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HEADER AND SERVO SECTORING
FOR EMBEDDED SERVO HARD DISC DRIVES
BACKGROUND OF THE INVENTION
The present invention relates generally to hard magnetic disc
drives, and in particular, to locating data sectors on the magnetic discs of the
magnetic disc drive.
In rotating media mass storage devices, data is stored on

~ magnetic, or magnetooptic discs, in a series of concentric tracks of differing

diameters. The concentric tracks are each divided into sectors extending
over the angles between two disc radii along the tracks. In particular, in
rotating disc magnetic data storage devices, the discs have magnetizable
surface coatings in which small portions, or cells, can have the magnetization
therein varied from one to the next. Data is written and subsequently read
by transducer heads that are suspended over the surfaces of the disc to
magnetize cells of the surface coating, for writing, or responding to
differences in magnetization of the adjacent cells for reading. Both-the read
and write operations are controlled by a read/write controller that provides
encoded data to the transducer head during writing and receives
magnetically caused voltage pulses from the transducer heads during reading.
For such a system to operate, the sectors in which cells are grouped must be
located prior to reading or writing. It is common practice to encode some

cells ahead of a data sector to serve as a header that identifies a following .

group of sectors. Some means must be provided to supply sector location

pulses to the controller indicating the location of sector boundaries to enable

writing or reading of the header information on the track as a transducer
head approaches alignment with the header. Once the appropriate sector
is reached and identified, reading or writing of data from or to the disc can
proceed. '
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A soft sector scheme is a common scheme used to provide
sector location information. In a soft sector scheme, sector boundaries are
identified by address marks formed as a part of the sector. The address
mark is such that it will not be mistaken for data, such as by having the

.- address marks on the discs violate the code used in writing the data and the

headers. A circuit is used to search for the address marks, which the
controller places at the beginning of the sector. Such a circuit then provides
sector location pulses to the read/write controller. The soft sector scheme
has a known disadvantage of being susceptible to noise and media defects.
The address marks on a disc can be lost because of flaws in the magnetic
medium in which data is written or by accidentally turning on a write gate,
used to enable writing, as a transducer head passes over an address mark.
In this last case, the data stored on the sector for that address mark can
never be retrieved because a controller will never receive the pulses
necessary for locating the sector. A more eommonproblemremltkthrough
read errors while searching for the address mark, which causes a sector to
be missed and lowers the throughput of the data storage device,

A preferred alternative to the soft sectoring scheme has been
the use of a hard sectoring scheme. In a hard sectoring scheme, the disc
data storage device generates sector location pulses at the required interval
without writing or recovering any special data from the data portion of the
disc media itself. Instead, the transducer head detects servo patterns which
are embedded in the rotating data storage disc itself. Alternatively, a
separate servo head in alignment with the transducer head detects servo
patterns written on the surface of a separate dedicated servo disc. The
sector location pulses are usually generated with a simple circuit which
counts out a desired time or number of bytes in a sector before issuing the
next sector location pulse. This type of simple hard sectoring scheme has
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- proven adequate for many years because the interval between sector location

pulses was identical on every track of the disc storage device.

The desire to store as much data on a disc as possible lead to
the recording of data at different frequencies for different tracks of the disc.
A problem with the simple hard sectoring scheme resulted when the sector
length from track to track began to be varied in rotating disc mass storage
devices, such as in constant densitjr recording schemes. In constant density
recording schemes, the disc is divided into a plurality of concentric zones.
The write frequency is different for each zone so that the bit/inch density
is approximately constant for the entire disc. When the write frequency is
highest, a greater number of sectors are located in a given track. In rotating
disc data storage devices that utilize different data transfer rates for different
tracks, sector location puises must be supplied to the controller at different
rates that depend upon the radial location of the transducer head on the
disc. The use of the address marks in the soft sectoring scheme solves this
problem, but results in the disadvantages described above.

. Because of the disadvantages of the soft sectoring scheme,
various hard sectonng schemes have been used in variable density/zone
recording formats. One such scheme uses a sector counter which is reset for
the new zone parameters by waiting for the occurrence of an index point.
Here, the latency time increases since the scheme requires revalidation, at
the index point, of the sector count when moving from zone to zone.
Another solution provides a separate dedicated sector counter for each zone
and switches to the appropriate counter when changing zones. This scheme
adds complexity and cost to the hardware implementation and is impractical

when a large number of zones are required.

Another prior art solution is disclosed in a patent assigned to
the assignee of the present application, U.S. Patent No. 5,050,013 to
Holsinger, which is hereby incorporated herein by reference. The Holsinger



PR 1]

@)

10

15

4-

- patent describes a hard sectoring circuit comprising a master clock generator

that is synchronized with the rotation rate of the disc to produce master
clock signals that are indicative of distances along the disc, and a master
reset generator that marks passage of an index location defined on the servo
disc by the servo transducer head. The master clock signals are utilized to

clock a counter following its resetting by a master reset signal generated by

the master reset generator so that the counter provides a continuous
indication of the location, or time-from-index, of the transducer head with
respect to the index location on the disc. An accumulator is used to
accumulate next sector times in response to accumulator clock pulses that
are generated by an accumulator clock that is enabled by a comparator
whenever the time-from-index counter exceeds or equals the next sector time

in the accumulator, Thus, the accumulator is increased by one sector time

eachﬁmctheﬁmeﬁomindexcounterreacbesasectorpulseloaﬁoh; A
sectorloéﬁonpdsegenemtorgeneratesthesecﬂorloaﬁonpﬂmtothe
controller. The accumulator and the counter are reset by the master reset
generator after which a sector location pulse is generated each time a new
sector is brought into angular alignment with a transducer head.

Another prior art solution is disclosed in the Wilson et al. U.S.
Patent No. 4,999,720, which is hereby incorporated herein by reference. The

: Wﬂsonhardsectoﬁngschemecompﬁsesasinglesecwremmertoprovide

the sector count for a plurality of recording zones. An angular position
counsar is also used to count at a master sector count having a frequency to
match the occurrence of sectors-in a reference zone. A look up table or a
computational algonthm provides an offset value representing the difference
between the angular position count and the occurrence of the next

* comsecutive sector in each of the recording zones.

A hard sectoring scheme is desired for an embedded servo

rotating disc data storage device which has the flexibility of a soft sectoring
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scheme, but uses the reliability of recurring servo pulses. It is desired that
the hard sectoring scheme be implemented at a low cost and without adding
excessive complexity to the sectoring system hardware. In addition, it is
desired that the hard sectoring scheme be implemented on the data storage
disc with a minimum of storage locations being allocated to the sectoring
scheme itself. ' :
SUMMARY OF THE INVENTION

The present invention relates to a sectoring circuit for locating
data storage sectors in a series of concentric data tracks of differing
diameters on a rotating disc of a data storagé device having a transducer
head positioned by a servo system relative to the rotating disc for writing to
and reading from the sectors. The servo system provides servo error signals
in response to the transducer head passing over servo patterns embedded in
the rotating disc. The sectors are positioned in data wedges extending
between respective pairs of the servo patterns. The sectoring circuit includes
an input receiver for receiving and storing information from a header. The
header is stored on the rotating disc and- associated with at least one of the
data wedges. The input receiver locates the header in reference to at least
one of the servo patterns. The header information includes an identification
field identifying the header, a first offset field indicating the number of
selected data groupings of the first sector of an associated data wedge stored
in the associated data wedge, and a second offset field indicating the number
of selected data groupings of the last sector of the associated data wedge
stored in the associsted data wedge. A controller locates the sectors based
on values of the identification field, the first offset field, and the second
offset field. |

In a preferred embodiment of the present invention, a current

sector counter counts a number of sectors written or read by the transducer

head since the input receiver received the header to provide a current sector



PR

%

10

%

count representing this number of sectors. The selected data grouping is
typically a byte and a byte counter counts a number of bytes of the current
sector which have been written or read by the transducer head to provide a
byte count representing this number of bytes. In addition, the header
information includes a total sector field representing the total number of
complete sectors and fractions of sectors stored in the associated data wedge.
The controller locates the sectors based on the current sector count, the byte
count, and the total sector field. The input receiver preferably receives and
stores information from the header in response to a servo signal indicating
a duration of the detection of the servo pattern by the transducer head.

A preferred embodiment of the invention includes header
error correction circuitry that detects and corrects errors in the header
information. Data error correction circuitry detects and corrects errors in
the data written to or read from the sectors. The header correction circuitry
preferably detects and corrects errors in the header information
independently from the data error correction circuitry detecting and
correcting errors in the data written to or read from the sectors. The
separation of the header error correction circuitry and the data error
correction circuitry enables the sectoring circuit of the present invention to
handle error detection and correction of data for sectors that are split
between two data wedges because the data error correction circuitry detects
and corrects data written to or read from the current sector oaly if all the
selected data groupings of the current sector have been written or read.
Thus, when data from a sector is split between two data wedges, the data
error detection and correction is suspended for that sector until the data is
written or read from the second data wedge.

The input. circuitry of the sectoring circuit according to the
preseixt invention preferably receives and stores defect management bits

. from the header information which indicate defective sectors of the current
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~data wedge. Circuitry is preferably provided which is responsive to the

defect management bits to prevent the transducer head from writing to or
reading from the defective sectors.
Certain embodiments of the present invention locate data

_ storage sectors on data storage discs which are formatted with one data

wedge associated with each header. The present invention is also embodied
in sectoring circuits which locate data sectors in data storage discs which are
formatted with multiple data wedges associated with a single header. In
either case, the present invention permits multiple sectors per header to
increase format efficiency.

storage device including a sectoring circuit according to the present
FiguneZisaschemﬁ;ctopplanviewof.adatastoragedisc
having the embedded servo formatting scheme according to the present
invention.

Figure 3 is a diagram of a header used in the embedded servo
formatting scheme of the present invention.

Figure 4 is a read/write map flow chart of a one data wedge

- per header embodiment of the present invention.

Figure 5 is a block diagram of the sectoring circuit of Figure

Figure 6 is a more detailed block diagram of the control logic
of Figure §.

Figure 7 is a timing diagram illustrating the operation of the
sectoring circuit of Figures S and 6.

Figure 8 is a multiple data wedge per header read/write map
flow chart of an embodiment of the present invention.
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Figure 9 is a block diagram of a sectoring circuit for the
multiple data wedge per header embodiment of Figure 8.

Figure 10 is a timing diagram illustrating the operation of the
sectoring circuit of Figure 9. '

Figure 11 is a multiple data wedge per header read /write map
flow chart of another embodiment of the present invention.

Figure 12 is a block diagram of a sectoring circuit for the
multiple data wedge per header embodiment of Figure 11. '

Figure 13 is a timing diagram illustrating the operation of the
sectoring circuit of Figure 12.

20, is generally illustrated in a schematic block diagram form in Figure 1.
Rotating disc data storage device 20 includes a sectoring circuit 22 according
to the present invention. Data storage device 20 receives information from
a host computer (not shown) and stores the information on a data storage
disc, such as data storage disc 24 shown in Figure 1. As is conventional,
data storage device 20 comprises a plurality of data storage discs similar to
storage disc 24. For clarity, the following description only refers to data
storage disc 24. Data storage disc 24 rotates in the direction indicated by
arrow 26 on a spindle 28. The information stored on data storage disc 24
is subsequently read from the disc in résponse to a request for the data by
the host computer.

Data storage disc 24 has stored thereon the information
received by data storage device 20 from the host computer in angularly
extending sectors on concentric data tracks by writing to the sectors with a

' transducer head 30 that is suspended over the rotating data storage disc 24

by an actuator arm 32, An electromechanical actuator 34 moves actuator
arm 32 to thereby move transducer head 30 over selected data tracks.
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Read /write circuitry 36 communicates with transducer head 30
via interconnection line 38. Transducer head 30 detects servo patterns
embedded in rotating data storage disc 24 to prov:de position error signals
to read/write circuitry 36. The embedded servo patterns on rotating data
storage disc 24 interpret the data tracks, and the position error signals
provide an indication of the alignment of transducer head 30 within a data
track. Read/write circuitrty 36 responds to the position error signals
provided on line 38 to provide a servo error sxgnal to servo positioning
circuitry 40 on interconnection line 42. Servo positioning circuitry 40
provides control signals to actuator 34 on interconnection line 44 that
maintain the transducer head in alignment with a selected data track.

The host computer communicates with data storage device 20
thfough controller 50 over parallel data paths (not shown) and provides
commands via controller circuitty 50 to a microprocessor 46.
Microprocessor 46 provides positioning signals on interconnection line 48 to
servo circuit 40 to cause, along with the servo error signal, servo circuit 40
to provide appropriate signals over line 44 to actuator 34 for directing
transducer head 30 to move between tracks in a conventional manner to a
selected track where data is to be written to or read from. Controller
circuitry 50 includes hardware to handie a protocol defining the format of
communications passing therethrough between microprocessor 46 and the
host computer. Thus, controller circuitry 50 communicates directly with the
host computer and provides host computer commands to microprocessor 46.

| Controller circuitry 50 provides control signals to and receives
signals from read/write circuitry 36 via interconnection line 52. Read/write
circuitry 36 provides encoded data to transducer head 30 received from the

' host computer via controller 50 during writing operations, and receives

magnetically cause voltage pulses from transducer head 30 to be sent to the
host computer via controller S0 during reading operations. Thus, the sectors
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on data storage disc 24 must be located prior to read/write circuitry 36
initiating writing or reading operations with data storage disc 24.
Read /write circuitry 36 also provides a servo signal to controller circuitry SO
via line 52. The servo signal on line 52 indicates the duration of the
detection of the embedded servo pattern by transducer head 30. Sectoring
circuit 22 located in controller circuitry 50 is responsive to the servo signal
on line 52 to locate data storage sectors within data wedges on data tracks
of rotating data storage disc 24, such wedges extending between two servo
patterns along a track.

Microprocessor 46 also receives commands from the host
computer via controller 50 related to read/write circuitry 36 and provides
signals representative of these commands to read/write circuitry 36 on
interconnection line S4. The host computer also provides commands to
microprocessor 46 via control circuitry 50 related to control circuitry 50, and
microprocessor 46 provides signals representing these commands on
interconnection line 56 to controller circuitry 50.

Figure 2 illustrates how information is stored on angularly
extending sectors in concentric data tracks on data storage disc 24. The
layout of data storage disc 24 is purely for illustrative purposes and there are
many other formats possible aceordingtotbepresent invention. For clarity,
there are only two data tracks illustrated which are an inner diameter data
track 60 and an outer diameter data track 62. Six servo patterns 64 are
embedded in data storage disc 24 at 60° intervals. A header 66 is disposed
adjacent each servo pattern following clockwise from the servo pattern on
an inner diameter data track 60. A header 68 is disposed adjacent each
servo pattern on data track 62 following clockwise from the servo pattern.
Since each of the headers 66 and 68 follows a servo pattern the headers are
easily located as described below. Six data wedges 70, 72, 74, 76, 78, and 80
are disposed on data track 60’ such that each data wedge is sandwiched
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between a header 66 and a servo pattern 64. In a likewise manner, six data
wedges 82, 84, 86, 88, 90, and 92 are disposed on data track 62 such that
each data wedge is sandwiched between a header 68 and a servo pattern 64.
As illustrated in Figure 2, each of the data wedges disposed on data track
60 and data track 62 comprise a plurality of data storage sectors. A data
wedge, however, may contain only a fraction of a sector.

