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SELF- SERVO WRI TING I N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The
present invention generally relates to a disk drive. Mre j t he
invention relates to a nethod of performservo witing formmmmﬂmﬂmrvo
data on a disk-shaped nmedium Most disk drives, a represented Rhy,hard di sk
10 drives, incorporate a servo system FHhe lservo systemcontrols the
positioning of the head (magnetic head), or noves the head to a desired
track on the disk shaped medium i.e., a data recording nmedium The servo
system controls the positioning of the head, by 15 using the servo data
recorded on the disk-shaped nedi UATLA 6€t BBE SNVEBNHAUOHcturing a disk drive
includes a servo witing step, i.e., the step of recording servo data on

t he di sk-shaped METHQPN AND sAPPARRIVD FeR t PAREORMPEE hBBELFsSERBANWRARING i s
performed in the servo witing step. The self-servo witing nethod uses the
head and actuat0¥Nt%a@1%ﬁeD3ﬁ%%rporated in the disk drive. The disk drives
devel oped in recent years 25 incokﬁgiate a head that _conprises a read-head

el ement and a wite-head el enERCEGRARNHRNEE AVERE sli der and

separated ron1eaph o%her. The ﬁﬁlte-hgad - % elege t rgcorda.d ta on
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Most disk drives, a represented by hard disk
10 drives, incorporate a servo system. The servo system
controls the positioning of the head (magnetic head),
or moves the head to a desired track on the disk-
shaped medium, i.e., a data recording medium. The
servo system controls the positioning of the head, by
15 using the servo data recorded on the disk~shaped
medium.

A method of manufacturing a disk drive includes a
servo writing step, i.e., the step of recording servo
data on the disk-shaped medium. A self-servo writing

20 method is known, which is performed in the servo
writing step. The self-servo writing method uses the
head and actuator that are incorporated in the disk
drive.

The disk drives developed in recent years

25 incorporate a head that comprises a read-head element
and a write-head element, both mounted on the same

slider and separated from each other. The write-head
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10 In the servo witing step, it is necessary to wite the servo data,
precisely at a prescribed position on the di sk-shaped nmedium The head
incorporated in the disk drive conprises two discrete elenments, i.E., the
read- head el ement and the witel5 head el enent. A position offset

i nevitably exists between these elenments. The position offset corresponds
to the distance between the centerlines af the read- and wite-head

el enents) Hence, the headpositioning control nust be carried out in the 20
self-servo witing step, in accordance with the position offset between the
read- and wite-head elenments. More specifically, the position offset nust
be neasured andlehenbdffgevrduasdabe adj astiédki-ahapedr naddemz5 ®heh t he
position of fset neasured, in order to control the positioning of the head.
A method is prbpadedeaddedenenbpedadpntihpi datahseposidedoanothsedipk-
measur ed by - 3 using a neasuring pattern witten on the disk shaped
nmedi um ( See, $B?P@QaﬁﬁgéPmdpnThPafeaﬁpb?ﬁ¢ RErmeENPuBRECcaRi ¥R No.
8-129732.) Thi? grior-art,nethod uies a servo-burst pattern contained in
the servo data!™3IPREPEBYLIELIWRI t EhEE hedBulPRg F&EEErn on the di skshaped

e 3 A ! fg paee he di sks
i st ance’ bet veen t nBRCEAEAET PRBV0! "ERELPIaBoRERE SEBe i cakd SRS of t he
i te-head el d. al t i 0t 1Q. | dth
ot her and of tRECBFIT o2 heon ot ERant - CHREoRREEanGE PO ERE REAVET T no of

the “”ite'headtﬁéf@ﬁ?tw%%t??ég%gﬁgofﬁgﬁhtBﬁ Eﬁ@r?QEkQEh%g%§?mQh§hﬁﬁces

determ ned. The position o I's thereby cal cul at ed. not her prior-art

method is propegedredhilgbaliSEScefer ¥02RYN 8hePaLLEENdLEaMeARYI €S the
position offset. (See, for exanple, Jpn. Pat. Appln. KOKAI Publication No.

10-334428.) | nwibhtBenedhothet BEsReENOpEAt Rcl@tmieasuring the offset is
witten on the disk-shaped 20 nedi um and the position error read fromthis
servo deta is appli&d aket berposwriathngf Esep, bétwiennekessaag- tand
wite-head el enments. In short, the pattern for nmeasuring the offset is
merely a servowbutstthatserwotdfiataj sprepéaeés, ataghpebsticiibeflor one of the
tracks provided on the disk-shaped nedi um However, the position offset
bet ween t he rep@sibhenwiteheeddsktehened wediumn t BeedhskRddrives - 4
devel oped in recent years apounts to several track intervals. This is
because these HRSRFRIPF¥ERArERobeddiakoAriNe BPERI$ASFelVRediGRTEESa hi gh

| near recordi pg.densl V. 8. WV Hile DeaGoRYS' boBALA TR S g Lhe
15 head element. A position offset inevitably exists
between these elements. The position offset
corresponds to the distance between the centerlines of
the read- and write-head elements. Hence, the head-
positioning control must be carried out in the
20 self-servo writing step, in accordance with the
position offset between the read- and write-head
elements.
More specifically, the position offset must be
measured and the offset must be adjusted in accordance
25 with the position offset measured, in order to control

the positioning of the head. A method is proposed and

developed, in which the position offset is measured by



- pattern that is only a servo-burst pattern, it is difficult to neasure the
position of fset between the read- and wite-head el enents, directly and
accurately. Unless the position offset is measured 10 with high accuracy,
no successful self-servo witing step can be carried out. The conventi onal
met hod using the measuring pattern that is only a servo-burst pattern can
hardly neasure the position offset betweensthe read- and 15 write-head

el enents, directly and accurately. It is therefore demanded that the
position of fset between the read- and wite-head el enents be nmeasured with
hi gh precision to performa successful self-servo witing step. 20 BRI EF
SUMVARY OF THE ubli/EHTEOhebnuatngrdabhtermi whidhenephodheentl sif shiaped
invention, there is provided a self-servo witing nmethod that can neasure
an accurate poshedbnnof f s8eepbefacenxahpleeadpheadasl-efpplnandOKALt e- head
el ement 25 incorporated in a disk drive, before servo data is_ recorded on
the di sk-shapedPwedlionatinatNes prégPdéd.in Thésdpskodrayé methodsuspse
self-servo witing nethod conprises: reading positioning servo data

recor ded on thead§§RV§hﬁbéatnEGFEﬁfoCG§tﬁén?ﬁelPeéBehéﬁévél@ﬁ@ﬁv
positioning the wite-head g at a desired %rack pr o on the 5

di sk- shapad nedFagFeBy E@lﬂﬁl ﬁ@ngSWFFEHFﬁBgSB? GSER: 85y gﬁ S¥he

read head el enen

Using the uri tcoPRRAACRENBHE: and A ouf %%ﬁa"atcﬁs'sPae%%ﬁr%ﬁ%éé%%%%%één the
r ead- head elenegg @dithge%g % an %% gkgggggetkeQWEgg tB%SItIOﬂIng servo

