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- 1 TITLE OF THE | NVENTI ON METHOD AND APPARATUS FOR

SERVO CONTROL IN A DI SK DRI VE BACKGROUND OF THE

I m.ﬂlpresent invention generally relates to a

d”mmmu bl ncl udi ng a servo control system and,

nDre #afshd cularly, to a servo control system obtai ned
|nprOV|ng an off-track position detecting nethod.

ony onal disk drive+ypifi-ed by a hard disk

ﬂmmw\““ E*‘ o control systemwhich controls a 10

|on the head at a target track (target
cyl i rd®@pop* position byTusipgoseryNp IRTERMBOION recorded
on a disk nediumis incorporated. The servo contro
syst efh TYs Adp P RARATT it FQh SERE GYNEROEATN heabI$® DRIVE
calculate a track address to 15 identify a target
track and an of f - t BASKGESIIND OF (TPES)INMENIILANs a
p05|t|onal error froma track center of the target
track. The %%rR%ﬁ%ﬁﬁﬁr%ﬁv%®%%%%1%%%%r%ll%e¥Qbab@$st0 a disk
pat t ed,in servo information to calculate an

|
of f - tc[al i u‘% Y Fo §H ¥Hi Ol S5 Hem e TR h
o qg%la%rat"k T i S T fatdliped by
Servqwﬁlrﬁatérﬁr&f—%rm%ﬁé f§f enee, def egctxﬁé]t%od.

schene i s known
In a conventlonal disk drive typified by a hard

disk drive, a servo control system which controls a
head to position the head at a target track (target
cylinder) position by using servo information recorded
on a disk medium is incorporated.

The servo control system uses servo information
read by a read head to calculate a track address to
identify a target track and an off-track position
(PES) which is a positional error from a track center
of the target track. The servo control system uses a
servo burst pattern included in servo information to
calculate an off-track position.

In this case, as a scheme which detects an off-
track position of a read head, in addition to a burst
detecting scheme which uses a servo burst pattern, a
phase difference detecting scheme is known (for
example, see Jpn. Pat. Appln. KOKAI Publication
No. 6-231552).

In this phase difference detecting scheme,

schematically, a discrete Fourier transform (DFT)
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exanpl e, see Jpn. Pat. Appln. KOKAI Publication 25
No. 6-231552). In this phase difference detecting
schene, schematically, a discrete Fourier transform
(DFT) process is perforned to a servo reproduction
signal read by a read head and reproduced by a signa
processing circuit (read channel) to generate a sine
conmponent val ue and a cosi ne -conponent val ue. 5
Furthernore, the ratio (tangent) of the sine to the
cosine is subjected to arctangent transformto detect

an ofprécaek POSH+ PHrRed I €5 PHNSE Fo t PePr PMASEion signal
difference fromthe track center. In a conventiona
phaserehd fley encecakdtlecdd ngnd 1beSeddin®sd abges voigaal er n
different froma servo burst pattern of the burst

det ectioge sthegreci scyenef a¢dy chsmoel Ont¢ hgeme hete a sine
hand, of burst values A, B, C and D obtained from

the sEPMRPMRRGIVPHIE 3Pd & SePiee GprP@I¢Dh VALBS. s

regarded as an al nost sinusoidal 15 conponent val ue,
and sSSP UPRIER 1 ofPe C3PLT s(FaRPFeld Chsthy atnesto the
cosi nusoi dal. conponent ga%ue so_t hat

§F or° c&h

n__al post
Cor r S50 - 17 R Bost SRR b By Tnto detect
ar ot angeny L ANS{ L AT 05ess, PELLQBELL by g, I pugrse

function approxi € ‘expression. Speci

the phose. diiferenge ded ectdog sghede, using a servo

burst pattern can be applied. However, in an actua
di sk drivernsinesneéhtisagk prhasagli erésthes bhasedtohg

a burst pattern include a high-order distortion (or

an asydieid, cals¢hted Qsdt©dYn different from a servo burst
pattern of the burst detecting scheme is generally
used. On the other hand, of burst values A, B, C, and
D obtained from the servo burst pattern, a servo
operation "A-B" is regarded as an almost sinusoidal
component value, and servo operation "C-D" is regarded
as an almost cosinusoidal component value, so that an
almost correct off-track position can be detected by
an arctangent transform process performed by an
inverse function approximate expression. More
specifically, the phase difference detecting scheme
using a servo burst pattern can be applied.

However, in an actual disk drive, since off-track
characteristics based on a burst pattern include a
high-order distortion (or an asymmetrical distortion)
or an even function, an error over a tolerance

probably occurs between an off-track position

calculated by an arctangent transform process using a
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25 or an even function, an error over a tolerance
probably occurs between an off-track position

cal cul ated by an arctangent transform process using a
sinple inverse function approxi mate expression and a
genui ne off-track position. Such deterioration in
detection accuracy of an off-track position

(positional error of a head witl3 respect to a target 5
position) causes deterioration in servo perfornmance of

a disk drive. BRIEF SUMMARY OF THE I NVENTION It is an

obj eddingfld hienvprresentundbiest i apptax ity iakpreshisdn and a
drive having a servo control function 10 to which a
phas ey edififrer entle- et Gctpor) Sichrene Usiinglet seromm burstin
pattern is applied to nmake it possible to detect a
genuidet asffiany adcpoady ioh an K fght radurresitiom

aspect of the present invention_ is a disk drive

i ncl URAG-td Qe e ot rof F dirad ohl ihi kISRRES &0 astarget
burst val ue obtained froma servo burst pattern io
genePft® T FengetS S ettt Ue (D t%%’gé‘?ﬁ’&ance of

and det cts(gp al nost correct track position by a
serv&"pC{‘al Which performs an arctangent transform

process using an é@f%&3§bﬁﬁ | OB ?@$r§ﬁiﬂﬁéf?%gship

expression structured on the basis

bet ween angoffs ta(r@%df@é& tdpne RO d et @ngePdntion to
equi val ent value. A disk drive according to one aspect

of t RrowrRs entdiidw e i e M SeSSerdedshtdb Chfunction

reads data 25 recorded on a disk nediunm an actuator

whi chtoraweissi e phase difference detecting scheme using a
servo burst pattern is applied to make it possible to
detect a genuine off-track position at high accuracy.

An aspect of the present invention is a disk
drive including a servo control function which uses a
burst value obtained from a servo burst pattern to
generate a tangent-equivalent value (pseudo tangent)
and detects an almost correct track position by a
servo process which performs an arctangent transform
process using an inverse function approximate
expression structured on the basis of a relationship
between an off-track position and the tangent-
equivalent value.

A disk drive according to one aspect of the
present invention comprises: a head which reads data
recorded on a disk medium; an actuator which moves the
head in a radial direction on the disk medium; and

servo processor means for using servo information
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head in a radial direction on the disk nedium and
servo processor neans for using servo information
recorded on the disk nediumto drive and control the
actuator and perform ng positioning control of the
head to a target track position on the di sk nedi um
wherein the servo processor mnmeans conprises: neans for
5 acquiring a burst value frama servo burst pattern
included in the servo information on the basis of a
reproduced signal output fromthe head; tangent

cal cedd b RSt HONd Ll G ik & ddngednd rest A8l the
burst val ue; phase cal cul ati ng neans for using an 10

| nverse Jamnt i0md gpr fodnBi® RxPi eisei iy Sddrict ol esif othe

the basis of the characteristics of an off-track

posi themd dfo tehet drepet ttoract b sittel en phrasthe qdd slalreedium,

val ue from a tangent-equi val ent val ue cal cul ated by

t he tWIRfehitn ddle TV NP TRIASSOAmMtE Pos | ¢Prepr 1$es: means for
cal cul ati ng means for using the phase-equival ent val ue

cal clAGHET BIF thd prds /el 20 iy TREHS RO ThalRat bt en

the off-track position with respect, to the target,
e Rl R B e S T R o VRIS VA £ 2
OF THE DRA 20 The acco i na .drawi nhgs,, whi ch
oo PEED e T o TSR R A S 8 e S
speci f| ian,. il qgﬁp ' y

P cfdl%lagcquldnq OH(liZjet %?E&Wit «%{Ll%r‘?gog ’é%g%ent from the

i nventi on, e general cription

gi vemyahave ANk t ihadletadl ad indd o r theing an

enbodi nents given below, 25 serve 10 explain the
pri ncileass Offurer i stV eiBp ik imdd G e dpt Ss 1 d 0$kructured on

di agram showi ng a nmai n part of
the basis of the characteristics of an off-track
position of the head to calculate a phase-equivalent
value from a tangent-equivalent value calculated by
the tangent calculating means; and position
calculating means for using the phase-equivalent value
calculated by the phase calculating means to calculate
the off-track position with respect to the target
track position.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
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.

