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

method of formatting end a data recording disk file.

Background of the Invention

All disk files require some means of determining the radial
position of the READ-WRITE heads over the disks so that the heads can be
accurately positioned over any desired track. Typically this is
accomplished by placing servo information oun 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 surface of one disk in the disk stack. In contrast, some’
modern files, known as sector servo files, store the servo information
interspersed with the data on each disk suxface. This latter approach
represents the dlIGCt%?ﬂ in which the technology is progressing and is
preferred because it cén be implemented at Tow cost and without
additional componentry beyond that requived 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 s common
configuration used to format both dedicater servo disk files and sector
servo disk files. In an FBA formatted disk file, each disk track is

- divided into a number of equal-sized <ortnr<‘ and each sector is divided
into regions contdining servo Jnforanlon. identification information
(ID), and data. .

A typical FBA sector servo sector lormat according to the prior art
is illustrated in Fig. 14. The sector is divided into three regions:

servo and recovery region 10, ID regionll and data regionl2. Genetally,
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sectorlng, as well as servo information for sector servo files. Also,
thlS 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 data channel from WRITE to READ
and accommodate spiﬁdle speed variations; 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-WRITE recovery (R-W) and speed Field 19 performs a function like
that of W-R and speed field 13. Voltage controlled oscillator sync
(VCO) field 20 is used to synchronize the read clock with the read data.
Data field 21 contains the user data and associated error checking and
correction (ECC) information. ID region 11 is-used by the disk data
controller (DDC) to identify the physica[ sector number. It contains
R-W and speed field 16, VCO synch field 17 and identification/errox
handling (ID/EH) field 18, which contains the identification information
including the logical sector number.

A typical FBA dedicated servo sector format accoxrding to the prior
art is illustrated in Fig. 1B. The data disk sector shown is divided
into two regions: ID and recovery region 11' and data region 12'. ID
and recovery region 11' contains substantially the same information as
servo and recovery region 10 and ID region 11 of Tig. 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 nended because address mark field
14' can be written whenever the succending VGO synch field 17' and ID/EH
field 18' are written.‘ Data region 12' contains substantially the same
information as data region 12 of Fig. 1A.

" 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 numbher of Lthe sector in which they are
located. Second, they indicate whether the sector is good or bad (that

is, whether the sector can be successfully written to and read’ from).
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track m sregistration. Fixed block architecture (FBA) is a comon
configuration used to format both dedi cated servo disk files and sector
serve dI$R files. In an FBA formatted disk file, each disk track is

di vided into a nunber of equal -sized sectors, and each sector is divided
into regions containing servo information, identification information (ID),
and dat a. . A typical FBA sector 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, ID region 11 and data region 12.
General ly, servo and recovery region 10 contains over head associated with
sectoring, g1d325€ervo information for sector servo files. Al so,

agls regi on nar s the begi nning of the sector. Specifically, servo region

ID region requires a great deal of disk space to perform its functions.
éince the disk uses the information in the ID region to perform a
logical-to-physical sector conversion in order to locate he physical
position on the disk corresponding to the requested logical sector, the
ID region must be large enough to avoid misidentifying sectoxs.
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, in the sector servo scheme, due
to the region transition an R-W and speed field is required to switch
the data channel from READ to WRITE and accommodate spindle speed
variations.

In sum, due to overhead and accuracy requirements, the ID region of
the prior art FBA sector accounts for a substantial portion of the
overall sector.length (typically about 4%), a portion that could
otherwise be used for data storage. MHowever, 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
encode the ID information into the data field. This eliminates the
overhead qssociated with synching (fields 16 and 17), and allows the ECC
té provide error checking for the ID information. However, it does not
eliminate or reduce the actual ID information as contained in ID/EH
field 18. Also, it adds a minimim of ouc sector time to the latency
during WRITE, since the disk file controller cannot determine the
good/bad sector relationship until it has read at least one sector.
Further, this scheme is not well suited 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 case of a sector where any bit is
bad in the entire field containing thé combined ID and data. Thus,
while the approach of combining Lhe TN and data regions reduces the disk
space required for ID information. this approach introduces performance
penalties that restrict its usefnlness.

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

above drawbacks of the prior art.
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According to the present javention, we provide a multiple track
data storage disk wherein at jeast one track is divided into a plurality
of sectors, each sector comprising: A data region; and a servo and
recovery region, including means for handling ervors in said servo and
recovery region and means for uniquely identifying the sector in which
said servo and recovery region is located, said means for uniquely
jdentifying the sector including a start-of-sector indicating mark and a /
position field having a full track number recorded therein, and said at
least one track further including a start-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 said tracks being divided into a
plurality of sectors, each of said sectors including: a data region, and
a servo and recovery region, including means for handling errors in said
servo and recovery region and means for wniquely jdentifying 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 a full track number recorded therein,
said at least one track further including a start-of-track indicating
mark, and said data recording disk file funrther comprising means for
locating unique sectors by detecting said start-of-track mark and
counting said start-of-sector marks.

Also, according to the present jnvention, we provide a method of
formatting a multiple track data storage disk wherein at least one track
is divided into a plurality of sectoers, comprising the steps of:
dividing each sector on said at lerast ene Lrack iuto 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 identifying the sector in which said sexvo
and recovery regibn is located, said means for uniquely jdentifying the
sector comprising a start-of-sector indicating mark and a full track

number; recording on said at leaslk one track a start-of-track Indicating

——
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recovery region 10 and ID region 11 of Fig. 1A wth therratlon 2

The foregoing and other object, features and advantages of the
invention will be apparent from the following more particular
description of the preferred embodiment of the invention, as illustrated

in the accompanying drawings.

Brief Descriptiou of the Drawings

_ Fig. 1A is a schematic diagram j1lustrating a fixed block
architecture sector servo sector format according to the prior art.

Fig. 1B is a schematic diagram illustrating a fixed block
architecture dedicated servo sector format according to the prior art.

Fig. 2A is a schematic diagram illustrating a fixed block
architecture sector servo sector format according to the present
invention. ’

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

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

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

Fig. 5 is a flowchart illustrating an algorithm for performing
1ogica1—to-physical sector conversion according to the present

invention.

Detailed Descripgipn_qﬁ_ghgﬂlgggntion

IA. NO-ID FBA SECTOR SERVO SEGTOR FORMAT

Fig. 2A illustrates in schematic diagram form an FBA sector servo
sector according to the present invenlion. Servo and recovery region 32

includes W-R and speed Field 33, AM field 34 and position field 35.
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Séﬁgeghonlah:t sgrvp position field 15 and R-Wand speed field 16 are
O a2 thedlcafteq servo schene, servo position field 15 is not
needed beeause L e position information is contained on a separate
T oo KA Spﬁﬁd field 16 is not needed because address mark field
i ganne w mﬁs?tenenggfg ﬁge_sucigeding VCO synch field 17' and ID EH
! _ ! - gi on ' contai ns subst
Lgig;g?tlon as datg region 12 of Fig. 1A I D ?ggszLylahe Zare
inporta%trsgthiéﬁs oL_thS p{hor art FBA sector formats perfo?gltmg)and
. First, ey uniquely id [ [

i _ _ y identify the logic

er of g¢seis®@etor in which they are Iocated.'Second? tﬁgyssﬁgﬁgate

whet her the sector is
good or b '
successfully witten to and read f?gn§Fhat i's, whether the sector can be

37 and PES subfield 38. Data region 32 includes R-W and speed field 39,
VCO synch field 40 and data field 41.

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. 1A and described previously. Fields 16..17 and 18 from prior art
Fig. 1A are eliminated.

Position field 35 is expanded ovet position field 15 of the prior
art, as shown in the lower portion of Fig. 2A. According to the
preferred embodiment of the present invention, the full track number
corresponding to the track on which the sector is jocated is recorded in
track number subfield 36. EH subfield 37 is provided as an adjunct to
the full track aumber 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, & gray code may be used to record the full track’
number because it allows the full track number to be accurately read
when the disk head is off-track. The EN information may implement any
of a variety of schemes well known to those ckilled in the art,
jincluding error checking and correction (EGC) codes and cyclic

) redundahcy check (CRC) codes. According to the praferred embodiment of
the present invention, EH subfield 37 is implemented using CRC, an
error-check-only code. CRC is chosen becanse it is easy to compute and
because it requires a small aumbar of bits (ronghly 16). Since CRC bits
will not form a gray code, Fll subfield 27 is implemented in a code that

. is accurately readable only when thr 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 ou-track.

The no-id sector format of Lhe present invention provides- several

mmn cmieine adusntaanc auer fhe arior art. The track number need not
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be redundantly encoded in au ID region but instead is communicated to
the DDC by the servo system at runtime. Track number subfield 36 and EIl
subfield 37 are substantially shorter than ID region 11 shown in prior
art Fig. 1A, since the FBA format of the present invention is able to
use CGRC rather than other forms of FCC and since the maximum track
number is one or two orders of magnitude smaller than the maximum sector
number encoded in prior art ID/EN field 18. Since fewer bits are
required to represent the track number, this quantity may be recorded at
lower density, so that track number snhfield 36 and EX subfield 37 can
be read without a phase synchronous clock; therefore VCO synch field 17
is not required. Finally, since no separate 1D 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 fnl) 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 <nbfle1d 38 may itself assume
the form of a pattern which is unique over a range of tracks, and may be
used to construct the LSBs of the track 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 serva electronics depended on to determine
which half (or quarter, or eightlh) of the disk the head is positioned
over.

