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This invention relates to A multjple track data storage disk, a 

method of formatting and a data recording disk file. 

Background of .!:.h~JJ.:i.y_~tion 

All disk files require some means of determining the radial 

posit:l.on of the READ-WRITE heads over. the d:i.sks SC> that the heads can be 

accurately positioned over any desired tt:nck. Typically this is 

accomplished by placing servo informat:iou on one or more of the disk 

surfaces for reading by magnetic or. opt.lcAl heads. Some disk files, 

known as dedicated servo files, contain ser.vo information only on a 

dedicated surface of one disk in the disk stack. In contrast, some 

modern files, known as sector servo f:i..lP.s, store the servo information 

interspersed with the data on each di.sk ·surface. This latter approach 

represents the direct:!;_on iu which thn l:nc:hnology is progressing and is 

preferred. because it can be implnmfrnl:r.rl 111: ]ow cost and without 

additional componentry beyond th.it: r0.ri11.i r.n<l to store the data and 

further because it provides the ser.vo inform!'lt.ion at the data surface 

being accessed, ·thereby el:i.mi.nat.ing many mechnnical and thermal sources 

of· track misregistration. Fixed block 111:-cliitecture (FBA) is a common 

configuration used to format both <lP..d.icnt.Nl frnrvo disk files and sector 

servo disk files. In an FBA for.mnttl'.\tl tl.i.!':k file, each disk track is 

dhided into a number of eq1101.-si.ze<I snct.or.s. .ind each sector is divided 

into regions conta:ining servo Jnfo.rmntion, id<mtification i11formation 

(ID), and data. 

A typical. FBA sector. ser.vo ~ector formnt 11ccor.ding to the prior art 

is illustrated in Fig. lA. The i;~cl:or is rl.iv:i.tled into three regions: 

. servo and recovery region JO, ll1 rng·ionl l nnrl rlatn r<~gjonl2.. Genei~nlly, 
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sectoring, as well as servo information for. sector servo files. Also, 

this region marks the beginning of the sector. Specifically, servo 

region 10 contains WRITE-to-READ recovery (W-R) and speed compensation 

field 13, which is used to switch the rlatR channel from WRITE to READ 

and accommodate spindle speed variations; address mark (AM) field 14; 

and servo position field 15 containing a position-error-signal (PES). 

Data region 12 contains the user datR, Rs well as overhead fields. 

READ-to-WRITE recovery (R-W) and speed f.i.eld 19 performs a function like 

that of W-R and speed field 13. Voltage controlled oscillator sync 

(VCO) field 20 is used to synchronfze the read clock with_ the read data. 

Data field 21 contains the user data and associated error checking and 

correction (ECC) information. ID region ll is ·used by the disk data 

controller (DOC) to identify the physical sector number. It contains 

R-W and speed field 16, VCO synch fi.clc\ 17 and identification/error 

handling (ID/EH) field 18, which contah1s the identification information 

including the logical sector number. 

A typical FBA dedicated l;!ervo sector format according to the prior 

art is illustrated in Fig. 1B. The d;;ita disk sector shown is divided 

into two regions: ID and recovery region 11' and data region 12'. ID 

and recovery region 11' contains s11hstnnl;lal.ly the same information as 

servo and recovery region 10 mul ID region .1.1 of Fig. 11\, with the 

exception that servo position fielrl 15 nnd R-W ;;ind speed field 16 are 

removed. In a dedicated servo scheme, f'P.rvo position field 15 is not 

needed because the position informnti.011 i.R contained on a separate 

surface; R-W and. speed field 16 is not n<>.ndec\ b<?cause address mark field 

14' can be written whenever the s1.1ccf.\ncli11g VCO synch field 17' and ID/EH 

field 18' are written. Data r~gton 12' contnins substantially the same 

information as data region 12 of. Fi.p,. 11\. 

ID regions 11 and ID and rccovnry rc,l!;ion 11' of the prior art FBA 

sector. formats perform two importnn l: [11nct ions. First, they uniquely 

identify the logical sector numhnr of: thn sector. in which they are 

located. Second, they indicate whnthnr the sector is good or bad (that 

is, whether the sector can Im s11cc~sf:f11l ly writtnn to and read· from). 
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ID region requires a great deal of rl.i.sk space to perform its functions. 

Since the disk uses the information i.n thn ID region to perform a 

logical-to-physical sector conversion in or.der to locate he physical 

position on the disk corresponding to thP. r.P-quested logical sector, the 

ID region must be large enough to avoicl mis.i.dentifying sectors. 

