;e3ej P3g../d0@1262TP3LV A TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
VRl TI NG SERVO DATA W TH PERPENDI CULAR MAGNETI C RECORDI NG I N

BACKGROUND OF THE INVENTION . 5 The present invention relat eg“mmmmmmm“o
a field of a disk drive of a perpendicular magnetic recording sys;]%an;g'*
particularly to a servo witing nethod in which servo data is recorded on a
di sk nedi um by perpendi cul ar magnetic recérdrng. 10 In recent

practical use of a disk drive of a perpendicul ar nagnetic recum’ﬂmmmwmmlmn
has been pushed forward. In the perpendicul ar magnetic recordi ng g¥sl.em a
disk drive using a wite head calTie®l GF sTHE) BN ENEIQYpe head (SPT) suitable
for 15 perpendi cul ar magnetic recording, and a di sk nmedi um (herei nafter
referred to si METHORS ANDIAFIDARMIUSh HQR ATRICUIN Ge -JERMEY deh TFeMplErfti cul ar
recording mediumis promsing. In general, servo data for use in a control
for 20 positi oFERPEASHEILAR MRGHEIS FEWRIKNDeMorfe B HMYG'E he di sk
drives. In a servo witing step for recording the servo data, a servo
write-only device called a 33955@92%@ W] tTéIr% (VRN TIONused. The servo data
is roughly classified into an 25 address code and a serv rst_signal. The

b
address Code i ncl udee REAT$ifert G LRy %e]s%t&?%rg%%l’é?fgﬁ 2 The servo
data i d far, tly,, .- , itioni t he head at t t iti
on the di sk, a i Sied St rcfne et mU RS e d e the T B "
drive, the Ser%%c%%tﬁhn‘g;ec%s egn,ogéiéz{\%ésﬂlts%rnief fsad by,@, read: nead at the

time of positioning ead. preci ston in positioning the

head depends o negi oMl il SRAMGIA, He Seidnudatan Fasiexamle, when

the servo burst signhal 1nc n the servo data i s recorded, and when

erase bands exindqiQfh qu%ﬁairtpﬁ‘erﬁii@ﬂaﬁ hea g OBt -t Qcdeaseg (S/N) 10 ratio in
oau

an operation for repr cing the servo data sonetines drops because of

| osses hy the erase hangdscer® p@dve, thisScPiodl edseact eehai ghedhasebeen
proposed in which the track width of the servo burst signal is expanded to
i nprove the S/ N & imedsaelild S aPatagie titc Noechr dR3g 38Pstéorhaganpl e). In
the disk drive of the perpendicular magnetic recording system the servo
data is recordéseen gushell sfotwerde win tehdaperpeidicahasPraguetadl e for

t he perpendi cul ar magnetic recording. 20 Additionally, in the perpendicul ar
nmagneti c recor dierpEYtEmYE gihend Hakveeeniednd i WheESi Reofi ch a
recorded nmagnetized state changes, when a recordi ng magnetic field having a
pol arity opposiGa&lkes & rigitets z%cfi%nt%?akﬁﬁ‘} ﬁ%%rﬁgt?‘&gF‘PQl?eEBFded on the

25 di sk _heforehand is applied by the wite head usjng_t PT. .Thi
phonomeriah 15 G TRATARAAE CERSeT et £ RO £ {SCReP cihaF BPL ot  mes

abbr ovtatod ao HEIY:Bi5e o ELPRALHE SRR AUohLAe TR ate
magneti zation a double-layered perpendicular recording medium is
promising.
In general, servo data for use in.a control for
20 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
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



.di spl acenent point shifts, when the nagnetization 5 having a pole opposite
to that of the magnetization before the recording on the disk is witten.

It has been confirmed that when an influence of HETS phenonenon is exerted
at the tine of a servo witing operation and, for exanple, when the servo
10 data is witten in a radial direction froman inner periphery to an
outer periphery on the disk, the servo dat@ shifts in a reverse direction,
and is recorded. When the servo data is recorded in this manner, a
reproduction error of the cylinder code is generated, 15 or the precision
in reproduci ng thessetynihyrshe Shgaal atlesethpgat eposfAsidnr 6sUthe the
precision in posi tinning the head deteriorates. BRI EF SUMVARY OF THE

| N\VENTI ON | n accoislanca migh-pnecesbondi wenting mbehpdesentedQiradent ITan,
there is provided a servo witing nmethod including facilities to conpensate
for a shift of sereoddskadrive, rbdéasediroedétanrbygoriedNEAStphedosknon in a
servo witing step by a perpendicular magnetic recording system 25 The
servo witing nethodead Rynet heddi heafli eh Seevbidat afi Bosétbedédgonha di sk
medi um by use of a wite head of a perpendicular nmagnetic recordin - 4
system The witkeddad is Hovedtivea BESFYRAPRIIPORPEL BHOBLNFHEDE] gﬁaﬁfedi um
in a radial direction. Wien the, servo,data is recorded at the designated

