re3el>/i**+d,:6-~.6.T>W? - 1 TITLE OF THE | NVENTI ON METHOD AND
APPARATUS FOR ERROR CORRECTI ON OF REﬁﬂmmmmmwm Dl SK DRI VE BACKGROUND OF
THE I NVENTI ON 5 The present inventio | elates to the field of
disk drives, and in particular, to an erigf€orrection techni que at the
time of a read operation. Cenerally, disk drives, a typical exanple of
which is a hard disk drive, record data_onja disk 10 nedium and read data
fromthe disk medium by nmeans of a head. In this read operation for reading
data, the data is reproduced (decoded) by a read channel from a data signal

output fromthe head into user dﬁﬁ.%ﬁhmﬁ_f PFiggnal recorded data. 15
ic

In the read operation, there are cases an error arises in a data

bit row incl udegiptigendRtd EHrRls Gk R QUEREUCIOND P UED dArA
normal di sk drive, ECC data which is necessary for error detection and

correction (ECOINmOGHESH MR1ve 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 unit BACEBREONEOUDES THRE IGVEST IQRt ecti on/ correcti on

processi ng by using the user data and the ECC data output fromthe read

channel . 25 The err orTloorpmeeddron imrdntofon heeddXa Thn wexdvted too gdos error

correction ability if error positional information showi ng the error

posi tion at whi dialdnofmtdiskudgives,2 argh igr et toigouramd o arthewser dat a

can be acquired. Anong read channels in recent years, there has been

devel oped a rea@%@?ﬁ@oﬂ raddiispeantertdurtd it & qerd apffateioreal | ed

"EP unit") generating error.5 posjitional information fromthe decoded

out put of the user ddigPermielyEp dindk Yeheet & t'eiffl’Jo‘F""Jpo%"F"l”i‘R)]lf\%\I‘D’f nf or mati on

in which, for ex a bit tion which canno e disting hed as

el ther 0 or MMIGE 16 2 BTG G GTdHarE I a[oorb & i

Nanel y, e error 03|t|o aI i romation i ornatl omﬁn an e ror

position ra&t whi &F lr%r}‘ear} ar#]gﬂ% srloﬁtfltisq CIlhsa]i Hé (r)h red.

However, there are es i 1 ere an
aaly ngcf i “P’ﬁ ag{%f#@dﬁfbn £ &ML Ay adae@a 5cﬁ’$‘

error has actual occurre
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 in 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 correction (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

T
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"indicated as an error position, is included in the error positional

i nformati on generated by the EP unit. In the error correction unit, if
error positional information having lowreliability is used, there is 20
the possibility that the error correction ability will deteriorate nore
than in the case in which error positional information is not used. BRI EF
SUMVARY OF THE | NVENTI ON I n accordance with ore enbodi nent of the present
25 invention, there is provided a disk drive including error correction
unit for correcting data read froma di sk nediumusing reliable error

position - 3 dmfaii®t icburthe) dirskrl v € UEYd S8 bd Winkdg whi ch
reads data recorded on the disk nmedium an erasure unit which generates
error positionalarorrredd ahdmrels speaddadnty Waed ,r AthasiHdOmdwyi ng a
hi gh possibility of error anong the data read by the read unit; a storage
uni t whi ch accuridvatlepdade ergasd qiesirtd lonialicliudiorgredn ey asuwe go artrer
correction unit which executes error correction processing of data read by
10 the read uni t(haneiysifien @ ldradrt R ginitdnal gendoatiatd ermmcunul ated in
the storage unit. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs6 OF THE DRAW NG The
acconpanyiPng dr ®&sddgsiongi dinfarana ticy doran dde riegriiedmtinut o et of
the specification, 15 illustrate enbodi nents of the invention, and together
with the generaW%ﬁﬁuQQRﬂion gi ven above and the detailed descri ption of

t he enbodi nents gi ven bel ow, serve to Ial n the j hei es of the
nvent on. 'FIG 115 %0 O o RN o TR POt E T £20 of a disk

drive according t%i qﬁﬁg'”Ethﬂﬂltq%> reseyt |nveq$10n is a
bl ock di agram showig in pcprtl ons of a cﬁxs? ]b‘?ft ro cc]btrltﬁrhg to the

enbodi ment. FI G 3 ;8 daar{rlooe/\qﬁea geagtp%1 %sggepgh%pe\FfB Oorracjedulr s of

error correcti On Oper at1on accor i's a bl ock
dlagranlthMAngdﬂ%fklyywldyn%he 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, i1s 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
In accordance with one embodiment of the present
25 invention, there is provided a disk drive including
error correction unit for correcting data read from

