LTHQD FOR LOCATI NG PHYSI CAL SECTORS I N A FI XED BLOCK

{ TECTURE EMBEDDED SERVO DI SK FI LE This invention relates to A
jul tiple track data storage disk, a nmethod of formatting and a data
recording disk file. Background of the Invention

All disk files require sone neans of determning the radial position of the
READ- WRI TE heads over the disks so that the heads can be accurately
positioned over any desired track. Typically this is acconplished by

pl aci ng servo information on one or nore of the disk surfaces for reading
by magnetic or optical heads. Sone disk files, known as dedi cated servo
files, contain servo information only on a dedi cated surface of one disk in
t he di sk stack In_contrast, sone nodern files, known as sector servo

files, storeM E?éH@PrEQRJF@GAMGd?HYﬁﬁe’dst@@@RSWN A FIXERIBLOGTR each di sk
surface. This Iattgggﬁﬁ Igﬁch represents the direction in which the

t echnol ogy is progr i& HURE EMBEPDED) SERYAUDESK #16Bn be i npl ement ed at
| ow cost and without additional conmponentry beyond that required to store
the data and further because it provides the servo infornation at the data
surface bein o d, m.nating ny shechani cal therwm
sour ces of t?ggﬁ %f%?eﬁ?%?ggﬁgﬁﬁgléfyg REPOEERQTSE%%SC ture ?t %is a
comon coFhrlirat funatisieg F%ﬂPd@hﬂtf%ﬁfh”@e@icﬁfeﬁeservo di sk flles and
sector servo disk files. In an FBA formatted disk file, each disk track is
divided into a nunber of e SIZ sectqors, and each sector is divided
into regi ons containing ser ¥ﬁ¥%¥#§%|bﬁ-”¥§5ﬂ€ﬂfication information (1D),
and dat a. A typical FBA sector servo sector format according to the
prior art is jihl sshr 1A. The sector is. diyided.into three

r egi ons: serfg'a%%*rg%%%e?%“?égsomefﬁ Iiﬂ& 89“”“ﬁ?“3hgﬁdéFgl? gi on12.
CGener al | yos steiopge fartd e rREAB VSR N E r leggide nove® @wnft!aalq‘Fss@\ﬁewalnefada assbcicat etk Wit h

accurately positioned over any desired track. Typically this is

accomplished by placing servo informaticn on one or more of the disk
surfaces for reading by magnetic or optical heads. Some disk files,
known as dedicated servo files, contain servo information only on a
dedicated surfgce of one disk %n the disk stack. In contrast, some’
modern files, known as sector servo files, store the servo information
interspersed with the data on each disk surface. This latter approach
represents the direction in which the technology is progressing and is
preferred because it can be implemented at low cost and without
additional componentry beyond that required to store the data and
further because it provides the servo information at the data surface
being accessed, thereby eliminating many mechanical and thermal sources
of track misregistration. Fixed block architecture (FBA) is a common
configuration used to format both dedicated secrvo disk files and sector
servo disk files. 1In an FBA formatted disk Ffile, each disk track is
divided into a number of equal-sized sectors, and each sector is divided
into regions containing servo information, identification information
(ID), and data.

A typical FBA sectotr servo sector format according to the prior art
is illustrated in Fig. 1A. The sector is divided into three regions:
servo and recovery region 10, 1D regionll and data regionl2. Genevally,

servo and rtecovery region 100 contains overhead associated with
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2" sectoring, as well as servo information for sector servo files. Al so,
this region marks the beginning of the sector. Specifically, servo region
10 contains WRI TE-to- READ recover (WR) and speed conpensation field 13,
which is used to switch the data channel from WRI TE to READ and
accommodat e spi ndl e speed vari ations; address mark (AM field 14; and servo
position field 15 containing a position-error-signal (PES). Data region 12
contains the user data, as well as overhead fields. READ-to-\WRI TE recovery
(R-W and speed field 19 perforns a function like that of WR and speed
field 13. Voltage controlled oscillator sync (VCO field 20 is used to
synchr onizaot He» rgad el dekswithit kemetean ‘@t acctopatar vpi 811ds21 Adeat ai ns t he
user dat @, ;and.&ss0sd:at esheebsannehecki ng andoeor KeetiqRa( EGC iy or mati on.
IDregion 11 is used by,RtI}[?Pe_t_di_ﬁlk rdéta,‘FQ,”t{,‘;?Jp' er . (DDC) to identify the
physi cal "8t ol® AUMBEEPS R TERT HITnE R W ARd s BB ACREI TPTPBRSA%8T synch
field 1.ficandid,dentdHf isatsiednfeerworchhardta g cfdeEHjrdfi sRUTF18¢ READCh

o 2 Nard' Sl SARRALL CALLAR JALRTIBLLON. | DALANG. NP mect of

nunber . pi cal , icated servo sector forrat® according to the
prior ar4nd seivd petitdpediied FidgcontiBringTherodat @ndisorsetson SHdan i s

di vi ded N0 En! £0i8RS ink Rrands reGRMET ¥s 1,801 OR IJer1RRE @afa region 12'.
I D and recovery region 11' contains substantially the same information as
servo amEAPsERVELTE regPeifyLR AndadDspesgi oreld1 bFerferms A AunGf 9 fhke
except idoam}that WSEEI ¥id ppﬁé& i Q. df hs.Ldv&ﬁ:agmdoRtwla@d_ @&&g@lat}fdge!i%m;w are
renoved. n a cated servo scheme, servo positjon fig i S not
needed. bR B Ret B35 TG T AP BRHR Fisn s “EohPHEd o s apat 4o
surface;DdRaW teild gpeedtdinsl thelGses dabd anéededc becdusecadcheegsngramk fiel d
14" can be wrjtte eneyver sugceeding ,\VCO sy field 17, .and 1D EH
field 18¢orarlgc£wni ?IE%&I} 1nf\|§§:{naéi@%‘. Lﬁ’) ? 1qo[:'gll %) ASG‘Q tlhg cgls:l!t dar%h

e a region contal ns substantially the sanme
i nf or mat ¢ ratledat BPMetp didenPifyf tiF physitAl sector number. It contains

R-W and speed field 16, VCO synch field 17 and identification/error
handling (ID/EH) field 18, which contains the ideutification information
including the logical sector number.

A typical FBA dedicated servo sector format according to the prior
art is illustrated in Fig. 1B. The data disk seétor shown is divided
into two regions: ID and recovery region 1%’ and data region 12'. ID
and recovery region 11' contains substantially thé same jinformation as
servo and recovery region 10 and ID region:l]l of Fig. 1A, with the
exception that servo position field 15 and R-W and speed field 16 are
removed. In a dedicated servo scheme, servo position field 15 is not
needed because the position information is contained on a separate
surface; R-W and speed field 16 is not necded because address mark field
14! can be written whenever the succeeding VCO synch field 17' and ID/EH
field 18' are written. Data region 12’ contains substantially the same
information as data region 12 of Fig. IA.

ID regions 11 and ID and recovery region 11' of the prior art FBA
sector formats perform two important functions. First, they uniquely
identify the logical sector number of the sector in which they are
located. Second, they indicate whether the sector is good or bad (that

- is, whether the sector can he successfully written to and read from).

