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; e3e8t X6T8Q DETECTI ON OF TRACK M SREG STRATI ON W THI N USER DATA CHANNEL
TECHNI CAL FI ELD This invention relates to a nethod, system and apparatus of
position control 5 of a component in an assenbly, such as transducer in a
hard di sk drive, which is required to nove in relation toJawmmmmmm’m
conponent. More particularly, the invention relates to co

position of the transducer during track follow ng. 1 O BACKGRGNE-OF THE

| NVENTI ON A di sk drive 10 operates with a transducer 18 to read and wite
data on a disk 12, which is nmounted on a spindle nmotor 11 in the disk drive
10 as shown in FIG 1. The transducer 18 is also comonly referred to as a
read/ w i tBEREGQITOM@FAIRACKIMIPRE(HES TRAFIONWITEHNUSHBIIAT A GHANNEL

i ncludes a nunber of concentric tracks 28 that 15 are divided into radial
sectors 30 so that data can be stored according to the track and sector
addr esse | 2 spins about the spindle notor 11 allow ng the
transduc;Ec}gﬁthg zliége its position fromsector to sector on the sane
track. The tr ; 18, 1 j 1Y

through the moyaen s TalR (8 REURRE sh et AR apbaRILE BE bosfhor aSifro

not or /5dr i ofex crPdherditin avhhsgenlsly condlesd gdrdredac&einvg hafhdisk drive, which is
system controller 24. The servo control system 24 maintains the transducer
18 in a p&gritedntovapve hia gelation & arsher aoknpanestsuMborehgiartitieladiys kther i ve

10 operat.es properly. The controller 24 is.in turn connected to the
Posi ti on B F&’O‘gi beﬁ%tles (BESPrSBliRg e fosition Q/ﬁhitgﬁ ransducer veuringotigki on

pre-encodgf asnservo pattern on the tracks to generate PESs, which

repr esent tﬁe viation of the transducer 18 fromthe track center. The
PESs are generated periodically during track seek and track foll ow ng
operations and used by the servo control system 24 to generate a
cor r dét i VBAGHGReEAIND OF{IIE IMEENTN whi ch uses the signal to correct the

position of thﬁ t,rans_du%sr or read/wite head_18. The nost comonly used
met hod of st ori* (ESks@rye 10 opsFatat ot 2 trapsduces dBdp read ond wetesthtewearaediskic h

track on | rface jinclu servo.t.rack j.nfar.mation and. bipar
data i nf ofri(lg\flﬂ%t?]ﬁ Iﬁlléu%ﬁeicgohegtér%rg(,?lsétrﬁggogceir]\/‘gﬂﬁﬁf%@( ﬂﬁlfVStr_IIQTﬂSi Sg‘r‘?"\'% 1} E@gr%ed
at regul arhd HhREAes 18Ns @RNcdhafdhlhbebrdRid Ad h 9B5d FREHd hagk Tl a;de al
sectors 30 as illustrat Zd inC FI G ZWQEach of these I‘}(Z;Idi a(% g%%t%ﬁéaé%a%
di vi ded iiHustrate8envpe8ec detailvheFEG sk indutiesia kiimber ofeddredniric Shekse2B gid a
Data Sector where data information is stored. In the Servo Sector, servo
t rackdi nfaEmYided indo enadighsertprs 30 so that data can be stored according to the track

and sector addresses.

The disk 12 spins about the spindle motor 11 allowing the transducer 18 to
change its position from sector to sector on the same track. The transducer 18 is
moved across the disk from track to track through the movement of an actuator 14

20  driven by a voice coil motor/driver (VCM) 16, which is connected to a servo control
system/controller 24. The servo control system 24 maintains the transducer 18 in a
position over the center of the track to ensure that the disk drive 10 operates
properly.

The controller 24 is in turn connected to the Position Error Signal (PES)

25  demodulator 22 which uses servo information pre-encoded as servo pattern on the
tracks to generate PESs, which represent the deviation of the transducer 18 from the
track center. The PESs are generated periodically during track seek and track

following operations and used by the servo control system 24 to generate a
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10 magnetic patterns comonly known as servo bursts. The PES is determ ned
using the servo burst pattern as a reference. One problemw th the sector
servo nethod is that the position error signal (PES) is only avail abl e when
the head is reading the servo sector. Wien the head is at the data sector,
there is no nethod avail able for accurately determning that the 15 head is
on track or on track center throughout read/wite operations. To ensure
that the transducer is on track throughout its operation, an increase in
the sanpling rate of the position information would inprove the perfornmance
and accuracy of the servo control system However, an increase in the

sanpl i ng aoateetive vighal ¢gthhe ¥ @V tloewhach usesr gaseghal toh®rrachiles pofitisarofdhe
sectors within each track or an _increase in 20 the spindle speed so that
the servorasguger of radgagitetheaddSad nore often. Unfortunately, if the

nunber of ser sectors i s increased,, the, amount of disk space. for the
L orage of - uedheSisP Famplol Rl anRPtmahss SERUY stvorfl piltoE BratCBrnal o
nmotor is d i st i h as
o Repedtil SRERGH oIRE0RHUE Hack bR i PR ER AT e SR b AR ma A
cont r isbutenbitaryt datdegioatianignof IREthiandetiedlctheseemd PRk oinfanasticmds

avail abl e data storage space. Qher nethods were al so unable to overcone
havi ng t oecondedoat ségvdan attarved pageachpaek iwhigh dpaskitions thedrank: indd eradiah
Novel Data Ser Met.hod", Li He_et a | EEE Vql . 32 . 5. Sept enber
1996, t héeﬁ@éﬂggﬁililpﬁﬁﬁaf@@r‘&r%g-&aﬁa@hﬁk BaesgitRgial spciehs 3.is A gPaaD & ¢ he
data seq i £ ' l.nt er,- na i.ng
8 o MRS RS0 R N, ROk TSGR LU TSI X aaesngho Rl
series ofinBsrphdtic UeSrand If Uht v e Bdedr! SerbOhhcle 2B rihtisn UsidMdo8edhhh
order Hadamard matrix coding rules. Wile this nethod allows continuous PES
in tH® useagueiapsttensconmmbniyakndivhatsesepyebusest ThekPEDisl detenginedhesing

di viding of user data into 2-bit groups and further encoding into 8-code
bits Ii mthespeyalimstpagernisa ederenc@served for storing user data bits,

hence limting~the storage,space in the disk drive. S. Patent No..

6025, 731 ( Bordj® drabREaaes PRE Sertfe et R i Bt b oL e Seiing o
track sangwseisshihelWaghleavasH Vit héa%pissreaah%:m@ &8v6 QBbA URHRn el KK s
foll owi ng accuracy of the read/wite head. is method provides continuous
and si mul dtathealida sectok thetd Bwia endthidd atvailalledvpanseracdly diesdrnsipage thitithb i s
used for storing the additional servo tracks. In another article,

" Custldni ZegsideisCam draglstorSen yenpchegendien trpughewt rapidydlviiel operatipys.Ddioi esuye
Abramovitch, .in the, | EEE paper, (Vol. .3 No. 3, Septenber 1998 15 an,,

A Gor 1t hrifbH RO ROp ok P ughout s o Her Sy LB e 14 e By,
The al gori i : 1, %113 i i j and
e B A i R e e R R e s S e
digital ofertykohttol aysmnof Howbog, andindrgistdh thegnahplihg aates aroudd begsire
patterns. However, this nmethod does not provide a continuous PES in the
user dat seitfertagyingregse e thef numbeo of sery orrsrtqys avithia dagh trashtdrraroinsreasadir
follawi ng.in the user,sector, In view of the |limjiations of existing prior
art, e fwepindlesares 8 19 shestad s inBerlPash e bk Fge OF8 1 on

| nformation W gt ARe S §thdHud r%%%ewséc%ﬁsqﬁﬁ&%eésﬁghgﬁl%b&ﬂt oAk

whil e avoiding an incre §e 1 n nechani cal disturbances. rease

sanpl i ng dpake MPuhE stdralgtrdl, usr| @wadisfradtiesd.r esROMSEIvERONT the spesd® of thd
controller with increased accuracy. SUMVARY OF THE | NVENTI ON The present
i nvent i orspindlei etords mutrbangdf orechenigal distyrbadcassromethee sgingle imaton such as

B e N e T Tt M N MRV A
Lscrobs B JrauBl (PPRIAA Lencolote phenghagl ShORL LR RIS

readback giagpalothePMdiRedglalete 8RBUHaDIS td bUEEBHRANAIhEWD RGN iBi@USata
tracking of the position of the 5 transducer when it I's operating in the

dat a sectspraghrapace sn addek. possi bl e through a writing process where the
readback signals fromthe mmittfn data in the data sector are distinct from

readback si gnaiisthyer diciedj 4k Sifvet Dadk servindethedodlignaeitde st al fiEEEeYe!l. 32
f i i f i Ks. f d
fr equenci 58 RePieEEHPBBCIR! ni, OLAGR ek PN sl Pl e fREREg trom

readback signal froma servo sector of one track differ fromthe frequency
of a readback signal of another track. The nmethod al so provides for
frequenci es of readback signals fromthe servo sector to differ fromthe
frequency of a readback signal froma data sector within the sane track. In
one enbodi nent of the present invention, the nethod provides for 15
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25 information in adjacent tracks. Based on this information, the position
of the head, whether it is shifted to the left or right side of the track
center can be determ ned. The tine interval setting for witing the user
data information at a particular bit interval of a track is noted and
stored in a | ook-up table in a program nenory device in the disk drive and
is retrieved when witing and readback operations are 4 performed on a
track. The tinme interval setting information can also be stored in a
preanbl e of the data sector. Accordingly, the method provides for accurate
estimation of position information of the transducer even with an increase
in the ttlecHatessjueycesseddelaooby ta orodified ierotupahrden€eackr Ok divigonat Qodirser vo
sector is_estimated through detecting of a readback signal fromthe servo

sector; fOIlQwkdothigaeshed dhe eniginaltdra segurnoss are dipided into series pé 2-bit
det ect ed db i gnal ; .t hen deternining the nagnit t h | at ed
e T R R R
esti mat ecbBiaRAtLe | Wil ulil endhBRSHRER ERLALINEPES ihfific IREY CalsE6! &1 -

no p t he es ck ‘addr ess

The estinatl the position o transducer provi the tra

i n whi chfddigtage pyerisetladk foHowimR@r theodlividlitighof bigert daekirddI-BESgrdupe drdre
interval setting stored in the |ook-up tabl'e in the program nenory device
of the diwithelr eneodisgrinta Beedd hits bt the sumbea\dflit selyensarvedfor whirolg

i henatical functi | gtjon signal. The ti
Rl or val SaBHRD I SOUSIIDE WS SAEESBact ImdeSIHE AFBRI 2i ng Che modul at | on
stgnal with alf.§81g§c§ﬁt<l\§d.%‘é®28$f3ghﬁo&ﬁﬁ dibABATE AR SRERIm WRIRN,ALS, Dot h

m x together to forma mx he"m'xed signal's”are detecte ht ough
the use gfrubRiréMalthg RarddeeREYhRRLEBYErPD sbRaNEhEkLRSpidVillB oAt us
signals to a selected frequency pattern. This manner of detection is to

i ncr é@se tiakhk felowing véiduyatyoof desredd tvirite thebdaliis inatbod provielesicentingognal s
that occur in a 20 nmedium of increased areal density. The detection of the
transiti 8nd simulthreoyscaack fllpwinghutatithy expensecrfctiple apacesybichcy usad ey n
occurs vvié)hi n & p%a'.ﬁd. The dﬁt cted transitions are extracted and