data and the neaSurT ng’ sérvo € read- head el enent from

{he ot k- SMaped. FREA UM 57 EF ESEE 7L N CE\THE, EYFEAL MBS, OF T

DRAW NG The acconpanyi ng draw ngs, are i1 ncorporate

constitute a papti@b-hBedSBEEELEARhANA1ED! UBES 8L @ rarBRdLERALENOkHENE
i nvention, and together with the general description given above and the

det ai | edq @lescri ptho8rdinéhenaenbndi senks ghdestbehewwrseeviebd expl ain the
principles of the invention. 20 FIG 1 is a block diagram show ng the major
conmponent s of aetlem&ndri vEBhandistanoewfromr thecorditrgltiioeanferbedi nent of
the present invention; FIG 2 is a diagramoutlining a nmethod of witing
servo data in tWeitebbdadealenestFie oBtpingddifagmamhiel bustedei nd t he
positional relation between the read-head el enent and the witehead

el enent, both pkEbesdecdishanpeserpbarnened. The pppitionacfdset ase

diagrans shomﬁng how t he EOSItlon of fset between the read- and wite-head
hereby calculated

15 Another prior-art method is proposed, which uses
a servo-burst pattern to measures the position offset.
(See, for example, Jpn. Pat. Appln. KOKAI Publication
No. 10-334428.) In this method, the servo data for
measuring the offset is written on the disk-shaped

20 medium and the position error read from this servo
data is applied as the position offset between the
read- and write-head elements.

In short, the pattern for measuring the offset is

merely a servo-burst pattern that is repeated, each

25 time for one of the tracks provided on the disk-shaped
medium. However, the position offset between the

read- and write-head elements used in the disk drives



el'ements varies; FIG 5 is a diagramrepresenting an exanple of 5 servo
data recorded on the disk-shaped nedi umused in the enbodi nent; FIGS. 6A
and 6B are diagrans defining the position offset between the read- and
wite-head elenents in the enbodinent; 10 ,FIGS. 7A to 7C are di agrans
expl ai ning the sequence of witing the servo data in the enbodi ment; FIGS
8 and 9 are diagrans a nethod of neasuring the position offset in the
enbodi ment; FIG 10 is a diagram expl aining a nodification of 15 the nethod
of measuring the position offset; FIGS. 11A and 11B are graphs
denonstrating the advantage of the nodified nethod; and FIG 12 is a
flowchart expl demebgptticiseguesne gtaassambuatkVvaowselvietrg lmetraatt accor di ng
to the 20 enmbodi ment. DETAILED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent
of this inventiohewhlsbe @ks$eribedecausk tbkeeeddekt driivesaceocopanyi ng
drawi ngs. 25 (Disk Drive and Servo Witer) FIG 1 shows a disk drive 1 and
a servo witerdaba oot hhacdbsli-abapedt hedpumsent achbigli Admear _ ~  The
disk drive 1 incorporates a drive nmechanism The drive nechani sm conpri ses
a head 2, an atefareing, dangét¥e coil notor (VCM 4, a spindle notor 5, and
a di sk-shaped nedium 6. The head 2 is mpunted on the 5 actuator 3. The
disk-sha%ed medi um Biks &beyrepvestional method using the measuring

pattern that is only a servo-burst pattern, it is
difficult to measure the position offset between the
read- and write-head elements, directly and
accurately. Unless the position offset is measured

10 with high accuracy, no successful self-servo writing
step can be carried out.

The conventional method using the measuring
pattern that is only a servo-burst pattern can hardly
measure the position offset between the read- and

15 write-head elements, directly and accurately. It is
therefore demanded that the position offset between
the read- and write-head elements be measured with
high precision to perform a successful self-servo
writing step.

20 BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the
invention, there is provided a self-servo writing
method that can measure an accurate position offset
between the read-head element and write-head element

25 incorporated in a disk drive, before servo data is
recorded on the disk-shaped medium that is provided in

the disk drive.



the spindle motor 5. The disk drive 1 conprises a circuit unit 7, in
addition to the drive mechanism The circuit unit 7 includes a head
anplifier IC, a read/wite channel, a mcroprocessor, a disk 10 controller
and the like. The actuator 3 noves in the radial direction of the

di sk-shaped nmedi um 6 when driven by the voice coil nmotor 4. It is a
mechani sm for positioning the head 2 over st he di sk-shaped nmedium 6. The
head 2 has a 15 wite-head el enent and a read-head el enent. The wite-head
element is designed to wite data on the disk-shaped nedium 6. The

read- head el enment is configured to read data fromthe di sk-shaped nmedi um 6.
As FI G 3 shows, thehHeaklX-semfo tvelttpe mat2dd wWomdr 1 Hes + ensa diag

el enent 21 and the wite-head el ement 22 are nounted on a slider 20, spaced
from each ot heposTid omdadr seadrceldatentr &b rndeda amagriet atissi-sthamedl| enent, as
in nost cases. The wite-head element 22 is a thin-film inductive head 25
el ement. The heedigivefpntusinD die Z2ag-demd anlgetnton et idyigariaw vilte
respect to the other. FIGS. 4A to 4C are di agranms show ng how t he - g _
posi ti on of f setVHdEnderd ied emend atererfies ixediridaok QEaigeted &n sdeh from
FIGS. 4A to 4C,_the offset changes fromdl to d2, and thence to d3, as the
head noves ovelisks stiededs pssdMre AUMSHENS s PG TEIRT F91TC 4A shows

the position offset dl that exists when the head 2 stays over an inner
track pr ovi ded SBES HEDE SR SHep e AtaRe &1 E 48 ST EREs the post ti on
of fset d2 that exi en,.the ad . ays, ov.er int.er iate track
provi ded on 10“&%5’%%& UM .LVOFI eca4é%d<séctﬁ1| ctdsestlhreecggcsﬁ C:‘;]gr%or%ﬂ?sgiqu 01'31‘1‘5{ hat

exiSLs uhen Neahead,2 8 wissusr SR Ak DO ARL A0, Serapd im o

It is desired that the re el enent enent 22

assunes the sanpRRRsH itaRAlrh-helRt IQRmatt VLT Q4R Wosididnpver the
di sk-shaped nedium 6, as in any disk drive that performthe selfservo

writingiget hodelBaaint,S fridte tirag R ieRHih @bt 2hishaid he positioned

as illustrated in FIG 3 (thereby providing an offset). In other words, the
20 read- head elmenmsniri2l shawlod dae-aG| teath treddécetierradd-thmndli sk- shaped
medium 6 than the wite-head el enent 22. (Qutline of Self-Servo Witing

Met hod) A sel f edemea twiiromn g hee ek pdraperdsnegdism f - servo 25 writing step
in the present enbodi nent. The selfserve witing nethod is to record servo
data on the di SRREBREPBESHBAPUADY, OBy THEI AGVERALhY¥ABWE &fd THEe DRAWING

The accompanying drawings, which are incorporated

15 in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

20 FIG. 1 is a block diagram showing the major
components of a disk drive and servo writer according
to an embodiment of the present invention;

FIG. 2 is a diagram outlining a method of writing
servo data in the embodiment;