Unfortunately, in both the dedicatnad servo and sector servo scheme, the
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I‘D regions 11 and ID and recovery region 11' of the prior art FBA sector
formats performtwo inportant functions. First, they uniquely identify the
| ogi cal sector nunber of the sector in which they are |ocated. Second,
they indicate whether the sector is good or bad (that is, whether the
sector can be successfully witten to and read from). Unfortunately, in
both the dedi cated servo and sector servo schene, the

3 Il1) region requires a great deal of dick to space to performits
functions. Since the disk uses the inforgation in the |IDregion to perform
a | ogical -to-physical sector conversion in order to | ocate he physi cal
positiohDGW?fherdhsmn@o¢mESQOMth@ftbs&hewkeqUE$me&nh0@L$ah“senh@r the ID
region t, b n h;t Qi, i degtif L SeCLOrS. Furt her nore,

si nce agﬁﬁéseﬁéfn%ﬁﬁggoﬁggcl3%1@%5 Syg:gg %9 Ugégﬂ o read”’ tﬁe |DYEH field,
t he VCO!$giekd-tsPREGFE ehctohicentdreke is aypk ced llycmrchel mivgérat han the

| DY EH f h&ditdion Rinnahd Wisk rtow&,p@e&:tnqr,,seruvoreaw&m%, 10U .8 0, JRE T &GJ,0N
transition an R-Wand $ eed field is required to switch the data channel

fr om READ %6 RIMFE" difd oﬁﬁ’fﬁ‘égtfé’ &pi’ Hd’l“é §peid v s iSaCt offs. In sum
due to Dweﬂheadeanﬂuamcmnaeyomequnmeaent&mnthebe tegivois &f tbheeqari or art

FBA f 1 t | I t I th
(rypi cal Ty SEE0ETS, ke FePlPERE L PlaBthy Ehidrabef Bebian FEA Ghe o™

storagelamﬁbmﬁverthQH@/ﬂhﬁ@rhhncbueﬂlumsnﬂme i@ﬂ@tlﬂnwohaSmhanphmed efforts

to elimpakg %églfokoé?atlb?m%%éﬂcm d speed faa(? approach Lkhat (has.pbeen used
to elimnate the IDregion is to encode the ID info natlon into the data

field tThidetelapmt é§°’% REMDVEr Wl Hestroaredrtni shinsypactriesd (fiel ds 16
and 17)vaﬁaﬁlaﬁgom5 the ECC to provide error checking for the ID

|nforrr151t|on.I Howe it dpes not ellnlnatg or reduci the actual |ID
i nf or mati on“3s°"Fon %ﬁ FRPYEANTEY B Arel gl s s 1 thadY AR fim of one
sector therprior tane It ety rdarcomgts\WRb T, mmsmeetntahep@htﬁbnfm eheontrol | er

cannot. der.enil de:bnor Ao/ ot See! abolehaf | aNSB RNl Lhhas Tead at

| east one sector , s schene i S not" we sulrted to conpact and
| ow cosothfirglis ¢ ideegsednfier dathetersagr corewcti bire timpertagee \qfi ¢bs Ityoqui t e

long, SERfRibls MBANSaRef&Y kIO JTBYinRalOSt Fibnt B GBRERER, Sector where
any bit is bad in the entire field contaihing the conbined ID and dat a.

Thus, whi eof‘ﬁépaﬁ‘}?ﬁ‘iﬁ‘aﬁll‘ﬁtof‘a%(?ﬁﬁ? S Ag Lf’h%lJi‘"l?‘)“%l‘"rf‘d that P regidvnds ricduces the

di sk encode the ID information jnto the data field. This eliminates the
overhead associated with synching (fields 16 and 17), and allgws the ECC
to provide error checking for the TD information. However, it does not
eliminate or reduce the actual ID information as contained in. ID/EH
field 18. Also, it adds a minimum of one sector time to the latency
during WRITE, since the disk file contreller cannot determine the
good/bad sector relationship until it has read at least one sector.
Further, this scheme is not well suired to compact and low-cost disk
files, where the error correction time is typically quite long, since it
means a revolution may be.lost in the cnse of a sector where any bit is
bad in the entire field containing the combined ID and data. Thus,
while the approach of combining the TD gnd data regions reduces the disk
space required for ID information, this approach introduces performance
penalties that restrict its usefulness.

It is therefore an object of the present invention to overcome the

above drawbacks of the prior art.
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sfbace required for ID information, this approach introduces performance

penalties that restrict its useful ness. It is therefore an object of
t.he present invention to overcone the above drawbacks of the prior art.
4 SUMVARY OF THE | NVENTI ON According to one aspect of the present

i nvention there is disclosed in a fixed &l ock architecture enbedded servo
di sk drive having a data recording disk with radially spaced tracks and
circunferentially spaced physical sectors that include servo regions and
data regSUMMRARY OF THEINVENTIONMN regions for identifying the data
regions in the physical sectors and no identifiers for bad or spare

physi cal sect Acegrdimgdo anbespct afthaptesem finveatich there intitsclveéd i fikahblblle dat a
recording disk, a nethod for locating a physical sector so that data may
be read oaromwcttlir@r@mmd@wesem disk dyjyobavirg 2 Hasa kevontingl diskyithcrlially epiced,
conprising the steps o providing on the disk a start of track

i ndi cati nga?@r% &HGUWFFTE’IH@HQ’ éP%d PB&I@MW@PT%M!HCIUdesers)@rr@giOn%gmd)data

i ndicatin ical sector |ogcation

i denti fi e?egmsli’“t 1o ﬂ%@@ﬁ‘réﬁe%@%#éélgﬁ%& é‘ffggg’ﬂ 3’? &@igcraglogse& the Physigal iseiors
| denti fi eEnd ?deﬁnﬁ&%g&’{ba'&a fgfl%&%%%lgaﬁtsgcga\élfg ﬂ i es which map out bad

physi cal sectors or are data recordi ng di sk;

QoY BebaBl SHdding (SRR BB AR BBrb Y R B W ARAORT Gk, L e

| ogi cal sector ocat on 1denti

i denti fi ephyafdal h’ecﬁﬁ%ottﬂ;ﬁ dafiGhssPbe #5380 el A hﬁrhaiadi%ﬁfohfdf fhe loBated Bﬂféi&?l
sector location identifier;

sector, comprising the steps of:

providing on the disk a start of track indicating mark and in the servo regions a start-
of-servo-region indicating mark;

receiving a requested logical sector location identifier;

referencing the requested logical sector location identifier into a sector mapping table
having entries which map out bad physical sectors or spare physical sectors from the data
recording disk; |

identifying an entry in the sector mapping table corresponding to the logical sector
location identifier;

computing, based on the identified entry and the logical sector location identifier, a
physical sector location identifier;

moving the head to the track containing the physical sector corresponding to the
computed physical sector location identifier;

reading the start of track indicating mark;

counting the start-of-servo-region indicating marks in successive servo regions to
locate the physical sector corresponding to the computed physical sector location identifier,
whereby data may be read or written in the data region of the located physical sector
without use of identification regions on the disk for identifying the data regions in the

physical sectors.
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mbvi ng the head to the track containing the physical sector corresponding
to the conputed physical sector location identifier; readi ng the
start of track indicating mark; counting the start-of-servo-region

i ndicating marks in successive servo regions to |ocate the physical sector
correspondi ng to the conputed physical sgctor |ocation identifier, whereby
data may be read or witten in the data region of the | ocated physical
sector wthout use of identification regions on the disk for identifying

the data regi ogoiding tdeanohey aipeed of SIRE ekt invention there is disclosed in a fixed block
5 Accordi ng to another aspect of the present invention there is

di scl osed architectiirexembdided kervadshidrive havieg Géhatidedtcadingadisk with dadivigy Smeedg
(a) a data recording disk with radially spaced tracks and

ci r cunf er drackaind cispafergnipilysipacad physicalssctotsdhatthave sesee wegionsgindstaand dat a
regions but no identification regiaons for identifying the data regions in
the physi degionebytaosidersifigation regions far idensifying thedntioregings i thephypieali seetors or s,
(b) a magnetoresistive read head for., reading informatiaon fromithe servo
regi ons aﬁ&aﬂlﬂé‘iﬂ‘é’&lﬁrsrf@b S@Cﬂg{ sP&FFdP}(Yé)calzraseﬁﬁoFSt’ me@agwrw?ta@i 584 t}eaéll fogned