dermodul a? €M B! O?ﬂese%% !af de of the m xed signal. The average

magni tude of he, derndul@led-alxethishibatohsreh® B & DanddamRINest Disia
snoot hing function using an arbitrary value, a, which 25 range between 0 to
1. Howev@®rivashdyrdaiepY eAbraradvitel, ir thé IEEE paPers(Volhd: NenBpSdistdbeena9s),
magni t ude of the denodul ated m xed signal provides the position infornmation
of the teandgasithm radétermingng heositien eseen br a Fhive gestart isodisclesed.nafhen i s
sent to a,controller and used .,as.a reference |.n adjustin he. position of
the head Ageihihis fied SadBorof BIang SISHAR o HSHEBOdroRREme deush rom
inventio t t i L LS5 4l ad | :
appar at USCT Sy DAY deerE e SRR cRH AR 1PPIET SRRl B W ¢
storage syshemf dfofranddigesl bignalgfnpasitd Burkepatievss. t dHawevagkitgn a
data storage medi um Such an apparatus woul d conprise of a first 5 circuit
for receimgthgdaheeswnott prayideteacontiroravst PBm inrthe wher alate sedpr aadsdeoefgre
circyit for estimating a position informtion for the transducer relative
to tAB sé'%f@&ef%vrldﬁg%ﬁfrﬁwwm fe@wmmﬁm%ra?ﬁtaﬁd a third circuit
for determini g ki RYAL 4 Madind Bl LS e lart! ha ik hflla d RLAT IR on

witten in the data sector an e positton I nférmation o e transducer
rel ati ve mhi@hbliehaepusyidespoditioRinfoefralbioy, withen e Gkt data bicketridihchésed
change in tine interval setting before being witten in the data sector
such t hatthel@amplinfgoratet whilewnvaitlerg ian adpersenin treabksichhviéstdibdfreesnt The
frequenci.es. I%ergjoone nbodi nent of . the pre?ent paratus, first chcuit
provi des IRgrassdopamplingerate fropst &p varnsailewng, fanisr dagspas trom fhe serudige
in frequ &S adback signal of data information in the
dat aagecggﬁ?éoﬁ%rgﬁ olgﬁ?%‘sé{ﬂgﬁﬁ]%a{s}ﬁ the nenory device in data storage system
or in a preanble of a data sector of a track. The | ook-up table can be an
erasabl e programmabl e read only nenory (EPROM. The second circuit includes
a denodulSaMMoaRYC@F diEdNVERTION t f or denpdul ating at | east two frequency
conponents of _a readback signal fromthe servo sector, a square 20 root
arithmetic unilthef Bresspt ainvPRgon Biades rosrethpdt fnfeteteciiaguand opstimating
denodul at ed.t{ e grncg.con?ondaar}ts Oarnd éegocgputt tCi OE unit far. colg&uti ng. an
esti mat e FSHAY BROGRAVAR ¥ AT GE3REs SREIFVETR SOPHEUSEY PSRN BFOTETRY ¢ he
square arithnetic value of the frequency conponent. The third circuit
includes a timng unit, a waveform generator, a mxing unit, a denodul ation
conputation unit, a 25 data-position nmagAitude conputing unit, an average
data- position conputing unit and a snoothing unit. The timng unit
activates the waveform generator to generate a nodul ation signal which is
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recovers the stored tinme interval setting fromthe |ook-up table in the
menory device or a preanble of a data sector of the track for enhancing the
frequency of the nodul ation signal. The m xing unit m xes the readback
signal with the nodul ation signal to forma m xed signal, which is

denodul ated in the denodul ati on 5 conputation unit. The magnitude of the

m xed signhals is then conputed in the data position magnitude conputi ng
unit with the denodul ated m xed signal. The average magnitude of the
denodul ated m xed signals is then determned in the average data-position
conputing unit and then snoothed in the snmobothing unit to obtain a snoot hed
average imghbtdsa sdctéhe Alermghl pbeiionl ¥eaAhsit@nMducdP drNready virieoHEa®TE Of
the present apparatus, the third circuit includes a detection circuit where
a frequedeterpsanedrthrdoghetenbydulatingi ofi tres réacbackiskghl sirgmatheaservieaserhed t o

Parti o Bonssdheurawan Basitiona derSaneBrRIEOSRtIAT Of e, drdRagk Rgnabdisder of
th t | tion, th hed i.s i npl ted isn 15 tem wh

L7 P Endhh S SR el BthadiPe USRS oliod S0P dl SR B "
witten dafa L hioniRhIiPR ksaﬂgg‘?ﬁ“'{’ﬁ@@l‘étéé&?@xj. Phishs aadlld é@gs%lé_tﬁf ney

pattern from adjacent tra al gorithmfor conputing servo information
from ser Wiﬁﬁggﬁbce‘ss wlkerBabe tréadbdckrsdgnds gromh thERSittandblen theadse sector
positioning and track seeking operation with the help of track ID

i nf or mat asadistioet freen Gagipads dignats fram fjacgnt yirckect or, and an al gorithm for
estimating position jnformation fromuser data channel to provide

Sroot hed aver 468 THhE CHERIAE ahiSRRl JiraerrEs, BadnsRoorSia 5 e
dat & sectplod OTHIRLEE Bfibcifed: 1Akl iehleb Ot e OREYBL LA ADT Bydil1 ke Ghe dat 2
area. The system of tHe present invention also incorporates e use of a
trangdti greqiRhegtdfon rey@ham sinal fromh GOkdrivimdceorebfbhe frie deffécioan thé
magnetic 2~ transitions of the storage nmedia. Such a detection system hel ps
to acti vdtesuehey d¥nadehdbadn signep df nandibenltgoki i frethed talsmapirogidehefor

position inforrr,ati?n f({onkthe a}a sector. In an iaezflt situation, the
sel ect ed freagneice P peadack siglaimoe theptargesedtpr fo ditéyn frem thedrduensk of
poi nts. éreadb%ﬁéﬁbl{@gﬁf&a 506 G SR AeIBfql gedi @, when the bit

density i's Tncreas _ ransi'tion points are less distinct, which give
rai se to intennsyRbodmboiRhdiar _@P%e(bx%s}ent eeigsenie imMABHI ??@viHEQVFoges
for denodul ating the position infornation fromthe data sectof with the

i ncorpor atcomingfartcherritetgeat usen dayas irethet deeth sector apabdisk ohcé tlietrack addrdsess
distinct transitions in a nediumof increase areal densit BRI EF

DESCRI PTixetermpgd. pRAgAISIatA dnfgamaition is wvritien af @iéf@ﬁ@nhb%gtﬁ@ruv@%s Hirppgh

becone appar ent reference to the foll owing description. .and.accorpanyi ng
i v nge TerRlen ey e & RSt <Rk TaoF oB ety (i bRGRAT BoeK
act uat or (f&f MR WYRleBathlifordatrehaPatéRlbakk 'sl—%{all iR RitREr fs ¢ eﬁ\ls/')r/ face,
where information can be stored. FIG 3 1s a block diagram of a servo

control giekentififeriag éamaneadbadkhsignal feolosh adjatettf tradie Thiesanbe hokienedon.
FIG 4(a) is a waveformof the data information to be witten on the disk
in aZ28at dy18n deereate or deceagain the tmedgtasvaktaiehange dednpgiencieofdiheedath on

f t.i ti f.th i if t data inf tion sh i.n Fl 4
Oy oo ih Bt biekel s die The it Holetsror s shite i R, b, kgt o

t he read i : AN o t j : ) is
L waver on e Syt PRI e WEWDILLES 63 AHSAMbRe Bf fhe e siefll FeGuotS) |
ti me int efhaldieteincagf tht Greqiepyies airal phgsstdlbwiotiad dathhubiigatibe ididaeht i on

of the magnetization of the ‘gra_i ns after the waveform of the data
i nf or mat i&a sheen t rerpdracied wikaditthe éntesighiruetfrom readbaelysignals pfrstored

i nt | .setti d itt i sk.dri in.th .25 d :
FlG 281Ul ik s, daaphen inlrrartion dheream Bt BFbhn i n
FI G 4( &)y niher 8 stk 8 il O o AL DA (AR RENR GARSLLLEE ! om

in FIG 3 for generating position errbr signa romthe servo sector in

accor danCehamihie piterelrBedim®rir afrititie i as@nlalanv@8trh®ion fak @ plrticilar Bitock
diagramwi thin a servo controller systemin FIG 3 for generating 5 position
error si gntdrval omat treclusemnottat andestomd im adloobrujartaldevint & prngrambodimment

device in the disk drive and is retrieved when writing and readback operations are



of the present invention. FIG 7 is a schematic view of a frequency encoded
servo pattern and user data in the present invention. FIG 8 is a graphical
representation of the readback signal fromthe frequency 10 encoded servo
sector, preanble and user data sector in the present invention. FIG 9 is
graphi cal representation of a readback signal of the servo field at track
center in the present invention. FIG 10 is a graphical representation of
the DFT of servo burst 1, DFT of servo burst 2 and the resultant of the two
respective DFT in the present invention. 15 FIG 11 is a graphical
representation of the normalised servo position error signal fromthe

present paYGRhEaBn Fhic 1t iedn 0L CRkuREREBHERLANAR Ao bbediARdRm User

dat a bas orentzian no I cal representation of
the snoophachivesRdRe deimdidcatied REDrdthdly othé et ¢redidés Pidrs acdurata t he
present invention. FIG 14 is a graphical representation of the cross-track
f unct i onestimais ©f s fbomafiporoft the trankidiicduavenseithdat indreasekinathe it s
adj acent user data tracks on a disk surface. 25 DETAILED DESCRI PTI ON OF
| NVENTI ONagl densityi.| | ustrates an enbodi nent of the present invention that

i ncluydes a di drive 67 nect T Lreuit 65 f jti at a
i nf o;jsdnnti on iiﬁ%paglt{%ms%fc@%?r% Sdgl%F ItF geclgtl%é]@%esg%i‘{osgéc% %negﬁga‘ét\%%%hxg%é rcuit
66 for d&ét%Eﬁﬁ%%f%F%ﬁbQ&l@E B Fodh ItRE serbREst K fAlIdWed 87 ddrbyaRSioR 6l Sk
68 nounted on spindl e 79 for rotating the disk 9 68, "and an actuator 71
on whi chtte freqaesiyc esmpdnestsnofutiieedeteotest oraelbankl sigriali dws dateamiiningy that i on
on the disk 68. The transducer 69 is also commonly referred to as

read/ wr i magnitade ofttefdemeduelated i freqesnehepmpesentsyefi the repdhackt signabiganda

programuabl e ¢l ock generator.63. In the. fir cjrcuit 65, raw dafa

hF or mat HoRBBe Beratid forb itRotesh g st tian AT Hhet o SatissF TR tP 3he seryon
di skqd s ! : I i gl

gener i or B P B L s B el o PO A PRk ke,
or phaseirskitith e aRpYyisB@oR ishapge bfh Wh thoreratiotideads, Ské tririg ihterthle
cl ock generator 63. The altered signal fromthe programmuabl e cl ock
gener at oset88gistorefién the uak-bp ¢#ble in the prograint meotyskelvidesyf the diskndriveis he
10 desi gnat-ed%éjata sector on track of disk., The detail ?ﬁof thﬁn{vvri ting
process BYTIEKR & asvte; hyanefBm graeidide Neuel applige p dnpthsomadigalf inrtion

