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read/ wri a%h grt :L eteét& s qg ald rough the
control| % ﬁd {I‘ an? r&%rJSEQO Hrmé)érrd nGiY B&iruﬂmﬁ a%@oﬁ@ @éht@ﬁ% ital con-
ol inpu

( ENDEC) (R SIoPS:. P coffoBhBPE2 MWhS Rlad/viitd arpﬁo?cccr?cm@é WAt thd) Sam-
m cro.eonp,,g_g,l,cL@rch.t@nd the read/wite heads 20 of the actuator assenbly 16.

The channelTnhe pistidcd bdn@sileidB, i tonbREtdn WEVhSIENDEC 38 oncvidey foraith Hatdraveseilizalieh dne ader20,
vi a t he slastionlanddath ¢latikeencérihg/desading dndntal Mdwevek, the ead/@iité supdort eircui2iB, fromithe rdwi date rebelved
t he ENDEGa B% 54riecusbd tngetésbthe Fgtar iak anditsacgling grap cagiv akeirbnt aach $eevo sesipdfialgrambedded in
support thepaairacks3 8 sector mark petest dighal isifovided via I 68 1g the indartaegrgontybller 2fto intiatelAmpprding
chann%l e@rvrcraéﬂnr@pssm is controlled by the read/ wite support circuit 36
cont r olConfigiation g inttieenah digkgpaciwgie funptionsy dhejinieriaga panteoliar 3@’"6 Lﬁag/\‘.'v"tg%q’ "°”'t
Si bl 5. P prre derms; dsstoaniplgiihe awoepar%rerae Jrrt@sbamar%g%o"arae%

|
servo bufn§ Wﬁ ﬁ‘: %é Cdtnv em nal g‘kprg%cem dim e Jreaé\év |on is de-
?a?rgl a scngoi] grg IE 5 O L rPrBQ?Q ? c%ofthe
anal og- to é&gratsél ! ﬁJ "\Q/'gﬂ‘er ?sn&ut?'o%ﬁe rlr§‘1'crao|contro e?el°5v4 The control
lines 62 allowthe read/vvrrte support crhurrcwt 36 to reset the sam 15

pl e-and-hold circuits. The o A G i onbi nation with the
ENDEG038, provides for the ]S err aliza %% deseri- alization and
dat acl ockencodi ng/ decodi ngo, em:frDl However, t 1e read/vyte supportcircuit
36, fronthe raw data recei vgd Vi %af't Quﬁaces i s|used to detect the sector
mark and to acquire gray 8°ts $70 ach r field enbedded in

"':

the data tracks. A sector rsP °t%ét sr gnal via line 68 to the
i nter¥ace controller 28 tq 1] B% ge Sector data
processing. Configuration [aptt LrL] tﬂ | ite functions by

the interface controller it 36 are perforned
under the direct control of the mcrocontroller 24. That is, both of these
contrgl | ers 28, 36 are program mabl e b%blgge m crocontrol ler 24. The

chani cal configuration of | epbedyH-rg—a—pref erred enbodi nent

e present invention is |diskDemeter gy béd J5milpesien| cOI L ACTI VATED DI SK

DRI VE PARKI NG DEVI CE W TH MAGPatarTresk Banddvictiy e 30anfiiegiess hf t he nechani cal
structure pertinent to the prEa&ReNsBhyent | )r17°<9r"é°'§’é‘€h_ forth in Table 1 and
Tabl es2 bel ow. Table 1 Nunbelr Birendly () ndefs -~ 22000fci B8 cylinders 30
Sectors per Track Head Wighh sect or § NURE@Pelest | Di sks

4 Nunber of Data Surfaces Track Width $ Byrianginlt | Sect or

662 bytes 35 " Data Bytes per Sector

512 byt es Distosne@iprapreeegtedhie FigPaeagh Sk ¢f theconcentrie paig traghs A2@roviciesion the Biiage %Pek:ﬁt y
219 yt % fupther subdivided |nto sectors No.n. In accordance with the present invention, and as generaliy $pown inpFigy3a,
Di aret e each sector is comppg tf@lpsa daiay1 6{lelcf- flﬁﬁroB%ﬂq&:trw @geh(ECC) f@@ W'Fl Plg,
Tr ack Deﬁ reld data2t" eld qfrq% d Asshown in Fig. 3b, the servo 1 field is further composed
Bit Dens | field, gray code fle frﬁld and data sync fiel milarly, the se rs
Tr ackssW (é is mpo ed of a se d sector ma ss ode sec?ned sreré/% %uﬁ t fiel dpfaL ﬁ%_aﬁ Q En
each trac deTI?gﬁdgen?rr C dg%ne raé{c s provr ded on the surface of a

di sk 12 50 are further subdivided into sectors [err] In accordance with
the present invention, and as generally shown in Fig. 3a,



eachs sect.or is conposed of a servo 1 field, a data 1 field, first error
correction code (ECC) field, md-segp@sr@agosie! d servo 2 field, data 2

- field, second ECC field, and final gap freld. As shown in Fig. 3b, the

. servo 1 field is further conposed of a servo mark field, gray code field,

| servo burst field, IDsync field, ID fiTebl@y and data sync field. Simlarly,

: the servo 2 field i ,_f;pgmgfqd,:,g{, a se=con@?§@§gcgpu3nﬁglg Biagd d, pecond gray
" code field, second gerve—burst—etdtant+reaid L oS5 data sync
fiel\di The order and e of thege filel d$ s&'r"% ‘S“ét fori %’1 Tabl e 3. EP O
572 380 Bl Table 3 HdF°8&Etor A| Fi¢ld | SayCode ¢ btor|"B Field

