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AND APPARATUS FOR VR TI NG SERVO DATA WTH i
RN
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PERPENDI CULAR MAGNETI C RECORDI NG I N A DI SK DRI VE
BACKGROUND OF THE | NVENTION 5 The present inventi
relates generally to a field of a disk drive of a
per pendi cul ar magnetic recerdilng-system particularly”
to a servo witing nethod in which servo data is

recorded on a di sk redium by perpendi cul ar _magner IITHIHNIAN

recording. 10 In recemtryedrstTuRr agttgakonse of a
drive of a perpendicular magnetic recordi ng system  *con
has METRED RMNhePHARANEUS]. FOR WRET DeG PSCRVOUDATA WITH
magnetic recording system a disk drive using a wite
headPERFEINIECCEH.AH MAGNEDI @ REQERDENE [16PT)DS8Kt BRIEE
for 15 perpendi cul ar magnetic recording, and a disk
medi um (her ei naf BACKGRCSMNDe i THE mNVENESIGN di sk)
which is a doubl e:layered perpendi cul ar recordin

medi um i ST EEHy. InVeyeherarelabe§odanesat oy g@ea
in a cantrol for 20 positioning heads is_recorded on
di sk D¢t e ot iF 1 Yher Hi 3P HFPeRILCEhay Bagygtic

witing step for recor- din he, servo data, a servo
o | GO T A e S 1R T HCSEFRbY (TOck SPTTRr v SHEe
'Slﬁg%%od in which servo data is recorded on a disk

*159159*

medium by perpendicular magnetic recording.

In recent years, practical use of a disk drive
of a perpendicular magnetic recording system has
been pushed forward. In the perpeﬁdicular magnetic
recording system, a disk drive using a write head
called a single pole type head (SPT) suitable for
perpendicular magnetic recording, and a disk medium
(hereinafter referred to simply as a disk) which is
a double-layered perpendicular recording medium is
prohising. |

In general, servo data for use inla control for
positioning heads is recorded on disks before shipping
the disk drives. 1In a servo writing step for recor-
ding the servo data, a servo write-only device called
a servo track writer (STW) is used.

The servo data is roughly classified into an
address code and a servo burst signal. The address
code includes a cylinder code and a sector code.

Since the servo data is used for correctly
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The servo data is roughly classified into an 25
address code and a servo burst signal. The address
code includes a cylinder code and a sector code. Since
the servo data is used for correctly positioning the
head at a target position on the disk, a

hi gh-precision witing nethed ipgs required. In the

di sk drive, the servo data recorded on the disk is
read by a read head at the tine of positioning the 5

heagho At fdHing ItH HELLISt oD 4 POSid Oni gy the fiead

depends on precision in reproducing the servo data.

For cixayple,h Werp tdel Siesry o b V%Sh@i}?édliwf’é@ﬁ réd. In
the servo data is recorded, and en erase bands

exi stheordioppait tve sitdes, sétwe sdgnal rdcordideod I ddsk
ratio in an operation for reproducing the servo data
somdts nEsndiops: bevalidead dbsdes tiymd hef evasiet banidsy the
To solve this problem a technique has been proposed.

in WEach t He thlbiek WiimRh wiegiml arerivio tngistiigmal the head
expanded to inprove the SINratio (see US. Patent 15

No. SEPeFEs %?rq%swrﬁm &epPafudiangi Bie oﬁelvceo ofata.

t he perpendi cul ar recordi ng system
servo dat®j &% %'ed" ?Ptti"ll'ée L Byt Hle %W%l hegl uded

i f h | ti
lrjzlcgr di nrpgeSPTf(fsv}éldgfatbﬁagﬁaﬁo{ﬁﬁtheﬁii{qef[epadeéin d@}ﬁiuhai r bacﬁc P9 aras
na ne as_been
cog:‘ég{trlrresctd 9 e%%ﬂ%ezy%%)gr’d% enonger%a ge srf’ojtse (S/N)

changes.o %erérﬁ oﬂ&“aoﬁ%rpgfd@%fc?dJélﬁgd YNGR gata
pol arity opposité to
sometimes drops because of losses by the erase bands.
To solve this problem, a technique has been proposed
in which the track width of the servo burst signal
is expanded to improve the S/N ratio (see U.S. Patent
No. 6,023,389, for example).

In the disk drive of the perpendicular magnetic
recording system, the servo data is reéorded on the
disk by the write head using an SPT suitable for the
perpendicular magnetic recording.

Additionally, in the perpendicular magnetic
recording system, a phenomenon has been confirmed in
which a recorded magnetized state changes, when a
recording magnetic field having a polarity opposite to
a magnetization polarity magnetically recorded on the
disk beforehand is applied by the write head using the
SPT. This phenomenon 1is called_a hardFeasy transition

shift (hereinafter sometimes abbreviated as HETS) or
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a magnetization polarity magnetically recorded on the
25 di sk beforehand is applied by the wite head using
the SPT. This phenonenon is called a hard-easy
transition shift (hereinafter sonetines abbreviated
as HETS) or sinply a hard transition. In HETS, the
recordi ng magnetic field frem tthe - head apparently
becones strong, and the magnetization displacenent
poi nt shifts, when the nmagnetization 5 having a pole
oppasinpel ¢ & tHeatd of rdhel teget i zati on  before the
recording on the disk is witten. It has been
confirrmnﬂnrﬁET&hemhanrénérdéngemaghetEESfphEdoﬁﬁomnthe

. is exerted at the tinme of a servo witing operation

and hefash appapAntl ivgranes sefrvond0 aad athes megneehzabion
a radial direction froman inner periphery to an

out &rl SFEFGHRARE 1P itHe Hhkkist Heherrie magreshidtsonn

a reverse direction, and is recorded. Wen the servo

dat &Y Y% Go PP i PRI St Sralherhata OF e dURIF VL 22 F oo

% | inder_code,is generat 15, or the precision
&

r O(fuc;clbﬁag GHETEHRD Bur'dt Jg%]él 1s jiE et at es.

