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A DATA RECORDING DISK FILE WITH FIXED BLOCK ARCHITECTURE SECTOR 

THAT ELIMINATES THE IDENTIFICATION (ID) REGION. 

This invention relates to A nmltipl.0 t:rack data storage disk, a 

method of formatting and a data recording disk file. 

All disk files require some me8ns of determining the radial 

position of the READ-WRITE heads over the disks so that the h~ads can be 

accurately positioned over any desired track. Typically this is 

accomplished by placing servo inforrnatiori on one or mo.re of the disk 

surfaces for reading by magnetic oi: optical heads. Some disk files, 

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

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

modern files, known as sector servo files. store the servo information 

interspersed with the d9ta on each disk. sur..foce. This latter approach 

represents the direction in which the l:schno.logy is progress.ing and is 

preferred because it can be .i.mplenH-~nted al; ]ow cost and without 

additional componentry beyond t:J111 !: recp.Li red t.o store the datci and 

further because it provides the ser.vo information at the data surface 

being accessed, thereby el:i.m:i.nat;i ng many rnechrmical and thermal sources 

of· track misregistration. Fixed block architecture (FBA) is a co~mon 

configuration used to format botlt dedica~nrl snrvo disk files and sector 

servo disk files. In an FHA for.rnntted disk ~ile, each disk track is 

divided into a number of eqnal-sized sectors, nnd each sector is divided 

into regions containing servo informntion, identification information 

(ID), and data. 

A typical FBA sector servo sector for.mat Recording to the prior art 

is illustrl'ltcd .i.n Fig. l/1. Tho sector is clivi.ded into three regions: 

servo nnd recovery region JO, lD regionl.1 and dat:n regi0nl2. GnnP.rnlly, 

servo 11nd recOV!~ry rP-g.ion JO conta il'ls overhead assoc.i.ateci w.i.th 
-·-·--------------



2 

sectoring, as well as servo informnti0:1 for ~e.ct:oi: sci·vo f:i.lr:s. t\lso, 

th:i.s region marks the begi.nn.ing of l·.h,~ sector. Src;c:i.fical ly, servo 

region 10 contains WRITE-to-Rf.AD rc~co\·r:1:y (W-JO <<nd speed compErnsation 

field 13, which is used to switch th<: rlnt.fl chr:nncl from WRITE to REM) 

and accommodate spindle speed vflriRtions: Arl<lr0ss mark (AM) field 14; 

and servo position field 15 contnining n position-error-signal (PES). 
Data region 12 ·contains the user datA, flS well as overhead fields. 

READ-to-WRITE recovery (R-W) and speed fiel(I 19 performs a function like 
that of W-R and speed field 13. VoltaRe controlled oscillator sync 
(VCO) field 20 is used to synchronizR the read clock with the read data. 
Data field 21 contains the user data flnd associated error checking and 

correction (ECG) information. ID region 11 is ·used by the disk data 

controller (DDC) to identify the physicnl sector number. It contains 

R-W and speed field 16, VCO synch fi.e.ld l7 and jdentification/error 

handling (ID/EH) field 18, which con ta i.ns th~ identification information 
including 1 the logical sector number. 

A typical FBA dedicated servo sector format according to the prior 
art is illustrated in Fig. lB. The data disk sector shown is diviqed 

. into two regions: ID and recovery region 11;' nnd data region 12'. ID 
and recovery region 11' contains snhstanl:j ally the same information as 

servo and recovery region 10 an<l ID i:-c.g ion . l J of Fig. 11.'\, with the 
exception that servo position field 15 nn<l R-W and speed field 16 are 

removed. In a dedicated servo scheme, servo position field 15 is not 
needed because the position informilt 1.on i.s contained on a separate 

surface; R-W and speed field 16 is not IH!r:>.cle.d because address mark field 

14 1 can be written whenever the succeedin~ vro synch field 17 1 and ID/EH 
field 18' are written. Data ragion 12

1 
~ontRins substantiall~ the same 

information as data region 12 of Fig. IA. 