a disk medium using reliable error position




- 4 of a disk controller according to a nodified exanple of the
enbodinent. FIG 5 is a flowhart for explanation of a nmethod of processing
error positional information according 5 to the nodified exanpl e. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Herei nafter, an enbodi nent of the present
invention wll be described. (Configuration of Disk Drive) 10 As shown in
FIG 1, a disk drive has a disk nediuml which is a recording nedium a
spindle notor (SPM 2, and a nagnetic head 3. At the tinme of read/wite
operation (recording playing-back operation) of data, the disk medium1 is
15 rotated at hisghk.speedohy the SPM 2. The disk nmedium1l is a magnetic
recordi ng mediumrecordi ng data by a magnetic recording system The

magnetic head 3 has aneead fead i degdiiedat et wh W iy headkddy
witing data. The nmagnetic 20 head 3 has a structure in which the read and

wite heads aredsepatatelryicabwnt etheorilsike @atRing! iateler asireheinitt he
magnetic head 3 is configured so as to be noved in a radial direction on

t he di sk medi umwhikh benegatesdedror @oraadomadi g fieeeaiicsmidy ch is 25
called an actuator. The read head is a read-dedi cated head for readi ng data
signal s f bom t hepeicsi yiedi am xramd pios igdoer dlalvwi nfgorrmid oy gross idgiidntty
magnet or esi st ance - 5 effect type elenent (a GWR el enent or a spin valve
type MR el enent PE ©Froffe agioher thendatehaemd by éed Hedamnifduét i ve head,
and generates a recording magnetic field_in accordance with the wite
current 5 suppl BE@TRESMUR Lk Hhd CRNRIGH e 2 teisd thgy fetiodaNap itdcdeds t he
data signal on the disk.medium1. Moreover, the disk drive_ has a
pre-anmplifier ciPEQFMeA10R7r GRG R C& TORamPdr SGHCR (&t B a di sk
controller (HDC% 6,u%n% arqjcro ro%ggﬁpr %p% 8“n;ocﬁhe U 85%§k}he mai n
control unit of tRAEYFISVET *8Fd CoATOIE™ K OFSSiTHit6hiGtg GPér &9%h of the
head 3 a t he d.tr rat i - re- ?;i r..Gl.:rcuit 4 has a read
anplifie?gand a%ﬁgig%aﬁhgﬁﬁfVe?8n¥ﬁ§%§éggﬁh%%ﬁ% i %%5%)#%%%5 15 the data
signal (read sigpgl)z2a¢b%da183¢ 830 the storage unit.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
15 illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram showing main portions
20 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
25 procedures of error correction operation according to

the embodiment.

FIG. 4 is a block diagram showing main portions



"and transmits it to a read channel 10 of the read/wite channel 5. The
wite anplifier converts the data signal (wite data WD) supplied froma
wite channel 11 of the read/wite channel 5 into wite 20 current and
transmts it to the wite head. The r channel 10 channel 11 processing 25
respect to (HDC) 6. read/wite channel 5 is fornmed fromthe read and the
wite channel 11. The wite executes pracegsing such as encodi ng and
recordi ng conpensation processing with the wite data WD fromthe di sk
controller The read channel 10 is usually a PRWML (parti al - 6 response
maxi num | i kel i h )a tY -dﬂﬁy r i Cl it ﬁ?g$ ; I Vi ded,
has an AGC anpl ?ﬁjgr C?Li%g{ %a Si gonla é}gfag%deas%lg{gd% té1 1, fapécfgg%ld%rrlﬂl%z, and
an EP (erasure RE MR JerHydinkd3:. The ACC anplifier 5 100 has an AGC
(automatic gain control) function, and maintains the | evel of a data signal
at a constant |evel. FHiw. si gingla PFOSRSISANG o4 tedPlan St 1697 0 £XANK Ehod
digital signal processing unit including, for exanple, a |lowpass filter, an
A/ D (anal og-t o HE ¢irgidesd9irpprarerdrerpo i tiagidlal irefuatd ziesn &dtebidiend i ke.
The decoder 102 decodes the data signal (digital signal) output fromthe
signal précessi g uriie i fiirtd exvdmpleal recorded data (user data RD). The
EP unit 103 generates error positional 15 information EP showi ng a position
where there is a hi gh pof&lBILEDy DERARIET ION: OF AHE JSWENIEON anong t he
data (user data RD) output fromthe decoder 102. The error positional
information EP is infrRknahtery vt ciiedineosef i Bre DRI Eannot be
di stingui shed as 20 either "0" or "1", for_ exanple, anong data of 8 bits,
is made to be anTerREHR YHlleMtatds395iP&%e error positional information
EP is informatio V\/rgeich shows an. er.ror positional area showi ng a data area
of 8 bits where t1éFed%H lrﬁrbrprgfsjﬁq%irﬁﬁ‘ﬁ/e)t hat an error has 25 occurr ed.
The HDC qoconfi gures An él{gvﬁ{fﬁ%e}?%?{ V‘f&%;@fslgi rkiYc:é;i Ve agddfsgost system
~ ata

