10

15

20

25

30

200002376-2"°
- 02 MAY 2000

ELIMINATE REASSIGNED SECTORS

This patent application claims priority from U.S. Provisional Application
No. 60/132,988, filed May 7, 1999.

FIELD OF INVENTION
The present invention relates generally to disc drives, and more particularly

to the mapping of defective sectors in disc drives.
BACKGROUND OF THE INVENTION

In a disc drive, data is stored on discs. Concentric tracks are defined on
each surface of the discs, and each track is further divided into a number of sectors.
Each sector represents an addressable location for storing a block of data.

During the manufacturing process, some sectors may be damaged so that
data cannot be stored or retrieved from these sectors. Tests are therefore conducted
as part of the manufacturing process to determine the validity of each sector. A
sector with defects (referred to as “factory defects”) is not allocated a valid address
and therefore will not be utilized. For example, if a particular sector which should
be allocated an address of 3..is found to be a defective sector, it is skipped over
such that the next sector acquires the address 3. Since the defective sector is not
assigned a valid address, data will not be stored in that sector.

When the disc is placed into service, additional sectors on the disc may
become defective. Such sectors are referred to in this document as grown defect
sectors. One conventional method of dealing with grown defects is to reassign the
logical address of the grown defect sector to another sector. For example, a
particular sector with the address 4 in Track 1 is found to have a grown defect. The
address 4 will be reassigned to a replacement sector usually found on another
track, for example, in Track 2. This reassignment of the address is recorded by the
controller of the disc drive. In operation, the sectors are read in sequential order of
the addresses, therefore the read operation will be interrupted by a first seek
operation as the heads move from Track 1 to Track 2 to read from the replacement

sector and a second seek operation as the heads move back from Track 2 to Track
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1. The movement of the heads to and from the reassigned replacement sector slows
down the speed at which data can be read from or written to the discs.

There remains therefore a need for an improved method of dealing with
grown defects without compromising the efficiency of the disc drive. It will be
evident from the following description that the present invention offers this and

other advantages

SUMMARY OF THE INVENTION _

According to one aspect of the invention, there is provided a method for
eliminating reassignments in a disc drive. A disc drive tyﬁically contains at least
one disc which is divided into sectors. The method of eliminating reassignments
involves copying data stored at one sector (referred to as a moving sector) to
another sector (referred to 'as a moving spare), and assigning the logical address
associated with the moving sector to the moving spare. |

The elimination process is repeated until the reassignments are eliminated.
Verification of the data copied is conducted to ensure data integrity. Furthermore,
the elimination process is preferably executed only when the disc drive is in an idle
mode. Records are kept and updated as the process is carried out so that the
process can be continued even if interrupted.

In another aspect of the invention, there is prov1ded a disc drive with a
controller which i is configured to perform the steps as described above.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a drawing of a disc drive.

FIG.s 2 to 3 show a flowchart of a process accordmg to apreferred
embodiment of the present invention.

FIG. 4 illustrates the reassignment of the logical address of a grown defect
sector to the physical address of a spare sector.

FIG. 5 shows a method of moving a spare sector sector-by-sector in one
direction.

FIG. 6 shows the sectors after the moving step of FIG. 5.

FIG. 7 shows a method of moving a spare sector in the opposite direction.
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FIG. 8 shows a method of moving a spare séctor by a certain number of
sectors. | '
FIG. 9 shows the last moving step in a process of eliminating a

reassignment.
DETAILED DESCRIPTION

A preferred embodiment of the present invention is described in thé
following with reference to the drawings.

In a disc drive 10 as shown in FIG. 1, there is a number of discs 12
mounted on a spindle motor 14 for rotational motion. An actuator 16 typically
extends into a series of actuator arms 18, each of which holds out at least one head
20 such that each head reads from or writes to one surface of the discs. Each head
itself may be a composite of at least two devices, one for reading data and one for
writing data.

Each surface of a disc is divided into concentric tracks 22 which are further
divided into sectors, each sector being an addressable location which can hold data.
A head 20 which is held stationafy whilst the disc 12 is rotated will read sectors
along a particular track 22. For the head 20 to read a sector belonging to another
cylinder, a seek operation has to take place. This involves the actuator 16 coming
into operation and moving the actuator arm 18 to reposition the head 20 relative to
the disc 12. Data retrieval is therefore more efficient when data is stored in
physically consecutive sectors which have consecutive logical addresses.