The application of the present jipvention to sector servo disk files
has been described with reference to the sector servo sector format '
shown in Fig. 24. ' llowever, it should be noted that the present
invention may be applied to any sector servo forwat in which the track
number may be encoded in the servo and rocovery region. For example,
instead of a fixed spacial relationship hetween the servo regions and
data regions, a sector servo format may provide servo information at
other than fixed intervals with respeclt to data, such as within the data

resion itself. Such a scheme is diselosed in US Patent application
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ield. This elimnates the overhead associ at ed m;?LoggﬁLL?Eglnto the data

ser1a1 number 07/466,195, filed Janunary 1, 1990. In this case, the
f1elds in Fig. 2A may be repositioned such that servo and recovery
region 30 is split 1nto separate tecovery and servo regions with the
recovery region contalnlng fields 33 and 34 and the servo region
containing field 35: The sector number and track number may then be
determined in the same manner as with the sector format shown in Fig.

24.

IB. NO-ID FBA DEDICATED SERVO SECTOR FORMAT

Fig. 2B illustrates in schematic dizgram form an FBA data disk
dedicaﬁgd servo sector according to the present invention. Track ID and
recovery region 30' is produced by rcmh;n1ng aspects of prior art ID and
recovery region 11' with the full trnck pumber. However, it contains no
position error jnformation analogous to that fonund in PES subfield 38.
Track ID and recovery regiori 30' inclndes W-R and speed field 33", AM
field 34' and track field 35'. Track field 35" itself includes track
number subfield 36' and EH subfield 37'. Data region 32' assumes the
same form as data region 32 in the secfor serve format.

In operation, fields 33", 34", 39, 4n', and 41' provide
substantially the same functions as Finlds 13", 4%, 19%, 20', and 21
shown in prior art Fig. 1B and described previously. Fields 17' and 18’
from prior art Fig 1B are eliminatecd. Track number subfield 36' and EH
subfield 37' are identical to Ficlds 36 and 37 in Fig. 2A. The full
track number is therefore provided in the same manner as for the sector
servo format, including the alternative erncodement schemes discussed in
section IA; As with the sector serve formal, the track number field
must be accurately readable only when the head is on-track, since it is
used only during read and write operations.

While Fig. 2B and the above dascription have focused on a
dedicated servo data disk having the secioy format of the present

invention, it is to be noted that this se-tor sormat may also be applied

to the dedicated servo disk itself. Thar is. rcack field 35' may be
encoded on the dedicated servo disk. This cenfignration is not the
BeenReplaced. .
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§L;glﬁ;t%g andFéY), and allows the ECC to provide error checking for the ID
ntormat] n. wever, it does not elimnate or reduce the actual 1D
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| east one sector. Further, this i ' | comeas &
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preferred embodiment, as it requires more rigorous constraints on the
system mechanics. However, it has, the advantage of lower overhead since
field 35' is not placed on the data surface, and thus may provide an
attractive alternative that is within the scope and spirit of the
present invention. .

Dedicated servo systems record the head positioning information on
a single magnetic recording surface, separate from the data surface(s).
However, it is to be understood that there are many other types of servo
systems, which for the purposes of the présent 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 in the substrate; buried servos,
whether magnetically, capacitively, or otherwise encoded; optical
tracking servos, where the servo information is optically encoded on &
data or servo surface; and baseplate reference servo systems, where the
positioning information is provided by some external reference such as
an optical encoder or a stepping motor. Finally, it is worthy of note
that the present invention mdy be readily applied to systems combining

aspects of sector servo and dedicated scrvo.

II. LOGICAL-TO-PHYSICAL SECTOR CONVERSLON

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

According to the present invention. physical sectors are accessed
by counting start-of-sector indicating marks 5Eter_a start-of-track
indicating mark. A start of track indicating mark is encoded in a
preselected track to provide a rvefevence point From which to count
sectors. A start-of-sector indicating mark is encoded in each sector.
In operation, a requested physical scctor is accossed by detecting the

start-of-track indicating mark and theun couniing start-of-sector
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In the preferred embodiment of the present invention, the start of
track indicating mark takes the form of a unique bit called an index
mark, recorded in a preselected track number subfield 36. AM field 34
of each sector is used as the start-of-sector indjcating mark. The
servo system then counts AM fields after an index mark to locate a
requested sector. No additional overhead 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 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 detected within a given time
interval. Third, position fields may be counted in addition to AM

fields.

I111. LOOK-UP TABLE

Prior art disk file implementations handle bad sectors via the
sector ID region. According to the -present invention in wnich the ID
region has been eliminated, bad sectors nre identified and mapped out of
the data recording disk file during legical-to- pthlcal sector
conversion using a look-up table. The table is created at format time,
and consists of entries describing cinstors of bad sectors (where a
cluster is defined as a sequential group of physical bad sectors) by
starting location and quantity. In oprrat.ion, a requested logical
sector location identifier is reforenced into the table, and a
corresponding entry is found describing an offset to the physical sector
location identifier. _

More specifically, at format time, Lhe data recoiding disk file
generates a list of physical sector lacation identifiexrs for the bad

certnrs in the disk file. This lisl mav he generated using any of the
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circunferential direction
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_ but no data region i i fi - :
the data region includes, in seque%cen 'dentification (1D) field, wherein

speed- conpensation field and a synchroni zation field

a read-to-wite- recovery and
and wherei n one of

t he [ [
plurality of sectors also includes a start-of-track indicating mark

Accordi ng to anot her aspect of the present

data .

various techniques known in the art for locating bad sectors. TL

i nvention there glgksclosed a

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

jllustrates in tabular form an example of a bad saector list, a

1ogica1-to-physica1 mapping and a Jook-up table according to the

preferred embodiment of the present jnvention. The bad sector list

indicates that physical sectors 3, 5, 6, 9, 10, 11 and 13 were found to

pe bad at format time. The 1ogicaljto-physical mapping shows the

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

will be found at physical sector 1: logical sector 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 result of compressing the bad sector

1ist in accordance with the present invention. Starting at logical

sector 3, there is a cluster of 1 bad sactor: 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 thé correct

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

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

to map into the correct physical sector. Finally, 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 noted that the look-up table may be stored either on

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

" in the data recording disk file, =such as EEPROM, FRAM, or PROM. The

first

column- of the table must be wide enongh to hold the largest

physical sector number (2& bits is sufficient in most cases). The

second column must be wide enough and thé table long enough to hold the

maximum number of bad sector clustars likely to be encountered (16 bits

is sufficient in most cases).

Fig. & illustrates in algorithmic form A procedure for creating a

look-up table according to the prefarred embodiment of the present

invention.

programming

. The look-up table generation algorithm (shown in C

language) processes the bad sector list as follows. First,

/
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{sgngiEgV?hsk having a plurality of tracks, each of the plurality of
(racks havi g a start- of-track indicating mark and being divided int
ata regions for recording user data and a nunber of e

servo- - [
0o-and-recovery regions, the servo-and-recovery regions containing a

position-error-signal field, a - :
tfack nunber field at , servo-and-recovery regi on count mark, and a

| east one of the data ' i -
ser vo- and- r ecov b £ - regions being split by a
have. either mf§%¥105?9|0n, and whereinznone of the plurality of tracks

. ! in or outside the data re

r . _ _ gions and servo- -

regl ons. Identflcatian (ID) reglons contalning |nforml o har ey

and othy bp ifies the data regions in the tracks. The for i

apparen?rfSOLEELé ;eﬁfures and advantages of the invention will be egoing
_ ol | owi ng nore particul ar’ N

enbodi nent  of the list of bad sectors J.pS converted i.ntg:et 1grc|o ;;[alcip@abqfe the pr eferred

representation. Then the first "while" loop computes the offset for the
first block by determining its size (i.e. the number of contiguous bad
sectors). Next, the second "yhile" loop performs the same operation for
all the remaining biocks, determining each offset by adding the number
of sectors in the block to the total number 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 binary search look-up routine. 0f
course, many other search types are possible, the 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
1ist, or, where storage or processing constraints 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 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
a logical sector jocation identifier. is generated within the disk file.
A look-up table containing bad sector in‘ormation and indices as
described above is accessed and searched Ffor the largest logical sector
entry less than or equal to the requaste-’ Jogical sectort. In the event
no entry is found, the physical sector lneation identifier is equal to
the logical sector location identifier, ~nd tie requested logical sector
is accessed by computing head, track and sector number directly from the
logical sector jocation identifier accor-ing to any of a variety of
techniques well known to those -skillad i the axt.

