; e3e| nyhhi , KR~k\ mémmXe O TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR
DETERM NI NG TRACK PI TCH FOR WRI TI NG SERVO | NFORMATI ON I N A DI SK DRI VE
BACKGROUND OF THE I NVENTION 5 The present invention generally relates tg a
di sk drive, and nore particularly to a techni que which deterﬁﬂ“WMMwmummmk
pitch for witing servo information on a disk nedium Genera

medi um on whi ch servo 10 infornmation for hgad-positioning is recensdsd in
advance is incorporated in a disk drive as typified by a hard di sk drive.
The servo information is recorded by a servo track witer (STW in a disk
drive manufacturing step. 15 | nrarser vwer Whirl @ NvERToNhere is a self-servo
write node by which servo information is recorded on a disk nediumin a

di sk drive itseMETEOD BND EeeARADUSPELRNDENBRMINDRE, 428rK baTthersel f - servo
wite node, in order to 20 determ ne a head feed pitch quantity when
recordi ng a serYBIPaNGeBARVPr ONESBMAFIDNr INeReDIBSKI DBIX¥EServo track pitch
is required. A nethod of determning a track pitch disclosed in a prior art
reference determ nes a next tBACKGROEND O THRpENVENTIONensities 25 of
reproduction anplitudes of servo burst patterns at the time of a wite
operation®in a witeIbfcPresgdtminviepitd omp@generally? relEgwsy do, aadisk
reproduction anplitude which is output froma head varies depending on a
position of a hehdVen &'flaliPae BRFELENSATLVadPal B6SPRLEHF Which falls in
an i nner/outer §e£i9heral rag?e ?n a dks nmediym, 5 As its factors, there
can be consi der B3 & PEPPRg2NEFGRE BRTERNERD, WELELREr §RRYCr d5EPEERER OB a

di sk nmedi um seg%igga.g a an% filter of a servo decoder, an influence of
an anplitude equallza%lon FPFE8r and others. Therefore, the nethod of

determ ning a servo égnggggggggggpﬁg& %%?Q?&{E?%Q?%E:d%%E%%p anpl i tudes of

servo burst patterns has a p i ity ack pitch varies

dependi ngoon a {adbahaP9sSht i +ibRiQKd ch a probl em
t here has been proposed a ng?ﬁoggaﬁigﬁgggﬁgglgbfg%tkgﬁEEBE%SE%VO 15 signal
reproduction ouhgwhn¥arigsidepepdira@eania bl Wisg helhoR! aqr tgpiadiedl by
position of a head into consideration and changes a referenCe value of a
track pitch in achardadéekwdirhveachTheade@koaindBembaeiod. isSeecdrdedPat ent
No. 6, 181,504). 20 However, this nethod disclosed in the reference

by a servo track writer (STW) in a disk drive

manufacturing step.
15 In a servo write step, there is a self-servo
write mode by which servo information is recorded on
a disk medium in a disk drive itself (e.g., see U.S.
Patent No. 5,581,420).
In the self-servo write mode, in order to
20 determine a head feed pitch quantity when recording
a servo pattern, processing for determining a servo
track pitch is required. A method of determining
a track pitch disclosed in a prior art reference
determines a next track pitch by comparing intensities
25 of reproduction amplitudes of servo burst patterns at

the time of a write operation in a write-once-read-

R
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multiple mode.



presupposes that servo information is witten on an entire surface of a
disk medium and it is not suitable for the self-servo wite node which
determnes a track pitch while witing servo 25 information. In the nethod
di sclosed in each prior art reference nentioned above, a neasurenent
position - 3 - whichis required to determne a track pitch is defined as
an internedi ate point between a center of A servo burst pattern and a
center of a servo burst pattern adjacent to the former pattern. Therefore,
5 . processing for noving a head to a specified position is required for
the purpose of trackupiwbebrietergpratiuer iBhoeRBIiRddeaRdithe iSeby@pi ting
processing efficiency is lowered in the self-servo wite node. 10 BRI EF
SUWARY COF THE fiMiENE | kbbdinvactesddspendihly oneaepbsdthient oaf at heagr esent
invention, there is provided a disk drive including facilities to determ ne
track pitch w thoud radbalidireovéoentrefiialhpaditbon)sphdchi €dlpesihi on in
sel f15 servo witing processing. The disk drive conprises: a head which
reproduces a sefRolbues{ogtgharerépbedad sangedpskanddsénpedidma

cal culation unit which calculates a pitch of tracks constituted on the disk
medi um by® uti | i 28 nytoofacteps odtberencanrpbrt gaesidrgedor £A¥1B6rvo bur st
signal which is output fromthe head. BRI EF DESCRI| PTI ON OF THE SEVERAL

VI EWs OF THE DRARHHIEETRE Ack8fPandi RECAF IwPAgESSRAPERCRr 8T AcOiFsrated in
and constitute a part of t e _speci.fic tign ,%g illystrate embodi nents of
the invention, %ﬁglF%geFﬁ IBPPhofhe §aher 4L LH8LcPEpfi SRTYPVERCRBSTe and

(1, detarl d destr i\ oB,of, LheerRRULMENS 0LED;Dakasy euyele ASLYE 10

explain the principl'es o he~i hven Hishomﬁng

a brimary part glnapdl skadelueorancennl ACABACEROULTERL AGEY ' ALR (he

present invention; 5 Fl are views show n nd a read

si gnal W@@efOrnt?écﬁeﬁY@ghn$9rHE&FQBiﬁ@nQQbBBBchESneEﬁgdﬁ%ﬁ@%é BifG 3 is a
vi ew showi ng a reproduction anplitude value of a servo burst pattern

concerni ng the 3@resbpdrsenpatteEhs BAsandpdBsabe1VikeWshaRowhAg & rialkCk
pitch and a reproduction anplitude value of a servo burst pattern
concerni ng t he pirbodi me@nies depending on a radial position of a head.
In order to solve such a problem, there has been
proposed a method which takes a fact that a servo
15 signal reproduction output varies depending on
a.flying height or a radial position of a head into
consideration and changes a reference value of a track
pitch in accordance with each head or a zone (e.g.,
see U.S. Patent No. 6,181,504).
20 However, this method disclosed in the reference
presupposes that servo information is written on
an entire surface of a disk medium, and it is not
suitable for the self-servo write mode which
determines a track pitch while writing servo
25 information.

In the method disclosed in each prior art

reference mentioned above, a measurement position



FI GS. 5A and 5B are views showing a track pitch 15 and a reproduction
anplitude value of a servo burst pattern signal concerning the enbodi nent;
FIGS. 6A and 6B are views showing a track pitch and a reproduction
anplitude value of a servo burst pattern concerning the enbodi ment; 20
FIGS. 7TA to 7C are views showing a relationship between a head position and
a positional error value concerning the-embodinent; FIG 8 is a view
showi ng reproduction characteristics of a servo burst pattern signal 25
concerning the enbodinment; FIG 9 is a view show ng estimates of a track
pitch with respehichoibeadqposedii bosdebaerineng theck pibch e€gbodi nent;
FIG 10 is a view showing a rel ationship between changes in track pitch and
esti mat es concedefigediheseahodntenhedbaEeCGooitti betwgerwashentrg afservo
pattern which relates to a coefficient K determ nation nethod concerning
t he enbodi nent ; aFs&Bvo 1RArsd pattare ahdws shoWengod aebativonbhirptbet ween
servo burst patterns and track pitches in the 10 determ nation nmethod; FIG
13 is a view sheaFhgra adigeehtr 50 phet EPEM@rdPAtRREBUr effBALeAOERod
concerning t he enbodi nent; and FIGS. 14A and 14B are views showi ng a fornmat
e

