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TITLE OF THE INVENTION
READ/WRITE CONTROL SYSTEM FOR A DISK‘DRIVE
.BACKGROUND OF THE INVENTION
This invention relates generally to a disk drive,
such as a hard disk, and more particularly to a disk .~

drive with a retry function of re-executing a

read/write operation when an error has occurred.

A conventional disk drive, such as a hard disk
drive (HDD), is provided with a retry function of
re-executing the read/write 6peration, when an error
has occurred in executing a read/write operation.

When receiving a command to specify a read
operation or write operation from the host system, the
disk dri&e executes a read/write operation of reading
the data from a disk or writing the data onto a disk.
The command includes the access range that specifies
a plurality of data sectors on the disk to be read
from or written onto. The disk drive reads or writes
the data from or in each data sector included in the
specified access range.

When an error has occurred in reading or writing
the data from or in a certain data sector, the drive
executes a retry operation of re-executing the
read/write operation on the sector. The retry
operation'is executed repeatedly within a specific
limited number of times until the proper read/write

operation has been executed.
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In recent years, disk drives, such as HDDs, have
been used as storage devices for not only personal
computers but also various digital devices, such as
digital television sets. Since such a digital device
processes a large amount of continuous data, such as
audio data or video data, the disk drive is often used
as a buffer storage device for storing the audio data
or video data.’ |

To use such a HDD to record or reproduce audio
data or video data, it is necessary to secure a
constant data transfer rate for the host system.

In other words, a command from the host system requires
such a high speed access as enables the command to be
processed within a specific time.

On the other hand, when an error has occurred in
accessing the computer data and the error cannot be
corrected by a specific number of retry operations, an
abnormal end of the command may be executed in an érror

process. In digital devices that record or reproduce

audio data or video data, even when the data includes

some errors, it is sometimes desirable that the
accessed data should be transferred as it.is, instead
of performing an abnormal end.

Therefore, in a disk drive particularly used in
a digital device for handling audio data or a video
data, when an error has occurred during a read/write

operation, a high-speed access operation has priority
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over the recovery from an-errOr by a retry'bperation.
In short, it is desirable to realize a high-speed
read/write operation as a result of limiting the time
required for a retry operation and using the data
including some errors as it is.

Various control methods of limiting the number
of retry operations have been developed'or proposed.
In those control methods, however, the time required
to carry out one retry operation is not necessarily
the same, because of the type of error. As a result,
there is a possibility that some data sectors.will be
executed until the limited number of retry operations
has been reached within the time limit of the command
process (read/write operation), whereas some data
sectors will be subjected to a retry operation a
minimum number of times. In short, there is a chance
that the individual data sectors included in the access
range may be non-uniform in the quality of the accessed
data and therefore the whole quality of the read/write
data deteriorate seriously. On the other hand, when

the number of retry operations on each data sector is

made constant, there is a strong possibility that the

time limit of the command process will be exceeded and
the constant data transfer rate cannot be maintained.
BRIEF SUMMARY OF THE INVENTION
The objéct of the present invention is to secure

an almost uniform retry operation time for each data
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sectdr included.in the access range within the time
limit of a specific command process (such as a
read/write operation). By doing this, it is possible
to provide a disk drive capable of not only realizing
a high-speed access operation but also equalizing the
quality of the read/write data in each data sector.
The foregoing object is accomplished by providing
a disk drive with a disk and a head, comprising:
read/write means for executing a read/write operation
of reading data from the disk in data sectors or
writing data onto the disk in data sectors by
controlling the head according to a cohmand from a host
system; means for determining the upper limit of the
time usable for a read/write operation for each of the

data sectors according to the number of data sectors in

‘an access range specified by the command and a specific

time limit necessary for the read/write operation on

each of the data sectors to be completed; and retry

' control means for controlling the read/write means in

such a manner that when an error has occurred during
the read/write operation on eagh of the data sectors,
a retry operation is performed on the data sector,
and for performing controi 80 as to limit the retry
operation, when the total of the time spent on the
read/write operation and the time requiredlfor the
retry operation has exceeded the upper limit of the

