* ;cdefe3elL: 6TL 1 TI TLE OF THE | NVENTI ON APPARATUS AND METHOD FOR

"VERI FYI NG ERASURE CORRECTI ON FUNCTI ON BACKGROUND OF THE | NVENTI ON 5 The
present in i es to an apparatus and nethod for verify an erasure
correctionwmmmwﬂﬂmwmwmfe., a function for correcting an error in the data

r epr oduced ecordi ng medi um using pointer information indicative of
the location of®¥ error 10 and an error icor+ecting code attached to the

data. Inr ic disk drives, errors in the data read from a di sk
ﬁ\mmmmmmcor rected by the conbination of random correction and
rec

and decodi
erasure c 1o, as disclosedritne USP tudlonbdrfbrrei nafter 15 referred

to as a "prior”sP? docunent"). This docunent describes a technique for
detecti ng an erARPARANE | AND iNETROR, FORAVERE EXENG t ERYSERE OCORRECELONON
using the information indicative of the error location, if random
correction fai | BINOWEON nf ormation indicating 20 the error location is
pointer information called an erasure pointer. The random correction
function incorporated i n magPRGKERAED @O VEE: AVIDE k@6t ed by the di sk
drives, using | ong commands. The |ong commands are mainly 25 classified
into a wite |ong coRf@naredentnihveetiap Welefag 6P aat aPparatdsskidand a
read | ong conmand for instructing reading of data fromthe disk. The wite

- 2 long commeaMiE 3R kR Yor HF Y e | ?/rW'JEPe,C?Br%CHf%]R, feRetiska
- t dat desi ted, b host. Wh th it | d
Crecuted Clnethes ot b obd G L Po bt nger g "Saner i0s SROEReTHE Gt on
d ECC) 5 d i d i d . t det ect
e darboatSadtER 250, FEkofBl Ay RAPHN a0l ad8tiEeS | O detec

directly store %ﬁfoﬂﬁ‘é@i&?”?ﬁ&f&é?ivga&v\ﬁ)eﬁh%ﬁg&’céﬁg%%?i ke Lbtgra read

data buffer without error correction. _ read long 10 comaend is
executedyot he opedahhodrPbr aBoLFELEIRYT £E68EI QPRLEEREYI Eof BheCARERGTI NG an

error in read data is suppressed. The inspection of the random correction
function is realizedIihyrveehtymubathee aisandetwes)reetbe8 in the
data read from a disk and decoded are often corrected
by the combination of random correction and erasure
correction, as disclosed in USP 6,119,261 (hereinafter
15 referred to as a "prior art document"). This document
describes a technique for detecting an error location
in data, and re-executing error correction using the
information indicative of the error location, if
random correction fails. The information indicating
20 the error location is pointer information called an
erasure pointer.

The random correction function incorporated in
magnetic disk drives can be tested by the disk drives,
using long commands. The long commands are mainly

25 classified into a write long command for instructing
writing of data to a disk, and a read long command for

instructing reading of data from the disk. The write



- 15 circuit is correctly operating, as will now be described. When a host
has issued a read | ong command to a nagnetic disk drive, the magnetic disk
drive executes the command. As a result, data containing ECC data is read
"froma disk. The data read from 20 the disk is decoded by a read/wite
channel, and then stored in a read data buffer w thout error correction.
Part of the data stored in the read data hkuffer is intentionally broken
(rewritten). The partially broken data is copied into a wite data buffer,
and 25 witten to the disk. After that, the operation of reading the
partially brokentpt@dmama the ek tS perdof Ipdet Nt &c cos danges iy ttha
normal read command. i - 3 If the randomcorrection circuit correctly
operates, the piatd aldrye-tsakasr dixitta haded Dyt @psppailadet y colerctled.
Therefore, whether the randomcorrection circuit is correctly operating can
be detected by viricteckomy admetdred jparéxadhiyeds oiden cetrathhsn befnan
appropriately corrected. As described above, in the prior art, whether the
random correct iBSf cienefatos torgenerateoperee’ nepeeechbioneedde etECS] ng a

| ong conmand. On the other hand, 10 whether the erasure correction circuit
is correctly optatihy TarmersirdverF¢t et t houfepondtel fatdrveefon. In
conventional magnetic disk drives, pointer information jis output dependi ng
upon the read/Wﬁ?té@%%%?n%¥?oﬁéc€?ﬂ?ﬁﬁ?9? %%@e%%rﬁ%fg.F%%T'nggﬁtF§$$es t he

i nt t] dition . in th [wri h |, J df di sk
Phe oper at 1 on ofot he GRat oL OH 8kt POt TECrT Eanrot B8 V&I ried

ondiwi e chankaro TRECHE 1501 cRiefr i sP G RRCPIRE Parkid Bped "

defect. There iy, eyep @iEﬁ?&thPf rdg%?rééégéﬂgz &H%ﬁe%ﬁgpkéadi§oﬁﬁpeated

to conmpile pointer rnformation, thereby estimting e correct polnter

posi tiom g Thus, -SRRYEAT L ONEke FROBE] | Endi SKeHRLYSES, ovhhghepBREOr M error 25
correction using the conmbination of random correction and erasure
correction, do geirdaveohheisanert ¥pe toneétoingfaneertyrthe eeaqure
correction function r - 4 (i.e., the erasure correction verifying
function) as theatancsi suppteysedfyi ng the random correction function using
| ong commands. BRI EF SUMVARY OF THE | NVENTI ON 5 Accordi ng to an enbodi nent
of the invention, thZhe inspeotidedod sheragadewnteskeetipor fwostion i ng,
in accordance with a read/ wite command froma host, reading of data froma
recordi ng redi uhf oreatiEeAgowf Vel Byt dhehberegoFanAgMnEar uAFtaAld 10
transfer of read data or wite data to or fromthe host. The storage
control 16? conpfikeditinier FOFreektBcPPBR2ESRE  gBReALl br oW B8ure poi nter
menory, error c rrect%og circuit, %nh%bktion cirguit _an grogrannablﬁ
erasure poi nt er “§BREFREGr. WHERefr BPSE5 88r FEELPBN2c 588 g&RBPaf 8P ™ g8 er at es

an error to a magnetic disk drive, the magnetic disk drive

executes the command. As a result, data containing
ECC data is read from a disk. The data read from

20 the disk is decoded by a read/write channel, and then
stored in a read data buffer without error correction.
Part of the data stored in the read data buffer is
intentionally broken (rewritten). The partially
broken data is copied into a write data buffer, and

25 written to the disk. After that, the operation of
reading the partially broken data from the disk is

performed in accordance with a normal read command.



i

“correction code in accordance with data to be witten to the recording

medi um the error correction code being attached to the data. The erasure
poi nter menory stores pointer information indicative of 20 a | ocation at
whi ch an error exists, the error being contained in data read fromthe
recording nmedium The error correction circuit corrects the error in the
data, read fromthe recording nedium by e asure correction and random
correction, using the error 25 correction code attached to the data and the
pointer information stored in the erasure pointer nenory. The inhibition
circuit inhibitsf tfiee efdoR s LEEEODoRO0dErcuit -cSrr@eheyabperhten)
attaching the error correction code to data to be witten to the recording
medi um when a sSpecghattivile soopamdditanhibetboseé aspexpeibedlyThe
programmuabl e erasure pointer generator sets, in the 5 erasure pointer
menory, specialcoporedtieedi nfOnem¢ fonej ndhebbengtiae| neatlomncasrantépnor
| ocation, in accordance with an erasure pointer setting command fromthe
host, the | ocat¢bncbit nis destgaat byl byeratingasanebpofiatectsdt biyng conmand.
The special pointer 10 information set in the erasure pointer nenory is
used by the errerechin@crhebherreartiabdlyobrekenapabarbasihe@ata witten to
the recordi ng nedi um by executing the special wite command, and read
therefromin actRREREErWpth GORBPHEPAr ead command fromthe host. 15 BRI EF
DESCRI PTI ON OF THE SEVERAL V1 Cg THE DRAW NG FILG 1 Es ahcggfigg ation
of an embodi ment of £Fce3CFEPEI28°R8Rri §iir 5PPoRTIPTFRAELE, 1WDEIFEER ¢iP&gr am
illustrating th g i k [Lve.acecqrdi he | ation,. bl ock
diagran1iIIustrg?ﬁ%gkt%§£%%%gk§5vg%%ﬁﬁé? %g g%g%%%?%g ?ﬁég¥g?h§ ?Ena bl ock
diagramillustrgting if‘fe&oﬁ‘éi g_r 2t h 8RGOE ohliGn HIDC éﬁ EHBG?Eh@? hanfl G 1
FIG 4 is a VIEM/USE¥U I'n explalning g spe0|?|c 25 exanple of an erasure
correction effeghethéfs tRel SrashkoVeBabbcthbHSEEAELDE thecBr-eeedure of
selecting a data sector used for verifying an error - 6 correction
function; FIG &pésadihbovenast bkl vetigieagwihBopeopedueerof a random
correction function test; FIGS. 7A and 7B are flowharts illustrating the
information. In conventional magnetic disk drives,

pointer information is output depending upon the
read/wriﬁe channel. Accordingly, unless data that

15 satisfies the pointer generation condition in the
read/write channel is read from a disk, the operation
of the erasure correction circuit cannot be verified.
Moreover, to output pointer information of high
reproducibility from the read/write channel, the data

20 read from a disk must contain a clear defect. There
is even a case where data reading, for example, is
repeated to compile pointer information, thereby
estimating the correct pointer position. Thus,
conventional magnetic disk drives, which perform error

25 correction using the combination of random correction
and erasure correction, do not have the same type

function of verify the erasure correction function



- 5 procedure of an erasure correction function test; FIG 8A illustrates a
portion in which data is rewitten to generate data for the erasure

correction function test; FIG 8B illustrates portion in which data is 10
rewitten to generate data for the erasure correction function test; and
FIG 8Cillustrates the error |ocation designated by an erasure pointer EP2

generated for the erasure correction functd on test. 15 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON An enbodi nent of the invention will be described in detai
with reference to the acconpanying drawings. FIG 1 is a block diagram

ilTustrating the configu adiDfed Gorpapeibs ¢eskegrhyerdfc-acerrdipg to 20
an enbodi ment of the invention. As seen fromFIG 1, the magnet 1 ¢ di sk

drive (hereinaftigs feieti®d ¢ wsrafyitPE)e 10an@oml yorosptisas a di sk
encl osure (hereinafter referred to as a "DE") 11, read/wite channel

(hereinafter refwi¢edonh ouabn@nloky Watmaneés.) 25 12, hard di sk controller
(hereinafter referred to as an "HDC') 13 and CPU 14. The DE 11 is connected
to the RFRWchannel 12, and PREEBr S8MMABBEpOFoBHBf INVENIEON | - 7 signal
(record signal) and transmni ssion of a read signal (reproduction signal).

The DE 115 conpri ses Acdps@ipgngnedncenbekinedfuaf the fvvep&éendi ng data,
and head (rmagnetic head) 112. The disk 111 has two_ 5 di sk surfaces, i.e.,
the upper and | BR¥eohesProyifedst oherasetfentreklenrfakes of the disk 111

forms a recording surface for netically recordin The head 112 is
oeated corr et PESa ol At v L EE o HeR B ke 19omReRd road

d he d d d d d
Uher of rom The WEaR F 13076 o LML 06 WBHA Farivcl bf CS-Pehd MEaACHnd wit e

head (none of “@fcbri§1§§p¥@)daEQetée@Heh?égokélﬁggﬁgﬁﬁgﬂreéhat'Ve head (MR

head) forned of magnetoresi stive | enent. The wite

head is pf inductiNerbeadef pragdqgtaag,yi ndueti ¥ethht - bl mrghergat . The DE
11 further conprises a spindle notor (hereinafter referred to as an "SPM')

113 for rotatingokbe drek dddragétdeherolidranempeadekCatii Bi-egrat ed
circuit) 115. The actuator 20 114 supports the head 112 and radially noves

it over the dis&otdctibr astigayenctddoepnprasaseapybheercakehonyt, or
(hereinafter referred to as a "VCM') 114a as its
error correction circuit, inhibition circuit and
programmable erasure pointer generator. The error
15 correction code generator generates an error
correction code in accordance with data to be written
to the recording medium, the error correction code
being attached to the data. The erasure pointer
memory stores pointer information indicative of
20 a location at which an error exists, the error being
contained in data read from the recording medium. The
error correction circuit corrects the error in the
data, read from the recording medium, by erasure
correction and random correction, using the error
25 correction code attached to the data and the pointer

information stored in the erasure pointer memory. The

inhibition circuit inhibits the error correction code



- driving source. The head I C 115 conprises a wite anplifier 115a for
anplifying a wite signal supplied 25 fromthe R ' Wchannel 12, and a read
anplifier 115b for anmplifying a read signal read by the head 112. In the
HDD 10 shown in FIG 1, for sinplifying the - g description, it is
assuned that a single disk 111 is provided, and the head 112 is | ocated on
one side of the disk 111. However, a plura ity of disks 111 may be stacked
on one another. Further, each surface of 5 the disk 111 nay be a recording
surface, and respective heads 112 may be provided for the recording
surfaces. The RaNShansel £dcn |5t Ba & Ol 1 08L85H N Fhedd €0 Ofo@Xegdlt | Ng
various signal processes, such as a 10 process for subjecting a read signal
to anal og-todi gided {NVEY wenvessi o, tife processii@rmediondi ngheviise data,
and a process for decoding a digitized read signal. The HDC 13 is a storage
controll er conngmderth) ovit htee RédMcdradinBtod 20 h €Rb 49 Bndemstt€dost Tlsg st em)
15 20. The host 20 is a digital device, such as a personal conputer, which
uses the HDD 1(rddmamind 18 dessardaseineerfenerditmetsens f oinrelei ving a
comand (such as, a wite comand, read command, etc. ) fromthe host 20,
and control | i ngeltaf@lltﬁ? PEIEe DIMBOEY { 0SPOChnl Pe batehel WER¥MaDiOThe HDC 13
al so has a disk control function for controlling the transfer of data to
and from the di¥kd49aCAG 3 kO T W RhathetD 197 Thel MERE 497 f Utk her has ECC

data processing fuiﬂilon for eneratln ECC da % that,is to be attached to
the data 25 (WF%e® ?%Set%F @Qi??%ﬁ 5 PHE" ?Eksﬁﬁﬁln%nﬂo%%?? cting an

heret o, EP?oga%POIﬂe@h%or?se%% o) Bstrror ety therTabfi E%ﬁ‘%?e?andow
DD 10 The. CPUTIASCoRPOIS The TEITS AW Cdhnel 2 Brd- PO A5 o |
accor dange 5 W {iebhigacO0h 6Lt PLROERE SLOLELe! Polnt EAUnORbYy TBHDLYLARCM,

not shown. The CPU 14 perforns control for verifying the erasure correction

function of the,{DEhdOeiRoACEoF HaBEEOM ENranitnebr yetiostf sanetherhoat 20,
in particular. 10 FIG 2 shows the configuration of the RrRWchannel 12. The

