
;cdefe3eL:6TL _ 1 _ TITLE OF THE INVENTION APPARATUS AND METHOD FOR
VERIFYING ERASURE CORRECTION FUNCTION BACKGROUND OF THE INVENTION 5 The
present invention relates to an apparatus and method for verify an erasure
correction function, i.e., a function for correcting an error in the data
reproduced from a recording medium, using pointer information indicative of
the location of the error 10 and an error correcting code attached to the
data. In recent magnetic disk drives, errors in the data read from a disk
and decoded are often corrected by the combination of random correction and
erasure correction, as disclosed in USP 6,119,261 (hereinafter 15 referred
to as a "prior art document"). This document describes a technique for
detecting an error location in data, and re-executing error correction
using the information indicative of the error location, if random
correction fails. The information indicating 20 the error location is
pointer information called an erasure pointer. The random correction
function incorporated in magnetic disk drives can be tested by the disk
drives, using long commands. The long commands are mainly 25 classified
into a write long command for instructing writing of data to a disk, and a
read long command for instructing reading of data from the disk. The write
- 2  long command is used to directly write, to a disk, the data
(one-sector data) designated by a host. When the write long command is
executed, the operation of an ECC generator to generate error correction
code (ECC) 5 data is suppressed. ECC data is redundant data used to detect
errors from data and correct them. The read long command is used to
directly store the data (one-sector data), read from a disk, into a read
data buffer without error correction. When the read long 10 command is
executed, the operation of an error correction circuit for correcting an
error in read data is suppressed. The inspection of the random correction
function is realized by verify whether a random correction 



15 circuit is correctly operating, as will now be described. When a host
has issued a read long command to a magnetic disk drive, the magnetic disk
drive executes the command. As a result, data containing ECC data is read
from a disk. The data read from 20 the disk is decoded by a read/write
channel, and then stored in a read data buffer without error correction.
Part of the data stored in the read data buffer is intentionally broken
(rewritten). The partially broken data is copied into a write data buffer,
and 25 written to the disk. After that, the operation of reading the
partially broken data from the disk is performed in accordance with a
normal read command.   i - 3  If the random correction circuit correctly
operates, the partially broken data has to be appropriately corrected.
Therefore, whether the random correction circuit is correctly operating can
be detected by 5 checking whether partially broken data has been
appropriately corrected. As described above, in the prior art, whether the
random correction circuit is correctly operating can be verified using a
long command. On the other hand, 10 whether the erasure correction circuit
is correctly operating cannot be verified without pointer information. In
conventional magnetic disk drives, pointer information is output depending
upon the read/write channel. Accordingly, unless data that 15 satisfies the
pointer generation condition in the read/write channel is read from a disk,
the operation of the erasure correction circuit cannot be verified.
Moreover, to output pointer information of high reproducibility from the
read/write channel, the data 20 read from a disk must contain a clear
defect. There is even a case where data reading, for example, is repeated
to compile pointer information, thereby estimating the correct pointer
position. Thus, conventional magnetic disk drives, which perform error 25
correction using the combination of random correction and erasure
correction, do not have the same type function of verify the erasure
correction function   r - 4  (i.e., the erasure correction verifying
function) as the function of verifying the random correction function using
long commands. BRIEF SUMMARY OF THE INVENTION 5 According to an embodiment
of the invention, there is provided a storage controller for controlling,
in accordance with a read/write command from a host, reading of data from a
recording medium or writing of data to the recording medium, and 10
transfer of read data or write data to or from the host. The storage
controller comprises an error correction code generator, erasure pointer
memory, error correction circuit, inhibition circuit and programmable
erasure pointer generator. The error 15 correction code generator generates
an error 



correction code in accordance with data to be written to the recording
medium, the error correction code being attached to the data. The erasure
pointer memory stores pointer information indicative of 20 a location at
which an error exists, the error being contained in data read from the
recording medium. The error correction circuit corrects the error in the
data, read from the recording medium, by erasure correction and random
correction, using the error 25 correction code attached to the data and the
pointer information stored in the erasure pointer memory. The inhibition
circuit inhibits the error correction code   r - 5  generator from
attaching the error correction code to data to be written to the recording
medium, when a special write command from the host is executed. The
programmable erasure pointer generator sets, in the 5 erasure pointer
memory, special pointer information indicating a location as an error
location, in accordance with an erasure pointer setting command from the
host, the location being designated by the erasure pointer setting command.
The special pointer 10 information set in the erasure pointer memory is
used by the error correction circuit to correct an error in data written to
the recording medium by executing the special write command, and read
therefrom in accordance with a normal read command from the host. 15 BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING FIG. 1 is a configuration
of an embodiment of FIG. 2 is a 20 configuration of FIG. 1; block diagram
illustrating the a magnetic disk drive according to the invention; block
diagram illustrating the the R/W channel 12 appearing in FIG. 3 is a block
diagram illustrating the configuration of the HDC 13 appearing in FIG. 1;
FIG. 4 is a view useful in explaining a specific 25 example of an erasure
correction effect; FIG. 5 is a flowchart illustrating the procedure of
selecting a data sector used for verifying an error    - 6  correction
function; FIG. 6 is a flowchart illustrating the procedure of a random
correction function test; FIGS. 7A and 7B are flowcharts illustrating the 



5 procedure of an erasure correction function test; FIG. 8A illustrates a
portion in which data is rewritten to generate data for the erasure
correction function test; FIG. 8B illustrates portion in which data is 10
rewritten to generate data for the erasure correction function test; and
FIG. 8C illustrates the error location designated by an erasure pointer EP2
generated for the erasure correction function test. 15 DETAILED DESCRIPTION
OF THE INVENTION An embodiment of the invention will be described in detail
with reference to the accompanying drawings. FIG. 1 is a block diagram
illustrating the configuration of a magnetic disk drive 10 according to 20
an embodiment of the invention. As seen from FIG. 1, the magnetic disk
drive (hereinafter referred to as an "HDD") 10 mainly comprises a disk
enclosure (hereinafter referred to as a "DE") 11, read/write channel
(hereinafter referred to as an "R/W channel") 25 12, hard disk controller
(hereinafter referred to as an "HDC") 13 and CPU 14. The DE 11 is connected
to the R/W channel 12, and performs reception of a write   i - 7  signal
(record signal) and transmission of a read signal (reproduction signal).
The DE 11 comprises a disk (magnetic disk medium) 111 for recording data,
and head (magnetic head) 112. The disk 111 has two 5 disk surfaces, i.e.,
the upper and lower ones. At least one of the disk surfaces of the disk 111
forms a recording surface for magnetically recording data. The head 112 is
located corresponding to the recording surface of the disk 111. The head
112 writes 10 (records) data to the disk 111 and reads (reproduces) data
therefrom. The head l12 is a composite head formed of a read head and write
head (none of which is shown). The read head is a magnetoresistive head (MR
head) formed of, for example, a magnetoresistive (MR) 15 element. The write
head is an inductive head formed of an inductive thin-film element. The DE
11 further comprises a spindle motor (hereinafter referred to as an "SPM")
113 for rotating the disk 111, actuator 114 and head IC (integrated
circuit) 1l5. The actuator 20 114 supports the head 112 and radially moves
it over the disk 111. The actuator 114 comprises a voice coil motor
(hereinafter referred to as a "VCM") 114a as its 