Byt es BYtes Gray Code SBi \?8“’%2?1?“ 43| servo sync

3 Gray Code | SevoBurstA g 4y fpfarvoBurstB 418 servo
Burst_ A SevaByret® Burqt A| 4| SevoBustC 4 [geryo“Biirst B

4 SerVo Burst B~ | SewoBustC 4 |Seryo f(rSefvoBurstD 44]10

Servo Burst C ServoBurstDy  Sgrvo |Buf gtPad A4 Bervo Burst D
4 Pad Pad 1 Fad 1| Data Sync 121 1| Data Sync.
12 1D Sync IDsyg tha | Data 27|15

| D (Header) ID {Header) FCCc ECC 7 ID CRC

2 Gap Pad IDCRC 2 | Ggp 17 Data $ync

12 Data Pad 245 20 4117 ECC

7 Gap 17 662 Bytes Td¥atdSydd 12 331 Bytes|(1s{ half) The
sector mark fields gr@stgprovi ded tjo syrkdhrnoni ze the mg¢rocontroller with the
contr¥l information|@aSsent in tHe rgmavni ng portions|of the $ervo 1 and 2
fields as well as thesagata 1 and |2 filel d4. The gray cqde fi el ds provide an
Unaw  bi guously encdagd track nurber.| Thg unanbi guous jcodijng ¢f the gray
code values is further qualified]|in tlhat |t6A2Bgesd9tal30 | code val ues of |ike
sect ogs on adj acent |tasaBkes (tit hdifler| by [a sijngl e bit andjthaf nofnore than two
consecutive zero bitsS are altowed rn a val1d gray.code value. The servo

burst fi el dme sécor MER OsldbaRRovited o sinbitroriie eeavidrachtelio with threwhtwl ofbratinn psens pifte

i nvent i omgmaihing partbntieltsisarid lyand B fiskisge dellas the tiaté | @rid@$elds Tregray tata fieldsprsivide andwamrnd
const ant bfgraslyieaded pérk sindat. The upénitigyousiceding ofthegralecodaMaiegiafuther qualifipdinthetiee gray
cent eso | icords valfiestoiise shqtors o adjacent trackiffer by a sifiglebit gnd thetme mpiedag twgfconsprutivg @prg pjts gre
field is aligwsdingvilidg@ancade valugnst ant frequency and vol t age, thou physi cal I
cent ered onTheiserve busst fieldscp pecprdgnics, with "191@9'?’5" pRdiments Hh%\?’F"ﬁV%“" 'ﬁ'&“ P g&?‘\‘ﬁ?ti"“#
control éfra’tgbd tti‘ fﬁ'dﬁ ftﬁ°§ﬂ‘?"l Jplitude apnd cqpptant frgquengy,phygicatly %'Fe(ﬁ naffe ° ngd pRugngrondne

used to $P i’ ‘3?( sector %n head S gIA
h c 1 SO W nat cO nd vo tHoll red
syre egg i S ad o uice b it
the fi rStlD ot|§u %te lingar, ét \éﬁd rea erte
controller Iﬁﬁ’arf;p Egﬁé &nci (Q&Feh!gn aﬁtqgé;lfen&%n@;mﬂilth@e fdiad ﬁfovﬂé@fb dgﬁneklﬂﬂrsirmafthd’ rod
40 di S%Q&tl\}e%tflyids 1 dha o he $848Krith SRIBIRNEMchichizdsREThE frétubney il BatiSsyrictTiBldf The Sifst
dat a [eplaREAHul h ¥R sirc #bgubricy BiherefdnftaKeh ad1Be i atd BprbdeGativdirarkikk execution as
per S‘r/r med bmetdritg nbiv RIFRCA sk édebutith a3 perictmeaiibg i mitepgnirdlecdyds shewn rhdpped agaihst the res!
OCCUTT enaige 6dcurrdnée b the wavoll aadlfiekis vitrerbsbact Wi st rérdivweis hersit20.1 The besic eaatiimarrglationsipertinbnt
20. The Dbete peseataiventipmae sablogit in dalble 4pert i nent to the present invention are
set forth in Table 4. Tabl e4 4 Di sk Rot. atlonal Speed

3550 mpm Averaga—Ae-cess—'ﬁ-m Table 4 49
mllisecs. Mni RER*I‘TFSEE gnﬂ' Reqd ansition Ti rﬂasso__; rpm

erage 19 millisecs.
58 m C;OSGCS 3 nimum 'I'rack-to- gl%k Peri od
- Trahsition Time ' - © 28 microsecs.
50 Sector Period ' 4 3 3
microseconds '
Servo Sample Rate 4.6 KHz
Time Over'Burst (each)- 2.665. microsecs.
Bytes Read per Track 43 bytes/track
- * at Max!Seek Rate . 3 3
Time over Gray Code .

Specifically, a sector task is initiated in response to a countdown timer interrupt just prior to the occurrence of the



m croseconds Servo Sanple Rate 4.6 KHz
Time Over Burst (each) EP 0 572 380 B1 2.665 mcrosecs. Bytes
Read per Track ' 43 bytes/track 5 at Max Seek
Rht e Ti neervoofield. Frof thiy - intésaghSihe microcontroller 24 enables the read/write support circuit 36 to detect and process

3 3 m cthesepsmioliail Acaptd! vajue isahed rotidd tdtResisin imBlot dit ddnatoPddntidller B2 BéhiHiRatd the spin
count dowmolei ¥er interrupt just prior to the occurrence of the 6 EP 0 572
380 .B1 ser \\§sown ingjggh, thEgester mak fisldis defined byrthgitaiing eheof thie seramsgnriliedighpeiiold At tiirsakibre s
t he \rEad/maski The sapfigld israpotier pangiant ampftugecopsantand frequencp fieict Besseetdrenagkdedelived pethifirst
field. Af°66 %‘Eﬁ’s' ar%'ﬂgéhetaﬁenw (5t BY peneayncdransiiensdosthiperbifesnt servechyneciogkeayeds. The
control | {éa Y i ét]f'é" °°§ P‘?PVI?B?’B‘F”"‘?L‘!I“” %@'"%W“FMFE for gse intshsequent
sect or rrar‘fb f (1 :Log o,

