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i ~amvm-~ *159159* - 1 TITLE OF THE | NVENTI ON DI SK
DRI VE HAVI NG A DI SK MEDI UM W TH DI SCRETE TRACK
BACKMWW‘I‘ME I NVENTI ON The present invention
gene to a disk 5 drive using a magnetic
di sk medinest ori ng servo information including a
phase-di fference servo burst pattern, in particular,

a disk drive using a magnetic i sk medi um adopting a
di screte track storing nethod. nerally, in disk
drives typified by hard disk 10 drives, servo

i nformation necessar . fQl PRSiH{ON N rol of a

head witing data on a magnetic dis medi um

(her grB&f bervei ARVYNGERebTed Mepasy ¢irgk DTediRyTE @tk
reading data froma magnetic disk is stored in

advance on a di sk pedkerRoUND Of hereworusNTaok5 di sk
medi um storing servo information is inserted in the

di sk dri v&heSeresentf dnvehitdon syenseet Iflor rédtaeets ngp a disk
the position of the head. Servo infornmation nainly
conpfri¥s asepbi admpgaddicssdiskdaetidum g&wriifgi sgrac20
cylinder (track) position of on a disk nedium and a

ser venbArEatpant éPR PG NdefebhPAG "8 1pSTENGR iS§Tyo burst
cylinder. Specificall servo burst pattern.is .
T OPREEESH' 1 OF BELEAEIAGTof P- Aradk Shistnt (hdsit Menet ic
erroélsﬁﬂ&Qdﬁ%@pg8kgk9n5h3 S?QE?EtgftQa%*lE%%%Engz%e%%od.
an exanple o0 he “servo~“bur st pattern, thefe

Generally, in disk drives typified by hard disk
drives, servo information necessary for positioning
control of a head writing data on a magnetic disk
medium (hereinafter simply referred to as “disk
medium”) and reading data from a magnetic disk is
stored in advance on a disk medium. In other words, a
disk medium storing servo information is inserted in
the disk drive.

Servo information is used for detecting the
position of the head. Servo information mainly
comprises a cylinder address code for identifying a
cylinder (track) position of on a disk medium, and a
servo burst pattern for detecting a position in a
cylinder. Specifically, servo burst pattern is
information for detecting off-track amount (position
error) with respect to the center of a cylinder.

As an example of the servco burst pattern, there

is phase~difference servo burst pattern adeopting a

method of detecting phase difference (for example,

RN

*G00002*
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i s phase-difference servo burst pattern adopting a

nmet hod of detecting phase difference (for exanpl e,
*000002* refer to Jpn. Pat. Appln. KOKAI Publication
Nos. 2005-100611 and 8-221919). The phase-difference
servo burst patterns disclosed in these docunments do
not have any special technical neaning with respect to
5 the inclination direction andsthe angle, and are
recorded on a di sk nedium by magnetic transfer. In the
meantinme, recently, disk nedia having a structure

namedetdirsebetpnt.r agk .mMGUM . (ROWAT dhereinafder

referred to as "DIM structure” have 10 recel ved

at t eNbison 2008 -diosk 1Tedina adoptine )t.he IHEMprJUH i B rence
regions effective as a magnetic recording section and

r egi eagvoobuektepitre rase dicatedean i tSuwdeacdcuments do
thereof. The effective regions are projecting

magnépitc hpegi 8ny prerilddd twichm ixadageetnind ivimh Hespert to
non-effective regi ons are non-nmagnetic regions, or

depr 888ed PFedNEis ORh O SrddRat i8S &di6r dineg &ss and are

' ible. Specifically, th - ef fect | '
i ncl GE°FEBFORS Phik 4t SIS i ok sy e Y -

. . : d, i t.h a 20,
magneti c ???E?%Zn%%g&%&@g.q%PEgﬁﬁﬁa tjéﬁgﬁgﬁﬁﬁfﬁﬁVlng a

magnet i c medi um havi

strugtupethse MBRALHACHYLET Ry %ﬁm%gurﬁﬁ! hegy) ~
f and t

including a pattern transfer step, ~thus ca
recondegerve ricBirorEEer@Rd Wot B shivgiriefshirtic@Rei Wrzhut

using a conventional 25 servo track witer. This

recordcrgvedt hadension. In disk media adopting the DTM
structure, regions effective as a magnetic recording
section and regions not effective are formed on a
surface thereof. The effective regions are projecting
magnetic reéions provided with a magnetic film. The
non-effective regions are non-magnetic regions, or
depressed regions where magnetic recording is
impossible. Specifically, the non-effective regions
include regions that are substantially formed as non-
magnetic regions as being depressed, even with a
magnetic f£ilm.

A disk medium having the above DTM structure is
manufactured by a stamper method including a pattern
transfer step, and thus can record servo information
with high efficiency without using a conventional
servo track writer. This recording method is

scmetimes called “Discrete Track Recording” (DTR).

Specifically, adopting the DTR method enables
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sonetines called "D screte Track Recordi ng" (DTR).
Specifically, adopting the DTR nethod enabl es

hi gh-accuracy enbedded recordi ng of servo informtion
i ncl udi ng phase-difference servo burst pattern on a

di sk medium by a pattern transfer step. In the above
DTR nmethod, it is possible to 5 greatly inprove |inear
recordi ng density, by setting the_playback head wi dth
by a read head (for exanple, a GVR head) for reading
servo information and user data to be al nbst the sane

as t e gl dumely ikdudddifecokt iy L8 ACKSr@ €information

regions for recording user data, and 10 adjacent to

t he deralaidieg ghadardief amanid My rid blestcase-drn on a
narrow ng the playback head w dth of the read head

Wi t h dirsdr eweshiunn byt e paddorh ngradessit ystehe pl ayback
head width in the DIR nethod is alnost equal to the
dat a trackl’pithsh aPvg TR mgithete Eycle pissHele to

phase-di fference servo burst pattern of the servo ,
nf OEFEATTY | PHERASERT de T DAt Mg, bY Setting

Therefore,, it . ecessary. .t strictly control the
| ncl it FHERTREIG IR The? ihATHat1gn argie gremple, a

t he - di fq&ﬁn I\ - [

man%&%ﬁ@of I s%:exarsﬁ%é}%ge%%g olvz\r/%%g%i%k a-rgebgiuaser data
havi R e UMY UNHOTIAMBANE e SHTHG AN S PN thadkn
the DTM structure, when user data 1is recorded wth

hi gh Ddensitdnackepraad etiwrss ifod e cdfdinsy eSS data, and
direction of the magnetic donmain recorded 25 by the

w i t @edijeacbntTd prigverde vt erdogirceence with  exi sti ng

data in the adjacent track, a recording wdth

In the meantime, in the case of narrowing the
playback head width of the read head with increase in
the recording density, the playback head width in the
DTR method is almost equal to the data track pitch
width, and the cycle of the phase-difference servo
burst pattern of the servo information is increased,
as described above. Therefore, it is necessary to
strictly control the inclination direction and the
inclination angle of the phase-difference servo burst
pattern. The meaning thereof is explained below.

In disk media ha&ing a common uniform magnetic
structure other than the DTM structure, when user data
is recorded with high density, spread occurs in the
transverse direction of the magnetic domain recorded
by the write head. To prevent interference with

existing data in the adjacent track, a recording width

of the write head being 80% or less of the data track
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of the wite head being 80% or |ess of the data track
pitch is generally adopted. Further, the playback

head width is equal to or less than 80% of the wite
head recording wdth, for the purpose of playing back
a recording signal having the transverse spread with a
5 good SIN ratio. Specifically, drives using disk
medi a having a common uni fotm gagonetic structure
adopt a very narrow read head having a pl ayback head
width of 64%or |less of the data track pitch

HoweMek chi A st Benedse 19f U tEhL?rt[PxE%,”%H@q)laﬂt%hck

t he pl ayback head wi dih of the read head is al nost e
sanehasadt hedwhdtik efyutahe tdatca tIreasK HidrClB0ASE the write
descri bed above. In this case, the playback accuracy

of theaphaseodidfiher encehserfva hies toypataser by ltcheing back
read head deteriorates in a certain inclination 15

di r eat rerocgAdng earnailn hiarvdiniondthieort ramgive nsfe tspread with a
phase-di fference servo burst pattern included in the ,
ser v8OPAf 6 NafPdh © - an@Peredd Gad livhe dridisIsemsifegt sk media
suffkcient posi ti on detection accuracy cannot be

obt al"'A&d"Pof CREMRBad 120 IBRIMEESTSOMARY [oE tite adopt a

I NVE g j ect of the.invention.s.to,provide a
i oKk i?@gﬁggjnggéddﬁ“s?ﬁdn@ Vamd i R ER e oaqpl width of

info%ﬁétBineE%_%Eb%ﬂgi@%1%?%Q%§§d ¥ & DTR met hod,
wherein a sufficient position deteéection accuracy of

the head HpwRYeFgCUMEEd RV QR IN dMey el tieR method,

pl ayback head width of the read head is "al nost as

w detas pheydata heack wipithckhf the read head is almost the
same as the width of the data track pitch, as
described above. In this case, the playback accuracy
of the phase-difference servo burst pattern by the
read head deteriorates in a certain inclination
direction and a certain inclination angle of the
phase-difference servo burst pattern included in the
servo information, and there is the problem that a
sufficient position detection accuracy cannot be
obtained for the head.