As illustrated in Figure 2, data wedge 70 includes one sector
fragment and two complete sectors. Data wedge 72 includes two complete
sectors. Data wedge 74 includes three complete sectors. Data wedge 76
includes two complete sectors and a sector fragment. Data wedge 78
includes a sector fragment and two complete sectors. Data wedge 80
includes two complete sectors and one sector fragment. As to data track 62,
data wedge 82 includes a sector fragment and three complete sectors. Data
wedge 84 includes four complete sectors. Data wedge 86 includes four
complete sectors. Data wedge 88 includes three complete sectors and one
sector fragment. Data wedge 90 includes one sector fragment and four
complete sectors. Data wedge 92 includes three complete sectors and one
sector fragment. '

Each data wedge on data storage disc 24 can comprise at most
two sector fragments because just the first sector and the last sector of a
data wedge inay'lre split across the corresponding one of the two end
boundaries of that wedge to thereby be distributed between two adjacent
data wedges. The information as to how many sectors are contained in a
particular data wedge is contained in the header associated with the
particular data wedge. The information of whether either the last sector is
or the first sector is, or both, are split over two data wedges is also contained
in the header associated with the particular data wedge.

An example of a typical header is illustrated generally at 93 in
Figure 3. Example header 93 comprises nine bytes (byte 0-byte 8). Byte 0
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comprises a first header identification field (ID 1), indicated at 94. Byte 1
comprises a second header identification field (ID 2), indicated at 96. Byte
2 comprises a third header identification field (ID 3), indicated at 98. Fields
ID1 through ID3 together provide a unique identification of header 93. Byte

3 comprises a first flag field, indicated at 100. First flag field 100 comprises

bits to indicate if the data wedge associated with header 93 contains the last
sector of the data track. First flag field 100 also comprises a bit to indicate
whether there is less than one sector storeg in the data wedge and this
fraction of a sector stored in the data wedge is the last fragment of a split
sector. This bit is only needed if the data storage device stores less than one
sector in some data wedges.

* Byte 4 comprises a second flag field, indicated at 102. Second
flag field 102 comprises a total sector field, indicated at 102A, representing
the total number of sectors and fractions of sectors stored in the data wedge
associated with header 93. Second flag field 102 also comprises defect
management bits as indicated at 102B. The function of the defect
management bits is described below. Bytes S and 6 comprise a first offset
field, indicated at 104. First offset field 104 is used to handle a sector which

 is split between the previous data wedge on the data track and the current

data wedge associated with header 93. First offset field 104 indicates the
number of bytes of the first sector of the data wedge that are stored in the
data wedge. Bytes 7 and 8 of the header comprise a second offset field,
indicated at 106. Second offset field 106 is used to handle a sector which is
split between the current data wedge associated with header 93 and the next
data wedge on the data track. Second offset field 106 indicates the number
of bytes of the last sector of the data wedge that are stored in the data
wedge. T
There are five defect management bits contained in header 93
as indicated at 102B. Various defect management schemes exist to bandle
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bad sectors which are discovered during the formatting of the data storage
disc. The bad sectors are marked as bad by changing the state of a defect
managexhent bit. Thus, the binary state of a defect management bit
indicates whether a sector is bad or good. With five defect management
bits, header 93 can handle up to a maximum of five sectors. Certain defect
management schemes have two bits associated with each sector to provide
more information regarding bad sectors, such as by indicating good, skipped
(bad), and reassigned (bad) sectors. In these defect management schemes,
two bits are needed because at least three states are possible. Various
management schemes are known and can easily be accommodated by adding
additional bits or bytes to the header. In this way, bad sectors are not
written to or read from.
Single Data Wedge Per Header

As illustrated in Figure 2, data storage disc 24 is formatted so
that only one data wedge is associated with each header. A read/write map
flow chart for a one data wedge per header example of the present invention
is illustrated in Figure 4. The algorithm of Figure 4 starts at decisional
block 110. At decisional block 110, read/write circuitry 36 waits for
transducer head 30 to detect a servo pattern on data storage disc 24. Once
transducer head 30 detects the servo pattern, transducer head 30 provides
a burst of servo pattern magnetically caused voltage pulses, which have a
lower frequency than the data, to read/write circuitry 36. Read/write
circuitry 36 then reads the header associated with the most recent servo
pattern as indicated at block 112. Also at block 112, read/write circuitry 36
provides header information to sectoring circuit 22.

Declsmnalblocklumdlutesthatsectonngcuantzz

‘compares the three byte header identification field from the most recently

read header with a three byte target identification field provided by
microprocessor 46. If the header identification field does not match the

-
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target identification field, then read/write circuitry 36 again waits for
transducer head 30 to detect the next servo pattern on disc 24 as indicated
by the branch from decisional block 114 back to decisional block 110. Also
at decisional block 114, sectoring circuit 22 processes errors in the header
by performing error detection and correction on the header based on an
error correction code (ECC) corresponding to the header. If the header
information contains errors that were not corrected by the header error
processing, then read/write circuitry 36 again waits for transducer head 30
to detect the next servo pattern on the data storage disc, as indicated by the
branch from decisional block 304 back to decisional block 300.

If the header identification field matches the target
identification field to indicate that the most recently read data wedge
contains the desired sector then, as indicated at decisional block 116,
sectoring circuit 22 compares a sector offset value provided by
microprocessor 46 to a current sector count provided by a current sector
counter (shown in Figures 5 and 6). The sector offset value represents
where the desired sector is located in the current data wedge. The current
sector count indicates the number of sectors of the current data wedge which
have been written or read. If the current sector count is found to match the
sector offset value in decisional block 116, decisional block 118 then
indicates whether any bad sectors, as indicated by the defect management
bits associated with the header, need to be skipped over. The operation
performed if the desired sector is not matched, or if the defect management
bit associated with the sector indicates a bad sector, is described below.

When the sector having a count value matching the
microprocessor offset value is not a bad sector, sectoring circuit 22 signals

" read/write circuitry 36 to activate either a read gate signal or write gate

signal to enable reading or writing of the matched sector, as indicated at
block 120. Read/write circuitry 36 generates a bit clock, or read reference
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clock, output signal which is synchronized to the rotation rate of data storage
disc 24 during read. operations and to the write frequency during write

operations. During write operations responding to the write gate signal, an
oscillator or frequency synthesizer, internal to read/write circuitry 36,

generates the bit clock output signal. During read operations responding to

the read gate signal, a procedure in read/write circuitry 36 ascertains when
to switch the bit clock output signal frequency from the internal oscillator
frequency to a phase-lock loop (PLO) frequency obtained from a PLO in the
read/write circuitry. This PLO has a frequency set by the data rate for data
retrievals from data storage disc 24. The operation of such PLO
synchronizing circuitry is known in the art, and is described in the Holsinger
U.S. Patent No. 5,050,013 incorporated by reference in the background
section. The bit clock output signal based on either the internal oscillator
or the PLO is provided to sectoring circuit 22 so that a byte counter therein
(shown in Figures 5 and 6) will accurately count the bytes being written or
read by transducer head 30.
Read/write circuitry 36 reads the data from data storage disc
24 and provides the data to sectoring circuit 22 in serial form in a signal
having a non-return to zero (NRZ) signal format. Because the incoming
data will be converted to parallel data, the byte boundaries must be
determined by having a special pattern in the data which indicates byte
boundaries. Accordingly, as indicated at block 124, synchronizing byte
detection circuitry (shown in Figure S) contained in sectoring circuit 22
detects the special pattern in the NRZ header signal to indicate where the
byte boundaries are located. _
_ Once sectoring circuit 22 signals read/write circuitry 36 to
activate either the read gate signal or the write gate signal, sectoring circuit
22 waits for an offset equal signal, generated by the sectoring circuit, to
become active, as indicated at decisional block 126. The offset equal signal

)
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is active when the number of bytes that have been read or written are equal
to the number of bytes contained in the sector or sector fragment that is
being read from or written to. Once the offset equal signal is activated,
sectoring circuit 22 needs to ascertain whether the sector that has been
written to or read from is the last sector for the associated data wedge, as

~ indicated at decisional block 128. If the sector that has been written to or
. read from is not the last sector then, as indicated at block 130, sectoring

circuit 22 processes errors in the data field by performing error detection
and correction on the data field for that sector based on an ECC
corresponding to the data field. As indicated by decisional block 131, after
performing the error detection and correction, sectoring circuit 22

determines whether or not the desired number of sectors to be transferred

for the given write or read operation, as specified by microprocessor 46,
have been written or read. If the number of sectors specified by
microprocessor 46 have not been written or read, the next sector in the data
wedge is handled similar to the previous sector, as indicated by the branch
from decisional block 131 back to decisional block 116. If the number of
sectors specified by microprocessor 46 have been written or read, then, as
indicated at block 133, the given transfer operation is complete.

If, at decisional block 128, the sector being written to or read
from was the last sector of the data wedge, then sectoring circuit 22
increments the target identification field first provided by microprocessor 46
considered as a binary number, as indicated at block 129 which indicates the
next header associated with the next data wedge to be transferred for a
given transfer operation. The target identification field is incremented
because, in the particular addressing scheme described below for sectoring
circuit 22, microprocessor 46 specifies the starting sector of a transfer
operation by the target identification field and a sector offset.
Microprocessor 46 also provides the number of sectors to be transferred for
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the given transfer operation. In this addressing scheme, the header
identification fields are continuous and the sector offset specifies where the
desired sector is located in the current data wedge. This addressing scheme
is only one of a variety of addressing schemes that may be used in sectoring
circuit 22. Once the target identification field is incremented, sectoring
circuit 22 continues to process the current data wedge and needs to ascertain
whether that last sector was a complete sector or a fraction of a sector, as
indicated at decisional block 132, If the last sector is found in decisional
block 132 to be a complete sector, then, as indicated by block 136, sectoring
circuit 22 processes errors in the data field by performing error detection
and correction on the data field for that sector.

If the last sector is a fraction of a sector (a non-complete
sector), then that sector will be split over at least two adjacent data wedges.
Thus, if the last sector is a non-complete sector, sectoring circuit 22 needs
to know whether this lastnon-completeseétorwas the last fragment of a
split sector (the wedge made consist of just a sector fragment), as indicated
at decisional block 135. If this last sector fragment was not the last fragment
of a split sector, then as indicated by block 134, the ECC calculation for the

| dataﬁeldforthespﬁtsectorismspendedunﬁltbenextsectbrﬁagmentis

written or read for the given sector. This suspension can be over one or
more servo pattern detections and over zero or more headers. The output
of block 134 indicates a branch back to block 110 to wait for the next
detection of a servo pattern. If this last sector fragment was the last
fragment of a split sector, then sectoring circuit 22 processes errors in the
data field by performing error detection and correction on the data field for

" the complete sector, as indicated by block 136. The iast sector fragment can

onlybethelastﬁagmentofasphtsectorﬁorthespeaalcasewhetethere
is less than one sector in the data wedge. In other words, such a sector
fragment is both the first and last sector fragment in the data wedge.
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As indicated at decisional block 137, sectoring circuit 22
determines whether the last sector of the current data wedge was the last
sector to be transferred for the given write or read operation. If the last
sector was the last sector to be transferred, as indicated at block 133, the
transfer is complete. If the last complete sector was not the last sector to
be transferred, sectoring circuit 22 waits for the next servo pattern to be
detected by transducer head 30, as indicated by the branch back to
decisional block 110 from decisional block 137.

One of the features of the present invention is that there is
one ECC associated with the header and a separate ECC associated with the
data of each individual sector within the data wedge. This allows the error
detection and correction of the header to be independent of the error
detection and correction of the sector data. This ECC scheme
accommodates sectors split across header boundaries by suspending the error
detection and correction of the data stored in the split sector until all of the
bytes of the complete sector are written 1o or read from. Thus, when data
is split between two data wedges, the data error detection and correction is
performed after the data is written or read from the second data wedge.

If the desired sector does not match the sector to be written
to or read from as indicated at decisional block 116, or if there is a bad
matched sector as indicated at block 118, sectoring circuit 22 performs a

phantom read, as indicated at block 140, becanse the sector having the:

current count value is a bad sector or has not been matched. When the
desired sector does not match the sector to be written to or read from at
decision block 116, sectoring circuit 22 performs the phantom read to
proceed to the next sector location. When the defect management bits

.indicatetha'tthesectorhavingaeountvaluematchingthemiaoprocessor

offset value is a bad sector, at decisional block 118, sectoring circuit 22
performs the phantom read so that the bad sector will not be written to or
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read from. At decisional block 142, the phantom read is performed by
waiting for the offset equal signal to become active indicating that the
transducer head has moved over the number of bytes that would have been
stored in'the unmatched or bad sector location. Similar to decisional block
128, a decisional block 144 indicates that sectoring circuit 22 needs to
ascertain whether this phantom read was performed over the last sector of
the associated data wedge. If the phantom read was performed over the last
sector, then sectoring circuit 22 increments the target identification field, as
indicated at block 145. Sectoring circuit 22 then returns to the state
indicated at decisional block 110 to wait for the next servo pattern to be
detected by transducer head 30. If this is not the last sector, then the NO
output of decisional block 144 indicates that sectoring circuit 22 returns to
the state indicated at the input of decisional block 116 to compare the new
sector count with the sector offset value. '

A block diagram of sectoring circuit 22 is illustrated in Figure-
S. As indicated, sectoring circuit 22 receives from read/write circuitry 36 on
a serial data interconnection line 150 a non-return to zero (NRZ) format
signal containing the header information for the current data wedge and the
data field for the sector in that wedge being written to or read from.
Read/write circuitry 36 also provides the servo signal on serial data
interconnection line 152 which indicates the duration of the detection of the
servo pattern by transducer head 30. In addition, microprocessor 46 supplies
commands and information to sectoring circuit 22 on parallel data paths 154.
Sectoring circuit 22 communicates with a ram 156 over parallel data paths
154. Ram 156 stores the data field data from the sector being written to or

~ read from. A parallel to serial and serial to parallel converter 158 is
" coupled between serial data line 150 and parallel data paths 154 to provide

translation between serial data provided by read/write circuitry 36 and
parallel data provided on parallel data paths 154. Converter 158 receives
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the NRZ header and data signal on line 150 and provides both header and
data information associated with the selected data wedge over parallel data
paths 154,

A target identification (ID) register 159 stores the three byte
target identification field indicated above that is provided on parallel data
paths 154 from microprocessor 46. An ID register 160 stores the header
identification fields from the header information provided on parallel data
paths 154 by read/write circuitry 36, such as the header identification fields
94, 96, and 98 illustrated in Figure 3. A sector-transferred counter 161
stores a value represénﬁng the number of sectors yet to be transferred for
a given write or read operation. Microprocessor 46 provides a value to
sector-transferred counter 161 on parallel data paths 154 representing the
initial sectors to be transferred. The completion of writing to or reading
from any sector activates input line 163 of sector-transferred counter 161 to
cause the sector transferred counter to decrement the sector-to-be-
transferred value by one count. Thus, an individual transfer for the given
read or write operation is indicated when the sector-to-be-transferred value
in sector-transferred counter 161 is decremented to zero.