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

In some implementations (c.g. SOSTY, it wmay ba desirable to allow

for the relocation of bad sectors withotu- resarting to a complete device

-
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;LLg?é{ﬁ;h?g ?hgixeq bl ock architecture sector servo sector format
: _ prior art. Fig. 1B is a schemati
_ _ . iC
illustrating a fixed block architecture dedicated servo ggg?g?n}ornat

according to the prior art. Fig. 2A is a schematic diagram

illustrating a fj | ock i
: RS architectur
according to tﬁgig?géﬁnt LI @3 sector servo sector format

format operation. This feature is implemented in conjunction with the
present invention by allocating a set of sectors as spares prior to an
initial format opération. The spares are treated as though they are bad
sectors for purposes of constructing the logical-to-physical mapping
table. The spare sectors are then distinguished from bad sectors, for
instance by means of a flag in the mapping table or a separate list.
Relocation of a bad sector is accomplished by logically substituting one
of the spare sectors-in its place, shifting all the intervening sectors
by one logical sector jocation, updating the spare sector list to
reflect the use of the spare sector, and re-constructihg the
logical—to-physical mapping. table to reflect all the above changes.

A look-up table constructed according to the preferred embodiment
of the present invention as described above has the advantageous effect
of placing most of the computatiéual overhead into building the table
during the format operation, leaving a simple computation to support
logical-to—physical mappings during seek operations. It is to be noted
that the preferred emboﬁiment look-up table approach is maximally
effective when the total number of bad sectors in the data recording
disk file is small, since this kéeps the overall table size small and
thus keeps the worst-case binary search of the table short. For
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 sectors and euables rapid calculation of the
correct physical sector corresponding to a.requested logical sector.

Furthermore, the No-1D scheme of the present invention is
particularly well suited for use with disk files having different heads
for reading and writing, such as magneto-resistive read heads, where the
heads must be moved to slightly differnnt radial positions for reading
and writing (a practice known as micro-jog). With prior art fixed block
architectures, writing a data fiold requires prior reading of the ID
field. However, it is-not possible to complete a micro-jog between the

two fields, so a revolution is lost in performing the micro-jog. The

._ﬂf____f____;__;___——

as Been Replaced
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5 Fig. 2B is a schematic diagramillustrating a fixed bl ock
architecture dedicated servo sector format according to the present

i nvertion: Fig. 3is atable illustrating a bad sector list, a

| ogi cal -t o-physi cal mapping, and a | ook-up table according to the present

i nvention. Fig. 4 is a C language procedure illustrating an al gorithm
for creating a | ook-up table according to the present invention.

Fig. 5is a flowhart illustrating an algorithmfor performng

| ogi cal -t o- physieaj-o2sect or conversioniaccording to the present 1nvention.

No-ID format of the present invention eliminates this problem since it

has no ID field to be read.

Sheet Has Been R laced
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON | A. No-1D FBA

sector servo sector formmt Fi i i

. g. 2Aillustrates in.schenmati

;g&n}ggosgfySEEE?gnsggv?nifﬁégr VngCO&ding to the present invent?oﬁlagéfcg
S and  speed field 33 [ -

position field 35. Position field 35 itself includes traLkANILLﬁLgr34 and

subfield 36, E?'fr e{ Jjeld 37 and PES supfield 38. Data re-ghmeeggagm

RW and speé I'd 39, VCO synch field 40 and data fielf _:h$¢3;

operation, fields 33, 34, 39, 40 and 41 pr
_ ovi de
;unct!ons as fields 13, 14, 19, 20 andp21 shom;uPﬁtgpfg
escri bed previously. Flelds 16, 17 and 18 fromprior art Fig. 1A are

el i m nat ed. Position fie
Che brior art. as shoum i n the ld 35 ééﬂg}panded over position field 15 of

and:

1. A multiple track data storage disk wherein at least one track is
divided into a plurality of sectors, each sector comprising: a data
region; and a servo and recovery reglon, including means for handling
errors in said servo and recovery region and means for uniquely
jdentifying the sector in which said servo and recovery region is
jocated, said means for uniquely identifying the sector including a
start-of-sector indicating mark and a position field having a full track
number recorded therein, and said at least ome track further including a

start-of-track indicating mark.

2. A multiple ‘track data storage disk as recited in claim 1, wherein:
sald servo and recovery region further includes a recovery field -and a
PES field; and said data region further includes a recovery field, a

synchronization field, and a exror handling 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 said sectors including a data
region, and a servo and recovery region, including means for handling
errors in said servo and recovery region and means for uniquely
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 a full track
number recorded therein, said at least one btrack further including a
start-of-track indicating.mark, and said data recording disk file
further comprising means for locating unique sectors by detecting said

start-of-track mark and counting said start-of-sector marks.
4. A data recording disk file as recited in claim 3, wherein said

start-of-track indicating mark is encoded in one of said position

fields.

-
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| ower portion of Fig. 2A Accbrding to the preferred enbodinenf of the

agfiﬁnihe-sggrgpt:gniozgfeBU|l track nugbgr corresponding to the track on
_ _ _ is recorded in track number s [
subfield 37 is provided as an adjunct to the full track-nﬂELg$|?ogghsEre

that the track nunber has been [

at _ _ read correctly. Fin ~ ThigSheet H
pozltlonrerror-5|gnal I s encoded in PES subf?eld 3g|!¥his 1
substantial |y thesisede infornmation as I3 ' l HH'I

eenReplaced -
sul ! osition field 15 o ﬁlbl >

: is to be noted that both the full e
_ ( track nunber ' :
Qgr?rﬂﬁgkgntga¥hge k_recorded according to any of a variety ofancLEEqﬁgé
el . se skilled in the- art of data recording disk sect

s. For instance, a gray code may be used to oot

5. 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-sectox

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 information in-.at least one table; means
for encoding information in the form of locétion identifiers for said
bad sectofs in said at least one table; and means, responsive to said
information stored in said at least one table, for mapping a requested
logical sector location identifier into a corresponding physical sector

location identifier.

8. A data recording disk file as recited in claim 7, wherein said
means for encoding includes means for storing in said at least one
table, for each group of contiguous had sectors, the physical sector
location identifier representing the first physicel sector of the group
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 identifier.

9. A data recording disk file as recited in claim 8, wherein said at
least one table includes: a first column having a bit-width capable of
holding the largest physical sector location jdentifier associated with
said data recording disk file; and a second column having a bit-width
capable of holding the largest offset associated with said data

recording disk file.
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be accurately read
, _ when the di i
mpl ement fany of a vari ety gfdlsk head is off-track. The EH information may

art, includi : schenmes wel | k =
r edundancy Lﬂgcﬁrzgkcghggggng 2nd correction n?ggxgocégg;%'SkllyedTiQmHQ%d
re ' - s. Accordi S | Bean. epactt -
e sty 51 T e S0 e R
because it y code. CRC is chosen because it issgggy'to conmput | .d

) e an

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

said at least one table is located on said at least one storage surface.

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

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

12. A data recording disk file as recited in claim 7, 8, 9, 10 ox 11,
further comprising: means for allocating selected sectors as spare
sectors; means for identifying said spare sectors as bad sectors; means
for distinguishing said spare sectors from said bad sectorsi and means

for replacing said bad sectors with said spare sectors.

13. A method of formatting a multiple track data storage disk wherein
at least one track is divided into 3 plurality of sectors, comprising
the steps of: dividing each sector on said at least one track into &
data region and a servo and recovery region; recording in said servo and
recovery region {nformation providing means for handling errors in said
servo and recovery region; recording in said servo and recovery region
information providing means for uniquely identifying the sector in which
said servo and reéovery region is located, said means for uniquely
jdentifying the sector comprising & start-of-sector indicating mark and
a full track numbexr; recording on said at least one track 2

start-of-track indicating mark.

14. A wethod of formatting a multiple track data storage disk as
recited in claim 13 further comprising thn steps of: jidentifying bad
sectors on said at jeast ome track; encoding location identifiers for
said bad sectors by storing in said at least one table, for each group
of contiguous bad sectors, the physical sector location identifier
representing the_first physical sector of the group of contiguous bad
sectors, and an offset representing that number which, when added to &
requested logical gector location identifier, generates a correct

corresponding physical sector location jdentifier.

-
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requires a small nunmber of bits (roughly 16). Since CRC bits will not f
a gray code, EH subfield 27 is inplemented in a code that_li —
readabl e dnly when the head is on track. This inplenentati S, aced:
adver se |rrpactA9951l_5ﬂe present invention, since an absol ut eﬁ@is ikt A Been Replaced::
readi ng of théfrack nunber subfield is required only when:t.hE : “‘\
al ready on-track. The no-id sector format of the pr'eé.e'
provi des several space saving ‘advantages over the prior art. The track |
nunber need not be redundantly encoded in an | D regi on but i nstead i s
comuni cated to the DDC by the servo systemat runtine WJhLack nunb
Subf i o1 d 36 angs ER sathid of doSHtcin suBYPAn 1T 19 RS ¥han 1 D regi on 11
;5202@' ! “t prior art.qFidciald13Srnne ftuheleFBAnrfréﬁrinatthbftePﬁé’fbf%?é%"t“giiﬁvgnt i on

eto lJSEBSaid servo and recovery region information providing means for recovery

een WRITE operations and READ operations; recording in said servo

information; recording in said

bet
and recovery region position-error-signal

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 multiple track data storage disk as

recited in claim 13, 14 ox 15, wherein said start-of-track indicating

mark is encoded in one of said full track numbers.