7, and receives the wite ~ =" romthe host system 7, and has
t he function of NSt € - ' i£h is ato
t he host systeml&%@l?%gpf ng&%aé ﬁ%n%g@%éf%%@méi#ﬂfggﬁgﬁ HDC 6

of the enmbodi mentsds 8n Hd o n%lejr{éa&i?é edHid. (ECC unit) 60, a data buffer
menory 61, an EP buffer nenory 62, and an EP information extraction unit

63. Note that, in addit i tTERICIOF Fdd PG 6o i sérsiesoR (Rddod®ing
transmtting circuit and a data (including commands) sendi ng/receiVving
circuit which stglugtine-Hduk hasdrd it )f ace ddtid), tittee hbisdk sysdam 71 Ihe data
buffer nenory 61 is a buffer nenory for tenporarily storing the user data
RD transditt ed foadratlest tdie hriegid sgeethddy lithe TIRM dat a The fabirs remesd hure 11
usual |y stores user data in units of sectors. On the other hand, the EP

buf fer menory 62 sacc@agnateds tHRCardigry gwdiupngcerdivtgredaton IBP out put
fromthe EP unit 103 included in_the read channel 10. The EP 20 buffer
memory 62 accumi RENETIT KREATDNE S¥HeERDSt recent error positional

information EP1, a predeterm ned anount_of past error sitional _,

i nformation EP2. EPS.THE diadRaici i ReaTy3 olat e EFPOReRY; 196nareding

information. 25 JThe EP informatiqn extraction unit.,63 extracts (selects)
& it e iy

hi ghly accur at e ¥ d()sar %o G § e Shchy e pRREER and

past errof, pOSitﬂégENB 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
25 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



_ g _information EP1 to EP3 accunulated in the EP buffer nenory 62, and
outputs it to the error correction unit 60. The error correction unit 60
executes error correction processing of the user data stored in 5 the data
buffer nmenory 61 by using the ECC data transmtted fromthe read channel

10. At this tinme, the error correction unit 60 estimtes the error position
of the user data RD fromthe error positional -i nformation. 10 (Error
Correction Qperation) The error correction operation of the present

enbodi nent will be described with reference to the flowhart of FIG 3 in

addition to FI G%.fgeﬁge%e HarSherft r&acbé\gg%lﬁetlaéégg: gjr reading Jaﬁev ser data

15 from a designate rding area (a ata séector 1ncluded in a

desi gnat ed tracl@yé;%_n MR& 1 t1Rdi WA bind & SPaReH, Ithd R fad,opgrati on,
e darl

the CPU 8 of th ve positions the read head included in the head 3 on a
desi gnat ed track ot heydlicsk veediddn,1.am g rask C&‘Q‘Ht%r&ﬂmdd nputs, via
the read anplifier, the data signal read by the read head, and reproduces
t he user data (imenetiing fikd EGE daicyrdAdod avitde N vandd fawerrd0P, the
signal processing unit 101, and the decoder 102. Here, the EP unit 103 25
gener at es Ser r or sugsgd tiieshal ramfaomwrsitticoranfER. if ficem t leendisergrokatt iscaR0 wlecoded by
t he decoder 102. The HDC 6 stores the user data RD transmtted g _ from
the read channelret®nds tithe dhtte Bufdrerl mendihe 6lisit nddiun ie. of the read
operation, and accunulates the error positional information EP in the EP
buf fer nenory 62 (stéfPrQverHertdie tdiesk edigl ehdmel 2 10rS-anhsfies t he user
data in units of, for exanple, 8 bits to the HDC 6. The error positional

i nformati on EP i -5G¥idr fat idoF et ig-arrtan! piata shamialpozi t3 on)

where there is a high paossihility that an error has occurred. The data
(b1 at whi ch (HEE GBTH T 6 HHIoc biaTa v THAL T SR Thalo B 1 ed i s
an erasure which,.ca e di,stinguished .as either of ~0" ro"o1" At the
time of tlﬁ)e reatl}hoepre&%g‘ti%rﬁs \ﬁ%le IIg‘i]‘rneacanetr"?oolr %Jgts %é)ttlbecccgrrl%?’ vﬁ{éﬁ}‘l a read
error can be 15 Gt : . Dr etqg?

transm ssion pr occ%ggérfonlgse?cohret {bfoaérlistaﬁnotqﬁr?% Cﬁg t e%rgsc?fsys eﬁrr%)a?g?%:ldrhdser dat a
RD stored in theuffely epropdl@fder the error areas were corrected (NO

at step S2, S7 ) . 20 On tHe other hand, at the tine of the read operation,

when the error correcth®rnrdtdmdli Piet Nei HRG 6 det£sts Ped@aSIIPLephi Ch
cannot be corrected by one read operation, the CPU 8 proceeds to the read

