; €3eNJJKdLvr MBN6XNTNp" Posi tioning Control Mechani smfor Magnetic Head,
Magneti c Storage Device and Positioning Control Method Technical Field The
present invention relates to positioning control of a mag

magneti c storage device and, in particular, to adj ust nent ”Im m'mlmmmmﬂ "’"E
error signal (PES) used in the p05|t|0nnng.contro Backgroung nera ly in
a data storage device where a recording surface of a recordlng nedlun1|s
scanned with a head to read and wite data, a servo pattern witten to the
recording nediumis read by the head to carry out servo contro

(hereinaft sitionin contr | ),.for positiaoning -the head as neans to
raisecbla§Q§£E PRyt R SQRtrp tM@cb&B%$$nl for cMagnetig Headion error

si gnal (heMagmetmceﬁbO@ﬁgﬁeDeﬁn@EShnd Bosdriai eniltgy eGomttdd servo
pattern repbdihbdby the head fromthe recordi ng nedium and the head
position is recogni zed based on this PES. Nowadays, magnetic disk drives
usi ng magneti c di sks_as. recording nedia are being used w dely as external
st orage devi c s. In addition, magnetic disk drives are al so
beconi ng popul ar adheepsegens dnveption 5ﬁéﬁ@ﬁ€ dat @ogidiovdng data. Al so
in a magnecpPatsrdr afeadoiovetis hepdesonpedabyethesetowgget devdicek drives,
a servo pagndrninepartiedudara tegadjustmentr difng peditdons eread out by a
magneti ¢ headntd d®g9)r esadPES ahd pbeipasintingncehtthe .nagnetic head is
recogni zed based on this PES to carry out positioning control of the
magneti c heagadkgroexanpl e, see Japanese Patent Lai d-Open No. 8-124136).

I'ncidentally, th@eﬁ@@é@@ e&thleacafskeeaegsdabecenwﬁe%etg §@§B Rsad. that
WGMQM%%M%ﬁ%%MM%%M%E has
different BEgacha aa%&gaéshaea %@%rgatkgrhswgﬁ%%%%? adlust the

control syste ta;5f ofage rocess an

the like sOo t sLtrron can “dacc e a t he PES
he ik %E? gsi €8 & heag |g §§ g? Sg dSEPYR L h

To accuratggg g?& efglpﬁg §si PPEA ARG R0 GRPEGP FFaPeRd Lt OB "Bhe

magnet i ¢ hé&: BReMPRBSg &P rafife; data regorddagr dgNEithat f£RHetBRange of
t he PES gaPﬁSF§16P6BSrFP8ﬁ§P t 02t PESARBARt SFOU SpPRGAnERETSinakE e agnet | ¢
head. |n raBbreyiakededsr PEShe ipebanesateet Reerdt ha thangervb phé&terquired
PES gai n ati¢agheusnbinthef hdadpifzommshe okcpirdinmggnetiiomhead ithe head

di scont i nupasi&ndnnads- kenregnided besteldeowvhahast @ESstics and error of the
magneti c head. Therefore, adjusting conpensation is nmade for the
sensitivity (headogadaysof mbbaecoagnaick Heateandsihg maghknear aigkation

bet ween t hasPESceatingnéhetiia eRangeiaf tbBegaweuat yoksdiespbaggnent of the
magneti c hgadraget Ratithe ehavgppatetBe PER dahniapd, tﬂ3995§ahaa§g§nt of
the nagnEtHQlQ@%daQ@Vgl@opE@BQEEth bp ﬁ?%?tbgnreég QE'B@E o8 a as |ong
as posi Li 0B1BgycaNkEeL URES sBuRA" ¥ac aattﬁﬁg of @GOL A Bgtg "8E8LaLa Lag medi um
the contro gxggeggnggb eg|h£% ¥,¢ ed accor

characterlstlcs heggumagne ie dlS drlves, a
pat ern recorded on a magnetic recording medium is
read out by a magnetic head to acquire a PES and the
position of the magnetic head is recognized based on this
PES to carry out positioning control of the magnetic head
(for example, see Japanese Patent Laid-Open No. 8-124136).

Incidentally, the characteristics of the PES are
unique to each head, that is, each manufactured data
storage device provided with a head has different PES
characteristics. Therefore, it is necessary to adjust the
control system of each data storage device in its
manufacture process and the like so that the head position
can accurately be grasped from the PES.

To accurately recognize the position and amount of
displacement of the magnetic head from the PES gain, it is
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However, the MR (Magneto Resistive) head, which is being used wdely to
read magnetically recorded data, shows a phenonenon called instability in
whi ch the condition of the magnetic head changes. If this instability
occurs, since the magnetic head's susceptibility to off-track changes, not
only the PES gain in the sane situatiaqnJout also the non-linear relation
bet ween the change of the PES gain and the anount of displacenent of the
magneti ¢ head becone different fromthe characteristics for which initial
adj ust nrent was nade Accordingly, accurate positioning control is not
possi bl e f 8ESiEaPAR ﬁ@PFctH§a&hﬁﬂgﬁh@fcéﬁﬁr%Essﬁ§ﬂ§nﬂﬁsP§9P9§$é@néﬁly
initially. t¢h§h§f@m@unﬁh@ﬁedﬂ§Péaﬁ§@GnFnoﬁhéh§rma9@e§ﬂpowe§dnagﬁet|c
st or age devegdity.abovexesl ytbenredbtiba petiwereontbe shamgeetifc thead even
i f the condictjugmedf PESe gargnenidc theadmoanges. dSUbMAR¥mAnNfti pft tarbodi ment
of the preseghetivehntndn ipr diisdentdnidaaekting sborageecdevidte. tbhichedevi ce
conpri ses: chaffagnetiietiead andl efroy BEURLed magnal iaCchealor andregads,
i nf or mat i 0B g;eeeH Aed compEhe aFBERet kC h@eOrdkNE HEE AWK ta 1 ehCqneall Mot or
whi ch operghés)t Be eﬁeuegghetqcnﬁtedté ”%ﬂ%ehbﬁl head 1 Q3 58q8hr ed track on
the nagnetbgtu%gar@hegg um, aaMPUH MR GRT 3Fe3 RN ﬂ5§> rovided w th
a posi tioning iogtment ug Ehpn t% E%lcthea 9h i gbkhe helf_;l g Yo oggrolllng
e

t he voi ce §%§ aq |c

signals fr b§F§P ?P Pé&& Bﬁepﬁgtnﬁgné cmﬁ§38 fComSefe "PEE0Rdi ng
medi um on WAEPPRTEAENS r§F t4RR's are recorded and feeds back information
about the read signal to the NPU If a state change is detected in the
magneti ¢ head bad€dmertirBerdnpbeiari 86 dbNdi AEdPPEdmiPRENEhaAnEKodi reuit,