wi th the magnet oresi stive read head .for Lt data in.the data reqions,
met hod { oror ol BRredgdpeptiat te oM bRy g R vilediad Hot o
data regi . ; I Lcal: | Si . .Of
or ovi di g kly 1hed sRGPLE BRAGIERlyC Gl Blad 6P TRRD IR 16 ThEREiGs o

regions ofpdii ol h%%hﬁgh gﬁ?ﬁ&a‘i’ S&tét s%ttﬁéttda%fm%etlf)éé@ﬁrt@? iDthe | A efohnE BT K

receiving a requested Togical sector locatio entifier;
ref er enci nécatdaephiysianlaettes doatprisitlg t§@g§1%rofl ocation identifier into a sector

mappi ng tabl e

providing on the disk a start of track indicating mark and in the servo regions of the
physical sectors a start-of-servo-region indicating mark;

receiving a requested logical sector location identifier;

referencing the requested logical sector location identifier into a sector mapping table
having entries which map out bad or spare sectors from the data recording disk;

identifying an entry in the sector mapping table corresponding to the logical sector
location identifier;

computing, based on the identified entry and the logical sector location identifier, a
physical sector location identifier;

moving the magnetoresistive read head to the track containing the physical sector
corresponding to the computed physical sector location identifier;

reading the start of track indicating mark with the magnetoresistive read head;

counting the start-of-servo-region indicating marks in successive servo regions with
the magnetoresistive read head to locate the physical sector corresponding to the computed
physical sector location identifier; and

thereafter, without radially jogging the write head, writing data in the data region of
the located physical sector with the write head; whereby the physical sector is located and

data is written in its data region without reading identification regions on the disk for

i



having entries which map out bad or spare sectors fromthe data recording

di sk; identifying an entry in the sector mapping table correspondi ng
to the logical sector location identifier; conputing, based on the
identified entry and the | ogical sector location identifier, a physical
sector location identifier; novi ng the magnetoresistive read head to
the track containing the physical sector corresponding to the conputed
physi cal sector location identifier; readi ng the start of track
indicating mark with the nagnetoresisti%e read head,; counting the

start-of -servo-region indicati g)narks in succeﬁskygjggnxo fegions with

t he nagnetoré§|gﬁ?@%”ﬁéad°ﬁééﬁr deal € T hE pAY ST VAN - &Set dr ¢Srrespondi ng

to the cgempuiied wiphylsd eaabasect mor*l dc*atfvonw chen’préu@rtlaﬁd“

thereafter, without di e wite head, it g data.dqan the
adial } AgLAG b he Jwr e shead.; W iLi ng datad

dat a reﬁlon 6?101(w f g d¥ hy5|55‘ sector wth %héOWWlte héad mﬁereby

t he physinctiie sectyany&ng orstiedsand data is witten in its data region

wi t hout reading identification regions on the disk for identifying the

data regions in the phyS|caI sectors and wthout reading identifiers for

bad or Brief Description of the Drawings 6 The

foregoi ng and other object, features and advantages of the invention wll

be apparent fromthe foI actp_uLa; desprl tlon of the preferred

enbodi ment d?gthg\ﬁﬁv%ﬁ? %m”gsgg‘rﬂstraﬁgr““ 1% fie’ acgonpanylng dr awi ngs.

Bri ef Desehipicitore adctdre sBrawspgr format according to the prior art.

Fig. 1B is a schematic diagram illnstrating a fixed block

architecture dedicated servo sector format according to the prior art.

Fig. 2A is a schematic diagrvam i{llustrating a fixed block
architecture sector servo sector forma: according to the present
invention.

Fig. 2B is a schematic diagram illystrating a fixed block
architecture dedicated servo sector format according to the present
iﬁvention.

Fig. 3 is' a table illustrating a bad sector list, a
logical-to;physical mapping, and a look-up table according to the
present invention.

Fig. &4 is a C language procedure illustrating an algorithm for
creating a look-up table according to the present invention.

Fig. 5 is a flowchart illustrating an algorithm for performing

logical~-to-physical sector conversion according to the present

invention.

Detailed Description of the Invention

IA. NO-ID FBA SECTOR SERVO SECTOR FORMAT

Fig. 2A illustrates in schematic diagram form an FBA sector servo
sector according to the present invention. Servo and recovery region 30
includes W-R and speed field 33. AM field 34 and position field 35.

Position field 35 itself includes track nymber subfield 36, EH subficld
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ng'., 1A is a schematic diagramillustrating a fixed block architecture

sector servo sector format according to the prior art. Fig. 1Bis a
schematic diagramillustrating a fixed block architecture dedi cated servo
sector format according to the prior art. Fig. 2Ais a schematic
diagramillustrating a fixed block architecture sector servo sector format
according to the present invention. Fig. 2B is a schematic diagram
illustrating a fixed block architecture dedi cated servo sector format
according to the present invention. 6Fig. 3 is atable illustrating a

had sector |ist, a |ogical-to-physical mapping, and a | ook-up table
accor di By a6 tfesvigrieserit. i Mrgnt fayion 32 incBhes R4VIisdas@ddanguages procedur e

i1 ustratd _gnap ral goLbt g for, ¢reating a look-up table according to the
present 1nvention. Fig. 51s a flowhart illustrating an algorithm for

perform ng FBEIFCaFLi08: phipsttal®: s¥ot 8t EBrver &1 ononttordbtignt teltlive present
i nventi ks same functions as fieldsDet ai l’ed 9Deschik tptﬂlogn&\fn Erheprlxgyemtl on I A

NO-ID FBA S CTCRF 2A illustrates in
schemat{ & dEgngnﬂ?‘?S&r% Sﬁpﬁ‘éﬂ%éc“t or" €Y msec?ér‘“a’@céf‘d? RG1%0 4Rhe present
i nvent i big. ISGnvoeamdnateclovery region 30 includes WR and speed field 33,

AM field 34 o Posnltlonfleld i.tself includes track
nunber Subflgﬁg §%%§Eaﬁsub Ie%a%cfd oVeY” position fneﬁﬁl. FtLe pPriox
7 37 aext,PES shabt iiel #hadoweDapat oegh oA 182 2t ncldsdesiiRgWarnttdespeed field 39,

VCO syngh el eftbaRdndatacd ghehefd-inventioh GREEAL Q{lacli 5@49& 33, 34, 39,
40 and 41 provide substantially the sane functions as fields 13, 14, 19, 20

and 21 SHORAPIHIPS itor thy 7 pFiy on R igh " desRetPhel pPeticdust yecorled| #s 16, 17
and 18 {fLm junbeE diblfield 36. EH subfield 37 is provided as an adjunct to

the full track number to ensure that the track number has been read
correctly. Finally, the actual position-error-signal is encoded in PES
subfield 38. This subfield contains substantially the same information
as position field 15 of prior art Fig. 1A.

It is to be noted that both the full track number and the EH
information may be recorded according to any of a variety of techniques
well known to those skilled in the'art of data recording disk sector
formats., For instance, a gray code may be nsed to record the full track
number because it allows the full track nymber to be accurately read
when the disk head is off-track. The EH iuformation may implement any
of a variety of schemes well krnown to those skilled in the art,
including error checking and correction (EGC) codes and cyclic
redundancy check (CRC) codes. According to the preferred embodiment of
the present invention, EH subfield 37 is implemented using CRC, an )
error-check-only code. CRC is chosen because it is easy to compute and
because it requires a small number of bits (roughly 16). Since CRC bits
will not form a gray code, LIl subfield 27 is implemented in a code that
is accurately readable only when the head is on track. This
implementation has no adverse impact on the present invention, since an
absolutely accurate reading of the track number subfield is required
only when the head is already on-track.