try operation (Moo & watiefe SAuplSFieNanethye ddwed Chvp Bi Perexagplesidde read
operation again with respect to the recorded area where the read operation
has been léxecut etheordattee digrialrediand Isidieel )ICRe B rigpedis tdmd head0 read
try operations a predeterm ned nunber of tines. If the read error still
cannot be corredrst, tndnsgrs Sitgites agrd idhanndbnl @ e &t error cannot
be recovered to the host system?7 via the HDC 6. 5 At the tine of this read
try operation, iGfadeside enngl at- t Hee el ampliBiRE FgrE e, the
HDC 6 stores the user data RDtransmitted fromthe read channel 10, in the

data buffer nmendMif E2tat EEunE e 40 7 orSYRREI§ I OR 1# Ikt ® on EP
in the 10 EP buff 6 t 4) . dingly,.th t. tt

the past error GOATHITnaI i6h P G BB 1 T SCRUrO BB n the EP
buf f er menpry 62,5 %@%A(pf&rapﬁsgﬁﬁgseﬁ%;ﬁtﬁl o 63. 85t mates a hi ghly

accurate error posSition anbng Yy usi ng t he nost recent

to the past error posjgi g{@g%ﬁﬁ%ql%gﬂs@s EF3ACE URELAT efle | edde EP

buffer nenory 62 (step S for exanple, anong e error

posi ti onal i nf ordRadyi; ERY 4t ough JAPS- Obtiaimesh byy T eashopgsatd ons (read

try operations) of
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



" 20 three tines, only an error position detected as an error position by
read operations of two tinmes or nore is estimated as highly accurate error
positional information. In other words, the EP information extraction unit
63 selects, as highly reliable 25 information, an error positional

i nformati on showi ng an error position whose error frequency is relatively
hi gh anong the user data RD of, for exanpleg, 8 bits. - 11 The error
correction unit 60 executes the error correction processing of the user
data held in the data buffer nmenory 61 by using the ECC data transmtted
fromthe read c ; )31 AL i | ; rrection
unit 60 esti mat %@?ﬁg%ﬁﬁ@l&%ﬁ&l&@éﬁ%{& usts)}éj zﬂég%Dﬁrﬁc%Hn%ﬁeﬁfi ghly
accurate error Rasiduianaladd)f ¢rRld1Gn EXHIR ehdS e H®R)ariiy e EP
information extraction unit 63. The HDC 6 proceeds to the data transm ssion
processing 10 fanod,r anglidddingridie deserg datia RD1,f of dddicded heoer rag
correction processing is conpleted, fromthe data buffer nenory 61 to the
host system 7 (siremES7)erahsirdeerinted )ahmie;, 108 .acciredaGe amglh fier error
correction system of the present enbodinment, the error 15 correction
processi ng wi t h l0éspect aro AGte (esdomgdtia R Iim adhitdolad rieaccteromr drab
occurred is executed by using the error positional information EP obtained
fromthe read ch@imdlaing dthe Hevalnwofa tdata exidirgpleradt iorcqiatsnidi ng t he
read try operation). The HDC 20 6 of the present enbodi ment can use only
the highly accur&Veéler r Frepssigiadn AT AGFoT IR iWH byl Usidfy theE nost recent

to the past error po itionza, infaormation EP1 to EP3 accunul ated.in the EP
buf fer menory 6%\ Rife BEP Wﬁ@ﬁaﬁﬂ&?%tﬂ%&%%%ﬂn%&l%mwy, 25
because the err correction unit 60 can etsti mat e a/Iﬂi hl y, accurate error
position, the errdr KSR i &nq&mptase‘so can Bxecdit &1t eg"é}%{]oorg'ct@r_r ection

pr ocessi - W thor t.o the;.us. dat it h i.gh err.or
correcti g% abi | i]d[?lﬁlv%olpe ﬁ%%g’?e%tqeﬁ: 't e dpl;églgcrean aeecﬁ%)ao |£rlrgéartrft ,a%}ope&e% ?lolr]?e'

posi tional informati oy tRL tlfHZOL&%E&:CPe?S shawi 4 'E‘%Lg%a'ﬁr r&{igqo&'l tion (bit)

of the user data RD of, tor exanple, units of 8 bits, 1s accunmulated in the

EP buffer nmenoriGha1hhe anid st ik ofidhea Ei:ffd&'e&&?ﬂ(# hafxal Jgf or mation
EP1 to EP3 nay be 'a configuration in which information of, for exanple, 10

several bits perinpymdlidihdll Hcdrdad |Ro ediseandidtd aepmat i on of several
bits corresponding to the synbol is increnmented (+1) each tinme of receiving
obt ai ned error positiTmalEP nirrtret 0 D nyaceapas ye ot heo exietaria bn of t he
read operation. Further, it nmay be 15 a configuration in which information
of one bild i s alindoatred: imer By ialwirand ipdsrinedn othexfe difeeds tis a
corresponding to the synbol is ANDed each tinme of receiving obtained error
posi tional i nforvth &P Secidungdilyitipt e Sl iF FCAHE §DadwPT diion. 20