position by the RRSRES ¢ He 9%??%5h%%d}narﬁPF?guglnngF%t?8ﬁvfs§é§écuped
(FETS) phenomenon.  BRIGE CEAER PTI CRFEF UTFE S GEVRRALE of £06JCR LT SHRARANG
The acconpanyi ng; draw n I a I at 10, | opstitute a
part of the spec}gigg%i%%%V¥T$%§?rg ekgﬁgéggﬁénggdogh%ﬁegggeéngFSﬁF and

t ogether with th@xggﬁeéﬁ!oﬂﬁ§§{£8t§9&%9iVEHea99§ﬁangoLH§%ggt?EZﬁgrinciples

description of the enbodi ments given bef ow, serve to explarn

of the inventionadbo Flisad bsehft €3RI DAL PEYr¥iEWs R BhECEXR VW kiR
nmet hod according to an enbodinent of the present invention; FIGS. 2A to 2D

are tinng chartsomsdoiey dbhepseryOaiset bngloBE89dpACEREdEREsEOLRABSHT esent
20 enmbodinent; FIG 3 is a diagramshowi ng a servo track witer according
to the present ehboshlreatthi Grdbisma di agehani ghewhag hBesni prpabtedf a
di sk drive of a perpendicular magnetic recording system 25 according to the
present enbodi mevt ;Wi ch Bhé stpadkagidbhshbwing actfvonbtret aidhsk
according to the present enbodi nent;
1s expanded to improve the S/N ratio (see U.S. Patent
15 ~ No. 6,023,389, for example).
In the disk drive of the perpendicular magnetic
recording system, the servo data is recorded on the
disk by the write head using an SPT suitable for the
perpendicular magnetic recording.
20 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
25 disk beforehand is applied by the write head using the

SPT. This phenomenon is called a hard-easy transition

shift (hereinafter sometimes abbreviated as HETS) or



.- 5 FIG 6 is a diagramshowing a format of servo data according to the
present enbodinent; FIG 7 is a diagramshowing a structure of a head of

t he perpendi cul ar magnetic recording system5 according to the present
enbodinent; FIG 8 is a diagramshow ng an HETS phenonenon according to the
present enbodinent; FIG 9 is a diagram showi ng an ideal recorded state of
the servo data according to the present 16 ermbodi nent; FIGS. 10 and 11 are
di agrams showi ng an actual recorded state of the servo data according to
the present enbodinent; FIG 12 is a diagram showi ng Hn characteristics 15
of the di sk of gielpergpéredidc dmamsiggieti ¢ recordi ng system according to the
present enbodi nent; FIGS. 13 and 14 are di agrans showi ng characteristics of
an of f set anount\MtInrHﬁ#ﬁMmthQ)$¢p®E@bm@im@gﬁﬁt%ﬁefb?ggeﬁ¥0@nﬁbﬁinent;
and 20 FIG 15 is a flowhart showi ng a procedure of a servo witin

oper ati on accoriaty arParR ke dearoeeb ot FeRd . DETAFRECNEERER BT ENTOF THE
| NVENTI ON The present enbodi nent. wil] _be descriped 25 hereinafter with
reference to tHE SRIAGHRNE L oot {15 ngV Rt hodS oF2ghe b?%@%ﬂ? enbodi nent

will be descrihed with reference tp FIGS. 1 In the

2.3 -_6
servo witing maHde ot Q?ﬁ?;ﬁQﬁﬁﬁ&t%n%%dF%%Rt?faghgh%ﬁ%n?ﬁgg?%?og, servo
data i ded with t to.a disk I j nmbl ed 5
i Sk dri ve. usi TPRPAR | Ve ReatP S0 Rou ot r B RLER LRF SEEE- OF The dri ve
under control of an /W13 81 Helsth9talgdnbyna; sphndheenotor 11.

An SPT suitable for perpend?%%ﬁa?bnagnetlc recorglng I's used in the wite
head 20. 10 Mreeugiygt ﬁ&ﬁélﬁf[i)oﬂwié'@Qeﬂ?é&ogtofhéheiﬂéeéenh eabodi ment
a multi

may be a nmethod in whic
writing operation and, for example, when the servo
10 data is written in a radial direction from an inner
- 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
reproduction erfor of the cylinder code is generated,
15 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
20 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.
25 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 recording



stack (MsS)-STWfor recording the servo data collec tively with respect to a

plurality of disks by one servo witing operation is used. Even in this
nmet hod, 15 the servo witing operation is perforned by the wite head using
the SPT suitable for the perpendicul ar nagnetic recording. Furthernore, as
shown in FIG 4, a self servo witing systemnmy also be used in which the
servo 20 data is recorded using a head 15 &f t-he drive w thout using any
STWin a disk drive 1 assenbled as a product. The head 15 includes a wite
head using an SPT, and a read head usually using a gi ant nagnetoresistive
(GW) elenent. Bistwad 1Phé sv2bteavvetddi onmanedctslas otedbgflatyen by a

voi ce coil motor (VCM 17. _~ _ (Perpendi cul ar Magnetic Recordi ng and
HETS Phenonenon)P®&r heertli @l Hre ndigletiediwe ofnli agradiat heéi NEdSi phenonenon
wi |l be described as an assunption for 5 describing a servo witing nethod