The no-id sector formal of the present invention provides- several

space saving advantages over the prior art. 'The track number need not
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Fig. 1A are elim nated. Position field 35 is expanded over position
field 15 of the prior art, as shown in the | ower portion oF Fig. 2A
According to the preferred enbodi mrent of the present invention, the full
track nunber corresponding to the track on which the sector is located is
recorded in track number subfield 36. EH subfield 37 is provided as an
adjunct to the full track nunber to ensure that the track nunber has been
read correctly. Finally, the actual position-error-signal is encoded in
PES subfield 38. This subfield contains substanitially the sane
information as position field 15 of prior art Fig. 1A It is to be

not ed t hatreBBRIF LR TEPfet fFack ABinteiorahdt tihetBH iinf orrat i oriefeye be

r ecor degh@ooori rﬁg9 t@ra@y« 7@t a¥ahinetyh of rtoec hii@uess el L knewn, f @,t hose
skilled in t?‘? gr gata recordi ng di sk sector formats. For instance, a
gray cod®ay m ﬁ%eo“‘ A&l THETEUIYP M PackeHigRbET SBetaugerTioral | ows t he
full traek ragmer, t;()wctaeuaa(:(mm abehyt peade when:t hevdhsionheadniis @f f -t rack.
The EH | nf ti Lenent any.of a variety of schemes well, known to
t hose S&,[?Eégﬁka‘?‘“ he” art ‘1“ﬁcloufj? rf’rg} ye‘r?r or" Shec'f(l}r(ﬁ WHE"EBrPéELi on (ECC)
codes amebeycid @nremmdanw chef knqgCROflecodédar tAscortdi ngxtmant he:tpref erred
embodi NRbeQf eddd8eRT &S8P BVERD)EN £ Bl wate & 3L.d.Spipplgaented using
CRC, an error-check only code. CRCis ch osen because it 19 easy to conpute
and becBtBErPY TPefthToEE a *hel N chulBet™ of i5i B3 isUgHYy PaB)ecorBidhek GRC

bits w ldwemOliedsGri) asogEat €OLR, nﬂ.ﬂersullafrsﬁldd .27an|dS’*1l{ nRbenent @@' darl a code

that is accur at readabl e _on he h s on_ track.
i mpl eneft &7 %LXU Hrér §8 %%‘h ‘b]ﬁdf’héc Ho&fit Vihognth 6hel(§|1|2|ce an
absol ut &4 yxoacmmxarei x eamaigypfszhd:re nbrsaa(pkrmurrberregubﬁ iiel glet Sipr expwi red only

when thgmpggged %1@1& q%dy %rl‘lrﬁfn%g The no-id sector format of the
present 1 nvention provides severa(il space savi nhg advant ages over the prior

art. The t packispustralr abrved Hot preferred emhodiment of the present
8 be rmaémlcxn%qgeg kfe 30| 8 LeGi91 abU ndmﬁ%%}%dtr 2k GOAT yni cated to
|1 e

the DDC by the servo systemat runtine. Track number su 6 and El |
subfi el ﬁ‘b§?e]a‘? SOsHhAT4RT 8l PRPVdRyraber lute nign £ icagiom of 1thehswhck n prior art

Fig. 1Aunbencsort hEAﬂ:BAdiRfIm'Btop@faﬁﬂaﬁs Pr&es&Rat, iVenticdPe I $hddb &dd0 use CRC
rat her than ot her for (EC nce t he maxi mum track nunber is one or

two or det¥ bF° FagH (1t ersr‘?ﬁYI Sr e‘i.‘cﬁ’é{ﬁ‘ PHECTHRRF i s BEESFY ifnber  encoded i n
prior aarlttelcﬁ)éﬁlvl]a §¢tedmds 18 For Smaca\deevm,ts ibifse bt S88requiiteel i asm&p:r esent the

track 2 R0 LY RS RRRECOIALY AladoOUBre HERS] e 2§ bhAt track
nunber sub an can
used to construct the LSBs of the traclk number. Thus, if the PES

pattern repeats every four tracks, it may be used to provide the two
LSBs of the track number. Or the MSBs of the track number may be
omitted altogether, and the servo electronics depended on to determine
which half (or quarter, or eighth) of the disk the head is positioned
over.

The application of the present invention to sector servo disk files
has been described with reference to the sector servo sector format
shown in Fig. 2A. However, it should be noted that the present
invention may be applied to any sector servo format in which the track
number may be encoded in the servo and recovery region. For example,
instead of a fixed spacial relationship between the servo regions and
data regions, a sector servo format may provide servo information at
other than fixed intervals with respect to data, such as within-the data

region itself. Such a scheme is disclosed in S Patent applicalion

- et

[
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be read without a phase synchronous cl ock; therefore VCO synch field 17 is
not required. Finally, since no separate IDregion is set up, RW and
speed field 16 is elim nated. As di scussed above, the preferred
enbodi ment of the present invention contenplates the use of a full track
nunber in track nunber subfield 36 in order to provide absolute
identification of the track nunber for READ and WRI TE operations. However,
it is to be understood that the track nunber may be encoded according to a
variety of alternative schenmes. For insBance, PES subfield 38 may itself
assune the formof a pattern which is unique over a range of tracks, and
may be sgéd! trameondtr ot 1Phe IE8Bs Jof kel o F &tk ndwbéris casusthd f t he PES
pat t er ne f.@peatsr eV ery fHUbe thdskdiokdd FRY BRaUS@dyd OBl Sddoder§ he two LSBs
of the track nurrber O’ the MSBs of the track number, may be ~onitted

al t oget Tr&tO aiYd 1t F@ *dkr \fo"eﬁ"é’éf?tdhf"c%‘va‘é‘beﬂiﬂe‘“‘cf“éﬁ t$iget e‘Pr‘ri nd'“whi ch hal f

(or quafdceber Drrcgic@ht&)t’@f‘ntghﬂhdlcﬁkfi hed eashd S‘*FiO*Sdrt‘vbOflﬁﬁoﬂvel’ The
application. of ressen%‘ invention to sector servo disk filegs has been
descri b&d i t‘H1°r ei‘celr efite to° t'he Sell'or servo Sector fofmat Shown in Fig.

2A.  Hodwreerninddt ishbel skere beowrotadyviHathe kecpredentat abent ilonFiemy be
applied,to any sector servo format in which the track nunber may be encoded
in the servo and recovery region. For exanple, instead of a fixed spaci al
rel ati onship between the servo regions and data regi ons, a sector servo
format fey psoy een sebvQTEpfBRIBtIEOM0@FRIRer than fixed intervals with
respect”  to dafa, stUch as within the data region itself. Such a schene is
di scl osed in US Patent application

9 serial nmrg)er 20 7A1466:k8bs ihi J;ﬂdzméairtuafay;x&m £990an FBA ddtiasdtdse, the
fields 2A may be re ion sucu eI vO an r¥qfegion
30 is séﬁ%lfalendt epé?% 6 rge)CC(])C\(}len ng{éf sler \7% re&?g]lr;]tsjovlb ﬂlr{aﬁgoirﬁgcﬁvery
regi on rmcm'armlrmgldn épdSLS3QIQ1Wde(34’Va‘FHﬂ‘bt e gserrnasteeefi onieorrhi H ngdfiel d
35. Th§x§€g$ %Hﬂpqﬁ %Htha@Ckuﬂuggﬁﬂ1“%%91hemo@QWQEtQEWkﬂ@Q?E?nghe sane

manner as wt e sector format shown in |9 2A I B..  NO
DEDICAJEH§1SET§ABISEKH%N@¥W3QHNTanalogm”‘ro that Found in PES subfield 38.

