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Error Correction System Error Correction Method, and Data Me y W

Error Correction Function Detail ed Description of the Invention: [0001]
[Field of the invention] The present invention relates to an error
correction systemand a data nmenory with the error correction function, and
in particular, to a technique for reducing-the' tinme necessary for error
correction processing by increasing data transfer efficiency in an error
correction system using error corrgcgig igoges in a product code format
such as found in a DVD (Digital Verfatitra braRy. 03J UL 2002 -2

[ 0002] [Background art] Generally, a DVD typified by an optical disk uses
an error correction technique using error correction codes in a product
code fornat,fﬁﬂ% - e is used as the error correction code.
Figure 1 shows a‘%éggﬁggggggggﬁaﬁ§ghsing error correction codes in the
product code format. Data bytes are arranged in KL rows x k2 colums. As is
wel | - known i [Eddeer acdrredtide s9vtehor iExwdkalJoridAidOMMet OV £ AR8 Data

correction ¢ s R Pt y- 1| .Code or Inner codes are
| ?\%ﬁr@a .Lq:,q] ﬂ(rvrgﬁr}?ﬁ?a{fl(!féacf ioh M%rtl S) S

added, and in the“colum I'rection, columm error correction
codes called PO codes (Parity-Quter Codes) or Quter codes are added. An
array 1 of data bytes with the PI codes and PO codes being added is called
"ECC block.”™ As is well-known, the PI codes and PO codes are generated in
accordance wébathdd DEsEr bt O6n POF YORE1 Bhdemesem: on row data and col um
data. [0003] A format of the ECC block is defined in the DVD standard: Kkl
is 192 rows and k2 is 172 bytes; the Pl of each rowis 10 bytes and the PO
is 16 roWR90Fherefore, length Y of the ECC block in the rowdirection is
182 bytes, and length Z of the ECC block in the colum direction is 208
rows. Thys; ch¢o 0 ; the ECC bl ock includes 182 bytes, and each
of 182 cgfﬁﬁgg g %ﬂ% E%%?ﬁ?ég ]includes 208 bytes. The ECC bl ock i ncl udes
16 sectors S1-S16, and each sector includes 12 byte-rows L1-L12. E ach of
t he byt eThewpreseht2invehbdes redadaisa toyaes eandrl CRIrdpttian) spedeRO and

i ncl udesa 16g56h byhi@nd oS Q% PAHe  error correction function, and in
particular, to a technique for reducing the' time necessary for
error correction processing by increasing data transfer
efficiency in an error correction system using error correction
codes in a product code format such as found in a DVD (Digital
Versatile Disk).
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[0004] Figure 2 schematically shows the ECC bl ock recording fo h
t he ECC. bl ocks are recorded on data tracks of a DVD. 16 PO bytgr?c)"/\plv- 2}002
' POL-P016 in Figure 1 are distributed to 16 sectors 03 ~~1 20u2 -3
respectively. For exanple, the sector S1 includes conbination of 12
byte-rows L1-L12 and the associated PO byte-row POlL, and the sector S16

i ncl udes conbi nation of 12 byte-rows L1-L12 and the associ ated PO byte-row
PO16 (not shown). [0005] The ECC block.in Figure 1 is converted into the
recordi ng f[%r t] in Figure 2, and is recorded on a DVD. Cenerally, the ECC
block in Filguré'l is converted into the recording format in Figure 2, and a
frame synchroni zation signal is added to the recording format, which is

8/ 16- nodul dBedkgERhI arst nodul ation) and is recorded on the DVD. Wen it is
read, a signal read fromthe DVD is 8/16-denodul ated, the frane

synchronrz ion nal_ i e t he read. sign s.reassenbl ed in
The EOG bi GERSPBLNLe 6 Brhurebiiedohy) T EPtiseEontek: BRE oG TRy,
first, errGOrEEFEEER; ‘éﬁcﬁ‘%lﬁﬁbﬁr T e qrr?%%é”ﬁéﬁ‘ﬁdﬂ?éc??@?ﬁ Hheh epradpat
correcti ondoslepefdxmated andt ke RedédHsoldimonct code | fiserusord bys exhehesmmuorber
of which e&e@@et%m e@ateerm E‘%Quf‘ém’@erstﬁ{v% det ealed Idsttahefcr&re(tdur@ﬁ{d on.
In a case Of rr, co’r e 1on COC& Sst alnrg:ethoér theduR ed. %Ol %orm ‘gOdeDétn t et (oW
direction is ff hd ﬁa istance off the Reed-Sol GhOA” tode™ Th 13741

col um direas eﬁrraslgw lmhétlnw@wmfrkﬁuﬁﬁérlmbﬁ er A8r igowedttkmavn nin Heha ow
di rection iaxth birt eshe amdwt Hdomaxontal hudtbeecoiorer r oow cerrect conreat idre

col Ufmt di F%Hdef[éﬂ da&l%dbﬁle%tod@%vqrﬂafﬁwsinnéhecd?@éé TUSE NERRSF Qqe rdfe N
correction e r i 0 e N 0.an r an
5 For exarsisl’s 48fEh 317 ol GuPCtyREdal) PhLER O MR G050

erasure pr 6@&§§Fﬁ§y°f‘n°?ﬂ%s c%ﬂﬂ‘ﬁiﬂ df? e%‘?‘i‘?fh (%aﬁ)‘éryf‘@rlﬁﬁd CPABYY] O N4 teTer  or
correcti on qgrdesedunee ddded.prifor DvPysykte datd beteesertilbether®h cedesr ence

to Figure 3ndECEobl sdedataing si@d@ll is0 8adidhiL Q0 -drsek a DVDad1l syich
as an opti Galy i gl hn t ﬁefeﬁofdd forarmt g%scébﬁ?&g . d e%%ﬁgréeef' gy e 2.

The disk 11 1§ rotatéd not or A read head novi Ng_on a

gui de bar 1a4:°r°§éid‘§cf3e(‘f’&?:\ée(‘foﬁl§t geérﬁdagé?gopf’ﬁ?%‘?’ﬁ’aﬁ‘]isbnb?sre&n‘Phercm/[?atial
and sends tdmeseoflgma debal- circuit 16. The read circuit' 16 sends the
recorded data and servo information, which are read, to a formatter 20.
Rotation of ddygspindl e notor 12 and movement of the read head 13 on the
gui de bar 14 are controlled by a digital servo processor 18 responding to

the servo informtion. g0008 In Figure 3, broken |ines and nunbers inside
par ent heses? tipimadr € fskBANERePleHe Iy sledinednés shewheteagdasdtekbf igat a
transfer anddprovessamy.k] 0009]72 bytes; the PI of each row is 10 bytes

and the PO is 16 rows. Therefore, length Y of the ECC block in
the row direction is 182 bytes, and length Z of the ECC block
in the column direction is 208 rows. Thus, each of 208 rows of
the ECC block includes 182 bytes, and each of 182 columns of
the ECC block includes 208 bytes. The ECC block includes 16
sectors S1-S16, and each sector includes 12 byte-rows Ll1-L1l2.
Each of the byte-rows L1-L12 includes 172 data bytes and 10 PI
bytes. The PO includes 16 PO byte-rows PO1-P0O1l6.

