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A DATA RECORDING DISK FILE WITH FIXED BLOCK ARCHITECTURE SECTOR

THAT ELIMINATES THE IDENTIFICATION (ID) REGION.

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

method of formatting and a data recording disk file.

Background of the Invention

All disk files require some medns of determining the radial
position of the READ-WRITE heads over the disks so that the heads can be
accurately positioned over any desired trgeck. 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, contgin servo information oniy on a
dedicated surfgce 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 surface. This latter approach
represents the direction in which the technology is progressing and is
preferred because it can be implemented at low cost and without
additional componentry beyond that required to store the data and
further because it provides the servo information at the data surface
being accessed, thereby eliminating many mechanical and thermal sources
of track misregistration. Fixed block architecture (FBA) is 3 common
configuration used to format both dedicated 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 sectors, and each sector is divided
into regions containing servo information. identification information
(ID), and data.

A typical FBA sector servo sector formgt according to the prior art
is illustrated in Fig. 14. The secter {s divided into three regions:
servo and recovery region 10, I regionll and deta regienl2. Genevally,

servo and recovery region 10 contains overhead associsted with
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THis invention relates to A nultiple track data storage di sk, a nethod of
formatting and a data recording disk file. Background of the Invention
Al disk files require some neans of determning the radial position of the
READ- WRI TE heads over the disks so that the heads can be accurately
positioned over any desired track. Typically this is acconplished by

pl aci ng servo information on one or

2

sectoring, @s well as servo information for sector sorve filas. Also,
ﬁhis region marks the beginning of thn gector. Specifically, secrvo
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 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 sgeed field 16, VCO synch field 17 and identification/error
handling (ID/EH) field 18, which contains the identification information
including ,the logical sector number.

A typical FBA dedicated servo sector format according to the prior

Aart 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.ll 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 VOO synch field 17' and ID/EH
field 18' are written. Data region 12' contains substantially the same
informétion as data region 12 of Fig. IA.

ID regions 11 and ID and recovery region 11' of the prior art FBA
sector formats perform two important functions. TFirst, they uniquely
identify the logical sector numhar of the sector in which they are
located. Second, they indicate whethrer the sector is good or bad (that
is, whether the sector can he successinily written to and read from).

Unfortunately, in both the dedicatrd servo and sector servo scheme, the
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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
nodern files, known as sector servo files, store the servo information

I nterspersed with the data on each disk surface. This latter approach
represents the direction in which the technology is progressing and is
preferred because it can be inplenented at | ow cost and w thout additional
componentry beyond that required to storg the data and further because it
prOV|des he servo information at the data surface being accessed, thereby
el i ni nat I'hg HHHY  Hettrani Tarcandet her s kSQLEesSo Of ; ¢ rform its functions

Since the disk uses the information in the 1D region to perform a
-~ el il LA - (4

logical-to-physical secter 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 mis i dent1fv1ng sectors, -
Furthermore, since a phase synchronons cloek is typically used to read
the ID/EH field, the VCO field is required; this field is tynically‘;uch
larger than the ID/EH field. Finally, in the sector sServo s;heme 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 accnracy requirements, the I region of
the prior art FBA sector accounts for a substantial portion of the |
overall sector length (typically ahout 4%). a portion that could
otherwise be used for data storage. However. the importance of its two
functions has hampered efforts to elimjinate it from the FBA sector.

One approach that has been used to eliminate the ID region is to
encode the ID lnformatlon into the data field. This eliminates the
overhead assoc1aped with synching (fields 16 and 17), and allows the EGC
té provide error checking for the D information. However, i; does not
eliminate or reduce the actual I information as contained in ID/EH
field 18. Also, it adds a minimum of one sector time to the latency
during WRITE, since the disk file controller cannot determine the
good/bad sector relationship until it has read at least one sector.
Further, this scheme is not well sULfed Lo 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 gnd data regions reduces th; disk
Space required for ID information. this approach introduces performance-
penalties that restrict its usef fulness.

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

above drawbacks of the prior art.
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track m sregistration. Fixed block architecture (FBA) is a comon
configuration used to format both dedicated servo disk files and sector
servo disk files. In an FBA formatted disk file, each disk track is
divided into a nunber of equal-sized sectors, and each sector is divided
into regions containing servo informatioR, identification information (1D),

and dat a. A typical FBA sector servo sector format according to the
prior art is illustrated in Fig. IA The sector is divided into three
reglons: MARY OF THE INVENTION

According to the present invention there is disclosed a data recording disk having a
pattern of radially spaced tracks and a plurality of circumferentially spaced angular sectors
having prerecorded servo positioning information for identifying track and sector locations,
each of the plurality of sectors including only a data region for recording user data and,
preceding the data region in the circumferential direction, a servo-and-recovery region
which provides the prerecorded servo positioning information to uniquely identify the sector
and track, wherein the servo-and-recovery region includes a write-to-read-recovery and
spegd—compensation field, an error handling field, a position-error-signal field, a start-of-
sector indicating mark, and a track number field, but no data region identification (ID)
field, wherein the data region includes, in sequence, a read-to-write-recovery and speed-
compensation field and a syn?hronization field, and wherein one of the plurality of sectors

also includes a start-of-track indicating mark.

According to another aspect of the present invention there is disclosed a data
recording disk having a plurality of tracks, each of the plurality of tracks having a start-of-
track indicating mark and being divided into a number of data regions for recording user
data and a number of servo-and-recovery regions, the servo-and-recovery regions
containing a position-error-signal field, a servo-and-recovery region count mark, and a
track number field, at least one of the data regions being split by a servo-and-recovery
region, and wherein none of the plurality of tracks have, either within or. outside the data
regions and servo-and-recovery regions, identification (ID) regions containing information

that uniquely identifies the data regions in the tracks.
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2 servo and recovery region 10, ID region 11 and data region 12.
Cenerally, servo and recovery region 10 contains overhead associated with
sectoring, as well as servo information for sector servo files. Also, this
regi on marks the begi nning of the sector.

5
The foregoing and other object. features gnd advantages of the
invention will be apparent from the following ~ore particular
description of the preferred embodiment of the inventien, as illvstrated
in the accompanying drawings.

Brief Description of the Drawings

e ANSdoled s Tl

Fig. 1A is a schematic diagram illustratisag a fixed block
architecture sector servo sector format according to the prior art.
Fig. 1B is a schematic diagram illnstrating a fixed block
architecture dedicated servo sector format according to the prior art.
Fig. 2A is a schematic diagram illustrating a fixed block
architecture sector servo sector format sccording to the present

invention.

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

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

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

Fig. 5 is a flowchart illustrating an algorithm for performing
logical-to-physical sector conversion according to the bresent

invention.

Detailed Description of the Invention

IA. NO-ID FBA SECTOR SERVO SECTOR FORMAT

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

Position field 35 itself includes lrgck nymber subfield 36, EH subfield
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Specifically, servo 10 contains WR TE-to- READ recovery (WR) and speed
conpensation field 13, which is used to switch the data channel from VWRI TE
to READ and acconmopdate spindl e speed variations; address mark (AM field
14; and servo position field 15 containing; a position-error-signal (PES).
Data region 12 contains the wuser data, as well|l as overhead fields.
READ-t o- WRI TE recovery (RW and speed field 19 perforns a function |ike
that of WR and speed field 13. Voltage controlled oscillator sync (VCO
field 20 is used to synchronize the readsclock with the read data. Data
field 21 contains the user data and associ ated error checking and

correct izondECQ) subfield 38. Dates ragion 32 incindes R-¥ and speced field 39,

VCO synch field 40 and data field &1,

In operation, fields 33, 34, 39, 47 and 41 provide éxbstanhvd11y
the same functions as fields 13, 14, 19, 20 and 21 shown in prior art
Fig. 1A and described previously. TFie'ds 16, 17 and 18 from prior art
Fig. 1A are eliminated.

Position field 35 is expanded overr 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 as an adjunct to
the full track number to ensure that the track number has been read
correctly. Finally, the actual-position-error-signal is encoded in PES
subfield 38. This subfield contains substantially the same information
as position field 15 of prior art Fig. 1A.