~of the present Wi FEtSene shom 1h Brdedaat atlye dembenabédt racks 100

are constituted in a disk 10 incorporated in a disk drive 1. Each track
i ncl udes a servd@3FEah Whitdhe 15 VothrRtwri ke reeatded Wyitae servo

witing “hod of the jgres.ent enbodi nent, . and a data_area in which user

data is ;Tg%:or dedPHL EHRW T P @t 1ML LS ataf Fref ue’Ccaspreandl e
60, a servo mar Aaddress code 15 62, . servo burst signals
(bursts A to D) l%G%t,sI\Qaan%l% O%gdﬂ?epﬁr%o?§?%nt%ﬁ§éﬁiﬁjeo%dﬁ?3egg &%ﬂSBZ is gray
code data incl ugjmgn &y&%nder code and a sector code. FIG 9 shows a state
of ideal servo ata%éz, 3) recorded on the disk 10. In the disk drive 1,

a track 20 (cylipagrF DRkcRAPITIORNIORT THRE 5 JIJS\}I%tVJSd%i Fﬁ?#@é |the

cylinder code red by the head 15. A control for positioning S

executed in such a NMamWeraddshpaiy onp! dfadenyal ugnaththeeti AB-Phorate
reproduction of the burst A'is equal to that at the tinme of reproduc 25

tion of tife bursin Bndconidiinglye 4 heafeask 15hé ssposi tionetoon a1 inack
center line 83. It is to be noted that in FIG 9, reference nuneral 84
denotes a trate embodiments of the invention, and together with
| the general description given above and the detailed
description of the embodiments given below, serve to
eXplain the principles of the invention.

15 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

20 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

25 according to the present embodiment;

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

according to the present embodiment;



_ g _ track boundary line. In the head (15, 20) in which the SPT suitable
for the perpendi cular magnetic recording is used, as shown in FIG 7, a
magnetic field generated froma 5 main magnetic pole 71 of the wite head
is applied to a perpendicul ar magnetic recording | ayer 10A of a

doubl e-l ayered di sk 10, passes through a soft magnetic |layer 10B, and is
converged into a return yoke 70. That s, 5a magnetic field loop is forned
in the SPT. 10 Here, in the wite head, a nagnetic donain inside the SPT is
reversed by a recording current, and accordingly a direction of generation
of the magnetic fielRIGChahges.a Miraepwan , shdwelhear fowwhadest aserwan head
including 15 a GVWR el enent 73 hel d between reproduction shielding nenbers
72, 74. The GVRadleemerorzdnegroditepresarcoratibnpingetic fiel d generated
fromthe magnetic recording |ayer 10A on the disk 10. The reproduction

shi el di ng nenbers 7XIF4 t e direrder el Maghet F eI RRIRE @&t the tinme
of the reproduction. In _the perpendi cul ar magneti c recordi ng system as
shown in FIG &ead Qdcdi METRAIBITEL YT dMPHRld Qg eCP T t3¥ Dfbsi te to a

magneti zation polarity (80S) .magnetically recorded on the disk beforehand
is 25 applied &Fcé’ﬁix#irt %ﬂ%%ﬁ%ﬁ& WG i n t he per pendi cul ar

magneti c recordi ng e and then a recorded nmp Lze anges.
Thi s phenonenon _sfyglsé " |nés thet I—ihé‘l‘%g]f) %n%hn%%%)rrllg i%glgé%%eﬁgh?ﬁ%%%g{}he

recordi ng magnet | j.el Vi Sane, i ty. as that of magnetization
(80N) on the d?asiccqbrfedflglrc‘g ﬁeﬂ% ogr]%sl ng i%lﬁg%p I%lée%t' 5 magneti zation (81N)

corresponding to thezghape 0f 4 Nhei Aeask 20Nk SngesRT 986a1 CRetheagtiher hand,
when the magneti zation (81N) opposite to the magnetization (80S) before the

recording is wdgdtan, ot hend esoreh nga rloetdbedingl €o f ti0an phesbead apparently
beconmes 10 strong, a magneti zation di spl acenent point shifts, and a shape
of reconded magneidiatdron; (82N) becones | arger than that of the head. By
this HETS phenonenon, a servo pattern (servo data) actually recorded on the
di sk indicates a 15 FEe®r ded shat el sapendiagEals &Dowinh mespettalo an

i deal recorded state shown in FIG 9. That is, the address code 62 shifts
fromthe track touodad Sdate af direcséovo (dhtdehadieedingnforelerse to a
servo witing direction 21 by an anmpunt 20 SO, and is recorded in a portion
(71) different gresRnt teRRkIHMReent 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 otheF-ih?aldi dtA13eFeBr FRSHORdi i £H2ERETERIFL L4fount 25

25) et the 1P tRH TS 16 BS PF RGNt HULRE N ATNERRGY PRar LAl { ude
val ues of 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
20 -~ 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
25 hereinafter with reference to‘the drawings.

