»e3eml3j ../ dO@1262TI3MN @ METHOD AND APPARATUS FOR DATA REPRODUCI NG USI NG
| TERATY VE DECODI NG | N A DI SK DRI VE BACKGROUND OF THE | NVENTI

present invention relates, in general, to the field of disk (?r\]mmmmmwmmm

particular, to a data reproducing apparatus to which an iteratlVv ecodi ng

nmethod is applied. In general, in the field of disk drives typified®8 by
hard di sk drives, a signal processing circuit called a read channel is used

e BT o e a ok by head-to ropr aduceor ot el et o NCHUUHIRN

the signal processing circuit is constructed of a specifically deskgmes
LSI. The signal processing circliiTHnQRdeE aINYENEL@hannel for processing

Cal | o al 0 a 20T b BN SLREMES GP el NI Bt r entwri te
channel adopts &8ha 960G ARAS | data fepradie) ng et fod) whi ch 1s a
no a

conbi nation of a partial response bi decodi ng nethod, the

so-call ed partial response ZﬁFgﬁﬁbﬁHBNbiQﬁl&ngggNQE§5EbN”Dde' In recent

'years, to achieve a further er recording nsi 'n addition to the

PRVML modes - 2 vamiQUp &Ignal iRrRGRSINGdmdess fon, iqmyoaung d¢he rate of
error correction especially have been proposed. Among these nodes, a

| ow-density parithy ehedk ©iEDRE:s kerGadiarg/aierat ipee tdecading vpde has
received 5 widespread attention (for exanple, see "Coding and Iterative

Det ection for MrgpebidocRegokgpagaCusnnel sihily Znmiing A\dktivd waeiodAerpeni c
Publ i shers). Further, in addition to this, other various iterative decodi ng
nodes have beenmgitdpdsdd Eborl iedanpl e, see Jpn. Pat. 10 Appln. KOKAI
Publication No. 2003-68024). As for the above-described iterative decoding
net hod, when the net Héd 988io4501/i dd ttha Hel edat £ ehirdd i i syl ifd a di sk
drive, alhherna£ agperity ggenqnenon caused by a gi ant magnetoresistive
(GWR) 15%Hevi cePHafaBef1PE&cOGHVESd, 2arfd Iien PFOCESE 188t £149d i ncl udes
burst noi se becau f the _dropout aof .the read data signal, a phenonmenon in
which errors diFFEZgghﬁsrﬁg nCB§@8§ ii@dpsﬁ&'Wﬂﬁ4§ PERSET S0 &anfpl e,

this nethod pre a_praobl.em that,.an errar_20.corr.ection function to
whi ch, for exan%?g?lgl Saderoton FeEEaPsG 1 H&&riesméfﬁﬁred WAL Yhe

degraded. BRI EF .SQMMARY @%tégEaIHYE I LN LG Q%@g%%ﬁqu%eogﬁggﬁpggjnent

of the present 1nvention, ere i S provrded a dis v iIc
i nprove a decodypgafunction for a burst error and secure a sufficient error
correction function in a data reproducing operation by an iterative

decodi ng15 Usually, the signal processing circuit is
constructed of a specifically designed LSI. The
signal processing circuit includes a write channel
for processing write data to record data on a disk.
The signal processing circuit is called also a
20 read/write channel or a data channel.
A present read/write channel adopts a data
decoding mode (data reproducing method) which is
a combination of a partial response mode and a viterbi
decoding method, the so-called partial response
25 maximum likelihood (PRML) mode.
In recent years, to achieve a further higher

recording density, in addition to the PRML mode,



- 3 "method. The disk drive conprises a head which reads a data signal from

a di sk- medi um and a data reproducing unit which decodes an encoded data
signal read from5 the di sk medium by the head and reproduces data recorded
on the disk nedium and the data reproducing unit includes: an iterative
decoding unit for performng an iterative decodi ng processing including a
posteriori probability decodi ng processing for the 10 encoded data signal;
a detecting unit which detects an error "porti 6n corresponding to an error
included in the encoded data signal fromlog-1likelihood ratio information
generated by the iterative decodi ng processing; and a adjusting unit which
adj usts the 15 VGF-4UeISHBEE AT Madeon kor rieaperiai g the treterror

portion detected by the detecting unit to a specified range. BRI EF
DESCRI PTI ON OF FYiE SSEVERALC WATSAE O eﬁ&i:e%@iw S efffe RRYDMEBIFRF dr awi ngs,

whi ch are incor t i d caonstitute a part of the specjfication,
illustrate enbo%’l%r?glrfgh%foset Eneoa&lpens\/erﬁ ?Loor‘f’,— anyg %g&%tmcﬁﬁeﬁﬁez%%ﬁ al
description givenaRkQ t al | Pti.0 . nbodi ment s

gi ven bel ow, se%\?le to%gjx%%%gﬁh\%e%éﬁﬁp ezr%éeotmaeyirg%/%%tn?%dﬁ. 25 FIG 1 is

a bl ock dizagr aniiiespwddhe drmint ROy i) PxAdead/wd te-shappeldel ated to
the first enbodi nent of the inventio& - x4 %ﬂ(ﬁ 21s a bIockIg?agran1to

show the main partteiren iefe Dedieit idn 1 elaafrRd 10 Hdrd fi @&e Nth A0odi ment .
FIG 3 is a book diagramto show the concept of 5 a digital magnetic
recordi ng syst eimyr dliatied; tim,t Ik yweas evta denbiedi rmiltisHdK3) 4 iBuscd ©ck
diagramto show the main portion of an iteration decoder related to the
present enbodi némt adpd tRIcB t® itdiis,groapient orashicowm s hie- et tpite gietgpd 0dg a
channel decoder related to the present enbodinent. FIG 6 is a graph to
show t he out put "&9gfalRege &SR Pronasedeltfan xamt i edan e pPRasent