t he MPU upu&ees at keryar amsters weicolrdgde ono abgegoadibyg mediposi theni ng
control furontoplasystemguist tindtswdfly bkeaaddusPedf ecablrgingheéopadit i oni ng
control fuechtrantetplsedent ed hhet heaWPU conpri ses: state change detection
means for judging whether a state change has occurred in the nagnetic head,
position error shg@akead] uskeRt (MBaAStHOReAEEUS/ENINAaBOShiBR €Kkl Of
signal if bkihg ue@eedqleu@att@ %teetaemeg%aeCQ@_tlc;ctrteeer%eneateat sfowkat €
change has ,0e6abEREANLR %queega%gtebqqe y ehﬁaehttﬁepe%hhateoﬁrgtr si gnal
s obta'ne@ 3 plgleRs il el b@@a S 1Cdl i ORL8 JHBgNEY] oolBear ding

medi um by { ﬂ‘;t 4. sl e LR A 9C T rorm ng
p05|t|on|n contro e ngg@e heag E;ln thg E%ﬁa E %btalned

t hr ough pr g% &-Ho e?P& F Fﬁs? HEtAR Mbr e
speci fi cal BQPtléﬁeéFrGF dﬁ&l éﬁgecgﬁr|5§ 8&E PES
gai n callbeéﬂpoﬁngnéhﬁlﬁ@&Pneo eﬁéé@ﬂéﬁemﬁﬁttﬁé PRS gasResaci bead on, the
gai n of th&egeget Fakferest §¢@Wa¢h6bpéﬁﬁéGt§¥l§ﬁe§§s§pﬁgwhe§b dhghapd read
from t he magiustaenscyegi ngdgedi decozdadiodyt edcoprate pagastcningad so as

t o change contirpdodsl no&cposdiitnd et dotrhéhei splbaetnenheefl tilfe timgneti ¢ head.
In the |ineantcodpeysaemons kg ugdieds oofl yplimialiapdsi.ti on error signals
obtai ned by processing read signals retrieved fromplural points in a track
on the magnetic raegedbneg, Medeu® akeacasgpansat edesarastboahave a |inear
relation \Mntaantelaecpeebtﬁa@e deviibe megaetusatead. ctherstatdeChange dat ection

means conpajes tnlaene%he Blal LREnahlre LRl RoRtR 1fohe'be‘EB%t 'm'é%jhb@gca channel
circuit ang.the hal %@%e of anplitude between read signals refrieved from

the magnetic recordirng nediumwi th their respective initial values and,
based on t i&lt of the conparison, judges whether a state change has
occurred dg%mi£$+ﬂ b|||t |n th netl% head. I.n addltlgg as anot her
function, ﬁg% r °fo % detVERTIRPRARYIASE et ecting

t he nagnetF@QPF§l€e P§P9§e9@W6ﬁe(NC§ 16f Offd CRaGREPId SRE4d 3 MePRefd S udged
- 4 by th&eCat®ichanGe "OHNECH R RBAASTUREOTa 28areadRadgé omAatdeBur red
in the nagAeceEdgea®n Theh@agmes ispaeichirdinghimedies dét #eticencedans det ect s
t he nagnetV@&Dﬁyw@e@br@paﬁgﬂﬁsoﬁh@faph@a#@ghéplmON@adh&fmeenﬁhecobeadrence
of said st &be ackl@sgeedasedcin anhéheosiagnet iof reltenddgueimed iead aaMPWhi ch a
read si gnal(Miktra Pedcepsting Wadhet perovddddviiith meads it iphangr ichad rpatt er n
recorded i fFudcpiescicbedstitdehn ahet RRagiRgiet headi d kantilae 1liagoese
anplitude waiile e IMa@teli;C heRd ichafead AeRSE Wh ot @bkaihle regat ol
execution neans perforns positioning control of the magnetic head by taking
into consideration the magnetically central section of the magnetic head
after the occurrence of the state change. A second enbodi nent of the
present invention provides a magnetic head positioning control nethod by
whi ch a magnetic head for reading and witing data fromand onto a magnetic
recording mediumis located on a track of the nagnetic recordi ng nmedi um
Thi s magnetic head positioning control nethod conprises the steps of:
settlng, accordlng to the nagnetlc characterlstlcs of the nagnetlc head,
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Brief Description of the Drawings FIG 1 is a block di agram show ng the
general configuration of a hard disk drive according to an enbodi nent of
the present invention. FIG 2 shows the functional configuration of an MPU
in a positioning control nmechanismfor a nmagnetic head of the enbodi nent.
FIG 3 shows burst signals recorded on & nagnetic disk as a servo pattern
FIG 4 is a diagramfor explaining the relation between the position of a
magneti c head relative to a track on a magnetic disk and the PES gain. FIG
5 shows a state change of magneti c .characteristics which has occurred in a
data read FRIMEA® Lrom bupgt & anfdsatiaad pv mhg megnetd qiteqdarhriost

expl ai ni ng tie Besiondiay madiewh arhahged) ttihen bofrsd megidtlisc ansad rel ative to
a track onrgaeagiest iaqrdifsiedsndadie IPES it avh épaute HYES nsfad sd gnegnet i ¢
head i s di glcoddteedPURl Gf A issad o |ahaotegr tisf aretexqilesd nim g Hehenagerearial

oper ati on theaadjbsasted o iR tinmforg tden it g fm ivhd kthaemaadi nent .

FIG 8 is @ﬁxlcmmhartuqé MPIEEXRRITENE IR paeafitedd QHiowMe Ay th denstabi ity

det ecting Rjseek dAasidnedy mpatRiInmeddaladiRAd Py i tten.
FIG 9 is g It%\/\/cg:}ypar or explaining a procedure followed by an instability

detecting bl ock mhlch i's designed to operate when the hard disk drive is in

t he standby st at hl.ed crl i t nh d| S The fol |l ow ng
wil | descrlbe th?régggéifﬁyﬁgﬁaggg% bgggggg %ﬂﬁérﬁi nCE shqﬁn |ndthe
acponpanyl hl as g%curred in rive
using a ma @ﬂ udging, ed’raeé”&at’fl G S

he magnetlc head; position error signal adjustment means
for adjusting a position error signal if it is judged by
said state change detection means that a state change has
occurred in the magnetic head, wherein the position error
signal is obtained by processing read signals read from a
magnetic recording medium by the magnetic head; and control
execution means for performing positioning control of the
magnetic head by using the parameters obtained through
processing by the position error signal adjustment means.

More specifically, the position error signal
adjustment means carries out PES gain calibration and
linear compensation. In the PES gain calibration, the gain
of the position error signal obtained by processing read
signals read from the magnetic recording medium is adjusted
by the magnetic head so as to change continuously according
to the displacement of the magnetic head. In the linear
compensation, the gains of plural position error signals
obtained by processing read signals retrieved from plural
points in a track on the magnetic recording medium are
compensated so as to have a linear relation with the
position of the magnetic head.