In brief, bit information formed fromone bit or several bitsger symnbol

may be al | ocat eded? t W8T 1Rt H IR iBHALE nfsreithoriesdfiul Hed i™He he EP
buffer nenory 62, and the o.per%ti,on I res.ultsErPof, executing a predeterm ned
operation with ARG TIREDh 1P T oh T or T ot EGHA WG 1 t he
synbol of the m\)NSr;[icrheCaergiterﬂoosri 100511'.,t 'vﬁiniaclh 'cngnor{on’gitﬁeondinsaé/inbgeuiussr?edd 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 data 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



- 13 (Modified Exanple) FIGS. 4 and 5 are draw ngs according to a nodified
exanpl e of the present enbodinent. The nodified exanple is a configuration
having 5 a determning unit 64 for estimating in advance an area (bit
position) at which highly reliable error positional information can be
obtained fromthe past error positional information accunulated in the EP
buffer nmenory 62. 10 Specifically, as shown in FIG 4, the HDC 6 according
to the nodified exanple has, in addition to the determ ning unit 64, an
extraction unit 65 for extracting only the highly accurate error positional

i nformation fro'@att%ew‘%frﬁronpgﬂch'h%’?c' JyHUnTBL | Ol QUL AR e EP

unit 103 included in the rea annel . Not€ that configurations other

than this structif & dh@nSitHindy the U‘s%rs'fdabt@ UEEH SO 14y Fdx@ réa@nd 2.

The configuration and operations of the nodified 20 exanple w |

described with idefter erceHheo Hode fdyewedrarz, of FIG 5. First, in the pr esent
enbodi nent, the HDC 6 stores the user data RD transnmtted fronlthe read

channel 10 in theotftigyuhuftfien ren®DC &) at the tinme of 25 the read
operation, and accunul ates the error positional information EP in the EP
buf fer nefory 62. Théidettawn mimmd i t2 64 lestid@at@of rtlealvemoedimenti4 an
area (a range of error bit positions) at which highly reliable error

posi tional i nfol@&t iaoh sddPheasBesitiad Wyidm (B pusitt erd®r gpoktd onal
information accunul ated in the EP buffer nenory 62 (step S10 5 Moreover,
the det erni ni ngPUfifereegerat &les Al Adowutiedr MANHY Vi c NS afeddsary for

maki ng only the e gsitional information of the estimated area pass
t hrough, and outlﬁ’tﬁosr % ragtient Wi - 63'q%& éé‘aé:l' 1)1 10 When t he
nost recent errar Sit nal i,nformati I nput from e EP unit 103 of
the read channel® dfigoc L& A&y (jfﬁ“eurﬁﬁb é‘g%ﬁ of (extracts)

only the,grror Rosiiianal JALIRLILONAS I he st ﬂ?é]tq}fjdﬂogg%o%ﬁu gy

posi tion by means e W™ or mat1on f termning unit 64

(step S12). The LAAMGHPIRGW Ny Wik BQ §AHCH E‘sstﬁfcftq{recocrk{ee dan

processing of the user data held in the data buffer nmenory 61 by using the
ECC dat a transmitied fac@mufite rerd Hhwannglstkéh At this tine, 20 the error

correction unit 60 estinates the error position of the user data RD from

the nost recent and highlgateldeiier eidnrPosi tiHnalbuhfor mdnery Wweeh has
been extracted (which has been passed through) by the extraction unit 65.
Thereafter, the tdipdiaridgeeto timg? I Heherstbat aldtreaRm tesdmemiprtose siong f or
transmtting the user data RD, for which the error correction processing is
conpl etedS fromthiee mmich dhefmirer]l righor yThe datth B1f fer thendwstélsystem 7. In
brief, the nodified exanple can exclude the error positional information
outsi de of the &stiatdied HTEs (SHh vty Ihalligst afec@atasor Qosihe onal 5

information by estimating in_advance an area (a range
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 positional information EP1l, 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



“of error bit positions) at which highly reliable error positional
informati on can be obtained in advance from anong the past error positional
i nformation. 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 ipgformation. As descri bed above,
in brief, in accordance with 15 the present enbodi nent and the nodified
exanpl e thereof, the error positional information which can be obtai ned
fromthe EP unitnG3 raa@ ideC il alettpant fihilatRepiitd el difpidmdd on whi ch
has relatively high reliability is selected fromanong the plurality of 20
error positionamemdfr@r w2t @hd Antputesult .td RrdAled ddr WGt AL LI T Or
occurs, a highly accurate error position can be estimted by using highly
reliable error pediticonal Thef ey @orddt@HeEOAANRC& R keyeWitdds &l error
correction ability of user data 25 in which a read error arises can be

i nproved. Addi t icomrale cadvantrages sarithgredi fiheatisers dstdd steadid yiroccur to
those skilled in the art. Therefore, - 16 the invention in its broader
aspects i & not Ithe deda dufiferspesiotive edetwi [us iard bhepEdEemtadta ve