enbodi nent,. FI 7.1s a graph to show the output group of 15 an LLR
adjusterebelatSépp&nrhgq%ﬁiuﬁﬂb%%ﬁii£QRﬂ“Q- Q§3T§3%£@-block di agram to
show the main portion of_ar ad/\%riteghann, | related to the second

embodi ment of the i nvénti%n.t VGELL Y di A Yo RF IR nai n
method, when the method is applied to the data

reproducing system of a disk drive, a thermal asperity
phenomenon caused by a giant magnetoresistive (GMR)
15 device has been recognized, and when a read data
signal includes burst noise because of the dropout of
the read data signal, a phenomenon in which errors
diffuse has been recognized. For this reason, for
example, this method presents a problem that an error
20 correction function to which, for example, a Reed-
Solomon decoding method is applied will be degraded.
BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention, there is provided a disk drive which can.
25 improve a decoding function for a burst error and
secure a sufficient error correction function in a

data reproducing operation by an iterative decoding



20 portion of an iteration decoder related to the second enbodi nent. FIG

10 is a block diagramto show the main portion of a read/wite channel
related to the third enbodi nent of the invention. 25 FIG 11 is a bloc:
diagramto show the main portion of an iteration decoder related to the
third enbodi nent. - 5 DETAI LED DESCRI PTION OF THE | NVENTI ON ( Fir st

enbodi nent) The first enbodi nent of the present invention will be descri bed
below with reference to the 5 dramﬁngs."FIé. I is a block diagramto show
the main portion of a read/wite channel 5 which is a data reproducing
apparatus related to the present enbodinent. FIG 2 is a block diagramto
show the 10 nai A' i‘on of a disk drive including the read/ wite channel

5. (Construction of qiskéfriv%nghe di sk drive, .as shown.in FIG 2, has a

disk 1 of a recordingd Wediifily HiEafFoFrL s5%-4 alc}si"@’aﬂtcikbrifﬁ%j%iar cuit 4, a
d/wit R/ : i sk troll.er (H 6, and buf .

7 The di sk 1 i Sora: Atcay o Aot SN 2 AIe RERT 8 (el hdes a

read head devi cgniEVRrdew ‘Ei%)co%{%% %n""reiné%d@%a%a‘{%is 2 d;e%%d%r%% a from

the disk 1 20 by the read head device. Further, the hea wtes data on

the disk § by theewdi& head gew,CenheThR R eraMlddiLRldan LidLuit 4 has a
read anplifier 40 which anplifies a data signal (read data signal) read by

the read head deecoedandoserntds hek2meallRh,f i@ dafed GitgNAe 3@ 28 ng

read/ wite channel 5. Further, the pre-anplification circuit 4 has a wite
anplifier 41 whiuehtcdneduossthenwiitee addtve siegraling unft dstrput fromt he
read/ wite channel 5 to a wite current and supplies the wite current to
the wite head Bev¥ifesminge aHDEte riatdivedescadiost pmtcerfsdog fiore1:iddornect i ng
the present drive to a host system and outputs wite data WD to and inputs
read data (reprB8dHEEESHALEY ROOPREHMILKY Cea@Pimia ® rorassdings forhdhsuf f er
menory 7 és a menory, ghich is,acc&gsed b{ the HDC 6 and tenporarily stores
read/ wit® dat aS T EReSA G FLEPERANRLE LRRE INgadindrti 1@ ichasifdieat s as shown
in FIG 1, is brgagl¥ di into a read channel connected tqQ the read

i ded
anplifier 40 and a ﬁﬁPfe%éﬁgﬁﬁglc865ﬁ§€9@31P8 e A iSF& CFnpiFiverr U .

in the encoded data signal from log-likelihood ratio
information generated by the iterative decoding
processing; and a adjusting unit which adjusts the
15 log-likelihood ratio information corresponding to
the error portion detected by the detecting unit to
a specified range.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
20 in and constitute a part of the specification,‘
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
25 FIG. 1 is a block diagram to show the main
portion of a read/write channel related to the first

embodiment of the invention.



15 The write channel includes an error correction encoder (hereinafter

referred to as ECC encoder) 51 connected to the HDC 6, a run-length limted

(RLL) encoder 52, and a |owdensity parity check (LDPC) encoder 53. The

LDPC encoder 53 outputs an encoded 20 data signal to the wite anplifier
41. In contrast, the read channel includes an equalizer 54 connected to the
read anplifier 40, an iteration decoder 55, an RLL decoder 56, and an error
correction decoder (hereinafter referred t8 a§ ECC 25 decoder) 57. The
equalizer 54 is a digital equalizer which includes an anal og-to-digital
(A/D) converter on agujésnp t side. -7- Here, to the disk drive, as shown
in FIG 3, is applie di%i%%la RaigfEt | 3Bt dihgGRIMsties 3®igonst ruct ed of
the read/wite lLi.fier 4, a .digital recarding/reproduci ng system

i ncl udi ng the hg)a téoélné’fSatﬁélsdﬁg e &k at(iﬁélgetcﬁlémezé’rre@ﬁn n this system
30, the charact episidigef the equalizer 54 is set in such a way that an

out put yk for an 1 nput has a desired partial response (PR
characteristic. This spystem; it I ' o.40
speak, a kind 10 of trellis l%gdagg%]{el&flea?d%v\rfﬁcg C annte}féqgc}OI{t(ﬁeeptisoroefsent
embodi ment regamdsiigiie aRRnel@rreglc a% @t diMescaden and sascadesHde LDPC
encoder 53 in series with the PR channel to realize an iterative decodi ng
processi ng. 15 Phresenér ambonlidecader 55, as shown in FIG 4, includes a
channel decoder 550 connected to the equalizer 54, a log likelihood ratio
(LLR) adjuster 551, aiRLY code [blmidkatdieymenr dro deétecttdre (erei naft er
referred to an RLL error detector) 552, 20 and an LDPC decoder 553. The
channel decoder PS5G1p8r Pér 38 tiergddedi 8§ qodedessilng eof tiché HeR pofesremal  ( 30)
of an inner code. The channel decoder 550 perforns APP decodi ng processing
for. a data sign&MgPdBF Gut put by the 25 equal i zer 54 by the use of an a
posteri 0{' pr obabi | i FéP. decoc{j n | gorithm for exanple, a soft-output