referenc 4 T R { it LSty
frequenc;ﬁ0 %%ﬁ%&na rgl(z?n l%tﬂ%ﬁ’glﬁége%hei E%Oeﬁékér?ﬁgse? t?lté g SCSEF@E@%hgytgﬁé%eao ack
signgd f Q}Endllﬁbﬁirzm%" HOJiR AR bigdRl RfitH AfeddiR GUsRI defedt@l lonR!thd datahe
data sector. When the transducer 69 perfornms an operation on a disk 15 68,
a r eadbasdctsi, gviakh fare botlhenis eéogether tal&iran sentxed dignajen€haneiced Fignaleadback
signal fromthe servpo sector is first retrieved through %he transducer 69
and pass#éatesteshthronghadeyatcopt matehing e Hegueney paitermst raneways wrthat o

an Aut omat.i ¢, Gain ntrol ). [ lifier. A npld fiier..70,. for
ensuri ngn}%?%tségl al%l I"flfsle(l:ééﬁ%:rflrefqglre %ﬁnyp%artte%gf gﬂgse(r:%%cnad%éi?flcﬁlfe%cgégflgr%
det ect | nﬂq&é&%%b%éﬁs@ﬁbﬁy t81dsQRidthh® LU RDZGARIRE nfQe® %ig@ﬂ_a@aﬂ'\%t oe&lah.a The
second circuit 66 conprises mainly of a PESSERVO determihing unit 74, a
PESp20A detdéum of igreaset Atabhddnsitycoheoddtecti@0pf dlae braofitidmscin thevmixed
addi tional conputation units discussed in greater detail in subsequent

par agr apRignalst atehiage the selectadciresiugngy ppatter. o wHEIT Aaperipg.  The
anplifier, the readback signal s anplified, and. leads into an.

anal og- ¢ ettt BRREORDE aPe i agsel SSPabmsBoutAbe FB%ia’ Bt ndlhiturcint tas 1y
to both hliiﬁe&Esﬁgﬁﬁ\/O PRE eé\?@rﬁg@gm'éghituaé 8NdhthgeRBIRMAAD datiesd fkha 4 t
76 which are both in turn conhected to the controller 80. The readback
signal frompubed srd sn@ehédin hsnpashig funotivh heindDXh Zebitrary halde-Gs shich
determning unit 74 where the position err or signal of the servo

( PESgfav odnges besréaralet 1Det Hioveevet, thwe neeneppredeired wilue hé ®HSSEPvo Ehgnal
are di scussedleqlgjel owto wth ref efr nce,to Fl G&f. .Th(é esti pat ed, PESsEr zvo
i s then PERQHY AvSTaEFIPRsMErdR PR slemedylatad ipired e Ppoak deVifess thifhal
is anmplifjed in. drivep 8 being. conyert - 4

di gi tal - PiShcl géaé’f%gé A B %ﬁﬁ%‘%ﬁ?ﬁ%&%ﬁe@ ADUEL K g%“%%c) s RRLQRM
driver 82nfosmaBBAaskest tPa BbRrYIM 4dd aRddtdRe: RFticnas afl aRfEBsiRBQe] sosus@d 5
as a reference to adjust the track and sector position of the transducer 69
if it isobtle hével dvadkeckd seectotOnce the PESsErwo is received by the
controller 80, a timng unit 62 in the PESDATA determning unit 76 is
activated. The timng unit 62 retrieves the tinme interval setting
information froma |ook-up table in a negory device of the disk drive,
which in turn uses the tinme interval setting information to activate a

ange



10 denodul ati on wavef orm generator 78, where a nodul ati on signal generated
by the denodul ati on wavef orm generator is synchronized with the readback
signal fromthe data sector. The readback signal fromthe data sector is
input fromthe transducer 69 to the PESDATA determ ning unit 76 through the
AGC 70 and the ADC 72. The nodul ation signal is mxed with the readback
signal fromthe data sector in 15 a mxing unit 100. The PESDa-ra signal is
determ ned through a series of conputation steps in the PESDAT, a signal
conputation unit 75 as discussed in detail belowwth reference to FIG 6.
Thi s PESDATA Signal is sent to servo controller 80 after being converted
from digital - in- anstheg dspeet BAGhenipres®ds iandntisedths metieidercéntde poesent
generate a control signal for adjusting the position of the transducer 69
20 t hr oughverionisNmpiemgptagaiior appamids radateritng ynd eslimatio g wapenitign of

~n. ~hen the transducer, 69 is on the data sector qf the track. The,L secondary
St age. acAURURST PEa Sl SRane S i RSt He 1 pHCTR N TeIgHve (o 4

adj ust e f e St . tran e e r i.sk
65 Typ: cfyot PRARESHEHAR BLeARR, (SRS Liold [BRGAE 'S it
shownsi n cgRuft! for 4é@ivingeari wedind datOthfoRAatbh e aChAaNRLtRAa isBcdMd bir&ikt bY
an i nductive ~~rite head through magnetizing of tiny regions of nmagnetic

gr ai ns alfongstamdting at pesitionanfolmadiiopkfos whé dcesidncer ddadtiveeth trel smvatsecor The

tiny regions, of magnetic grains formpart of a data sector. 56 gn the data
track 54 baged pBRCPHeqpesve inforgnaigryand athprdoprquat ﬁ%me%rmamg thedposition a

reanbl e and a I ta fle 54 /L hin dat g, sect.or 56
Tmgnet o & AEepEARET oM b Befy digrfdrtig et Mot B Brd ik isectoiind e
cells ar ?)gtéﬁkﬁ{ ArBadaR¥ntd18hE 'terﬁquér Vhigivd BS the 300USLlorP A8 RES aBME the

given |l o ion on the track. The data information signal when wittén and
stordd i rlatdénformatiehl Isas & chimge in tinkd hted(d)settidie befdrbebeiig owdttemdn ché e
the direction of the magnetic grains 5 on the disk surface in the bit cells
| ocat ed idata sgetos sebt diat glata iplermatigrawiiftere in Jdjacesnt ofracksdheee idifferemat i on
when retrieved t hrough the transducer 69 carries a readback signal in the
formas SHEWENFSSFIG 4(c). This may be of a similar frequency pattern with
stored dafa i hQIERlh OBt A afk Br&Rhe bplatul b8 HOPRLIUE! REMLIAR has

the sane frequency pattern, it w ficul't to disttngul the 1

readback theghat inferoslesattihg, sddtloredulenin hathadbednd@bquaryt 6f phas@obf the

adj acent track. The data information signal is subject to a frequency
chandé orrepdlaank sighft of iklata difosmatiangia the data pectpmtior & dpolsapt fable im thoe
programmuabl e cl ock. ene%agtor 63 before the data i f0£rra ion is witten and

stored i MEMELEY de¥ifedp dpi £1UaBE SYSteqher I 8ds et 8| GeR SedRE PhRJTA%S

changes tﬁﬁ j e | v erti i bb by
t_he wite C {gr?ﬁ‘e%]llg Eéﬁgrﬁhhb}n%%eg%taggﬁﬁlﬁﬁé}%%ﬁgﬁféée%q n %rg%ﬁf@%ft’lg S ctor
Wi || car rpheasddopduaRet iadlti@éd adddrhed elttiohr @it ilaabn ainid feAHRNERRAMing Atan
adj acent track. The tinme interval setting for each track is predefined and
i s storedeast teol foexluamytcampe)rientsoﬁm oapddnackeipmay fiev tlesdrmotshetodi sssquiire ve.

The program nmenpry device may i ncl ude an Erasabl e Progranmbl e Read |y
Merord) 20°0PE et ib o910 PAIRING o | éq‘F#YSgFg?ﬁm%ng‘“P?é% \@iw @@ms%

(EEPROV - dnfhitalbRoad Oy MR Eloh R pu Bl MERBLERAN

and ot her Trenor inme I nterval se ng for a pa ul'a

i's retri eugethdly gdigion iof @he haailucandelafiRbttot thet bavRr Q@tGIHBLEHE! re
generator 63 each time a wite operation is perfornmed on that "data track.
Accor di nqarttbntdtie vadte iof the frtaquencynicempaineps sEhe ithigd ionfcaitnmtiusies a tising me
interval in the progranmabl e cl ock generator 63 is altered through a change
in the clWik HrEeioyn; gRieEaes &rmiades Hub 3 KeMeFHIAHOR CORPP$ItiOReUN; e

current i hannel ed to. wite.head. faqr neti,zing the bit cell or.
or t1n SRRt Matithe <o el e 2 BT S Ratd N Sp e Eng fiit en
data mat Ghepa Exﬂ%btlﬂﬁﬁl%ﬁ@efﬂé“ﬁﬁmﬁg'[111&!}@&%%%%6%\%{&?0% ER&-aR5 08! AR PREDT Y
device, e.g., 12 an EPROM Alternatively, the time interval renains

const ant avmddulatisihisignal .which isisyechrirézadlwibly aarqaddaek signal $ran hihevwdda
t hrough starting the wite process at a different phase of the si %nal of
t he sane See@yguibreysh helogk|igeovwiryt Hecwkiskke @-Phase ppedest Lnen @ld)seoped in

t he | ook- t.able within th r,o0gy am. nmenor i .5 The _wavef or. f. the
ata | ot JAASERE ORGP ALY GeRRSCLATNERY BRSO By aBRg B fuplish
change t hrough the progranmabl e cl ock generator 63 is illustrated in FIG
4(d), which differs fromthat of a data sector in an adjacent track. This
data informati on when witten and stored &oul d have bit cells as shown in
FIG 4(e), which differ fromthat as shown in FIG 4(b), where the data

i nformati on was not 10 subject to any change in tinme interval setting.
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25 data fromdifferent tracks. This in turn reduces the |ikelihood of an
undet ected track m sregistration when the transducer noves onto the data
sector. It can also be seen that this encodi ng nethod does not require
addi tional storage of data information on the limted di sk space as
conpared to prior art techniques since the tine interval setting
information is stored in the preanble of the respectiv a data |3 sector
and the witten data which has been altered through a frequency or phase
shift is stored at the data field designated for storing user data w thout
requiring additional storage. FIG 5 illustrates the PESSERVO det erm ni ng
unit 74 B8 aher stdRietim ik ey A s%t{ﬂm%]%&%etﬂz@%dl@ﬁ Tr@ns ik (REMorini t
84 and a conputation unit 96 for determning the avePage PESSERVO form t he
PESs s RV@aledeenma pireegnbliel df ardatarsector o ithe thacMEdherthdrietngdmE fvadter®4 @frtbet wo
DFT calculation units 88 and 90 for cal cul ati ng denodul at ed readback
si gnal s mpdulesion; sigrale fthefmbdng meiitemixesrihetrpadackaignalavitbihemedulggonnd 90
are connected to. correspondi ng Squar.e Root Arit ti,c.Unj,its 92 10 and 94,
o pect IEHY 14 EoPRb Sahate. AR AN AR CeBss dhatiss demetuabine uae
of the f i .S ' t.