S\Zt‘é‘rfﬁf’“i %&%&W&%&%ﬁp E IRRTT O R hL fen e

acceirdapee \ﬁﬂhtel% oer{mﬁgdé'%ﬂlté)cﬁ ddhepL esgnt rrefha FEEVo

invention, there Is provi servo witing

| nckudiongf agdidd e t&aéo%ﬁsﬁénﬁ% %ﬁé}&fﬁh@fservo
servo data in a radial direction b HETS
phegerRNAR it ia tSer iy W lxtadhmstcﬁpr&yt?ozpefzp&ﬂdé&umaer
: periphery to an outer periphery on the disk, the servo
data shifts in a reverse direction, and is recorded.
When the servo data is recorded in this manner, a
reprqduction error of the cylinder code is generated,
or the précision in reproducing the servo burst signal
~ deteriorates. As a result, the precision in posi-
tioning the head deteriorates.
BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention, there is provided a servo writing method
including facilities to compensate for a shift
of servo data in a radial direction by the HETS
phenomenon in a servo writing step by a perpendicular
magnetic recording system.
The servo writing method is a method in which
servo data is recorded on a disk medium by use of

a write head of a perpendicular magnetic reccrding
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magnetic recordi ng system 2S The servo witing nethod
is a nethod in which servo data is recorded on a disk
medi um by use of a wite head of a perpendicul ar
magneti c recording system The wite head is noved to
a designated position of the disk nmediumin a radi al
direction. Wen the servo datd i s recorded at the
designated position by the use of the wite head, a
wite 5 operation is executed including an offset
processemset Nesedr ore thmadard-measyd ttansi dé ongsdht éd
(HETS) = phenonenon. BRI EF DESCRI PTI ON OF THE SEVERAL
VI B8R <Gt IHE mq\l@llsﬂhenmwanw rga air @i digse cmhdc h
are _incorporated 10 in and constitute a part of the
spedirac dthooreqvq wa ke ate wagsodierkmts Ofe tdrsignated

inventi and tqogether with the general description
&Ew o

gi vé&ly & Wt £ dde qesddrs disash F wnkte

o RERLoaT A AT o il e 'qaf'sfsaqtqtheprocess
h

te EDL%%Q#%% i e BTl R T e e

@e%?%é% ng charts showing the servo witing
od gccooggl ng to the present 20 enbodiment; FIG 3

'tf, R e yiehs 82094l Banmc

a main pwﬁe(ﬁcdbm#éﬂylng drawings, which are 1ncorporated
in and constitute a part of the specification, illus-
trate embodiments of the invention, and together with
the general description given above and the detailed
description of the embodimenfs given below, serve to
explain the principles of the invention.

FIG. 1 is an explanatory view of a servo writing
method according to an embodiment of the present
invention;

FIGS. 2A to 2D are timing charts showing the
servo writing method according to the present
embodiment;

FIG. 3 is a diagram showing a servo track writer
according to the present embodiment;

| FIG. 4 is a diagram showing a main part of a disk
drive of a perpendicular magnetic recording system
according to the present embodiment;

FIG. 5 is a diagram showing a format of a disk

according to the present embodiment;
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drive of a perpendicular magnetic recordi ng system 25
according to the present enbodinent; FIG 5 is a

di agram showi ng a format of a disk according to the
present enbodinent; FIG 6 is a diagramshow ng a
format of servo data according to the present
enbodinent; FIG 7 is a diagram skow ng a structure of
a head of the perpendi cul ar magnetic recordi ng system
5 according to the present enbodinent; FIG 8 is a

di agr am showi ng e HETS phenoskewing agCosehag &0 §8evo
present ~enbodinent; FIG 9 is a diagram show ng an

i dedlatreecoraiediing dte Tfe tiwee servcematdi mercor di ng to
the present 10 enbodinent; FIGS. 10 and 11 are

di agr ams BHowi hglaane adiagtamreborted stateuotutdeof a
servo data according to the present enbodi nent; FlIG
12 ihead @lagimmbBsRan Fh aharageristiesordmngfs yéieen
di sk of the perpendicul ar magnetic recording system
accHFIG S thife PrefHfsenb ReH;GS. 13 and 14

lt
are di agr showi n characteristics of an offset
anount vvilﬁg'r eé;pje%tagt%laq-fﬁ%c TUTMY % ERES prleeRemencn

enbqgli i;r}gaq:% %qlnggﬁsll%é Semabpc; 12{1%\'\%: art show ng a

procedure o a serv I hg ope according to

the presents, m@'Mag%@ljr&%%sa%l LN EdHq

I NVENTI ON _
state of the servo data according to the present

embodiment;

FIGS. 10 and 11 are diagrams showing an actual
recorded state of the servb data accordin@ to the
present embodiment;

FIG. 12 is a diagram showing Hn characteristics
of the disk of the perpendicular magnetic recording
system according to the present embodiment;

FIGS. 13 and 14 are diagrams showing
characteristics of an offset amount with respect to
Hn according to the present embodiment; and

FIG. 15 is a flowchart showing a procedure of
a servo writing operation according to the present
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The present embodiment will be described
hereinafter with reference tolthe drawings.