R/'Wchannel 12 gstprwsestan anathg reoordend Adiumgbal éxecut2@g Yheerb
decoder 123 and timng recovery controller 124. The anal og front-end 121
has a vari abl e g@éqiahpwriterc@Mﬁﬁ@d/aaaﬁogeadltherisramdianalog to-digital
converter (none of which is shown). The sampling clock (read clock) of the
anal og-t o- di gi tatcevAzReeerith ayhehmahi zeadwronmand Ereekthenasél cl ock)

of the data witten in the disk
15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a block diagram illustrating the
configuration of a magnetic disk drive according to
an embodiment of the invention;

FIG. 2 is a block diagram illustrating the

20 configuration of the R/W channel 12 appearing in
FIG. 1;

FIG. 3 is a block diagram illustrating the
configuration of the HDC 13 appearing in FIG. 1;

FIG. 4 is a view useful in explaining a specific

25 example of an erasure correction effect;
FIG. 5 is a flowchart illustrating the procedure

of selecting a data sector used for verifying an error



- 111 by the timng recovery controller 124. 20 The R/'Wchannel 12 further
conpri ses an encoder/decoder (hereinafter referred to as an "ENDEC') 125,
wite synthesizer 126, an NRZ cl ock generator |27, thernmal asperity
detector (hereinafter referred to as a "TA detector™”) 128 and code
violation 25 detector 129. The ENDEC 125 converts the data decoded by the
Viterbi decoder 123 into NRZ (non-return tgo zero) data. The resultant NRZ
data is transferred as - 10 read data to the HDC 13. The ENDEC 125
code-converts the wite data (NRZ data) transferred fromthe HDC 13, and
converts it intgNRLt{dPrekeitidghto zero inverse) data. In the code
conversion, for exanple, each data 5 itemof 32 bits (four bytes) is
converted into 34-bitrcata. idhe frdvehsynt heshgerad2ogmeheal yreesanates a
base cl ock needed for generating a wite clock. The wite synthesizer 126
can vary the frefjuencnddn tdrer bast o | Hiokct ldve tNREFE cl ock generator 127 10
generates an NRZ clock corresponding to NRZ data, based on the basic clock
fromthe wite synt hEs¢Zer 7A28nAndBt dre ofitpuchafttshelbgabtakzéngl’le The NZR
clock is transferred to the HDC 13. The TA detector 128 nonitors the out put
| evel of % he arrifoediontobnh ISragure coerectionefweeuierneessd! t her mal
asperity (hereinafter referred to "TA"). TA neans the ghenonenon.caused by
the thermal energy thaf-oB2utslyserabeshe eortispohtofhifk fAaka 1£2 and the
surface of the disk 111. In the phenonenon, the nagnetic 20 resistance of
the MR head (MF@fehert) 9 %mﬁgaetaet%a‘mef%ﬁytlg?g F#P¢ant F9TERGRhYB™t he DC
| evel of a read_.signal ,Jhe TA detector 128 conpares the output |evel of

t he anal og fronjt=1g 1'% Th a preset threshold value. If the output |eve
of the analog front-gag 2551241 6xpeedss! b5, pigHcal Bheshobdeualue, the TA

detector 128 determ nes that as occurre and outputs a flag (TA flag)

F1 that shiows "JlowP YeMNED gerieddte Tdats S6FUERENIradiiBe COYEr¥ERL BRI ON
detector 129 detects a code-Vviolating binary sequence In units of a

predeterm ned bfgektsbRerésn, ughys of 34 bits in this case), fromthe

bi nary sequence input fromthe 5 Viterbi decoder 123 to the ENDEC 125. The
code violating binaryiseqeenceliistaaspecthecepabtelbchbabni dephgtatedm ned
to be an error and that has, for exanple, all bits set to "1". The code

vi ol ati on det echprad28rastpeit sodnténgeP2odengratatli 6orfthg) eFastbet hat
shows "1" only during the period corresponding to the detected
code-vi ol ati ng ¢¢reeytsequensetidhet® W channel 12 further conprises an
error location detector 12A and erasure poi nter generator 12B. The error

| ocationldet ect or 12A 1PFJREAR bGP i 'GH | VISR @t a needed for
gerier al 19 a0 erasu £oPRURSSLbl AScpLenec L in o, TAL! A B rgm the
detector 129, and gn erasyie,polpler, sgl eStigl $LaBRLEVPRy" 2 Tvings.
FIG..l is a block diagram illustrating the
configuration of a magnetic disk drive 10 according to
20 an embodiment of the invention. As seen from FIG. 1,
the magnetic disk drive (hereinafter referred to as an
"HDD") 10 mainly comprises a disk enclosure
(hereinafter referred to as a "DE") 11, read/write
channel (hereinafter referred to as an "R/W channel")
25 12, hard disk controller {(hereinafter referred to as

an "HDC") 13 and CPU 14. The DE 11 is connected to

the R/W channel 12, and performs reception of a write



- 20 the HDC 13. More specifically, the error |ocation neans the region
ranging froman error start location to an error end | ocation. The erasure
poi nter selection signal EPSS designates whether the error |ocation should
be detected based on only the flag F1, 25 only the flag F2, the |ogical sum
of the flags F1 and F2, or the logical nmultiplication of the flags F1 and
F2. The erasure pointer generator 12B gener ates - 12 an erasure pointer
EP1 that indicates the error |ocation detected by the error |ocation
detector 12A. The erasure pointer EPl is pointer information that indicates

the |ocations ofj 84Dl frddbo Al Si LD I BSPOPEENEnL Os 0 S8C4 OFeadN @ kind of
bitmap in units of, for exanple, bytes. In the enbodinent, only the bits

assune "1" whi cdi @£l | edpieesud i dihes Pyt gl consthé UDE UL t BEmSF BSEE ea poi nt er
EP1, and correspond to the bytes included in the error |location (the 10
regi on rangi ng dioin anagti¢oic sibsk hedatmpdPNll D Aer erecoreimyg| dgdad) on)
detected by the error location detector 12A. The DE 11 al so conprises a
write pre-conpersdtibead2Qradivet i i heagr el tonpehat @i sk 2L toraectwot he
recording waveformtimng for the NRZI 15 data output fromthe ENDEC 125.
The dat a bt ai réislafserfagestihidigr cORe cePPoh @@doﬁ@%%¥ esesr i tAtdata to
the wite anplifier 115a of the head I1C 115. FIG 3 illustrates the
configuration ofedfe PEE a5, thmediple 98rEa7pFi QEsthe ndseki ht brfares29

controller 131, disk._ interface controller 132 d CPU interface 133. The
host interface BOTRFITG, SUBRATE Lo hABRSEL FRhlY oReAOFOLEY| AEERT ace

trol f ti . Th i interf troll 32 h b ti d
comrol Lunctl o Thed: Sho! M of Lacegontrol Let, 172, hag the posverenyione
interf ith . i I i . Sj | EPSS i
[niertace v th hecCFl) A6, besecpsyte, poinLeb.gdlechi gpy plonal €SS
a certaifybit to,ofQFd8XalREE tolthbNdBseONI fOhnfegbalisT (£88koahewR) Vi a

the CPU interface 133. The HDC 13 al so conprises an error correction

circuit 134. Theaearhe£OEr6@l i ONhEI RERHt 1183416 gorbRpEbSi68 BELQr contained
in the NRZ data (read data) transferred thereto fromthe R/ Wchannel 12 via

the disk interfaseme@ndrobl eead3deadsang whetEQRedat anahtachedhtioht he dat a.
The error correction circuit 134 conprises a randomcorrection circuit 134a
and 10 erasure showetti ofihei readthé8dbisThemagndboresisettveohesdr ¢MRt 134a
corrects the error of the NRZ data, using only the ECC data attached to the
data. The erasupeadbr fermednotirart exdubleor penagneheresiorive tHB) NRZ
data, using the ECC data attached to the 15 data and an erasure pointer
stored ih°an eras@renpoi nTef Wekbeyhead, 18edtr tBdUCEaver hegfeformge

correction by the erasure correction _¢circuit 134b is
y o% an %nductgve thin—fgim eiement. The DE 11 further

comprises a spindle motor (hereinafter referred to as
an "SPM") 113 for rotating the disk 111, actuator 114
and head IC (integrated circuit) 115. The actuator

20 114 supports the head 112 and radially moves it over
the disk 111. The actuator 114 comprises a voice coil
motor (hereinafter referred to as a "VCM") 1ll4a as its
driving source. The head IC 115 comprises a write
amplifier 115a for amplifying a write signal supplied

25 from the R/W channel 12, and a read amplifier 115b for
amplifying a read signal read by the head 112. 1In the

HDD 10 shown in FIG. 1, for simplifying the



- called erasure correction. A description wll now be given of error 20
correction perforned by the error correction circuit 134 using the erasure
pointer. The error correction capacity of the ECC data is related to the
nunber of bytes (the nunber of synbols) of the ECC data. In general, when
the read Solonon (RS) code is used as 25 the ECC data to performerror
correction, ECC data of two bytes (synbol ) i-s needed for correcting an
error of one byte (synbol). One of the two bytes is used to - 14 specify
the | ocation of an error, and the other is used to correct the error.
However, when theseriorid.ocaid of i sk Belorghandy 1dfqifykisiused as an
erasure, errors correspondlng to the nunber of bytes 5 of ECC data (the
nunber of redungdanti S3dPoAK) G EagorTEC £dl Gta @R SRMBnACSOaEi pgly, if
the error location of data is appropriately detected, and | ocation
information i ndilcatdivek af11 he swevet pcatpbirdertprof odbskonlinfoapati on),
i.e., its erasure 10 pointer, is used, an error of one byte can be
corrected usi npECE ataited ofn omee byh@thén. ot Fertmer dseaeh asurfaceroécti on
can be perfornmed. An advantage exanple of the erasure correction will now
be descritbhed witthe ré&fsk ehktle nay 6 a4reqorélmy qushaos, agnéxanpl e of "three
interleaves (3i) x seven bursts (7b)". "Three interleaves (3i) x seven
bursts (7b)" nmEzEPeREtVe Heeadprbbt2 gray nberpeavededf font Bhef bpcexdipre,
one-sector data forned of 512 bytes ranging fromthe first byte to the 20
512th byte) is YHE¥eand random errors of seven bytes at naxi mum can be

corrected for each i ter# ve, In t?gr.mords. "seven bursts" ans t hat
the meximum total bubet RERGERRRRel. 12¢ hE fashAORLrRAGORFSORPeBEN SR bur st
I th f dat d j f h
Rt o] bave, Cnsi T e R P AL EEN e et AR e B oy B eat s

at tached for eaghod gl er oaveup!act NE eXarpLe Ofana1 18 oFlG,glcodssum that

an error occurs in data of ser nty-two es rangi ng omthe fifth

byte to the 26tdy byt g1 YRy 6N BsRvensiyAedai Praddsbykss £RREASAGE QL idat a)
and crossed. Since, in this case, an error of 5 eight bytes ocCurs in the

second one of tdetd hreedi atgrbeayesrortdeannohgbe gopiecked. réharefore, the
"two erasures (two-bytes erasure correction) + six bursts" schene is

applied to the segad. i nTlkee | Bvel 8oignabkeothgeecontrobdieectonneckeduit 134
to perform 10 error correction. "Two erasures" neans that an error
to the R/W channel 12, CPU 14 and host (host system)
15 20. The host 20 is a digital device, such as a
personal computer, which uses the HDD 10, The HDC 13
has a host interface function for receiving a command
(such as, a write command, read command, etc.) from
the host 20, and controlling the transfer of data to
20 and from the host 20. The HDC 13 also has a disk
control function for controlling the transfer of data
to and from the disk 111 via the R/W channel 12. The
HDC 13 further has ECC data processing function for
generating ECC data that is to be attached to the data
25 (write data) to be written to the disk 111, and