3 JOWﬁXnQBHP%%%§%ﬂH3ﬁ?§% Eh%%ﬂ%ﬁks&%%agg ?s!stiﬂée?]i zﬁ%%@#eé ifithé Qata

determ ne requency str . the rea . e frequency
st r engt h@fitidhanhLa; keoBih St g itfnit Refthi theUtefddalatBdt mPed Rigil ch Thie
PESsEavo is conpuied. In FIG 7, it is shown that the track center 57 lies

bet ween dwepage megriurdst ofl she detrerdidatel lmaxetl BRznalth enthdre deeachiheddn thai ch
is narrower than the width of the track, .is positigned off track center by
about SOUEIEA Jatengosidan sampwingunitansrihenameethed indhe smaathingyugifda an
i nstance,, the readRack signal. S, wll 4nglud |y one.freguency
componertehie SERTHRS SRR pginaile shy e RRuBled B BTN e
frequency patepRs eniodiftbnl Zof ﬁfeepf&@ﬁ?%?gra%ub,ntﬂze' thir &&uéﬁin&m@eéhé",

e

respectively. 20 If the head is on track nter, equal portions of t
servo frégeaimycipaiit erlese a¥sequemdy GBitterarfermed dycramsitibenirea trhixed esdghed c k
signal, S, will include two frequency conponents, S1 and S2. The servo

sector iayeandished teachlectestirequence paibteek. dingeramaplesfdhedetestioncisquidies or
phase patter t hat di ff.er bet. n_agdj tracks. In another instance,

t he dif?%?gﬁfﬁFﬂﬁﬁﬁﬁﬁ%?@guﬁpﬁfggﬁFéﬁgGﬁgﬁeiP%ﬁ%?% have a 25 fundanenta
frequency, f, tla‘:r\ortlgteryasgbétf&rthQ}Pr@s&nQﬁgeﬁt%r{,tthe BhetBSdlib krﬂ?lerrﬂéﬁ%%'iﬂ the
frequency patterns 53" and 53"'. The frequency conponents, S1 an , of

t he Irseadbapdtersi Whate arbalgofiehef of evitiag elaa nfofantoh ah afdLgedtoy sudh thwi | e
they differ by a phase shift value, B. \Wen the readback signal, S, from

t he” ADC thg Wsittdraclatd édformaesionhbaPESseadhnclesignal mity audiffereat frequeney
denodul ati,on unit 84. activates tgg | 4 gglculations units .88 %ﬂd %0. Bot h
of the ATIPATPBNAYRFTY BackenanIgarEadOr ForuItRE S el P BRI M Mon on

the f : ' : i
Lrack cantor s BRRRGTTR R R Thehd, (2L RaOR OB R I ) WP e

f r equencaeekiiEp tioaakithehe bl BEEatk O k@ nsaim fodatie SrapleRs. inThes
means that the fornmula for cal culating the spectral content, Xk, of a signal

fromdla ssrvofseMNoecaral appdgedthsnfpt estimatingi pesation xmformiasiogi frem bser data |
Sin §  “ehinnel to providé @ imobiticd avelagh valle Shelrignt origueh SpSreach:
1 L A AL S s R ARG RSO OMERY St
J ~X" si nfsdrkfata arda; The@ystenPof thk presenk invention: alse incorporatéthe use of a
transition detection system in its algorithm to enable the detection of magnetic
25  transitions of the storage media. Such a detection system helps to activate the
demodulation step in the algorithm for estimating the position information from the
data sector. In an ideal situation, the selected frequency pattern would be dipulses

with distinct transition points.



using this sinplified fornula, the anplitude of a sanpled data val ue can be
i5 transfornmed into the expression: Xk ~ .~(rk )z + (gk )2
.................... (4) which is the anplitude of a waveform at fundanental
frequency, fk, where k is an integer. Wth this sinplified expression, the
sanme can be applied to the nmagnitude 20 values of S1 and S2 to obtain an
estimation of the PES of the servo. In the DFT denodul ation unit 84, the
digitized reaci back signals are separated into s1" and stn according to the
respective frequencies F1 and F2. These separated digitized readback
signals are then summed in the respective DFT Cal culation units 88 and 90,
with the exprAssirdinsg t2theNinrentldesndhd formsdia, edien-the bit density is increased
............... .....(5 15 L. and Ncycles S =S2 a J2n(n-1)IN _2 ~ n n=|
,t.he.t.rar.tsmon.pquegs amrdess distinrigovhichrgive raigpite iatersy mboldnies{arengene

mat i f the di te digitized f st tn,. . mber of
Cyolos wiEh KRB b et oy PG e &gl niEa b as
D ove. : R ! " il e
moni tudee 't etata Pilol Bl e U ot AgH S P et 05t e PR e
functs ongetecting &8k ditilct Erahbitions if@)Aedlun b fitréase afeallensityS7 renl ~

+~S2 img~ S2 norm.................. and 10 This PESSERVO val ue is then
sent to the servo controller 80, which together 15

BRIEF DESCRIPTION OF THE DRAWINGS
The details of the present invention will become apparent by reference to the

following description and accompanying drawings wherein:
10 FIG.1 is schematic view of a typical disc drive actuator servo system.

FIG. 2 is a spatial illustration of a disk surface, where information can be stored.

FIG. 3 is a block diagram of a servo control system in accordance with one

embodiment of the present invention.

FIG. 4(a) is a waveform of the data information to be written on the disk in a data
15  sector.

FIG 4(b) is a magnetic domain showing the direction of magnetization of the grains

if the data information shown in FIG. 4(a) is written on the disk drive in a data

sector.

FIG. 4(c) is a waveform of the readback signal of the written data shown in FIG. 4(b).
20 FIG. 4(d) is a waveform of the data information after a phase shift through a change

in time interval setting.

FIG. 4(e) is a magnetic domain showing the direction of the magnetization of the

grains after the waveform of the data information shown in FIG. 4(d) has been

subject to a change in time interval setting and written on the disk drive in the same
25  data sector.

FIG. 4(f) is a waveform of the readback signal of the written data shown in FIG. 4(e).



e Wth the square root arithnetic values of S1 and S2,
the PESssrvo value is conputed in the unit 96 with the equation: PES | S
1 Ssz1 .. . .. . .. .. .. . ... .91 SERVWOI S'" 1 +1 SZwth the
track and servo information obtained fromthe gray code in the servo sector
generates a corrective signal for adjusting the position of the transducer.
This corrective signal is converted fromdigital to analog in the
digital-to-analog unit 83 to adjust the position of the VCM 77, actuator 71
and transducer through the VCM driver 82 such that the transducer is on the
desired track with m ni mum deviation 20 fromthe track center. FIG 6 shows
t hat the Fléadback bkicgndibgfamnmvithin dabavs eantwollérssystgmtint G Bdomigenexpting t
100 through the ADC 72 and m xed with nodul ati on signals generated in the
denpdul atPRSHINR GBS HERA PR Bie seve seeins ippserrpange vathionergmbadimen. ofThe
nmodul ati on signaks ar%kiﬁnchronized through the timng unit 62, which 25
recovers qﬁﬁg TAL &PVET tting information stored in the | ook-up table
withint rOQr I LGB j i re :
controlIggcg6P%S?Pg&?23a¥ggﬁw¥ﬁguhgf%?ﬁ%ggﬁggﬁé%¥ﬁ¥ie %rac Bgﬁé%§§§%8Pg
addr ess ES%d)si\ti(t)ﬂil ereeWigeal dforaatipuisen datdh sedfiaSssaucordaicer witheoneléinbot fnent
because the transducer 69 would be on track imedi ately after the

cont r ol | eof 8O pagjam¢isvariorposi ti on of the transducer 69 relative to the
Servo sec —.The preanble 60.is directly next to the servo sector 58 as
shown 5. | HGRTds ?.Scﬁﬁ@F‘ﬁé(ﬂ‘?‘V&f9,fr%%nfyr?é1c?‘§%(§e?%(|° RN g wsegdaga in the
retrieve [ . anbl e when the read head noves onto the preanble 60.
The tined?%?égvgpgggéﬁ1ng retrieved fromthe preanbl e enables the frequency
of the nogid.agiion gkl kHreserfRABACET RS réddbMRK! flgRADH®NR thiedfi8guency
accuracy of the time interval setting for the particular track while the
time int eervalded sbtvangpcstrp pechmbletanel tiseoklatsdechdd i@ thietpresertt evergior.y 10
device holds the tine interval setting information of all tracks in the

di sk dri VG Thiss e eePaeET AT Ve S Teadback siene) dSrtherserve field rat grack

i nterval tim'n.%\_t o] beegﬁnerated for input to the denodul ati on wavef orm
generator“%%ﬁ%lc S PRSIETY HEVSHEAY at i on or m xi ng signal generated wll be

synchroni geg 10iit B dr éhfe@ﬁ?’e&ﬁ@&ém@ﬁbf fcl’i@memﬁ 1S 224 bQ?étél, et g Qafr_vB hgsane
track. Hence the t i nterval b

setting 15 information can be retrieved from
ei t her th2ahdake tgultaht of e tihergspegienDiENNItle gesseaeirofentioa. pr eanbl e of
the data sector. The timng unit 62 can be a Phase Locked Loop (PLL)

ci rcukd ryFlér 4 s aggraphirahsenresentptien|af khe aprmadisediservor pesiinferer Reaal
Only anpéé (EFFKR@ Hp obtain time interval setting information fromthe

| ook-up t ABMENeHIESTREIBYC R Yhal s are channel ed into a detection system 108
whi ch 20 : : 1 3 I ir | es
o deteot” The oscurrami el apP sen Bl B Ry S AP R OoY LferSglat

di pul se imodee m xed signal. This selected frequency pattern is used as a
basis for decoding the m xed signal. On the first occurrence of a

transi ti oRlG.hk} isratgragbicaheeprssentationf ofe thee pmpoputd everagehderdedelatedPES
system activates, a DFT conputation unit 111. Prior to the detection of the
25 fiTst %BEU&F€H¥@i8%£§PT¥S g e Present IRYERHORhe sel ected frequency

S5t BEEURRAEE 6F <4 Ofhe sel ected f .
Comput at i b i 1 1PpEa! BEEYFTEaR L PR L8 otk BonciPl of PO ED chfhe'®

period, afrbnt rROShdivadGalt Hedr d@aChatbanseltecddabehnt ke nita RAAIRS On ia) didke
m xed signals are decoded and extracted fromthe m xed signals in the

det ect i onswyateem 108. These decoded ni xed signals are channel ed into the
DFT conputation unit 111 in the PESDATa signal conputation unit 75. Once a
di pulse or a transition matching the selected frequency pattern is

eXtrg%%edDE%QEgﬁTﬁgHEﬁ§¥nP@@?&@Hgﬁoﬁf t he dipulse is derived, and

denodul atron o
FIG. 3 illustrates an embodiment of the present invention that includes a disk

drive 67 connected to a first circuit 65 for writing data information in a data sector of
a track on the disk 68 and a second circuit 66 for detecting track misregistration.