A servo writing method of the present embodiment

will be described with reference to FIGS. 1, 2, 3,



- 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 83 of the
track (target position) by S1 (S0/2). 5 On the other hand, the cylinder
code shifts by the shift anmount SO and is recorded. Therefore, when the
read head 15 is positioned in .order to elimnate the positional error
(burst A-burst B = 0), the head reads a p&t —(corresponding to the shift
anount S1) 10 of the adjacent cylinder code servo-witten later.
Additionally, the ampbunt of the data read fromthe adjacent track depends
on a reproductiamd trf'ack wdth of the read head 15. Usual ly, cylinder
addresses on the disk 10 are 15 allocated on an out increases the servo

. periphery 20 shifts bn ihe ssehva wahbengthathofieofdtihessresentases er

peri pheral side%ﬁz&L, cylinder 0 ), and toward the inner periphery.

Ther ef ore, -where inRptei raztsexiendss t ohar et e daterisrbarehectnner
peri phery, the cylinder code an inner perjpheral side, and is reco dgd.
Therefore, a reéddFheRFRAE rieadd %l%’érfo o¥n‘%q’13ép?:§/ﬁ‘?|@le?‘nc%ea%?e?hie

adj acent track on a "-1" side with rge ct to.the cylinder code of the
t rjack i n Jwhi ch Cflhsé‘ HE§ :‘Il%]o%%Mt? o%ﬂégéb%%%r%él’ﬁ}?u %ﬂ PHe?25 servo

writing direction exten towar.d the. i nner  periphery,fr h ut er
peri phery, theﬁéﬁ&?%%%gﬁifﬁw%g5%§§%}%%r n% rt%§n€§ %n gpé%oggﬁoigfhe
adj acent -1 r ac .o+l S i.nne { shde) wit espect
to the cyIindeﬁﬂg%dgLJ?QP%gl?Fé%&§¢%§ﬁé$c% %%£§%£§2ﬁégéﬁog?fid%%dSPEIG. 11
shows a concretg, gxaml t Mo data
by the HETS phéﬁ%ﬁenon.eagégﬁ%ﬂ%&§%§%$%§§iﬁ?ggéﬁg?sgéggg?gﬁg(ggagggegion)
whi ch does not Gonixd butt e-rasnhdéfe servo burst signal exists between the
bursts A and B. Wen high track densification of the disk actually
proceeds,o the 10 tragkrabdéh, othéheereadwheadnpsmeetduaeds Addi tionally, the
head 15 contacts the track in a place centering on a dotted line 110 in
order to satisfgresemrt admordihemnistndy bbuasneBiodnia pbschi snmofitset by
S0/2 froma relation with the dead region. In this 15 place, the regions 25
whi ch do not coatta¢hutés ksSThefservochudsngstnaberei datancehéebursts A
and B. Therefore, as shown in FIG 11, a regional portion 120 which
contributes to theeheddl iy aespeet skpva BlrEelitynaf féskedyeane
Accordingly, a quality of the 20 signal contributing to the control for
posi tioni ng .t heSHeHy ‘Hebr byesoParat 1o- 4Sresaft, &V @gilanthhsm%ﬁo e

| at i t trol t (di d t.rol signal . t
(vol 1 agh® has | THoatTTYE | € RATHWERCE Thap ™ 4 RPEROE BHcPaLB 0N 4 ynam o
(vol t ag8) Heat PP (4 hat PR k S8 0fa
Vot hod) Next | o A8 Vo b7 LTRG Pet nad” STCFRe oF oSnt Por DTS SRS o ot

using an STVVl%ﬁ&&ﬁét e desSribgd mainly with reference to FIGS. 1, 2A to
FIG 15

2D, and a flowchart o asically in the servo witing nethod in

which 5 servo data isutererfl8dePnad dhoknlQn arw.i e Read 120 deswpsitioned,
for exanple, at a pitch which is 1/3, 1/2, or 1/4 of a track pitch by

control of the w¥ildg yhstemtheyseLyo Batases supehioposeed dpavoa part of
‘the adj acent servo data. The servo data is 10 connected to one another in
this maer, andatecodsdedcartibdutsany gapead 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 giant

magnetoresistive (GMR) element. The head 15 is

25 mounted on an actuator 16 driven by a voice coil

motor (VCM) 17.