(0004 ]

Figure 2 schematically shows the ECC block recording format in
which the ECC blocks are recorded on data tracks of a DVD. 16
PO byte-rows PO1-POl6 in Figure 1 are distributed to 16 sectors



(1) The formatter 20 perforns 8/ 16 denodul ati on of the signal F$tJ ‘S

renoves the, frame synchronization si'gnal, and generates an ECC'bYf ocK 1n the
~ format of Fi gure 1. The formatter 20 sequentlally transfers byte-rows of

the ECC bl ock of Figure 1 (hereinafter, these byte-rows are called ECC

bl ock rows) L1, L2, L3,..., P015, P016 to DRAM 22 functioning as a first

buffer menory. The DRAM 22 is used as-& working nenory for holding the ECC

bl ock, storing the ECC block after correction if an error is detected, and

t Lﬁ;ﬁi g;;' ﬁ&% 3Bl O%o:alditingdQ T €AL 9Bcto: aSbO§ﬁcf§ie§e§r3r%(;o§{B'1ﬂlatt1%n A
the fi? %? TR cRRIm?'Sﬁ rﬁ% ?tbFr é‘ﬁsf’Sl%l‘he%R‘%/l Af‘q"ﬁﬁ(‘?t ?éﬂr nd"ds a
second buf tke seitRy .S IthelSRAMeE4 dogbinAt gon speell? b ferravgyildghl2 and
conpar at i vehy sdBddiatapaedt yytentbw Poisednberskddrici ently performng error
correction processing. The ECC bl ock row transferred to the SRAM 24
i ncl udes I72 data bytes and 10 PI bytes. (3) Next, the ECC bl ock row
transferref®®tne SRAM 24 i s 03 ~i~L 20G-s transferred to an error
correction code decoder 26. The decoder 26 includes a syndrone generator 28
and an errohecorechlddk CihCigule The ssysehwsmgenenied othdd rgpedenahgs a
10-byte sy 8'.#.:951@ msgﬁ?@&tbe g4 a; 9f riher KL N ofloyPW SslRlragdlyf r et he

SRAM 24. Teer ection._ci.rcuit 30 obtains. error tlosaderror
val ues of ERG BERShI Gt ¥iiehdsdd SR RECTRrte: dBCsgRAPER 86 Hct o
the error Bjgerei?,tBadnantaranst synchaondegapjerssignakhr ée éiﬂd¢<és§° thy
Then, the decofi®ing6fmaads tih@chr Ler 8¢ D6 +medeich eyt @ EFMOp Auls Mi&dnﬁ&m(mii )

The MPU 32,58nd§ LRESHEQT oROMHRCURMD bytﬁﬁenS%t iEr eauphe d%q Qi 28aqt 0

t he DRAM 2 wite the err S.0 orr sondln ck _row
A I A T T oSt
sequent i al F}gpel f 4f negmpredegand tt@eallleatdhéllﬂeelbllécqu‘?@\ﬁ@mbﬂ-?d etPoithByt es
t he nunber Eof whoch fxeeedsft RLgerarke. detected in the decoder 26, an
erasure pointer is set. If the erasure pointer is set, byte-colums of the
ECC bl ock {[B ? nafter, these axe called ECC bl ock colums) in the DRAM 22
are sequentia ;l/ transferred to the SRAM 24 after conpletion of error
correction in the rowdirection. In the colum direction, a 16-byte
syndrone i §ngeserat eg¢obyethiosyrprceessgager atiorst28, earer sicprkartion o ishe
error correekifofméd tihe £AW dideCldi@Rct@bRPr L@ I 8ehs@fe Plcogesst Nth i 9s

per f or med ‘p@ EQﬁm&?' tﬁér&‘}idﬁ{‘ dlﬂec%@%r ﬂfoe%&%g{éému% M RfmpeQr bgCtion

processi ng i'S _necessar store.the entire ECC
bl ock in tWBlBFQAﬁIx??eBEf Gr é?ﬁaﬁﬂc?te[rﬁ‘éf‘?? 8T %eﬁrﬁlfefcﬁgt%?lréfl EBPr &8 on
pr ocessi ngdiisecbhph et edInt e EBBebl 9Ek & hAVDdodiammdmgi ndistdacan @f r dihe

exi sts in ReedPRAM®En Thdedaim ahet heokCQilkkotkon n itshel DRAMNA2 Hamsiewt to

tzggzhOSt PQistanz8 GREMIRNASLEHLELh Woled GAN R 3do1 (i1 rdtt3on Wsl

f direction is 5 bytes, and the maximum number of error

17. The maximum number of error correction in the row

correction in the column direction is 8 bytes. Nevertheless,
the maximum number of error correction in the row direction is
generally limited to a number less than 5, for example, 3
bytes, and, if more than 3 error bytes are detected, erasure
processing in the column direction is performed.

[0007]

Next, error correction procedure in a prior DVD system will be
described with reference to Figure 3. ECC block data is stored



the row direction is generated based on a 182-byte ECC bl ock r

~ 172 data bytes and 10 PI bytes. Since the prior systenrdescrlbed above has

t he syndrone generator 28 in the downstream of the SRAM 24, it is necessary
to transfer the entire 182-byte ECC bl ock row fromthe DRAM 22 to the SRAM
24, and next, to decoder 28. Therefore4-this systemhas a problemthat the

system needs much tinme to transfer the data such that error correction

processi ngncannigip ber efddici sgt l—m Rien e skOQh3leHe A &g fo¥imagCti On
processi ”Seséhﬁéd pi&“ﬁ{&{?éde g%‘i”t% themPr%%is'ﬂg dsr aril_a%ﬁgf $ Ly

node, t hat tat P’tothe
host maltéﬂlné&?hﬁﬁbﬁrtﬁ% on’ihée?¢yh€6ﬁld3b€mWé&B|féUfbvéﬁlqﬁththé4prlor
syst em deseadhedecdioiel biatian@ndasiengopiofessanipreffiom emey Dwbt h1yhandse of,

L or ex?rpbencé@ eﬁés@etétauq:teuae@leaﬁ%l €k . Pr a6RS Sidad dltrchittﬁﬁ%g%re%wse to
asically ocessi ng or e

transfer BB§ Hggof% & 3 N? (ﬂe%Qﬁ? %ggoganwhécgeaﬁﬁeﬁeagt %808hes
possi bl e £BrPairREe dte @@@@]’5#@6 9f-rr‘éh%fslsa1r¥lqlrﬂ gehar busamb wwenestd sfa
transf er, thad deadcehedd beédomas pbhssSidulidet bdmcléaseet henritrea 1sderby ha MPU

32 can usgiyPeai m@ma rBUes36r 1 R33nAGnGes PERC @35HBY: RESIfd gy, of the
entire data nenory. 8 In addition, the prior systemhas a problem

that, since the ECC block format is fixed and the | ength of the ECC bl ock
rom1(182 bOPR&} is not a power of 2, unused areas are left in the DRAM
buffer 22, and hence the use efficiency of the buffer nenory is | ow.