8{}% he ﬁ m E%ﬂt aéf%pt | rtazpss!nﬁgw§gy 1e§ urrltc fi ‘lhl ?d
gap fhel gy an %Pﬁwggé ﬁ
const ant gaRd djfpsf ﬁgémﬁue r da 3 aanO da éo elds the r %‘lrgd

dat a tr agahdel dhtrdié sk Q‘éhéBQdB ﬁerﬁ %H%ﬁerg vﬁ'ﬂ% re% t9 s? | the

t hree byh@sio@bmseRsaredorsatlided Sigrddhnpliidtiod Qﬁhoug Adc%m@ ut%ﬁééﬁ a@ﬁ]&ﬁ’s%n {

sect or Mirieof the AGE GRhKEAEbAIDY difbctiAdjidIiant & itd daifBilist Mok 1B bt théagivhifd # e

for wse i n Captrs eiqhecyrdy chdddY the RAd/MNRS upfft ciiduif $8]lHbugh Blsd dafierERAbIbLE P‘M@m ﬂoEB?rfroller 24

i nt er r upduringthesssa sync bamesppriding eatiiniofjhe dactorseak, Wariggerbd iRtbrially B)lid s8@or kA signal intemally

sect or t agRducedupomydetagtioniithe aavtdr merk.t Similatiucaptus ahithe fabagivorbed: flalds ish@gsredilowing b e

support erewdefmetde@n equako thegray cogrdeng, following detectivo oftheserva roark. Mige acwal ddpturd df the analog

channgl f?B‘i’ﬂ"PP&‘P‘i'eéFWSﬁ’m%s loathshthe servo biisst fields ésmerfaedisy fowrgartple aAGRYd dreitpindivdualip d

i n the c&f %’F‘I“ th%‘&a'f"ﬁe‘ﬁgﬁg‘i‘mﬂh@e ¢ seryg Burglfieshe raw data signal. In

a i ci paj, ngﬁh spm skl t : t 'B‘?ﬂ‘%’ld"f“?sEP’H?aSP'h@mP’éQHPWsF .{Tle primary
nel gc% &e Pg nB er;ﬁ)rlﬂtg;r ; d?f e|spip r;ngt&r 14\Easoed P:p]t@e previous

read/ Wi 8 ,,ﬁf,g),{g gmg;r %fe 6T ﬁgp'b? °F ’8? '“?%a “REEY g 'Eeo‘r?ﬁé‘i’i’ée&tf‘?é

for rzeduce%eﬁla%érbat&im %W&m ﬂ}’ﬁu{? R LGal. A{to‘% ]

is gain, c&r%u&n%ﬁtﬂ@é&% bhrbtfﬁSldé)frh f Shafdh b ,fiﬁf tua

I ts gai Napkistb dfErmPb whethePdn adiuatbriiBekldS@AtidNis Phom ortah@rf twc@yrrop ri r'd& sithe

Capt ur e aibe, tekeeut@h ayntine ity sétltof @BMsPdnbihg seakl BpYRdiibn fof Subslglient&kectti H%WSJ‘

earl i er imckidlahg isyo elperfomed)tidaunédnoblreicorddpofidiig ditfal VAlRs & Epruddssdy Mhemlcrocontroller

cor r €3 po?fdP ergivaroquBirgire edrvo ot teeicibibwing erekyalue $Po). Résyging that thelB =n8 03biibulyficldh@s

sect or n¥Pwn ig Figradveiapthecentdr ling oftheaiuerddatagoctor (khewretytvihather &b ciirlag! track@braier B Bddor

Si mi | ar | §¥en)cbuaerelure progeseingfabihe sesvorbyret fibld valites fsiderledisachadaneei wifly Equatibnfiol | owi ng a

pre-defined delay, equal to the gra (;Ao,rdé; I(@QP} h, follow ng detection l_{)f

t he rvo mark. The actual capture t he ana read anplitudes

cor r éspondMHUE ! teutppratrarg wesegtéﬂ%vamleéar ug, @) @itgmatye [549 #serreeEaustion Roenly theetwp| e

and hol V&S ?Wegaplt'??d’a?)ﬁ cgRtey fips Ausng normakitagkfolloing while Hsingtal foprdyrsts dyring seplsiedur r ence

of the respective servo burst fiel ds pJ\e@nMn I e the mcrocontroller

o B R SO o B e Bl S P o

primasy dl

speed er%{g}rﬁo &Qipé PR eor g B’aseqﬂa i5h3 ?rhel;"ﬁf" \ﬂaﬁ)"ﬁ WAPNH and expect ed

ti nme of occurrence of t he sector mBgk(C¥O)spa+vBy ate adj ustment val ue nmey. s

then be determned for use in the next servo 1 field sector task. 25

Next, an actuator task is executed byP¢g@-A crocontroller 24. This taSEIq 4s

gene '450” |y inRbditvédRklioRdWig B Rk if ﬁteﬁa'%ﬁd‘e! iticGR NAEth o wrd hobhd WS N mé%lé
fields. wdifnef didnfeter Sr@eloRi12I THEMabRHSES bt MY reb Ut Givel afh InGIEREH df f%lsrli@tﬁnc tHeQragei:grﬁ

of the ambs)abenicrocatrblios 2 maPrebkly &mpltd sh WORIdI e vaId Ghdddbrithe PR a&%ﬁrﬁlﬂde%hé S
pendi ng quadratwre gHrifiedtrackddiowdngentr. Thaarropdidiuetinest] dlRligtbraterdd withtheRl rteREctufé Ssition control
execy} i onlueandwrittanéghandigitél-teangled aspvedr ofihedintdr rsijacttildr BghtrSieCs?. THP &djuRiel %Ioﬁ &dtuator
subs e quelesition geniroltsigoah therelfy, prddinsd veevlts intarcanpdetive ohangein thg pdssiort ab thb ectyeor hasmenchs ahdne
four sertehepdifyelativpiothesnttialadracki gi t al val ues are processed by the

m cr oco nt r e rigrooggroller Eﬁmﬂb‘h‘ﬂ‘é@r‘ﬂﬁ@n tp ajersiiviietteskcExaautione! telresd/wiite tashrdvisled forthag
err or v ‘(:’P’qa”" Sqemplefign Pfﬁ@t"a't‘sl*ﬂé ofidatg Wit resped atep dyugnidataf seetprds, as shown in
Fig tod By dhe migrqcenipliop4ust %e&tbﬁwwﬁemthwad/wme

vvhet her E 9 “B?t”éegke%?e"" ?‘fé“ A a‘fsm%vabﬁ iodndliatgi ng
of the ihﬁ“eﬁi,&i' B, ﬁz '@g? Sefliaind o Gt B o oy
(A Egq. 1 35 Al t hough al |
four bursts are present and avail able for use, an alternative is to use,
per Equation 2, only the two bursts that overlap the track center |ine
during normal track-follow ng while using all four bursts during seeking.
[err] Where the A and D sector bursts overlap the center |ine of the
current data sector, i.e., every other t%ack, the quad- 40 rature
processing is perfornmed in accordance with Equation 3 or, in the
alternative, Equation 4: 45