. FIG 1 shows a case where the servo data is witten, for exanple, in a
direction (arrow 21) fromthe inner peripheral side to the outer periphery
of 15 the disk 10. FIGS. 2A to 2D show tim ng gate signals SG30 to SG33
necessary for a servo witing operation in the STW13. FIG 15 is a

fl owchart showi ng a procedure of the servo witing of the STW13. The STW
13 records address codes (cylinder codes 20 and sector codes) 22 in a wite
timng 300.0of SG30 (step S1). A recording area (26) of the burst Bis
erased in a wite timng 310 of SG0 (step S2). In this case, by
characteristics of tH&eSPENHicoR airs Melgaairiat Reveadli2zy andl Hid i sk 10 for
t he perpendi cul ar 25 magnetic recording, the erased region shifts fromthe
area 26 in an aFhe®omerReR)direction (direction reverse to the witing
direction 21) by an anount - 13 SO (area 24). This shjft amunt SO

i ndi cates a val ue def&rFieRsd Bdsed "GN e CAFRFEIFE ia5¢h Her$Efivenomenon,

and an anopunt correspondi ng, bout 10Q,of, the track pitch i
experinental |y Egﬁppﬁ‘ﬁ\?&%%&égn g@lsﬁrlgﬁgutaSZ@%r?)s.su%?tﬁ‘ﬁnssf@&e, t he

sane degree of shift.as the shift _a nt i s, al ener at in the

portion of the §88?5%§188d3 ff.rvﬁeytr,lr{gﬁg ﬁ%lféi %&S:%rh srf)gce%eer \c/to bur st

signal (27) of Ainawite timng 320 of SG31 10 (step S3). In
elihe

the timng 320, e f3 executes an offset witing operation to position

the wite head 20 inaa ROSiL A% Gt ned Dy SUR ragdd &N ofdsed Aeunt
(corresponding to the shift anount SO froman original feeding pitch and

to record the s@reocBukltl@edsiignal dizk) 10f ithe porsited By 4 Riisk
operation, the region 25 which does not contribute to the servo burst

signal by the HEk$vehenomgpem ityacamdtddas a pegivd aredf fisetwiycH he

of fset ampbunt SO. By these two operations, the STW13 records the signal 27
of the 200bur st sArvandartec drsds etdoer derdasad thegiser 26 Whindingimeg 4 ah a
timng just after the prior timng. Next, the STW13 records an erased

regi on 28 of thé&heupsesanitn embedimenty endSEZYE @Fresd)in B idl 1%8%si ng,
an unnecessary signal region on the outer 25 peripheral side of the servo
burst signal 27dgfat Bé BeCOHrdRd-s erased. Furthernore, the STW13 records a

servo burst signal 29 of the burst Bin a wite timn .- 14 330 of SG33
(step S5). Also in tHiS BRE hd Srwas S EREY gf‘?ﬁ%ff%“e‘if%??i%g

operation to position.the wite head 20.,in posi tion obtai ned b '
subtracting thePd Safdunt S6F oMt (ogﬁlq)gi I "‘\‘Ibeacff g P t%%&'es in the

T

13 repeafs the abdve- opetation e pre i ne er of

tracks to ther ehyargCoid i (@l ong 2% P ddible Lol [dhyy &:dg. 10 the
gnals in the bursts A and B in positions offset” by the offset
anount SO. Ther @f;@/€.including a cylinder code and a sector code.
FIG. 9 shows a state of ideal servo.data (62, 63)
recorded on the disk 10. In the disk drive 1, a track
20 (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-
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 numeral 84 denotes a



positions corresponding to track center lines in which the bursts A and B
reproduced by the read head have a relation "A = B" are shown by dotted
lines 23 15 in FIG 1. As described above, in the present enbodi nent, in
the servo witing nethod, when the servo burst signals (bursts A and B) are
recorded, an offset witing operation is executed to offset the position of
the 20 wite head 20 in a direction rever8e to the witing direction 21 by
the offset anmbunt SO and to wite the signals. Therefore, as described
above, the recording shift (shift amount SO generated by the HETS
phenonmenon can theckoimpemsktred lfiore.at the tinme of the servo 25 witing.
Therefore, in the disk drive (see FIG 4) incorporating the disk 10 on

whi ch the servo datdn she -he® ¢ldoordfed By hkCketv® T tswEt#Rt®od of the
present enbodi nent, the head 15 can be brought into contact with the center
line (23 of FI Gorl)then ReFPaHE Isds dp Bie e RGKF L &S didgyly, as a

result, the head 5 pasitioning precisiaon can be. inproved.  Furthernore,
since | osses offNWE dyhdnhi% ri%g"e WWQ%%%&%S&?@W%@C tF ot or dead

zones of _the servo burst .signals e elimnated, the head posjfieoning
control Ps not "Rdver@diF Iﬁfgr?cgfdl. Ol% t—;\pb'?di"flijo %I}P?/a,lé]sllsnc%p%he%he track
wi dt hs of the rea ead. . .ca ri t d L.on e, servo
burst signals, tancegl trbrea egloglpce&e é%:éfﬁ/egﬁ@&h%%kﬁ?é&%{eﬁswéeﬁl urc%ﬁe?m)re,

since the head iLo,an e GOLT ety 146 Rosledonad: baseds of Fhensghyes bur st

signals, the a 2 can be nor y reproduced, the repro duction

error of the cyljnder gpde, can ded i hidedidfon beipgrgepskat ed. (HETS and
O fset Amount) 20 FIGS. 12, 13, and 14 are characteristic di agrans

concer ni ng HETSmand iof f setmafianits fleldelddpei of foety® Wi thagsatcordi ng

to the present enbodinent. It has been confirned that the HETS phenonenon

i s causad by renmardi nigh condivirions lofad, wi i haghetdc 28onsinginel&PT,

magnet ostatic characteristics of a disk of a perpendi cul ar nagnetic

recordi ng syst éme &RT ais | meesseedrdyyet | cedendi ng gewerantd apgnecterfiel d

- 16 Hn. Hn denotes a magnetic field intensity in an MH characteristic

| oop shown in EiGolp .2 FigeasahonE enexabiPe of BheachzdrerbAt fieddit of
an HETS anmount with respect to Hn. From 5 nmeasurenent results shown in FIG
14, it can be changes. .