[0015] O 3nJrWghre087 ThekehoieénednNafl) aGhbefst DEs MESEMerthedREl @haitS t O
provi de ag, grrQf, for feet ! %Qosybsrto%@nanﬂ ek €GHOY Cc%rregéqi’]uoer})ge thed L hat can

reduce the tine néecessary rerror correction process i Acreasing the
dat a trangFéPSEﬁ?|%ﬂ4uﬂﬁ?0eféep%j Anot her object of the present invention is
to provide an error correction systemthat can reduce the time necessary
for errorooogection processing and can increase the use efficiency of a
buffer menory. [00l 7] Still another object of the present invention is to

rovi de a ta menmpry that has erro
P (g? ThenPogﬁatter 20 performs 8/16 demodulation of the signal

that 1is read, removes the frame synchronization signal, and
generates an ECC block in the format of Figure 1. The
formatter 20 sequentially transfers byte-rows of the ECC block
of Figure 1 (hereinafter, these byte~rows are called ECC block
rows) L1, L2, L3,..., POl5, POl6 to DRAM 22 functioning as a
first buffer memory. The DRAM 22 is used as a working memory
for holding the ECC block, storing the ECC block after
correction if an error is detected, and transferring the ECC
block after correction to a host PC (personal computer).

[Problens to be solved by the invention] A syndrone for error correct SKKEP

(2) When one or more ECC block rows are transferred to the
DRAM 22, the first ECC block row is transferred to an SRAM 24
functioning as a second buffer memory. The SRAM 24 is a
high-speed buffer having comparatively small capacity, and is
used for efficiently performing error correction processing.
The ECC block row transferred to the SRAM 24 includes 172 data
bytes and 10 PI bytes.

(3) WNext, the ECC block row transferred to the SRAM 24 is



correction capability with using error correction codes in aﬁp ojugt e
format and can reduce the tinme necessary for error correctio ér

- [001 8] [ Summary of the invention] According to an aspect of the present

invention, an error correction systemof the present invention includes a
formatter generating an ECC bl ock that includes at |east data arranged in
rows and colums and row error corrﬁc_tion codes for the respective rows, a
syndronme generator generating a syndrone based on each of the ECC bl ock

r ows supplledfrom he formatter, a first, buf r ecei,vi ng d
storing tH&B8ESHF ‘i wgnanﬁrﬁ%%0(?°§tr§8t§°%drc&?§sn??%?ﬁi?lhe 28yndr
gener at or 4€£°8€EontP bu#npéﬁldﬁ’érm?y SrYé’@é‘PWPngg%ﬁﬂi-”aé:PG‘H%% i §9ndEF1€3Trﬁ§fs from
said fi rstcdnrfef:elionenmryuaﬂman emher syadrenéi ganeralso dez®dgendtetesr ecei ves

E??,gre?g? o lf“‘é’,’r i) ?‘mﬁ‘féo?” e @ﬂ“[*ea”ga‘p@”&r "EneT R Z%%Ez’@%“fm’
HRE A ST 28 e Fokon, SoTRSOtIoh Sosnd toatks,

menory.
and each rQiWadflSt Iﬁ*érbﬁnl?§sh‘aé‘,012$1 nd 2aFugr (velwes rplanthen Be@ plaghk jxaw

i nt egers) efsddytom |trgtdermstdities diywiddesle|, nhod( 2orit¢ctyt ehdl ecker Hjwses

byt e- | engtiy ¥nef nbhiseEEE bdng%r&g%byéeg %6 HRr¥s2ox {2481), and each of the
ECC bl ock rows is stored by a block of 2 byte-length alternately in the
byt e- bl ocks of the first and second banks in an interleave node. A syndrone
correspondifly f&eBachhef dePRABTE GhISSERSr GHE PEr At widd SCivef 2Ry FomHl9 -37

byt es of et B2area of a bank byte-bl ock where the (2m+l) bl ock in the
correspondi ng ECC bl ock row is stored. [0020] According to anot her aspect
of the present jnv a _dat a, nenor t.he resept.inyen e udes a
storage ne umTlélt o?lghgggegteBg % PS ERE udcorre e#a %H&eefror %o rectlct(l)n
codes in éifiﬂ%ct bgode® f“dr%ra'?RMé $or Rt F%Vr%%ttli%r%ﬁ’f%r sttt Uat @ ead
fromthe stomegpomddhgmEandbgenkr abes ian tBECDBRUCR2i mdékbdithg datraeatedinged
in rows angktd.ums, a row error correction inner-code for each row, and a
colum error correction outer-code for each colum, a syndrome generator
that sequentially receives the ECC bl ock rows fromthe formatter and
gener at es K dr onre based on each of the ECC ' block rows, a first buffer
menory receiving the ECC bl ock rows and associ ated syndrones fromthe
syndrone geEnersidfe mrovedand hdf sefguartiba)ly goaifvrngdt he sygdrones A1bm t he

first buffgfe Wrb\ioc@cn@o@sdeC?PeérHlatbth%%e‘tﬁésn&Meéyd‘fjRH{E%% E&Q%&Qe

second buffer ry rrpr correction processin for ECC
b1 ook r ove L% oGF nIEREFRY o anp e IRSHGEy 26+ " SERF TG00 L EeT 0bo)

[ Preferreds@nbodifiehp NRERBULEhPOBPESENLS| ﬁ@émt PyhenFelumns d%%c?h%e@c% t h
ref erence blodk gltexrednathersanbesef erencel ethimacs bliddk kelassasgnéd tbet he

parts in Fhgale 24 té@é %re%uteﬁgl§ﬁf5? a3 a0B888r+&y FikBUrendd. shnlealdir grebrt he
present i né@ﬁﬁsier}] IS d 3t c% £ e {dree&tl&ns {fpci ée Qj@odip &3 syndme 88coder

gener at or ener a Inc
26 in the PPy S)F]g'tréﬁ]tanFl g%lr e153‘%Y§ead8¥§EId’Ef§‘ﬁveéﬁ tﬁ%n?’é?“rf’eﬂté’ny 286"&nd
DRAM buf f esyPronkh ggesemditone2 §enandt 9imdadyqlenthal yroeceamestice bhock
rows fromthe fownaitestidh, tdransf eorrebeisrcpiyaskHEG hblsoglerrowmta the