It is to be noted that both the {ull 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 ol data reco;ding disk sector
formats. For instance, a 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. 7The EH information may implement any
of a variety of schemes well known to those skilled in the art,
including error checking and correction (ECC) codes and cyclic
redundancy check (CRC) codes. According to the preferred embodiment of
the present invehtion, 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 (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 the head is on track. This
implementation has no adverse impact en the present invention, since an
absolutely accurate reading of the track mumber 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 prier art. The track numbher need not
_.-—--'-—""/_‘——
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i nfformation. IDregion 11 is used by the disk data controller (DDC) to
identify the physical sector nunber. It contains RRWand speed field 16,
VCO synch field 17 and identification/error handling (IDEH) field 18,

whi ch contains the identification information including the |ogical sector

nunber . A typical FBA dedicated servo sector format according to the
prior art is illustrated in Fig. 1B. The data di sk sector shown is divided
into two regions: ID and recovery region-1 and data region 12'. 1D and
recovery region 11' contains substantially the

be redundantdy encoded in an ID region bnu instesgd is communicated to

the DDC by the serve system at runtimg. Track number subfield 36 and EH

subfield 37 are substantially shorter than TD rvegion 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 FCC and since the maximum track
number is cne or two orders of magnitude smaller than the maximum sector
number encoded in prior art ID/EH field 18. Since fewer bits are
required to represent the track number, this guantity may be recorded at
lower density, so that track number snbfield 36 and EH subfield 37 can
be read without a phase synchronous clock; thezefore 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 emhodiment of the present
invention contemwmplates the use of a full track number in track number
subfield 36 in order to provide absolute identification of the track
number for READ and WRITE operations. However. it is to be understood
that the track number may be encoded according to a variety of
alternative schemes. For instance, PES sqbfield 38 may itself assumé
the form of a pattern which is unique over a range of tracks, and may be
used to construct the LSBs of the track wwmber. Thus, if the PES I
pattern repeats every four tracks, it may be used to provide the two
LSBs of the track namber. Or the MSBs of Lhe track number may be
omitted altogether, and the servo electronics depended on to determine
which half (or quarter, or eightl) of the disk the head is positioned
over.

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

region itself. Such a scheme is disclosed in US Patent applicaltion
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same information as servo and recovery region 10 and 1D region 11 of Fig.
A, with the exception that servo position field 15 and R-Wand speed
field 16 are renoved. In a dedicated servo scheme, servo position field 15
i's not needed because the position information is contained on a separate
surface; RWand speed field 16 is not needed because address mark field
14" can be witten whenever the succeedi ng V& synch field 17" and |ID EH
field 18 are witten. Data region 12' contains substantially the sane
informati on as data region 12 of Fig. 1As ID regions 11 and I D and
recovery region 11' of the prior art FBA sector formats

serial mumber 07/466,195, filed Janunarv |, 1990. 1In this case, the

fields in Fig. 2A may be repositinned such thgt serve and recovery
region 30 is split into separate recovery and sevvo 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.

24.

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
recovery region 11' with the full tracﬁ unmber.  However, it contains no
position error information analogons to that found in PES subfiéld 38.
Track ID and recovery region §0' includes 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 servo format.

In operation, fields 33', 34', 39, 40", and &41' provide
substantially the same functions as fields 13', 14', 19', 20', and 21'
shown in prior art Fig. 1B and described previously. Fields 17' and 18'
from prior art Fig 1B are eliminated. Track number subfield 36' and EH .
subfield 37' are identical to fields 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 serva format, the track number field
must bé accurately readable only when the head is on-track, since it is
used only during read and write opersations.

While Fig. 2B and the ahove description have focused on a
dedicated servo data disk having the sector f{ormat of the present
invention, it is to be noted that this sector format may also be applied
to the dedicated servo disk itseif. That is. track field 35' may be
encoded on the dedicated servo disk. This confignration is not the

J—
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performtwo inportant functions. First, they uniquely identify the | ogical
sect or nunber 3 of
the sector in which they are | ocated. Second, they indicate whether the
sector is good or bad (that is, whether the sector can be successfully
witten to and read from

9

prefetrnd cmbodiment, s it raguires more rigorous constraints con the

system mechanics. llowever, it has the advantnge of lower overhead since
.- - . . . .

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

5

attractive alternative that s

7))

within the scope and spirit of the
present invention.

Dedicated servo systems record the head positioning information on
a single magnetic recording suvrface, 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 present invention function
similarly to the dedicated servo system. These include systems such as:
optical recording continuous groove systems, where the tracking
information is provided by grooves in tha 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 optical encoder or a stepping motor. Finally, it is worthy of note
that the present invention may be veadily applied to systems combining

aspects qf sector servo and dedicated servo.

I1. LOGICAL-TO-PIYSICAL SECTOR CONVERSLON

According to the prior art, physicsl srctors are accessed by
counting actual sectors. Physical sector 00 refers to sector 0, head O,
track 0. The number increases by counting sectors around a track, thén
switching heads, then tracks.

According to the present invention, physical sectors are accessed
by counéing start-of-sector indicating marks after a start-of-track
indicating mark. A start of track indicatiug mark is encoded in a
preselected track to provide a reference point from which to count
sectors. A start-of-sector indicatiug mark is encoded in each sector.
In operation, a requested physical sector is accessed by detecting the
start-of-track indicating mark and thr~n counting start-of-sector

indicating marks until the appropriste sector is reached,
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Unfortunately, in both the dedicated servo and sector servo schene, the ID
region requires a great deal of disk space to performits functions. Since
the disk uses the information in the ID region to performa

| ogi cal -t o-physi cal sector conversion in order to |locate the physical
position on the disk corresponding to the requested |ogical sector, the ID
regi on nust be | arge enough to avoid ms-identiffing sectors. Furthernore,
since a phase synchronous clock is typically used to read the IDEH field,
the VCOfield is required; this fieldilos typically nmuch |arger than the
IDNEH field. Finally, in the sector

In the preferred embodiment of Uhe present invention, the start of
track indicating mavk takes the form of a nnique 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 indicating mark. The
servo system then counts AM fields after an index mark to locate a
requested sector. No additional overhegd 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 varijations 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 i

fields.

ITI. 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 logical-to-physical sector
conversion using a look-up table. The table is created at format time,
and consists of entries describing clusters of bad sectors (where a
cluster is defined as a sequential group of physical bad sectors) by
startiﬁg location and quantity. In oprration, a requested logical
sector location identifier is referenced into the table, and a
corresponding entry is found describing an offset to the physical sector
location identifier.

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

sectors in the disk file. This list may be generated using any of Ulhe
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servo schene, due to the region transition an R-Wand speed field is
required to switch the data channel from READ to WRI TE eel accommmodat e

spi ndl e speed vari ati ons. In sum due to overhead and accuracy

requi renents, 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 otherw se be used for data storage. However, the

i nportance of its two functions has hanmpered efforts to elimnate it from
t he FBA sector. One approach that has been used to elininate the ID
region is to encode the ID information into the data field. This

el i m naj@sut he:coveqhead assosi akeg- wréh 18ynNchkNgrc 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 sector 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, 19, 11 and 13 were found to.
be bad at format-time. The logical-to-physical mapping shows the
desired mapping to be achieved by the look-up tgble. 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 logical =ector 6, there is a cluster of 3
bad sectors; thus, sectors 6 and beyond must pe offset by a total of 6
to map into the correct physical sector. Finally, startfng 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 jis 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 hold the largest
physical sector number (24 bits is sanicieﬁt in most cases). The
second columﬂ must be wide enough and thé table long enough to hold the
maximum number of bad sector clusters likely to be encountered (16 bits
is sufficient in most cases).

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

programming language) processes Lhe bad sector list as follews. Tirst,
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(fi-elds 16 and 17), and allows the ECC to provide error checking for the ID
I nformation. However, it does not elimnate or reduce the actual. ID
information as contained in IDEH field 18. Also, it adds a m ni mum of one
sector time to the latency during WRITE, since the disk file controller
cannot determ ne the good/bad sector relationship wuntil it has read at

| east one sector. Further, this schene is not well suited to conpact and

| ow-cost disk files, where the error correction tinme is typically quite

|l ong, since it neans a revolution my be lost in the case of a sector

wher e any b|t is bad in the entire
list of bad sectors is converted inte the compact table

representation. Then the first "while" loop computes the offset for the
first block by determining its size (i.c. 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 hinary search look-up routine. Of
course, many other search tvpes 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
list, or, where stofage or processing constraints arise, may be executed
in a piecewise fashion, so that each hlock 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 location fdentifier? is generated 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 Jogical sector. In.the event
no entry is found, the physical sector location identifier is equal to
the logical seétor location identifier, and the requested logical sector
is accessed by computing head, track and sector number directly from the
logical sector location identifier according to any of a variety of
techniques well known to those skilled in the axt.