The state change detection means compares the gain of
a variable gain amplifier constituting a channel circuit
and the balance of amplitude between read signals retrieved
from the magnetic recording medium with their respective
initial values and, based on the result of the comparison,
judges whether a state change has occurred due to
instability in the magnetic head.

In addition, as another function, the MPU may further
comprise MCS detection means for detecting the magnetically
central section (MCS) of the magnetic head if it is judged



FIG 1 is a block diagramshow ng the configuration of the main portion of
a hard disk drive 100. The hard disk drive 100 is a data storage and
retrieval device in which a magnetic head 103 seeks and stays at an
appointed track (position) on a nmagnetic disk 101 driven rotationally by a
spindle notor 102 and wites data to theg rmagnetic disk 101 and reads data
witten to the magnetic disk 100. The magnetic disk 101 is a recording
mediumto record data as magnetic information. Although a single magnetic
disk is shgwn hn the exanple of . FIG 1, a plurality of magnetic di sks may
al so be nobift EACaStRECeSHANPE HfiIES tipa H@radlsdltg@tdﬁ W& af5o ghange has

oper at i on, OCRETFEGnADI §N6i FlRIPGL icomEasues Tico bise memey @pacd. frist attdrisr ound

t he splndIMc§hdﬁ$e@ﬁlpmeH@@mﬁd@@tﬁﬂﬁﬁrtb@Qma@mquiqahiﬁuﬂamuﬁ%&:drive 100
is not in epetdaviorf the megmetiic dieskl bFtest e ootatirepdeatolr estild Two
magnet i ¢ headsel@Baage helseddatont hief poati tadnt of thhe acigraitdic Hxbhdard act
respecti vekhieh theekdp sdrthalotbemised ageshef nakgagmaneldaa irskhl0l. - 6
They i npl ereatisdat @ réefbicha badd paead rind rakd Adeemithe, Reneilibad Peatdl. Used
general |y as the mgnekic REaRSs nhQS take 1%9@%%%' %%ﬁme%dée%ﬁﬁ %act 5,01‘ whi ch
has an 'ndﬂﬁbh%% head 5 1@”H&Ue@9a%@%%saQ e 't éﬁ% ata. The
act uat or ec%tgobyﬁ% %%1%% g JS controlled
by a MPU ( ero Progessi % Ni, t fO V|a |t %Mgiog conv rter DAC)
106 and a VoPCe -¢oi ﬁ@t% |r\Fé3r f S dicaddannel
circuit 108FM&f8CutES dea e /evm“\atgé"e ﬁ&r . tlbs? FEHFE L i t e,
wite dataSkhitds ﬁ§a§€th@P8ﬁ|a host conputer via a HDC (Hard Di sk
Controller) 110 is converted to a wite signal (current) and supplied to a
magnetic head 103. SERendagreridimeasdofoshebpsegdeost tihiveniuiiore prgrrides,
execut es dat aagmnietd ct deplle pemgtdondngi slont@ol Medindd by, widchdat a read, a
read si gnamagoetienteadbtfamesdatiiom tne magrdtioc dditsk £idin iahdc ameer taed to
di gital damagaedieutrpdioriddng mestivaoiputlecatied tdhe aHBZakk0 ofTh&eHDC 110 has
functions asgmetiiat ectacdiel medifar.d dihslk eiovetiQO0heQae pfs itthediwact i ons
is to receiceatwolt eddiod i@ 2HRO%k e mlft elgerid riy, anRrdihg 0 the
read/ wr i teteh%@eknag%tllc Q'atc't‘é'iﬁlstttl%s 110 ';r% e\e% 1A date sent

fromthe read, e<Channel ;108 u%'% tf%?“%%%l%lotn %o %itolc%@lé%%r

Furt her, i cel, Yl‘ﬁ%l iV d’ h from host
conput er an%‘g]g1 ansferstl t 7 d. aTh gte §‘§ re SPSASThi 1ty
for the cod fﬁolslﬁugﬁe ograns

(mi cr ocode§ apge FeﬁgﬁPrF§ nEPﬁBﬁ§ h@@ﬁtr&ﬂ aﬁdnﬁh ﬁbratlon of
t he MPU 10Qa§ﬁa‘eﬁ§|r§rr€tc€f3§dt1619béou§]é1& Sk 3t fe © processing are stored.

The positioning control rrechanl smfor the magnetic head 103 which uses a
servo ‘-"'---’c‘ £3 PG e fmidgeD 1gle 101 is a servo | oop conpri sing
the read wite channel 108, the MPU 109, the DAC 106, the VCM driver 107,
the VCM 105 and FRE-migaét Acbhesl ddagrane sHoWiage ibe Bengsed t he magneti c
head posit iconfiiglb@gatarinorwiolat diared disdmda iviegraicoredadoyct ke magneti ¢

embodiment of the present invention.

FIG. 2 shows the functional configuration of an MPU
in a positioning control mechanism for a magnetic head of
the embodiment.

FIG. 3 shows burst signals recorded on a magnetic
disk as a servo pattern.

FIG. 4 is a diagram for explaining the relation
between the position of a magnetic head relative to a track
on a magnetic disk and the PES gain.

FIG. 5 shows a state change of magnetic
characteristics which has occurred in a data read MR head



7 head 103 and the target position information is returned by the MPU
109 to the VCM driver 107, i.e., a power anplifier. This results in
controlling the VCM 105 so as to adjust the magnetic head 103 to an
appropriate position. Note that the various functions of the MPU 109,
including this position control functiong are inplenented by the prograns
and paraneters stored in the EEPROM 11 which is incorporated in the hard
di sk drive 100 and can be accessed fromthe MPU 109. Note that actually,
the positi cant r.ol hanismis further provided with a synchronous
conponent EEtr 2lgnsftarpcjt Ctr}’ ‘and a feed forward function. To cope with the
vari ations |n the wite accuracy of the servo pattern (described later in
detail) recorded 'di? t fe lifagnSaTTA™s KO REDdReHIShGde dopdriam det ecti ng
function eRStAEeR 419 RAL EIGh&AL compsmatis hapd e liatede drave dHagict i on
reflects tie éxtmegnesd petiddianditdieal PEforgrdmenttesn thehd@nift dihe Since
they are sewgndric thesst iisnditsd gegeedri th the oscillations or the |ike of
the notor, the description is omtted herein for sinplicity. A nethod wll
then be nore det @1cad ofipesifllicvdhgtt FormegRaEitikrad HOZHdNe s g the
Servo patt@ﬁéﬂa&ﬁ.@rﬂ% it el tdict nk) bonkti® 15 flath RAldnerih Wi tten
to the mugneld enHck mkhk | for t he purpose of servo control includes track

data and sector ngt(,a vgmlc_;:hal (}qrg)t“;cj e e;’(k;itn téé%l{pégnetl c disk
0

101 atnd bﬁr Sl 7 vfggab@, \ﬁsbboc Whl OZSIV\,h nhof t he
nmagnet i c e oa ra 0 Urs ich are
regorded or%fa(':‘ts}'ul(,9 Regiet | P f@"fnas asérs\/dceﬁﬁ t%r r\"’rﬁ%ﬁ‘t%ﬁre nmagneti ¢ head