driving source. The head IC 115 comprises a write amplifier 115a for
amplifying a write signal supplied 25 from the R/W channel 12, and a read
amplifier 115b for amplifying a read signal read by the head 112. In the
HDD 10 shown in FIG. 1, for simplifying the   - g  description, it is
assumed that a single disk 111 is provided, and the head 112 is located on
one side of the disk 111. However, a plurality of disks 111 may be stacked
on one another. Further, each surface of 5 the disk 111 may be a recording
surface, and respective heads 112 may be provided for the recording
surfaces. The R/W channel 12 is a signal-processing device for executing
various signal processes, such as a 10 process for subjecting a read signal
to analog-todigital (A/D) conversion, a process for encoding write data,
and a process for decoding a digitized read signal. The HDC 13 is a storage
controller connected to the R/W channel 12, CPU 14 and host (host system)
15 20. The host 20 is a digital device, such as a personal computer, which
uses the HDD 10. The HDC 13 has a host interface function for receiving a
command (such as, a write command, read command, etc. ) from the host 20,
and controlling the transfer of data to 20 and from the host 20. The HDC 13
also has a disk control function for controlling the transfer of data to
and from the disk 111 via the R/W channel 12. The HDC 13 further has ECC
data processing function for generating ECC data that is to be attached to
the data 25 (write data) to be written to the disk 111, and correcting an
error in the data read from the disk 111, using the ECC data attached
thereto. Error   - 9  correction is performed by the combination of random
correction and erasure correction. The CPU 14 is the main controller in the
HDD 10. The CPU 14 controls the DE 11, R/W channel 12 and HDC 13 in
accordance 5 with the control program stored in a read-only memory (ROM),
not shown. The CPU 14 performs control for verifying the erasure correction
function of the HDD 10 in accordance with an instruction from the host 20,
in particular. 10 FIG. 2 shows the configuration of the R/W channel 12. The
R/W channel 12 comprises an analog front-end 121, equalizer l22, Viterbi
decoder 123 and timing recovery controller 124. The analog front-end 121
has a variable gain amplifier (VGA), analog filter 15 and analog-to-digital
converter (none of which is shown). The sampling clock (read clock) of the
analog-to-digital converter is synchronized with the clock (channel clock)
of the data written in the disk 



111 by the timing recovery controller 124. 20 The R/W channel 12 further
comprises an encoder/decoder (hereinafter referred to as an "ENDEC") 125,
write synthesizer 126, an NRZ clock generator l27, thermal asperity
detector (hereinafter referred to as a "TA detector") 128 and code
violation 25 detector 129. The ENDEC 125 converts the data decoded by the
Viterbi decoder 123 into NRZ (non-return to zero) data. The resultant NRZ
data is transferred as   - 10  read data to the HDC 13. The ENDEC 125
code-converts the write data (NRZ data) transferred from the HDC 13, and
converts it into NRZI (non-return to zero inverse) data. In the code
conversion, for example, each data 5 item of 32 bits (four bytes) is
converted into 34-bit data. The write synthesizer 126 mainly generates a
base clock needed for generating a write clock. The write synthesizer 126
can vary the frequency of the basic clock. The NRZ clock generator 127 10
generates an NRZ clock corresponding to NRZ data, based on the basic clock
from the write synthesizer 126 and the output of the equalizer 122. The NZR
clock is transferred to the HDC 13. The TA detector 128 monitors the output
level of the analog front-end 15 121 to detect the occurrence of thermal
asperity (hereinafter referred to "TA"). TA means the phenomenon caused by
the thermal energy that occurs due to the collision of the head 112 and the
surface of the disk 111. In the phenomenon, the magnetic 20 resistance of
the MR head (MR element) is changed to thereby significantly change the DC
level of a read signal. The TA detector 128 compares the output level of
the analog front-end l21 with a preset threshold value. If the output level
of the analog front-end 25 121 exceeds the preset threshold value, the TA
detector 128 determines that TA has occurred, and outputs a flag (TA flag)
F1 that shows "1" only when   - 11  TA is occurring. The code violation
detector 129 detects a code-violating binary sequence in units of a
predetermined block size (in units of 34 bits in this case), from the
binary sequence input from the 5 Viterbi decoder 123 to the ENDEC 125. The
code violating binary sequence is a specific pattern that is predetermined
to be an error and that has, for example, a11 bits set to "1". The code
violation detector 129 outputs a flag (code violation flag) F2 10 that
shows "1" only during the period corresponding to the detected
code-violating binary sequence. The R/W channel 12 further comprises an
error location detector 12A and erasure pointer generator 12B. The error
location detector 12A 15 detects an error location in read data needed for
generating an erasure pointer, in accordance with the TA flag F1 from the
TA detector 128, the code violation flag F2 from the code violation
detector 129, and an erasure pointer selection signal EPSS from 