ID regions 11 and ID and recovery regio11 11 1 of the prior art FBA 
sector formats perform two impor:L:rrnt funcL::i.ons. First, they uniquely 
identify the logical sector. numhnr of the sector in which they are 
located. Second, they ind.icat.e 1,1lwther the sector. is good or bad (that 
is, whe.ther the sector can hP. s1!cr.essf,ll ly wr .. i ttnn to and rend from). 
Unfortunately, :i.n both thP. dN!ic:nt.-.d "ervo nnd ser.tor servo schr:mP., the 
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ID region rcq1Jirf!s a grent deCJ1 of disk space ~·o per.form i.t:s functions. 
Since the di.sk uses the -.inform.1ti.o:i in U1r: TO :::ngion to perfor.m a 
J.ogicd.-to-phys.ical sectcr conv-r:rsi.011 .. in nrder to locate he physical 
position on the disk corresponrting to th0 re9uested logical sector, the 
ID region must be large enough to 11voirl niisfdent.i.fying sectors. 
furthermore, s i_nce a phase syncluono11s dock i::: t:ypica lly used to read 
the ID/EH field·, the VCO field is rcq11fred; this field is typically much 
larger than the ID/EH field. Finally, in the sector servo scheme, due 
to the region transition an R-W and speerl field is required to switch 
the data channel from READ to WRITF. ilnd 11ccommodate spindle speed 
variations. 

In sum, due to overhead and 11cc11r.ncy reqP.:i rements, the ID region .of 
the prior art FBA sector accounts for n subst•ntial portion of the 
overall sector length (typically aiiout 4%). <l po-rtion that could 
otherwise be used for data storage. Hm~ever, the importance of its two 
functions has hampered efforts to eliminate it from the FBA sector. 

One approach that has been used to eliminate the ID region is to ! l 
encode the ID information into the data f.i.e.Jd. This eliminates the 
overhead associa~ed wi~h synching ( f.i.e.lds 16 and 17), and all9ws the ECG 
t6 provide error checking for tha rn information. However, it does not 
eliminate or reduce the actual JD infonnnt.ion As contained in ID/EH 
field 18. Also, it adds a minim11m of one sector time to the latency 
during WRITE, since the disk fil.n contro.l.ler c:mnot determine the 
good/bad sector relationship until i.t. has r.end at least one sector. 
Further, this scheme is not well su Ltecl l:o compact and low-cost disk 
files, where the error correct.i.011 t in1e is typ i.r..a lly quite long,, since it 
means a revolution may be lost in tlin c:nse of: fl sector where any bit is 
bad in the entire· field contain.i.llg the combined ID and data. Thus, 
while the approach of combining thP. rn and clrita regions reduces the disk 
space required for ID in for.ma t.i.011. this '1pproac.h introduces performance 
penal ties that restrict its use f.11 l n0ss. 

It is therefore an object of t:hr: presf~nt i.!rvent:i.on to overcome !:he 
above drawbacks of the prior art. 

-----------------
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SUMMARY OF THE INVENTION 

According to the present invention there is disclosed a data recording disk having a 

pattern of radially spaced tracks and a plurality of circumferentially spaced angular sectors 

having prerecorded servo positioning information for identifying track and sector locations, 

each of the plurality of sectors including only a data region for recording user data and, 

preceding the data region in the circumferential direction, a servo-and-recovery region 

which provides the prerecorded servo positioning information to uniquely identify the sector 

and track, wherein the servo-and-recovery region includes a write-to-read-recovery and 

speed-compensation field, an error handling field, a position-error-signal field, a start-of­

sector indicating mark, and a track number field, but no data region identification (ID) 

field, wherein the data region includes, in sequence, a read-to-write-recovery and speed­

compensation field and a syn~hronization field, and wherein one of the plurality of sectors 
I 

also includes a start-of-track indicating mark. 

According to another aspect of the present invention there is disclosed a data 

recording disk having a plurality of tracks, each of the plurality of tracks having a start-of­

track indicating mark and being divided into a number of data regions for recording user 

data and a number of servo-and-recovery regions, the servo-and-recovery regions 

containing a position-error-signal field, a servo-and-recovery region count mark, and a 

track number field, at least one of the data regions being split by a servo-and-recovery 

region, and wherein none of the plurality of tracks have, either within or outside the data 

regions and servo-and-recovery regions, identification (ID) regions containing information 

that uniquely identifies the data regions in the tracks. 

~----------·--------
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The foregoing llnd other object. features and nclvEJntf!gc.s of the 

:invent.:i.on will be apparent from th~ fol Jowi.ng :··ore pnrticnlar 

description of the preferred cmhodim0nt·. o! t:h•' .inventi.on, as i.llustrntcd 

in the accompanying drawings. 