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

In some implementations (e.g. 80ST)Y, it may be desirable to allow

for the relocation of bad scctors withou! resorting to & complete device
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field containing the. conbined ID and data. Thus, while the approach of
conbining the |D and data regions reduces the disk space required for ID
i nformation, this approach introduces performance penalties that restrict
its useful ness. 4

13

formalt 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 spdres gre treated as theough they are bad
sectors for purposes of constructing the legical-to-physical mapping
table. The spare sectors are then distinguished from bad sectors, for
instance by means of a flag in the mapping tgble or a separate list.
Relocation of a bad sector is accomplished by logically substituting.one
cf the spare sectors in its place, shifting 4]l the intervening sectors
by one logical sector location. updating the spare sector list to
reflect the use of the spare sector, and ré—constructing 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 nbové has the advantageous effect
. of placing most of the computatiénal 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 embo&iment 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 enables rapid calculation of the
correct physical sector corresponding to a requested logical sector.
Furthermore, the No-ID scheme of the present invention is
particularly well suited for use with disk Files having different heads
for reading and writing, such as magneto-resistive read heads, where the
heads must be moved to slightly different radial positions for reading
and writing (a practice known as micro-jog). With prior art fixed block
architectures, writing a data field requires prior reading of the ID
field. However, it is not possible to complete a micro-jog between the

two filelds, so a revoiution is lost in performing the micro-jog. The
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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 recordi ng di sk having a
pattern of radially spaced tracks and a plurality of circunferentially
spaced angul ar sectors having prerecorded servo positioning information
for identifying track and sector |ocations, each of the plurality of
sectors including only a data region for recordi ng user

14

No-ID format of t resent invont .
i@t of the present inventien elimingirs this problem since it
. ~ Ja e oo 1T 2 C

has ne ID field to be read.
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data and, preceding the data region in the circunferential direction, a
servo-and-recovery region which provides the prerecorded servo positioning
i nformation to uniquely identify the sector and track, wherein the
servo-and-recovery region includes a wite-to-read- recovery and
speed- conpensation field, an error handljghg field, a position-error-signal
field, a start-of-sector indicating mark, and a track nunber field, but no
data region identification (ID) field, wherein the data region includes,
in sequence, a read-to-wite- recovery and speed-conpensation field and a
synchroni zation field, and wherein one of

CLAIMS:

1. A data recording disk having a pattern of radially spaced tracks and a plurality
of circumferentially spaced angular sectors having prerecorded servo positioning
information for identifying track and sector locations, each of the plurality of sectors
including only a data region for recording user data and, preceding the data region in the
circumferential direction, a servo-and-recovery region which provides the prerecorded
servo positioning information to uniquely identify the sector and track, wherein the servo-
and-recovery region includes a write-to-read-recovery and speed-compensation field, an
error handling field, a position-error-signal field, a start-of-sector indicating mark, and a
track number field, but no data region identification (ID) field, wherein the data region
includes, in sequenice, a read-to-write-recovery and speed-compensation 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 mark is encoded in the track number field.

4.  The data recording disk as recited in claim 1, wherein the start-of-sector
indicating mark is an address mark located in the servo-and-recovery region, and wherein
the address mark precedes the track number field in the circumferential direction.

5.  The data recording disk as recited in claim 1, wherein the track number field
includes a full sector number prerecorded therein.

6. The data recording disk as recited in claim 1 wherein some of the tracks also
have servo-and-recovery regions located within some of the data regions.

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

having a start-of-track indicating mark and being divided into a number of data regions for

l " ]“l This Sheet HasBeen Replaced
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thie plurality of sectors also includes a start-of-track indicating nark.
According to anot her aspect of the present invention there is disclosed a
data recording disk having a plurality of tracks, each of the plurality of
tracks having a start- of-track indicating mark and being divided into a
nunber of data regions for recording usgg data and a nunber of
servo-and-recovery regions, the servo-and-recovery regions containing a
position-error-signal field, a servo-and-recovery region count mark, and a

2 Tt or S R O AR L L
have, eithegions thitfinfig LpdsticheerkdiSigial feld, a servo-and-recovery region count mark,

and a track number field, at least one of the data regions being split by a servo-and-
recovery region, and wherein none of the plurality of tracks have, either within or outside
the data regions and servo-and-recovery regions, identification (ID) regions containing
information that uniquely identifies the data regions in the tracks.

8.  The data recording disk as recited in claim 7 wherein the track number field
includes a full track number prerecorded therein.

9.  The data recording disk as recited in claim 7 wherein the start-of-track
indicating mark is located within one of the servo-and-recovery regions.

10. The data recording disk as recited in claim 9 wherein the start-of-track
indicatirig mark is encoded in the track number field.

11. The data recording disk as recited in claim 7 wherein the servo-and-recovery
region count mark is a start-of-servo-and-recovery region mark.

12. The data recording disk as recited in claim 11 wherein the start-of-servo-and-
recovery region mark is an address mark that precedes the track number field in the track.

13. The data recording disk as recited in claim 11 wherein the start-of-servo-and-
recovery region mark is a servo-and-recovery region number.

14. The data recording disk as recited in claim 7 wherein the servo-and-recovery
regions include a write-to-read recovery and speed-compensation field.

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

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

W

field.
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regi ons and servo-and-recovery regions, identification (I1D) regions
containing information that uniquely identifies the data regions in the
thr acks. The foregoing and ot her object features and

advant ages of the invention will be
17

A DATA RECORDING DISK FILE WITH FIXED BLOCK ARCHITECTURE SECTOR
THAT ELIMINATES THE IDENTIFICATION (ID) REGION.

ABSTRACT

A data recording disk file with a fixed block 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 recorded in each sector. A full track number identifier is encoded in
the position field within the servo region of each sector. 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



apparent fromthe follow ng nore particular description of the preferred

danbodi ment  of as illustrated in the acconpanyi ng draw ngs.

the i nventi on,

Brief Description of the Draw ngs

kllustrating a fixed bl ock architecture, sector servo
according to the prior art.

Fig. 1A a schematic diagram
sector fornmat

Fig. W& is a schematic di agram

illustrating a fixed block architecture dedicated
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kservo sector format according to the prior art. Fig. 2Ais a
schematic diagramillustrating a fixed block architecture sector servo
sector format according to the present invention. Fig. 2Bis a

ischematic diagramillustrating a fi xedZ?L'ock architecture dedicated servo
sector format accordi Q9 to the present ventlon Fig. 3is a table
illustrating a bad gee¥or list, a Ioglchlzb phy I cal mapping, and a
| ook-up table-according-to-the presentinventign. Fig. 4is acC
| anguage pr oéeg@g'vg‘ AND: uét%a't nganalgarl thmf """ rgating a | ook-up
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tabl e according to the present invention. Fig. 5is a flowhart
“illustrating an algorithmfor perform ng |ogical-to-physical sector
conversion according to the present invention. Det ai | ed Description of
the Invention |A NOID FBA Sector Servo Sector Format Fig. 2A
‘illustrates in schematic diagramform a/EBA sector servo sector

static int t{MAXBAD]; /*lookup table: logical #x/
static int to[MAXBADJ; /*lookup table: offsetx/
static .int nt = 0; /*number table entriesx/
void build(b,nbad) /*build bad sector tablex/
int b[MAXBAD]; /*physical bad sectorsx/
int nbad; /*number of bad sectors found*/
{
int bad;
bad = 0: /*bad sector counterx/
nt = 0; /*table index counterx/
ti{nt] = b[bad}; /xfirst entryx/ -
to[nt] = 1; /*offset starts at 1*/
bad-++; /*next bad sectork/
while (b[bad] == b[bad—1]+1) { /*while adjacent sectorsx/
to[nt}H++; /xincrement offsetx/
bad++; /*next sectorx/

§

while (bad < nbad) §

nt++; /xnext table entryx/
ti{nt] = b[bad] — to[nt—1} /*will be next entryx/
to[nt] = to[nt—1] + 1; /*starting offsetx/
bad++; /*next bad sector*x/
if (bad == nbad) break; /*end of the listx/
while (b[bad] == b[bad—1}+1) { /*while adjacent sectorsx/
to[ nt]++; /*¥increment offset*/
bad++; /*next sector*/
if (bad == nbad) break; /*xend of the listx/
2 |
} -
nt++; /*nt is now # elementst/
if ((nt & 1) == 0) § /*table should be oddx/
tifnt] = 32767; /*max allowed valuex/
nt++; o T
! | /*-build */ This Sheet Has Been Replaced

T

F]G 4: Look—up Table Generation Algorithm in C.



according to the present invention. Servo and recovery region 30 includes
WR and speed field 33, AMfield 34 and position field 35. Position field
3b itself includes track

6© nunber subfield 36, EH subfield 37 and, PES subfield 38. Data region 32
i ncl udes RW 474

Search look—up table for
entry prior or equal to
requested logical sector.