Track ID and recovery region 30' includes W-R and speed field 33", AM

field 34' and track field 35'. Track field 35' itself includes track
number s&bfield 36' and EH subfield 37'. Data region 32' assumes the
same form as data region 32 in the secﬁor servo format.

In operation, fields 33', 34', 39, 40', and 41' provide
substantially the same functions as fields 13", 14', 19', 20', and 21'
shown in prior art Fig. 1B and described previously. Fields 17' and 18'
from prior art Fig 1B are eliminated. Track number subfield 36' and EH
subfield 37' are identical to ficlds 36 aud 37 in Fig. 2A. The full
track number is therefore provided in the same manner as for the sector
servo format, including the alternative encodement schemes discussed in
section IA. As with the sector servo format, the track number field
must be accurately readable only when the bead is on-track, since it is
used only during read and write opergtions.

While Fig. 2B and the above description have focused on a
dedicated servo data disk having the sector format of the present
invention, it is to be noted that this sector format may also be applied
to the dadicated servo disk itself. 7That is., track field 35' may e

encoded on the dedicated servo disk. This confignration is not the
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Fig. 2B illustrates in schematic diagram form an FBA data di sk dedi cated
servo sector according to the present invention. Track ID and recovery
region 30" is produced by conbi ning aspects of prior art ID and recovery
region 11' with the full track number. However, it contains no position
error information anal ogous to that found in PES subfield 38. Track ID and
recovery region 30" includes WR and speed field 33", AMfield 34" and
track field 35 . Track field 35 itself includes track number subfield 36
and EH subfield 37'. Data region 32' assBines the sane formas data region
32 in the_sector servo formt. . In operation, fields 33", 34'. 39. 40",
and 41P BrOVFASOabETE e i 3 1My {HE L EnECTUNERITENE WwEsFalngs aB'the 14' | 19"
, 20" syand: Bdthsshowwn bBwPrdeQriahhs Fihg. adliBand dpsiehibbed pre Qusly.

Fields 17,,and 18 framprior art Fig 1B are elimnated. Track nunber
subfield® 56 antd ERSUBFTRISE 37 YaFe PHEAT CAF P MeY dwosslan 37 in Fig.
2A.  Thétfadtive riackrminberthias tsher €fior eheproviededt siphrithessewe nanner as for
the segtpferteivnk@simt, including the alternative encodement schenes

di scussed in section A As with the sector servo format, the track nunber
field nust 58isrtedr atePysiéatanicecshitye Weh renet Hedds i i@ formdtriacken si nce it
i's used onlglethlgnagid @adodNdg Wil 8. OPSEALh NS+ om theV\K‘&t!aesﬂ&ige(gﬁ and the
above ge§cri ptjon _have focused on a dedicated servo data disk having the
sect or "POTIRAt bf Fhe %Fe‘é’giﬁtrs?‘??\‘}em"i"'oh‘}e"'iet“li"s“"‘-ﬁ’b" BéheottFact odt sehios sect or
f or mat spetyeral, schise &pplkhedutpodelec dedh cateshtsenventdbskruntseldf . That is,
L{)ﬂ‘?rg%?rg%l?!(gﬁ? itson?ié% bq[%ﬁgpézt%gegergg ;cya?;<ang.edjl‘lge?§teegnc eulél\éosydsltgllés' su-lc:IQI ass.:l S

10 prePetriddr g dngreantinggus erpevfuisyesngpMder ¢ gileotisackdnst rai nts on the
SYSt eMiABGRABEGS is FRNBYES byl §r3a8: ey advantage, of, L awetr . qygr head since
field 35 is not placed on the data surface, and thus may provide an

at t r acti/d o3 PRFSEL T2Vt HEPar R NRbhi AT thBesEspecnnrdedpiopticadf the present

i nvent kpacking serbol] Gates ther i vs ysire i k&€ Akdof e aNepdnpesdd bRN NY

i nfor ngtg on _on a si n}]ggtae ,rraa?‘ge%l o Le_cor dtj ng surface, separate fromthe data
surf acels) “HoweVe&r St ts FE BntiSr 50T That i heretedre HiERY Hither types
of seryesigyionens infdrnahidonstfrevpdedds esnefext-hendir estitent@waihi @0 functi on
Si m | agh Yo ttec%pgaggygrcai eadsx?ggd)vigg%%sm L1998 1G5 UAS By See, Such as.

optical recor cont I huous 'gr oove systens, whefe the 't i A3%$ nf or mat i on
i s probirdtedhpyprgseny daventichenayubstacadidy fnnlied twesystems combining

aspects gf sector servo and dedicated scrvo.

II. LOGIiCAL-TO-PHYSIGCAL SEGTOR CONVERSLON

According to the prior art, physical sectors are accessed by
counting actual sectors. Physical sector 0 refers to sector 0, head 0,
track .0. The number increases by counting sectors around a track, then
switching heads, then tracks. ‘

Accoxding to the present invention, phvsical sectors are accessed
by counting start-of-sector indicating marks after a start-of-track
indicating mark. A start of track indicating mark is encoded in a
preselected track to provide a reference point from which to count
sectors. A start-of-sector indicating mark is encoded in each sector.
In operation, a requested physical sector is accassed by detecting the
start-of-track indicating mark and then counting start-of-sector

indicating marks until the asppropriste sector is reached.
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whet her magnetically, capacitively, or otherw se encoded; optical tracking
servos, where the servo information is optically encoded on a data or servo
surface; and baseplate reference servo systens, where the positioning
information is provided by sone external reference such as an optical
encoder or a stepping notor. Finally, it is worthy of note that the
present invention may be readily applied to systens conbini ng aspects (f
sector servo and dedi cated servo. 1. LOG CAL- TO PHI YSI CAL SECTOR
CONVERSI ON According to the pridf art, physical sectors are accessed
by counting actual sectors. Physical sector O refers to sector 0, head O,
track 0. The thanber e irer eakaidnpyt eduritei mgssectowsnafountha staackf t hen

swi t chi ngcheads catiRgMmddic@ekSes the roPECRr NG, LO Z;[i@e(:aplr}.%ﬁem éLE‘vaenti on,

physi cal sectors_are accessed by counting start-of-sector 1ndicating marks
af ter a%tarfec8Fetd a8k2 PRATEECE R thagk mibegt arefiehdt¥ackN detdtdéng mark is
encodedof Radh pres®l eet@tdt kacket & pEOW-de @ T ef 218066 RRLNt oM which to
count sectors, A start-of-sector indicating mark is encoded in each
sector. ST XCoparaliBs® FWEFuest ey PrY/SEal” SBLYOraFS Bedewdadiby det ecti ng
t he st ardqueftddr aektarndiNvatidiginmed k candcbthen countrielg sshas tehef s&ect or

indi cating.anks kil e, aRPLODH AL € SECL8Y IS LRAGRE, 1 iatq.
In the freferred enbodi ment of the present i nvention, the St&H of  track
i ndi cat4§§> ndikSeRaREsTIWE T PO oM B amUi geIntsFt Takk etheanuibedext mar k,

recor des_dzcltarsa pREesel-gciedvbiagky n.llé:@ped’h_aﬁ Ll‘p.xf,' ng’g 38ce AMLfigld 34,9t each
sector |s used as the start-of-sector indicating mark. The servo system

then colfnf&SHMVeAFLIEdLe A7 dPdetnmitidds 4P&PK o | ocate a requested sector. No
addi ti onal Thealehasd ai Surbag UsT €8x i&iiBRe oh hiheS BEYR iSYSt @RhAUSEvE GGAt € every
AM field in order_to.read the P ubfield. Also, the sche requires only
a smal | "RoUNE FF%iTReF e ﬂﬁﬁﬁ§§1E%QE%C%dﬁsmﬁgwdtaﬁ%Qoi%“ggﬁicalIy | ess
than 64efantl. SFRCE .t hke Pbet Dralcoentorimmbes ety exc entodmel amuihﬁeacnark is

det ect erQImber fie-ﬂf'%rée. M fofld ,ntérf(bg;(elxoﬁm}f)au.nﬁ-‘}rl 89\3 b%nuéehde t%?@r%g'iér?%t t hat

serve to .
timeout error if an address mark is not detected within a given time

interval. Third, position fields may be counted in addition to AM

fields.