20 the HDC 13. More specifically, the error location means the region
ranging from an error start location to an error end location. The erasure
pointer selection signal EPSS designates whether the error location should
be detected based on only the flag F1, 25 only the flag F2, the logical sum
of the flags F1 and F2, or the logical multiplication of the flags F1 and
F2. The erasure pointer generator 12B generates   - 12  an erasure pointer
EP1 that indicates the error location detected by the error location
detector 12A. The erasure pointer EP1 is pointer information that indicates
the locations of errors in data 5 corresponding to one sector, in a kind of
bitmap in units of, for example, bytes. In the embodiment, only the bits
assume "1" which are included in the bits constituting the erasure pointer
EP1, and correspond to the bytes included in the error location (the 10
region ranging from an error start location to an error end location)
detected by the error location detector 12A. The DE 11 also comprises a
write pre-compensator 12C. The write pre-compensator 12C corrects the
recording waveform timing for the NRZI 15 data output from the ENDEC 125.
The data obtained after the timing correction is output as write data to
the write amplifier 115a of the head IC 115. FIG. 3 illustrates the
configuration of the HDC 13. The HDC 13 comprises a host interface 20
controller 131, disk interface controller 132 and CPU interface 133. The
host interface controller 131 has the above-mentioned host interface
control function. The disk interface controller 132 has the abovementioned
disk interface control function. The CPU 25 interface 133 serves as an
interface with the CPU 14. The erasure pointer selection signal EPSS is
supplied from the HDC 13 to the R/W channel 12 when the CPU 14   - 13  sets
a certain bit to, for example, "1" in a control register (not shown) via
the CPU interface 133. The HDC 13 also comprises an error correction
circuit 134. The error correction circuit 134 5 corrects an error contained
in the NRZ data (read data) transferred thereto from the R/W channel 12 via
the disk interface controller 134, using the ECC data attached to the data.
The error correction circuit 134 comprises a random correction circuit 134a
and 10 erasure correction circuit 134b. The random correction circuit 134a
corrects the error of the NRZ data, using only the ECC data attached to the
data. The erasure correction circuit 134b corrects the error of the NRZ
data, using the ECC data attached to the 15 data and an erasure pointer
stored in an erasure pointer memory 138, described later. The error
correction by the erasure correction circuit 134b is 



called erasure correction. A description will now be given of error 20
correction performed by the error correction circuit 134 using the erasure
pointer. The error correction capacity of the ECC data is related to the
number of bytes (the number of symbols) of the ECC data. In general, when
the read Solomon (RS) code is used as 25 the ECC data to perform error
correction, ECC data of two bytes (symbols) is needed for correcting an
error of one byte (symbol). One of the two bytes is used to   - 14  specify
the location of an error, and the other is used to correct the error.
However, when the error location is known beforehand, if it is used as an
erasure, errors corresponding to the number of bytes 5 of ECC data (the
number of redundant symbols) can be corrected at maximum. Accordingly, if
the error location of data is appropriately detected, and location
information indicative of the error location (error location information),
i.e., its erasure 10 pointer, is used, an error of one byte can be
corrected using ECC data of one byte. In other words, erasure correction
can be performed. An advantage example of the erasure correction will now
be described with reference to FIG. 4. 15 FIG. 4 shows an example of "three
interleaves (3i) x seven bursts (7b)". "Three interleaves (3i) x seven
bursts (7b)" means that the number of interleaves of data (for example,
one-sector data formed of 512 bytes ranging from the first byte to the 20
512th byte) is three, and random errors of seven bytes at maximum can be
corrected for each interleave. In other words, "seven bursts" means that
the maximum total burst length (i.e., the maximum random correction burst
length) of data that can be corrected 25 by random correction for each
interleave, using an ECC, is seven. In this case, an ECC of 14 bytes is
attached for each interleave. In the example of   - 15  FIG. 4, assume that
an error occurs in data of serial twenty-two bytes ranging from the fifth
byte to the 26th byte, which are included in 512 bytes (one-sector data)
and crossed. Since, in this case, an error of 5 eight bytes occurs in the
second one of the three interleaves, it cannot be corrected. Therefore, the
"two erasures (two-bytes erasure correction) + six bursts" scheme is
applied to the second interleave to enable the error correction circuit 134
to perform 10 error correction. "Two erasures" means that an error 



of two bytes at maximum can be corrected using an ECC of two bytes and an
erasure pointer of two bytes. In other words, "two erasures" means that the
burst length (erasure correction burst length) of data that 15 can be
corrected by erasure correction is two. The application of the "two
erasures + six bursts" scheme to the second interleave enables even an
error of twenty-two serial bytes to be corrected. Referring again to FIG.
3, the HDC 13 comprises 20 a read data buffer 135 and switch 136. The read
data buffer 135 temporarily stores read data in units of data sectors.
Specifically, the read data buffer 135 stores the NRZ data transferred from
the R/W channel 12 and obtained before error correction, or the NRZ 25 data
error-corrected by the random correction circuit 134a or erasure correction
circuit 134b. The switch 136 switches the output destination of the NRZ
data   - 16  transferred from the R/W channel 12. In the normal state, the
switch 136 switches the output destination of the NRZ data to the read data
buffer 135. In a first specific state (first specific mode), the switch 5
136 switches the output destination of the NRZ data to the error correction
circuit 134. When the host 20 has issued a read long command, the CPU 14
sets the first specific state via the host interface controller 131. The
HDC 13 further comprises a 10 programmable erasure pointer generator 137
and erasure pointer memory 138. The programmable erasure pointer generator
137 generates the erasure pointer EP2 designated by an erasure pointer
setting command from the host 20. The erasure pointer memory 138 stores 15
the erasure pointer EP1 or EP2. The erasure pointer EP1 or EP2 stored in
the erasure pointer memory 138 is used for erasure correction performed by
the erasure correction circuit 134b. The HDC 13 yet further comprises a
write data 20 buffer 139, ECC generator 13A and switch 13B. The write data
buffer 139 is held in a random access memory (RAM), together with the read
data buffer 135. The write data buffer 139 temporarily stores, in units of
data sectors, write data transferred from the host 25 20 via the host
interface controller 131. The ECC generator 13A generates ECC data in units
of data sectors based on the write data read from the write   - 17  



data buffer 139. The generated ECC data is attached to the write data, and
the resultant write data is transferred to the R/W channel 12 via the disk
interface controller 132. The switch 13B switches the 5 output destination
of the write data read from the write data buffer 139. In the normal state,
the switch 136 switches the output destination of the write data to the ECC
generator 13A. In a second specific state (second specific mode), the
switch 13B 10 switches the output destination of the write data to the disk
interface controller 132. When the host 20 has issued a write long command,
the host interface controller 131 sets the second specific state. A
description will be given of the operation of 15 the embodiment performed,
for example, to verify the erasure correction function of the erasure
correction circuit 134b included in the error correction function of the
error correction circuit 134. Referring first to the flowchart of FIG. 5,
the process of selecting 20 a data sector for verifying the error
correction function will be described. In accordance with a command
supplied from the host 20 to the HDD 10, the CPU 14 sets, to A1, the random
correction burst length (random ECC length) used in the random correction
25 circuit 134a of the HDC 13 (step 501). Subsequently, in accordance with
a command from the host 20, the CPU 14 generates test data (NRZ data)
corresponding to one   _ 18 _ sector, and stores it in the write data
buffer 139 (step 502). After that, in accordance with a first seek command
from the host 20, the CPU 14 executes seek control for moving the head 112
to a target track 5 on the disk 111 (step 503). The first seek command
contains a logical block address LBAl for designating the target track. The
logical block address LBA1 designates a target track T1 for the first test.
Accordingly, the head 112 is moved to the track T1 by 10 seek control at
step 503. At step 503, the CPU 14 sets, to 1, the number BLK of blocks
(sectors) to access. In this state, the CPU 14 controls the writing of test
data to the disk 111, and the reading of test 15 data from the disk 111
(step 504). As a result, the following test data writing and reading are
executed: Firstly, test data corresponding to one sector and stored in the
write data buffer 139 is transferred to the ECC generator 13A via the
switch 13B. The ECC 



