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particular, the present invention relates to a
self-servo witing nethod applied to a perpendicul ar
magneti c recording disk drive.1ln-recent years, M“m““W\““m“mmm
rotary actuator rotating 10 radially on a disk
has been used in a disk drive such as hard disk +G00002*
drive. The tip end pertrenoef Tike hetsdrgact uator is
attached with a nagnetic head. The nagnetic head has
a WHEeHbPaANpr repRHATYSAEYRCEERVANARA TR IINe@dd DISK DRIVE
(reproduce device), which are nmounted 15 in a
separated state. GAGIROE DI VBl BHE INVERVEOR| tens of
tracks exist between the wite and read heads in the

radi al dfhecpreAest th¥edisknnedilamesSitwce serlvfo seatva

is recorded on the disk medium head positioning
contYbHt 209 (BeEHedceht RoP} sksdEavei ed IBuPaasilcg lekfe the
servo data in the,disk drive. The servo data is read

by tRESTEAN 1RESAT1gRdTGsBESFoF Ot Hes§é|f\7§eéé’r?t g"éllfCl‘Fﬁe

roc of, manufacturing the disk drive includes a |
gervﬁgﬁP??iﬁﬁpg?g egg 8?p?§88P8F559§§rWagnﬁgl&afﬁc8ﬁd&ng
di skqpediymipternally built in. The servo

#159159*

In recent years, a rotary actuator rotating
radially on a disk medium has been used in a disk
drive such as hard disk drive. The tip end portion of
the rotary actuator is attached with a magnetic head.
The magnetic head.has a write head (recording device)
and a read head (reproduce device), which are mounted
in a separated state.

Offsets equivalent to several tens of tracks
exist bétween the write and read heads in the radial
direction of the disk medium. Since servo data is
recorded on the disk medium, head positioning control
(servo control) is carried out using the servo data in
the disk drive. The servo data is read by the read
head, and used for the servo control.

The process of manufacturing the disk drive
includes a servo writing process of recording servo
data on a disk medium internally built in. The servo
writing method used for the servo writing process is

largely classified into two public-known methods. One
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witing nmethod used for the servo witing process is
| argely classified into two public-known nethods. One
is a nethod of using a dedicated servo track witer,
and another is a self-servo witing nethod of using a
head of a manufacturing object, that is, disk drive.
According to the self-servo witing nethod, 5 the
servo witing process is effectzvely realized at a
relatively |l ow cost. Therefore, technical research
and devel opnent have been made (for exanple, see

Japanese matiesd db. us083747dan8dchbed3888087rack writer,
According to the self-servo witing nethod, servo 10

dat &nd amcoieedi overséhe- eetvaew@utﬁﬁqfﬁéenaa ol Lkeéng
di sk medium by the wite head of the head attached to
the a dteay aftaatanubacturingt hejdcsk dhaveis|ndtibksdrive.
case, a sector servo nethod is usually enpl oyed;
t her ef or eAceprdiRgvEodaha Felfeserdedwos téaghneahad,15
track on the di sk nmedium at predeterm ned intervals.
Depé&ﬁrﬁf%ﬁpt%él%%?%cPH@ﬁeéﬁ #ﬁeeféﬁﬁFyVaéVuéﬁéﬁléﬁd at
t he hea an i inatlon callb skew an occurs
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oI Rscpraoe L ing epeethe Lok ARG Heshog, ser

ser Vs it B I e886 Kb YoRPPERRE. entire circumference on the
disk medium by the write head of the head attached to
the rotary actuator built in the disk drive. In this
case, a sector servo method is usually employed;
therefore, the servo data is recorded on each data
track on the disk medium at predetermined intervals.

Depending on the structure of the rotary actuator

and the head, an inclination calling a skew angle
occurs in the write head when recording the servo data
on the disk medium. For this reason, the servo data
is recorded in a state that spin transfer is inclined
by the skew angle over the entire circumference.
In particular, a single-pole head is used as the write
head in the perpendicular magnetic recording disk
drive; for this reason, the inclined state of the
servo data remarkably appears.

In general, the servo data is recorded in the

following manner in the servo writing process. More
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In general, the servo data is recorded in the
follow ng manner in the servo witing process. Mre
specifically, the servo data is recorded using the
wite head while the rotary actuator is noved from
the innernost circunferential area to the outernost
circunferential area on the disk nmedium T-n this 5
case, the inclination of the-spgn transfer of servo
data becones large in a range fromthe internedi ate
circunferential area to the outernost circunferentia

ar easpact hecdi sk, medeUBkirBopakthClkakechydad 8suhly the
this is a factor of generating a servo data area 10

havi mgiwer seaddwheter dhagrguakist ycthabbrdiikegbivedalf rom
servo witing nethod has been publicly known as an

ef f etlhévennechasjueivtupfeventiing atke tor éhei pgteemost
data recording quality failure. According to the

met hedrcyBfgbeaatali areacendebei Aiss acdange f Aomthhs

i nnernost cjrcunferential area where a skew angle on
the GFSR nBAfurTBEEBAELCAPPBEOkNREEBIY tFapgigagPde sea VO
t he gicinité of tEe intermediate circunferenti al .

ar el TRePBEPTEF, LEhEShERd3 §2BABe I ABYERSt oNEREMediate
out e t cir erential _ar and then, 20 the servo,
dataéggéFgggFéggg?% arrange EESHPP ErMBGFefipSpmierential
circyupfergnti - j },cl, 0l t he
interne%igﬁetg%rggg e&gﬁ%P§|Y§rE§?E¥6§geéf, 9ﬁea reéult’
bi - direstiongl raetye &E'?éﬁgrgggHeda basvbhe,tal Low.ng

probl ens. Mre specifically, 25 séveral-track servo
dat ah#ravhgwepssn8edree6088hfgquality.

A bi-directional servo writing method has been
publicly known as an effective technique of preventing
the foregoing servo data recording quality failure.
According to the method, servo data is recorded in
a range from the innermost circumferential area where
a skew angle on the disk medium becomes approximately
zero degree to the vicinity of the intermediate
circumferential area. Thereafter, the head is once
moved to the outermost circumferential area, and then,
the serve data is recorded in a range from the
outermost circumferential area to the vicinity of
the intermediate circumferential area.