The sectors are usually assigned logical addresses in a sequential order,
from the outermost track 24 to the innermost track 26. However, when a grown
defect is detected in a sector, the logical address of this grown defect sector will be
reassigned to a spare sector. This is referred to as a reassignment, and the spai'e
sector is referred to as a replacement sector. Typically, spare sectors are randomly
located in clusters and not always at the end of each track. Therefore, a
replacement sector is usually not found on the same track as the defective sector.
The disc drive controller 28 keeps track of the reassignment of the logical
addresses, for example, by updating a defect table with any such changes.



10

15

20

25

-4-

Making reference to FIG. 2, a process to eliminate reassignments is
initiated 30 when the disc drive has been idle for a period of time 32. The disc
drive checks for new commands from an associated host system 34, and if there is
none, it proceeds to check its records to see if there are any reassignments 36. If
the disc drive is not idle, or if there are new commands from the host, or if there
are no reassignments, the process is terminated or not carried out 38. If there are
reassignments, the records are checked for an earlier elimination process which
was interrupted 40. As shown in FIG. 3, if an earlier process was interrupted, the
earlier process is continued by selecting the earlier selected moving spare and a

corresponding moving sector. Otherwise, a new moving spare and a corresponding

~moving sector is selected 42, 44.

Data in the moving sector is copied to the moving spare 46. Preferably, the
data that is copied is read back to verify that it has been copied correctly 47. The
logical address of the moving sector is assigned to the physical address of the .
moving spare 48. The controller keeps track of these changes by updating its
records 50. In this manner, it will appear as though the moving spare has moved
from its original physical location to the original physical location of the moving
sector.

The steps 34 to 50 are repeated until an interruption from the host system is
detected or until no reassignments are left. As the records are updated after every
moving step, the process to eliminate the same reassignment can be continued even
after an interruption.

Sectors 52 are shown in the diagram of FIG. 4 with their respective
physical block addresses (PBA) 54 and logical block addresses (LBA) 56. For the
purpose of illustration, four tracks 58 of ten sectors 52 each are shown: Track 0,
Track 1, Track 2 and Track 9. Corresponding to FIG. 4 is Table 1 which represents
part of a defect table for keeping track of the sectors and their respective addresses.
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Record Number LBA Slip Reassign Spare
0 6 2 1
1 12 3 0 0
2 15 3 1 0
3 22 7 0 1

In this example, sectors PBA 6 and PBA 7 are spare sectors 60. This is
reflected in Record Number 0 in Table 1. The “Reassign” flag in Record Number 1
is 0, indicating that there are no reassignments involved in this allocation of LBA.
It also means that LBA 6 is allocated to the second sector from sector PBA 6
which is sector PBA 8. The “Spare” flag is 1, indicating that sectors PBA 6 and
PBA 7 are spare sectors.

The “Reassign” flag is set at 0 at Record Number 1 to show that no
reassignment is associated with the sector 62 which has a PBA of 14. The LBA 12
is therefore allocated to the third sector from PBA 12 which is PBA 15. A logical 0
under “Spare” flag indicates that sector PBA 14 is a not a spare sector. This is
typically how a factory defect sector is marked.

Record Number 2 is an example of how a grown defect sector 64 is
flagged. In the example shown in FIG. 4, the sectors PBA 93 to PBA 99 are spare
sectors 61 originally set aside for use as replacement sectors. The LBA 15 is
originally meant to be allocated to the third sector from PBA 15, but instead is
reassigned to another sector 66 (PBA 93) because of the presence of at least one
grown defect in sector PBA 18. The “Reassign” flag is set at 1 to indicate this
reassignment.

For the purpose of illustrating a method of eliminating reassignments
according to the present invention, four spare sectors 60 are shown to be located at
Track 2 from PBA 25 to PBA 28. This is reflected in Record Number 3 of Table 1.

From its records, the controller will be able to identify the presence of a |
reassignment. In selecting a sector to be the moving spare, it preferably chooses the
spare sector nearest to the grown defect sector. In comparison with sector PBA 7 in
Track 0, sector PBA 25 in Track 2 is the nearest spare sector to sector PBA 18 in
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Track 1. Thus, the sector 68 (PBA 25) is selected to be the moving spare. This
status of the elimination process is stored in the records and illustrated in Table 2
below. ,

The “Direction” flag in Table 2 is used to indicate the direction in which
the moving spare is to be “moved”. In this example, the “Direction” flag is set to “-
1” to indicate a move in the decrementing order of the PBA such that the moving

spare is moved towards the grown defect sector.

Table2
Reassign PBA Move PBA Direction
18 25 -1

In this example, sector 70 (PBA 24 and LBA 21) is chosen to be the
moving sector. Data in sector PBA 24 is copied to sector PBA 25, and the logical
address LBA 21 is allocated to PBA 25. The result is as shown in FIG. 5. Table 3
shows that the replacement sector still exists (Record Number 2) and it also shows
a new entry (Record Number 3) for the moved spare. The status is updated as
shown in Table 4.