FIG. 1 is a block diagram showing a main part of

a disk drive according to an embodiment of the present
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a disk drive according to an enbodi nent of the present
invention; FIG 2 is a block diagramfor explaining a
configuration of a servo processor according to the
enmbodinent; 5 FIG 3 is a block diagram for expl aining
a configuration of an off-track position calcul ating
unit according to the enbodinent; FIG 4 is a diagram
showi ng an arrangenent of servg burst patterns
according to the enbodinent; 10 FIG 5 is a graph
showi ng read signal waveforns of the servo burst

patt ermge@cc ding to the enbodinent; FIG 6 is a
graph for explaining a nethod of deriving a

coef ficientI®f anié nyepBeck UBLEy Bim 150 APPEEXA TRI €y a
expression according to the enbodinent; FIG 7 is a

gr aphcahiovguig generat dusstvoffprdcacskor chadaed atd st Cshe
according to the enbodinent; FIG 8 is a graph show ng
bur sterdfddimertk; characteristics having a | arge
asymmetric_diversity 20 according to the enbodi nent;
FIG 9 is BlGraphishdhviriRclcdtreran feharsriainbeg ca

obt ai ned. by the off-track position calculating unit,
accortig T TP e ritfo dt f-tgask ]RP%JStlaprgr%ﬁ:ulatmg

how nhg. | ati. [ t 25 ff-t k
;ogmulnrglntafgcgcogr %Eﬁ?-tgfﬁj%%%m%n;ug acz:g(r:di ng to
the embodigpat;, H G5 440200 HE A& 95 aphs, SHOWNg ¢

posi ti oni ng
servo burst patterns according to the embodiment;

FIG. 5 is a graph showing read signal waveforms
of the servo burst patterns according to the
embodiment;

FIG. 6 is a graph for explaining a method of
deriving a coefficient of an inverse function
approximate expression according to the embodiment;

FIG. 7 is a graph showing general burst off-track
characteristics according to the embodiment;

FIG. 8 is a graph showing burst off-track
characteristics having a large asymmetric diversity
according to the embodiment;

FIG. 9 is a graph showing detection
characteristics obtained by the off-track position
calculating unit according to the embodiment;

FIG. 10 is a graph showing a relationship between
an off-track position and a tangent-equivalent value
according to the embodiment;

FIGS. 11A and 11B are graphs showing positioning
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accuracy characteristics and | oop transfer gain
characteristics obtained by a burst detecting scheng;

FIGS. 12A and 12B are graphs show ng positioning

accuracy characteristics and |loop transfer gain 5
characteristics obtained by a position detecting

schenme according to the enbodi nent; FIGS. 13A and 13B

are graphs showi ng positioning @ccuracy

characteristics and | oop transfer gain

characteristics obtained before coefficient setting by

10 t hec@osddy adhshed @€d + NG SEH e’y acedp 0t Adind Pet NGain

enbodi mrent; and FIGS. 14A and 14B are graphs show ng

poSi tdloat gt e ACEL @€ Yolshat aed eb { Si | 86r &nddé©ePting scheme;
transfer gain characteristics obtained after the
coefficienfIG2ttlagy dxdby2Bherpograpon dedtethgngositioning
schene according to the enbodi nent. DETAI LED

DESCR U 136 YOFC IToHER ¢ VENTE 006 AN @ nbeely nerandfer hgain
present invention will be described bel ow w th

r ef erSIPTE I et otRemii oG PL02 Pt kD #pepchiing

a bIocH}diagran1s OW n aﬁnaiqggart of ~a hard disk

dri v (YT D MV T eFriiet $PALTBER/F Sk dri ve

her ei naf t (oo [ t h ient,. FIG 2 1s

b1 ook di agr Xt of Shxiidi FrhoS s SREERIT Bt Fynbap fxdoning
serv j t j | & 4

e a BT e aa e DG Ry PR

an ofdhdfaske POSi 1dHrosed Lhkd Athdigo H1 dod NE HIPEF | et bEng by

servo processor according to the

the position detecting scheme according to the
embodiment; and

FIGS. 14A and 14B are graphs showing positioning
accuracy characteristics and loop transfer gain
characteristics obtained after the coefficient setting
by the position detecting scheme according to the
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be
described below with reference to the accompanying
drawings.

FIG. 1 is a block diagram showing a main part of
a hard disk drive (to be simply referred to as a disk
drive hereinafter) according to the embodiment.
FIG. 2 is a block diagram for explaining a
configuration of a servo processor according to the
embodiment. FIG. 3 is a block diagram for explaining

a configuration of an off-track position calculating
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enbodi nent. (Configuration of Disk Drive) The disk
drive, as shown in FIG 1, has a disk 5 nedium 10 on
whi ch data is magnetically recorded, a spindle notor

11 which rotates the disk nmedium 10, and an actuator

13 on which a head 12 is nmounted. A |arge nunber of
tracks (cylinders) 100 serving as data recording

areas are forned on the disk-edium 10 10. Each of

the tracks 100, as will be described | ater, includes
servo sectors on which servo information including

Ser vQ,pu sinPald&d Ngn | the r%@?ﬁog@ﬁs&h@%ﬂcé@r@% @ o the
read head (120) to read data (i ncluding servo

I nf ordrdd Diedt om t he di sk medium 10 and a wite head
to wite data on the di sk nedium 10. The actuator 13
nov es(adref fpach tlibmouht Bk latDiiees) di stal end t her eof

in the radial direction on the disk medium 10 by
driving a ®®¢c@i%bidrhwmora%\&h@wﬂ4in261¢urlhebﬂ®r@ disk

the disk drive has a preanplifier a signa
pr oceRad i Ukl toqeﬂhlacma%tam k% mmﬁﬁfbcr@Hy (FExgrded, a
a mcropr ssor 2

cessor Servo
a VONRH OT% pwféﬂa%wcr#aeﬁeas Jrfr'ferge l?‘ga 0, and
si gnal read 25 f n1th ad head,t transn1t t he
Fead U GRAITE re 1 i OB nlf U T e

addltlon h? ¥§ ﬁ?ﬁ%éé'gf %?a@ﬂpl é ffnée%é}tgoo serving

si gnal out’pu e signa process ng unit 1
transyd tqdhe Mééledlﬁc% MWedad atderdid @ Headhe THEsk medium

si gnal processing uni
10. Each of the tracks 100, as will be described
later, includes servo sectors on which servo
information including servo burst patterns is
recorded.

The head 12 has a read head (120) to read data
(including servo information) from the disk medium 10
and a write head to write data on the disk medium 10.
The actuator 13 moves the head 12 mounted at the
distal end thereof in the radial direction on the disk
medium 10 by driving a voice coil motor (VCM) 14.

Furthermore, the disk drive has a preamplifier
15, a signal processing unit 16, a hard disk
controller (HDC) 17, a microprocessor (CPU) 19, a
servo processor 20, and a VCM driver 21.

The preamplifier 15 amplifies a read signal read
from the read head to transmit the read signal to the
signal processing unit 16. In addition, the

preamplifier 15 amplifies a write signal output from
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16 is a read/wite channel which processes a

read/ wite signal and has a function of reproducing 5
servo information fromthe read signal. In addition,

t he signal processing unit 16 reproduces user data
fromthe read signal to transmt the user data to the
hard di sk controller 17. The hard disk controller 17
constitutes an 10 interface hetween the drive and a
host system 18 to execute data transfer control or
the like of the read/wite data (user data). The CPU

19 i s rﬁ’idhalcl‘ﬂllcfé%lsﬁw. Gehof fdecdrivamai€hche write

executes control or the Tike of a read/wite

oper afihl ko e disk riemd accmidli supridl thocessing unit
enbodi nent has, besides the CPU 19, the servo

proceassars 20 dendiecitie claarassVvoviciortt rmto s Does sa
Specifically, the servo processor 20 is constituted

by a mhagAvatitss grniajnalpravcedsas § D8SR)ctaieh sof oggrroducing
circuit. The servo 20 processor 20 drives and controls

t he ®aura orhAgrmatirgughrahehveowerd vekamal on fherddition,
basis of the servo information produced by the

si gndIhrossh RFARTSING Lfrbltextéulfeep 1¢¢oniTRF data
control of the head 12. The U 19 and the serv

o OCES WP TR AT 5 COHRTTS L Wi BySer data to the
i ndependent. units.. T 9 and the servo processor

20 ng.‘yalbag %losﬁ%tcf nuftre(gﬁbe)%P;i%'m croprocessor 22 which

executes spf V@éfdf@{sﬁe@éﬁ%wﬂl%%eﬁU@GEEQI“@u@éStQﬁ

CPU 19 and the servo processor . More specifically,
the SE{MD- QL85 O HRYd DBy SOSAARS endOF spatéri NG to

the servo contro
execute data transfer control or the like of the
read/write data (user data). The CPU 19 is a main
control device of the drive which executes control or
the like of a read/write operation.

The disk drive according to the embodiment has,
besides the CPU 19, the servo processor 20 to execute
a servo control process. Specifically, the servo
processor 20 is constituted by a digital signal
processor (DSP) and a logic circuit. The servo
processor 20 drives and controls the actuator 13
through the VCM driver 21 on the basis of the servo
information reproduced by the signal processing unit
16 to execute positioning control of the head 12.

The CPU 19 and the servo processor 20 need not be
constituted by independent units. The CPU 19 and the
servo processor 20 may be constituted by a

microprocessor 22 which executes software for
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process. 5 (Servo Processor) On the di sk nmedium 10, as
shown in FIG 4, servo information including
four-phase (Ato D) servo burst patterns 410, 420,
430, and 440 and a track address (cylinder address)
code 450 are recorded on servo 10 sectors of each
track. The track address code 450 is information to
identify a track. The servo burst -patternis, as wll
be described later, information used to detect an
off-track position of the read head 120. 15 In this

case,rddei Mg tEREKf oSt 1609 b5 Bhe POSH t19N@hd EEROr s@Fvo

a target track identified by the track address code

450 widcees@ec20t o Mdwee cepd el f DfalliPne thacksrwheprdbessor
head 12 is positioned at a target track position.

Bur st2Gingtallze ob & wiede bfor epeabiuzimg 20e t dervervontrol
burst patterns may be represented by BST (A to D) or

BST- RGBS~ D, respectively. The burst val ues

(anpl | tude val%gég may be represented by BstA to

Bst D, { S§EEDTtTVETSPT The servo processor 20 i ncl udes,

h i 25 Fl , L of f - k iti
ool cur et o the Sbek &t Gn L1 § 88 PRGyhy PR oFaGr (4) servo
210. .T f-t k i L I I i i 200
ooy I dlde AGACH PORIAGEO FRSHI S| 18 VD) Modrvaurst

out pyl, oM hey 1 anad, pw@,esa%ilélgzmﬁnéﬂd 18 {08t &Gk ress

an off-track position of the read ead 120 and to

out pufcynen e f -dd ks POstddON st 2r PES corded on servo
sectors of each track. The track address code 450 is
information to identify a track. The servo burst
pattern is, as will be described later, information
used to detect an off-track position of the read
head 120.