However, the bi-directional servo writing method
has the following problems. More specifically,
several-track servo data having worsened recording
quality occurs in the intermediate circumferential

area 1if worse comes to worst. Moreover, a dedicated
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quality occurs in the internediate circunferentia
area if worse cones to worst. Moreover, a dedicated
servo track witer is required to control head
position; for this reason, the nethod is not
applicable to the self-servo witing nmethod. BRI EF
SUVWARY OF THE INVENTION 5 I n accordance with) an
aspect of the present inventiof, there is provided a
servo witing nmethod, which can prevent servo data
recording quality failure and record servo data

pr ef g5 apl etf@@pdwgtegw%l wqumr@dsgbf SRk ¥81Whishiing
nmet hod. 10 A self-servo witing method of a disk drive

l ncldp@mgl@nﬂl skrnmedi ynreasbaadthaviegnbgad sapdewri te
heads separated from each other and a rotary actuator

equi ppedi aabhet he btkadsetodApersbngriaiayemedhodovi ng
and controlling the rotary 15 actuator using servo
data read from t RBIHFsRUMEARYNMOBY THEhE NVEAT Tiddlad t o
position the wite head; a step of recording servo
data in aﬁneﬁPFPédﬁaﬁgeWIﬁhbnﬁﬁhéSpﬁﬁér@65& e present

circunferential area to the outernobst circunferentia
ar eal DR hECHi skRRERI UFn POCUSPRY BhESHVPt HTREARY BREhRD,
step of novi ng and controlllag t he rotar% actuyator to
posi {HbR t FRP WP T EEeREaBeaY PeraEar vBCAAEANPedlrdhY i s

t th t d
Cor Vb HER AT A SEREPTTehet Rgeobh P38 PRSARS R REMAM

Usi Ngui e if€3he8ds-servo writing method.

A self-servo writing method of a disk drive
including a disk medium, a head having read and write
heads separated from each other and a rotary actuator
equipped with the head, comprising:

a step of moving and controlling the rotary
actuator using servo data read from the disk medium by
the read head to position the write head:;

a step of recording servo data in an entire range
from the innermost circumferential area to the
outermost circumferential area on the disk medium
using the write head; and

a step of moving and controlling the rotary
actuator to position the write head after servo
data recording is completed in the entire range, and
re-recording the servo data in a specified range on
the disk medium using the write head.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
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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,

illustrate enbodi nents of the invention, and together
with the general description given above and the
detail ed description of the enbodi nents given below, 5
serve to explain the principlessof-the invention.

FIG 1is aviewto explain a servo witing nethod
according to an enbodi nent of the present invention;

FIGi2 dfdacvhewishew BOpkhe Sir wekukeeef ra @itskn,10
drive according to an engodlnent of the present

i nveil lost rkt & eBbbdimenic8Wolfo taxpliaiventhenposind @tRjether
rel ati onship between a read head and a wite head
accovithgthe gheeprésdatcedbadionentvehbabbGe 4nids tae
view to explain the positional relationship between a
headd@ahdl dedadascrapkipn tfiethpr esbotieebodi geren BleGow,
S is a viewto explain the influence of skew angle in
the B&F%Ct FAcRXPh2LRetPrReBEANCARBEEI MENnthe2dnreat i6ni.s
aviewto gﬁgliin the influence of skew angle in an

i nner ci r EGff efenfi 8l VAF¥a tPn eiRe ap e SeBE T Ventyaditia e ;
FIG_7. 1s.a view,to explain hge i,nfluence of skew
angl%GF%?%naSE?EPIEPrEEH?Qr8 Pgﬁmﬁpéao%ntgﬁepﬁﬁ§§@ﬁt

25 eqthodh Feoh;

FIG. 2 is a view showing the structure of a disk
drive according to an embodiment of the present
invention;

FIG. 3 is a view to explain the positional
relationship between a read head and a write head
according to the present embodiment;

FIG. 4 is a view to explain the positional

relationship between a head and a data track in the
present embodiment;

FIG. 5 is a view to explain the influence of skew
angle in the data track in the present embodiment;

FIG. 6 is a view to explain the influence of skew
angle in an inner circumferential area in the present
embodiment;

FIG. 7 is a view to explain the influence of skew
angle in an outer circumferential area in the present
embodiment;

FIG. 8 is a view to explain a rewrite operation

in the present embodiment; and
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FIG 8 is aviewto explain a rewite operation in
the present enbodinent; and FIG 9 is a flowhart to
explain a servo witing nethod according to an

enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 5 Enbodi nents of the
present invention will be described below wth
reference to the acconpanying ¢rawi ngs. (Structure of
di sk drive) As shown in FIG 2, a disk drive of this
10 enbodi nent has the structure in which disk nmedium

11, rotapygachuakol ¥3oakdhaGitr ¢ texpaaridy 6 Qe duiditing
to a drive cover 10. The disk drive of this

enbode tROY atsocanhggubedncemnsodemend @ rStatee dritafent
servo data 100 is fully recorded in a servo witing
processensing.15 a self-servo witing nethod descri bed
| ater before product delivery or a state before
recorded. ThePEFAKLERIPEPTRIPT EOK 0Pt BdE al NVEYHISNeed
by a spindle notor 12. The disk nmedium1l is a

per pendi cEMRPIAREREE] €Tr 6861 @alISeNfedinyan tBefomd 120 be
t he gisk medi u il is,built to the drive cover 10,
refe %ﬁﬁﬁggﬁgvgg QVavebr €sfrégnss $eedbseprsoamesying

100R Ls Ereviously recorded to the innernost
circﬁn?% 8APral area on the disk. The rotary actuator

13 is att?%@?ﬁc@%&@ ngQig%g@%E%%)head (hereinafter
referred sinply T0 as hea

As shown in FIG. 2, a disk drive of this
embodiment has the structure in which disk medium 11,
rotary actuator 13 and circuit board 16 are built to
a drive cover 10. The disk drive of this embodiment
is configured considering a state that servo data 100
is fully recorded in a servo writing process using
a self-servo writing method described later before
product delivery or a state before recorded.