enbodi ments shown and descri bed herein. Accordingly, various nodifications
may be nade witAd@nsadgdiad dgomy dhe ke shiannelorl Gcofed dhitshd igner al

i nventive concept as defined by the appended clains and their equival ents.
- 17 VAT | S CERSVEBTCS: CPIrIfHion d¢rilfe APsiSTf@adissk thedisiR%or recording

data, conprising. a.read i.t which reads data recorded on the di.sk

nedi um an gene%éi’tS - LRy tout\I/]\ﬁi u&@r’r’eldg’t%@slz&)r Pﬂbgg‘ﬁ irt&ar iRﬁsd'rq:rfﬁr}%n f or
speci fying an err Qsi.tion having a possibility of error anobng the data
read by the readnﬁkq%é%iqg”storage unit which stores the error positiona

infornaph%n; anq & Yy %%éﬁﬁigﬁ%gé-ﬁknﬂhiCh executes error correction

processi ng of new data rea uni‘t, by using the error positiona

information stored 15d ¢1& SRR UM oferathitori Sk dd Yeraagprding to
claim1l, wherein the storage unit stored information show ng a recorded

area on the di slenRdiwamn wihilChd kR datiddd wiagPridaddehed agetthey with the
error positional 20 information. 3. The disk drive according to claim1,

wherei n the geneatwahatt to fgdTey.at3es reradati tiesi ticorrlcd .nfloramt izon showi ng a
bit position estimated to be an error anong data decoded by a decoder
included in the 25 rébrainid .rehd Tk tskondra & er estiordgli trite tws et adamd,
wherein the generator unit generates error positional - 18 information
showi ng a8 errorfnessia idasalonarted fraaeed intbrarepredaesidnsde e of bits

which is estinmted _ _ i ]
sector included in a designated track) on the disk

medium 1, is supposed. In the read operation, the

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

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



"to be an error anobng data decoded by a decoder included in the read unit. 5
5. The disk drive according to claim1l, wherein the error correction unit
determ nes an error position anong data read by the read unit, from anong
nost recent through past error positional information stored in the storage
unit. 10 6. The disk drive according to claim 1, wherein the generator unit
generates error positional information to which is allocated bit
information formed fromone bit or several bits per synbol of data read by
the read unit. 15 7. The disk drive according to claim1, further

conprising: an e{hAttHOoNd4d tenshintl et ri%PttShé)’HaVcaerHLpﬂ'félosﬂén%Wlm
or

information having relatively high reliability as information

speci fying an ertortn0 e tdforthd r@ﬁoaragj&atﬂ%re,r rHd pesdimtles the
information stored in the storage unit. The disk drive according to
claim1l, furtherrmeppddingorlcdnicdndidn BE ch eXec Brepwrfead try 25
operation executing a read operation of data again fromthe sane recorded
area on the di skhemediyurG2zvhiertegn Sdrir.or He¥rd, hehdatrzeadarthdnndlhel @ ead unit
cannot be - 19 corrected by the error correction unit. 9. The disk drive
accordi ng5t o cl dinansnitisertdien udeah dat@ rigadintirys opfer didwredanmbecut ed by
the control unit, the storage unit stores the error 5 positional .

i nformati on genér &idS B tHe deiertat orTiqLr oD PO ifingd dim farmatenmdi ng
to claim7, wherein the extraction unit extracts only error positional

i nformati on showing Sat TR HER (SRAVIRE &1 BF 30k ROFHEHRTR vEAE hi gh

frequency from ano the error sitional i.nfqormation stored.in the storage
uni? y po§¥%1on where (here is a ﬂ}g possi filty(¥h££ an 9

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 to data
transmission processing for transmitting to the host
system 7 the user data 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



" 11. The disk drive according to claim1, further conprising: a disk
controller which includes a buffer nenory 15 that stores data read by the
read unit, and which executes data transm ssion with respect to a host
system fromthe buffer nenory, wherein the storage unit and the error
correction unit are included in the disk controller. 20 12. A disk
controller for transferring data read f+om®@ di sk nediumto a host system
conprising: a buffer nenory which stores data read fromthe di sk nedium a
storage unit which stores error positional 25 information for specifying an

error position hawWdg ROTPdHdtilonsOfa YPrdfe MM dN M NG @k LI T or
correction unit which executes error - 20 correction processing of the

data stored in tiife dhef frevadreymior, Sy IUSidihridte ey Iy r feesidd ondle igHwrgmat i on
stored in the storage unit. 13. The disk controller according to claim12,
5 wherein the erriorespesinatdrfdlcatrifoor Matatorthes egervar ataathdty ksn erasure uni t
included in the disk drive, and the generator unit is included in a read
unit whi ch decodesod@red dad tfhreomaste sdisslermedivirg tdred HITC gener at es err or
positional information showing a bit position estimated to be an error. 14.
The disk &ontroller ddcdhh igne af ditmsixeatherey ropewatekonyr Postihe onal
information is generated by 15 an erasure unit included in the disk drive,
and the generat ™2y €5 /A Jd&d §ire Aeddufisd QR g Wt £ dHPF r om

R Y
is estinated toc %nanrgelerlroori.n Jt%e @aecadibsukffeorntn{e%llcgreyr Galclc%rndc'l ng to claim12,

accumulates the error positional information EP in the

10 EP buffer memory 62 (step S4). Accordingly, the most
recent to the past error positional information EP1l to
EP3 are accumulated in the EP buffer memory 62.