and 15 a fead sPHAGFSHATRE! 6PM BPVARY| R- PRadeteepvEPBGESLeHaPPELR 18PNl
concerni ng the enbodi nent. PETA%EED DESCRIPTIC&%CF THE IEVENTICN An
embodi ment accordi hILor EHeBFe5BAt PRRADRAEI 8A WFAFXnBRL68 descri bed

hereinal Ler wi L loLEL1BUE ol 0p20eAlg, RRCOTIANNO.ow o, () ok O ve anc
attached 1o 25 BrooPEaFAo NS Erebney S 1 tEy et O RE e Lt or 2.
The di sk nmedi um,2iciLsyhQtated at a high speed by the spindle notor 26.
10 BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention, there is provided a disk drive including
facilities to determine track pitch without involving
movement of a head to a specified position in self-
15 servo writing processing.
The disk drive comprises: a head which reproduces
a servo burst signal recorded on a disk medium; and
a calculation unit which calculates a pitch of
tracks constituted on the disk medium by utilizing
20 a reproduction amplitude value of the servo burst
signal which is output from the head.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
25 illustrate embodiments of the invention, and together
with the general description given above and the

detailed description of the embodiments given below,



- 6 - The actuator 23 noves the head 22 in a radial direction on the disk
medi um 21 by a driving force of a voice coil notor (VCM 24. The head 22

i ncl udes a read head which reads recording data (servo 5 information in
this exanple) fromthe di sk nmedium 21, and a wite head which wites data
(servo information in this exanple) onto the disk nmedium21. In this
enbodi ment, a circuit board 10 which reali&es-a self-servo wite function
is incorporated 10 in the disk drive 20. This circuit board 10 will be
referred to as a servo witer hereinafter for the sake of convenience. The
circuit board lferse usedexmlaimethéoprentipies t€guhar iReadtpesiti oni ng
control function while being incorporated in the disk drive 20 after 15
conpl eti on of the seFIGsetvbswai bdopkodéagiran. skheingr wopuiinbery pArias a
read signal processing circuit (read channel) 11, a VCMdriver 12 and a
control l er 13. ghear@nsk chahviel cancenping ansembodpmentr acspgdahg( BS) read
by the read head of 20 the head 22 through a head anplifier |IC 25. The read
channel 11 reprioticRsesertolnvieBER@®Ri on i ncluding a cylinder code and a
servo burst pattern (A to D) froamthe servo pattern signal which is output
from the head anplifFeFst (225an85281_ N RYF| EPOY3NPNE d@&Bag and

m cr opr ocessor 5CP g%, 8 DEP digital gignal progessog} and nenori.es such
as an RAM or an RE%% ant¥%ectt eS P HR QEr 5 WP tBIOTMETLBRoEREBSPRG I MFhe
controller 13 o a in control device of the disk drive 20 after
conpl eti on of tﬁ%és%ﬁﬁgég?g%gakite processing. The VCM driver 12 controls
the VCM 24 to be 5 dikMenzi n agcgtdan ki I

(control current valgg ) igﬁ gsggg?péﬁowﬁ%ﬁl?hgg%gﬁgpgﬁﬁgga%gpﬁigﬁge
result, the actyatgs @8 JO¥ESvhbhDSt! patab Al E8REELA:1AR the di sk medium
21. (Self-servo Wite Operation) 10 In the self-servo wite node, a

ref erencep ser voeisdd eient 5 previ ously recorded on the di sk medi um 21 which
is incorporated in the disk drive 20. The servo witer 10 detects a radi al
position of the headr2@Sby4hshng ¢Bi areef/éeescehseting patirack paadnby the
read 15 head on an initial stage. In the servo witer 10, the read channel
11 reproduces aarglandepreddet bond ampkivodbuvsiupadvfernnstrom bureter ence
servo pattern signal (RS) which is read by the read head. The controller 13
executes 20 a peaiteoni poneenniby thecerbodoment/t he head 22 by using the
servo burst pattern %A to D), thereby generates_a current comuand val ue
which is used to conff6f-t he 9o DB BESHELIGWSYEROWARG Subpleicks bilftalo t he
VCM driver 12. 25 Wth the aboye-desc lbeg oeeration, the servo witer 10
records the ser3®patFePRodrghiPRoAmPhetUfeKk VARHRURE 2R RRFVE BYEEL oni ng

the head 22 in r adi al :8- direction. . Here the reference servo
pattern is geneé%f??gge%%?%% %%nFﬁgn%ﬂﬂthSe?PBﬂgﬁgﬁn "de of the disk

nmedi um 21. ThereforeFI&Q?_%ﬁr¥ﬁd“%ht§E§1912§§C§5§§% SF?%%%%k5ﬁbiE9{nation

wite operation while noving e head 22 wth qua y" whi ch
is 1/2 or 1/3 0$n§naaféﬂ§$d§EEY8ntEﬂﬁﬁighﬁghvhﬂugpo?ugere@%%'%ﬁ?r%l si de
sid e disk ne 21. Es a

direction fromthe inner peripheral e ont ium

result, servo apgese20chbiicbhehqt BRe10nBEHYAehREOr Mation is recorded are
constituted at fixed intervals on the disk nmedium 21 as shown in FIG 1.

FIG 2A 216 a view shemceg aAfeonat afet beeser wbowiher mAtdicQntieeyigd on the
di sk nmedium 21
between a head position and a positional error value
concerning the embodiment;
FIG. 8 is a view showing reproduction
characteristics of a servo burst pattern signal
25 concerning the embodiment;

FIG. 9 is a view showing estimates of a track

pitch with respect to head positions concerning the



The servo information 200 includes a preanble 15 signal (PAD) 201, address
codes 202 of a sector and a cylinder (track), and a servo burst pattern
signal (A to D) 203. The servo burst pattern signal (Ato D) 203 is an
anplitude detection type servo signal, and it is a nmultiphase burst signa
wi th which 20 magneti zation reversals are recorded at equal intervals.
Here, the read head 22R included in the he&ad 22 reads the servo pattern
signal 200 froman area 204 through which the head 22R passes. The head
anplifier 25 I1C 25 anplifies an output signal of the read head 22R, and
out puts a reproshusdd Rerst gnal R5 having such a waveformas shown in FIG 2B
to the read channel 11. - 9- As shown in FIG 3, the read channel 11
detects a reproductipncanpdiisde vhtwesROWingraesphadingshopenehwetna bur st
signal Ato a burst signal Dincluded in the servo burst pattern signa
203, acquires ithasgds aiposrdclonal tehrand seghithaldst coyehavnggthedigita
val ue, and stores it in a register 301. Specifically, the read channel 11
converts the regmloedingni; signal RS into a digital value by using an

anal og-to-digital (A/D) converter, detects as 10 a reproduction_ anplitude
value (Ao D) of thBIGer¥d bfiratVpart eRaWingnal Seo30aRafReERr WRL6R val ue
300 obtained by iptegrating the_converted signals in, accordance with each
phase (A to E»,r%ﬂ%t F Or@s i?O?%f%ﬁ%e?Eng@%geEEEQaiso?S%?950¢rack Pitch
Det ermi nati on Met hod) As dqicréggd above, the servo witer 10 executes a
posi ti oni ng cont?dte T iHhetha %dﬁ@eﬁgfng the reference servo pattern on
the initial stage in S -ser wite er.at | ._an nt.iall.
records 20 a next segéggba %érﬁgs¥g%aﬁk%yV3§Wﬁggbﬁglg§rgo§%gggﬁoégbﬁﬁrn

