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I nvention This application relates to hard disc m re

particularly to an apparatus and nmethod for efficientlgy,storing and

retrieving audio-visual data on a hard disc drive. Background of the

I nvention 10 Traditionally, disc drives have been designed in accordance

Wi t hAURIO: GBBALE DISK DREVR CHTIMEEDFPR REFPFONFETANIOHR G OURSE HEAD OURINGAEVRITE dat a

i nt eGPMMANENd data flow. For exanple, it has traditionally been assumed

that informational integrity is of paramunt concern; even a single-bit
error in |loading an executabl e fmﬂ untold run-tine

ram fications. a result radj ti.gnal, .di sc .drive wou ttenpt to 15
read target dat thlﬁépﬁé?ﬁ'owf?lf’feﬁl"eh‘irfi%ésg,dni"?s_ e dnor P_@%‘F!if&ﬁé?%aﬂed that a
data error Aggqra%%aﬁﬁ@lhsw Fagnidentdpslo trb@Rvinpaddiblraal ixa cr@nvent i onal
disc drive rformance has been nedsured by assessing the average tine
consuned i rhapddisodnivag a conmand. As a consequence, it is acceptabl e-even
desirable-for a conventional disc drive to attenpt to read and re-read data
until the data is either read correctly, or 20 until there is a mniscule

probability that the data cangef lumo ?hJﬁ:Q?g Rglpperl y. The tinme consuned
innmultiple re-attenpts of a srﬁggﬁ—rea‘g-ﬂpef-%rﬁn is of little consequence
to aver@gge conmEn@ditionBRy,(diftedrivek hate @aides fnedih attotdanvewith@eahindi sc dri ves

are neasured), if this sort of nultiple-retry event occurs infrequently. A
di sc dri ve fundaspental aspumptionsdegasding i impertanrg|of date antegrify 456 datadlavet ri eval

25 shoul d desi gned.accordi ng,to different fundanental assunptions
Fogar di ng diis CRABAIE: Lhes carnghel fesatniried o A RREo R Gy BR R egr ity i s
of di m ni shad hARPELARES dveh aSifple-Bit SirsCind6dd¥ee an'txBLilflle ENACHRII Bfike St €M ng
froma smal'l error would be r?‘i nimal |y obgerv‘g% e, xif ateal |, by a Si ewer of
t he vi sual wikgdan-tikiewaméficatioat.i Abheestlt} atrddivonal discdiive wahldfatternpnto

audi o-vi sual drive. For the sake of illustration, 3o consider an individual

vi ewi ngSa veabigrast gaa) perkgpsymultiplediaes, Hale dpte dstermped thad a sty geordiad gy |

error in a i « Wi, | | € : - | a
Cht roduced S RpieuirfRE sl bptidfod. RUBHHY, clbhaPabOiACE SERMINCE Y,
correctly mas besh easarddbnt assedsingAhe avetageainge cdnb@enmekinfperfornig 2f an

audi o-vi sual drive should be ~ 3 0 CT ~oa~ neasured agai nst_the maxi num
ti me consuemmande dHi eAnsequeaseritisaccepinblorcersr dsurbler 95 afcopvEBRRRind

conpl etion,,.rat her, an_ave - i C I ncern in
an Budi o viditsag e pRERp Y AR BERIRC ST B e ol § Rheri B (PlesfifTG  ang

M ni N 28 avRiifgRree ATRMskchle proBbility tha iheaiid QnakndilpBe tHal pespehigs Thef | uenced
many design considerations in such drives. Many of the design choices nade
t 0 acconmpdimecansemed uinudiipde resattsmpts efonsiegle resd eperdtion isgrfiliviée ar e

i nappropriate for agoaudi o-visual .disc, drive. A convegﬁi onal ..di i%;ﬁfdri ve is

desi gned t SUMIPHRZ 35‘3?5%80’?’@’312" i1 _.eTSt_”ﬁc%_Blﬁf)tl‘?'}E EAPETIIHE “KEt uat or
armis deslcﬁﬁesiaxkenéh@uﬂeughmﬁs%mmﬁﬁk%@ éRnt b&uksaniréqhiipnal i nerti a.
Al so, the magnetic force inparted on the actuator armis maxim zed by

i mer si ng t he cdA tiscdrive wdhidhi 1sdptigazedffor dudicavisua et stragei andaetsievalng
magnetic field. Both of these nec ical choices, taken in concert,

nexi ni 2é tﬁ§°‘ge@888§‘§?‘fc{ﬁf"8¥d€“ﬁ$§’ ‘!i%?‘iﬁﬁ't %P‘?ag?%‘ﬁtamﬂ?“?ﬁeﬁi“m% § average
seek tinmes. / 1 . I8 9 i id 5 dibddi e actuator arm
appr oachesnél1 ﬁ%@gg@@@}@%ﬁ%ﬂ%ﬁ; a r'egﬁtlg{mggﬁ?ﬁéifl nst%eilal ity, a small
fracti on ofimgosance domsucHa diseydrivec &% mirtea linagcuracpusteramimnfyormn atstriatiseriod f uncti on
properly, thereby yielding a very. hia?h max| mum comrand Qon?l etion tine (a
property urferd bapirimally abasryabledf al allypy @ vigmey akthe visyalsenal oHavedstsc dri ves

rave ol %o SARBYABRL A, LAUSTS AR EALNE! Yol BOR AR Bui o5 o o

30  consider an individual viewing a video signal. Such a viewer may not be able to

notice a small error in a data stream, but the viewer will notice a three-second delay
introduced into the data stream by a drive which repetitively attempts to correctly re-

read an errant bit. Accordingly, the performance of an audio-visual drive should be
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spinrate is that track followng is nmade | ess reliable, meaning t213t0£1T 2002
occasional command may take several retries to be properly effectuated.
Once agai'n, since audio-visual disc drives need to mnimze conmand
conpletion tinmes for worst-case scenarios, this effect is undesirable. 25
Addi tionally, conventional djisc drives have been designed tQ optim ze

i nf or mat i on@easurpdagrinsttheymaximus Hae conspraed tegmplets HCqmmapds YEorsdr i ves
react to read-ti ma.ar}d W te-ci/i ne er.ror%E Wi | becdiesscusasneog iﬂgog-reater
detai |, conSAShHEGEBAGS 19T ommpnd completion, xa %f%%ﬂﬁ’???? a5 NG T MEna wite
oper at i ons. .AgaPdoncet P Afaffio-SRAMGRII dHvebehavi or, a conventional disc drive
wll not attenpt to read a 30 particular sector until the previous sector
has been corr ectThe deesibn tb optimizeakita integriey amd mimimizs average cesmpand to a

gi ven sector, a conventiqgnal drive will cease further attenpts at reading
successi've SBetBcenverhppal disgdrypshas "%ﬁgmnm S{EBConSerRgnE FLsush ~ 3

C T 20U er r%’?\{cs.ﬁ%{i}x? bf fid Qigggxa BhAL&T r{ﬁ(der tgaagcomoﬁa{er[ﬁg rec{ﬂillekn 1SV ent i onal

di sc drive e 0 rea ccessive sectors. convent1 ona Isc drive
behaves in enpaitdhhledisodiveake happrogriae ifdreancardiovikual disc dave. | n short, a
conventional disc drive preserves data integrity at the expense of data
f1 ow. Accor di ngl4 conveatiensl disg drzets designed tn minigize avagaghsaek tidagsordds to

t ai d-ti d wite-ti ' that . dat
{1 ow: Surmrat5oBPRTIa (6 8HEROHFh draeRh o Epeh 3 (omRmAzal aance. wi th
the pregentrotdtbaallihdtia SRIsY She %Qgﬁ&f‘c RIQTiGIPaREE 9096 BERRLERRNI ot her

probl ens by responding to a certfain wite'tinme error in a manner that
preserves dabdamizedy ildnreesisgtheicbilcan the windings i thesecttdonanm it ®sttonge err or
in which informgtion obtaiped froma servp burst jndicates that the disc
drive's hea®aghelic Fidndiothyp Swg@walmfceﬁﬂak%ukmgmwem €&, the

dri ve' s | 86 the
e ond of SPereng of e SEARDEM Bttty Frb AR e LUHRYRD) £ Tt on.