- N Use requested
logical sector

Add offset entry to
requested logical sector

!

Compute actudl
head, track, sector -

FIG 5: Logical-to—Physical Sector Conversion Algorithm
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o oS3y WOS
ang speed field 39, VCO synch field 40 and data fi-etd-4%.- AL

operation, fields 33, 34, 39, 40 and 41 provide substantlal I y the sanme .
functions as fields 13, 14, 19, 20 and 21 shéwn in prlor art "Fg. 1A and 3
descri bed previously. Fields 16, 17 and 18 from pri'or-art. Fig.-lA-are .

el i m nat ed. Position field 35 is expandéd over positiaon. f"i?el d 15' &f -
the prior art, as shown in the |ower 1r%rtlon of Fig. 2A.: According to:the
preferred enbodi nent of the present ention, the full track number :
corresponding to the track on which the sectoi is |ocated. :is-reggdgded in :

track number subfi el /B(B EH subf[eﬁd 37 is provided- aszZm adftmct “t'othe’
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fuld track nunmber top ensure that the track nunber has been read correctly.
Finally, the actual position-error-signal is encoded in PES subfield 38.
This subfield contains substantially the same infornmation as position
field 15 of prior art Fig. 1A It is to be noted that both the ful
track nunber and the EH information may be recorded according to any of a
vari ety of techniques well known to tRéke skilled in the art of data
recording di sk seciaf) formats. For ins%aﬁﬁe, a gray code nay be used to
record the full tyack nunber because i MI(nmiﬁhe full track nunmber to be

accurat el y-rgaRt 4t ]
" “RECOVERY REGION"--{----:"DATA REGION 1 k 5

W—R |4 |POS-|R| VcO DATA \
AND 4| TON |W| SYNCH | AND
SPEED | . S| ECC

[

5/ w/s) o Snvaoa’

34 '

FIG. 2A
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when thg disk head is off-track. The EH information may i nplenent any of a
variety of schenmes well known to those skilled in the art, including error
checki ng and correction (ECC) codes and cyclic redundancy check (CRC)
codes. According to the preferred enbodinment of the present invention, ‘EH
subfield 37 is inplenmented using CRC, an error-check-only code. CRCis
chosen because it is easy to conpute ang, ,because it requires a snmal

nunber or bits (roughly 16). Since CRCbits will not forma gray code, EH
subfield 27 is inplemented in a code that is accurately readable only when

the head diginidy afiMANBAD]I mpl ement ati On/l?éol&ﬁb q(%%:s%&%f\c#*?n t he

present Inyentl ot +3[MA%sAD]; /*lookup table: offsetx/
static .int nt = 0; /*number table entriesx/
void build(b,nbad) /*build bad sector tablex/ .
int b[MAXBAD]; /*physical bad sectorsx/
i{nt nbad; ' /*number of bad sectors found+/
int bad;
bad = 0; /*bad sector counters/
nt = Q; /*table index counterx/
ti{nt] = b[bad]; /¥first entryx/ .
to[nt] = 1; /*offset starts at 1x/
bad++; /*next bad sector*/ .
while (b[bad] == b[bad—1}+1) { /*while adjacent sectors*/
to[nt]++; /*increment offset+/
bad++; /*next sectorx/

§

while (bad < nbad) f§

nt++; /*next table entry/
tiint] = b[bad] — to[nt—1]; - /*will be next entryx/
to[nt] = to[nt—1] + 1; /*starting offsets/
bad++; /*next bad sectors/
if (bad == nbad) break; /*end of the listx/
while (b[bad] == b[bad—1}+1) { /swhile adjacent sectors*/
to[nt]++; /*increment offset*/
bad++; /*next sectorx/
}_if (bad == nbad) break; /*end of the list/
§
nt4+; /*nt is now # elementsx/
it ((nt & 1) == 0) { /*table should be odd+/
tint] = 32767; /*max allowed valuex/
nt++;

5
} o /x-build */

-G, 4



an absolutely accurate, reading of the track nunber subfield is required
only when the head is already on-track.

7 The no-id sector format of the present invention provides several
space saving

L4

Search look—up table for
entry prior or equal to
requested logical sector.

Use requested
logical sector

Add offset entry to
requested logical sector

1

Compute actuadl
head, track, sector

FIG. S




advant ages over the prior art.
I D regi on but

encoded in
servo syst
substanti al'l

the FBA format of the present
other fornms of ECC and since the maxi mumtrack nunber
of magnitude snaller than the maxi num sector

an

?n; sh

runti nme.

The trac
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Trees20 -y IfES

need not be redundantly
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I nvention
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is able to use
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encoded
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A DATA RECORDING DISK FILE WITH FIXED BLOCK ARCHITECTURE SECTOR

This invention relates to A multiple track

THAT ELIMINATES THE IDENTIFICATION (ID) REGION.

method of formatting and a data recording disk file.

Background of the Invention

data storage disk,

All disk files require some medns 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 inforwation ou one or more of the disk

surfaces for reading by magnetic or optical heads.
known as dedicated servo files,

dedicated surface of one disk in the

modern files,

interspersed with the data on each disk surface.

known as sector servo files,

disk stack.

In contrast,

This latter

Some disk files,

contgin servo information only on a

some

store the servo information

approach

represents the direction in which the technoiogy is progressing and is

preferred because it can be implemerted st

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

of track misregistration.

accessed,

thereby eliminating many mechianical and thermal sources

Fixed block

architecture (FBA) is a common

configuration used to format both dedicated servo disk files and sector

servo disk files.
divided into a number of equal-sizec sectors,

into regions containing servo infor~

(ID),

A typical FBA secter

is 111

Hervo

BEED ST

and data.

ustrated

and reaoy

S ITE MR T

in Fig.
(LR

Ve ry

SOTVo
14, The
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guantity may be recorded at |ower density, so that track nunber subfield 36
and EH subfield 37 can be read wi thout a phase synchronous cl ock;
therefore VCO synch field 17 is not required. Finally, since no separate
ID region is set up, RRWand speed field 16 is elim nated. 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 absolute identification of the track nunber for READ and
WRI TE operations. However, it is to be undetstood that the track number
may be encoded according to a

sectoring, as wall as servo infeormai inn fer secior serve {iles. Alan,
this region marks the beginning of the sector. Specifically, servo
region 10 contains WRITE-to-READ recovery (W-R) and spced compensation
field 13, which is 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-errocr-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 i3. 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 1is .used by the disk data
controller (DDC) to identify the phvsical sector number. It contains
R-W and speed field 16, VCO synch field 17 and identification/error
handling (ID/EH) field 18, which contains the 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 1%' and data region 12'. ID
and recovery region 11' contains sithstantially the same jinformation as
servo and recovery region 10 and ID region .11 of Fig. 1A, with the
exception that serxvo 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
A can be written whenever the succeeding. V€O synch field 17' and ID/EH
field 18' are written. Data region 12' contains substantially the same
information as data region 12 of Fip. IA.

ID regions 11 and ID and recovery region 11' of the prior art FBA
Sector formats perform two important functjons. First, they uniquely
identify the logical sector number of the sector in which they are
located. Second, they indicate whether the sector is good or bad (that
is, whether the sector can he suceess Tiliy wrlitten to and read from).