signal 203 of t%@%&%&ﬂi§%§$d $8E9£88?5§§%M9 RA tgggcﬁig@@gthOinA%hghis

time, the servo witer accordrn I'S enbodi nent” executes track pitch

determ ngj i on 29 P& ARESSE On Wb ERodet ernm nes a servo track pitch required
to subsequently nove the head 22 by using the previously recorded servo

burst pattern signal F283.13 is18 vidhi shartihAgdawsklkvBowyuketdeseticlad
concretely. FIGS. 4A to 6B are views show ng a relationship between track
pitches (204 t ow206h) medsueanedticheébhnodnpbhntedeingl the efhbblémeatyo bur st
pattern signals.
and
FIGS. 14A and 14B are views showing a format and
15 a read signal waveform of a six-phase servo burst
pattern signal concerning the embodiment.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment according to the present invention
will now be described hereinafter with reference to
20 the accompanying drawings.
(Disk Drive and Servo Writer)
FIG. 1 is a block diagram showing a primary part
of a disk drive concerning this embodiment.
A disk drive 20 has a disk medium 21 attached to
25 a spindle motor 26, and a head 22 mounted on

an actuator 23. The disk medium 21 is rotated at

a high speed by the spindle motor 26.



5 As shown in FIGS. 4A and 4B, when the read head 22R passes through an
area of a track pitch 204, anplitude values of the respective reproduction
signals RS corresponding to the burst signal A 401 and the burst signal D
404 becone equal to each other. 10 Likew se, anplitude values of the
respective reproduction signals RS corresponding to the burst signal B 402
and the burst signal C 403 becone equal- ta& each other. FIG 5A is a view
showi ng a state when the read 15 head 22R passes through an area of a track
pitch 205 narrower than the track pitch 204 depicted in FIG 4A FIG 5B
shows an anplitude vehseagtubberr2pragueti eneshgnal 2RSinf at hgdsgrvo bur st
pattern signal at this nmonent. In this case, although anplitude val ues of
20 the respectiderseptodush i tine sdyprl seddimezpondi 8gdtbvihe borsé stgnal A
411 and the burst signal D 414 becone equal to each other, they are snal

as conpared w td thicexampl ensbomwn (VEMF| 2% . 4BTh€oheedi 2Rt iycladpsi t ude

val ues of the respective reproduction 25 signals corresponding to the burst
signal B 412 aral Téedbuesd whioal r€add 3rbecodinyadgbs (henvohose in the
exanpl e shown in FIG 4B. - 11 - FIG 6Ais a view showi ng a state when
the read ‘head 2PREpEmaklorhibubhiancsrealel arematkepdisk mediwndét, t han
the track pitch 204 depicted in FIG_ 4A FIG 6B shoms an anpl i tude val ue
of the reproduc@@%naSWE}E%a?eﬂé'B$l?%ew§éF9§ BﬁF@t (parver inEPgRarial this
time. In this case anplltudf val u S g ta ctlvg reproduction signals
correspondi ng tt°t hRTHUTEERT Ghat RO 454 ﬁs bP@t Lt gnal D 424 becone

|arger than those inLhe,gxanpleashoun i E'%euﬁﬁ pR A0 bheyaptrary.
anpl i tude val ues of { e respectrve repfoauc ion S|gna S correspondlng to

the burst signalcB 422sands é?gfgggéé ék@ 'fﬁhé@?oﬂeﬁg néH?F%EétEHa” those

in the exanple deplcted In Base ove escr
relationship, 1bnthge CQNEKOhEEe1800f THEsSER ¥Eyu Y| Bsaraoléamwhaﬁes a

first positional error calculation result "absolute val ue of and a
second positiongtérerres €38l g8l at kepveegtliterahsebiharvakueot th@ su&bng t he
respective reproduction anplitude values (Ato D) 20 when the servo burst
pattern signal ¢8 teadeniBrceby Thbculiatuhg Bobrdackoptitclhisedniat bedewor ds,
it can be confirned that intensities of the first and second positional
error cal cul atiom vealigge(absebulervheadsposarjonangscantopdafivacuivh t he
wi deness of the track pitch. It is to be noted that the respective
reproduction arphiiedeciaguéscorresabpdaia Sherddskndrhwer 8§i sfeer - 12 -
301 as shown in FIG 3, Specificall when the track pitch is relatively
narrow, the firsempbetiennaf Eh?oﬁeiﬁréanglUﬁlFéSBche§§§69ute val ue of A
- B" and the second 505|t|onal error %Iculatlon result "absol ute val ue

of C- D' becone rel PFV§F§V§nﬂFFt§£I&Q agy Pt f&A ﬁﬁ@ﬁa9h@rPFﬁ§Fﬁﬁgtch is
relatively widec t he. %lrst tlon b ror b | ation.result "absol ute
value of A - BChRGUEhe (B8BEnARABERL! ofidr &r Vot SALYEFal of Pesult 10
"absolute val ue, OéoﬁkroE?ePeigne &ﬁgakb¥8'¥ﬁgﬁ§%€ &%'H% utk §5 efhoto 7C

are figures showi ng a relationshi et ween 05|t|o s an p05|t|onal

eerr_Ca|CU|at'ﬁQt¥é£He§1 leﬂkgh E@%dhﬁ&'%ﬁ@t%Ea@Xh%a%5o&epresentS head
positions and the vertlca axi s represent "anplitude values. As shown in

FI GS. Zﬁzoo 7C, theenkhasbopesirbughab Bekar agplgyliati qo val.ue TARl reAd B)
Hstng ° channel 11 reproduces servo information including
a cylinder code and a servo burst pattern (A to D)
from the servo pattern signal which is output from the
head amplifier IC 25.
25 The controller 13 includes a microprocessor (CPU)

or a DSP (digital signal processor) and memories such

as an RAM or an ROM, and executes the servo write



reproduction anplitude values A and B linearly varies 20 with respect to
novenent of the head 22 in the radial direction. Furthernore, the second
positional error calculation value 702 (C - D) using the reproduction
anplitude values Cand Dlinearly varies with a different phase. 25 FIG 7B
is a view showing a |inear change when respective absol ute val ues 703 and
704 of the first positional error cal cwu at1on value 701 (A - B) and the -
13 - second positional error calculation value 702 (C - D) are obtai ned.
Moreover, FIG 7Cis a view when a sumtotal 705 of the respective absol ute
val ues 703 and pfdcéss bn@bt arlmedcoBrshD¥A LB Gh&Satdd abAaandipA,
intensities of the respective absolute values vary depending on the track
pitch. Thereforegnthel cdeniod|lef tiBeoflithedstvreo20r afterlBomphecdboul at e
the track pitch fromthe sumtotal (average) of the 10 respective absol ute
val ues 703 and 9D4tlé sdkffsesvopesitéopabcessbngeal cul ati on value 701 (A -
B) and the second positional error calculation value 702 (C - D)
irrespective of the Bhe-VeMcRrpvsrt Léncentrpéshehe ¥eM BHGtogbshows a
measurenent result of the 15 respective servo burst signals 801 (A to 804
(D) when 2 posi{¥bVedf 1R eceerdehead 2P #ncukeerhdrantantde¥ailss is
changed. This asurenent result corresponds to a reproduction anplitude
val ue which is ?%?éﬁgfnc?ﬁﬁe?EgV§ E?)Sgﬁlﬁﬁnﬁﬁoﬂﬁﬁp bovEom26hehe