25 FIG. 3 is a diagram illustrating the positional
relation between the read-head element and the write-

head element, both provided in the embodiment;



-'9 actuator nechanism (including VCM 4) that are encorporated in the disk
drive 1. The servo witer 10 has a CPU 100 and a circuit unit 110. The CPU
100 (including software) controls 5 the VCM 4 of the disk drive 1 to
position the head 2 at a desired track. The CPU 100 perforns the selfservo
witing control including the calculation of a position offset, which
characterizes the present enbodi nent. Thecircuit unit 110 has various 10
circuits. One circuit generates a servo pattern that corresponds to servo
data to be recorded on the di skshaped nmedium 6. Another circuit generates
timng signals. As seen fromFIG 2, the self-servo witing 15 nethod uses
the wite-head el enents224nf tbhechead Aibpeemposabedngnhblve téiesk drive, to
record servo data (servo pattern) 201 in the desired track on the disk
shaped medi um Bos Thiomed fibsle tiskstwv@enstheordatia 208 whatetheadead- head

el ement 21 of the head 2 has read 20 fromthe nedium6, to nove the
write-head el eskbemmeRiistvatrhespositi on where data should be witten on the
di sk-shaped nedium6. As FIG 2 shows, the reference position 220 is set
for the read-head eF&Fend 23 andipdrpAsrspsRSehEing posexesRlef Pfet bet ween
t he read-head el enent 21 and the wite-head el enrent 22, so that the
wWite-head el eP®RYOC 292 hayr peopdeft Ponkler fypk-sharetheeddun, sged ingo

track 210. The  CPU 100, of the servo witer 10 receives the servo data 200
read by the reddeh AmeRR{ 21. Fromthe servo data 200 the CPU 100

cal cul atos the PosIELOD, OcRILA, H%GLE;MEadnE] AUBDG Y bAe w L1 respect
position offset between the read- and write-head
elements in the embodiment;
10 FIGS. 7A to 7C are diagrams explaining the
sequence of writing the servo data in the embodiment;
FIGS. 8 and 9 are diagrams a method of measuring
the position offset in the embodiment;
FIG. 10 is a diagram explaining a modification of
15 the method of measuring the position offset;
FIGS. 11A and 11B are graphs demonstrating the
advantage of the modified method; and
FIG. 12 is a flowchart explaining the sequence of
a self-servo writing method according to the
20 embodiment.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment of this invention will be
described, with reference to the accompanying
drawings.
25 (Disk Drive and Servo Writer)

FIG. 1 shows a disk drive 1 and a servo writer

10, both according to the present embodiment.



position error the CPU 100 controls the positioning of the read-head

el ement 21. To acconplish the self servo witing nethod in success, it is
necessary to 10 store the data that represents the positional relation
(position offset) between the read-head el.enent 21 and the wite-head

el ement 22. (Self-Servo Witing Step) FIG 5 is a diagramrepresenting the
servo data 15 500 witten in the self-seryo witing step on the di sk-shaped
medium 6 that is provided in the disk drive 1. The servo data 500 has a
servo-burst pattern (position error pattern) 502, a track (cylinder)address
code 503, a servo-mark signal 504, and a dummy 20 signal 505. The
servo-mark signal 50Q4ei ddskatiedive lervaoapeaatEse aduiniyes mpcdlari@m.i s used
to adjust the servo-data wite timng. The process of adjusting the
servo-data wi Tket dnimg inschbahlien tpaddings" aTheaselvoaw iatcgdriatO@rcduses t he
wite-head elenent 25 22 to wite the servo data 500 in a track 501 when
the head 2 of &h¥odfskcdilveotors M@Mitﬁ@nédséﬂnﬁﬂ@ ook 501 a6l ehe CPU
100 controls the positioning of th ite-head element 22. At this
time, the ser v@lﬁ/ﬁl phared weALEBI §- th@hﬁo§lietaido|3| A§ BPURkecherd thet o
p05|t|on t he read-head el enent 21 mnt respect to the reference _position

510 that®has b86hU8EPTonA-t heNBaSt8Xs P £RE 5mﬁ8§PP1énl§f§§€PrGQt%€en t he

d- and writg: head, el.ement th t tep. th te width
W of e ServePBuPBEapLrt BPROBortai NB8. PSENE- 48RS GARR7S06% € det or m ned

by the track degsityconhye 30 ifreapeetixe al chie gt alybhe it e- head

el enrent 22. Tha I's eqU|va nt t Sed pitch of

the write-headygbegppt, 2. ufUﬂE boggemegf ! BateLyR19212,508 dges not |ie

.
on the centerline e wite-he enent Ra er, it is defined 15 by

one end of therggayQthtBecRhnhBE, ehen®Blo %OCEQH%r,tBedﬁ%&VO witer 10
wites the servo data 500 in the track 50 whil e the position of the

writeheag el enepht2dlisragdhdstpd onkthe ba5|s of the position offset
between the read- and wite-head 20 el enments. The position of fset between
the read- and witeThe actuator 3 moves in the radial direction of
the disk-shaped medium 6 when driven by the voice coil
motor 4. It is a mechanism for positioning the head 2
over the disk-shaped medium 6. The head 2 has a
15 write-head element and a read-head element. The
write-head element is designed to write data on the
disk-shaped medium 6. The read-head element is
configured to read data from the disk-shaped medium 6.
As FIG. 3 shows, the head 2 is of the type in
20 which the read-head element 21 and the write-head
element 22 are mounted on a slider 20, spaced
from each other. The read-head element 21 is a
magnetoresistive element, as in most cases. The
write-head element 22 is a thin-~film, inductive head
25 element. The head elements 21 and 22 are arranged,

one staggered with respect to the other.

FIGS. 4A to 4C are diagrams showing how the



head el enments, which exists during the self-servo witing step, will be
defined with reference to FIGS . 6A and 6B . 25 FIG 6A illustrates the
position of fset Wh between the read- and wite-head el enents, which should
be considered to achieve normal read/wite - 12 operation of the disk
drive 1. In the normal read/wite operation, a position offset is applied
to enable the read-head elenent 21 to+eagd user data fromthe disk. This
position offset corresponds to the 5 distance between the centerline of the
read-read el ement 21 and the centerline of the wite-head element 22. It is
defined as a position offset Wh between the read- and wite-head el enents.
In the self-servnitnon eoffept hdewpesi thenhedfiselednts Bét awdn2€he read-
and wite-head elenents is set on the basis of the wite width W of the
servo-burst pathangegi . As seen PromhFbESt héAwkpt €éChebbeebéfieat 22), as may
be understood fromFIG 6B. To nore specific, this position offset W is
defined as thech@ngpstEree dbt iRt a apdciiercporat ddndasheheehedd of the
read- head el enent 21, the specific point existing at a predeterm ned