A servo writing method of the present embodiment

will be described with reference to FIGS. 1, 2, 3,
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The present enbodiment will be described 25
hereinafter with reference to the drawi ngs. A servo
witing nethod of the present enbodinment wll be
described wth reference to FIGS. 1, 2, 3, and 1 S. In
the servo witing method of the present enbodi nent,
as shown in FIG 3, servo datads +ecorded wth
respect to a disk 10 incorporated in an assenbled S

disk drive using a wite head 20 nounted on an

act utadrl3d2 of the drive under control of an STW 13.

- The disk 10 is rotated by a spindle notor 11. An SPT

sui t abl e ¥orthperpendd cut at inagnethodr e€otdengriesensed
in the wite head 20. 10 Mdreover, the servo witing

et KPS IneRt ) pesEmWenbodf Hent 3 maye beo adake hbd fecorded

which a multi stack (MS)-STWfor recording the servo

“dat &"'d0 1'RSPRT Vel i dhF eSpebtcerrarptedalnt gnotssemnbled

di sks, ne servo witing operation is used. Even in
t hi @;ﬂ{ Ve gitmd or' b i $39 operEnpediqn an

f b [ head [ he SPT suit abl
Por TRt Ao e %ﬁﬁ%ﬂ?@@&%@*ﬁiﬁﬁ% St'af st 13,
F / ' | 4, . it]
"ot 25 SO sl Serag e g
recerdediisd g2 ﬂ%ﬂﬁ&jlgpﬁ%%%gﬁlgsfgggp%%}éﬁé?gs used

any STWin a disk drive 1 asse

The iheathel vdind ugesy @i te head using an SPT, and a
read head usually using a giant

Moreover, the servo writing method of the -
present embodiment may be a method in which a multi
stack (MS)-STW for recording the servo data collec-
tively with respect to a plurality of disks by one
servo writing operation is used. Even in this method,
the servo writing operation is performed by the write
head using the SPT suitable for the perpendicular
magnetic recording.

Furthermore, as shown in FIG. 4, a self servo
writing system may also be used in which the servo
data is recorded using a head 15 of the drive
without using any STW in a disk drive 1 assembled

-as a product. The head 15 includes a write head
using an SPT, and a read head usually using a glant
magnetoresistive (GMR) element. The head 15 is
mounted on an actuator 16 driven by a voice coil

motor (VCM) 17.
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magnet oresi stive (GWR) elenent. The head 1S is 25
mounted on an actuator 16 driven by a voice coi

notor (VCM 17. (Perpendicul ar Magnetic Recordi ng and
HETS Phenonenon) Perpendi cul ar magnetic recordi ng and
the HETS phenonenon will be described as an
assunption for 5 describing a’er~o witing nethod of
the present enbodinent. As shown in FIG 5, a large
nunber of tracks 100 are constituted in a disk 10

i ncor por ateerpendi dakkr Magnetic Eacbritiagkahachmdes a
servo area in which 10 servo data is recorded by the
ser \Rheagdngnapniret hod of the present enbodi ment, and a
data area in which user data is recorded. As shown in
FIG 6, tirRrrerdbcybin Naghetes necprdantl endOtha HETS
servo mark (SM 61, an address code is 62, servo burst

si gRAR PRI Vit PD)AFCrihrr 2paan FFADNP pber Hor

64. The address code 62 is gray code data including a

cquﬁﬂﬁrikﬁﬁgzﬂu?%f%ﬁx%?ﬂtﬁhﬁk@e¢ﬂQ§ of sHatwsPaestate

of i @ $ %ﬁyp.data (62, 63) recorded on the disk 10.

In f%%lé}é% drive 1, a track 20 (cylinder) for

e ey AR AR 18y ol AP S pracis 100

PRI S SR LSRRI, s

the dairad 1A | SRl rdd thadl@led he §d 7o Of r & £PLOUG: ch
servo data is recorded by the servo writing method of
the present embodiment, and a data area in which user
data is;recorded.

As shown in FIG. 6, the servo data includes a
preamble 60, a servo mark (SM) 61, an address code
62, servo burst signals (bursts A to D) 63, and a pad
(PAD) portion 64. The address code 62 is gray code
data including a cylinder code and a sector code.