Fig. lA is a schematic diagram i..1 lnstrr.1ti:lg a fixed block 

architecture sector servo sector formnt according to the prior art. 

Fig. lB is a schematic diagram illnstrnting a fixed block 

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

Fig. 2A is a schematic diagram illustrating a fixed block 

architecture sector servo sector formnt according to the preserit 

invention. 

Fig. 2B is a schematic diagram il lustrnti.ng a fixed block 

architecture dedicated servo sector formnt according to the present 

invention. 

Fig. 3 is a table illustratfng n had sector list, a 

logical-to-physical mapping, and 8 look-up table according to the 

present invention. 

Fig. 4 i-s a C language procedure :U lustrnting an algorithm for 

creating a look-up table according to t:lrn present invention. 

Fig. 5 is a flowchart illustrating nn algorithm for performing 

logical-to-physical sector conversion ncco.r.ding to the present 

invention. 

Detailed Des er tr..U.9.~I _ <~ f... .. ~b_e_J.11 V'?.n t ion 

IA. NO-ID FDA SECTOR SERVO SEC~TQ .. 13_.F(![{_tl(l.T 

Fig. 2A illustrates in sch~matic diagram form an FBI\ sector servo 

sector according to the present i1went io11. Servo nnd recovery region 30 

includes W-R and speed field 3J, NI "ield Jl; nnd position f.ie.ld 35. 

Posit.ion .field 35 itself i.:tcludes ·L,·ack nvm!ier subf.i.e ld 36, EH subfield 

-------------··--· 
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37 and PES subfi.eld 38. Dat.2 n:gi.on .32 i11c:lndes l\-\·i and speed fi.eld 39, 

VCO synch f:i.eld l;O an<l datn fic1d L, ! . 

In op(~ration, fields 33. 31,, 39. 4'' nnd i,l provide substantially 

the same functions as f.i.eld;, 13. l.'1, 19, 20 nnd 2.i shown in prior art 

Fig. lA and described previously. Fie'ds 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 lo~er portion of Fi&. 2A. According to the 

preferred embodiment of the pre&ent invention, the full track number 

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

track number subfield 36. EH subfielri 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 snhstfl11ti4lly the same information 

as position field 15 of prior art Fig. lA. 

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 te6hniques 
! .. 1 

well known to those skilled in the art of data recording disk sector 

formats. For instance, a gray co4e mny he used to ~ecord the full track 

number because it allows the fn] .l t:r.acl.: number to be accurately read 

when the disk head is off-trnck. The EH iufor.mation may implement any 

of a variety of schemes well known t.o those sk i.J. led in the art, 

including error checking and corrccti0n (ECC) codes and cyclic 

redundancy check (CRC) codes. /\<:cotrlinr. to the preferred embodiment of 

the present invention, EH subfield 17 is i.mplemented using CRC, an 

error-check-only code. CRC is chosen because i.t is easy to compute and 

because it requires a small numb0.t or bit::- (ronghly 16). Since CRC bits 

will not form a gray code, EH subfie.Jd 27 .i.s implemented in a code that 

is accurately readable only when the h~nd i.s on track. This 

implementation has no aclvers~ jmpact en l:li0. prnsent invention, since an 

absolutely accurate reading of the>. track 1111mb0.r subfield is requirnd 

only when the head is alrer:dy 011-trac:k. 

The no-id sector formnL or the pr~sent i.nvent.i.on provides scver11l 

space sav .i.ng adv on tag cs ovc r l:lw r:· i or a rt. The track number nr:8d r.ot 

--------
This Sheet Has Been Replaced 

I \DI\\\ \\\Ill II•\\\ II 



7 

b<~ redunclantiy i:ncodcd in an ID :-c~gio1~ h11L i1~ste.ad :i.s communicf.lt<~d to 

the DDC by th<:> ser\'o systP.rn at n1:~tirne,. TrcJck :~ 1.1mher subfield 36 and EH 

subfield 37 Arr: suhstnntially shor.trr I.Jinn TD regi.on .ll show·n in prior 

art Fig. lA, since the FBA forrnflt of thn prnsent i.nvent:ion is able to 

use CRC rather than other forms of ECC And ~d.nce the maximum track 

number is one or two orders of magn.it11de snrnJ ler than the maximum sect:9.r 

number encoded in prior art ID/EH fi.e lei l8. S:ince fewer bi ts are 

required to represent the track nnmher., th.i.s quantity may be recorded at 

lower density, so that track number s11bficlcl 36 and EH subfield 37 can 

be read without a phase synchrono0s 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 preferr.e<l eniliodiment of the prese~t 