17. A method of formatting a multiple track data storage disk as

recited in claim 13, 14, 15 or 16, further comprising the steps of:

allocating selected sectors as spare sectors; identifyving said spare

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

bad seétors.
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"CRC rather than other forns of ECC and since the maxi mumtrack nunber is
one or two orders of magnitude snaller than the maxi mum sector nunber
encoded ifh prior art IDEH field 184 Since fewer bits are required to

r epr esent t hes®rdc¥?nunber, this gquantity may be recorded at | ower
density, so that track number subfield 36 and EH subfield 37 can be read
w t hout a phase synchronous cl ock; therefore VCO synch field 17 is not
required. Finally, since no separate IDregion is set up, R Wand speed

field 16 is elimnated. : As di scussed above, the preferred
enbodi mrent of the present invention contenpl ates the use of a full track
nunber in track nunber subfield 36 in order to provide absol ute

identification of the track number fogREAD and WRI TE operati ons.

A MULTIPLE TRACK DATA STORAGE DISK,
A METIIOD OF FORMATTING
AND A DATA RECORDING DISK FILE

A data recording disk file is provided with a fixed block
architecture sector format that eliminates the ID region. The seczvc
region contains sector identification information in the form cf =
start-of-track indicating mark recorded in a selected sector of zzzh
track and a start -of-sector indicating mark recorded in each seczcz. =&
full track number identifier is encoded in the position field wizhin Zhs
servo region of each sector. A look-up table is built at forma:z =irs ==
map bad sectors out of the disk file. The table contains entriss Z:c=
each cluster of contiguous bad sectors, and is searched at runtims ==
provide conversion of logical sector ]ocntlon identifiers to physizs.

sector location identifiers.

This Sheet Has Been R
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However, it is to be understood that the track nunber may be encoded
accogdidg to a variety of alternative schenmes. For instance, PES
subfi#l’d*38 may itself assune the =
7 <formof a pattern which is unique over a range of tracks, and nay be
used to construct the LSBs of the track nunber. Thus, if the PES pattern

repeats every four tracks, it nmay be used iR provide the two LSBs of the
track nunber. O the MSBs of the track nunber

L SERVO AND- -
- RECOVERY REGION:[-7

W-R | A|POS-(R| VCO D |RI VCO DATA
AND [y4| TION (Wi SYNCH | AND |W] SYNCH AND
SPEED S EH |S ECC

ARV EY, 16/19/ 0w/ o/ 1

FIG. 1 A: PRIOR ART SECTOR SERVO SECTOR FORMAT

...............

W-R A V€O D R VCO DATA
AND || SYNCH | AND [ W} SYNCH | AND
SPEED EH |S ECC

'13’J14'/ 17'/ 18’/19;/ zo'/ 21»/ I

FIG. 1B: PRIOR ART DEDICATED SERVO SECTOR FORMAT

Bad Sector List
Physical Sector [ 3]s [6[ofio]1i]13
Logical to Physical Mapping
‘Logical Sector 1123415617
Physical Sector 112|417 18|12]14
: ' Look—up Table
‘Logical Sector J 41617
Offset 1131617

F]G. 3; EXAMPLE OF LOOK—UP TABLE CREATION



may be omtted altogether, and the servo el ectroni'cs depended on to
det ersm nedwhich half (or quarter, or eighth) of the disk the head is

posi tisoned 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 nay be appl.ied to any sedf®r. servo format in which the
track nunber may be encod y region. For exanple,
instead of a fixed [Spagiral: T —Hetween —Sefvo regions and data
regions, a sector [setR¥0 A TRy AT.OVi de T S B VOi nfgf mation at other than
fixed intervals wi tfiiRECRY GIE ¢ D GON “wit\ast he data region -
itself. Such a schgme is disg¢losed ijn US Patent applifation serial nunber
07/ 466, 195, filed Janwary LA_pggﬂ.Rln tWohsS CapRA t

AND M| TION [W[ SYNCH AND
SPEED S ECC

33/ 34/35/ K‘f’)QK‘4O 41/ 7/_‘

FIG. 2A:

NO-ID SECTOR SERVO SECTOR FORMAT

TRACK EH PES
NUMBER

36j 37/ 38/

W-R A VeO | DATA

AND M SYNCH AND
SPEED ECC

:
R
A
¢

33’/ 34’/35’/ \ 39 \i w1

wn=E

.............................. FIG. 2B:

- IRACK FELD |
NO-ID DEDICATED SERVO SECTOR FORMAT
TRACK EH
NUMBER

_ 36'/ 37 /



nunber and track nunber
as with the sector format shown in Fig. 2A
FBA dedi cated servo sector fornat
di agram form an FBA data di sk dedi cated servo
present invention. g{fkackt |tPMAXBADGCOVery regi onY«B0kup tapeodogies # by

conbi ni ng aspects ghRrhertopAXBADRNd recovery AR@k@ tddle: Wrtdatdihe full
track nunber. [ [ | |

anal ogous to that
i ncludes WR and

fields in Fig 2A may be repositioned such that servo and recovery region 30
Is splirt ®*nto

separate recovery and servo regions with the recovery region

may t hen

HoyRvierint idt £0pt ai ns no posi ti

ound in PES subfield 38.
0dy Ree, Mdhd 33, AM
int b[MAXBAD];
int nbad;

{

Int bad;

ti{nt] = b[bad];

to[nt] = 1;

bad++;

while (b[bad] == b[bad—1]+1) §
to[ntH+; '

© bad++;

f

while (bad < nbad) f

nt++;

ti{nt] = b{bad] — to[nt—1}
to[nt] = to[nt—1] + 1; -
bad++;

if (bad == nbad) break;
while (b[bad] == b[bad—1]+1) {
to[nt]++;
bad++;
if (bad == nbad) break;
}
}
nt++;
if ((nt & 1) == 0) {
tilnt] = 32767;
nt++;
} .
} /+ build x/

FIG. 4:

Fﬁéﬁ 2B illustrates in schematic

containing fields 33 and 34 and the servo region containing field 35. The
be determned in the sane manner

I B. No- ID

sector according to the

?nn%f)é}r thk QUnitRédon _
rack I'D and recovery region
/*build bad sector tablex/ .
/*physical bad sectorsx/

/*number of bad sectors found*/

/*bad sector counterx/
/*table index counters/

/xfirst entryx/
/xoffset starts at 1x/

/*next bad sectorx/
/*while adjocent sectorsx/
/xincrement offsetx/
/*next sectorx/

/*next table entryx/

/*will be next entryx/
/*starting offsetx/

/*next bad sectors/
/*end of the list¥/
/*while adjacent sectorsx/
/¥increment offset/
/*next sectors/

/*end of the listx/.

/*nt is now # elements*/
/*table should be odd*/
/*max allowed valuex/

Look—up Table Generation Algorithm in C.



field 34" __and"track field 35 . Track field 35" itself includes track nunber
subfield 36 and EH subfield 37'. Data region 32' assunes the sanme for as
data region 32 in the sector servo format. In operation, fields
33", 34", 39, 40" and 41' provide substantially the sane functions as
fields 13", 14', 19', 20' and 21' shown in,pgior art Fig. 1B and descri bed
8 previously. Fields 17" and 18 fromprior art Fig. |IB are elim nated.
Track nunber

Search look-up table for
entry prior or equdl to
requested logical sector.

- N Use requested
logical sector

Add offset entry to
requested logical sector

|

Compute actual
head, track, sector

F IG, 5: Logical-to~Physical Sector Conversion Algorithm



subfield 36" and EH subfield 37" are identical to fields 36 and 37 in Fig.

2A. The ‘full track nunber is therefore.provided in the sane manner as for

the sector servo format, _.i'ncluding the alternative encodenent schenes

di scussed in section A As with the sector _servo format, the-track nunber

field must be accu 1 y. when t he head IS L agKergimee it
is used only durin THIS |§EerH$§ BEEN ¢ perations. LJ Ct@ﬁ ﬁi&ﬁ"ﬂj t he
above description have REELAGHY on 4 dedicated servo{ddta disk havi hgithe

sector format of* the present invention, it is to be rotled1Q@sc 1396s s$e¢t or
format may al so be applied to the ded|¢ﬁted servo didgk litself. That |is,
track field 35 may be encoded.on the dedicated servo oSk, Thi s
configuration is not the preferred enbodinent, as it} requires mre
rigorous constraints on the system nechanics.

-

No-ID format of the present invention eliminates this problem since it

has no ID field to be read.