usable time.
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As described above, the present invention realizes
the retry control function of allocating almost the
same retry operation executable time within the time
limit of a command érocess (or a read/write operation)
for each of the data sectors in the access range
specified by a command. Therefore, in a read/write
operation, a retry operation can be performed on the
data sector where an error has occurred, without fail
within a specific time. On the other hand, the retry
operation is restricted to the time limit of the
read/write operation on the data sector. Thus, the
present invention is particularly effective in use with
a disk drive for holding the data in a digital device
that handles audio data and video data. Because the
retry operation is limited, the disk drive can transfer
even the data including a little error to a digital
device side serving as the host system. In other
words, when the data read from a disk is transferred
to the host system, limiting the retry operation
enables a constant data transfer rate to be secured.

In addition, since a specific number of retry
operations has been secured for each data sector, the
quality of all the data has been almost equalized.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may

be learned by practice of the invention. The objects
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and advantages of the invention may be realized and
obtained by meahs of the instrumentalities and
combinations particularly pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanyihg drawings, thch are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the
preferred embodiments given below, éerve to explain
the principles of the invehtion. |
FIG. 1 is a block diagfam showing the main parts
of a disk drive according to an embodiment of the
present invention;
FIG. 2 is a conceptual diagram to help explain
a data track on a disk according to the embodiment;
FIG. 3 shows the relationship between the command
processing time and the number of data sectors
according to the embodiment; and
FIG. 4 is a flowchart to help explain the retry
control operation according to the embodiment.
DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, referring to the accompanying
drawings, an embodiment of the present invention will
be explained.
(Configuration of Disk Drive)

A disk drive according to the embodiment is
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assumed to be a hard disk (HDD) used as a data storage
especially for a digital device that handles audio data
and video data. |

As shown in FIG. 1, the drive comprises a disk 1
serving as a data recording medium, a head 2 for
recording or reproducing the data onto or from the disk
1, and a spindle motor (SPM) 3 for rotating the disk 1
at high speed.

The structure of the head 2 is such that a read
head element and a write head element are provided on
a slider. The head 2 is provided on an actﬁator 4
driven by a voice coil motor (VCM) 5. A VCM driver 6A
included in a motor driver IC6 supplies a driviﬁg
current to the VCM 5. The motor driver IC6, which
includes not only the VCM driver 6A but also an SPM
driver 6B for supplying a driving current to the SPM 3,
is controlled by a microprocessor (CPU) 10 explained
later.

The disk drive comprises not only the above head
assembly but also a circuit system including a head
amplifiér circuit 7, a read/write (R/W) channel 8,

a disk controller (HDC) 9, a CPU 10, and a memory 11.

The head amplifier circuit 7 switches between a

plurality of heads 2 and inputs and outputs read/write

signals to the heads 2. The R/W channel 8 is a

recording and reproducing circuit for reproducing the

read data and converting the write data into a write
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signal.

The HDC 9 has an interface function of controlling
the transfer of commands and read/write data between
the drive and a host system 12 and a disk controller
function of controlling the transfer of read/write
data to and from the R/W circuit 8. The HDC 9 controls
a buffer memory (RAM) 90 necessary for data transfer
control and stores the read/write data in the buffer
RAM 90 temporarily. Moreover, the HDC 9 includes
an ECC circuit for executing the process of checking
errors in the read data transferred from the R/W
circuit 8 (in an error check process: ECC). The HDC 9
also includes a status register 91 for setting a flag
indicating the occurrence of an error when the error
has occurred in executing a.command.