Iy - - : . : Y e e B
Lnfort.nn.:Lely, in both the dedicaiod servo and soctor servo schome ) th:.
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variety of
assune the
may be use
pattern re

al t oget her,

(or quarte
applicatio

alternative schenmes. For instance, PES subfield 38 may itse

f

formof a pattern which is unique over a range of tracks, and
d to construct the LSBs of the track nunmber. Thus, if the PES
peats every four tracks, it may be used to provide the two LSBs
of the track nunber. Or the MSBs of the track nunber nay be omtted

r, or eighth) of the disk the head is positioned over.

and the servo el ectronics depended on to determ ne which half

The

n of the present invention to secgor servo disk files has been

1D repicn reqirives a mreat deal o clisdh o spgee o perform its funations
Since the disk uses the informatic: in the 7D region to perform a
logical-to-physical sector couversion 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 misidentifving sectors.
Furthermore, since a phase synchronons 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 fof data storage. However, 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 1nformat10n into the data field. This eliminates the
overhead associated with synching {lields 16 and 17), and allows the ECC
to provide error checking for the I information. However, it does not
eliminate or reduce the actual ID information as contained in ID/EH
field 18. Also, it adds a minimum of one sector time to the ;atency
during WRITE, since the disk file controller cannot determine the
good/bad sector relatiomship until it has read at least ome 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 & 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 gnd data regions reduces the disk
space required for ID information. this approach introduces performance
penalties that restrict its usefuluess,

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

above drawbacks of the prior art.

ez~
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described with reference to the sector servo sector format shown in Fig.

2A. However, it should be noted that the present invention may be applied
to any sector servo format in which the track nunber may be encoded in the
servo and recovery region. For exanple, instead of a fixed spaci al

rel ati onshi p between the- servo regions aand data regions, a

SUMMARY OF THE INVENTION

According to the present invention there is disclosed a data recording disk having a
pattern of radially spaced tracks and a plurality of circumferentially spaced angular sectors
having prerecorded servo positioning information for identifying track and sector locations,
each of the plurality of sectors including only a data region for recording user data and,
preceding the data region in the circumferential direction, a servo-and-recovery region
which provides the prerecorded servo positioning information to miquely identify the sector

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

‘ speed-compensation field, an error handling field, a position-error-signal field, a start-of-
sector indicating mark, and a track number field, but no data region identification (ID)
field, wherein the data region includes, in sequence, a read-to-write-recovery and speed-
compensation field and a synchronization field, and wherein oxie 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
recording disk having a plurality of tracks, each of the plurality of tracks having a start-of-
track indicating mark and being divided into 2 number of data regions for recording user
data and a number of servo-and-recovery regions, the servo-and-recovery regions
containing a position-error-signal field, a servo-and-recovery region count mark, and a
track number field, at least one of the data regions being split by a servo-and-recovery
region, and wherein none of the plurality of tracks have, either within or outside the data
regions and servo-and-recovery regions, identification (ID) regions containing information

that uniquely identifies the data regions in the tracks.
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8 sector servo format may provide servo information at other than fixed
intervals with respect to data, such as within the data region itself.
Such a schene is disclosed in US Patent application serial nunber

07/ 466, 195, filed January 1, 1990. In this case, the fields in Fig. 2A may
be repositioned such that servo and recovery region 30 is split into
separate recovery and servo regions with the recovery regi on containing
fields 33 and 34 and the servo region containing field 35. The sector
nunber and track nunmber nmay then 5

“The foregoing and other object. features gad advantages of the
invention will be apparent from the following rore particular
description of the preferred embodimenl of the invention, as illustrated

in the accompanying drawings.

Brief Description of the Drawings

Fig. 1A is a schematic diagram illustrating a fixed block
architecture sector servo spctof format according to the prior art.
Fig. 1B is a schematlc dlagram 1}1u<trat1ng & fixed block

51 architecture dedicated servo sector. Tormat accordlng to the prior art.

Fig. 2A is a schematic diagram 111ustrat1ng a fixed block
architecture sector servo sector format étcording to the present
invention.

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

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

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

Fig. 5 is a flowchart illustrating an algorithm for performing

logical~to-physical sector conversion according to the present

invention.

Detailed Description of the Invention

IA. NO-ID FBA SECTOR SERVO SECTOR FORMAT

Fig. 2A illustrates in schematic diagram form an FBA sector servo

sector according to the present inveution. Servo and recovery region 30

includes W-R and speed field 33. AM field 34 and position field 35.

Position field 35 itself includes irgek number subfield 36, EH subfield
is Sheet Has Been Replaced
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be determned in the sane manner as wth the sector format shown in Fig.
2A. 1B. NO I D FBA Dedi cated Servo Sector Format Fig. 2B
illustrates in schematic diagramform an FBA data di sk dedi cated servo
sector according to the present invention. Track ID and recovery region 30
I's produced by conbining aspects of prior art ID and recovery region 11
with the full track nunber. However, it contains no position error
i nformati on anal ogous to that found in PES subfield 38. Track ID and
recovery region 30" includes WR and speed&ield 33", AM
37 and PES subfiecld 358. Data region 32 inclndes R-W aud speed field 39,
VCO synch field 40 and data field 41.
In operation, fields 33, 34, 3%. 4" and 41 provide substantially
the same functions as fields 13, 14, 19, 20 and 21 shown in prior art
Fig. 1A and described previously: Tie'ds 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 QF Fig. 2A. According to the

preferred embodiment of the present invention, the full track number

corresponding to the track on - whlch the- secror is located is recorded in

- .E track number subfield 36. CER subfield 37;;s;prOV1ded as an adjunct to

E the full track number to ensure that thé:#féck.number has been read
correctly. Finally, the actual.position—Efror-signal is encoded in PES
subfield 38. This subfield contains snhstnntiaily'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 accord}ng to any of a v%riety of techniques
well known to those skilled in the art of data recording disk sector
formats. For instance, a gray code may he used to record the full track
number because it allows the full track uumber to be accurately read
when the disk head is off-track. The EH information may implement any
of a variety of schemes well known to those skilled in the art,
including error checking and correction (EGC) codes and cyclic
redundancy check (CRC) codes. According to the preferred embodiment of
the present invehtion, EH subfield 37 is implemented using CRC, an
error-check-only code. CRC is chosen becguse 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, FEil subfijeld 27 is implemented in a code that
is accurately readable only when the head is on track. This
implementation has no adverse impagct con the present invention, since an
absolutely accurate reading of the track number subfield is required
only when the head is already on-track.

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

space saving advantages over Lhe prier art. The track number need not

v n
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field 34" and track field 35 . Track field 35 itself includes track nunber
subfield 36" and EH subfield 37'. Data region 32' assunes the sane form 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 prior art Fig. 1B and descri bed
previously. Fields 17° and 18 fromprior art Fig 1B are elimnated. Track
nunber subfield 36' and EH subfield 37" are-sidentical to fields 36 end 37
in Fig. 2A. The ful

be redundantly encoded-in an ITD regins bhat ivntead is commnicaled Lo
the DDC by the serve system at runtisg.  Track snmber subfield 36 and Tl
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 amd since the maximum track
number is one or two orders of magnitude smaller than the maximum sector
number encoded in prior art ID/EHN field 18. Since fewer bits are
required to represent the track number, this quantity may be recorded at
lower density, so that track number snhbfield 36 and EH subfield 37 can

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

| is not required. Finally, since no sepafate ID region is set up, R-W
and speed field 16 is eliminated. _

As discussed above, the preferred embodiment of the preseﬁt
invention contemplates the use of a full track number in track number
subfield 36 in order to provide absclute identification of the track
number for READ and WRITE operaFions. However, it is to be understood
that the track number may be encoded according to a variety of
alternative schemes. For instance, PES subfield 38 may itself assume
the form of a pattern which is unigue 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 servo electronics depended on to determine
which half (or quarter, or cighth) 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. lHowever, it should be noted that the présent
invention may be applied to any sector servo format in which the track
number may be encoded in the servo and recovery region. For example,
instead of a fixed spacial relationship between the servo regions and

data regions, a sector servo format may provide servo information at

other than fixed intervals with resrcezt to dato, such as withiu-the data
region jtsell.  Such a scheme is disz'osed in 'S Patent application
Thi
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track nunber is therefore provided in the same manner as for the sector
servo format, including the alternative encodenent schenes discussed in
section A As with the sector servo format, the track nunmber field nust
be accurately readable only when the head is on-track, since it is used
only during read and wite operations. Wiile Fig. 2B and the above
description have focused on a dedicated servo data disk having the sector
format of the present invention, it is to be8noted that this sector

sevial number 07/466,195, filed Janaary 1, 1990. In this case, the
fields in Fig. 2\ may be repositioned such thagt servo and recovery
region 30 is split into separatc recovery and servo regions with the
recovery region containing fields 33 and 34 and the servo region
containing field 35. The sector number aund track number may then be
determined in the same manner as with the sector format shown in Fig.

24.

