2 7 SEP 2006 *166166* -1 TITLE OF THE | NVENTI ON METHOD AND APPARATUS
FOR. ERROR"CORRECH-ON-O—READ DATA |IN A DI SK DRI VE BACKGROUND OF FHEep 2006

| NVENTI ON 5 resent invention generally relates to the field of disk
drives, and l M’”mm r, to an error correction technique at the tinme of
a read oper a al Iy, disk drives, a typical exanple.of which is a

hard di sk drivetssrsecord data on a di sk-101nedi um and read data fromthe
di sk nmedi um by nmeans of a head. In this read operation for readi ng data,
the data is reproduced (decoded) by a read channel froma data signal

output fromthe head into user TEtEr WFChHE | SNYiWT DO Qi nal reco_rded plat a.
15 In the read operation, there are cases in which an error arises in a

data bit row i METHODI AND (ARPARRTUS SFQRERROE CCREECEIONS GRRERS DRISe. |n
a normal disk drive, ECC data which is necessary for error detection and
correcti on (ECON ' dreH6iDRIVEs added to user data 20 (data in units of
sectors) recorded on a disk nedium A disk controller (HDC) of the drive
has an error correction uni BAMGROUE: Ot JEIE FAVENTION
detection/correction processing by using the user data and the ECC data
out put fPom the readlkeiPiFrsent invention generally relates to the
field of disk drives, and in particular, to an error
correction technique at the time of a read operation.
Generally, disk drives, a typical example .of
which is a hard disk drive, record data on a disk
10 medium and read data from the disk medium by means of
a head. 1In this read operation for reading data, the
data is reproduced (decoded) by a read channel from a
data signal output from the head into user data which
is the original recorded data.
15 _ In the read operation, there are cases in which
an error arises ih a data bit row included in the data
signal due to effects such as noise. 1In a normal disk
drive, ECC data which is necessary for error detection
and correcfion (ECC) processing is added to user data
20 (data in units of sectors) recorded on a disk medium.
A disk controller (HDC) of the drive has an error
correction unit which executes the error
detection/correction processing by using the user data
and the ECC data output from the read channel.
25 The error correction unit of the HDC can exhibit

a good error correction ability if error positional

information showing the error position at which

*G00002*




25 The error correction unit of the HDC can exhibit a good error
correction ability if error positional information show ng theerisep 2006
position at which *@0002* 2 7 SEP 2006 - 2 an error occurred in the
user data can be acquired. Anobng read channels in recent years, there has
been devel oped a read channel including an erasure pointer (hereinafter
called "EP unit") generating error 5 positional information fromthe
decoded output of the wuser data. The EP unit generates error positional
information in which, for exanple, a bit position which cannot be

di stingui shed as either "0" or "1" in 10 a bit row of the data is nmade to
be erasure. Nanely, the error positional information is information

showing an errgp, Bosbii BBcakrBAl ¢h Lher asks dabagBanpBeshbyiikydthat an
error has occurred. However, there are cases in which information, in

whi ch an area ApohgereadnchhhaelBasnagkuahtyysatsoceheredhas beea
I ndi cated as an error position, is included in the error positional

i nformati on gedexalegely at keaBPchanhel linclbdiegr en evassce pointer, if
error positional information having lowreliability is used, there is 20
the possibilityhelatinaliceer colledr &8t DA tabi BENPTACINT @FTOX orate nore
than in the case in which error
5 positional information from the decoded output of the
user data.
The EP unit generates error positional
information in which, for example, a bit position
which cannot be distinguished as either “0” or “1” in
10 a bit row of the data is made to be erasure. Namely,
the error positional information is information
showing an error position at which there is a high
possibility that an error has occurred. However,
there are cases in which information, in which an area
15 where an error has actually not occurred is also
indicated as an error position, is included in the
error positional information generated by the EP unit.
In the error correction unit, if error positional
information having low reliability is used, there is
20 the possibility that the error correction ability will
deteriorate more than in the case in which error
positional information is not used.
BRIEF SUMMARY OF THE INVENTION
According to one aspect of this invention, there
25 is provided a disk drive as defined in claim 1 of the
appended claims.

According to another aspect of this invention,



positional information is not used. BRIEF SUMVARY OF THE | NVENTI ON
According to one aspect of this invention, there 25 is provided a disk
drive as defined in claim1 of the appended clains. According R0 Jgptig
aspect of this invention, 2 7 SEP 2006 - 3 <there is provided a disk
controller as defined in claim1l. According to a further aspect of this
invention, there is provided a data controller as defined in 5 claim17.
According to a still further aspect of this invention, there is provided a
met hod according to claim18. In accordadce with one enbodi nent of the
present 10 invention, there is provided a disk drive including error
correction unit for correcting data read from a disk mediumusing reliable

error position, i nfosmatian.; gie Higlexdidore 1 1k s seadin@ntin conprises a
read unit which reads data recoré% on the 15 di sk nediun an erasure unit

whi ch gener at eg1gfikfrf 1 posi tional information for specifying an error
position having a high possibility of error ampng the data read by the
read unit; a storagedabrdiMy o s@churtHert esgdur esff drhiwsinventaion,

information; and an 20 error correction unit which executes error
correction there is provided a data controller as defined in
5 claim 17.
According to a still further aspect of this
invention, there is provided a method according to
claim 18.
In accordance with one embodiment of the present
10 invention, there is provided a disk drive includiﬁg
error correction unit for correcting data read from
a disk medium using reliable error position
information. The disk drive of this embodiment
comprises a read unit which reads data recorded on the
15 disk medium; an erasure unit which generates error
positional information for specifying an error
position having a high possibility of error among the
data read by the read unit; a storage unit which
accumulates the error positional information; and an
20 error correction unit which executes error correction
processing of data read by the read unit, by using the
error positional information accumulated in the
storage unit.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
25 The accompanying drawings, which are incorporated
in and constitute a part of the specification,