di st ance (Wb/Z?OY?%HﬁY¢EeEﬁﬁi@ﬁskﬁ%h%P?@emﬁ%hﬂmegenent 22. Nanely, the

position offset W that should be 2 ak inpto account in,the | f-servo
witing tep differ%o¥?oﬂ¥?ﬁbsﬁg¥ft?Bﬁ‘o?ﬁsﬁQOVﬁ Eﬁﬁtpgﬁbﬁﬁaan%gﬁﬁgidered
(Do S eve Mo chfediLLe RSyl e B SILYeR.fSeguence o
according to track provided on the disk-shaped medium 6. FIG. 4B
indicates the position offset d2 that exists when the
head 2 stays over an intermediate track provided on
10 the medium 6. FIG. 4C depicts the position offset d3
that exists when the head 2 stays over an outer track
provided on the medium 6.
It is desired that the read-head element 21 and
the write-head element 22 assumes the same positional
15 relation, at wherever position over the disk-shaped
medium 6, as in any disk drive that perform the self-
servo writing method. That is, the head elements 21
and 22 should be positioned as illustrated in FIG. 3
(thereby providing an offset). 1In other words, the
20 read-head element 21 should be closer to the center
of the disk-shaped medium 6 than the write-head
element 22.
(Outline of Self-Servo Writing Method)
A self-serve writing method performs a self-servo
25 writing step in the present embodiment. The self-
serve writing method is to record servo data on the

disk~shaped medium 6, by using the head 2 and the



t hi s enbodi nent,

t he servo data

t he
t he

at the same time the
di sk- shaped nedi um 6
on the disk 5 shaped
servo data (ordinary
operation. The other servo-data itemis the nmeasuring servo data that is
used to 10 nmeasure the position offset between the read- and wite-head

el ements. The measuring servo data is identical in format to the servo data
for positioningcthetberadeZhaithemsédquehodinty VM 4¢l tha¢rwaewiting step
that 15 uses these two servo-data itens will be explained, with reference
mainly to the €hoecharatef EhGrhe2diak duiivki dry servo pattern is recorded
on the disk-shaped nedium 6 incorporated in the disk drive 1. Mre
specifically, the aﬁhﬁlsaryoSyrwﬁegaﬂthﬁs|§ 280r 486r @ad ian cd HicdWt nner nost
or outernost tracks g

read- head el enBhit2i
with the auxiliary seryo attern tg éeread the servQ wi 10 drives the

VCM 25 49 whi chPenVetirf @ tEPésd%ﬁ

wite-head 22 t
The wite-head®

L@ Lhge

wite-head el enent 22 is positioned in accordance with
- 13 read-head elenent 21 has read fromthe nmedium6
wite-head el ement 22 wites other servo data on the
To acconplish this, .two servo-data itens are recorded
medi um 6. More precisely, one servo-data itemis the
servo data) that +s eaised to performnormal read/wite

| east one track servo witer 10 causes the
Po r&hE ERH 599|IF§F9u§éP€oSB5FWéFﬁ) Fﬁnééééﬁdance

§¥at br 8 DPRA Loy Lhe heag, Pngs t he
%5%85 LR i chophe bir $hoSghy e data ghould e written.

servo writing control including the calculation of a

position offset, which characterizes the present

embodiment. The circuit unit 110 has various

10 circuits. One circuit generates a servo pattern that

corresponds to servo data to be recorded on the disk-

shaped medium 6. Another circuit generates timing

signals.

As seen from FIG. 2, the self-servo writing

15 method uses the write-head element 22 of the head 2

incorporated in the disk drive, to record servo data

(servo pattern) 201 in the desired track on the disk-

shaped medium 6. The method uses the servo data 200

that the read-head element 21 of the head 2 has read

20 from the medium 6, to move the write-head element 21

to the position where data should be written on the

disk~-shaped medium 6.

As FIG. 2 shows, the reference position 220 is

set for the read-head element 21 on the basis of the

25 position offset between the read-head element 21 and

the write-head element 22, so that the write-head

element 22 may be positioned right over the desired



-'14 element 22, thus positioned, records the first servo data (i.e.,

head- positioning servo data) in that track. Next, the servo witer 10
causes the read-head 5 elenent 21 to read the positioning servo data, i.E.
the servo data already recorded. In accordance with the positioning servo
data the servo witer 10 positions the wite-head elenment 22 at the first
track in which servo data should be w-ittien Steps S1 and 10 S2). The servo
witer 10 nmakes the wite-head el ement 22 record the servo data in the
first track (Step S3). The servo data thus recorded by the wite-head

el ement 22 is neasuring servo data that has the sane format as the
positioning setvecéaRdl.The neasuring servo data 15 is a copy of the
positioning servo data recorded at the position that has been set on the
basis of the positi &heofP¥efl O0he fhéhee s rvioe Wwrdde rellédhwatas ivesatde22. From
t he positioning servo data and the neasuring 20 servo data, both recorded
on the di sk-shapsdongacantB0 rradsbyv&her read-teaderdrerionds 2tthe FEoM i on

of fset that the head el ements 21 and 22 had during_the servo witin

operation (StepP845erTReAtEnE08e R ﬁPPtépOléa&&H§é§eﬁh$hﬁe§@SétHG%record
modt am 65 i | B2 EGRt FORI FRECTHERoEt BREREnG Lo B Thbhd S5 Ee et or amnce
Wi The oositap eliggtontuaen: o 1 e head e s 2u and 22 5
0 ok-shaged 5 Be§2haon! BerHS! Ble' BEUAMEY EBNE-BTS/ Erbobbihoniald B 1

data remains rsﬁerngdOHeEBee@Eﬁgn%héﬁed Fedbulbhp1Ihe RS Lkqring serve
data is ordinary servo data the disk drive 1 uses'to performthe ordinary

read/ write opegaki8Nwri@ihhGretkBdt @n’Sudkesd, aghang slkewsrarihecsel f servo
writing nmethod that uses two servo-data itens. That is, the nethod uses

servo data (T)sabdesehwoddabathbl, repregahtal thieeppedittiionailngedfttibe head
2. The servo data (T) corresponds to, for exanple, 15 the positioning servo
dat a, whereas thesstivn défaetM betweespthes readt-headeademendg 4r anddat a.
As FIG 7B shows, the read-head elenent 21 is positioned in
the write-head element 22.
(Self-Servo Writing Step)
FIG. 5 is a diagram representing the servo data
15 500 written in the self-servo writing step on the
disk-shaped medium 6 that is provided in the disk
drive 1. The servo data 500 has a servo-burst pattern
(position error pattern) 502, a track (cylinder)-
address code 503, a servo-mark signal 504, and a dummy
20 signal 505. The servo-mark signal 504 indicates a
servo area. The dummy signal 505 is used to adjust
the servo-data write timing. The process of adjusting
the servo-data write timing is called “padding.”
The servo writer 10 causes the write-head element
25 22 to write the servo data 500 in a track 501 when the
head 2 of the disk drive 1 is positioned at the track