DRAM buf f ef, 22, Afth $87RL %Hgﬁ a $YNALOIE JOr etzJ%%rErC@hQ' QQﬁof Qél’éérr%%%*i DESC

bl ock row and its, associ ateé r.one ar stored
2" The. DRAMNIS i1k atict BES GREYTE nG LOREGvest t 0 Lf ha SBRARSH ToTREOTERAM
24 transfeFBet¢n¥%@mdﬂ@n§é00ke@@NVEﬂIﬁV@hﬁ?hbet¥VQM€E@ to the decoder 26.
The error correction circuit 30 in the decoder 26 perforns error correction
processi ng b@li e row direction based on the syndrone received fromthe
SRAM 24, Tﬁe syndrone generator 28 in the decoder 26 is used for generating
syndronmes in the colum direction, and the generator 28 is not used for
generatlng(éyndWQ#ﬁﬁPhhlQW%EQQ@WrdFPéé??E#P“ processing is completed, the

ECC block that does not include an error exists in the DRAM 22.

The data of the ECC block in the DRAM 22 is sent to the host PC



[ 0022] Broken lines in Figure 4 and nunbers inside parent heseﬂ %h\guw%m;
shown near the broken |ines show the sequence of data transfe "
*-proecessing. [0023] (1) The formatter 20, simlarly to the prior system
generates an ECC block in the format of Figure 1. The formatter 20
sequentially transfers the ECC block rows L1, L2, L3,..., Pol5, P0O16 to a
syndronme generator 38. 03J UL 2042 -io (2) Every tine the syndrone
generator 38 receives an ECC block row fromthe fornmatter 20, the syndrone

gener at or égrggggia%cg\:gpuace}s byt e, Sé/a(bdl ong for the ECC block row. The

syndr one ner at or enérates a syn df 6ne for the received ECC bl ock row

whi | e the syndrone generator 38 transfers the received ECC block row to the
DRAM buf f €0022]1functioning as a first buffer nmenory. The generated syndrone
is stored with the associ ated ECC block row in the DRAM 22. (3) The DRAM 22

sequenti al %iéof;ié’ﬂéf@é Vggg?gl\}rr}gé rantstt?L Qe SRAM 24 functioning as a

second bu nenory the syndrone, received from
the DRAM 22, to the error correction code decoder 26. The error correction
circuit 38 ofybdeomecdier 26robt adcrrezrtrion pdsi t thas ww erirertyahuess of

t he astsoggahedaEéE Béﬁé‘d( SO OIbBitJlgvtléaﬁ'E@ of1ddre ﬂo%c‘fi'n\éQQdﬂ{@di‘meda@é‘d the
ci r cui r e y e

t hree or %% igé +h B1 %%gésdeco%%}é% M.'e n‘g&r%iesyesrtreg‘r-correc?ed % Yes to
an MPU 32! a€6 heY MbEP “3‘"2 EHFFatPRe28r F’&rt'é%rﬁi%'tséﬁw &g, t§§n§Wo¥4t he

decoder 28t tis trewebRANY220t Grresfer ethheentine BfRebyod Ed@ kbrclespowndi ng
ECC bl ock f-ew ithd hBRJDRAMZZZ:dM tie t BeagoragCt &6ld byers, [R024dcddermope. t han

three err%ebxk&? ar@h%e s.fifsttl ;hastae gssf Motk ﬁ{eaws%eﬁoaéssglﬁe

processin E forme ri orﬁ%oces& n

Thus, if Cer8stif aNpbPnttet |d§‘t§‘etsucByFB EoPERS AT RIREIEOCPEPRERS H0 t he
DRAM 22 arcéngequbﬁt¢©fiqutnrtécMSPerf@m¢Cb- the SRAM 24 after conpletion of
error correction in the rowdirection. In the colum direction, a 16-byte
syndr one |§Og§nerat ed by the syndrone generator 28, and siml arly to the
error correct| on inthe row direction, error correction processing is
performed in the 0 3J UL 200z -11 colum direction. [0025] (6) Wen all
the error I@oFPéc?F—‘éﬁrpF%re%%ﬁm P¥ogefpirg edit t he mEFasabdie thaexdewse not

i ncl ude arher papcessshg in theoDRAM 221y Thedeat ehaf ide BHCG bresk thméhe

DRAM 22 i sicgientwithddte RaRingCther soral tcamBYber )ty/i @nd ol Mited.
Although the on-the-fly could be realized even with the prior
system described above by increasing processing efficiency with
the use of, for example, pipeline~structured parallel
processing, it 1is preferable to basically reduce processing
time. If the time required for the data transfer between the
DRAM 22 and decoder 26 can be reduced, it becomes possible to
reduce the occupied time of an internal bus 36 due to data
transfer, and hence it becomes possible to increase the time
when the MPU 32 can use the internal bus 36, increasing the
processing efficiency of the entire data memory.

[0014]

In addition, the prior system has a problem that, since the ECC
block format is fixed and the length of the ECC block row (182
bytes) is not a power of 2, unused areas are left in the DRAM
buffer 22, and hence the use efficiency of the buffer memory is



[0026] As is evident fromthe above description, in the present invention,
syndrones in the row direction are generated at a position beﬂggﬂgggpgg
" formatter 20 and DRAM buffer 22. The syndromes are stored wit S
ECC block rows in the DRAM 22. Only the 10-byte syndrone is transferred
fromthe DRAM 22 to SRAM 24 and decoder 26, and hence it becones possible
to | argelow.reduce the data transfer tine in conparison with the prior
system where the entire 182-byte ECC block rowis transferred fromthe DRAM
22 to SRAM 24 and decoder 26. It is to be noted that, since erasure
correcti 1gLocessing in the colum direction is perforned in the sane
processi ng the prior one, the tinme necessary for erasure correction is
basically the sane as that in the prior system [0027] In the present

invention, both of the ECC bl ock and syndrones are stored.in the DRAM
buf fer 23herafoseagiobisct of t#lﬁ@fﬁﬁﬁ%@vﬁnﬂpﬁwﬁt%\ﬁ € {1} eI CORISSIGTbYSIen] #das