Al
viterbi algorithm or%ﬁﬁ(é |I?%eg. a9 aé’% %'PneSh(ﬂ‘i’am Y9 BB Sif puts a

decoding result _a Log Likelihood ratio (LLR) group.(LLR information).
The LLR group rgprggelgglﬁteéQL Péelci%gte)irl ic}t%gaitr?fjor%@a{t:hg)np?fﬁs &NW«?%}&% ility of
the decoding 5 resul tryThat 4igs, LR ( IS ogarithm of the
rati o between the probabili tlf Ig‘l :glk%gtplhaﬁoo%ghgﬁ% )tﬁ? 7 o%“{%gsaigqnuaa ioszerar}s4 is
"uk = 0" and thgrprebabirl he¥eRrbhat ot Be cQUERUL nEK tirs sttt Zrbodifhdniuk ) =
log P-Yk = uk 1) CreoE HereR ol el aR et e Boett Frbogithekl )
LLR shown by equatiop1Gl) 7begonegdaghoels shhe 48eodiig e rfCH“the
channel decoder 550 becones a m)%e %@rrect val ue. TF@LDP%LP(%%{) er 553
per fornel@ecodi ag pracessusgelSreflagadl PBCtaRCpeeE «Gitopiandng .an out er
code coded by the LDPC encoder. Here, if it is assuned that the LLR

adj uster 551, which WIGl. Beideschilbed lddtagramdaes shatw pered atadran adj ust ment
function, the LDPC decoder 553 perforns the decodi ng processing by a 20
predet ermi ned deesdifag afger reraY ok tehehdovedi mg legsdl t-of thwa tseecottannel
decoder 550 by the use of the LLR group output from the channel decoder
550. At this tifBPogkBepbPEtdER6déPvESSientputs LLR i nformation that is a
new | og-1i kel i hood r?&i 0 group 25 assocjated with the decodi ng processing.
The predeterm ned de Gi'ng &Sg6r PLRFN §lig9ea8F tonshgac ddiengadingori t hns of

t he LDPC code group, for _exanple, a, - 9
%(9 gporgion of annEteration decoder related to the second

embodiment.

FIG. 10 is a block diagram to show the main
portion of a read/write channel related to the third
embodiment of the invention.

25 FIG. 11 is a block diagram to show the main
portion of an iteration decoder related to the third

embodiment.



sum product al gorithm The channel decoder 550 has a new LLR group out put
fromt-he LDPC decoder 553 and the output (encoded data signal group) from
the equalizer 54 5 input thereto and perforns the APP decodi ng processing
again. The iterative decoding processing like this is repeated until an end
condition is satisfied. The end condition is that a predeterm ned nunber of
iterations are conpleted or that no error is 10 detected in the decodi ng
processing in the LDPC code group. Wien~thi> iterative decodi ng processing
is ended, the LLR group and the decoding result output fromthe LDPC
decoder 553 are output to the RLL decoder 56. 15 (Operation of the

enbodi ment) Next, the op@FafiléHLoPESREIPIELM 08 TdEc FAMENTE QMcl udi ng t he
operations of the LLR adjuster 551 and the RLL error detector 552 will be
descri bed. As dé?&ﬁﬁﬁx? '®f%He channel decoder 550 20 perforns the APP
decodi ng processing d outputs the decoding result and the | og:likelihood
ratio group (LLR infgﬂﬁﬁﬁﬁﬁ%ﬁ GWRPQ&R?Qﬁr%#)?ﬂﬁeﬂ%%ﬁe%%zl%%gn @M LLR group
i nput thereto a erf.or e ci-si ar.ocessing in which logical "0" is
a threshol d. Thgﬁé& I?Ldeéfsr%ralb%e gjcétlodrvpg”g%rhdeﬁeeferﬁ%é%ev%%t%‘T’ or not the
hard deci $i on grQuRiGRPUt ed by the hard decision processing violates an

RLL encodi ng rul e and out puts - 10 an error. detection flag EF when the
hard deci si on group wmd.atiesid he Rldciensodd fch 1t eshdier €ne WA a m ni mum
run length limtation, a maximumrun length |imtation, and a maxi mum5

transition run Ipoxitian af ar eaxet/waatdiesfdtethray] & aade-mord nalaexi sting in
an encoding table is detected, it is determned that the RLL encoding rule
is violated. Weepresugesadiappamduis deld et ng aturnstessntor causi ng a
reduction in anplitude is output fromthe 10 channel decoder 550, the LLR
group fromthe EH&YFEMeddcoddiIB5@, ims ashdvach riRig@ans, tehmvey stivh a state
froma tige tltoatinme t2 that corresponds to a burst error portion.
Here, théChori zBREA PREE aemiedertis K tiaffd drmd IMhing nhaxdieaqd AW mte Th
shows 15 the bit _interval). Wien the RLL error detector 552 detects the
burst error porFP@Hnﬁﬁo%rthe LLR group, the RLL error detector 552 outputs
an error detectuggngl%% %F in 3§?§pqie t.o the detection of the error, as
shown in 20 FI G “§"SEERET1Re Odr o d&trddSlon flag EF neans that a high

| evel portion is the I Si. rQr. portion, Next, t L dj uster, 551

adj usts a Iikeli hood T\li/lla Eltels?lﬁr %‘%’to""%/ﬁ{??‘”é‘r ”t%e%ﬂ%?&éﬁi%p%s‘fr%mthe
channel decoder ,35Q accQhdis he errar, f F fromthe RLL error
det ect or 552. T8 be m)rersf)Lgl%i #n%gg&?ﬁe aLE]Isaa&dj%gsEe ]'.—’l,moparﬂsl s%coa{v%ml_l?rh FI G