The disk medium 11 is rotated at high speed by
a spindle motor 12. The disk medium 11 is a
perpendicular magnetic recordable medium. Before
the disk medium 11 is built to the drive cover 10,
reference servo data (or called as seed servo data)
100R is previously recorded to the innermost
circumferential area on the disk.

The rotary actuator 13 is attached with a
magnetic head (hereinafter referred simply to as head)
15 at the tip end portion. The rotary actuator 13

is moved radially on the disk medium 11 by a drive
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15 at the tip end portion. The rotary actuator 13 is
moved radially on the disk nmedium 11 by a drive force

of a voice coil notor (VCM 14. In other words, the

di sk drive noves and controls the rotary actuator 13,

and thereby, the head 15 is noved in a range from the

i nnernost circunferential area to the outernost 5
circunferential area. As dep+cted in FIG 3, the head

15 has the structure in which a read head 15R readi ng
data such as servo data and a wite head 15Wwiting

the sanee areanvuntedcenlt hetidenticedl 18l.i den igtrdr words,
state of 10 being separated from each other. The wite
headtiéWisk thévenhodierentd scatsongl ehpolrethedd actuator
per pendi cu- larly magnetic recordable with respect to

t he H3skandethenehy, Ohesbesdedbi val ewveto isewerainge from
tens of tracks exist between the read head 15R and

the WRet&nNsrrheal ¢Svehmiekentadilusreir éot ithe ofutehmost
disk medium The circuit board 16 is nmounted with a
head“+ArpPFFFBRTEPLCBFESfor anplifying a read signa

(9,1 o 85" Bodphehocubpunted £ 9 e ead hed o

U1 BB DER AU L SCLVORHE s 985 SLBDL A qucr

ACSCRS) 00:1 LheasShi ELYRCH HLAI00Rel 00, b e

act Uat&rmddnt 8dnB¥eHnandqeRRtEgh! €414k? RIS state of
being separated from each other. The write head 15W
of the embodiment is a single-pole head perpendicu-
larly magnetic recordable with respect to_the disk
medium 11. Offsets equivalent to several tens of
tracks exist between the read head 15R and the write
head 15W in the radius direction of the disk medium.

The circuit board 16 is mounted with a head
amplifier circuit for amplifying a read signal (e.g.,
servo data) outputted from the read head 15R or
sending a write signal (e.g., servo data) to the write
head 15W.

(Servo writing operation)

A self-servo writing operation will be described
below. According to the self-servo writing operation,
in the disk drive shown in FIG. 2, the internally
built-in actuator 13 is moved and controlled. In this
way, the servo data 100 is recorded to the disk medium

using the head 15 attached to the actuator 13.
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way, the servo data 100 is recorded to the di sk nedi um
using the head 15 attached to the actuator 13. FIG 1

is aviewto explain the servo witing nethod of the
present enbodi nent, and shows the noving tracks of

the rotary actuator 13, that is, head 15. FIG 9 is a
flowhart to explain the procedures of 5 the servo
witing nmethod. As shown in FIG 1, the actuator 13 is
positioned above the innernost circunferential area

on the disk nmedium1l in the initial stage of the

servo wifrgg 1oper at veew therxphhe naeheats@rvl3 WiSiting
noved fromthe 10 position 13A to the outernost

ci r coeteoenvtathar paesdnreembodifn2fBA) and dhsksdrihee moving
controller reads reference servo data (seed servo

dat a}rdOKR pfetvheusbyaryeeocdetoonlBhethanedspsthead 15.
circunferential area on the disk medium 11 via the
readFheéad? 15R of fipwchaatl te5explednephsl procrduties of
case, the controller neans a mcroprocessor (CPU)
prcvﬁhﬁeaeFHQiUélBFnauW§F8@Othe di sk drive, and
software for executing_the_self-servo witing o
oper at i on Bysgﬂgncﬁﬁ. Ag'dépi5gédaFﬁu@FGF 33 tffe Positioned
cont r v n O contrals the actuator 1 .
acco%%%k% FﬁgtﬁﬁnégggFﬁngércgg?sseageg?rggaavpg gﬁ@ disk

readmgg§g 1§B'ihntBQ!?n Yal E@Sgﬁfégegﬂgage%%@/&%iting

positioned at a specified positl I nnermst
ci rcyptesenbhal @B@ﬁ,(%h@pacgabtoknlglgg BovRd from the

reference nuneral 200A denotes a 25 noving direction

of thesaeioat 0BAL1Bof tBE bheekABEEMBSt-cumferential area
direction (200A). A disk drive controller reads
reference servo data (seed servo data) 100R previously
recorded on the innermost circumferential area on
the disk medium 11 via the read head 15R of the head
15 (step S1). 1In this case, the controller means a
microprocessor (CPU) provided inside or outside the
disk drive, and software for executing the self-servo
writing operation by the CPU.

As depicted in FIG. 3, the controller moves and
controls the actuator 13 according to the reference
servo data read via the read head 15R. In this way,
the write head 15W is positioned at a specified
position of the innermost circumferential area (step
S2). In FIG. 3, a reference numeral 200A denotes a
moving direction of the actuator 13 from the innermost
circumferential area to the outermost circumferential

area on the disk medium 11. A reference numeral 300
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circunferential area to the outernost circunferentia
area on the disk nedium 11l. A reference nuneral 300
denotes a rotating direction of the disk nedium 11.