illustrate embodiments of the invention, and together



processing of data read by the read unit, by using the error positional
informati on accunul ated in the storage unit. BRI EF DESCRI PTI ON CF7T$#P 2006
SEVERAL VI EWs OF THE DRAW NG 25 The acconpanyi ng draw ngs, which are
incorporated in and constitute a part of the specification, itlustrate
enbodi nents of the invention, and together 2 7 SEP 2006 - 3a wth the
general description given above and the detailed description of the

enbodi ments given below, serve to explain the principles of the invention.
FIG 1 is a block diagramshowi ng nain poBai-ons 5 of a disk drive
according to an enbodi nent of the present invention. FIG 2 is a block

di agram showi ng nmain portions of a disk controller according to the

embodiment. FIG R {fe éh@%*ﬂaggséeigewhaa%gﬂna%vahsnaOtHéO_cedures of
error correction operation according t the“enmbodinent. FIG 4 is a bl ock

di agram show nggamh N1 8Qr §£88¢i 3t {oREBF2006 efibo@imandkslyi¢ent belbery
according to a nodified exanple of the enbodinent. FIG 5 is a flowchart

for explanationgetva tBtERgladh phecpgsnBgptesobfpehet iavehtiohor mation
according 5 to the nodified exanple.
FIG. 1 is a block diagram showing main portions
5 of a disk drive according to an embodiment of the
present invention.
FIG. 2 is a block diagram showing main portions
of a disk controller according to the embodiment.
FIG. 3 is a flowchart for explanation of the

10 procedures of error correction operation according to

the embodiment.

FIG. 4 is a block diagram showing main portions



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Herei nafter,

an enbodi nent of t he

present invention will be described. (Configuration of Disk Drivgy 3P 2806

shéwn in FIG 1, a disk drive has a disk nedium 1 which is a recording
(SPM 2, and a magnetic head 3. At the tine of
read/ wite operation (recording playing-back operation) of data,
15 rotated at high speed by the SPM 2. The di sk nedium 1

-medi um a spindle notor

medium1l is

t he di sk

is a

magnetic recording mediumrecording data by a nagnetic recording system
The magnetic head .3-has a read head for reading data and a wite head for
witing data. Tse gmguski éon2Poheas §c86§d§n§tEHCEUﬁ8dh@1@G'%QahB?eread and
w-ite heads are separately nounted on the sane slid Furt her,
magneti ¢ head 3ofsth@némpuacslese.as to be noved in a radi al dlrectlpn
the disk nmedium 1 by being |oaded on a head noving nechani smwhich is 25

call ed. an actuator.
data signals fromthe di sk nmedium1,

Fhe.r adsheadlowchatreadodedxpabedtibaad ff @r medadidng
and is generally forned froma gi ant

on

nmagnet or esi st ancé ProSEPs20Q6erSorepbsttivppe ehéoenhtianGyBcelraimgt or a

_spin valve

ty

pe MR elenent). On the other hand, the wite head is an
i nduct i ved head, tanthgemediféedaexampldi.ng magnetic field in accordance

with the wite current

10

15

20

25

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an embodiment of the present
invention will be described.

(Configuration of Disk Drive)

‘As shown in FIG. 1, a disk drive has a disk
medium 1 which is a recording medium, a spindle motor
(SPM) 2, and a magnetic head 3.

At the time'of read/write operation (recording
playing-back operation) of data, the disk medium 1 is
rotated at high speed by the SPM 2. The disk medium 1
is a magnetic recording medium recording data by
a magnetic recording system.

The magneti¢'head.3-hés a -read head for'reading
data and aIWfitelhead for writiﬁg data. The magnetic
head 3 has a structure in which the read and write
heads are separately mounted on the same slider.
Further, the magnetic head 3 is configured so as to be
moved in a radial direction on the disk medium 1 by
being loaded on a head moving mechanism which is
called an actuator. The read head is a read-dedicated
head for reading data signals from the disk medium 1,

and is generally formed from a giant magnetoresistance



5 supplied froma wite anplifier, and magnetically records the data
signal on the disk nedium1l. Moreover, the disk drive has a pre-anpl$Er g
citcuit 4, aread/wite channel (data channel) 5, a disk controller (HDC)
6., and a mcroprocessor (CPU) 8. 10 The CPU 8 is the main control unit of
the drive, and controls the positiaoning operation of the head 3 and the
read try operation. The pre-anplifier cira@iit-4 has a read anplifier and a .
wite anplifier. The read anmplifier anplifies 15 the data-signal (read
signal) read by the read head, and transmts it to a read channel 10 of the

read/wite changgfedt d{ise VEldRefPlAfE@R 608MERESort Besgahavangral (wite
data WD) supplied froma wite channel 11 of the read/write channel 5 into

wite 20 currentypadvkrénsfiens) it ¢ the vthée hend, tthe weadbwnkha channel
5is forned fromthe read channel 10 and the wite channel 11. The wite

channel 11 execisesnpindesisivg iseed, asndngedengtepr acesabpgiagd recordi ng
conpensation processing with 25 respect to the wite data WD fromthe di sk
controller (HD@®gwetibefiehd Thamoedbrddnce withl theawPRWe €parenal 2 7 S
EP 2006 6 response maxi mum | i kelihood) type signal processing circuit,
and, broadly di swpebtietatrem aAGriahel anpdifienp, andshggnetpeadeysi ng unit
101, a decoder 102, and
records the data signal on the disk medium 1.
Moreover, the disk drive has a pre-amplifier
circuit 4, a read/write channel (data channel) 5, a
disk controller (HDC) 61'and a microprocessor (CPU) 8.
i0 The CPU 8 is the main éontrbl unit of the drive, and
controls the positioning operation of the head 3 and
the read'try operation.
The pre—amplifier circuit 4 has a read amplifier
and a write amplifier. The read amplifier amplifies
15 the data .signal (read signal) read by the read head,
and transmits it to a read channel 10 of the
"read/write channe; 5. The write amplifier converts
the.data signal (writeldata WD) supplied from a write
channel 11 of the read/write channel 5 into write
20 current and transmits it to the write head.
The read/write channel 5 is formed from the read
channel 10 and the write channel 11. The write
channel 11 executes processing such as encoding
processing and recording compensation processing with
25 respect to the write data WD from the disk controller
(HDC) 6.