BRIEF SUMMARY OF THE INVENTION
An object of the invention is to provide a disk

drive using a disk medium, in which serve information
is embedding-recorded by a DTR method, wherein a
sufficient position detection accuracy of the head is
secured even in the case where the playback head width
of the read head is almost as wide as the data track

pitch.
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The present invention has a structure wherein an
inclined state (for exanple, inclined direction) of a
phase-di fference servo burst pattern included in servo
i nformati on which is enbeddi ng-recorded in servo 5
regi ons on the disk nmedium by DITR nethod is determ ned
on the basis of the relationship with the inline angle
of the head. According to the pgesent invention, a

di sk drive conprises: a magnetic disk nedi um

i ncluding servo 10 regions, in which servo information

for positigR Aeleeid Q%@n&&?%@e&fﬁfﬂ@&f§%&|ﬁé‘ﬂn an
and pl ayback “of user data is enbeddi ng-recorded by

di scretke iheaclkt arecorfdim@ymeidied, ihe iSRIdV@irection) of a
information including a preanble section, a cylinder

addr ebs seodie ffeqteinar, sandrdl B uyptsas gradi tffrar énoel Unedstin servo
pattern sections to detect an offtrack amount, one
phaséndicirfeité pde Weiafo %@ﬁbe%ltﬁ%TWWQ%mfbeﬂWO

provided in each of the servo regions, a servo burst
pat t EEFIRAF ARG &M FiShérdinm &t iR ért?rtrhé@pdrﬁjldr?d:‘it%“lned

a direction,of .an inline 2 e of the he
phasgr’\/\%rh@hbé‘rsaﬁuéﬁfq R e sl Wik ik At e angle
perlgg dISk nedlun1and gradually advances

t owards an external peri phery of the disk nmedium a

read head pphighysirgy ilelyded, idvdhie i igad and readssi herive

servo i nformati on "and t he user data 25 from't he

magnebin® rdisels :Medimdnean¢ oK Hed®anNsfAfuding servo
perform ng positioning control of the head in

accoreanoesw tim twihg cdereen vienfiorfreedniaan ool &eed deacike ifarom

the servo regions by using the read head.
detection of a head performing recording and playback
of user data i1s embedding-recorded by discrete track
recording method, the servo information including a
preamble section, a cylinder address code section, and
phase-difference burst pattern sections to detect an
offtrack amount, one phase-difference servo burst
pattern section being provided in each of the servo
regions, a servo burst pattern having an inclined
direction corresponding to a direction of an inline
angle of the head and a phase which gradually delays
toward an internal periphery of the disk medium and
gradually advances towards an external periphery of
the disk medium; a read head which is included in the
head and reads the servo information and the user data
from the magnetic disk medium; and control means for

performing positioning control of the head in

accordance with the servo information played back from



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
The acconpanyi ng drawi ngs, which are incorporated in
and constitute a part of the specification, 5
illustrate enbodi nents of the invention, and together
with the general description given above and the
detai |l ed description of the enbodi nents given bel ow,
serve to explain the principlLesgof _the invention. FIG
lis adiagramillustrating a structure of a 10 disk
medi um according to a first enbodi nent of the present

inyeﬂhboﬁerﬁbeﬁegib%sab@|@%Hn@i%%kamééd kddating a
main part of a disk drive according to the first

enmbodBREDF DRSCRNPTpORSERt THRVESRVERAL ¥SEREGOF3THE BRAWING
diagramillustrating an inline angle of a head
accor di ng The tlvednpesty iebatiawmgof whieh presentcorporated
invention. FIG 4 is a diagramillustrating an access

angl én endt ReNREAd UaCCcEr Paxg tod tthe fsitestl fdwsddiarent

of the_ 20 present invention. FIG 5 is a diagram

i |1 ustrABERGEE §MRACATEHRS Pédstihe BAYER tderan @nd together

i nclinati di ti f a.phase- diff
bur si' Bt EBFn SREEGPd] RG°€5 1Pha oF1 Aot e L ABBRIETERT G

the Bé%ﬁﬁﬂgdi@%ggkggQio%SO%l@%e6e%%o§ﬁgk%g%agkve below,

illustrating anot Ssimulation res ased on the

i ncl 5BatkoR odiek@qkiian cnef rhedd h ion.
pattern accgrdi%g %o Fhe Pfrsf g%%%d?%éﬁﬁeg?nﬁﬁgmlon

present imventilon's a KiGGrafA i1 uél raite il PrAMcture of a
illustrating a
disk medium according to a first embodiment of the
present invention.

FIG. 2 is a block diagram illustrating a main
part of a disk drive according to the first embodiment
of the present invention.

FIG. 3 1s a diagram illustrating an inline angle
of a head according to the first embodiment of the
present invention.

FIG. 4 is a diagram illustrating an access angle
of the head according to the first embodiment of the
present invention.

FIG. 5 is a diagram illustrating a simulation
result based on an inclination direction of a phase-
difference servo burst pattern according to the first
embodiment of the present invention.

FIG. 6 1s a diagram illustrating another

simulation result based on the inclination direction

of the phase servo burst pattern according to the
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rel ati onship between a cycle of the phase-difference
servo burst pattern and a detection accuracy according
5 to the first enbodi nent of the present invention.
FIG 8 is a diagramillustrating a structure of a
signal processing unit according to the first

enbodi nent of the present invention. FIGS. 9A and 9B
are diagrans illustrating an- 16 offtrack detection
val ue according to the first enbodi ment of the
present invention. FIGS. 10A and 10B are di agrams

i1 ust Kati Bepad i nehitt ack HdetaEdeon vialwg aeaprding to
a second enbodi nent of the present invention. is FIG

11 is a diragsam7iy ltustamatd g A dgdaatd arishigx r et v en

an angle of an inclined burst pattern and an offtrack

det ectilen iacchriac pedeeendiangytad ¢ ke ftihes toh aeyebratli fetence

of the present invention. DETAILED DESCRI PTI ON OF THE

| NVENEFIr@N borebeditiverns aoid Ehegiesdadmn anfarsch agddrding
expl ai ned below with reference to draw ngs.

[F. r §f Eﬁﬁoéulﬁféﬁt Prpegimenits of &hﬁgrp&m%qntuslﬂvanwra

structure di sk dlun1ac rdln to a first

enbodi manth‘lL fhe S5 |‘?tm LS rdires of 2
D Sks? h%%) ]{DE:IO@&S%:Ln %nql 0 l&c%r%q.r?‘n pen Set rfI%FIl r{',g a

mai n"p rivé adopting
MagnNehhed1 el dirNg nac eedicn@ i tdhe ifdy. st enmbodi ment

of the present invention.

FIGS. 9A and 9B are diagrams illustrating an
offtrack detection value according to the first
embodiment of the present invention.

FIGS. 10A and 10B are diagrams illustrating an
offtrack detection value according to a second
empbodiment of the present invention.

FIG. 11 is a diagram illustrating a relationship
between an angle of an inclined burst pattern and an
offtrack detection accuracy according to the first
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be
explained below with reference to drawings.

[First Embodiment]

FIG. 1 is a diagram illustrating a structure of a
disk medium according to a first embodiment of the
present invention.

(Structure of Disk Drive)

FIG. 2 is a block diagram illustrating a main
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As shown in FIG 2, the disk drive conprises a 5 disk
medium 1 that records data by perpendi cul ar mnagnetic
recording, a spindle notor 11 that rotates the disk
medium 1, and an actuator 12 on which a head 10 is
nmount ed. The head 10 has a read head 10R to read data
(servo information or user data) fromthe 10 disk
medium 1, and a wite head 10N go wite user data on
the di sk medium 1. The actuator 12 noves the head 10,
nounted on a distal end thereof, in a radial

di rephir@ncef at Be st S iRRdiaddck.1 Ny péiripenid @fl & WRiGRtic
coil notor (VCM 13. is Further, the disk drive has a

pr eatrpkbfridehgléccardiingnalo phec&3sisng amtidd itlenta dfarthe
di sk controller (HDC) 16, a m croprocessor (CPU 17,

a sepvespnscesyentid®. and a VCM driver 19. The
preanplifier 14 anplifies a read signal 20 (servo

i nformati 8% GhoSerinddtld): read sy difk (Hdd ehewprigRs a
and transnmts the anplified read signal to the kB signa
procg§§%n@eSﬁPP SFEEGrFﬁ@PFdﬁhgaﬁﬁeQWbﬁqgﬂﬁndlAﬁf%r

anpl i fi Wit i.gnal _out put,.fram.the.signa
proc@g §%§§Snffc%§%l§ q fr& éﬁilf Fﬁ%ognﬁﬁigﬁé&\ﬁ%3%§es

25.SEQ%aBiEQ h@%i iﬁ? g%@ﬁanT &t %Q%%'l@f%ﬁﬁﬁﬁhﬁ%.a head
unit t

51s a read/wite channe at processes

readhy ijkemoSihgRal.s, TaRdnlkag a of wAGH 078l RlAW NBR to
back servo information froma read signal. Further

the skegdadatlr qeesviond nflirinatd ol ays ukRek dagen dalon the
froma read signal and transmts it to the disk
cont dalskemed6umTie dinsk acentitel hendld 03ertvesirdseamser data
interface
on the disk medium 1. The actuator 12 moves the head
10, mounted on a distal end thereof, in a radial
direction of the disk medium 1, by driving of a voice
coil motor (VCM) 13.

Further, the disk drive has a preamplifier 14, a
signal processing unit 15, a hard disk controller
(HDC) 16, a microprocessor (CPU) 17, a servo processor
18, and a VCM driver 19.