The foregoing specified position is a position

form ng data tracks included in the innernost
circunferential area in a data track group for 5
recordi ng user data. Thus, the product is delivered,
and thereafter, the reference servo data 100R is |eft
on the disk nmediumor deleted. The controller wites
and decotds servoadahg HA@ALtdiom tlfe thesidiisanesdanint 1.
head 15W (step S3). The 10 servo data 100Wis copy

data of tHRAber ébergriagsepresifdaica chBGR iom ext er naddytion
supplied wite servo data. The controller noves and
cont fersiptedatpuaracks3isglubad the thead nb% rmmeatel s

to the outer circunfer- ential direction 200A, and

t her ebyCUNEBERRE1PRe2E8RVAN Bs d@ita LYGOW Br@UWheE W i t e
head_15W.i.n manner ov

0

n th t S4).. Th
perﬁ??SﬁdaggcﬁF%ggSQBBVe FE%%epg e%r&%ﬁgﬁ HﬁLQﬁ%Q%?red'
dat ' d [ t t t .
ci ot BRErartarea ss  FheCaelR I frta 4005 d8 et
20 VBgne hbeaackuabas f3ogoyes kgt e outer circum
ferential direction, the read head 15R noves to an

area wher @80 -hgke6eNee %%ri\ﬁ%sd%tn%l QR ks fsee&grod%data 100W

The controller reads the servo data 100W al ready
Wityes bMet pesMmibacheqditaWikha the g%%%ph%@q.15%he

25 and uses It for noving control (head positioning
servo data 100W is copy data of the reference servo
data 100R or externally supplied write servo data.

The controller moves and controls the actuator
13 so that the head 15 travels to the outer circumfer-
ential direction 200A, and thereby, records the servo
data 100W via the write head 15W in the same manner as
above (step S4). The operation described above is
repeated until the servo data 100W is recorded in the
outermost circumferential area on the disk medium 11
(step S5).

When the actuator 13 moves to the outer circum-
ferential direction, the read head 15R moves to an
area where no reference servo data 100R is recorded.
The contrecller reads the servo data 100W already
written by the write head 15W via the read head 15R,
and uses it for moving control (head positioning

control) of the actuator 13.

In the manner described above, the actuator
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control) of the actuator 13. In the manner descri bed
above, the actuator 10 13 noves fromthe position 13A
of the innernobst <circunferential area to the position

13B
medi

of the outernobst circunferential area on the disk
um 11. In this way, the servo data 100Wi s

recorded in the 5 entire range (effective recording
range for recording user data)loof -di sk nedium 11.

I nci

dentally, the disk drive of this enbodinent is a

sector servo type; therefore, the servo data 100WNis
recot 8edoirast ieomcitheupbeienbinall 3di pECthen iahare@dtar
intervals. 10 According to the servo witing nmethod of

t he

ehbodinfrenentihé preeedor ébe( pheptSeEnt A 388 fofthe

rewiting (re-recording) the servo data are taken.
Mor ec8peeinppEariycumhie reoptirdl beeanones hiehelimdt watdgrum 11.
13 fromthe position 13B of the outernost circunfer is

enti

al BRéa BAYrhEhgi sRIvEdPair11008 tise teseeded in the

circunferential direction (200B) as seen fromFIG 1.

ThenSMthESSERDEC AP LIPS AR FECOR LR Iark aNRte HPgditac@ rding
nf wh dat 00M i

Fecor et COra welt SXREAISIAW Hie & aer eﬁeja&?yéfr'aﬁh&w di sk

20 MbhvBeadesatLOefbay gl 43 Lekerense Lokl Gupk;

FI G
13,

and 47to0 n°the 1o ary act u

EH@rQ§69e15th@Ss@r%geﬁhténgb@wwﬁgnr%%%r@%@“%%okh%s

is positioned above the innernost and outernost
ci rcygntenmpbraht2heagitd3Mion at regular intervals.

According to the servo writing method of
the embodiment, the procedures (step S6 to S8) of
rewriting (re-recording) the servo data are taken.
More specifically, the controller moves the actuator
13 from the positicn 13B of the outermost circumfer-
ential area on the disk medium 11 to the inner
circumferential direction (200B) as seen from FIG. 1.
Then, the servo data is rewritten in an intermediate
circumferential area (where servo data 100M is
recorded) via write head 15W. The rewriting operation
will be described below with reference to FIG. 1,

FIG. 9, and FIG. 4 to FIG. 8.

In the rotary actuator 13, the head 15 has a skew
angle when the actuator 13 is positioned above the
innermost and outermost circumferential areas (13A)
and (13B) on the disk medium 11 as shown in FIG. 1.
The skew angle is a relative angle made by the head 15

and data track formed on the disk medium 11. The data
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25 and (13B) on the disk nedium 11l as shown in FIG 1
The skew angle is a relative angle nade by the head 15
and data track forned on the disk nedium 11. The data
- 11 track is a track formed when data is recorded
based on the recorded servo data (also calling servo
track). Wien the actuator 13 is positioned above the
internedi ate circunferenti al- anga en the di sk medi um
5 11, the skew angle is approximately zero degrees. On
t he ot her hand, when the actuator 13 is positioned

aboveribe i8ngeropstkOoropHber WREH BhEgUALErERbI-Bld@k@8ed on
the absol ute val ue of the skew angle is approxi mately

10 deige eescotdled hssrecasg@atbheaskewcangliagi Bethe tQack).
outer circunferential area is set as positive (+0);"'

on the ottieenhahd, atheaskewladngkepiositheneudt ebove the
circunferential area is set as negative (-0). FIG 4
showsntgeme@i at¢ opshrpmberapbhal harheadnlishe( digk, medium
wite head 15W and data track when the skew 15 angle

i s appr oXPPaf 6FY 2RELSdEGr BBBICKERBESLYY ZeFR 6ed&esto
renove an i nfluence to nei%hborin% data track, both,

wr i t 9 ahd® r 8aChedB15W aHd T 25RAAAVE AT hddd 1i CR1tioned
desi gned narrower than_a trag itch TP. A track.,

mr GT TR The T hEe 9385 "pbe BEERPPRE ust souhZprRBRaal area,
When e g ' p [ I 0..d "

opi -0 calr SLhPETL1he BEPERE! HRLG ¥pE2E0te P  inately
righioaggheets, t hendahast £ask, Ihasskéwgaa?%eqq%lkh%

recorded or read (reproduced) by the head
outer circumferential area is set as positive (+0);
on the other hand, the skew angle in the outer
circumferential area is set as negative (-0).