the end of

The di sc dréongequb®ie dftiae Hesign ¢Hotes fLther the WBiNalo? afth dppfoasRed A1 enswbileh wer e
inmproperly witten or unwitten to the host. The disc drive attenpts to

conti nub wrtatends e sesulief tiisimstability asomlidractiosa s diss, commaadsrmag ser vo
sectors once ggai i ndi.cat e t hat {?gff’ﬁr{iead IS i)gf'-{li c{)entlx re-centered on
the track. &Y Y TeqUIE many Iegs CHRRCBESs YHE Y ¥IFd ‘H%éd’e%f}’ ot have
been 2o m'ﬁaﬁﬁﬂ}ﬂoﬁﬁxxﬁﬁtdﬁﬁﬁiﬂc&n‘iﬁﬁé (E‘arﬁro;?é}ﬂ' dRVirddie i 81%8-vaslaP Hisc t he

sectors between those servo bursts wll also be indicated to the host. The
af orenent i odredtshehavi or is a departure fromthe traditional sequenti al

AR R M i M
et SIS by SRS Slap SR SR SR
descri pt i onspanritesis tha track fotlowing isamde leat sdiaifeqwienging tBat &f oddedomdlpt i on of
the Draw ngcsommand may take several retries to be properly effectuated. Once again, since
audio-visual disc drives need to minimize command completion times for worst-case
scenarios, this effect is undesirable.
25 Additionally, conventional disc drives have been designed to
optimize informational integrity with respect to the manner in which such drives
react to read-time and write-time errors. As will be discussed in greater detail,
conventional disc drives behave sequentially duing read and write operations. As an
example of sequential behavior, a conventional disc drive will not attempt to read a
30  particular sector until the previous sector has been correctly read. If a read-time

error occurs with respect to a given sector, a conventional drive will cease further

attempts at reading successive sectors, until the disc has completely rotated and the
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' 300FIG 1 is a depiction of track space, represented linearly. FI(?;GB:QQT 2002
depiction of adjacent tracks on a disc, represented linearly. FlI a

depi ction of an audio-visual disc drive constructed in accordance 3 230
C T 2002 with one enbodi ment of the present invention. FIG 4 is a

fl omchart depicting a method of behaving to a particular read tinme error,

i n accor daseaat siictay cam be properdly rRad: Oy them, a8l écongentionel dise dare 2itemeint i on. 5
FIG Sis a flowhart depicting a nethod. of, behaving.to _angther read-tinme
error, in B¢E S&‘é?‘ﬁ?@“’?\ﬁ"tcﬁor%n ‘g%%’gi%ﬁéﬁ&%f*“é{ﬁ ?h%vregé%ﬁgexiaﬂSfr’%erpr esent

i nventi on. gfHiG wite icomthahi QWS WRN! IHISRIIE d EhventiBHdl Qthc AHvEPRALRG db@
wite-time error, in accordance with one enbodi nent of yet another aspect
of the pr einedgtity antiesdxipense of datdefiosw.| Adcdddsngly,pherens Tmeed foansitdistt dritehe desi gn
choices applied in a conventignal disc drive, the read tine behavior of a
conventd on&it 16FRORES (5 qertajpdead-Umg 38¢ IHietHnG egarsdn gananngr thet PISSEMES 1, | ne
100 depi ct&étgack space, represented linearly. An exam nation of track
space 100 JEYs its general structure: servo bursts 102, 104 bound two
sectors 106, 15 108. Servo bursts 102, 104 and sectors 106, 108 are
separated by gaps 110. Although FIG 1 shows a track space consisting of
two sectors 106, 108 fol | owi ng Summapt oltheJnyentiop, 104, this ratio is a

tter of desi hoi ce. Th t f tor 106 108 is al
T ustrat ed. A EPGROL i1 FBa s 1 PHAT SRR THP 4 BT ERUGARI ot 1 o

(ACC) {4 el T am—— e } t Sadml kdd J QBadpweslection
circui Edry '&olflt he %ﬂg@&éprﬁ?&ﬁﬁ%ﬁ%&ﬁﬁé?% ol’l gvk\édrfgﬁx% ﬂgi& fiel gé-ll Z, is a
synchr oni ztihé eor(if armanner thhichrésedvesulataflows Maredspasifiaalty, ih reyporfeao @ance t o
allow the disc drive to anticipate the |ocation of data bits in the

fol | owi ng WHtedime erer in hichripfosmation ghtamed from g seper husst ipdiqates tatsher j ef d

117, used t.0 cheg e ] ! . I 0 h a, field 116,
t erm nat es&lgcacgrhve,lsﬁﬁ%@fva%épl%g éf(’ﬁc})ﬁyx@& 8% gﬁgéﬁ&% t§%§ 8%{/%0 %%eoﬁlgﬂﬁ%ﬁ dsri:\ledr ive
perforns are§Rnds B Edadink @ whire toaBOUIRE it EPhratizARmwite thendWskrith}a 104 as
it passes underneath its head. Each servo burst 10Z, |04 contains

i nf or mift i osector,smithdtiasectordadotdoB halfoyrittens afhe diso diive thearrhnsfescthe nunber can

be derived. The dj [ . h burst. 102, 104 t t ' if
he head 1 e=e BYPhES ohfe 5l ShT T ore 3R ety R of AV BRI  oct or 106,

108. Each %{.%&Hé&&ﬁé@néﬁ?wl@é@tﬁa@mﬂﬁh@&ﬂm%%&%is%d@ah&utsaﬁoﬂspcati on of
the sync fields 114, which tollow a

as soon as servo sectors once again indicate that the head is sufficiently re-centered

on the track. Further, if the servo data indicates that the head may not have been

20  well-centered between a current and previous servo burst, the sectors between those
servo bursts will also be indicated to the host.

The aforementioned behavior is a departure from the traditional sequential

paradigm of a conventional disc drive. The new behavior preserves data flow, a
quality important to audio-visual drives.

25 These and various other features as well as advantages which characterize the
present invention will be apparent from a reading of the following detailed

description and a review of the associated drawings.

Brief Description of the Drawings

30 FIG. 1 is a depiction of track space, represented linearly.
FIG. 2 is a depiction of adjacent tracks on a disc, represented linearly.