/
eet Has Been Re laced
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Hf)gg\égr |:T]__a§.me—advaﬁf‘ag? of | ower ovethad BE?MQEQI%"%ET I-S nSo\ta
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E e Phv |

Dedi cat ed ser ord t he head posi | Eb@lkinys)i nFB?QF&??i?H ) 9o |ngl o
[ragnetic reco ,' separate frointhatﬁgtamnr@w)f@e@f(ds) ----- I—EB\HE%%d?":i't
is to be understood that there are many ot abdpes of a§&f VO.. .Stpagers ;-
whi ch for the purposes of t he present mven?ﬁon funct |pon S|yt 2

dedi cat ed seraQofdifig toToneldspeet ofrie inventionsthenedFEISEIoeed & bxed BPF‘&th%d% :1Ig

cont i nuous oyve s t
gr ooves |Wt%ﬂge%%§(¥§§?®wgurl ggl El%‘ravo;aCk Ihg]; ormation I a provi ded by
capaci ti vel y,a data pecheding disk nvingap ugﬂy{q ) qr cﬁéﬂ?}g ivid e}néo 2o

servo inf .ol data regions and servo regions, the servo reglons containing servo region count

information, and wherein none of the tracks have, either within or outside the data regions
and servo regions, identification (ID) regions containing information that uniquely identifies
the data regions in the tracks;

a recording head which reads information in the servo regions and which writes and
reads user data in preselected ones of the data regions; and

a disk data controller coupled to the recording head for identifying the preselected
data regions based on servo region count information read by the recording head from
circumferentially preceding servo regions without use of ID regions.

~ According to another aspect of the invention there is disclosed a fixed-block
architecture embedded servo disk drive comprising:

a data recording disk having a plurality of tracks, each track being divided into a
number of data regions and servo regions, the servo regions containing servo region count
information, at least one of the data regions being split by a servo region, and wherein none
of the tracks have, either within or outside the data regions and servo regions, ID regions
containing information that uniquely identifies the data regions in the tracks;

a read head adjustable to different radial positions and capable of reading information
in the servo regions, including a servo region that splits a data region;

a write head different from the read head for writing user data in the data regions,
including a split data region; and . '

a disk data controller for initiating read and write operations, a write operation of user
data in a split data region being preceded by reading of servo region count information from
servo regions, including a servo region that splits a data region, but not preceded by
reading of information from an ID region.

According to yet another aspect of the invention there is disclosed a fixed-block
architecture embedded servo disk drive comprising: '
a data recording disk having a plurahty of tracks, each track being divided into a
number of data regions, at least one of the data regions containing a defect where data
cannot be written, and servo regions containing servo region count information, and
wherein none of the tracks have, either within or outside the data regions and servo
regions, ID regions containing information that uniquely identifies the

data regions in the tracks; KEPLACEMENT SHEETS  SG
| ¥ Description : paged & to paged 4F
This is the replacement showt W Claim(s) : paged )5. to paged .!8
. {1 Drawing(s) : gazed . to paged .=
Date: 1 4 FEB 1997 ' O Abstract  :paged ... to paged ...
DATE OF RECEIPT .M. FEB 1941




I s optiically encoded on a data or servo surface; and basepl ate 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 i nvention may be readily

applied to systens conbining aspects of sgctor servo and dedi cated servo.
1. Logical-to-physical sector conversion
9.

a recording head which reads information in the servo regions and which writes and
reads data in the data regions; ,

a defect map which contains information relating to the locations of defects on the
disk; and :

a disk data controller coupled to the recording head for locating the data regions
without defects where data is to be written by use of the servo region count information in
the circumferentially preceding servo regions read by the recording head in combination
with information read from the defect map but without use of ID regions.

According to yet another aspect of the invention there is disclosed a fixed-block
architecture embedded servo disk drive comprising:

a data recording disk having a plurality of tracks, each track having a start-of-track
indicating mark and being divided into data regions and servo regions containing position
fields and servo region count information, none of the tracks having, either within or
outside the data regions and servo regions, ID regions containing information that uniquely
identifies the data regions in the tracks; :

a magnetoresistive read head which reads position fields and servo region count
information in the servo regions and user data in the data regions; '

a write head not radially aligned with the read head and which writes user data in the
data regions; and

data control electronics which identify the data regions where data is to be written
based on detection of the start-of-track {ﬁdicating mark and reading of servo region count
information in the circumferentially preceding servo regions by the read head; whereby user
data is written in the data regions by the write head without radially jogging the write head
following reading of the preceding servo regions by the read head but without reading of
information from ID regions.
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_Accordi ng to the prior art, physical sectors are accessed—by ctounting
actual sectors. Physical sector O refers to sector 0, heﬂggéﬁeethgsagggn

punber i ncreases by counting- sectors around a track, then 1aEEJae-
then tracks. According to the present invention, phy || ﬂm
accessed by counting start- of-sector ifqglicating mar ks af

start-of-track indicating mark. A start of track indicating mark is
encoded in a preselected track to provide a reference point fromwhich to

count secCguims: A start-of-sector indicating mark is encoded in each sector.
In operation, a requested physical sector is accessed by detecting the

S . _
i cati ng maiks Grsed-bine appregEsmbedaCietyo fik ATk kafiorfE
a data recording disk having a plurality of tracks, each track being divided into a
number of data regions and servo regions, the servo regions containing servo region count
information, and wherein none of the tracks have, either within or outside the data regions
and servo regions, identification (ID) regions containing information that uniquely identifies
the data regions in the tracks;
a recording head which reads information in the servo regions and which writes and

reads user data in preselected ones of the data regions; and

a disk data controller coupled to the recording head for identifying the preselected
data regions based on servo region count information read by the recording head from
circumferentially preceding servo regions without use of ID regions. '

2. The disk drive as recited in claim 1, wherein at least one of the data regions is
split by a servo region.

3.  The disk drive as recited in claim 1, wherein the servo region count information
is servo sector number information.

4. The disk drive as recited in claim 1, each of the tracks further including a start-
of-track indicating mark, the data regions being identified based on the start-of-track
indicating mark and a count of the number of servo regions.

5. The disk drive as recited in claim 1, further including a timer, responsive to
detection of a servo region, which provides a time-out signal indicating failure to detect an
expected servo region.

6. The disk drive as recited in claim 1, wherein the servo regions include error
handling fields.

7. The disk drive as recited in claim 1, wherein the servo regions include position
fields having track numbers recorded therein.

8. The disk drive as recited in claini 7, wherein the track numbers are full track
numbers.
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In the preferred enbodi nent of the present invention,~the f—t '
L _ : start
indicating mark takes the formof a unique bit call edTﬁgsHe&qlﬁg(ngRL ;::;r

recorded in a presel ected track nunber subfield 36. AV} ch

sector is used as the start-of-sector indicating mark. : ﬁ em

then counts AMfields after an index maryg to locate a r r. No

addi tional overhead is incurred, since the servo systemnust |ocate e\'/e'ry

AM field in order to read the PES subfield. Al so, the schene retgui es only
P

a smal | count@r, The dick diive anmedited imtlaiedt Burthep including & detect pap dr9

A : car| ess
gh?n 64, f%rglgon%'bgﬁx%ﬁt(g?rgiﬁeﬁcﬂagéd wﬂgﬂ&m%tﬁnrfﬁﬁﬁ Eheedt(f&tfrﬂdw an index mark is
et ect ed.. are a nunber of variations on the enbodi nent that
serve to inprove error tol erance where AMfield 34 is mssed due to a

di sk defect. [rsh fitddeoipdwy sichidcnie @ibedded servo disk drive comprising:

a data recording disk having a plurality of tracks, each track being divided into a
number of data regions and servo regions, the servo regions containing servo region count
information, at least one of the data regions being split by a servo region, and wherein none
of the tracks have, either within or outside the data regions and servo regions, ID regions
containing information that uniquely identifies the data regions in the tracks;

a read head adjustable to different radial positions and capable of reading information
in the servo regions, including a servo region that splits a data region;

a write head different from the read head for writing user data in the data regions,
including a split data region; and '

a disk data controller for initiating read and write operations, a write operation of user
data in a split data region being preceded by reading of servo region count
information from servo regions, including a servo region that splits a data region, but not
preceded by reading of information from an ID region.

i

11. The disk drive as recited in claim 10, each of the tracks further including a
start-of-track indicating mark, the split data region where data is to be written being located
by detecting the start-of-track indicating mark and counting servo regions.