FIG. 4 shows the relationship between the head 15
(i.e., write head 15W) and data track when the skew
angle is approximately zero degrees. Generally,
in order to remove an influence to neighboring data
track, both write and read heads 15W and 15R have
a head width designed narrower than a track pitch TP.
A track margin TM is interposed between the data
tracks. When the skew angle is approximately zero
degrees, spin transfer recorded by the write head 15W
is a right angle to the data track. Thus, signal
quality recorded or read (reproduced) by the head 15
is preferable, and no interference to neighboring data
track occurs therein.

On the other hand, when the absolute value of the

skew angle is approximately 10 degrees, recording is
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is preferable, and no interference to nei ghboring data
25 track occurs therein. On the other hand, when the
absol ute value of the skew angle is approxinmately 10
degrees, recording is 12 nmade in a state the wite
head 15Wis inclined as illustrated in FIG S. For
this reason, spin transfer 500 of the data track is
inclined at an angle of 10 degnees-~ In this case, the
read head 15R is 5 inclined |ikew se; therefore,

signal quality recorded or read to the data track is

secuigge fard ofatbecMei feibeadeiaW Brkes phasenshi b
recording to the side of the track as seen from FIG

5. I pastigtddrint hecpefpendbeutat snagaebh¢ $Bin transfer
recordi ng single-pole nmagneti c head makes recording
overS@hecenthe edsiexi craskrfaceéncivonetthes reasanglei bf
receives a large influence fromthe skew angle. In

suchl @ de@esesf the daia cpaek hhegraalMipsdsidRl is

there is a high possibility that data is overwitten

15 tbﬂ@h%n%@gg bevipR neighebPrAig FideR]l AHathEYdirskorded
drive, the servo data recorded,on the i sk medium 11

is rehd ¢32prodiiedyets bsgi:k. b FﬁEu;ﬁ 2df 15 Wtﬂ

t
LhePeer volabl sof ot Re kP Ea Rer R 15l FekeTocoase-triRs
or 1/3.0f4 atsr@ﬁ@s%a@'gﬁeagaagﬁ;gﬁ Qgt f%gg{nh' n

this case, nce the wite
“‘defI@haQ.thﬁnsﬁéfgléﬁﬁgg; QMQrﬁﬁkﬁéﬂglcular magnetic

recording single-pole magnetic head makes recording
over the entire device surface; for this reason,

it receives a large influence from the skew angle.

In such a case, if the data track margin TM is small,
there is a high possibility that data is overwritten
to the edge cof the neighboring track.

In the disk drive, the servo data recorded on the
disk medium 11 is read (reproduced) to position the
head 15 with respect to the data track as described
before. Thus, the servo data 1s recorded with a pitch
(e.g., 1/2 or 1/3 of data track) smaller than the data
track. In this case, since the write head 15W has
a head width wider than the servo track, overwriting
is made, and thereby, the servo data is recorded.
Therefore, no track margin is formed in a servo track
comprising the recorded servo data.

FIG. 6 shows a servo data recording state in

the inner circumferential area on the disk medium 11.
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is made, and thereby, the servo data is recorded.
Therefore, no track margin is forned in a servo track
25 conprising the recorded servo data. FIG 6 shows a
servo data recording state in the inner
circunferential area on the disk nmedium11. 13 In this
case, the skew angle of the wite head 15Wis

approxi mately -10 degrees. As dgscri bed before, the
wite head 15Wnoves fromthe inner circunferentia
area to the outer circunferential area direction 200A

5 whiﬁet@ygr&égéinghéngké@cgﬁghago&hghée&¥91@ah@ad'asw is
FIG 6, servo data of a servo track 100(n) is

r ecosietlok ma@e 8y €21 008E§5ROBII NPst BedBriBRACKLIFRERN . the
The wite head 15Wprojects fromthe servo track
100(wmyitéoreadi 55Weasvas fhemsenyoidata efirthefseevioial
10 track 100(n) is recorded in an area correspondi ng

to are=igbbohéngutarlyieybmfideentHoheueea dhercthen 200A
wite operation of the servo data (100n) is conpl eted,
servehidbe acvérarsbivg andcket0ofnrd) the evervar dhten in
the area (N+l); therefore, no problemarises. 15 On

t he ot her IRaRdG-whensSek®ot atel PAgadrEsti 6aacko0AR0dn) is

the head 15 is the sane and servo data is recorded in
t he BRERFARTr eUinfRr 8RERaFCLRFEAPORAGTNEKER 8Rgl(B) of YEABDET -

o e, IS LSRR oS LIBL LY HOpCRgtess L LS,

o0, SAGBRY e s SELobr ek 19008 dhia B EMSsarvo
track 100(n) is recorded in an area corresponding to
a neighboring (n+l) cylinder. However, when the
write operation of the servo data (100n) is completed,
servo data of a servo track 100(n+l) is overwritten in
the area (N+1l); therefore, no problem arises.

On the other hand, when the traveling direction
200A of the head 15 is the same and servo data is
recorded in the outer circumferential area, the
skew angle of the write head 15W is approximately
+10 degrees. In this case, part 700 of the write head
15W projects onto an already recorded servo track
100(n-1); for this reason, the servo data of the servo
track 100(n) is overwritten therein.