A flag register 162 stores flag information from the header
information provided by read/write circuitry 36 on parallel data paths 154,
such as the information contained in first flag field 100 of header 93
illustrated in Figure 3. Thus. a last fragment bit being set in flag register
162 indicates that the data wedge contains only a fraction of a sector which
is the last fragment of a split sector. As described above, the last fragment
bitisnotneededifeachdatawedgeeontainsatleastonécomplete sector
or at least fractions of two sectors. A sector size register 164 stores a sector
size value which is a binary representation of the number of bytes contained
in a complete sector. Microprocessor 46 provides the sector size value to
sector size register 164 on parallel data paths 154. A total sector register
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166 stores the total sector field representative of the total number of sectors
in the current data wedge, such as the total sector field contained in the
second flag field 102 of header 93. A defect management register 168 stores
the defect management bits for the current data wedge from the header
information provided on parallel data paths 154 by read/write circuitry 36,
such as the defect management bits of second flag field 102 of header 93.
A first offset register 170 stores the first offset field from the header
information provided on parallel data paths 154, such as the first offset field
104 of the header 93. A second offset register 172 stores the second offset
field from the header information provided on parallel data paths 154, such
as the second offset field 106 of header 93. |

A current sector counter 174 keeps track of which sectorin the
current data wedge is being written to or read from by storing a current

. sector counter which is a binary representation of the number of sectors of

the current data wedge which have been written or read. The current sector
count is reset to zero with the receipt of a new header on the NRZ format
signal on line 150 from read/write circuitry 36. Current sector counter 174
counts the number of sectors that have been written to or read from data
storage disc 24 since the receipt of the new header. A sector offset register
173 stores the sector offset value representing where the desired sector is
located in the current data wedge. This sector offset value is provided to
sector offset register 173 on parallel data paths 154 from microprocessor 46.'

Control logic circuitry 176 provides the last sector signal, the
complete sector equal signal, and the offset equal signal which are indicated
in the flow chart of Figure 4. Control logic circuitry 176 uses the values
stored in the various registers and counters of sectoring circuit 22 to provide
these control signals. The interaction of control logic circuitry 176 with the
registers and counters of sectoring circuit 22 is described and illustrated in
more detail in reference to Figure 6. '
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An ID comparator 175 compares the three byte header
identification field from the most recently read header stored in ID register
160 with the three byte target identification field provided from
microprocessor 46 and stored in target ID register 159. Both the header
identification field from the most recently read header and the target
identification field are provided to ID comparator 175 from parallel data
paths 154. ID comparator 175 provides an ID match signal on
interconnection line 177 which is active when the header identification field
matches the target identification field. A sector offset comparator 178
compares the current sector count from current sector counter 174 with
respect to the last header to the sector offset value provided from
microprocessor 46 and stored in sector offset register 173, The current
sector count and the sector offset value are provided to sector comparator
178 on parallel data paths 154, Sector comparator 178 provides a desired
sector signal on interconnection line 179 which is active when the sector
offset value matches the current sector count.

The above-described sectoring addressing scheme is able to
start from any sector in any data wedge. The above-described method for
matching the ID from the header with the target ID and using a sector offset
is only one example of such a sectoring addressing scheme wherein the
sectoring addressing can start from any sector in the data wedge. In any
scheme, the microprocessor specifies the starting sector identification and
the number of sectors to be transferred. There are many other such
schemes available. Foréxample, another sector addressing scheme uses a
header ID which represents the unique identification of the first complete
sector or the first fragment of a split sector to be written or read during a
transfer operation. Unlike the above-described embodiment, this method
has header identification fields which are not continuous. In this scheme,
the target identification fields point directly to the desired sector and there
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is no need for.a sector offset value. In other words, each sector has a
unique address and the address associated with that sector or fraction of a
sector corresponding to the target address is the first sector to be written or
read 'duting the given transfer operation. The present invention can be
implemented using any of a variety of such addressing schemes.

Data field error detection and correction circuitry in error
processor 180 detects and corrects the data field data of the current sector
based on an ECC corresponding to the current sector data in response to

" signals from control logic 176. Header error detection and correction

circuitry in error processor 182 performs error detection and correction on
the header information associated with the current data wedge based on an
ECC corresponding to the current header information. As mentioned
previously, such circuitry for use with headers is separate from the similar
purpose circuitry for use with sectors so that the header information can be
detected and corrected independent from the data field data for each sector,
and so that error detection and correction is not performed for sectors split
across header boundaries until all of the bytes of the sector are written or
read. ' :

A byte counter 184 provides a current byte count, considered
as a binary number representative of the number of bytes of the current
sector being written to or read from data storage disc 24, to control logic
circuitry 176 on parallel data path 186. Synchronizing byte detection
circuitry 188 detects the special pattern in the NRZ format signal on line
150 indicating byte boundaries as described above. A sync byte signal is
provided on interconnection line 189 to a byte clock generator 190 from
synchronizing byte detection circuitry 188 to indicate the detection of the

byte boundaries. Byte clock generator 190 generates a byte clock signal to
~ byte counter 184 on interconnection line 192. The byte clock signal has

active transitions representing the passage of transducer head 30 over bytes
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of data stored on data storage disc 24. Byte clock generator 290 also
provides the byte clock signal on interconnection line 194 to control logic
circuitry 176. Byte clock generator 190 receives the read reference clock or
bit clock from read/write circuitry 36 on interconnection line 191 so that the
byte clock is synchronized with the read/write circuitry.

As indicated in Figure S, control logic circuitry 176 provides
control signals to byte counter 184, synchronizing byte detection circuitry
188, header error processor 182, and data field error processor 180 on serial
data interconnection line 196. Additionally, a serial data interconnection
line 198 couples control signals from control logic circuitry 176 to first offset
register 170, second offset register 172, and defect management register 168.
Control logic circuitry 176 receives the servo signal on line 152 from
read/write circuitry 36. The $ervo signal indicates that the transducer head
30 has passed over a servo pattern on data storage disc 24.

Interaction of control logic circuitry 176 with the registers and
counters of sectoring circuit 22 is illustrated in Figure 6 in block diagram
form. The current sector count provided by current sector counter 174 is a
binary representation of the number of sectors that have been written to or
read from data storage disc 24 by transducer head 30 since the last header.
Reset interconnection line 200 of current sector counter 174 is activated with
the receipt of a new header reflected in the NRZ format signal on line 150
which resets the current sector count to zero. Current sector counter 174
provides the current sector count on parallel data path 202 to a comparator
204. Total sector register 166 provides the total sector field, which is a
binuyrepresenudonofthetotalnumberofsectorsfortbegmentdata

wedge, on parallel data path 206 to comparator 204. Comparator 204

compares the current sector count on path 202 with the total sector field on
path 206 to provide a last sector signal on interconnection line 208. The last
sector signal on line 208 is active when the current sector count on path 202
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matches the total sector field on path 206. The last sector signal on line 208
is provided to target. ID register 159. When the last sector signal is active,
the target ID stored in target ID register 159 considered as a binary aumber
is incremented. Comparator 204 also provides an enable second offset signal
on interconnection line 209 which is active when the current sector count on
path 202 is one less than the number represented by the total sector field.
The use of the enable second offset signal is described below.

Byte counter 184 provides the current byte count representing
the number of bytes of the current sector which have been written to or read
from, to a comparator 212 on parallel data path 186. Reset interconnection
line 210 of byte counter 184 is activated after each sector is written to or
read from by transducer head 30, which resets the current byte count on line
186 to zero. Sector size register 164 provides the sector size, representing
the number of bytes of a complete sector, to a second input of comparator
212 on parallel data path 214, Comparator 212 provides a complete sector
equal signal on interconnection line 216 which is active when the byte count
on line 186 matches the sector size on line 214.

Byte counter 184 also provides the byte count on parallel data
path 186 to a comparator 218. The first offset value stored in first offset
register 170, representing the number of bytes of a split sector remaining
from the previous data wedge to be written to or read from the current data
wedge, is provided to comparator 218 on parallel data path 220.
Comparator 218 compares the byte count on path 186 to the first offset
value on path 220 and activates interconnection line 222 when the byte count
on path 186 is equal 1o the first offset value on path 220. Current sector
counter174providesthemrrentsectoremnttoizerodetectcimﬁt2240n
parallel data path 202, Zero detect circuit 224 detects when the current
sector count is zero, to thereby indicate that the current sector being written
to or read from is the first sector of the current data wedge. Zero detect
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circuit 224 provides an enable signal to comp:irator 218 on enable
interconnection line 226 to enable a comparison between the number of
bytes represented by the byte count on path 186 and the number of bytes
represented by the first offset value on path 220.

The byte count from byte counter 184 is also provided to a
comparator 228 on path 186. Comparator 228 is enabled by an activation

~ of the enable second offset signal provided on line 209. The second offset

value stored in second offset register 172, representing a number of bytes of
a split last sector which are to be written to or read from the current data

- wedge, is provided to comparator 228 on parallel data path 232.

Comparator 228 compares the byte count on path 186 and the second offset
value on path 232 and activates interconnection line 234 when line 209 is
active and the byte count on path 186 is equal to the second offset value on
path 232. An OR gate 236 receives the output of comparator 218 on line

_m‘mdmeoutputofwmpamwrmonﬁmmmdpmvidesaspﬁtsector

equal signal on interconnection line 238. The split sector equal signal on
line 238 is active when either line 222 or line 234 is active. An OR gate 240
receives the split sector equal signal on line 238 and the complete sector
equal signal on line 216 to provide an offset equal signal on interconnection
line 242. The offset equal signal on line 242 is active when either the
complete sector equal signal on line 216 is active or the split sector equal
signal on line 238 is active. | '

Defect management register 168 provides the defect
managementbitsassociatedwiththecimentdatawedgetoaeomparatot
205 on parallel data path 201. Current sector counter 174 provides the
current sector count on path 202 to comparator 20S. Comparator 205
compares the defect management bits on line 201 with the current sector
count on line 202 to determine if the current sector is a bad sector. .
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Comparator 205 provides a bad sector signal on interconnection line 207
when the current sector is a bad sector. ° X

Thus, control logic circuitry 176 provides the last sector signal
on line 208 at the output of comparator 204, which corresponds to decisional

. block 128 of the flow diagram of Figure 4, to indicate whether or not the last

sector of the data wedge has been written to or read from. In addition,
control logic circuitry 176 provides the complete sector equal signal on line
216 at the output of comparator 212, which corresponds to decisional block
132 of the flow diagram of Figure 4, to indicate when a complete sector has
been written to or read from. Control logic circuitry 176 also provides the
offset equal signal on line 242 at the output of OR gate 240, which
corresponds to block 126 of the flow diagram of Figure 4, to indicate when
all the bytes of a complete sector or all the bytes of a split sector which are
contained in the current data wedge are written to or read from. Control
logic circuitry 176 also provides the bad sector sighal on line 207 at the
output of comparator 205, which corresponds to decisional block 118 of the -
flow diagram of Figure 4, to indicate when the current sector is a bad sector.

A one data wedge per header example is illustrated in timing
diagram form in Figure 7. An illustrative waveform 250 shows the waveform

- of the NRZ format signal coataining the header information and the sector

data from read/write circuitry 36 on line 150 as interrupted by the receipt
of the servo signal from read/write circuitry 36 on line 152. As illustrated,
a first servo signal portion is received at time point 252 and a first header
is received over the NRZ format signal at time point 254. The sector zero
data of the example data wedge is received at time point 256. The sector
one data is received at time point 258. The sector two data is received at
time point 260. The sector three data is recéived at time point 262. Thus,
in this example, sectoring circuit 22 receives four sectors from read/write
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circuitry 36. A second servo signal portion is received at time point 264 and |
followed by the receipt of a second header at time point 266.

The total sector number obtained from the first header at time
point 254 is stored in binary form in total sector register 166 and is
represented in Figure 7 as register contents 268 that change over time. With
the receipt of the first header at time point 254, the total sector number for
this example is set to four, as indicated at contents time point 267. With the
receipt of the second header at time point 266, the total sector number
changes to three, as indicated at contents time point 269. The current sector
count provided by current sector counter 174 is represented in Figure 7 as

- counter contents 270 that change over time. With the receipt of the first

header at time point 254, the current sector count is reset to zero, as
indicated at contents time point 272. After sector zero is received at time
point 256, current sector counter 174 increments the current sector count to
a one, as indicated at contents time point 274. After sector one is received
at time point 258, current sector counter 174 increments the current sector
count to a two, as indicated at contents time point 276. Likewise, after the
receipt of sector two at time point 260, the current sector count is
incremented to a three, as indicated at contents time point 278, and after the

receipt of sector 3 at time point 262, the current sector count is incremented

to a four, as indicated at contents time point 280, With the receipt of the -
second header at 266, the current sector count is reset to zero as indicated
at contents time point 282,

The value of the last sector signal provided on line 208 is
indicated by waveform 284. As indicated, the last sector signal is active at
time point 286 when the current sector count is incremented to four at
contents time point 280, which corresponds to when the current sector count
is equal to the total sector number, indicated in register contents 268 of total
sector register 166. The value of the enable second offset signal provided
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on line 209 is indicated by waveform 287. As indicated, the enable second
offset signal is active at time point 288 when the current sector count is
incremented to three at contents time point 278, which corresponds to when
the current sector count is one less than the total sector number, indicated
in register contents 268 of total sector register 166. '
The value of the bad sector signal provided on line 207 is
indicated by waveform 289. As indicated in illustrative waveform 250, in this
example, sector one is marked as a bad sector by the defect management -
bits. Correspondingly, the bad sector signal is active at time point 290
corresponding to when sector one data would be received at time point 258.

The value of the target identification field obtained from
microprocessor 46 and stored in target identification register 159 is
represented in Figure 7 as register contents 292 that change one time. As
indicated, the target identification field is represented by "A02" at time point
291, which matches the three byte header identification field "A02" for the
first header received at time point 254. Similarly, at time point 293, the
target identification field is indicated "A03" which matches the header
identification field "A03" for the second header received at time point 266.

The sector offset value stored in sector offset register 173 is
represented in Figure 7 as register contents 294 that changes over time. As
indicated, the sector offset value for the first example data wedge is two,
which indicates that the first sector to be written or read is the third sector
of the example data wedge. The value of the desired sector signal provided
on line 179 is indicated by waveform 295. As indicated, the desired sector

.signalbecomuacﬁveatﬁmepointz%whenthesectoroﬂsetvﬂue

indicated in register contents 294 is equal to the current sector count
indicated at contents time point 276.
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Sectoring circuit 22 described above and illustrated in Figures
4-7 operates to locate data storage sectors on data storage disc 24, which is
formatted so that only one data wedge is associated with each header. The
present invention is also embodied in a sectoring circuit 290 (illustrated in
block diagram form Figure 9) which locates data sectors in a data storage
disc (not shown) which is formatted so that there are multiple data wedges
associated with a single header. Referring to Figure 8, a read/write map
flow chart corresponding to sectoring circuit 290 illustrates a first method of
handling a storage disc formatted with multiple data wedges per header
according to the present invention. The algorithm of Figure 8 starts at
decisional block 300. At decisional block 300, read/write circuitry 36 waits
for transducer head 30 to detect a servo pattern on the data storage disc.
Once transducer head 30 detects the servo pattern, transducer head 30
provides a burst of servo pattern magnetically caused voltage pulses, which
have a lower frequency than the data, to read/write circuitry 36. Read/write
circuitry 36 then reads the header associated with the most recent servo
pattern, as indicated at block 302. Also at block 302, read /write circuitry 36
provides header information to sectoring circuit 290.