20 generator 13A generates an ECC for each interleave based on the test
data corresponding to one sector. The ECC generated for each interleave is
attached to the test data. The test data with the ECC data corresponding to
one sector is transferred from the 25 HDC 13 to the R/W channel 12 via the
disk interface controller 132. The R/W channel 12 converts each 32-bit data
item of the test data (NRZ data)   - 19  transferred from the HDC 13, into
a 34-bit code. The R/W channel 12 also converts the resultant NRZ data into
NRZI data. This NRZI data (with ECC data attached) is sent to the head 112
via the head IC 115, 5 and written to the disk 111 by the head 112. The
NRZI data is written to the data sector S1 on the track T1 designated by
the LBA1. The data written to the data sector S1 on the track T1 is read by
the head 112. The thus-read 10 data is transferred to the R/W channel 12
via the head IC 115. The R/W channel 12 converts the read data into NRZ
data and then converts it into the original code. Further, the error
location detector 12A of the R/W channel 12 detects the location of an
error 15 contained in the read data. The erasure pointer generator 12B
generates an erasure pointer EP1 indicative of the detected error location.
The erasure pointer EP1 is transferred to the HDC 13 together with the
code-converted data (NRZ data). 20 In the HDC 13, the erasure pointer EP1
is stored in the erasure pointer memory 138, and the NRZ data (read data)
is input to the error correction circuit 134 via the disk interface
controller 132 and switch 136. The erasure correction circuit 134b of the
error 25 correction circuit 134 corrects the error in the data by erasure
correction, using the ECC data attached to the NRZ data input to the error
correction circuit   - 20  134, and the erasure pointer stored in the
erasure pointer memory 138. On the other hand, the random correction
circuit 134a corrects, by random correction, an error that may exist at the
locations 



5 not indicated by the erasure pointer. Thus, the error correction circuit
l34 corrects an error in read data, using the combination of random
correction and erasure correction. The error-corrected data is stored in
the read data buffer 135. 10 If error correction by the error correction
circuit 134 succeeds (step 505), i.e., if reading of data (test data)
succeeds, the CPU 14 determines that the data sector used for the test data
writing and reading is suitable for verifying the error correction 15
function. In this case, the process for verifying the random correction
function (random correction function test) is performed. If, on the other
hand, error correction by the error correction circuit 134 fails (step
505), i.e., if the reading of data (test data) 20 fails, the CPU 14
controls read retry, i.e., reexecution of the reading of the test data
(more specifically, the reading of test data from the data sector S1 on the
track T1) (step 506). This read retry (step 506) is repeated (step 507)
until test data 25 reading succeeds (step 505), but a number of times not
more than a predetermined number of times (e. g. ten times).   - 21  If
test data reading fails even after retry is repeated the predetermined
number of times (step 507), the CPU 14 determines that the data sector used
for writing and reading test data is inappropriate for the 5 verification
of the error correction function. At this time, the CPU 14 performs seek
control for moving the head 112 from the track T1 to a track T2 (second
target track to be tested) (step 509). Seek control is performed in
accordance with a command (second seek 10 command) supplied from the host
10 for the second test. The second seek command contains a logical block
address LBA2 that designates a target track. Specifically, the logical
block address LBA2 designates the track T2 as the second test target. 15
After executing step 509, the CPU 14 returns to step 504. At step 504, test
data is written to the data sector S2 on the track T2 designated by the
address LBA2, and is read from the data sector S2. If the reading of the
test data succeeds (step 505), 20 a random correction function test is
performed. On the other hand, if the reading of the test data from the data
sector S2 (the second test) fails even after the retry operation is
performed the predetermined number of times (step 508), the CPU 14 supplies
the 25 host 20 with an error message indicating a read error (step 510).
Referring to the flowchart of FIG. 6, the random   



- 22  correction function test will be described. If the host 20 succeeds
in the reading of test data from a data sector Sk (k = 1 or 2) on a track
Tk, it issues a read long command to the HDD 10 in order to execute 5 the
random correction function test. The read long command is a special read
command for dictating the reading of data from the data sector Sk on the
track Tk without operating the error correction circuit 134. Upon receiving
the read long command from the host 20, 10 the CPU 13 in the HDD 10
executes the command (step 601). In other words, the CPU 14 controls the
reading of data from the data sector Sk on the track Tk, dictated by the
read long command. At this time, the HDD 10 is switched from the normal
state to 15 the first specific state (first specific mode) in accordance
with the read long command. As a result, the switch 136 in the HDC 13
switches, from the error correction circuit 134 to the read data buffer
135, the output destination of the NRZ data transferred 20 thereto from the
R/W channel 12 via the disk interface controller 132. In this state, the
data read from the data sector Sk on the track Tk is transferred to the HDC
13 via the head IC 115 and R/W channel 12. This data (read data), with ECC
data attached thereto, is 25 then stored in the read data buffer 135 via
the disk interface controller 132 and switch l36. After that, the host 20
issues a copy command to   - 23  the HDD 10. The copy command dictates
copying of data from the read data buffer 135 to the write data buffer 136.
Upon receiving the copy command from the host 20, the CPU 14 in the HDD 10
copies the read data 5 with the ECC data from the read data buffer 135 to
the write data buffer 139 via the host interface controller 131 (step 602).
Subsequently, the CPU 14 rewrites (breaks) part of the data copied to the
write data buffer 139 (step 603). As seen from FIG. 8A, 10 the
to-be-rewritten portion of the copied data includes a number m of bytes
ranging from the nlth byte to the (nl+m-1)th byte. The host 20 designates
the to-be-rewritten portion. Here, "m" represents an arbitrary number that
satisfies m <_ (the number i 15 of interleaves x correction burst length
b). (The number i of interleaves x correction burst length b) represents
the total number of bytes (symbols) that can be corrected by the random
correction of the error correction circuit 134 (random 20 correction
circuit 134a). For example, if the number i of interleaves is 3 and the
correction burst length b is 7 bytes, "m" is an integer that satisfies m <-
3 x 7 (_ 21 bytes). In this case, assume that m = 21. That the number i of
interleaves is 3 may be 25 expressed by "3i", and that the correction burst
length b is seven bytes may be expressed by "7b". In the flowchart of FIG.
6, the order of steps 602 and   - 24  