i ncrease sBﬁé% @gg!;
feature ol?érecﬁglfe%{rléeﬂslzlﬁﬂfi%aettﬁ%&?on gl[lM @% %}FISCO s%orgs t he
ECC bl ockymnﬁhasmgcﬂh@dmaramsféﬂwﬁmem@ent [ nvent| on will be described. [0028]
An ECC bl ock has a fixed data format that is defined in the standard, and
each ECC bl ock row has 182 bytes of Length. On 03J UL 20G-12 the
ot her haﬁg}w' n the DRAM it is usual that the length in the row direction
is set i Lomer of 2. Therefore, there is a problemthat the use
efficiency of nenory decreases since an enpty or unused area is left if one
ECC bl oc S. red in each row of the DRAM In addition, addresses of
the DRA P@eﬁmﬁqtﬁgmrmn{ HYERURR 1810 RIOYII5AN OBQT CRTFReUIaR YR daat gpne
(i scont | PGS e RinkdYecEQbHTr irbiahctton Jﬁaeésglfr@raﬁd chlBlcfeabStHR vRE OffcRiLY hat
access speed in the columm direction cannot be increased. [0029] Japahese
Pat ent Apbd befidrimemdty, 10- 15740 (1998) assigned to the same assignee as the
present patent application proposes a technique wherein an ECC bl ock is
stored in two nenory banks in an interleave node so as to increase the use
efficienmpigf the DRAM buffer and to make it possible to continuously
access the M buffer in both row and colum directions. As the two banks,
t wo SDRAM (synchronous DRAM chi ps are used. Fi gure 5 shows nenory data
mappi ng S t.e n L rt of
Fi gur e 5ggﬂ%}1&ﬁ? cath!P b 6’6@5%@{1 lg?gr}t]ﬁ)% 1%%@@? %g}a morryeh¥%§ ng | over
part shomrwaysﬁlc@ladbﬂitymtmlﬂgbrtdnotrwldﬂmﬁéymwwuo(t cb@mik)nﬁatadihd daank 1 )
L1, L2, ..In Flgure 5 corresponds to the ECC bl ock rows LO, L1,
L3, ... ofedpﬁféﬂ@é@meomecs&sarynfoppgarr%Tefﬂ%marogessm& sinplification of
descriptlon only the ECC bl ock rows L1-L4 are shown. - [0030] i Byte-rows
of banks 0 and 1 are divided into an odd nunber of byte-bl ocks
respecti {#llg] Each byte-block has the sane length in the row direction. The
| ength ( byte nunber ) of the banks O and 1 in the row direction is
expressed in 2" x (2m+l). Here, n and mare positive integers. 2" is a byte
nunber OISLHﬁ}ﬁaxQ/y(iﬁhé)ﬂnQ&lﬁlon?nd it is 64 (n=6) in this exanple. 2mtl is a
»nunber of byte-blocks, and’it is 3 (nmFl) in this exanple. The length of the
banks 0 and 1 in the rowdirection is 192 bytes . Assuming that a byte
nunmber 182 ,bytes in 002 13 ECC bl ock
rowis Acf‘?{g “étf’ |a8\ﬁf%e§p?‘s tﬁspr‘%ﬁm %V%‘BP% arﬁ‘ee&mrﬁ‘)"?("*’ff%é%?éﬁm of e pyceet
[0031] invention includes a formatter generating an ECC block that includes at least data arranged
in rows and columns and row error correction codes for the respective rows, a syndrome
generator generating a syndrome based on each of the ECC block rows supplied from the
formatter, a first buffer memory receiving and storing the ECC block rows and associated
syndromes from the syndrome generator, a second buffer memory receiving and storing said
syndromes from said first buffer memory and an error correction code decoder that receives
syndromes from the second buffer memory and performs error correction processing for the

ECC block rows in the first



Respective rows L1, L2, L3,... of an ECC block are also divided into three
byt e- bl.ocks each having 64 bytes of length. A first byte-bl OCKQ/%)J)QE Qggz
ECC bl ock row L1 is stored in a byte-block AO of the bank O a

byt e- bl ock BO of the ECC bl ock row L1 is stored in a byte-block BO of the
bank 1, and a third byte-block Al of the ECC block row L1 is stored in a
byte-bl ock Al of the bank 0. A first byte-block Bl of the ECC bl ock row L2
is stored in a byte-block Bl of the bgnk 1, and a second byte-bl ock A2 of
t he ECC blb%%F Low L2 is stored in a byte-block A2 of the bank 0, and a
third byte SCKk™B2°0f* the ECC block row L2 is stored in a byt e- bl ock B2 of
the bank 1. Simlarly, respective subsequent ECC bl ock rows are stored in
the interl(®@@t@]jnode in the byte-blocks of the banks 0 and 1. [0032] When
the ECC block row L1 is fetched, byte bl ocks A0, BO, and Al are accessed

bet ween t b a 1 altern nd when, t he E ck row L2 is
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so t hat |nternal circuit delay caused by precharge nay not be seen fromthe
out si de, gmadz2lbgnce, even if addresses are changed to in the colum
direction (addition of 192), columm data can be continuously fetched.
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10- byt e syndrorre |n$ nu?g area, .t be omes_possible to increase
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second buffer memory and performs error correction processing
for the ECC block rows stored in the first buffer memory.



[0037] Al though specific enbodinments are described above, it wll be
apparent for persons skilled in the art that various nodifi caq gnsu:lgr'ﬂ[]ﬂ?;
performed within the scope of the present invention. For exanpl €, although
error correction processing in the colum direction is perforned after
error correction processing in the row direction in enbodi nents, the
present invention can be applied alsq to a case that the error correction
processing in the colum direction is perforned ahead. In this case,
however, lJ_t(n,glglrror correction processing cannot be started until the entire
ECC bl ocK i stored in the DRAM buffer 22. Since, in the case that the
error correction processing in the row direction is perforned ahead, the
error corlRusfiegwedr evesdimeptchhin be started when one or nore ECC bl ock rows
are stored in the DRAM buffer, this i s nore advant ageous. Furt hernore,
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in the column direction, and the generator 28 is not used for
generating syndromes in the row direction.

[0022]

Broken lines in Figure 4 and numbers inside parentheses that
are shown near the broken lines show the sequence of data
transfer and processing.

[0023]

(1) The formatter 20, similarly to the prior system, generates
an ECC block in the format of Figure 1. The formatter 20
sequentially transfers the ECC block rows L1, L2, L3,..., POl5,
PO16 to a syndrome generator 38.




12 ... Mdtor 13 ... Read head 16 ... Read circuit 18 ... Digit

Y
processor 0 3 J UL 2002 r 20 ... Formatter 22 ... DRAM bufoeB (Jﬁlr.sZUUZ
buffer’ nenory) 24 ... SRAM buffer (Second buffer nmenory) 26 ... Decoder 28
... Syndrome generator 30 ... Error correction circuit 32 ... MPU 36 ..
Data bus 38 ... Syndrome generator 03J UL 2002 -18 Clainc~ (1) An
error correction system conpri sing: 30 formatter generating an ECC bl ock
that includes at |east data arranged |n rows and col umms and row error

correcti ofy 048R APt {ifa€ theSRGAlLYRe ' ¥fferator 38 receives an ECC block
row from the formatter 20, the syndrome dgenerator 38 generates
a 10-byte syndrome for the ECC block row. The syndrome
generator 38 generates a syndrome for the received ECC block
row while the syndrome generator 38 transfers the recdeived ECC
block row to the DRAM buffer 22 functioning as a first buffer
MEemory. The generated syndrome is stored with the associated
ECC block row in the DRAM 22.