In this case, the off-track position is a
positional error of a target track identified by the
track address code 450 with respect to the center of
the tracks when the head 12 is positioned at a target
track position. Burst signals obtained by reproducing
the servo burst patterns may be represented by BST (A
to D) or BST-A to BST-D, respectively. The burst
values (amplitude values) may be represented by BstA
to BstD, respectively.

The servo processor 20 includes, as shown in
FIG. 2, an off-track position calculating unit 200 and
a servo calculating unit 210. The off-track position

calculating unit 200 uses, as will be described below,
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to the servo calculating unit 210. 5 The servo
calculating unit 210 calculates a control value to
position the head 12 (read head or wite head) at a
target track position on the basis of a track address
CYL and an off-track position PES output fromthe
signal processing unit 16. 10 The VCM driver 21
supplies a drive current dependpng-on the contro

val ue cal cul ated by the servo calculating unit 210 to
the VCM 14 of the actuator 13. The actuator 13 is

driven gk congrol | esir touPost titdm the & Lach NegEdL9s
at the target track posit?%ﬁ. 15 (O f-track ngitionSlng

Cal culratt nbo Und tJeddret odr - £ Bekr PO I pdON: Lo Coif ath&Oread
unit 200 includes, as shown in FIG 3, a tangent

cal chtetd ng20 tamd 220putgrut nuies sef funcd dlonpcad it datga PES
unit 230, and a phase difference correcting unit 240.

20 THe tEyetr vl @il et algi nhi un 2R 2 ¥@cei ves bur st
val ues BstA, BstB, BstC and BstD porrespondingato t he
anpl i tude VAT RSTVP TRECHIR&ING| Wikl s2 BETeakcubatyys a
out put _from an D .converter 160 included in th
si gna onptrrooces‘fc,éllIr?‘ége TTATR L el t—tq?a%gb‘?ﬁcgc]ﬁ cm%ﬁ$®5% or
uni t ! as. .| | scribed |ater, the hurst .
val ues %sétjm)t ﬁwBést , %ef]kg tBt;af%?t%ostatf]cqﬂ at'e %e Pasis of
tangent-equi v e 1 TAN., -
The ﬁvter se fﬁf{%soélnaéca_ caﬁ a?ﬂgo%%{}%e% puége\zlstla%r}l%s
| NVersa JutNCli i EHEP I OXd Rl & RSREd 4 Yy gdrﬁc]d udg ng a

0 e

coefficient) structured on the basis

The VCM driver 21 supplies a drive current
depending on the control value calculated by the servo
calculating unit 210 to the VCM 14 of the actuator 13.
The actuator 13 is driven and controlled to position
the read head 120 at the target track position.
(Off-track Position Calculating Unit)

The off-track position calculating unit 200
includes, as shown in FIG. 3, a tangent calculating
unit 220, an inverse function calculating unit 230,
and a phase difference correcting unit 240.

The tangent calculating unit 220 receives burst
values BstA, BstB, BstC, and BstD corresponding to the
amplitude values of the burst signals BST (A to D)
output from an A/D converter 160 included in the
signal processing unit 16. The tangent calculating
unit 220 uses, as will be described later, the burst
values BstA, BstB, BstC, and BstD to calculate a

tangent-equivalent value (pseudo tangent) TAN.
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rel ati onship between the off-track position and the 5

t angent - equi val ent val ue in advance to calculate a
phase-equi val ent val ue (phase angle) 0. The

coefficient of the inverse function approxi mate
expression is set on the basis of real off-track
position characteristics neasured for respective phase
10 events (ph) (see FIG 6).-Theiphase events (ph) are
event val ues obtained by dividing the sane address
section of a track address by four. Each phase event

i s informarheninepresenthogianspatthiarsagt LANL0D30/ fises an
of each burst sinusoidal cycle. 15 In thiS case, as
shommimvef%eafuncthenimwprseiméu90éﬁ@@ta@@r@%hﬁﬁ&@ing a
expression and the coefficient are stored in a nenory

(f | astPEEFROMN DB ofrudeudedven tAdebset s oo prokessor

20 extracts the inverse function appr oxi mat e

expr 6t Hhl gmh i deoeten cieatof fonradle POs hehonya®d the

to cause the inverse functjon calculating unit 230 to
exec Ut E T IRBH s Fepct Yo al R LA @Y dePe tTheabpabate a

di ff carrecti unjt 240 cal cul afes an off-track
posi ﬁ{%&?_ﬁégl\?aﬁoeﬁ het Lheasﬁgq‘aeﬁ%i%ﬁ% ial %:O andk
the phaser ey v, \ 25 output the off-trac
posi tion tl?/lt%t sczér \L/%n%:a cu ]g T n%u’b‘?ﬁ“ oL, PPHRE Phate

di f f engives ST acd | g WH tei2é G has éf‘ere?‘éafeoff—trac%k

configuration as that of a phase 12 correcting un
used fds i e e r ases GLAlH Y FSENS S ective phase

(Operation)
events (ph) (see FIG. 6). The phase events (ph) are
event values obtained by dividing the same address
section of a track address by four. Each phase event
is information representing a specific section of =n/4
of each burst sinusoidal cycle.

In this case, as shown in FIG. 1, the inverse
function approximate expression and the coefficient
are stored in a memory (flash EEPROM) 23 of the drive.
The servo processor 20 extracts the inverse function
approximate expression and the coefficient from the
memory 23 to cause the inverse function calculating
unit 230 to execute an inverse function calculation.

The phase difference correcting unit 240
calculates an off-track position (PES) from the phase-
equivalent value 0 and the phase event value (ph) to
output the off-track position to the servo calculating
unit 210. The phase difference correcting unit 240

has the same configuration as that of a phase
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An operation according to the enbodiment will be 5
descri bed below with reference to FIGS. 4 to 14B. In
the disk drive, the head 12 is noved in the radia
direction on the disk nmedium 10 by the actuator 13.
At this time, as shown in FIG 4, the read head 120
reads the servo burst patterns 410, 420, 430, and 10
440 and the track address code 450 from a track
(cylinder) passing i nmediately under the disk medi um
10. In FIG 4, reference synbol 400 denotes a

rotatding-Lid 664 1 @ Ofudd@ Ol sk ol ddhaThehSdgn@édtecting
processing unit 16 reproduces track 15 address

i nf orgeHdm, and a burst signal for detecting an

off-track quantity at a timng at which the read head

120 paysesatiwrough the servo sector on the disk

medi um 10, and transnmits the burst signal to the servo
processor 20.op@rihiceheaserydipg otesthe ombodsmepbyriill be

in FIG 2, the off-track position calculating unit

200 e 1200 Rl BUrst Cyal GEE ERNE et BUF K¢S 51 Grid BT
fromthe signal processing unit 16 in an off-track
posi tion el o rdE T Hek posi B i%sl?sm%"ed in the
positional,error 25 of a target_gtrack. wth respect

Phe. ceie! o i Tod o U ek PGl fucSIRERt A8tuacor
The VO I t. uni ecogntZzes, t 3

of -t 1ok Sasttian Pl me SR PERIRLEE 4L (Bhg lrgd nead
posi ti R o Qf Matd ofe P o ther s €ash heaphd 2 @ ih¢, 430, and

present. The servo calculating unit 210 generates
440 and the track address code 450 from a track
(cylinder) passing immediately under the disk medium
10. In FIG. 4, reference symbol 400 denotes a
rotating direction of the disk medium 10.

The signal processing unit 16 reproduces track
address information and a burst signal for detecting
an off-track quantity at a timing at which the read
head 120 passes through the servo sector on the disk
medium 10, and transmits the burst signal to the servo
processor 20.

In the servo processor 20, as shown in FIG. 2,
the off-track positioh calculating unit 200 converts
the burst value of the burst signal BST from the
signal processing unit 16 into an off-track position
PES. The off-track position PES is a positional error
of a target track with respect to the center of the
target track as described above.

The servo calculating unit 210 recognizes the
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such a control value (VCM drive conmand) that the 5
present position of the read head 120 is positioned at
the target track position. The VCM driver 21 supplies
a drive current depending on the control val ue

calcul ated by the servo calculating unit 210 to the
VCM 14 of the actuator 13, 10 so that the read head
120 is positioned at the targeti3track position by
driving and controlling the actuator 13. In the servo
control process described above, an operation of the

of f - ty Ak RASE th SN €RC W | 1g Uhd + ARc RO dds beyL as
described below. FIG 5 is a graph showing a read

Si gnagdo vaviedrorin £ SRk P W £ T loen tdwed riesst hea@ 4220the

when the read head 120 travels at the centers of the

bur stoyratdrer ns Thankr® asasholvnt img R t £21Q@0gdimerates
signal processing unit 16 reproduces the burst val ues

Bst A SsIRgt B ®¥11G;0lanth Bee DY réspondieignand) that the
reproduced signal anplitude values of four sections

(A t PISSYIt PhtstoyRle H19. r@E& head sl 20 ghapppsitioned at
shomhgg chaQ%$s of the burst values BstA, BstB, BstC,

25 ard'BstD Gt tHAT e R UYUcEY bur st signal s BST-A to

BT D W PutespetaL g Lol Lo Lh ek PosiELon Lo sy

bt RERAIEN Y L8R BUATD L 18, S8 e cerve

char actenisid 65 18l d Do foure iR @i Sel Sso paph 89 8uator 13,
so that the read head 120 is positioned at the target
track position by driving and controlling the
actuator 13.

In the servo control process described above, an
operation of the off-track position calculating unit
200 will be described below.

FIG. 5 is a graph showing a read signal waveform
500 output from the read head 120 when the read head
120 travels at the centers of the burst patterns A and
B as shown in FIG. 4.