501 as the CPU 100 controls the positioning of the



accordance with the servo data (T), and the wite-head elenent 22 wites
the servo data (M in addition to 20 the servo data (T). Alternatively, the
read- head el enent 21 may be positioned in accordance with the servo data
(M, and the wite-head elenment 22 wites.the servo data (T) in addition to
the servo data (M, as is illustrated in 25 FIG 7C - 16 (Measuring the
Posi tional O fset between the Head El enentts) -FIG 8 is a di agram expl ai ni ng
how t o neasure the position offset W in the self-servo witing step 5
carried out in the enbodinent. The servo witer 10 uses the servo data 803
(e.g., positioning servo data) already recorded on the nmedium®6, to noving
t he read- head wrehenhe2d alemepted?dterAintdiposimeonthospoyit Wwontehe head
elenent 10 21 in this way, the servo witer 10 sets the reference position
801 for the rehd-¢eatrel @nthe pasitegaidbess bhet heagosi EPoROGEESER bet ween
the read- and wite head el enments. The distance 802 shown in FIG 8 is the
15 predet er ni nele drs2dnkead vl oyenkt 4beWltherapboetnEnt FBReBSEBEERFRC poi Nt
and the end of the wite-head elenent 22. The servo writer 10 causes the

Wit e- head eIéﬂ%ﬁ%t%%nt519WF?%t(E65y?e?ﬁeS§Er98 HBFabéééerthB§ the

r ead- he el enent used as asuri.ng_2Q ser As
indicatgg abOV%OS%ﬁ%b%E%tg??h 98ndﬁg§ 86397 aP%eHFF%SI fornat to the
positioning s éf%mggég 803 and WW|tten in the same way as the posi tioni ng
servo data 803 t he nmeasuring servo data 804 is witten at 25 a

di stance equal to thg PRSI LLPPoOLESeinYEstbpOMbRCyrite width Wb of
the servo-burst pattern contained in the servo data
500 is determined by the track density only,

10 irrespective of the width of the write-head element
22, That is, the write width Wb is equivalent to the
feed pitch of the write-head element 22. The boundary
of the servo data 500 does not lie on the centerline
of the write-head element 22. Rather, it is defined

15 by one end of the centerline of the element 22.

Thus, the servo writer 10 writes the servo data
500 in the track 501, while the position of the write-
head element 22 is adjusted on the basis of the
position offset between the read- and write-head

20 elements,

The position offset between the read- and write-
head elements, which exists during the self-servo
writing step, will be defined with reference to
FIGS. 6A and 6B.

25 FIG. 6A illustrates the position offset Wn
between the read- and write-head elements, which

should be considered to achieve normal read/write



position where the positioning servo data 803 has been witten. The data
803 and the data 804 contains a - 17 servo mark each. The servo witer
10 perforns a process, making the servo marks contained in the data itens
803 and 804 different fromeach other. Hence, the positioning servo data
803 and the neasuring servo 5 data 804 can be distinguished from each
other, with reference to the servo marks.12The neasuring servo data 804 is
identical in format to the positioning servo data 803. Therefore, no
servo-data decoding circuit needs to be used. 10 Containing a cylinder
code, the neasuring servo data 804 can be reliably detected even if the
position of f sebp¥dabibdtmeen the Head dréments 2Inantie2Roexiénds over severa
tracks. The nmethod of measuring the position offset W 15 fromthe
measuring servoeddfdr8od eperabéodeserpbadtiandefdiset wist Aprdfiedeftioe to
FIG 9. The servo witer 10 drives the VCM 4, noving the read-head el enent
21 (to the referehte pbsiread-Beay, elamgpEoldahiterfprehuskE gasit fdAMNg
servo data 803 that 20 the read-head el ement 21 has read. At the same tine,

the servo witBPe18ipkad €2t8cBOFhEIPRaATHESE EPERBAPORESt 5Or £88 t he
servo- bulst palLErtiCEeaathRem ERE FOSEEFoAMRgoter U6 dSra-863% o i ffer ent
rasuring servilCAPAT gBY SHat B PPRERT TP Eer e e hadss TRES ead. and -
pst | s the poStPRoRCeiZor da oo B85 RRUNMRh BoB iRt o2 P88k, Whhaln 803
and PESA is thgeB,00si thONrELEOT flal Arf ea0nEEAMLY BRRRASUTi Ny Servo data

804. Thus, the servo witer 10 can accurately nmeasure an offset required
for controlling therposhki 8BiAgskR€o write step, the position offset
10 Ws between the read- and write-head elements is set on
the basis of the write width Wb of the servo-burst
pattern (i.e., feed pitch of the write-head element
22), as may be understood from FIG. 6B. To more
specific, this position offset Ws is defined as the
15 distance between a specific point and the center of
the read-head element 21, the specific point existing
at a predetermined distance (Wb/2) from the end of the
write-head element 22.
Namely, the position offset Ws that should be
20 taken into account in the self-servo writing step
differs from the position offset Wn that should be
considered to achieve normal read/write operation of
the disk drive 1.
(Sequence of the Self-Servo Writing Method)
25 In the self-servo writing method according to
this embodiment, the write-~head element 22 is

positioned in accordance with the servo data the



w'ite-head el enment 22, fromthe position offset W 10 cal cul ated by the
equation (1) in the self-servo witing step. To cancel the error detected,
it is desirable to find an average of the position errors obtained fromthe
servo data itens witten in each track of .the di sk-shaped nedium 6, and to
calculate 15 the position offset W fromthe average position error.

(Modi fication of the Positional -Ofset- Maasur-H ng Method) FIG 10 is a

di agram explaining a nodification of 20 the method of neasuring the
position offset between the read- and wite-head elenents in the present
enbodi nent. The nodi fied nethod uses the neasuring servo data after the
position of f serehdshbedneadjnastedli haacceadadcemithie meslioff $et afé neasur ed
bef orehand. 25 To state it nore precisely, the servo witer 10 adjusts the
position of f sethensaveofdmnceh@i whitkehebfseilewendl Ready ideseovedd, and
then noves the - 19 read-head elenent 21 to a position in accordance
with positioni i§r¥erdetaach tbe3divksshapgchigdisimeent T21 aaeedPddsitt i oned
reads measuring servo data 1004. In this case, the position offset W is
given as 5 foIEB%E! tWo=SpEEg-dappsi LEPF ffEr & FRSASCs Ofhd S siitikon error
data read from 0sSi Lonigg servo data 1003 and PESd is the position

h t
error data reaﬁhFES PR HBa aring servo 10 data 1004. This position offset
W is a difference Rgggﬁggﬁgg%eﬁ S'55%n5%3%§2@F¥%93#£59q¥1qgﬁ?%ﬁﬁq%ﬁgd t he

actual position offse é read- a ead “el enent’s. _
et P volaZh! TEFpLhabe, JEE0gi B Y] SRAC BTG Lo bpadtherents e
servo witer 1006881 read/write operation. The other servo-data
item is the measuring servo data that is used to
10 measure the position offset between the read- and
write-head elements. The measuring servo data is
identical in format to the servo data for positioning
the head 2.
The sequence of the self-servo writing step that
15 uses these two servo-data items will be explained,
with reference mainly to the flowchart of FIG. 12.
As auxiliary servo pattern is recorded on the
disk-shaped medium 6 incorporated in the disk drive 1.
More specifically, the auxiliary servo pattern is
20 recorded in a few innermost or outermost tracks (at
least one track). The servo writer 10 causes the
read-head element 21 to read the auxiliary servo
pattern. 1In accordance with the auxiliary servo
pattern thus read, the servo writer 10 drives the VCM
25 4, which in turn rotates the actuator 3. The actuator
3 brings the write-head 22 to the track in which the