Furthermore, since a phase synchronous clock is typically used to read 

the ID/EH field, the VCO field is required; this field is typically much 

larger than the ID/EH field. Finally, i.n the sector servo scheme, due 

to the region transition an R-W and spP.ed field is required to switch 

the data channel from READ to WRITE and accommodate spindle speed 

variations. 

In sum, due to overhead and a.ccur.acy requirements, the ID region of 

the prior art FBA sector accounts for. 11 substantial portion of the 

overall sector length (typically 11bo11t 4%), a portion that could 

otherwise be used for data storage. However, the importance of its two 

functions has hampered efforts to e .1.imina te it from the FBA sec tor. 

One approach that has been used to eliminate the ID region is to 

encode the ID information foto the data field. This eliminates the 

overhead associated with synching (fields 16 and 17), and allows the ECC 

to provide error checking for the JD :i.nfo.rmat:i.cm. However, it does not 

eliminate or reduce the actual ID informntion as contained in ID/EH 

field 18. Also, it adds a minimum of onf' s~ctor ti.me to the latency 

during WRITE, since the disk filf'. cont.-o.1 ler cmmot determine the 

good/bad sector relationshj_p unti 1 i.t. hns nrnd at least one sector. 

Further, this scheme is not well s11itNI l".o compact and low-cost disk 

files, where the error correctio11 tim~ iR typically quite long, since it 

means a revolution may be lost in thn c11sn of n sector where any bit is 

bad in the entire.field contain.i.ng t:hn combinnd ID and data. Thus, 

while the approach of combining thP. Tn nncl c111ta regions reduces the disk 

space required for ID information, this npproach .introduces performance 

penalties that restrict its usefnlnnss. 

It is therefore an object of thn prnsent .i.nvcntion to overcome the 

above drawbacks of the prior art. 
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According to the present invention, WP. provide a multiple track 

data storage disk wherein at lenst one tr:ick is d:i.vided into a plurality 

of sectors, each sector comprising: n ont:i r~gion; and a servo and 

recovery region, including means for. handlJng er.t"ors in said servo and 

recovery region and means for un:i.quel.y i.rlent:i.fying the sector in which 

said servo and recovery region is locnted, said means for uniquely 

identifying the sector including a star.t-of.-sec:.tor. indicating mark and a 

position field having a full track nnmher recorded therein, and said at 

least one track further including a stnr.t-of-track indicating mark. 

Further, according to the present invention, we provide a data 

recording disk file comprising: at least one storage surface having a 

plurality of tracks, at least one of sni.cl tt"acks being divided into a 

plur'ality of sectors, each of snid sP.cl:ors .including: a data region, and 

a servo and recovery region, inc Lnd:i.n~ mNms for handling errors in said 

servo and recovery region and means for 11niriuely identifying the sector 

in which said servo and recovery region is located, said means for 

uniquely identifying the sector including a start-of-sector indicating 

mark and a position field having ;3 fnl l track number recorded therein, 

said at;_ least one track further .i.ncl11di.11g n stnri:-of-track indicating 

mark, and said data recording cl:i.sk f.ilr> r111:tbn1: compd.sing means for 

locating unique sectors by detP.ctJn~ s.1id stnrt-of-track mark and 

counting said start-of-sector marks. 

Also, according to the pres~nt: i.t•vr>11ti.011, we provide a method of 

formatting a multiple track clntn st·.c»rnnc• c\isk whernin at least one track 

is· divided into a plurality of s0.ctc1rs, r:ompr:iidng the steps of: 

dividing each sector on said nt .10.nst. <'n" Lr~ck into a data region and a 

servo and recovery r_egion; n~conl i 11g .i11 sn i<I ~r.r.vo and recovery region 

information providing means for. hmHl 1 illi~ r.r.rors in said servo and 

recovery region; recording in sni.d ~P.rvo nnd recovery region information 

providing means for uniquely idr.nt i. f:y.ing thC'. sector in which said servo 

and recovery region is local:ecl, ~:iicl mr>.nns f0r un.iquely identifying the 

sector compd.sing n start-of:-sr.c:t01: inclic:nti.ng mnrk and a full track 

number; recording on snid nt l0nst nnr> t rnck n stnrt-of-trnck indicating 
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The foregoing a1;1.d other. objP.ct, fontnros and advantages of the 

invention will be apparent from the fol lowing more particular 

description of the preferred embodimf!nt of the invention, as illustrated 

in the accompanying drawings. 