In other words, the serve track has no track
margin; for this reason, the projected write head 15W
records the servo data (100n) tc the edge of the servo
track 100{n-1) as noise. 1In particular, the perpen-

dicular magnetic recording single-pole head has a
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track 100(n) is overwitten therein. In other words,
the servo track has no track margin; for this reason,
the projected wite head 15W 25 records the servo
data (100n) to the edge of the servo track 100(n-1) as
noi se. In particular, the perpen- dicular magnetic
recordi ng single-pole head has a - 14 w der recording
surface; for this reason, an infl uence by the noise
remar kably appears. In this case, the servo data
(100n) recorded to the servo track 100(n+1) has no

problem s estdding,d rom notse bscargesseLyofat anSifkiuence
the servo track 100(n+1) is overwritten theréin in

t he \saneh drBidies e asehdek£85¢ fHp&h&s. 6. 1dhenk BckhBal i @Re
of spin transfer to the track pitch differs fromFIG

6 ankkildadata Mr@specedd=dedl ty, tha sbevoaseaock EDG(n+1)
6, the spin transfer 10 of servo data is forned so

t hathashend meokeih atesukt icanfeerntpabeabegailsedekayeddata
in the outer and inner circunferential areas. On the
ot he?f Helil, sex e Epraktl@nénet) ofssevosvWaataenstherges in
so that the internediate circunferential area
advam®ssans Nakkerds WpencaseveldhiG-i8-witten

t owar d the oute{ﬁm rcunferential area_fromt

i nner nost ' M8 +2a B?Eh??a?faﬁﬁén Fﬁén§§?€ot8aF§ grack
t.t h he o

Pr ot st Berd ARAAIREE, N, SARCKIRY VRS Mogpogpecifi-

angl g, P&app&o&g&g%g 5§r91G206Th§f18f Op¢n LDERE£LS NO

probl emtel evant to noi
of servo data 1s formed so that the intermediate

circumferential area is delayed in the outer and
inner circumferential areas. On the other hand,
the spin transfer of servo data is formed so that
the intermediate circumferential area advances.

In short, when servo data is written toward
the outer circumferential area from the innermost
circumferential area, the servo data is overwritten in
a neighboring track by the intermediate circumferen-
tial area having a skew angle of approximately zero.
Therefore, there is no problem relevant to noise.
However, in a range from the intermediate to the
outermost circumferential areas, servo data given
as nolise 1s overwritten in part of the servo track
recording servo data as described before, and intactly
left therein. As a result, a servo track having
worsened recording quality exists in the range from

the intermediate to the ocutermost circumferential
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However, in a range fromthe internediate to the
outernost circunferential areas, servo data given as
noise is overwitten in part of the servo track
recordi ng servo data as described before, and intactly
25 left therein. As a result, a servo track having

wor sened recording quality exists in the range from
the internedi ate to the outernpst circunferential 15
areas. In order to solve the foregoing problem a
servo data rewite (re-recording) operation is carried
out Aceprding to the servo witing nmethod of the 5
enbodi ment. In this way, servo data havi ng worsened

recordi ngrgustdéy tacsoivagrhberopegeinhg pepoilead a servo
(corrected) to inprove the recording quality. The

ser vrthatzeweinre t eropesabtdingd | dpdeatdesct s bedr beedw
with reference to FIG 1, flowhart of 10 FIG 9 and

FI GO Iacatbg i e RIG dervhevebhingl hethedapfethene
servo witing direction when servo data is recorded to

t he BRAHAC ci rEUNfRE®NY? R 2PERC @nb2t heringoyessened
the actuator 13 to, the inper, circunferenti al directign

15 (B ) CY THRCLORIRS| FRF PehPFtes TRESITS
dat f th t th
ot TN ST Q! et BPERET af Mar LSO bT Lg U RE T8 head

Ilzf\év ( gt ePrl S8 MREE SRGCHILCALLY, 88,SEERLT LEM
, SEervo

described below with reference to FIG. 1, flowchart of
FIG. 9 and TIG. 8.

As shown in FIG. 1, the controller changes the
servo writing direction when servo data is recorded to
the outermost circumferential area, and then, moves
the actuator 13 to the inner circumferential direction
(220B) (step S6). The controller rewrites the
servo data over a range from the outermost to the
intermediate circumferential areas via the write head
15W (step S7, S8).

More specifically, as seen from FIG. 8, servo
data is overwritten in the servo track already
recording the servo data over the entire range via the
write head 15W having the skew angle 0 of +10 degrees.
In this way, normal servo data is overwritten in the
overwrite portion 700 including the noise; therefore,
the noise is erased.

In this case, the skew angle 0 is given; for

this reason, part 700 of the write head 15W projects
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20 data is overwitten in the servo track already
recording the servo data over the entire range via the
wite head 15W having the skew angle 0 of +10 degrees.
In this way, normal servo data is overwitten in the
overwrite portion 700 including the noise; therefore,
25 the noise is erased. In this case, the skew angle 0
is given; for this reason, _paig 700 of the wite head
15Wprojects 16 5 into the neighboring servo track in
the inner circunferential direction. However, servo

dat a; jof o t fige ﬁ@i@ﬁ@@fiﬂ@ §§EV8 traek is QM@r%hh%Een
therefore, no problemrfelevant to noise arises. As

descei beghmedpyeridhegseeyoidat a Hswegekpcorded daRat BE the
internediate circunferential area having a skew angle

of apprgxtbomiedyseevo.ttackhis wayrwtheteangehetreddre, no
the outernost to the internediate circunferentia
areasroslenrrekteani nto seive datacerasi ng the noi se

10 portion and haV|ng preferable recording quality.

Ther ef or eAs agedFHi g tébPﬁ@/séhﬁ §erve deitei pg werhegorded

having rel atively high productivity, it is possible
to ralthe h@E%FW%d%ﬁF?lﬁbrﬁF%€%§§nBFaﬂe66P6|h@vééﬂvé skew

data h V|n referabl e recordin al i on a disk 15
redi LT neF dEhe amma’fﬁiyréamﬂeg  bR{poHaE . ctReorange

??gﬁ¥raﬁvﬁﬁg &Qggrm St r€30£gen9ngg§%€5¥akg EQ%C%%@%rentlal
areas 1s corrected into servo data erasing the noise
portion and having preferable recording gquality.
Therefore, according to the self-servo writing method
having relatively high productivity, it is possible
to realize a servo writing process of recording servo
data having preferable recording quality on a disk
medium,

Incidentally, the read head 15R reads servo data
having worsened recording quality in the range from
the outermost to the intermediate circumferential
areas. However, disturbance influence such as
vibration, temperature and humidity environments is
removed as much as possible, thereby securing head
positioning accuracy more than a predetermined level.