The read channel 10 is usually a PRML (partial



an EP (erasure pointer) unit 103. The AGC anplifier 5 100 has an A SEP 00
(automatic gain control) function, and maintains the [evel of a da 2006
sifgnal at a constant |evel. The signal processing unit 101 is, for

exanple, a digital signal processing unit i'ncluding, for exanple, a

| owpass filter, an A/D (analog-to 10 digital) converter, a digital

equalizer, and the like. The decoder 102 glecodes the data signal (digita
signal) output fromthe signal processing unit 101 into original recorded
data (user data RD). The EP unit 103 generates error positional 15

information EP sdiiydride %m&mmwﬂ@oé@ﬁr@?é 8igRhOhpPOSesbihgty that
an error has occurred, anong the data (user data Fg» output fromthe
decoder 102. Their&@iity -amdsibieadlyi dfieid®d) ofa&Pah SAGOf @apBiE08ri N which
a bit position, which cannot be distinguished as 20 either '0" or "1", for
exanpl e, anbng Ha0a ofsiByrial processie twibel @b, eaadecedeAl 102 pasndel y,
the error positional information EP is information which shows an error
posi ti onal areaarsHiRv ferasuiee gpairbenf @nbitE03wheTket AGECecamplafhegh
possibility that an error has 25 occurred. The HDC 6 configures an

i nterfacé bet wekdP thas ah AGEr (Fetematichgainsgentrney) &wdctieri vardt he
wite 2 7 SEP 2006 7 data WD fromthe host system 7, and has the function
of transnittindiahetaies thetbeYRb)ohnkchata shgnataat a constant

level. The signal processing unit 101 is, for
example, a digital signal processing unit including,
for example, a lowpass filter, an A/D (analog-to-

10 digital) converter, a digital equalizer, and the like.
The decoder 102 decodes the data signal (digital
signal) output from the signal processing unit 101
into original recorded data (user data RD).

The EP unit 103 generates error positional

15 information EP showiné a position where there is a
high possibility that an error has occurred, among the
data (user data RD) output from the decoder 102. The
error positional information EP is information in
which a bit position, which cannot be distinguished as

20 either *0” or *1”, for example, among data of 8 bits,
is made to be an erasure. Alternatively, the error
positional information EP is information which shows
an error positional area showing a dafa area of 8 bits
where there is a high possibility that an error has

25 occurred.

The HDC 6 configures an interface between the

disk drive and a host system 7, and receives the write



data to the host system 7. (Configuration of HDC 6) 5 As shown in FIG 2,
the HDC 6 of the embodinent has an error correction unit (ECC uni?y $fP 2006
data buffer menory 61, an EP buffer nmenory 62, and an EP information
extraction unit 63. Note that, in addition thereto, the HDC 6 includes a
data 10 transmtting circuit and a data (including comands)

sendi ng/receiving circuit which structure 4hehost interface with the host
system 7. The data buffer nmenory 61 is a buffer nmenory for tenporarily
storing the user data RD transmtted from 15 the read channel 10. The data

buffer nmenory 6da#tsupb! ¥r&hOtRs HSSE QgE@e.n7Pnghﬁeﬂgssfﬁgokﬁncgﬁohhe

ot her hand, the EP buffer nenory 62 acCunul ates t error positional

i nformation EP &ﬂt@b'énézﬁi?ﬁtiﬁg Effe vkt 488ai nRbYdRdibA {Berneadeghannel
10. The EP 20 buffer nenory 62 accunulates, in addition to the nost recent

error positionalatafes mehéoRoEPlsystefr 2det erm ned anount of past error
positional information EP2, EP3, i.e., the history of the error
posi tional infotoetfbmurabidheoEPHDOf 6f mati on extraction unit 63 extracts
(sel ects) highly accurate error positional information from anong the
present and past errBs pbeiwhi dnaFIg.725EPh20HHC & oifnfrhemembodikehtt o EP3
accunul ated in the EP buffer
has an error correction unit (ECC unit) 60, a data
buffer memory 61, an EP buffer memory 62, and an EP
information extraction unit 63. Note that, in
addition thereto, the HDC 6 includes a data
10 transmifting circuit and a data (including commands)
sending/receiving circuit which structure the host
interfac;e with the host system 7.
The data buffer mémory 61 is a buffer memory for
temporarily storing the user data RD transmitted from
15 the read channel 10. The data buffer memory 61
usually stores user data in units of sectors. On the
other hand, the EP buffer memory 62 accumulates the
error positional information EP output from the EP
unit 103 included in the read channel 10. The EP
20 .buffer memory 62 accumulates, in addition to the most
recent error positionai information EPl, a
predetermined amount of past error positional
information EP2, EP3, i.e., the history of the error
positional information.
25 The EP information extraction unit 63 extracts

(selects) highly accurate error positional information

from among the'present and past error positional



menory 62, and outputs it to the error correction
correction unit 60 executes error

stdred in 5 the data buffer nmenory 61 by using the ECC data

fromthe read channel 10. At this tinme, the error correction unit 60

estimates the error position of the user data RD fromthe error positional

unit 60. The error
correction processing of the ugqrsgagﬁm

transmitte

information. 10 (Error. Correction Operatign)- The error correction
operation of the present enbodinent will be described with reference to

t he

flowchart of FIG 3 in addition to FIGS. 1 and 2. Here,

operation of repgisemibEonSEP1 d8baEp3SaEEAMRaEes 9R2ERd £BC

oy
desi gnated data sector i1ncluded in a designated track) on tﬁe glsk

a read

pg area (a

medi um

1, is supposed.némot{iess pasn@penebhes. itheo ERE 8rebrt BErdEL¥eoROSi tions
the read, head included in the head 3 on a designated track on the

di sk-medi um 1. urOt Tee. r enlle cOapOe! cdPreBPUbA, uMie tbeekeadteanBkirbirer, the
data signal read by the read head, and reproduces the user data (including
the ECC data) Ribryveatite ptbcaspingi ef tH6, usbe dagaaktpredesai ng unit

and the decoder 102. Here, the EP unit 103 25 generates error
posi tiondd i nfothatdabaBPuffemmémorvs6él byt asRDgdebedBACbyathe decoder
The HDC 6 stores the user data RD transmtted 2 7 SEP 2006 9

101,

102.

transmitted from the read channel 10. At this time,

the error correction unit 60 estimates the error

position of the user data RD from the error positional

information.