103 noves over a track, ﬁg correspondl ng.to bursts A, B, Cand D are
read in thisF6fdeP. *Aceo 6tb5P§t sxplahniBRgsRoRkorRdpre £311lpWedcent er
(MCS) of t kY Mlgrdtst@iHddd v e tRsidncn/dmsk michtiar dgsigned rtack i f the

respecti ve aRexdts ghars tdist diatst Firsdmdsurst §.5A iand B arteridientstedle i n
anplitude. In the systemshown in FIG 1, the magnetic head 103 reads
bursts A t hr begbhibDednDetheipeadnwoift ehehBmhellih88tebt ai ns read signals by
peak-hol ding the read bursts at g their respective read signal
timings and perf ahe Addlewives i @fesTdiQHee%%eS’F@@e%t Hre@dthen

Al D- conver tR@Gdeath THNnbddiwesit W8S )in e MR RALR] i3 iR

recogni ze tg PuHIAMLIE tihe PRk Head 1(})1%rd3lg1%tks 1304 LPI r}ﬁ%e

phase di ffelepes if SQdeqs %esnafg{]n%r@ @J&%tc%fg q@d espective pendi ng
eaciL 31n tlh tra

on the positi'on of the magnetic bursts A and B or
bursts C and D ar, sed.to.r onlz t he i ti.on t netlc head 103.
More speci frgc N lﬂ%e’tjhgL P %o%’tcléa% 1, ;{)I’? Yt %El/"fl L?é’él uﬁfﬁrtstosl A and B
i s assuned e "FPES 0 R I§E§a(3‘ IR M€ bur st val ues of
bursts C and D is_assuned SPES. The MPES is used when the nagnetic head 103
is near to the cdffend Hek dadrawiiole iFhe SPES isfowgae wieh the magnetic
head 103 i ¥of&dieved davere ddyahgich ise magamet i cShedd 108 Isgekshend ack i s

di vi ded unisftevid yati @ino appeindeg thudiokal (pisditsicons omusb eeerhed itchddusgh  255.

I f the MCSI6fl tdve vreagnwsttiad ilvewd 130Dy s ispiandl eofmadior dicensrd (wWwaneeadge of

t he track) dateough the argraditdicsiddrek 192 tamdo ugla 25 G atisherdttven edgehef t he
track), thenaSPESiics diséd 10w .r eaugninzerdtd Pakisk Al Liskewrs@ordidge MCS of
the magnet inediead tH03Fdcodd) caita 6fs mherdtiier medict tdiof .si ang lhdrhrough
192, the MEHgdle wiephethie VRS iaNGHIRES i @ HedlSuthified Jreshert ively

di f; 1 | A-'B) | (A
g;:cgrxl ggE ef;%lgéﬂ HF néarfé%l@"’dl[s&%u%{df%lgo MEER Gttt &4 {ad ) (A +

While the hard disk drive 100 is in operation, the
magnetic disk 101 continues to be driven to rotate around
the spindle shaft of the spindle motor 102. While the hard
disk drive 100 is not in operation, the magnetic disk 101
stops rotating (at rest). Two magnetic heads 103 are held
at the front end of the actuator 104 and act respectively
on the top and bottom surfaces of the magnetic disk 101.



where, A is the burst value of burst value of burst B, Cis the burst val
burst value of burst D and Head Gain nagnetic head 103. (Head Gain) (Head
Gain) A Bis the burst ue of burst C Dis the is the gain of the FIG 4
is a diagramexplaining the relation between the position of the nmagnetic
head 103 relative to a track on the magnetic di sk 101 and the PES gain. In
FIG 4, seven positions ( [1] through [7] ) of the nagnetic head 103 are
assunmed in a track and the PES gains corresponding to these positions are
plotted (hoIIow C|rcles on their res ctlve l'i nes. g p05|t|ons [ 1].
t hrough [ 7fFheYpdaplesgnt faﬁé‘aﬁ‘i@lttﬁata Ry $Pc #de &REaY MagRetd Sl ack
in FIG 4)dfk A8 lrag Rl JrE8Fa13Y iPS .thle mag@etlﬁu \he@ 3onehe

af or ement | eRawoRsseditypsi beadsosscht ¢fi whiche hesaek ipgsiatiiyie fERdeans

t hat one efidrofvrtiite ngaglaciai endead MROBepidhd o gleiadémg ofatehe magneti ¢ head
103 shown) is in division 124 (center) of the 256 divisions of the track.
Posi tion [3] neamaet hatuanerend4ofist deivegneli a hedadel@di(t ketleft end of
the magnet i(gcvgad 050@hskewi)s icenithrodileids bgn 0 Mply t(ve c2%b rdiodedsamg of the
track. Posighii@) L4l RBaNS Hati thhe pRYSC donvarter Qbald)e 1MrRIReld @ head 103
is in divi %ng_%fel%%qu mtoftl,%125( c‘iil' Vld?o.]%% gfy7t he track. Position [5] means

that one en he nmagneti c head t he rlght end of the nmagnetic head
103 shown) is in._division.

% ﬁ 56 _di Vi Si_Qns, of ép% rack. P05|t|on
[6] means that ofte &R frl e qgg i cajg‘hé&eiog t er?a(egfu
magnet i c héaéﬁal(f?agﬁ&ﬁgﬁ Qﬂer’f i o 8 15 |"‘Vl§ledn§“'rd'ftet he
track. PosiP@itén WHACHEsh $Sat Tofe oS c&'lo"hpélr’ﬁeé"r Vo tahé{Dr?a K5 head is
in divisi oRiBss ttrl?é dlY disogeryrrtis tradk Wrtd e sdGiidlze t he

posi ti on of(cuEemignenicc siwead 1808 Lt e MBPRStdcc degiond %30 t fdebur st val ues
of bursts Gegmgtdd hegsed Oshedasies wagtdtiisc wrdd¢ OB rientat gxesivtiesns [ 1]
and [2] nedatenerdne d¢o the megrlet(idi diisskond 0Q .of Melrenwdifidreg ety claed 256

di vi si ons) rdadkew seadvidryridie (eadeh®3 iobtati neds iftrioon s HeBmagrietlicand [ 5]
near the cerilek 1001 tike domelctledi tosidayital dfatbhenal eieperi! itened it

di vi si ons) «dfpRitMPES13C ¢edin@ t1a ot.he burst val ues of bursts A and B is
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[7]. In addition, assune a straight line (shown as a broken line in FIG 4)
connecti ng PES gdihe MPU dnnd RBEegaire spoins iwhildit yarferolithe mechtredpedt i vel y
when t he Mgheothddte dirgneidicrehaad .103 is at the ends of the track
(divisions 0 and 255 of the 256 divisions), and PES gain [4] obtained when
the MCS of the magneld eeHie@mt 143 | $rd¥lgrams lbhicrocodes) to implement
various functions by controlling the operation of the MPU
109 and parameters to be used in the control processing are
stored.