FIG. 9 shows a state of ideal servo data (62, 63)
recorded on the disk 10. 1In the disk drive 1, a track
(cylinder) for positioning the head 15 is identified
using the cylinder code red by the head 15. A control
for positioning the head is executed in such a manner
that an amplitude value at the time of reproduction of
the burst A is equal to that at the time of reproduc-
tion of the burst B. Accordingly, the head 15 is

positioned on a track center line 83. It is to be

noted that in FIG. 9, reference numeral 84 denotes a
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25 tion of the burst B. Accordingly, the head 15 is
positioned on a track center line 83. It is to be
noted that in FIG 9, reference nuneral 84 denotes a
track boundary line. In the head (15, 20) in which the
SPT suitable for the perpendi cul ar magnetic recording
is used, as shown in FIG 7# & magnetic field
generated froma 5 main magnetic pole 71 of the wite
head is applied to a perpendicular magnetic recording
| ayerrakA hfuredamdpoubires | ayer ed di sk 10, passes through
a soft magnetic |ayer 10B, and is converged into a
return yoke e hadat (1S, 20hmgmewhichi ehd §PDpsustable
formed in the SPT. 10 Here, in the wite head, a

magrids ¢hforRe TPanki el ath enEPTR § 5 reversethdyis used, as
recordlng current,_and accor - dhg I%%a di rection of

1

geneﬁhé:t"?rbrf‘rbf LGre- nag?né‘ta}@eftPéF réRRerabe@oleem a

the head incluydes a re d.includin 15 a GWR

el effent” "Fl‘é“‘gﬁbq Cgé%%&aﬂr éb‘?o‘&lﬁctwlbht%%i%@%i%@ applied
GNR el ement 73 reproduces

?gg%r%dlan H geﬁlé%c Inb?gﬁberrwrtglrcat%%c?l? theaﬁfl%\@njecf cof a

Th duct
;ﬁlcer ng rre ers %%%ZE %)vseselsntte % repro leég?%netlc
20 neiygs alodharld M Aok dpragdustd Qf‘etdfh tﬁjﬁhoeke 70. |

per pendi cul ar magnetic recor g system ~as

FI GTriit d o, econtighe tRgratd 1 field @Vf&gne@ ﬂ?'@ﬂétém
opposite to a nmagnetization polarity (809S)
mag etrie¢ alilny thecorded ereddie dingdgrhafof elddid Sinside
the SPT is reversed by a recording current, and accor-
dingly a direction of generation of the magnetic field
changes.
Moreoyer, the head includes a read head inclﬁding
a GMR element 73 held between reproduction shielding
members 72, 74. The GMR element 73 reproduces a
recording magnetic field generated from the magnetic
recording layer 10A on the disk 10. The reproduction
shielding members 72, 74 remove interference magnetic
noise at the time of the reproduction.
In the perpendicular magnetic recording system,
as shown in FIG. 8, a recording magnetic field having
a polarity opposite to a magnetization polarity (80S)
magnetically recorded on the disk beforehand is
applied by a write head 20W which is an SPT in the
perpendicular magnetic recording system, and then a

recorded magnetized state changes. This phenomenon
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2S applied by a wite head 20Wwhich is an SPT in the
per pendi cul ar magnetic recordi ng system and then a
recorded nagnetized state changes. This phenonenon is

t he HETS phenonenon. Concretely, when the recording
magnetic field having the sane polarity as that of
magneti zation (80N) on the -di ¥k before the recording
is applied, 5 magnetization (81N) corresponding to the
shape of the head 20Wis recorded. on the other hand,
whenis tttee NERM®t preidmendBIN) opposite to the

magneti zation (80S) before the recording is witten,

t he recordomgrenappnetwiehi ehd feooriihegheagnappar ently
becomes 10 strong, a magnetization displacenment point
shi fhavinariche steperolariyraedtmagnef i zagheni £82MNn
becones larger than that of the head. By this HETS
phenGHBhorPh abkerdbslhdte fera thervecordiny betapplyed,
recorded on the disk indicates a 15 recorded state
shoWR I FH B L1 wh $ 1V <Pk SRNET | reafhe eshrpedo £
st at.e _shown, i IG 9. That is, the address code 62

shi f1_t%se ?}eoq’ﬁt e"F 1% K YSthfbar PB4 LR AEREF 23Rén when
(Wi [ rection,. rev to . a servo witin , ,
dir g%{él gﬁhargg]lé%ly atnloanrmﬁgnﬁ)ZOO%aSJa%% §9 F%%J?W?hz%tlon
porti ( i ff ] y .adl acent to bits.
The Bt s ea € e satind H OB et dime

st atry drieati d hes did e thiee B dﬁ;ﬁirér@@l;&%é&ox@eér e

connected to each other in a wdth SO correspondi ng

to tseosly,fla atEyi¥tization displacement point shifts,
and a shape of recorded magnetization (82N) becomes
larger than that of the head.

By this HETS phenomenon, a servo pattern (servo
data) actually recorded on the disk indicates a
recorded state shown in FIG. 10 with respect to an
ideal recorded state shown in FIG. 9.