FIG. 3 is a depiction of an audio-visual disc drive constructed in accordance
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gi.ven servo burst 102, but precede the next servo burst 104. It is23 QCT 2002
inmportant for the disc drive to be able to locate each sync field 102, 104,
because a sync field 102, 104 4 Z30CT?2002--------a-~rlIVUuwla

1J1J permts the disc drive to anticipate the location of each bit within

the data field 116 i medi a}&ly foll ow ng the sync field 102,104. In other
wor ds, eackitkgpgembedignengof thepreseRt VERNAR. 3 tinting reference to permit

synchr onous declg.)lq_i' f %aﬂfﬁ - £ el g&t‘,gﬁ i itry. As is
illustrated upon 'Pﬁggﬂ , \?\ﬂ?fgﬁl regrag]?g%tog%t?ibrre, tg%%ag‘lwsug#é%‘{dve opens
time wi ndawhe é6k, il dédondanob mith drie éinbodiimeat 6SorRHepatnbEthe Pgesertosequent sync

fields 114. These time w ndows 120 are positioned using the |ast servo
burst 102 B¥cmAIoBoi nt of reference. If a tinme window 120 expires w thout a
sync field 114 hel encount er ed conyenti | di drive wil.l not be
able t3 read th@%%ﬁaaﬂf?“f@fgﬂcﬁﬁgﬁgmag‘? a 0? 5%%‘“@@?“%%?‘ %\é\é’#‘mlet at t enpt
to read daffyr)if as65ARREARIth dRe ERGbAINTent OF antGtBer Ap&PBY BRIrQRA inplintiendri ve is
designed to behave sequentially, meaning that it will read a given sector

| 06, 108 only iFIG.t# madlcsaherttdepictiag atthethed of behapingde diwrteitime drforaint i ne

wi ndow 120 expires w thout a sync field 114 being. encountered, a

{1 adi 11 onACCRARSedyIth e Pmbodigient eﬁxemo%beé asResb9IDe BRESTR YsBtien sc 1o
attenpt to reacquire the sync field 114 on the next revolution. A
conventional disc 15 drive is unable to reset its detection hardware to
seek tihe sync field 114 i medi at el Petdileéddesegiptios M ssed sync field 114.
This form of behavior in response to a mssing sync field 114 is

undesi rabl e i n Enillustrris-the dessgn ehaieesppplied ik cenventipnabdisc davo sharghdres dat a

fl ow over data. ntegrdty. A.,conventio isc drive dis ehavior in
response tB%% e%&r%’rf&i%gyeéﬁm?ﬁl Yepwﬂgi)?n%sg?ssfé“?tﬁéegg_%cgé?\a}i}i% lfi failing to
detect a sac1f ksl Po0lddictdigadBipate, rePredefted Yialirly0 NG exlnfiffatfbni of erack e
integrity of a read operation is verified by maki ng use of an ECC. After a
convent i orspacedi G0crededly s germtal strmcturé:rsermoebutsts 402, 164 dotddtwad $vetorat @6, i s

verified against an associated ECC field 117. The ECC field 117 may be in
the foPm o‘%saSGV(ﬂ lP‘Bs‘tséain%ﬂﬂ?’ seeigEs 194308 re scRamicd Y8998 HE-i ate error

correction tey 2 ' el [ iqfa st jeld 117

i ndi cat es %]%ﬁa%{ugpﬁéGdgtsg&?’?%%g%%g? g lftgl}%gﬁtgjg S\\/é\ggmilr?gbi;l?se%ﬁ?\ymﬁead, t hen
t he di sc datlyservd blirst 2024 0dcthil radods b aemee of dsstichbite. Dhe emag@aredf because a
conventional disc drive behaves sequenti all Wl respond to a

read- ti me %@¢h srctand 00108 irplyollugtraied; éé%@rﬁﬁﬁ}elt% ogigh3testdthyayol ut i on, and
ooty A0S0 0 B SRS B AT, o

af orenentione m ssSing scenari o,

response tdetetio tirauitryEthd disd ariVé. 7Indediatedy folRing e NG BER 110, B8R

audi o-vi sual disc drive, because data flow is valued over data integrity. S
~ 3 0 C T syorhrenigatmretsynorfidld d14,0vkich yeused ag @ tmingraferencede sllgwaht t o

optim ze informational. int ity W respect taq the nner, i.n which such
drives reac&c. ve\ﬁ/Pi*’_P op Wéﬁg{o%‘l){ .oﬁ‘gati’g}tggl'ﬁ’ﬁtf@k{“ﬂ’ég g%@l%ﬁ[‘il ic]ﬁoi ces applied
i n a convenhdifNah efof Borfdchiv cod\EEC) hisrti1Meukahaek tmin?egﬁgrmné i onal
drive will be’discussed with regard to FIG 2. In FIG 2, t'wo adj acent
tracks 20Ciat@ad foen thepiata faald 116.t thomightes ieacht indnkduaP@0tor 206, 108e general |y

circular and copcentric with the cepter of the disc, .they are depicted
linear®y in FI °9’.‘V@£’8H‘\‘Tt‘$‘%&‘${“f°_sp@5é’ﬂ%s&tr%é W’ﬁ‘oﬁg’iﬂ‘ﬁeﬁéﬁﬁa%ﬁfeaﬁhe cent er
204, 206 br@aifi!102C ko R p2llas inidrhdatteht AR it UAI06H {Megpq DRL2 1S
intended to be stored on regl ons of the disc, centered about 'the center
204, 206 afonmistinforamkior fdm RhHizh htad pbkitiomchead welotiey, ap® tradk Mitnbefcan
conventional disc drive detects servo bursts 208 as they pass under the

head of t tke deriyed.qhe disc drye yags\eaciherrye Sursh 203, JA 4o deterriing Hahd pad is om whi ch
t he radi al_ gl ; ' h w.and the track
number over gﬂ@%@%ﬁ@&%ﬁ%ﬁﬁﬁ@ﬂ éaa\réh%f%m e grﬁe}: .CH Fr(‘)’%%flﬁgat

i nfor naat i 092, 10eisdiiscusda ity entivigets tHeiBc A TThe §int GBRs @24, Whit iR IRWSE! VO
burst 208 is detected: ( 1 ) whether 15 the head is oriented over the
proper tr @xerppovo st HXd bpoprecddeithenextiserviadwast il 84. ok oS imipvatanidor tiebe
centered apout.the.track Z00, 202 as i.t.trav s the reqi | SC space
precedi ng ?‘?e&hv b&a%&oto Pralg cashsyn heW@hiﬁiﬁﬁ@“ﬁ%ﬁﬁW&/ﬁ?%g% gbid about
the track 200, 20Z during traversal of the region of disc space follow ng
the preceding servo burst 208. Assuning #hese deterninations are
affirmative, the drive




26 Wi I'I wite the sectors 210 which precede the next servo burst %23 bo.')rb
detecting the next servo burst 208, the sanme inquiry will be nade ao ' 002
The reason that a conventional drive nakes the aforenentioned two-part
inquiry is two-fold. First, a conventional drive is designed to nmaxim ze

the probabiTity that the data it wites to the disc can be“subsegquernt|y
proper |y peadits e dideairbfedo anticipaterthe incaboradf eich b widhin thetdaenfpeld td6wri t e

data to a.region of disc space c red _abqut .the center 204 06_of each
track 200imppgiately f?]ffﬁ’l’mﬁﬁﬁ? ?@cagaéjggo’dgr PEisT WREISHEASh SYRg ﬁeléégéct a

maxi mal |y . ONg, 1S i f i tyrack: 00, 202
center Zoz}%igg&d egon : géc%g%\?gg?g?)@f %@é@ﬁg&%@gﬁéghgg}egngadg ?lgbérot ect

t he over Wihd d&i6ctih ciirbAnst ¢ RAl1asraed asindiaRt 8! whkK rejft6senttQane, the di sc 30

drive will stop witing as soon as it determ nes that any one of the
above- 5 dediscidrong apens timewiridoms 129, dempg wikeh itSnticipates encpusenegnt i onal di sc

drive, the fir re that itors the orjentation of.the head is executed
by a procé_géﬁfﬁg%ﬁéynﬁﬁ%ﬁﬁ%sé@esg nmﬁwémi?wél?bfffjgsmggﬁn afta_sks, t he
det er m naikRQ Huhd102 ab 8 PBirt Df edtbrenbECl A TNe Qﬁfdo@el_ZMFirWtﬁodt hayld sc drive
is already witing a portion of sector 210 follow ng the servo burst 208,
whi ch al | diebdi114being Eneountereth tacomvergtidnabdise drsveheifichonhs abitfto craditbe. Even in
t hat scenario, a conventi on%lF difpp dri Vlf' woul d i mredj atel y. cease writing,
pot ent i al [Optasmtheinliqyeg data field 116, popyil jt gHerppt to rraddata ig;subsegueHi ch t he