Decisional block 304 indicates that sectoring circuit 290
compares a three byte header identification field from the most recently
read header with a three byte target identification field provided by
microprocessor 46. If the header identification field does not match the

target identification field, then read/write circuitry 36 again waits for

transducer head 30 to detect the next servo pattern on the data storage disc,
as indicated by the branch from decisional block 304 back to decisional
block 300. Also at decisional block 304, sectoring circuit 290 process errors
in the header by performing error detection and correction on the header
based on an ECC corresponding to the header. I the header information
contains errors that were not corrected by the header error processing, then
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read/write circuitry.36 again waits for transducer head 30 to detect the next

servo pattern on the data storage disc, as indicated by the branch from
decisional block 304 back to decisional block 300.

If the header identification field matches the target
identification field to indicate that the most recently read header is
associated with the desired sector then, as indicated at decisional block 306,
sectoring circuit 290 compares a sector offset value provided by
microprocessor 46 to a current sector count provided by a current sector
counter (shown in Figure 9). The sector offset value represents where the
desired sector is located in the current data wedge. The current sector count
indicates the number of sectors of the current data wedge which have been
written or read. If the current sector count is found to match the sector
offset value in decisional block 306, decisional block 308 then indicates
whether any bad sectors, as indicated by the defect management bits
associated with the header, need to be skipped over. The operation
performed if the desired sector is not matched, or if the defect management
bit associated with the sector indicates a bad sector, is similar to the
phantom read operation performed in the one data wedge per header
embodiment of sectoring circuit 22 described above, and is specifically
described related to this multiple data wedge per header embodiment below.

When the sector having a count value matching the
miaoprmmoﬁetvdue'isnotabadsecwr,sectoﬁngciraﬁtmsignﬂs'
read/write circuitry 36 to activate either a read gate signal or a write gate
signal to enable correspondingly either reading or writing of the matched
sector, as indicated at block 310. As described above in reference to
sectoring circuit 22, read/write circuitry 36 generates a bit clock, or read
reference clock, output signal which is synchronized to the rotation rate of
the data storage disc during read operations and to the write frequency
during write operations. The bit clock output signal is provided to sectoring
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circuit 290 so that a byte counter therein (shown in Figure 9) will accurately
count the bytes being written to or read from the data storage disc. As
indicated at block 314, synchronizing byte detection.circnitry such as that
shown in Figure 5 for sectoring circuit 22, detects a special pattern in the
NRZ format signal to indicate where the byte boundaries are located.
Once sectoring circuit 290 signals read/write circuitry 36 to
activate either the read gate signal or the write gate signal, sectoring circuit
290 waits for an offset equal signal, generated by the sectoring circuit, to
become active, as indicated at decisional block 316. Thé offset equal signal
isactivewhenthenumberofbytesthathaﬁbeenreadorwrittenareequal
to the number of bytes contained in the sector or sector fragment that is
being read from or written to. Once the offset equal signal is activated,
sectoring circuit 290 needs to ascertain whether the sector that has been
written to or read from is the last sector for the associated data wedge, as
indicated at decisional block 318. If the sector that has been writtea to or
read from is not the last sector, sectoring circuit 290 processes errors in the
data field by performing error detection and correction on the data field for
that sector based on an ECC corresponding to the data field, as indicated
at block 320. As indicated by decisional block 321, after performing the
error detection and correction, sectoring circuit 290 determines whether or
not the desired number of sectors to be transferred for the given write or
readbpemﬁoh,asspedﬁedhymiaopmemorﬁhavebeenwﬁttenorread.
If the number of sectors specified by microprocessor 46 have not been
writtea or read, the next sector in the data wedge is handled similar to the
previous sector, as indicated by the branch from decisional block 321 back
to decisional block 306. If the number of sectors specified by
maoprom“havebeenwnﬁenorread,ﬂ:en,umdtawdablock323
thengentramferoperahonucomplete.
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If, at decisional block 318, the sector being written to or read
from was the last sector of the data wedge, then sectoring circuit 290 needs
to ascertain whether that last sector was a complete sector or a fraction of
a sector, as indicated at decisional block 322. If the last sector is found in
decisional block 322 to be a complete sector, then, as indicated by block 324,
sectoring circuit 290 processes errors in the data field by performing error
detection and correction on the data field for that sector. If the last sector
is a fraction of a sector (a non-complete sector), then that sector will be split
over at least two adjacent data wedges. Thus, if the last sector is a non-
complete sector, sectoring circuit 290 needs to know whether this last non-
complete sector was the last fragment of a split sector, as indicated at
decisional block 325. If this last sector fragment was not the last fragment
of a split sector, then, as indicated by block 326, the ECC calculation for the
data field for the split sector is suspended until the next sector fragment is
written or read for the given sector. 'Ih‘usixipemionmbemroneor
more servo pattern detections and over zero or more headers. If this last
sector fragment was the last fragment of a split sector, then sectoring circuit
290 processes errors in the data field by performing error detection and
correction on the data field for the complete sector, as indicated by block
324. The last sector fragment can only be the last fragment of a split sector
for the special case where there is less than one sector in the data wedge.
In other words, such a sector fragment is both the first and last sector
fragment in the data wedge.

As indicated at decisional block 327, sectoring circuit 290
determines whether the last sector of the current data wedge was the last
sector to be transferred for the given write or read operation. If the last

‘sector was the last sector to be transferred, as indicated at block 323, the

transfer is complete. When the last complete sector was not the last sector
to be transferred, sectoring circuit 290 branches to the state indicated at
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decisional block 328. Sectoring circuit 290 also-branches to the state
indicated at decisional block 328 from the state indicated at block 326.

Decisional block 328 indicates that sectoring circuit 290 needs
to ascertain whether the data wedge that has been written to or read from
is the last data wedge for the associated header. If the data wedge that has
been written to or read from is not the last data wedge, then, as indicated
at block 330, sectoring circuit 290 waits for the next servo pattern to be
detected by transducer head 30. After the next servo pattern is detected at
block 330, sectoring circuit 290 branches back to the state indicated at
decisional block 306 to handle the next sector to be written to or read from
the data storage disc. If, at decisional block 328, the data wedge being
written to or read from was the last data wedge associated with the header,
then sectoring circuit 290 increments the target identification field first
provided by microprocessor 46 considered as a binary number, as indicated
at block 329. The target identification field is incremented because sectoring
circuit 290 as described below, uses the same addressing scheme as sectoring
circuit 22 wherein the target identification field and a sector offset into the
current data wedge specifies the desired sector and wherein the header
identification fields are continuous. Sectoring circuit 290 then returns to the
initial state of the sectoring circuit indicated at decisional block 300 to wait
for the next servo pattern to be detected by transducer head 30.

If the desired sector does not match the sector to be written
to or read from, at decisional block 306, or if there is a bad matched sector,
at decisional block 308, sectoring circuit 290 performs a phantom read, as
indicated at block 332, because the sector having the current count value is
a bad sector or has not been matched. When the desired sector does not

" match the sector to be written to or read from at decision block 306,

sectoring circuit 290 performs the phantom read to proceed to the next
sector location. When the defect management bits indicate that the sector
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having a count value matching the microprocessor offset value is a bad .

sector at decisional block 308, sectoring circuit 290 performs the phantom
read so that the bad sector will not be written to or read from. The
phantom read is performed by waiting for the offset equal signal to become
active indicating that transducer head 30 has moved over the number of
bytes that would have been stored in the unmatched or bad sector location,
as indicated at decisional block 334. Similar to decisional block 318, a
decisional block 336 indicates that sectoring circuit 290 needs to ascertain
whether the phantom read was performed over the last sector of the
associated data wedge. If the phantom read was not performed over the last
sector, then the NO output of decisional block 336 indicates that sectoring
circuit 290 returns to the state indicated at the input of decisional block 306
to compare the new sector count with the sector offset value. If the
phantom read was performed over the last sector, then the YES output of
decisional block 336 indicates that sectoring circuit 290 branches to the state
indicated at decisional block 328 to determine if the last sector was written
to or read from the last data wedge associated with the header.

A partial block diagram of sectoring circuit 290 is illustrated
in Figure 9. Sectoring circuit 290 is similar in many aspects to sectoring
circuit 22 illustrated in block diagram form in Figures S and 6. Thus, for
clarity, the description that follows related to the block diagram illustration
of Figure 9 represents only the interaction of the control circuitry with the
registers and counters required to produce the control signals necessary for
performing the first method of handling a multiple data wedge per header
formatted data storage disc according to the present invention. For example,
thedefectmanagementdrwiuybfsectoﬁngdrwiwmnnotshownin'
Figure 9, but is representatively illustrated and described in reference to
defect management register 168, current sector counter 174, and comparator
205 of sectoring circuit 22 in connection with Figures § and 6. In addition,
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the NRZ format signal containing the header and the data field on line 150
and the servo signal on line 152 from read/write circuitry 36 are not shown
in Figure 9, but are representatively illustrated in Figure S.

A current data wedge counter 338 provides a current data
wedge count on parallel data path 344 which is a biniuy representation of
the current data wedge currently being written to or read from, and one
associated with the most recently read header. Reset interconnection line
340 of current data wedge counter 338 is activated with the receipt of a
header which resets the current data wedge count on path 344 to zero. The
receipt of every servo signal from read/write circuitry 36 activates input
interconnection line 342 of the current data wedge counter 338 to signal the
data wedge counter to increment the data wedge count by one count.

A total data wedge register 346 stores a total data wedge field
obtained from the current header which is a binary representation of the
total number of data wedges associated with the current header. The total
data wedge field is loaded into total data wedge register 346 from parailel
data path 348 with the receipt of a new header which activates load
interconnection line 350 to enable loading of data into total data wedge
register 346. Total data wedge register 346 provides the total data wedge
field to a comparator 354 on a parallel data path 352. The current data
wedge count provided on parallel data path 344 is also provided to-
comparator 354. Comparator 354 provides a last wedge signal on -
interconnection line-356 which is active whea the current data wedge count
on path 344 matches the total data wedge field value on path 352,

A target identification (ID) register 357 stores the three byte
target identification field indicated above that is provided from
microprocessor 46. As described above, in reference to sectoring circuit 22,
the target identification field is compared to the header identification field
read from the header. The last wedge signal on line 356 is provided to
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target ID register 357. When the last wedge signal is active, the target
identification field stored in target ID register 357 considered as a binary
number is incremented.

A total sector fields register 358 stores a total sector field .
obtained from the current header for each data wedge associated with the
current header. The total sector field for each data wedge is a binary
representation of the total number of sectors contained in the associated
data wedge. The total sector fields associated with the current header are
loaded into total sector field register 358 from parallel data path 360 upon
the receipt of the header which activates load interconnection line 362 to
enable loading of data into the total sector field register. The current data
wedge count is provided to total sector fields register 358 on parallel data
path 344 from current data wedge counter 338 to designate which of the
total sector fields stored in total sector fields register 358 is identified with
the current data wedge. Total sector field register 358 provides the total
sector field identified with the current data wedge on parallel data path 364.

A current sector counter 366 stores a current sector count
whichisdbinmyrepresen&ﬁonofthém;mberofsectorsoftbe current data
wedge which have been written or read. Reset interconnection line 368 of
current sector counter 366 is activated by the receipt of the servo signal from
read/write circuitry 36 which resets the current sector count stored in
curreat sector counter 366 to zero. The completion of writing to or reading
from any sector activates input interconnection line 370 of current sector
counter 366 to cause the current sector counter to increment the current
sector count by one count. Current sector counter 366 provides the current
sector count on parallel data path 372 to a comparator 374. Comparator
374 compares the current sector count on path 372 with the total sector field
identified with the current data wedge on path 364 to provide a last sector
signal on line 376, The last sector signal on interconnection line 376 is



10

-38-

active when the total sector field of the current data wedge on path 364
matches the current sector count on path 372, Comparator 374 also
provides an enable second offset signal on interconnection line 377 which is
active when the current sector count on path 372 is one less than the
number represented by the total sector field of the current data wedge on
path 364.

A sector size register 378 stores a sector size value which is a
binary representanonofthe number of bytes contained in a complete sector.
The sector size is typically loaded from microprocessor 46 prior to the
transfer operation. A byte counter 380 stores a current byte count,
considered as a binary number representative of the number of bytes of the
current sector being written to or read from the data storage disc. Reset
interconnection line 381 of byte counter 380 is activated by the completion
of writing to or reading from any sector which resets the current byte count
stored in byte counter 380 to zero. The operation of byte counter 380 is
similar to the operation of byte counter 184 of sectoring circuit 22 described
previously in connection with Figures S and 6. Thus, for clarity, the
synchronizing byte detection circuitry and byte clock generator circuitry
necessary for the operation of byte counter 380 to detect byte boundaries in
theNRmematdausngnalarenotshowanlgure9 but are
representatively illustrated and described in reference to the similar
synchronizing byte detection circuitry 188 and byte clock generator 190 of
sectoring circuit 22 in connection with Figures S and 6. Byte counter 380
provides the current byte count on parallel data path 382 to a comparator
384. The sector size value stored in sector size register 378 is provided on
parallel data path 386 to comparator 384. Comparator 384 compares the

'byte count on path 382 with the sector size value on path 386 to provide a

complete sector equal signal on interconnection line 388. The complete
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sector equal signal on line 388 is active when the byte count on path 382
matches the sector size value on path 386.

A first offset register stack 390 stores first offset information
from the header information in byte pairs, such that each byte pair is
identified with a separate data wedge associated with the current header.

A byte pair of first offset information represents the number of bytes of a

split sector remaining from the previous data wedge to be written to or read
from the current data wedge. The first offset information is loaded into first
offset register stack 390 from parallel data path 392 with the receipt of a
new header which activates load interconnection line 394 to enable loading
of information into first offset register stack 390. First offset register stack
390 contains individual regiéters for each byte pair. Therefore, the number
of individual registers in first offset register stack 390 is equal to the
maximum number of data wedges that can be associated with one header
(representatively illustrated in Figure 9 as WEDGE 0 through WEDGE N).
The current data wedge count from current data wedge counter 338 is
provided on parallel data path 344 to first offset register stack 390 to
designate the individual register in first offset register stack 390 storing the
byte pair that is identified with the current data wedge associated with the
current header. '

The first offset information for the current data wedge is
provided on parallel data path 398 to a comparator 400. Comparator 400
compares the current byte count on path 382 from byte counter 380 with the
first offset information for the current data wedge on path 398. Comparator
400 activates interconnection line 402 when the byte count on path 382 is
equal to the number of bytes represented by the first offset information for
the current data wedge on path 398. Current sector counter 366 provides
the current sector count to zero detect circuit 404 on parallel data path 372,
Zero detect circuit 404 detects when the current sector count is zero, to
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thereby indicate that the sector which is currently being written to or read
from is the first sector of the data wedge. Zero detect circuit 404 activates
an enable signal to comparator 400 on enable interconnection line 406 when
the current sector count is zero to enable a comparison between the number

. of bytes represented by the byte count on path 382 and the number of bytes

represented by the first offset value on path 398.