I h i h i i . of
[T angul ar vevel S TT SLE5| [ Apsch a8 EoRght ed Ch( RCEHRESEARS BoRBR: dbed i n
FIG 7. Vhen a pead yidih of -Lbe;ppagy nead 2R fofobaeqyal to a width of
it°T1s often at t

the servo burst pattern, e case € ‘reproduction

anpl i tude of thesSPEVQ.PYLSkrPRLLERArsL98A) has a dead band area with
Wh

respect to the head position. en such - 14 - a reproduction signal is

obtainedioit is prefenabhe 581€088kY6r wkheavekor B 32 ra rbhaRe 2R
wavef orm or a sinusoidal waveformrather than the triangular waveform 5

(Track Pitch CapguteinonsMpt&oddubagedeosriibe phi BEEPHEsRf mbAguseryo track
pitch determ nation nmethod nenti oned above, the concrete cal cul ati on net hod
wi |l now be deswhtidiedisi thcoeperehed Ln ekprdsskodsiva02bi.r sTheaseghown in
FIG 7, in reproduction characteristics when the read head 22R reproduces
the servo burstwphteerhOsfighattswaenadhetepraséthonsafuthei brad 22 by
characteristics, a track pitch Tp is cal cul ated based on the follow ng
Expression (1) $ing thpsesefonrengy. serrp| pattegn repd bypthe reag Bl + IC
D 2
15 head on an initial stage.
In the servo writer 10, the read channel 11
reproduces a cylinder code and a servo burst pattern
from a reference servo pattern signal (RS) which is
read by the read head. The controller 13 executes
20 a positioning control calculation of the head 22 by
using the servo burst pattern (A to D), thereby
generates a current command value which is used to
control the VCM 24 to be driven, and supplies it to
the VCM driver 12.
25 With the above-described operation, the servo
writer 10 records the servo pattern signal on the disk

medium 21 while positioning the head 22 in the radial



20 Here, Kis a coefficient, and it is desirable that Kis an accommopdati on
coefficient which is dependent on a radial position of the head 22.
Additionally, as shown in FIG 8, when there are 25 the saturation
characteristics Iike an exanple in which the reproduction characteristics
can be dealt as a sinusoidal waveform the track pitch Tp can be cal cul ated
based on the follow ng Expression (3) of 8- 45 - Expression ( 4 ) . T _ K
(P~ B2 -E (CD2 ... g~P25T=K~AB)2+ (CD2.. P2 That is, in
pl ace of the absolute value calculation shown in Expressions (1) and (2)
menti oned abovediascshemn iReEXprensi earédincansayepagectornaigumtotal) of
square calculation results of the 10 respective positional error

cal cul ation val gesefAllyBrandr@ed &) tkecahnekapediphotbbesidenogrdae to
make the track pitch calculation value linear, a square root calculation is
carried out w t@iglespediumo2tihe average val ue of the added val ues as shown
in 15 Expression (4) nentioned above, thereby enabling |inear estimation of
the track pitch. Her&hessfargpdthecaervn otiErpr é8sesncitps ithei sepussi bl e
to adopt cal cul ation pethod by which a square root calculation is carried
out with ¥espectPtorBatinRt ¥FafFeoorerathensyohte wavéngathenheadul®s of the

ti it | | cul ati | A - dC-D.. FIG 9
respect e PO hLeS AR FRLEU oD el ues (A Bt £ B,
head ition. i i lt.90 | culated b d 25 Ex i
read positl on.. oG5S LOBHISN.LESH 1,202, Sl ool e besed ga, 20 Crpgess o
oxpr ess on (1) aFhGicLon vosp, 106 {ERLECHELLBREDAT BEASTLALLER i5ht, o,

havi ng such saturation characteristics 'n

an estimte of ﬁé@ﬁéﬁrYP.tr§§kap£é§al¥hi%Qrbé QP%g??%gﬂdfﬂtwﬁgcﬁntﬁgf_traCk

position of the head 22 can be obtainéd by cal cu 57a square sum

average.1F1 G 1@b§ﬁ@“@nﬁ@rﬁ§ti@ﬁtEsOfeEBEdéﬁagkep&éﬁﬁtf@ﬁ@e&hgtS?EXthraCk
pitch represented by a horizontal axis is changed. This estinate can be

cal cul ated by aistervelsoohl thdcdlakimadmmhotespeshohl 8 fYELage 10 of a
square sum shown in Expression (4). In FIG 10, reference nuneral 1001

denotes a track on tHR&Gi nRBripeai phewakhswilnd aeferpaceofunBeake1g4, a
track on the outer peripheral side;, and reference nunerals 1002 and 1003,
tracks on 15 anthifEraedomteceperdehernl tise ddislAsmetibwm 2h.FI G 10, when the
cal cul ation nethod based on Expression (4) is adopted, it can be confirnmed
that |inear estimatioRechfrbe Enfermabiont R0Peipetudes a phemgblin the
track pitch. Furtherpore, _an estimate of the track pitch 20 varies

i Pobip

dependi ny’ on a FreHF or? Obr t3RAF edercpdes phe? aPfsedeectns ander nedi at e
peri pheral Sid%aqgglfg ePunga Erjpggéaé géggé burst pattern signal
(A to D) 203. The servo burst pattern signal (A to D)
203 is an amplitude detection type servo signal,
and it is a multiphase burst signal with which
20 magnetization reversals are recorded at equal
intervals.
Here, the read head 22R included in the head 22
reads the servo pattern signal 200 from an area 204
through which the head 22R passes. The head amplifier
25 IC 25 amplifies an output signal of the read head 22R,

and outputs a reproduction signal RS having such a

waveform as shown in FIG. 2B to the read channel 11.



(Coefficient K Determ nation Method) FIG 11 shows a servo pattern 1101

whi ch concerns 25 a determ nation nmethod of the coefficient K used in
Expression (1) to Expression (4). This determ nation nethod is a method

whi ch determ nes the coefficient K - 17 - which is required to detect an
estimate of the track pitch wi thout being dependent on a head position. The
servo pattern 1101 shown in FIG 11 has-a &tructure in which a servo burst
pattern (F) 1102 5 which is not trimed is added to the regul ar servo burst
patterns Ato D. It is to be noted that the pattern E neans a
post - preanbl e. The smrevenhbwhsinpatter B, (Eheli@3dhasaanpat ter Aewedilh
corresponding to a nmagnetic recording width (1300 in FIG 13) of the 10
wite head incladegprodtbeibeasm@?i t&i&Svalild B0012€6raespyhdnagshowi ng a
relati onship between untrimed servo burst patterns 1102 and track pitches.
FIG 12A shows @achaek pilbehstwhehgnabkefntoi 8 bBreéceidhadg @i dhblpdedch will
be referred to as an MW of the pattern 1102 is relatively narrow (MW =
1.9). FIG 12C shobBeaseruekbprsthrahbarnheigaeterA31162qnsres| ati asly wi de
(MW= 3.3). FIG 12B shows a track pitch when the pattern 1102 has a

wi deness bet weed POStheonpbveraesceigealvabuEs PMipa2ingsy dagigadwn in
FIGS. 12A to 12C,.it can . be confirped that the nunmber of tracks per
magneti c recor dY AgUS dERS (RARY B 1EhLtuRt FPEAEESEePPd -burst pattern 1102

[ wh h itch I h - Dy 25 [
Wt h of the untri meRCELFUGSBAVET TPa: PERR ERA2 it ALt KENGRG: (B (1 acks
bei det ' | ; L : - 18
R I - T R R i
wi dth 1300 of the dnhibIRd-G26YPabUlAYDPALLRLE 102, dBiblts Ll fead head