The preamplifier 14 amplifies a read signal
(servo information or user data) read by the read head
10R, and transmits the amplified read signal to the
signal processing unit 15. Further, the preamplifier
14 amplifies a write signal output from the signal
processing unit 15, and transmits the amplified write
signal to the write head. The signal processing unit

15 is a read/write channel that processes read/write

signals, and has a function of playing back servo
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5 between the drive and a host system 120, and
perforns data transfer control of read/wite data
(user data) and the like. The CPU 17 is a main
control device of the drive, and perfornms control of
read/ wite operation and the like. 10 The disk drive
of the first enbodi nent has the servo processor 18 to
perform servo control processipg, -in addition to the
CPU 17. The servo processor 18 is specifically forned
of a digital signal processor (DSP) and a | ogic

CirCYhkorhae iBEr ¥Q ok aPHRGRSSAGnkY AT ipves Hnd GO rdlchal
the actuator 12 through the VgM driver 19, on the

basi pretetBengemat i6f @NEBis ®adK aped bRada Brdmhea read
signal processing unit 15, and perforns positioning

cont sabnafl the headsiits The teermhe prietkessortriB8 ler 16.
performs positioning control of 20 the head 10, using

vari ous ca@mer gli siknfoomnatdldre rstldr e rvias &s ian eimedrface
menory (flash EEPROM) 110. The CPU 17 and the servo

pr ocB8§BECL Lhgy It ehends @paestte SUFtES bt payd lerforms

formed _of _a m ¢roprocessqr 00 that runs, software

o 0GRaIE. FER LBenFaRE toneRt S8 UNCtongats (Ger data)
SpeCELBC%hEyli&Q? S%%%oc@boﬁgsa%ral%éy@/céﬁ%f%l device of
sof tware "program’t hat "achi'eves "servo contTo

processi N9, v0 %Qidséel}z?i@ir%@ A5, £ &e%gﬁrye e d he

di sk nmedium 1 of th rst enbodi nent is i um
usedohbekapebpendigcyhar 1inrgneti c recordi ng and havi ng

a DTM structure. The

The disk drive of the first embodiment has the
servo processor 18 to perform servo control
processing, in addition to the CPU 17. The servo
processor 18 is specifically formed of a digital
signal processor (DSP) and a logic circuit. The servo
processor 18 drives and controls the actuator 12
through the VCM driver 19, on the basis of the servo
information played back by the signal processing unit
15, and performs positioning control of the head 10.
The servo processor 18 performs positioning control of
the head 10, using various control information stored
in an internal memory (flash EEPROM) 110.

The CPU 17 and the servo processor 18 may not be
separate units, but may be formed of a microprocessor
100 that runs software programs which achieve their
functions. Specifically, the servo processor 18 may
be a software program that achieves servo control

processing.
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5 disk medium 1 conprises a servo region 2 and a data
track portion 3, in each of which magnetismis divided
into magnetic portions and non-nagnetic portions. The
non- magneti c portions are regi ons where, for exanple,
silicon oxide (S-'L02) is enbedded and flattened. 10

As shown in FIG 1, the servo region 2 is provided
with, as servo information, a prganble portion 20 for
timng synchronization, a cylinder address code
section 21 recording a cylinder code and the like to
idenqb%gkaMgﬁhbgger (track), a phase is difference
servo burst pattern section 22, and a post anble

(PAD) ser #isngnhasnd ifeasis e 1agaimstaidif Ineanaen of odiske
eccentricity (fluctuations in rotation).

Speciffireal kypothiaemediibma sne@riom deddnifidy tdeerserdicular
region 2 in which the servo information is enbeddi ng

20 rmegneédcbyetcheddTR metcthdd.vifige as &@TVo stegicdnsre2 arlhe
circunferentially arranged at regular intervals on

the @isk medium 1, CREPISIFGAEN & FEFIVG rEIiPmr thénd gerded @
tracks each including, 6 the servo region 2 and the data .
t r ackT86XaP@TarPENGed 112535 e dEE NTRER &G iadk 15 iy 1ded
(servo, pitch p intervals within a _range .from.the
neerRaP BEBhsiary Pogiddnt, die "R APAR S Fidrns - The

S| deno@‘—fn%?!’n%@‘ic‘ Lhe G %‘1%[) f%%ﬂ%%sa%e%f,i gg%? dmple,

the respective servo tracks e cylin ess
codes3€6kban 0%l deThe 1Phas &-dichiRIRRGE 5&F VA ¥cHed .

pattern section 22 refords a servo burst pattern

having a @isngh®wn in FIG. 1, the servo region 2 is
provided with, as servo information, a preamble
portion 20 for timing synchronization, a cylinder
address code section 21 recording a cylinder code and
the like to identify a cylinder (track), a phase-
difference servo burst pattern section 22, %nd a post
amble (PAD) serving as a measure against influence of
disk eccentricity (fluctuations in rotation).
Specifically, the medium is provided with the servo
region 2 in which the servo information is embedding-
recorded by the DTR method.

The servo regions 2 are circumferentially
arranged at regular intervals on the disk medium 1, as
shown in FIG. 1. Further, servo tracks each including
the servo region 2 and the data track 30 are arranged
at predetermined track pitch (servo pitch) Tp
intervals within a range from the internal periphery

side to the external periphery side. Different
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5 inclination direction (hereinafter referred to as
"inclined burst pattern") and fornmed of a magnetic
portion in which magnetismis provided in a uniform
direction (for exanple, the N pole). The inclined
burst pattern has a structure in which a phase of the
10 inclination direction gradually delays toward the
i nternal periphery, and gradually advances toward the
external periphery. The inclined burst pattern is

i nformati on used for detecting the offtrack anmount

(pOSE%EQHd§£r85 &%t9r59§8§§%§E8 EBetﬁ%n&%%pEb%%vECEeQQo

r ead hea 10R In Fi he reference synbol

Tc r@PéSﬁE”E? @her@9&§Hd6955869€s§h@6§etBéc@ﬂ@&e2l
difference of the 1inclined burst pattern is 0, that

is, the centephkkBedidfetrbaceereavir dtkst Phae tierel iseed ion
burst pattern is a 20 pattern which is repeated with
cycl 28 ogc@rgerwosepivbchesstFperthern hheingf er encgle
synmbol Tc represents a radial position where
recotdfhgnesipar dorasgl @ptﬁhareﬁﬁaééeanaeéeﬁﬁééuéﬁcﬁs
whi ch, conpl et e ree to th
(non- hﬁ@ggﬁ?é Lﬁﬁ@%eP?EYQBF Shénﬁréaﬁﬂﬁg 5 §e@ﬁﬂ&ﬁtlc
20. The PAD alsoh gne phase dh%t of £
pr eahBF & Bdr t1 ok 20" ?ﬁgnF aﬁgllﬁogf V&newhépea uﬁl orm
phas f cl i's
Slgégﬁggﬁhg%og kgﬁgpg kﬁgser§5§% Qhe(ﬁnclgned

di spose center ack
ang'suQEttssteséﬁ)hgﬁxs s@xpkaiRedihsyhhen Bl bResangle the

of the head 10, which relates to the advantageous

ef feechcoinkbeon direction gradually delays toward the
internal periphery, and gradually advances toward the
external periphery. The inclined burst pattern is
information used for detecting the offtrack amount
(position error with respect to the center line Tc) of
the read head 10R.

In FIG. 1, the reference symbol Tc represents a
radial position where the phase difference of the
inclined burst pattern is 0, that is, the center line
of the servo tracks. The inclined burst pattern is a
pattern which is repeated with cycles of 2 servo
pitches. Further, the reference symbol Tc represents
a radial position where recording is performed with a
phase and a frequency which completely agree to those
of 1, 0 (non-magnetic, magnetic) of the preamble
section 20. The PAD also has the same phase as that
of the preamble portion 20. The radial position where

the phase difference of the inclined burst is 0 is
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5 first enbodinment. On the disk nedium1 of the first
enbodi nent, an inclined burst pattern is

enbeddi ng-recorded by the DTR nethod on the

phase-di fference servo burst pattern section 22
included in the servo information, to 10 detect the
of ftrack anobunt (position error with respect to the
center line Tc) of the read_head 1QR  The inclined
burst pattern has a pattern structure of a
single-inclined direction, in which a phase of the

i ncl &Bé{vbggddhheﬁhb‘)@e‘aﬁ:é@u@f' ¥adel aksvibowandit he 15
i nternal periphery and gradual ly advances toward the

ext ernal iper bpheeyorashehaeadin FIG 1. The pattern
structure having a single inclined direction is set in
connect i oNewttt, hekkpé aiinlkidne samnglee intiiicle tamey lrecifariremhead
of the head 10 and the actuator 12 have in the disk 20
drive), ashdebcrebestiebater thas agiiennaiggoRisGef3ecqg of the
straight line 300 connecting a rotation center P of

t he ééfébt@WbQQlﬁﬁat the head 10 has a certain angle

with an attac 310 t he head 10
differenc@niﬁ gﬁéku?eﬁéuﬂégePFe&hFo%ég‘én%WHQQﬁ?ent an

conerapyned BRERErBAFCRrL’ 1R, sAERRenIs PR AR Y The
att aﬁ@ﬁdmgghedaoﬁuwsngﬁ%e -2 £ DRATMINLEA KO G ac cern

act uat or However rotati on center
actugkeridd bs set11i8ed iPOShkl @@r%'l qﬁflo&m@ftfl%elt ftroom

the attaching l[ine 310 of the head
detect the offtrack amount (position error with
respect to the center line Tc) of the read head 10R.
The inclined burst pattern has a pattern structure of
a single-inclined direction, in which a phase of the
inclination direction gradually delays toward the
internal periphery and gradually advances toward the
external periphery, as shown in FIG. 1. The pattern
structure having a single inclined direction is set in
connection with the inline angle which the mechanism
of the head 10 and the actuator 12 have in the disk
drive, as described later.