correcting an error in the data read from the disk

111, using the ECC data attached thereto. Error



"~ of two bytes at maxi num can be corrected using an ECC of two bytes and an
erasure pointer of two bytes. In other words, "two erasures" neans that the
burst length (erasure correction burst length) of data that 15 can be
corrected by erasure correction is two. The application of the "two
erasures + six bursts" schene to the second interl eave enabl es even an
error of twenty-two serial bytes to be corgected. Referring again to FIG
3, the HDC 13 conprises 20 a read data buffer 135 and switch 136. The read
data buffer 135 tenporarily stores read data in units of data sectors.
Specifically, therreaeisatasbyéfesrisd® syotrs tbRoNRLt dahackr apafienr ed from
the RFWchannel 12 and obtained before error correction, or the NRZ 25 data
error-correct edcbyrébeioandom epssecéi odreeetioh. 13%Re0CPBr a8uUie €herection
circuit 134b. The switch 136 switches the output destination of the NRZ
data - 16 trmashecoedrblidartihe AW EDENhEL 12hel GPUh24noontkodtate, the
switch 136 switches the output destination of the NRZ data to the read data
buffer 135. In Bhé¢iPBt1lspeB/ Wi channed [2iasd BpeclBi énnpdeprdeheeswitch 5
136 switches the output destination of the NRZ data to the error correction
circuit 134. Wehthheh@ogenbpohaBregsaRdshoreddinofgresnaRdy WREOLPU 14
sets the first specific state via the host_interface controller 131. The
HDC 13 further égﬁ%}is%@tasﬁéwﬁrog?%ﬁnﬁgpeléraéﬁﬁ@rﬁéiﬁPBFr@énéPétor 137
and erasure pointer _nenory, 138. The progra bl e __erasure i nter ner at or
137 generates tHETeTHbRPeLREI REBPUERLCORSF GhAPBATH)CLACEr ASUFBSPHER: or
setting command, fromthe hqst 20, .The_er Lnte 38,.stares 15
t he erasure poi @e%nEﬁﬁchgﬁﬁE? Whgﬁe?as§§§£§8gﬁk8% Eﬁ%ﬁg?BéPgogFo%gd in
the erasure poinfer pempy, 138 is used for erasure correction performed by
the erasure correction circuit 134b. The HDC 13 yet further conprises a
wite dagg 20 buffer 339, 2EQEog@NeRat @bn¥3huaad 15w beh th3Br,/fhe wite data
buffer 139 is held in a random access nenory (RAM, together with the read
data buffer 135chihfew ibe daeha RyWfehahd8lt enpebapirli¥est ahesnalldgunits of
data sectors, wite data transferred fromthe host 25 20 via the host
interface contrékbat-2434. 1Zhe EGGaféneratlor, 18Atgeber deesdeCCldat andn units
of data sectors based on the wite data read fromthe wite - 17

timing recovery controller 124. The analog front-end

121 has a variable gain amplifier (VGA), analog filter

15 and analog-to-digital converter (none of which is
shown). The sampling clock {(read clock) of the
analog-to-digital converter is synchronized with the
clock (channel clock) of the data written in the disk
111 by the timing recovery controller 124.

20 The R/W channel 12 further comprises an
encoder/decoder (hereinafter referred to as an
"ENDEC") 125, write synthesizer 126, an NRZ clock
generator 127, thermal asperity detector (hereinafter
referred to as a "TA detector") 128 and code violation

25 detector 129. The ENDEC 125 converts the data decoded
by the Viterbi decoder 123 into NRZ (non-return to

zero) data. The resultant NRZ data is transferred as



- data buffer 139. The generated ECC data is attached to the wite data, and
the resultant wite data is transferred to the RRWchannel 12 via the disk
interface controller 132. The switch 13B switches the 5 output destination
of the wite data read fromthe wite data buffer 139. In the nornmal state,
the switch 136 switches the output destination of the wite data to the ECC
generator 13A. In a second specific stateij§second specific node), the
switch 13B 10 switches the output destination of the wite data to the disk
interface controller 132. Wen the host 20 has issued a wite | ong conmmand,

the host interface; contd old ernhd3ipset s, t hensenonte SPegi ddge St Perds
description will be given of the operation of 15 the enbodi nent perforned,

for exanple, tanenditd Neated apue goF4 pctiMMs Fanedd ofrh the ep@sus e
correction circuit 134b included in the error correction function of the

error correcti ah®idonwdrid34it Redes rNmyl f (nsh-tottihe tboxeharineérst G 5,
the process of selecting 20 a data sector for verifying the error
correction funcdaton. wiin tee desds i deolvetsiaccofdaneseamplid, aegommaada
supplied fromthe host 20 to the HDD 10, the CPU 14 sets, to Al, the random
correcti dn burstterenyt B rakdon RO | eyiged) Lsedonvierhedrindondédpiction
25 circuit 134a_of the HDC 13 (step 501). Subsequently, in accordance with
a command fromd&e® hostheorite THuLhasyener be st sty daereY RS dat a)

correspondi ng to one 8 sector, and stores it in,the ite data
buffer 139 (stéb]%ﬁﬁﬁ.cyﬁéﬁrﬁ?%éﬁé FOT aBRRPHRRERIWR t FEACFi F5PCEeek command

f t he host t he, CPU 14 t Kk trol f [ t he_head 112
T TR
ins i SS | :
| ogi cal bIockgdégre%%giimgf%%gign%?%sN%Et%?§§%9$§%%€g3§rf%%9t%e first test.

Accordi ngly, th&e#ﬁ%%téézahsbrﬁ@@ﬂoé? &8?1:&%1@815%%&%3%%21911%@5% ontrol at

step 503. At step the CPU 14 sets, to 1, bl ocks

(sectors) to acs£ssd oM tHéSpssatec168R EFbh1éneoRti ebSsyRenukibbng of test
data to the disk 111, and the reading of test 15 data fromthe disk 111

(step 504). As m26estditthé heutpht ovfnghéestudaisewr1220g and xerding are
executed: Firstly, test data corresponding to one sector and stored in the
wite data buf ferodB9issttamansféereedtdothbeHBECCLgeneThe oOTA13Atgchothe
switch 13B. The ECC
128 monitors the output level of the analog front-end
15 121 to detect the occurrence of thermal asperity
(hereinafter referred to "TA"). TA means the
phenomenon caused by the thermal energy that occurs
due to the collision of the head 112 and the surface
of the disk 111. 1In the phenomenon, the magnetic
20 resistance of the MR head (MR element) is changed to
thereby significantly change the DC level of a read
signal. The TA detector 128 compares the output level
of the analog front-end 121 with a preset threshold
value. If the output level of the analog front-end
25 121 exceeds the preset threshold value, the TA

detector 128 determines that TA has occurred, and

outputs a flag (TA flag) Fl that shows "1" only when



" 20 generator 13A generates an ECC for each interl eave based on the test

data corresponding to one sector. The ECC generated for each interleave is
~attached to the test data. The test data with the ECC data corresponding to
one sector is transferred fromthe 25 HDC 13 to the RFWchannel 12 via the
disk interface controller 132. The R/Wchannel 12 converts each 32-bit data
itemof the test data (NRZ data) - 19 +transferred fromthe HDC 13, into
a 34-bit code. The RFWchannel 12 also converts the resultant NRZ data into
NRZI data. This NRZI data (with ECC data attached) is sent to the head 112

via the head | Gally Q@i Wd [t ehd dde ¥ SKadiddn et e heathr d12. The
NRZI data is witten to the data sector S1 on the track Tl designated by

the LBAL. The dafteedtd td etbd&d-¢hEl deimy Seidfy He@reide i agkidd 68 read by
the head 112. The thus-read 10 data is transferred to the R/ Wchannel 12
via the head | G IdedcfteridWd einet d2zeoeriisitdhecf eddl watsa imto NRZ
data and then converts it into the original code. Further, the error

| ocati on det ectidrid 2fasd) t herd Withamiedri 2selstents iimput ofadmobhef an
error 15 contained in the read data. The erasure pointer generator 12B
gener at e an erdstgrbpolenete EF23 nelp clhe VENIEC t heS det Blee edlo@er or | ocat i on.
The erasure pointer EP1 is transferred to the HDC 13 together with the
code- convert ed W { N RisRa)Y IYer¢hel HOE aBeci hiC pakteen pbihafer EP1

is stored in the erasyure pojnter nory 138, and the NRZ data_(read data)
S Prput to the e e PR St e R AR S9E00] 814 NEPGE oRoF nt EPF ace

controller 132 and swtch 6., The erasuge,correction circuit.134b of the
error 25 correc‘?’f%ch?’rc ]rf?ii]ﬁfs c%ﬂe% he e k?%rc??iet}zljeog%{:éoﬁy erasure

correstion, usiag.4 e, FOpdaia: st ached 10 {06.0RF: data: biiPHI L0 phe error

correction circul he e ure pornter Store he

erasure i nt er By 380 1 Ok e @LALky Nand, pLPeo§a89PM E86HEERL 0BG

circuit 134a corrects, by randomcorrection, an error that my exist at the
| ocati ons the detected code-violating binary sequence.

The R/W channel 12 further comprises an error
location detector 12A and erasure pointer
generator 12B. The error location detector 12A
15 detects an error location in read data needed for
generating an erasure pointer, in accordénce with
the TA flag Fl1 from the TA detector 128, the code
violation flag F2 from the code violation detector
129, and an erasure pointer selection signal EPSS from
20 the HDC 13. More specifically, the error location
means the region ranging from an error start location
to an error end location. The erasure pointer
selection signal EPSS designates whether the error
location should be detected based on only the flag F1,
25 only the flag F2, the logical sum of the flags Fl
and F2, or the logical multiplication of the flags F1l

and F2. The erasure pointer generator 12B generates



"5 not indicated by the erasure pointer. Thus, the error correction circuit
| 34 corrects an error in read data, using the conbination of random
_correction and erasure correction. The error-corrected data is stored in
the read data buffer 135. 10 If error correction by the error correction
circuit 134 succeeds (step 505), i.e., if reading of data (test data)
succeeds, the CPU 14 determ nes that the data-sector used for the test data
witing and reading is suitable for verifying the error correction 15
function. In this case, the process for verifying the random correction
function (randofm cOFdetd Gbofnnet i tesd) isdpesfos mege dfroen the other
hand, error correction by the error correction circuit 134 fails (step
505), i.e., if 1deatend dgraitsativy (tiestetadn)l@Oaf boh Sdetdet&PULIA.
controls read retry, i.e., reexecution of the reading of the test data
(rmore speci ficdlhy, etdeureghingtef Ekbtislgpaiftem ihfodatbicsectivat S1 on t he
track T1l) (step 506). This read retry (step 506) is repeated (step 507)
until test datalbicabel nghsubeetbolisted 059 rsbim dabanber of times not
nmore than a predeterm ned nunber of tinmes (e. g. ten tines). - 21 If
test data readi FREFRIPRN@LRH BPterereeeloTs Feprakbadtpé Bt EHeP et P ned
nunber of tines (step 507%, the CPU 14 determ nes that the data sector used
for witing and™ebdi dy tEY BRBP1e/ | PEpHP opr 1At BRE oFTPRRIBER Ry | PRENRL i ON
of the error correction functiop, ,At this tinme, th U 14 perforns seek
control for movFis PhES HEaaa o ! o ERE HFackIHiITeTatE s 8RR HECEsecond
target track to_be tested) (siep . 509). See t i erfo d ]
accordance\MtrF%P%oﬁﬁ%ﬁl sg%%n%r%%%ﬁeIﬁog%ﬁggn%?iéu%% i%%r%?oﬁ??ﬁe host
10 for the sec t n e o] ' | pgLcal bl ock
Og? %ﬁé.b_\ﬁg%‘gs%&i’u&e& £k Eﬂg‘@gfiof. ?&‘%?F?}? t(ﬁgé

address LBA2 th esig a target track. Specifrca | ogi cal

bl ock adgjess LBA;&ESIENGIEs thomtsACkrT3rastibe s669Rdohest target. 15
After executing step 509, the CPU 14 returns to step 504. At step 504, test

data is wittenahOetherdehd 5664PLoSY QBtébeclriBgktiad desbgnabedtbynt he
address LBA2, and is read fromthe data sector S2. If the reading of the

test data succedebse(sdteplBAS), TRO BEr Ahdehscocomptrisasfanetiba test is
performed. On the other hand, if the reading of the test data fromthe data
sector S2 (the seeopdnpessatdéni LaCevehhafveitehpreetoypepeabokoh2ts
performed the predeterm ned nunber of tines (step 508), the CPU 14 supplies
the 25 host 20 @prheahsetherraegsdyedi vdvedorngtanieddierr she(¥REp 510).

Referring to the flowhart of FIG 6, the random .
5 data output from the ENDEC 125, The data obtained

after the timing correction is output as write data to
the write amplifier 115a of the head IC 115.
FIG. 3 illustrates the configuration of the
HDC 13. The HDC 13 comprises a host interface
20 controller 131, disk interface controller 132 and CPU
interface 133. The host interface controller 131 has
the above-mentioned host interface control function.
The disk interface controller 132 has the above-
mentioned disk interface control function. The CPU
25 interface 133 serves as an interface with the CPU 14.
The erasure pointer selection signal EPSS is supplied

from the HDC 13 to the R/W channel 12 when the CPU 14



©- 22 correction function test will be described. If the host 20 succeeds
in the reading of test data froma data sector Sk (k =1 or 2) on a track
Tk, it issues a read long conmand to the HDD 10 in order to execute 5 the
random correction function test. The read | ong conmand is a special read
command for dictating the reading of data fromthe data sector Sk on the
track Tk without operating the error cerregtien circuit 134. Upon receiving
the read I ong cormand fromthe host 20, 10 the CPU 13 in the HDD 10
executes the command (step 601). In other words, the CPU 14 controls the
readi ng of datadim the-ata 1eetes, Skooretdigols AcKy Tkin di ctéahedoby the
read | ong conmand. At this time, the HDD 10 is switched fromthe nornal
state to 15 thedgisterspawt ishomat evid itisé cpeciiterfmde)18m. accordance
with the read long coomand. As a result, the switch 136 in the HDC 13
switches, fromthe erThorHROrt2célon compnisedl3dnt ortbe ceadedatanbuffer