10 (Error. Correction Operation)

The error correction operation of the present

embodiment will be described with reference to the

flowchart of FIG. 3 in addition to FIGS. 1 and 2.

Here, a read operation of reading the user data

15 from a designated recording area (a designated data

sector included in a designated track) on the

medium 1, is supposed. In the read operation,
CPU 8 of the drive positions the read head included in

the head 3 on a designated track on the disk medium 1.

20 The read channel 10 inputs, via the read

amplifier, the data signal read by the read head, and

reproduces the user data (including the ECC data) RD

disk

the

via the AGC amplifier 100, the signal processing

unit 101, and the decoder 102. Here, the EP unit 103

25 generates error positional information EP from the

user data RD decoded by the decoder 102.

The HDC 6 stores the user data RD transmitted



fromthe read channel 10 in the data buffer nmenmory 61 at the tine of the
read operation, and accunul ates the error positional information EP in the
ER"buffer menory 62 (step Si). Here, the read channel 10 5 trangm tsept fifs
user data in units of, for exanple, 8 bits to the -HDC 6. The error
positional information EP is information show ng an error position (bit
position) where there is a high possibility that an error has occurred.
The data (bit) at which there is 10 a high possibility that an error has
occurred is an erasure which cannot be distinguished as either of '0" or

L the timergh the Fgad gRAALIONo WheBnd RERd nETYEL f88R.Qoki00cLr

or when a read error can corrected, the H as nee roceeds to

data transni sshentReOeessi B8 ERE Eéaasabta&hegoho !aha BeRlimui%tESMefel NE
user data RD stored in the buffer nenory 61 after the error areas were

corrected (NO abrsbePpoStiShhl 28£6Pmhkeont her iRakde &b bigrlirme of -the
read operation, when the error correction unit 60 of the HDC 6 detects a

read error whi chemanpo62béstepr st)ed Heyepneheezdad@pehahnen, 1ohe CPU 8
proceeds to the read .try operation (YES at step S2, S3). Nanely, the CPU
8 25 exechtes thransmitepthat terradakrm wnt hniéspect tfort kexampdepr ded area
where the read operation has been executed on the disk nmedium1. The CPU 8
repeat s the 2 78spptsobe the HDC 6. The error positional information
EP is information showing an error position (bit
position) where there is a high possibility that an
error has occurred. The data (bit) at which there is
10 a high possibility that an error has occurred is an
erasure which cannot be distinguished as either of “0”
or *1”.
At the time of the read operation, when a read
error does not occur or when a read error can be
15 corrected, the HDC 6, as needed, proceeds té data
transmission processing for transﬁitting to the host
system 7 the user dafa RD stored in the buffer memory
61 after the error areas were corrected (NO at step
s2, s7).
20 On the other hand, at the time of the read
operation, when the error correction unit 60 of the
HDC 6 detects a read error which cannot be corrected
by one read operation, the CPU 8 proceeds to the read
.try operation (YES at step S2, S3). Namely, the CPU 8
25 executes the read operation again with respect to the

recorded area where the read operation has been

executed on the disk medium 1. The CPU 8 repeats the



10 read try operations a predeterm ned nunber of times. |If the read error
still cannot be corrected, the CPU 8 gives a notification that the error
cafnot be recovered to the host system7 via the HDC 6. 5 At the2{iS&P @106
this read try operation, in the sanme way as at the tine of the read
operation, the HDC 6 stores the user data RD transmtted fromthe read
channel 10 in the data buffer nmenory 61, @gd _accunul ates the error
positional information EP in the 10 EP buffer nmenory 62 (step $4).
Accordingly, the nbpst recent to the past error positional informtion EP1

to EP3 are accuguhaiey bPethei&fsbul bPLASRURRYNEE nEABeEPokNEoRERLI ON

extraction unit 63 estinmates a highly accurate error position anpong the

user data RD 1pfrbyhéisiegdt 8erspsttietephnh8ti B8 Bastkeekea] PRSI Ebonal
i nformati on EP1 to EP3 accunul ated in.the EP buffer nennry 62 (step S5).

Specifically, fgivexasaphetitiagiohhehatrhepegirbirobahnbhf pemati on EP1
t hrough EP3 obtained by read operations (read try operations) of 20

three-.times, onkgoweredrbo phsi hosh dgkeeineld @saanher HDC pBosition by read
operations'of two-tinmes or nore is estimated as highly accurate error
positionad informatAbnthentdémkepfwbhds, rebd ERyi oberadtionn iextthaction
unit 63 selects, as highly reliable 25 information, an error positional

i nf ormati on shoﬁﬁmg way efrak pbei tiva @fiotheeresd ppegasiop,i $heeHACi vel y

hi gh anong the user data RD of, for exanple, 8 bits.
6 stores the user data RD transmitted from the read

channel 10 in the data buffer memory 61, and
accumulates the error positional information E? in the
10 EP buffer memory 62 (step S4). Accotdingly, the most
recent to the past error positional information EP1 to
EP3 are accumulated in the EP buffer memory 62.
The EP infermation extraction unit 63 estimates a
highly accurate error position among the user data RD
15 by using the most recent to the past error positional
information EP1 to EP3 accumulated in the EP buffer
memoty 62 (step S5). Specifically, for example, among
the error positional information EP1 through EP3
obtained by read operations (read try operations) of
20 . three: tlmes, only an error position detected as
‘;an error p051tlon by read operations of two times or
more is estlmated as highly accurate error positional
information. In other words, the EP information
extraction unit 63 selects, as highly reliable
25 information, an error positional information showing
an error position whose error frequency is relatively

high among the user data RD of, for example, 8 bits.