603 may be reversed. In other words, a number m of bytes ranging from the
nlth byte to the (nl+m-1)th byte, contained in the read data stored in the
read data buffer 135 may be rewritten, and the resultant 5 data be copied
to the write data buffer 139, with the ECC data attached to the data. To
verify whether the random correction function of the error correction
circuit 134 is normal, it is sufficient if the following two processes are
mainly 10 performed. In a first process, the data in which a number m of
bytes is rewritten (broken) is written to the disk 111 by executing a write
long command. In a second process, to determine whether the partially
broken data written to the disk 11l can be 15 appropriately corrected, this
data is read by executing a normal read command. To this end, when part
(i.e., the number m of bytes ranging from the nlth byte to the (nl+m-1)th
byte) of the data copied to the write data buffer 139 20 has been
rewritten, the host 20 supplies the HDD 10 with a write long command for
writing the rewritten data to the disk 111. The write long command is a
special write command for dictating the writing of data to the data sector
Sk on the track Tk without 25 operating the ECC generator 13A. Upon
receiving the write long command from the host 20, the CPU 14 in the HDD 10
executes this command (step 604).   - 25  Specifically, the CPU 14 controls
the writing of the rewritten data, copied in the write data buffer 139, to
the data sector Sk on the track Tk, dictated by the write long command. At
this time, the HDD 10 is 5 switched to the second specific state (second
specific mode) in accordance with the write long command. Then, the switch
136 in the HDC 13 switches the output destination of the data (write data),
stored in the write data buffer 139, to the disk interface 10 controller
132. As a result, the data (write data) stored in the write data buffer
139, part (i.e., the number m of bytes ranging from the nlth byte to the
(n1+m-1)th byte) of which is rewritten, is transferred, with the ECC data
attached, to the disk 15 interface controller l32 via the switch 13B. This
data is further transferred from the disk interface controller 132 to the
head 112 via the R/W channel 12 and head IC 115. The head 112 writes the
data to the disk 111. In this example, the head 112 writes the 20 data, in
which the bytes ranging from the nlth byte to the (nl+m-1)th byte are
rewritten, to the data sector 



Sk of the track Tk on the disk 111. Subsequently, the host 20 supplies the
HDD 10 with a normal read command for reading data from the 25 data sector
Sk of the track Tk. This command dictates random correction using "3i
(three interleaves) x 7b (seven bursts)". Upon receiving the normal read
- 26  command from the host 20, the CPU 14 in the HDD 10 executes the
command (step 605). Specifically, the CPU 14 controls the reading of data
from the data sector Sk of the track Tk, dictated by the normal read 5
command. At this time, the HDD 10 is switched to the normal state in
accordance with the normal read command. Then, the switch 136 in the HDC 13
switches, to the error correction circuit 134, the output destination of
the NRZ data (read data) transferred 10 thereto from the R/W channel 12 via
the disk interface controller 132. In this state, the data (read data) read
from the data sector Sk of the track Tk is transferred to the HDC 13 via
the head IC 115 and R/W channel 12. In the HDC 13, the data (read data) is
15 input, with ECC data attached, to the error correction circuit 134 via
the disk interface controller 132 and switch 136. In this example, the
normal command dictates random correction using "3i (three interleaves) x
7b (seven bursts)". Therefore, the 20 random correction circuit 134a of the
error correction circuit 134 corrects, by random correction, an error
contained in the read data, using the ECC data attached to the read data
(3i x 7b ECC data, i.e., ECC data of 3 x 7 bytes). The error-corrected data
is 25 stored into the read data buffer l35. If the error correction of the
read data succeeds and data reading normally finishes (step 606), the CPU
- 27  14 determines that the random correction function of the error
correction circuit 134 (random correction circuit 134a) is normal. In this
case, a process (an erasure correction function test) for verifying 5 the
erasure correction function is performed next. On the other hand, if the
error correction of the read data fails, i.e., if data reading fails (step
606), the CPU 14 controls the re-execution of the above described data
reading (i.e., read retry) (step 607). 10 This read retry is repeated (step
607) until data reading succeeds (step 606), but a number of times not more
than a predetermined number of times (e. g. 



ten times) (step 608). If data reading fails even after retry is 15
repeated the predetermined number of times (step 608), the CPU 14
determines that the random correction function of the error correction
circuit 134 is not normally operating. At this time, the CPU 14 supplies
the host 20 with a message indicative of a random 20 correction error (step
609). Referring then to the flowchart of FIGS. 7A and 7B, an erasure
correction function test will be described. If it is determined from the
random correction function test that the random correction 25 function is
normally operating, the host 20 issues a copy command to the HDD 10. The
copy command dictates copying of data from the read data buffer 135 to the
- 28  write data buffer 139. Upon receiving the copy command from the host
20, the CPU 14 in the HDD 10 copies data from the read data buffer 135 to
the write data buffer 139 in accordance with the command 5 (step 701). In
this case, the error-corrected read data stored in the read data buffer 135
during the random correction function test is copied as write data into the
write data buffer 139. Subsequently, the host 20 supplies the HDD 10 10
with a normal write command for writing, to the disk 111, the data
(one-sector data) copied in the write data buffer 139. Upon receiving the
normal write command from the host 20, the CPU 14 in the HDD 10 executes
the command (step 702). Specifically, the 15 CPU 14 controls the writing of
the one-sector data, copied in the write data buffer 139, to the data
sector Sk on the track Tk, dictated by the normal write command. As a
result, the one-sector data copied in the write data buffer 139 is
transferred to 20 the ECC generator 13A via the switch 13B. Based on this
data, the ECC generator 13A generates an ECC for each interleave of the
one-sector data. The ECC generated for each interleave is attached to the
one-sector data. The one-sector data with the ECC 25 data is supplied from
the disk interface controller 132 to the head 112 via the R/W channel 12
and head IC 115, and is written by the head 112 to the disk 111.   