135, the output destination of the NRZ data transferred 20 thereto fromthe
R/ W channel 12 adircuite M4k iTheréacer comtrotteon 1@Rrcuntt hd4 state, the
data read fromthe data sector Sk on the track Tk is transferred to the HDC
13 via tHe headrdTaaBs a1 FYWEheemerined Imj thelafRZ (deha daeay, with ECC
data attached thereto, is 25 then stored in the read data buffer 135 via
the di sk inter f3RR com3viterradthemesai tEem| 8o B Verhenae! theVhdst 20

i ssues a copy caommand to, . - 23 the H 0. The co co n ictates
copyi ng of data 4% d ?Km&?%%ﬁgﬁ%?a?%%?%%ﬁfﬁ§51?§’t%gyﬁﬂigggdggg %ﬁgFer 136.
Upon receiving t 0 0 nd omthe host 20, the U 14.in e HDD 10
copi es the reaaa%%%h‘ggvf?% ed daflréef?](ﬁ)ﬁ?’fh%opé% Ce)l]t'lact%%‘f:!flyrg 135 to
the wite data f L at t ] I 31.4step 602).
Subsequent |y, t#ég(§§?@éﬁ%%$;?tggn%§$e%i€§g%g?§ﬁo§9?%%95a?g4%o%?éd to the
wite dat@ buffersdidde (84 fbﬁg?én ASreeep 188M Fl fhe8fandlnt he

to-be-rewritten portion of t copi ed data includes a number m of bytes

rangi ng fromtheomtébe byt ecipctihe (Bhamedyi8cbyt ene TEErBoeshr20ndeskgnat es
the to-be-rewitten portion. Here, "nf represents an arbitrary nunber that

satisfies m<_ ddthe, nughesd onlp dhei DCerdabyeatxachedecdi bhebdash.l ength
b). (The nunmber i of interleaves x correction burst length b) represents

t he total nunbefhefebytese (synbetsiothatrcantbé&3ébr cectedtbythheerandom
correction of the error correction circuit 134 (random 20 correction
circuit 134a). Forthaaipledata, theingnbee ECofdpheerfEaghsdi §03thad the
correction burst length b is 7 bytes, "nf is an integer that satisfies m<-
3 x 7 (121 bytéaha pdtdnseragserepaipbernatonrd 21 arhatragh&enunber i of
interleaves is 3 may be 25 exprg;seg by "3i", and that_ the correction burst
length b is sevRABYEESFRGT Bel dkpr §§é8159d"%5t?rrn fhe PF&REhart of FIG

6, the order Ofcé%?@ét?@% ggdthe_egésure correction circuit 134b is

called erasure correction.
A description will now be given of error
20 correction performed by the error correction circuit
134 using the erasure pointer. The error correction
capacity of the ECC data is related to the number of
bytes (the number of symbols) of the ECC data. In
general, when the read Solomon (RS) code is used as
25 the ECC data to perform error correction, ECC data of
two bytes (symbols) is needed for correcting an error

of one byte (symbol). One of the two bytes is used to



" 603 may be reversed. In other words, a nunber m of bytes ranging fromthe
nlth byte to the (nl+m1)th byte, contained in the read data stored in the
~read data buffer 135 nmay be rewitten, and the resultant 5 data be copied
to the wite data buffer 139, with the ECC data attached to the data. To
verify whether the random correction function of the error correction
circuit 134 is normal, it is sufficient if4the follow ng two processes are
mainly 10 perfornmed. In a first process, the data in which a nunber m of
bytes is rewitten (broken) is witten to the disk 111 by executing a wite
| ong command. |gpacSEE otk PIRELSten tOF det esride, Waed heke thenparisal |y
broken data witten to the disk 111 can be 15 appropriately corrected, this
data is read byusx@ctd icmgreedoriind «esack contmmnevedp whes ehd, emhen part
(i.e., the nunber mof bytes ranging fromthe nlth byte to the (nl+m1)th
byte) of the dateczbpiredis cknden wéferelmamdbuifeit 189 28ediazs baen
rewitten, the host 20 supplies the HDD 10 with a wite | ong conmand for
witing the rewiaswre da@arens t¢eroeskonding The Weeteupbey ebnhrbesi s a
special wite command for dictating the witing of data to the data sector
Sk on thedtrackeTIEGH tdkr Pohepeumpehgef heedurigehes dilop 13 BACaALPRA
receiving the wite I ong conmand fromthe host 20, the CPU 14 in the HDD 10
executes this comeRatedtah BpIUm. . HECORRF+Y cal FyEREn8TERD 14 control s

the witing of th itten dat ied int ite data buffer 139, t
he data Sector SEBIC HEE (FaER 7%, SOPRCBTLACDYY ( RECBETEQ | B command, AL

this time, the HOD.A0.L S Besmichod 18a1becproons specliis.sigte (seoond

specific node) Th accordance w ng  comrand. e € switch

136 in the HDC 13544t £he Eﬁ‘z&?ﬂ%&k’ﬁxaﬁ’?@ﬁi ,”aii.gf‘, ofttherdahae(wite data),

stored in the wite data 139, to the disk interface 10 controll er

132. As poresulpoihberdaid (¥&d] eaflabprost OrednbNoyhe WahtBedata buffer
139, part (i.e., the nunber mof bytes ranging fromthe nlth byte to the

(n1+m 1) th byte}opfewbéghussngemectiigta b8 driansyeel edinvbthethRoEEE, dat a
attached, to the disk 15 interface controller 132 via the switch 13B. This

data is furtheretasnséecoededtdomt bendbskpenferhade caAnt adirhatadd2 to the
head 112 via the RRWchannel 12 and head |1 C 115. The head 112 wites the
data to the diskxample|ofthhe exaspre, coherehbadn 142l noesbehe 20 data, in
whi ch the bytes ranging fromthe nlth byte to the (nl+m1)th byte are
rewitten, to thes@hthaede¢idp reference to FIG. 4.

15 FIG. 4 shows an example of "three interleaves
(31) x seven bursts (7b)". "Three interleaves (31) x
seven bursts (7b)" means that the number of
interleaves of data (for example, one-sector data
formed of 512 bytes ranging from the first byte to the

20 512th byte) is three, and random errors of seven bytes
at maximum can be corrected for each interleave. In
other words, "seven bursts" means that the maximum
total burst length (i.e., the maximum random
correction burst length) of data that can be corrected

25 by random correction for each interleave, using an
ECC, is seven. In this case, an ECC of 14 bytes is

attached for each interleave. In the example of



- Sk of the track Tk on the disk 111. Subsequently, the host 20 supplies the
HDD 10 with a normal read command for reading data fromthe 25 data sector
Sk of the track Tk. This command di ctates random correction using "3i
(three interleaves) x 7b (seven bursts)". Upon receiving the normal read

- 26 command fromthe host 20, the CPU 14 in the HDD 10 executes the
command (step 605). Specifically, the €PUL34 €ontrols the reading of data
fromthe data sector Sk of the track Tk, dictated by the normal read 5
command. At this tinme, the HDD 10 is switched to the nornmal state in
accordance w t hride nord@dun&ach Lok rdhesecihe s d&ta 1836 seridhe HDC 13
swtches, to the error correction circuit 134, the output destination of
the NRZ data (resshidpt@)o thanss erdegidd fhetetioe ffofth HeyfRt Wehanael 12 via
the disk interface controller 132. In this state, the data (read data) read
fromthe data seétlorbyBke ofwitheh tavekidkliuded ramsHE2 riedtesd (dmretHDE-USrvi a
the head IC 115 and RFRWchannel 12. In the HDC 13, the data (read data) is
15 input, wth E0Gdard atreshed, tdinge, eknrothidreasei oance¥reertofis4 via
the disk interface controller 132 and switch 136. In this exanple, the

nor mal command @h $rlatRetearndemEdr tectRonseSPRHY o8¢ Pfhkke FRYe®| eaves) x
7b (seven bursts)". Therefore, the 20 random correction circuit 134a of the
error correctidﬁn%?¥%%?Ye%64;Eo??%%?§,b%yc?ﬁﬁﬂﬁﬁ?gorr%%?F%ﬁ?r%n For

contained in the read data ing the ECC data attached.to, the read data
(o o TROEee anrenS Peed S Bee Thpa- i EaS Snd By O BEREE LR Pos i Foek od gt a

Is 25 stored iqg épg"r%ggeggtfsb%é£f£e53??y£$etQgﬁgﬁéoi 88££§§§%0?%0f t he

read data succeéds” and a readi NOF fra ini Shes (step e CPU

- 27 14 deter ”éxﬁ‘&é]léz&‘l%etQFrB?”QQP}EQHSHtEQPc&%'EC%%g”thp&PEoE ror

correction circuit random correctron circurt 134a) 1s normal. In this

case, a §ocesSc{Al-eLGBHEELEORI eCtrn EYRsLEeE tR8hhsT Pha¥erhf ¥ipPErS the
erasure correction function is performed next. On the other hand, if the

error correcti opt ofwd gyt €adatahaxiaihScah. Be, cbtréatadresdhggahakrts (step
606), the CPU 14 controls the re-execution of the above described data

reading (i.e., ¢oeatiwoebyyes(ahd@pahOdyasitbeThosnteadofetwy bgteespealrd (step
607) until data reading succeeds (step 606), but a nunber of tinmes not nore
than a predeterothed wonter Bfwoi eesstieesy. means that the burst
| length (erasure correction burst length) of data that
15 can be corrected by erasure correction is two. The
application of the "two erasures + six bursts" scheme
to the second interleave enables even an error of
twenty-two serial bytes to be corrected.
Referring again to FIG. 3, the HDC 13 comprises
20 a read data buffer 135 and switch 136. The read data
buffer 135 temporarily stores read data in units of
data sectors. Specifically, the read data buffer 135
stores the NRZ data transferred from the R/W channel
12 and obtained before error correction, or the NRZ
25 data error-corrected by the random correction circuit

134a or erasure correction circuit 134b. The switch

136 switches the output destination of the NRZ data



“ten tinmes) (step 608). If data reading fails even after retry is 15
repeated the predeterm ned nunber of tines (step 608), the CPU 14

~determnes that the random correction function of the error correction
circuit 134 is not normally operating. At this tinme, the CPU 14 supplies
the host 20 with a nessage indicative of a random 20 correction error (step
609). Referring then to the flowhart of HGS 7A and 7B, an erasure
correction function test will be described. If it is determ ned fromthe
random correction function test that the random correction 25 function is

normal |y oper attigihs #d¥erdtDstr 20 4165 FeaT acltitye COrmANdIfh otidendhn10. The
copy command dictates copying of data fromthe read data buffer 135 to the
- 28 wite datstcdand,ferhel 3Gviddion I cerMiciged hehe opytpotmadesit fnatiohme host
20, the CPU 14 in the HDD 10 copies data fromthe read data buffer 135 to
the wite data duffrer NRD datacooridancesad tdetdheowbhemnt35. (stepa701). In
this case, the error-corrected read data stored in the read data buffer 135
during the randbrrsiorsweacibic fataie onftest speebblednedein i teedawhtehto the
wite data buffer 139. Subsequently, the host 20 supPIies the HDD 10 10
with a notmal w3t eswoirhesl frr trihgdesblingelen skt 184he YRhe data to

(one-sector data) copied in the wite data b er 139. on recejying the
normal wite co’?ﬁ%rﬁjrlf?%rﬁcf’ﬁ"eeq’f‘b%?nﬂr‘f%tcgigi4 ¥ erﬂhﬁ%—l&‘?iﬁ %ﬁecut es
the command (step 702). Specifi I the 15 CPY 14 ntrols, the witing of
t he one-sector Qéﬁeﬁs%%%féﬁ W?F%ﬁtpgﬁi?%mﬁ%?%fb ?e?EQSg? ?8°The data )
sector Sk on t r K i e t n i d. As a
result, the ong§§%c€%rsgéﬁgggg%ﬁédgF%g?Hgf%ﬁﬁéga%%¥% %ﬁ?%g?H§§9 is
transferred to 20,{ Qe FOC gener abpL d8A Yiarhpensii bohpl3BesBgsed on this

data, the ECC generator 13A generates an ECC for each interleave of the

one-sectpf dat ayrddearfidb DeNer b efe f961i£86R BhEerheaye1Bs ahtiashgdute the
one-sect or dat a. e one-sector data with the ECC 25 data is supplied from

the disk interfgseneontnohdey 132.t oThdephegdaddb Ve acthsuRVWehaneel 12
and head 1C 115, and is witten by the head 112 to the disk 111.
generator 137 generates the erasure pointer EP2
designated by an erasure pointer setting command from
the host 20. The erasure pointer memory 138 stores
15 the erasure pointer EP1l or EP2. The erasure pointer
EP1 or EP2 stored in the erasure pointer memory 138 is
used for erasure correction performed by the erasure
correction circuit 134b.
The HDC 13 yet further comprises a write data
20 buffer 139, ECC generator 13A and switch 13B. The
write data buffer 139 is held in a random access
memory (RAM), together with the read data buffer 135.
The write data buffer 139 temporarily stores, in units
of data sectors, write data transferred from the host
25 20 via the host interface controller 131. The ECC

geherator 13A generates ECC data in units of data

sectors based on the write data read from the write



- 29 In this case, the data is witten to the data sector Sk on the track
Tk. In other words, the data, part of which is broken and which is witten

~on the data sector Sk of the track Tk for the random correction 5 function

test, is rewitten into the original correct data. After that, the host 20
i ssues a read |l ong command to the HDD 10 in order to read the data witten
to the data sector Sk on the track Tk w thput-10 operating the error
correction circuit 134. Upon receiving the read |ong command fromthe host
20, the CPU 14 in the HDD 10 executes the conmand (step 703). Specifically,
the CPU 14 contdpts dlerdeatiag ofndagand rored hecdada: secs oit Siciwadt he
track Tk, dictated by 15 the read | ong conmand. As a result, the data read
fromthe data sestitte SkeOte tdetd f agikd Tkhé Srés@hsdet redi te ddea HDE 13 via
the head 1C 115 and RFWchannel 12. This data (read data), with ECC data
attached t her ettoansfetmesd storigte iRiW ¢henmehdl Zavba bui¢ edd 1485 via the 20
disk interface controller 132 and switch 136. Subsequently, as at step 602,
the CPU 14 copisteneaceascpniaral e hl3he EUR dswhtel obdB hewieakieslate buf fer
135 to the wite data buffer 139 via the host interface controller 131
(step 708 . ThieueRpy Iesbheraionref sthe craite dgta eopy EppaRlCi ssued
fromthe host 20., Subsequently, as_at step 603, the CPU 14 rewites
(breaks) part offife @%E%.Q%%f%ﬂ 17t helhw @ normap shatas bbtffer 139 (step