Table3
Record Number LBA Slip Reassign Spares

0 6 2 0 1

1 12 3 0 0

2 15 3 1 0

3 21 4 0 1

4 22 7 0 1
Table 4

ReassignPBA ~ Move PBA Direction

18 24 -1



10

15

20

25

-7-

Therefore, to continué the elimination process for the saifi¢ grown defect sector, in
the next moving step, the sector PBA 24 is chosen to be the moving spare 68 and
the sector PBA 23 is chosen to be the moving sector 70.

If the elimination process is interrupted after the moving step shown in
FIG. 5, the status records will indicate how the process is to be continued. One
example of such status records is as shown in Table 5. The controller will find the
sectors in the configuration shown in FIG. 6, and therefore select sector 72 (PBA
23) to be the moving spare. From an alternative perspective, the controller will find
from its records that it was previously in the process of eliminating the
reassignment associated with grown defect sector PBA 18, and upon continuation
of the process will select the spare sector nearest to sector PBA18 to be the moving

spare.

Table5
Reassign PBA Move PBA Direction
18 23 -1

FIG. 7 shows another possibility where the nearest spare sector to the
grown defect sector 64 (PBA 12) is the sector 68 (PBA 7). In such a case, the
sector PBA 7 will preferably be chosen as the moving spare and the sector 70
(PBA 8) will be chosen as the moving sector. Table 6 shows how a defect table for
this situation may be constructed, and Table 7 shows how the status records
indicates a move in the opposite direction to the previous example. In this example,
the “Direction™ flag in Table 7 is set to “1” to indicate a move in the incrementing
order of the PBA.

Table 6
Record Number LBA Slip Reassign Spares
0 6 2 0 1
1 12 3 0 0
2 10 3 1 0
4 22 7 0 1
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JTable 7
Reassign PBA Move PBA Direction
12 7 1

Most preferably, a single sector next to the selected moving spare is chosen
to be the moving sector. For example, in FIG. 7, the moving sector is chosen to be
sector 70 (PBA 8) when the moving spare is chosen to be sector 68 (PBA 7). If this
neighboring sector does not have a valid LBA, the next neighboring sector will be
chosen, and so forth. This is so that the drive does not have to set aside a
significant memory space to hold the data which is to be copied during the moving
step.

In an alternative embodiment, more than one sector can be chosen to be
moving sectors. This is described with reference to FIG. 8. For the purpose of
illustration, supposing the moving sectors are chosen to be the sectors 70 from
PBA 21 to PBA 24, and the selected moving spare 68 is sector PBA 25. Data in
sectors PBA 21 to PBA 24 will be copied to a temporary storage in the cache. The
logical addresses of sectors PBA 21 to PBA 24 (LBA 18 to LBA 21) are then
allocated to sectors PBA 22 to PBA 25 respectively. The next sector to be chosen
as the moving spare will accordingly be the sector PBA 21.

To continue the example of FIG. 5, the last moving step of the elimination

 process is shown in FIG. 9. The selected moving spare is sector 68 (PBA 19). This

time, the selected moving sector is the grown defect sector 64 (PBA 18) which had

. its logical address LBA 15 reassigned to the replacement sector 66. Data is now

copied from LBA 15 to the sector PBA 19, and the LBA 15 is allocated to PBA 19.
After this step, the logical addresses are allocated to the sectors in sequential order.
At the same time, the sector PBA 93 is freed up for future reassignments, and is
flagged as one of the spare sectors 61. In this way, the number of reassignments
can be prevented from building up.

Table 8 gives a representation of the records after such a step has been
executed. As shown, the sector LBA 15 no longer shows a reassignment to a

replacement sector. Accordingly, when a check for the existence of replacement
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sectors indicates that ione of the records has the “Reassign” flag set at ‘1, the

elimination process stops.
Table 8
Record Number LBA Slip Reassign Spares
0 6 2 0 1
1 12 3 0 0
2 15 4 0 0
3 22 7 0 1

If other reassignments exist, the corresponding records will have the
“Reassign” flag set at “1”, and the drive will select one of these reassignments to
eliminate.

It has thus been shown in the foregoing that the process to eliminate
replacement sectors can be performed in the background without affecting the
normal operations of the disc drive. Furthermore, by eliminating reassignments,
replacement sectors can be prevented from building up in a disc drive and therefore
prevent performance degradation of the disc drive due to a build up of replacement
sectors. The speed of data access in the disc drive is also improved since the
number of seek operations will be reduced if there are fewer or less reassignments.