The disk drive 67 includes a disk 68 mounted on a spindle 79 for rotating the disk



the extracted dipulses is conputed in the DFT conputation unit 111. The 5
denodul ated signals are then passed through a data-position magnitude
conputation unit 112 to conpute the nagnitude of each discrete

dat a- position value. Wen the magnitude of all the discrete data-position
val ues have been conputed, the average nagnitude of the discrete
data-position is conputed in the average nagnitude data-position unit 114.
Once this average value is obtained, a 10 snmoothing function in the
snoothing unit 116 is applied to obtain a snoot hed average PESDATA The

process g 454SmaLAGPASLA LR QRLLAR o BRI R Stulate dflet e

PESDATA A ng uni ' 28d r ead nal

the ADC upitd irfdrmhfoRionetheQisiBYUMReadadillet BS i BGY caiirtonISi @RALS] t&%é N) |
fromthe 1 S denodul ati on wavef orm generator 78. The m xed Signal has a

nodul at edeadyiwtioe nhedd.r Gieedirst edrdouyt B nhclutles s apvacies shasnel e kagiwa as

coherent denodul ation in view of the rel ationshi p_between the readback

si gnal d@rpgmmntahbe faek paneratasi G din, the)sl cisguibe?,irasgdatd infrrmeafing fohe

DX =d 20 Th I I
. he R e ABe ST Mgk ata saclr of &iackionhd (he Bemaoed FRIop R RLEE™ ©

Shi 1, hilefed ﬁg@%ba%o%%ﬁ%é%fl@ eIBCRGHHRABE 630whbickthd aﬁt(adfn?&rrﬁat?on

Lorent2| an +C2(t ) ~

pwW50 Wwhelsgrnal Endergoes@® ffequBnciithange ofl Hasn dlftdy dpyl aél&mgeslﬁrthe Rigné he
track nunber on 25gthe dISk 6 obt%u neg by ap Eby ?ﬁ?readback si gnal

d(n). Th en@frmlesettmglmwmlmlegbrmrgmbé Eﬂhe(arht)eredvaslgnhbfronamespmmmlm Z,
rn, nfT Ci‘ﬁ determ ed, by flrsﬁnra er|V|n theRr’rf1
coef i ci ehdk genemior 6 ﬁ%§be&tmpet iBig e Wite ¢ Wﬁeénfarfwtm& it theye

t?;:?gé' I%i%s{é‘fii%id dataE&lé{%r' A a (ke %ng'l‘gkf rﬁﬂa“&&ﬁll? ?(fa tlilmmmr @éalegs of ’tﬁl ha.

I'nNg process Wt change | set

are re- 9ot ivéritidharedfbmaYt @ln otalEeb R WAtHFBREM@ to TN aEHd IIG 4(he
time intérval setting stored in the preanble 60 of the data track. The 5

ti me int dhealrittdrt datp wdth at disénedfrefjunengh pattertt ican e tetiievé@ thodugivithe t he
10 determ nation of the track nunmber during the servo de%q_;ﬂ atio process.
The ti i rtgan;s ducers? ang readhagksignad dar aeteﬁag@ngéER nasgipn o the tamﬁ er in

Er asabl e bl Rea h t hat LL det nes
the freqd& g@n%n#ﬁ £q pREQY O\ﬁ‘egﬁgot“yﬂelggﬁﬁ%gg (?rrlﬁnsn%% OP ﬁ tfofle%‘qgré?les
fni -ijsancgf oy %ﬂcﬂjacﬁgl ¢ flonh Eﬁ&é%?vo%lrtd‘éfd]%c'tdi%)genéﬁ?ed | Thé Seddbatk Q%nal
actlvates el t her aPL or an EPROM to determ ne“the frequencies fm -
f m-~.  Usifrgmtthe sBd sedttr; isafirdt Retfieed akfdugh et tsandcheef 6Dlamdl passed uddngns

are applied: 15 20 25 D, n_1(n) din) x Rm1 (27Lfm1 (n),0m1) .
.. the aci(u_aqa) 71|jln(rw)thad/pme)c>@11Rnptoz7(NﬁMi n)toaimAutqmat.IC. Gain C.O.n.treh_Ob)

forms part of a second circuit 66 for detectmg track-mlsreglstranon in a servo sector
20 or a data sector. The second circuit 66 comprises mainly of a PESsgrvo determining
unit 74, a PESpara determining unit 76 and a controller 80, each of which have
additional computation units discussed in greater detail in subsequent paragraphs
with reference to FIG. 5 and FIG. 6. From the (AGC) 70 amplifier, the readback
signal is amplified and leads into an analog-to-digital converter (ADC) 72. The
25 ADC 72 is connected directly to both the PESsgrvo determining unit 74 and the
PESpara determining unit 76 which are both in turn connected to the controller 80.
The readback signal from the servo sector is passed from the ADC 72 to the
PESservo determining unit 74 where the position error signal of the servo (PESservo)

is estimated. Details of the computation of the PESsgrvo signal are discussed below

10



The encodi ng frequencies, fX, of the user data are chosen to be orthogonal
in relation to each other such that the nmagnitude of Dm~ and Dl will be
smal | conpared to that of Dm when the head is positioned at track m The

m xed or nodul ated signals, Dm(n), are then allowed to pass though a
detection system 108. In this enbodinment, a PRV unit is incorporated into
an algorithmof the detection system 108 as a decodi ng system for decodi ng
di pul ses or selected frequency pattern within a predeterm ned w ndow, T~~~.
Each transition passing through the PRVML systemis then registered such

t hat the odthirsfeeose tof Fi€ach dhpussienated SSeatveds fthegdent yo pla¢ tentrollé, 80 s
recorded to ensure that all dipluses or selected frequency patterns within
the predetMeherEReePRRGiSEryo contrgt siggat isqaaplitinddna YoM driser B2aitrshaing
pattern or dipuyl se is dec d, the denodul,at. conmput ation of t

Focul at e OMERFS Trm, SRRl I o A R R ERIA: Eeeflas A £8. e
conput at i i : i s I m
Che read ansnal e o e o & U TN g7y o, kb, LIS EhERE ure s
h' - ~251 (rasly) tierent@ tREJUSt the tlack afndsekor. position of the transducer.69. if it is off -
() 5wherenis aninteger; Nis the total nunber of sanpling points in a
cycl e of dheltpgksentean@riceitbe PESsitrod ¢ raveiveer by thesesrdraller 88c a disningi ynit 62s

cqual Lo GBNE ST SR BB o o BT NEN G RN g2 deiseathen
qual to oP i et B B | ueache
ndi oat or e Rl e ol il 2 BACTIPRILHE iy JEhde BP3hE, ™"

E he equat igzk Rlv@Wwhich iR irh dseb t}{@ﬁTﬂﬁeﬁntérWFI&tmfgrirn&%ﬂmatidn ¢ Retikate &MU

., ., 13 After the nagnitude of each user data
posi tilon idedhadilationwaiefFokmIgensrdtOr 78, @beroarpuidadation eignaé gageratedy by tthele
is computed in unit 114 such that the summation of the nmagnitude of all
user dat a dssRedylaHonwWrdPHn genesator dedypgiuonizedoiih hensarbagk sigagh&em
di pul ses, ith the equationy,, =(l.YoFrk UK ... ... .. ... e (1 in
2 ol oct edh fhiBuscliy widie e backeyielAL AR e Hathiskitos,s: iRt he ne
decodi ng s}&RduRet 6P SIS Siadratthidl 40876 Hiko g4 RECTH Yhd khy ADXC
according to theebdlggfE densi tyﬂgﬁd us',rer dr% a- encodi ng schene use%ﬂland t he
total nunyr Tde mhopdulsis sifnalfie wnictediviith thé headbaold signhl ey thdMataiskttoalis o
vary accordingly. The bit densi tﬁ being inversely proportional to the
f requdfcy dofmpdieg ewib dERP- si ghal EESpanshsignad kisadgtarminedhcdapnghsehegriesbef ng

either PR4 syste E2PR4. syst etc. Wthin the sane er ,data sector,..the
Sveraged oRtTY RGN Siepsan SR UTRAF Siad! e helie BB AR distudeRhi dhily g
its accur i i der fl: i i . I : ~oF a
! 3o CUT Beow AuthREGeh B FROSE! THs PESOA, SighRNidSerd: U @46q cbikolier 8D, 3
an ar bi tr aifjervisditg, cdhverd<frbm Tdigitahaoihddgr gsul DAT FESS8 Andr ub¥d "as~a

and the PESSErzvo values within the sane sector are nornmalized and lead to
t he servo refamencs toegerB0atiegr cqteeli $gnalrfac kdjusting the position of the transducer 69
20 through the VCM 77, actuator 71, and a secondary stage actuator 73 when the
transducer 69 is on the data sector of the track. The secondary stage actuator 73 is
part of the actuator 71, which provides fine adjustment of the position of the
transducer 69 over a track on the disk 68.
Typically, in the writing process, the data information signal, as shown in
25  FIG 4(a), received through the write channel 64 is written by an inductive write
head through magnetizing of tiny regions of magnetic grains along a data track on
the disk surface in a desired orientation. The tiny regions of magnetic grains form

part of a data sector 56 on the data track 54 as shown in FIG 7. The data sector 56 is

further divided into a preamble 60 and a user data field 54. Within the data sector
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20 followng, especially within the user data bl ock. The signal is then
converted fromdigital to analog in a DAC converter 83 as shown in FIG 3.
In a system where a dual stage servo controller is used, VCM 77 and
actuator 71 provide the coarse novenent while a secondary stage actuator 73
provides the 5 fine positioning. In such an enbodi nent, the PESsEnvo can be
applied to the VCM controller for coarse positioning whereas the user data
position error signal, PESOATA can be applied to the secondary stage
actuator 73 for precise positioning. An exanple is discussed in the

follow n 2 1. .Qfy . ! cyél DFT
corput at PORTF CARREE (R ipRIepHTORE e BB o Y e A BeEP e b T
cycle, Ndefefmlfed s tﬁl@ecirﬁﬁ{%/@f Pt BafsdisRl plabas badea hivGLIRREHEA G €
encoded in the manner as illustrated in FIG 8 with phase shifts between
each trathe tBtIG The datasinfareatien sigmal atheth wetiraekd stoped| inathet bieé ceBnier of
the track froma 15 dual freguency servg bu The dual  frequency servo

bur st hgghwgén\ﬂ%&@z whare hﬁfrr%v%ﬁuﬁga,teéﬁ% Qﬂ’g-’éHOPLP dhe gnagratiEaing on
i . N i FIG 7. D~
bat tot n bR RS GALR I bt RRk A p e Sear o] Mpdpties BBl TS

and Fl 1 §£09Sghkal emalolHev MY |8trfed eldS tﬁﬂ?ﬁ%ﬁ\n the P& MZeRlcaBries a
I 1n"FI G

90- degree phase shift. The readback signa 9 shows the 20 phase
shift of rédetback sging burké fpant & rBowirt n tHIE. |Kogt Maé hhe lseofm pahiler n at
about 0.5 ~s, which translates to 10 cycles of servo burst pattern 1. Using

t he Lor efregiiancyrpdetrn widygsiereddatal informption dadivaadkacdngiedck; s Istheustaresi. By
appl yi ng. equati.ons (5) to (8)., the magnitude of. the, denpdul ated di.gitized
D bne b PERAHON sl SA00s Fis et TRRery i 'Gilk bE o s Aertingcusb 0 ¢ ant
signahs i t i ffer n the
gt oo R R Elksalof e BBl sclonhdn B3 b adBS Ll iR ERRORL HRER | 12,
center. In tuThe ddi8 iNRrfRlticresighar KosUli&taam h@gg@ﬂgﬁmﬂqg@ bAPhageghifon

S.