705). In thi h . L t 0- be- itt t] f_t i ed dat
105 b T SESE LMY LI OuhE UL S DAL OB LB o o0 it
byt e, h I . B..5 t I t - be- itt

DI, 29 SO Pyl BB o2 TN Boetglfteenanmige |, Lospectg Lier

correction bursioLepstf gy 2EESYLEHRAT SGLLOR; DUhShe) £NELD) s Tbent aagom

correction burst” Tength represents t ot a er of bytes (synbols) 10
that camde corggciedeHyrhbeonapdenuestigstion o the wandemysearestion
circuit 134a. In the enbodi nent, assune that the random correction burst

| ength (random €€ desgt ptésfacX QohiBroX12b)18=. 6 Wyéesthe Gokbe20t her
hand, the erasure correction burst length 15 represents the total nunber of
byt es (synbol s)hébaissaadbe woiteclengbyomnhendy asheehcstr éntenfiaoé t he
erasure correction circuit 134b. In the enbodi nent, assune that the erasure
correcti on burstohengthefetdasusetECCheéengthhdi sp8cXf8c(8take8b) (= 24

‘bytes). 20 Therefore, "random correction burst length + erasure correction

burst length" is 6 +A2descaiprthbynew)llakg Yhvepsodnthat egerathan 9ati sfies
h <30 (Pgtes).tﬁg embodiment performed, for example, to verify the
erasure correction function of the erasure correction
circuit 134b included in the error correction function
of the error correction circuit 134. Referring first
to the flowchart of FIG. 5, the process of selecting
20 a data sector for verifying the error correction
function will be described. In accordance with a
command supplied from the host 20 to the HDD 10, the
CPU 14 sets, to Al, the random correction burst length
(random ECC length) used in the random correction
25 circuit 134a of the HDC 13 (step 501). Subsequently,

in accordance with a command from the host 20, the CPU

14 generates test data (NRZ data) corresponding to one



" the enbodi nent, assume that h = 28 (bytes). In the enbodinent in which the
ECC for each interleave is of 25 14 bytes, if error correction is perforned
~using only random correction; an error including series twentytwo bytes
cannot be corrected as described with - 31 reference to FIG 4. In light
of this, it is advisable to set the lower Iimt of "h", i.e., to set "h" to
a value falling within the range of 22-byies £o0 "random correction burst

|l ength + erasure correction 5 burst length". This range enables the erasure
correction function to be verified efficiently. The order of steps 704 and
705 may be revessetbr ) Nad hefom®s dst  an Ntidenr htf dbys esurasgi ngofrom the
n2th byte to the (n2+h-1)th byte, contained in the read data 10 stored in
the read data busfes 938D) muynbeer eviatf ein acdotdentceswithnt daratbe copied
to the wite data buffer 139, with the ECC data attached to the data. To
verify whet her ddwk ecasuard chrorecthenhdésncE®pontloé €RE 2érexecuteection
circuit 134 is normal, it is 15 sufficient if the followng three processes
are mai nly perfseefedcontral f festmpybegsthet headat 52 howhi Eardenuribeckh of
bytes is rewitten (broken) is witten to the disk 111 by executing a wite
| ong conmmand. 9P atRecdhek pt btebsterno@3 hsur Erpofh¥r ek EP2Kf gpmppnd

designating an error, |l ocatjon, corre Oﬂdi g to the ga%a-r written, position
is set into theRERIBL Po %g%?aLéH§$9 1%% FRSSctBRrdaheE ?hgaﬁtbgger
d. | third to d i ne. wheth h ti br ok dat
witten to the HeKtaifoEant8eP25 bibr oBF i afbl §LCoFr SORERS t PR ldata 1o
db ti I ' de. t (i.e., th
number h of - CasPoRghes o (EEELEETTRAtk 10 BRLSpaR e BOELRR N

nunber h of - €S rangrng from n2+h-1)th
byte) of the da ! 0 Lhe tasb 9 S Ltten
t he host 20 suﬁ%ﬁ?gg&%ﬁglitiﬁﬁg %%%% %ggk??eﬂ%gﬁg %gnﬁggdt?ggﬂmF?rF g the

rewitteny s datgedr &bgtHbSKadldeepP9n3r eCREVEREPt BO3IW Lhe LP0Y1q0MMaNd
fromthe host 20, the CPU 14 in the HDD 10 executes this command (step

706). As a resuséts}) heoda) athwr htebdat BLKS66r BUotRst heewtble)daba buffer
139, part (i.e., the nunber h of bytes ranging fromthe 10 n2th byte to the
(n2+h-1)th bytejcoésshich is rewitten, is transferred, with the ECC data
attached, to the disk interface controller 132 via the switch 13B. This
data is further tran3fiethéd Btefret hthdi SKUi Adecbateodentthel Wedtid® od t he
head 112 via the 15 R/Wchannel 12 and head | C 115. The head 112 wites the
data to the diskeitidata thethabdépkehll t RRAhERE Teadippt€§ tRETdata, in
whi ch the bytes ranging fromthe n2th byte to the (n2+h-1)th _byte are
rewittel® to tRetyafBoBetR8r dBRKof 1EndSEPRCROtK -onEne drsklfrltheo

Sub tly, t t 20 [ the HDD 10 with int
e e br 8t B0, hESERuaER b s e iEg Aber veasiRgl RhE ke A"

R b o N R
stored in the write data buffer 139 is transferred to
the ECC generator 13A wvia the switch 13B. The ECC

20 generator 13A generates an ECC for each interleave
based on the test data corresponding to one sector.
The ECC generated for each interleave is attached to
the test data. The test data with the ECC data
corresponding to one sector is transferred from the

25 HDC 13 to the R/W channel 12 via the disk interface

controller 132. The R/W channel 12 converts each

32-bit data item of the test data (NRZ data)



"~ 25 in the HDD 10 executes this command (step 707). Specifically, the CPU 14
controls the progranmmabl e erasure pointer generator 137 via the host
~interface - 33 controller 131, thereby generating the erasure pointer
EP2 designated by the erasure pointer setting command (step 707a). The
progranmmabl e erasure pointer generator 137 stores the generated erasure
pointer EP2 5 into the erasure pointer-nmepdry-138. The generated erasure
poi nter EP2 designates, as an error |ocation, the | ocation corresponding to
the rewitten bytes ranging fromthe n2th byte to the (n2+h-1)th byte. For
exanmpl e, as showwandrddtkaag 8o hengemer at ®d 1ot Erassyeppei Bbee . EP2
desi gnates, as an error location, the |location corresponding to the bytes
i n one-sector detia RAangtighi¢e bm £ Nl so redoer cor tleet resubuast NrRhgth) to
the (n2+h-1)th byte (in this case, the random correction burst |length = 3i
X 2b = 6; 15 "hlata 2B)to TMRZI edaair e PoimtRZ ER2adesighbheECCadathe error
| ocation, the portion of the rewitten bytes ranging fromthe n2th byte to
the (n2+h-1)th dytacheskbebs sontthe byeeleadnfidgvieomhenkeadt RCbyle, to (n2
+ random correction burst length - 1), which 20 correspond to the random
correcti oh burs3nd etigt ht¢n afRioph ECtl glat 1 yicehe heepd ot drmabhe ¥RA&Sure
poi nter generator 137 has stored the erasure pointer EP2 into the erasure
poi nter nenory 4382 1% Vhht bR ste nkheofebht 8eofoF nel netokhe1882F Ko bei ng
rewitten by 25 the erasure point P1 fromthe R'Wchannel 12 (step
707b). This inH?%?%?%ﬂgg#a?% ?@er§$%55ed when the erasure correction
function test finish@ﬁe dak 3&ri¥@§ﬁe€£t§§e ?anhgﬁgtég ggpghi%iethe HDD 10
a-f data €

with a normal read conmman or “readi'ng rom ata“sector Sk on the

track Tk. This gg&gﬁnﬁldi%tﬁégé LENERM KoL EeeiHOn eRLNGny 3L LLAT €8

interl eaves) X (two bursts)”] and erasure correction using "3i (three

interleayvgs) X ghrheightrONEsisrea HPOPhECRRWVEREnhBE NOr ¥Bb EgadneqanMand
fromthe host 20, the CPU 14 in the HDD 10 executes the command (step 708).

Specifically, the CPY. l4Tgenk/w! shahee101peadhheres dnbaréranihbe data
sector Sk on the track Tk, dictated by the normal read command. As a

result, data isineadNRZodatheandtahsectonvéktenithéntoatkeThkrighdails
transferred to the HDC 13 via the head I C 115 and R/ Wchannel 12. The data
(read data) transflerrefutthen, t heeHDCrd8 Lecanpan, datehtEECLAAt afatt ached,
to the error correction circuit 134 via the disk interface controller 132
and switch 136.tha RhVsceanbodl nbat detantisnther teeatdbanusingn” 8rrxr2b", and

erasure correction using "3i X 8b" are dictated by the normal 20 read
command. 1 The er &eRFa eser &0t FBR EppeufietasabTRA BRESEBFROPCABERECE | on

[ it 134 t in the i t data_b . ti [
the ECC data at VEEREACED tRE GSETARA°tRE GFASHFE BGLAFEF EBS stored in the

O Lol R ey SRS BA S UB T “SHE POl B
(n2 + randon]COEEQEEEQ”pBEﬁ%Er'Q?chgtgransferred to the HDC 13
together with the code-converted data (NRZ data).
20 In the HDC 13, the erasure pointer EPl is stored in
the erasure pointer memory 138, and the NRZ data (read
data) is input to the error correction circuit 134 via
the disk interface controller 132 and switch 136.
The erasure correction circuit 134b of the error
25 correction circuit 134 corrects the error in the data

by erasure correction, using the ECC data attached to

the NRZ data input to the error correction circuit



" - 35 to the (n2+h-1)th byte. Accordingly, the erasure correction circuit
134b corrects an error in the error |ocation by erasure correction. On the
_other hand, the randomcorrection circuit 134a corrects, by random5
correction, an error that nmay exist at the |ocations not indicated by the
erasure pointer EP2. For exanple, an error may exist in a |eading data
portion (i.e., the bytes ranging fromthe2n2th byte to the (n2 + random
correction burst length - 1)th byte) that 10 is included in the rewitten
(n2th to (n2+h-1)th) bytes and has a |l ength equal to the random correction
burst length. Tiws, 4 @i BrLAIF@Ghd Dl &4 r Stk fed 3t COHd €S Ss@Perror in
read data, using the conbination of random correction and erasure
correction. 15 gdintedr Qiere®fy eci®d dot ache stisechamip the readodata buffer
135. If error correction of the read data (i.e., the data in which the
byt es rangi ng fecamddiel o?tdibytet t D34dhecédnPeditd) thy bydmdems | ntentional |y
rewitten) 20 succeeds and reading normally finishes (step 709), the CPU 14
det er mi nes t hatcdordcthenr o oprcor ridea t onay uekisona'of theel paadboms
correction circuit 134a and_the erasure correction function of the erasure
correctioh circift WEdkcafed oy ndhe RFashIe PehRteYhe TP 14tB8 SLPPYi es
the host 20 with a nessage that, the random and erasure correction function
tests of the HOEPEOCHER! sttteeted! 14t epr7yae)s 3%, ebFet il of e Rahd: -
36 error correctjon ﬁﬁ the read data fails, i.e., if _data rgading fails
(step 709), theTTHP 19 R oreTdH e FEORXRE it #RACB T CohE 5C T 83 AT (FERSUIF ead
retry) (step 711). This read.fetr step 711) is.repeated. 5 t ’12)
until test data" %%%?%50%002%% seggéﬁpcgﬁﬁ??%%%td%eguﬁ%e?t% ééi%@st%%t nor e

than a predeterp hed mber tiges (e. g. ten tines). If data reading
fails even afte€é$§ed€§try Eg%¥a%?§h is perfornmed the predeterm ned nunber

of 10 tiygs (step 712}, oLberCBY-14-HebRT BiNeRet Batokheograsuigncorrection
function of the error correction circuit 134 is not normally operating. In

this case, the &Pkbd#tsuppl sescédeshosted0506f N a. 8essageréadingtbge of an
erasure correction error (step 713). 15 As descri bed above, in the

enbodi nent, dat@afdi (seéstlatlala) pantceédwhi thei SPUel i détarfbnekehhatind to
whi ch ECC data generated fromoriginal data (second data) is attached, is
witten to the thekddlld secherounsdadcéow theatestta@atangrtbimendndspeci al
wite 20 command) fromthe host 20. In this case, since the operation of

t he ECC gener at®eadB3agi ssi ahibhlbbe Byrthierifyieg| bhg eprpundorrhetippst
data with the ECC data is directly witten to the disk 111. Accordingly,
the brokkh portferchbioRhe FRrEhigafasfasth® PECEBRS| eF cUSRETYANErEBF. I n
l'ight of this, in the enbodi

nfor mat i on) { hEE"T GAPBSCE Ra AR BFFOPTI GEARROM, CPRESF bkabs gRRctEsR™ ©"
test) is performed. If, on the other hand, error
correction by the error correction circuit 134 fails
{step 505), i.e., 1f the reading of data (test data)

20 fails, the CPU 14 controls read retry, i.e., re-
execution of the reading of the test data (more
specifically, the reading of test data from the data
sector S1 on the track Tl) (step 506). This read
retry (step 506) is repeated(step 507) until test data

25 reading succeeds (step 505), but a number of times not

more than a predetermined number of times (e.d.

ten times).