di sc iV I 1 4.5 kRg, - vient i.;onal _di ive woul d

t hen &gi t%SL‘:\,Y;SHZS\/‘I(Qg uié%n‘g]cgﬂlé&rn g%‘?’;l/\ﬁ"t“ gﬁ%)rllst% gﬁ%ﬁ&gﬁ%%}gﬁgﬁfugﬁga} éctors that
fully or peddnird thit iEWilS teddel gie@nsdche 196] M8 dily Fhit WS bld@lreb®thetseetbi S

deci sion and the previous servo burst 208. If not re-witten, a half
witten s@eeasdingit Mewime windosw h28 expires writhapita syne fieldddd beingcause its ECC
field 1o 117 uld corres d to. the,old data,. and.an a,ust witten
bet ween tﬁgc%"\gﬁ?fﬁ’tﬁﬂaé{m?%gH‘lsﬁQ%VFg‘ﬂutwoa"t?ﬁesenﬁr@éﬁéqhgth‘yrh%ﬁ}’? ch ? evi ous
Servo bW%ﬁe@xB?tJ@Xcdﬂ?re%é_ §Rhedd 114 bR feRiYePStutidd) & cbRVeRBhallgPONSE to a
wite-time error is undesirable in an audio-visual drive, where data may
not hayve idrive it mndbée toaesut its detectidn Hardwartrtd veek3hOsynaditid b mgnediatelyat a- f | ow
i ssues identifjed in.the di schtﬁsi on_15 regarding Figures 1 and,2, and

const r uct detlowngthe;missed syns did. Jarmahlehayior I epnoBse ot MisB8t i on i s
shown in E I SGe okl LS d retrieval
of audi 0- Vi sug?mcg? ZS %%guﬁgg%gﬁﬁgﬁ%g}d%gf%mc‘%ﬁgr %@%32%?‘5@8%5%% ch

control s tamesdetadlowooveridatahiategricy.o- vi sual di sc drive 300. The enbedded

m croprocessor 302 communi cates wi.th a host m croprocessor 304, which

i ssues 20 conmmeth@envestienal discidriyg displayprhichavigidnresnensy te an ERE-wdiraided

m cropgoc . i . i e } Croprqcessor 302

i nter géet %ﬁﬁ’ﬁémggarﬁ%@&s rolﬁqr @h@nhggggr@r%e%tpaos rgglg]gggg' %ﬁfma}ﬁd?gi n turn,
control s tchavaitionaldisydidfe, tHrantgatovf Siéald obrafonds Varefi el mikiag asléo- vi sual
disc drive 300 records and retrieves data froma disc (not 25 illustrated
in FIG 3anBGCaAfisnacopventiond siiscalype rogds dntaifrons & dati fieldel k6o thetdatajs esence of

| ocal i zed ic field ' [wjte head 306 is | d
ot the o1 3OS Rese af assbeiied B Beifardo TrifC nel A el e B e cor
310, whi C'@)fia%yi:mﬁﬂ&:k&ﬁadé’fM} btCarlottet Gppréitatd SrddcBHBRlontBARet DY @

nei ghbori ng nagnet 312. en a current is driven through the coil 310, the
act uarér dnmcosveniopalatisaidrive, if the ECE Bald 127% ididatey tiat tha dakeefromabs - pr oduct  of

the curre a the magnetic _field. The af orementi oned force causes the
act uat or %&’Fﬁ g%@ lllg“?Fg‘bW“ﬁﬁ‘élyf%Qr@FBﬂ@ dg% & Wil gease FepdmesupsF A Finge it s
| ocati on 1.5 . . - i o3 0cC T
2002 306, %}é‘gﬁﬁf)rct?'?cge@g‘gf ‘I&%‘_}L%{é L6t gﬁ%‘gﬁg?ég%ﬁn%@g@é%% é‘pfﬂ £ “t%'%

col | ecti vebgpond téla rendriitne abrisy waitingFentht Misc flrhakeAscomplag redoditionhe sake of
illustration, that the host m croprocessor 304 were to issue a wite

command, RREAUEHRIBS P IRTGrdthsdlataensibg subssguenhpasa s irikg afpramentinsedcessor
302. e ) : r : S } vol t age
ot he ar st sy il SEGAREAER forl b Hebnfbr i ERRSNS, WorCutRRl ELEGRda YO1, 02
coi | 310, 1a3uys keigetities wdesigdbde intdaudBviseal Fise \drit € \WaEshsé Baa Boaper | ocati on.
Wien the enbedded m croprocessor 302 determ ned that the head 306 was

| ocat ed owajuediwepdaipintegrtyyi on of the disc, the enbedded nicroprocessor 302
woul d control 10 the head 306 to permt it to wite the desired data to the
appropriate location of the disc. The erfpbedded m croprocessor 302

comuni cates with the head 306 via a data path 316. One inportant aspect of
t he present enbodi ment of the invention is that, unlike a conventional disc
drive, the audio-visual disc drive 300 is not designed to 15 maxim ze the
accel eration of the actuator arm 30S. Rather than being designed to

e o . Y M T NN N e M



20 command time is equal to command tine = seek tinme + rotate tirre243£CaT ZUUZ
transfer tine + retry tinme) mnimzing the nunber of retries has the effect

of ensuring that the command tinme for a worst-case command is nininm zed.

O her aspects of the present invention are also directed toward mnim zing

25 the wor st - case, coNEA Ll ARd:Bvd ko AU R SHRL B3tk 5R00

Firmnvare that e mnimzatl on opera

M Cr opr oce§@pritgith feBpticY iodH@ maahe&Gh WHdhCsudR dHilves réadtioth bR ethras various

aspects of the present’ invention in a manner anal ogous to its expression
t hrough t h&d illnstrate thedpsigmehoicesapplitibinarsascsbnal drsgpim@e@sovntsﬁme Whet her

t he various aspects of the sent nventlon h re or
har dwar e, thqaa\rrrcﬂterrgpreharﬁ  begiscisegd W&ﬁgﬂwgp& ﬁ

t hose vari i f)r (;Q/\g{sewhrchrsrn
accorda%ceqt&mgt one Ckﬁéﬁz@%@gkég%g %8@@%8%@%}:92”0,[ er aspect of the
invention. gefierfifyrirchlarani convehtiictwidete ctitepofitha déive, theywlre depitied

audi o-visual disc drive 300 is controlled to react to a scenario in which a

sync fi el d lingatioin K6k 8cﬁe@mﬁlqlngcparat%m'%5watbmzothghgéﬁﬁm3)?]4 386 CLed
FIG 4
paces ot helAE i A0 BBl A 00T P RERSTa P i °

par ti cul ar rgyifs dfitke &sé%@nt@&ﬂrﬁﬁmédﬁ&rmm% &aéafch%HcRQOSempr nurrber is
sought. At intervals, control is transferred from search operation 400 to
sync query Inpegat wiote opemromtmwmuonalr dscddiverdetentsisesiie bhests 208 asaheyt he sync

field of interest ha ted. .10 If the c field 114 of jnterest
was det er niPasthndgr thy Ea‘ﬁ‘etnéheg Y%dThetS}‘?E‘f? Wiﬁg cpytain NHEMRANORATaR, dat a

transf er Ogﬁ{?}g p%cﬁ@‘tngm E‘df@hé’l?éa& Jécﬁ%%@%éﬂadoﬁg@&eq?ﬁcgmp 16 is

conmuni cat ereafter sector er to be sought is

i ncr ement e@venwhiok teertiad isciznedd can b B@ernained. CBroint Gat iforrhator, thesdisd ch
operation 400. 15 If the sync field 114 of interest was not determ ned to

have been distvesakes twordateraiyiations each tmeghsereg burat 208 igidetesieds kbl Whathesn query