I3

ITI. T00K-UP_TABLE

Priox art disk file implementations handle bad sectors via the
sector ID region. According to tha:present invention in which the ID
region has been eliminated, bad sectors are identified and mapped out of
the data recording disk file during logical-to-physical sector
conversion using a look-up table. The table is created at format time,
and consists of entries describing clusters of had.sectors (where a
cluster is defined as a sequential group of physical bad sectors) by
starting location and quantity. In operation, a requested logical
sector location identifier is referenced into the table, and a
corresponding entry is found describing an offset to the physical sector
location identifier.

More specifically, at format time, the data recording disk file
generates a list of physical sector lecation identifiers for the bad

sectors in the disk file. This list may be generated using any of the
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i nprove error tolerance where AMfield 34 is missed due to a disk defect.
First, the physical sector nunber may be encoded into track nunber field
36. Second, an open loop tiner may be used to provide a tineout error if an

address mark is not detected within a given time interval. Third,
position fields nmay be counted in addition to AMfi el ds. [11. LOCK-UP
TABLE Prior art disk file inplenentations handl e bad sectors via the

sector IDregion. According to the present invention in which the ID

regi on has been elininated, bad sectors are identified and napped out of

the data recording disk file during | ogical-to-physical sector conversion

usi ng a,leek-trhabla. xIhe tablhe i esecadediat Har sattdrs e, Thandisconsi st s of

entries gescrlbl Qg cl usters of bad sect ors ](7 ere,alfl ust.er s defined as a
\S f OR CaD

sequentF a2 gr oup Bt Physi B4l Bad secter ) by starting | ocation and

quant i tlylustlvab@pneraethv@ma, farr equestede lodgi dall secrorlisdcation identifier is

referenced ihnto iab a,pd1 a £aphespondi-ng, &nt-hynd 2of ond describing an
of f set qf’% M he"pﬁ)y a1a 'Inep Tocation'ident | f]I er. e e Mor e specifically,

at for matferipe, f‘"tbhé‘ aOl? ééerlﬁ'eﬁ@“dl'%‘{@"‘fiqﬂe gBierat execiof i lé6tof physi cal

sect or 'l19{:<,a't EQnLHaqu\‘snl:gf Seb@rst h,e Sl,)afd sector 81 ifat e wdi-skecihlieso . Thi's
list may be generate usin

an
12 vaeitss 5t kAR HUEE kndWA %ﬁ“ffh] LAFPY 5 U B PR SEE Y¥ctors.  The
list igehpled hipRAM enBei schused be mwankbkugt thhee | oobgdmp) sattbe.1 Fig. 3
ilTustrates in tabular forman exa Iemof, L bad sect

| ogi cal¥* ]o-i’pphg%‘il AFE RPBIHY AR TodRE TP ]tabI%eT 2&:66%. n %0 the preferred

enbodi pRp¢icefl I;etretoprESénglqaﬂvemtporﬁ WThlembradosekct\tsorall|833tct1>¥1d'| gares t hat

physi ca LOLS.3r 1i50de ;gc and 13 were found to be bad at format
tinme. pL'I\?Znsslcl(‘;icl) %?:Catl ?-rt o-ls %1?585%\% shows the desired mapping to be

achi eved byﬂ“teh@qkoelk Wleafmoes thﬁo@qqé b ofetqmpregsing the bad sectol

list in accordance with the present invention. Starting at loglcal
sector 3, there is a cluster of 1 bad sector; thus, sectors 3 and beyond
must be offset by 1 to map into the correct thsical sector. Starting
at logical sector &4, there is a cluster of 2 bad sectors; thus, sectors
4 and beyond must be offset by a total of 3 to map into the correct
physical sector. Starting at logical =eclor 6, there is a cluster of 3
bad sectors; thus, sectors 6 and beyond must Pe offset by a total of 6
to map into the correct physical sector. TFinally, starting at logical
sector 7, there is a cluster of 1 bad sector; thus, sectors 7 and beyond
must be offset by a total of 7 to map into the correct physical sector.

It is to be moted that the look-up tahle may be stored either om
the boot track of the disk or in some non-volatile semiponductor memory
in the data recording disk file, such as EETROM, FRAM, oxr PROM. The
first column-of the table must be wide enough to hold the largest
physical sector number (24 bits i& snfficieﬁt in most cases). The
second columﬁ must be wide enough and thé table long enough to hold the
maximum number of bad sector clusters likely to be encountered (16 bits
is sufficient in most cases).

Fig. 4 illustrates in algorithmic form a procedure for creating a
look-up table according to the preferred embodiment of the present
invention. The look-up table generation glgorithm (shown in € "

progla(.“.unp 13nguagp\ Y‘)roresscs Lhe bad sector list as fOl1OW‘ F'irst,
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Wi Il be found at physical sector 1; logical sector 2 will nmap to physical
sector 2; logical sector 3 wll map to physical sector 4 since physical
sSector 3 is defective, etc. The | ook-up table shows the result of
conpressing the bad sector list in accordance with the present invention.
Starting at |ogical sector 3, there is a cluster of 1 bad sector; thus,
sectors 3 and beyond nust be offset by 1 to map into the correct physical
sector. Starting at logical sector 4, there is a cluster of 2 bad sectors;
thus, sectors 4 and beyond nust be offset by a total of 3 to map into the
correct physical sector. Starting at |ogical sector 6, there is a cluster
of 3 balsadtord: Ph§ectYEctor e dnd BEYING Mchetaifset by a total of 6

to map mh@«sbhteucoﬂirem ephysi Cak e SeGt ¥ 1odp Ba;hvlzyesstt@rtafm +akod @@k cal
sect or 7, { Iusteraof 1 bad, sectq us, sect ors 7 and beyond
nust be b‘f Ocﬁ( é% aitof e 7 fo”rf‘ﬁp i"fit o'h ie“ S r ¥ tcOphigEal Paect or .
It is t@eda@mb)t edfetchattnt heecbobKwuplof aldlop mrenyoboes sner:&d.eeotdaﬁmmn fbhe boot

track of.{ o a svolatile ¢ cqnd L Y%.J,.N the data
113 dl!e%hﬁmgm LR s hoR ek aLL ﬁ—‘ SE01CQOALELAL (RTRLY,

recordin such” a$ EE ISt col urm of
t he tabPé Sr?ﬁé‘t’”oé“vxﬁllfebé?féugﬁ e Hord ’f‘ﬁé“ll ézfgfé@t sphiegiscat iogete gthenunber

