by the head
positioned by the servo control.

2. The method according to claim 1, wherein
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20 the data track includes a data recording area, a
fringe area and a guard band area in the radial
direction of the disk nmedium and the track pitch
conversion processing sets the track pitch so that

the guard band area of the data 25 track included in
the inner circunferential area or outer

circunferential area is securezR at-a certain |evel
based on the range of the fringe area that 23

i ncreases in accordance with the azinmuth angle of the
head. 5. the dethoibractes thay 4 occd@k mddrakerein the
data track includes a data recording area, a 5 fringe

ar excanck spagudindy bandrey gaod it tdve ofadited dalia ettaoin Dfom
the di sk nmedium and the track pitch conversion

pr odéssignpugetal & racke ke piandrafon Hhaladbsk rr@@qkium,
included in the inner circunferential area or oute

Ci rcum‘ erteift i 48 LN A0 PasRS SAERET n%?%‘é%‘?ﬁgoﬁa‘f‘%t the

L2 LD LTSO8, Lo LS, DA e B 1

V\,her |n at, ar betvveen ck w dt h of er
tr ac cldhtf%r C{e]uaqb A eVo par%att ¥h Fechre egt%% %{Jhsek
di s and a track width of the data track,

theiﬁ}rac ’pia{c conversion processing sets a track

pitch of e égfé\?oté&%rwcéyﬁﬁﬁeéno&@etm@ngéﬁm control

circunferenti area or outer circunferential area
by using the track address.

3. The method according to claim 1, wherein

the data track includes a data recording area,
fringe area and a guard band area in the radial
direction of the disk medium, and

the track pitch conversion processing sets the
track pitch of the data track included in the inner
circumferential area or outer circumferential area
based on the range of the fringe area that increases
in accordance with the azimuth angle of the head.

4. The method according to claim 1, wherein

the data track includes a data recording area,
fringe area and a guard band area in the radial
direction of the disk medium, and

the track pitch conversion processing sets the
track pitch so that the guard band area of the data
track included in the inner circumferential area or
outer circumferential area is secured at a certain

level based on the range of the fringe area that

a

a
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based on a ratio set with respect to the inner 20
circunferential area or outer circunferential area
supposing that the relevant ratio in the internediate
circunferential area is the mninmumvalue. 7. The

nmet hod according to claim1l, wherein the disk drive
is a drive which records data on 25 the disk nedi um
by a perpendi cul ar magnetic-rezdrding mnethod, and the
head is configured to include a single pole 24 type
head suitable for the perpendicular magnetic

I ecdrrdineg geed hiod sascardaridee wiedd.tHe akhenutet hodyle of the
according to claim1, wherein the group of data
tradlessd.orned on the disk 5 nediumis divided into a
plurality of zones in the radial direction, and the

track pitTh cBmersiiond proeesding tetslake 1irgekeein
pitch of the data track each zone included in  the
i nner ci ridifrd et 1 %A Clar B Bt Brda? U emied: @
act ST ATy Hhend TR TUBOA Y ot DA sk
eI o0 £ IO g A0 | D
O Smach e et ool oty W sk e
SYstefc vEH&IN dhe oML |&fadinCldid8fied in the inner
circumferential area or outer circumferential area
based on an increasing data track width for securing
the guard band area at a certain level.
6. The method according to claim 1, wherein
at a ratio between a track width of a servo track
configured by a servo pattern recorded on the disk
medium and a track width of the data track,
the track pitch conversion processing sets a
track pitcé of the data track included in the inner
circumferential area or outer circumferential area
based on a ratio set with respect to the inner
circumferential area or outer circumferential area
supposing that the relevant ratio in the intermediate
circumferential area is the minimum value.
7. The method according to claim 1, wherein
the disk drive is a drive which records data on
the disk medium by a perpendicular magnetic recording

method, and

the head is configured to include a single pole
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nmeans for deciding the data track position; 20 neans
for determ ning whether or not the data track
position is included in an internediate
circunferential area on the disk nmediunm conversion
means for, in the case where the data track position
is included in an inner circunferential 25 area or
outer circunferential area on 2he di sk medi um
carrying out a track pitch conversion processing so
that a track pitch of the data track is set |larger 25
t hart yapd rreedd @uictdinld hison ntles nesht @ red £ u Laf res gmé £ At
area based on an azinuth angle of the head; neans for
car maagmy diutg anestBrod aore rwotitferheaqdsi ti oni ng the head
at the data track position on the 5 disk nedi um based
on a track- pithh wodved taecoydime tonveaEhoh, nedase bh
a track pitch in the internmediate _circunferential
area; and-MeaCyRrot i3y ngr dets af erafed wppt ghe disk