2 7 SEP 2006 - 11 The error correction unit 60 executes the error
correction processing of the user data held in the data buffer nenory 61
by using the ECC data transnitted fromthe read channel 10 (step 295)SEPAR06
this tinme, the error correction unit 60 estinmates the error position of
the user data RD fromthe highly accurate error positional information
extracted (selected) by the EP-infornatiep extraction unit 63. The HDC 6
proceeds to the data transm ssion processing 10 for transmtting the user
data RD, for which the error correction processing is conpleted, fromthe

data buffer menory £de!Orilf O0PLeS¥PLEMiAiLSbBPeREkures ERECELRRY above,

I n accordance with t error correction systemo e present enbodi nent,

the error 15 cofFRcdi oh BFASESSE WG Vb £ Nehespser H9thhRev§eindgha RD in
which a read error has occurred is executed by using the error positional

i nformation EP fiaimesfef rehdrg 6Eady channgl tA8 Btcthgtsi ne of the read
operation (including the read try operation). The HDC 20 6-of the present

enbodi nent can trsensmd ytédefhoghtlye pesdr eh&ngelolop@stéposa) . i nher nmati on
by using the nobst recent to the past error positional information EP1 to
EP3 accurtul at ecchis tthimé&P the ferroenooyré2thbyn thetEPOI asbimatesnthe
extraction unit 63. Accordingly, 25 because the error correction unit 60
can estinmate a erighlposttivontef etheorupesi dava, RPhéremr bhechightyi on

accurate error positional information extracted
(selected) by the EP information extraction unit 63.
The HDC 6 proceeds to the data transmission processing
10 for transmitting the user data RD, for which the error
correction prbcessing is completed, from the data
buffer memory 61 to the host system 7 (step S7).
As described above, in accordance with the error
correction system of the present embodimént, the error
15 correction processing with respect to the user data RD
in wﬁich a read error has occurred is executed by
using the error positional information EP obtained
from the read channel 10 at the time of the read
operation (including the read try operation). The HDC
20 6 of the present embédimént can use only the highly -
accurate error .positional inférmation by ﬁsing the
most recent to the past error positional information
EP1 to EP3 accumulated in the EP buffer memory 62 by
the EP information extraction unit 63. Accordingly,
25 because the error correction unit 60 can estimate a
highly accurate error position, the error correction

unit 60 can execute the error correction processing



unit 60 can execute the error correction processing 2 7 SEP 2006 12' wth
respect to the user data RDwth a high error correction ability. Note
that, in the present enbodinment, the error positional informatizqnsEPlongg
through EP3 showing the 5 error position (bit) of the user data RD of, for
exanple, units of 8 bits, is accunulated in the EP buffer nenory 62. The
configuration of the error positional infoymtion EP1 to EP3 may be a
configuration in which informati on of, for exanple, 10 several bits per
synbol (8 bits) is allocated, and information of several bits

correspondi ng toa: hﬁe&%m%pl Oschl nqlrse@argae& (RJ‘bl)m Cha tﬂle of lr&el vi ng

obt ai ned error ﬁ i 0N acconpanyi &cutioh of the

read operation, Ey..pe 15 a conflguratlon in which information
of one bit is cé’lrlli{?c ogil pté)rl Syitbol , and information of one bit

correspondi ng to t heysyumhalad S ANk G368 dBeiod IRESE Vi A OBE fbped error
positional information acconpanying the execution of the read oper ati on.

20 I'n brief, bidodiffiymt iigiEJrafatechr rEem oftferdligh ®P3 SEivebhg bils per
synbol may be allocated as the error positional information accunmulated in

the EP buffer ooy pdEitiavn (i )opef athionader efatd Rbfofxetoti ng a
predeterm ned operation with respect to the bit 25 information
correspondi ng texanpd esyndmiltofof e biisté, is accumulated in the EP

buffer memory 62. The configuration of the

error positional information EP1 to EP3 may be

a configuration in which information of, for example,

10 several bits per symbol (8 bits) is allocated, and
information of several bits corresponding to the
symbol is incremented (+1) each time of receiving
obtained error positional information accompanying the
execution of the read operation. Further, it may be

15 a configuration in which information of one bit is
allocated per symbol, and information of one bit
corresponding to the symbol is ANDed each time of
receiving obtained error positional information
accompanying the execution of the read operation.

20 In brief, bit information formed from one bit or
severgl bits per symbol may be allocated as the error
positional information accumulated in the EP buffe;
memory 62, and the operational results of executing
a predetermined operation with respect to the bit

25 _ linformation corresponding to the symbol of the most

recent error positional information may be used.



recent error positional information may be used. 2 7 SEP 2006 13

(Modified Exanple) FIGS. 4 and 5 are drawi ngs according to a nodified
exanpl e of the present enbodiment. The nodified exanple is a confd G HER: 206m
having 5 a determning unit 64 for estimating in advance an area (bit
position) at which highly reliable error positional information can be
obtai ned fromthe past .error positional {gformation accunulated in the EP
buffer nenory 62. 10 Specifically, as shown in FIG 4, the HDC 6 according
to the nodified exanple has, in addition to the determning unit 64, an
extraction unit oo for 4 ext épg only the highly accurate error

positional inf rna I'on fromthe error positional information 15 output

fromthe EP unit 103Fiﬁ%'UgegndnstQPerQEQw1ﬁ§§nQS& }glnébgﬁethat

configurations other than this structure aré sim ar t structures

shown in F'GSa]m@d'h‘.jffed-ré'b@ﬂﬁ@f@'&ﬂr@lﬁéoﬁré@éin@péﬁﬁé&i’ﬂén@f the nodified

20 exanple will be described with reference to the flowhart of FIG 5.
First, in the presenthentodifted, ekarRpECi§ astenesghbatisar hdetiagRD

transnltted fromthe read channel 10 in the data buffer nenory 61 at the
time of 25 the 4 edeteaneimin@mnunindeactonuéat bRatimgeinoadvance
an area (bit position) at which highly reliable error
positional information can be obtained from the past
error positional information accumulated in the EP
buffer memory 62.