invention contemplates the use of a full track number in track number 

subfield 36 in order to provide absolute 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 subfield 38 may itself assume 

the form of a pattern which is uniq11e over. a r<inge of tracks, and may be 

used to construct the LSBs of the t:rnc:k nnmber. Thus, .if the PES 

pattern repeats every four tracks, Jt moy 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 el.ectro11ic:s ~epended on to determine 

which half (or quarter, or eighth) of the d.i.8k the head is positioned 

over. 

The application of the presnnt invP11l:i.on to sector servo disk files 

has been described with referencn to t.h0 sector servo sector format 

shown in Fig. 2A. However, it sh011 I rl b0. noted that the present 

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

number may be encoded in the servo nnrl recovery region. For example, 

instead of a fixed spacial relationship bet.ween the servo regions and 

data regions, a sector servo formAt mny provide servo information at 

other than fixed i.r:.terva1s 1.;i t:h :·esoect l:o rlntn, such as within- thP. datn 

region itself. Such n scheme is disclosQd 111 r:s Pnt:ent applicfll::i.on 
·---·-···----
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scri1-11 nurnb0.r 07/!dl6,195, filed Jnn11;11-,· l, 1990. In thi.s cnse, the 

fieJds :Ln Fig. 2/\ may be r.eposil:i0tH:d s::r.1: Lltat si:1·\-o nnd recovery 

region 30 is split into separate recovery nnd servo regions with the 

recovery region conttJ:ining fielrls 33 nnd 1lf rind c:hc. servo region 

containing field 35. The sector number ::nd track number may then be 

determined in the same manner "s 'dth the sector format shown in Fig. 

2A. 

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

dedicated servo sector according to the present i·nvention. Track ID and 

recovery region 30' is produced by r:omh.i.n.ing aspects of prior a"rt ID and 

recovery region 11' with the ful.I tc(:lck n11mber.. However, it co~tains no 

position error information analogons to l:hnt fo11nd in PES subfield 38. 

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

field 34' and track field 35'. Trnck field 35' itself includes track 
! 

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

same forr;i as data region 32 in the sector. servo format. 

In operation, fields 33', 3ff', 39. !iO' .• And 41' provide 

substantially the same functions f.ls fields 13
1

• ll1 1
, 19', 20', and 21' 

shown in prior art Fig. 1B and d1~scr.i.bed rr.ev.i.ous.ly. Fields 17' and 18' 

from prior art Fig lB are e1iminnterl. Tr:11ck number subfield 36' and EH . 

subfield 37' are identical to field:-: 36 mid 37 in Fig. 2A. The full 

track number is therefore pr.ovid!"!d .in the snmP. manner as for the sector 

servo format, including the fllt.e.rn.:itjve e.ncodernP.nt schemes discussed in 

section IA. As with the sector. snrvn format, the track number field 

must be accurately readable only 1d1en the head is on-track, since it is 

used only during read and write operation::::. 

While Fig. 2B and the 11hov0 descriptio11 have focused on a 

dedicated servo data disk hnving the sector format of the present 

invention, it is to be noted t:hnt: this sector formnt. may also be applied 

to the (hd.i.c:ated ser.vo disk it~>"eif. That is. trnck field 35' may be 

encoded on the dcd.iu1ted s01-vo disk.. Tl1is config11rnt.ion :i.s not the 

---------·---
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preferred <'.mbodi.ment, as it r0.qni1:es more l'igm·ous constraints on the 

system rneclwn1.cs. l!o\.1e.-1:er, it iins the ::dvnnt·.nge of lower overhead since 

field 35
1 

is not placed on the dnta surfec:0, l.1.nd thus may provide an 

attractive alternative that :is cd th in the scope ::in<l sp.irit of the 

present invention. 

Dedicated servo systems re.cord the hP.11d posi.tioning information on 

a single magneti~ recording surf11cn, sepnrnte from the data surface(s). 