" - 37 corresponding to the broken portion of the first data is set in a
programmabl e manner in the erasure pointer nmenory 138 in the HDC 13. In
_this state, if a normal read comuand is executed to read the first data
fromb5 the disk 111, the error correction circuit 134 perforns an operation
for correcting the error of the first data based on the erasure pointer EP2
and ECC data attached to the data. If +he2®rror correction circuit 134 is
normal |y operating, i.e., if the 10 erasure correction function is nornally
operating, the above-described broken portion is appropriately corrected,
thereby conpl eting det atéeadidig bosodion thelHosveh &eedr cogvanpdisThus,

whet her the erasure correction function is normally operating can be 15

det ect ed si npl yrdpeaadd®rihaipreddiad heinedadimee ofof heifies st sdeap a507pm t he
di sk 111 has succeeded. In the above-described enbodi nent, the invention is
applied to a negretGRU diskdelre mei ¢4 hatHoves edata hee¢hventser feral so
applicable to any type of 20 storage device that can read data from or
wite data to aricorgiand neeiding siest adaoptizalnaprkopriges, for the
magnet o-opti cal disk drives, magnetic tape devices, etc. Additional

advant ages and ¥odh ficationso i the Brreadieyroceien t BurhesenskifFed in the
art. Therefore, the jnvention in_i brogder aspects is not _limted to the

specific detajI%h%%dtyﬁi¢é@%%t%ﬁqbtféﬁﬁﬁ Hhtseek _comtraf ohAr JRAViREcri bed
h in. A di ngl j dificati b d i t d ti
from the spiri (g edfel B RN sehe e 7R RV Foce chmebt Fas toePRRan by %t ne
ded cl ai j I - V%ﬁg IS 1. A
255?292 cgn?L2??%?8?%P9%%%??%¢Y?%S?é$%e%%08$§%%ce m)fh %ééta m#??% comand

froma host, readiogo0:lada: {1 Q0 a: 62808 di0en TE0L U5 W bEEDEgObo B dat 2

to the recording Ium and transter read data or wite data to or from

t he hostyg Comré&iuﬁghd?ns%ﬁspie&off&ﬁffEIQQ kode genesat ehe\/\@ieebngenerat es an
error correction code in accordance with data to be witten to the

recordi ng nedi uesthe B¢ ogedOnd8ossert coOMmEendecbrt Adnat tatbgdchd the dat a;
an erasure pointer nenory which stores pointer information indicative of a
| ocati on at whithoakh addoesexiBAZR, thae éesbdgnbeesgacbargehedrankdata read
fromthe recordi ng nedi um
Specifically, the logical block address LBA2
designates the track T2 as the second test target.
15 After executing step 509, the CPU 14 returns to
step 504. At step 504, test data is written to
the data sector S2 on the track T2 designated by
the address LBA2, and is read from the data sector S2.
If the reading of the test data succeeds (step 505),
20 a random correction function test is performed. On
the other hand, if the reading of the test data from
the data sector S2 (the second test) fails even after
the retry operation is performed the predetermined
number of times (step 508), the CPU 14 supplies the
25 host 20 with an error message indicating a read error

(step 510).

Referring to the flowchart of FIG. 6, the random



" 15 an error correction circuit which corrects the error in the data, read
fromthe recording nmedium by erasure correction and random correction,
~using the error correction code attached to the data and the pointer
information stored in the erasure pointer 20 nenory; an inhibition circuit
whi ch inhibits the error correction code generator fromattaching the error
correction code to data to be witten £o0 2he +ecordi ng nedium when a
special wite command fromthe host is 25 executed; and a programabl e
erasure poi nter generator which sets, in the erasure pointer nenory,

speci al poi nt ercorreddod Nhgid@td O dddigiatl Nk ald Neatbad. asrantles ror

| ocation, in accordance with an erasure pointer setting command fromthe
host, the | ocatidxt e ngh@tesddnatredc iy tdwdei@sut ecgxi deta setdmng conmand,
the 5 special pointer information set in the erasure pointer nmenory being
used by the errardaios reesttiam shrthi+ Tocd)y et antsaclorThn datbsswésten to
the recordi ng nedi um by executing the special wite command, and read
therefromin acarekxhceond tdommarnd ned tleadlD tOnmmirdennte exeoste 2. The
storage controller according to claim1, further conprising neans for

i nhi bitifg the Bpeciandyoi rere¢hion nBthohiorctesth. t HBherasad el pR¥ nt er
menory in accordance wth the erasure pointer setting_ 15 copmand, from

bei ng rewritterFOMRANA 1at2rsPeAER totrt Pt ctre i gtatRI st age

controller according to claim1, wherein the inhibitjon circuit_includes a
swi tch which pe??%ﬁl%gs‘%\ft%ﬁ%gflb%?‘mgé% PR T TN ]fC(Plnt%}éed JE%?]gzo to be

itt toth i di 1S ] t._ to th i d
Gener ator . ana S STATR T GRPERHE P acrter et PRt T ERRL P o8Pl ng

di b - t] i bej
N e S S A i o e L LY

t he L correghlofpGofe OENERat @hpWIgNakbeuBPECERE ¥bihengommand is
execut ed. - 41 4. The storage controller according to claim1, further

conprising: a reaggdegaselpuf fern vhheh wbodses, tha opit 34 0fofetalseehers, the
data read fromthe recording mediumand 5 having the error corrected by the
error correcti ofegiiifgidf Qawai feorlathebaddtersabtoh Skooesthéntpnatks of
data sectors, the data to be witten to the recording

Tk, dictated by the read long command. At this time,

the HDD 10 is switched from the normal state to

15 the first specific state (first specific mode) in
accordance with the read long command. As a result,
the switch 136 in the HDC 13 switches, from the error
correction circuit 134 to the read data buffer 135,
the output destination of the NRZ data transferred

20 thereto from the R/W channel 12 via the disk interface
controller 132. In this state, the data read from the
data sector Sk on the track Tk is transferred to the
HDC 13 via the head IC 115 and R/W channel 12. This
data (read data), with ECC data attached thereto, is

25 then stored in the read data buffer 135 via the disk
interface controller 132 and switch 136.

After that, the host 20 issues a copy command to



" medium and 10 a transfer circuit which transfers, to the read data buffer,
the data read fromthe recordi ng nmedium and having the error correction

_ code attached thereto, w thout passing the data through the error
correction circuit, when a special read command fromthe host is 15
executed. 5. The storage controller according to claim4, wherein the
transfer circuit includes a swtch whi€h pgrferns sw tching between a state
in which the data, to be witten to the recording medium is input to the
20 error correction code generator, and a state in which the data, to be

witten to the frecHsh ng Medinem cdypassrpatded B £ O e £ 0ESEELhNo £0dLta
generator, the switch being switched to nake the data, to be witten to the

recordi ng nmedi ufgomytassréde @dta@rbwHf¢ect 3Dt R5tlcoder yemedatar when t he
special wite command is executed. 6. The storage controller according to
claim1l, - 42ouffer €l 36 . t Hipomhrdidioingi tloali copnhetmmand héremr dhe
correction code generator fromattaching the error correction code to first
data when the dpesi a20mwrtihe GPEohtain theoniPbel hosepriest Bhesrendt dagaof the
first data to the recording nmedium the first data being used for verifying
an erasur® cor rekh orhe i dmta t feom ke H%%%.%@Fﬁgb%ﬁgﬁrnéa5b?0rewwiting
part of second data, the error correctfjion code attached to the first 10
dat a bei ng based*o"ihes s %B%dmﬂgf%f i% Bt dgraemBdFe £RESHFESHoi nt er

oenerat o seL Lbe.SOPELEL POl ILEL, ! 20T Lok LR, Lhe, 7 SphEecag) LT
sett 1 ng of the sagel el PBLPLgEs 1% 4oL oC PR 9ue LD SRR AL POLAY BL o

corresponding t@,ffe,fepeitigs parL Oéoﬁge f%és%egétfioﬁngléhes pror
correction circuif corrects an error in 20 the first data read fromthe
recor di mgp medi Uphe bYo-be-rewritten portion of the copied data
includes a number m of bytes ranging from the nlth
byte to the (nl+m-1)tR byte. The host 20 designates
the to-be-rewritten portion. Here, "m" represents
an arbitrary number that satisfies m < (the number i
15 of interleaves x correction burst length b).
(The number i of interleaves x correction burst
length b) represents the total number of bytes
(symbols) that can be corrected by the random
correction of the error correction circuit 134 (random
20 correction circuit 134a). For example, if the number

1 of interleaves is 3 and the correction burst

length b is 7 bytes, "m" is an integer that satisfies

m< 3 x 7 (= 21 bytes). In this case, assume that
m = 21. That the number i of interleaves is 3 may be
25 expressed by "3i", and that the correction burst

length b is seven bytes may be expressed by "7b".

In the flowchart of FIG. 6, tThe order of steps 602 and



" erasure correction and random correction, using the error correction code
attached to the first data and the special pointer information set in the
_erasure pointer nenory, when a nornmal read conmand fromthe 25 host
dictates reading of the first data fromthe recording nedium 7. The
storage controller according to claimbé, - 43 further conprising: a read
data buffer which stores, in units of data4seetors, the data read fromthe
recordi ng medi um and having the error corrected by the error correction 5
circuit a wite data buffer which stores, in units of data sectors, the

data to be witéen haytihe recorsedg nedi oPhér twepas £rachiebet Mhboeh
transfers, to the read 10 data buffer, the data read fromthe recording
medi um and havilngtéderangdng coroecthomtbebat & acheths henetn- 1WERhout
passing the data through the error correction circuit, when a special read
command from t heyhestcostakeedt &ol; ti® rmeadsdéiba sbpyedgint bheheewdi te data
buffer, the second data stored in the read data buffer and having the error
correcti on codedata dehEfiex hkdetmaywhenrekeiteeondandt thesregadténom t he
recordi ng nedi um by executing the special read command fromthe host, and
20 is stored ind@ataheereapliedt Bobure evrivkehdatapeififepasddd vhEbughet he
error correction_circuit; and neans for generating the first data, to be
witten to the ¥ecotdtaghearst By F%ﬁwg?Fﬁg part of the second data
copied to the mmitengata but.fer age controller ac%ording to

8. The_star I
claim6, further co ?ig?ﬁb.yawpgﬁgeﬁaFerﬁFFngmﬁPﬁﬁegFépgsFupﬁ gfift s of
B2 o or s SEH 0L PRS0 820 SH T8 £ £ CL OB 800, i g
sufficient if the following two processes are mainly
10 performed. 1In a first process, the data in which
a number m of bytes is rewritten (broken) is written
to the disk 111 by executing a write long command.
In a second process, to determine whether the
partially broken data written to the disk 111 can be
15 appropriately corrected, this data is read by
executing a normal read command.
To this end, when part (i.e., the number m of
bytes ranging from the nlth byte to the (nl+m-1)th
byte) of the data copied to the write data buffer 139
20 has been rewritten, the host 20 supplies the HDD 10
with a write long command for writing the rewritten
data to the disk 111. The write long command is
a special write command for dictating the writing of
data to the data sector Sk on the track Tk without
25 operating the ECC generator 13A. Upon receiving
the write long command from the host 20, the CPU 14

in the HDD 10 executes this command (step 604).



T circuit; a wite data buffer which stores, in units of 5 data sectors, the
data to be witten to the recording nmedium a transfer circuit which

. transfers, to the read data buffer, the data read fromthe recordi ng nedi um
and having the error correction code attached thereto, 10 w thout passing
the data through the error correction circuit, when a special read conmand
fromthe host is executed; neans for rew23ing part of the second data
stored in the read data buffer, when the second data 15 is read fromthe
recordi ng nmedi um by executing the special read command fromthe host, and
is stored into g irfeiadhdat,a thd faru wi4 hasrit gl g Hasead iy aghcidie error
correction circuit; and neans for generating the first data, to be 20
witten to the resaarthierg deedh ,urgodiyed apy itrie tvel reewtd ttd e sBoond3data from
the read data buffer to the wite data buffer, the second data having the
error correcti do ddde dattacetahdletan tthe Astor djo abipetratas Yworthe
generating an error 25 correction code for data when the data is witten to
a recordi ng nediwifie Nt oty &t ditior tine hhmtEPvneh the data is
read fromthe recordi ng medi um - 45 the error being corrected, using

poi nter ifor rra%"ilc‘ﬁﬁﬂ}&?‘rgiféhﬁ% A oA T o BfStae® efFFORTSREE &FF or
correction code attached to the data, rtéh@lstora e apparatus conprising: 5 a

si gnal processiMRf Hevitt & G D) Bl G &Hd 'Y 9 GEHFHTFom t he
recordi ng nedi to .anal gg-tadigital canv i encodes data to be
witten to theuﬁ(}}e ratial?weg '%M]%a%dlrhe@b%lgiﬁ%% T e P ead At TR a
st or age controICLeeg i’ﬂ@fo oy rt%ﬂes’ é 10, 2ccor e V\AE& read/ygite
comand from a os‘i, readrlgng 0 dactia{]?r m-a record)i’ng nmedi um or witing of

data to the regyrdigyiediyiiria 14¢ sﬁ(ﬂn@ge pEpsesSsi g flevd ce, and transfer

of read data or wite data to or fromthe host, and 15 wherein the storage

control Iy inclagiesioBle©r192, COH g egt O Toderwengded ofwiit £ hageser at es an
error correction code in accordance with data to be witten to the

recordi ng nedi WRotd® £ ritiie CoritestdHia coderHei 3P atpacthedi 1o. f he data; 20
an erasure pointer nenory which stores pointer information indicative of a
| ocation at whitte ammerenrm exf gt ed heary g ﬁledmgth:@nuat’rl'hddytel data read
fromthe recordi ng nedi um
the (nl+m-1)th byte) of which is rewritten, is
transferred, with the ECC data attached, to the disk
15 interface controller 132 via the switch 13B. This
data is further transferred from the disk interface
controller 132 to the head 112 via the R/W channel 12
and head IC 115. The head 112 writes the data to the
disk 111. 1In this example, the head 112 writes the
20 data, in which the bytes ranging from the nith byte to
the (nl+m-1)th byte are rewritten, to the data sector
Sk of the track Tk on the disk 111.
Subsequently, the host 20 supplies the HDD 10
with a normal read command for reading data from the
25 data sector Sk of the track Tk. This command dictates