[err] A p05|t|ve track foI I ovm ng error result |s | nterpreted to indicate

1 " o o M e

V\



the inner dianeter of the disk 12. The magnitude of the result gives an

i ndication of the distance to the t gpgxs760@868f |ine. Thus, the

m crocontroller 24 may readily conpute an error adjustnent val ue based on
the pol ari tTyie cooe sk gitelsbrtke2 ki istirttEted| i Aponbd16 e SHARMEOHR tmér intfrlipt B chAUbd1BihESchR -
The err of sety lask Thermbicrocahttober 24 therosxbéurve dectdr, laktudidi Gedtiifo@Rd soaK taska tHaf ard ubbthrtill
control igentierbtodheil countermadmexeatedivgh cisgrct ta the tsarvan Bdid) Giclading \setiotidting 1Bi6 cauRtEdoW tirfdr
and . act uateﬁvp"@dm'i'%‘lsle@?f'sswo ek stadj ust ed anal og act uat or position control
si gna'f therTéh pesithe srstor Reger] nototheryiss spept presessing the eénenricrnd samvot2ieldgpie st lommecot
the act ulf iy aptivedhrmanies tagle Japs At migpepntralies 24 eperatns aeany qseantialiyimutitasking
track. Tﬂr8°$_E§°{:'F8‘8 iU SP‘f'B‘i‘"a ZP" h?‘l’i%‘r‘i’” oS 1% on to a read/wite task.

ont -@@rmqﬁ Fig §r# posien Aiche SGUP
Exec ut i o t%a nea%;@f W’racks o toﬂré?ﬁsgg%g § greagoi"‘: A ‘t"}aéﬁ’ﬁ,gﬁ;%f?asu,e &4 .

d I f E
&vrsl El%s @Jﬁ Jﬁ're%é%ﬁp Wrt B%felﬁst g ﬂ miaef ld cr ated at th

m croco an'rd&sl cbihe r%éd/\lvniesﬂea@%eﬁ 'ierttnB dat ttﬁg uH&JeQJﬂ e% re okl f th
gener al , trihdediels F6kcomvRRioR loiwritHeaofided HifilgNeitidgFe d%grfab' Qe Wi ‘?rsrmagtrﬁe%n an
act uat or 100@sd 160 aitroihahdd WHilOthbre Is]ithe'iéf@e a¢d§§1$\ vddst8ad sifacs QEIVaRirR ofty S&6 fdﬁ%&aﬁwla on
of tHeé agtyratafieldasisierpmEssnt bdentiohla® witsh@trodsitie@niré ek WbB B 16rARR bR ely ¥nfidiods %
exe- cut ¢adafieifband. Fathemas pfeviouslyinotbd: the giay cdde it i Etiokeiio enéode thenBteBsaly ifordatidn

The sect diferingasibetwéenttiipsamesegior 4 afijaahidratks by anlytaisaglebit. Conséqpaiiy BBA whid sbékipg at hlgh
count d O\Aﬁ'PSPq a¢fops thefatartiagkatan grparsptigeay odde fleld mad thed captures @ first pertiartapihe graysdode Ekiated

m crqgo nY" d’f‘? Eﬁ"k s “EGHE'PP"E’ﬁfé% the eay ecdle fiekskfrom 20 melapen trackwilstl) anndralie yield ah igangification

tasks t hYd %, dentrcaI to their counterparts executed with
rgspect p 'us ac- fj’r"(‘?l Btlpﬁ "s"('f' t1“’r? he.pyeferad gpbodimeni o therpesent
Bpl servob rst |s |%
O

de e-haitﬁgckmlé# RE edfevioysburst.
|n rru
sect or hz;;, QEK@ anc re eré%‘{ il i?‘z ;;P& S %f:;%’bfs\?ﬁatfr 'f‘?:rej; ds
is usged Et.ﬁ%t &%%Uﬁﬁw& &al&ﬂ&a%s s%%bl}r %&lé@ and Ne%? v ethPJ?ét erlaén |n erms of
Thus, th@cm.gtﬁqggmt,g@ 24 operates as an essentia
processor in the control and nanagenent of the disk dr| ve system 10. The
gray code andquad-servo burst patt eP#StEFeirE-present invention is Eq.5

I | | ust r avteds H isthE-hepd waith aAd piitHeitrack width. t he servo fiel ds of sectors on adjacent
trackd is #hitiuetatedlinEg. Gemuniqeahbracieristicdf thaseelo birstgsisdiyipleiaiad insheplofivBd @bodifiénts of
fields [tBepr setlthdughrs th@t none df the servo Phrets ke dispaselispinmgltrically acrosbahe tiaelt cdsterdineof a data
separ at €k 'gﬁp@ bifeieare sprye tigtkawitiencah one-hrifiearinofiasls. biowevbrathe sonadrankevrittéhittiasks do not

pheno me n%'ﬁ” Witk thg data Rcks %ﬂ&@bﬁﬂ“@%stﬂ}%ﬁqfaﬁﬁgtmmt asrshovofin Ridh® phiis of sdwo bursts, he
di sk s Aa dp t;rfgii’e‘f‘ fodtek To (394 T.glpnd purstsye ansi} with raspesto iraeis T dand Tk Milovéren d
when \_Nr | iof In °mco "?I "l? indly uaé °p’t"§§ E‘&h"@t‘ rengc'datha PRipr
the w dt ursP lel §mr¢grs mmetry é rom nt r I| EI|QH lgo
duri ng W ﬂ&ve r e frmWi gtjntsr;ﬁof h rvob 6 Ei é\ég F;