The CPU 10, which is the main control unit of
the disk drive, performs read/write control, rewrite -
operation control, and head positioning control (or
servo operation) related to the embodiment. The CPU 10
refers to various registers (including the status
register 91, a command register, and an error register)
of the HDC 9-and deciphers and executes the command
(read/write command)  transferred from the host system
12. The error.register holds the data indicating
the type of an error occurred during the execution of
the command. The memory 11, which is a rewritable

nonvolatile memory, such as a flash memory, holds
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various data items necessary to control the CPU 10.

The host system 12 means, for exémple, a digital
television set composed of a computer capable of
recording or reproducing audio data and video data.

On the disk 1, a data track group is constructed
as shown in FIG. 2 in such a manner that track numbers
(cylinder numbers) are allocated to tracks consecu-
tively from the outer edge side to inner edge side.
Each of the data tracks (N-1, N, N+1) is divided into
a plurality of logically consecutive sectors (assumed
to be 1 to 10, in this case) 200. 1In practice, each
data track is composed of servo areas placed at
specific intervals and data sectors arranged between
the servo areas. In each servo area, servo data used
for head positioning control is recorded. In each data
sector, user data is recorded.

(Command Process and Retry Control Operation)

Hereinafter, referring to FIGS. 1 to 4, the retry
control operation in the embodiment will be explained.

First, when receiving a command (assumed to be
a read command) from the host system 12, the HDC 9 sets
the command in the command register (step S1). The CPU
10 not only refers to the command register and decodes
the read command but also recognizes each of the data
sectors included in the access range specified by the
command. In practice, since the command épecifies

the begin data sector (for example, number 1) and the



10

15

20

25

- 10 =

number of blocks (the number of data sectors), the CPU
10 determines the number of data sectors (assumed to be
10) to be accessed'consecutively from the begin data
sector (1).

Under the control of the host system, the CPU 10
determines the upper limit (Tmax shown in FIG. 3) of
the executing time of the command process. The upper
limit (Tmax) means the maximum time limit until the
read operation has been completed for each of the data
sectors (sector numbers 1 to 10 in this case) inclﬁded
in the access range. The read operation is assumed to
be the operation from when the data is read from the
disk until the data is transferred to the host system
12, sSpecifically, the upper limit (Tmax) is the value
determining the longest time during which the command
to read the recorded data (sector data) from the begin
data sector (1) to the last data sector (10) and
transfer the data to the hdst system should be
éompleted.

Furthermore, in the embodiment, the CPU 10
determines the upper limit time of a read/write
operation (in this case, a read operation) for each
data sector on the basis of the upper limit (or the
time limit Tmax) of the executing time of the command
process and the number of data sectors (10) in the

access range (step S2). That is, the CPU 10 determines

the upper limit time at which the read operation should
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be completed,.for each of the consecutive data sectors
from the execution start time (access start point of
time) of the command.

In practice, if the abscissa axis indicates the
number of data sectors (N) and the ordinate axis
indicates the executing time (read/write operation
time) of the command process, the upper limit time will
be obtained from a linear function using the number of
data sectors (N) as a variable. Here, the upper limit
time (time Tm) at which the read operation of the last
data sector N (number 10 in this case) should be
completed within the time limit (Tmax) of the command
process is determined, taking into account a margin
for absorbing overheads from the time limit (Tmax).

The initial value (time Ts) is a constant occupying a
specific proportion of the time limit (Tmax). This is
for securing the time of a retry operation, if an error
occurs near the beginning of the access range.

After the initial setting has been done, the CPU
10 starts a timer (an internal timer) for monitoring
the read operatibn time for each sector and starts the
execution of the command (the read command in this
case) (step S3). Specifically, the CPU 10 controls the
actuator 4 via the VCM driver 6A, thereby positioning
the head 2 on the target track (N). Then, the CPU
causes the head 2 to execute the read operation of

reading the data sequentially. That is, the head
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starts to access the individual data sectors (sector
numbers 1 to 10) in the access range specified by the
command, starting at the begin sector (assumed to be
number 1).