However, it is to be understood thnt the.re nr~ mflny other types of servo 

systems, which for the purposes of thr\ pr0sent 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 groovP..s in th'"\ substrcte; buried servos, 

whether rnagnetically, capacitively, or otherwise encoded; optic~! 

tracking servos, where the servo informnt i.on is optically encoded on a 

data or servo surface; and baseplate rafnrence servo systems, where the 

positioning information is provi<led by some external reference such as 

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

that the present invention may b~ rcadjly <lpplied to systems combining 

aspects qf sector servo and dedicnted servo. 

II. LOGICAL-TO-PHYSICAL SECTOR ~.Q!';IY.~RS_l_O_~ 

According to the prior art, physical snctors are accessed by 

counting actual sectors. Physicn l :;ecto1· 0 r~fers to sector 0, head 0, 

track o. The number increases by count i1_1g srv;;to.r.s around a track, th.en 

switching heads, then tracks. 

According to the present invention. physical sectors are accessed 

by counting start-of-sector in<lJcatln~ mnrks nfter a start-of-track 

indicating mark. A stc:irt of trnck :inciLcritiug mark is encoded in a 

preselected track to provide n i:ef0.rence point f.rom which to count 

sectors. A start-of-sector jndic<1t:ing :nnrk is encoded in each sector·. 

In operation, a requested phys ica I ~ect0r is <.1cc0.s.secl by detecting the 

start-of-track in<l.i.catin,s mnrk and th"n count i11g :-,-t:c1r.t-of-sP..ctor 

indicating nwrks unt.il t.h0. npprnpriate sector is re.:'l<:hNi. 
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In the preferred embodiment of lhe rres~nl invention, the stnrt of 

track indicating mai:k takes the form <)r a i:nirpie bit called an incl0.x 

mark, recorded in a pi:ese1ecte<l trnr:k nu~1lwr s11bfi~!ld 36. Ml field 34 

of each sector is used as the start-of-sector indicating mark. The 

servo system then counts AM fi~l<ls nfter an in<lex mark to locnt~ a 

requested secto~. No additional ovnrhead is incurred, since the servo 

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

Also, the scheme requires only a small counter. since the number of 

sectors per track is typically less than 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 3f4 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 detected within a given time 

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

fields. 

III. LOOK-UP TABLE 

Prior art ·disk file implementnt:i.ons hAndle bad sectors via the 

sector ID region. According to thc>.·present invention in which the. ID 

region has been eliminated, bad sectors are identified and mapped out of 

the data recording disk file during logi.cal-to-physical sector 

conversion using a look-up t1JbJ.P.. Thr. trible :i.s created at format time, 

and consists of entries describing clusters of bn<l sectors (where a 

cluster is defined as a sequential gr.or.1p of physical bad sectors) by 

starting location and quantity. In op~r~ti.on, a requested logical 

sector location identifier is refcrrncerl into the table, and a 

corresponding entry is found dascrihin~ nn offset to the physical sector 

location identifier. 

More specifically, at fonn11t time. thn rla.te recording disk file 

generates n list of physicn1 sP.c:t.01· !oca;:iorr identif_iers for the bnd 

sectors in the disk file. This I ist may b~ genernt:c<l using any of th~ 

This Sheet Has Been Replaced 
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..,·nrious techn:iq1tcs k:wwn in t:hr-~ art r0:- locnt Ln.;; bnc! s0ctors. T!10. l.i.st 

:i.s held in HM-1 nnd is used Lo constrnct th0 100[(.-up i~<lble. Fig. 3 

illustrates in tabular form An Rxampl0 of n hn<l snc:or list, a 

logical-to-physical mapping ilncl n ]ook-llp Uibii~ nc.corcli.ng to the 

preferred embodiment of the present invPnt..i.on. The bad sector list 

indicates that physical sectors 3, 5, 6. 9, JO. 1.1 2nd 13 were found to· 

be bad at format time. The log.ical-to-physicnl. mnpping sho\.;s the 

desired mapping to be achieved by th0. look-up table. Logical sector 1 

will be found at physical scictor l; logicnl sRctor 2 will map to 

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

physical sector 3 is defective, etc. 

The look-up table shows the resnlt of compressing the bad sector 

list in accordance with the present invent.Lon. Starting at logical 

sector 3, there is a cluster of 1 b11d secLor; thus. sectors 3 and beyond 

must 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 must be offset by a total of 3 to map into the correct 

physical sector. Starting at logic8l sector 6, there is a cluster of 3 

bad sectors; thus, sectors 6 and beyond must ~e offset by a total of 6 

to map into the correct physical sector. Finally, starting at logical 

sector 7, theri is a cluster of 1 barl ~Rctor~ thus, sectors 7 and beyond 

must be offset by a total of 7 to map ~1to the corr~ct physical sector. 