The positioning control mechanism for the magnetic
head 103 which uses a servo pattern recorded on the
magnetic disk 101 is a servo loop comprising the read write
channel 108, the MPU 109, the DAC 106, the VCM driver 107,
the VCM 105 and the magnetic head 103.

The difference between the magnetic head position
information obtained from a signal read by the magnetic



the center of the track. O the straight |ines assuned above, the solid PES
gain line represents MPES gains while the dashed PES gain |ines represent
SPES gains. In addition, the broken line represents an ideal PES gain
characteristic. If the MPES gains and SPES gains are discontinuous (i.e.,
they are not aligned with the broken ling)-as shown in FIG 4, it is not
possible to know the accurate position of the nagnetic head 103 fromthe
PES gain. For exanple, the PES gain nay remai n unchanged even when the
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i n the magretficermadien @beedr diheg dosjidriorofoft denmgigeteitd aditedadl01. As shown
in FIG 5, ndletnagnetd @ ttreaedi.ti on detecting axis of the MR elenent is
directed to a fixed direction (longitudinal as indicated by an arrow in
FI'G 5) when therVR.ekemtvsl HuR@tTlignan st kdiedsarel racehaler charged MR

el ement, hewRyRItid A Axial: dd ecldedd padewrat.ed in part of the MR
elenment. |If a state change occurred in the MR el enent as shown in FIG 5,
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mechani sm does not function properly since calibration of the gradient of
PES gains and linearization of PES gains, which were done as the initial

adj ustment as nentioned earlier, becone inconsistent with characteristics
of the magnetic head 103.



- 12 Therefore, if the magnetic head 103 has a state change due to
instability, the positioning control nechanismin the present enbodi nent
perfornms adjustnment again for PES gains. FIG 2 shows a functional
configuration of the MPU 109 to inplenent the positioning control mechanism
for the magnetic head 103 in the presentg enbodi nrent. As shown in FIG 2,
the MPU 109 includes an instability detection block 11 as state change
detecting neans for judgl ng whet her the magnetic head 103 has a state
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PES gai ns.



In this case, since the paraneters to be used in processing burst val ues
for conpensation are change fromthe initial values (determ ned by the
initial adjustnent), these paraneters stored in the EEPROM 111 are updat ed.
- 14 The MCS detecting block 14 detects the MCS of the nagnetic head 103
if the magnetic head 103 has a state chapge caused by instability. Since

t he physical center of the magnetic head 103 usually agrees with its
magneti c center, both have so far been called commonly as the MCS. However,
t he magneti.c Qent er of the magnetic head 103 is sonetimes dislocated from
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fromthe tPacktich HrRdseakamsd thitt ehed emgpetfi ttihee meajretrin tHeeie.10Bhe dat a
region i s drasedeift athdande tihe aadelettie pleadentourtehaiied data from bei ng
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gai n cal i bthei physicalt icegtislroo theamdghniendar ihriadg icompe dsiatiisdrbl2aesk 13.
The cont robfexkeuiceg dilviek obis odl thleatesck .PES from burst signals read by
the magnetic head 103 to nmake necessary conpensation by using paraneters
stored in the EERPBOWeadgnposi thenpokhe iageet itﬁehe@%n&?xct PRl appropriate
position igha desisr addoraGhgOrd hacpgnetl ¢adisls 13T puliidtd & Igpdiged ¢
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det ecti ng Fi CEEMEG T ﬁnte 65 Fitlv&ﬁ'llﬁﬁlsc?onttlh(ﬂ as
necessary. Eﬁé aS’CP§dérnéF| & éﬁ%ee%’b‘ir&tnlvﬁéuteﬁeolfe%!trséﬁ BetREeR tife position
of the magH€ePc h¥AREN1Gher diead &3t dsaatr poRisAonise (FAgred d7di sleaxr0l and
t he PES gafcﬁev\ﬁéﬁeffhénﬁcsfofthtehérméfnéldll@’llﬁé@@ 268 iof dihsl ocated. In FIG
6, the sha@égremghtiosedp@sti divakiohe)maghet SPEReadctdding $toattdrechanged
due to insbaeli vplues BIEGbugssismC andt ®.FIG 4, seven positions ([1]
through [7]) are assuned and the PES gains corresponding to these positions
are plotted (hol | oWegier, Clagslimen at Beira ib@spachieV € shioh@s asTe Ieco@d ze the
posi tion ofl ihke imagnet.i a)headnt3.inghe hePESsaceand Rild bhe Rwstinwal ues
of bursts @e@ﬁ@c@1b§l¥s%@eﬂh%%etﬂ@s”%&n%hhcmg @t&@3hb%daﬁoﬁo§'t'Qns [1]

d[2 L t di t d B
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val ues of @Hb§%§e o%%% ? %%Hngons MG e, agsume a

straight line (shown as an solid line in FIG. 4) connecting
PES gain [3], PES gain [4] and PES gain [5] and a straight
line (shown as a dashed line in FIG. 4) connecting PES gain
[6] and PES gain [7]. In addition, assume a straight line
(shown as a broken line in FIG. 4) connecting PES gain [1]
and PES gain [7], which are obtained respectively when the
MCS of the magnetic head 103 is at the ends of the track
(divisions 0 and 255 of the 256 divisions), and PES gain
[4] obtained when the MCS of the magnetic head 103 is at



Here, simlar to FIG 4, PES gains for MPES and SPES are assunmed and
represented by a solid line and dashed |ines, respectively. An ideal PES
gain characteristic is represented by a broken |ine. Conparing positions
[1] through [7] with the plotted PES gains in FIG 6 makes it found that
the MCS of the magnetic head 103 detecrnyged fromthe PES gain is dislocated
fromthe physical center of the nagnetic head 103. Accurate positioning of
t he magnetic head 103 is nade possible by recognizing this dislocation and
reflecting it in the pasitioni ng FIG 6 shows that PES gains are nade

di scont i nuét® BFREes fe t&’r?a Kkt the magnetic head 103 due to
instability. The sensitivity (head gain) of the magnetic head 103 is to be
cal i brated by proc&fsithg ftnaighrES igish acaunadattibmyeoxddis isag I8 RBS 12 so
as to nekegelia RPESegaiarrasemtisnVRES dehers, whhd eadjhestdamheghESR igaimf t he
magnet i ¢ hdddepovdpramant ERES @aimecharirs mdatiadrati , ng Heo gk et dsiatat

enbodi nent reipdedeartdeser ikt FHS ghiirs chadaawehiardtiid .| ustrating the
general operation for adjusting the positioning control mechanismin the
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is judged kI tidealnfEsbidairy detrecttiany dilisck Neeadlatss tst atay cIRBfye has
occurred, deemositd aligry diectrartismaus meéreadjhedtle dydad itdree PES egai n