That is, the address code 62 shifts from the
track boundary 84 in a direcﬁion (width direction)
reverse to a servo writing direction 21 by an amount
SO, and is recorded in a portion (71) different from
a track adjacent to bits. The burst data 63 is
brought into such a recorded state that the bits
of the burst A or the burst B are connected to each
other in a width SO corresponding to the shift amount
in the vicinity of the center line 83 of the track

(see reference numeral 25). When the read head 15 is

positioned in such a manner that amplitude values of
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25 in the vicinity of the center line 83 of the track
(see reference nuneral 25). Wen the read head 1S is
positioned in such a manner that anplitude val ues of
10 the bursts A and B are equal (positional error is
0) in this recorded state of the servo data, the head
shifts fromthe center line-8310f the track (target
position) by S1 (SO 2). 5 On the other hand, the
cylinder code shifts by the shift amunt SO and is

recaihgedhurbiter & aired Bhere ddgal easodetdod®li Srror is 0)
positioned in order to elimnate the positional error
(burist thiburstcdrded)stathe diBache readso adpast the head
(corresponding to the shift anount SlI) 10 of the

adj éé@ffgiscyﬂﬁqméihﬁ:mw vioive i 83 enf | Ghertrack (target
Addi tionally, the anmount of the data read fromthe

adj ESA- Y Hc P ePendC/oh a reproduction track width

of the read head 15. Usually, cylinder addresses on

the di sk %o i OFReR 13t et nc¥tiehdar nepder shhats by
(o SR AR SHE Shind e exeet Tear drebes Foiner when
i 1 GOF Gk PR Yok TS TET SO oP 1o bimiaase
e e a s e T St © Thap br oree ead
bt S Rrea el s e vt sl o)
cyl bfdeheC@dg s@ferdthe iridtdet tode servo-written later.
Additionally, the amount of the data read from the
| adjacent track depends on a reproduction track width
of the read head 15.

Usually, cylinder addresses on the disk 10 are
allocated in such a manner that the address decreases
.on an outer peripheral side (e.g., cylinder 0 ), and
increases toward the inner periphery. Therefore, when
the servo writing direction extends toward the outer
periphery from the inner periphery, the cylinder code
shifts on an inner peripheral side, and is recorded.
Therefore, a read head 11R reads a part of the
cylinder code of the adjacent track on a "-1" side
with respect to the cylinder code of the track in
which the head is positioned. Conversely, when the
servo writing direction extends toward the inner.
periphery from the outer periphery, the read head

11R reads a part of the cylinder code of the adjacent
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whi ch the head is positioned. Conversely, when the 25
servo witing direction extends toward the inner

peri phery fromthe outer periphery, the read head 11R
reads a part of the cylinder code of the adjacent - 11
track on a "+1" side (inner peripheral side) with
respect to the cylinder code oflthe track in which the
.head is positioned. FIG 11 shows a concrete exanple

of an actually 5 recorded state of the servo data by

t he tHEIS phreno- " AENoHi dAs ( Shown pér Fhkerdl, sadapi §eth
regi on (dead region) which does not contribute as the
serveednest teigmal cekisdsr bedadwens t tiee burst® AnawdiBh the
Wien high track densification of the disk actually

pro , 18 eosbtiered- wi dth of the read head is

reduced. Addition- ally, the head 15 contacts the

track in BLptath SBeyite?i Agnenche dexemalei né anoarhually

order to sa f relation "burst A = burst B" in a
posﬁ‘?%%%?#l 3 3/'b?/ oI5l 15T Rt atPvnthf t RBETherlene-

t 15 I 25 whi
Conriisite A el F iy fi?a'g?f%%ssm%%l% “Pagsa
b f
rggl onall% q'{kﬁ"ocnh (gcgése Oclgghc%znsl O%u? eass %h? h‘?e“a’%-f\é(gdblizéSt
t t di ,
s WSl G Suegtocialil ol wosbced: Sigoadl ol fuon

;0: eﬁ%%?dl% I i dhe fpade df’fgé agesy e?@gaafﬁy agf@?é’é&s, the
gion in which the relation between ro
amutadlivgilcdiC@)f the read head is reduced. Addition-
ally, the head 15 contacts the track in a place
centéring on a dotted line 110 in order to satisfy a
relatioh "burst A = burst B" iﬁ a position offset by
SO/2.from a relation with the dead region. 1In thié
place, the regions 25 which do not confribute as the
servo burst signals exist in the bursts A and B.
Therefore, as shown in FIG. 11, a regional portion 120
which contributes to the head 15 as the servo burst
signal is reduced. Accordingly, a quality of the
signal contributing to the control for positioning
the head degrades, and, as.a result, a region in
which the relation between a control amount (distance)
and a control signal amount (voltage) has linearity
is narrowed. That is, with a decrease of a dynamic
range, a precision in positioning the head is lowered.

(Servo Writing Method)

Next, a servo writing method of the present
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and a control signal amount (voltage) has linearity

is narronwed. That is, with a decrease of a dynam c 25
range, a precision in positioning the head is | owered.
(Servo Witing Method) Next, a servo witing nethod of
the present 12 enbodi nent using an STW13 will be
described mainly wth referente te FIGS. 1, 2A to 2D,
and a flowhart of FIG 15. Basically in the servo
witing method in which 5 servo data is recorded on a
di skerdfyd Bmew f tes heqdan 20TWs1posill opeddeboripsampbenly
at a pitch which is 1/3, 1/2, or 1/4 of a track pitch
by conthr ofetérehee STWIGS. whj | 2Athe 2By vendatafiswchart
superi n}Eosed upon a part of the adjacent servo data.
The Serfisdata-is 10 connected to one another in this
manner, and recorded W thout any gap. FIG 1 shows a
case wher@2fheakéyvondhha $erver WELBANIf BEthREAMphewhiah
adrectio éarrom121 from the inner peripheral side
to terer"dbtfgﬁ‘ Pet? phes r%?dl%nt%ed%ﬂ?%kl‘io aFyeste 2need
2D m1t|n1n9$%$tg15| nal s 0 to, SG33, ecessarX

for a SErVO W TTT hg-op ?5t?§9pp B thE STRNISD ERech1Bs

2, AP R0 1005 PLOCOIE BT LB SERLD of che

coseaml ) IHELE00RS B EREL 8 o COUERIL 2ok

(26)poft tde the sddfaddnt servo data. The servo data is
connected to cne another in this manner; and récorded
without any gap.