7, adjusts the vakeeit! avel) QhggWRAtd QR 40T IESRONAI Ng to Jhe time - 11
tltothetime t2 of the LLR gﬁgzp (burgt/ggror portlg%)fpfgggéxanple, to

1/2 or 1/3. In tbhsreaser tmechLR adiust e fFel mRWJ@Ke adj ust nent of
subtracting a certain value fromthe portion of the LLR group

correspondi ng to the Thienelitsk tlo itsherdtated 2y EhesdiDRO slegoeer bS3vper f or ms
decodi ng processing
The head 3 includes a read head device (GMR device)
and a write head device and reads data from the disk 1
20 by the read head device. Further, the head 3 writes
data on the disk 1 by the write head device.
The pre-amplification circuit 4 has a read
amplifier 40 which amplifies a data signal (read data
'signal) read by the read head device and sends the
25 amplified data signal to the read/write channel 5.

Further, the pre-amplification circuit 4 has a write

amplifier 41 which converts the write data signal



for the decoding result output fromthe channel decoder 550 by the use of
the LLR group adjusted by the LLR adjuster 551. Then, the LDPC decoder 553
10 outputs a new LLR group associated with the decodi ng processing to the
channel decoder 550. Wen the iterative decodi ng processi ng descri bed above
is ended, the iteration decoder 55 outputs the LLR group and the decodi ng
result output fromthe LDPC 15 decoder 553 to the RLL decoder 56. According
to the iteration decoder 55 of the present ®enbodi ment, the RLL error
detector 552 detects the burst error portion included in the decodi ng
result of the inner code output fromthe channel 20 decoder 550 fromthe
LLR group (out p@*EBF et et e@adbiv sty EPnnefned IR aadjmisteer 551 limits
the value of the LLR rogﬁicorr sponding to the error portion; to be nore

specific, it redudesSTy K& ROB® TS edlorthi g (31458 terrort Hsortsidie t o

prevent the 25 effect . reliability determ nation of the burst error
portion. ,Hence, ﬁﬁgﬁc¥%él%bPC decoder 553 perforns the - 12 decoding

processi ng of the out r i r. out put_fromthe
Tﬂé(ﬁﬁﬁaé‘&qé%&éﬁ%ﬁﬁgﬂégk fﬁ%%é;%}% Blr

channel decoder 550 by the use o group, ect” of the

reliabll iy det einaaliony thd e M LY ROTL IR S rekenked. S 1N

other words, in the iterative codi ng processing by the i1teration decoder

55, the phenonepanpiftatl wirie DW=tta & alo i udedid A dgaedi ng resul t by
t he APP decodi ng processing fromthe channel decoder 550 diffuses can be

prevented. 10 | nrspaotducact aradiang RO firden phes elda ebadid®ianrdl iss, possi bl e
to inprove an iterative decoding function for the encoded data signal

i ncl udi ng a bur Sheebudifeanderas va T ésulat memo ryectriecha isufafdoeisarid ery or
correction function at the tinme of reproducing the 15 data. (Second

embodi nent) FI Gthg &R§ Bl @ndg temposlagck Ydisdgrares neacvhavitehalami.n porti on
of the Fﬁ¥Vchan¥%I 5 and the iteration decoder 55 related to the second
enbodi ment. - 20 TREEV/¥LitRe CRAWEHANNel 5 of the present

The read/write channel 5, as shown in FIG. 1,
is broadly divided into a read channel connected to
the read amplifier 40 and a write channel connected to
the write amplifier 41.

15 _ The write channel includes an error correction
encoder (hereinafter referred to as ECC encoder) 51
connected to the HDC 6, a run-length limited (RLL)
encoder 52, and a low-density parity check (LDPC)
encoder 53. The LDPC encoder 53 outputs an encoded

20 data signal to the write amplifier 41.

In contrast, the read channel includes an
equalizer 54 connected to the read amplifier 40, an
iteration decoder 55, an RLL decoder 56, and an error
correction decoder (hereinafter referred to as ECC

25 decoder) 57. The equalizer 54 is a digital equalizer
which includes an analog-to-digital (A/D) converter on

an input side.



enbodi nent, as

shown in FIG 8, is constructed in such

a way that a

recursive systematic convol ution (RSC) encoder 80 of the outer code is

cascaded in ser

ies with the PR channel of the inner co

de. Hence, the 25

iteration decoder 55, as shown in FIG 9, perforns the iterative decoding

processing by t
processi ng of t
90 for perform
outer code. In

he channel decoder 550 for performng t
he PR - 13 channel of the inner code
ng the decodi ng processing df the RSC e
this regard, the operation in the itera

including the operations of the LLR adjuster 551 and t

552 is the same as i N3 R FHE FGE5YE erdiddf MR

FIG 10 and FIG. 1 g)rleet%{ ock, di.agr.ans to show 10 the
iter &t

R/ W channel 5 anlc?t

That is, the R
is constructed

he decodi ng

and the RSC decoder
ncodi ng group of the
tion 5 decoder 55

he RLL error detector

AnThi¢d @nbodi nent)

i tjon of th
et TR 101 SHRF T0G Y AT i Crboi mrent

Vel s S Pl SO0 R 1

in such a at a pari

outer code is caseaded rig)y 85 R MWiIHN 5;)&%&8%%%%‘1@0

Hence, the iteration decoder 55, as shown iIn

iterativesdecodithg RIIGKESSI RGO HN

decodi ng processing of the PR channel of the inner 20
decoder 110 for tper fobramang chies tdec adi nheprerpessiyr a4 the RSC ancadimg
group of the outer code. In this regard, the operation
decoder 55, i ncludiayg tiled epercatticorts yof fidre drl Rri¢utadjustey H5desickd he RLL

error detector

552, is the sane as in the case of the

Addi tional advaR&§éslak@smediste ddR)omhasadteristic.