According to the present embodiment, servo data
recorded in an inclined state depending on the skew
angle of the head is rewritten. 1In this way, there is
provided a servo writing method which can record servo

data having preferable recording quality.



10

15

20

25

the outernost to the internediate circunferentia
areas. However, disturbance influence such as 20

vi bration, tenperature and hum dity environnents is
renmoved as nuch as possible, thereby securing head
positioning accuracy nore than a predeterm ned |evel.
According to the present enbodi nent, servo data
recorded in an inclined state depending on the skew
25 angle of the head is rewitten. In this way, there
Is provided a servo witing nethod which can record

servo dat@cheyvi aophehenabl e recording quality. 17
(O her enbodi nent) The foregoing enbodi ment relates to

the self-Tiser voragdihfgembbbodentheci gtegcepding self-
operation is carried out after servo data in the

ent igeervangel hirig anetied | NN e0sé - tecoud ehgDsperation
circunferential areas is recorded using reference

ser Vi dazr (sterliserfer dagayo 100Fa pievibaseytieeordede
in the innernost circunferential area on the disk
medififA™ ltheonl RpRITERNE ra® yout pEme BF | ol pgmAerhbEipayareas
be 10 enpl oyed as. ot her enbodi nent. The re-recarding
operiat i FEArYs P ofR L aF eRfe sBPYBO dag k2 of SERE servo

ci T oY SE He T B rBRO HBS UL G T of BPERERSt

oo FL A onR, SEr 0 A0 RS BbCl Yyt sporged n 19

11. O CcoMiSenel Dot PEaEE, M EHLT BLNYoAPEEARLLRaSHEY O be
employed as other embodiment. The re-recording
operation is carried out after servo data of the
entire range from the outermost to the innermost
circumferential areas is recorded using refereﬁce
servo data (seed servo data) previously recorded in
the outermost circumferential area on the disk medium
11. Of course, in the re-recording operation, servo
data is rewritten in a range from the innermost to
the intermediate circumferential areas.

The re-recording (rewrite) operation of the
present embodiment may be applied to a so-called full
self-servo writing method given below. According to
full self-servo writing method, servo data is recorded
on the disk medium from the first without using
reference servo data previously recorded on the disk
medium 11.

If servo data is recorded in the entire range on

the disk medium 11 according to the self-servo writing



data is rewitten in a range fromthe innernost to
the internediate circunferential areas. The
re-recording (rewite) operation of the 20 present
enbodi mrent nmay be applied to a so-called ful
self-servo witing nethod given below According to
full self-servo witing nethod, servo data is recorded
on the disk nmediumfromthe-fingt wthout using
reference servo data previously recorded on the disk
25 medium 11. If servo data is recorded in the entire
rangee®hod} he deskomedibmrdlraeeendnggoberbR8€on may be
self-servo witing 18 nethod, a servo data
re-reebedt hgedpecatibadmaytbasiagl acpirealiytadie e@naet
using a predictable range having worsened recording
gual haying wospenefli edcordmngg. gBaAddiyt eenal sadvarftiages
and nodifications will readily occur to those skilled
in thenget. Therefore, the invention in its broader
aspects is not limted to the specific details and

5 represent AffvelenBodrABANS 298FoRRJaR@ddddcaitioms will

herei n. (Accordi ngly, vgrious 12 deicgtions na% be

made’ GFEh Mt?ﬂ%ﬁgr¥Pn§ PEENTERELSEpiPi £76r 233ope THE TS EOTE,
appehiba- AT ar L Sandt hERr EERGREE) aRPeC o Lme T simited o
CLALED Lgectsi1 6 88LL126M ¥R LELAYNBLE99ObnBodifEnt s

shown and described herein. Accordingly, various
10 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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including a disk medium a head having read and wite
heads separated from each other and a rotary actuator
5 equi pped with the head, conprising: a step of noving
and controlling the rotary actuator using servo data
read fromthe disk medium by the read head to
position the wite head; a step of recording servo
data in an entire 10 range £romet he i nnernost
circunferential area to the outernost circunferentia
area on the disk nmedium using the wite head; and a
step of noving and comuzd lingAmwE®tesy actuator to
position the wite head after servo is data recording
is conpl et ed Ans¢hé-garvoewrangag msdhoteofeeordisig drive

the servo data in a specified range on the disk

nedi1nalmdh@gtMedektme@é@m, 2.hdhd hevhod aeedrdhndgwrite

to claiml1, wherein in the re-recording step, the

spedi€aey $%m@3éat%daf¥<arng@adzoo£h@m ghe Buretpbst agtuator

i nnernost circunferential area to an internedi ate
ci r R EPRSE | Wi thr ke opetfe GPBRTLIFEAEEM 3. The
nmet hod accor di ng wher

reads ref@rghtR gtrWBVHQPaaPQCSPBgaogglpﬂet%§5rO%ary
| nner(g?uc, + Sk rg%j %rsg.'tf\lfgl dg‘{Sa Jl?ipi;ol Smags‘}i”}ne?hlgm

the Totary ac i's noved con ing
refeé Pt?}geﬁlgéé(cﬁ) #8243 8 E;Q&H.‘bh' ahePQsitiopiag by 20

a step of recording servo data in an entire
range from the innermost circumferential area to the
outermost circumferential area on the disk medium
using the write head; and

a step of moving and controlling the rotary
actuator to position the write head after servo
data recording is completed in the entire range, and
re-recording the servo data in a specified range on
the disk medium using the write head.

2. The method according to claim 1, wherein in
the re-recording step, the specified range is a range
from the outermost or innermost circumferential area
to an intermediate circumferential area on the disk
medium.