408, re| i.s de mn if t Q for

det ectlg i’%a%s m?el"g oI Eﬁﬁ%\%"’g’%ﬂi%"g&b? 4@"%?@?@ﬁ§%a42 e wi ndow
120 has notanﬁaxamem be QBferédUbotOthe rick 200, 200 as ﬁﬁfa%@rs%@tl&ex%gfblﬂ orRgcation
400, and the sync field 114 is once again sought. 20 If the durational tine

wi ndow 120 shage ;wqumedhe nexeservd burat i8qnd ivéhetier thesheadrvaece@dedtidut act so as
to sinply pass 0 rt of di cator .that data.wthin the given
sect or 106‘& u’t’ﬁ%rzg’gd%@ %E@ggratvsrsgl%ﬂgesrieﬂgn&;ﬂgcﬁp%q Oilfﬁvm%tﬂﬁ will reset
itself to ggrtakg‘e&%'w:si 908. tﬂ?suﬂﬁi%thé%%téﬂn%ﬁonl‘&?c {¥ealll & tRPRRES Sor

304 may un to interpolate the mssing data, if that réaction is
desiredd Thwidl write theofec@f 26tvehittoprecasieshaimgxasdruo bufst 308t hipanrdedictngnal |y

sequenti al behavi or a typical disc drj and is aimed at mnimzing the
command ti fge BFxt §q;§0§bqsg}08y§1§éam§gmu§'géﬂh,qe@aqqqua+qﬁ, ng to the issue of the

i fi t t thout th
Speci 1) 5573 AT A Rl S MBI ARR s et

sync field 114 interest havin Ssed to

transfer pdhdufyis 6psfelti Bidstdd Conveltunal drive ipdedipeed @rmakinike et tern” 30 is
comuni cated to _a buffer. The fill pattern nay be programmabl e by the host
i cropr oceﬁ@abém%ﬁwmlb\éméqﬁé%@ﬁdﬁé CAR hPW@éQ‘tlﬁél)’rﬁfga?”weﬁaﬁrrpact to the

oSt SROUIf oS oSS P YYD ORI Sl e NS !

pattern operatt or ntrol optTo y transterre “% ecord

error | ocatdeffereanBbith®Penfel 204 VI oFeithithRk 2001 202, aummrdu%gtat}ea&nr ead data
may be transferred to a buffer. The sector number of the unread data may or

may not be aperatiomthedtead wilbdétentia maxamalhy sieag signaBifshel bpashigicanternd abhett her t he
host m cr opt{lg gr i($sqlr0039(f2 cle%te?%f? 2t08 galg%d 'y gon(\)'fentgohnal disc drive 1s designed
to protect the overwriting of data stored on an adjacent track 200, 202. The disc
30  drive will stop writing as soon as it determines that any one of the above-identified
determinations is negative. Since, in a conventional disc drive, the firmware that

monitors the orientation of the head is executed by a processor that multi-tasks

6



5information. Finally, the sector nunber to be sought is increrren?g;i E:CI
i ncrenent operation 414, and control returns to search operation 460 Q 2002
5 depicts the operation of firmvare which is in accordance with one

enbodi mrent of yet another aspect of the invention. In FIG 5, a flowhart

depicts a nner_b i Ch the audi.o- y¥i | dis rive 300 .is controlled to
react to a&g‘é'g??alpi“}é' '%\%Si ﬁe\,‘\iﬁﬁ%gflﬂ’ggf’%é?%%g?%%ﬁ ?C{E'i c?gk g%a‘g’/tr}%f[b g{rhaéﬁcdxgg 21 field
was m sreagle dfR @fvesiailitady WALRE R p¥itidh dTeRttet 2910 ifdlIdWig the §8MYo Barsbest
under st ood by sinultaneous reference to the track space representation
present ed 208, Fhish allowkd tHeCitive do étemaine dhat dtschead vas ofDdursehEvie@an thasl d 11 7
is checked agajnst the data framthe corresponding data field.116, so as to
| ndi Cat 6 vIFERHIY aCHRIGHIE dise (VA BORETHRETEEIY ey yfrv@&dpot&wg‘ily control is
transfesr ,5%: . i [P kit b ! er or
not t hgsr E(eil%a I P@L{%&%’m%ﬁ:& Etgdsnlpon e?%%ltotr\#qtg r‘f?hggﬁe (lfhl %ﬁﬁbﬁclvgl Hf?le‘tﬁ@ghfécc field
| 17 cor r esgowntingia cbnicdhdostd dixc idiiee shohldtheh wedit 4 kevotinion, wedretnydked correctly

read, and control is transferred to rel ease data operation 504, 20 wherein
dat a from VHE QPSEAHOR PBREY 4CBTS @abﬂlélu|0éd’aﬁ@1lyecxe%rh¢5m@éb@aerv@ bprse host

m croproc 1 g be .flushed, fr he- read buffer once the
data fiel m%@%ﬁﬁlﬁ@%eg%oflgg ‘ti h‘g pﬁovs]?l}s. rgggglfs? (g}r)é gfonr?? ?egrpl{r&gilhgr ns to ECC
verificat i Qi aHRERidcRR 290 Wouldf celthR B et wHeh Ted® BecaRt i BCEFRRND Wi th
the data field 116, then the 25 dat'a was incorrectly read, but the

audi o- W sull7 wowd cotréspendEChewididatag amd &yt dats jush mmittendmtwedrithe servant data to
t he host mcroprocessor 304, .and t dataw !l sjnpl e rked as

i ncorrect Ir%}"?tﬁa that iedttﬁ s g%&‘%lo’? WE%%%E@E%@W%WW ead

wi t hout Lol _ t he: 5‘;@5 1 i L ufi.Qn.. . 1 nproperly
read dat \Q%rrfg;t/rg %(egér?%%l gglégbl\?\nﬁto ffé at agéd:?i%rgfggg? gllé#é@? %gggtdééj,quran

ext r apol at adidayisiid drig€] wirvekita maynatigive-times teobe fystigen. | f that response is

desired. Once again, this is a departure fromthe traditionally sequenti al
operation of a R&HedRVe 340G rdédressingthp data-fgwsissugs Wigntified imthg disshssi®ct or | 08

| d |y after d ) f h
or ecedlg cbdrBE Hgheh Do £ 3 PRistpBch B ol RiBaned it oit SnReeER e 1 osul 1
j ust reci t@e preaerl invehtivyPislsHovwA BRI, tTheiéd @rive 30056 opBRGLM! foP Brofper at i on

512, which nay attenpt to provide error correction. Error correction nmay be
i nconpl et eandyetoievid! of aehd-yispalrdatag kd/hasonr b estded amiaropBuuesson 302 hehichr ansf er s
to rel ease dat operati 508, wherein the errant dat r partially
corrected 9?3%8@‘?99%’19?8 °3§{°aa OaY1gHa] ci"?"@éﬁﬂu%ﬂ&fgf‘%{)t he host

M Cr opr 0CesfMbprésor 308 chhmahisted W aMatHoS: Mm&aEpltdssr 304l RaAtiap{st&s, control