(24 Dbitgdck. SUfraGi@Ntthe MJIIRSLp EASAS)s d Th& 36ORAREAURN JBdSLufiR W de
enough and t he tabl e | ong enough to hol d t he maxi_ num nunber of bad sector

cl ust er &f |5KELSP ot 6°DEa8hCBuAtEradY 167 B S Se&rdufirPEiwntoytirfostOicases) .
Fig. 4 cdlmdst redmgSotiterab@noicht tupes (x@rmsanprcoce!ddjrueofar vaf@akbagi a | ook-up

table accarding to.the Qreferhesg ergogglwrg?& ot the present Jinvention. The
| ook- up?lble geéneration gor’i thm( °n Eipro ranmneg Ia}ﬁg tage)

pr ocesse@lteheer!fa@tsgctaégomtbm s 1Pfolekm0d alélanmtf the entire bad sector
13 the;ldst opf ;Ja@ge %%L@Jesok%@&eem aqnmiaql wear@mﬁg% dealk & ytea

representatlon Then e Tirst comput’es the: offset for the
first: b’llc?cl@lb%ﬁwdé?eﬁaﬁﬂ‘h‘?%gs?t@a‘sl‘?é“(*i’o“'é Oft & §epbEis 6% REGREIHYous bad
sect or S)s 1tN@g<t1,oc@h&1 second "while |oop perfornms the sanme operation for

all the re | ni ng ocks, dete i ng each off{set by addi ng t he nunber of
sectors in & 62*3‘5?6“{?%l?or{lai“ﬂhqﬁhbre"f'“ " Bagl é8‘¥0§%§ P 8?‘“’(‘83 t he bl ock.
Fi na! I y;lognhellrm}lphwsplcaﬂasbelceor Ssoad¢tssbedctardiopt mharpr@delrzmdnber of
entries mbo%lmer%:s%fott,heaggeesse%tbynv%ngj} nzary/\ ﬁ}eﬁf %h \*Y&WE u%u s(?'l!'lt ncl duolc course,
o) ul d I'Ste this

many ot her search typeS are possible, the use
final stepgicAl secton lpsaw?nt fiendifitot ést srnterabrd Wobikinuphe aibbb gié-ﬁerau on

al gori t R Y u P 8 X6 Ghes AN NIE! s dd16: GRELFifacRBY RBCIRAices ps
described above is accessed and searched for the largest logical sector
entry less than or equal to the requested logical sector. In .the event
no entry is found, the physical sector location identifier is equal to
the logical seétor location identifier, and the requested logical sector
is accessed by computing head, track and sector number directly from the
logical sector location identifier according to any of a variety of
techniques well known to those skillad {n the art.

If an entry is found in the look-up table, the corresponding offset
is extracted.from the look-up table and added to the iogical sector
location identifier of the requested logical sector. This suﬁ,
representing the physical sector location jdentifier, is used to compute
the head, track and sector number corresponding to the requested logical
Sector.

In some implementations (ec.g. SO8T), it may be desirable to allow
for the relocation of bad sectors withonl resorting to a cemplete device
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1ist, or, where storage or processing constraints arise, may be executed in
a piecewi se fashion, so that each block of bad sectors is processed as it

i s | ocated. Fig. S5illustrates in flowhart forman al gorithmfor
‘performing |ogical-to-physical sector conversion according to the
preferred enbodi nent of the present invention. A READ or WRI TE request,
including a | ogical sector location identifier, is generated within the
disk file. A look-up table containing bad3sector information and indices as
descri bed above is accessed and searched for the | argest |ogical sector
entry | esso:trharcperaegual 1iast henchequest.gdahogirealn $88§OIctiod Bithapgvent no
entry is found, the physical sector location identifier is Q%qa[ to the

| ogi cal sBCtor I'0CATTOn TdéntTTier® "antt Phe Felliedted1765i Rar sk t8r is
accessed byitgehpstiray dread;iobr afke andrsectort rnunbens ditrcegh | yhefr om the

| ogi cal segtat. | acation ident Liier, a56ording, ko, any_of, A Yariety. of
techniqueggmgﬁf:§ﬁ03ﬁktéétﬁgsg&tk?r?egﬁfﬂ%tﬁé“gFtQx &%w“c¥?ngﬁpéﬁtry is
found in t#d el ocieuprarabf & torhet ot respiEhding <bfd Sepm jmdextatact edfofrr om t he
| ook-up t abltenandyadsed §0 4 hend 9giGal 586t 0K abOCaLI N dpdeptd hikgr of the
request ed Io%ical sect or This sum representing the physical sector

| ocat i on YHEFFFIIePT § $2AEd 0 otfsate’ 'ehe! RaatPsicr bk SabrtiLatint “Atimber
correspongf ngetpatrhesqqueshettd pical sis€et:af 211 the idderSOEg sectors

i npl enentati_ons, (e. SCGSD) 1.kt Ry he desirable to allowfar the

rel ocatio Sgeb%%lgg%fﬁﬁngﬂ?ﬁ%ﬁgg?é‘g???ﬁd“ os%af%ﬁ%1é?e1H%VF8e

14  for negflepertdei ove of THies spaxat siedor s anripteewemgtedctimgcohg unction with the
present 'qugﬁl%-pb{yﬁlckp%%}hﬂgg 2SRl cOf.3ELLOLB1 A% SRAESHYRLL 1O an
initial format operation, e spares are treated as t ou?% tﬁey are bad
sectors for plr}Rokesr oreLorerFrder o 26t i pyyiteathe poe pirysil caboddppitng
table. The t5pasRsSLELANSn e dNaBsdliisid NOsSREH fie0HaNRdaS&REOE Ssect OF

i nstance %y Heans of a tl%g in the apang table or a separate |list.

Rel ocat i ot &35 BalC st oS SOHUEBMAT sKEA- 1| Hficc P Hitisgde t#ieng one of
t he sparedwaegott® forndtSogHracteon,shédfibg ngs atdlet benpunkelonetd R@pseet or s by
one | ogical .sector location, upcoting the, spare sector list to reflect the
use of thgogé}ﬁggetosgié Solrcaanmc?wler?ggo%“s l? cqtﬁehg(%teﬁ%t T§i cal® flsé-tﬁhggi%oatfzgnappi ng
t abl e to theft| tbe pakfenrsd atbodenephalupésup table Appowkhuis mabimeldpnst ruct ed
accordi ng,£AQ thg RLES aht e @TDRdLEERY: ©fa Lh& RL eReRhe IdNENEd QR4 A, descri bed

above has the advantageous effect .
disk file is small, since this keeps the overall table size small and

!

thus keeps the worst-case binary search of the table short. TFor
example, a disk file having 240K sectors and .1% bad sectors would
require a table having less then 1000 entries. The look-up table, in
cooperation with the above-described algorithm, provides a scheme that
efficiently catalogues bad sector§ and enables rapid calculation of the
correct physical sector corresponding Lo a requested logical sector.
Furthermore, the No-ID scheme of the present invention is
particularly well suited for use with disk files having different heads
for reading and writing, such as magnelto-resistive read heads, where the
heads must be moved to slightly different radial positions for reading
and writing (a practice known as micro-jog). With prior art fixed block
architectures, writing a data field requires prior reading of the ID
field. However, it is not possibie to complete a micro-jog between the

two fields, so a revolution is lost in performing the micro-jog. The
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of placing nost of the conputational overhead into building the table
during the format operation, |eaving an sinple conputation to support

l.ogi cal -t o- physi cal nmappi ngs during seek operations. It is to be noted
that the preferred enbodi ment | ook-up table approach is maximally effective
when the total nunber of bad sectors in the data recording disk file is
smal |, since this keeps the overall table size small and thus keeps the
wor st -case binary search of the table short. For exanple, a disk file
havi ng 240K sectors and .1% bad sectors would require a table having | ess
then 1000 entries. The | ook-up table,lﬁn cooperation with the

above- deggrizbed. .ak goF id Rrovides a schenme that efficiently catal ogues
bad sectﬁfs aﬁg gna’léépggﬁfaubé'EﬂraYi85”6?°fﬁ%‘@6?H€€F1ﬁhfépéﬁﬁ¢sector
correspoi®f Ag 1 factedaest edad ogi cal sector. Furthernore, the No-ID
schenme of the present invention is particularly well suited for use with
disk Files having different heads for reading and witing, such as

magnet o-resi stive read heads, where the heads nust be noved to slightly
different radial positions for reading and witing (a practice known as
mecro-jog). Wth prior art fixed block architectures, witing a data field
requires prior reading of the IDfield. However, it is not possible to
conplete a mcro-jog between the two fields, so a revolution is lost in
perform ng the mcro-jog. The