1B. NO-ID FBA DEDICATED SERVO SECTOR FORMAT

Fig. 2B illustrates inm schematic diagram forsi &n FBA data disk
dedicated servo sector according to the present inﬁéﬁtion. Track ID and
recovery region 30' is produced by combining aspects of prior art ID and
recovery region 11' with the full tracf number. However, it contains no
position error information analogoﬁs to that fonund in PES subfield 38.
Track ID and recovery region 30' includes W-R and speed field 33", AM
field 34: and track field 35'. Track field 35' itself includes track
number sﬁbfield 36' and EH subfield 37'. Data region 32' assumes the
same form as data region 32 in the secfor servo format.

In operation, fields 33", 34', 39, 40', and 41' providé
substantially the same functions as fields 13', 14', 19", 20', and 21'
shown in prior art Fig. 1B and described previously. Fields 17' and 18'
from prior art Fig 1B are eliminated. Track number subfield 36' and EH .
subfield 37' are identical to fields 26 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 opergtions.

While Fig. 2B and the above description have focused on a
dedicated servo data disk having the sector format of the present
invention, it is to be noted that this sector format may also be applied
to the dadicated servo disk itself. 7That is. track field 35! may be
ancoded on the dedicated servo disk. This configuration is not the
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9 format may al so be applied to the dedicated servo disk itself. That is,
track field 35" nay be encoded on the dedicated servo disk. This
configuration is not the preferred enbodinent, as it requires nore
rigorous constraints on the system nechanics. However, it has the

advant age of | ower overheads since field 35 is not placed on the data
surface, and thus may provide an attractive alternative that is within the
scope and

9
asreferred embodiment., zz QU vequires more rigorous constraints on the
system mechanics. lHowever, il bas the advantage of lower overhead since

field 35" is not placed on the datg surface, and thus may provide an
attractive alternative that js 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 tha present invention function
similarly to the dedicated servo system. These incliude systems such as:
"optical recording continuous groove sy¥stems, where'#he trééking
information is provided by grooves in tha substrate; buried servos,
whether magnetically, capacitively, or otherwise encoded; opticél
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 optical encoder or a stepping motor. TFinally, it is worthy of note
that the present invention may be recadily applied to systems combining

aspects gf sector servo and dedicated scrvo.

II. LOGICAL-TO-FPHYSICAL SECTOR GONVERS[ON

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

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

indicating marks until the approprigte sector is reached.
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spirit of the present invention. Dedi cat ed servo systens record the
head positioning information on a single nagnetic recording surface,
separate fromthe data surface(s). However, it is to be wunderstood that
there are nmany other types of servo systens, which for the purposes of the
present invention function simlarly to the dedicated servo system These

I ncl ude systens such as: optical recording continuous groove

systens, where the tracking information is
10

In the preferred embodiment of the present invention, the «tart af
track indicating mark takes tha form of a mnigque bit called an index
mark, recorded in a preselected track numher 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 thgn 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 nﬁmher 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 eddition to AM

fields.

ITI. LOOK-UP TABLE \

Prior art disk file implementations handle bad sectors vis 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 logical-to-physical sector
conversion using a look-up table. The table is created at format time,
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 logical
sector location identifier is referenced into the table, and a
corresponding entry is found descrihing an offset to the physical sector

location identifier.

More specifically, at format time, the data rccording disk file

generates a list of physical sector lecation identifiers for the bad
sectors in the disk {ilr. This list mgy be generated using any of Lhe
This Sheet Has Been Replaced
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provi ded by grooves in the substrate; buried servos, whether magnetically,
capacitively, or otherw se encoded; optical tracking servos, where the
servo information is optically encoded on a data or servo surface; and
basepl ate reference servo systens, where the positioning information is
provi ded by sone external reference such as an optical encoder or a
stepping notor. Finally, it is worthy of note that the present invention
may be readily applied to systens conbining gfpects of sector servo and
dedi cat ed servo. 1. Logical -to-Physical Sector Conversion

various tochniques Froown I1in the grt “ar locating bad seclors. The Jisgt
is held in RAM and is used to constrncl the lock-up table. Tig. 3
illustrates in tabular form an example of a had sector 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 logical-to-physical mapping shows the
desired mapping to be achieved by the Jook-up tgble. 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 resnlt 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 béyond
must be offset by 1 to map into the correct physical sector. Starting
at logical sector 4, there is a cluster of 2 had sectors; thus, sectors
4 and beyond must be offset by a total of 3 to map into the correct
physical sector. Starting at logical 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 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 ﬁap 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 EETROM, FRAM, or PROM. The
first column of the table must be wide enough to hold the largest
physical sector numbexr (24 bits is snfficient in most cases). The
second column must be wide enough and thé table long enough to hold the
maximum number of bad sector clusters likely to be encountered (16 bits
is sufficient in most cases).

Fig. 4 illustrates in algorithmic form a procedure for creating a
look-up table according to the preferred embodiment of the present

invention. The look-up table generstine glgovithm (shown in €

programming language) processes the 233 sector Tist as follews. First,
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According to the prior art:, physical sectors are accessed by counting
actual sectors. Physical sector O refers to sector 0, head O, track 0. The
nunber increases by counting sectors around a track, then sw tching heads,
t hen tracks. According to the present 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 fromwhich to
count sectors. A start-of-sector indicatihg mark is encoded in each
sector. In,

thie Hist of bad sectors i converted into the compact table
representat ion.  Than tie first "while” loop computes the offset for the
first block by determining its size (i.c. the number of contiguous bhad
sectors). Next, the second "while" loop perfcrms the same operation for
all the remaining blocks, determining each off{set 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 bisary sesrch look-up routine. OF
course, many other search tvpes are possible, the use Of.which_ﬁould
obviate this final step. Also, it is worthy of note that the look- up
table generation algorithm may be executed against the" entlre 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 pfgcessed
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
a2 logical sector location fdentifier, is generated 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 Jogical sector. In.the event
no entry is found, the physical sector location identifier is equal to
the logical seétor location identifier. and the requested logical sector
is accessed by computing head, track and sector number directly from the
logical sector location identifier according to any of a variety of
techniques well known to those skilled in the art.

If an entry is found in the Jook-up table, the corresponding offset
is extracted from the loock-up table and added to the iogical sector
location identifier of the requested logical sector. This suﬁ,
representing the physical sector location identifier, is used toc compute

the head, track and sector number corresponding to the requested logical

Sector.
In some implementations (e.g. SOSTY, it may be desirable to allow

for the relocation of bad sactors withont reseriing Lo a complete device
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10. operation, a requested physical sector is accessed by detecting the
start-of-track indicating mark and then counting start-of-sector

i ndicating marks until the appropriate sector is reached. In the
preferred enbodi nent of the present invention, the start of track

I ndi cati ng
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frimat operation. This feature is ‘=plemented in conjunction with the
present invention by allocaling a set of sectors as spares prior to an
initial format operation. The spdres gre treated as though they are bad

sectors for purposes of constructinz the logical-to-physical mapping
table. The spare sectors are then distingyjshed from bad sectors, for
instance by means of a flag in the mapping Tab}& or a separate list.
Relocation of a bad sector is accomplished by logically SUbstituting-one
of the spare sectors in its place, shifting 8]1 the intervening sectors
by one logical sector location, updating the spare sector list to
reflect the use of the spare sector, and re-construéting the
logical-to-physical mapping table to reflect all the above changes
A look-up table constructed acrordzng to the preferred embodiment
of the present invention as describead above has the advantageous effect
. of placing most of the computatiénal overhead into buiiding fhe 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 emboaiment look-up table approéch 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 amd enables rapid calculation of the
correct physical sector corresponding Lo a requested logical sector.
Furthermore, the No-ID scheme of the present invention is
particularly well suited for use with disk files having different heads
for reading and writing, such as magneto-resistive read heads, where the
heads must be moved to slightly different radial positions for reading
and writing (a practice known as micro-jog). With prior art fixed block
architectures, writing a data field requires prior reading of the ID
field. However, it is not possible to complete a micro-jog between the

twe fields, so a revolution is lost i+ performing the micro-jng. The
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mar k takes the formof a unique bit called an index mark, recorded in a
presel ected track nunber subfield 36. AMfield 34 of each sector is used
as the start-of-sector indicating mark. The servo systemthen counts AM
fields after an index mark to | ocate a requested sector. No additional
overhead is incurred, since the servo systemnust |ocate every AMfield in
order to read the PES subfield. Also, the schene requires only a snal
counter, since the nunber of sectors per track is typically |ess than 64,
and since the sector count is reset eachidinme an index mark is detected.