- 29  In this case, the data is written to the data sector Sk on the track
Tk. In other words, the data, part of which is broken and which is written
on the data sector Sk of the track Tk for the random correction 5 function
test, is rewritten into the original correct data. After that, the host 20
issues a read long command to the HDD 10 in order to read the data written
to the data sector Sk on the track Tk without 10 operating the error
correction circuit 134. Upon receiving the read long command from the host
20, the CPU 14 in the HDD 10 executes the command (step 703). Specifically,
the CPU 14 controls the reading of data from the data sector Sk on the
track Tk, dictated by 15 the read long command. As a result, the data read
from the data sector Sk on the track Tk is transferred to the HDC 13 via
the head IC 115 and R/W channel 12. This data (read data), with ECC data
attached thereto, is then stored into the read data buffer 135 via the 20
disk interface controller 132 and switch 136. Subsequently, as at step 602,
the CPU 14 copies the read data with the ECC data from the read data buffer
135 to the write data buffer 139 via the host interface controller 131
(step 704). This copy 25 operation is dictated by a copy command issued
from the host 20. Subsequently, as at step 603, the CPU 14 rewrites
(breaks) part of the data copied to the write   - 30  data buffer 139 (step
705). In this case, however, the to-be-rewritten portion of the copied data
includes a number h of bytes ranging from the n2th byte to the (n2+h-1)th
byte, as shown in FIG. 8B. 5 The host 20 designates the to-be-rewritten
portion. "h" represents an arbitrary number that satisfies h < (random
correction burst length + erasure correction burst length). The random
correction burst length represents the total number of bytes (symbols) 10
that can be corrected by the random correction of the random correction
circuit 134a. In the embodiment, assume that the random correction burst
length (random ECC length) is 3 X 2 (3i X 2b) (= 6 bytes). On the other
hand, the erasure correction burst length 15 represents the total number of
bytes (symbols) that can be corrected by the erasure correction of the
erasure correction circuit 134b. In the embodiment, assume that the erasure
correction burst length (erasure ECC length) is 3 X 8 (3i X 8b) (= 24
bytes). 20 Therefore, "random correction burst length + erasure correction
burst length" is 6 + 24 = 30 (bytes), and "h" is an integer that satisfies
h < 30 (bytes). In 



the embodiment, assume that h = 28 (bytes). In the embodiment in which the
ECC for each interleave is of 25 14 bytes, if error correction is performed
using only random correction; an error including series twentytwo bytes
cannot be corrected as described with   - 31  reference to FIG. 4. In light
of this, it is advisable to set the lower limit of "h", i.e., to set "h" to
a value falling within the range of 22 bytes to "random correction burst
length + erasure correction 5 burst length". This range enables the erasure
correction function to be verified efficiently. The order of steps 704 and
705 may be reversed. In other words, a number h of bytes ranging from the
n2th byte to the (n2+h-1)th byte, contained in the read data 10 stored in
the read data buffer 135 may be rewritten, and the resultant data be copied
to the write data buffer 139, with the ECC data attached to the data. To
verify whether the erasure correction function of the error correction
circuit 134 is normal, it is 15 sufficient if the following three processes
are mainly performed. In a first process, the data in which a number h of
bytes is rewritten (broken) is written to the disk 111 by executing a write
long command. In a second process, an erasure pointer EP2 for 20
designating an error location corresponding to the data-rewritten position
is set into the erasure pointer memory 138 in accordance with an outer
command. In a third process, to determine whether the partially broken data
written to the disk 11l can be 25 appropriately corrected, this data is
read by executing a normal read command. To this end, when part (i.e., the
number h of   - 32  bytes ranging from the n2th byte to the (n2+h-1)th
byte) of the data copied to the write data buffer 139 has been rewritten,
the host 20 supplies the HDD 10 with a write long command for writing the
rewritten 5 data to the disk 111. Upon receiving the write long command
from the host 20, the CPU 14 in the HDD 10 executes this command (step
706). As a result, the data (write data) stored in the write data buffer
l39, part (i.e., the number h of bytes ranging from the 10 n2th byte to the
(n2+h-1)th byte) of which is rewritten, is transferred, with the ECC data
attached, to the disk interface controller 132 via the switch 13B. This
data is further transferred from the disk interface controller 132 to the
head 112 via the 15 R/W channel 12 and head IC 115. The head 112 writes the
data to the disk 111. In the embodiment, the head 112 writes the data, in
which the bytes ranging from the n2th byte to the (n2+h-1)th byte are
rewritten, to the data sector Sk of the track Tk on the disk 111. 20
Subsequently, the host 20 supplies the HDD 10 with an erasure pointer
setting command for storing the erasure pointer EP2 into the erasure
pointer memory 138 in the HDD 10. Upon receiving the erasure pointer
setting command from the host 20, the CPU 14 



25 in the HDD 10 executes this command (step 707). Specifically, the CPU 14
controls the programmable erasure pointer generator 137 via the host
interface   - 33  controller 131, thereby generating the erasure pointer
EP2 designated by the erasure pointer setting command (step 707a). The
programmable erasure pointer generator 137 stores the generated erasure
pointer EP2 5 into the erasure pointer memory 138. The generated erasure
pointer EP2 designates, as an error location, the location corresponding to
the rewritten bytes ranging from the n2th byte to the (n2+h-1)th byte. For
example, as shown in FIG. 8C, the generated 10 erasure pointer EP2
designates, as an error location, the location corresponding to the bytes
in one-sector data ranging from (n2 + random correction burst length) to
the (n2+h-1)th byte (in this case, the random correction burst length = 3i
X 2b = 6; 15 "h" = 28). This erasure pointer EP2 designates, as the error
location, the portion of the rewritten bytes ranging from the n2th byte to
the (n2+h-1)th byte, except for the bytes ranging from the n2th byte to (n2
+ random correction burst length - 1), which 20 correspond to the random
correction burst length (random ECC data). Once the programmable erasure
pointer generator 137 has stored the erasure pointer EP2 into the erasure
pointer memory 138, it inhibits the contents of the memory 138 from being
rewritten by 25 the erasure pointer EP1 from the R/W channel 12 (step
707b). This inhibition state is released when the erasure correction
function test finishes.   - 34  Thereafter, the host 20 supplies the HDD 10
with a normal read command for reading data from the data sector Sk on the
track Tk. This command dictates random correction using "3i (three
interleaves) X 2b 5 (two bursts)", and erasure correction using "3i (three
interleaves) X 8b (eight bursts)". Upon receiving the normal read command
from the host 20, the CPU 14 in the HDD 10 executes the command (step 708).
Specifically, the CPU 14 controls the 10 reading of data from the data
sector Sk on the track Tk, dictated by the normal read command. As a
result, data is read from the data sector Sk on the track Tk, and is
transferred to the HDC 13 via the head IC 115 and R/W channel 12. The data
(read data) transferred 15 to the HDC 13 is input, with ECC data attached,
to the error correction circuit 134 via the disk interface controller 132
and switch 136. In this embodiment, random correction using "3i X 2b", and
erasure correction using "3i X 8b" are dictated by the normal 20 read
command. The erasure correction circuit 134b in the error correction
circuit 134 corrects an error in the input data by erasure correction using
the ECC data attached to the data and the erasure pointer EP2 stored in the
erasure pointer memory 138. As 25 mentioned above, the erasure pointer EP2
designates, as an error location, the bytes in one-sector data ranging from
(n2 + random correction burst length)th 