Moreover, the head includes a read head including
15 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
20 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
25 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



.confirnmed that when the disk has an Hn of 800 or 1000 or nore, the shift

anmount is inhibited frombeing generated by the HETS phenonenon. FIG 13
shows an exanple of the measurenment 10 result concerning setting of an

of fset anbunt in a case where an offset witing operation is executed at
the tine of a servo witing operation by the STW That is, the offset
anmount which is the neasurenent result corr®sponds to a set value, for
exanple, in 15 a case where the reproduction error of the cylinder code
falls within an allowable range. In the servo witing by the STW it is not
practical to adjustthéeHpBSiphencwéndthe head with an of fset amount which
has been set to a | arge value. 20 Then, when the neasurenent result of the
HETS anount with respeencreteihyshehani hhEl Gecd4diagconghdeied fiand when Hn
of the disk is 800 or nore, the HETS anount is suppressed, and therefore
the of fset anbuntadbes Hee pame poldeitetasotbathofhwabmegezuaior. The
vicinity 25 of a dotted line shown in FIG 13 is a preferable concrete
exanpl e of an act3) 0P skke afbehtbeeraecthei peaonBone, isnaphéiedsvo

witing ng;hod - 17 .of the géesent enbodi nent, it is possible to
effectively inhiBT{ ¢ he? AELAR pbeti | ofP FES PPeRAsnenter BAfbehABededr aded by

he HETS i di i which th di | i d
fretom s b anol e HAAE A0 N o B Do Bt e RE  oheBdal HEohs or
le, 100 KT I i . t | t nbodi |
Tha D rstsoa and s phantet 06 G01 PN ob B BE Do oRhr nE e PE g0
natural ly the presesf bhaWeRe 10,41 PO-SBY; HE ﬁy%ifgtéf?,t@ﬁe5%§8r8¥g§t

signals of a usual four-phase bursts A to D system or’ a six-phase rsts A

to F system In ddignseryorseidi neobyekhen SN ahodhen bl osgpLogaRod ment,  the
direction fromthe inner periphery to the outer periphery has been 15

descri bed Gas thestwrdrdNga dhd@ed t Dia2ion baf sPRisERbY bHEnPr 88€RLsI Nvention
may be applied to the servo iariting in a reverse direction (fromthe outer

peri phery to therndrersipgre pherygcoAdst trhamadt yzat toh hi 82xpSBecbhesof f set
direction is the direction.- 20 of the outer periphery. As described above,
accordi ng to thelaeran Wan ithptherhothefhedd. present embodi nent, since the
shift of the servo data in a radial direction can be conpensated based on
t he HETS phenonenon, 2% BhiesiftS pleremenerectsienveepadtdana (eanvbe
recorded on theé&%s%. Addi tj onal advantages and nodifications will readily
occur to those 9l a ey arecongrd efridhe disligingdheataseation in its
br oader ects .is no imted to the specific details and representative
2 G Idi‘c"cf]i:ssctr“‘l‘tbeeasq‘ﬂl—i’}‘réiJnr.l Egi%orw NGty TeFPeEs R®dARi cati ons

enbodi nent's shown a

may be nmade wt d ' fromthe 5 spiri r scope of the genera
el G et I e

i nvention concept as y e dappen and their equival ents.

A R e B L R T
met hod conpri si ngadk MBtidMhtPes M & head 401 éh dg3] @Rt g8 sLLLPN Of
reverse to a servo writing direction 21 by an amount
20 50, 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
25 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



the disk nediumin a radial direction; and executing a witing operation

i ncluding an offset process set based on a hard-easy transition shift
(HETS) phenonenon, when the servo data is recorded in 10 the designated
position by the use of the wite head. 2. The method according to claim1,
wherein the offset process conprises: offsetting the position of the wite
head in a direction reverse to the radiall@irection in accordance with a
servo witing direction 15 based on an offset val ue neasured based on the
HETS phenonmenon to execute the servo witing. 3. The nethod according to
claim 1, whereithd irgftfsset D SEre aprd Sefpoekietmtia Ngetier sies Vo) Wi ti ng
in a direction reverse to the radial direction in 20 accordance with a
servo witing dir ddtisondasetedrs tat ofdSathey at erevoredsta edtbaseehdn t he HETS
phenonenon; and offsetting a dead region of a servo burst signal included
in the servo dathdfts fHmm ndthoteriesorbing 8D of ailke 1trager efardsle 25 servo
data includes servo burst signals constituted of a first servo burst signal
and a second s&of At Y gnlal (S 2h- are different from each other in
phase, - 20 and an offset witing operation,is execyted t?Boffset t he

first an® second serW BRf s?EREHNGF dintged?Y%&?aﬁﬁ reversBi{bStRE radial
di ti i d i th LWt di i Ln_diff t