12. The disk drive as recited in claim 10, wherein the servo regions include error
handling fields.

13. A fixed-block architecture embedded servo disk drive comprising:

a data recording disk having a plurality of tracks, each track being divided into a
number of data regions, at least one of the data regions containing a defect where data
cannot be written, and servo regions containing servo region count information, and
wherein none of the tracks have, either within or outside the data regions and servo
regions, ID regions containing information that uniquely identifies the data regions in the
tracks; |

a recording head which reads information in the servo regions and which writes and
reads data in the data regions;

a defect map which contains information relating to the locations of defects on the
disk; and

This. is the replacement sheet
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__tngnbe[ may be encoded into track nunber field 36. Second, am open foop
| mer may be used to provide a tinmeout error if an qtﬂg;’sﬁeiﬁﬂmlie lade@1

detected within a given tine i nt erval [ it
counted in addition to AMfi el ds. al- Third, positio I‘ I]Ie
Look-up table Prior art disk fihe inplenmentatio '

sectors via the sector ID region Accor di '
( . : rding to the pr ' '
whi ch the 1D region has been elim nated, badg el dentitied and

sect i i.fi
mapped out ol dikiedsta cantreiiznredipiod @ S re¢arding deach T I9eatiog g a8 Qé%{%{)}sgfcgrd
e withou? defects Wit fath GOk BPwhiRth By w36 thasbroirsgion eauwdnformpbioRif
the circumferentially preceding servo regions read by the recording head in combination

with information read from the defect map but without use of ID regions.

14. The disk drive as recited in claim 13, wherein the defect map information
converts logical sector numbers to physical sector numbers.

15. The disk drive as recited in claim 13, wherein the data regions without defects
are located by data sector numbers derived from the servo region count information and the
defect map.

16. The disk drive as recited in claim 15, each of the tracks further including a
start-of-track indicating mark and the servo region count information including start-of-
servo-sector marks, the data regions without defects being located by detecting the start-of-
track indicating mark and counting start-of-servo-sector marks.

17. ‘The disk drive as recited in claim 13, wherein at least one of the data regions is
split by a servo region.

18. The disk drive as recited in claim 13, wherein the servo regions include error
handling fields.

19. A fixed-block architecture embedded servo disk drive comprising:

a data recording disk having a plurality of tracks, each track having a start-of-track
indicating mark and being divided into data regions and servo regions containing position
fields and servo region count information, none of the tracks having, either within or
outside the data regions and servo regions, ID regions containing information that uniquely
identifies the data regions in the tracks; '

a magnetoresistive read head which reads position fields and servo region count
information in the servo regions and user data in the data regions;

a write head not radially aligned with the read head and which writes user data in the
data regions; and '

data control electronics which identify the data regions where data is to be written
based on detection of the start-of-track indicating mark and reading of servo region count
information in the circumferentially preceding servo regions by the read head; whereby user
data is written in the data regions by the write head without radially jogging the write head

-
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10 and consists of entries describing clusters of bad sectors (where a
cluster is defined as a sequential group of physical bad sectors) by
starting location and quantity. In operation, a requested |ogical sector
location identifier is referenced into the table, and a corresponding
entry is found describing an offset to th& physical sector |ocation

I dentifier. More specifically, at format tinme, the data recording

disk file nerates,.a |jst of hysi cal I ' | tifl f h
bad sect oFIITInG Fadinyt e plroedfiserioceiias bpihe San ort i Yl bt 1,o°
vari ous t adbratisasfréend®nregionshe art for | ocating bad sectors.

20. The disk drive as recited in claim 19, wherein the servo regions have track
number information recorded therein and the data control electronics are responsive to the
track number information.

21. The disk drive as recited in claim 10, wherein the read head is a
magnetoresistive read head.

22. The disk drive as recited in claim 19, wherein the start-of-track indicating mark
is an index mark.

23. The disk drive according to claim 19, wherein the start-of-track indicating mark
is located in one of the servo regions.

24. The disk drive as recited in claim 19, wherein the servo region count
information is a servo sector number!

25. The disk drive as recited in claim 19, wherein the servo region count
information is a start-of-servo-sector mark.

26. The disk drive as recited in claim 19, wherein at least one of the data regions is

split by a servo region.

i
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Thé list is held in RAMand is used to construct the |ook-up table. Fig.

Yillustrates in tabular form an exanpl e of a bad sector

list, a

3

| ogi cal -t o-physi cal mapping and a | ook-up table according to the preferred

physi cal sectors 3, 5, 6, 9, 10, 11 and 13 were found

o—be—badat_farng
time. The | ogical -to-physical mappi ng shows the desireiuaaﬁﬂﬂﬂﬂEhﬁfsﬂfET
TOUHU dar—Pnys G

; eqt ¢
S 8efg€@ﬁé%f gt d.
The | ook-up table shows the result of conpressing the jpadd-seetor list Jir
accordance wth the present invention. Starting at ljogical sector 3,

achieved by the |ook-up table. Logical1 ector 1 will
sector 1; logical sector 2 will rmap to physical secto
will map to physical sector 4 since physical sector 3

-

- enbodi nent of the present invention. The bad sector |ist indicates that

there is a cluster of 1 bad sector;

No-ID format of the present invention eliminates this problem since it has no ID field to

be read.
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secto
ohysi cal rs 3 and beyond nmust be offset by 1 tomasdrmhoutbgy?do}F&p?g"i 3

bad sectors; thus, sectors 4 and beyond nmust
map into the correct physical sector. Starting
is a cluster of 3 bad sectors; thus, sedtors 6
of 6 to map into the correct physical se t

sector 7, there is a cluster of ,1, b
beyond nust be offset AMULBPLE TRACK DY

sef:tor Starting at |ogical sector 4,| fieten(s a: ehgesh! riQ)?"‘f;?w- -
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sem conductor nenory in the ﬁpig ROM
FRAM or PROM The first colﬂ%ﬁ%?ﬁmﬁe able rrust 3 'SUCh ohto

be wi de enough to
This invention relates to A multiple track data storage disk, a method of formatting

and a data recording disk file.
Backgroimd of the invention
All disk files require some means of determining the radial position of the READ-
WRITE heads over the disks so that the heads can be accurately positioned over any
desired track.l Typically this is accomplished by placing servo information 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 surface of

one disk in the disk sta_ck. 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 repi'esents the direction in which the technology is progressing and is preferfed

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, th'ereby eliminating many mechanical and thermal sources of
track misregistration. Fixed block architecture (FBA) is a cpnﬂon configuration used to
format both dedicated servo disk ﬁlés and sector servo disk files. In an FBA formatted
disk file, 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 sector 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, ID
region 11 and data region 12. Generally, servo and recovery region 10 contains
overhead associated with 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
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" hol dT the | argest physical sector nunb [ [ I Ci [
er (24 bits is sufficient in nost
fgsﬁsl)d ;I'Ee second - colum nust be w de enough and.the table |ong enough
0 g_ he maxi num nunber of bad sector clusters likely to be encountered
( its is sufficient in nost cases). Fig. 4 illustrates in

algorithnic forma procedure for creati® -
: g a |l ook-up table acco
preferred enbodi nent of the present invention. Theplook-up tabI(radlng to the

used to switch the data 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 data, as well as overhead
fields. READ-to-WRITE recovery (R—W) and speed field 19 performs a function like
that of W-R and speed field 13. Voltage controlled oscillator sync (VCO) field 20 is
used to synchronize the read clock with the read data. Data field 21 contains the user
data and associated error checking’and correction (ECC) information. ID region 11 is
used by the disk data controller (DDC) to identify the physical sector number. It
contains R-W and speed field 16, VCO synch field 17 and identification/error handling
(ID/EH) field 18, which containé the identification 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 sector _shown is divided into two regions: ID and recovery
region 11' and data region 12'. ID and recovery region 11' contains substantially the’
same information as servo and recovery region 10 and ID region 11 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 needed
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. 1A.

ID regions 11 and ID and recovery region 11' of the prior art FBA sector formats
perform two important 'funptions. 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 be successfully Written to and read from).
Unfortunately, in both the dedicated servo and sector servo scheme, the ID region
requires a great deal of disk space to perform its functions. Since the disk uses the -

information in the ID region to perform a Jogical-to-physical sector conversion in order
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generation algorithm (shown in C programm ng | anguage roces

sector list as follows. First, the |ist ofgbad gec?o%spis cozSZrtgg Pﬁ?o
the conpact table representation. Then the first "while" |oop conputes the
of fset for the first block by determning its size (i.e. the nunber of
contiguous bad sectors). Next, the .secord "while" |oop perfornms the sane
operation for all the remaining bl ocks, determ ning each offset by adding

t he nunber of sect in the block .
b or o Shiotsieobr pRyFiEHasionarte ik epsresemndang © R Tt ngeRaC o

: aln’ an
Fout i ne. - the B EriGn Thish e ARE QB orp s epdry i Rl Fofhet it k'%‘*m ch
{50 € Sentbe o ity e e MO e ol
’ required; this field is typically much larger than the ID/EH field. Finally, in the sector
servo scheme, due to the regipn transition and R-W and speed field is required to switch
the data channel from READ to WRITE and accommodate spindle speed variations.

In sum, due to overhead and accuracy requirements, the ID region of the prior art
FBA sector accounts for a substantial portion of the overall sector length (typically about
4%), a portion that could otherwise be used for data storage. However, the importance
of its two functions has hampered efforts to eliminate it from the FBA sector.