15 No-1D format of the present invention elimnates this problem since
it has no ID field to be read. CLAI Ms: 1. In a fixed
bl ock architecture enbedded servo disk drive having a data recordi ng

This Sheet Has Been Repla

LT



disk with radially spaced tracks and circunferentially spaced physi cal
sectors that include servo regions and data regions but no identification
regions for identifying the data regions in the physical sectors and no
identifiers for bad or spare physical sectors, and a head capable of
reading information fromthe data recordisng di sk, a method for |ocating a
physi cal sector so that data may be read or witten in the data regi on of
the | ocated physical sector, conprising the steps of: provi di ng on
the di sk IA™MS: of track indicating mark and in the servo regions a start-
of -servo-regi on indicating mark; recei ving a requested | ogical

sector location identifier; referencing the requested | ogical sector
| ocation identifier into a sector mapping table having entries which nmap
out bad physi dal bezfizedblock sprhitectyrie\esibeddedservoatisk dnivenhaving aldata reqoediog di ng
di sk; __identifying an entry in the sector nmapping table corresponding
to the | odiskawitlseadiadly spresdarackhandieirpumferentially spaced pglzzsﬁﬁaltsmgr,s thatsaeludm t he
identified entry and the |logical sector_laocation identifier, a hysi cal
sector | ofeRPAREIPBOA datiFegions but Dol RHificatipR ragdons fPE eRayIneLhR daBiaiphy ng

P! S A5AR EESHROR P 6 SO R AR Bl 5 e o021 o1
count 1, Ll 8 Bl B AR AR BTSSR 2
phyorcal, SRl A6k B ST St or HGADS A R EREaB0 i

i dent i fi caidior) coRPtiomg tstepieordi sk for identifying the data regions in the
physi cal sectors.

providing on the disk a start of track indicating mark and in the servo regions a start-

of-servo-region indicating mark;

receiving a requested logical sector location identifier;

referencing the requested logical sector location identifier into a sector mapping table
having entries which map out bad physical sectors or spare physical sectors from the data
recording disk;

identifying an entry in the sector mapping table corresponding to the logical sector
location identifier;

computing, based on the identified entry and the logical sector location identifier, a
physical sector location identifier;

moving the head to the track containing the physical sector corresponding to the
computed physical sector location identifier;

reading the start of track indicating mark;

counting the start-of-servo-region indicating marks in successive servo regions to
locate the physical sector corresponding to the computed physical sector location identifier,
whereby data may be read or written in the data region of the located physical sector
without use of identification regions-on the disk for identifying the data regions in the

physical sectors.
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7 2. A nmethod as recited in claim1, wherein the identified
entry includes a first field which identifies a first sector of a group of
mapped | ogi cal sectors and a second field which identifies an of fset
representing the physical sector mapping for the nmapped |ogical sectors.

3. A nethod as recited in claim?2, whergein the conputing step includes
adding a value in the offset field to the | ogical sector |ocation
identifier. 4. A method as recited in claim2, wherein the

physi cal sectar cofpRaRANdIredtet Gn ElABn 1 WhedeirsS®e idvntifieE itk irehdeda & fldld St
field is a first bad sector in a group of contiguous bad sectors, and

wher ei n t hehioh ideatifieclefitst kesdel dfrn groep semappdflogital seatprsend ntsscdriefield mideh of
contiguous bad sectors in the group. 5. In a fixed bl ock

ar chi t ect udenttfieb ad défietseprescntiing ithedpliysicalsactonmapping fordthe mappestlogitiahsgcthirs.k
with radially spaced tracks and circunferentially spaced physical sectors
that have serdvo rhegiethod asmerigdtin clap2owhetsin the somgeling fier cludas addindas f or

identifying the data regions jn, the physical, K sectors and no identifiers
for bad orvaysaindhe,plisst fig t@é@qiﬂggqa{]ﬁegg)riocaﬁ%}f@p @si stive read head for
reading infornatio frorc?the.s r.vo, [edi | oans, ..and

wite hegd not 'rah o aﬁsirﬁ‘ﬂ@ 1wcllaﬁnglhgr %?3%3‘?:9 gggﬂg%?‘i’%rr(%g?a?m tfoo'ﬁ"g) :
S0 that ddidt eprifertid of B Ao E RSP Pad e O Tkl & BB b O '
sector, ColpitsSiaNg V\h‘{%ﬁ:il’? Rﬁfs@{]iﬂentiﬁed in tiRY QYo ﬁ@d ?%r@&ﬁﬁ%@ﬁurﬂbét&” of

and int of tHe p

track indicating mar e servo reglons ysi cal sectors a

start - of -%ﬁ%ﬂ,ﬁq;ag@egt&giiﬁﬁ{eig}guﬁar K; recei ving a requested | ogical
sector location i I fier; referencing the requested | ogical sector

i dent i

l'ocation idents.fidn alfide@ blockepéittecti®d@higdédireo diskdrivg heving (H% ddr ch map
out bad or spare sectors fromthe data recording disk; . 1dentifying

an entry imecértiingsdiskt with madigiynspatebtracke and eispuufdientjaltyospatal phygicebdectors that
ocation Il?a?rg tsérfvloergg’ions and data regions but no identification regions for identifying the data
regions in the physical sectors and no identifiers for bad or spare physical sectors, (b) a
magnetoresistive read head for reading information from the' servo regions and the data
regions, and (c) a write head not radially aligned with the rﬁagnetoresisﬁve read head for
writing data in the data regions, a method for locating a phjsical sector so that data may be
written in the data region of the located physical sector, comprising the steps of:
providing on the disk a start of track indicating mark and in the servo regions of the
physical sectors a start-of-servo-region indicating mark;
receiving a requested logical sector location identifier;
referencing the requested logical sector location identifier into a sector mapping table
having entries which map out bad or spare sectors from the data recording disk;
identifying an entry in the sector mapping table corresponding to the logical sector
location identifier;
computing, based on the identified entry and the logical sector location identifier, a
- physical sector location identifier;

moving the magnetoresistive read head to the track containing the physical sector

corresponding to the computed physical sector location identifier;

T




c¢onputing, based on the identified entry and the |ogical sector |ocation
identifier, a physical sector |ocation identifier; novi ng t he
ragnet oresi stive read head to the track containing the physical sector
corresponding to the conputed physical sector location identifier;

18 reading the start of track indicating mark with the

magnet oresi stive read head,; counting the start-of-servo-region

i ndi cating marks in successive servo regions with the nmagnetoresistive
read head to |Qagbant BRrRITSLE MdiGBRs RlariE Mith esPRBgHRediStivieead bavayt ed

physi cal sector |ocation identifier; and thereafter, w thout

radi al | y j oggtaigtinpehestadtof iaad region irndivgtinatmarksrin sheceskiteaserapiegimnsfwitht he

| ocat ed physical sector with the wite head; whereby the physical sector is
| ocat ed atitt magtetorésistiveireadeheaid o ldcatedhe physiegl satonicotrespondiag de thy computed
identification regions on the disk for identifying the data regions in the
physi cal pbytical sectordlogationddentifiesicindg i dentifiers for bad or spare physical
sectors. 6. A nmethod as recited in claim5 wherein the ste f
readi ng t he sthereafier, withpuk radiglly; jogging ghenwite @B‘ﬁp‘?"i“é%d?%éfﬂ&ﬁéﬂ?ﬁeg}? mar k
'n one of tﬁehl%cgtgé \flylcl)ysri(%’ Isec<):’?osr'with the write head; whereby the physical sector is locatéd and

data is written in its data region without reading identification regions on the disk for
identifying the data regions in the physical sectors and without reading identifiers for bad or
spare physical sectors.

6. A method as recited in claim 5 wherein the step of reading the start of track

indicating mark comprises reading an index mark in one of the servo regions.
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