22R is noved onto a bor 5 of the pattern 11 and a position of the

read heato 22R a4 t&ptolBEENbN smpak culat gd1Based @8 bheogerue BEkSh
patterns Ato D, thereby neasuring the magnetic recording w dth 1300 of

this pattern 1192rsSuphtaeennyegabdnzdackar ihtagrarias showe oot he 10
foll ow ng Expression (5) can be obtained by using an estimate (Tpw) of the

track pitch utiébkzabgetiheyminbhegratirgotlengomwdtrhedi38@gatlsudh a pattern
1102 and an estimate (TpR) of the track pitch cal cul ated based on, e.g.,
Expression (4).adpyv@angpRvith each phase (A to D), and stores it in
the register 301.
15 (Servo Track Pitch Determination Method)
As described above, the servo writer 10 executes
a positioning control of the head 22 by using the
reference servo pattern on the initial stage in the
self-servo write operation, and sequentially records
20 a next servo pattern signal by using the servo burst
pattern signal 203 of the previously recorded servo
pattern signal 200.
At this time, the servo writer 10 according to
this embodiment executes track pitch determination
25 processing which determines a servo track pitch

required to subsequently move the head 22 by using the

previously recorded servo burst pattern signal 203.



Since an estimation error is actually generated due to noises or the
like, it is preferable to obtain an average value with respect to
conversion factors 20 calculated at a plurality of positions. Moreover, the
25 conversion factor may be obtained by such a sequential average
cal cul ation as shown in the follow ng Expression 6) using a weighting

factor ~, in place of the average value. Kon + 1) = 7~-K + (1- ~,)K(n)
(6) It is to be noted that the present invention can be |ikew se realized
by hol ding the coefficient K as - 19 - a table when the table can be

| ooked up in acTieflaneehydtii Bl raek abe PASstL OPeaf cbherbealy. FI G 14A shows
servo burst patterns (Ato F) in a six-phase servo node. FIG 14B is a view
showi ng 5 wavef orns BiGEhedRhepoodBchrenviegnabhoRSngf at helaeivashipst
patterns (A to F). Wen the six-phase servo burst can be divided into three
sets of servo boetwsentheackapktghesh(28h be 2aPtubndedepasddcomorhe
foll ow ng Expression (7) 10 which is the same as the cal cul ati on_met hod
represented by @pletedenvelyes (alpfhe. gerye bppstHppEtprp2signglss That

is, by effecting a square root calculation with respect to a sumtotal of
square cafcul ation r%§uFP§WBf1Fh519§spéétﬁpg 65$|WP8ﬁth@rF§Pdc§ﬁé@Iatlon

val ues (A - , ear estimation, of ck pitch becones
possi bl e. 20 Asgz%sE?FB%E 5 BQ%g aBRoflFAg® atﬁFgcgnB6 Fﬁﬁﬁp?'a pitch of

the servo tracks_c¢c ate g stinma ted%.b t he cal cul.ation
processing of tﬁ%p@bEFSSIVﬁiuﬁ g §Fn§e?ﬁgc éyéorSBngu gﬁ?@rns recor ded
on the disk ”Edégﬁ%gis“kéh Yy %bﬂghhg egﬂgg?uggttgaaniﬁeﬁFﬁbﬁ RAgI t1on.

I n ot her words Servo rac an b ermne hout” "bei ng
dependent on a EﬁQ'BﬁrQESblbﬂglob Lbe B@égmé2eaﬁa&h%odbé%h”%@hég‘21 - 20
- Therefore, the control 13 can execute the self- servo wite operation

whi ch seggienti af,i kew0Eds Bﬂ§l§€ﬁﬁé Bl gesBbifoRhaN rbBge@iSligemedi um whil e
adjusting a feed quantity of the head 22 based on the track pitch.
reproduction signals RS corresponding to the burst
signal B 402 and the burst signal C 403 become equal
to each other.
FIG. 5A is a view showing a state when the read
15 head 22R passes through an area of a track pitch 205
narrower than the track pitch 204 depicted in FIG. 4A.
FIG. 5B shows an amplitude value of the reproduction
signal RS of the servo burst pattern signal at this
moment. In this case, although amplitude values of
20 the respective reproduction signals corresponding to
the burst signal A 411 and the burst signal D 414
become equal to each other, they are small as compared
with the example shown in FIG. 4B. Conveniently,
amplitude values of the respective reproduction
25 signals corresponding to the burst signal B 412 and
the burst signal C 413 become larger than those in the

example shown in FIG. 4B.



5 That is, a feed pitch quantity of the head which is required to record
the servo information can be efficiently set by determ ning the servo track
pitch. Additional advantages and nodifications will readily occur to those
skilled in the art. Therefore, 10 the invention in its broader aspects is
not limted to the specific details and representati ve enbodi nents shown
and described herein. Accordingly, variouginodifications my be made

wi t hout departing fromthe spirit or scope of the general invention concept
as 15 defined by the appended clains and their equival ents. - 21 - VHAT
IS CLAIMED 1S 1. A dirsk @ni ¥ eORREWSisAgwiaghaad twitieC he@pradueasda Servo
burst signal recorded on a disk nmedium and 5 a calculation unit which

cal cul ates a pihebdoP2Rrpaksesotiibtighednoartheodi ak tredkupibyhukioki zi ng a
reproduction anplitude value of the servo burst signal which is output from
t he head. 2. Theidesktdanhveéhactoadkngitohck@émigépituetihén FOGCOHKAri sing: a
servo wite unit which records servo information on the disk nmedium 3. The
di sk drive accoF@Fng6Bosbbabnan, aphdisidet Nelver of Bbestrepirgdaktinel udes
respective servo burst 15 signals which are a first set required to detect
a first head poSt#reh RA afr Ahgeservenhbursicrattann ségpadt pletddsvo bur st
signals which are a second set required_to detect a second head position in
the range of thelPfacks® 5ShdS262FRe eRPLACHEPoN24HRE 4l EBrates a pitch of

the tracks by usj tirst duction,anplitude value diff f th
respective servbeBHPEEIYPQRAPEORHFCHOR 5 ERELFI FOFXEPOARIT SBcomE

Cional s 25 wini oRCErs EARRESCAng2ecpRRGEnd phiS S3BRAL X ABRBREBHE Cl ai m

signal s 25 whi are Secon i've accérdi

L, whereln the $eryerPihsh $h848! 1hnehudes nesBeehinn Sarvadounsl  on 22 -

signals which are irst set require etect a first héad position in a

range ofighe tragkscoaRdak9sPafblYeuser va1bdkshrsicgrahe spicghvare a second
set required to detect a second head position in the range 5 of the tracks,

and the cal cul ateppodnttieal gibakes therkispshdiepr eduehicomuaiaRl istiygalval ue
difference of the respective servo burst signals which are the first set

and t he second Bep2@danti aheabpkstugdegnallue difif peenme kthadfl erheha@specti ve
servo burst signals which are the second set, and
those in the example depicted in FIG. 4B.
Based on the above-described relationship,
15 the controller 13 of the servo writer 10 calculates
a first positional error calculation result "absolute
value of A - B" and a second positional error
calculation result "absolute value C - D" using
the respective reproduction amplitude values (A to D)
20 when the servo burst pattern signal is read, thereby
calculating a track pitch.

In other words, it can be confirmed that
intensities of the first and second positional error
calculation values (absolute values) vary in

25 accordance with the wideness of the track pitch.