- 35  to the (n2+h-1)th byte. Accordingly, the erasure correction circuit
134b corrects an error in the error location by erasure correction. On the
other hand, the random correction circuit 134a corrects, by random 5
correction, an error that may exist at the locations not indicated by the
erasure pointer EP2. For example, an error may exist in a leading data
portion (i.e., the bytes ranging from the n2th byte to the (n2 + random
correction burst length - 1)th byte) that 10 is included in the rewritten
(n2th to (n2+h-1)th) bytes and has a length equal to the random correction
burst length. Thus, the error correction circuit 134 corrects an error in
read data, using the combination of random correction and erasure
correction. 15 The error-corrected data is stored into the read data buffer
135. If error correction of the read data (i.e., the data in which the
bytes ranging from the n2th byte to the (n2+h-1)th byte is intentionally
rewritten) 20 succeeds and reading normally finishes (step 709), the CPU 14
determines that both the random correction function of the random
correction circuit 134a and the erasure correction function of the erasure
correction circuit 134b are normal. At this time, the CPU 14 25 supplies
the host 20 with a message that the random and erasure correction function
tests of the HDD 10 have succeeded (step 710). If, on the other hand,   -
36  error correction of the read data fails, i.e., if data reading fails
(step 709), the CPU 14 controls re-execution of data reading (i.e., read
retry) (step 711). This read retry (step 711) is repeated 5 (step 712)
until test data reading succeeds (step 709), but a number of times not more
than a predetermined number of times (e. g. ten times). If data reading
fails even after the retry operation is performed the predetermined number
of 10 times (step 712), the CPU 14 determines that the erasure correction
function of the error correction circuit 134 is not normally operating. In
this case, the CPU 14 supplies the host 20 with a message indicative of an
erasure correction error (step 713). 15 As described above, in the
embodiment, data (first data), part of which is rewritten (broken) and to
which ECC data generated from original data (second data) is attached, is
written to the disk 11l in accordance with a write long command (special
write 20 command) from the host 20. In this case, since the operation of
the ECC generator 13A is inhibited by the write long command, the first
data with the ECC data is directly written to the disk 111. Accordingly,
the broken portion of the first data has to be considered 25 an error. In
light of this, in the embodiment, an erasure pointer EP2 (special pointer
information) that indicates, as an error location, the location  



- 37  corresponding to the broken portion of the first data is set in a
programmable manner in the erasure pointer memory 138 in the HDC 13. In
this state, if a normal read command is executed to read the first data
from 5 the disk 111, the error correction circuit 134 performs an operation
for correcting the error of the first data based on the erasure pointer EP2
and ECC data attached to the data. If the error correction circuit 134 is
normally operating, i.e., if the 10 erasure correction function is normally
operating, the above-described broken portion is appropriately corrected,
thereby completing data reading based on the normal read command. Thus,
whether the erasure correction function is normally operating can be 15
detected simply by determining whether reading of the first data from the
disk 111 has succeeded. In the above-described embodiment, the invention is
applied to a magnetic disk drive (HDD). However, the invention is also
applicable to any type of 20 storage device that can read data from or
write data to a recording medium, such as optical disk drives,
magneto-optical disk drives, magnetic tape devices, etc. Additional
advantages and modifications will 25 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   - 38  shown and described
herein. Accordingly, 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.   - 39  WHAT IS CLAIMED IS: 1. A
storage controller for controlling, in accordance with a read/write command
from a host, reading of data from a recording medium or writing of 5 data
to the recording medium, and transfer of read data or write data to or from
the host, comprising: an error correction code generator which generates an
error correction code in accordance with data to be written to the
recording medium, the error 10 correction code being attached to the data;
an erasure pointer memory which stores pointer information indicative of a
location at which an error exists, the error being contained in data read
from the recording medium; 



15 an error correction circuit which corrects the error in the data, read
from the recording medium, by erasure correction and random correction,
using the error correction code attached to the data and the pointer
information stored in the erasure pointer 20 memory; an inhibition circuit
which inhibits the error correction code generator from attaching the error
correction code to data to be written to the recording medium, when a
special write command from the host is 25 executed; and a programmable
erasure pointer generator which sets, in the erasure pointer memory,
special pointer   - 40  information indicating a location as an error
location, in accordance with an erasure pointer setting command from the
host, the location being designated by the erasure pointer setting command,
the 5 special pointer information set in the erasure pointer memory being
used by the error correction circuit to correct an error in data written to
the recording medium by executing the special write command, and read
therefrom in accordance with a normal read 10 command from the host. 2. The
storage controller according to claim 1, further comprising means for
inhibiting the special pointer information, set in the erasure pointer
memory in accordance with the erasure pointer setting 15 command, from
being rewritten when a later read command is executed. 3. The storage
controller according to claim 1, wherein the inhibition circuit includes a
switch which performs switching between a state in which the data, 20 to be
written to the recording medium, is input to the error correction code
generator, and a state in which the data, to be written to the recording
medium, bypasses the error correction code generator, the switch being
switched to make the data, to be written 25 to the recording medium, bypass
the error correction code generator when the special write command is
executed.   - 41  4. The storage controller according to claim 1, further
comprising: a read data buffer which stores, in units of data sectors, the
data read from the recording medium and 5 having the error corrected by the
error correction circuit; a write data buffer which stores, in units of
data sectors, the data to be written to the recording 