(3) The DRAM 22 sequentially transfers only the syndromes to
the SRAM 24 functioning as a second buffer memory.

(4) The SRAM 24 transfers the syndrome, received from the DRAM
22, to the error correction code decoder 26. The error
correction circuit 30 of the decoder 26 obtains error positions
and error values of the associated ECC block row on the basis
of the received syndrome, and the circuit 30 corrects the error
bytes if the number of the error bytes is three or less.

(5) Then, the decoder 26 sends the error-corrected bytes to an
MPU 32.

(6) The MPU 32 sends the error-corrected bytes, sent from the
decoder 26, to the DRAM 22 to rewrite the error bytes of the
corresponding ECC block row in the DRAM 22 with the corrected
bytes.

[0024]

If more than three error bytes are detected in the decoder 26,
erasure correction processing 1is performed similarly to the
prior processing of Fiqgure 3. Thus, if the erasure pointer is
set, byte-columns of the ECC block in the DRAM 22 are
sequentially transferred to the SRAM 24 after completion of
error correction in the row direction. In the column
direction, a 16-byte syndrome 1is generated by the syndrome
generator 28, and similarly to the error correction in the row
direction, error correction processing is performed in the



a syndrone generator generating a syndrome based on each of the 5 bl ock
rows supplied fromsaid formatter; a first buffer nenory recg Eﬁa Ché
storing the ECC bl ock rows and associ at ed syndronmes from said syndrone
generator; a second buffer nmenory receiving and storing said syndrones from
said first buffer nenory; and an error correction code decoder that

recei ves said syndrones from said secpnd buffer nmenory and perfornms error
correction processing for the corresponding ECC bl ock rows in said first
buf f er mesolymn (@)redtdoarn.r or correcti on systemaccording to claiml,
wherein said first buffer nenory has first and second banks, wherein each
row of saiﬁ gﬁgks has 2 x (2mtl) (here, n and mare positive integers) of
byt e Iengﬁ is divided into (2mtl) byte-bl ocks, wherein byte-length Y
of said ECC block rows is 2~ x 2nxY<2" x (2mtl), and each of said ECC bl ock
rows is sfenedwin tael kmeclerebr2cobyteti@ngitorissanaatisvebplatsd) delyt e

bl ocks of pgal g1 5Lk Stt_hai?‘d“gio%%c‘?@‘é ﬁﬂekégé rbv\xﬁrlexif&eréx‘i@égr JRAEne (SRaM NS, €T 1 OF

correction system accor erein g syn correspondi ng to
each of salg b? ctkh‘? &’gog olBdthe pEAM Z@rhﬁl)se?]t B9t BRe RO Y area
of a bank (bgreopabctompdes )t Méa (2mable Bid4ock in the correspondi ng ECC bl ock
row i s stored. 0 3J UL 2002 -19 (4) The error correction system

accordi ng pgaghaim3, wherein said Y is 182 bytes long, nis 6, mis 1, and
sai d syndrone is 10 bytes | ong.

As 1is evident from the above description, in the present
invention, syndromes in the row direction are generated at a
position between the formatter 20 and DRAM buffer 22. The
syndromes are stored with respective ECC block rows in the DRAM
22. Only the 10-byte syndrome is transferred from the DRAM 22
to SRAM 24 and decoder 26, and hence it becomes possible to
largely reduce the data transfer time in comparison with the
prior system where the entire 182-byte ECC block row is
transferred from the DRAM 22 to SRAM 24 and decoder 26. It is
to be noted that, since erasure correction processing in the
column direction is performed in the same processing as the
prior one, the time necessary for erasure correction is
basically the same as that in the prior system.

[0027]

[ In the present invention, both of the ECC block and syndromes
are stored in the DRAM buffer 22. According to the present
invention, it becomes possible to increase use efficiency of
the DRAM buffer 22. This is an additional feature of the
present invention. Next, how the DRAM buffer 22 stores the ECC
block and syndromes in the present invention will be described.

(0028]

An ECC block has a fixed data format that is defined in the
standard, and each ECC block row has 182 bytes of length. On



(5) The error correction systemaccording to any one of clains ﬂ$oJ@[h 20[,‘_
wherein said ECC bl ock includes a colum error correction code eac
colum, wherein said decoder perforns error correction processing for ECC
bl ock colums in said first buffer menory if necessary, after the error
correction processing of ECC block rows. (6) An error correction nethod
conprising the steps of: generating al8yndrone based on each of the, ECC

bl ock rows of an ECC bl ock which includes at | east data arranged in rows
and col unmshe amcherowagidr, 0rinc 6he eRRAMN Todes usmalt ibat etslpecléngsthr aws the
storing S?i:&v E@Eré&@féhd r%s@@d1§5§09b@é§go§)’??r onBerefoef | {:ﬁér@ui%ea
nMenory; stori saj d_syndrones a_secon uf f er errin
sai d syndr%ﬁegpe% é%?% Qg%oﬁaebu fflClenc Q Jant ror¥88$$§ejc%%§%éc )
decoder an®PEY fOF MpREast ragieac dr é@tftohfp%ﬁegg‘? n@lq‘ﬂ? ¥ iscetersek lF’ows
in said fieathbodbeof meher praii/) TheaediviororaditdssesneithdticadBdMdiamg t 0

claim6, vhshe|fuaa d lthuf e rrerwydﬁ%cuaﬁt apgk se@x@éld Lalfesseshengen
each row of . sai d banks

has m.ar e ltive
i nt egers) 9FSEIAETISNG: Hhn q scélllzl\ﬂlﬁegdl iTto 2ma§h%358r8rggﬁere ang @
wher ei n byPECP t Rhatofacegrs BEEeHI ok F'@%cpéufzn dﬁﬁ%?"’k E2RRat) begnd
each of saidcE€Gdil.ock rows is stored by the block of 2 byte-length
alternately in said byte blocks of said first and second banks in an

i nterl eave[%)glgl

Japanese Patent Application No. 10-15740 (1998) assigned to the
same assignee as the present patent application proposes a
technique wherein an ECC block is stored in two memory banks in
an interleave mode so as to increase the use efficiency of the
DRAM buffer and to make it possible to continuously access the
DRAM buffer in both row and column directions. As the two
banks, two SDRAM (synchronous DRAM) chips are used. Figure 5
shows memory data mapping disclosed in this Japanese Patent
Application. An upper part of Figure 5 shows logical mapping
of the ECC block in Figure 1, and a lower part shows physical
mapping to the two memory banks (bank 0 and bank 1). L1, L2,
L3,... in Fiqure 5 corresponds to the ECC block rows LO, L1,
L3,... of the sector 81 in Figqures 1 and 2. For simplification
of description, only the ECC block rows Ll-L4 are shown.