160 mi crtpég;ﬁ,geoseve S, therefore ngs ' Tecorded &Y 3 sdfea

iffiffIs! }é
NUGsEd of tesyimplarkdtationadt Bquatidnth ashthl d8@ial of-Back ﬁrﬁdklf&bﬁlllg\’com Aot lefdb
code i t dihware and exrogiadtin the acuaeochatrd task. necessary i nf ormati on whi | e differi ng

as between the sane-sector on adj a{5e=R by only a single bit.
Conséyuent |y, even while seeking a a'sp across the data tracks,Eh
apparenthgteay code field read that captures a f| rst portion of the gray
code associated with one track and the renainder of the gray code field
from an dj a&@ﬂf‘c“tar%e‘??"'wqdl“s‘s‘t”ltt’ft'uegener ally yield an identification 20  of
the gprr f;' tratedln Fig. 6 is the quad-servo
burst pg ta't‘er's ﬁf&? P § 'P"? ®ferred enmbodi nents of the present
ction 1ac or ween 1 an
i nventign E:gg Egrr“g@ ﬁ,'u? rak ﬁi ntly witten with a radial offset
of one- half trac revr ous burst. The read/wite head w dth,
I N accorfaffde: WM th the preferred enbodl ments of the present invention, is
greater than or equal to sixty percent (60%, but |ess than one hundred
percent (100% of the track w dth.Pagoffoefubhltd?y, each servo 25  bursta.7
‘overlaps its two radially-nearest servo bursts by | ess than one-half of a
head wi dth. The burst overlap, in terns of track width, is given as: Burst
Overl ap=[err] Eq. 5 2 where His the
head width and T is the track width. 30 As illustrated in Fig. 6, a
uni que characteristic of the servo bursts as inplenmented in the preferred
enbodi ments of the present invention is that none of the servo bursts are
di sposed symetrically across the track &enter line of a data track. The
servo bursts are servo track-witten at one-half track offsets. However,
the servo track-witten tracks do not align with the data tracks that are
subsequently used to store user data Rat her as shown |n F|g 6 par rs of

oy A o . v a
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burst fields are simlarly offset in mrror symmetry fromthe sane data
track center line. The pattern of Sfp¢grdnugoy1S repeats every other data
track. However, the information content of the quad-servo burst field, and
gray code fvneleds, is the sane for every data track. 40 The present

I nvention provides foratrack-foll ow ngconpensatoral gorithmthat maintains

I t s on- tRyacikthe awilentfpositicovithechead cur acywhi | e sel ecti vel y reduci ng the

oppor t urilLi yis e pridneaiug ottbeeurprit positiesdbthahesd.andhi s track-fol l owing al gorithmis
prek i ded B cementbappesherd i on of Equation 6 as the essential on-track

track-foll ovm control function inplenmented in firmvare and executed in
th e act u at tlo as the track-following compensator algorithm of the present invention is repre-o_
igs,
nm

(G c as a combi ned oontrol structure and flow diagram. The compensat beg ata s ?SIS
with al zatl of en le] rogfam variableg, in g sia E valyeenabl
t he h t qg%cgprtunp ﬁg:énjjgg é&.ﬂ célpp?g‘ams an al tlc;éf%gzd rety % %ﬂ%yg Iuesq‘?en%tch the:ant
is t £l vfama EJ tﬁ& e% J&L a[ track ldenltl ilure
reduct i Qfiné @il féﬁ}@&%‘m trﬁr% difig state 2.1. Théte %'f&fi; &l ité(th&%%zﬁﬂ
track redg a@aﬁ&cweasm an@ ek SUABK GporaR i Bduirba 16 retum B heia AR ibeiEeh 1ARCHS stalo i |
IS the GudcliRn thefPankilidnO siife J0NR slARAM, thé &bt tradk’s tratk Biblbakd réleatd vallie it Biftairell Bice Nt
posSi td onupdeditdievalue aghal téhélruining avéraye af thasitacl tifsdD@iieaR-iolowrigd 100. The
I mpl ement aA iramsitiapfio stetp /el is iben ntida Slere1ias digodtirk dedtaphihaswinstber 6 mawh@ A 97tk operstibrgopendifigm
of the pn@\s@me;g;mernummv beperfarmeddepanding endvhather e d)ead isadequatalg oratrag iria g reiset for
control useinthesubsequenipadVvieaek agr am The conpensator al gorithm begins at a
state 1.0 HNistie G0ibe P?mevsaio{ %!99[' '@ﬁeteffmneh@e&veﬁbwg ent ik gl eyesy ar edehThst e ahnthe
var i &h| ewdilizatiop of thegppeler ’ bgdip fention o theAuadgq Q{BP‘éﬂ OffpAtl, Proggssipy

af ts@gt °[ ’f'"f’%‘? ‘fgf(f
o ﬁé‘i% ii%‘isl %jel%ﬁéﬁ A e § n.,zaﬁ%f' gy 1’“& :
t

3 0 HO
" gl fh ol e%@sé' BE"s ﬂé‘?:r:Sanrré& fropennd ng

Cl

% s%mtuQ/erﬁﬁr‘i E aﬁcﬁ%

St at e 2 oi-thep ﬁtﬁwenﬁon Ecdblioh #is Sfifed idtalbulid thékufent at|v§to'tH3tr§&center line.

of f-track jResied 7. P8R0S fidt stored¥aIGKol B Rdad bosibh is &n.ieaw&fémwtcgcdiaeettmaxo&nbefnhae ad

to the ohesd. metlistieamiéroncbiietng bidéent off-trhckeposifid] oD Bndltheetiort ditaBed dobifn SP_Y, Qiverd Bktahe

3. 0. | n patimhear@pdiipdidaliyaic®ttiries, RifectiveR 9ikidsa telogitykalgdib- band ref erence val ue is

obt afhed andtalds.1 andBPaEqeitiond isutiizad o eal@bptecdn abigipatbrtheadipnsitiongozectiunags. Abetierive-

of f - t r ackrsighdingef Equbtioh & canrba bad by edfdreneperigFigsABa-¢: lrrig: 84, @ hypotoetied! teck-followihgipath bitien

made. Héwed is griphediasssiionp Rywilaespediiorims. Thiealdar or&o-Padeishomn i Figr §bx &s shped ketreagdiy | s

- pendi ng SRPRPIRRSD AT of e g Fle- o pifeptiysly Ipads e time parawponging aeid inilep asph @ifig: frer t he
head 75| s Qz'g@ G&P’@‘f"%?sﬁﬁ'al"}‘é R reeyiigh Equatia 53@9 Y ?"aL%‘@e"F‘PPs ippdera ?,FHﬁf the graph

read’wri

A c tuaéel \ pagertt) vel 5?3
the currthf® °r"§°" "“’"s“ %vegr?“%"rs m8£?5°"s$“h°§qg ‘V? ‘isﬁse""i‘ﬂeg'ﬁ??‘ﬁ' peid B‘ﬁ;'%‘f