random correction using "31i (three interleaves) x 7b

(seven bursts)". Upon receiving the normal read



“an error correction circuit which corrects the 25 error in the data, read
fromthe recording nmedium by erasure correction and random correction,
_using the error correction code attached to the data and - 46 the
pointer information stored in the erasure pointer nmenory; an inhibition
circuit which inhibits the error correction code generator from attaching
the error 5 correction code to data to-beéwritten to the recordi ng nmedi um
when a special wite cormmand fromthe host is executed; and a progranmabl e
erasure poi nter generator which sets, in the erasure pointer nenory,

speci al poi nt ercckhdr¥ orrat ite inHtcato No:lee |@@mAatipni@stiad ®pporol ocati on,
in accordance with an erasure pointer setting command fromthe host, the

| ocati on bei ng gaesigieat eshdycdrearat astirep p@d it er Swdé¢i figcabhymndhet he
special pointer information being used to read data, 15 witten to the
recordi ng nedi WAyl £xsmitials ttte spesodialg wi téatonfeen, the datardance with
a normal read command fromthe host. 10. A nethod of verifying an erasure
correction funciéatry ridorpbridted tack Bt ordigetappdrky ushe therpal eraddr e
correction function being used to correct an error in data read froma
recor di ng nedi ANty ks i e nefhoiPRdl €at § vevbiched ok@at FB% of the
error and an error correction code attached, to the data,.the t hod

corrp[]i si ng: 35 rﬁ?’%‘ﬂﬁﬁri%‘iﬁt? R FFRECRER Bl ethe e Hat%® %0 be written
to t i i he first data .bej bt aj iLi f
second data, | eHARTTL Ty At LHHET R A Dhr Grocony ekt | i behgsr ™ ©
gener at ed basedtc(?ntléc?%ff&?%‘o??%%%f%ffgﬁ%g%e fﬁ)gm@}ll%mgl‘)ﬂﬁ?%gommnd to

wite, to the recordi ng nedi um a prepare n € 5 wite data

buf fer and al r eady, i 19, [0 OLL OfrEOALEST | PBa8OYREa M LHONE rgERERA i Ng

anot her error correction code on t Irst data setting speci al

poi nter j@for methOoNetd BPoRT ASHIR/WOLNASHe TBIPI ¥i s egRe dhesk ohteeadbag of
data fromthe 10 recordi ng nmedium the special pointer information

indicating, as @meréDletordtionInathogastberothesgandi Ngeba theajewitten
part of the first data reading the first data witten to the recording
medi um by executéadd Pfohhehspéstal sectdoe Shnohntheabhdadk Tkt £5m ni ng
whet her the erasure correction function is nornmally operating, froma
deterninati on transferred to the HDC 13 via the head IC 115 and R/W
channel 12. In the HDC 13, the data (read data) is
15 input, with ECC data attached, to the error correction
circuit 134 via the disk interface controller 132 and
switch 136. In this example, the normal command
dictates random correction using "3i (three
interleaves) x 7b (seven bursts)". Therefore, the
20 random correction circuit 134a of the error correction
circuit 134 corrects, by random correction, an error
contained in the read data, using the ECC data
attached to the read data (31 x 7b ECC data, i.e., ECC
data of 3 x 7 bytes). The error-corrected data is
25 stored into the read data buffer 135.

If the error correction of the read data succeeds

and data reading normally finishes (step 606), the CPU



as to whether an error in the first data read fromthe recording mediumis
corrected by erasure correction and random correction using the error

. correction code 20 attached to the first data and pointer information
stored in the erasure pointer nenory. 11. The nmethod according to claim10,
further conprising inhibiting the special pointer information stored in the
erasure pointer menory frombeing 25 rew2iten, and wherein the first data
is read after the inhibiting. 12. The nethod according to claim 10, wherein
- 48 the preparing the first data includes: preparing the second data in
the wite data bufderemiided hth£f rithe et | @ wodel @i taohed ot hef err or
correction code being generated on a basis of 5 the second data; and
generating the fthe ssrdat acdyrecwren i oigr@art 1034 t hearsdooncbdad @t porepar ed i n
the wite data buffer. 13. The nethod according to claim 12, wherein the
preparing the ssiconttat3Iadincludesrnald. priepaiig care sexqgebeds in the
wite data buffer with no error correction code attached executing a norna
wite command t ERwsEasuLe ¢dereeernli Hypaethunietthe SXeorrHafEN®i th no
error correction code prepared in the wite data buffer; 15 executing a
speci al read cHRRaRFIPELARPTFOM Ahel PRebIR nk® MR It ehe e%kond dat a

Bnd to store  HE SotorbRat ST 4 G5 Torar LEATEROW Th Ahetis rgpad
ol um i th NG a1 of LT Ghr® o Sodb o AERAHS (WS r Y Gor el on code
oS s et B St et e nib ey o, igpggoond i
command, to thejagdtdatgabaffesamdn(ihe, errofqcrLeLgl i poe&9dgoas t ached.
10 This read retry is repeated (step 607) until data
reading succeeds (step 606), but a number of times not
more than a predetermined number of times (e.g.
ten times) (step 608).
If data reading fails even after retry is
15 repeated the predetermined number of times (step 608),
the CPU 14 determines that the random correction
function of the error correction circuit 134 is not
normally operating. At this time, the CPU 14 supplies
the host 20 with a message indicative of a random
20 correction error (step 609).
Referring then to the flowchart of FIGS. 7A and
7B, an erasure correction function test will be
described. If it is determined from the random
correction function test that the random correction
25 function is normally operating, the host 20 issues a
copy command to the HDD 10. The copy command dictates

copying of data from the read data buffer 135 to the



" - 49 14. The method according to claim 10, wherein a length of the part is

not nore than a sumof a data | ength which can be corrected by the erasure

_correction, and a data | ength which can be corrected 5 by the random

correction. 15. The nethod according to claim 14, wherein the special

pointer information indicates, as an error |ocation, a continuous data

range included in the part and except for2& burst |length which can be

corrected 10 by random correction.
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In this case, the data is written to the data sector

Sk on the track Tk. In other words, the data, part of

which is broken and which is written on the data

sector Sk of the track Tk for the random correction

function test, is rewritten into the original correct

data.

After that, the host 20 issues a read long

command to the HDD 10 in order to read the data

written to the data sector Sk on the track Tk without

operating the error correction circuit 134. Upon

recelving the read long command from the host 20, the

CPU 14 in the HDD 10 executes the command (step 703).

Specifically, the CPU 14 controls the reading of data

from the data sector Sk on the track Tk, dictated by

the read long command. As a result, the data read

from the data sector Sk on the track Tk is transferred

to the HDC 13 via the head IC 115 and R/W channel 12.

This data (read data), with ECC data attached thereto,

is then stored into the read data buffer 135 via the

disk interface controller 132 and switch 136.

Subsequently, as at step 602, the CPU 14 copies

the read data with the ECC data from the read data

buffer 135 to the write data buffer 139 wvia the host

interface controller 131 (step 704). This copy

operation is dictated by a copy command issued from

the host 20. Subsequently, as at step 603, the CPU 14

rewrites (breaks) part of the data copied to the write



" G A<VK@ 34Y10! &y" 10%<<& ()-! 10%z& ()-g!'| 10%<p<& ()-g

910%& ()-f910%& ()-MLO¥%& ()-s.e(]/f ?VK@B

. 34Y10! 9F% 109&' () - @ 9FY 109%<<&' () - @& 1090& ()-n! & 10%<& ()-n$

109%<& ()-&"109%& ()-fO\rS4 LT10%& ()-fLI0OY%& ()- 109%& ()-s 10<< 10<<
10<<!'L."10%<<& ()-!'L."10% ()-\{ok}"?r$4 < |1 %40%& ()-9- 10%& ()-T!'O9-
109%<& ()-T& ' 10%0& ()- !'& ! 10%<& ()--10%%& ¢)-dh }[MP1 10<< 10<<

10<<! LO"10%<<& ()- !'L0"10%&' ()- K

. s10%& ()-9>' 1 10% ()-n! 9> 1 10% ()-nMNaBMP1 10<< 1

10%& () - #: ! 10%RR 4 o £k ! D9 (103 P10%E 1) £ SIDIER KOwdOHFE () - N#Z

+Y}A<MPl 10<<!9Y% 109%<<& ()- &M 10%& ()-Q &M'10%&' ()-Q
N10%<& () - & 10%3se (oIt ADIXEL & -g it dd 1o 4 Oxisd Wop 1846dBE 4 ) - ! 90
"109%&' ()-Y% 10%1& ()- Y% 109%<& ()- Y%
includes a number h of bytes ranging from the n2th
byte to the (n2+h—1)th byte, as shown in FIG. 8B.
5 The host 20 designates the to-be-rewritten portion.
"h" represents an arbitrary number that satisfies
h = (random correction burst length + erasure
correction burst length). The random correction burst
length represents the total number of bytes (symbols)
10 that can be corrected by the random correction of the
random correction circuit 134a. In the embodiment,
assume that the random correction burst length (random
ECC length) is 3 X 2 (31 X 2b) (= 6 bytes). On the
other hand, the erasure correction burst length
15 represents the total number of bytes (symbols) that
can be corrected by the erasure correction of the
erasure correction circuit 134b. In the embodiment,
assume that the erasure correction burst length

(erasure ECC length) is 3 X 8 (3i X 8b) (= 24 bytes).

20 Therefore, "random correction burst length + erasure

correction burst length" is 6 + 24 30 (bytes), and
"h" is an integer that satisfies h = 30 (bytes). 1In
the embodiment, assume that h = 28 (bytes). 1In the
embodiment in which the ECC for each interleave is of

25 14 bytes, i1f error correction is performed using only

random correction, an error including series twenty-

two bytes cannot be corrected as described with
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reference to FIG. 4. 1In light of this, it is
advisable to set the lower limit of "h", i.e., to set
"h" to a value falling within the range of 22 bytes to
"random correction burst length + erasure correction

5 burst length". This range enables the erasure
correction function to be verified efficiently. The
order of steps 704 and 705 may be reversed. In other
words, a number h of bytes ranging from the n2th byte
to the (n2+h—l)th byte, contained in the read data

10 stored in the read data buffer 135 may be rewritten,
and the resultant data be copied to the write data
buffer 139, with the ECC data attached to the data.
To verify whether the erasure correction function
of the error correction circuit 134 is normal, it is
15 sufficient if the following three processes are mainly
performed. In a first process, the data in which
a number h of bytes is rewritten (broken) is written
to the disk 111 by executing a write long command.
In a second process, an erasure pointer EP2 for
20 designating an error location corresponding to
the data-rewritten position is set into the erasure
pointer memory 138 in accordance with an outer
command. In a third process, to determine whether the
partially broken data written to the disk 111 can be
25 appropriately corrected, this data is read by
executing a normal read command.

To this end, when part (i.e., the number h of
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)109%& ()-'L!m109%& ()- " 'L!'nf 109 ()- 11_2 2a2b2i222bC
1, MLO% & () - L1024 Herl nil3edi& {drr, the host 20 supplies the HDD 10
with a write long command for writing the rewritten
5 data to the disk 111. Upon receiving the write long
command from the host 20, the CPU 14 in the HDD 10
executes this command (step 706). As a result, the
data (write data) stored in the write data buffer 139,
part (i.e., the number h of bytes ranging from the

10 n2th byte to the (n2+h-1)th byte) of which is
rewritten, is transferred, with the ECC data
attached, to the disk interface controller 132 via the
switch 13B. This data is further transferred from the
disk interface controller 132 to the head 112 via the

15 R/W channel 12 and head IC 115. The head 112 writes
the data to the disk 111. In the embodiment, the head
112 writes the data, in which the bytes ranging from
the n2th byte to the (n2+h—1)th byte are rewritten, to
the data sector Sk of the track Tk on the disk 111.

20 Subsequently, the host 20 supplies the HDD 10
with an erasure pointer setting command for storing
the erasure pointer EP2 into the erasure pointer
memory 138 in the HDD 10. Upon receiving the erasure
pointer setting command from the host 20, the CPU 14

25 in the HDD 10 executes this command (step 707).