Brief DescriP.tiqn_....QJ_t_he Diawin~ 

Fig. lA is a schematic diagram :i.1 lustrating a fixed block 

architecture sector servo sector for.mat according to the prior art. 

Fig. lB is a schematic diagram illustrating a fixed block 

architecture dedicated servo sector for.mat according to the prior art. 

Fig. 2A is a schemati.c diagram i.llt1_:c;tr.Ating a fixed block 

architecture sector servo sector fo1·ma t: riccording to the present 

invention. 

Fig. 2B is a schematic diagram i .. 1 lustrating a fixed block 

architecture dedicated servo sector for.mot nccording to the present 

invention. 

Fig. 3 is a table illustrating a b;:id sactor list, a 

logical-to-physical mapping, and a look-up table according to the 

present invention. 

Fig. 4 is a C language procecl11r.c. .U lustrotihg an algorithm for 

creating a look-up table accor.din~ to th" present inve11tion. 

Fig. 5 is a flowchart ill.ustn1t.ing nn algorithm for performing 

logical-to-physical sector conversi.on nccording to the present 

invention. 

IA. NO-ID FBA SECTOR SERVO S~fT!lK. FO!~M(\T 

Fig. 21.1. illustrates in sc:.hnmrit:i<: cl irigrnm for.m an 1-'Tll\ sector SE'.rvo 

sector according to the pr.esent: inv<'nl. ion. SP.rvo and recovery region 3::1 

includes W-R and speed f.inld 33, 1\~-1 fi<'lcl Jl, nwl position fiP.ld 35. 

• •" • 'I I "'\ii" T"" 'T •• •• l. r: .. 1 .~ 

\ 



.. 

----- -- -- ---- -- - -~----

SA9-91-022 6 

37 and PES subfield 38. Data region 32 .i.ncludes R-W and speed field 39, 

VCO synch field 40 and data field 41. 

Iµ operation, f~elds 33, 34, 39, l:.o nncl 41 provide substantially 

the same functions as fields 13, 14, l'J, 20 nnd 21 shown in prior art 

Fig. lA and described previously. Fi<"lds 16, .17 nnd 18 from prior art 

Fig. lA are eliminated. 

Position field 35 is expanded ovnr. position field 15 of the prior 

art, as shown in the lower portion of F.ig. 2/1.. According to the 

preferred embodiment of the pr.esent invP.nt:ion, the full track number 

corresponding to the track on which th~ sector is located is recorded in 

track number subfield 36. EH subfield 37 is pr.ovided as an adjunct to 

the full track number to ensure that t:hP. tn1ck .number has been read 

correctly. Finally, the actual position-nrr.or-signal is encoded in PES 

subfield 38. This subfield contllins s11hst11ntially the same information 

as position field 15 of prior art Fig. lA. 

It is to be noted that both the. foll track number and the EH 

information may be recorded according to any of a variety of techniques 

well known to those skilled in the :n:t. of dnta recording disk sector 

formats. For instance, a gray code mny he •.ised to recor.d the full track· 

number because it allows the ful .l t:r.11ck 11un1hcr to he accurately read 

when the disk head is off-tr.nck. Th~ Ell information may implement any 

of a variety of schemes well known t.o Lhnsr- skll.led in the art, 

including error checking and cor.:r.oct i.cm (r·:cc) codes and cyclic 

redundancy check ( CRC) codes. l\c:corcl i np.. to the prP.ferred embodiment of 

the present invention, Ell suh.fi.elcl 17 is i.mrl<"mented using CRC, an 

error-check-only code. CRC is chos,..11 l><•c:nns~ i.l: is easy to compute and 

because it requires a small numbl'"!i: of hil.s (ronghly 16). Since CRC bits 

will not form a gray code, F.11 snhfi~.1<1 2.7 i.s implemented in a code that 

is accurately readable only when thr- h~111'1 i.s on track. This 

implementation has no adver.se imp11c:l: 011 l:h<>. present invention, since an 

absolutely accurate rP.ading of thf-l tr11c:k 1111mhe>r subfield is required 

only when the head is aln~acly ou-tr11r..k. 