the prefer & fﬁ& ¥ fantic& eE:B %de% Giofl § s bRl
f or mat th @ﬁfﬁﬁ% atgsgq andd.y Qﬁ mﬁsgﬂ}éf&mm EE 6&? inat?@? idohon
efa‘ﬁje@@sﬂt?l aWaRhibab st&t €21 lg§ a fﬂ%ﬁﬁgpe@d& p&Kitfdn cotbction values
gg/ nu r&m-&da foldBtelninelwhotRdr @R dirdcfionfdt fs/biLtf e &, raaweﬁﬁmettwcnoéeme.aaea; &hfidighted to
ret ®st i rRAangh alsthax fiddreprévantitlg ihé priopanticpated giredtivon SRkl BlitiRelido ddterfike wietherthere will be
c onpens atobangaingidectidnhThe@lirantiyeaninipetoe ditection isatzh istorad by tha/flag dthdreis ajplangd ih edticipated
execut i olregtient rsitidoegre maderig statpe 10.1tah@ 1052 fednestated 9.1 aa8/2 respegiivelly. Gh@siftesdi@)l and 19.2
st at & 6.efieclivelylqppivihe gaimractopagiisimentivaluy r te theariticipatpd ipesitideeoapaipmmalie.yrut i | | zi ng
Equat i on 1A pnsitignirom gate 9y eﬁf 2 119-bef 19810 a cammesiateclih is theh megee evsrem tig-i7pdhersernoen
Equat i ortate 11 QH’&Y‘ 8’0%‘? a' °P'FP'9§?'%PE %“ 96‘“%” contplxRlivan grPresssg as g digitgl werd, F%f’ errfhwtput
enbodi ne;aﬁquafronts uaef. Eareﬂan S uu»mt? i) t};\ GG

th BaEP
st :t oS 7 ﬁ:&ﬂy in %ﬁﬂ ec:#;ﬂack agllqe%iieg ca}{o% gne Ei% ﬁﬁto ené nate;is\:vnt'g ol:i::zed
to effe ﬁaﬁﬁla d ué\fgdt i@exgc‘au ol Gi'theVe IQ he gwénﬁﬂ is ed S '??per ence

in the pr el%@ﬂ&rtd%gtfteréﬂbﬁﬁl&eﬂé)ﬁ\bltahéﬁfhlo ofthd res@rﬂ TAR-TEYS éresbﬁta&ha
[err] Qgirprddedidtion, nlThiste HOSi ti ons are periodically determ ned, effecti ve y

yiel s a velocity value. 30 In states 8.1 and 8. 2, Equatlon 71s
utilized to calculate an anticipated head position correction term A
better un- derstanding of Equation 7 can be had by references to Figs.

8a-c. In Fig. 8a, a hypothetical track-follow ng path of the head is
graphed as position [err] with respect to tine. The velocity, or [err] is
shown in Fig. 8b. As should be readily apparent, each point on the graph in
Fig. 8b effectively leads the tinme corresponding point in the graph of Fig.

8a.
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Fig. 8c provides a graph of the result of Equation 5. The fractional
current position term [err] nodifigsebpeaggph 35 of Fig. 8b to accentuate
the apparent 'velocity of the head as it approaches the track centerline.
By increasing the value of n, the correction term[err] becones nore
sensitive to the head velocity and | ess sensitive to the actual current
position error of the head. Referring 2R %0 Fig. 7b, the anticipated
POSi tion correc)i Hfzyak =Pt O Lok by= Fopiad 4 D S d 5= disik d0-Latardri ne the
traRsitions to t ext states, 9: nd, 9. 2. Positive val ues  result in
transitions f r_o’mhg?g?%é"_’é.€r%1?1'8°§°.]jzf?‘6§’§? a?%m%e.’fat(f’o’ﬁ-aaéﬁfrim sel y,
negative val Ues; restkt=sA=E=tFeFsTtF Rt St T 2 sdqrtmos=®oe4 and 9. 2,
the antici pat edpppgjélon correction values are utilized to determne

whet her the direction of travel” of the head, relative to the track center
line, is anticipat®mrehcHANTRARZO sifHren 94‘%19’{‘?%‘}‘:# esenting the prior
anticipated directé@ncop,.travel is utilized;tiomcherst neadhed her there will
be a change in di rsg%i n. The currently anticjpated direction is then
stored by the flag? I'f"there is a change in anticipated direction,
transétions are nesieveoPgtates 10.1 and 10. 2% By sfex.arexk 1 and 9. 2,
respectively. The states 10.1 and 10.2 45 , effpedig@ionapply the gain
factor adjustnent value r _to the anticipated position correction val ue,
[err] A transitionc®+®nYe¥ar®_9.1, 9.2, 10.1 or 10.2 to a comon state 11

is then made. As sgaye i:n-€ &+ e,./6he common state 11.0 provides for the
finaf’ cal cul ati on gf an Q% expressed as a digital

ongrol val pe,
V\%g based on the Bﬁ?f)ﬁtgﬁf ?i i’o% %antm _JSJ? i tz”ff’ t he polarity of
t he“out put val ue of Equation 6 is utilized to select the actuator
correction direghpppp.!n state 13.0, the actuator control word and
diregiion val yes are effectively provided to_the actuator controller. 50
Finally, in staie 98t092¢ReCoff-track flag iSPREEIFRLR FUYRWIHEHER whet her a
seek operation is to be initiated with the pextvahiastor task execution. I|f
not, the read/vvritﬁ guaﬂigic | g fl is tested to dérernm ne whether a
read/ write operati8h®P&™p 'ﬁd'%%l(2 hd gr +y RAIRIIETYD be executed. If
thereeis, the readfma'gttaha'askaﬁéoe:ks:cmeﬁtive\ orderto betterappreciatethe

inpl enentation of thesppesenfpinvepgion, St?&ffeéﬁ:ﬂ@'el}‘ g%%g‘%ig%%% in a

pseudo- code representati@®ntojnant®le 5. 55 EP 0 57 5
Actuat or track-FTBAKYS¢ ng' conpensator al gorithm TRAK10: 10 .. 2 - branch
to TRAK20 if on odgateaokgepl c. PO ; from burst val ues get
[errf® 15 1 "“S3ve_pp_-antol _ ;as [err] for .iext iteration
calc [err] [err] 28°to TRARAD .5 ¢ [err] branch to TRAK30 if P is
negative TRAK12: "25° get gain G ;apply gain to
positive ; values branch to TRAK14 if [err] was positive so

flage hat P is positive [err] [err] ;effectively reduce gain

_ TRA\K}4: [err] 40 45 50 55

10



EP 0- 572 -380 Bl TRAK20: calc [err] ;from

burst values get [err] save [err] Epos72380B1 , as
[err] for next ; iteration 10 calc [err][ calc [err]
branch to TRAK12 if [err] is positive 15 TRAK30: get gain G