As shown in FIG. 3, a straight line 300
connecting a rotation center P of the actuator 12 and
the head 10 has a certain angle with an attaching line
310 of the head 10. This difference in angle is
referred to as an inline angle, which corresponds to a
head inclination angle. Generally, a slider of the

head 10 is horizontally attached onto a suspension
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5 On the other hand, FIG 4 is a diagramillustrating
an access angle of the head 10 (whose position is
represented by reference synbol H). Specifically, the
access angle of the head with respect to the
circunferential direction of the disk 10 nedium11 is
al so call ed skew angle. Since the head is rotated
(around the rotation center_ P);y the actuator 12,
and access angle varies between the interna

peri phery and the external periphery of the disk

medi i, L TSI Qhe.cdde Sefaa) nfor miidanydecanded 15

€ SEervo region I's recorded as a pattern which

fol I,0us 8 head AcGess J0ads acaaididyg 10 thesakaw a
angle, as shown in FIG 4. In FIG 4, reference

synhols G feprese s A Jfiaid drwentrer aoftadteindj skine 310
medium 1. 20 Specifically, it is structured such that
radicd tHd nesadfld.he preanble section 20 for timng
synchroni zation and the address section 21 in the

servo regiontize heteevaragndhg FHel i hebd ahgl ®¥39%& B or di ng
to a circunferential tangent and a pgsition q{ thﬁZS
r adiidsl usthiat G t3Egesh Al e Detiem e 1hel Ve
burst pattern with a radial .line (line in ' tion
eherRo LTl Gt A A TRk depst it e 3B
subst antj al | i nt.ai nj el qg%;eh ab though

t he %%%ﬁ“é%% %2?hh% e %é%%%$é%%%%%n?% the

L e i R S A
medium 1 is also called skew angle. Since the head is
rotated (around the rotation center P) by the actuator
12, and access angle varies between the internal
periphery and the external periphery of the disk
medium 1. Therefore, the servo information recorded
in the servo region 2 is recorded as a pattern which
follows a head access locus according to the skew
angle, as shown in FIG. 4. In FIG. 4, reference
symbol O represents a rotation center of the disk
medium 1.

Specifically, it is structured such that radial
lines of the preamble section 20 for timing
synchronization and the address section 21 in the
servo region 2 have varying inclined angles according
to a circumferential tangent and a position of the
radius. This means that an angle between the inclined
burst pattern with a radial line (line in a direction

where the preamble continues) does not change,
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5 section 20 varies between the internal periphery and
the external periphery, the head 10 perforns access to
the pattern while inclined by the inline angle with
respect to the pattern, regardless of whether it is
| ocated near the internal periphery or the external 10
periphery. As described above, if the head 10 inclines
by the inline angle with respect to the pattern of
the servo information, there are cases where the sane
property cannot be obtained, according to the inclined

15 state of ;the Serve durst patderimiohsidigke, although
i nclS'hat |aon.lagp8§?¢ai cally, 1’lt e | ncll i nend dar?ject’i oan ofougA

t he dnclided hwsts paldes vicausesgidd erendes i n si gnal
quali1ty of a playback signal (servo signal) played

back: i e reaad dleath R 1 20 (fRelgrs onshi pooes weerr ds,
the inclined burst pattern and the inline angle)
Nexttheexiplal ivest i state arf dishigp i TRart tHe FreiThtd
burst pattern and the inline angle, with  reference t

FI G s&tiRING 26, Vainie FIs wem t'g1e DN o i G P PherY &nd

illustrat t [ '

of :me ?eféef?r@?so%é’%ﬁ&&fer"%% JFRAfoLh By EorE AEEDss co
pattern inclined dijrection, I -. 15 :
tcwwﬁQFt@ﬁF??ﬁ%r%%}{%e?+€ %@é@ a d{%?ahﬁgﬁ?geég%sgngégh

toward t he exte I ' ' it i
SpectTTRaTT yeb T PP AP Ypgdb LlegTbasyuheyRbesit o

in the inling.apol ge di festhon périprehpadr the external
periphery.

As described above, if the head 10 inclines by
the inline angle with respect to the pattern of the
servo information, there are cases where the same
property cannot be obtained, according to the inclined
state of the servo burst pattern of single
inclination. Specifically, the inclined direction of
the inclined burst pattern causes difference in signal
quality of a playback signal (servo signal) played
back by the read head 10R.

(Relatiohship petween the inclined burst pattern and
the inline angle)

Next, explained is relationship between the
inclined burst pattern and the inline angle, with
reference to FIG. 5, FIG. 6, and FIGS. 7A to 7D.

FIG. 7A illustrates a structure of an inclined
burst pattern of the first embodiment, in which a

phase of the pattern inclined direction gradually
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5 FIG 7A, a common read head 70R having a narrower
pl ayback head width is shown, in conparison with the
read head | OR of the present invention with a w der
pl ayback head wi dth, which is adopted in the DIR
method. On the other hand, FIG 7Cillustrates a 10
structure of an inclined burst pattern, wherein the
phase gradually delays in a pgsgtion opposite to the
inclined burst pattern of the present invention, that
is, toward the external periphery. FIGS 7B and 7D

|t G g Y 3 ofte A oA A Yradually

by 1 nclining pattern inclined

directiondn g idline Andlsadigactdiiny and eh 2Tp_sv
structure of an inclined burst pattern in which the
pha%%/&]f@sd.ualéae&eﬂiayamtﬁm gpa taasir i o lopposidiereation
the i'nclined burst pattern, that 20 is, the externa
diredd iy fespestineine Bojle tdierestiactaf eshdawrad  In
Tp_sv cycle. Specifically, FIG 7B illustrates an

i nclired Ty sd qatner ncdat | herd T0R thavingl§ e By er
direction. As shown in FIGS. 7A to 7C, the conmon readh
heacbl E-FOR theaevd rigil At hak$ CWRAWIDA al/bacRIPRIEHS W dY hE Ve
conpletely buried in the patterns, ot her. . -

i nclrerdl hradtl PRt erne Eﬁﬁ??FFﬂ?fegifégﬂgl%%ﬁ%nﬁlqer

16 read he ' ' i i

our oSSBT SRGTRY R L G ol o o e

B e

ing a

structure of an inclined burst pattern, wherein the
phase gradually delays in a position opposite to the
inclined burst pattern of the present invention, that
is, toward the external periphery.

FIGS. 7B and 7D illustrate a structure of an
inclined burst pattern obtained by inclining the
pattern inclined direction in the inline angle
direction, and a structure of an inclined burst
pattern in which the phase gradually delays toward a
position opposite to the inclined burst pattern, that
is, the external direction, respectively. Both the
structures have a Tp_sv cycle. Specifically, FIG. 7B
illustrates an inclined burst pattern inclined in the
inline angle direction.

As shown in FIGS. 7A to 7C, the common read head
70R having a narrower playback head width is

completely buried in the patterns other than the

inclined burst pattern shown in FIG. 7D. The common
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5 narrower playback head wi dth, the accuracy in phase
detection does not extrenely deteriorate in any burst
pattern, unless the burst pattern is extrenely
inclined. On the other hand, the read head 10R the
present 10 invention adopted in the DIR nethod and
having a wi der playback head width is not conpletely
buried in the patterns, exce the inclined burst
pattern illustrated in FIG 7A 1In the inclined
pattern illustrated in FIG 7C, the read head IOR is

15 Conaﬁ* er acfn7y Ipl‘xlrfa{ eqje Vl\ﬁ{ %ﬂd%gﬁer{mf SE&M {9 LAUSE burst

escribed | ater

Cau*sb %& olrF'ﬁ% 57randlfs t @i disgn Of o Fl1Gv 74d

arge difference i'n a simulation result due

to Tfpascxl ‘Hlse SUChy S Wnevernesst J n Thies kehists |imet, in the
width. 20 FIGS. 5 and 6 illustrate sinmulation results

of aagd aybackirsi gried domnidre ozm® wired €7 G haci el

burst pattern is played back by the read head 10R

The ndmohierec> kayisacipaieat idtly pate e&‘?ﬁ@fa?ﬂpl%vphase
cycles, and has 10%fluctuations in the pattern_| | ne

wi dtdetest an tdees 1de %H?i@elahﬁdﬁ%t%lfl‘? el i‘l%y ogrst

deg. The pl ayback I i tud f.th
bur ﬁat%%@ergp}%s%i’%}?%?}%??nga% T@gﬁgs}%rgﬁﬁpﬁ}é

|nfluence of - 17 noises such as fluctuations in
pat t e ARt h, and a large difference is caused in

si gnal nB% EH? gihénﬁllyﬁéréégﬁ RegHMbRL LAB present

result of ay% signal 1In pattern inclined in

the §@9@ntlon adopted in the DTR method and having a wider
playback head width is not completely buried in the
patterns, except the inclined burst pattern
illustrated in FIG. 7A. In the inclined pattern
illustrated in FIG. 7C, the read head 10R is
considerably buried, which does not seem to cause much
problem. However, actually, as described later with
reference to FIGS. 5 and 6, the case of FIG. 7C causes
a large difference in a simulation result due to
factors such as unevenness in the burst line width.