first servo data should be written. The write-head



update the normal position offset W on the basis of 20 the position offset
Ws al ready neasured and the actual position offset W between the read- and
wite-head el enents. That is, the servo witer 10 can update the nornal
position offset W, while noving the head .2 over the disk-shaped nmedi um 6
during the self-servo 25 witing step. To apply the updated (or adjusted)
of fset effectively to the positioning-of 1ghe-head 2, it is necessary to
nove the read-head elenent 21 for a - 20 distance equal to or |onger the
position of fset W between the read- and wite- head el enents. As descri bed
above, the position offset between the read- and wite-head el enents can be
updated as 5 théehentl 22} sthosedosntiibaedpdirkceddsethed fofr siteasuviong t he
position offset. This renders it possible to record the servo data in the
sel f-servo widkhg $tep;, wheadhPghipieviisbomerioadesadande thiatth t he track
density. 10 FIG 11A shows the relation that the cylinder nunber and the
track pitch hat&2@Ken the actual position offset is adjusted on the basis
of the measured position offset Ws. The reference valuye for the track pitch
is 1. It is desiredVeK&r the SEryal Wisteradk sevsRst & weadiiteachar r ow
range above and beloglé?e refergn% value, .FIG 11B shog% t he .relation that
the cylinder nBhBBFPENELt AR FPatk EFtEHSﬁE%SnﬁﬁgnsFﬁgoa &&r poSiti on
of fset is not gg%usted at ﬁll' BoagyFlG. %éA and_Fl G 11%85IIustr%ﬁe t he

r

results of the 5§5g?iﬁ% ?sa%ﬁe ch®S§8 dedatgnmﬁchgc r&gdw%§ t he

sel f-servo wri 100, 8EL hodn b9 8ddibi AcLOChBCSBELYO, data,whf ten at the

normal track prtch se servo witirng ne according to the

enbodi ment  usegobyei SREVEndahdi tEeABadl eemchf®225aR0%hel #RiRG $eh¥g data
and the neasuring servo data, whereby the position offset between the read-

and write-headigl gREBhSsksvoeastaedhaiddupdaedtten 28tebepsat gay. Namely,
the offset is adjusted on the basis of the neasured position offset, thus

positiondng the2witehbeadrebenehte?2210 nhkbsghhpr egliteehecadh@lement

hi gh- preci sion servo data can 5 therefore be witten, while naintaining the
hi gh track den82tyecAsdhbbebeenvdedetabéd thedétiask, trhekertBaoepmsSat .of t he
i nvention can neasure the position offset between the read- and write-head
el ements i ncor pbeasedveodahat hbudi sRedrded, b thehwghtpraepsi eaemgnthe
selfservo witing step. As a result, the enbodinent can wite

hi gh- pr eci si on23ei§omaacur bRJt RerdpsRaspapbatnbasuiheagarei dpamaidednt ages
and nodifications wll 15 readilﬁygc ur to tBose skilled in the art.

Therefore, th_et ﬁv@ﬂF?BhOPﬁn9t§e_ a éFaaspg EsMFESHOL L FPEER E@che _
spect 1 g etal Lg, andofgoLeoenbatiue: SURSELTEAL Soohaby 2R Asgfred hor i
Dot o SERUCRSHLIBROEREChabTHERh! ELCORCERL Baod baed by Lhe
the position offset the between the head elements 21
and 22.
From the positioning servo data and the measuring
20 servo data, both recorded on the disk-shaped medium 6,
the servo writer 10 determines the position offset
that the head elements 21 and 22 had during the servo
writing operation (Step S4). Then, the servo writer
10 causes the head 2 to record servo data (both
25 positioning servo data and measuring servo data) on

the medium 6, while controlling the positioning of the

head 2 in accordance with the position offset between



-'22 WHAT IS CLAIMED IS: 1. A method of self-servo witing in a disk drive
that has a head and a di sk-shaped nedium the head having a wite-head

el enent and a read-head 5 el enment, the nethod conprising: (a) reading
positioning servo data recorded on the disk-shaped nedi um by using the
read- head el ement (b) positioning the wite-head elenent at a desired track
provi ded on the di sk-shaped nedi um by 16s5using the positioning servo data
read by the read-head el enment (c) recording neasuring servo data in the
desired track by using the wite-head elenent: and (d) calculating a
position of fset between the 15 read-head el enment and the wite-head

el enment, fromthe pesdtebanagtse?Voaddt 2a2an8teheSAgasuri ng servo data, both
read by the read-head el enment fromthe di sk shaped nedium 2. The net hod
according to clai m#henhéisishing20heheedfepetdp, wriéinigs pltheesentvoof the
read- head el enment is neasured fromthe positioning servo data and the
measuring serverdbesn, 1Hoehaseadthy mﬁ@suéaaﬁeaargpedaﬁa (angludéngositi on

of fset is calculated fromthe displacenent neasur 3. The net hod
according to cFBfn4xihher¥i feFhe HEEEBFFhgf§@mv8haagé550ﬁpépﬁ§ all

positionjng servo, dat nd oth dat a di stingui she om t he positioning
~ 23 setvo datedigm ahz F%?h%g acc%?d?nﬁe?BQEraP Y, EﬁﬁePBFﬁ%Fﬁnﬂﬂg step
(d), the position of s calculated.froma |fferg Eﬁbetmee

posi tion orrorSSBETaPREY FRBRInE Fecpeattveny henatpEerRrBRngoals data
and the measurgng $5Vgogat fon bR NseFoE Btk NEST 62010820 SLEUBNkata

the disk drive 1 uses to perform the ordinary
read/write operation.

10 FIGS. 7A to 7C are diagrams showing the self-
servo writing method that uses two servo-data items.
That is, the method uses servo data (T) and servo data
(M), to control the positioning of the head 2.

The servo data (T) corresponds to, for example,

15 the positioning servo data, whereas the servo data (M)
corresponds to the measuring servo data. As FIG. 7B
shows, the read-head element 21 is positioned in
accordance with the servo data (T), and the write-head
element 22 writes the servo data (M) in addition to

20 the servo data (T).

Alternatively, the read-head element 21 may be
positioned in accordance with the servo data (M), and
the write-head element 22 writes the servo data (T) in
addition to the servo data (M), as is illustrated in

25 FIG. 7C.



5. The method according to claim1, further conprising: 10 noving the
write-head el enent over the diskshaped nedi um by using the positioning
servo data read by the read-head el enent and the position offset; and
recording the positioning servo data in all data area of the disk-shaped
medi um by using the wite 15 head elenent. 6. The nethod according to
claimb5, wherein the wite-head el enent riegor-ds the positioning servo data
and the neasuring servo data in all data area of the disk-shaped nedium 20
7. The nethod according to claim1, further conprising: positioning the
wite-head el enent over the disk shaped nedi um by using the positioning
servo data read by t(Measeadnigeddhee|Rorssiriticared t0ff geosibetoreaf fided Headl 25
erasing the neasuring servo data fromthe di sk shaped nedium after the
write-head el eFdffeRéEdrds the positioning servo data in all data area of
the - 24 disk-shaped nedium 8. The nethod according to claim1l, wherein
in the step (d), poditGi-of derér ddadsan e laieing duvatled Merswreltivaal ity

positions on the disk-sh%%ed mediym 5 fromthe positioning servo data and
the measuring B8PYG188t RTL5RE PRe Ipodbe S81drEsetva yrddiing &L&P from an

average pf the position error _data itens. 9. The nmethod according to claim
1, mhere?n in F%gr%ggpogg)}ntﬁgeoppbgglp§n dj usted by using a preset 10

F e Tn Sene b P RS AR St IS SR i the sl

(e.g., positioning servo data) already recorded on the
medium 6, to moving the read-head element 21 at a
predetermined position. To position the head element

10 21 in this way, the servo writer 10 sets the reference
position 801 for the read-head element 21, regardless
of the position offset between the read- and write-
head elements.