The no-id scctot" form11t o( Lhr- prPsr-nl: invcn:ion provides· several 

... - ......................... .: .... ,... nrluf11 ... 1·nn""'c: '"''"'r t-.hr,, rn· inr .1.-1·. The track number nned not 
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be redundantly encoded in an ID reg:ion but instead is communicated to 

the DDC by the servo system nt r1lnti.me. Track number subfield 36 and Ell 

subfield 37 are substantially shorter th1111 ID region 11 shown in prior 

art Fig. lA, since the FBA formA.t of the p.resent invention is able to 

use CRC rather than other forms of F.cr, and since the maximum track 

number is one or two orders of magnit.1lde smaller than the maximum sector 

number encoded in prior art ID/EH field J.B. Since fewer bits are 

required to represent the track nnmher, this quantity may be recorded at 

lower density, so that track number snbffold 36 and EH subfield 37 can 

be read without a phase synchronous clock; therefore VCO synch field 17 

is not required. Finally, since no separate ID region is set up, R-W 

and speed field 16 is eliminated. 

As discussed above, the preferred embodiment of the present 

invention contemplates the use of a £11)] t:r:ack number in track number 

subfield 36 in order to provide absol•Jte identification of the track 

number for READ and WRITE operations. However, it is to be understood 

that the track number may be encoded according to a variety of 

alternative schemes. For instance, PES s1.1bfield 38 may itself assume 

the form of a pattern which is uniqne ovc>.r. a range of tracks, and may be 

used to construct the LSBs of the t:rnck nnmber. Thus, .i.f the PES 

pattern repeats every four tracks, .i l: 111oy be used to provide the two 

LSBs of the track n11mber. Or the MSTls nf the track number may be 

omitted altogether, and the servo elnc.t.r.onics depended on to determine 

which half (or quarter, or eighth) of: l:hn d.i.sk the head is positioned 

over. 

The application of the presP.n t i.11vf'11t i.on to sector servo disk files 

has been described with referenc.e to l:.h~ .sector servo sector for.mat 

shown in Fig. 21\. However, it should he! not.ed that the present 

invention may be applied to any sector servo format in which the track 

number may be encoded in the servo nnd t:C!covery region. For example, 

instead of a fixed sp11ci11l relationship hntwr.en the servo regions and 

data regions, a sector servo formnt: mny' provi.de servo i.nformation at 

other than fixed inter.vnls with rf'sprcl" t:o rlntn, such as within the data 

rc>.vinn :i.tself. Such n sr..hcme is disclo:«r<I in I.IS Patent applicnt.ion 
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serial number 07/466,195, filed .Jannor.y l, 1990. In this case, the 

fields in Fig. 2A may be repositi.oncd snch that servo and recovery 

region 30 is split into separate recovrr.y nnd servo regions with the 

recovery region containing f:i.elds 33 nncl 3l~ and the servo region 

containing field 35. The sector numb<>.r: :md track number may then be 

determined in the same manner as with the sector format shown in Fig. 

2A. 

IB. NO- ID FBA DEDICATED SERVO Sf.CTQ.l_t_ IQ~J~~I 

Fig. 2B illustrates in schematic diagram form an FBA data disk 

dedicated servo sector according to th,.. present invention. Track ID and 

recovery region 30' is produced by comhi.ning aspects of prior art ID and 

recovery region 11' with the fu LI trnck. n111nber.. However, it contains no 

position error information analogous to thnt fonnd in PES subfield 38. 

Track ID and recovery region 30' in<~lu<les W-R and speed field 33', AM 

field 34' and track field 35'. Trnck fi.r.ld 35' itself includes track 

number subfield 36' and EH subfield 37'. DRta region 32 1 assumes the 

same form as data region 32 in the SP.<:tm: serve format. 

In operation, fields 33', 3t~'. 3~1. '•'''· 11::d41
1 prov:i.de 

substantially the same functions as firold<: 13'. tl1', 19', 20', and 21' 

shown in prior art Fig. lB and cfoscr.i.lwcl pr.0v.i.ously. Fields 17' and 18' 

from prior art Fig lB are e-1.iminatr.d. Trnck nnmber subfield 36' and EH 

subfield 37' are identical to fi.clds 36 mid 3i in Fig. 2.A. The full 

track number is therefore provided .in th<' s11mf\ manner as for the sector 

servo format, including the Rltcnrnt i•·r r-:icmlf'Ment schemes discussed in 

section IA. As with the sector R<'.rV<' f<'nnnl:, the track number field 

must be accurately readable only wh"'" I.hr' hP.nil is on-track, since it is 

used only during read and write ope nit i.onR. 