The signal processing unit 16 reproduces the
burst values BstA, BstB, BstC, and BstD corresponding
to reproduced signal amplitude values of four sections
(A to D) of a burst gate 510. FIG. 7 is a graph
showing changes of the burst values BstA, BstB, BstC,
and BstD of the reproduced burst signals BST-A to
BST-D with respect to the off-track position in the

radial direction (vertical direction in FIG. 4). More
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phase differences in the relationships between the 5
of f-track position and the burst values. In contrast
tothis, FIG 8 is a graph showi ng burst track
characteristics having a | arge asymetric diversity in
the rel ationshi ps between the off-track position and
the burst values. 10 In FIGS. 7 and 8, the abscissa
indicates a real off-track posiyion, and the ordinate
i ndicates an anplitude val ue of the burst signal BST.
In the off-track position calculating unit 200

accorghagi £ ocdhey enbodi nentis & herigRISAbWERGCYERELAY burst
15 unit 220 converts the acquired burst value into a

pSeuder &+ thea clonpioaeat t &ad shei and (8i psedtloatoeshaped
conponent value to cal cul ate a tangent-equival ent

val ueclfaszciter 1 angest ) hdWXN hi £our sDa vafseteqonavahen0°
to the tangents. 20 As is apparent fromFIG 7, a

di f f vz & fhatenges weenthderdlasioyahies Bstweandthe
BstB exhibits a substantiallg si nusoi dal wavef orm

f r om bt thrac bPoTbhpomenndi she ivyed. vahuaddi t foncoptrast
di fference signal between the burst,K val ues Bst C and

Bot D Exibita BoCn Subd:ardiabh SEou Nasbiaar havekor m

U RS P4 Ole 3 T L9 oo bREeL 8 BLversicy i

tangeps ePéJié/@LﬁrR‘%hi’ U@eﬁ&’é@ﬁ‘dﬁ’h% &?f—%?&‘&ﬁ”é%sl@%? and

equi valent to the tangent on the basis o atio o
t he psgaude,sineygppponent value to the pseudo cosine

conponent .

In FIGS. 7 and 8, the abscissa indicates a real
off-track position, and the ordinate indicates an
amplitude value of the burst signal BST.

In the off-track position calculating unit 200
according to the embodiment, the tangent calculating
unit 220 converts the acquired burst value into a
pseudo sine component value and a pseudo cosine
component value to calculate a tangent-equivalent
value (pseudo tangent) TAN which is a value equivalent
to the tangents.

As 1s apparent from FIG. 7, a difference signal
between the burst values BstA and BstB exhibits a
substantially sinusoidal waveform from which a DC
component is removed. In addition, a difference
signal between the burst values BstC and BstD exhibits
a substantially cosinusoidal waveform with a phase
shift of 90°. Therefore, the tangent calculating unit

220 calculates the tangent-equivalent value (pseudo
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More specifically, the tangent calculating unit 5 220
cal cul ates the tangent-equival ent value TAN from the
foll owi ng equations (1) and (2) by using the four
val ues, i.e., the burst values BstA BstB, BstC, and
BstD. In this case, reference synbol Bst AB neans "BstA
to BstB". Reference synbol BstCD neans "BstC to 10
BstD'. TAN = -BstAB/BstCD ..~ (1% FAN = Bst CD/ Bst AB
...(2) where the equation (1) is established when the
phase event value ph is 2 or 3, and the equation (2)

15 i stesgabht ) shed ahebvi henphesetieyeninyehticophthé Basis of
or 4. In this case, the follow ng equations (3) to (6)
are estabtished floe pheus@oewiame vahpeseiphvaldet oo 4ihe
respectively. 20Ph =1 :I1BstABl >_|Bst CDI, Bst AB*Bst CDO

.. (B?eWP-QOSlIB%tWBI\me%‘@CDI Bst AB*Bst CDO ... (4)

Ph =3 : | BstABl < Bst CDI, Bst AB*Bst CD < 0 25. 5
=4 : | Bst AB/IOXe| BReEHF 1831 AR BEhED angent 1galgpda %hﬁ%eunlt

t I t I d di
he vl 45 eRlafh SN e b a S8 Bk BB Bron

above%hgaf:g (!;wllsr‘? V‘?‘fé‘al%?g gf‘L ursff{eéﬁnﬁéfﬁgathe four

speci section
values, i.e., the burst values BstA, BstB, BstC, and

BstD. 1In this case, reference symbol BstAB means

"BstA to BstB". Reference symbol BstCD means "BstC to
BstD".
TAN = -BstAB/BstCD o (1)
TAN = BstCD/BstAB .. (2)

where the equation (1) is established when the
phase event value ph is 2 or 3, and the equation (2)
is established when the phase event value ph is 1
or 4;

In this case, the following equations (3) to (6)

are established for phase event values (ph = 1 to 4),

respectively.

Ph = 1 : |BstaB| = |Bstcp|, BstaB*BstcD = 0

(3)
Ph = 2 : |BstaB| < |Bstcp|, BstaB*BstcD = 0

(4)
Ph = 3 : |BstaB| < |Bstcp|, BstaAB*BstcD < 0

(5)
Ph = 4 : |BstaB| > |BstcD|, BstaB*BstcD < 0
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5 sinusoidal cycle. Since the value "-BstAB/ BstCD' has
an enornous value near the centers of the burst
patterns C and D, as the tangent-equival ent val ue
TAN, a tangent- equival ent val ue subjected to phase
correction in each 10 of divided events is cal cul at ed.
As rel ationships between the off-track position and

t he tangent- equival ent val ues, 1gharacteristics 800
(see the equation (1)) and characteristics 810 and
820 (see the equation (2)) as shown in FIG 10 are

obtai ned. tRe pRaktGevdfAt vheuabsphssaei Bdkaat @alaes
real off-track position. The inverse function

cal cubsta hgedinby 2BPidexgcuhessamyetseckuadtirens section by
cal cul ation of the tangent- equival ent val ue TAN on

t he bbsis of d@@crhb@ds@bQQefunﬁacbnphppeOQVﬁateis a value
expression and the coefficient stored in the nmeno

23 i nreriarrRtind cal eRratEla sprbiereqbi T4t ept %aﬁﬁeburst
(phase, angle) 0. More specifically, the inverse

f unct¥ UM <at %}afYﬁbeunlt 230 cal cul ates a cubic

functi on SApLEEsian SIONE P2l el BLLOMI9, IURLL A0,
'nveréflé Uﬁéé ﬁ3|88$ ngfn Rezggré géﬁgyhgscaand D,
i Rg

process hihgCcoe |C|en s dependi
p0|aré§ytﬁgmtan&e9£ Sq@0¢a POnE 42 Plie 4TARS 5h€angent—

t angent - equi val ent value TAN such that the invefse

functd@m ¢l &ntt abh NGe US| 23§30 COREsYI EBrBHESTI0Af in each
of divided events is calculated. As relationships
between the off-track position and the tangent-
equivalent values, characteristics 800 (see the
equation (1)) and characteristics 810 and 820 (see the
equation (2)) as shown in FIG. 10 are obtained. 1In
FIG. 10, the abscissa indicates a real off-track
position.

The inverse function calculating unit 230
executes inverse function calculation of the tangent-
equivalent value TAN on the basis of the inverse
function approximate expression and the coefficient
stored in the memory 23 in advance to calculate a
phase-equivalent value (phase angle) 6. More
specifically, the inverse function calculating unit
230 calculates a cubic function expression shown as
the following equation (7).

® = a3z*TAN3 + ar*TANZ + a1*TAN + ag c ()

The inverse function calculating unit 230
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5 track characteristics having a | arge asymetrica
diversity as shown in FIG 8. Wen the symretry is
sufficiently high, the inverse function cal cul ating
unit 230 cal cul ates a phase-equi val ent val ue by a
single inverse function approxi mate expression. 10 The
phase difference correcting unit 240 divides the
phase- equi val ent value 0 obtai ngd by inverse function
cal cul ation of the inverse function calculating unit
230 depending on events to calculate an off-track
posi téeciiss Mpeospesidf cablychihg dSephdSEents depending
di fference correcting unit 240 executes calcul ation

expr essetthdypd her fioy | Obw g owat 3 cansd (B) =t 64041 #EShe

= Tp/n*(0 - n/2), where Ph = 1 . (8) PES = Tp/lt*0,

wher etamgentz-emusvalen% Fyalpy TR sudlp/ praf Othe nm\}erse
mhere Ph = 4 (10) In these equatlons Tp is

track Lm%wnu%lcuhatvw uen g ud P& em ¢ePa W%kburst off-
wi dth. Thi rocess occurs since tangent-equival ent

val uesF 3 HRTEF R FHCY v%a‘t’%%s t]gaﬁg%v%%l’““&et%cal

cal Ut R T O 15 S Bl T Rt R et ey s
Chor e atp, DL a6k 00 1,005 SOF 5250001 091 £01 £ Dng
e e L R

18 sane phase-

posi tions §@rééié§lé{@%S@q&@&@%f%éﬁf%é@éﬁ@9v§i§@98§Sa
By the off-track position calculating unit

accorghmg 4 oi iher Sarbpeh dendn d@gs;@fmbﬂﬁiata@oaﬁpr%s SEHOWN

The phase difference correcting unit 240 divides
the phase-equivalent value 6 obtained by inverse
function calculation of the inverse function
calculating unit 230 depending on events to calculate
an off-track position PES. More specifically, the
phase difference correcting unit 240 executes

calculation expressed by the following equations (8)

to (10):
PES = Tp/n*(0 - ©n/2), where Ph =1 ... (8)
PES = Tp/mn*0, where Ph = 2 or 3 e ()
PES = Tp/n*(0 + m/2), where Ph = 4 ... (10)

In these equations, Tp is a track pitch, i.e., a
value equivalent to a track width.