When no error has occurred in reading each of the
data sectors, the CPU 10 accesses the data sectors
consecutively until the last data sector (10) in the
access range has been reached (NO at step S4, and steps
S8 and S9). After the data read from the last data
sector (10) is transferred to the host system via the
R/W channel 8 and HDC 9, the command is completed (YES
at step S8).

On the other hand, in FIG. 2, for e#ample, it is
assumed that a read error has occurred in accessing the
data sector with sector number 2. When a read error
(for example; ECC error) has occurred in accessing the
data sector with sector number 2, the CPU 10 prepares
to execute a retry operation (a read retry operation)
(YES at step S4). The access error is set in the
status register 91 of the HDC 9. The CPU 10 can
recognize the occurrence of the error by referring to
the status register 91.

The CPU 10 refers to the elapsed time on the timer
and the upper limit time (see FIG. 3) of each data
sector determined in the process at step S2, thereby
determining whether the time limit has been exceeded

(step S5). If the time limit has not been exceeded,
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the CPU 10 carries out a retry operation to execute

the read operation again on the data sector (number 2)
where an error has occurred (step S6). The CPU 10, if
the time limit has not been exceeded, repeats the retry
operation until the data has been read properly (YES at
step S7 and steps S5 and §6).

The HDC 9 supplies an interrupt signal to the CPU
10, when an error has occurred or when the reading is
done properly. When not receiving the interrupt within
a specific time, the CPU 10 judges that some error has
occurred and starts a retry operatibn. The upper limit
of the time during which the CPU 10 waits for the
interrupt is the smaller of a predetermined constant
value and the upper limit time 6f each data sector.

The upper limit is so set that even when the interrupt
has not occurred, the time required to access the data
sector does not exceed the upper limit time.

When the error has been corrected by the retry
operation, the CPU 10 accesses the relevant data sector
(sector number 2) to the last data sector (secﬁor
number 10) consecutivély (NO at step S7 and step S9).

On the other hand, if the error has not been
corrected within the upper limit time, the CPU 10 stops
accessing (or reading) the relevant data sector (sector
number 2) and starts to access the beginning of the
next data sector (sector number 3 in this case) (NO

at step S5 and step S9). 1In this case, the CPU 10
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performs conﬁrol in such a manner that the error from
the data sector (sector number 2) is transferred as it
is to the host syétem.

Similarly, the CPU 10 accesses the relevant data
sector (sector number 3) to the last data sector
(sector number 10) consecutively (NO at step S4).

If an errdr has occurred in accessing the data sector
with sector number 5 or sector number 8, the CPU 10
repeats the retry operation as many times as possible
within the time limit (steps S5 to S§7). 1In executing
the retry operation, the CPU 10 carries out the process
of adjusting the track offset of the head 2, the
process of adjusting the parameters included in the R/W
channel 8.

When the retry operation has failed to correct the
error within the upper limit time, the CPU 10 stops
accessing (or reading) the data sector (sector number 5
or 8) and starts to access the beginning of the next
data sector (sector number 6 or 9) (step S9).

As described above, the CPU 10 uses the timer to
monitor the time elapsed since the start of access and
checks the command execution time limit and the upper
limit time of access to each of the individual data
sectors in the access range. As a result, if an error
has occurred in a déta sector, the CPU 10 executes
a retry operation on the éonditibn that the number of

retry operations is limited within the predetermined
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upper time. If the retry operation has failed to
correct the error within the upper limit time, the CPU
10 starts to access the next data sector. Herein, when
the error has not been corrected, the CPU 10 transfers
the data including the error to the host systemn.
Alternatively, when the error has not been corrected,
the CPU 10 may remove the data from the data sector
from the transferred data and stop the command because
of abnormality. In the embodiment, the read command
(read operation) has been assumed in executing a
command (or carrying out the access process). The same
holds true for the write command (write operation).

In the write operation, when a write fault preventing
the data from being written has occurred, the CPU 10
executes a retry operation. If the retry operation has
not succeeded within the time limit, the CPU 10 stops
the retry operation (or does not record the data).