The EP information 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
memory 62 (step S5). Specifically, for example, among
the error positional information EP1l through EP3
obtained by read operations (read try operations) of

20 three times, only an error position detected as
an error position by read operations of two times or
more is estimated 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.



" wherein the error correction unit determ nes an error position anong the
data read fromthe disk nedium 25 from anong nost recent through past
error positional information stored in the storage unit. 16. The disk
controller according to claim 12, - 21 further conprising: an extraction
unit which extracts only error positional information having relatively
high reliability as information for specifying an error 5 position, from
anong the error positional information stored in the storage unit. 17. The
di sk controller according to claim 12, wherein the disk drive executes a

read try operation lGRXeGWdNG & raad Qpaidid ib Axdatefaaid d5:.4p the
sane recorded area on the di sk nedi umwhen an error of data read fromthe

di sk medi um canrelr ree tden @ sy ridhe ferdhy Y eRit-0heli tin amé t he
storage unit stores the error positional 15 information acconpanying the
read try operatidata b3.f A rdatemoagntaloldyvenisfiory totan$faer rdatg data i nput from
a first device to a second device, conprising: a buffer nmenory which stores
dat a i nput fromtiraesiirtdtedddiriore t2@ aestdorchganeli tl OzhisdtestSdles &rtr or
positional information for specifying an error position having a

possi bi | i by of &hisr tdmeng thise edatoxr iapsuedtion tumd i i60stesddwiadess drhe
extraction unit which extracts on&%1error 25 positional information show ng

an error positi GFTRAVIPRE & hos &f ey usiegh darteqidh &romr dheaddrltthe

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 processing is completed, from the data
buffer memory 61 to the host system 7 (step S87).
As described above, in accordance with the error
correction system of the present embodiment, the error
15 correction processing with respect to the user data RD
in which 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 embodiment can use only the highly
accurate error positional information by using 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



“error positional information stored in the storage - 22 wunity and an
error correction unit which executes error correction processing of data
stored in the buffer nenory by using the error positional information 5
extracted by the extraction unit. 19. A nethod of error correction of data
read froma di sk medium the nethod conprising: acquiring error positional
informati on showi ng an first error positigs where there is a possibility 10
that an error has occurred anobng the read data; extracting relatively
accurate error positional information fromanong plural itenms of the error

posi ti onal |nf0rg§£I9Q§#Qc€5£bnﬁﬁg 39e§eﬁgﬂg ﬁerEtﬂoéihhgﬁ gggata on t he

execut i ng error correction processing wt respect to the'rea

basis of the seggggeggigﬁ RAsiEton. 20. The nethod according to claim 19,
further conprising executing a read try operation when an error arises

in the read data at fotir $hat§agdnopgeabreRenndndodifmendt, i Rtie ierrble buffer
menory, plural itens of error positional information obtained by the read

operation and tpesieadnklyinpermabt@8n EPL through EP3 showing the
ASI .A'9.ALL.AL.A".A _ALL.ALL.A° " .A'9.AL9. A9 y. A99. A L. AL .A..A " .AL .A
"L ALs. A9%. ALL_¥tKdrMp&sitdoaM(bit) of the user data RD of, for
}xsnld Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] caksahpapecabvafeTafc! MiSs, 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
several bits per symbol may be allocated as the error
positional information accumulated in the EP buffer
memory 62, and the operational results of executing
a predetermined operation with respect to the bit

25 information corresponding to the symbol of the most

recent error positional information may be used.



-' T$U 4d?Ez5_} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
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} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]calca]ca]calca]calcalcalcajcal M -!11Tk"# $XU&R&(b) d**+++, ./ 00f 33

5z66{78: <<<=}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcahga! =>>?@AABBB>DoDDEEEFGHI ?KFK_K-
LLMVRCaO&PPPdQ xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! dQLRRIRNRVSVVVVW WA XXXX2YY
YYYZUZZ77Z (Modified Example

[[[}xsnid_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ¢akeal qabsa@l takeR! [drdawingsl e ing to

3 dk )Y Z "aEat a| aaaEbb} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] gahedltakgakgahpakcalcaheapeakealkcahdahdakaal.ca! bcc9cccedd: d
; dFdt dddd* e2e_eeef

f M fffg%Uggggg} xsni dhZ] eepddl]ieal eac]am]lea]usa]aw]ocrﬁllwlmllml telvdaloca) ca) ca]
k* kkkkl2|g|I}xspxdatdrmpoahgapnapc@Fcip¢aps&pmaﬁaapcapcaﬁwapc&]ca]ca]ca]ca]

ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]canlK-9910%&'%
gl0%&' () F an area (bit position) at which highly reliable error

f109&' ()-"10%& ()-s10%& &) F, 1098 () - &10%&' () K} cE- 9910%& ° f'lO%&' (t)
Ss#10%&' ()- x3" POSEG&OP} vniema(cyom @RooRe( ph@pined from the pas

109& MIE- 99109%& * & ! 10%& F+10% £)t10%
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CZX9YNCO) 2109 (

2109&' )EP | % 10%&' () SPeCygCRigdy (S ShPIBYEE B8 s 108 BB %o Kk L

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 operations 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
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an area (a range of error bit positions) at which
highly reliable error positional information can be
obtained, from the past error positional information
accumulated in the EP buffer memory 62 (step S10).

5 Moreover, the determining unit 64 generates window
information which is necessary for making only the
error positional information of the estimated area
pass 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 correction 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
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61 to the host system 7.

In brief, the modified example can exclude the
error positional information outside of the estimated
area from among the most recent error positional

5 information by estimating in advance an area (a range
of 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 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 accurate 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

readily occur to those skilled in the art. Therefore,
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shown and described herein. Accordingly, various
modifications may be made without departing from the

5 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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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
an error correction unit which executes error
correction processing of new data read by the read
unit, by using the error positional information stored
15 in the storage unit.
2. The disk drive according to claim 1, wherein
the storage unit stored information showing a
recorded area on the disk medium on which the data is
recorded is, together with the error positional
20 information.
3. The disk drive according to claim 1, wherein
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
25 read unit.

4. The disk drive according to claim 1, wherein

the generator unit generates error positional
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included in the read unit.
5 5. The disk drive according to claim 1, wherein
the error correction unit determines an error
position among data read by the read unit, from among
most recent through past error positional information
stored in the storage unit.
10 6. The disk drive according to claim 1, wherein
the generator unit generates error positional
information to which is allocated bit information
formed from one bit or several bits per symbol of data
read by the read unit.
15 7. The disk drive according to claim 1, further
comprising:
an extraction unit which extracts only error
positional information having relatively high
reliability as information for specifying an error
20 position, from among the error positional information
stored in the storage unit.
8. The disk drive according to claim 1, further
comprising:
a control unit which executes a read try
25 operation executing a read operation of data again
from the same recorded area on the disk medium when

an error of the data read by the read unit cannot be
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9. The disk drive according to claim 8, wherein
when the read try operation is executed by the
control unit, the storage unit stores the error
5 positional information generated by the generator
unit.
10. The disk drive according to claim 7, wherein
the extraction unit extracts only error
positional information showing an error position which
10 has a relatively high frequency from among the error
positional information stored in the storage unit.
11. The disk drive according to claim 1, further
comprising:
a disk controller which includes a buffer memory
15 that stores data read by the read unit, and which
executes data transmission with respect to a host
system from the buffer memory,
wherein the storage unit and the error correction
unit are included in the disk controller.
20 12. A disk controller for transferring data read
from a disk medium to a host system, comprising:
a buffer memory which stores data read from the
disk medium;
a storage unit which stores error positional
25 information for specifying an error position having
possibility of error among the data; and

an error correction unit which executes error

Y
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memory, by using the error positional information
stored in the storage unit.
13. The disk controller according to claim 12,
5 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
which decodes data read from the disk medium, and
10 generates error positional information showing a bit
position estimated to be an error.
14. The disk controller according to claim 12,
wherein
the error positional information is generated by
15 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
positional area formed from a predetermined number of
20 bits which is estimated to be an error.
15. The disk controller according to claim 12,
wherein
the error correction unit determines an error
position among the data read from the disk medium,
25 from among most recent through past error positional
information stored in the storage unit.

16. The disk controller according to claim 12,
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an extraction unit which extracts ‘only error
positional information having relatively high
reliability as information for specifying an error

5 position, from among the error positional information
stored in the storage unit.
17. The disk controller according to claim 12,

wherein

the disk drive executes a read try operation

10 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

the storage unit stores the error positional
15 information accompanying the read try operation.
18. 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
first device;

20 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;

an extraction unit which extracts only error

25 positional information showing an error position

having a relatively high frequency from among the

error positional information stored in the storage
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an error correction unit which executes error
correction processing of data stored in the buffer
memory by using the error positional information
5 extracted by the extraction unit.
19. A method of error correction of data read
from a disk medium, the method comprising:
acquiring error positional information showing
an first error position where there is a possibility
10 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
position; and
15 executing error correction processing with
respect to the read data on the basis of the second
error position.
20. The method according to claim 19, further
comprising:
20 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

operation and the read try operation.