FIGS. 5 and 6 illustrate simulation results of a

playback signal in the case where an inclined burst
pattern is played back by the read head 10R. The
inclined burst pattern is a pattern of 2Tp_sv cycles,
and has 10% fluctuations in the pattern line width.
Further, the inline angle of the head is 7.5 deg. The
playback signal amplitude of the inclined burst

pattern is extremely easily distorted by influence of
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5 direction as that of the inclined burst pattern of
the first enbodinent. FIG 6 illustrates a sinulation
result of a playback signal in a pattern inclined in a
direction opposite to that of the inclined burst
pattern of the first enbodinent. 10 As shown in FIG

5, a playback signal of the inclined burst pattern of
the first enbodiment, which_ igyinclined in

consi deration of the inline angle of the head
dlsplays stabl e signal anplitude property. In

compary son gﬂé$ 5@'Plué@hé@fbﬁ§5§n95a@§éﬁﬁ ®ideh, and a

plafb a pattern inclined in a direction

OPpQ§éf§%t&iff@@eﬁ%etf§_é@@éé@eﬂnb@i@ﬁapaémplﬂt@ﬁethe
first enbodinment, its signal anplitude extrenely

decr easesprand §sipreattytdssardemetlatdiient peasstimed a
randomjitter disturbance, as shown in FIG 6. 20 The

r easola yibwclt hei ghghaln amppat ueen deoe based a8 tbﬁoﬁﬂm?n
FIG 6 is a high parallelismbetween the head W

di r ettiertlomeanfthde ebathfebdcl OREANBVERE P?EEFFHer the

di rect I f th I d
ror egjp%f?QL qer'@h?g@ﬁré?mﬁfe' Plhe trootnsteR gteégaaﬁfﬂnﬁafaéon
econes. . Fur t h i .
If g?%%%*? %%s%r%%?%%a% aggg?m?ﬁéﬁr:a % ?gﬁﬁ&k@geln é
al no urie
S rRatEY PpRlEC AL LR RoLE A | Cll%ﬁgr bhst
f'UC%Q@{éPHSofntEQefPﬁéEeéﬂb&@Q%BnGauseS states where

the head 1s conpletely buried and states where the

head is ngt gHeWnbyki edc.asgd khbsalyback signal of the
inclined burst pattern of the first embodiment, which
is inclined in consideration of the inline angle of
the head displays stable signal amplitude property.
In comparison with this, in the case of using a
playback signal in a pattern inclined in a directiocn
opposite to that of the inclined burst pattern of the
first embodiment, its signal amplitude extremely
decreases and is greatly disordered due to assumed
random jitter disturbance, as shown in FIG. 6.

The reason why the signal amplitude decreases as
shown in FIG. 6 is a high parallelism between the head
width direction line of the read head 10R and the
inclined direction line of the inclined burst pattern.
As the more parallel they are, the greater the
amplitude becomes. Further, the reason why the signal

amplitude is greatly disordered is that the read head

10R is almost buried in the pattern as shown in
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5 noticeably displayed as fluctuations in anplitude.
Therefore, inclining the inclined burst pattern in
conformty with the direction of the inline angle is
very effective for inproving the accuracy in detecting
the position of the read head 10R fromthe inclined 10
burst pattern. Next, explained is relationship between
the angle of the inclined burg§ pattern and the
offtrack detection accuracy, with reference to FIGS.
7Ato 7D and FIG 11. 15 FIG 11 illustrates a result

of | %?t'@a.tég?n&?%h Jg{ufié%é‘tdéérﬁﬁé@é‘lﬁ?}&@f?ﬁag, by

sett t hé' i ncline rst pattern, that is,

i nclyned. firectf oR-Ohathens fik stnenbodt eRtwidthh€auses
inline angle direction of the head, and varying the

radi & s €¥6! ghofe thige i Nehd ned 2empleselpavteiad dndFsGates
11, the cycle of the inclined burst pattern indicates

t he wihéfereneehéad angl moofmudie buncéd negn@ueBispiastern
with respect to the head. As shown in FIG 11, in the
casenofisesbingditelapgd| s of ledua hePRAeln beBEitude.
pattern of 2 Tp_sv or 25 npre, the detection accuracy

i s alnesefprepofRFbhalngotheheneyel8doPutfik PAEFFABIT"

oy EoBFOTRAEY niFF RethacibbesbiofarE: Char Ehr g tifiLe is
servo pitc Tp. . ' . .
oxt 1 EreYyhseaREaE ATl PG ¥ A B enEPLELh L REy AChBBEY ot ing

!nCl£H§dpg¥§£§oﬁfokhghgeﬁga&‘BQaHe§DRCErbﬁ the inclined
i ncl rned” burst pattern becones too

burst pattern.

Next, explained is relationship between the angle
of the inclined burst pattern and the offtrack
detection accuracy, with reference to FIGS. 7A to 7D
and FIG. 11.

FIG. 11 illustrates a result of investigating the
offtrack detection accuracy, by setting the inclined
burst pattern, that is, the inclined direction of the
first embodiment in the inline angle direction of the
head, and varying the radial cycle of the inclined
burst pattern. In FIG. 11, the cycle of the inclined
burst pattern indicates the difference in angle of the
inclined burst pattern with respect to the head.

As shown in FIG. 11, in the case of setting the
cycle of the inclined burst pattern of 2 Tp_sv or
more, the detection accuracy is almost proportional to
the cycle of the inclined burst pattern. However, in

the case of setting the cycle of the inclined servo
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5 large, a plurality of types of signals are m

within the detection sensi?ivity ragge (detectiéﬁd

wi ndow) by the gap of the read head 10R and thus the
pl ayback signal anplitude becomes extrenely small

FIGS. 7A to 7D illustrate inmages thereof. 10 Supposing
that the detection sensitivity range of the read head
10R is a square sensitivity range forned by the gap
and the playback head width M with the cycle of
2xTp_sv, the N pole and S pole of perpendicul ar

magneti sm are coml etely d u , swdanim
and PR Ipﬂgopﬁgf%ggg%gigﬁgfhg?gp%%g?gfned. On ehe

the other ;hand,. W tht k& tG¥elea yfdetris\bratide N Tmics Seems
pol es exi st together 'within the sensitivity range of

t he yeagd head kR trand ridid reidyralcleargd ithaldasist aiiidy

as an integral value t hereof hardly 20 changes even

wherpddiedrea head dire Inmest Hur sthea i FEuR IR T af©°

direction. In view of the above, to prevent existence

of al.at@?”ad injansflitppext FTYRSHRA sSiahe Het dLtio

sensitivity range of the read head 10R the i '

25 bursi et T TR i o (R

. & IT1Ca , e ineli st t

aﬁ "SJHHWZ?:))l Ho;;:,t@e THR L etsl?egnree(]a((%nﬂ{%g g%#g'i salg(? %}E%Q the

shape, - of . t he r%gg i ol

or i@y ot R e ST bl eh (1hbu) - and

3 oYy PRAEEME LT rent i hah&ogthe f&57. of FIGS.
to 7D) ‘deferm ned by the servo signal recording

cycle, th§upposing that the detection sensitivity range of
the read head 10R 1s a square sensitivity range formed
by the gap and the playback head width M, with the
cycle of 2xTp_sv, the N pole and S pole of
perpendicular magnetism are completely included, and
the maximum and minimum of the playback signal are
obtained. On the other hand, with the cycle of Tp_sv,
the N and S poles exist together within the
sensitivity range of the read head 10R, and the signal
amplitude obtained as an integral value thereof hardly
changes even when the read head is moved in the
circumferential direction.

In view of the above, to prevent existence of a
plurality of types of signals in the detection
sensitivity range of the read head 10R, the inclined
burst pattern preferably has a structure as shown in

FIG. 7A. Specifically, the inclined burst pattern as

shown in FIG. 7A is designed on the basis of the shape
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5 nmediumrotation speed and the radius position.
Specifically, the inclined burst pattern should be
designed with the lower limt of the cycle of the
inclined burst pattern, at which the N and S poles do
not exist together and interfere directly under the
10 shape of the read head 10R at the radius of the

i nnernost periphery where the gircunferential |ength
of the servo burst pattern is the shortest. Actually,
the head 10 including the read head 10R is attached

to tl %:‘Pet h]e%cb%]dhg the HotB Ok dr ie/ & SYStEmM7a)

and this' S he %S eéw angl e changes according to the

radiys RSN Ahd heedick e um cFl sv) Howra dehevo

hea§ 10 makes access while'incline the inline

anglg tMddh reespects deeddien i nargtad mEr\Stof (ElG®r A to 7D)
regardl ess of whether the head 10 is |ocated 20 near

t he dadeamiale pery piter ysarvd el ana erredopdiniphergle, ape
thus causes no problens. In the first enbodi nent,

set e rheratyad oofsnerd and| thredradirst RRIHEFMN t o

1.8 servo pitches or npre  prevents occurrenc

L A S Ly S e B 2 et AT ahSuld be

DI 1 IS SRS i B GO TTE 1 SHie et bt o SKeuTacy T s

ol Bl Sy SESPLE0H 01l ORI ledletsciinge oo

LLLgé@gﬁ%@f%%?@oéé%ﬁgpaén§t{N@éﬂf@r@fdih§c§lﬁn@$der the
shape of the read head 10R at the radius of the
innermost periphery where the circumferential length
of the servo burst pattern is the shortest.