FIG. 1 shows a case where the servo data is
written, for example, in a direction (arrow 21) from
the inner péripheral side to the outer periphery of
the disk 10. FIGS. 2A to 2D show timing gate signals
SG30 to SG33 necessary for a servo writing operation
in the STW 13. FIG. 15 is a flowchart showing a
procedure of the servo writing of the STW 13.

The STW 13 records address codes (cylinder codes
and sector codes) 22 in a write timing 300 of SG30
(step S1). A recording area (26) of the burst B is
erased in a write timing 310 of SG30 (step S2). 1In
this case, by characteristics of the SPT which is the
write head 20 and the disk 10 for the perpendicular
magnetic recording, the erased region shifts from

the area 26 in an arrow track direction (direction

reverse to the writing direction 21) by an amount
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erased in a wite timng 310 of SG30 (step S2). In
this case, by characteristics of the SPT which is the
wite head 20 and the disk 10 for the perpendicul ar 25
magneti c recording, the erased region shifts from the
area 26 in an arrow track direction (direction

reverse to the witing direetidd 23) by an anount 13
SO (area 24). This shift anmount SO indicates a value
det erm ned based on the above-descri bed HETS
phersanefrrga &%) an Tmbainéh Ot r &spontdi 8g iedabaves 10%
of the track pitch is experinentally confirnmed 5
(contxrlateldgteyoine@(avgd om the salcaverdeébershad HETS
degree of a shift as the shift amount SO is al so
gend@h|rame P healpdral Nt heo exieiseesd todet@2abMakt |
the STW 13 records a servo burst signal 27) of the
bur st9% 9% EeuwiEaEc ivd Fh 329 %p%@qenbaiki/eﬁosé}.rmﬁﬁ

h I mi 320 ST 3 ff iti
opor ST pos i T 146 ) ¢ o Hoath1205¢Rce BBGI EPER

bt gy b bt ' ff t .
(ot e sming: (BTt He Shi 1S anibuhs %B%Pﬁjﬁowahs also

or’ g oY t
5, YRR e B o B LR HPrEe T e
[e9i on 25y chedoesniols cARLSLRU £ bacthenseEvoshisy

signal by the HETS phenomenon is recorded in
tion2of)f et e the of f5etn amw t SQ 1 BYng hgse E¥osc3y

operations, the STW13 records the signal 27 of the 20
bur sitstAp @8 I eclit dshd heirelmg e 0,£0t108 26w (i BCbYEEABes an
: offset writing operation to position the write head
20 in a position obtained by subtracting an offset
amount (corresponding to the shift amount SO) from an
original feeding pitch and to record the servo burst
signal (27) of.the burst A. By this operation, the
'region 25 which does not contribute to the servo burst
signal by the HETS phenomenon is recorded in a posi-
tion offset by the offset amount SO. By these two
operations, the STW 13 records the signal 27 of the
burst A, and records the erased region 26 (including
24) in a timing just after the prior timing.
Next, the STW 13 records an erased region 28 of
the burst A in the timing of SG32 (step S4). By this
erasing, an unnecessary signal region on the outer

peripheral side of the servo burst signal 27 of the

burst A is erased. Furthermore, the STW 13 records a

servo burst signal 29 of the burst B in a write timing
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24) in atimng just after the prior timng. Next, the
STW 13 records an erased region 28 of the burst Ain

the timng of SG32 (step S4). By this erasing, an
unnecessary signal region on the outer 25 periphera

side of the servo burst signal 27 of the burst Ais
erased. Furthernore, the STW 134reeords a servo burst
signal 29 of the burst Bin a wite timng - 14 330

of SG33 (step S5). Also in this case, the STW13
execi3@soanS@idsestawi $ENg opesat ianthospeskki oanhtherw 13
wite head 20 in a position obtained by subtracting

t he f¢ceteanpuntt S8t rom t hegoopgraaiofieedi pgsptieh Bhe
inthe timng 320 and to record the servo burst signa

29 TR BRAGt2E8 iThe STV iBonepehasnetieby subtracting
above- descri bed operation_ for the predeterm ned

nunbete gL i kameent neP ebyomr bleorer i itnabgfeaging pitch
whi ch d not.contr%? te to 10 the servo burst signals,

in tHe B StYIRANE B 370 HOsTEFord BReseerBy Puest signal

of f agqﬂnt SQ Therefore, positions correspondi ng
to ??%C ceﬁ%é?lﬁﬁagg'in whi ch the bursts A and B

reproduc e ke v rel.ati on,"A = B"

arg shomﬁﬂ%gxﬁgﬁt%% ??%ggegStH%sgPﬁviT%fsi?lggd operation
desard b ' r g L oeps, LN

ser vod \Aﬁeéli%el’i%ﬁdeet ﬁh%{jl{l %nﬁ?ﬁ%@%e%gg%%@é% %le _g%%%ggby
(bursdco A ik Ble @i én g eg9r@ethnh adb 0561%8&01?1‘&%@8

. . e
operation is executed to offset the position of th
the servo burst signals in the bursts A and B in

to
e

positions offset by the offset amount SO. Therefore,
positibns corresponding to track center lines in |
which the bursts A and B feproduced by the read head
have a relation "A = B" are shown by dotted lines 23
in FIG. 1.