One approach that has been-usgd to eliminate the ID region is to encode the ID
information into the data field. This eliminates the overhead associated with. §ynching
(fields 16 and 17), and allows the ECC to provide error checking for the ID information.
However, it does not eliminate or reduce the actual ID information as conitained in
ID/EH field 18. Also, it adds a minimum of one sector time to the latency duripg
WRITE, since the disk file controller cannot determine the.good/bad sector relationship
until it has read at least one sector. Further, this scheme is not well suited 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 case 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
ID and 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.

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
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or, where storage or processing constraints arise, nmay be ex [

pi ecewi se fashion, so that each block of bad seciorsyis p?ogggggg gg ?t

| ocat ed. ~ Fig. 5illustrates in flowhart forman algorithmfor
perform ng | ogi cal -to-physi cal sector conversion according to the
preferred enbodi nent of the present inveation. A READ or WRITE request

I ncluding a | ogical sector |ocation identifier, is generated W thin thé

disk file. A look-up table containing bad sect i nf ' . ndj
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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) f_"1e1d, wherein the data region includes, in sequence, a read-to-write-
lrecovery and speed-compensation field and a synchronization field, and wherein one of
the plurality of sectors also includes a start—of—track indicating mark.

According to another aspect of the present invention there is disclosed a data
reco_rding disk having a plurality of tracks, each of the plurality of tracks having a start-
of-track ind:ic_ating mark and being divi_ded into a number of data regions for recording
user data and a number of servo-and-recovery regions, the servo-and-recovery regions
containing ;1 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 oﬁtside the data
regions and servo-and-recovery regions, identification (ID) regions containing
information thé.t uniquely identifies the data regions in the tracks.

The foregoing and other object, features and advantages of the invention will be
apparent from the following more particular description of the preferred embodiment of
the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. l1Aisa schematic diagram illustrating a fixed block architecture sector servo
sector format according to the prior art.

Fig. 1B is a schematic diagram illustrating a fixed block architecture dedicated
servo sector format according to the prior art. -

Fig. 2A is a schematic diagram illustrating a fixed block architecture sector servo

sector format according to the present invention.
This is the replacement sheet
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"] ogi cal sector |ocation identifi i |
_ er according to any of a vari
techni ques well known to those skilled ingthe ar?. arvety of

12 If an entry is found in the lo
_ ok-up table, the correspondin
FLfss; is extracted from the |ook-up table and added to the Iggicalgsector
cation identifier of the requested | &gical sector. This sUn1

representing the physical sector location identifier, i

, 1S U
the head, track and sector number corresponding.to .the r sed to Colrrpu][e
sector. Fig. 2B is a schematic diagram illustrating 2%ixed block LERESLRA db Bk

servo sector format according to the present invention.

Fig. 3 is a table illustrating a bad sector list, a logical-to-physiéél rﬁapping, 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 aqcording to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
JA. No-ID FBA sector servo sector format

Fig. 2A illustrates in schematic diagram form an FBA sector servo sectdr
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
number subfield 36, EH subfield 37 and PES subfield 38. Data region 32 includes R-W
and speed field 39, VCO synch field 40 and data field 41. |

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. 1A and described previously.
Fields 16, 17 and 18 from prior art Fig. 1A are eliminated.

Position field 35 is expanded over position field 15 of the prior art, as shown in the
lower portion of Fig. 2A. According to the preferred embodiment of the present
invention, the full track number corresponding to the track on which the sector is located
is recorded in track number subfield 36. EH subfield 37 is provided asan 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 accordi;lg 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 used to
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Lglzggfiggpgfnggéaggg?zrgeﬁgihSC?I), it may be desirable to allow for the

. . out resorting to a conplete device f

operation. This feature is inplenmented in ' [ i ® o1 esent

( _ _ conjunction with the present

i nvention by allocating a set of sectors [ i a

: as spares prior to an initi
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d-ECC) 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,
EH subfield 27 is implemented in a code that is accurately réadable 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 format of the present invention provides several space saving
advantages over the prior art. The track number need not be redundantly encoded in an
ID region but instead is communicated to the DDC by the servo systenil at runtime.
Track number subfield 36 and EH subfield 37 are substantially shorter than ID region 11
shown in prior art Fig. 1A, since the FBA format of the present invention is able to use
CRC rather than other forms of ECC and since the maximum track number is one or two
orders of magnitude smaller thaﬁ the maximum sector number encoded in prior art

ID/EH field 18. Since fewer bits are required to represent the track number, this
quantity may be recorded at Jower density, so that track number subfield 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 full traék 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
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‘t he. above changes A | ook-u i
anges. p table constructed according to the
pgeferred enbodi ment of the present invention as described abgve has the
g vant ageous effect of placing nost of the conputational overhead into
uilding the table during the format operation, leaving a sinple

"ts to be noted that the preferfed enbodi ment |ook-up table approach 15
maxi mal |y effective when the total number of bad sectors in heppr oach 1S
ecor o e e Mg ) I Ol o e
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with the dsased to prov1£> the %v(s)/g Q Bl S track SR KOtk MSBs of &e%ﬁ%ﬁfﬂeﬁn
| may be omitted altogether, and tﬁe 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 ipplied 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 f(;rmat may provide servo information at other than fixed intervals with
respect to data, such as within the data region itself. Such a écheme is disclosed in US
Patent application serial number 07/466,195, filed January 1, 1990. In this case, the
fields in Fi:g 2A may be repositioned such that servo and recovery region 30 is split into
separate recovery and servo regions with the recovery region containing fields 33 and 34
“and the servo region containing field 35. The sector number and 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 sector format
Fig. 2B illustrates in schematic diagram form an FBA data disk dedicated servo
sector according to the present invention. Track ID and recovery region 30' is produced
by combining aspects of prior art ID and recovéry region 11' with the full track number.
However, it contains no position error information analogous to 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 .'mcludes track number subfield 36'
and EH subfield 37'. Data region 32' assumes the same for as data region 32 in the
sector 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
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'deséribed al gorithm provides a schene that | ci en

efficiently catal ogues bad
sectors and enables rapid calculation of the correct phyS|caIgsector
corresponding to a requested |ogical sector.

13 Furthernore; the No-1D schenme of the . '

_ : present i nvention is
particularly well suited for use with &isk files having different heads
for reading and witing, such as magneto- resistive read heads, where the

heads nmust be noved to slightly different
previously. Fields 17* a%d 122/ from pnornart adl ﬂi ate Ogllutnl 3 Track number

subfleld 36' and EH subfield 37' are identical to flelds 36 and 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 head is
on-track, since it is used only during read and write operations.

While Fig. 2B and the above description have focussed 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 dedicated servo disk itself. That is, track field 35'
may be encoded on the dedicated servo disk. This configuration is not the preferred
embodiment, as it requires more rigorous constraints on the system mechanics.
However, it has the advantage of lower overhead since field 35' is not placed on the data
surface, and thus may provide an attractive alternative that is within the scope and spirit

~ of the present invention. |

Dedicated servo systerhs record the head positioning information on a single
magnetic recording surface, separate from the data surface(s). However, it is to be
understood that there are many other types of servo systems, which for the purposes of .
mclnawm:mwmubnfmmﬁonshnﬂnhrk>ﬁm«kﬂkﬂndsmwosyﬂmm. These include
systems such as: optical recording continuous groove systems, where the track
information is provided by grooves in the substrate; buried servos, whether magnetically,
capacitively, or otherwise encoded; optical tracking servos, where the servo information
is optically encoded on a data or servo surface; and baseplate reference servo systems,
where the positioning information is provided by some external reference such as an
opﬁcal encoder or a stepping motor. Finally, it is worthy of note that the present
invention may be readily applied to systems combining aspects of sector servo and
dedicated servo.