The distance 802 shown in FIG. 8 is the

15 predetermined distance (Wb/2) between the above-
mentioned specific point and the end of the write-head
element 22. The servo writer 10 causes the write-head
element 22 to write (copy) the servo data 803 read by
the read-head element 21, which is used as measuring

20 servo data 804. As indicated above, the measuring
servo data 804 is identical in format to the
positioning servo data 803 and written in the same way
as the positioning servo data 803,

Thus, the measuring servo data 804 is written at

25 a distance equal to the position offset Ws, from the

position where the positioning servo data 803 has been

written. The data 803 and the data 804 contains a



10. The method according to claim1, further conprising setting, as nornal
position offset, a 15 position offset obtained froma difference between
the position error data contained in the positioning servo data read by the
read- head el ement positioned by adjusting.the offset and the position error
data obtained fromthe difference between the neasuring 20 servo data and
the positioning servo data. 11. A self-servo-witing apparatus for use in a
di sk drive having a head including a read-head el enent and a wite-head

el enent, and a di sk-shaped nedi um said apparatus conprising: 25 a first
unit which causes the wite-head elenent to record positioning servo data
and neasuring servo wath eachhe @Ghsksshapedritdirud0 pedforms2d a second
unit which uses the positioning servo data and neasuring servo data read by
t he read- head preqaeas; nAkibpythe earval aesks pesteissdofinséhepéaieen t he
read- head el ement and the wite-head 5 el enment. 12, The apparatus according
to claimi1l, wheeBpn8PReandsr8P4udifienasés fraB ragh- RERGTel eMSACr0 read

t he positioning servo data recorded aon th i sk-shaped nmedi ym positions
t he mwite-headgEPeﬂﬁﬁﬁté?nénae§FF¥8 ét?rggg BPSVF%@deﬁSFﬁénﬁi§Er§ﬁaped

el um | 2CO0rgRRcE bnthe ROSLLLANLANACHIBRLEn ANgceaun e
13. The apparajys.pggoLdigochg SLabl hhriwherein
The measuring servo data 804 is identical in
format to the positioning servo data 803. Therefore,
no servo-data decoding circuit needs to be used.

10 Containing a cylinder code, the measuring servo data
804 can be reliably detected even if the position
offset Ws between the head elements 21 and 22 extends
over several tracks.

The method of measuring the position offset Ws

15 from the measuring servo data 804 will be described in
detail, with reference to FIG. 9.

The servo writer 10 drives the VCM 4, moving the
read-head element 21 (to the reference position 801),
in accordance with the positioning servo data 803 that

20 the read-head element 21 has read. At the same time,
the servo writer 10 read causes the read-head element
21 to read the measuring servo data 804. Note that
the position error data (i.e., servo-burst pattern)
read from the positioning servo data 803 is different

25 from the position error data (i.e., servo-burst
pattern) read from the measuring servo data 804.

The position offset Ws between the read- and



15 the positioning servo data contains all positioning servo data and al so
contains other data distinguished fromthe positioning servo data. 14. The
apparatus according to claim1l, wherein the first unit uses the
positioning servo data read by 20 the read-head el enent and the positioning
of fset, thereby to nove the wite-head el ement over the di skshaped nedi um
and causes the wite-head el ement to recamsd the positioning servo data and
t he neasuring servo data on all data area of the disk-shaped nedium 25 15.
The apparatus according to claim11l, wherein the first unit uses the
positioning servo data read by the read-head el enent and the position

of fset, therebyrite-Readt eleamertshéswyivenheadfellémwst over the di sk-shaped
medi um and causes the wite-head el enent to erase the neasuring servo data
from the di sk-shapelisngEdPBfdaft BESthe positioning servo {data is recorded on
all data 5 area of the disk-shaped nedium 16. A disk drive conprising: a
di sk- shaped recor di W§ekedFERL aShERE RRELA1RAs exrodadifdadeddef ™ and a

witehead ele t spaced apart from each er 10_a first unit which causes
e o . noadthr ovBat e aR P RheFar BBe AaEan PRy cafy BRaA: K20kBhe dr s shaned
recording nmediu .%he positiogigg serﬁofdata ein% to _be used to position
the head] a segghﬂ uRit ShhPEN ﬁ i tFBHsERE Wwift BEABYAG TS 8FéNent at a

desired track hg gcggﬁdance with the positioning servo data read by the
r ead- head eIenenF and whi ch causes the wite-head elenment to record

Teasuring servo dat anag, t g ediskyhapedereqar 4hRo RMirie 13NthedB i el i I d

unit which uses the positioning servo data and neasuring sérvo data read by

the read-head ghegeptett hegERYcfOr62! eahe&slaiagsithleogo@fift,a@hih@_t waen the
read- head el enment and the wite-head elenent. 25 17. The disk drive

accordi ng to cwaitelheadhelemdnthe2pedson agespbydtdahaccdskai ws all
positioning servo data and al so contai ns other data distinguished - 27
from t heO posi t cebtunyjasedvbydaha. edB8atTbr diskidrithe aeddrdemgot o cl ai m 16,
further conprising a fourth unit which uses the positioning servo data read
by the read- hedditirgentennd Thecancel the error detected, it is
desirable to find an average of the position errors
obtained from the servo data items written in each
track of the disk-shaped medium 6, and to calculate
15 the position offset Ws from the average position
error.
(Modification of the Positional-Offset Measuring
Method)
FIG. 10 is a diagram explaining a modification of
20 the method of measuring the position offset between
the read- and write-head elements in the present
embodiment. The modified method uses the measuring
servo data after the position offset has been adjusted
in accordance with the offset Ws measured beforehand.
25 To state it more precisely, the servo writer 10

adjusts the position offset in accordance with the

offset Ws already determined, and then moves the



5 position offset, thereby to nove the wite-head el enent over the

di sk-shaped recordi ng nedi um and whi ch causes the wite-head elenent to
record the positioning servo data and neasuring servo data on all data area
of the di sk-shaped recording nmedium 10 19. The disk drive according to
claim 16, further conprising a fifth unit which uses the positioning servo
data read by the read-head el ement and the pesition offset, thereby to nove
the wite-head el ement over the disk-shaped recordi ng nedium and 15 causes
the wite-head el enent to erase the nmeasuring servo data fromthe

di sk-shaped recording nedium after the positioning servo data is recorded
on all data arkeadfhead diskeshapédtoedi positABh. Apn accordance with