,apply gain togagaeall.ve ; values 20 . branch to TRAK32 if
[err] was negative antO flag that [err] is negative

- calc [err] . cale P, ;effectiveﬁ?rPEdg§€§§aVH1255

TRAK32: - conpl i gt pP [err] ' handl e negative
calc OJerr] -1 ; muLtip%icag'on 30

conpl i ment O'TRAKEGyebeg that Ois positi\78s , eaf thnafFection 35 calc O
= 0+k : -t + ;add ref ed&mratiehue k branch to TRAK42
if Ojs positive fl,3¢ that @ is negative ;actual direction 40

conpl i ment O TRAKEZ Csave 00 4 Act uat or DAC 45 1w save

direction to Actuf®dc CamiidV*{&g/$Per Figs. 9a-c illustrate the operation
of the present i npeaichn tion TRA®URI A Phe ocder pesteiod "act uator arm
resonance. 50 Fig. 9a graphically deﬁpﬁﬁs a section of a track. The
sectos bursts, including both those |ocated at the begi nning and m dpoi nt
of the sectorsTRAMKSOmarked in time. Fig 9b, directly corresponding in time
to Fig. 9a, illus t position, [err], t e ' oses
toward the centergﬁﬁhgsg ?%e.track. Finalr;?ggygggég,engggg%%ggtly
correlated in time to Figs. 9a and 9b ill ugtr¥Bd¥eEhe sanpl e-to-sanpl e
vari fice of the N@ragehn ta TRAK3 2Gi*E P?P%Q wagonhdgatavel t h the execution of
the track-fol- | ow,na- ensat or .al of the present invention. 55
As\fhe head posit?g%%[%%g% &i@ﬁ@lé?eggggmagé the track-=center |ine, between
times t1 through p@}ctﬁgn&@Pﬁa§Q@Vdr remai neffectivedyangdraevapda.
Howevgr, at t4pphlggaanticipated position correction value from Equation 7
is negative, indicating an anticipated crossing_of the track center |ine.
Consequent |y, at Fﬁﬁpﬂa@ﬁgﬁ R agif ot 1E conpeﬁ§éngeaP§HPF§Hﬁlis reduced. At
t5, an overshoot efalich®=lg*¥ck center |ine gccumaltlipMeeationi nce the
antici pated positiaon qrre;ﬁ val ue from EP 0 572 380 Bl Equation 7
renai®s negative &P MR 8hin factor is increased to its standard val ue.
At t6, the anticipated head position correction val ue ¢thanges polarity.
Thus, the gain ®4Q';, 1S reduced in conputing the.gconpensator algorithms
‘outputvalue. Simlarly, at t7, another track center I'ine crossing is
anticjpated and t fdaGedtedd QYdisnPrsditdve s i Ge&aulth@igeetaPnt he reduced
gai nFactor, at t@aardd=0+k1as two i medi atagaonefenencesvaliie segree of
track center |ine_overshqot he .vel qci t f tha head as it crosses the
track centerline RF&n§ °f5§§géé 35 § 33n?¥?8ﬁ18F t he reduced

flag that O is negative j;actual direction

. compliment O
\/' TRAKA2 :
' save O to Actuator DAC -
4 save direction ;to Actuator

control reg;gtgx

; s e S S s E T e S e S S S e e e e S s S S S TS EE S S S S s S ERE .

Figs. 9a-c illustrate the operation of the present invention in reducing the occurrence of actuator arm resonance.

50 Fig. 9a graphically depicts a section of a track. The sector bursts, including both those located at the beginning and
midpoint of the sectors, are marked in time. Fig 9b, directly corresponding in time to Fig. 9a, illustrates the position, Po
of the head as it closes toward the center line of the track. Finally, Fig. 9c, also directly correlated in time to Figs. 9a and
9b illustrates the sample-to-sample variance of the net gain factor, G *r, in accordance with the execution of the track-fol-
lowing-compensator algorithm of the present invention.

56 As the head position Py, translates toward the track center line, between times t, through t4, the gain factor remains
at its standard value. However, at 4, the anticipated position correction value from Equation 7 is negative, indicating an
anticipated crossing of the track center line. Consequently, at t,, the gain of the compensator algorithm is reduced.

At t5, an overshoot of the track center line occurs. However, since the anticipated position correction value from

11



correction force produce'd by the actuator. Thus, while the off-track
position error is being reduced, the present invention further provides for
a reduction in the frequency of trERR5¢2PA0B1|ine crossings. It has been

det er mi_ned that the resonant frequency of head assenblies conventionally
avai | aﬁﬂ‘@“ ?Ea G terlpe ga‘ Er“’r'%"l’ @r"}"@ﬂseQmB‘sF‘ﬁ'cdﬁ’df’ % fact or d| sk dr| ve

mbodi |t|o ﬁan pgl hugt | red
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CONS e AR Phbvieds fdr 8 (GO thbﬁecﬁzerﬁéveﬂﬁatdaﬁtergiaé Hoséh@ € a track crossing is

ant i ci patieihs Gesnadominhined Ha€the EonanM@ﬂﬁéﬁcytdﬂﬁedﬂ%@dmﬁli’e@ﬂﬁﬁélﬁibhaﬁf &VEN2bI6 &% kg tHe\WO
Ki | ®He pteferredid@itchitgm for digknigvezmbbdiaentsextitie prosent ivbntioDig prabaa L KiloHer &l INshb@s atdde 1 N
nor e t lagparept ttiat there gue twidiapi cesterfin@icrossjngb per gyfcletofthe ivedgboutladratk cérite lider Qankeqpemly, e
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asserrbIF’S?fe"?‘tP”tbﬁ‘ém ef er r ed enmbodi nent of t he present invention, a gain
redycti o 'I“i‘“Eé‘? °8{PP°Q§P§¥ f° 33’3‘21‘ °5°é?"tﬂds apiel e€§°'lféﬁ"y
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butzet he Cﬁbﬁiliténbwitri tﬁmprés@ntﬂd%htl@f Esﬁtéll@ﬁdﬁlnp&@lbﬂoh RBodiee atfééton&@r couid 58 (2B CHe oom-
oscCi | | périsators spded biv@rrétaitbi AackaNTbrs WolldbY ifbrdabedy BLARHS confboiitioh &ﬁlﬁe)’off tdcl pREiIfEAdugRi N
r educt neanrdsarabaiosaitiatichglof ihe etdi@sdetnbly @quidinicrdast. Sitarit, @ lardatgadfréduttioafaltowold Feduddu e
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r es pongithediaeiddliowing aligedthinrirepoiectingl ordinatyat-track gmars. t Pamthersfareirerseqnt that theredéntiaveption