It is to be noted that the look-up l:nhJ.0 ma.y be stored either on 

the boot track of the disk or in some non-volatile semiconductor memory 

in the data recording disk file, ::-uch ns Ef.PROM .• FRM1, or PROM. The 

first column· of the table must bC'. ~~ide enough to hold the largest 

physica.1 sector number (2L~ bits :ii:: s11fficient in most cases). The 

second column must be wide enough 1111cl th~ tab.l~ long enough to hold the 

maximum number of bad sector cJ.11stRrs likely to be encountered (16 bits 

is sufficient in most cases). 

Fig. 4 illustrates in algorithmic form n procedure for creating a 

look-up table according to the p1·eferre.d 0.rnbociirnent of the present 

invention. The look-up tr.ible g011enstion algorithm (shown in C 

programm.i.ng J anguagc) processes Uw bad sector J Js t ns fol }m.;s. 
,... . 
r 1rs t, 
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the list of brtd sectors i.s convert0.d inl".o the compnct tnble 

representation. Thc:i the first '\:hi li:" loop coa1p1~tes the offset for the 

first block by deter.mining i.ts size ( j. c:. t!iP. number of contiguous had 

sec.tors). Next, the second "while" 1 oop per fo?"ms the same operation for 

all the remaining blocks, determining cAci1 offset by adding the number 

of sectors in the block to the totnl numbar 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 hinAry search look-up routine. Of 

course, many other search types are possible., Hu~ use of which would 

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

table generation algorithm may be executed against the entire bad sector 

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

in a piecewise fashion, so that each h lock Of bad sectors is pr.ocessed 

as it is located. 

Fig. 5 illustrates in flowchart form an algorithm for performing 

logical-to-physical sector conversion according to the preferred 

embodiment of the present invention. A READ or WRITE request, including 
i 

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

A look-up table containing bad sector information and indices ~s 

described above is accessed and seAr.r..he<l for the largest J.ogi.cal sector 

entry less than or equal to the .r.e.ci11P.stP.d logical sector. In .the event 

no entry is found, the physiC:11l se.ctor location identifier is equal to 

the logi~al sector location identifier. nnrl tl1a requested logical sector 

is accessed by computing head, trAck nn~ Rector number directly from the 

logical sector location identifier. ncconling to any of a variety of 

techniques well known to those skil.lncl i11 tlrn nrt. 

If an entry is found in thn Jook-np tnble, the corresponding offset 

is extracted from the look-up tAhlc nnd flcldfHl to the logical sector 

location identifier of the reqne.stP.d .1.og.ic:nl sector. This sum, 

representing the physical &Actor loc:ntfon identifier, is used to compute 

the head, track and sector numbi:1: corresponding to tlv~ requested logical 

sector. 

In somA implementations (e.g. SCSI), it mny hn desirable to allow 

tor the reloccition of b1:1d sr~c.tors 1.-il:lio11t resor.·ti.ng to a compJ.et:e device 

··--~-----·-·-------· 
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format: operation. This feat:t•r-c is implement:ed in conjunction -'.dth the 

present invention by allocating 11 s~t nf sectors as spares prior to an 

.ird.tial format operation. The spt:ires are treated as though they are bBd 

sectors for purposes of construr.tin~ the logici1 J -t.o-physical mapping 

table. The spnre sectors are thC'n c\istinguish~rl from bad sectors, for 

instance by means of a flag in tlt0. rnnpp i ng table. or a separate list. 

Relocation of a bad sector is acc:ompLishcd by logically substituting one 

of the spare sectors in its place. shifting sll the intervening sectors 

by one logical sector location. npdnting th~ spare sector list to 

reflect the use of the spare sector, nn<l re-constructing the 

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

A look-up table constructed accord.in?, to the preferred embodiment 

of the. pre.sent invention as desccibr-.d '1bove has the advantageous effect 

of placing most of the computatio1rn1 ov<'rheAr.i .into building the table 

during t~e format operation, leaving A simple computatlon to support 

logical-to-physical mappings during seP.k ope rat ions. It is to be noted 

that the 1preferred embodiment look-up tnble approach is maximally 

effective wh~n the total number of bad ~ectors in the data recording 

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

thus keeps the worst-case binary snnrch or thP.. tn.ble short. For 

example, a disk file having 240K sectors nn<l .1% bod sectors would 

require a table having less then 1000 entries. The look-up table, in 

cooperation with the above-descr:i.bP.d nlgor..i.thm, provides a scheme that 

efficiently catalogu_es bad sectors rind enllbles rapid calculation of the 

correct physical sector corresponding to n r0quested logical sector. 