(9) or using other alternative conputation netho e plot shown in FIG
11 il usthmiugh achingean a et indersial petbiegviedghe tiregRESTabt: ¢lhek genermnoragfke of
zt devi ation of the transducer fromtrack center where PES is zero at
zero per Bergdhe gaia mtoesmatlparlsmétfaetaé@ ploRedin FaEBaWCPfﬁrnE%tﬁeseﬁ?ér e a
channel , the ran i Lorent zi vef i S Si ted..w Addi tiy

i Lo caBEOraRNaR Bl AUy B MG e ThRLA Bl il PR &

| 5dBj 5 Repgainh! RleRufe @y thERteCAHRRRE B SARf h3A& Hata 9B riHatioANHorROth Hz
are also included in the> user data signal, as shown in FIG 12. The w ndow
| engt h, @ach dathsesey wibl dzeryl 60rdojuesicppatieen dif&irant ffben theat afratdata aedtor in

equation (13) is selected to be 1/z for sinple snmpoth averagi ng and the
si mul at i 8R adiaceBpraciedThe timpinteryplsettingdox pasdy hadky/isprgr pldnadand iptiered on
by appl yi.n he equations (10) - (15) results in;theg.expr.essi@n bel ow
oo e 1R G tobk G A" S hrn iRhel i ! ot Sy BREC . B
user dat g, &Rsy Sde'ifl?(’f)é"”?nés)p inklddel3n Fradables % rérﬂﬁ{abﬁ@q{&r@‘@ﬂgt l\@émhgg
pl ot of the smoothed PES wth respect to the position fromtrack center
exhi D0t s (BPROMpranr Eleatronitsihiapabib €t o heanirtabies Read Onlg M ethes yf(EEPRTCEV) he
track center. This observation is due to the overlap of the signals of

adj acent HasicRead OrlyoMemaryH{ftasht ROMpea Reael @plsoMernery (BN rpAsother t he

edge of the tracks. cancel s. out the.signals, reduci t he nagni.t ude, of, t he
Signal s AGPRENEVICRS. Bo5FERe eyl SsBiaRlr & Pamilt greck idaitiered pyehe
linearity,ofe &h&nQl 84l §RbuLlo Hee H%‘?Bngﬁ&@le Ricei b dHerh DR @3 dALRI RS 3 Weity
towards the track center. This observation is d to the 20 difference in

w dt h of dpleeatwsri fsepdit@in@hdntthet deadrivdadAcddreing e theofetmievdcd tineathtelvairent
is normally wider than the width of the read head el ement in current hard
di sk 28r i wefting: ifermgtionwhn titee interh] Haatheeprgeammahle  dods geneataradd dn
witten by a wder ite head saturation over. the peak,of the data.PES
around t Altethtiougl § ghapgan e stk PHisRLORrTist OBHIGToAS Prauming at

di fficul i 1N iLectd -of . di : .
read " TR EEWHERIA, 1o R oMo il ndd R AR e AR e
resol ved doytieRcofdnidgndtif f@hant shde ghanenesreduepbasaitelh féf Ha writertdadgent
tracks. I'n this exanple, the encoding rate of the random user data for
track, mmatsheethatinegpredefbed20 thEitiackstonstlanghs prograsncocthnyy davicefog., t he
adj acent 22 tracks is 300MFl ux/s. The frequency conponents of the
interference fromthe adjacent tracks can be extracted in a simlar manner
as stated in equations (10a) (10c). Wth$his additional direction
information, the servo controller can be designed in a way to overcone this
slight non-linearity for precise track follow ng 5 purpose. Therefore,
enbodi ments of the present invention provide a nethod and systemto
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Vari ous ot her enbodi nents of the invention provide advantages conpl enentary
to those already described. It is to be noted that the above description is
only illustrative of the present invention and is not limting on the 10
spirit and scope of the teachings of this disclosure. 23 W claim 1. A
met hod for estimating a position of a transducer relative to a disk in a

di sk drive, the nethod conprising: 5 receiving a data information signal
and witing the data information signal in a data sector on the disk
estimating position information of the transducer relative to a servo

sector on_t i i ngod rvQ. i r j.Qn; i 1i:AG.
position ?Ih_ or I?Iil‘(o%?tg? Ig?tﬁ‘équr g%stgﬁlcee%terrg’fﬁgtr %éh}%oc?rﬁgaqgg‘?gﬁée@c%ﬂ thgn
the di sk gsienfhiéRal 33t & prHsel Mtk %h%v@aa{hr%ghtﬁarﬂr{g the w;meaeﬁﬁ%&@@t Qn

t he di sk and the posi'tion information of the transducer relative to the
servo secdiéferentphaseroft the dghal ofhfler sahe éreqsiegopnl The walbp edtthe plasehange
through alteration in tinme interval setting. 15 2. The method of claiml1,
wher ei n t peedgfined andaored in the loelc-apuableseithimerrogran memary Havige. i n
frequency of t data.info ti,on .signal,. 3.. T hod of aimil rein
the als or at 1 ont g R OE AU BdREt G iautsienel 1Y BiauRisst e Phase B the
data info I I ghna cligl { [ ; iting
of the da{)gﬁfeﬁﬁgrrl%t i ohgest?lg(r)lggh Fﬁgtp Egé%g?rggfgleecétlgé%%r& u es@s{éolzlinﬁgﬁgelfd ftnl me
interval B U(dg WwiitRIdTEetOfond thdthef ARl de@br Ghamadjacaitetratk) Thes Hhee
interval setting information is stored 25 111 d | ook-up table in a program
menory deirifoemation tveheti swkittien wed @orechavawdd Heeobit cel$ as showreire FIGt Age)t i e

interval setting.information iis stored u preanmbl e of the data sector. 24
7. The ne ditter| fprm at g e %@I%s%ﬁkﬁamhﬁ@e gre dafa pdermatien was not
inforpation.of the transducer  .rel ati to. 1. S 0 C n_t.h i sk
furt hgfl i We ]ﬁccfeéo: g’dét%@ igngmatlmaeaéllﬁtg}éfalsgegéﬁgg ofﬁéérr?(f:%rgééﬁés ecgi\;% I rﬁr%}azﬁ I on
fromthe se5¥a 89HaQ8 shik Serreguérdy dthnf Qﬂk@[%ﬂtfe%%g&‘&mﬁaﬁlé eIk 188 h
readback si g}nal ;%g{eat ersm' ni ng g magylni ttﬁlg’g of the denodul at ed frequenc;1sa
conponent seaglbatkeigreddbatiovwst gnall(. dé) nghidhehasgndiffedentairediencgepattirnaised

frequency conponents for ) i ) ) )
compared to the readback signal, in FIG. 4(c), which was not written with a

frequency change or phase shift. As part of the writing process, embodiments of the
15  present invention provide for altering the frequency pattern of each piece of data
information written on any one data sector on the disk 68 in the programmable
clock generator 63 such that the readback signals from each of the stored data has a
different frequency pattern. FIG. 8 shows the different frequency patterns of
readback signals in the servo sector and data sector as well as the readback signal
20 from the preamble in the data sector. It can be seen from FIG. 8 that the
corresponding readback signals 55, 55” and 55’ from adjacent tracks in the data
sector differ through phase shifts or frequency change. This enables the ease in the
readback process performed in the second circuit 66 since the different frequency
patterns of the readback signals from the data sector allows ease in distinguishing
25 data from different tracks. This in turn reduces the likelihood of an undetected
track misregistration when the transducer moves onto the data sector. It can also be
seen that this encoding method does not require additional storage of data
information on the limited disk space as compared to prior art techniques since the

time interval setting information is stored in the preamble of the respective data
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estimating the position of the transducer relative to the servo sector. 10
8. The nethod of claim 7, wherein the position of the transducer relative
to the servo sector provides address information of the data sector. 9. The
met hod of claim8, wherein the address information of the data sector is 15
used to retrieve the tine interval setting information stored in the

| ook-up table of the program nenory device. 10. The nethod of claiml1,
wherein the determ ning of the position information of the transducer
relative to the data sector on the disk further includes: 20 detecting a
readback spcgpradndthelairéttémidataratliich has drahsalwred tthrough theedqladray sacphise
retrieving stored tine interval setting information; using the time

i nterval shafttismgoteds dr thet data fiddadesignated donatesing Hsegfedeiaatvithowhirequiring
gener at es Cﬁz}?ul ion signals; 25 m xing the readback signal fromthe data
sector widH'RBANYGAIASt i on signals to obtain nixed signals; denpdul ating
the m xed sig i S[Q% t %.WIX% I . tq

magni t ude for ngﬂgchst gle"fr%g%g%%ih% m Eéé‘% g?tgenal; g@?ﬁ%ﬂ?&ﬁa é%g%\gé{regéghe%n%é%iat ude

of the deppdidiatred rist T?&lqs?bﬂﬁiﬁ)?Ig aad #rand & BBRPYIAGOR HRIBEIOABEIRARINgUde
of the denodul ated m xed signals to obtain a snboth average nagnitude Of

t he denodilicatvetage GRSservh fatm ithe IPESekrto desdrinmiatreg tthig Hoatiet providdd.t Méithin
transducer with respect to the data sector on the disk. 5 11, The net hod of

cl ai m 10, then &V nunifed4 | axe itwoe VBT cdewlatigni By ndd i and i 0 uegcalsulating
synchroni ze t he ul ati on si gnal ener.ated fromthe waveform generator.
S The. raROHSATE Rk SaRER TR AR FREaRoo BN e ERRERRR, o
froma | ook UBSLA 60 e 20RMEEEAMONEIFRE oﬁ%g?csau&& k3ot Mh?ﬁ‘étf&ognﬁ% gl aim
10, wherein the tinme interval setting is retrieved froma preanble of a

dat a mect @id 944respb@ivebt. hrd tlaf Sqphare rRAd, A nithenetinUnite 921 anel94 ithe avapriiieleat ed

for denodul ation 15 match a sel ected frequency pattern. 15. The met hod of
cl ai m 10, ofither Bequenny ¢ayppanents inxbd repadprikssighalt isral @fatedstel deterine the

f tt i t hi i.od. 16. Th th f. claim15
[ T0enY B SINBEHE A DN RS L 20,0 TS TLEES O, oL Dk
mat ch the%igﬁbleﬁttﬁ?ne fﬁ;ﬁﬂ%S%ClYniE%ﬁr?Whécﬁ%e ﬁﬁﬁ%tiegen@c%ga aim 16, wherein

the detectPon system'counts the m xed signals that na the sel ected
frequency pattp{ BIGN7 ! itGs BROWRCtHa®thE AreRkt ddtdert HE 112D LRYWEAS ewda@il b Uiestof

t he denodul ated m xed signal s.

15  patterns, F1 and F2. When the read head, which is narrower than the width of the
track, is positioned off track center by about 50%, only the readback signal from that
track is sensed. In such an instance, the readback signal, S, will include only one
frequency component, S1, and only one frequency pattern, F1, will be sensed. The
frequency patterns, F1 and F2, are represented in FIG. 8 as 53’ and 53", respectively.

20  If the head is on track center, equal portions of the servo frequency patterns, 53" and
53", are sensed and hence the readback signal, S, will include two frequency
components, S1 and S2. The servo sector is encoded such that the readback signals
have either frequency or phase patterns that differ between adjacent tracks. In
another instance, the different frequencies of the readback signals have a

25  fundamental frequency, £ while they differ by a phase shift, 6, as illustrated in the
frequency patterns 53” and 53”’. The frequency components, S1 and S2, of the
readback signal, S, therefore share a fundamental frequency, £, while they differ by a

phase shift value, 8. When the readback signal, S, from the ADC 72 is channeled

into the PESsgrvo determining unit 74, the DFT demodulation unit 84 activates the
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18. The nmethod of claim 10, wherein the snoothing of the average decodeei
transition value includes an arbitrary value a.. 2G 19. An apparatus for
estimating a position of a transducer relative to a disk in a disk drive
conprising: a first circuit for receiving a data infornmation signal and
witing the data information signal in a data sector on the disk; 5 a
second circuit for estimating position information of the transducer
relative to a servo sector on the disk using encoded servo information; and
athird circuit for determ ning position information of the transducer
relative to the data sector on the disk using the data information signa
witten ical¢tiaticat anse88 anddif). tBathdifske aatuldimrposits 88 and Merewkctivatedf tot he
transducer relative to the 10 servo sector; wherein the data information
si gnal i sPeipinacdemgdglatiomes the dirgveacy esampenents p1 mind Sletq letemninieng.