/" [0030]

Byte-rows of banks 0 and 1 are divided into an odd number of
byte-blocks respectively. Each byte-block has the same length
in the row direction. The length (byte number) of the banks 0
and 1 in the row direction is expressed in 2" x (2m+l). Here, n
and m are positive integers. 2" is a byte number of one
byte-block, and it 1is 64 (n=6) in this example. 2m+1 is a
number of byte-blocks, and it is 3 (m=1) in this example. The
length of the banks 0 and 1 in the row direction is 192 bytes.
Assuming that a byte number (182 bytes in this example) of one



0 3J U~ 2002 -20 (8) The error correction method accor di ngwgcgqﬂbjl_mm[]z
wherein a syndrone corresponding to each of said ECC block ro s stored
in.[2 x (2mtl)-Y] bytes of enpty area of a bank byte-block where the (2m+l
) block in the corresponding ECC bl ock rowis stored. (9) The error
correction nmethod according to any one of clainms 6 through 8, wherein said
ECC bl ock includes a colum error corr¥ction code for each colum, wherein
sai d decoder perforns error correction processing for ECC bl ock colums in
sai d buff eccneroey rdw necassahy #bLeswime mylatioaoLls editiadimedr.ocessi ng of
ECC block rows. (10) A data nenory with error correction function,
conprising:. a st or age nmedi um storing sector data including data and error
correcti ort" O af pr’ddiddt code format; a formatter that formats sector
data read from said storage nmedi um and generates an ECC bl ock-i ncl udi ng
data arran@ediijn rows and colums, row error correction codes for the
"respective rows, and column error correction codes for the respective

FoLumS! RGHRSLIE BRIl ord e RSl Ll L GRElY o8 ol S S Blggk rove
r espect i velnEOCthireekby bowsblacks reachh bavépgnbhoryteeed Jiengthne ECCiBFBCK
rows and assecbaved Bynof ofies HCOmlsakd reynidl ohe genesdatior @ ayseebhdchbuf f er
Menory regg \YMgnsabdnRY§ 9% O8ESd L ByRRI-B1bbkSho by fale BRIDHYocRNEoR gecoder
t hat receiyves galrd sy.ndr o stfr_%T S@l é?secgndthbeuf Laeur1 mr?lm)rxngn% p%@{?&”’s
error correéct ol %?oclé‘ss?gg)iﬁ‘fr tREECC bPock Tows?Stored A" sdl d FiTst
buf f er nemite-block Al of the ECC block row Ll is stored in a byte-~block

Al of the bank 0. A first byte-block Bl of the ECC block row

L2 is stored in a byte-block Bl of the bank 1, and a second

byte-block A2 of the ECC block row L2 1is stored in a byte-block

A2 of the bank 0, and a third byte-block B2 of the ECC block

row L2 is stored in a byte-block B2 of the bank 1. Similarly,

respective subsequent ECC block rows are stored in the

interleave mode in the byte-blocks of the banks 0 and 1.

[0032]

When the ECC block row L1 is fetched, byte-blocks A0, BO, and
Al are accessed between the banks 0 and 1 alternately, and when
the ECC block row L2 is fetched, byte-blocks Bl, A2, and B2 are
accessed between the banks 1 and 0 alternately. When an ECC
block column in the left side is fetched, byte-blocks A0, Bl,

- A3, B4,... are alternately accessed between the banks 0 and 1,
and, when an ECC block column in the center is fetched,
byte-blocks B0, A2, B3, A5,... are alternately accessed between
the banks 1 and 0. It is to be noted that, in actual error
correction processing in the column direction, since the ECC
block is processed by the byte-column, the most left
byte-column of the ECC block is fetched by selecting the most
left byte of the byte-block columns A0, Bl, A3, B4,....



03J UL 2002 -21 (12) The data nmenory according to claim1l el A\~
said first buffer menory has first and second banks, wherein £L3“HKHWZQy2

saird banks has 2" x (2mtl) (here, n and mare positive integers) of byte
length and is divided into (2mtl) byte-bl ocks, wherein byte-length Y of
said ECC block rows is 2 x 2nkY<2 x (2mtl ), and each of said ECC bl ock
rows is stored by the block of 2 bytq l'ength alternately in said byte

bl ocks of the first and second banks!fh an interleave node. (13) The data
menory acg¢oonddmg to claim 12, wherein said syndrone corresponding to ,.
each of said ECC block rows is stored in [2 x (2m+1)-Y] bytes of enpty area
of a bank byt%hblock wher e Hpe %% 15 bIock n the rresggnd%qng bl ock
row i s stoPed ME14HREY datdtdre MEPYLAE cof Ui n m £37 " whet Ady

i s 182 byCestiBugusn adimessesi sin &Rl 9w yﬁé¢6h%n1s 1any§@%l¢¥ﬂﬁy (15)
The data adEfacgnaccowsli Aget starvd cite iff felrant HAnkB|[ ough ddch Watleidarsai d
first bufier Q@@@gyeéeqéenkﬁg" A l@cghx‘.’éﬂéeﬂﬁ‘e Efioa! 0§A< o ff%xfsx?alr

formatter and sfor erein said per

error cor Féfc'fﬂ‘b ﬂ%@@ss?%%rbkcérﬁ%%ﬁg%opﬁﬁn§m§t o’?"edSFﬁ“silrﬂmf |*rr%ﬁ
buf f er nmeRbityifde, neodsdmnge afevan the addpesen rarei chapgetessi ig dfheeCC
bl ock rOW@oluﬂh Aﬁlééc€m$hAp(d&auﬁlpnAstA N92A,;, R. Ayléﬁn A@aﬁ%, can be

YX ?X gg%ﬁéx 7 accoca]ca] iE C calcT
Lk l& al]C ]5 L §‘alﬂf &
a]ca]ca]ca céﬁtloggf E| w%%ﬁw%% f%% c af%h]éh ¢
[0034]

In addition, length of each bank in the row direction is 192
bytes, and an ECC block row is 182 bytes of length. Therefore,
only the bank blocks, storing the right-most byte-block columns
Al, B2, A4, BS5,... of the ECC block, stores 54-byte data. The
use efficiency of the storage area in this mapping 1is
182/192=0.948, and hence high use efficiency can be obtained.

[0035]

Therefore, according to the bank interleave mode of Figure 5,
it is possible to obtain high-speed access and high use

efficiency of a storage area. Nevertheless, each bank row has
- an empty or unused area whose length is 2® X (2m+1)-Y=192-182=10

bytes.