ti. b he, d., iti d by th .
oPeL AL Uy o 18 BER FOSIE LSNE e e SELNO, 1 e
mheG% aftya{ggg%éﬁchﬂgfs a read head to read data

e di'sk nedi

from Um and a wite head to carry out

from” 1R di'lim™dnd a write
for  por pardl sl Decnet 101 SEardh g S18° RO R AT ERe

driueRACYididg 40 Haidadh Mhekel dhcl Dot Kol h&La in
i ncl udes: neans for deciding a track address

cor re@sPantidy c i Rosdid 1 frddhedad@drack from
t he group of
circumferential area.
9. A disk drive comprising:
a rotary type actuator having a head for
recording data on a disk medium mounted thereon; and
a controller which carries out write control for
writing data on a data track position designated on
the disk medium in accordance with an instruction sent
from a host system, wherein
the controller includes:
means for deciding the data track position;
means for determining whether or not the data
track position is included in an intermediate
circumferential area on the disk medium;
conversion means for, in the case where the data
track position is included in an inner circumferential
area or outer circumferential area on the disk medium,
carrying out a track pitch conversion processing so

that a track pitch of the data track is set larger
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tracks recorded on the disk nedium 20 neans for
determ ning whether or not the decided track address
is a track address included in the internedi ate
circunferential area on the disk nedium and neans for
carrying out the servo control by using 25 the track
address. 12. The disk drive according to claim?9,
wherein the data track includes a-data recording
area, a - 26 fringe area and a guard band area in the
radial direction of the disk nedium and the
contirodn ef tSed sk pit@Ackimitiedh DitdhRedlbitte ¢1BCKmferential
included in the inner circunferential area or 5 outer
ci r andermadedloraraa daisadlonatdke rahgehofhdedd; fri nge
area that increases in accordance with the azinuth
angl e of mémnhebelr dBrriThegdbsk arseevaccontiray for
claim9, wherein the data track includes a data
recRWMW gl ey Hhe tedqd i ngethe e vdt ragfudres biahen on the
area jn the radial direction of the di sk medium and
t he M AT RN 13 diePF tRh- &y Fmfethed Ryatie
band area of the data track iqgludq%?in tqf i nner ot
ci r IS T RIS T DU iR cnt etential t15eHpeatate
S %?Efgéﬁkégeﬁkféitéﬁégj eygel based on the range of

at

the tringe area i ncreases in accordance with the

azi nuth apgles of ot hes ﬁﬁgng;éutTyed§£§kw9{{¥eoperation by
according to claim?9, erein

the head positioned by the servo control.

10. The disk drive according to claim 9, wherein

the head includes a read head to read data from
the disk medium, and a write head to carry out the
write operation, which is a single pole type head for
perpendicular magnetic recording.

11. The disk drive according to claim 9, wherein

the controller includes:

means for deciding a track address corresponding
to a position of the data track from the group of
tracks recorded on the disk medium;

means for determining whether or not the decided
track address is a track address included in the
intermediate circumferential area on the disk medium;
and

means for carrying out the servo control by using
the track address.

12. The disk drive according to claim 9, wherein

the data track includes a data recording area, a
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at a ratio between a track width of a serve track 20
configured by a servo pattern recorded on the disk
nmedi um and a track width of the data track, the
control sets a track pitch of data track included in
the inner circunferential area or outer
circunferential area based on a ratio set with respect
25 to the inner circunferenti at6ar<ea or outer
circunferential area.

fringe area and a guard band area in the radial
direction of the disk medium, and

the controller sets a track pitch of the data
track included in the inner circumferential area or
outer circumferential area based on the range of the
fringe area that increases in accordance with the
azimuth angle of the head.

13. The disk drive according to claim 9, wherein

the data track includes a data recording area, a
fringe area and a guard band area in the radial
direction of the disk medium, and

the controller sets the track.pitch so that the
guard band area of the data track included in the
inner circumferential area or outer circumferential
area 1s secured at a certain level based on the range
of the fringe area that increases in accordance with
the azimuth angle of the head.

14. The disk drive according to claim 9, wherein

at a ratio between a track width of a serve track
configured by a servo pattern recorded on the disk
medium and a track width of the data track,

the control sets a track pitch of data track
included in the inner circumferential area or outer
circumferential area based on a ratio set with respect
to the inner circumferential area or outer

circumferential area.