Furthermore, the No-ID scb~me of [·he. pr0snnt invention is 

particularly well suited for use wi.th disk files having different he.ads 

for ~eading and writing, such as magnRto·rcsistive read heads, where the 

heads must be moved to slightly <liffArnnt ra<lial positions for reading 

and writing (a practice known ns micro-jog)_ With prior art fixed block 

architectures, writing a dAta field rN1111.r0.s prior reading of the ID 

field. Hm<1ever, it is not possible. to c:ornplet:e. ri micro-jog between the 

two fields, so a :.-nvoi.ntion i.s lost in rerforniing the _micro-jog. The 

---------·--------
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No-.ID fonnat of the present :i11vc11t:icin el inlinar"s thjs problem since i.t 

hns no ID field to be read. 

------------· 
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CLAIMS: 

1. A data recording disk having a pattern of radially spaced tracks and a plurality 

of circumferentially spaced angular sectors having prerecorded servo positioning 

information for identifying track and sector locations, each of the plurality of sectors 

including only a data region for recording user data and, preceding the data region in the 

circumferential direction, a servo-and-recovery region which provides the prerecorded 

servo positioning information to uniquely identify the sector and track, wherein the servo­

and-recovery region includes a write-to-read-recovery and speed-compensation field, an 

error handling field, a position-error-signal field, a start-of-sector indicating mark, and a 

track number field, but no data region identification (ID) field, wherein the data region 

includes, in sequence, a read-to-w:rite-recovery and speed-compensation field and a 
I 

synchronization field, and wherein one of the plurality of sectors also includes a start-of­

track indicating mark. 

2. The data recording disk as recited in claim 1, wherein the track number field 

includes a full· track number prerecorded therein. 

3. The data recording disk as recited in claim 1, wherein the start-of-track 

indicating mark is encoded in the track number field. 

4. The data recording disk as recited in claim 1, wherein the start-of-sector 

indicating mark is an address mark located in the servo-and-recovery region, and wherein 

the address mark precedes the track number field in the circumferential direction. 

5. The data recording disk as recited in claim 1, wherein the track number field 

includes a full sector number prerecorded therein. 

6. The data recording disk as recited in claim 1 wherein some of the tracks also 

have servo-and-recovery regions located within some of the data regions. 

7. A data recording disk having a plurality of tracks, each of the plurality of tracks 

having a start-of-track indicating mark and being divided into a number 2L4~!!l_rngio.~s for 
--·--·--·----··~···- -
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recording user data and a number of servo-and-recovery regions, the servo-and-recovery 
-

regions containing a position-error-signal field, a servo-and-recovery region count mark, 

and a track number field, at least one of the data regions being split by a servo-and­

recovery region, and wherein none of the plurality of tracks have, either within or outside 

the data regions and servo-and-recovery regions, identification (ID) regions containing 

information that uniquely identifies the data regions in the tracks. 

8. The data recording disk as recited in claim 7 wherein the track number field 

includes a full. track number prerecorded therein. 

9. The data recording disk as recited in claim 7 wherein the start-of-track 

indicating mark is located within one of the servo-and-recovery regions. 

10. The data recording disk as recited in claim 9 wherein the start-of-track 

indicating mark is encoded in the track number field. 

11. The data recording disk as recited in claim 7 wherein the servo-and-recovery 

region count mark is a start-of-servo-and-recovery region mark. 

12. The data recording disk as recited in claim 11 wherein the start-of-servo-and­

recovery region mark is an address mark that precedes the track number field in the track. 

13. The data recording disk as recited in claim 11 wherein the start-of-servo-and-

recovery region mark is a servo-and-recovery region number. 

14. The data recording disk as recited in claim 7 wherein the servo-and-recovery 

regions include a write-to-read recovery and speed-compensation field. 

15. The data recording disk as recited in claim 7 wherein the data regions include, 

in sequence, a read-to-write recovery and speed-compensation field and a synchronization 

field. --------·---------·-··-
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