Specifically, the CPU 14 controls the programmable

erasure pointer generator 137 via the host interface
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(step 707a). The programmable erasure pointer
generator 137 stores the generated erasure pointer EP2

5 into the erasure pointer memory 138. The generated

erasure pointer EP2 designates, as an error location,
the location corresponding to the rewritten bytes
ranging from the n2th byte to the (n2+h-1)th byte.
For example, as shown in FIG. 8C, the generated

10 erasure pointer EP2 designates, as an error location,
the location corresponding to the bytes in one-sector
data ranging from (n2 + random correction burst
length) to the (n2+h-1)th byte (in this case,
the random correction burst length = 31 X 2b = 6;

15 "h" = 28). This erasure pointer EP2 designates, as
the error location, the portion of the rewritten bytes
ranging from the n2th byte to the (n2+h-1)th byte,
except for the bytes ranging from the n2th byte to
(n2 + random correction burst length - 1), which

20 correspond to the random correction burst length
(random ECC data). Once the programmable erasure
pointer generator 137 has stored the erasure pointer
EP2 into the erasure pointer memory 138, it inhibits
the contents of the memory 138 from being rewritten by

25 the erasure pointer EPl from the R/W channel 12
(step 707b). This inhibition state is released when

the erasure correction function test finishes.
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a normal read command for reading data from the data
sector Sk on the track Tk. This command dictates
random correction using "31 (three interleaves) X 2b
5 (two bursts)", and erasure correction using "31
(three interleaves) X 8b (eight bursts)". Upon
receiving the normal read command from the host 20,
the CPU 14 in the HDD 10 executes the command
(step 708). Specifically, the CPU 14 controls the
10 reading of data from the data sector Sk on the track
Tk, dictated by the normal read command. As a result,
data is read from the data sector Sk on the track Tk,
and is transferred to the HDC 13 via the head IC 115
and R/W channel 12. The data (read data) transferred
15 to the HDC 13 is input, with ECC data attached, to the
error correction circuit 134 via the disk interface
controller 132 and switch 136. In this embodiment,
random correction using "3i X 2b", and erasure
correction using "3i X 8b" are dictated by the normal
20 read command. The erasure correction circuit 134b in
the error correction circuit 134 corrects an error in
the input data by erasure correction using the ECC
data attached to the data and the erasure pointer EP2
stored in the erasure pointer memory 138. As
25 mentioned above, the erasure pointer EP2 designates,

as an error location, the bytes in one-sector data

ranging from (n2 + random correction burst length)th
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correction circuit 134b corrects an error in the error
location by erasure correction. On the other hand,
the random correction circuit 134a corrects, by random
5 correction, an error that may exist at the locations
not indicated by the erasure pointer EP2. For
example, an error may exist in a leading data portion
(i.e., the bytes ranging from the n2th byte to the
(n2 + random correction burst length - 1)th byte) that
10 is included in the rewritten (n2th to (n2+h-1)th)
bytes and has a length equal to the random correction
burst length. Thus, the error correction circuit 134
corrects an error in read data, using the combination
of random correction and erasure correction.
15 The error-corrected data is stored into the read data
buffer 135.

If error correction of the read data (i.e., the
data in which the bytes ranging from the n2th pbyte to
the (n2+h-1)th byte is intentionally rewritten)

20 succeeds and reading normally finishes (step 709), the
CPU 14 determines that both the random correction
function of the random correction circuit 134a and the
erasure correction function of the erasure correction
circuit 134b are normal. At this time, the CPU 14

25 supplies the host 20 with a message that the random

and erasure correction function tests of the HDD 10

have succeeded (step 710). If, on the other hand,
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error correction of the read data fails, i.e., if data
reading fails (step 709), the CPU 14 controls
re-execution of data reading (i.e., read retry)
(step 711). This read retry (step 711) is repeated
5 (step 712) until test data reading succeeds
(step 709), but a number of times not more than
a predetermined number of times (e.g. ten times).
If data reading fails even after the retry
operation is performed the predetermined number of
10 times (step 712), the CPU 14 determines that the
erasure correction function of the error correction
circuit 134 is not normally operating. 1In this case,
the CPU 14 supplies the host 20 with a message
indicative of an erasure correction error (step 713).
15 As described above, in the embodiment, data
(first data), part of which is rewritten (broken) and
to which ECC data generated from original data (second
data) is attached, is written to the disk 111 in
accordance with a write long command (special write
20 command) from the host 20. In this case, since the
operation of the ECC generator 13A is inhibited by the
write long command, the first data with the ECC data
is directly written to the disk 111. Accordingly, the
broken portion of the first data has to be considered
25 an error. In light of this, in the embodiment,

an erasure pointer EP2 (special pointer information)

that indicates, as an error location, the location



TI0W & ()- 10% & ()-!&9!'10%p& ()-yaalbybbbcaB~_ @ 1! F 710% & ()-L6
10% & ()-F 3410% & ()-F f210% & ()-!9, '109& ()-3
C*F10% & ()-cBcCcDcEcLc}cccbhC 1! 10% & ()- 410% & ()- 910% & () - &M0% & () -
10" 10" 10"F 910% & ()-cRddddd8e”?bC 1! &9"10% & ()-!&9"109%&' ()- YZ10% & () -
yl10% & ()- 10% & ()-!'n!10% " & ()-8ejeef8fffdELC 1!3 )10%W & ()-3
Fy10% & ()-9f# 10% & ()-3 10%& ()-3 @AO0BE& (9-3 10% & ()-ffgh: hhhhhaVK@
1! 10" 10" 10"3 710% & ()-L&6!'10% & ()-F 3410% & ()-'9,"10% " & () - MF
*s10% & () -hhhisiij "?VK@ 1! " 10% & ()-!|
corresponding to the broken portion of the first data
is set in a programmable manner in the erasure pointer
memory 138 in the HDC 13. In this state, if a normal
read command is executed to read the first data from
5 the disk 111, the error correction circuit 134
performs an operation for correcting the error of the
first data based on the erasure pointer EP2 and ECC
data attached to the data. If the error correction
circuit 134 is normally operating, i.e., if the
10 erasure correction function is normally operating,
the above-described broken portion is appropriately
corrected, thereby completing data reading based on
the normal read command. Thus, whether the erasure
correction function is normally operating can be
15 detected simply by determining whether reading of the
first data from the disk 111 has succeeded.

In the above-described embodiment, the invention
is applied to a magnetic disk drive (HDD). However,
the invention is also applicable to any type of

20 storage device that can read data from or write data
to a recording medium, such as optical disk drives,
magneto-optical disk drives, magnetic tape devices,
etc.

Additional advantages and modifications will

25 readily occur to those skilied in the art. Therefore,

the invention in its broader aspects is not limited to

the specific details and representative embodiments
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spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A storage controller for controlling, in
accordance with a read/write command from a host,
reading of data from a recording medium or writing of
5 data to the recording medium, and transfer of read
data or write data to or from the host, comprising:
an error correction code generator which
generates an error correction code in accordance with
data to be written to the recording medium, the error

10 correction code being attached to the data;

an erasure pointer memory which stores pointer
information indicative of a location at which an error
exists, the error being contained in data read from
the recording medium;

15 an error correction circuit which corrects the
error in the data, read from the recording medium, by
erasure correction and random correction, using the
error correction code attached to the data and the
pointer information stored in the erasure pointer

20 memory;

an inhibition circuit which inhibits the error
correction code generator from attaching the error
correction code to data to be written to the recording
medium, when a special write command from the host is

25 executed; and

a programmable erasure pointer generator which

sets, in the erasure pointer memory, special pointer
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location, in accordance with an erasure pcinter
setting command from the host, the location being
designated by the erasure pointer setting command, the
5 special pointer information set in the erasure pointer
memory being used by the error correction circuit to
correct an error in data written to the recording
medium by executing the special write command, and
read therefrom in accordance with a normal read
10 command from the host.

2. The storage controller according to claim 1,
further comprising means for inhibiting the special
pointer information, set in the erasure pointer memory
in accordance with the erasure pointer setting

15 command, from being rewritten when a later read
command is executed.

3. The storage controller according to claim 1,
wherein the inhibition circuit includes a switch which
performs switching between a state in which the data,

20 to be written to the recording medium, is input to the
error correction code generator, and a state in which
the data, to be written to the recording médium,
bypasses the error correction code generator, the
switch being switched to make the data, to be written

25 to the recording medium, bypass the error correction

code generator when the special write command is

executed.
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further comprising:

a read data buffer which stores, in units of data
sectors, the data read from the recording medium and

5 having the error corrected by the error correction
circuit;

a write data buffer which stores, in units of
data sectors, the data to be written to the recording
medium; and

10 a transfer circuit which transfers, to the read
data buffer, the data read from the recording medium
and having the error correction code attached thereto,
without passing the data through the error correction
circuit, when a special read command from the host is

15 executed.

5. The storage controller according to claim 4,
wherein the transfer circuit includes a switch which
performs switching between a state in which the data,
to be written to the recording medium, is input to the

20 error correction code generator, and a state in which
the data, to be written to the recording medium,
bypasses the error correction code generator, the
switch being switched to make the data, to be written
to the recording medium, bypass the error correction

25 code generator when the special write command is

executed.

6. The storage controller according to claim 1,



© 103 *10% & ()- 9 10 & ()-3 140%W & ()-9# 10% & () -
F10% & ()-!' &M 10%&' ()-T2c89aB77 10 10"Y 9-10%W & ()-!L&6"10% ()-F
Y4310% & ()-F f210% & ()-3 .10%W & ()-9, 10% & ()-9:; BIP{n\V
Yy10% & ()-y1l0% & ()- 10% & ()-:!110%W & ()-&10% & ()-s&l0%w & ()- 10"
10"KXp A2 Yy10 )LI0OW & ()- & 10%W & ()-!' & #"10%z& () -
10%6 & ()-!& 109%Kk& ()- 910% & ()-+}[ M4 102" 40""
10""1&34"10% " & ()-!'&34"10%& ()- f2(10% & ()-'3
S10% & ()-& -10% & ()-g3}~?MP1 10" Y 10% & () -
f10%6 & ()-!| 10%hafr&d ) -g! VI0%0" 0" & ()-9g910% & ()-&10% & () - 3?0} *<M?1
10""19y# 10%"& ()- !'yl0O%W & ()- yl0% & ()-
10% & ()-!&9! 10% { & the! RAhIOU 18h(FirtdBE1iAhIDItELBBELIOWDE () - F
S210%& () -F
correction code generator from attaching the error
correction code to first data when the special write
5 command from the host dictates writing of the first
data to the recording medium, the first data being
used for verifying an erasure correction function, the
first data being obtained by rewriting part of second
data, the error correction code attached to the first
10 data being based on the second data;
the programmable erasure pointer generator sets
the special pointer information in the erasure pointer
memory when the erasure pointer setting command from
the host dictates setting of the special pointer
15 information, the special pointer information
indicating, as the location of the error, a location
corresponding to the rewritten part of the first data;
and
the error correction circuit corrects an error in
20 the first data read from the recording medium, by
erasure correction and random correction, using the
error correction code attached to the first data and
the special pointer information set in the efasure
pointer memory, when a normal read command from the
- 25 host dictates reading of the first data from the

recording medium.

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

further comprising:

a read data buffer which stores, in units of data
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a write data buffer which stores, in units of
5 data sectors, the data to be written to the recording
medium;

a transfer circuit which transfers, to the read
data buffer, the data read from the recording medium
and having the error correction code attached thereto,

10 without passing the data through the error correction
circuit, when a special read command from the host is
executed;

means for rewriting part of the second data
stored in the read data buffer, when the second data

15 is read from the recording medium by executing the
special read command from the host, and is stored into
the read data buffer without being passed through the
error correction circuit; and

means for generating the first data, to be

20 written to the recording medium, by copying the
rewritten second data from the read data buffer to the
write data buffer, the second data having the error
correction code attached thereto.

9. A storage apparatus for generating an error

25 correction code for data when the data is written to
a recording medium, and correcting an error in the

data when the data is read from the recording medium,
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indicative of a location of the error and the error
correction code attached to the data, the storage
apparatus comprising:

5 a signal processing device which subjects a read
signal, read from the recording medium, to analog-to-
digital conversion, encodes data to be written to the
recording medium, and decodes digitized read data; and

a storage controller which controls, in

10 accordance with a read/write command from a host,
reading of data from a recording medium or writing of
data to the recording medium via the signal processing
device, and transfer of read data or write data to or
from the host, and

15 wherein the storage controller includes:

an error correction code generator which
generates an error correction code in accordance with
data to be written to the recording medium, the error
correction code being attached to the data;

20 an erasure pointer memory which stores pointer
information indicative of a location at which an error
exists, the error being contained in data read from
the recording medium;

an error correction circuit which corrects the
25 error in the data, read from the recording medium, by

erasure correction and random correction, using

the error correction code attached to the data and
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an inhibition circuit which inhibits the error
correction code generator from attaching the error
5 correction code to data to be written to the recording
medium, when a special write command from the host is
executed; and
a programmable erasure pointer generator which
sets, in the erasure pointer memory, special pointer
10 information indicating a location as an error
location, in accordance with an erasure pointer
setting command from the host, the location being
designated by the erasure pointer setting command, the
special pointer information being used to read data,
15 written to the recording medium by executing the
special write command, in accordance with a normal
read command from the host.
10. A method of verifying an erasure correction
function incorporated in a storage apparatus, the
20 erasure correction function being used to correct
an error in data read from a recording medium, using
pointer information indicative of a location of the
error and an error correction code attached to the
data, the method comprising:
25 preparing, in a write data buffer, first data to

be written to the recording medium, the first data

being obtained by rewriting part of second data,
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- the recording medium, the first data prepared in the
5 write data buffer and already having the error
correction code, without generating another error
correction code based on the first data:;
setting special pointer information in an erasure
pointer memory regardless of reading of data from the
10 recording medium, the special pointer information
indicating, as an error location, a location
corresponding to the rewritten part of the first data;
reading the first data written to the recording
medium by execution of the special write command; and
15 determining whether the erasure correction
function is normally operating, from a determination
as to whether an error in the first data read from the
recording medium is corrected by erasure correction
and random correction using the error correction code
20 attached to the first data and pointer information
stored in the erasure pointer memory.

11. The method according to claim 10, further
comprising inhibiting the special pointer information
stored in the erasure pointer memory from being

25 rewritten, and wherein the first data is read after

the inhibiting.

12. The method according to claim 10, wherein
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error correction code being generated on a basis of
the second data; and

generating the first data by rewriting part of
the second data prepared in the write data buffer.

13. The method according to claim 12, wherein the

preparing the second data includes:

preparing the second data in the write data
buffer with no error correction code attached;

executing a normal write command to write, to the
recording medium, the second data with no error
correction code prepared in the write data buffer;

executing a special read command to read, from
the recording medium, the second data written to the
recording medium by execution of the normal write
command, and to store the second data into a read data
buffer with the error correction code attached, the
second data being written to the recording medium with
the error correction code attached, the error
correction code being generated on a basis of the
second data; and

copying the second data, stored into the read
data buffer by the execution of the special read
command, to the write data buffer with the error

correction code attached.
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length which can be corrected by the erasure
correction, and a data length which can be corrected
5 by the random correction.
15. The method according to claim 14, wherein the
special pointer information indicates, as an error
location, a continuous data range included in the part

and except for a burst length which can be corrected

10 by random correction.