10 Specifically, as shown in FIG. 4, the HDC 6
according to the modified example has, in addition to
the determining unit 64, an extraction unit 65 for
extracting only the highly accurate error positional
information from the error positional information

15 output from the EP unit 103 included in the read
channel 10. Note that configurations other than this
structure are similar to the structures shown in
FIGS. 1 and 2.

The configuration and operatiohs of the modified

20 example will be described with reference to the.-
flowchart of FIG. 5.

First, in the present embodiment, the HDC 6
stores the user data RD transmitted from the read
channel 10 in the data buffer memory 61 at the time of

25 the read operation, and accumulates the error
positional information EP in the EP buffer memory 62.

The determining unit 64 estimates in.advance



positional information EP in the EP buffer nenory 62. The determ ning unit
64 estimates in.advance 2 7 SE P 2006 14 an area (a range of er2 prSEH 2006
positions) at which highly reliable error positional information can be
obt'ai ned, fromthe past error positional -information accunulated in the EP
buffer nmenory 62 (step S10). 5 Moreover, the determ ning unit 64 generates
wi ndow information which is necessary_fogy,meking only the error

positional information of the estimted area pass through, and outputs it
to the extraction unit 65 (step S11). 10 Wen the nost recent error

‘posi tional inf g{rpﬁatf&p {é Zgérg§)€tofrgﬂép%5€ 5?%1¥£9§§8;a£§§?§ d channel

10, the extraction uni oWs passage of xtrac he error

positional inf q{if@{ifr‘réfiéﬁ'f? eéf:ﬂ?ﬁtﬁ&'si@i@ﬁ‘ai‘siﬁ‘f‘oﬁﬁégaox?oééﬁiggzby means

of the wi ndow 15 inflormation fromthe determning unit step ). The

error correcti ¥htiided®) EXGEUERS SASO" or OF ! 8651 OYoRE DCLRBOAHa Lok NE USEr
data held in the data buffer nenory 61 by using the ECC data transmtted

fromthe read cderu@ildfed Alntthe LP MBufLOrtMEMEF 062 CO5ELEIED0) UNit 60
estimates the error position of the user data RD fromthe nost recent and

hi ghly reliabl eiereavepposthe odetermint ngt undt wed chehasatbeenirddwact ed
(whi ch has been passed through) by the extraction unit 65. Thereafter,.
the HDC 6 proceeformation which is necessary for making only the
error positional information of the estimated area
péss through, and outputs it to the extraction unit 65
(step S11).
10 When the most recent error positional information
is input from the EP unit 103 of the read channel 10,
the extraction unit 65 allows passage of (extracts)
only the error positional information in the estimated
area as an error position by means of the window
15 information from the determining unit 64 (step S12).
The error correctioﬁ unit 60 executes error
correction processing of the user data held in the
data buffer memory 61 by using the ECC data
transmitted from the read channel 10. At this time,
20 the error correction unit 60 estimates the error
position of the user data RD from the most recent and
highly reliable error positional.information which has
been extracted (which has been passed through) by the
extraction unit 65. Thereafter, the HDC 6 proceeds to
25 the data transmission processing for transmitting the
user data RD, for which the error correction

processing is completed, from the data buffer memory



25 the data transmni ssion processing for transmtting the user data RD, for
which the error correction processing is conpleted, fromthe data 7bgEPenos
menory 2 7 SEP 2006 15 61 to the host system 7. In brief, the nodified
exdnpl e can exclude the error positional information. outside of the
estimated area fromanong the nost recent error positional 5 information
by estimating in advance an area (a rapge;gof_error bit positions) at which
highly reliable error positional information can be obtained in advance
from among the past error positional information. Accordingly, because the

error p05|t|om%1|{gc%ﬂguﬂ5gk sE l4ided in the area at which errors
originally do not arrse can uded, the error correction unit 60 can

carry out error Corrfﬁt]bPE'ePrOﬁﬁésrhMl?YeHSéQSmp‘l)@' xaﬂl ghlyupe! iabl e
informati on. As descri bed above in brief, 1n accordance wth 15 the

present enbodi r@ﬁo@rpbébelmlfi&ﬁbﬁx@ﬂpbﬁ oﬁ’agisefoftbﬁeeégeimaeéat i onal
informati on which can be obtained fromthe EP unit 63 are accunul ated, and

error positionadrédforsmt amonyhticd mest reéeeéhvebyrbrgposieiobnbil ity is
selected fromanong the plurality of 20 error positional information. As a
result, i5 dat ainformdétidn avy eesoimatingsinaavghty ancareae (ar range
position can be estimted by using highly reliable error positional
i nformati on. | phceorodunget positions) at which highly reliable error
positional information can be obtained in advance from
among the past error positional information.
Accordingly, because the error positional information
10 included in the area at which errors originally do not
arise can be excluded, the error correction unit 60
can carry out error correction processing by using
only highly reliable information.
As described above, in brief, in accordance with
15 the present embodiment. and the modified example
thereof, the error positional information which can be
obtained from the EP unit 63 are accumulated, and
error positional information which has relatively high
reliability is selected from among the plurality of
20 error positional information. As a result, in data in
which an error occurs, a highly accurafe error
position can be estimated by using highly reliable
error positional information. In accordance
therewith, the error correction ability of user data
25 in which a read error arises can be improved.