While Fig. 2D and the nhovr. dci;c:ript:i.011 have focused on a 

dedicated servo data disk hnving L!l<' sN:t~i: fc::mat of the present 

invention, it is to be noted. thnl: t:hiR ~"·:tor for.milt may also be applied 

to the ded:i.cated servo disk i.tRC' 1 f. Th:i~ il". •;rnc:k field 35' may be 

encoded on the dedicated s0r.vo clisl1 • Tl1;, cn11'.'lg11rnt.ion is not the 
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~referred embodiment, as it requires mor.(l 1:igoro11s constraints on the 

system mechanics. However, it hns. l:hn ndvnntage of lower overhead since 

field 35' is not placed on the data surface, and thus may provide an 

attractive alternative that is wH.h:in the scope. Rnd spirit of the 

present invention. 

Dedicated servo systems record th('! hP.arl positioning information on 

a single magnetic recording surfAce, sepRrate from the data surface(s). 

However, it is to be understood tlll'lt thP.rP. are many other types of servo 

systems, which for the purposes of thP. present invention function 

similarly to the dedicated servo system. These include systems such as: 

optical recording continuous groove systems, where the tracking 

information is provided by grooves i.n the substrate; buried servos, 

whether magnetically, capacitively, or other.wise encoded; optical 

tracking servos, where the servo infor.mnti.on is optically encoded on a 

data or servo surface; and baseplatn r.eforence servo systems, where the 

positioning information is provided hy some e.xternal reference such as 

an optical encoder or a stepping mol:or. Finally, it is worthy of note 

that the present invention may be readily applied to systems combining 

aspects of sector servo and dedicated servo. 

II. LOGICAL-TO-PHYSICAL SECTOR CQ~YE;RSJ_O_~ 

According to the prior nrl:, phy:•d•:nl sc-cl:ors are accessed by 

counting actual sectors. Physicnl sP.cl.01· (l rnfers to sector 0, head 0, 

track 0. The number increai:;es hy cn11111· inr, s<'.r.t•H'.s around -a track, then 

switching heads, then tracki:;. 

According to the present :i.nvcnl: i.011. physical i:;ectors are accessed 

by counting start-of-sector i.ncUr.nl:ing mnrks nfter_ a start-of-track 

indicating mark. A stArt of trnck :indi.01ti11p._mark is encoded in a 

preselected track to provide n t:oforc-11c:n poi.nt fr.om which to count 

sectors. A start-of-se.ctor jndi<::tl:i11r,. m:irk is enr.oded in each sector. 

In operation, a requested phys, i.r:n I :=:r.r·.l'or is nr.cnssed by detecting the 

start-of-track indicat.in~ mnrk nnd l.hr11 •:mml i.ng stnrt-of-sector 

1 ! • I. ~ •• • ·•• .., ••I• •• • • • lo : 1 I \. 
• , - .1 
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In the preferred embodiment of the p1:esc:mt invention, the start of 

track indicating mark takes the form of n unique bit called an index 

mark, recorded in a preselected track number subfield 36. AM field 34 

of each sector is t1~ed as the start-of-·sector indicating mark. The 

servo sys tern then cot1nts AM fields a ftP.r. 11.n index mark to locate a 

requested sector. No additional overhend is incurred, since the servo 

system must locate every AM field in order to read the PES subfield. 

Also, the scheme requires only n sm11l1 connter, since the number of 

sectors per track is typically less tlum 64, and since the sector count 

is reset each time an index mark is detected. 

There are a number of variations on the embodiment that serve to 

improve error tolerance where AM field 34 is missed due to a disk 

defect .. First, the physical sector number. may be encoded into track 

number field 36. Second, an open loop timer may· be used to provide a 

timeout error if an address mark is not <letected within a given time 

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

fields. 

III. LOOK-UP TABLE 

Prior art disk file implemP.ntnt.i.ons hnndle bad sectors via the 

sector ID region. According to th1>. ·pr.Ml'lnt invention in which the ID 

region has been eliminated, bad sectors nre. j_dent.ified and mapped out of 

the data recording disk file during lop,,i.cnl.-to-physical sector 

conversion using a look-up table. Tim t.nbll" fs created at format time, 

and consists of entries descr.i.blng cl11sl:"rn of: hnd sectors (where a 

cluster is defined as a sequentinl gr.oup o[ physical bad sectors) by 

starting location and quantity. In opnrnt:i.on, a requested logical 

sector location identifier is r.efor"ncP.cl i.nto the table, and a 

corresponding entry is found descr.ibin~ nn offset to the physical sector 

location identifier. 