Actually, the head 10 including the read head 10R
is attached to the actuator 12 being the rotation
drive system, and thus the skew angle changes
according to the radius position on the disk medium 1.
However, the head 10 makes access while inclined by
the inline angle with respect to the inclined burst
pattern, regardless of whether the head 10 is located
near the internal periphery or the external periphery,
and thus causes no problems.

In the first embodiment, setting the cycle of the
inclined burst pattern to 1.8 servo pitches or more
prevents occurrence of interference. For example, the
cycle of the inclined burst pattern is preferably set

to 2 servo pitches, at which good offtrack detection

accuracy 1is achieved.
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(read/wite channel) 15, and illustrates a signal 5
detection systemfor the phase-difference servo burst
pattern of the first enbodi nent. The read/wite
channel 15 obtains a cylinder code value CLY and
phase-di fference detection values 21 and P2, on the
basis of a playback signal (output of the preanplifier
10 14) played back fromthe_sepyo region 2 by the read
head 10R, and outputs themto the servo processor 18.
The servo processor 18 cal cul ates an offtrack

dete?é&ﬁfﬁggtygn(@9S£tﬁ89h8ﬁr9f FES ceingherreadcheatiount)

10R, on't asi s of the phase-difference detection

15 val uesrPg . apdiF2a Wheakadphaybacklsugnaktauppan
fromthe preanplifier 14 is input to the read/wite
chanpetedbal sheuttoragosynohrsnpgzali pnoceseany 850t
generates a timng cycle signal in synchronization

Wi t h(thad29r preanbieneihdlbheapdDiédnobratpsi150signal
sanpl es the playback signal and converts the signa

i nt odateryieal SmsﬁmefOAnthﬁchﬁé-E}aﬁ§?rSP&$b§€%"° burst

' | SIG (6) i i
sirasstom(SF LieoHEE PERETRE L) IR
read/ writ 15 f ]
ot Gl ebhShy I anaRE bR PRRePIIReRE RR08 Ta1ulLey ang

CalCgkggEggigggggkbgnbgthtﬁBktbahﬁgggpl 24d P2, on the

coefficrents corresponding to a sine value and a
cosi pgsyal 4e af pthorpkaybBagkasi goakpuly othe heepiymplifier

152, the calculation elenents 153 and the integrator
14) played back from the servo region 2 by the read
head 10R, and outputs them to the servo processor 18.
The servo processor 18 calculates an offtrack
detection value (position error PES) of the read head
10R, on the basis of the phase-difference detection
values Pl and PZ2.

When a playback signal output from the
preamplifier 14 is input to the read/write channel 15,
the timing synchronization circuit 150 generates a
timing cycle signal in synchronization with the
preamble, and the A/D converter 150 samples the
playback signal and converts the signal into a digital
value. An inclined burst playback signal SIG (B) is
represented by the following expression (1).

SIG(8) = Asin(6 + ¢) (1)

The read/write channel 15 performs orthogonal
wave detection by means of FIR (finite impulse

response) calculation (addition), by multiplying
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154. Specifically, in the orthogonal wave detection, 5
cal cul ati on shown by the foll ow ng expressions (2) and
(3) is perfornmed. b2't{ sine SIGde = 7tAcos4 "' (2)
10 t27t{-cose SIGdO = 1ltAsin~ (3) The read/wite
channel 15 outputs sine and cosine conponents
(proportional multiplied values of sin(V and cos4))of
the inclined burst playback-signpal - having the phase
difference T with the phase-difference 15 detection
val ues P1 and P2, as shown in the follow ng

PL ar n the | |
B i tic S S T SR A

S iNc4sine(9h1hB bhi snprpcesbackheiphase brgkbeTmesory

cal culated by arc tangent processing (atan(P2/P1)).

The arg, tasgenlcplacessi ngehastanldidt putl thealnsrgeator
25 from-90 deg to +90 deg. In the first enbodi nent,

the 1bacli Bpdcb@iselpatt énnths PothedoRRLhVWENE Eperetion,
of 2 servo pitches, and thus the offtrack anount is2 g
obt aFpéauby taPRpEPosnbPEcEhRg IPL LPY I pRoFEPEESRAPRS () anr
multiplication.,. 23 FIG 9A is a diagramillustrating
charégﬁeﬁﬁspﬁégorﬁﬁdoutput signals P1 and 22 of the

read/ wite channel 15 at the cycle of 2 servo

pitches. F2@TS%§6L§IEKW==RACOS¢ e (2)

_[)Zn{—cose-SIG}d6=nAsin¢ e (3)

The read/write channel 15 outputs sine and cosine
components (proportional multiplied values of sin® and
cos®) of the inclined burst playback signal, having
the phase difference ® with the phase~difference
detection values Pl and P2, as shown in the following
expressions (4) and (5) on the basis of the orthogonal

wave detection result.
Pl = 2+/2kAcosd e (4)

P2 = 24/2kAsing c+ (5)

In this process, the phase angle @ is calculated
by arc tangent processing (atan(P2/P1l)). The arc
tangent processing has an output of a range
from -90 deg to +90 deg. In the first embodiment, the
inclined burst pattern is formed with the cycle of 2
servo pitches, and thus the offtrack amount is
obtained by simply subjecting it to proportional

multiplication.
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diagramillustrating characteristics of an offtrack 5
detected value PES. Actually, there is an influence of
noi ses on the cylinder address code in the cylinder
code changing boundaries and P1 and P2, it is
required to perform correction in the arc tangent
processi ng boundaries, 10 to prevent discontinuous
hops of the head position. _\Wen the head position Pos
is expressed by the cylinder code value Cyl and the
of ftrack amobunt O ftrk, the follow ng expression (6)

s obtaingEG.Pgﬁ TsCAOUk 2 r Ohf 1K uEBYXating CERreZeRSstics
an of ftrack amount corresponding to one cylinder. In

the yechptpytobighg1vabueanbepe bhethphaseddnghiee( ¢hiasnel
90, the offtrack anmbunt O ftrk has a value of -G 2 or

G 2. 1bowevere theleybindesecodepiakbesCyl FIS.ch8ndeda
with the change of quadrants, the 20 continuity of

the HeadrposifiontPesing mhemeatredstike ednenn@ififyrerk
the head position Pos is easily secured, by

cor r éeteageeheadyei RBEr code value Cyl to satisfy the

drant, on the basis of .the sign.(pl i
P R e
15. | ' f th b f I NG bty [ €4

o uEd A BRFerRABer RoR0SE ST T Faeh SRsust T Gt Ra™

24boh%@§§i%§n5§E’PWh%5% tthe phase aRGherEld to perform

correspon e cylinder code, is 00 or 1800 in
the centettQbnt Be eyl laRder andetlt @addeesdasy bpundaries,

determ ned. Therefore,
to prevent discontinuous hops of the head position.

When the head position Pos is expressed by the
cylinder code value Cyl and the offtrack amount
Offtrk, the following expression (6) is obtained.

Pos = G*Cyl + Offtrk = (6)

G represents an offtrack amount corresponding to

one cylinder. In the vicinity of the value where the
phase angle @ is 909, the offtrack amount Offtrk has a
value of -G/2 or G/2. However, the cylinder code
value Cyl is changed with the change of quadrants, the
continuity of the head position Pos is maintained.
The continuity of the head position Pos is easily
secured, by correcting the cylinder code value Cyl to
satisfy the quadrant, on the basis of the sign (plus
and minus) of the output signal Pl of the read/write
channel 15.

In view of the above processing, it is desirable

to use a burst pattern whose offtrack amount from the
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the radi us position where the burst pattern has the 5
sane phase (has the sane timng) as that of the
preanbl e section 20 is set to be al nost the center of
the same cylinder code, such that the cycle of the
inclined burst pattern is 2 servo pitches. As
descri bed above, if there are noises, the 10 phase
angl e suddenly changes in the yiyjcinity of the arc
tangent processing. Therefore, the cylinder code
value Cyl is corrected on the basis of the sign (plus
and pinug) e t+8k0 1ag51Ehe ceadkwpiohas to
chang%FH§5?8gﬁ%?fth%E$ F é E%h??nﬁ??y of the hggd 15
posi tj,@n-Pesnhersesdegds sHomewer 18R thi sheoceeckironf the
i f the quadrants whose phases are different due to the
pl uscandnAbpUGhathPtaar Beckassilyi edtemtmanewo Therefore,
gquadrants, the cylinder code information is corrected
by ushegrtHeuguadsantonnfbemet tbs. PSpesi Pacaley, hage the
20 quadrant where the phase difference exists is
det esaineenheret HBaBashe SBMENE 181HPE)r @FatiGispip toF
the sine and cosine val ue informat':?%na f the_inclin

I

d £
bur sPraiPeen SEGERER FPomSt KEtchién 8Osk Fh&FTRE ©

cor t bEBeao NSl SULGAA SR oA e IR TOR 1T To8T the
corr ¢3pang L0, F.G5. 9h:a0d 98 228 oGS (LeAand 108

are &iagrans iTTustrating characteristics of the
phase- di f f{,gr ence. deILCtHIRVe Valuahd¥e ik Pdiddi Chthe

are outputs of the read-wite
phase angle suddenly changes in the vicinity of the
arc tangent processing. Therefore, the cylinder code
value Cyl is corrected on the basis of the sign (plus
and minus) of the output signal Pl of the read/write
channel 15, and thereby the continuity of the head
position Pos is secured. However, in this correction,
if the quadrants whose phases are different due to the
plus and minus of Pl are classified into two
quadrants, the cylinder code information 1s corrected
by using the quadrant information. Specifically, the
guadrant where the phase difference exists is
determined on the basis of the size relationship of
the sine and cosine value information of the inclined
burst pattern output from the channel 15, and then the
cylinder code information of the quadrant is
corrected.
[Second Embodiment]