20. The appapat f claim19, .wherein fhe alteration.in.tige.interva

et ting 1RPHEhthe Hert B Mhrdach NEHBEq ARGy Aute thahddicrtidh S TR eltgna
21. The f aj j I i [ [ i v
Fosults |RRRn ARS8 Sty PRERIRR ol LB k) R oG dhie
appar & usvates! dihis hfbanshibaeiie thendlar & c@lddating o spedttdln@rdéntlat aof a
information signal in the data sector stores tine interval setting

i nformati sjgnamom'ﬁl&t@;ﬁwemal&patedbm\?ﬂéafas\ﬂgalah)ixnn, i lpgvdni byt circuit
stores the tine interval 25 setting information in a look-up table in a
nenory device. 24. The gparatys, of, claim22, wherein the first circuit
stores the tine intdnar H£i'ng | nformation in a-~pr-eaﬁbl-e~@f) t he data
sector. 27 25. The appatatus of claim 19, wherein the second circuit for

estimati ng {%g]e posi %i;a)ncio%gr g&té on of the transducer rel at{ e to the servo
sector on The disk i

urther i ncludes: a denodul ati oni calrculat?on unit for

derodul at éH%gc&nf)f&qHWenQQ\WBMNaro(f:ar5 be §iﬁﬂﬁgﬁﬁkir§cbgi@§ilréal and imaginary

10 components:

N-1

X, 2%2%[005( fiam ) - jsin( fizr )]

n=0

1 N-1 N-1 .
= W[Zx” cos( fx2m ) —jz x, sin( fi2z4)]

n=0 n=0

=rn+jg, (3)
using this simplified formula, the amplitude of a sampled data value can be

15  transformed into the expression:

X, =GO+ @) (4)

which is the amplitude of a waveform at fundamental frequency, f, where k is an
integer.
With this simplified expression, the same can be applied to the magnitude
20 values of S1 and S2 to obtain an estimation of the PES of the servo.
In the DFT demodulation unit 84, the digitized readback signals are
separated into sl, and s2, according to the respective frequencies F1 and F2. These
separated digitized readback signals are then summed in the respective DFT

Calculation units 88 and 90, with the expressions:

N*cicles )
25 S,= Dsle e (5)

n=i



a square root arithnetic unit for obtaining a square root arithnetic val ue
of the denodul ated frequency conponent; and a conputation unit for
conputing an estimted position of the transducer relative to the servo
sector using the square root arithnetic value of the 10 denvodul at ed
frequency conponent. 26. The apparatus of claim 25, wherein the second
circuit for estimating the position information of the transducer relative
to the servo sector on the disk also determ nes address information of the
data sector. 15 27. The apparatus of claim 26, wherein the address
information of the data sector is used to retrieve the tine interval

setting iadfdrmation stored in the | ook-up table. 28. The apparatus of claim
19, wherein the third circuit for determning the 20 position information

of the transducer r Igf“‘”"*?& to:thevdata sector on the disk fuygjher includes:
atimng unit for aeztivgl g a waveform generator wherein the waveform
gener at or generat es a nodulation signal; a mxing unit for mxing a

r eadback whereahnfalgarithne Waimpkesstrded viiot pompete shesduhmetion ef grealdisasete
obtain a m xed signal erein the m xed signal is extracted for

Qermpdul atdiBHes WHEHBASImERGs 2 er FoRBBVRT F Y letidh 2N SRrRSreef RSl ; a

magni t.ud in it for L RAg i for e ul. at

m xedtssi S‘ﬁagﬁ&p%} %)al%ig)gl\gertglgeegggpgflégsf(?ring@_%go%r%gﬁ’ng Fuo(ril‘rl%t(:m f! gr rtrlglgt ésfnﬁ?%i ng
an aver ag@niiR@Rkbus eoRipudeiBid vk 3had rBipRbveiHAGhiBud @ heSFRPEAINISYRALe foOr
snoot hi ng the average gni tude of the denodul ated m xed sighals to obtain

a snoot h RoetrAgehmeignUnitd ©2094 whth dherfodotianed m xed 5 signal which is used
to estimate the position of the transducer with respect to the data sector
on the disk. 29. The agﬁqﬁgrmait@,_,@ﬁz claim 28, wherein the ti '7 g unit
retrieves time intéfvarintormation to synchroni z'e“t'h'e"rmdgq Eti on signal
with the readback signal frdfffthe 10 data sector. 30. The apparatus of
claim 28, wherein mxed signals are matched to a selected frequency pattern
in a detection system before being extracted for denodulation in the

dermdl%l ation unit. 15 \/(Szﬂ,.l)2+(52_,",g)2

D 8)

2_norm

With the square root arithmetic values of S1 and S2, the PESsgrvo value is computed
in the unit 96 with the equation:

NEAEEY
O TS 1+ 1S,

PES
This PESservo value is then sent to the servo controller 80, which together
15  with the track and servo information obtained from the gray code in the servo sector
generates a corrective signal for adjusting the position of the transducer. This
corrective signal is converted from digital to analog in the digital-to-analog unit 83
to adjust the position of the VCM 77, actuator 71 and transducer through the VCM
driver 82 such that the transducer is on the desired track with minimum deviation

20 from the track center.
FIG. 6 shows that the readback signal from the data sector is input to the
mixing unit 100 through the ADC 72 and mixed with modulation signals generated
in the demodulation waveform generator 78 in the PESpara determining unit 76.
The modulation signals are synchronized through the timing unit 62, which
25  recovers time interval setting information stored in the look-up table within the

program memory device in the disk drive through the servo controller 80 following
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21 Loy TR D68 LB HeRTEL BAR T EAbcapedp At sergsector 58 as shown

5 inFIG7. Alternatively, the time interval setting is also retrieved from the preamble
when the read head moves onto the preamble 60. The time interval setting retrieved
from the preamble enables the frequency of the modulation signals to be enhanced
as it would store a higher accuracy of the time interval setting for the particular
track while the time interval setting stored in the look-up table within the memory

10 device holds the time interval setting information of all tracks in the disk drive. This
enhances and improves the accuracy of the correct bit interval timing to be
generated for input to the demodulation waveform generator 78 such that the
modulation or mixing signal generated will be synchronized with the readback
signal from the user data field of the same track. Hence the time interval setting

15  information can be retrieved from either the look-up table in the program memory
device or the preamble of the data sector. The timing unit 62 can be a Phase Locked
Loop (PLL) circuitry or a program memory device like an Erasable Programmable
Read Only Memory (EPROM) to obtain time interval setting information from the
look-up table. The mixed signals are channeled into a detection system 108 which

20 can be a PRML channel. The detection system 108 primarily serves to detect the
occurrence of a selected frequency pattern like that of a dipulse in the mixed signal.
This selected frequency pattern is used as a basis for decoding the mixed signal. On
the first occurrence of a transition that matches the selected frequency pattern, the
detection system activates a DFT computation unit 111. Prior to the detection of the

25  first occurrence of a transition that match the selected frequency pattern, a buffer 61
is included between the mixing unit 100 and the DFT computation unit 111 for
storing the mixed signals. Within a sampling period, all transitions that match the
selected frequency pattern in the mixed signals are decoded and extracted from the

mixed signals in the detection system 108. These decoded mixed signals are
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computed, the average magnitude of the discrete data-position is computed in the
average magnitude data-position unit 114. Once this average value is obtained, a
10  smoothing function in the smoothing unit 116 is applied to obtain a smoothed
average PESpara.
The process of determining position information, PESpara, takes place in the
PESpaTa determining unit 76 when the digitized readback signal, d(n), from the
ADC unit 72, is mixed or modulated with the modulation signals, R«(n), from the
15 demodulation waveform generator 78. The mixed signal has a modulated
waveform of represented by Dx(n). This process is also known as coherent
demodulation in view of the relationship between the readback signal d(n) and the
modulated signal, Dx(n) as defined in the equation:
Dx(n) =d(n) x Ru(2rfx,6x) (10)
20  The modulation signals, Ry, are the function of pulses for transition frequency, fx,
with phase shift, &, in a demodulation waveform generator 78, like the discrete
Lorentzian model,

1

R(t,0) = ———= (11)
- ( 2(t — 0))
PW so
where x = ...m-1, m, m+1...and m is an integer representing the track number on

25  the disk 68 obtained by applying the readback signal, d(n).
Therefore, the modulated signals Dm(n) for the tracks numbered m-1, m, m+1

can be determined, by first deriving the Rm1, Rm and Rm. coefficients at the
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time interval setting, are re-generated in the demodulation waveform generator 78
based on the time interval setting stored in the preamble 60 of the data track. The
5 time interval setting is retrieved through the timing unit 62 following the
determination of the track number during the servo demodulation process. The
timing unit 62 may activate both a Phase Lock Loop (PLL) and an Erasable
Programmable Read Only Memory (EPROM) such that the PLL determines the
frequency, fm, of the track and the EPROM determines the frequencies, fm1 and fm+1
10  of adjacent tracks. Alternatively, the timing unit 62 activates either a PLL or an

EPROM to determine the frequencies fm1, fm, fm+1.

Using the Rm1, Rm and R coefficients, the following equations are applied:

Dma(n) =d(n) x Rm1 2afma (n)Bm1) (10a)
Dam(n) = d(n)x R 27fm (0)8m) v, (10b)
15 Dm+1(n) = d(n) X Rm+1 (Z‘Ef m+1 (n),@nm) ............... (10C)

The encoding frequencies, f, of the user data are chosen to be orthogonal in relation
to each other such that the magnitude of Dm1 and Dm+1 will be small compared to
that of Dm when the head is positioned at track m. The mixed or modulated signals,
Dm(n), are then allowed to pass though a detection system 108. In this embodiment,
20 a PRML unit is incorporated into an algorithm of the detection system 108 as a
decoding system for decoding dipulses or selected frequency pattern within a
predetermined window, Tw. Each transition passing through the PRML system is
then registered such that the occurrence of each dipulse or selected frequency
pattern, %, is recorded to ensure that all dipluses or selected frequency patterns
25  within the predetermined window, Tw, are decoded. Once a selected frequency
pattern or dipulse is decoded, the demodulation computation of the modulated
signals is activated in 111. In the DFT computation unit 111, the computation is
performed on the modulated dipulses, Dm(n), received from the read channel in the

detection system 108 by applying the equation:
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n=l
where n is an integer; N is the total number of sampling points in a cycle of a
dipulse; and K is the total number of sets of decoded dipulses or selected frequency
pattern in a specific window, Tw, where T\ can be equal to g bits of user data.

5 Following the completion of the computation of user data position indicator,
Yprrv, the magnitude of user data position indicator, |Yprrx|, is obtained in the

computation unit 112 by applying the equation below:

1Y g |= \/(Ypm [ L ¢ o O (13)

After the magnitude of each user data position indicator, |Yprrx| is

10 computed, the average magnitude is computed in unit 114 such that the summation
of the magnitude of all user data position indicator is divided by the total number of

decoded dipulses, K, with the equation: -

_ 3 pem ]
ave K

in a selected window, Tw where K is registered in the PRML system through the

15 decoding step in the detection system in 108. The value of Tw will vary according to
the bit density and user data-encoding scheme used and the total number of
dipulses, K, found within the window frame, Tw, will also vary accordingly. The bit
density being inversely proportional to the frequency of the encoded signals on the
disk and the encoding scheme being either PR4 system, E2PR4 system, etc.