1 i ngs_ based Gt bt A e bt b HRCRASR, ¢ ne PE S hertighon i n
t he di ti th di al_ di i i d i

Wit ing di rect F derd g Loyl S RO NS 1] SESeE feqteLhidat e Serrl

et hod accor di g G &l A Mk WARESL N s 01 564 BE 08€SS0 POTPEL S8a

of fsetting the position o e wite head in a direction reverse to the

radial directigheddy acoosdanceo e fodnSeryordr thenghdit eshb@At 181 py the use
of an offset value set 'based on a relation between inverse magnetic domain

gener at ad nagneif ccid eddh £bafacE erisdéescddiv) sefvoherdt sknnedtem and a
shift amount resulting fromthe HETS phenonmenon to execute the servo
witing. 20 6. Adwditiedeodl accotieli mmgotot cbAi théd, daher eeadt heonf £et process
conprises: offsetting the position of the wite head in a direction reverse
to the radi al didpotenn trackcoepende onté nesepdochidni hgadkresdibn by the
use of an offset value set based on Hn in a 25 case where the disk nedi um
havi ng an Hn vadfiethd 1890d (1¢44~35x 103A/m) or nore is used based on a

rel ati on between inverse nmagnetic¢ domai n _generated nagnetic -
Usually, cylinder addresses on the disk 10 are

15 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

20 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

25 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



- 21 field characteristics (Hn) of the disk nmediumand a shift anount
resulting fromthe HETS phenonenon to execute the servo witing. 7. The
met hod according to claim1l, wherein the 5 offset process conprises:
offsetting the position of the wite head in a direction reverse to the
radial direction in accordance with a servo witing direction by the use of
an of fset value set based on Hn in a caselbhere the di sk nmedi um havi ng an
Hn val ue of 1000 10 (1/(4~) x 103A/m or nore is used based on a relation
bet ween i nverse nagnetic donmain generated magnetic field characteristics
(Hn) of the di skrawedioun and+a"shifé aimnar pesibhenglf sodet heiHETS
phenonmenon to execute the servo witing. 15 8. A disk drive for

per pendi cul ar negwe¢ct tecbhdi oglindeprcsdagofathagheeck heavhigbl G8eng a
wite head and a read head suitable for the perpendicul ar magnetic
recordi ng; and 2€ad ©$skosbdianedhi ch has an Hn val ue set based on a

rel ati on between i nverse magnetic donai n generated_nagnetic fig%g
characteristics (Hn)Fafd har 8hovssp CPBASFLRORXEHPLE CHERS) 3FHéiidrehon and

on i oh o vo dala lsyt e ded by, 8 PeLBend el Bl MRINRLAC Leggrding 2o
VoS ok o SRatES) B 308, oo AR AL e,
AL AS. 18 ASAZ %é%g%sﬁﬁ.}%ﬁé%%ﬁgk&ﬁf LRRERURs TBeATE "ASE VACA. Ang. AL.
& A &’2{’\#PR(/si§nXlse§ﬁ§ts between the bursts A and -B. When high
track densification of the disk actually proceeds, the
10 track width of the read head is reduced. Addition-
ally, the head 15 contacts the track in a place
centering on a dotted line 110 in order to satisfy a
rélation "burst A = burst B" ih a position offset by
SO/2.from a relation with the dead region. 1In thié
15 plaée, 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
20 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
25 range, a precision in positioning the head is lowered.
(Servo Writing Method)

Next, a servo writing method of the present
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FIG. 1 shows a case where the servo data is
written, for example, in a direction (arrow 21) from
the inner peripheral side to the outer periphery of

15 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

20 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). In

this case, by characteristics of the SPT which is the

write head 20 and the disk 10 for the perpendicular
25 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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phenomenon, and an amount corresponding to about
10% of the track pitch is experimentally confirmed
5 (concretely, abbut 20 nm). In this case, the same
degree of a shift as the shift amount SO is also
generated in the portion of the address code 22.
Next, the STW 13 records a servo burst signal
(27) of the burst A in a write timing 320 of SG31
10 (step S3). In the timing 320, the STW 13 executes 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
15~ 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
20 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
25 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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*110% & ()-U V \ 2! cl'xV7/ 103 ,910%&k ()-!'n 10%&k ()-F Z109%&k ()-Y
109%&' () -1 z109%&'J30 HR®HEEI3 (dr'ed 193)9" KAI'HE7In 108is case, the STW 13

exXecutes an offset writing operation to position the

write head 20 in a position obtained by subtracting

the offset amount SO from the original feeding pitch

5 in the timing 320 and to record the servo burst signal

29 of the burst B.