FIGS. 10A and 10B correspond to FIGS. 9A and 9B.
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channel 15 for an inclined burst pattern at a cycle of
5 4 servo pitches, and an offtrack detection val ue
(position error PES) of the read head 10R, according
to a second enbodi rent of the present invention.
Specifically, the second enbodinent relates to a
structure of an inclined burst pattern simlar to the
10 first enbodi ment, except _thaty the cycle is 4 servo
pi tches. Therefore, the structures of a disk drive
and a disk nedium 1l of the second enbodi nent ot her

than ESOfﬁbﬁa%KddﬁbgcngndQEEQQQSU§hﬂgs%@ahﬁﬁb'ned

burs pattern having a cycle of 4 servo pitches 15

desc&hQ?Qc@@E@E&%E% Bﬁet§@”Eh§§eLBQ$@eQEnb€ed%té%tlon
enbodi nent, and detail ed expl anati ons thereof are

0”1tbaguebnPuhanae@QwaﬁmbﬁdamenbutguppOSQdths treed-write
case where the inline angle of the head is 10 deg or

nmor echagf@eln1Bhé&obTRnméhhddpethbuplay batk elread twiadidycle of
of the read head 10R is as wide as the data track

pi t cA. Sefheréﬁ@ﬂéeSbfanﬁeaﬁn@ﬁﬁﬁéé¢$uﬁ§¢e§éﬂ9@rNaﬁé§ 2

servo track pitch th t t f th .
head | pgs1ﬁépnpe5%@§f’w§u?p2§@%% Ered) RerfddReurdeording
pattern, and 25 thus th L d
deteFPo?aF§§°nEuF Qplmgﬂ |%ga§g€n% ese %dﬁﬁgﬁptlt S

I nl I ne %GCII'%alC %.Dllygr %ﬁ‘me\/age%%n%f e:ln% gneq{t Wleatéé to a

is 26 hig pOSSI &t "an 1 neld ned bur st pattern

o FosSLERSalL E SRR Ak bl bikciar <o e

Ther ef,0158, hB®diment, except that the cycle is 4 servo
pitches. Therefore, the structures of a disk drive
and a disk medium 1 of the second embodiment other
than an offtrack detection mefhod using an inclined
burst pattern having a cycle of 4 servo pitches
described below are the same as those of the first
embodiment, and detailed explanations thereof are
omitted.

In the second embodiment, supposed is the case

where the inline angle of the head is 10 deg or more.
In the DTR method, the playback head width of the read
head 10R is as wide as the data track pitch.
Therefore, if the inclined burst pattern has 2 servo
track pitches, the sensitivity range of the head is
not properly buried in the inclined burst pattern, and
thus the signal amplitude deteriorates.

Further, in the second embodiment, the inline

angle has a large value of 10 deg or more, it is
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second enbodi nent has a structure adopting the cycle 5
of the inclined burst pattern of 4 servo pitches,
aimng at inproving the detection accuracy for the

of ftrack position. (Oftrack detection nethod) As
shown in FIG 10A, for each 90 degree 10 from-45 to
45 phase, the cosine value Pl and the sine value P2
change over 4 cylinders. Then, sighe_ event is divided
into 4 quadrants on the basis of the size
relationship of their absolute values and the signs

pluﬁlﬁﬂgyn%89§lb9g E%a@ngnpgnc§@%%6fb%%%kypa%ieEhr%E a
guadr ant 11--1P21 & P1>0 -45 deg< (D < +45 deg

Secondcguadrant sekPdlshiP2he& P2nbott+obdaideg<sifficizmt
deg Third quadrant: [P1l~_11P21 & PI <0 135 deg< CD <

20 2RGadegobautbh duadranbn ERthchkPYl &TRR<@fore225he
deg< 0 < 315 deg In the odd-nunber quadrants (first

and thitpdd qumaddamesy, hRs RevérubscyresdOPthogede, cycle
since there 25 is a high risk that P2 becones 0, the
arc Péngbﬁtlﬁﬁééé§§|ﬁgr€5t§ﬁGP2FP1Pf iAs SE&EVLOPHEFNES /

obtain a phase angle al ran from-45 d
145 adg1"a 2 lmeeff%wém PRet Re Bt RuASer oA She

(secoggtang our %uadrants) the arc tangent
pr008 ﬁa Fapgﬁe P1) )by inverting the denom nat or

and tB?ftrack detection method)

As shown in FIG. 10A, for each 90 degree
from -45° to 45° phase, the cosine value Pl and the
sine value P2 change over 4 cylinders. Then, the
event is divided into 4 quadrants on the basis of the
size relationship of their absolute values and the
signs (plus and minus) of Pl and P2. Specifically,
First quadrant: |P1|2|P2] & P1>0 — -45 deg< ¢ <
+45 deg
Second quadrant: |P1|<|P2| & P2>0 - +45 deg< ¢ <
135 deg
Third quadrant: |P1|2|P2| & P1<0 - 135 deg< ¢ <
225 deg
Fourth quadrant: |P1|<|P2| & P2<0 - 225 deg< ¢ <
315 deg

In the odd-number quadrants (first and third
quadrants), Pl never becomes 0. However, since there
is a high risk that P2 becomes 0, the arc tangent
processing (atan(P2/P1l)) 1is performed to obtain a

phase angle almost ranging from -45 deg to +45 deg.
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nunerator to obtain a phase angle alnost ranging 5
from-45 deg to +45 deg. The offtrack anount is
obt ai ned by subjecting the phase angle to proportiona
mul tiplication. Further, the lower 2 bits of the
cylinder address correspond to the quadrant val ue.

Al t hough the offtrack value greatly changes when the
10 quadrants are changed, it ig7determ ned fromthe
quadr ant whether the offtrack value is plus or mnus.
In the second enbodi nent, the zero phase of the

'nC|FP erSEnp@BEeEUehthﬂB@EGQuEBrEHQSCQEbebn@fahﬁe
er of the cylinder code value Cyl. 15

Thergggggh ghatkenease ehet hecf taateqguagdranesshng
changing the lower.2 bits of the cylinder code val ue
Oyl teteanrespend)t byt heveuadngntheakdesominaties kagddthe
position Pos including the cylinder code value Cyl

mai ntaimagatomt trupbyaland @6e§enéﬂg%€cé%@0§@ ranging

di sconti nuous. As described above, dr
|ncI@épr‘ﬂﬁedeSuF§t+6ﬁa§§gd|fggﬁeﬁé§t 3e?@PHPﬁedson

t he basis of the i.ze rel ations f t
cosi RBt@ange P¥nfy ﬁ&FF&Hg(% €ak a%f?a89HF 1" A reional

phase. di.fh Lg5en ?gglll%{f] yFepR3LT R UL of EISL BE che

er co i nf ormati on out put from

t he %§§QQ%% 'S ek s%CE%Qr%%ﬁo%%'Q% the %Q%@ﬁ%%i value.

quadrant in formation, and thereb y 28 sinple
processhggis rdehicered alck RRilfaigt ey eoringas twheaf the

t he head p03|t|on Therefore, even in the second
enbodjuaeita nd@o Rlrien @ a rs@rdy,0 i ticheeteirreined from the
quadrant whether the offtrack value 1is plus or minus.

In the second embodiment, the zero phase of the
inclined burst pattern is located in the center of the
4k cylinder of the cylinder code value Cyl.

Therefore, in the case of the first guadrant, by
changing the lower 2 bits of the cylinder code value
Cyl to correspond to the guadrant value -1, the head
position Pos including the cylinder code value Cyl
maintains continuity, and does not become
discontinuous.

As described above, the quadrant including the
burst phase difference is determined on the basis of
the size relationship of the sine and cosine value
information (Pl and P2) of the phase-difference burst
pattern output from the channel 15. The cylinder code

information output from the channel is corrected by

using the obtained quadrant information, and thereby
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of ftrack amount is easily calculated if the pattern 5
has 00 in the center of the cylinder. As described
above, if the inclined burst patterns of the first
and second enbodi nents having 2 servo pitches or 4
servo pitches have a structure wherein the inclined
direction delays in the internal 10 periphery and
advances in the external periphgry-as shown in FlIG

1, the anplitude characteristic of a playback signa
output fromthe read head 10R is stable, and a high

of ft Lagk1 depectbe8iagCYEag hiSveachiexgdntbAn the
conmparison Wwth this, as is clear from15 FIG .6, in

the easeigfiian bAckhaedehdr pbspatiber.n Whieclkforas aven in
opposite direction to the enbodinents and a phase

gr aduakl gedehadyengotidmand tlepéingr dalserper ippliehes .t iée
signal anplitude of a playback signal output fromthe

r eadoliéadat®Ramouakt ieneky idnstaBical2gegnd fsiviye pattern

Further, as is clear fromFEI G 11, due to the
rel abp6n8Ri prbéNReERNERE PhcltiRaliYdn "4fdi'e of the

burst pattern and .the detectia cur.acy,. t ack
det ect i on *%c &FSAH BT PELIES d‘& tgér%ee iMC !lnneegj_ep%)g{]{%%n

25 Cé%k%e&%gg%% hecongs sharlers d RedRGAAtd Hhving 2
angl beconmes | arger, as long as the servo recording

speciski.Gal iR dhe ot ke 9amRr Il Hikldne sSPRAK RO stihiRtdle
rel ationship between the inclination angle of the

bur stynRaktier R hand nfde ndet eGtriedt 1aeC Wedtyy sTEaNT Heheinternal

rel ati onship between the inclined pattern repeating
periphery and advances in the external periphery as
shown in FIG. 1, the amplitude characteristic of a
playback signal output from the read head 10R is
stable, and a high offtrack detection accuracy is
achieved. In comparison with this, as is clear from
FIG. 6, in the case of an inclined burst pattern which
has an opposite direction to the embodiments and a
phase gradually delaying toward the external
periphery, the signal amplitude of a playback signal
output from the read head 10R is extremely unstable
and small.