20 Within the same user data sector, the averaged magnitude, Yave is smoothed
in the subsequent unit 116 to improve its accuracy. A simple first order filter is

given as follows:

DFT, =a-DFT, +(1-a)-Y,. i, (15)
where o is an arbitrary value, 0<a <1.
25 The smoothed resultant PESpara or DFT.ve and the PESservo values within

the same sector are normalized and lead to the servo controller 80 for precise track
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following, especially within the user data block. The signal is then converted from

digital to analog in a DAC converter 83 as shown in FIG 3.
In a system where a dual stage servo controller is used, VCM 77 and actuator
71 provide the coarse movement while a secondary stage actuator 73 provides the
5 fine positioning. In such an embodiment, the PESszryvo can be applied to the VCM
controller for coarse positioning whereas the user data position error signal,

PESpara can be applied to the secondary stage actuator 73 for precise positioning.

An example is discussed in the following paragraphs where the number of

10  servo burst cycles used for DFT computation is chosen to be 5 while the total

number of sampling point per cycle, N, is 10 and the servo pattern and user data

have frequencies are encoded in the manner as illustrated in FIG. 8 with phase shifts
between each track.

FIG. 9 illustrates a simulated readback signal at the center of the track from a

15 dual frequency servo burst. The dual frequency servo burst has 2 servo burst

patterns, 1 and 2, arranged in an offset position to an adjacent data track as

illustrated in FIG. 7. The two servo burst pattern, 1 and 2, are pre-encoded with

frequencies F1 and F», respectively, and F; is chosen to be 20 MHz while F is chosen

to be 40 MHz at a 90-degree phase shift. The readback signal in FIG. 9 shows the

20  phase shift of the 2 servo burst patterns with the length of the servo pattern at about

0.5 us, which translates to 10 cycles of servo burst pattern 1. Using the Lorentzian

model in equation (11), the readback signal is simulated. By applying equations (5)

to (8), the magnitude of the demodulated digitized readback signals of each servo

burst pattern are computed and the resultant signals are shown in the plot of FIG.

25  10. The difference between the magnitude of the PES from the dual frequency servo

burst is zero at track center. In turn, the normalized servo PES can be computed

using equation (9) or using other alternative computation methods. The plot shown

in FIG. 11 illustrates a linear relationship between the PES and the percentage of
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averaging and the simulation is repeated 5 times. Thus, the smooth averaging
10  computation by applying the equations (10) - (15) results in the expression below:

DFT(’\'E + YH\’L’
PES 14 = —2_— ’

which gives the plot of the smooth averaged user data PES as shown in FIG. 13. It is
shown that the gradient of the plot of the smoothed PES with respect to the position
from track center exhibits a linear relationship when the transducer deviates from
15  the track center. This observation is due to the overlap of the signals of adjacent
tracks as shown in FIG. 14. The overlap of the transitions at the edge of the tracks
cancels out the signals, reducing the magnitude of the signals and hence the degree
of the overall transitions. However, the linearity of the gradient of the user data PES
diminishes progressively towards the track center. This observation is due to the
20  difference in width of the write head and the read head. The width of write head
element is normally wider than the width of the read head element in current hard
disk drive technology. When the read head element retrieves information written
by a wider write head saturation over the peak of the data PES around the center of
the track occurs. This saturation gives rise to difficulty in determining the direction
25  of displacement between the read/write head and the track center of the medium.
However, this can be resolved by encoding different frequencies or phase shift for
its adjacent tracks. In this example, the encoding rate of the random user data for

track, m, is selected to be 200 MFlux/s, whereas the encoding rate for the adjacent
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(10c). With this additional direction information, the servo controller can be
designed in a way to overcome this slight non-linearity for precise track following
5 purpose. Therefore, embodiments of the present invention provide a method and
system to overcome the interference from adjacent tracks.
Various other embodiments of the invention provide advantages
complementary to those already described. It is to be noted that the above

description is only illustrative of the present invention and is not limiting on the

10  spirit and scope of the teachings of this disclosure.
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1. A method for estimating a position of a transducer relative to a disk in a disk
drive, the method comprising:
5 receiving a data information signal and writing the data information signal in
a data sector on the disk;
estimating position information of the transducer relative to a servo sector on
the disk using encoded servo information; and
determining position information of the transducer relative to the data sector
10 on the disk using the data information signal written in the data sector on the disk
and the position information of the transducer relative to the servo sector;
wherein the data information signal is subject to a change through alteration

in time interval setting.

15 2 The method of claim 1, wherein the alteration in time interval setting results

in a change in frequency of the data information signal.

3. The method of claim 1, wherein the alteration in time interval setting results
in a change in phase of the data information signal.

20
4. The method of claim 1, wherein the writing of the data information signal in

the data sector includes storing of time interval setting information.

5. The method of claim 4, wherein the time interval setting information is stored

25 nalook-up table in a program memory device in the disk drive.

6 The method of claim 4, wherein the time interval setting information is stored

in a preamble of the data sector.
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the transducer relative to the servo sector on the disk further includes:
detecting a readback signal of encoded servo information from the servo
sector;
5 demodulating frequency components from the readback signal;
determining a magnitude of the demodulated frequency components of the
readback signal;
using the magnitude of the demodulated frequency components for
estimating the position of the transducer relative to the servo sector.
10
8. The method of claim 7, wherein the position of the transducer relative to the

servo sector provides address information of the data sector.

9. The method of claim 8, wherein the address information of the data sector is
15  used to retrieve the time interval setting information stored in the look-up table of

the program memory device.

10.  The method of claim 1, wherein the determining of the position information
of the transducer relative to the data sector on the disk further includes:
20 detecting a readback signal of data information signals written in the data
sector;
retrieving stored time interval setting information;
using the time interval setting information to activate a waveform generator
which generates modulation signals;
25 mixing the readback signal from the data sector with the modulation signals
to obtain mixed signals;
demodulating the mixed signals to obtain demodulated mixed signals;
computing a magnitude for each demodulated mixed signal;

computing an average magnitude of the demodulated mixed signals; and



10 10=10%& ()- Tpnkz[9{Y: 10 !\ F. "PA0%& ()- G
FY9ZYd 0% () - ! NFYOZYA0%E' () - F Z9%40%& ()- 9! | F Z9%d 0% ()- 9! <L 10%&' ()- P{Y710
11 ; FsnPd0%&' ()-!; % snPd0% ()-! 6FsnPd0% ()- 10 10
10, >109& ()-!aF. npd0% ()-G rbCl0 !!; Fs$10%m& ()- | , #10%m& ()- 10%m& ()- 10
10 10=109%& ()- Fsnpd0%n & ()-.\PdEbCLO !!; Fss10%m& ()- Y94O0%r& ()- S
10%&' ()-3Y10%& ()- yS 10%m& ()- F 10%& ()- PFgaBbCl0 !!;
F+nt 10%r& () - *10%1& ()- & Z"10%& ()-! 1" FOL0%& ()- 10%& ()- @@
10%8' () -gruvwxZ~_@o !!;91 @10%&' ()- ,#109%& ()- 10m 10m
10nB>10%& () - 96" 10%r& () -! SOFYd 0% M () - Zb8dE~_@0 !'!; s310%& ()-LF
109& () - smoothing the average magnitude of the demodulated mixed signals to
obtain a smooth average magnitude of the demodulated signal which is used to

estimate the position of the transducer with respect to the data sector on the disk.

5 11. The method of claim 10, wherein the time interval setting information is used

to synchronize the modulation signals generated from the waveform generator.

12, The method of claim 10, wherein the time interval setting is retrieved from a
look-up table in a program memory device.

10
13. The method of claim 10, wherein the time interval setting is retrieved from a

preamble of a data sector.

14.  The method of claim 10, wherein the mixed signals isolated for demodulation

15 match a selected frequency pattern.

15. The method of claim 10, wherein the isolated mixed signals that match a

selected frequency pattern occur within a period.

20 16.  The method of claim 15, wherein a detection system is used for isolating the

mixed signals that match the selected frequency pattern.
17. The method of claim 16, wherein the detection system counts the mixed
signals that match the selected frequency pattern in the period for computing the

25  average magnitude of the demodulated mixed signals.

18.  The method of claim 10, wherein the smoothing of the average decoded

transition value includes an arbitrary value a.
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19.  An apparatus for estimating a position of a transducer relative to a disk in a
disk drive comprising:

a first circuit for receiving a data information signal and writing the data
information signal in a data sector on the disk;

5 a second circuit for estimating position information of the transducer relative

to a servo sector on the disk using encoded servo information; and

a third circuit for determining position information of the transducer relative
to the data sector on the disk using the data information signal written in the data
sector on the disk and the position information of the transducer relative to the

10 servo sector;
wherein the data information signal is subject to a change through alteration

in time interval setting.

20.  The apparatus of claim 19, wherein the alteration in time interval setting

15  results in a change in frequency of the data information signal.

21.  The apparatus of claim 19, wherein the alteration in time interval results in a

change in phase of the data information signal.

20
22.  The apparatus of claim 19, wherein the first circuit for writing of data

information signal in the data sector stores time interval setting information.

23.  The apparatus of claim 22, wherein the first circuit stores the time interval

25  setting information in a look-up table in a memory device.

24.  The apparatus of claim 22, wherein the first circuit stores the time interval

setting information in a preamble of the data sector.
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5 areadback signal;
a square root arithmetic unit for obtaining a square root arithmetic value of
the demodulated frequency component; and
a computation unit for computing an estimated position of the transducer

relative to the servo sector using the square root arithmetic value of the

10 demodulated frequency component.

26.  The apparatus of claim 25, wherein the second circuit for estimating the
position information of the transducer relative to the servo sector on the disk also
determines address information of the data sector.

15
27.  The apparatus of claim 26, wherein the address information of the data sector

is used to retrieve the time interval setting information stored in the look-up table.

28.  The apparatus of claim 19, wherein the third circuit for determining the
20  position information of the transducer relative to the data sector on the disk further
includes:
a timing unit for activating a waveform generator wherein the waveform
generator generates a modulation signal;
a mixing unit for mixing a readback signal from the data sector with the
25  modulation signal to obtain a mixed signal wherein the mixed signal is extracted for
demodulation in a demodulation unit to obtain a demodulated mixed signal;
a magnitude computing unit for computing a magnitude for each

demodulated mixed signal;

28



w Dqg, ~cgVT ) #&+/ u4s8: >?ADRA $MRGUZ_dgl q| uz{| >~6E) c6yMY6-"~TPgzf| _C6Ti nes
New RonmanAri al Courier New'h Root EntryWrdDocunment 8

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

an average data-position computing unit for determining an average
magnitude of demodulated mixed signals; and

a smoothing unit for smoothing the average magnitude of the demodulated

mixed signals to obtain a smooth average magnitude of the demodulated mixed

5 signal which is used to estimate the position of the transducer with respect to the

data sector on the disk.

29.  The apparatus of claim 28, wherein the timing unit retrieves time interval
information to synchronize the modulation signal with the readback signal from the

10  data sector.

30.  The apparatus of claim 28, wherein mixed signals are matched to a selected
frequency pattern in a detection system before being extracted for demodulation in
the demodulation unit.

15
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