10

15

20

25

constructs a PR channel that is, so to

of trellis code.

. the 15
fey %éiﬁ‘ﬁ]eacr%e-

performs

ghannaly dacodery 550 § gy Pesd Oicgj ng the

code and the PC
in the iteration

first embodi ment.
This system 30

speak, a kind

The read/write channel of the present embodiment

regards the PR channel as an inner code and cascades

the LDPC encoder 53 in series with the

PR channel to

realize an iterative decoding processing.

The iteration decoder 55, as shown in FIG. 4,

includes a channel decoder 550 connected to the

equalizer 54, a log likelihood ratio (LLR) adjuster

551, an RLL code limitation error detector

(hereinafter referred to an RLL error detector) 552,

and an LDPC decoder 553.

The channel decoder 550 performs the decoding

processing of the PR channel (30) of an inner code.

The channel decoder 550 performs APP decoding

processing for a data signal group output by the

equalizer 54 by the use of an a posteriori probability

(APP) decoding algorithm, for example,

viterbi algorithm or the like,

a soft-output



- 14" readily occur to those skilled in the art. Therefore, the invention
inits broader aspects is not l[imted to the specific details and .
representative enbodi ments shown and described herein. Accordingly, various
S modifications may be made without departing fromthe spirit or scope of
the general inventive concept as defined by the appended clainms and their
equi val ent s. - 15 WHAT IS CLAIMED IS: 1. A disk drive conprising: a head
whi ch reads a data signal recorded on a~di 8k wedium and 5 a data _
reproducing unit which decodes an encoded data signal read fromthe disk
medi um by the head a recorded on the di sk nedium wherein

repr oduces, dat ,
the data reproduci ngnﬂfﬁ tﬁ'la.rﬂﬂet}dé?c &l tfé}%tci’qf?%%cﬂji@%‘i%rﬂg whi ch
perfornms 10 iterat] codi r.QGessi.n ncl udi n post eri of.i _
pr oba\%l i Lyddec%sﬁl\&%pgglgg%s{l%g)fl&r etﬁﬁ@og)ﬁ’lcorcf‘et&odafs{%s)lngqﬁqer rubpr a{lféﬁl 5gte:jn?n
uni t iC ete rsr port, 0 r 0 Qr, Ny
t he encoded datg%%gﬁgi}iﬁy%}o#&#%&gﬁ?égﬁﬁﬁbg$égﬁ|%?€%ﬁ%ﬁ%ﬁﬁ?%ﬁ%p%oduced

by the iterativendeea@iti®rPreL s Thand 1anAd]Uss iwﬁ{gtdé@c&m dj usts
the log likelihood ratio information corresponding to the error portion

detected By the rdefuact.i nghani tis,2@hd 1ike di@k)drine Arcorglg dign daim 1,
wherein the iterative decoding unit includes: a first decoder which
performs the a pbstenritdi between the probability P that an output yk
from the equalizer 54 is "uk = 0" and the probability
P that the output yk is "uk = 1"
10 L) = log L% =1 (1)
P(y, |u, =0)

As the absolute value of the LLR shown by
equation (1) becomes larger, the decoding result from
the channel decoder 550 becomes a more correct value.

The LDPC decoder 553 performs decoding processing

15 of an LDPC encoded group that is an outer code coded
by the LDPC éncoder. Here, if it is assumed that the
LLR adjuster 551, which will be described later, does
not perform an adjustment function, the LDPC decoder
553 performs the decoding processing by a

20 predetermined decoding algorithm for the decoding
resuit from the channel decoder 550 by the uselof
the LLR group output frém the channel decoder 550.
At this time, the LDPC decoder 553 outputs LLR
information that is a new log-likelihood ratio group

25 associated with the decoding processing. The prede-
termined decoding algorithm is one of the decoding

algorithms of the LDPC code group, for example, a




probabi l ity decoding processing for the encoded data signal and outputs a
decoding result including the 25 log-Ilikelihood ratio information; and a
second decoder which perforns the a posteriori probability decoding
processing for the decoding - 16 result fromthe first decoder by the
use of the loglikelihood ratio information adjusted by the adjusting unit
and outputs a decoding result including the |loglikelihood ratio information
as an input of the first 5 decoder, and“pe@forns iterative decoding
processi ng a predeterm ned nunber of times by the first and second decoders
and then outputs an out put of the second decoder as an iterative decodi ng
result. 10 3. THRATHRACHG & @ortdity to claim 1, wherein the detecting

unit detects a porti of .a log-likelihoo ti o group which does not agree
with an encodi ng rulg%ﬁ %W&P%%%é&&?é%ﬁéﬂéfgmﬁ #ﬁ?ﬁWt@kﬁl%ﬁPW?kelihood
ratio informati t r.Qr ion. 15 4. The disk drive according to
claim1, wherei %Qltt%}tdre}?eogr{ it%lge lj&ﬁllg%d poger oodrlsen‘% %Saépoar}i%cﬁ&é‘? o%utpﬁ%:essi ng for a