Further, as is clear from FIG. 11, due to the
relationship between the inclination angle of the
burst pattern and the detection accuracy, the offtrack
detection accuracy increases as the inclined pattern
cycle length becomes shorter and the inclination angle

becomes larger, as long as the servo recording

specification is the same. Strictly speaking, the
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cycle and the offtrack detection accuracy, in the case

5 of adopting a wide read head 10R for DITR in an

inclined burst pattern which gradually del ays toward

the internal periphery. According to the first and

second enbodi nents, in a disk drive using a disk

medi umin which servo 10 information is

enbeddi ng-recorded by the DIR nefhad, a high position

detection accuracy is secured in detecting the

position error of the head by the phase- difference

ser Vgeﬁgfc%bn@ﬁtib%%tw%\é%n the the1Gase \Whe@gllehef the

pl aybac ead wdth of the read head is al nost 15

equabutett batdatra bhackhp Weh.ecAddin iaanalr 2ady argeageshe

and nodifications will readily occur to those skilled

i n t helattionEhepebetecent hde dvedtingd ipe tttesr rhrigRfat 1ng

aspects is not limted to the specific details and

r epr eyehtatinge toghodiffamck 20 tSGWPra i YeSGY bed® the case

herein. Accordingly, various nodifications my be

nmade Ok BROWL IdSpar ik FF%WﬁﬂTﬁ?ds%ﬂ%iﬁOQND%ﬁxﬁhaﬁﬁ

the general jinventive concept .a defin by, t-he

apperd@é&d 10ES My Tartd Haﬁécierr“ed“&ﬁl\% egrﬁasduaggy WA Y% toward

CLAIMED I.S:. 1. -A dis rive conprising: a magnetic

disk¥5§dﬁﬁ%ﬁﬁ%ﬁaﬂﬁ%ﬁgﬁﬁéﬁﬁiregions, in mhic% servo

i nformati o JqiRRpitd ahdetocdd oh@fs@orfd h@@sbdiments, in

perform ng recording and pl ayback of user data is

enbeddingy egarded iy i arietie Madain racarntdisty swethod,

the servo information including a preanble section, a
information is embedding-recorded by the DTR method, a

high position detection accuracy is secured in
detecting the position error of the head by the phase-
difference servo burst pattern, even in the case where
the playback head width of the read head is almost
equal to the data track pitch.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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cylinder address code section, and phase-difference
burst pattern sections to detect an offtrack anount,
10 one phase-di fference servo burst pattern section
being provided in each of the servo regions, a servo
burst pattern having an inclined direction
corresponding to a direction of an inline angle of
the head and a phase which _gradually delays toward an
i nternal periphery of 15 the di sk nedium and gradual |y
advances towards an external periphery of the disk

medi um a read head “hhﬁﬁTifsi@EAﬁﬁﬁg ig:the head and
e

reads the servo information and t user data fromthe

magnetic di sk amgdisymyraRed 20npentsi@ly:means for

perform ng positioning control of the head in

accor dance wWalghetthe $@rs\wo niedfi@mmanhicimd iplayed-waadegions,
fromthe servo regions by using the read head. 2. The

di sk idr e cacserdiongntfo rokailonl fowheoeiin 1025 defiecgdoyo of a
burst pattern of the phase-difference servo burst ,
pat t Beads petrifonTiinot Hecragiag endi s) andgiclimoils userne@ta 1is
such that a radius position having 31 the sanme phase

as acPhassisn-rrREFPESnENe MdECEESS itd Gk tacRFsinghgethod,
center of the sa cyli.nder, cqode ,in the c

li.nd .
addr €68 6 Os eOtOGH® ©3 ONTHE SR " TSI eSO @
cl ai myéiip}ggr%;%@gjress st I&% ers\é%tkl%rrﬁt apl%lt %C raﬁré gcn)—fdli:]fhffehreence

phasé&- SErvo burst pattern’s

g:afgfn gtru'é‘c% éccej ip%:ititc'éﬁ%i wohasnan dneldned eycle Afr Rhastount,
one phase-difference servo burst pattern section being
provided in each of the servo regions, a servo burst
pattern having an inclined direction corresponding to
a direction of an inline angle of the head and a phase
which gradually delays toward an internal periphery of
the disk medium and gradually advances towards an
external periphery of the disk medium;

a read head which is included in the head and
reads the servo information and the user data from the
magnetic disk medium; and

control means for performing positioning control
of the head in accordance with the servo information
played back from the servo regions by using the read
head.

2. The disk drive according to claim 1, wherein

the servo burst pattern of the phase-difference
servo burst pattern section in the magnetic disk

medium is formed such that a radius position having
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is 2 or 4tines as wde as a servo pitch, and which
al l ows a shadow of a detection range of the read head
10 to be conpletely buried in the servo burst pattern
when the detection range of the read head is projected
onto the magnetic disk nedium 4. The disk drive
according to claiml1l, wherein the magnetic disk
medi um records the servo 15.i nkgrmati on and the user
data by perpendi cular nmagnetic recording. 5. A
magneti ¢ di sk nedi um being incorporated in a disk

drive,baying gnLead;begd haseead sREVErebRboeMBEC®Aon is
and user data, the nagne?lc di sk nedium 20

conmpiiskNgoseetMe Eeftensofi Bhehkehet B9ls@HE® code in the
information for position detection of the read head

i s epbeddbeg- aceeesdedoby destiene track recordi ng

nmet hod, the servo information including a preanble 25
section, &.cylheddisiddréss ecdersidewi ¢, cdidipHasaherein

di fference burst pattern sections to detect an
of ftrack ARBURErVI2bugEE pRASEXS Prleltdfcelseavsiffrsence
pattern section beingpprovided i,n t he setv%

s

h of
" egi BREVOL REEEr P8 LBLPSEoRALOBr fihaDeng SR oS! S

directi,on c 1di t ' [ f il i -
oo 85 S SRTA-050 BEEeCh el SR HAte wnich

g:g?XE Eoggrg @me%nggrwéhepgﬁi@h%%XVprHQ%hqi%%d which
um and gradually advances towards an external
peri pherysof thaddiwSkf a detection range of the read head
to be completely buried in the servo burst pattern
when the detection range of the read head is projected
onto the magnetic disk medium.
4, The disk drive according to claim 1, wherein
the magnetic disk medium records the servo
information and the user data by perpendicular
magnetic recording.
5. A magnetic disk medium being incorporated in
a disk drive having a read head to read servo
information and user data, the magnetic disk medium
comprising:
servo regions, in which the servo information for
position detection of the read head is embedding-
recorded by discrete track recording method,
the servo information including a preamble
section, a cylinder address code section, and phase-

difference burst pattern sections to detect an

offtrack amount,
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medium 6. The magnetic di sk nedium according to 10
claimb5, wherein the servo burst pattern of the
phase-di fference servo burst pattern section in the
magnetic disk nmediumis forned such that a radius
position having the sane phase as a phase of the
preanble section is 15 in alnost the center of the
same cylinder code in the c¢ylispder- address code
section. 7. The magnetic di sk nmedi um according to
claim5, wherein the servo burst pattern of the

phase- di f { IeREQ 520 : FHMR R Sle RR] tRIMY tS@Eldt@Y Masction
an inclined cycle of phase difference whichis 2 or 4

ti megeasgWdevased iSekM@hpiolfchiheand rwhi alegdldneyws the serve
shadow of a detection range of the read head to be
conpbetreky phurtieed havihg aserdve lbwmest ddateicgriiermhen t he
detection range of the 25 read head is projected onto

the megmestendiisl medisumiregtithe ofagretind idissienNged ¢h the

according to claim5, wherein - 3 the magnetic dj sk
nedi BfPFedddds PhésSemid ch ﬁﬁﬁpﬁﬁﬁﬁéhdf&@'t e PeHe an

dataig e@%%qe%gf¥gﬁg}y %&g%%g %i%%?%kgﬁﬂgiand gradually

advances towards an external periphery of the disk
medium,.

6. The magnetic disk medium according to
claim 5, wherein

the servo burst pattern of the phase-difference
servo burst pattern section in the magnetic disk
medium is formed such that a radius position having
the same phase as a phase of the preamble section is
in almost the center of the same cylinder code in the
cylinder address code section.

7. The magnetic disk medium according to
claim 5, wherein

the servo burst pattern of the phase-difference
servo burst pattern section has an inclined cycle of
phase difference which is 2 or 4 times as wide as a
servo pitch, and which allows a shadow of a detection
range of the read head to be completely buried in the
servo burst pattern when the detection range of the
read head is projected onto the magnetic disk medium.

8. The magnetic disk medium according to

claim 5, wherein
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the magnetic disk medium records the servo
information and the user data by perpendicular

magnetic recording.