cal i brati oslexeeit ivighbltdek Bebkasid tie | i neari zi ng conpensation bl ock 13.
In addi tion, MCS detection is done by the MCS detecting block 14. It is

j udged whet her the VS d i slieratird rinuic REEOHHREdD dhe Hietiegdd on
result. If deCi:QFéj af'%:%d!sllS'r%‘H edhsK *Hr%xﬁ@ Sl'd?ﬁatdaﬁrbdlsattl%‘f?%ﬂ ey alnS
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standby st &% HAEIP it 449 atflé?n I§Sr1|9r?gme?‘ pfr%‘écﬂf“rteecftrﬂq owed by

the inst abifYRSF dISAS ng bl ot Kade iaSh-Rferts QPSATeif ddi Tagnadde or
witten. Flhgad 403 anqvigy eant srousdpiai ning a procedure fol l owed by the
instability detecting block 11 which operates when the hard disk drive 100
is in the sirardlitsitat.e.ifl f/MRES egtd GPRE gRistsateere argeinad tire fagnetic
head 103 i sttepde fdahisspiwrentatita o5 tleadnagmeatrid trevad S8 Flthe gtudle
i nstabi |ityidedecidmgeddiaek the rEreigeeind herdatar wd i fe cnndanchedr daida r ead
command and rdiecdes d fsn@ M ider&f rfdr Wadle@bLId iUn 6 126 hiddtk (i eps 801
and 802). Ifedtp €59 CHlﬂ}ﬁﬁJg}POdeféadis RHAC e eSS ferfidated. | f an error
has occurred, the MPU 109 1s infornmed by the read wite channel 108 of the
gain of the VGA am%herefore, in the actual hard disk drive 100, the

burst values of bursts A, B, C and D are actually measured

at a plurality of positions, e.g., some twenty divisions of

256 divisgsions of the track shown in FIG. 4, and processed

so that the calculated PES gains become linear. This

processing is carried out by measuring the transfer

function of the device itself, determining its cross point

and compensating the burst values so as to make the PES

gains have a target level of linearity. By this

compensation, it is made possible to smoothly follow the

displacement of the magnetic head 103 according to the



- 17 the bal ance of anplitude between the read signals of bursts A and B
(or bursts Cand D). Then, the instability detecting block 11 conpares
these information (obtained values) with the initial values obtained by the
initial adjustnment (see Step 701 in FIG 7). If the difference between the
obtained and initial values is within.ajpreset threshold, it is judged that
no state change due to instability has occurred (Step 804). Then, the wite
or read received in Step 801 is retried by the MPU 109 (Step 806). If the
di fference Betmeen thg o%&gined and initial values is beyond the threshold,
the inst abFPRPYSd8EetPPnFESI §88 111 j udges that a state change has occurred
in the magnetic head 103 due to instability and | eaves processing to the
PES gai n caPlbPyRtéRNeRAEAIERGTS 68K PRrsti HadrezCRgPeaspEAoat i on bl ock 13
and MCS depatamag§ebBockhigh( srepdstsyminkenasf pereshd tpodi theniimg tdedt r ol
mechani sm adjadfmetediby whhebke thengtradientt bé RESt gadnsr dad adgusitedd i n
Step 801 i andePEGedahbyst heeMVRlinda?iez8dep a8@brtolkbddeéheeheoBECROM Stat €
change in hbeesegbeti ¢rbeadhtOBPUS 100 Badpeifior meduwlean ihhenkard di sk drive
100 is in pBeistandhy sbateoisee Ehe mBhne®Ace¥eBH (bhMehefVeRnle) Hasq for

exanpl e, pgibRdiealby19enekatiedberih¥dgs Whet her the magnetic head 103 has
a state change (Step 901). This event can be designed to be generated, for

exanple, by a co fr a. t b MPU. 109 i.t.sel f..under
progranlcoggrgk.ng?ﬂgﬁfsgg%eﬁgggégégg?§tﬁg %é@ %Béggg%gshFﬁg %&éngﬁﬂ head
103 seek a~sp &P Iﬁ E a%k Esed ko dg%gct a state cha %e in th;@nagnetic
head (Step 902). . T g -t PaBRONgy 6¥ EPendptanrse iNgrg ggt 85t £86k or a track
where a palfERRtifelFad; 28d FoRrNgEEedtroRtEfcaCst HRETERARge i n the magnetic
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Therefore, if the magnetic head 103 has such a
state change, the positioning control mechanism does not
function properly since calibration of the gradient of PES
gains and linearization of PES gains, which were done as
the initial adjustment as mentioned earlier, become
inconsistent with characteristics of the magnetic head 103.




state change detection neans for judging whether a state change has
occurred in the magnetic head; position error signal adjustnent neans for
adjusting a position error signal if it is judged by said state change
detection neans that a state change has occurred in the nmagnetic head,
wherein said position error signal is_olbai_ned by processing read signals
read froma nagnetic recordi ng nmedium by the nagnetic head; and control
execution neans for performng positioning control of the magnetic head by
usi ng paraneters_ obtained through processing by said p05|t| on error signal
adj ust nent Eﬁ’&-ﬁ%for? Aoddis iR oMl L HET st thaeg idueead
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control meghani smfor a nagnetic head according to claiml
conpri sing: MCS detecti on nmeans for detecting a nagnetically central
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write channel 108 and information about the balance of

amplitude between the read signals of bursts A and B (or C

and D) which are respectively obtained in the read write

channel 108 from the magnetic head 103. The VGA is an

amplifier which receives a read signal acquired by the

magnetic head 103 reading magnetic information recorded on

the magnetic disk 101 and normalizes the amplitude of this

read write signal to a level appropriate in the internal

analog circuit of the read write channel 108. Although a

conventional read write channel 108 detects only the



a magnetic head which is nounted on an actuator and reads information
recorded on the magnetic recording nedium a voice coil notor which
operates the actuator to nove the nagnetic head to a desired track on the
magneti c recording medium a MPU (Mcro Processing Unit) provided with a
positioning control function to positioRsthe magnetic head by controlling
the voice coil notor; and a channel circuit which obtains read signals from
burst signals read by the magnetic head fromthe recording medi umon which
the burst signals are recorded and feeds back information about the read
signal to SHEMEPTLcHHEESS, 1n prpldtade ofatde ireaderdared iaf Watammgnetic
head based¥&§oFsied iomf shenfagmestitcaiciedk f rigmithe@bvious) thatariels circuit,
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j udgi ng whet her a state change has occurred in the nmagnetic head; and
In this case, since the parameters to be used in

calculating appropriate PES gains from actual burst values
are changed from the initial values (determined by the
initial adjustment), these parameters stored in the EEPROM
111 are updated.

The linearizing compensation block 13 re-performs
the linearizing compensation done as initial adjustment to
linearize PES gains including MPES and SPES gains. This is
because the instability has changed the sensitivity of the
magnetic head 103 and therefore makes the initial
compensation inconsistent, resulting in non-linear PES
gains. Compensation is made again in order to linearize
the PES gains.