IS transferreoFto record error |l ocation operation 510, so that the sector
nunber2of ¢dmemands dsuch daitead pndivdtelcbfumamish® thecorteddedumicropronessec3fized to t he

host m croprocessor .304. Finally, control returns to ECC 1o verification
oper at | on BIBMareEIniBE AR fiecrbeddnd mSERIPTeSTOTOTO 2 PITRIER AN APER NS |

accor dancegyh ik RREmRHHRALAIRRB0L andEh BROLBSoRS af Laygption. In
FIG 6, a %\A/Chart Il I'ustrates ’aang’anner’by V\ﬂ?c ﬁ% flﬁj@v%ﬁgl di sc

drive 300 visuatdist drovd 3@0.t 0 react to a scenario in which, after witing a
sector to a disc, the subsequent servo burst indicates that 15 either the

head was of f colhesudipnyisyqdise dnyq 30fkresends gnd refEevesdaty Bommdis Got| y

pr ecedi <] . ug\SJ- -11S:.ant 1. G|, bat be @f f course
duri ngﬁlqt SﬁJEl ;néa?/%d;%gﬂéb§%%%9%émh%4ﬁd£%%‘flflsﬁ}ég]ﬁ{éﬁgvtﬁgP}cggbclec ed in

FI G 6 maylobslizeé flaghdtideietds@adhd¥iss | The feadoaits hesd 866£13a6c4t@d AthiRe tip 3k space
representation presented in FIG 2. 20 In wite operation 602, at |east one
sector is #ractuatoy arm 30Be The ansuatarawmihsb ajcondustivercod 33 Pewhist is tnmatsedat i on
operation 604, wherei t wo-part, determ ngtion is made. it i s determ ned
(D et nel® ahadtRE G oo )< B il b b e st Saef St V583 and (2)
whet her t heyrRQER driSerpibkduph Rl @ 310, 118 a6@AIR afH 188t d'® 4 forck Z00, 202 as
it traverses the region of disc space preceding thé next servo burst 208
and 253Whetehdting fremitbacrossaprodush bthe dumbntandtthe ntagaetic 2610, TAO2 duri ng

traversal qj t he .regi on of diic space fol]l mﬁgg t he precedi ng servo burst
208, | n vaRPHEREREOPE Ry cases B ARLHPLERAI A PYr FCHRETEGHE cates the

conj uncti v ] . al t
operation.ﬁ%'3g§?ﬂhﬁgg%?%?%g%P§H§qg?gggT??F%géﬁgg%ﬂ?%gsﬁggg&kgéhgdayed on
course during its travel to the servo byrst 208 and that the head is 3o
anticipated to remain on course throughbut its travel to the next servo
burst 208. As previously discussed, a conventional disc drive undertook

this inquiry for two reasons: ( 1) to naxim ze the |ikelihood that the
data woul d be properly retrieved in 11




2.3 O.CT2002thefuture(by ensuring that the data was witten ree e ‘2
of the disc which were within a certain distance fromthe centerléa @gf@ﬂﬂ
206 of the track 200, 202), and (2) to protect adjacent tracks 200, 202
frombeing overwitten. In the audio-visual disc drive 300, however, since

data flow is a consideration of greater inportance than 5 data integrity,
it is onl ﬁoﬁh@l’éa%‘fed‘é}lgh%ﬁ“ é’é%ﬂ”&?%’gz’a’tag&édﬁ Wéﬂf&@éﬂt’elb’ AARK¥ETYD0, 202

from bein ' 3 ch notivates the two-part inquiry. Accordingly,
t he audi o%ﬁ’éﬁ’g}%g }Tisbgy'dﬁl]i\ie 300 will have a | ooser tolerance with regard to

how cl osel y cendfuféng,for headkdubillueRatich, that thehdst htitidproteskor 2WHwede a
track. The audi o-visual disc drive 300 will allow the head to stray from

t he cent ertbissee 204ite 20@mund: that compiand svawld be recgived bydhe embegidedy of t he
adj acent track 200, .S je rdized. Althou t hat, t ol ergnce shoul d be
det er m5nedm§¥ﬁ?F?‘ieéséﬂr@%f Ji’cgﬁgﬁgﬂieignﬁppw,esstoﬁgﬁ% 8‘108;%5%0’1‘1 Yantici pated to

.be about %Q,t%w{éf‘g AV Afdse tb the drivey 3irb &R 81 HNWHE WoulDGn nirl Ssuppiydtubdhst s
det erm ne 0 val1d, control is passed to increnment operation 608,
wher ei n t he tissoriB 116 causing ithioac tutatoraemsid8gthtslave tokard terpropertledtioso t hat t he

next servq burst wi Il be sought. Finpally, in data rel eagse operation 610,
The. dat o (HBEh (s e beddeE RO RRPCRSOnABA A REn G ot 45 e SOE R doeeisdy b s

deci si on ' . ' ' r, and
the. audi o gL e Paftek HeiSE BY BgHic ind b ARRM PR B oR SAYb A BET s 1T e
to wijoe MRYhehAIIV6 tHHRARHROG veiidithe Hesitel|datLIoUhe appstopfidtt Gocaed éftthen 602. 20
If, on the other hand, validation query 606 yields a result indicating an

inval i d salisco Therembegdide@ mienaprsicessor 38k commiini¢ages Withithedead306¢ viajaalsigen) , t he
control is sed to deassertion operation 614. In deassertion operation
614, a gatPé rolling whether or not data is witten to the disc is
deasserted so ; i £ o-tall rack. In

t he audi o-vi sug?n%jlﬁls}? r%%?é%eg%%ﬁh{: Ef&g&g\g@ﬂg&g@%@%@@@gﬁ g%)t%ih?gtf)hgﬁ’f or med
synchr onoumlike wicotvenhienaintsoodriws cheoaudrd-Qisuabdish dtivea3 @leis tnot désignadwer | ef t
half witten., This is ? de aréﬁgre fromthe gperation of a conventional disc
dri ve,15i n magximizeitheacge “g{h‘? fatiuatopann 398 g Rather $hagdsingslesignedfecause dat a
integrity B SNsin i e r j

transferre Oéggagggag}agbgg? eg%a I on ogga |gn%eé%§?%ﬁ%ectﬁé?dﬁgagﬁost

M cr opr oCc &sekotims))4hd sudiovisuabdis©lrivd30B13 desipntd @eBlrd detuatotREABOSI y Witten
data. Finally, control is passed to increnment operation 608, whereupon the
nor mal f| &tebdityofee the pusRosesofmeinimizang the SuaNImmBOT orarettcase” owngfer eher at i on i s
al so a departure fr&)rénthe Q eratin.on o{) a&onv{g@iong 22 ~30CT ~uuL
di sc dri v&TFRERINEY (AP IC SRET2UAP 42 PG PFU RENSHRTEPH, si%?ﬁ?ﬂsetab oper at e
sequenpi alchimdnaltindé RCR@di fog on to wite a subsequent sector of a wedge (a
wedge is a set of sectors interposed between two servo bursts) until the
precedi ng wedgemmagdcinor = leat theeth rplaspme ¢ data traesfer fge SuamarmES One

enbodi nent_.of the present ijpvention, a nethod far disc drive to optimally
handl e a FHBEZ eélppx&crpﬂre sdias %PFBW"BB@QP%Q&CPPBW U vo bur st