[0036]

The present invention not only uses the bank interleave mode of
Figure 5 in the DRAM buffer 22 of Figure 4, but also stores
syndromes in the unused areas whose length is 10 bytes per bank
row. The syndrome generator 38 generates a 10-byte syndrome
per ECC block row, and hence, by storing each ECC block row in
the banks in an interleaved fashion and by storing an
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rows are stored in the DRAM buffer, this is more advantageous.
Furthermore, although the specific data format structure is
used in the embodiment, other data formats can be used.

[0038]
[Advantages of the invention]

In the present invention, a syndrome generator is arranged
between a formatter and a first buffer memory, and only
syndromes are transferred to a second buffer memory and a
decoder for error correction. Therefore, it becomes possible
to largely reduce the time necessary for data transfer,
permitting high-speed error correction processing.

[0039]

In addition, by using the bank interleave mode in the first
buffer memory and storing syndromes in unused areas of each
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Furthermore, since an additional memory and memory control is
not necessary for storing syndromes, the present invention is
economic. Although it is required to add the syndrome
generator between the formatter and first buffer memory, the
syndrome generator is constructed with comparatively simple
gates and is inexpensive, and hence addition of the syndrome
generator hardly affects the entire system cost.

4, Brief Description of the Drawings:

Figure 1 shows a data format of an ECC block used in a DVD;

Figure 2 shows a recording format of sector data recorded in a
DVD;

Figure 3 shows a schematic diagram of the configuration of a
prior DVD memory;

Figure 4 shows a schematic diagram of the configuration of a

DVD memory according to an embodiment of the present invention;
and

Figure 5 shows data mapping to a DRAM buffer.

[Description of symbols]

1 ... ECC block

11 ... DVD

12 ... Motor

13 ... Read head

16 ... Read circuit

18 ... Digital servo processor



10QQ 0sy(10%QQ8 ()- !sy(109%5& ()- 310%& ()- "10%& ()-Y 03 JUL 2002
10%&' (,) - C3R3V3] 3t 3! 8(8aBPB4 10QQ 10% & ()-!~ S)10% (" (& () -
y10% & ()-y10% & ()- 10% & ()-9%$10% & ()- (888999999~ = 10Q F Z109% P
& ()- $10%& ()-G 10( 10( 10(0!'10% & ()-VY.10% & ()-!FS)' 10%g( q( & () - s9y;
; V==] >d>dB~_= 10Q !y) 10%<& ()-f# "10%&' ()-m "109%&' ()- @ 10%& ()-!10%& ()-f
"10%& ()- " d>y@ @ @ @aaadC 10Q | 10%k& ()-109%Z& ()-3L109%Z&' ()-#10%Z& ()-m
10 10

20 ,.. Formatter

22 ... DRAM buffer (First buffer memory)

24 ... SRAM buffer (Second buffer memory)

26 ... Decoder

28 ... Syndrome generator -
30 ... Error correction circuit

32 ... MPU

36 ... Data bus

38 ... Syndrome generator
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(N An error correction system comprising:

a formatter generating an ECC block that includes at least data arranged in rows and

columns and row error correction codes for the respective rows;

a syndrome generator generating a syndrome based on each of the ECC block rows

supplied from said formatter;

a first buffer memory receiving and storing the ECC block rows and associated

syndromes from said syndrome generator;

a second buffer memory receiving and storing said syndromes from said first buffer

memory; and

an error correction code decoder that receives said syndromes from said second
buffer memory and performs error correction processing for the corresponding ECC block

rows in said first buffer memory.

(2) The error correction system according to claim 1, wherein said first buffer memory

has first and second banks,

wherein each row of said banks has 2" x (2m+1) (here, n and m are positive integers)

of byte length and is divided into (2m+1) byte-blocks,

wherein byte-length Y of said ECC block rows is 2" x 2m<Y<2" x (2m+1), and each
of said ECC block rows is stored by the block of 2" byte-length alternatively in said byte-

blocks of said first and second banks in an interleave mode.

3) The error correction system according to claim 2, wherein a syndrome
corresponding to each of said ECC block rows is stored in [2" x (2m+1)-Y] bytes of empty
area of a bank byte-block where the (2m+1) block in the corresponding ECC block row is

stored.
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(5) The error correction system according to any one of claims 1 to 4, wherein said ECC

block includes a column error correction code for each column,

wherein said decoder performs error correction processing for ECC block columns
in said first buffer memory if necessary, after the error correction processing of ECC block

rows.

(6) An error correction method comprising the steps of:
generating a syndrome based on each of the ECC block rows of an ECC block which
includes at least data arranged in rows and columns, and row error correction codes for the

respective rows;
storing said ECC block rows and associated syndromes in a first buffer memory;
storing said syndromes in a second buffer memory; and

transferring said syndromes in said second buffer memory to an error correction
code decoder and performing error correction processing for the ECC block rows in said

first buffer memory.

) The error correction method according to claim 6, wherein said buffer memory has

first and second banks,

wherein each row of said banks has 2" x (2m+1) (here, n and m are positive integers)

of byte length and is divided into (2m-+1) byte-blocks, and

wherein byte-length Y of said ECC block rows is 2" x 2m<Y<2" x (2m+1), and each
of said ECC block rows is stored by the block of 2" byte-length alternately in said byte-

blocks of said first and second banks in an interleave mode.
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)
wherein said decoder performs error correction processing for ECC block columns

in said buffer memory if necessary after the error correction processing of ECC block rows.
(10) A data memory with error correction function, comprising:

a storage medium storing sector data including data and error correction codes in a

product code format;

a formatter that formats sector data read from said storage medium and generates an
ECC block including data arranged in rows and columns, row error correction codes for the

respective rows, and column error correction codes for the respective columns;

a syndrome generator that sequentially receives the ECC block rows from said

formatter and generates a syndrome based on each of the respective ECC block rows;

a first buffer memory receiving the ECC block rows and associated syndromes from

said syndrome generator;
a second buffer memory receiving said syndrome from said first buffer memory; and
a decoder that receives said syndromes from said second buffer memory and

performs error correction processing for the ECC block rows stored in said first buffer

memory.
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(13)  The data memory according to claim 12, wherein said syndrome corresponding to
each of said ECC block rows is stored in [2" x (2m+1)-Y] bytes of empty area of a bank
byte-block where the (2m+1) block in the corresponding ECC block row is stored.

(14) The data memory according to claim 13, wherein said Y is 182 bytes long, nis 6, m

is 1, and said syndrome is 10 bytes long.

(15) The data memory according to any one of claim 10 through 14, wherein said first
buffer memory sequentially receives the ECC block rows from said formatter and stores 1

ECC block of data,

wherein said decoder performs error correction processing for ECC block columns
stored in said first buffer memory if necessary, after the error correction processing of ECC

block rows.