| og-1i kel i hood r@tjQFLW ihfh log%tld' lidood nat 19,inforymtd pn and
i kel hood rati IC

d
detects a portion of the loglik io group in a hard decision

group 20 ebtai naghphie i A LREIEH b MOGERS I AMD RSy FH K& M L1y an
encodi ng rul e of the encoded data signal as the error portion. 5. fhe di sk
drive accordi ngagmicl.ai mhk iwkereiive heeddEmay ip&e;diaes@id{qﬁguum ted el iges:
25 a first decoder which perforns the posteriori probability decoding
processi ng for tHepearieddehtddt arsicgrhlcarndd tutrputss s tdecmididig resul t

i ncl udi ng the - 17 log-likelihood ratio information; and a second
decoder whi ch perfor e fch gustidrior st pridimbid igye dsoadi e proassst ng f or
t he decoding result fromthe first decoder by the use of the 5

| og- | i kel i hood P4t i1& Sit@ftdiomet iagie afjmpsitese by n Hdaddjnestdmgpunis and out put's
a decodiTE result including the | og-likelihood ratio information as an

i nput of 1Phe fi PSEEFEEEHEN Hife CEEOSHE W ETEFEs Hdithd e diet MRGdEaste a

code. 6. The di SKOHF ve MAECor it M5 AT HECRErd PRI e
o obabi 11 1y decodr s prbRedling FoF thE ahfods HHr T8 i gndl SHIE out put s
a decodi ng resulet.inehdi ot e Jg! ik i QPQMﬁﬁ§J€)€Jﬁ€Hé IhPU; and
decoder 56.
15 (Operation of the embodiment)
Next, the operation of the iteration decoder 55
including the operations of the LLR adjustef 551 and
the RLL error detector 552 will be described.
As described above, the channel decoder 550
20 performs the APP decoding processing and outputs the
decoding result and the log-likelihood ratio grdup
(LLR infdrmation). The RLL error.detector 552 has the
LLR group input thereto and performs hard decision
processing in which logical "O0" is a threshold. The
25 RLL error detector 552 determines whether or not the
hard decision group computed by the hard decision

~processing violates an RLL encoding rule and outputs



a second decoder which performs the a posteriors probability decoding
processing for the decoding result fromthe first decoder by the use of the
|l og 20 likelihood ratio information adjusted by the adjusting unit and
outputs a decoding result including the |oglikelihood ratio information as
an input of the first decoder, the second decoder being constructed of a
recursive systenmatic convol uti on (RSC) deCfger for 25 a recursive
systematic convol ution code. 7. The disk drfve according to claim1,
wherein the iterative decoding unit includes: - 18 a first decoder which

perfornms the a pgsteriors, probabili decodi ng processing for the encoded
dat a si gnal and%ﬁﬂﬁﬁﬁ%fagéiﬁﬁﬁﬁQRJ#ﬁéﬂné%iWﬂéhuﬁnﬁ)Q?ﬁQIQﬁF}$%%Wihood

ratio i nformatign, 5 ecaqnd oder i ch rfornms the a posteriors
probabil ity decg&oﬂ g’rlooclgast:elsng e0%1 eerhce%%d?% L%Pje%ul t fromthe first

decoder by the use ofydhe I&%Jyé%%ﬂpl%ﬁﬁﬁrp_i%%ﬁ%irﬁﬁ%gﬂgﬁted by the

adjusting unit and outputs a ng res in 0g 10

likelihood rati @ infham{id i:afh ARt AW oft idie fi (st 4&‘&&9&5 the second
decoder being constructed of a 6§$ity cﬁéckJ(PC) decéaer orrg parity check

code. 8. The di sleatvdive aaccardingnittatclc Mde hersiv: 4 e adjpst i Agqaini t
reduces the log-likelihood ratio 15 information to 1/N and outputs it. 9. A
data reproduci ngcapparcat sk icdnprg simngin arsdghialg pracessi Hgemddtad) che has
an encoded data signal input thereto and perforns digital signal

processing; 20 &% idedregmiivedddedi ndraufiliL wiricddlipey forls id eriatiatesdlecodi ng
processing including a posteriors probability decoding processing for the
encoded data signal SWSuttHS GG gifsduly ceeskidinam thunstes et ng
unit which detects an error portion 25 corresponding to an error included

in the encoded &4t“8i%falt 1By AN 18EIR NS altS U Wy et ER® oduced
10 channel decoder 550, the LLR group from the channel

decoder 550, as shown in FIG. 5, shows such a state

from a time tl to a time t2 that corresponds to

a burst error portion. Here, the horizontal axis

represents a standardized time axis (t/Tb:.Tb shows
15 the bit interval).

Wheﬁ the RLL error detector 552 detects the burst
error portion from the LLR group, the RLL error
detector 552 outputs an error detection flag EF in
response to the detection of the error, as shown in

20 FIG. 6. Here, the error detection flag EF means that
a high level portion is the burst error portion.

Next, the LLR adjuster 551 adjusts a likelihood
value (level) to 1/N for the LLR group input from the
channel decoder 550 according to the error flag EF