More specifically, at formnl: t.imn, Lhn data recording disk file 

generates 11 list of physicnl irnr.tor lnc:11t: i.011 icl0ntif.iP.rs for the bncl 

<:Pr.t-nr<: in t:lrn disk file. This I isl. milV hn P,l'll<'L·:itcd 11sin,g nny of the 
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various techniques known in thf! art fcir: locating bad sectors. The list 

is held in RAM and is used to construct the look-up table. Fig. 3 

illustrates in tabular form an examplP. of 11 hnd snctor list, a 

logical-to-physical mapping and a look-up tRb]e according to the 

preferred embodiment of the present i.1\VP.n t ion. The bad sector list 

indicates that physical sectors 3, s. 6, 9. 10, 11 a_nd 13 were found to 

be bad at format time. The logical-:to-physical mappi.ng shows the 

desired mapping to be achieved by th!'\ look-up table. Logical sector 1 

will be found at physical sector l.; logic11.1. sP.ctor 2 will map to 

physical sector 2; logical sector 3 will map to physical sector 4 since 

physical sector 3 is defective, etc. 

The look-up table shows the r.e$nlt of compressing the bad sector 

list in accordance with the p.resent invention. Starting at logical 

sector 3, there is a cluster of 1 bA<l s~c:Lor; thus, sectors 3 and beyond 

must be offset by 1 to map into the cor.rect physical sector. Starting 

at logical sector 4, there is a cluster of: 2 bRd sectors; thus, sectors 

4 and beyond must be offset by a tot.al <lf 3 to map into the correct 

physical sector. Starting at logicnl i=:ector 6, there is a cluster of 3 

bad sectors; thus, sectors 6 and beyonrt must be offset by a total o.f 6 

to map into the correct physical sector. fj nnlly. starting at logical 

sector 7, there is a cluster of 1 hflrl f<~r:tor; thus, sectors 7 and beyond 

must be offset by a total of 7 to 1Mp illt.o the corr.ect physical sector. 

It is to be noted that thn look-up tnhl~ may be stored either on 

the boot track of the disk or in some 11011-volntile semiconductor memory 

in the data recording disk file, i=:uch 11~ t·:F.l'ROM, FRi\M, or PROM. The 

first column· of the table must br. wicl" <'11n11gh to hold the largest 

physical sector number (24 bits .i~ s11ffici.nnt in most cases). The 

second column must be wide enough nncl th<-• t11hln long enough to hold the 

maximum number of bad sector cJ.ui:;tnri:; likely to he encountered (16 bits 

is sufficient in most cases). 

Fig. 4 illustrates in nlgorithmic [orm 11 procedure for creating a 

look-up table according to the p1:crnrr<'cl mnbodiment of the present 

invention .. The look-up tnbln gr.nnr:ition 11lgor.i.thm (shown in C 

programming language) proccssni:: t:hr. h11cl :::r.c:tor 1 ist ns follows. First, 

111i1i11nr 
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the list of bad sectors is converterl i.nto th<:! compact table 

representation. Then the first "whi.l.c" loop computes the offset for the 

first block by determining its size (j.B. the number of contiguous bad 

sectors), Next, the second "while" loop performs the same operation for 

all the remaining blocks, determ:i.ninF; P.Rc.h offset by adding the number 

of sectors in the block to the total numbP.r of bad sectors prior to the 

block. Finally, the look-up table is adjusted to contain an odd number 

of entries, for ease of access by a hi.nnry search look-up routine. Of 

course, many other search types are possible, the use of which would 

obviate this final step. Also, it is wo~thy of note that the look-up 

table generation algorithm may b.e executed against, the entire bad sector 

list, or, where storage or processing coastraints arise, may be executed 

in a piecewise fashion, so that each block of bad sectors is processed 

as it is located. 

Fig. 5 illustrates in flowchart fon:: An dgorithm for performing 

logical-to-physical sector conversion acco.rdi.r:g to the preferred 

embodiment of the present invention. A !\~/\D or WRITE request, including 

a logical sector location identifier, is generated within the disk file. 

A look-up table containing bad sector: i.n ':orm11~.ion and indices as 

described above is accessed and senr.r:hNl For the lorgest logical sector 

entry less than or equal to the rP.<"]11<\Str·' Jog'..<::ol sector. In the event 

no entry is found, the physir:.<11 sector: l':::nt:i:rn identifier is equal to 

the logical sector location iden tif i<lr. "'l<l t.::'l requested logical sector 

is accessed by computing head, tr.nck 1111c1 sectar. nu:nber directly from the 

logical sector location idBntifiBr. nccor~ing to any of a variety of 

techniques well known to those·sld.ll~cl i" th~ nr.t. 