of f%t r #cKeciverip regucing thedrapuendyesf edeurrepceant trapk genter firpprossings whiteesstiing injorploge tdnten 5
is eff é‘%‘tktf‘t}‘%w'”%yﬁ‘ enaris o eingiellord erpsdmeg) aftest theaeeacL el ertrask tregkd@iRwient er | i ne
crossi ng %\?P‘t‘ PR Areyidias for behssapiala frequency grabedged spive ack-foll ‘“H'g a"% dirack-fol-
capabl é° a'B%’l"l’i'b‘ arsErlaly Regveqis heeg aﬁ??t“b'éf‘is@l?f‘ceﬂ@nge ¥ E‘ikaré’i}‘ “gflowe has bgan dis-

tr appgrerﬁ)(rgrh %1@ fgi'Pf:rnnEt[sc gs(lj.rreprrngn\{l mo %tr S n<:t.I grons émhe serttt
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t r ack- fghih oW ng’ een di s- closed c? e rea appar ent
fromthe foregoi ng d| scl osure, rrany m)dl ficati ons and vari ati ons of the
present invention are possible in |light of the above description of the

pr ef er Catneenbodi nents. It is therefore to be understood that, within the
scope of the appended cl ains, the present invention nmay be practiced

ot her wils eA dgk dayedtd) fampeidingy described herein.. 35 Clains 1. Adiskdrive (10)

conprising: 40 Hsga adj usting neans (16), responsive to an

jnﬁst ment (Phpdkst ans( '§‘t Pﬁga W@‘eﬁ'd’éi”f {Obfer 6‘?1“35{‘9”%5"(02@ ha ke [20) with
respect to e“ ks' ' ff c of a_di readln rreans
(20), coupl ¥ sa'd P’ﬁng "?ﬁi'?ﬂf
surface of "““'" Z‘SZ iﬂt‘n" ﬁ;‘tﬁ {%ﬁ% c?o ) sk ié%é?@" ct f‘" ng
mMeaps (16) tosgér @h 55h ZB}QOEQéI G.a in |\}d%fth

bei ng det er giniabide %B%Géi&fr\heﬂﬁtaarag@éa% t@ﬁ{rrﬁ” E 9(2455&'[ WefhbﬂthﬂsnfUﬁ%ﬂs%nd

( 24) bei Ng k&Y Rlogflatthg about the center lihdbf SR grodbie e@%té‘f&@lﬂﬁa nc§' EbolELRedRmEFEdY O
i nf or mat i oniréqughcEtyidetéenirig alpheBerd pésitibr @f) ondaidhaaddelitRed Hebrddrilinedof bl drétRtetamider
line of a poaediedclesntanacticiabdpdsitiitdomecion tekmAR ], 2) 16 shitl Aghd TR&NS to(tdentdin bBadi NQ
whe®her t heprpaesarinainiate frack andiurihecdieninigshbthéraid preseatipodition {Hymane edid adricidated osdf
sai d predet @nedrreetipn bt &) e Kieetivelporicomglenepaysidedvhinecentepine detie pradetegined data
frequency bYeclieeid deiprmining maansmedveing sajdmein facion(r)(aPelipd bfdetsmiiningtseid dojvstrhent value (@)o

t he cent er YVhengaighead 0Ys piciiaiag abovtitheeanter dnerf saidrdetamined pataiack atiadraaysgcy above
%t i on co?ar'dé’é‘tdf’tﬁrﬁ“'te%??ﬂ“?'lﬂ r) f or sal d head réelative to the cent er I | ne of

sal kd ] mne d rthrI ete mn

Sal d pr es rar:l?: SE?I |d8dg:ermrl?:freén:aéﬁ:nao etermrpg‘?s%argy lreJnet va 0603186‘:5::260 rm
(Pant *) asgﬁsai% ol Too ol Al eamla srh.nrr sd&srrr‘r% dagtﬁc.p foosal¢
predet erm ned rac eterm ni ng neans Ireduc] ng ain ctor

(r) applied in deterntnlng sald adjustnent val ue (0) mhen sald head (20) is
oscillating about the center line of said predeterm ned data track at a
frequency above said predeterm ned frequency. 55 2. A disk drive as clained
in claimi1, wherein servo information i3 stored in nultiple [ocations on
said predeterm ned data track and wherein said determ ning neans (24)
determ nes said adjustnent value (0) for each occurrence of said servo
|nfornat|on on sard predeterntned data track, said determ ning nmeans
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EP 0 572:380 Bl Equation 7 remains negative at t5, the gain f Il““‘
increased to its standard val ue. At gp@s7olago gfti ci pated head S“““mﬂ“““ll
correction val ue changes polarity. Thus, the gain factor is reduced ¥n™"
conput i ngquatia 7ceEe As@aivelat g t@Qain tabamﬁm@é&w& itssRhdsd vafob.m [ arly, att?7,

anot her t r agdiggintapticipeiot oad paskien dogectich valtd dhengpsyioatty. N, thd\gaintatbdie @dudgaiin lorﬁpamtgor

I S used. thétampersetorgigoiitirals quipdivales Signieriy atft ambiber tracktenteBlinacrosshdis artticisatddamd the reduced

i medi at eaicieskerésgaedhces. The degree of track center |ine overshoot and the

vel def ty offhe ¥ offaeygdused gapn faclon ideand 7 has two drerpedietersensequinses. Jireclogren 9f treckdentsetiveas

a functi 8Y¢=Be ?’H’éhsr"é'ﬂ‘i}%%fd‘eé‘ﬁﬁ’dr"ééf”ﬁfﬁs e irackcaiedior aieptypdupeskas 3 dunelian efithe redyepd

while th "8?"9" f il F‘S@“‘@FF&P Vrh&? ‘beeqff kP@?BE%’EF I qrtsrﬁsfr«@gérﬁprqsmt@rﬂntoan
further cen

. d
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