As described above, in the present embodiment, in
the servo writing method, when the servo burst signals
(bursts A and B) are recorded, an offset writing
operation is executed to offset the position of the
write head 20 in a direction reverse to the writing
direction 21 by the offset amount SO and to write the
signals. Therefore, as described above, the recording
shift (shift amount SO) generated by the HETS pheno-
menon can be compensated for at the time of the servo
writing.

Therefore, in the disk drive (see FIG. 4)

incorporating the disk 10 on which the servo data is
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20 wite head 20 in a direction reverse to the witing
direction 21 by the offset anbunt SO and to wite the
signals. Therefore, as described above, the recording
shift (shift anmobunt SO generated by the HETS pheno-
menon can be conpensated for at the tine of the servo
25 witing. Therefore, in the fisk-drive (see FIG 4)

i ncorporating the disk 10 on which the servo data is -
15 recorded by the servo witing nmethod of the

pr eseior R e} reey s dhes headk 1y Gad: sq by pught %ﬂé@ent
e

contact wth the center line (23 of FIG 1) on

t r ackndoasiedntgn tHee e a Hatan Heaorsligigt Yines @ontact
result, the head 5 positioning precision can be

i mpmgEdd . thRuaemdrewrleinesi itk dHSBES. of) tdie dymantack based
range in the head positioning control or dead zones

of OSthd&hsemprsurdatasi gt e i@l ¥ m amtad;e skt helde head
positioning control is not adversely influenced. 10
AddPOS TN RS IRTEE I Jon ean g ld R of the read

head. can contri bute to the reproduction of the servo

bur st si &Qﬁjaqr]g}ewei'ra%%cear 19t VEly Ryyanyc range

densi fied. Furth the head 15 b
cor RECITY PEES R Tt WhGlt Gip e SR/ RSt of

7L 9985 a8, pUESS S B0 HRANIR e g

COd%o%@%i%%ﬂd@“é@ﬂﬁ?&lffé”ﬂ5¥ﬂé&béﬁggﬁﬁufﬂkluenced.
Additionally, since all the track widths of the read
head.can contribute to the reproduction of the servo
burst signals, the tracks are effectively highly
densified.

Furthermore, since the head 15 can be correctiy
positioned based on the servo burst signals, the
address codé 22 can be normally reproduced, the répro-_
duction error of the cylinder code can be inhibited
from being generated.

(HETS and Offset Amount)

FIGS. 12, 13, and 14 are characteristic diagrams
concerning HETS and offset amounts at the time of
servo writing according to the present embodiment.

It has been confirmed that the HETS phenomendn
is caused by recording conditions of a write head
using an SPT, magnetostatic characteristics of a disk
of a perpendicular magnetic recording system, and

an inverse magnetic domain generated magnetic field
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(HETS and O fset Amobunt) 20 FIGS. 12, 13, and 14 are
characteristic diagrans concerning HETS and of f set
anounts at the time of servo witing according to the
present enbodinent. It has been confirmed that the

HETS phenonmenon is caused by recording conditions of

a wite head 25 using an SP¥, #égnetostatic
characteristics of a disk of a perpendicular magnetic
recordi ng system and an inverse nagnetic donmain

genéimat edHmadeesd t s f & ehalgdét i &infiédd denveérsiay magnehi @-H

. field intensity in an MH characteristic |oop shown

in R@ragter & id4lshpwshamn ekanpl@. of2a neasur enent
result of an HETS anmount with respect to Hh. From 5
measur emehtGr esf| $80¥Hon ERaFPEe of aj meganrpment
confirnmed that when the di sk has an Hh of 800 or 1000

or ¥t heP st tEERDRRoLRt | whihi FesPeebntobBRpg From

ted by the HETS phenonenon. FI G _13 shows an
gigﬁ%%giﬁf ?ﬂ§rﬁﬁﬁ%ﬁ?é&ﬁ%owﬁol?egﬁﬁt tonckEnFag be

oo Al oLloSinaIOUL AP2 ngoe ST SR lls

Wi tTng operation

Wity dih QRenglon By, the, J.SEFVXm?LH@tié S%n%ﬂ?%@é%iﬁtﬁ%mt 0

amount which i's theée nmeasur enen f estu

o S R e s e

reproduction error of ~C alls within
an al |l onapt@. r 8ngghokd ARCeBAYOWWELERE R¥akiBeREME

. I;;;ETt concerning setting of an offset amount in a
case where ah.offset writing operation is executed
at the time of a servo writing operation by the STW.
That is, the offset amount which is the measurement
result corresponds to a set value, for example, in
a case where the reproduction error of the cylinder
code falls within an allowable range.