A second offset register stack 408 stores second offset
information from the header information in byte pairs, such that each byte
pair is identified with a separate data wedge associated with the current
header. A byte pair of second offset information represents the number of
bytes of a sector split between the current data wedge and the next data
wedge which are to be written to or read from the current data wedge. The
second offset information is loaded into second offset register stack 408 from
parallel data path 410 with the receipt of a new header which activates load
interconnection line 412 to enable loading of information into second offset
register stack 408. Second offset register stack 408 contains individual
registers for each byte pair. Therefore, the number of individual registers
in second offset register stack 408 is equal to the maximum number of data
wedges that can be associated with one header (representatively illustrated
in Figure 9 as WEDGE 0 through WEDGE N). The current data wedge
count from current data wedge counter 338 is provided on path 344 to
second offset register stack 408 to designate the individual register in second
offset register stack 408 storing the byte pair that is identified with the
current data wedge associated with the current header.

Since the second offset information represents the number of
bytes of a sector split between the current data wedge and the next data
wedge which are to be written to or read from the current data wedges, only
one of either the first offset information or the second offset information is
needed for WEDGE 1 through WEDGE N-1. This is because one of either
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thereby indicate that the sector which is currently being written to or read
from is the first sector of the data wedge. Zero detect circuit 404 activates
an enable signal to comparator 400 on enable interconnection line 406 when
the current sector count is zero to enable a comparison between the number

. of bytes represented by the byte count on path 382 and the number of bytes

represented by the first offset value on path 398.

A second offset register stack 408 stores second offset
information from the header information in byte pairs, such that each byte
pair is identified with a separate data wedge associated with the current
header. A byte pair of second offset information represents the number of
bytes of a sector split between the current data wedge and the next data
weglge which are to be written to or read from the current data wedge. The
second offset information is loaded into second offset register stack 408 from
parallel data path 410 with the receipt of a new header which activates load
interconnection line 412 to enable loading of information into second offset
register stack 408. Second offset register stack 408 contains individual
registers for each byte pair. Therefore, the number of individual registers
in second offset register stack 408 is equal to the maximum number of data
wedges that can be associated with one header (representatively illustrated
in Figure 9 as WEDGE 0 through WEDGE N). The current data wedge
count from current data wedge counter 338 is provided on path 344 to
second offset register stack 408 to designate the individual register in second
offset register stack 408 storing the byte pair that is identified with the
current data wedge associated with the current header.

Since the second offset information represents the number of

‘bytes of a sector split between the current data wedge and the next data

wedge which are to be written to or read from the current data wedges, only
one of either the first offset information or the second offset information is
needed for WEDGE 1 through WEDGE N-1. This is because one of either
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the first or second offset values is redundant information contained in the
header for WEDGES 1 through N-1 because the sector size is already stored
in sector size register 378 and WEDGE 1 through WEDGE N-1 are not split
between headers. The first offset value could be obtained by subtracting the
previous data wedge’s second offset value from the sector size. Similarly, the
second offset value could be obtained by subtracting the next data wedge’s
first offset value from the sector size. Thus, the header size could be
reduced by adding additional circuitry to sectoring circuit 290 to calculate
the missing offset values associated with a given header based on the offset
values contained in the given header and the sector size. :

The second offset information for the current data wedge is
provided on parallel data path 414 to a comparator 416, Comparator 416
is enabled by comparator 374 activating the enable second offset signal on
line 377. Comparator 416 compares the current byte count on path 382
from byte counter 380 with the second offset information for the current
data wedge on path 414. Comparator 416 activates interconnection line 418

_ when the enable second offset signal on line 377 is active, and the byte count

on line 382 is equal to the number of bytes represented by the second offset
information for the current data wedge on line 414. An OR gate 420
receives the output of comparator 416 on line 418 and the output of

. comparator 400 on line 402, and provides a split sector equal signal on

interconnection line 422. The split sector equal signal on line 422 is active
whean either line 418 or line 402 is active. An OR gate 424 receives the split
sector equal signal on line 422 and the complete sector equal signal on line
388 to provide an offset equal signal on interconnection line 426. The offset
signal on line 426 is active when either the complete sector equal signal on
line 388 is active or the split sector equal signal on line 422 is active.
Sectoring circuit 290 provides the last sector signal on line 376
at the outpit of comparator 374, which corresponds to decisional block 318
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of the flow diagram of Figure 8, to indicate whether or not the last sector
of the data wedge has been written to or read from. Sectoring circuit 290
provides the complete sector equal signal on line 388 at the output of
comparator 384, which corresponds to decisional block 322 of the flow
diagram of Figure 8, to indicate when a complete sector has been written to
or read from. Sectoring circuit 290 also provides the offset equal signal on
line 426 at the output of OR gate 424, which correspands to block 316 of the
flow diagram of Figure 8, to indicate when all the bytes of a complete sector
or all the bytes of a split sector which are contained in the current data
wedge are written to or read from. In addition, sectoring circuit 290
provides the last wedge signal on line 356 at the output of comparator 354,
which corresponds to decisional block 328 of the flow diagram of Figure 8,
to indicate when the last data wedge associated with the current header has
been written to or read from.

An example of the first method of handling a multiple data
wedge per header case is illustrated in timing diagram form in Figure 10.
An illustrated waveform 428 shows the waveform of the NRZ format signal
containing the header information and sector data field information from
read/write circuitry 36 as interrupted by the receipt of the servo signals from
read/write circuitry 36. As illustrated, a first servo signal portion is received
at time point 430 and a first header is received over the NRZ format signal
at time point 432. The sector zero data for the first data wedge is received
at time point 434. The sector one data for the first data wedge is received
at time point 436. The sector two data for the first data wedge is received
at time point 438. The sector three data for the first data wedge is received
at time point 430. A second servo signal portion is received at time point
442. For the second data wedge, sector zero is received at time point 444,
sector one is received at time point 446, and sector two is received at time
point 448. A third servo signal portion is received at time point 450, For
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the third data wedge, sector zero is received at time point 452, sector one
is received at time point 454, sector two is received at time point 456, sector
three is received at time point 458, and sector four is received at time point
460. A fourth servo signal portion is received at time point 462 and
followed by the receipt of a second header at time point 464. Thus, in this
example, sectoring circuit 290 receives 12 sectors associated with the header
received at time point 432, which are split into three data wedges. The first
and second data wedges are separated by the servo signal portion at time
point 442 and the second and third data wedges are separated by the servo
signal portion at time point 450.

_ The current data wedge count provided by current data wedge
counter 338 is represented in Figure 10 as counter contents 466 that change
over time. With the receipt of the first header at time point 432, the current
data wedge count is reset to zero, as indicated at contents time point 468.
After the second servo signal portion is received at time point 442 to
indicate that the first data wedge has been received, current data wedge
counter 328 increments the data wedge count to a one, as indicated at
contents time point 470. After the third servo signal is received at time
point 450, current data wedge counter 338 increments the current data
wedge count to a two as indicated at contents time point 472. After the
receipt of the fourth servo signal at time point 462, current data wedge
counter 338 increments the current data wedge count to a three as indicated
at contents time point 474. With the receipt of the second header at 464,
the current data wedge count is reset to zero.

The value of the last wedge signal provided on line 356 is

indicated by waveform 478. As indicated, the last wedge signal is active at

time point 480 when current data wedge counter 338 increments the current
data wedge count to a two at contents time point 472, which corresponds to



10

20

44-

when the current wedge count is equal to the total data wedge number
stored in total data wedge register 346.

The current sector count provided by current sector counter
366 is represented in Figure 10 as counter contents 482 that change over
time. With the receipt of the first servo signal portion at time point 430, the
current sector count is reset to zero as indicated at contents time point 484.
After sector zero of the first data wedge is received at time point 434,
current sector counter 366 increments the current sector count to a one, as
indicated at contents time point 486. After sector one of the first data
wedge is received at time point 436, the current sector count is incremented
to a two, as indicated at contents time point 488. Likewise, after the receipt
of sector two of the first data wedge at time point 438, the current sector
count is incremented to a three, as indicated at contents time point 490, and
after the receipt of sector three at time point 440, the current sector count
is incremented to a fbut, as indicated ‘at contents time point 500. With
receipt of the second servo signal portion at time point 442, the current
sector count is reset to zero as indicated at contents time point S02. In a
likewise manner, as the second data wedge sectors are received at time
points 444, 446, and 448, the current sector count is respectively incremented
to a one at contents time point 504, to a two at contents time point 506, and
to a three at contents time point 508. With the receipt of the third servo
signal portion at time point 450, the current sector count is again reset to -
zero, as indicated at contents time point 510, With the receipt of the third
data wedge sectors at time points 452, 454, 456, 458, and 460, the current
sector count is respectively incremented to a one at contents time point 512,

. toatwoatcomentstimépointsu,toathreeatcontentsﬁmepointsm,

toafouratconteﬂtstimepointsmandtoaﬁve.ateontentstimepoint
520. With the receipt of the fourth servo signal portion at time point 462,
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the current sector count is reset to zero, as indicated at contents time point
S22, '
The value of the last sector signal provided on line 376 is

" indicated by waveform 524. As indicated, the last sector signal on line 376

is active at time point 526 when the current sector count is incremented to

" a four at contents time point 500, which corresponds to when the current

sector count is equal to the total number of sectors represented by the first
total sector field for the first data wedge stored in total sector fields register
358. Similarly, the last sector signal on line 376 is active at time point 528
when the current sector count is incremented to a three at contents time
point 508 to match the total number of sectors represented by the total
sector field for the second data wedge stored in total sector register 358.
The last sector signal is also active at time point 530 when the current sector
count is incremented to a five at contents time point 520 to match the total
number of sectors represented by the total sector field for the third data
wedge stored in total sector register 358.

Multiple Data Wedge Per Header (Method 2)

Another preferred embodiment of the present invention for
locating data sectors in a data storage disc (not shown) which is formatted
so that there are multiple data wedges associated with a single header is
embodied in a sectoring circuit 590 (illustrated in block diagram form Figure
12). Referring to Figure 11, a read/write map flow chart corresponding to
sectoring circuit 590 illustrates a second method of handling a storage disc
formatted with muitiple data wedges per header according to the present
invention. The algorithm of Figure 11 starts at decisional block 600, At
decisional block 600, read/write circuitry 36 waits for transducer head 30 to
detect a servo pattern on the data storage disc. Once transducer head 30
detects the servo pattern, transducer head 30 provides a burst of servo

pattern magnetically caused voltage pulses, which have a lower frequency'
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than the data, to read/write circuitry 36. Read/write circuitry 36 then reads

the header associated with the most recent seivo pattern, as indicated at
block 602. Also at block 602, read/write circuitry 36 provides header
information to sectoring circuit 590.

Decisional block 604 indicates that sectoring circuit 590
compares a three byte header identification field from the most recently
read header with a three-byte target identification field provided by
microprocessor 46. If the header identification field does not match the
target identification field, then read/write circuitry 36 again waits for
transducer head 30 to detect the next servo pattern on the data storage disc,
as indicated by the branch from decisional block 604 back to decisional
block 600. Also at decisional block 604, sectoring circuit S90 processes
errors in the header by performing error detection and correction on the
header based on an ECC corresponding to the header. If the header
information contains errors that were not corrected by the header error
processing, the read/write circuitry 36 again waits for transducer head 30 to
detect the next servo pattern on the data storage disc, as indicated by the
branch from decisional block 604 back to decisional block 600.

_ If the header identification field matches the target
identification field to indicate that the most recently read header is

" associated with the desired sector then, as indicated at decisional block 606,

sectoring circuit 590 compares a sector offset value provided by
microprocessor 46 to a current sector count provided by a current sector
counter (shown in Figure 12). The sector offset value represents where the
desired sector is located in the current data wedge. The current sector count
indicates the number of sectors of the current data wedge which have been
written or read. If the current sector count is found to match the sector

offset value in decisional block 606, decisional block 608 then indicates

whether bad sectors, as indicated by the defect management bits associated
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with the header, need to be skipped over. The operation performed if the
desired sector is not matched, or if the defect management bit associated
with the sector indicates a bad sector, is similar to the phantom read
operation performed in the one data wedge per header embodiment of
sectoring circuit 22 described above, and is specifically described related to
this multiple data wedge per header embodiment below.

When the sector having a count value matching the
microprocessor offset value is not a bad sector, sectoring circuit 590 signals
read/write circuitry 36 to activate either a read gate signal or a write gate
signal to enable correspondingly either reading or writing of the matched
sector, as indicated at block 610. As described above in reference to
sectoring circuit 22, read/write circuitry 36 generates a bit clock, or read
reference clock, output signal which is synchronized to the rotation rate of
the data storage disc during read operations and to the write frequency
during write operations. The bit clock output signal is provided to sectoring
circuit 590 so that a byte counter therein (shown in Figure 12) will

, accurately count the bytes being written to or read from the data storage

disc. As indicated at block 614, synchronizing byte detection circuitry, such
as that shown in Figure S for sectoring circuit 22, detects a special pattern
in the NRZ format signal to indicate where the byte boundaries are located.

Once sectoring circuit 590 signals read/write circuitry 36 to
activate either the read gate or the write gate signal, sectoring circuit 590
waits for an offset equal signal, generated by the sectoring circuit, to become
active, as indicated at decisional block 616. The offset equal signal is active
whehtbenumbetofbyteithathavebeenreadorwﬁttenareeqmltothe
number of bytes contained in the sector or sector fragment that is being read
from or written to. Once the offset equal signal is activated at decisional
block 616, sectoring circuit 590 needs to ascertain whether a second offset
equal signal is active at decisional block 618, The second offset equal signal
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is activated when the sector or sector fragment that has been written to or
read from is the last.sector for the associated data wedge and the number
of bytes that have been read or written are equal to the number of bytes
contained in the last sector or sector fragment, as indicated at decisional
block 618. _ | .

If, at decisional block 618, the second offset equal signal is not
active, the sector that has been written to or read from is not the last sector
and sectoring circuit 590 processes errors in the data field by performing
error detection and correction on the data field for that sector based on an
ECC corresponding to the data field, as indicated at block 620. As indicated
by decisional block 621, after performing the error detection and correction,
sectoring circuit 590 determines whether or not the desired number of
sectors to be transferred for the given write or read operation, as specified
by microprocessor 46, have been written or read. If the number of sectors
specified by microprocessor 46 have not been written or read, the next sector
in the data wedge is handled similar to the previous sector, as indicated by
the branch from decisional block 621 back to decisional block 606. If the
number of sectors specified by microprocessor 46 have been written or read,
then, as indicated at block 623, the given transfer operation is complete.