Additional advantages and modifications will

feadily occur to those skilled in the art. Therefore,



therewith, the error correction ability of user data 25 in which a read
error arises can be inproved. Additional advantages and nodifica 7 QP o8 |
readily occur to those skilled in the art. Therefore, 2 7 SEP 2006 - 16
the invention in its broader aspects is not limted to the specific
details and representative enbodi nrents shown and descri bed herein.
Accordingly, various nodifications my begmade w t hout departing fromthe
5 spirit or scope of the general inventive concept as defined by the
appended cl ains and their equivalents. 2 7 SEP 2006 17 CLAIMS 1. A disk
drive using a dik RdlAER in BELTHENIAER! AspELFRY k8T B RimeRAaURL!

whi ch reads data froma recorded area 5 on the disk nmedium an generator
unit which genefrd esp&tiPic @OCa118Nahdl REPFEBELEALE 0L SRBEHiMERAYsAN error
position having a possibility of error anong the data read by the read
unit; 10 a st orgigewnnand Wiéshr shedeBetBener r REcHLELAGORAI vakribasmati on and
i nformati on showi ng the recorded area; and an error correction unit which
execut es ‘error modificatdonproapssengadé wethdatadepadthygt ieomeate

5 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



15 unit, by using the error positional information stored in the storage
unit and according to the information show ng the recorded area_i_ncl udi ng
the new data. 2. The disk drive according to claim1, wherein 28 Tt P 2006
generator unit generates error positional information showng a bit
position estimated to be an error anong data decoded by a decoder included
inthe read unit. 3. The disk drive according to claiml1, wherein 25 the
generator unit generates error positional__information showi ng an error
positional area formed froma predeterﬁiﬁ%d'nunber of bits which is
estimated 2 7 SEP 2006 - 18 to be an error _anong data decoded by a
decoder included in the read unit. 4. &ﬁ%lﬁ$sk drive according to claim1,

wherein the error cPrrqgt&9$ku itvdetginines anﬁerrgr 5 position anong
data read by the reat urit3 FFoff Ahong®1Hdst Faeente h?%ugﬂrpast error

positional inf qg@éflmv%zé%%g %ﬂ“eﬁPfSﬂir age unit. 5. The disk drive

according to claim generator unit generates error

rom one bi i or soverarohii anbay e FeaRe Rt "ol s IR R AT 6
The di sk giri ve &¢ceHdli st Om&dabm} 1, further conprising:
an generator unit which generates error
positional information for specifying an error
position having a possibility of error among the data
read by the read unit;

10 a storage unit which stores the error positional
information and information showing the recorded area;
and

an error correction unit which executes error
correction processing of new data read by the read

15 unit, by using the error positional information stored

in the storage unit and according to the information

showing the recorded area including the new data.

2. The disk drive according to claim 1, wherein
20 the generator unit generates error positional
information showing a bit position estimated to be an
error among data decoded by a decoder included in the
read unit.
3. The disk drive according to claim 1, wherein
25 the generator unit generates error positional
information showing an error positional area formed

from a predetermined number of bits which is estimated



15 an extraction unit which extracts only error positional information
having relatively high reliability as information for specifying an error
position, fromanong the error positional information stored in ZNhe&SEpP 2006
storage unit. 20 7. The disk drive according to claim1, further

conprising: a control unit which executes a read try operation executing a
read operation of data again fromthe sane recorded area on the disk
medi um when 25 an error of the data read bg the read unit cannot be
corrected by the error correction uni t. - 818The disk drive according to
claim7, wherein 7 SEP 2006 - 19 _when_the re d try_operation is
execut ed by thet® BhtFBI STHPY , 2PARI sfara gdechde 2?5r%sd? _deFr or

posi ti onal inforﬁ%ﬁ%ﬁ%?%fﬁféﬁ%ggggﬁ &gﬁggenerator unit. 5 9. The disk

dri ve accordi ng “extraction unit extracts only

error positional i”119””E‘ﬁ{e°81§ﬁ°&4¢89§9c8&£8£n&°%?E?QiW‘ECh hQi‘égﬂ

relatively high frequency trom anon he error ~positional in ormation
stored in the storagghdNetrotOcdPredbeofll GKifl E¥EepREALE BA Eerokai m 1,

further conmprising: a disk controller which includes a buffer nenory that
stores daga reagopytibe ameAgUAAta 288dVWB{CHhe read unit, from among
most recent through past error positional information
stored in the storage unit.

5. The disk drive according to claim 1, wherein

the generator unit generates error positional

10 information to which is allocated bit information
formed from one bit or several bits per symbol of data
read by the read unit.

6. The disk drive according to claim 1, further
comprising:

15 an extraction unit which extracts only error
positional information having relatively high
reliability as information for specifying an error

- position, from among the error positional information
stored in the storage unit.

20 7. The disk drive according to claim 1, further
comprising:

a control unit which executes a read try
operation executing a read operation of data again
from the same recorded area on the disk medium when

25 an error of the data read by the read unit cannot be
corrected by the error correction unit.

8. The disk drive according to claim 7, wherein



executes data transm ssion with respect to a host 15 systemfromthe buffer
menory, wherein the storage unit and the error correction wunit are
included in the disk controller. 11. A disk controller for transfegr]

data read from a disk mediumto a host system conprising: 20 a ng$§?zm5
menory which stores data read froma recorded area on the disk nedium a
storage unit which stores error positional information for specifying an
error position having possibility of err § anmong the data and information
25 showi ng the recorded area; and an erFof correction unit which executes

ti ' f _the dat t din the buff 2_J7 SEP 2006
*00 menory, by usi HECRNENG FEPbEY { PRRERCH T of REEFETCSHOPEAC P t he

storage unit ancg%1 ;19001; d&ﬂ':gttotlﬁ%gs%%f%gé mi@nséggg\%ggh%_hgr£g§orded area

i ncl udi ng the Storéd in r nmenory. hé disk controller
according to clgidgdion Wk el And HEoRT bd i DR ne NEORERLLGP S

gener ated by Jﬂ5er%£3#% uﬁét ?ﬂc?uﬁgdégﬁetﬁg digi dr%C%, and the generator
unit is includeghig, a read unit 10 which decodes data read fromthe disk
medi um and generates error positional information showng a bit position

estimatedsto began wé& 0disk drive according to claim 6, wherein

the extraction unit extracts only error
positional information showing an error position which
has a relatively high frequency from among the error
positional information stored in the storage unit.