Noi-1D format of the prescnl inveni‘on elimingt~s this problem sinee it

hias no ID field to be read.
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There are a nunber of variations on the enbodinent that serve tgﬂ [ rrprove
error tolerance where AMfield 34 is missed dueto a di sk ‘deféet.. First,

t he physical sector nunber nay be encoded |nto‘frack nunber fi®ld 36. .
Second, an open loop timer may be used fo provi de a timeout error if .an.
address mark is not detected within a gl‘k/en ti:me interval;. Thi.rd;: pos;tlon

fields may be counted in addition to AMfi el ds. 1] Look Up Tabl e
Prior art SWMMARYeOFHEMNENTION: handl e bad sectors vi:g t:he SERYYT ID

region. It is an object of the present invention to ameliofate oné of HofE dxsaavanfages of -
the prior art. )

According to one aspect of the present invention there is provided 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, and wherein none
of the tracks have, either within or outside the data regions and servo regionms,
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 preselectedones 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 present invention there is provided 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, identification (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 still another aspect of the present invention there is provided 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, 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 data in

- -———-the--data-rregmns,é a defect map Wthh contams mformatlon relatmg to the locations of
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According to the present invention in which the ID region has been
.elimnated, bad sectors are identified and mapped out of the data
recording disk file during |ogical-to- physical sector conversion using a
| ook-up table. The table is created at format tinme, and consists of
entries descrlblng clusters of bad sectofs (where a cluster is defined as a
hysi cal _bad sectors) by starting | gcation_and

sequenti al ou

quantity. qegf’“&f‘p&f g ‘gf'k ang a Qig, dafp canirelir cauplek o e TeoEding dead tseratingr i s

ref er encedhé dhta refiont akitteut derded wires das p@nﬁbmg/rmhrby use dfalederdosegiobi ng

an off set cto tt {rll?orﬁmligril @ kh chgctuglrferentl Ehty precedmg servo regions read by the recording
head in combination with information read from the defect map but without use of ID
regions.

According to still another aspect of the present invention there is provided 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, identification (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 région 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 jdgging 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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I dentifier. More specifically, at format tine, the data
recording disk file generates a list of physical sector |ocation
identifiers for the bad sectors in the disk file. This |ist may be
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CLAIMS
Having thus described the invention, what is claimed is:
1. 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, 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 preselectedones 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 region 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 timeout signal indicating failure to detect
an expected servo region.

6. The disk drive as recited in claim 1, wherein the servo regions include error
bandling 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 claim 7, wherein the track numbers are full track
numbers. :

9. ' The disk drive as recited in claim 1, further including a defect map, the data
regions being identified based on information from the defect map.

10. 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
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generated using any of the various techniques known in the art for |ocating
bad sectors. The list is held in RAMand is used to construct the |ook-up
table. Fig 3 illustrates in tabular forman exanple of a bad sector Ilist,
a | ogical -to-physical mapping and a | ooksgip table according to the

preferred enbodi nent of the present I nvention. The bad sector |ist
e found to be

0o b BB ST S B R e o B
mappi ng t o deta @gi@neuetmmmkhe | ook-up table. Logical sector 1 w I | be
found at physi %alre*"deﬁEﬁ a#glﬁa%@ Qﬁ difteten ra '%lwlpl()%litlotq@%n& O%aﬁgyd? rea Ct or
2; logical sector physical sec i nce
information in the servo regxons 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.
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, 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 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
corhbination 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 1nformat10n includin start—of-servo—
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sector 3 is defective, etc. The | ook-up table shows the result of
conpressing the bad sector list in accordance wth the present invention.
Starting at |ogical sector 3, there is a cluster of 1 bad sector; thus,
sectors 3 and beyond nust be offset by 17to map into the correct physical
sector. Starting at logical sector 4, there is a cluster of 2 bad sectors;

thus, sectQtgyr4maiRe, ﬁx%yd%l'f'éjre ol Lwﬁﬁbu?fdgﬁats BYin 15&%31' %}pﬁet@cﬁr% ﬁ@%tdrf‘f)f) the

correct phéSl cal, sector. | cal ector Is a cluster

of 3 bad s %‘il%lﬁlgmaft%@aﬂ%@@t%u@@ ﬁﬁw%égf&ﬂﬂe%ﬁm% of f set by

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. o

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 regioms, identification (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 following reading of the preceding servo regions by the read head but without
reading of information from ID regions.
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.
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a total of 6 #o0 map into the correct physical sector. Finally, si@st-isng’at

| ®gi cal sector 7, there is a cluster of 1 bad sector; thus, sectors 7 and

beyond nust be offset by a total of 7 to nmap into the correct physical

sect or. It is to be noted that the | ook-up table may be stored either
on the boot track of the disk or in sone qon-volatile sem conductor nenory
In the data recording disk file, such as EEPROM FRAM or PROM The first

colum of the table nmust be wi de enough to hold the | argest physical

sector nunber (24 bits is s Per .(S‘Rﬁm l’fl?i@ﬁ 4 The second colum
nmust be w de enough and the%yl‘ﬁﬂaﬁpgr% enou%h 0 iC)]'I‘I%I t he maxi num nunber of
' WITH FIXED BLOCK ARCHITECTURE SECTOR
THAT ELIMINATES THE IDENTIFICATION (ID) REGION.

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

and 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 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 stack. In contrast, some modern files, known as sector servo files,
store the servo information interspersed with the data on each disk surface. This latter
approach represents the direction in which the technology is progressing and is preferred
because it can be implemented at low cost ;md without additional componentry beyond
that required to store the data and further because it provides the ser\;o information at the
data surface being accessed, thereby eliminating many mechanical and thermal sources of
track misregistration. Fixed block architecture (FBA) is 2 common configuration used to
format both dedicated 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 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 intq three regions: y B
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bad sector clusters likely to be encountered (16 bits is sufficient in nost

cases). 12 Fig.
4 illustrates in algorithmc forma procedure for creating a | ook-up table
according to the preferred enbodi nent of the present invention. The | ook-up
t abl e 2

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 région marks the beginning of the sector.
Specifically, servo 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 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 contains 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 bec_ause 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 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 number
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generation algorithm (shown in C programm ng | anguage) processes the bad
sector list as follows. First, the list of bad sectors is converted into
the conpact table representation. Then the first "while" | oop conputes the
offset for the first block by determning its size (ie the nunber of
contiguous bad sectors). Next, the second 3while" |oop perforns the sane
operation for all the remaining bl ocks, determ ning each offset by adding
the nunber of sectors in the block to the total nunber of bad sectors

prior to theu @etor in %’}ﬁ@f th¥y afehl%?a{t&f? KsdiBnd, ARt PinkiRafA ikt dhd Qct?NE @bdd an

odd nunber of entries, for ease o
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 logical-to-physical sector conversion in order
to locate the physical position on the disk corresponding to the requested logical sector,
the ID region must be large enough to avoid mis-identifying sectors. Furthermore, since
a phase synchronous clock is typically used to read the ID/EH field, the VCO field is
required; this field is typically much larger than the ID/EH field. Finally, 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 eel 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 used to eliminate the ID region is to encode the ID
information into the data field. This eliminates the overhead associated with synching
(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 contained in
ID/EH field 18. Also, it adds a minimum of one 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 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.




access by a hinary search | ook-up routine. Of course, nmany other search
types are possible, the use of which would obviate this final step. Al so,
it is worthy of note that the |ook-up table generation algorithmnay be
execut ed against the entire bad sector list, or, where storage or
processing constraints arise, may be execuyed in a piecewi se fashion, so
that each bl ock of bad sectors is processed as it is |ocated. Fig. 5
illustrates in flowhart forman algorithmfor perfornng

l'ogi cal -t 0- phy§i Gaherefi26 LR OLFRPYEHR ;S}Qseﬁf:ﬁl%rﬂio'ﬂgo {oQerchBie REEhSYVE &@Fawbacks
enbodi ment of the present invention. READ or WRI TE request, including a

| ogi cal sewfetie p@sedrt.on identifier, i s gener at ed

Summary of the Invention

According to the present invention there is disclosed a data recording disk having a
pattern of radially spaced tracks and a plurality of circumferentially spaced angular
sectors having prerecorded servo positioning information for identifying track and sector
locations, each of the plurality of sectors including only a data region for recording user
data and, preceding the data region in the circumferential direction, a servo-and-recovery
region which provides the prerecorded servo positioning information to uniquely identify
the sector and track, wherein the servo-and-recovery region includes a write-to-read-
recovery and speed-compensation field, an error handling field, a position-error-signal -
field, a start-of-sector indicating mark, and a track number field, but no data region
identification (ID) field, wherein the data region includes, in sequence, a read-to-write-
recovery and speed-compensation field and a 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
recording disk having a plurality of tracks, each of the plurality of tracks having a start-
of-track indicating mark and being divided into a number of data regions for recording
user data and a number of servo-and-recovery regions, the servo;and—recovery regions
containing a position-error-signal field, a servo-and-recovery region count mark, and a
track number field, at least one of the data regions being split by a servo-and-recovery
region, and wherein none of the plurality of tracks have, either within or outside the data
regions and servo-and-recovery regions, identification (ID) regions containing

information that uniquely identifies the data regions in the tracks.
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within the disk file. A look-up table containing bad sector infornmation and
ndi ces as described above is accessed and searched for the |argest

| ogi cal sector entry less than or equal to the requested |ogical sector.