If an entry is found in thn look-11p tnhl~. the corresponding offset 

is extracted from the look-up tnhl c nncl i;:\dncl to the logical sector 

location identifier of the' reqi1Bsterl lor.ir:al sector. This sum, 

representing the physical SP.ctor. lor:ntion iclentifier, is used to compute 

the head, track and sector numbci: cor.r.nsrnndi:1g to the requested logical 

sector. 

In some implementations (e.g. Sr.SI). i.t: !:::iy b<"? desirable to allow 

for the relocation of blld sectors wit.how rns~:::tfog to a complete device 
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format operation. This feature i.s intplcm1ented .in conjunction with the 

present invention by allocating a set of sec:tors as spares prior to an 

initial format operation. The spares Ar.r. l:r.eaterl as though they are bad 

sectors for purposes of constructin.~ th~ logical-to-physical mapping 

table. The spare sectors are then clii::t.ingni.sherl from bad sectors, for 

instance by means of a flag in the mllppi.ng table or a separate list. 

Relocation of a bad sector is acc:ompli.shed by logically substituting one 

of the spare sectors in its place, shifti.ng all the intervening sectors 

by one logical sector location. updating the spare sector list to 

re.fleet the use of the spare sector, and re-constructing the 

logical-to-physical mapping table to reflect all the above changes. 

A look-up table constructed according to t;he preferred embodiment 

of the present invention as rlescribP.c\ nbove has the advantageous effect 

of placing most of the computational ovc>.r.head .i.nto building the table 

during the format operation, leavin~ ll s:i.mpl~. computation to support 

logical-to-physical mappings during seP.k operations. It is to be noted 

that the preferred embodiment look-up table approach is maximally 

effective when the total number of bad sec:tors in the data recording 

disk file is small, since this keeps th~ overall table size small and 

thus keeps the worst-case binary SP.llrch of t\11'! tnble short. For 

example, a disk file having 240K sectors nn<l .ll bad sectors would 

require a .table having less thP.n J.000 <'nl.ri.ei;. The look-up table, in 

cooperation with the above-descr:i.hecl nlgod.thm, provides a scheme that 

efficiently catalogu_es bad sectors An<I <'llllb lc.s rapid calculation of the 

correct physical sector corresponciing to ;i. r.~quested logical sector. 

Furthermore, the No-ID i::c:heme of t·h" riresrrnt invention is 

particularly Well suited for \ISP. With clisk fi.Jes having different he.ads 

for reading and writing, such as mngnr.to·roslstive read heads, where the 

heads must be moved to slightly cii ffornnt. r.arlial positions for reading 

and writing (a practice known ns mi.cro-.ior,). Wi.th prior art fixed block 

architectures, writing a dat.n fi<'lcl rcri11i.r.r.s pr.i.or reading of the· ID 

field. However, it is .-not possihlr. to r:omplctc n micro-jog between the 

two fields, so a revolution is lo!<l. in p<'rforming the micro-jog. The 
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No-ID format of the present inventfon P. 1 im.i.nates this problem since it 

has no ID field to be read. 
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CLAIMS 

1. A multiple track data storage disk wherein at least on~ track is 

divided into a plurality of sectors, each sector comprising: a data 

region; and a servo and recovery region, including means for handling 

errors in said servo and recovery regi.on and means for uniquely 

identifying the sector in which said servo and recovery region is 

located, said means for uniquely ident:Hying the sector including a 

start-of-sector indicating mark and a posi.tion field having a full track 

number recorded therein, and sai.d at ]east one track further including a 

start-of-track indicating mark. 

2. A multiple track data storage disk as recited in claim 1, wherein: 

said servo and recovery region further includes a re.covery field ·and a 

PES field; and said data region fllrther. includes a recovery field, a 

synchronization field, and a error handl:i.ng code field. 

3. A data recording disk file comprising: at least one storage surface 

having a plurality of tracks, at least one of said tracks being divided 

into a plurality of sectors, each of sa.id sectors including a data 

region, and a servo and recovery region, i.ncludfog means for handling 

errors in said servo and recovery reg.i.on 1md means for uniquely 

identi.fying the sector in which said ser.v<> and recovery region is 

located, said means for uniquely ident:Hyi.ng the sector including a 

start-of-sector indicating mark nnd a position field having a full track 

number recorded therein, said at l<->11st on"' track further including a 

start-of-track indicating.mark, and said ~at11 recording disk file 

further comprising means for locnti.ng 1mi.q11n sectors by detecting said 

start-of-track mark and counting said start-of-sector marks. 