10 10. The disk drive according to claim 1, further
comprising:

a disk controller which includes a buffer memory
that stores data read by the read unit, and which
executes data transmission with respect to a host

15 system from the buffer memory,

wherein the storage unit and the error correction
unit are included in the disk controller.

11. A disk controller for transferring data read from
a disk medium to a host system, comprising:

20 a buffer memory which stores data read from a
recorded area on the disk medium;

a storage unit which stores error positional
information for specifying an error position having
possibility of error among the data and information

25 showing the recorded area; and
an error correction unit which executes error

correction processing of the data stored in the buffer



13. The disk controller according to claim1l, wherein 15 the error

positional information is generated by an erasure unit included in the

di sk drive, and the generator unit is included in a read unit decodin

data read fromthe di sk nmedium and generates error positional in?&rﬁ%%ﬂ@ﬁ

showi ng an error 20 positional area fornmed froma predeterm ned nunber of

bits which is estimated to be an error. 14. The di sk controller according

to claim1l, wherein the error correctign unit determ nes an error 25

position anong the data read fromthe di €@ vedi um from anong nost recent

t hrough past error posjtional ipformation stonedahnigge storage unit. 2 7
o]

SEP 2006 - 21MemSryThBYJHSRNGoHLorEEPTaPOEELRY QFMREFOR furt her

conprising: an_extraction,uni ich extractss_anly .error si tional
o b X :

wh
i nformati on ha#FR§® eFQtF?&I?EHFGHeSuPé i 8B AFg° glpﬁféFha i~on for
speci fying an §§§8Emaﬂ9%hﬁb%%g; rggh%rg%%oEQ%de%%e% Rgﬁhhgﬁ%glth@fornation

stored in the Storage unit. contro accor to claim11,
uherein 10 theadigkofbirey SXCeMeCHE repatheibtyoperation executing a read

operation of data again fromthe sane
5 12. The disk controller according to claim 11,
wherein

the error positional information is generated by
an erasure unit included in the disk drive, and
the generator unit is included in a read unit
10 which decodes data read from the disk medium, and
generates error positional information showing a bit
position estimated to be an error.
13. The disk controller according to claim 11,
wherein
15 the error positional information is generated by
an erasure unit included in the disk drive, and
the generator unit is included in a read unit
decoding data read from the disk medium, and generates
error positional information showing an error
20 positional area formed from a predetermined number of
bits which is estimated to be an error.
14. The disk controller according to claim 11,
wherein
the error correction unit determines an error
25 position among the data read from the disk medium,
from among most recent through past error positional

information stored in the storage unit.



recorded area on the di sk nediumwhen an error of data read fromthe disk
medi um cannot be corrected by the error correction unit, and 15 plrzeSEP 2006
storage unit stores the error positional information acconpanying the read
try operation. 17. A data controller for transferring data input froma
first device to a second device, conprising: a buffer nenory which stores
data input fromthe 20 first device; a storage unit which stores error
positional information for specifying an_error position having a
possibility of error anong the data inﬁu?lffon1the first device; 25 an

extraction unit _which extracts only_error sitional _inf ti how
an error positién WQ?iﬁng FQP&FP§AF§ ﬁF&ﬂggﬁéahgﬁg§1%25ﬁﬁ nnhgntﬁeogngg

SEP 2006 - 22_ error positional information stored in the storage unit;
and an error CSPF&%FFO ORFeS#P¢éh executes error correction processing of

data stored in the Quffer 5. neAD i@%y“h&siicglgeggfga%r&rsororﬁ dietc]):j erI

I nformati on extracted by the extraction unit. nmet ror

correction of gggﬁtﬁ%ﬁglfﬁﬁfb?magﬁ%b ading Lhatieehdngemprising:
acquiring errof positional 1nformation showng 10 an"firsSt error position
where there is,@a1pa®3ikithd b8 information for specifying an error
position, from among the error positional information
stored in the storage unit.
16. The disk controller according to claim 11,
wherein
10 the disk drive executes a read try operation
executing a read operation of data again from the same
recorded area on the disk medium when an error of data
read from the disk medium cannot be corrected by the
error correction unit, and
15 the storage unit stores the error positional
information accompanying the read try operation.
17. A data controller for transferring data input
from a first device to a second device, comprising:
a buffer memory which stores data input from the
20 first device;
a storage unit which stores error positional
information for specifying an error position having a
possibility of error among the data input from the
first device;
25 an extraction unit which extracts only error
positional information showing an error position

having a relatively high frequency from among the



that an error has occurred anong the read data; extracting relatively
accurate error positional information fromanong plural itens of the error
positional information to estimate an second error 15 position; ahd SEP 2006
executing error correction processing with respect to the read data on the
basis of the second error position. 19. The nethod according to claim18,
further 20 conprising: executing a read try operation when an error

arises in the read data at a first read qperation; and accunulating, in
the buffer menory, plural itens of errdrzﬁo§itional i nf ormati on obtai ned by

the read 25 operation and the read tr I on.
grror pos?tQOna in?or%a iggegggkgg in the storage

unit; and
an error correction unit which executes error
correction.processing of data stored in the buffer
5 memory by using the error positional information
extracted by the extraction unit.
18. A method of error correction of data read from a
disk medium, the method comprising:
acquiring error positional information showing
10 an first error position where there is a possibility
that an error has occurred among the read data;
extracting relatively accurate error positional
information from among plural items of the error
positional information to estimate an second error
15 position; and
executing error correction processing with
respect to the read data on the basis of the second
error position.
19. The method according to claim 18, further
20 comprising:
executing a read try operation when an error
arises in the read data at a first read operation; and
accumulating, in the buffer memory, plural items
of error positional information obtained by the read

25 operation and the read try operation.