In this case, since the parameters to be used in
processing burst values for compensation are change from
the initial values (determined by the initial adjustment),
these parameters stored in the EEPROM 111 are updated.




If it is judged that a state change has occurred in - 22 the magnetic
head, updating said paraneters according to the state change. 14. A
magnetic head positioning control nmethod according to claim13 wherein in
said step of updating parameters, paraneters are updated which adjust a
gain of a position error signal obtainedsby processing read signals read
fromthe magnetic recording nmedium by the magnetic head so that the gain
changes continuously according to the displacenment of the magnetic head.
15. A magnetic head positioning control nethod according to claim 13

wherein in said ste of updat i n% paraneters, paraneters are updated which
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tern recorded on the magnetlc disk 101. To be concrete,

flrstly, the magnetic head 103 seeks a certain track,
erases data from the track (CD Erase) and writes a
repetitive pattern there. The data region is erased in
advance in order to prevent unrelated data from being read.

Then, while the magnetic heads 103 is moved across
the track, the above-mentioned repetitive pattern is read
and the amplitude of the read signal is measured. The
position (e.g., some division of the 256 divisions of the
track) of the magnetic head 103 where the read signal shows
the largest amplitude is calculated relative to the center
of the track (division 128 of the 256 divisions). From
this relative position, it is recognized how the MCS of the
magnetic head 103 is dislocated from the physical center.

In this case, information about the recognized MCS
dislocation is stored in the EEPROM 111 and will be taken
into consideration when readjustment (updating parameters)
is done by the PES gain calibration executing block 12 and
linearizing compensation block 13.

The control executing block 15 calculates a PES
from burst signals read by the magnetic head 103 to make
necessary compensation by using parameters stored in the
EEPROM and positions the magnetic head 103 to an
appropriate position in a desired track on the magnetic
disk 101. Initially used parameters acquired from the
EEPROM 111 are those determined by the initial adjustment.
After re-adjustment is done by the PES gain calibration
executing block 12 and linearizing compensation block 13,
parameters updated by this re-adjustment are used. In
addition, information about the dislocation of the MCS of
the magnetic head 103 obtained by the MCS detecting block
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instability. The sensitivity (head gain) of the magnetic
head 103 is to be calibrated by processing of the PES gain
calibration executing block 12 so as to make the PES gains
continuous.

Then, the adjusting operation of the magnetic head
positioning control mechanism according to the present
embodiment will be described.

FIG. 7 is a flowchart illustrating the general
operation for adjusting the positioning control mechanism
in the present embodiment.
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As shown in FIG. 7, the positioning control
mechanism incorporated in the hard disk drive 100 according
to the present embodiment goes through initial adjustment
in the manufacture process or the like of the hard disk
drive 100 in which the gradient of PES gains including MPES
and SPES gains is calibrated and PES gain linearizing
compensation is done (Step 701).

Then, assume that the magnetic head 103 has a state
change due to instability as a result of its aged
deterioration or a shock given to the hard disk drive 100
in use. 1In this case, the instability detecting block 11
detects this state change (Step 702). If it is judged by
the instability detecting block 11 that a state change has
occurred, the positioning mechanism is re-adjusted by the
PES gain calibration executing block 12 and the linearizing
compensation block 13. 1In addition, MCS detection is done
by the MCS detecting block 14. It is judged whether the
MCS is dislocated or not according to the detection result.
If judged as dislocated, this dislocation is taken into
consideration in the re-adjustment of the positioning
mechanism.

Detection of a state change in the magnetic head
103 by the instability detecting block 11 can be done, for
example, when data read/write is performed on the magnetic
disk 101 in the hard disk drive 100. It is also possible
to perform the detection on background when the hard disk
drive 100 is in the standby state.

FIG. 8 is a flowchart for explaining a procedure
followed by the instability detecting block 11 which
operates when data is read or written. FIG. 9 is a
flowchart for explaining a procedure followed by the
instability detecting block 11 which operates when the hard
disk drive 100 is in the standby state.

If detection of a state change in the magnetic head
103 is to be done when data is read or written (see FIG.
8), the instability detecting block 11 receives the data
write command or data read command and checks if a write
error or read error has occurred (Steps 801 and 802). If
no error has occurred, processing is terminated.

If an error has occurred, the MPU 109 is informed
by the read write channel 108 of the gain of the VGA and
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he balance of amplitude between the read signals of bursts

A and B (or bursts C and D). Then, the instability
detecting block 11 compares these information (obtained
values) with the initial values obtained by the initial
adjustment (see Step 701 in FIG. 7). If the difference
between the obtained and initial values is within a preset
threshold, it is judged that no state change due to
instability has occurred (Step 804). Then, the write or
read received in Step 801 is retried by the MPU 109 (Step
806) .

If the difference between the obtained and initial
values is beyond the threshold, the instability detecting
block 11 judges that a state change has occurred in the
magnetic head 103 due to instability and leaves processing
to the PES gain calibration executing block 12, linearizing
compensation block 13 and MCS detecting block 14 (Step
805). Then after the positioning control mechanism is
adjusted by these functions, the write or read received in
Step 801 is retried by the MPU 109 (Step 806).

If detection of a state change in the magnetic head
103 is to be performed when the hard disk drive 100 is in
the standby state (see FIG. 9), an event (timer event) 1is,
for example, periodically generated to judge whether the
magnetic head 103 has a state change (Step 901). This
event can be designed to be generated, for example, by a
command from a host computer or by the MPU 109 itself under
program control. TIf this event occurs, the MPU 109 makes
the magnetic head 103 seek a specific track used to detect
a state change in the magnetic head (Step 902). This track
may be either an ordinary data track or a track where a
pattern specialized for detection of a state change in the
magnetic head 103 is recorded. Note that if there are a
plurality of magnetic disks 103 in the hard disk drive 100,
the following operation is repeated for each magnetic head
103 after a specific cylinder is sought out by the magnetic
heads 103.

Then the MPU 109 is informed by the read write
channel 108 of the gain of the VGA and the balance of
amplitude between the read signals of bursts A and B (or
bursts C and D). Then, the instability detecting block 11
compares these information (obtained values) with the
initial values obtained by the initial adjustment (see Step
701 in FIG. 7). 1If the difference between the obtained and
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904). Then, the hard disk drive 100 returns to the standby
state (Step 906).

On the other hand, if the difference between the
obtained and initial values is beyond the threshold, the
instability detecting block 11 judges that a state change
has occurred in the magnetic head 103 due to instability
and leaves processing to the PES gain calibration executing
block 12, linearizing compensation block 13 and MCS
detecting block 14 (Step 905). Then after the positioning
control mechanism is adjusted by these functions,
processing goes back to Step 902 in which the adjusted
obtained values are compared with the initial values. This
adjustment and comparison are repeated until the difference
between the obtained and initial values becomes within the
threshold before the hard disk drive returns to the standby
state (Steps 904 and 905).