Alternatively, embodiments of the invention may be described as follows:

The invention is applicable to a disc drive 10 containing at least one disc 12
which is divided into memory locations 52. It involves a method of eliminating

- reassignments 36 by copying data stored at the logical address 56 of a second

memory location 70 to the first physical address 54 of a first memory location 68.
The logical address 56 of the second memory location 70 is also assigned to the
first physical address 54 of a first memory location 68.

The method preferably includes verifying the data copied 47. Records are
kept 50 of the process eiecuted, and this may involve keeping records to indicate
the first physical address of the first memory location 68 selected, the logical
address of the second memory location 70 selected, and indications of the
assignment of the logical address 56 of the second memory location 70 to the first



10

15

20

25

-10-

physical address 54 of the first memory location 68. By checking the records 40,
an appropriate physical address and a logical address can be selected 42, 44.

The method may further include steps of checking whether the disc drive is
idle 32 and carrying out the process of eliminating reassignments only when the
disc drive is idle. It may also include checking for presence of reassignments in the
disc drive 36, and carrying out the process only if there is at least one
reassignment. Furthermore, the method may include checking for commands from
a host to the disc drive 34, and continuing with the process of eliminating

- reassignments only if there are no commands.

The first memory location 68 may be a spare memory location 60, and
more preferably, it is the memory location physically nearest to a defective
memory location 64.

The second memory location 70 may be a memory location with a second
physical address value that is between the first physical address value of a first -
memory location 68 and a third physical address value of the defective memory
location 64. In another situation, the second memory location 70 has the same
logical address as a defective memory location 64.

In an alternative embodiment, data may be copied from the logical address
of the second memory location 70 to a third memory location, and then copied
from the third memory location to the physical address of the first memory location
68.

The above description is only illustrative of various embodiments of the
invention, and a person skilled in the art will understand that changes can be made
to the details of structure, function and processes without going beyond the scope

of the present invention.
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CLAIMS

1. In a disc drive comprising at least one disc having a plurality of memory

lodations, a method of eliminating reassignments in the disc drive wherein the
method comprises steps of:

(a) providing a first physical address of a first memory location;

(b) providing a logical address of a second memory location;

(c) copying data stored at the logical address to the first physical address;
and '

(d) assigning the logical address to the first physical address.

2. A method of claim 1 further comprising a step (e) of venfymg the data

copied.

3. A method of claim 1 further comprising steps of

(e) keeping records to indicate the first physical address of the first memory
location selected; and _

(f) keeping records to indicate the logical address of the second memory

location selected.

4. A method of claim 3 further comprising a step (g) of keeping records to
indicate the assignment of the logical address to the first physical address.

S. A method of claim 4 further comprising a step (h) of checking the records
to determine a first physical address and a logical address to select.

6. A method of claim 5 further comprising steps of:
(e) checking whether the disc drive is idle; and
(f) performing steps (a) to (h) only when the disc drive is idle.

7. A method of claim 5 further comprising steps of:
(e) checking for presence of reassignments in the disc drive; and
(f) performing steps (a) to (h) only if there is at least one reassignment.
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8. A method of claim 5 further comprising steps of:
(e) checking for commands from a host to the disc drive; and
() performing steps (2) to (h) only if there are no commands.

9. A method of claim 1 wherein the providing step (a) includes a step (e) of

selecting a spare memory location to be the first memory location.

10. A method of claim 9 wherein the step (e) further includes selecting a
memory location physically nearest to a defective memory location to be the first

memory location.

11. A method of claim 1 wherein the providing step (b) includes a step (e) of
selecting a memory location with a second physical address value that is between
the first physical address value and a third physical address value of the defective

memory location to be the second memory location.

12. A method of claim 1 wherein the providing step (b) includes a step (€) of
selecting a memory location with a logical address that is equal to a reassigned
logical address of a defective memory location.

13. A method of claim 1 wherein the copying step (c) comprises steps of:
(e) copying data stored at the logical address to a third memory location;
and
(f) copying data from the third memory location to the first physical
address.

14. A disc drive comprising:

a disc with a plurality of memory locations;

a first memory location on the disc, the first memory location being
addressable by a physical address;

a second memory location on the disc, the second memory location being
addressable by a logical address; and
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a controller configured to copy data at the logicél address to the physical
address and to assign the logical address to the physical address.

15. A disc drive comprising:
5 a defective sector;

a replacement sector with a logical address reassigned from the defective
sector; and

means for eliminating the reassignment.
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