I. Logical-to-physical sector conversion
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for reading and witing (a practice known as micro-jog). Wth prior art

fixed block architectures, witing a data field requires prior readi ng of
the ID field. However, it is not possible to conplete a mcro-jog between
the two fields, so a revolution is lost in performng the mcro-jog. The

No-1D format of the present invention el®mnates this problem si i
no IDfield to be read. P since it has

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

According to the preseﬁt invention, physical 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 accessed by detecting the start-of-track
indicating mark and then counting start-of-sector indicating marks until the appropriate
sector is reached. |

In the preferred embodiment of the present invention, the start of track indicating
mark takes the form of a unique bit called an index mark, recorded in a preselgcted track
number subfield 36. AM field 34 of each sector is used as the sta.ft—of-sector indicating
mark. The servo system then counts AM fields after an index mark to locate a requested
sector. No additional overhead 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 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 méy be

- used to provide a timeout error if an address mark is not detected within a given time
interval. Third, positidﬁ fields may be counted in addition' to AM fields.
_ III. Look-up table

Prior art disk file implementations handle bad sectors via the sector ID region.
According to the present invention in which- the ID region has been eliminated, bad
sectors are identified and mapped out of the data recording disk file during lbgical—to—

physical sector conversion using a look-up table. The table is created at format time,
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CLAI M5 1. A data recording disk having a pattern of radially spaced
_tracks and a plurality of circunferentially spaced angul ar sectors havi ng
prerecorded servo positioning information for identifying track and sector
| ocations, each of the plurality of sectors including only a data region
for recording user data and, preceding the data region in the
circunferential direction, a servo-and-recovery regi on which provides the

prer ded , . !
and ? ?§£ and ozqi;éé. &'f‘)éiﬁééé&és“ lne vsEe 0 B@J °e§§q?'sﬁv‘¢ﬁé%|ah&§§ter' iwaefitfa 3% O
wite-to-read-re d-

el o o asetap st of By aLbaY veetold By Guips Rptaatt abbufy, B opddioh 10

and a track Muibel 1bhghlseddt 188uR! ﬁieﬁﬁﬂéroﬁk 'er%Fl%chd Citld Qe (thBle, Tardl
corresponding enfry 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 location identifiers for the bad sectors in the disk file. This list may be
generated using any of the various techniques known in the art for 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 example of a bad secfor list, a logical-to-physical mapping and a look-up
table according to the preferred embodiment of the present invention. The bad sector list
indicates that physical sectors 3,5,6,9, 10, 11 and 13 were found to be bad at format
time. The loéical—to—physical mapping shows the desired mapping to be achieved by the
look-up table.i Logical sector 1 will be found at physical sector 1; logical sector 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 result of compressing the bad sector list in accordance
with the present invention. -'Starting at logical 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 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 Jogical
sector 6, there is a cluster of 3 bad sectors; thus, sectors 6 and beyond must be offset by
a total of 6 to map into the correct physical séctor. Finally, 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 noted that the look-up table may be stored either on the boot track of the
disk or in some non-volatile semiconductor memory in the data recording disk file, such -

as EEPROM, FRAM, or PROM. The first column of the table must be wide enough to
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wherein the data region includes, in sequence, a read-to-wite-recovery and
speed- conpensation field and a 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 claim1, wherein the track number
field includes a full track number preridcorded therein. 3. The data
recording disk as recited in claim 1, wherein the start-of-track

indicating mark i s encoded in the track nunber ﬁ

Focor di ng G Raeelaracst phSEa) FCRIRIGT (3 BIE i EH  pos casedl TP Selehl”

indicating mark is an address mark | ted int - =
r ﬁgl on, arﬁﬂ’l‘l%é‘?‘@F Eet“ﬁ epRiieh aad ﬁ'ﬂ? %%E’rlgg%&%%ug?‘ﬁgﬁ%;d;c eqﬁ%‘#é‘?ﬁp]‘f{%?‘g 9%,
the circu rga%rseecr:]golr %iusters likely to be encountered (16 bits is sufficient in most cases).

Fig. 4 illustrates in algorithmic form a procedure for creating a iook—up table
according to the preferred embodiment of the present invention. The look-up table
generation algorithm (shown in C programming language) processes the bad sector list as
follows. First, the list of bad sectors is. converted into the compact table representation.
Then the first "while” loop computes the offset fof the first block by determining its size
(i.e. the number of contiguous bad sectors). Next, the second "while" loop performs the
same operation for all the remaining blocks, determining each offset by adding the
number of sectors in the block to the total number 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 binary search look-up routine. Of course, many other search types are
possible, the use of which would obviate this final step. Also, it is worthy of note that
the look-up table gen_ération 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 block of bad sectors is processed as it is located. |

Fig. 5 illustrates in flowchart form an algorithm for perfqrming logical-to-physical
sector convérsion according to the preferred embodiment of the present invention. A
READ or WRITE request, including a logical sector location identifier, is génerated
within the disk file. A look-up table containing bad sector information and indices as
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 sector 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 skilled in the art.
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di rection. 5. The data recording disk as recited in claim1l1, wherein
the track nunber field includes a full sector nunber prerecorded therein.
6. The data recording disk as recited in claim1 wherein sone of the
tracks al so have servo-and-recovery regions |ocated within sone of the

dat a regions. 7. A data recording disk having a plurality of
traﬁks dezgch of dt he plurality of tracks havi ng a start of -track indicating
mar k an ein ivided into .a nu r of data ecor.di ser
data and a nurtbap eBry defQuuddn dbe V}’é’r?blFeé‘F’&H {mextrac&':gt“

the look-up table and added to the logical sector location 1dent1f1er of the requested
logical sector. This sum, representing the physical sector location idéntiﬁer, is used to
compute the head, track and sector number corresponding to the réquested logical sector.

In some implementations (e.g. SCSI), it may be desirable to allow for the
relocation of bad sectors without r_esortiﬁg to a complete device format operation. This
feature is implemented in conjunction with the present invention by allocating a set of
sectors as spares prior to an initial format operation. The spares are treated as though
they are bad sectors for purposes of constructing the logical-to-physical mapping table.
The spare sectors are then distinguished from bad sectors, for instance by means of a flag
in the mapping table or a separate list. Relocation of a bad sector is accomplished By
logically substituting one of the spare sectors in its place, shifting all the intervening
sectors by one logical sector location, updating the spare sector list to reflect tﬂe 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 the preferred émbodiment of the present
invention as described above has the advantageous effect of placing most of the
computational overhead into building the table during the format operation, leaving a
simple computation to support logical-to-physical mappings during seek operations. It is
to be noted that the preferred embodiment look-u;; table approach is maximally effective
when the total number of bad sectors in the data recording disk file is small, since this
keeps the overall table size small and thus keeps the worst-case binary search of the table
short. For example, a disk file having 240K sectors and .1% bad sectors would require
a table having less than 1000 entries. The look-up table, in cooperation with the above-
described algorithm, provides a scheme that efficiently catalogues bad sectors and
enables rapid calculation of the correct physical sector corresponding to a requested

logical sector. -
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15 and-recovery regions containing a position-error-signal field, a
servo-and-recovery region count mark, and a track nunber field, at |east
one of the data regions being split by a servo-and-recovery region, and
wherein none of the plurality of tracks have, either wthin or outside the
data regi ons and servo-and-recovery regiths, identification (ID) regions
containing information that uniquely identifies the-data regions in the

sk as recited.in

t racks. 8. The dat d 7 .ei
the track numbBirtiereoee, the NS Sciermeof the pussintienion  BpEieBlARY it g

gt art Tg? ? tgﬁé% rglsﬁqfﬂ l§m‘;igsdlrfFe(l:'tl‘,l}t(?1eau5snfo(r: lrg ing an&'\'al?ltlﬁ s&cﬂ as magneto-

resistive read heads, where the heads must be moved to slightly dlfferent rad1al positions |
for readmg and writing (a practlce 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 possible to complete a micro-jog between the two fields, so a revolution is lost in
performing the micro-jog. The No-ID format of the present invention eliminates this

problem since it has no ID field to be read.
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indicating mark is | ocated within one of the servo-and-recovery regions.
10. The data recording disk as recited in claim9 wherein the
start-of-track indicating nmark is encoded in the track nunber field.

11. The data recording disk as recited in claim?7 wherein the
servo-and-recovery region count mark ig4a start-of-servo-and-recovery
regi on mark. 12. The data recording disk as recited in claiml11l
wherein the start-of -servo-and- recover egion mark is an address nark
that precedes the track nunber field € }ﬁﬁﬁ track. 13 The dat a

Fecovery r egi o et A t?gcoé&nétﬁaﬂ‘&la%gé“oééf%m F e e ek nd @
plurality of circumferentially spaced angular sectors having prerecorded servo
positioning information for identifying track and sector locations, each of the plurality of
sectors includrng 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-
cbmpensation ﬁeld’and a 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 rnark 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. Thedata 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 servq—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 indicaﬁng mark and being divided into a number of data

regions for recording user data and a number of servo-and-recovery regions, the servo--
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14. The data recordi ng disk as recited in claim7 wherei n the
servo-and-recovery regions include a wite-to-read recovery and
speed- conpensation field. - 15. The data recording disk as recited in
claim7 wherein the data regions include, in sequence, a read-to-wite
recovery and speed-conpensation field afd a synchronization field.
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 daté regions in the tracks.

8. The data recording disk as recited m 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-tecovery
region count mark is a start-of-servo-and-recovery region mark.

12.. The data recbrding disk as recited in claim 11 wherein the start—of-seirvo-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 recévery 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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A DATA RECORDING DISK FILE WITH FIXED BLOCK ARCHITECTURE
SECTOR THAT ELIMINATES THE ]DENTIFICATION (ID) REGION. -

ABSTRACT | o
A data recording disk file with a fixed bloék architecture sector format that eliminates
the ID region. The servo region contains sector identification information in the form of
a start-of-track indicating mark recorded in a selected sector of each track and a start-of-
sector indicating mark reéorded in each sector. A full track number identifier is encoded
in the position field within the servo region of each séctor, A look-up table is built at
format time to map bad sectors out of the disk file. The table contains entries for each .
cluster of contiguous bad sectors, and is searched at runtime to provide conversion of
logical sector location identifiers to physical sector location identifiers.
Fig. 2A
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