4. A data recording disk file as rec.i ted in claim 3, wherein sai.d 

start-of-track indicating mark is encoded in one of s.aid position 

fields. 

l lllllll llllll lllll lllll ll llll 
* C l M S * 
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s. A data recording disk file as recited in claim 3 or 4, wherein said 

means for counting and locating includes timer means for providing a 

timeout signal indicating failure to detect an expected start-of-sector 

indicating mark. 

6. A data recording disk file as recited in claim 3, further 

comprising means for locating unique sectors by counting said position 

fields. 

7. A data recording disk file as recited in claim 3, 4, 5 or 6 further 

comprising: means for identifying bad sectors on said at least one 

track; memory means for storing informat.i.on in-at least one table; means 

for encoding information in the form of location identifiers for said 

bad sectors in said at least one table; nnd means, responsive to said 

information stored in said at least one table, for mapping a requested 

logical sector location identifier :i.nto ll corresponding physical sector 

location identifier. 

8. A data recording disk file as r.cci.tcd in claim 7, wherein said 

means for encoding includes means f<>.T: st.or.log in sa:i.d at. least one 

table, for each group of contiguous hMl sectors, the physical secto1: 

location identifier representing thP- fir.st physical sector of the group 

of contiguous bad sectors, and an offaet. representing that number which, 

when added to a requested logical s~ct.or. location identifier, generates 

a correct corresponding physical sector location identifier. 

9, A data recording disk file as r.nci.t.P.d in claim 8, wherein said at 

least one table includes: a first column ha.v.i.ng a bit-width capable of 

holding the largest physical sector location identifier associated with 

said data recording disk file; a1\d A second column having a bit-width 

capable of holding the largest o:Efset assoc:i.at.ed with said data 

recording disk file. 

I lllllll llllll lllll lllll ll llll 
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10. A data recording disk file as recited in claim 7, 8 or 9, wherein 

said at least one table is located on sa.i.d at least one storage surface. 

11. A data recording disk file as recited in claim 7, 8 or 9, wherein 

said at least one table is located in nonvolatile semiconductor memory. 

12. A data recording disk file as recite<l in claim 7 I 8, 9 I 10 or 11, 

further comprising: means for alloc11ti.ng selected sectors as spare 

sectors; means for identifying said spare sect<lrs as bad sectors; means 

for distinguishing said spare sectors from said bad sectors; and means 

for replacing said bad sectors with said spare sectors. 

13. A method of formatting a multi.pl<'. trnck data storage disk wherein 

at least one track is divided into <'l plnrnlity of. sectors, comprising 

the steps of: dividing each sector on s11id at least one track into a 

data region and a servo and recovery region; recording in said servo and 

recovery region information providing means for handling errors in said 

servo and recovery region; recording in said servo and recovery region 

information providing means for uniquely :i.dentifying the se.ctor in which 

said servo and recovery region is located, said means for uniquely 

identifying the sector comprising a i;tart:-of-sector indicating mark and 

a full track number; recording on said at least one track a 

start-of-track indicating mark. 

14. A method of formatting a multiple> trnck dnt<! storage disk as 

recited in claim 13 further comprising th~ st.P.ps of: identifying bad 

sectors on said at least one track; nncorl'!.ng location identifiers for 

said bad sectors by storing in sAjd at 1Mst one table, for each g1:oup 

of contiguous pad sectors, the physical S<?.ctor location identifier 

representing the first physical sector of the gi:-oup of contiguous bad 

sectors, and an offset representing that number. which, when added to a 

requested logical sector location identifier, generates a correct 

corresponding physical sector location i.d1?.11ti.fi.er. 

I f 111111 tlllll 11111 tllll 111111 
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15. A method of formatting a multiple track data storage disk as 

recited in claim 13 or 14, further comprising the steps of: recording in 

said servo and recovery region i11forma t.i.on providing means for ·recovery 

between WRITE operations and READ operRtions; recording in said servo 

and recovery region position-error-signal information; recording in said 

data region information providing means for recovery between READ 

operations and WRITE operations; and recording in said data region 

synchronization information. 

16. A method of formatting a multiplr.. trnck data storage disk as 

recited in claim 13, 14 or 15, where.i.n snid start-of-track indicating 

mark is encoded in one of said fu 11 track numbP.rs. 

17. A method of formatting a multipl.P- l:rnck. data storage disk as 

recited in claim 13, 14, 15 or 16, ~1rther comprising the steps of: 

allocating selected sectors as spa.re sectors; identify.i.ng said spare 

sectors as bad sectors; and distinguishing said spare sectors from said 

bad sectors. 

1111111111111111111 11111111111 
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