The STW 13 repeats the above-described operation
for the predetermined number of tracks to thereby
record the regions_25 which do not contribute to

10 the sefvo burst signals in the bursts A and B in
positions offset by the offset amount SO. Therefore,
positibns corresponding to track center lines in
which the bursts A énd B reproduced by the read head
have a relation "A = B" are shown b? dotted lines 23

15 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

20 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

25 writing.

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

incorporating the disk 10 on which the servo data is
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embodiment, the head 15 can be brought into contact

with the center line (23 of FIG. 1) on the track based

on the sefvo data. Accordingly, as a result, the head

5 positioning precision can be improved.
Furthermore, since losses of the dynamic range

in the head positioning control or dead zones of

thé servo burst signals are eliminated, the head

positioﬁing control is not adversely influenced.

10 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.

Furthérmore, since the head 15 can be correctly

15 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)

20 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 reéording conditions of a write head

25 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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Hn. Hn denotes a maghetic field intensity in an M-H
characteristic loop shown in FIG. 12.

FIG. 14 shows an example of a measurement

result of an HETS amount with respect to Hn. From

5 measurement results shown in FIG. 14, it can be
confirmed that when the disk has an Hn of 800 or
1000 or more, the shift amount is inhibited from
being generated by the HETS phenomenon.

FIG. 13 shows an example of the measurement

10 result 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

15 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.

20 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

25 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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from being degraded by the HETS in a disk drive to

which the perpendicular magnetic recording system is

5 applied and which has a high track density exceeding,

for example, 100 kTPI.

It is to be noted that in the present embodiment,
only the bursts A and B have been described as the
servo burst signals, but naturally the present inven-

10 tion may be applied 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 présent embodiment, the direction from
the inner periphery to the outer periphery has been

15 described as the writing direction 21, but naturally
the present invention may be applied to the servo
writing in a reverse direction (from the outer
periphery to the inner periphery). Additionally,
in this case, the offset directioﬁ is the direction

20 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 phenomencn, as a result,

25 high-precision servo data can be recorded on the disk.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
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to the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

5 spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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1. A method of writing servo data on a disk
medium using a write head in a perpendicular magnetic

recording system, the method comprising:

moving the write head to a designated position of .

the disk medium in a radial direction; and

executing a writing operation including an offset
process set based on a hard-easy transition shift
(HETS) phenomenon, when the servo data is recorded in
the designated position by the use of the write head.

2. The method according to claim 1, wherein the
offset process comprises: offsetting the position of
the write head in a direction reverse to the radial
direction in accordance with a servo writing direction
based on an offset value measured based on the HETS
phenomenon to execute the servo writing.

3. The method according to claim 1, wherein the
offset process comprises: executing the servo writing
in a direction reverse to the radial direction in
accordance with a servo writing direction based on an
offset value measured based on the HETS phenomenon;
and offsetting a dead region of a servo burst signal
included in the servo data.

4. The method according to claim 1, wherein the
servo data includes servo burst signals constituted
of a first servo burst signal and a second servo burst

signal which are different from each other in phase,
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10F
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and

an offset writing operation is executed to
offset the first and second servo burst signals in a
direction reverse to the radial direction in accor-

5 dance with a servo writing direction in different
timings based on an offset value measured based on
the HETS phenomenon in the direction reverse to the
radial direction in accordance with the servo writing
direction and to thereby record the servo burst

10 signals.

'5. The method according to claim 1, wherein the
offset process comprises: offsetting the position of
the write head in a direction reverse to the radial
direction in accordance with a servo writing direction

15 by the use of an offset value set based on a relation
between inverse magnetic domain generated magnetic
field characteristics (Hn) of the disk medium and a
shift amount resulting‘from the HETS phenomenon to
exXecute the servo writing.

20 6. The method according to claim 1, wherein the
offset process comprises: offsetting the position of
the write head in a direction reverse to the radial
direction in accordance with a servo writing direction
by the use of an offset value set based on Hn in a

25 case where the disk medium having an Hn value of 800
(1/ (4m) x 1O3A/m) or more is used based on a relation

between inverse magnetic domain generated magnetic
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field charécteristics (Hn) of the disk medium and a
shift amount resulting from the HETS phenomenon to
execute the servo writing.

7. The method according to claim 1, wherein the

5 offset process comprises: offsetting the position of
the write head in a direction reverse to the radial
direction in accordance with a sérvo writing direction
by the use of an offset value set based on Hn in a
case where the disk medium having an Hn value of 1000

10 (1/(4m) x 103A/m) or more is used based on a relation
between inverse magnetic domain generated magnetic
field characteristics (Hn) of the disk medium and a
shift amount resulting from the HETS phenomenon to
execute the Servo writing. | |

15 8. A disk drive for perpendicular magnetic
recording, comprising:

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

20 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

25 system beforehand.

9. The disk drive according to claim 8,

wherein the Hn value of the disk medium is 800
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_ ~ 10. The disk drive according to claim 8,

wherein the Hn value of the disk medium is 1000

(1/(4®) x 103A/m) or more.