This process occurs since tangent-equivalent
values are classified in two types to prevent a
calculation error from expanding in the tangent
calculating unit 220. As shown in FIG. 10, since

there are two off-track positions corresponding to the
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5in FIG 9, an off-track position 710

(characteristics represented by X) where a positiona
error i s suppressed can be detected (estimted) to an
ideal position (true value of target position) 700 as
shown in FIG 9. On the other hand, characteristics

720 10 (expressed by 0) are off-track position
characteristics obtained by a cbdBventional detecting
schene. In FIG 9, the abscissa indicates a rea

of f-track position, and the ordinate indicates an off-
15 t raake poisaseoaqobtral eed bylea) cuhat obfi-track positions
(estimation). FIG 9 shows detection characteristics

in bstvefds indtkrensrlte epreceesingvehgmantar ge
asymmetric_ diversity as shown in FIG 8. In a .
conventiondY thRetetfihgacknerditiacgeradepbpting unit 200

convent | ondY et 8T CeFeLeRdr

ot oct iU E | AT ar FBr oI AR BSOCRr Ef PEY afPghey e shown
i | ff-t K o

osi Lo 1 oL ashirast T Tafs ehafipger stics

det qu%%gm %% r)gh%ﬁgpgdé rﬁ@%jétjzgﬁ(éfe&ﬂ:é’r i

AT
preferabl e serve or mance ca achi eved. Tl GS.

L1A tou R S8 &y GEAPhSe SHOVE D& MPEOVERERLG) oSt 9 Si@da
servo control (off-track position 19 detection)

per f @it Corek Ngal@e tHEe eabest BHEitidM) FI6H. adldhown
to 14B, FIGS. 11A, 12A, 13A, and 14A are graphs
showiing E3&G po%i t i@ni tige actchi aclyachar@cd esicsértstics 720
off-track positioning. FIGS. 11B, 12B, 13B, and
(expressed by O) are off-track position
characteristics obtained by a conventional detecting
scheme.

In FIG. 9, the abscissa indicates a real
off-track position, and the ordinate indicates an off-
track position obtained by calculation (estimation).
FIG. 9 shows detection characteristics in burst off-
track characteristics having a large asymmetric
diversity as shown in FIG. 8. In a conventional
detecting scheme, a detection inclination (gain)
change associated with a detected positional error
causes deterioration in servo performance such as seek
time or off-track positioning accuracy. In contrast
to this, in the detecting scheme of the embodiment,
extremely preferable serve performance can be
achieved.

FIGS. 11A to 14B are graphs showing improvement

factors of servo control (off-track position
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5 14B are graphs showi ng | oop transfer gain variable
characteristics (corresponding to detection

inclination) in off-track positioning. In FIGS. 11A

to 14B, the abscissas indicate off-track positions.

FI GS. 11A and 11B are graphs show ng 10

characteristics obtained by a general burst detecting
schenme. In contrast to this,-FIG3. 242A and 12B are

graphs show ng characteristics obtained by the

position detecting schenme according to the enbodi nent.

As | Seapparemm) fpent¢iesece capaw rdDms, t o nthdeemposdiment .
15 detecting schenme according to the enbodi nent, as
showntn LG G 112 B;0 al 4BopfI6ainst B&, gbih, (3R ecandnldA are
inclination) is kept_constant. As shown in FIG 12A

it | TN r TR AL 3T R SHRFECPRY t 2 ORI FRCBceir Brgterhstics
be assured in off-track positioning. 20 FIGS. 13A and

13B ar'e cbg%'ptt%a%]ﬁd\’ﬁ%’gtl%l‘ﬂa?%ct eﬂ%%i cslBphkels 13B, and
di ffergnce detectin characteristics) obtained befor

a co€ ﬁc?reentélie%p%%?sh%vg/l?%ef%%iVf%rh et e%‘?Jrrth%rcﬁ%ﬁEe
accordi he, . ' 4 4B are

grap hésjd%%oév\n&n%lh%l %ﬁ?ﬁ%ﬁ% LS @:@% b%%%%gg%ﬁ er a

coef fideat SometidYor ter NOSI 14 O At £64 | NOT SCHEER. 11
according to the enbodinent. 20 As described above,

i n shoy t148 hec D Ssddd ONs s At Bed 1 Ak & Chefre: B6€10 1 s $i0t 1 éns .

the enbodinent is an off-track position detecting

schene usihGan 1Wearsed 1IRBINTté oyr apips oxth vt g

expression of burst profile
characteristics obtained by a general burst detecting
scheme. 1In contrast to this, FIGS. 12A and 12B are
graphs showing characteristics obtained by the
position detecting scheme according to the embodiment.
As is apparent from these comparisons, in the position
detecting scheme according to the embodiment, as shown
in FIG. 12B, a loop transfer gain (detection
inclination) is kept constant. As shown in FIG. 12A,
it is confirmed that the same positioning accuracy can
be assured in off-track positioning.

FIGS. 13A and 13B are graphs showing
characteristics (phase difference detectiné
characteristics) obtained before a coefficient is set
by the position detecting scheme according to the
embodiment. FIGS. 14A and 14B are graphs showing
characteristics obtained after a coefficient is set by

the position detecting scheme according to the

embodiment.
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5 characteristics. Furthernore, since position
detection is perforned by the inverse function
approxi mat e expression structured on the basis of the
rel ati onship between the off-track position and the

t angent - equi val ent val ue i n advance, even though the

10 burst off-track characteristics have a asymmetrica
di stortion, an al nost genui ne oRf-track position can

be estimated. Therefore, highly accurate head
positioning control can be perforned, and servo

control peks odeancebednabeve ppinvedoirn, atdéskodifven

15 (Coefficient Deriving Method of Inverse Function
Appr 636 tRe el B pFesene i ceard ied ehd odiereeribodsment is an
descri bed above, the, inverse function calculating,

uni t 250 SRR bR sRELEThERF oFCRANE UF 2 PO LR RRT Se
t ange t-qﬂﬁivalent val ue 20 TAN on the ﬂgsis of tﬁe

i nver S8 Tttt | TP HPPrBXT et BT e pt ¥ T orP S BF PRt tRe
menoroh, 2L AdvAnce. A, CORLERCLEN Ol Lhe LIV erse
function approxi mate expréession i's deriv on e

basi yifedfied & 1) OPSEERe 4 DY VoD Irli‘\?ef’é% - 0RCKion

position and the tangent 25 equlval ent val ue. The

der i \d gii- SEeirhice Wbk b r £€s i shesof i beeh hed ovn Mehdl yawi § ot the

reference to FIGS. 6 and 10. 21 In approximte

expr esslon s i dbentester tivaté Of t réck eabs POSA | Hfd Nghe

position nust be estimated with respect to an

of f - thraaddentarqpii wal eret Evewe t ougtivamee, oé fet ralckugh the

target position is set to perform
burst off-track characteristics have a asymmetrical
distortion, an almost genuine off-track position can
be estimated. Therefore, highly accurate head
positioning control can be performed, and servo
control performance can be improved in a disk drive.
(Coefficient Deriving Method of Inverse Function
Approximate Expression)

In the embodiment, as described above, the
inverse function calculating unit 230 executes inverse
function calculation of the tangent-equivalent value
TAN on the basis of the inverse function approximate
expression stored in the memory 23 in advance. A
coefficient of the inverse function approximate
expression is derived on the basis of the relationship
between the off-track position and the tangent-
equivalent value. The deriving method will be

described below mainly with reference to FIGS. 6

and 10.
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5 positioning, the position is not a genuine offset
position. Mre specifically, the positioned position

is a position derived by an off-track position

detection calculating unit, an actual value and a true
value are different fromeach other until calibration

10 setting of the unit is conpleted. Wien the head 12

is positioned in a region near al certain target

position, characteristic gains of the actuator 13 and

the servo calculating unit 210 are equal to each

ot her and Ho mppresiyatéosepeessionléoéhficiahendarivation,
| oop transfer gain of a certain specific frequency in
of f - t& aeda paxd 13 PN PPDHE 1ot daust dpe exhipheedagith
shown in FIG 11B, it is understood that the Ioog

t r ansteTPRYES it thgest -fadlantpesest akted tFhap, thegeh the

th I fi ti in FIG. 2, th 0 ch
e SR A% SOTLL G ALl o, fn B G2y e, 20, chance
poet tan el el g g, 200, Mbroc specL{Leall epeor

poSsi td i, S IRIYL a4ed 5 £ 18, £NANGE, Cﬁ@éféﬁﬂ@ﬁé&y osition

corresponds to a change i n detection 25 inclination. A

met hods of Jmasiid Nt 1-RaP By ans! &f £ - 98 &k bey
achi eved by a known net hod. %s a change incﬁg?ec%?%n

inclidedd i o dateclat Odd -ddBck Posidt @ cohTukadhdla true
unit 200, "dR/dP" is neasured at a target position RO
when vealdet ecte aii f fkardrat | frono bd st nesle fyr aintact uedlibration
variation dP is represented by dR Mre specifically,

when sdtecing of the unit is completed.

When the head 12 is positioned in a region near a
certain target position, characteristic gains of the
actuator 13 and the servo calculating unit 210 are
equal to each other and do not vary. However, in
fact, when a loop transfer gain of a certain specific
frequency in off-track positioning is monitored, for
example, as shown in FIG. 11B, it is understood that
the loop transfer gain changes. It can be estimated
that, from the servo loop configuration in FIG. 2, the
change is caused by only a change in gain of the off-
track position calculating unit 200. More
specifically, when a change in loop transfer change in
off—tréck positioning is monitored, the change
consequently corresponds to a change in detection
inclination. A method of measuring a loop transfer

gain can be achieved by a known method.