In the embodiment, the retry operation is limited
within the specific upper limit time for each of the
data sectors in the process of accessing each of the
data sectors included in the access range. Therefore,
even if an access error occurs, the execution of a
command can be ended within the specific time limit.
This enables continuous data, such as audio data or
video data, to be transferred to the host system at a
specific transfer rate. Furthermore, since the number

of retry operations can be secured to a certain extent
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within the upper limit time, the data of sufficient
quality as a whqle can be transferred without degrading
the quality of the transfer data so much.

As described above, with the present invention,
an almost uniform retry operation time can be secured
for each of the data sectors included in the access
range within the command execution time limit. As a
result, it is possible to secure the quality of the
transfer data sufficiently without decreasing the
constant data transfer rate or degrading the quality of
the data so much. Consequently, the present invention
is particularly suitable for the recording and
reproducing of continuous data, such as audio data or
video data.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accoraingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. A disk drive with a disk and a head,
comprising:

read/write means for executing a read/write

operation of reading data from said disk in data

sectors or writing data onto said disk in data sectors
by controlling said head according to a command from
a host system; |

means for determining the upper limit of the time
usable for a read/write operation for each of the data
sectors according to the number of data sectors in an
access range specified by said command and a specific
time limit necessary for the read/write operation on
each of the data sectors to be completed; and

retry control means for controlling said
read/write means in such a manner that when an error
has occurred during the read/write operation on each of
said data sectors, a retry operation is performed on
the data sector, and for performing control so as to
limit the retry operation, when the total of the time
spent on said read/write operation and the time
required for the retry operatioﬁ has exceeded the upper
limit of said usable time.

2. The disk drive according to claim 1, wherein
said retry control means stops said retry operation,
when the upper limit of said usable time allocated to

the data sector in executing the retry operation.
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3. The disk drive according to claim 1, wherein
said retry control means limits the number of retry
operations on the data sector so as to end said retry
operation within the range of the time obtained by
subtracting the time spent on said read/write operation
from the upper limit of said usable time.

4. The disk drive according to claim 1, wherein
said determining means, if said number of data sectors
is set as a variable, calculates said upper limit in
the form of a liner function.

5. The disk drive according to claim 1, further
comprising means'for, when said command is a read
command and said retry control means has failed to
correct an error by said retry operation within the
upper limit of said usable time, transferring the data
read from the data sector by said read/write means to
said host system as the correct read data. |

6. The disk drive according to claim 1, further
comprising means for, when said retry control means has
failed to correct an error by said retry operation
within the upper limit of said usable time, stopping
said read/write means from performing a read/write
operation on the data sector and starting a read/write
operation on the next data sector in said access range.

7. A method of controlling a read/write operation
in a disk drive with a disk and a head, the method

comprising:
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the step of receiving from a host system a command
to specify a read/write operation of reading data from
the data sectors in a specified access range on said
disk or writing data onto said disk;

the step of determining the upper limit of usable
time for a.read/write operation on each of the data
sectors according to the number of data sectors in said
access range and a specific time limit required for
a read/write operation on each of said data sectors to
be completed; and

the step of, when an error has occurred in
a read/write operation on each of said data sectors,
executing a retry operation on the data sector within
the upper limit of said usable time.

8. The method according to claim 7, further
comprising the step of stopping said retry operation,
when the time required for said retry operation has
exceeded said upper limit.

9. The method according to claim 7, further
comprising the step of limiting said nﬁmber of retry
operations, when the total of the time spent on a
read/write operation on a data sector where an error
has occurred and the time necessary for the retry
operation has exceeded the upper limit of said usable
time in executing said retry operation.

10. The method according to claim 7, further

comprising the step of, when an error cannot be
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corrected by said retry operation within the upper
limit of said usable time, stopping the retry operation
on the data sector and starting a read/write operation

on the next data sector included in said access range.