It is to be noted that the respective reproduction

amplitude values (A to D) are stored in the register



calculates a sumtotal of respective absolute values of the first and
second reproduction anplitude value differences as the pitch of the tracks.
15 5. The disk drive according to claim1l, wherein the servo burst signa

i ncl udes respective servo burst signals which are a first set required to
detect a first head position in a range of the tracks, and respective servo
burst signals which are a second set 20 rgguired to detect a second head
position in the range of the tracks, and the cal culation unit cal cul ates
the first reproduction anplitude value difference of the respective servo
burst signals wiThagrehéde fhrstcgses.25 and the second reproduction
anplitude value difference of the respective servo burst signals which are
t he second set, and Spec2Bieataljcuwhtasths averigpitahueésotredumitvellyl s of
respective absolute values of the first and second reproduction anplitude
val ue differencesraswit hehei fehsbofpobetionakserbos. caheudaskodr keeuadtcor di ng
to claim1, wherein the servo burst signal includes respective servo burst
si gnal s which arabgoinketvabierefuhredBl oandt the aerpndt phealiiposiltion in a
range of the tracks, and respective servo burst signals which are a second
set 10 réﬁU|rede¥6°He@%%?uéa teBniehval peBFPLBARSI HatHe Pﬁn@e'op"the
tracks, and the cal cul at .unjt cal Iat s the firsE r epr oduct |

anpl i tude valu %??m%rEﬁL%the#Hesm@igeXF'VESsergﬁrE ESt yp@ﬂaF emhlch are

the first set 15 an econd egrod ction a Lit ¥a ue. glfference of
the respective S&PY %hfg %?gﬁﬁig EN Eﬁgetﬂg ?egbﬁﬁ sBPSIEAGPEAI cul at es
a square root of,a, “@%%8&95 Pénr§§$8$£'VSb§8E§§§Sv8& EthfhrStBa”%n§§?099

20 reproduction anpri ue ditrferences as e pi Heh®of “t he t r
The di sk drive @ﬁ&oéngHdtgosiéiHhéi whep BEléEE%H RULHE Si gnal
i ncl udes respective servo burst signals are a first set required to

detect a @5 flrsabgsﬁﬂteosaluenofnca—r@ngseeambh@eqaag%@¢¥aQQr@@spectIve
servo burst signals which are a second set required ec second head

position in thevsange. - 24 -

FIGS. 7A to 7C are figures showing a relationship
between head positions and positional error
calculation values, in which the horizontal axis

15 represents head positions and the vertical axis
represent amplitude wvalues.

As shown in FIGS. 7A to 7C, the first positional
error calculation value 701 (A - B) using the |
reproduction amplitude values A and B linearly varies

20 with respect to movement of the head 22 in the radial
direction. Furthermore, the second positional error
calculation value 702 (C - D) using the reproduction
amplitude values C and D linearly varies with
a different phase.

25 FIG. 7B is a view showing a linear change when
respective absolute values 703 and 704 of the first

positional error calculation value 701 (A - B) and the



of the tracks, and the calculation unit calculates the first reproduction
anplitude value difference of the respective servo burst signals which are
the first set 5 and the second reproduction anplitude val ue difference of

t he respective servo burst signals which are the second set, and cal cul ates
a square root of an average value of sumtotals of respective squares of
the first and 10 second reproduction anrpl LlBude val ue differences as the
pitch of the tracks. 8. The disk drive according to claim1, wherein the
calculation unit uses a coefficient which is set based on a nagnetic

recordi ng wi dt hsetordWpbt et headl 16rebemeal ciingt uggdvhnutheohead. -9p) The
di sk drive according to claim1, wherein the calculation unit uses a

coefficient whigheisbsginbased on a magnetic recording width of a wite
head el ement included in the head and a position of the 20 head in a radial
direction on the di sNomedvem, FQG.A7€eivoawviewnghappar aums tiotedr gosat ed i n
a disk drive which includes a disk nediumand a head, conprising: a
recording unit oAithereespdstaveepbooduta 281spgndP3oanthéldi $k nmedi um by
using the head: a reproduction unit which reproduces a servo burst signal
recorded ®n t hefaFaknaddi ufSb§haynngnt BEGS .- 485 SAnagd; SAnd a cal cul ation
unit which calculates a pitch of tracks constituted on the disk nedi um by
using a reprodu&?F%ﬂséﬁbF?tBgetbﬁlE@sBFCFHEeséP§BlHGFsVa$u§FgHéFYobta|ned

f th dyct t As t t di to
claim 10, whor eRFPRBLEE: 0B blpsFraFlnltrhcl oApeRloBe; " cRE"C % M0

controller 13 of the servo writer 10 can calculate
the track pitch from the sum total (average) of the

10 respective absolute values 703 and 704 of the first
positional error calculation value 701 (A - B) and the
second positional error calculation value 702 (C - D)
irrespective of the off-track position of the head 22.

FIG. 8 shows a measurement result of the

15 respective servo burst signals 801 (A) to 804 (D)
when a position of the read head 22R in the radial
direction is Ehanged. This measurement result
corresponds to a reproduction amplitude value which is
stored in the register 301 mentioned above.

20 The measurement result shown in FIG. 8 has
a waveform in which an apex of a triangular waveform
is collapsed as compared with the example depicted in
FIG. 7. When a head width of the read head 22R is not
equal to a width of the servo burst pattern, it is

25 often the case that the reproduction amplitude of
the servo burst pattern signal has a dead band area

with respect to the head position. When such



respective servo burst signals which are a first set required to detect a
first head position in a range of 10 the tracks, and respective servo burst
signals which are a second set required to detect a second head position in
the range of the tracks, and the calculation unit calculates the pitch of
the tracks by using a first reproduction anplitude value 15 difference of
the respective servo burst signals whieh ane the first set and a second
reproduction anplitude value difference of the respective servo burst
signals which are the second set. 12. A nmethod of determ ning track pitch
on 20 a di sk megditepfeduat dbsks dghye vetbboalhead, iheisephedeegppei sing:
reproduci ng a servo burst signal recorded on the di sk nmedi um by using the
heady and cal cut@tidgs bdert eheofateacks aonat ttapedohtal hwa2bfdimkopedi um
by using a reproduction anplitude value of the servo burst signal.
.A&9.A&9.A&&.A&&ﬂéﬂﬁuﬂﬁﬂd&D.wavé&oﬂﬁ.ﬁﬁthé&&tﬁﬂﬁ.A&é.A&Qaﬂ@ﬂla&g.A99y.A&L.A
99e. A&9. A&&. AL{L. A&& AMNOBj K{' ~+d, a

}xsnid_ Z]ca]ca]maYeé@na]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]calca] ca ca]cakfa]ca cagca cai{cTaI

&WN| By*] }xsni d_¥eagkaFébflafe Féa?éa?éaméﬁPéé]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]cal! kko%T@

}xsnid_ Z]ca]ca]ca]caFEﬁFéaPEaFEE]EaPE&PEaFcSFCEPSaFSaF@aFEéF@aPéaF@a]ca]ca]
fa%gf%falfflfiLﬁg %Eagca%gghgdlhen ?g%ggwwbove, the concrete