(such as XP2a w4 add\WUnndhsPisith@imiAg di sc drive's head (such as 306 is

either off course or anticipated to head off course, may be effected by
per f orm ng t he Othkt aspecty ofitttepredent siventidreardiatw directed t¢wardmiasniding) writes
to a sectoy of a disc (such.as 10 in ogperatiaon 602). Next, the disc drive
(such Zs é%Y°%‘FF§Té’(°é‘§m n’BSLf?rs'@céH&Oa‘ﬁf‘Péidﬁétdé’éfeéBQtrE’ém(‘i‘famcthét head (such

as in oper.at.] . P i i i . i ripartite
Ut Ty e S bhimiEiont ek 48t b o LR il RSt I BB IAY ||
proper tr adctrofid)modulédicouldamibody tagHatehspecrdif Gieqiessht Miventionen hr ack the

head is | ocated over, and (3) if the cross-track velocity is sufficiently
smal | . | f mannesanplogeusde Hp g¥Rression thronghithe firmayvarg epesatingfon thoembeldod

anticipated to head qf se,..then the disc.drive (such .as. 300) stops
writing tdzqi%oar%%e %ori(}'rq&s&gfé%ﬁ%r{‘f’é FPOI WP ?%@egﬁac'gfm\’/ﬁ"f’f)? Rg a sector, so
that &30S eGhibodied il Frmiviiré o Rdriiwdfe, tHeSMowWdHARE o2 FIGS £ BEARE 6, A8p:Blifd .

transfers the sector nunber which was inproperly witten to the host

m cr opr oc epewation ofiiosa yagdous)aspesisr ement s the servo burst nunber (such as in
operation 608), 0.reports t.he ror to the.host. I n an .audi o-visual
di sc drive (suc,Iﬂa;g d%@lﬁs ﬁﬁﬁpgﬁﬂgﬂﬂgw eo‘ﬁ\tnﬁﬁéss’g@fccordance with one

8



(such as 302) is used to execute firmware responsible for the operdd &Cdr 2002
the disc drive (such as 300). The firmvare perforns the steps summari zed in
each aspect of the invention referred to above. The enbedded m croprocessor
(such as 302) is 25 operably coupled to a host m croprocessor (such as

304), to a driver circuit (such as 314), and to a data Rath connecti ng
runni ng t ccmbaskiment efangthes pspess efitbeynyention. A FKI. A, » flowchgt depipls ac| ear t hat

the present inventi.on |.S |1 _adapt.ed.to ain t nds vant ages

ment i oned I&%ﬁ?’ “étgai h’gsam%!'oﬁ es}lgln 15% %We?ﬁrl.'s\‘l‘\ﬁ?tfore]gsﬁ%_geé’ﬁﬁ%% %gnag;r&ef erred
enbodi mentis WiaMea BRRNfEASE hotRiedt@d AP FRAA optratibh. STIH SehaPidt Hepictd! MET OUS
changes may be made which will readily suggest thenselves to those 13 ~

A~fi ~~Q- ialHIGl 4¢dnaynba best amderstndd bjismhultaneowswetanpnas s theitrack kpacspirit of the
i nvention di sclosed and as 'd%'liﬁqu in the appended clains. 14 230GT
2002 WAAT TeRfeegnigtigapresented MG dhod for a disc drive, in data

communi cat i on ol JlaR\B8farich A0BPS pPBchikr BARMN A R4 Rpdi iRy RERT, 10, whi ch

i nformati on obtain m a servo’ burst icates t Isc drive's

head was ejdrficilaraietto aumber, ¢ saught. CApaitasialscopgakis ahhsfewed fom seaopri si ng
acts of (a) validating the course and anticipated course of the head; (b)
upon det eraperation 40940 Syrequray @Psraton #HRVhesein itis detsamined dbether pa®d to go

of f cours Eg@ﬁ%ﬂ?ggiﬁttgr%stfﬁslb%\é\#ggsg[%;: e(i ) halting the disc witing

operation ni"zatTon wi 11 nd of witing a sector, so that a
sectorygi s not |@hke QalcificM I 14 8Pintdrbdt)wds'RASMBedith HaveHeeh MBict@f, thé@dr esent i ng

the sectors which were inproperly witten to the host; and (iil)

i ncr ement i qogtral dtansfernetlite Hatadransfee nperatire 484 whordudata from the following
data field 116 is communicated to a buffer. Thereafter, the sector number to be
sought is incremented in increment operation 406, and control returns to search
operation 400.

15 If the sync field 114 of interest was not determined to have been detected,
then control is transferred to window expiration query 408, wherein it is determined
if the durational time window 120 for detecting the sync field 114 has expired. If
the durational time window 120 has not expired, then control is re-transferred to
search operation 400, and the sync field 114 is once again sought.

20 If the durational time window 120 has expired, then the audio-visual disc
drive 300 will act so as to simply pass along some sort of indicator that data within
the given sector 106 is unreadable due to a missing sync field 114, and will reset
itself to begin looking for the next sync field. The host microprocessor 304 may
undertake to interpolate the missing data, if that reaction is desired. This form of

25  behavior is a departure from the traditionally sequential behavior of a typical disc
drive, and is aimed at minimizing the command time of the worst-case read scenario.

Returning to the issue of the specific steps taken if the durational time
window 120 expires without the sync field 114 of interest having been detected,
control is passed to transfer pattern operation 410, wherein a particular "fill pattern"

30  is communicated to a buffer. The fill pattern may be programmable by the host
microproceésor 304 and may be chosen to minimize the negative impact to the host,

should it use the flawed data anyway. Upon completion of transfer pattern operation

9



15 nunber to be det ect ed, thereby inducing a condition wherein thza @;@TW
drive will attenpt to wite inmediately upon properly validating the next
burst. 2. The nethod of claim1 wherein act (a) further conprises: 20

(a) (i) determ n| ng if the head is oriented over the proper track; (a)(ii)
determ ni n iB 8pforatly Hantiefred Vet st Rroh fochfiaf kpiiaBoR a8e, wg rlegpat ed

over; and ?"3 (:I Il 1§ ?@? |ng I f the head vel ocflty Ps p?oper z 3. Adisc
drive opt|mez;edotmnhbﬂdifeheaxmmadtcmamaybennmfmethBmﬁfen rir}mrsmtoron obt ai ned
froma servo burst indicates that the disc drive's head was either off

course or humbgnafdhgunresd dasa mayQr sy nebbe @@m@ma%eﬁ# hgst WO%!O%%S%

act uat or g&fgebqeﬁgmglrggrﬁ nt i n t e. Cr%gagccos\égrryﬁ nsaﬁl%t L Q.1R8[ E 0 readi ng

and witin Brrentt operabycoupe o the
Servo act Uaife¥maAoae Mially, ﬁlerseaéﬂmrw& &ﬂlrguplsaﬁéruabafedaﬁwmhynw th a
current, thereby orlentlng t he head over a proper location of the disc; (c)
an enbeddewmmnmﬂbaws@mqlmmtajseamhdxplcmonﬂﬁ@ enbedded 35

m croprocessor e nmands m a host. mcro ssor, . the enbedded
m cropr ocessor éﬁ‘g -Jaé?%’/géﬁl?&pé’@“% °f ﬁ@“‘di‘m\)‘é‘?lc}&fsr‘e&fgfo %?‘Pu"e? with&htied

m croproce eferRh or
assenbl y a%%gé%@egﬁ%é%ggg&%iﬁ%ﬁ gg%gé’g% I,hh?llri])e enbei:lgglw\régp(&g?é%ior bei ng
pr ogr amredmhﬁnétmy(wmcmﬁet@dtoewaxas dist drive80@istionadlléd io) reved todascendrive cour se

and anticipated course of the head; (iii) upon determ ning that the head
was ei theringvhichgnE L épldulsdlaﬁ@ﬁtémﬁhe é%?atﬁél WagmpTeade Jonegeagagb thor m t he
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indeed correctly read, and control is transferred to release data operation 504,

X

20  wherein data from the data field 116 is enabled to be communicated to the host
microprocessor 304, and set up to be flushed from the read buffer once the data field
1s communicated to the host. Thereafter, control returns to ECC verification
operation 500.