25 - from the RLL error detector 552. To be more specific,
the LLR adjuster 551, as shown in FIG. 7, adjusts the

value (level) of a portion corresponding to the time



by the iterative decoding processing; and - 19 an adjusting unit which

adjusts log-likelihood ratio information corresponding to the error portion
detected by the detecting unit within a predeterm ned range. 5 10. The data
reproduci ng apparatus according to claim9, wherein the adjusting unit
reduces the log |likelihood ratio information to 1/N and outputs it. 11. The
data reproduci ng apparatus according to clfyﬂ19 wherein the iterative
decoding unit includes: 10 a first decoder ith performs the a posteriors
probability decodi ng processing for the encoded data signal and outputs a
decoding result i hood rati o information; and a

i.ncl uding the laog-1ljkeli
second decoder ' Ctn dcé}efgotrlr?b tth% Qa"l ptc}bei i ForEr o p?h?ib%fb? I‘?lfli/olaecodl ng
processing for esul t fro By/ |rst qﬁb t he use of the
| ogl i kel i hood rgn1o |n 40n éﬁgugtg%’ 4 t] {ﬁ%ﬁ GHtf out put s
a decodi ng resMﬂhélﬁigny dihe. | orfmtion as an i nput
of the first 20 decoder, (gﬁh per#%ghs I eratlv(ﬂH£coéQ%g(%$oceSS|ngs a

predet er mi ned nwHeIr Lt trigres - ddie, fidste andrs aqNg, &G&Qﬂﬁff angk then
n

out puts an output of the second decoder as an iterative deco g result. 25
12. The data replodugioup apparepthaGePrd nthd @ iGlaitn So Whes &l ind he .

detecting unit detects such a portion of a log-likelihood ratio group which
does - 20 The LDPC decoder 553 performs decoding processing
for the decoding result output from the channel
decoder 550 by the use of the LLR group adjusted by
the LLR adjuster 551. Then, the LDPC decoder 553
10 outputs a new LLR group associated with the decoding
processing to the channel decoder 550.

When the iterative decoding processing described
above is ended, the iteration decoder 55 outputs the
LLR group and the decoding result output from the LDPC

15 decoder 553 to the RLL decoder 56.

According to the iteration decoder 55 of the
present embodiment, the RLL error detector 552 detects
the burst error portion included in the decoding
result of the inner code output from the channel

20 decoder 550 from the LLR group (outputs an error
detection flag EF). The LLR adjuster 551 limits the
value of the LLR group corresponding to the error
portion; to be more specific, it reduces likelihood
corresponding to the error portion to prevent the

25 effect of reliability determination of the burst error

portion.

Hence, when the LDPC decoder 553 performs the



'not agree with an encoding rule of the encoded data signal fromthe

| og-1ikelihood ratio information as the error portion. 13. The data
reproduci ng apparatus according to 5 claim9, wherein the detecting unit
perfornms hard decision processing for a |log-likelihood ratio group of the
| og-likelihood ratio informati on and detects a portion of the

| og-1ikelihood ratio group in which a hard, deci sion group obtained by the
hard deci sion 10 processi ng does not ag?eel%ﬁtﬁ an encoding rule of the
encoded data signal as the error portion. 14. The data reproducing

apparatus accordjng [0 claim9, wherein the iterative decoding unit,
includes: a first MPWW%]C% T& R R HEaE iR e Retrdbingty

decodi ng processi for_the .encoded ,data signal , and, out pu a decodi ng
(rjesuljt i \r/]\A(‘:ll uﬁi nzﬁle%%elﬁ (?tgu-tlg‘i(telr}icﬁ%b&_}}eaﬁ r}’% b_rjﬁa‘iqdo‘?ﬁ d%%% ﬂ'éecond_ f

ecoder i ch perfor, e or rﬁbﬁ i ecoding .processing for
t he decoding 20 rseesﬁlrpf 5 ronIﬁ%tFﬁgﬁ#Qﬁ{rés’t ee(?oe er cjby %%etq"u%ereo]f%kgleﬂty

| ogli kel i hood r afeit@ difrRRTRId QO adidishad byt %Mdfgiﬂgfem(gwﬁ put s
r |

a decoding result including the log-Iikelihoo o Infornmetion as an
i nput of &he fimst odeeadeiordde isecond desedery deiddbEanstgrsdedd of4 25 a
| ow-density parity check (LDPC) decoder for a |lowdensity parity check code.
15. The data repiyodiei g eapparat ke aeror digg e pherZinerdritnD wher ei n
the iterative decoding unit includes: a first decoder which perforns the a
posteriors prob&bisitt y rdegodingg usiest éssitig fdecddienenooded: dat attsd gree and
outputs a decoding result including the 5 log-likelihood ratio information;
and a second def8FOA1IRNI O os@sisdmes fed & hsostherinels deastsiesi 193¢ decodi ng
processing for the decoding result fromthe first decoder by the use of the
| og |ikelihood P&%ﬁ&sﬁﬁf BeoR T WtSéd by the adjusting 10 unit and
out put s ﬁodecoding r%§ul i ncluding the log likelihood ratio_ jnfornmation as
an input ~of the first d&dSder, FUBIRHT B Hg TRt Fited B a
recursive systengti | ytiqQn (RSC) _decqder .f.or a, recursive systematic
convol ution codgg ?%s%ggﬁ%hgodl 55 @u&&ﬁﬁ%ﬁﬁﬁﬁwﬂQEP r 1S el ai m
9, wherein the Eb%r%%bv%n@%%%%'@%t%n%ﬁghﬁﬁﬁH9§§imﬂj%LQ?Hng%ﬁpdeﬁxﬂp'Ch

Tor THe encoded

performs the a posteriors probability decodi'ng processing
data signal andaaut puks a2 rdecadi NgJ esitrd RCIMFNEINE error

correction function at the time of reproducing'the
15 data.
(Second embodiment)

FIG. 8 and FIG. 9 are block diagrams to show the
main portion of the R/W channel 5 and the iteration
decoder 55 related to the second embodiment.