B. }xsnid_Z] ca]cal]ca calca C ca ca ca ca ca
ca]ia]ca]ca}ca}%ﬁ%%ﬁ% }83}%3}@3? Lgﬁl L %%7%% %é§§§4k%§% ] ] ] L ]
<?<<<<J=}xsnid_glealecpleal salgalsakea ga]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca%ca%ca ca%ca% g} % %ca'J::c
?@N?7?7? @ G\HAAB>BBBOROE<DEREshown in FIG. 7, in reproduction
EEFFFFFFF}xsnhb]Vmﬂca]caLﬁca]caLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] enkeatealeateakcahes) enkcakea! hEEGFBEERHHEHHEENHRISHHHHHI <1 nl
I JIK| w mhc”MYT} xsmhb] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c”a] ca] caU] ca] ca
U c”a] c”a U] cathealeatdhcbhealcphtakea] eaghht)alkbea there are no
U] cMa] cMa] caKKL=LoLLLMsM=MBNOPLPQQ RRj RgRRnSaTT8U6 VWAV
X XAXXX} xsni d_Zpesthtehlon] chhcattekdatdakcahc&regke piicaghcapcalscal cal cal cal ¢
aj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal XX* Y[ YYYMZQZXZ[ ZZZZ. [ 1[ [\ 7\ o\ v\
\\]31KkT 117N AcaiFvéagava@Fed]@a]cha]6apéawcapcgkpap@ap©§ldé]caFca]ca]ca]
calcalc Lca]ca cal] ca] ca] cal] ca] ca] c™a] ca]ca]ca] ca]ca]ca! M| __ “#a*a[ a\ abA
dHd\ dddd ?eZeee@KBFﬁﬁﬁ@B@Uﬁé)h h} xsnid_ Z]c]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!  h}hhh
hi j kkl mm?nunnnoooo. IepppK(acH @adec Prhlksni d_2] c] c] ca] ca]edllEa] ca] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca!P
rrrrrsBSJsssstltttttluRuuuuvvavvvammmmm@xsnld Z] c] c] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ch }dd}ch]cal$a]ca]ca]ca]ca]ca ﬁgica]ca]ca]ca]ca]

Z9{ E{

cal wwEX QX | XXXYRyyy H{{l]}}Jxsnid_Z]c]c]ca]ca ] ca] ca] ca] ca] ca
]ca]ca]c bca]ca]ca]ca]ca]ca]ca]ca]ca]ca ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
W& ()-110% & ()-:10% & () 10% & ()- glow & ()-FL 109 & () -
&le@ﬁ &-() OBj K{i K- Here, K is a coefficient, and it is desirable

that K is an accommodation coefficient which is
dependent on a radial position of the head 22.
Additionally, as shown in FIG. 8, when there are
25 the saturation characteristics like an example in
which the reproduction characteristics can be dealt as
a sinusoidal waveform, the track pitch Tp can be

calculated based on the following Expression (3) or



Y@1l0% & () - &Y#10%W & ()- 10% & ()-&10W & ()- LIOW& ()- 1s10%W & ()-
ys1l0% & ()-'~+dhl *&96 "10% & ()- .109%&k ()- .10%& ()-& 10% & ()-
*10% & ()- )LIOW& ()- 9 @O0% & ()-dbC&6 "10% & 910% & ()-f910% & () -
10" 10" 10"#;10% & ()- 910% & ()-3 810% & () -, awxebC&9! & 10% " & () -
& 10%& ()- '&"10% ()- !'&H#"10% " & ()-!&#"109%& ()-!&#"10% " & ()-aq}[ M1 10
10 10'3 8109%& ()-& 10%W& ()--!& 10% "&-()15&"10%& ()- !'&"10%c& ()-
a?M?1 10! &p- 10%"& ()-V) 10% & ()- 10% & ()-!i 10%C'C' & () -
&k10% & ()-f&I0%W & ()-Z"<wM?1l 10! 9+ "10%& ()- !9+ "10%& () -

Expression (4).

2 2
p=K(A—B) + (C - D) e (3)
2

2 2
(A-B)” +(C—-D)
5 Tp = K\/ > -+ (4)

That is, in place of the absolute value
calculation shown in Expressions (1) and (2) mentioned
above, as shown in Expression (3), an average (or
a sum total) of square calculation results of the

10 respective positional error calculation values (A - B
aﬁd C - D) is calculated. Further, in order to make
the track pitch calculation value linear, a square
root calculation is carried out with respect to the
average value of the added values as shown in

15 Expression (4) mentioned above, thereby enabling
linear estimation of the track pitch. Here, as
a modification of Expression (4), it is possible to
adopt a calculation method by which a square root
calculation is carried out with respect to a sum total

20 of the square calculation results of the respective
positional error calculation values (A - B and C - D).

FIG. 9 is a view showing estimation results
of a track pitch with respect to a head position.

An estimation result 202 calculated based on

25 Expression (3) is shown with respect to an estimation

result 901 calculated based on ExXpression (1}.

That is, when the reproduction characteristics



F%iO@G&f()-!Q!lO@G"&T()-| 10% & ()-&p- 109%& ()-VLzI "P1f &10% & ()- 10 10
10! 9K4" 109%&' () -n! 9K4"10%&' ()-n) f210% & ()-!"9+ "1098"8" & () - &WIEMP1f &10%
S10% & ()-T 108 & ()- 910% & ()- 10% & ()- 10% & ()-
S10% & ()- N dErP1f &10% 10% & ()- 10% & ()-&LO%W & ()- 10% & ()- FLO% & () -
S@O0% & ()-BydEMP1f &10% (10% & ()- "10%W & ()- 3%0% & ()-&S# 10% & () -
F10% & ()- 10% & ()-*] dEMP1f &10% 3410% &b6()- S210% & ()- sO010% & () -
A0 & ()-&T10% & ()- *410% & () -! ObCf &10% 910% & ()-f910% & ()- 10" 10"
10" 910% & ()- 710% & ()-&610% & () - kaBbCf &10&10% & ()- L10% & () -
| 10% & () - having such saturation characteristics as shown in
FIG. 8 are demonstrated, an estimate of the servo
track pitch which is not dependent on an off-track
position of the head 22 can be obtained by calculating
5 a square sum average.
FIG. 10 shows an estimate of the track pitch when
the servo track pitch represented by a horizontal axis
is changed. This estimate can be calculated by
a square root calculation with respect to an average
10 of a square sum shown in Expression (4).
In FIG. 10, reference numeral 1001 denotes
a track on the inner peripheral side; reference
numeral 1004, a track on the outer peripheral side;
and reference numerals 1002 and 1003, tracks on
15 an intermediate peripheral side. As shown in FIG. 10,
when the calculation method based on Expression (4) is
adopted, it can be confirmed that linear estimation
can be effected with respect to a change in the track
pitch. Furthermore, an estimate of the track pitch
20 varies depending on a head position on the inner
peripheral éide, the intermediate peripheral side and
the outer peripheral side.
(Coefficient K Determination Method)
FIG. 11 shows a servo pattern 1101 which concerns
25 a determination method of the coefficient K used in

Expression (1) .to Expression (4). This determination

method is a method which determines the coefficient K



yy1l0% & ()- 10% & ()-! 10% " & ()-ko% [ 9bC

) &10% " &' ()-! &y#10%&' () -m &y#10% " & ()-m!' 10% & ()- 10% & ()-!

109 " & () - #Ta?bCl 1 99610% " & () - 996109& ()- Y4AMLO% & ()-!3 010% " & ()-I
.10% & ()-& 10% & ()-z@\:!!nOM 10%1' H' & ()-'!i OM 10%CC& ()-'! 9M 10% ": " &
()-'f910% & ()- 10" 10" 10"F 910% & ()- @zX9~\: & % "10% & ()-T! & %

"109%& ()-TI& % "109%"& ()-T&l "10%& ()-+& 120%"& ()-!1& "10%&' ()-+ , - . 2
rP: & 9% "109% !i 9 109%/5V5& ()- @91096& ()- 10"" 10""
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: a structure in which a servo burst pattern (F) 1102
5 which is not trimmed is added to the regular servo
burst patterns A to D. It is to be noted that the
pattern E means a post-preamble. The servo burst
pattern (F) 1102 has a pattern width corresponding to
a magnetic recording width (1300 in FIG. 13) of the
10 write head included in the head 22.