If the ECC field 117 does not correspond with the data field 116, then the

25  data was incorrectly read, but the audio-visual disc drive 300 will nonetheless
communicate the errant data to the host microprocessor 304, and the data will simply
be marked as incorrectly read, so that data from the subsequent sector may be read
without waiting for the disc to make another entire revolution. Improperly read data
may be replaced with data estimated, interpolated, or extrapolated by the

30  downstream audio-visual system, if that response is desired. Once again, thisis a
departure from the traditionally sequential operation of a conventional disc drive,

wherein data of a given sector 108 would be attempted to be read only after data
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Y 10%& () urdél-r(s)too/og bgs )sx-mu'léx?euus reference to the track space representation presented in
FIG. 2.
20 In write operation 602, at least one sector is written to the disc. Control is
next transferred to validation operation 604, wherein a two-part determination is
made; it is determined (1) whether the head is oriented over the proper track 200,
202 and (2) whether the head is anticipated to be centered about the track 200, 202
as it traverses the region of disc space preceding the next servo burst 208 and
25  whether the head was centered about the track 200, 202 during traversal of the
region of disc space following the preceding servo burst 208. In validation query
606, the preceding determinations are conjunctively examined, for the purpose of
determining the flow of operation. If both determinations are affirmative, the head
has stayed on course during its travel to the servo burst 208 and that the head is
30  anticipated to remain on course throughout its travel to the next servo burst 208. As

previously discussed, a conventional disc drive undertook this inquiry for two

reasons: (1) to maximize the likelihood that the data would be properly retrieved in
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drive 300, however, since data flow is a consideration of greater importance than

5  dataintegrity, it is only the consideration regarding protecting adjacent tracks 200,
202 from being overwritten which motivates the two-part inquiry. Accordingly, the
audio-visual disc drive 300 will have a looser tolerance with regard to how closely
centered the head must be to the centerline 204, 206 of a track. The audio-visual
disc drive 300 will allow the head to stray from the centerline 204, 206 of the track

10  until the data integrity of the adjacent track 200, 202 is jeopardized. Although that
tolerance should be determined empirically for each disc drive, the tolerance is
anticipated to be about 20% off-track.

If, in validation query 606, the servo burst is determined to be valid, control
is passed to increment operation 608, wherein the servo burst number to be sought is

15  incremented, so that the next servo burst will be sought. Finally, in data release
operation 610, the data that was just written between the servo burst leading to this
decision and the prior servo burst is released from the write buffer, and the audio-
visual disc drive 300 waits at wait operation 612 until it is time to write new data,
whereupon control will return to write operation 602.

20 If, on the other hand, validation query 606 yields a result indicating an
invalid servo burst (i.e. an off-track condition did, or will, happen), the control is
passed to deassertion operation 614. In deassertion operation 614, a gate controlling
whether or not data is written to the disc is deasserted so as to prevent data from
overwriting the adjacent track. In the audio-visual disc drive 300, this deassertion

25  step is performed synchronously with the end of sector 210, so that a sector is never
left half-written. This is a departure from the operation of a conventional disc drive,
in which the write gate would be immediately deasserted because data integrity was
the most important consideration. Next, control is transferred to record error
location operation 616, in which the host microprocessor 304 is informed of the

30 location of the improperly written data. Finally, control is passed to increment
operation 608, whereupon the normal flow of operation is resumed. Resuming a

normal flow of operation is also a departure from the operation of a conventional

12
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e 2 19%& (0)- sumlrtq i Ie(c)n'e e/;ﬁ:bd:dﬁ'ﬁgﬁt%fltﬂéj grzeselnq ir}\pention, a method for a disc
drive to optimally handle a write-time error in which information obtained from a
servo burst (such as 102, 104) indicates that the disc drive's head (such as 306) is
either off course or anticipated to head off course, may be effected by performing the
following acts. First, the disc drive (such as 300) writes to a sector of a disc (such as

10  inoperation 602). Next, the disc drive (such as 300) validates the course and
anticipated course of the head (such as in operation 604). The validation operation
may include a tripartite inquiry in which it is determined (1) if the head is oriented
over the proper track, (2) if the head is adequately centered within the track the head
is located over, and (3) if the cross-track velocity is sufficiently small. Ifitis

15  determined that the head is either off course or anticipated to head off course, then
the disc drive (such as 300) stops writing to the disc in synchronization with the end
of writing a sector, so that a sector is not left half-written (such as in operation 614),
transfers the sector number which was improperly written to the host microprocessor
(such as 304), increments the servo burst number (such as in operation 608), and

20 reports the error to the host.

In an audio-visual disc drnive (such as 300), an embedded microprocessor
(such as 302) is used to execute firmware responsible for the operation of the disc
drive (such as 300). The firmware performs the steps summarized in each aspect of
the invention referred to above. The embedded microprocessor (such as 302) is

25  operably coupled to a host microprocessor (such as 304), to a driver circuit (such as
314), and to a data path connecting running to a servo actuator assembly (such as
311).

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While presently

30  preferred embodiments have been described for purposes of this disclosure,

numerous changes may be made which will readily suggest themselves to those

13
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10% () - sys 10f/.&IA( l)néttl"lc% }Jrgal dn;@ drive, in data communication with a host, to optimally

handle a write-time error, in which information obtained from a servo burst
indicates that the disc drive’s head was either off course or anticipated to
head off course, comprising acts of:

5
(a) validating the course and anticipated course of the head;
(b) upon determining that the head was either off course or anticipated to go
off course performing the following acts:
(1) halting the disc writing operation in synchronization with
10 the end of writing a sector, so that a sector is not left half-

written;
(i)  transferring information representing the sectors which were
improperly written to the host; and
(iii)  incrementing a value, which represents the servo burst
15 number to be detected, thereby inducing a condition wherein
the disc drive will attempt to write immediately upon
properly validating the next burst.

2. The method of claim 1 wherein act (a) further comprises:

20 (a)(i) determining if the head is oriented over the proper track;
(a)(ii) determining if the head is centered within the track the head is located
over; and
(a)(iii) determining if the head velocity is proper.

25 3. A disc drive optimized to handle a write-time error, in which information
obtained from a servo burst indicates that the disc drive’s head was either off
course or is anticipated to head off course, comprising;

(a) a servo actuator assembly for orienting the head over a disc, to permit
30 reading and writing to the disc;

(b) a driver circuit, operably coupled to the servo actuator assembly, for
driving the servo actuator assembly with a current, thereby orienting the
head over a proper location of the disc;

(c) an embedded microprocessor in the disc drive, the embedded

35 microprocessor receiving commands from a host microprocessor, the
embedded microprocessor operably coupled to the driver circuit, the
embedded microprocessor also coupled to a data path between the servo
actuator assembly and the embedded microprocessor, the embedded
microprocessor being programmed to

40 (i) write to a sector of a disc;

(ii) validate the course and anticipated course of the head,;
(iii) upon determining that the head was either off course or is
anticipated to head off course, perform the following acts:

15
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4. The disc drive of claim 3, wherein the embedded microprocessor is
programmed to validate the course and anticipated course of the head by
performing the following acts:

10
(ii)(a) determine if the head is oriented over the proper track;
(ii)(b) determine if the head is centered within the track the head is located
over; and
(ii)(c) determine if the head velocity is proper.
15

5. A disc drive optimized to store and retrieve audio-visual data, comprising;
(a) a servo actuator assembly; and
(b) a means for optimally handling a write-time error, so as to ensure reliable
data flow.
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