% A9L% ANs. A. Aa’ . AyL. AS9. Af!l " . AF 9. AQ.% A@% A, 99. A, . AQ.. AL9. A@ A9% A9% A99
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]ca]ca]ca]ca]cgyEa]E%fbg}QﬁféRﬁféﬁﬁCFBQSPanE gegyo data 1004.
e oayoal ey oo 26 Ebf eobedbeaedl sghsatenl theghophole stleglon ool co
}xsnid_ ca]ca%ég%gg%ga]ca]ca]ca]ca]ca]caLca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] caJca]ca tajcajcajcal 3 45
!!%!i}!7":"?"d""""#ﬁ?}§$§§Fg@Q®§Fh§snid_Z]ca]ca]ca]ca]cqbga]ca]ca]ca]ca]ca]
calcalcal cal o ce) ool ool Gl el caleilcal caloale | L
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a] ca] ca] ca] ca] eqd cpbsat cah calcabeabcakea’ $6038900n412ERA! 22445E5C555%6X6b666+
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over the disk-shaped medium 6 during the self-servo
25 writing step. To apply the updated (or adjusted)
offset effectively to the positioning of the head 2,

it is necessary to move the read-head element 21 for a
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distance equal to or longer the position offset Ws
between the read- and write- head elements.
As described above, the position offset between
the read- and write-head elements can be updated as
5 the head 2 is moved in the modified method of
measuring the position offset. This renders it
possible to record the servo data in the self-servo
writing step, with high precision in accordance with
the track density.

10 FIG. 11A shows the relation that the cylinder
number and the track pitch have when the actual
position offset is adjusted on the basis of the
measured position offset Ws. The reference value for
the track pitch is 1. It is desired that the actual

15 track pitch fall within a narrow range above and below
the reference value. FIG. 11B shows the relation that
the cylinder number and the track pitch have when the
actual position offset is not adjusted at all. Both
FIG. 11A and FIG. 11B illustrate the results of the

20 experiments in which servo data was recorded by the
self-servo writing method, in addition to the servo
data written at the normal track pitch.

The self-servo writing method according to the
embodiment uses two servo-data items, i.e., the

25 positioning servo data and the measuring servo data,

whereby the position offset between the read- and

write-head elements is measured and updated
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positioning the write-head element 22 with high

precision. The high-precision servo data can

5 therefore be written, while maintaining the high track

density.

As has been described in detail, the embodiment
of the invention can measure the position offset
between the read- and write-head elements incorporated

10 in the disk drive, with high precision in the self-
servo writing step. As a result, the embodiment can
write high-precision servo data on the disk-shaped
medium.

Additional advantages and modifications will

15 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

20 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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the disk-shaped medium by using the read-head element;

(b) positioning the write-head element at a
desired track provided on the disk-shaped medium, by
using the positioning servo data read by the read-head
element;

(c) recording measuring servo data in the
desired track by using the write-head element; and

(d) calculating a position offset between the
read-head element and the write-head element, from the
positioning servo data and the measuring servo data,
both read by the read-head element from the disk-
shaped medium.

2. The method according to claim 1, wherein in
the step (d), the displacement of the read-head
element is measured from the positioning servo data
and the measuring servo data, both read by the read-
head element, and the position offset is calculated
from the displacement measured.

3. The method according to claim 1, wherein the
measuring servo data contains all positioning servo

data and other data distinguished from the positioning

y@haped weddog, (Fhe" 100& () -
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measuring servo data, both read by the read-head
element.

5. The method according to claim 1, further
comprising:

10 moving the write-head element over the disk-
shaped medium by using the positioning servo data read
by the read-head element and the position offset; and

recording the positioning servo data in all data
area of the disk-shaped medium, by using the write-

15 head element.

6. The method according to claim 5, wherein the
write-head element records the positioning servo data
and the measuring servo data in all data area of the
disk-shaped medium.

20 7. The method according to claim 1, further
comprising:

positioning the write-head element over the disk-
shaped medium by using the positioning servo data read
by the read-head element and the position offset; and

25 erasing the measuring servo data from the disk-
shaped medium after the write-head element records the

positioning servo data in all data area of the
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servo data, and the position offset is calculated from
an average of the position error data items.
9. The method according to claim 1, wherein in
the step (b), the offset is adjusted by using a preset
10 position offset in order to position the write-head
element at the desired track in accordance with the
positioning servo data.

10. The method according to claim 1, further
comprising setting, as normal position offset, a

15 position offset obtained from a difference between the
position error data contained in the positioning servo
data read by the read-head element positioned by
adjusting the offset and the position error data
obtained from the difference between the measuring

20 servo data and the positioning servo data.

11. A self-servo writing apparatus for use in a
disk drive having a head including a read-head element
and a write-head element, and a disk-shaped medium,
said apparatus comprising:

25 a first unit which causes the write-head element
to record positioning servo data and measuring servo

data on the disk-shaped medium; and
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12. The apparatus according to claim 11, wherein
the first unit causes the read-head element to read
the positioning servo data recorded on the disk-shaped
medium, positions the write-head element at a desired

10 track provided on the disk-shaped medium in accordance
with the positioning servo data, and causing the
write-head element to write the measuring servo data
in the desired track.

13. The apparatus according to claim 11, wherein

15 the positioning servo data contains all positioning
servo data and also contains other data distinguished
from the positioning servo data.

14, The apparatus according to claim 11, wherein
the first unit uses the positioning servo data read by

20 the read-head element and the positioning offset,
thereby to move the write-head element over the disk-
shaped medium, and causes the write-head element to
record the positioning servo data and the measuring
servo data on all data area of the disk-shaped medium.

25 15. The apparatus according to claim 11, wherein
the first unit uses the positioning servo data read by

the read-head element and the position offset, thereby
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head element spaced apart from each other;

10 a first unit which causes the write-head element
to record positioning servo data on the disk-shaped
recording medium, the positioning servo data being to
be used to position the head;

a second unit which positions the write-head

15 element at a desired track in accordance with the
positioning servo data read by the read-head element
and which causes the write-head element to record
measuring servo data on the disk-shaped recording
medium; and

20 a third unit which uses the positioning servo
data and measuring servo data read by the read-head
element, thereby to calculate a position offset
between the read-head element and the write-head
element.

25 17. The disk drive according to claim 16, wherein
the measuring servo data contains all positioning

servo data and also contains other data distinguished
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prising a fourth unit which uses the positioning
servo data read by the read-head element and the
5 position offset, thereby to move the write-head
element over the disk-shaped recording medium and
which causes the write-head element to record the
positioning servo data and measuring servo data on all
data area of the disk-shaped recording medium.

10 19. The disk drive according to claim 16, further
comprising a fifth unit which uses the positioning
servo data read by the read-head element and the
position offset, thereby to move the write-head
element over the disk-shaped recording medium, and

15 causes the write-head element to erase the measuring
servo data from the disk-shaped recording medium after
the positioning servo data is recorded on all data

area of the disk-shaped medium.