In the servo writing by the STW, it is not
practical to adjust the position of the head with an

offset amount which has been set to a large value.

Then, when the measurement result of the HETS amount

with respect to Hn shown in FIG. 14 is considered, and
when Hn of the disk is 800 or more, the HETS amount is
suppressed, and therefore the offset amount does not
have to be set to such the large value. The vicinity
of a dotted line shown in FIG. 13 is a preferable
concrete example of an actual offset amount.

As described above, in the servo writing method
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practical to adjust the position of the head wth an
of f set anobunt which has been set to a |arge value. 20
Then, when the neasurenent result of the HETS anount
with respect to Hh shown in FIG 14 is considered, and
when Hn of the disk is 800 or nore, the HETS anount is
suppressed, and therefore the ofiff set anount does not
have to be set to such the large value. The vicinity
25 of a dotted line shown in FIG 13 is a preferable
cona eteh@xargs enof ediboacheat, of fset pAvYNL1eASo

descri bed above, in the servo witing nethod 17 of
the gpftsentvehpotinEnt{ theilsepossobleiéningf pectiveby
i nhibit the head positioning precision from being

- degriated Byinhed¢ETBi¢d y dik& HETYeitoa @hskhdthee to

per pendi cul ar magnetic recording systemis 5 applied

and Wihi €h Hie REFRYRiFatRr deaghellexceedragng spsten is
exanple,, 100 KTPI. It is to be noted that in the

pr e L GGt ich hag 2 naldar 5¥ach dpms BEHavscpeding,

desctibed as the rv urst signals, but naturally

t he %’reseé?ﬁ I?]n‘?/’enl(_fl(fe) Jff%ﬁ rray be applied to the servo

bur st si Is of usu phasg, bursts A to
systen1ogpg Sh% ph @%?sfgaa‘%% Ehgygfgﬁ?nFneFﬁgdlment'
ser [ TV of gsent e odi, nent

the %c%%%%y EQG% h%%%e?éypgrl% rgry nqﬁ%do?ﬁ the

o ey g onyi et g8 LIY ML UM g

be aﬁ@n(mbg(bdfﬁppﬁﬁé&)to the servo burst signals of a
usual four-phase bursts A to D system or a six-phase
bursts A to F system. In the servo writing by the
STW of the present embodiment, the direction from
the inner periphery to the outer periphery has been
described as the writing direction 21, but naturally
the present invention may be applied to the servo
IWriting in a reverse direction (from the outer
periphery to the inner periphery). Additionally,
in this case, the offset direction is the direction
of the outer periphery.

As described above, according to the servo
writing method of the present embodiment, since the
shift of the servo data in a radial direction can be
compensated based on the HETS phenomenon, as a result,
high-precision servo data can be recorded on the disk.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



witing in a reverse direction (fromthe outer

peri phery to the inner periphery). Additionally, in
this case, the offset direction is the direction 20

of the outer periphery. As described above, according
to the servo witing nethod of the present .
enbodi nent, since the shift oi8the servo data in a
radi al direction can be conpensated based on the HETS
phenonenon, as a result, 25 high-precision servo data
can e rigemrdeidonit het sli lskoaddddh speras Aslvaot ajesited
and nodi fications will readily occur to those skilled
in tiee e SrRfekEiordstaBls tand i reeresomtabive sembodiments
broaq}r aspects is not limted to the specific

det & %V%r?dldr %%%}h%ﬁ.%r%h%odﬂh%ﬁ%dlwbm wagious
descri hereln Acc $%], , ious. nodifications -
may. 5t G gt G %Vf thedepapi g GFom the

¢ ES"S%p%fen%'éﬁf gﬁeaO?PﬁF?'oa%Stvf?%ééé’”%%%"warF fiof ot s
aLA y Adisldidve Lot pernendicyl o I900e] e

recor ng, a magneti1c head

wite head and a b5 read head suitable for the

per pendi cul ar magnetic recording; and a disk medi um
whi ch has an Hn val ue set based on a relation between
i nver se magneti c domai n gener at ed
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magnetic field characteristics (Hn) and hard- easy 10
transition shift (HETS) phenonenon and on which servo
data is recorded by a perpendicul ar magnetic recording
system beforehand. 2. The disk drive according to
claim1, wherein the Hn value of the disk nediumis
800 15 (1/ (470 x' 103A/m~orl¥ore. 3. The disk drive
according to claim wherein the Hn value of the disk

medi umis 1000 (1/(47&% x 103A/ or nore. 20 25
WHAT IS CLAIMED IS:

1. A disk drive for perpendicular magnetic
re;ording, comprising:

a magnetic head including a write head and a
read head suitable for the perpendicular magneEic
recording; and

a disk medium which has an Hn value set based on
a relation between inverse magnetic domain generated
magnetic field characteristics (Hn) and hard- easy
transition shift (HETS) phenomenon and on which servo
data is recorded by a perpendicular magnetic recording
system beforehand.

2. _The disk drive according to claim1,
wherein the Hn value of the disk medium is 800
(1/(47) x 103A/m) or more.

3. The disk drive according to claim 1,
wherein the Hn value of the disk medium is. 1000

(1/(4m) x 103A/m) or more.