I, at decisional block 618, the second offset equal signal is
active, indicating that the sector being written to or read from was the last
sector of the data wedge, then sectoring circuit 590 needs to ascertain
whethenhatlastsector_wasacompletesectororafmctionofasecmr,as
indicated at decisional block 622. If the last sector of the data wedge is
found in decisional block 622 to be a complete sector, then, as indicated by

‘block 624, sectoring circuit 590 processes errors in the data field by

performing error detection and correction on the data field for that sector.
If the last sector of the data wedge is a fraction of a sector (a non-complete
sector), then that sector will be split over at least two adjacent data wedges.
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Thus, if the last sector of the data wedge is a non-complete sector, sectoring
circuit 590 needs to know whether this last non-complete sector was the last
fragment of a split sector, as indicated at decisional block 625. If this last
sector fragment of the data wedge was not the last fragment of a split sector,
then, as indicated by block 626, the ECC calculation for the data field for
the split sector is suspended until the next sector fragment is written or read
for the given sector. This suspension can be over one or more servo pattern
detections and over zero or more headers. If this last sector fragment of the
data wedge was the last fragment of a split sector, then sectoring circuit 590
processes errors in the data field by performing error detection and
correction on the data field for the complete sector, as indicated by block
624. The last sector fragment of the data wedge can only be the last
fragment of a split sector for this specialcasewherethereisless than one
sector in the data wedge. In other words, such a sector fragment is both the
first and last sector fragment in the data wedge.

As indicated at decisional block 627, sectoring circuit 590
determines whether the last sector of the current data wedge was the last
sector to be transferred for the given write or read operation. If the last

.sector of the data wedge was the last sector to be transferred, as indicated

at block 623, the transfer is complete. When the last complete sector of the
data wedge was not the last sector to be transferred, sectoring circuit 590
branches to the state indicated at decisional block 628. Sectoring circuit 590 .
also branches to the state indicated at decisional block 628 from the state
indicated at block 626.

Decisional block 628 indicates that sectoring circuit 590 needs
to ascertain whether the sector that has been written to or read from is the
last sector for the associated header. If the sector that has been written to
or read from is not the last sector for the associated header, then, as
indicated at block 630, sectoring circuit 590 waits for the next servo pattern
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to be detected by transducer head 30. After the next servo pattern is
detected at block 630, sectoring circuit 590 branches back to the stated
indicated at decisional block 606 to handle the next sector to be written to
or read from the data storage disc. If, at decisional block 628, the sector

_ being written to or read from was the last sector associated with the header,

then sectoring circuit 590 increments the target identification field first
provided by micrbprocessor 46 considered as a binary number, as indicated
at block 629. The target identification field is incremented because sectoring
circuit 590, as described below, uses the same addressing scheme as sectoring
circuit 22 wherein the target identification field and a sector offset into the
current data wedge specifies the desired sector and wherein the header
identification fields are continuous. Sectoring circuit 590 then returns to the
initial state of the sectoring circuit indicated at decisional block 600 to wait
for the next servo pattern to be detected by transducer head 30.

~ If the desired sector does not match the sector to be written
to or read from, at decisional block 606, or if there is a bad matched sector,
at decisional block 608, sectoring circuit 590 ferforms a phantom read, as
indicated at block 632, because the sector having the current count value is
a bad sector or has not been matched. When the desired sector does not
match the sector to be written to or read from at decisional block 606,
sectoring circuit 590 performs the phantom read to proceed to the next
sector location. When the defect management bits indicate that the sector
havingacountvaluematchingthemiaoprowssordﬂ’setvﬂuisabad
sector at decisional block 608, sectoring circuit 590 performs the phantom
read so that the bad sector will not be written to or read from. The
phantom read is performed by waiting for the offset equal signal to become
active indicating that transducer head 30 has moved over the number of
bytes that would have been stored in the unmatched or bad sector location,
as indicated at decisional block 634. Similar to decisional block 618,
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sectoring circuit 590 needs to ascertain whether the second offset equal
signal is active, which indicates that the phantom read was performed over
the last sector of the associated data wedge, as indicated at block 636. If the
second offset equal signal is not active, sectoring circuit 590 returns to the
state indicated at the input of decisional block 606 to compare the new
sector count with the sector offset value. If the second offset equal signal
is active, sectoring circuit 590 branches to the state indicated at decisional
block 628 to determine if the sector written to or read from was the last
sector associated with the header. -

A partial block diagram of sectoring circuit 590 is illustrated
in Figure 12. Sectoring circuit 590 is similar in many aspects to sectoring
circuit 22 illustrated in block diagram form in Figures 5 and 6. Thus, for
clarity, the description that follows related to the block diagram illustration
of Figure 12 represents only the interaction of the control circuitry with the
registers and counters required to produce the control signals necessary for
performing the second method of handling a multiple data wedge per header
formatted data storage disc according to the present invention. For example,
the header error detection and correction circuitry and data field error
detection and correction circuitry of sectoring circuit 590 is not shown in
Figure 12, but is representatively illustrated and described in reference to
the header error detection and correction circuitry in header error processor
182 and the data field error detection and correction circuitry in data field
error processar 180 of sectoring circuit 22 in connection with Figure S. In
addition, the NRZ format signal containing the header and the data field on
line 150 and the servo signal on line 152 from read/write circuitry 36 are not
shown in Figure 12, but are representatively illustrated in Figure S. .

A total sector register 638 stores a total sector field obtained
from the current header which is a binary representation of the total number
of sectors associated with the current header. The total sector field is
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loaded into total sector register 638 from parallel data path 640 with the
receipt of a new header which activates load interconnection line 642 to
enable loading of data into total sector register 638. Total sector register
638 provides the total sector field to a comparator 654 on a parallel data
path 644,

A current sector counter 646 stores a current sector count
which is a binary representation of the current sector currently being written
to or read from, and one associated with the most recently read header.
Reset interconnection line 648 of current sector counter 646 is activated with
the receipt of a header which resets the current sector count stored in
current sector counter 646 to zero. The completion of writing to or reading
from any sector activates input interconnection line 650 of current sector

- counter 646 to cause the current sector counter to increment the current

sector count by one count. Current sector counter 646 provides the current
sector count on parallel data path 652 to comparator 654. Comparator 654
compares the current sector count on path 652 with the total sector field
associated with the current header on path 644 to provide a last sector signal
on interconnection line 656. The last sector signal on line 656 is active when
the total sector field on path 644 matches the current sector count on path
652. - _

A target identification (ID) register 657 stores the three byte
target identification field indicated above that is provided from
microprocessor 46. As described above, in reference to sectoring circuit 22,
the target identification field is compared to the header identification field
read from the header. The last sector signal on line 656 is provided to
target ID register 657. When the last sector signal is active, the target
identification field stored in target ID register 657 considered as a binary
number is incremented.
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A sector size register 658 stores a sector size value which is a
binary representation of the number of bytes contained in a complete sector.
The sector size is typically loaded from microprocessor 46 prior to the
transfer operation. A byte.counter 660 stores a cun:ent byte count,
considered as a binary number representative of the number of bytes of the
current sector being written to or read from the data storage disc. Reset
interconnection line 662 of byte counter 660 is activated by the completion
of writing to or reading from any sector which resets the current byte count
stored in byte counter 660 to zero. The operation of byte counter 660 is
similar to the operation of byte counter 184 of sectoring circuit 22 described
previously in connection with Figures S and 6. Thus, for clarity, the
synchronizing byte detection circuitry and byte clock generator circuitry
necessary for the operation of byte counter 660 to detect byte boundaries in
the NRZ format data signal are not shown in Figure 12, but are
representatively illustrated and described 'in reference to the similar
synchronizing byte detection circuitry 188 and byte clock generator -190 of
sectoring circuit 22 in connection with Figures S and 6. Byte counter 660
provides the current byte count on parallel data path 664 to a comparator
668. The sector size value stored in sector size register 658 is provided on
parallel data path 670 to comparator 668. Comparator 668 compares the
byte count on path 664 with the sector size value on path 670 to provide a

" complete sector equal signal on interconnection line 672. The complete

sector equal signal on line 672 is active when the byte count on path 664
matches the sector size value on path 670.

A first offset register stack 674 stores first offset information
from the header information in byte pairs, such that each byte pair is

' identified with a separate data wedge associated with the current header.

A byte pair of first offset informgtidn represents the number of bytes of a
split sector remaining from the previous data wedge to be written to or read
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from the current data wedge. First offset register stack 674 also stores a first
offset sector number for each byte pair, The first offset sector numbers
represent the first sectors of the data wedges associated with the current
header. The first offset information and the first offset sector numbers are
loaded into first offset register stack 674 from the associated header. First
offset register stack 674 contains individual registers for each byte pair, and
matching individual registers for the first offset numbers associated with the
byte pairs. Therefore, the number of individual regisiers in first offset
register stack 674 is equal to the maximum number of data wedges that can
be associated with one header (representatively illustrated in Figure 9 as
WEDGE 0 through WEDGE N). As representatively illustrated, the first
offset byte pair for WEDGE 0 is stored in register 678, and the first offset
number for WEDGE 0 is stored in register 676. The first offset byte pair
for WEDGE N is stored in register 682, and the first offset number for
WEDGE N is stored in register 680.
Themnemm;wumﬁomqmemuctoroountermis
provided on parallel data path 652 to equal logic circuit 712. The first offset
number for WEDGE 0 from register 676 is also provided to equal logic
circuit 712 on parallel data path 684. Equal logic circuit 712 provides an
enable to a comparator 716 on enable interconnection line 714 when the
first offset number for WEDGE 0 matches the current sector count provided
on path 652. The first offset byte pair for WEDGE 0 is provided from -
register 678 on parallel data path 686 to comparator 716. Comparator 716
compares the current byte count on path 664 from byte counter 660 with the
first offset information for WEDGE 0 on path 686 when enable line 714 is
active. Comparator 716 activates interconnection line 718 when the byte
count on path 664 is equal to the number of bytes represented by the first
offset information for WEDGE 0 on path 686 when line 714 is active.
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The current sector count from current sector counter 646 is

provided on path 652 to equal logic circuit 722. The first offset number for
WEDGE N from register 680 is also provided to equal logic circuit 722 on
parallel data path 688. Equal logic circuit 722 provides an enable to a
comparator 726 on enable interconnection line 724 when the first offset
mumber for WEDGE N matches the current sector count provided on path
652. The first offset byte pair for WEDGE N is provided from register 682
on parallel data path 690 to comparator 726. Comparator 726 compares the
current byte count on path 664 from byte counter 660 with the first offset
information for WEDGE N on path 690 when enable line 724 is active.
Comparator 726 activates interconnection line 728 when the byte count on
path 664 is equal to the number of bytes represented by the first offset
information for WEDGE N on path 690 when line 724 is active.
' An OR gate 750 receives the output of all of the comparators
performing the first offset pair compares for WEDGES 0 through N, such
as represented by comparator 716 (WEDGE 0) and comparator 726
(WEDGE N) to provide a first offset equal signal on interconnection line
752. The first offset equal signal on line 752 is active when any of these
comparators activate its associated output line such as if cither line 718
(WEDGE 0) or line 728 (WEDGE N) is activated. .

' A second offset register stack 694 stores second offset
information from the header information in byte pairs, such that each byte
pair is identified with a separate data wedge associated with the current
header. A byte pair of second offset information represents the number of
bytes of a sector split between the current data wedge and the next data
wedge which are to be written to or read from the current data wedge.
Second offset register stack 694 also stores a second offset sector number for
each byte pair. The second offset sector numbers represent the last sectors
of the data wedges associated with the current header. The second offset
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information and the second offset sector numbers are loaded into second
offset register stack 694 from the associated header. Second offset register
stack 694 contains individual registers for each byte pair, and matching
individual registers for the second offset numbers associated with the byte
pairs. Therefore, the number of individual registers in second offset register
stack 694 is equal to the maximum number of data wedges that can be
associated with one header (representatively illustrated in Figure 9 as
WEDGE 0 through WEDGE N). As representatively illustrated, the second
offset byte pafr for WEDGE 0 is stored in register 698, and the second
offset number for WEDGE 0 is stored in register 696. The second offset
byte pair for WEDGE N is stored in register 702, and the second offset
number for WEDGE N is stored in register 700.

Similar to sectoring circuit 290 described above, sectoring
circuit 590 needs only one of either the first offset information or the second
offset information for WEDGE 1 through WEDGE N-1. This is because
one of either the first or second offset information is redundant information
contained in the header for WEDGES 1 through N-1 because the sector size
is already stored in sector size register 658 and WEDGE 1 through WEDGE
N-1 are not split between headers. The first offset byte pair could be
obtained by subtracting the previous data wedge’s second offset byte pair
value from the sector size. Similarly, the second offset byte pair could be
obtained by subtracting the next data wedge's first offset byte pair value -
from the sector size. Thus, the header size could be reduced by adding
additional circuitry to sectoring circuit 590 to calculate the missing offset
values associated with a given header based on the offset values contained
in the given header and the sector size.

The current sector count from current sector counter 646 is
provided on path 652 to equal logic circuit 732. The second offset number
for WEDGE 0 from register 696 is also provided to equal logic circuit 732
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on parallel data path 704, Equal logic circuit 732 provides an enable to a
comparator 736 on enable interconnection line 734 when the second offset
number for WEDGE 0 matches the current sector count provided on path
652. The-second offset byte pair for WEDGE 0 is provided from register
698 on parallel data path 706 to comparator 736, Comparator 736 compares
the current byte count on path 664 from byte counter 660 with the second
offset information for WEDGE 0 on path 706 when enable line 734 is active.
Comparator 736 activates interconnection line 738 when the byte count on
path 664 is equal to the number of bytes represented by the second offset
information for WEDGE 0 on path 706 when line 734 is active.

' The current sector count from current sector counter 646 is
provided on path 652 to equal logic circuit 742. The second offset number
for WEDGE N from register 700 is also provided to equal logic circuit 742
on parallel data path 708. Equal logic circuit 742 provides an enable to a
comparator 746 on enable interconnection line 744 when the second offset
number for WEDGE N matches the current sector count provided on path
652. The second offset byte pair for WEDGE N is provided from register
702 on parallel data path 710 to comparator 746. Comparator 746 compares
the current byte count on path 664 with the second offset information for
WEDGE N on path 710 when enable line 744 is active. Comparator 746 -
activates interconnection line 748 when the byte count on path 664 is equal
to the number of bytes represented by the second offset information for
WEDGE N on path 710 when line 744 is active.

An OR gate 754 receives the output of all of the comparators
performing the second offset pair compares for WEDGES 0 through N, such
as represented by comparator 736 (WEDGE 0) and 746 comparator
(WEDGE N) to provide a second offset equal signal on interconnection line
756. The second offset equal signal on line 756 is active when any of these
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comparators activate its associated output line such as if either line 738
(WEDGE 0) or line 748 (WEDGE N) is activated.

An OR gate 758 receives the first offset equal signal on line
752, the second offset equal signal on line 756, and the 'complete sector
equal signal on line 672 to provide an offset equal signal on interconnection
line 760. The offset equal signal on line 760 is active when the first offset
equal signal on line 752 is active, the second offset equal signal on line 756
is active, or the complete sector equal signal on line 672 is active.