As a change in detection inclination of the
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5 inverse nunber "dP/dR' of the detection inclination
is integrated by dR, a real positioning position can
be estimated with respect to the target position.
Since the loop transfer gain includes a gain of a
target to be controlled or a controller other than a
detecting 10 system the gain nust be renoved to

cal cul ate an inverse nunber *dPR@R'-of the detection
inclination. In actual position transformation with
respect to the target position, any off-track

posi to Hh-tetektpogit lontcahyubatihgourttca00y UdRAAP" is
However, in fact, 15 when a change of a position

det eCTe@PTeR| ahat | DACGEL PPBibient R@ckheosa tdehection
detection unit decreases, an error_in real position
esti MAT B 1@MdRLEdIRRd shwl #n aqherbivpeiatben|dP is
advance calibra %lon i.s perforned oeff|C|ent of

an i n’f/%%%S? e Bt culare n@p"am L8l {Hr tHien ©
of f - r@& £03|t|on deég;dﬁng Pn£ & Got cogff|01eni 1 .
sel ect'ed 10 sa an apprOX|na? expre%%?oﬁn% Topren 48

afCtggggg% %ﬁgﬁnﬁ FHRS gsfgalF$g§&t}§ﬁi ﬁ%%gf%§gg can be

chan oop t ansfer gain app ro

functd onsmPfed hei @l ctangent fUnehd oPatfet 390sP€ion. Since
enbodi nent. However, when this schene is conpared

W th the Wrwaﬂwmf slei ect hogusehenegshowr i & FALSet to
11A and 11B, it is understood that a variation 23 in

det edte arpntwcdihad i @on & scematdlldhecphocesisansa ngetébeing
approxi mate coefficient of the arctangent function is

obt ai stk 4y, rivad i gd hy mu Pt cdeessendvsed to caphakate an

di fference detecting process, and can achi eve
inverse number "dP/dR" of the detection inclination.

In actual position transformation with respect to
the target position, any off-track position detecting
unit may be theoretically used. However, in fact,
when a change of a position detection inclination of
the off-track position detection unit decreases, an
error in real position estimation tends to be small.
Therefore, until advance calibration is performed, as
a coefficient of an inverse function calculating unit
in the off-track position detecting unit, a
coefficient selected to satisfy an approximate
expression of an arctangent function is used.

FIGS. 13A and 13B show changes in loop transfer gain
at approximate functions of the arctangent function in
the embodiment. However, when this scheme is compared
with the general burst detecting scheme shown in

FIGS. 11A and 11B, it is understood that a wvariation
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5 relatively stable detection characteristics. From

this point of view, the process is desirable. The

nmet hod of estimating a real positioning position

(genuine off-track position) with respect to a target
position is described above. Wien the 10 position is
cal cul ated, acquired information to the target

position can be easily converted3into acquired

information to a genuine off-track position. The

abscissas in FIGS. 7 to 10 are obtained by converting

t he tinr gieteusicen oindhimatiorst$ nemell act Tla¢ povefessnusing
15 by the conversion. Characteristics 800, 810, and ,
820 SHrWRRREFfimat® eemf beChenttef Bye pReabRNanRgeppnction
calculation . in_the tangent calculating unit 220 on

the ba3iPALINEHLHUTET %é}%%sasﬁﬁﬂﬁe?% %f%%f O afgrgase
Howev in 20 inverse. function a pro&(imatioghi

relaﬁi%%%?ﬁ??%ﬁuﬁﬁﬁec?%ﬁgapﬁ%%?%%?o%% reératTGRsAIp is
'ncon¥é¥5¢?Gel£b£taﬁféSd%§@ég£??acﬁQfé&@éPfgtics. fFrom

rel ationship 1s created orm ng a process o

phasesshd fidng- the ¢hapactesi stbcss819sa88s 8280018,
overlap the 25 characteristics 810 and 820 on the sane

event as thgt mé&fhbbeoehasachetinli 6Sr880. pAstiangahihg
function indicated by the curve in FIG 10 is not

al wayso &itiedn - (dnuime t befactaak pobatatoefisitbsr88fect to

In particular, as shown in FIG 8, in a pattern in

whi che at stgengeoabyhomt £ $ cdesstdpedoabosei ncWadedtha

the burst characteristics, positions are positioned

on theosition is calculated, acquired information to the
target position can be easily converted into acquired
information to a genuine off-track position. The
abscissas in FIGS. 7 to 10 are obtained by converting
the target position into an estimated actual position
by the conversion.

Characteristics 800, 810, and 820 shown in

FIG. 10 can be plotted by pseudo tangent calculation
in the tangent calculating unit 220 on the basis of
the burst values shown in FIGS. 7 and 8. However, in
inverse function approximation, a relationship except
for a one-to-one relationship is inconvenient. For
this reason, a one-to-one relationship is created by
performing a process of phase-shifting the
characteristics 810 and 820 to overlap the
characteristics 810 and 820 on the same event as that

of the characteristics 800. A tangent function

indicated by the curve in FIG. 10 is not always equal
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5 positive side of the tangent function on both the
posi tive-val ue/ negative-val ue sides. It is understood
that positive and negative val ues shoul d be
approxi mated by different functions. In FIG 6, the
pl ots are obtained by overwiting 10 the map while
reversing the abscissa and the ordinate to plot
values in an inverse function retattonship. A
characteristic curve 610 is the cubic | east squares
approxi mate function. On the characteristic curve
610, tdeposidtivesl arich resgfza et g B0 ar elmappr ki eat e, as
15 by different functions. Wth respect to fitting in
| eaststsgpraries Bpr B it idroatare e rior ekl o et Yipfeh
the order increases. However, since error quantity is
suf f a9 8He §r Khed st or ehah o approXidrd i oh, t %QD%%‘?C
approximation js preferab]y.$erforned in_ consideration
-1 ¢

20 ofCRAXSFIEN TR TP arkftit e IR T HPHY Ox7 el &6°
expression show,in FIG_6, %&{T&%C@i&haéﬁjbo h the
equi Vllent* Val e’ 0, “an 5

X nea a tangent - equi val ent

Valu%ﬁ??%ié@lJb#JEVﬁgﬁﬁ%ﬁ$@u¢5ﬁhet%ﬁﬁ@@?ffi@i?@tu@ﬁerstood

t he nverse function approxi mte expression can be

derivgthe Igbd i Sveased ndgdecte we1@sdi SMould be
characteristics of the off-track position cal culating

- 25 apidx 2R shangesi eepeadt nfunat fads al  positions

of the disk nmedium 10. This is caused by a skew angle

of the hend pe@eraf ethahghoser apei opbammedonyi sverwriting

recorded. However, also in consideration of an

i nfl ugneenayp while reversing the abscissa and the ordinate
to plot values in an inverse function relationship. A
characteristic curve 610 is the cubic least squares
approximate function. On the characteristic curve
610, the positive and negative values are approximated
by different functions. With respect to fitting in
least squares approximation, an error decreases when
the order increases. However, since error quantity is
sufficiently small in cubic approximation, the cubic
approximation is preferably performed in consideration
of a calculation amount. In the cubic approximate
expression shown in FIG. 6, PES means a phase-
equivalent value 6, and x means a tangent-equivalent
value TAN.

With the above method, the coefficient of the

inverse function approximate expression can be

derived. In this case, in fact, detection

characteristics of the off-track position calculating
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5 characteristic change of positions of inner and

outer circunferences, a coefficient of an approxi mte

i nverse function nmust be set. In the enbodi ment, for
exanpl e, coefficients of an inverse function

approxi mate expression are derived 10 at nine points

on the inner and outer circunferences on the disk
nmedi um 10. An average of the-cogbficients is set in

the nmenory 23 as a coefficient of the inverse

functi on approxi mate expression of the off- track

posi tumoit cdl @ langrp wepexdng 160 Evedia hopghit hensadg the
coefficient is determ ned by averaging on the inner

and ctitef ReFctt ¥ encldl vnt 3 eaurd ko yedli Bhewangle of the
detection inclination changes in off- track,
posith%ﬁﬁr&f%ﬁ%ﬁ?%ﬁeﬂ@e%b%%FW%dl%ﬁ°¥W%Fl°n is recorded.

i nterpedi ate/inner circunference, Ho

ver,.on, the 20
out el TIFEUNT et & b Phet 4 Sk hdyi Tb,”égl%%% ¢h a

FI G h?qgg.'n t g?i pe

t he é%%gﬁ?ﬂén , éi%ﬂ%ﬁ %dé%gg%%%ﬁ . % %gn%ﬁﬁér 4 outer
coef fd Gl &l rd S RIBY OVLAL QVEF i LNen enbi I &n ChE SN BRepce

of the disk medium 10. The present invention is not 25

i m tietrd1sd U dgUiadd abe ddiat is, coefficients

may be swi tched depending on radial positions on the

di sk nmedi um lfhe csmib@shesht yefcpeékamp baf sScomyfbei@bts of

expressed as functions of radial positions and

seri an zZiedzedse thirsctiaye, apprex tonve g xonas s 0df -dracerived

position detecting system it is assuned that burst
at nine points on the inner and outer circumferences
on the disk medium 10. An average of the coefficients
is set in the memory 23 as a coefficient of the
inverse function approximate expression of the off-
track position calculating unit 200.

Even though the same coefficient is determined by
averaging on the inner and outer circumferences on the
disk medium 10, detection inclination changes in off-
track positioning are rarely observed on the
intermediate/inner circumference. However, on the
outer circumference on the disk medium 10, as shown in
FIG. 14, a change in loop transfer gain appears.