As described so far, the present invention allows a
magnetic storage device to accurately control the position
of the magnetic head even if the state of the magnetic head
has changed.
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1. Positioning control mechanism for a magnetic head in
a magnetic storage device, said positioning control
mechanism comprising:

state change detection means for judging whether a
state change has occurred in the magnetic head;

position error signal adjustment means for
adjusting a position error signal if it is judged by said
state change detection means that a state change has
occurred in the magnetic head, wherein said position error
gignal is obtained by processing read signals read from a
magnetic recording medium by the magnetic head; and

control execution means for performing positioning
control of the magnetic head by using parameters obtained
through processing by said position error signal adjustment
means .

2. A positioning control mechanism for a magnetic head
according to claim 1 wherein said state change detection
means, said position error signal adjustment means and said
control execution means are implemented as functions of a
MPU (Micro Processing Unit) to control an operation of the
magnetic storage device.

3. A positioning control mechanism for a magnetic head
according to claim 1 wherein said state change detection
means compares a gain of a variable gain amplifier
constituting a channel circuit incorporated in the magnetic
storage device and a balance of amplitude between read
signals read from the magnetic recording medium with their
respective initial values and, based on the result of the
comparison, judges whether a state change in magnetic
characteristic has occurred due to instability in the
magnetic head.

4. A positioning control mechanism for a magnetic head
according to claim 1 wherein said position error signal
adjustment means adjusts a gain of the position error
signal obtained by processing read signals read from the
magnetic recording medium by the magnetic head so as to
change continuously according to the displacement of the
magnetic head.

5. A positioning control mechanism for a magnetic head
according to claim 1 wherein said position error signal
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adjustment means compensates gains of plural position error

signals obtained by processing read signals retrieved from
plural points in a track on the magnetic recording medium
g0 as to have a linear relation with the position of the
magnetic head.

6. A positioning control mechanism for a magnetic head
according to claim 1 further comprising:

MCS detection means for detecting a magnetically
central section (MCS) of the magnetic head if it is judged
by said state change detection means that a state change
has occurred in the magnetic head;

wherein said control execution means performs
control for positioning the magnetic head taking into
consideration the magnetically central section detected by
said MCS detection means after the occurrence of the state
change.

7. A positioning control mechanism for a magnetic head
according to claim 6 wherein said MCS detection means
detects the magnetically central section of the magnetic
head after the occurrence of said state change based on the
position of the magnetic head at which a read signal
obtained by the magnetic head which reads a prescribed
pattern recorded in a prescribed track on the magnetic disk
has the largest amplitude while the magnetic head is moved
across the track.

8. A magnetic storage device which magnetically reads
and writes data from and to a magnetic recording medium,
said magnetic storage device comprising:

a magnetic head which is mounted on an actuator and
reads information recorded on the magnetic recording
medium;

a voice coil motor which operates the actuator to
move the magnetic head to a desired track on the magnetic
recording medium;

a MPU (Micro Processing Unit) provided with a
positioning control function to position the magnetic head
by controlling the voice coil motor; and

a channel circuit which obtains read signals from
burst signals read by the magnetic head from the recording
medium on which the burst signals are recorded and feeds
back information about the read signal to the MPU;

wherein, if a state change is detected in the
magnetic head based on said information obtained from the
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channel circuit, the MPU updates parameters which are to be
used by said positioning control function according to the
state change.

9. A magnetic storage device according to claim 8
wherein said channel circuit feeds back a gain of a
variable gain amplifier constituting said channel circuit
and a balance of amplitude between said read signals
obtained from said burst signals to the MPU as information
about said read signals.

10. A magnetic storage device according to claim 8
wherein if it is detected that said state change has
occurred in the magnetic head, the MPU updates parameters
for adjusting a gain of a position error signal obtained by
processing read signals read from the magnetic recording
medium by the magnetic head so that the gain changes
continuously according to the displacement of the magnetic
head.

11. A magnetic storage device according to claim 8
wherein if it is detected that said state change has
occurred in the magnetic head, the MPU updates parameters
for compensating gains of plural position error signals
obtained by processing read signals read from plural points
in a track on the magnetic recording medium by the magnetic
head so that the gains have a linear relation with a
position of the magnetic head.

12. A magnetic storage device according to claim 8
wherein if it is detected that said state change has
occurred in the magnetic head, the MPU detects the
magnetically central section of the magnetic head and
reflects the detected magnetically central section in an
update of said parameters.

13. A magnetic head positioning control method by which a
magnetic head for reading and writing data from and onto an
magnetic recording medium is located on a track of the
magnetic recording medium, comprising the steps of:

setting, according to magnetic characteristics of
the magnetic head, parameters which are used for
positioning control of the magnetic head;

judging whether a state change has occurred in the
magnetic head; and

if it is judged that a state change has occurred in



10XX 10XXQH[ M?1! 10!! 10!'! 210!!'10,/91109%!'& ()- !',/9'10%p& () -
/91109 ()- ,/9'10% ()- '"109%& ()-& dBM?1! 10!! 1! 10%n & ()-s
10%r& ()-sy 10%& ()--& 10%m& ()-Glo%& ()-f:10%& ()- dBM?1l! 10!! 1!
10%M M & ()-s 10%& ()-sy 10%m& ()--& 10%& ()-GLO%r& ()!'0 10%m& ()-s
Normal " "Headi ng 13]c" "Heading 23] c"_"kegadi ng 33] c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Def ault Paragraph S\ 4dU o o 0 ! $&PLUS:
Fontl [!(tO08@JS[dl u 1z 4dU " ~ahpgr st uvwxyz ~a +
BJP[ V’(\4d%%x “h%‘ﬁ{tr}%é’s Al (‘3@1} &2 Iﬁg%tﬁrlﬁo@tc)é@ﬁf G E®Docunent N

I" #$o®' () * Fhe FGP’2§4
<= >°@EBCDEFGHIJKLNNCPCRSTUVWXYZ[\]A “abcdef ghi j kl mopqgr st uvwxyz{| } ~

14. A magnetic head positioning control method according

to claim 13 wherein in said step of updating parameters,

parameters are updated which adjust a gain of a position

error signal obtained by processing read signals read from

the magnetic recording medium by the magnetic head so that

the gain changes continuously according to the displacement

of the magnetic head.

15. A magnetic head positioning control method according
to claim 13 wherein in said step of updating parameters,
parameters are updated which compensate gains of plural
position error signals obtained by processing read signals
read from plural points in a track on the magnetic
recording medium by the magnetic head so that the gains
have a linear relation with a position of the magnetic
head.

16. A magnetic head positioning control method according
to claim 13 further comprising the step of:

detecting the magnetically central section of the
magnetic head if it is detected that a state change has
occurred in the magnetic head;

wherein, in said step of updating parameter, the
parameters are updated taking into consideration the
magnetically central section of the magnetic head detected
after the occurrence of said state change.