Sectoring circuit 590 provides the second offset equal signal on
line 756 at the output of OR gate 754, which corresponds to decisional block
618 of the flow diagram of Figure 11, to indicate whether or not all of the
bytes contained in the current data wedge of the last sector of the data
wedge which are contained in the current data wedge have been written to
or read from. Sectoring circuit 590 provides the complete sector equal signal
on line 672 at the output of comparator 668, which corresponds to decisional
block 622 of the flow diagram of Figure 11, to indicate when a complete
sector has been written to or read from. Sectoring circuit 590 also provides
the offset equal signal on line 760 at the output of OR gate 758, which
corresponds to block 616 of the flow diagram of Figure 11, to indicate when
all the bytes of a complete sector or all the bytes of a split sector which are
contained in the current data wedge are written to or read from. In
addition, sectoring circuit 590 provides the last sector on line 656 at the
output of comparator 654, which corresponds to decisional block 628 of the
flow diagram of Figure 11, to indicate when the last sector associated with

" the current header has been written to or read from.

An example of the second method of handling a multiple data

‘wedge per header case is illustrated in timing diagram form in Figure 13.

An illustrative waveform 762 shows the waveform of the NRZ format signal
containing the header information and the sector data field information from
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read/write circuitry 36 as interrupted by the receipt of the servo signals from
read/write circuitry 36. As illustrated, a first servo signal portion is received
at time point 764 and a first header is received over the NRZ format signal
at time point 766. In the first data wedge, the sector zero data is received
at time point 768, the sector one data is received at time point 770, the
sector two data is received at time point 772, and the sector three-data is
received at time point 774. A second servo signal portion is received at time
point 776. For the second data wedge, sector four is received at time point
778, sector five is received at time point 780, and sector six is received at
time point 782. A third servo signal portion is received at time point 784.
For the third data wedge, sector seven is received at time point 786, sector
eight is received at time point 788, sector nine is received at time point 790,
sector ten is received at time point 792, and sector eleven is received at time
point 794. A fourth servo signal portion is received at time point 796 and
followed by the receipt of a second header at time point 798. Thus, in this
example, sectoring circuit 590 receives 12 sectors associated with the header
received at time point 766, which are split into three data wedges. The first
and second data wedges are separated by the servo signal portion at time

. point 776 and the second and third data wedges are separated by the servo

signal portion at time point 734.

The current sector count provided by current sector counter
646 is represented in Figure 13'ascoxmtercontent3800thatchangeover -
time. With the receipt of the first header at time point 766, the current
sector count is reset to zero, as indicated at contents time point 802. After
sector zero is received at time point 768, current sector counter 646
incrementsthemrrentéectorcounttoaonc,asindicatedateontemsﬁme

" point 804. After sector one is received at time point 770, the current sector

count is incremented to a two, as indicated at contents time point 806.
Likewise, after the receipt of sector two at time point 772, the current sector
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count is incremented to a three, as indicated at contents time point 808, and
after the receipt of sector three at time point 7‘74; the current sector count
is incremented to a four, as indicated at contents time point 810. In a
likewise manner, as the second data wedge sectors four, five, and six are

_ received at time points 778, 780, and 782, the current sector count is

respectively incremented to a five at contents time point 812, to a six at
contents time point 814, and to a seven at contents time point 816. With the
receipt of the third data wedge sectors seven, eight, nine, ten, and eleven at
time points 786, 788, 790, 792, and 794, the current sector count is
respectively incremented to an eight at contents time point 818, to a nine Zat
contents time point 820, to a ten at contents time point 822, to an eleven at
contents time point 824, and to a twelve, at contents time point 826. With
the receipt of the second header at time point 798, the current sector count
is reset to zero, as indicated at contents time point 828.

The value of the last sector signal provided on line 656 is
indicated by waveform 830. As indicated, the last sector signal on line 656
is active at time point 832 when the current sector count is incremented to
a twelve at contents time point 826, which corresponds to when the current
sector count is equal to the total number of sectors represented by the total
sector field for the associated header stored in total sector register 638.

The value of the second offset equal signal provided on line
756 is indicated by waveform 834. As indicated, the second offset equal
signal on line 756 is active at time point 836 when the current sector count
is incremented to a four at contents time point 810, which corresponds to
when the current sector count is equal to the number of sectors represented
by the second offset number for the first data wedge stored in second offset
register stack 694. Similarly, the second offset equal signal on line 756 is
active at time point 838 when the current sector count is incremented to a
seven at contents time point 816, which corresponds to when the current
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sector count is equal to the number of sectors represented by the second
offset number for the second data wedge stored in second offset register
stack 694. The second offset signal on line 756 is also active at time point
840 when the current sector count is incremented to 2 twelve at contents
time point 826, which corresponds to when the current sector count is equal
to the number of sectors represented by the second offset number for the
third data wedge stored in second offset register stack 694.
Conglusion

The present invention as described above for sectoring circuits
22, 290, and 590 uses the reliability of the servo signal from read/write
circuitry 36 to indicate the duration of the detection of the embedded servo
pattern by transducer head 30. In addition, the present invention permits
separate processing of the header errors and the data field errors. By having
the offset fields in the header which indicate a distribution of bytes for
sectors split between data wedges, the sectoring circuits according to the
present invention provide for varying number of sectors per header within
a recording zone or from zone to zone. Thus, the sectoring scheme of the
present invention permits flexibility, such as in a soft sectoring scheme, in an
embedded servo rotating disc data storage device to vary the number of
sectors associated with a header from the maximum number of sectors per
header for the given sectoring circuit to a fraction of a sector. The number
of sectors per header on a given portion of a data storage disc can be
optimized based on this range of flexibility to increase the amount of data
stored on the data storage disc. The primary limitation to the maximum
number of sectors which can be associated with a single header is the size
of the header itself. Therefore, the overhead of storage locations allocated
to the header essentially determines the range of flexibility of the sectoring
scheme according to the present invention and will vary depending on the
particular application.
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Although the present invention has been described with
reference to preferred embodiments, workers skilled in the art will recognize
that changes may be. made in form and detail without departing from the
spirit and-scope of the invention.
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WHAT IS CLAIMED [S: '
L A sectaring circuit for locating data storage sectors in a series
of concentric data tracks of differing diameters on a rotating disc of a data
storage device having a transducer head positioned by a servo system relative
to the rotating disc for writing to and reading from the sectors, the servo
system providing servo error signals in response to the transducer head
passing over servo patterns embedded in the rotating disc interrupting the
tracks, the sectors positioned in data wedges formed by track portions
extending between respective pairs of said servo patterns, the sectoring
circuit comprising: | | '
an input receiver for receiving and storing information from
a header, the header being stored on the rotating disc
and associated with at least one of said data wedges,
the input receiver locating the header in reference to
at least one of said 'servo patterns, the header
information having an identification field identifying
the header, a first offset field indicating the number of
selected” data groupings of the first sector of an
associated data wedge stored in the associated data
wedge, and a second offset field indicating the number
of selected data groupings of the last sector of the
associated data wedge stored in the associated data
wedge; and
a controller for locating the sectors based on values of the
identification field, the first offset field, and the second
offset field.

2, The sectoring circuit of claim 1 further comprising:

aaxrrenfsectorcounterforeounﬁnganumberofsectom
written or read by the transducer head since the input
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receiver received the header to provide a current sector
-count representing said number of sectors, wherein the
controller locates the sectors based on the current
sector count.
3. The sectoring circuit of claim 1 wherein the selected data
grouping is a byte and further comprising:

a byte counter for counting a number of bytes of the current
sector which have been written or read by the
transducer head to provide a byte count representing
said number of bytes, wherein the controller locates the
sectors based on the byte count. .

4. The sectoring circuit of claim 1 wherein the header
information further includes a total sector field representing the total
number of complete sectors and fractions of sectors stored in the associated
data wedge, and wherein the controller locates the sectors based on the total
sector field.

S. The sectoring circuit of claim 1 wherein the input receiver
receives and stores information from the header in response to a servo signal
from the servo system indicating a duration of the detection of the servo
pattern by the transducer head.

6. The sectoring circuit of claim 1 further comprising:

a header error processor for detecting and correcting errors in
the header information; and ‘

a data error processor for detecting and correcting errors in
the data written to or read from the sectors wherein
the header error processor detects and corrects errors
in the header information independently from the data
error processor detecting and correcting errors in the
data written to or read from the sectors.
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7. The sectoring circuit of claim 6 whérein the data error
processor detects and corrects errors in the data written to or read from the
current sector only if all the selected data groupings of the current sector
have been written or read.

65-

8 The sectoring circuit of claim 1 wherein the input receiver

further receives and stores defect management bits from the header

information which indicate defective sectors of the current data wedge and

wherein the sectoring circuit further comprises:
- means responsive to the defect management bits to prevent
the transducer head from writing to or readmg from

the defective sectors. :
9. The sectoring circuit of claim 1 wherein the header is
associated a plurality of said data wedges.
10. A data storage system for storing data storage sectors in a

series of concentric data tracks of differing diameters on a rotating disc, the
data storage system comprising:
a transducer head for writing to and reading from the sectors;
a servo system for positioning the transducer head relative to
the rotating disc and providing servo error signals in
response to the transducer head passing over servo
patterns embedded in the rotating disc interrupting the
tracks, wherein the sectors are positioned in data
wedges formed by track portioni extending between
respective pairs of said servo patterns;
an input receiver for receiving and storing information
representative of a header, the header being stored on
the rotating disc and associated with at least one of
 said data wedges, the input receiver locating the header
_in reference to at least one of said servo patterns, the
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header information having an identification field
identifying the header, a first offset field indicating the
number of selected data groupings of the first sector of
an associated data wedge stored in the associated data
h] wedge, and a second offset field indicating the number
of selected data groupings of the last sector of the
associated data wedge stored in the associated data
wedge; and
a location controller for locating the sectors based on values
10 of the identification field, the first offset field, and the
second offset field to provide location signals to the
read/write controller.
11. The data storage system of claim 10 wherein the servo system
includes a read/write controller for enabling the transducer head to write to
15  and read from the sectors. |
12. A method for locating data storage sectors in a series of
concentric data tracks of differing diameters on a rotating disc of a data
storage device having a transducer head positioned by a servo system relative
to the rotating disc for writing to and reading from the sectors, the servo
20 system providing servo error signals in response to the transducer head
passing over servo patterns embedded in the rotating disc interrupting the
tracks, the sectors positioned in data wedges formed by track portions
extendingbemeenrespecﬁvepairs'ofsaidservopatterm,themethod
25 locating a header in reference to at least one of said servo
patterns, the header being stored on the rotating disc
and associated with at least one of said data wedges;
receiving and storing information from the header including
an identification field identifying the header, a first
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offset field indicating the number of selected data
groupings of the first sector of an associated data
wedge stored in the associated data wedge, and a
second offset field indicating the number of selected
data groupings of the last sector of the associated data
wedge stored in the associated data wedge; and
- locating the sectors based on values of the identification field,
the first offset field, and the second offset field.
13, The method of claim 12 further comprising the step of
counting 2 number of sectors written or read by the transducer head since
receiving the header, wherein the sectors are located based on said number
of sectors. o
14. The method of claim 12 wherein the selected data grouping is
a byte and further comprising the step of counting a number of bytes of the
current sector which have been written or read by the transducer head,
wherein the sectors are located based on said number of bytes.
15, The method of claim 12 wherein the header information
further includes a total sector field representing the total number of
complete sectors and fractions of sectors stored in the associated data wedge,
and wherein the sectors are located based on the total sector field.
16. The method of claim 12 wherein the information from the
header is received and staréd in response to a servo signal indicating a
duration of the detection of the servo pattern by the transducer head.
17. The method of claim 12 further comprising the steps of
detecting and correcting errors in the header information, and detecting and
correcting errors in the data written to or read from the sectors wherein the
step of detecting and correcting errors in the header information is
mdependentﬁ'omthestep of detecting and correcting errors in the data
written to or read from the sectors. ’
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18. " The method claim 17 wherein the step of detecting and
correcting errors in the data written to or read from the current sector is
performed only if all the selected data groupings of the current sector have
been written or read. ' '

19. The method of claim 12 wherein the header information
further includes defect management bits which indicate defective sectors of
the current data wedge and wherein the method further comprises the step
of preventing the transducer head from writing to or reading from the
defective sectors in response to the defect management bits.

20, The method of claim 12 wherein the header is associated with
a plurality of said data wedges.
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HEADER AND SERVO SECTORING
FOR EMBEDDED SERVO HARD DISC DRIVES
ABSTRACT OF THE DISCLOSURE
A sectoring circuit (22) locates data storage sectors in data
tracks (60, 62) on a rotating disc (24) of a data storage device (20) having
a transducer head (30) positioned by a servo system (44, 36) relative to the
rotating disc (24) for writing to and reading from the sectors. The servo

_system (44, 36) provides servo error signals in response to the transducer

head (30) passing over servo patterns (64) embedded in the rotating disc
(24). The sectors are positioned in data wedges (70-80, 82-92) extending
between respective pairs of servo patterns. A header (66, 68, 93) is stored
on the rotating disc (24) and is associated with a data wedge. The sectoring
circuit (22) locates the header in reference to a servo pattern to receive and
store information from the header including an identification field identifying
the header and offset fields indicating a distribution of bytes for sectors split

'between data wedges. Control circuitry (176) locates the sectors based on

values of the identification field and the offset fields.

{ REFER TO FIG. 1 )
,.