3. The methoc according to claim 1, wherein the
read head reads reference servo data recorded to the
innermost circumferential area on the disk medium, and

the rotary actuator is moved and controlled using

the reference servo data in the initial positioning by
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4. The method according to claim1, wherein in the
step of positioning the wite head, the rotary
actuator is noved fromthe innernost circunferential 5
area toward the outer circunferential area on the disk
mediumwhile the wite head is positioned. 5. The

nmet hod according to claim1, wherein in the step of
positioning the wite head,_-thggrotary actuator is
noved fromthe innernpst circunferential 10 area
toward the outer circunferential area on the disk

medidya whides thesgrite head is positioned, and in the
re-recording step, after servo data recording is

conpl etedsj n the Rothé® s8pgedihfecbotdaym A¢t WBEREihSin
nmoved fromthe outernpst circunferential 15 area to an

i Nt et ditade of rpewt ef @ninal tlae ear boe t head di ske medt any

to position the wite head, and the servo data is

r e- reeciorales | is ancpedi fred thagennehacst sgiacnmfigeential
fromthe outer circunferential area to the

i nt exrRsli trweaxd rehef erien | ol raveieppnt hel dpsRanedi Ghe disk
20 6. The nethod according to claiml1, further

i ncIMRATYR Whiteptht YehbF ngcref ef ereelsepigddat a

recorded _in the inpernost circunferential area _on the,

di sk medt um B URECFBAA=RERHTISS WReFAPAM At RESSELR P

of A% LLBIL 0 0 LA 0Pl LDPCLOhat, Sehustar 5

the §%%&§t8£rf#“%&&@@tkéémzéhe innermost circumferential
area toward the outer circumferential area on the disk
medium while the write head is positioned, and

in the re-recording step, after servo data
recording is completed in the entire range, the rotary
actuator is moved from the outermost circumferential
area to an intermediate circumferential area on the
disk medium to position the write head, and the servo
data is re-recorded in a specified range, that is,

a range from the outer circumferential area to the
intermediate circumferential area on the disk medium.

6. The method according to claim 1, further
including:

a step of reading reference servo data recorded
in the innermost circumferential area on the disk
medium by the read head,

wherein in the step of positioning the write

head, the rotary actuator is moved from the innermost

circumferential area toward the outer circumferential
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area on the disk medium in the step of recording the
servo data, the servo data is recorded in an entire
range from the specified outer circunferential area
to the 5 internediate circunferential area on the disk
medium in the step of re-recording the servo data,
after servo data recording is conpleted in the entire
range, the rotary actuator-iszmpoved fromthe
outernost circunferential area to the inner
circunferential 10 direction on the disk nmedium and
the segy ot i$iskend@conded in a specified range by
the wite head. 7. The met hod according to claim1,
wherein Bnsehé-sesyoor FétbgdOngr sheobeappl dadat o the
disk drive, which is a perpendicul ar nmagnetic
recorttk ngerves dype. i8. rdcdirddd dinvencenptrsi ngngedif gkm
medi um for recording data; rotary actuator equi pped
Wi t tlze hepelc hilédgouteadc andumf ¢ tenheatisasepatat ele
fromeach other, and 20 noving in a radial direction
on t1ﬁ¢Qﬁ%&dh@@¢u©1r¢mm§¢r%@tw@lmﬂreangnnﬁbﬁsdﬂ@k medium,
noving the rotary actuator using servo data read by
the read heatheoStpBsPti bR~ Fﬁéoﬁaﬂﬂé hBgdsegNg data, after
he servo data ,in_an re, ra m t he

di fror
i ed TR oRrereire 5 PRE 0 1B BiEFREEFS anae,

. C ”’%‘r‘i’é efc?@ékgoa&[ﬁ?t% { e 8’47%5 fl?grq' PALbYEREmEtE €

head ser Wi opera e}

circumferential area to the inner circumferential
direction on the disk medium, and the servo data is
re-recorded in a specified range by the write head.

7. The method according tco claim 1, wherein
a self-servo writing operation applied to the disk
drive, which is a perpendicular magnetic recording
type.

8. A disk drive comprising:

a disk medium for recording data;

a rotary actuator equipped with a head having
read and write heads separated from each other, and
moving in a radial direction on the disk medium;

first servo writing means for moving the rotary
actuator using servo data read by the read head to
position the write head, and recording the servo data
in an entire range from the innermost circumferential
area to the outermost circumferential area on the disk
medium by the write head in a servo write operation;

and
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22 second servo witing neans for noving the rotary
actuator after servo data recording by the first servo
witing neans is conpleted, and re-recording the servo
data in a specified range on the di sk nediumby the 5
wite head. 9. The disk drive according to claim S8,
wherein the second servo witing nmeans re-records the
servo data in the specified rapnge~ that is, a range
from the outernost or innernost circunferential area
to an 10 internmediate circunferential area on the disk

medi um  d8codbesdirgk dihi¥enacmeadisNG olrO nehain® &he rotary
wherein the disk mediumis recorded with refeérence
servactiadtori aftbe sapesnbatacirecvrtiehgnbiak har €arstheervo
first servo witing nmeans noves and controls 15 the
rot awyliathganeansisiagcoinpleetdr ennd servecdatidngr ¢aed servo
by the read head in the initial positioning of the
wi t@atheatn anspeniéisedondnger 9o GhEt dagkneaddum by the
re-records the servo data in the specified range,
t hatW¥isteaheadge 20 from the outermost
circunferential area to an internedi ate ,
circunf erénti al€aflégkodriNE arsRIfedture ClLpimTie dgihgrein
driv%ggccorging éo clain%S wherein__the he%d hES a
si ngtes pof & R2aict 8P PEEbFAPNECaAfa 6nt SCREAG Ske Servo
medi ym usi ng, perp L ¢ r et | ecqrdi_n 25
e W”%‘e ﬁealg_ godieylar (ORgRet LR £e¢Qrding, 23 85,
the outermost or innermost circumferential area to an
intermediate circumferential area on the disk medium.
10. The disk drive according to claim 8, wherein
the disk medium is recorded with reference servo data
in the innermost circumferential area,
the first servo writing means moves and controls
the rotary actuator using the reference servo data
read by the reaad head in the initial positioning of
the write head, and
the second servo writing means re-records the
servo data in the specified range, that is, a range
from the outermost circumferential area to an
intermediate circumferential area on the disk medium.
11. The disk drive according to claim 8, wherein
the head has a single-pole head for recording data on
the disk medium using perpendicular magnetic recording

as the write head.