In the event no entry is found, the physical sector |location identifier is
equal to the |ogical sector |ocation identifier, and the requested | ogical
sector is accessed by conputing head, track and sector nunber directly from
the |ogical sector location identifier according to any of a variety of

t echni ques welThekfop¥gbing @nd AR obgdet ida@ited Bnd B@vadfaes 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. 1A a 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. ‘

Fig. ZB is a schematic diagram illustrating a fixed block architecture dedicated
servo sector format according to the present invention,

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

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

Fig. 5 is a flowchart iilustrating an algorithm for performing logical-to-physical

sector conversion according to the present invention.
Detailed Description of the Invention

IA. NO-ID FBA Sector Servo Sector Format
Fig. 2A illustrates in schematic diagram form an FBA sector servo sector
according to the present invention. Servo and recovery region 30 includes W-R and

speed field 33, AM field 34 and position field 35. Position field 35 itself includes track
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If an entry |s found in the | ook-up table, the corresponding offset is
extracted from the |ook-up table and added to the | ogical sector location
identifier of the requested

13 | ogi cal sector. This sum representing the physical sector |ocation
identifier, is used to 6

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

It is to be noted that both the full track number and the EH information may be
recorded according to any'of a variety of techniques well known to those skilled in the
art of data recording disk sector formats. For instance, a gray code may be 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 EH information may implement any of a variety of
schemes well known to those skilled in the art, including error checking and correction
(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
reqiiires a small number or bits (roughly 16). Since CRC bits will not form a gray code,
EH subfield 27 is implemented in a code that is accurately readable only when the head
is on track. This implementation has no adverse impact on the present invention, since
an absolutely accurate reading of the track npmber subfield is required only when the

head is already on-track.




conpute the head, track and sector number corresponding to the requested

| ‘ogi cal sector. In some inplenentations (eg. SCSlI), it nay be
desirable to allow for the relocation of bad sectors wthout resorting to
a conplete device format operation. This feature is inplenented in
conjunction wth the present invention by allocating a set of sectors as
spares prior to an initial format operation. The spares are treated as

t hough they are bad sectors for purposes of constructing the
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I stinguished frombad sectors, for instance by ans of a fla

mappi ng t altieantages osepehe giridr larts t TheRphdkCainber nedd bt Do de&R@h®ly étoded in an

acconpl i shed by logically _
ID region but instead is communicated to the DDC by the servo system 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 than 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 lower 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 imvention
contemplates the use of a full track number in track number subfield 36 in order to
provide absolute identification of the track number for READ and WRITE operations.
However, it is to be understood that the track number may be encoded according to a
variety of alternative schemes. For instance, PES subfield 38 may itself assume the
form of a pattern which is 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 servo electronics depended on to determine which
half -(or quarter, or eighth) of the disk the head is positioned over.

The application of the present invention to sector servo disk files has been
described with reference to the sector servo sector format shown in Fig. 2A. However,
it should be noted that the present invention may be applied to any sector servo format in
which the track number may be encoded in the servo and recovery region. For example,

instead of a fixed spacial relationship.-between- the-servo-regions and data regions, a
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substituting.one of the spare sectors in its place, shifting all the
intervening sectors by one |logical sector |ocation, updating the spare
sector list to reflect the use of the spire sector, and re-constructing
the | ogical -to-physical mapping table to reflect all the above changes.

A | ook-up table constructed according to tghe preferred enbodi nent of the
present invention as described above has the advant ageous effect of

pl aci ng nost of the conputational overhead into building the table during

the for mat0Rer @ fornaf By Prodide servo information at other than fixed intervals with
respect to data, such as within the data region itself. Such a scheme is disclosed in US
Patent application serial number 07/466,195, filed January 1, 1990. In this case, the
fields in Fig. 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 produi:ed
by combining aspects of prior art ID and recovery 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 includes track number subfield 36’
and EH subfield 37'. Data region 32’ assumes the same form 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
previously. Fields 17° and 18’ from prior art Fig 1B are eliminated. Track number
subfield 36’ and EH subfield 37’ are identical to fields 36 end 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 focused on a dedicated servo data




sinpl’e conputation to support |ogical-to-physical mappings during seek
operations. It is to be noted that the preferred enbodi ment | ook-up table
approach is maxinmally effective when the total nunber 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 bgnary search of the table short.
For exanple, a disk file having 240K sectors and .1 % bad sectors woul d
require a table having | ess then 1000 entries. The | ook-up table, in

cooper at i Oforiiat hlatyfms@ta@\égpned%snfhéide&ga@h Q&vatd}m it&ﬁt‘?\’il‘ﬂ?tsis?tri&@ il §§"ﬁt

efficiently catal ogues bad sectors an enables rapid calculatron o e

correct phymya#l eredédbn e dediBABHisEFoldisld MHGUEH@Hration is not the preferred
embodiment, as it requires more rigorous constraints on the systemm mechanics.
However, it has the advantage of lower overheads 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 present invention function similarly to the dedicated servo system. These include
systems such as:

optical recording cohtinuous 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 a 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 may

be readily applied to systems combining aspects of sector servo and dedicated servo.

II. Logical-to-Physical Sector Conversion

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.

According to the present 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 m

ncoded . in. each sector. In
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| ogi cal sector. , Furthernore, the No-1D scheme of the present
I nvention is parti‘cul arly well suited for use with disk files having
di fferent heads for reading and witing, such as nagneto-
14
10

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 preselected track
number subfield 36. AM field 34 of each sector is used as the start-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 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.

I 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 logical-to-
ph}iéical sector conversion using a look-up table. The table is created at format time,
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 logical sector location identifier is referenced into the table, and a
corresponding entry is found describing an offset to the physical sector location

identifier.
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resistive read heads, where the heads nust be noved to slightly different
radi al positions for reading and witing (a practice known as m cro-jog).
Wth prior art fixed block architectures, witing a data field requires
prior reading of the ID field. However, it is not possible. to conplete a
m cro-jog between the two fields, so a revalution is lost in performng
the mcro-jog. The No-1D format of the present invention elimnates this
problemsince it has no ID field to be read.

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 sector 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 logical-to-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; IOgicai 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 logical
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 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 enough to
hold the Iargest physical sector number (24 bits is sufficient in most cases). The second
column must be wide enough and the table long enough to hold the maximum number of

bad sector clusters likely to be encountered (16 bits is sufficient in most cases).
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Fig. 4 illustrates in algorithmic form a procedure for creating a look-up table
according to the preferred embodiment of the present invention. The lz)ok-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 for the first block by determining its size
(ie 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 tilat
the look-up table generation algorithm may be executed against the entire bad sector list,
or, where storage or processing constraints afise, 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 location identifier, is generated
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
logiéal 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.

If an entry is found in the look-up table,_ the corresponding offset is extracted from

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

In some implementations (eg. SCSI), it may be desirable to allow for the relocation
of bad sectors without resorting 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 Spafe
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 the use of the spare
sector, and re-constructing the logical-to-physical mapping table to reflect ail 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
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-up 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 then 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.

Furthermore, the No-ID scheme of the present invention is particularly well suited

for use with disk files having different heads for reading and writing, such as.magneto-
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resistive read heads, where the heads must be moved to slightly different radial positions
for reading and writing (a practice known as micro-jog). With prior art fixed block
architectures, writing a data field requires prior reading of the ID field. However, it is
not 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.