FIGS. 12A to 12C are views showing a relationship
between untrimmed servo burst pétterns 1102 and track
pitches.

FIG. 12A shows a track pitch when a magnetic

15 recording width (which will be referred to as an MWW)
of the pattern 1102 is relatively narrow (MWW = 1,9).
FIG. 12C shows a track pitch when the pattern 1102 is
relatively wide (MWW = 3.3). FIG. 12B shows a track
pitch when the pattern 1102 has a wideness between

20 the above-described values (MWW = 2.5).

As shown in FIGS. 12A to 12C, it can be confirmed
that the number of tracks per magnetic recording width
(MWW) of the untrimmed servo burst pattern 1102 varies
when the track pitch changes. In other words, by

25 measuring a width of the untrimmed servo burst pattern

1102 with the number of tracks being determined as

a unit (base), the track pitch can be measured.
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First, the read head 22R is moved onto a border
5 of the pattern 1102, and a position of the read head
22R at that moment is calculated based on the servo
burst patterns A to D, thereby measuring the magnetic
recording width 1300 of this pattern 1102.
Such a conversion factor (ratio) as shown in the
10 following Expression (5) can be obtained by using an
estimate (Tpw) of the track pitch utilizing the
magnetic recording width 1300 of such a pattern 1102
and an estimate (TpR) of the track pitch calculated

based on, e.g., Expression (4).
15

K==Eiﬂl .++(5)
TpR
Since an estimation error is actually generated

due to noises or the like, it is preferable to obtain
an average value with respect to conversion factors

20 calculated at a plurality of positions. Moreover, the
conversion factor may be obtained by such a sequential
average calculation as shown in the following

Expression 6) using a weighting factor A in place of

the average value.
25

K(n + 1) = AK + (1 — A)K(n) -++(6)

It is to be noted that the present invention can

be likewise realized by holding the coefficient K as
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FIG. 14A shows servo burst patterns (A to F) in
a six-phase servo mode. FIG. 14B is a view showing
5 waveforms of the reproduction signals RS of the servo
burst patterns (A to F).
When the six-phase servo burst can be divided
into three sets of servo bursts, the track pitch can
be calculated based on the following Expression (7)

10 which is the same as the calculation method

represented by Expression (4).

2 _m2 2
Tp=K\/(A B)° +(C—-D)“ +(E-F) (D)

3

15 That is, by effecting a square root calculation
with respect to a sum total of square calculation
resulté of the respective positional error calculation
values (A - B, C - D, E - F), linear estimation of the
track pitch becomes possible.

20 As described above, according to this embodiment,
a pitch of the servo tracks can be calculated
(estimated) by the calculation processing of the
controller 13 by using the servo burst patterns
recorded on the disk medium 21 without moving the head

25 22 to a specific position.

In other words, the servo track pitch can be
determined without being dependent on a radial

position of the head 22 on the disk medium 21.
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| feed quantity of the head 22 based on the track pitch.
5 That is, a feed pitch quantity of the head which is
required to record the servo information can be
efficiently set by determining the servo track pitch.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
10 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general invention concept as

15 defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. A disk drive comprising:
a head which reproduces a servo burst signal
recorded on a disk medium; and
5 a calculation unit which calculates a pitch of
tracks constituted on the disk medium by utilizing
a reproduction amplitude value of the servo burst
signal which is output from the head.
2. The disk drive according to claim 1, further
10 comprising:
a servo write unit which records servo
information on the disk medium.
3. The disk drive according to claim 1, wherein
the servo burst signal includes respective servo burst
15 signals which are a first set required to detect
a first head position in a range of the tracks, and
respective servo burst signals which are a second set
required to detect a second head position in the range
of the tracks, and
20 the calculation unit calculates a pitch of the
tracks by using a first reproduction amplitude value
difference of the respective servo burst signals which
are the first set and a second reproduction amplitude
value difference of the respective servo burst signals
25 which are the second set.

4. The disk drive according to claim 1, wherein

the servo burst signal includes respective servo burst
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respective servo burst signals which are a second set
required to detect a second head position in the range
5 of the tracks, and
the calculation unit calculates the first
reproduction amplitude value difference of the
respective servo burst signals which are the first set
and the second reproduction amplitude value difference
10 of the respective servo burst signals which are the
second set, and
calculates a sum total of respective absolute
values of the first and second reproduction amplitude
value differences as the pitch of the tracks.
15 5. The disk drive according to claim 1, wherein
the servo burst signal includes respective servo burst
signals which are a first set required to detect a
first head position in a range of the tracks, and
respective servo burst signals which are a second set
20 required to detect a second head position in the range
of the tracks, and
the calculation unit calculates the first
reproduction amplitude value difference of the
respective servo burst signals which are the first set
25 and the second reproduction amplitude value difference

of the respective servo burst signals which are the

second set, and
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respective absolute values of the first and second
reproduction amplitude value differences as the pitch
of the tracks.

5 6. The disk drive according to claim 1, wherein
the servo burst signal includes respective servo burst
signals which are a first set required to detect a
first head position in a range of the tracks, and
respective servo burst signals which are a second set

10 required to detect a second head position in the range
of the tracks, and

the calculation unit calculates the first
reproduction amplitude value difference of the
respective servo burst signals which are the first set

15 | and the second reproduction amplitude value difference
of the respective servo burst signals which are the
second set, and

calculates a square root of a sﬁm total of
respective squares of the first and second

20 reproduction amplitude value differences as the pitch
of the tracks.

7. The disk drive according to claim 1, wherein
the servo burst signal includes respective servo burst
signals which are a first set required to detect a

25 first head position in a range of the tracks, and
respective servo burst signals which are a second set

required to detect a second head position in the range
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the calculation unit calculates the first
reproduction amplitude value difference of the
respective servo burst signals which are the first set

5 and the second reproduction amplitude value difference
of the respective servo burst signals which are the
second set, and

calculates a square root of an average value of
sum totals of respective squares of the first and

10 second reproduction amplitude value differences as the
pitch of the tracks.

8. The disk drive according to claim 1, wherein
the calculation unit uses a coefficient which is set
based on a magnetic recording width of a write head

15 element included in the head.

9. The disk drive according to claim 1, wherein
the calculation unit uses a coefficient which is set
based on a magnetic recording width of a write head
element included in the head and a position of the

20 head in a radial direction on the disk medium.

10. A servo writing apparatus incorporated in a
disk drive which includes a disk medium and a head,
comprising:

a recording unit which records a servo data

25 signal on the disk medium by using the head;

a reproduction unit which reproduces a servo

burst signal recorded on the disk medium by using the
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a calculation unit which calculates a pitch of
tracks constituted on the disk medium by using
a reproduction amplitude value of the servo burst
5 signal obtained from the reproduction unit.
11. A servo writing apparatus according to
claim 10, wherein the servo burst signal includes
respective servo burst signals which are a first set
required to detect a first head position in a range of
10 the tracks, and respective servo burst signals which
are a second set required to detect a second head
position in the range of the tracks, and
the calculation unit calculates the pitch of the
tracks by using a first reproduction amplitude value
15 difference of the respective servo burst signals which
are the first set and a second reproduction amplitude
value difference of the respective servo burst signals
which are the second set.
12. A method of determining track pitch on
20 a disk medium for a disk drive with a head, the method
comprising:
reproducing a servo burst signal recorded on the
disk medium by using the head; and
calculating a pitch of tracks constituted on the

25 disk medium by using a reproduction amplitude value of

the servo burst signal.