medium; and 10 a transfer circuit which transfers, to the read data buffer,
the data read from the recording medium and having the error correction
code attached thereto, without passing the data through the error
correction circuit, when a special read command from the host is 15
executed. 5. The storage controller according to claim 4, wherein the
transfer circuit includes a switch which performs switching between a state
in which the data, to be written to the recording medium, is input to the
20 error correction code generator, and a state in which the data, to be
written to the recording medium, bypasses the error correction code
generator, the switch being switched to make the data, to be written to the
recording medium, bypass the error correction 25 code generator when the
special write command is executed. 6. The storage controller according to
claim 1,   - 42  wherein: the inhibition circuit inhibits the error
correction code generator from attaching the error correction code to first
data when the special write 5 command from the host dictates writing of the
first data to the recording medium, the first data being used for verifying
an erasure correction function, the first data being obtained by rewriting
part of second data, the error correction code attached to the first 10
data being based on the second data; the programmable erasure pointer
generator sets the special pointer information in the erasure pointer
memory when the erasure pointer setting command from the host dictates
setting of the special pointer 15 information, the special pointer
information indicating, as the location of the error, a location
corresponding to the rewritten part of the first data; and the error
correction circuit corrects an error in 20 the first data read from the
recording medium, by 



erasure correction and random correction, using the error correction code
attached to the first data and the special pointer information set in the
erasure pointer memory, when a normal read command from the 25 host
dictates reading of the first data from the recording medium. 7. The
storage controller according to claim 6,   - 43  further comprising: a read
data buffer which stores, in units of data sectors, the data read from the
recording medium and having the error corrected by the error correction 5
circuit a write data buffer which stores, in units of data sectors, the
data to be written to the recording medium a transfer circuit which
transfers, to the read 10 data buffer, the data read from the recording
medium and having the error correction code attached thereto, without
passing the data through the error correction circuit, when a special read
command from the host is executed; 15 means for copying, to the write data
buffer, the second data stored in the read data buffer and having the error
correction code attached thereto, when the second data is read from the
recording medium by executing the special read command from the host, and
20 is stored into the read data buffer without being passed through the
error correction circuit; and means for generating the first data, to be
written to the recording medium, by rewriting part of the second data
copied to the write data buffer. 25 8. The storage controller according to
claim 6, further comprising: a read data buffer which stores, in units of
data   - 44  sectors, the data read from the recording medium and having
the error corrected by the error correction 



circuit; a write data buffer which stores, in units of 5 data sectors, the
data to be written to the recording medium; a transfer circuit which
transfers, to the read data buffer, the data read from the recording medium
and having the error correction code attached thereto, 10 without passing
the data through the error correction circuit, when a special read command
from the host is executed; means for rewriting part of the second data
stored in the read data buffer, when the second data 15 is read from the
recording medium by executing the special read command from the host, and
is stored into the read data buffer without being passed through the error
correction circuit; and means for generating the first data, to be 20
written to the recording medium, by copying the rewritten second data from
the read data buffer to the write data buffer, the second data having the
error correction code attached thereto. 9. A storage apparatus for
generating an error 25 correction code for data when the data is written to
a recording medium, and correcting an error in the data when the data is
read from the recording medium,   - 45  the error being corrected using
pointer information indicative of a location of the error and the error
correction code attached to the data, the storage apparatus comprising: 5 a
signal processing device which subjects a read signal, read from the
recording medium, to analog-todigital conversion, encodes data to be
written to the recording medium, and decodes digitized read data; and a
storage controller which controls, in 10 accordance with a read/write
command from a host, reading of data from a recording medium or writing of
data to the recording medium via the signal processing device, and transfer
of read data or write data to or from the host, and 15 wherein the storage
controller includes: an error correction code generator which generates an
error correction code in accordance with data to be written to the
recording medium, the error correction code being attached to the data; 20
an erasure pointer memory which stores pointer information indicative of a
location at which an error exists, the error being contained in data read
from the recording medium; 



an error correction circuit which corrects the 25 error in the data, read
from the recording medium, by erasure correction and random correction,
using the error correction code attached to the data and   - 46  the
pointer information stored in the erasure pointer memory; an inhibition
circuit which inhibits the error correction code generator from attaching
the error 5 correction code to data to be written to the recording medium,
when a special write command from the host is executed; and a programmable
erasure pointer generator which sets, in the erasure pointer memory,
special pointer 10 information indicating a location as an error location,
in accordance with an erasure pointer setting command from the host, the
location being designated by the erasure pointer setting command, the
special pointer information being used to read data, 15 written to the
recording medium by executing the special write command, in accordance with
a normal read command from the host. 10. A method of verifying an erasure
correction function incorporated in a storage apparatus, the 20 erasure
correction function being used to correct an error in data read from a
recording medium, using pointer information indicative of a location of the
error and an error correction code attached to the data, the method
comprising: 25 preparing, in a write data buffer, first data to be written
to the recording medium, the first data being obtained by rewriting part of
second data,   - 47  the first data having an error correction code
generated based on the second data executing a special write command to
write, to the recording medium, the first data prepared in the 5 write data
buffer and already having the error correction code, without generating
another error correction code based on the first data setting special
pointer information in an erasure pointer memory regardless of reading of
data from the 10 recording medium, the special pointer information
indicating, as an error location, a location corresponding to the rewritten
part of the first data reading the first data written to the recording
medium by execution of the special write command; and 15 determining
whether the erasure correction function is normally operating, from a
determination 



as to whether an error in the first data read from the recording medium is
corrected by erasure correction and random correction using the error
correction code 20 attached to the first data and pointer information
stored in the erasure pointer memory. 11. The method according to claim 10,
further comprising inhibiting the special pointer information stored in the
erasure pointer memory from being 25 rewritten, and wherein the first data
is read after the inhibiting. 12. The method according to claim 10, wherein
- 48  the preparing the first data includes: preparing the second data in
the write data buffer with the error correction code attached, the error
correction code being generated on a basis of 5 the second data; and
generating the first data by rewriting part of the second data prepared in
the write data buffer. 13. The method according to claim 12, wherein the
preparing the second data includes: 10 preparing the second data in the
write data buffer with no error correction code attached executing a normal
write command to write, to the recording medium, the second data with no
error correction code prepared in the write data buffer; 15 executing a
special read command to read, from the recording medium, the second data
written to the recording medium by execution of the normal write command,
and to store the second data into a read data buffer with the error
correction code attached, the 20 second data being written to the recording
medium with the error correction code attached, the error correction code
being generated on a basis of the second data and copying the second data,
stored into the read 25 data buffer by the execution of the special read
command, to the write data buffer with the error correction code attached.



- 49  14. The method according to claim 10, wherein a length of the part is
not more than a sum of a data length which can be corrected by the erasure
correction, and a data length which can be corrected 5 by the random
correction. 15. The method according to claim 14, wherein the special
pointer information indicates, as an error location, a continuous data
range included in the part and except for a burst length which can be
corrected 10 by random correction.
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