In the embodiment, it is supposed that the same
coefficient is employed over the entire circumference
of the disk medium 10. The present invention is not
limited to the configuration. That is, coefficients

may be switched depending on radial positions on the

disk medium 10, or respective coefficients may be
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5 detection characteristics have a symetrical shape.
For this reason, in a drive which exhibits, for
exanpl e, the burst detection characteristics as shown
in FIG 8, servo performance cannot be easily assured,
so that a yield decreases. In this case, as a factor
10 of an asymmetrical system the degree of deviation
of a burst pattern in servo-traék wite (recording of
servo information), a setting angle error of a head,
and the like are known. When the position detecting
schemx@mozoratl rgps tundiei @nbooi meandiak pepl tedns 1&8nd
preferabl e servo performance can be assured for the

di sk skidelieadng such an asymmetrical system Even

t hough burst detection characteristics has a_ smal |
asymmet ri cBP Hriiereiss, in a conventional osEnkreck

only a coefficient gain to a burst differenc 0

o an oS St AR o SRy ehboht SSVaPSa: Foat; Rurst
servo, gai n occur,s in off-track ,positioning.., \Wen,t

ooy SERA OGS HRad e Ol LIRS 1PO5L 13 SRl YT | DRape.

accurgey ﬁrﬁi’sdgfe?eié&{,atjﬁﬁj'avgﬁ‘v TELeNt c geps ease £y .

track pitc erroration 1n off-track positioning 2

accuracynsh fe POSRd @ & RIObLeMm o NekOPLERSEi 01 EDI 85 shown
in the scheme according to the enbodi nent, since a

changg i Seryo0 $afACteF f Sth&scsepentdbndodnc i1 yraskured,

27 _ positions can be suppressed, the schene is

ef f ecdd ithatasa ay ot s deassk €. aghh Nshia vaseatasnai iactor

servo gain in off-track positioning. In the disk

driveyf aarseekyroperatd¢ah sws témnovies degree of deviation of
a burst pattern in servo track write (recording of
servo information), a setting angle error of a head,
and the like are known. When the position detecting
scheme according to the embodiment is applied,
preferable servo performance can be assured for the
disk drive having such an asymmetrical system.

Even though burst detection characteristics has a
small asymmetrical diversity, in a conventional
scheme, only a coefficient gain to a burst difference
signal is corrected. For this reason, a variation in
servo gain occurs in off-track positioning. When the
degree of variation is large, off-track positioning
accuracy 1s deteriorated. With a recent decrease in
track pitch, deterioration in off-track positioning
accuracy is posed as a problem. In contrast to this,

in the scheme according to the embodiment, since a

change in servo characteristics depending on off-track
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5 the head 12 to a position near a target track is
perfornmed. The position detecting schenme according to

t he enbodi nent al so contributes to i nprovenent of the
seek operation performance. In general, in the fina
stage of the seek operation, a change in noving speed

10 of the head 12 nust be snooth. However, when a
detection inclination of the detféction system varies,
even though an actual variation in speed is small, an
apparent variation in detection speed is large. This

caus @ ddti@risoreri dre cfupprRde st alilld tschehien tshefHearkive
15 is positioned at the target track position. Wen ,
the 35ost (VR IRBIMEATHE FIFeis tlack oFadi g 4! t1He Servo gain
enbodi men [ plied, it can be realized not only

i s
t hat &k _%ﬂgaoesrlitﬂqrbls“qs kept constant but al so

ion in detection s

t hat t i at di
suppr essedt 20 e Thi & 1% ch, STHE WA KThbITTY moves

can j Ther re, .

oper gﬁeloﬁaﬁlng‘dzc z}nc? %@ pegsﬁ‘otﬁloerﬁque.aa IE l%lstgs%rqﬁzag?%acca]% !losn)

As affrdm@ik Pasid ifds A8IRLId G JTBINP G ARl G H MMl ng to
to the enbodi nent, a method using a burst val ue which

I s anhpridddienaral ug btaimed Ut ao seipiodnait of the
pattern for detecting a positional error 28
(devisstd korpars tappl ipetk f dimayord r aslin tgertdreal,, iim &he final
schene according to the nodification, a servo burst
pat t erttades ofn theclsesdd qeeintagrirorf,ora ddtagutd rigp anqphiase speed
di fference, pieces of position information of two
of the head 12 must be smooth. However, when a
detection inclination of the detection system varies,
even though an actual variation in speed is small, an
apparent variation in detection speed is large. This
causes deterioration of track stability when the head
is positioned at the target track position. When the
position detecting scheme according to the embodiment
is applied, it can be realized not only that servo
characteristics is kept constant but also that an
apparent variation in detection speed is suppressed.
For this reason, the track stability can be improved.
Therefore, as a result, seek operation time can be
shortened.
(First Modification)
As a off-track position detecting method
according to the embodiment, a method using a burst

value which is an amplitude value obtained from a

servo burst pattern for detecting a positional error
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5 types, i.e., a sine conponent value and a cosine
conponent value are used in place of anplitude

i nformati on obtained by the signal processing unit 16.
In the schene according to the nodification, the
configuration of the tangent calculating unit 220 in

10 the off-track position calculating unit 200 can be
sinplified. In this case, proce3d8ing is perfornmed on

t he assunption that val ues corresponding to servo
calculation results Bst AB and Bst CD obtai ned by using
four (vEwies,idn)e.is mpmsitiadl uesn Bk tasBstd @res,A5in a
determ ned. The other processing is the same as that

in t kehemsodiqronding did fidremad HetGrlerPt hed (B i pigrst
met hod according to the nodification and a |
convERGTEH Ifhade Infilmsemad et ctd h et Hoth & 3 |IPhase
be brj.e descri bed 20 below., In the_ convention

phas &g ARG e RKASSS: [y Pt HO HY OO ot to
converting 90 degrees (both the .ends of the abscis

in F?Cépefg) intd rﬁw:fsleqeeqcucfm\;)a?neenqt ‘(/azll%eesa (saénéoéléea

ar ct ARGENInd TR LA AN de b hsi oramd

In _co_nt a_st tothis, In the net ?dﬁaaccorqé}ﬁ% to the

nDdVWd%HﬂMHbLﬁ$Q&&é@H¥H?bj“ﬁhefﬁ%ﬁﬁéb’ﬁ&d@é&%&ﬁ&_ﬁﬁ&t 16.

degrees, and a process using the 29 inverse function

appr oxi matkn extpy esSane | Sc@xetiiedto whdanbdusiagride, the

arctangent transform (atan) process itself to detect

a posidnfdmgudat itdre afetthod teoomETi npldwldthieng unit 220 in

nodi fi cation, even though ideal characteristics
the off-track position calculating unit 200 can be
simplified. 1In this case, processing is performed on
the assumption that values corresponding to servo
calculation results BstAB and BstCD obtained by using
four values, i.e., burst values BstA to BstD are
determined. The other processing is the same as that
in the embodiment.

A difference between the detecting method
according to the modification and a conventional phase
difference detecting method will be briefly described
below.

In the conventional phase difference detecting
method, a process of converting +90 degrees (both the
ends of the abscissa in FIG. 10) into phase-equivalent
values by an arctangent transform (atan) process is
performed. In contrast to this, in the method

according to the modification, phase events are

exactly divided by 45 degrees, and a process using the
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5 constituted by a sine conponent val ue and a cosine
conponent val ue include distortion with respect to an

of f-track position, an accurate position can be

detected, and servo performance can be inproved.

(Second Modification) 10 This nodification is obtained

by applying the off-track position detecting schene
according to the enbodinment-ta2% f+ne position

detecting schenme in an increnental encoder using a
pseudo si ne wave output schene. 15 For exanple, in a
carrijiage operfatnani aof appropinadad atske shiore, ispectcuted
detection using a DC notor in which a hall elenent is

ar r angigchawt appiriedhd rretargerase;rans ofrowatpReld process
operation called trace, speed feedback control is not
per f drtifd £ S tdpftedters DR igfiaiet  (T0C 19 deathad A¢epeding

fine focus systen) is caused di sadvant ageous!y. a, ..
scherf® vEﬁlec ‘?Ciﬁp{%ﬁe@qrhi SHhTRIEh &C?%%]he%b!%‘?%:%rls“cs
detects %{qp ition of a hall elenent in a re olqgi n

sect i SH 5T YD ypea”edsjtrbe .ccocmproé}er{ evagé’ oasr?‘(fi%n o

| ens cto %ar{eq{tg%a]%JeaciK)&%&%g@i}e%oegﬁi\é@/g@itﬁ%es ect to an

i nt ermedl at e position nus detecting a

phase, i 1f &1 ancs, between a0 Ledhass A i 30 canda

B- phase signal .” For thi's reason, realization of the
ar Ct agesHt dU ,0GRES | S v e £l S dd Qe ass ethyoveéd ne

waves of the A- and B-phase signals are posed as
pr obl @e-ordd Mdwi Sichetisorgiccor di ng to t he

This modification is obtained by applying the
off-track position detecting scheme according to the
embodiment to a fine position detecting scheme in an
incremental encoder using a pseudo sine wave output
scheme.

For example, in a carriage operation of an
optical disk drive, speed detection using a DC motor
in which a hall element is arpanged is applied. 1In
this case, in a low-speed operation called trace,
speed feedback control is not performed, so that lens
offset (DC offset of a lens fine focus system) is
caused disadvantageously.

As a scheme which improves this drawback, a
scheme which detects a position of a hall element in a
resolution section at a low speed to control the
position of a lens to a target track position.

However, an intermediate position must be detected by

detecting a phase difference between an A-phase signal
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5 nodification, once a calibration process is

perfornmed, an arctangent-equival ent val ue can be

cal culated by a cubic function to make it possible to

cope with distortion fromthe sine waves of the A-

and B-phase signals. 10 According to the enbodi nent,

there can be provided a disk drive having a servo

control function which applies38 phase difference
detecting schene wusing a servo burst pattern to nake

it possible to detect a genuine off-track position at

a hi ggnd 5 agcphaey. siadili onBbr advast ngesoandrealization of

nodi fications will readily, occur to those skilled in

the afte JffetanepRt PYAEesnbent#dA #ndieEOBFbamepaused by
aspects is not limted to the specific, details and
repréﬁﬁﬁzﬂ?@%§e oﬁh%E%TSaQ% %hgﬂﬁsﬁnﬁlﬂ%é Fl%@% posed as

her ei n, cord var i, ous ications, my

metie KE IS Senth ing o dae alSupf iy 80 iRy e
the fi A{W@Wt'gﬁ%§Q§C§§E1@§ t ?& Sggcg%@wgglggrformed

appen alns and their equival én

CLAI I\@Dalétar;lger&déé&l\d&ié/@t c\%rpuéswxg b& BeduYREED by a

reads data recorded on a disk nedium 5 an actuator
whi chcumme st dher headc b maké atht apos i et t ONcOHPe thieth

di sk nedium and a servo processor which uses servo
i nf ordied ti ot 1 srecraledelom 4 hree dvske sredf unhé oA dr aveé BAgdhase
control the

signals.