1/13

[ MICROPROCESSOR

— 46

48
/40
SERVO 4

' POSITIONING
CIRCUITRY

READ/
- WRITE [
CIRCUITRY

b
56 50

CONTROLLER

CIRCUITRY 7

SECTORING
CIRCUIT

7
Y




o
<




HEADER EXAMPLE

: /,,/ 93
BYrco | BYrE1 |ByY7eE2 |\ BYTE3 | BYrte 4 | BYTES | BYTEF6 | BYTE7 B)’TEé

OFFSET 1 OFFSET 2
7 | 12 03 | racr | 462 | #H 2 L
Log. o 8 - Loy T4 106

BITS 7-5 BI7TS 4-0

TOTAL SECTOR# | DEFECT MANAGEMENT
4 1028

‘fig 3

Ci/e




4/13

0 I
- (SERVO BURST DETECTED?  JNO ||

1ES__ o | ONE 0474 WEDGE
READ AND TRANSHT PER HEADER

774 ¢
QFBM/Y‘// AND 1 MO
HEADER OK? )
-

y//4 YES

778
TURN ON Refw | LLPANT avr/zsw
| Yo (o meval acTivE?) 2!
(/45
INC ;
“Vareero [
1~ SYNC BYTES . ' —>
A =
(/ 54 A{7TET AIAL Acr/VEMOJ
SUSPEND
| £CC -
\eaLcuLarion 1 730
DATA g/cz_f-w /%70,?
LAST G AOE
FRAGMENT ECTOR, /32
? £QUAL?
7. YES
DATA F1ELD 776
35 ERROR |
PROCESSING aooF V733
ves( MORE JRANSFER
\secror? |57
RV MAP
FLOWCHART

fig- 4



A i G —— S A— S— e ——— — S— S— iy  — p— — —— — it A S lppts

cte T ] 777!
e R i
1 [rmgser 10 pesister K= TR | OESIRED JECTOR, \ 0
— '~ 44
(R AT K .- mﬂ“ /% = 584:[ NRZ HEADER
/56 /H A0 REGISTER NPARALLEL < SERIAL | ~{+-»- 400474 FIELD SIGNAL
%0 156 18¢ | FROM/D
,/52«'* FLAG REGISTER K BYTE COUNTER | REAYWRITE
| | =474 CRCUITRY
| secror size ' ——F;Emf CLOCK GENERATOR = BIT CLOCK
4~ eaisTER K= I8 >y I ,:Z,? 107
: TOTAL SECTOR . cj SYNC BYTE - :
/66 "'_r REGISTER IDET ECT ; @
I _ I Q
,-—~ DEFECT MANAGEMENT e ERROR e |
188 1| AT e K— =", LADER o 182
170 —+ I OFFSET 1 RESISTER >0é?02%5'00,¢ . i
e ' .
172 : OFFSET 2 REGISTER p Crao } 0 % ,54,@ fff? -
17— R s K ~ 19 [ SECTOR | BLOCK DIAGRAM
| A Treansrerren | || s SisnaL srons
| | SECTOR OFFSET <_ COUNTER | | READ/ WrRITE
! REGISTER —{) END OF ANY DEL \ | CIRCUITRY
. Vs 8N \2 Y |secror 153 N
22 T conrpa LoGic T | 352 fig.5




ONE LA7A WEDGE FER HEADER

CONTROL L06/C

/76

we 159 /
[ TARGET /0 REGISTER - 02 ~204 208
- .
HEA&EE-{EEL CURRENT SECTOR COUNTER Neompire L 1457 secTor
e £ 1] oy
166" REGISTER 20 /-/6’4 OFFSET
RESET, _
END OF ANY SECTOR—T \5)7'5 COUNTER > 2
: 766 212
I s COMPLETE N\
164 —~) SECTOR S/ZE | [ 24 7\ COMPARE / . SECTOR 3
| REG/STER > 224 FQUAL _ a4,
Ny 2% - 242
- A= "1/ L OFFSET
70— OFFSET 1 RECISTER A comPaRE —
éen /228 nggk
172~ oFFser 2 REGISTER {32 A CoOMPARE Eou%a
% ey 236
207 -
68~ DEFECT MANAGEMENT COMPARE

REGISTER

25 27

%0 Fig 6




EXIMPLE ONE DATA WEDGE PER HEADER

25¢ 25~ 250 56’ 260 , 262 264 266
252 \LEAoER  SEIOR O ? &.ccrae / SECTOR 2 1 Jmom' g | //EADER)
{ segro s} A02 1] L ‘% Sepvo %J A03
womeer |74 | | 3
Zanr UL o | / 2 > 4 0 .
| 2 f—286 a
/284
LAST SECTOR S
st s 2 T8
289 290
BAD SECTOR L
L2229 293
JTARGET 1D A02 1403
: _ 294
SECTOR OFFSET 2
296
DESIRED SECTOR 75

Fig. 7




1-314e]

(SERID BURST &;ﬁ D7 )MQI MULTIPLE DATA WEDGE

200

FER HIEADER - METHOD 7
[CEAD AND TRANSMI? =302 .
| Jo4 RIW MAP FLOWCHART
/0 MATCH ) No -
AND HEADER ~— Fi 9 5
¥
Vi1
P//AMTO// READ
r .
TURN ON RG/WE | (OFFSET EQUAL A0
ACTIVE?

l [‘3/4

SYNC BYTE

/e |
(OFFSET EQUAL )

ACTIVE?

DATA FIELD
Nl ERROR '
FROCESSING

- MORE ) YES
SECTOR? —32/

ENDOF | .
TRANSAER |~ 723
327

MORE \wo |

SECTOR?

IWC
TARGFT 1D 17 2920

Ires ~ 230

SERVD BURST DETFCTED?  ES.
INO




9/13

HEADER %O\ rESET

CURRENT D474
WEDEE COUNTER

SERWO Stemit - INC

350 342

346~

2N

HEADERNVL__L7omie 0ATA WEDGE

| REGISTER

JO/AL SECTO
FIELOS OF HEADER
J68

SERVO sicaaL Y ESEL

END OF ANy =225

JOTAL SECTOR

Ve Je#

| FIELDS

T

L [.5’74 376

0 SELECT
CURENT SECTOR

LAST SECTOR

COMPRE
"\ eMaBLE Seoomp oFFsET

- 372

377

LOUNTER

SECTOR (

(L OADED FROM uP)—

SELECT
ONE

3

2

I 4

370

-%¢

/'.7 78
SECTOR SIZE

END OF ANY SECTOR
78038/ YRESET

"ABY7TE COUNTER

REGISTER

1(.5‘9

(WEDGE?)

OI ]J’FLEC 7
ONF

HFAﬂggjm OFFSET 1 PR

0;2’57‘ / :
A/IRS
ol Bonce |CEETTAR
V EE
HeAper SO OrFSET 2 PAIR
42 | twrper &) e
.2 | COMPARE
L2 =THorrser 2 PR —v—"—'——c-ﬂé
From HeApews \ L(HEDGE 1) “H
7/ Fig. 9

MULTIPLE DATA WEDGE PER HEADER
 METHOD 1 BLOCK DIAGRAM



EXAMPLE
MULTIPLE DATA WEDGE PER HEADER

. METHOD 1

Y servo SERIO
§/§Am 442 Signars 10 f/&NAL/' 6z
D HEADER \ SECTORS A sz-'croes 460 HEADER
(_ 9% Q 1 ] 464
SERVO §|
] 54 444 ac ¥ s sy |
CURRENT A 468 470 4 4%
mmfg%i 7 o / 2 3 0 ,
480 =
LAST WEDGE 8 | Y
48 |
cuenenr (P ( 2 488 500 04 08 2 50 /520/ 577
sggg%? 01234€/530/z\34\510 |
| ‘486 ‘490,\ s0z 06 ro 514 T8 oo,
LAs7 secroe § 3 5% - 528 |




uN3
L 3

= |
@m/o BURST DETECTED? )_um | Z%ﬂ;égﬁ -
W& \a’ao
READ AND TRANSMIT //5405? 6 AER HEADER
1 bk METHOD 2
HEAD[R RMW MAP
FLOWCHART
1
632
/4
HAN TOM /PEAQ_]
TURN ON R6 /WG _
l ¢34 0,_:’2,’55 [ MO |
ACTIVE?
7S
&/L
Nsmacsrie Sezonn X 6%
676~ = YES | oFFser
(OFFSET EaillL Ac/-/VH)% | Eaf/'jq’f p
018 VES NO
SECOND OFFSET NO —>
PAIR FQUAL ? 620
l DATA FIELD
1YES 422 ERROR
6252 MO ( COMPLETE) PROCESSING
ZAST SecroR? MORE ) YES
FRAGMENT? YES X | 627
M0 | PATR FIELD ARV EA0 o il
SUSPEND ECC £RROR - JRANSFER
[64 LuATiON| | PROCESSING | | 5270 ~623
l
Y% 'I‘ No
SERVD BURST | YES
OETECTED?
Lg30

Q—-];q/NC,g | .
B ez - Fgers




¢ wo g "

MULTIPLE DATA WEDGE PER SECTOR

)
- zo,w) 640 . 638 METHOD 2 BLOCK DIAGRAM & 5:54 s
R 44
s =_L____>]romz SECTOR REG [/~ € e [
L DERON HADER 248 Y | COMPARE [{—~LAST SECTOR
IEADER —RESET L (452 eND OF ANY sECTOR NC [TARGET 1D
W0 OF ANY Secroe 1% CURRENT SECTOR COUNTER )| 4220 ARESET 60 _ 444 ——* PEGISTER
£30 5g 7 [BYTE couNTER 468 457
tonoep rromu )—{secror size e =2 _I( I mare Wecomeere secror eouat
684 b_f%[rfﬁﬁ% (78 | ~é7Z 758 _ 20
1 A !
g || Corz [~ “77¢ 750 ) ggg,{f
722 || ,72¢ -
680 Gt (AL- iy 752 3
ADED J(” OFFSET T PAIR ( covirE
* ' ] (72 | 724
o FSET.2 SECTOR NUMBERS C -04 leoua- 15'/ 7%
(‘fggfd) CV‘FSf;' 2 PAIR | (P06 '=?]£0MH4RE
, | 754
& . . (2 p — (7% > SECOMD
01 : 708 Lyt L C 44 £ g  OFFSET
e Ny NOFESET 2 SECTOR NUMBERS| == T EOUAL
(. D2 OFFSET 2 AFAIR C X\ COMPARE y 7 2A ?t 9- j2




EXAMPLE -
MULTIFLE D474 WEDGE AR HEADER
METHOD 2
SERVO .7 774 SERVO SERVO SE
& “ SIGNAL 7% SIGNAL 764 292 5/5}./40 7%
1 778 760782 786 788 790 7944 ADER
4 5) s/l 1 7/8) 9) 10)(n 798
| 770 772 8/8 822
S 802 800 805, 608 80 (82 (6’/4 f8/é ( (5’20& o2 ox | (323_
. )
355,{,?—'? 7 3 4 5 7 1910|172 ] 0 3
\
8o &52 D
LAST e 530 |
SECTOR e
| K&?é 838 &40
834
ge L
FQUAL

Fig. 13

|




| O B

-63-
CLAIMS

I

1. A sectoring circuit for locating data storage sectors in a series of concentric data
tracks of differing diameters on a rotating zoned disc of a data storage device, the disc
having different numbers of sectors in track portions of respective zones, the data
storage device having a transducer head positioned by a servo system relative to.the
rotating disc for writing to and reading from the sectors, the servo system providi'ng
servo error signals in response to the transducer head passing over servo patterns
embedded in the rotating disc interrupting the tracks, the sectors positioned in data
wedges (70, 72, 74, 76, 78) formed by track portions extending between respective
pairs of said servo patterns (64), the sectoring circuit (290, 590) comprising:
an input receiver for receiving and storing information from a header
(66),
the header being stored on the rotating disc and associated with at least
one of said data wedges, the input receiver locating the header in
reference to at least one of said servo patterns, and a controller for
locating the sectors, the sectoring circuit being characterised in that for a
disc with a header information baving an identification field (94-98)
identifying the header, a first offset field (104) indicating thé. pumber of
selected data groupings of the first sector of an associated data’ wedge
stored in the associated data wedge, a second offset field (106)
indicating the number of selected data groupings of the last sector of the

associated data wedge stored in the associated data wedge, and a total
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sector field (102A) representing the total number of complete sectors and
fractions of sectors stored in the associated data wedge, the controlier for
locating the sectors is based on values of the identification field, the first

offset field, the sécond offset field, and‘the total sector field.

2. The sectoring circuit of claim 1 further comprising:
a current sector counter (366, 646) for counting a number of sectors written or
read by the transducer head since the input receiver received the header to provide a

current sector count representing said number of sectors, wherein the controller locates

the sectors based on the current sector count.

3. The sectoring circuit of claim 1, wherein the selected data grouping is a byte
and further comprising:

a byte counter (380, 660) for counting a number of bytes of the current sector
which have been written or read by the transducer head to provide a byte count

representing said number of bytes, wherein the controller locates the sectors based on

the byte count.

4, The sectoring circuit of claim 1, wherein the input receiver receives-and stores
information from the header in response to a servo signal from the servo systém

indicating a duration of the detection of the servo pattern by the transducer head.

5. The sectoring circuit of claim 1 further comprising:
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a header error processor {182) for detecting and correcting errors in the header
information; and |
a data error processor (180) for detecting and correcting errors in the data written
to or read froin the sectors wherein the header error processor detects and corrects
errors in the header information independently from the data error processor detecting

and correcting errors in the data written to or read from the sectors.

6. The sectoring circuit of claim 5, wherein the data error processor detects and
corrects errors in the data written to or read from the current sector only if all the

selected data groupings of the current sector have been written or read.

7. ©  The sectoring circuit of claim 1, wherein the input receiver further receives and
stores defect management bits (102B) from the header information which indicate
defective sectors of the current data wedge and wherein the sectoring circuit further
comprises:

means (168) responsive to the defect management bits to prevent the transducer

head from writing to or reading from the defective sectors.

8. The sectoring circuit of claim 1, wherein the header is associated a blurality of
said data wedges.
9. A data storage system for storing data storage sectors in a series of concentric

data tracks of differing diameters on a rotating zoned disc, the zoned disc having

different numbers of sectors in track portions of respective zones, the data storage
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system comprising:

a transducer head (30) for writing to and reading from the sectors;

a servo system (40) for positioning the transducer head relative to the rotating
disc and providing servo error signals in response to the transducer head passing over
servo patterns embedded in the rotating disc interrupting the tracks, wherein the sectors
are positioned in data wedges formed by track portions extending between respective
pairs of said servo patterns; and

a sectoring circuit (290) according to any one of claims 1 to 8.

10.  The data storage system of claim 9, wherein the servo system includes a

read/write controller for enabling the transducer head to write to and read from the

sectors.

11. A method for locating data storage sectors in a series of concentric data tracks
of differing diameters on a rotating zoned disc of a data storage device, the zoned disc
having different numbers of sectors in track portions of the respective zones, having a
transducer head posi:ioned by a sg:r{fo system relative to the rotating disc for writing to
and reading from the sectors, the servo system providing servo error signalé."in
response to the transducer head passing over servo patterns embedded in the rc-)tating
disc interrupting the tracks, the sectors positioned in data wedges formed by.track
portions extending between respective pairs of said servo patterns,.the method
comprising:

locating a header in reference to at least one of said servo patterns, the header

being stored on the rotating disc and associated with at least one of said data wedges;
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receiving and storing information from the header including an identification
field identifying the header, a first offset field indicating the number of selected data
groupings of the first sector of an associated data wedge s_torcd in the associated data
wedge, a second offset field indicating the number of selected data groupings of the last
sector of the associated data wedge stored in the associated data wedge, and a total
sector field representing the total number of complete sectors and fractions of sectors
stored in the us@td data wedge; and

locating the sectors based on values of the identification field, the first offset
field, the second offset field, and the total offset field.

12.  The method of claim 11, further comprising the step of counting a number of
sectors written or read by the transducer head since receiving the lieader, wherein the

sectors are located based on said number of sectors.

13.  The method of claim 11, wherein the selected data grouping is a byte and
further comprising the step of counting a number of bytes of the current sector which
have been written or read by the transducer head, wherein the sectors are located based

on said number of bytes.

14.  The method of claim 11, wherein the information from the header is received
and stored in response to a servo signal indicating a duration of the detection of the

servo pattern by the transducer head.
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15. The method of claim 11, further comprising the steps of detecting and
correcting errors in the header information, and detecting and correcting errors in the
data written to or read from the sectors wherein the step of detecting and correcting
errors in the header information is independent from the step of detecting and

correcting errors in the data written to or read from the sectors.

L 4

16.  The method claim 15, wherein the step of detecting and correcting errors in the
data written to or read from the current sector is performed only if all the selected data

groupings of the current sector have been written or read.

17.  The method of claim 11, wherein the header information further includes defect
management bits which indicate defective sectors of the current data wedge and
wherein the method further comprises the step of preventing the transducer head from

writing to or reading from the defective sectors in response to the defect management

bits.

18.  The method of claim 11, wherein the header is associated with a plurality of

said data wedges.