According to the embodiment, there can be
provided a disk drive having a servo control function
which applies a phase difference detecting scheme
using a servo burst pattern to make it possible to
detect a genuine off-track position at a high
accuracy.

Additional advantages and modifications will
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

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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actuator and perforns positioning control of the head
10 to a target track position on the disk nedium
wherein the servo processor acquires a burst val ue
froma servo burst pattern included in the servo
informati on on the basis of a reproduced signa

output fromthe head, and includes: 15 a tangent
calculating unit which calcutatas a- tangent fromthe
burst val ue; a phase cal culating unit which uses an

i nverse function approximte expression structured on
the basis of the charactrar iIst ICCRTMERAIT NS f -t rack
position 20 of the head to calculate a

phase- equi Val etdisk udr f yencompt angeat - equi val ent

val ue cal cul ated by the tangent «calculating unit; and
a positior? cafed@tiely 1PRdS iR eh LSE’rdpe PRagedisk
equivaufnt val ue cal cul ated by the phase cal cul ati ng
25 udtietY"cal cul ate the off-track position with
respect to_the target tracklgositi

. 2. The disk ..
drive accot'di FGIdet a1 %Y?ﬁe?g%zg%%%fﬁ?s%ﬁﬁ?dlﬁl
' : - ' [t whi bust |
S Sl accss g Y G g DU Vel e
i nformatiop on-§he,hasi s&%_&ﬁfﬁﬁeﬁéggugggvg $L88hation

out put fromthe head, erein the servo processor
acquideasoidws i sthevad ek fidi urd Neo SI NP PEQCESSEREL the

unit. 3. The disk drive according to claim1, further
actuator and performs positioning control of the head
to a target track position on the disk medium,

wherein the servo processor

acquires a burst value from a servo burst pattern
included in the servo information on the basis of a
reproduced signal output from the head, and includes:

a tangent calculating unit which calculates a
tangent from the burst value;

a phase calculating unit which uses an inverse
function approximate expression structured on the
basis of the characteristics of an off-track position
of the head to calculate a phase-equivalent value from
a tangent-equivalent value calculated by the tangent
calculating unit; and

a position calculating unit which uses the phase-
equivalent value calculated by the phase calculating
unit to calculate the off-track position with respect
to the target track position.

2. The disk drive according to claim 1, further
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conprising; 10 a nenory which stores information
representing the inverse function approxi nmate
expression structured on the basis of characteristics
of the tangent- equival ent val ue converted on the

basis of the burst value and the off-track position,
wherein 15 the phase calculating unit uses the inverse
function approxi mate expresston38tored in the nenory

to cal cul ate the phase-equi val ent value. 4. The disk
drive according to claim1l, wherein the phase

cal catpmgsimgt cal cul ates a phase 20 angle on the
basi s of the tangent-equival ent value, and the

position calsludadl ngronessing| waes whpbhsextractecaihgst
unit which corrects the phase angle depending on
phase’ &Vt L 7 e ot By ddeM bt deat o ¥y Qgc%%ge@ah@ the
address section at a track ad ss to_ identify the

re
P g L T R s S R A T

clai m do, Jurafer, 33, sonpeisingy g rempry whi ch
stores € I Nverse Tuncti on approxinat € expression

struct uredon %vagsg%%%g sofh§5€§iféés£ﬁ%2bg£s@ value from

t angent - equi val ent converted on't asrs o

the hysts yglae sskdde of funi¢ ack position and
information representing a coefficient set on the

basis of off-trTRekiposi diohe £H36PE1 QI 861 65aiRASUI €drther
for respec;iye phase event
comprising;

a memory which stores information representing
the inverse function approximate expression structured
on the basis of characteristics of the tangent-
equivalent value converted on the basis of the burst
value and the off-track position, wherein

the phase calculating unit uses the inverse
function approximate expression stored in the memory
to calculate the phase-equivalent value.

4. The disk drive according to claim 1, wherein

the phase calculating unit calculates a phase
angle on the basis of the tangent-equivalent value,
and

the position calculating unit includes a phase
correcting unit which corrects the phase angle
depending on phase event values obtained by dividing
the same address section at a track address to

identify the target track position.

5. The disk drive according to claim 1, further
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val ues obtained by dividing the sane address section
10 at a track address to identify the target track
position, wherein the phase calculating unit uses the
i nverse function approxi mte expression and the
coefficient stored in the nenory to calculate the
phase-equi val ent 15 value. 6. The disk drive
according to claim1, wherein &s the inverse function
approxi mat e expression of the tangent-equival ent

val ue, positive and negative approximte expressions
of tvwrnspesinge included. 20 7. The disk drive
according to claiml, wherein as the inverse function
appr oxi mat@ wb%%s%hch aSteuds cthanthversexpression
is included. 8. The disk drive according to claima1,

mhenﬁﬁ?r%ﬁﬁwqﬁf|?ﬁ@ﬁ%ﬁ§¥?ﬁﬁﬁ?%ﬁ§%&ﬁﬁ%x Datle basis’of

expr G%SI on an ap {OXI mat e expr essi 0 havi n%ﬁ

appr ox| fat etei:role 187 ent Of P HW I bt a%“éle‘ﬁ? Functt

| ncl ydad, o & e d N Al sk k?z!éi@ @P%Q'&Qré@ \‘?éf‘uén J-nd the off-

further 3z conpr|3|n nal ~processi ng un

Whi Che QD€ GRSES: Borf eemc@dm@rﬁatgmk %Pé%exﬁf?ﬁ?gtge

head to output a burst value froma servo bu
pat t eyde f Mict ited ddt tdre tife SEIYDs | of s ARt E BAicRNBo@ition

track address to identify the target track position,
wher eihra taret eserstol gy otessarediafo anredfedt bek plossé i @nent
cal cul ating unit which
values obtained by dividing the same address section
at a track address to identify the target track
position, wherein
the phase calculating unit uses the inverse
function approximate expression and the coefficient
stored in the memory to calculate the phase-equivalent
value.
6. The disk drive according to claim 1, wherein
as-the inverse function approximate expression of
the tangent-equivalent value, positive and negative
approximate expressions of two types are included.
7. The disk drive according to claim 1, wherein
as the inverse function approximate expression, a
cubic function expression is included.
8. The disk drive according to claim 1, wherein
as the inverse function approximate expression,
an approximate expression having an approximate

coefficient of an arctangent function is included.

9. The disk drive according to claim 1, further
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i ncludes the tangent calculating unit, the phase 10
calculating unit, and the position calculating unit
and cal culates the off-track position, and a servo
calculating unit which controls the actuator to
position the head at the target track position on the
basis of the track address and the 15 off-track
position. 10. A nethod of servo3éontrol for, in a disk
drive having a head which reads data recorded on a

di sk medi um and an actuator which noves the head in a
radi atordpresinon on the di sk nmedium 20 using servo
information recorded on the disk mediumto drive and
control the atynat oprapespenyonnihgvhpokiproneages a
control of the head to a target track position on the

di sk TRRA AT heS hEthbdCorpl | ST : thR i 29 ngo aoBEPYE 2
I f b t 25 ttern included, in the
sorv@ 1T or VA Wort B thes GR4T PULHE 7 bt bubBal dfigatn the
t d Lculating a . .
Canger- Sao VAT ERTC G2 BT A hetoBdER e by ddontify the

usi n LNV, i a te expression
& Ay d VeSS 14 08 mé’%éﬁ{@

f
structured on the basis o aracteristics of an

of f-track posislpp, obrdbesbead i calculate a phase 5
equi val ent val ue fromthe tangent-equival ent val ue,

and usi ng dheophaseaegubyal €ndn Vad Ueul &t £a4 Cuh at ewhhen
of f-track position with respect to the target track

includes the tangent calculating unit, the phase
calculating unit, and the position calculating unit
and calculates the off-track position, and

a servo calculating unit which controls the
actuator to position the head at the target track
position on the basis of the track address and the
off-track position.

10. A method of servo control for,

in a disk drive having a head which reads data
recorded on a disk medium and an actuator which moves
the head in a radial direction on the disk medium,
using servo information recorded on the disk medium to
drive and control the actuator and performing
positioning control of the head to a target track
position on the disk medium, the method comprising:

acquiring a burst value from a servo burst
pattern included in the servo information on the basis
of a reproduced signal output from the head,

calculating a tangent-equivalent value from the
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position. 10 11. The nmethod according to cl ai m 10,
wherein the phase-equival ent value is cal cul ated by
using the inverse function approxi nate expression
structured on the basis of the characteristics of the
tangent - equi val ent val ue converted on the basis of
the burst 15 value and the off-track position and a
coefficient set on the basis oBSoff-track position
characteristics neasured for respective phase event
val ues obtained by dividing the sane address section
at abunzk walbeess to identify the target track
posi ti on. , _ , . ,
using an inverse function approximate expression
structured on the basis of the characteristics of an
off~track position of the head to calculate a phase-
equivalent value from the tangent-equivalent value,
and
using the phase-equivalent value to calculate the
off-track position with respect to the target track
position.
11. The method according to claim 10, wherein
the phase-equivalent value is calculated by using
the inverse function approximate expression structured
on the basis of the characteristics of the tangent-
equivalent value converted on the basis of the burst
value and the off-track position and a coefficient set
on the basis of off-track position characteristics
measured for respective phase event values obtained by

dividing the same address section at a track address

to identify the target track position.