20 That is, the R/W channel 5 of the present
embodiment, as shown in FIG. 8, is constructed in such
a way that a recursive systematic convolution (RSC)
encoder 80 of the’outer code is cascaded in series
with the PR channel of the inner code. Hence, the

25 iteration decoder 55, as shown in FIG. 9,'performs the
iterative decoding processing by the channel decoder

550 for performing the decoding processing of the PR



20 log-likelihood ratio information; and a second decoder which perforns

the a posteriors probability decodi ng processing for the decoding result
fromthe first decoder by the use of the log likelihood ratio information
adj usted by the adjusting 25 unit and outputs a decoding result including
the log likelihood ratio information as an input of the first decoder, the
second decoder being constructed of a - 22 parity check (PC) decoder for
a parity check code. 17. A nethod of rébrdﬁﬁcrhg data read froma disk
mediumin a disk drive, the nethod conprising: performng first decoding

processi ng which 5 perfor a posteriors probability decoding processing
for a decoded dzfthé‘néjieglnéﬂfnl"st@z?d NG eiedisdie e ﬁgcar‘ﬁdf“{ﬂﬁ%t@ &gy rst

decodi ng result _incl udi.ng | | i kel j,hood ratio infor i on; detectjnhg an
error portion cgﬁfggﬁg&&%né%%o dlﬁfo & P&Pq%ﬁlﬁ’@ed’ﬁt}}%g%fd@% a
signal fromthe 09 iJkeliho ratio jnformation; regulating the

| og-1i kel i hood ngi Pﬁ?gp%agﬁ%ﬁ&b5%¥%§ponding to the detected error

tion to 1/ N; f gt i esSis ol
portion to per f ammifg Seend-Hecod %&r&%ﬁ?'ﬁ’}?ﬁﬁg ggtc%%&eéﬁorm a

posteriors probability decodi ng processing for the ng result by

the use ob the adjcusieed slsognldikeliinkoetd alded athfRismeid ameand out puts a
second decoding result including the log-likelihood ratio information as an
i nput of processidjgsakrt B612@nk e RECOIMG 1 eldct and FreriforaAag
iterative decoding processing including the first and second decodi ng
processi ng a pr édedecersi ned thenceseofo ft itimes famd tt ke colitm@uritt.i ng

(Third embodiment)
FIG. 10 and FIG. 11 are block diagrams to show
10 the main portion of the R/W channel 5 and the
iteration decoder 55 related to the third embodiment.
That is, the R/W channel 5 of the present
embodiment, aé shown in: FIG. 10, is constructed in
such a way that a parity check (PC) encoder 100 of the
15 outer code is cascaded in series with the PR channel
of the inner code. Hence, the iteration decoder 55,
as. shown in FIG. 11, performs the iterative decoding
processing by the channel decoder 550 for performing
the decoding processing of the PR channel of the inner
20 code and the PC decoder 110 for performing the
decoding processing of the RSC encoding group of the
outer code.
In this regard, the operation in the iteration
decoder 55, including the operations of the LLR
25 adjuster 551 and the RLL error detector 552, is the
same as in the case of the first embodiment.

Additional advantages and modifications will



-an out put of the second decoding processing as 25 an iterative decoding
resul t.
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L7 110%& 6) - y10%Vv& (9 data reproducing unit which decodes an encoded
data signal read from the disk medium by the head and
reproduces data recorded on the disk medium,

wherein the data reproducing unit includes:

an iterative decoding unit which performs

10 iterative decoding processing including a posteriori
probability decoding processing for the encoded data
signal;

a detecting unit which detects an error portion
corresponding to an error included in the encoded data

15 signal from log-likelihood ratio information produced
by the iterative decoding processing; and

an adjusting unit which adjusts the log-
likelihood ratio information cdrresponding to the
error portion detected by the detecting unit.

20 2. The disk drive according to claim 1, wherein
the iterative decoding unit includes:

a first decoder which performs the a posteriori
probability decoding processing for the encoded data
signal and outputs a decoding result including the

'25 log-likelihood ratio information; and
a second decoder which performs the a posteriori

probability decoding processing for the decoding
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predetermined number of times by the first and second
decoders and then outputs an output of the second
decoder as an iterative decoding result.
10 3. The disk drive according to claim 1,
wherein the detecting unit detects a portion of a
log-likelihood ratio group which does not agree with
an encoding rule of the encoded data signal from the
log-likelihood ratio information as the error portion.
15 4. The disk drive according to claim 1, wherein
the detecting unit performs hard decision processing
for a log-likelihood raﬁio group of the log-likelihood
ratio information and detects a portion of the log-
likelihood ratio group in which a hard decision group
20 obtained by the hard decision processing does not
agree with an encoding rule of the encoded data signal
as the error portion.
5. The disk drive according to claim 1, wherein
the iterative decoding unit includes:
25 ‘a first decoder which performs the posteriori

probability decoding processing for the encoded data

signal and outputs a decoding result including the
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10% 0& ()- 10% d&YYHE 7% “information; an
a second decoder which performs the a posteriori
probability decoding processing for the decoding
result from the first decoder by the use of the
5 log-likelihood ratio information adjusted by the
adjusting unit and outputs a decoding result including
the log-likelihood ratio information as an input of
the first decoder, the second decoder being
constructed of a low-density parity check (LDPC)
10 decoder for a low-density parity check code.
6. The disk drive according to claim 1, wherein
the iterative decoding unit includes:
a first decoder which performs the a posteriori
probability decoding processing for the encoded data
15 signal and outputs a decoding result including the
log-likelihood ratio information; and
a second decoder which performs the a posteriori
lprobability decoding processing for the decoding
result from the first decoder by the use of the log-
20 likelihood ratio information adjusted by the adjusting
unit and outputs a decoding result including the log-
likelihood ratio information as an input of the first
decoder, the second decoder being constructed of
a recursive systematic convolution (RSC) decoder for
25 a recursive systematic convolution code.
7. The disk drive according to claim 1, wherein

the iterative decoding unit includes:
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log-likelihood ratio information; and

a second decoder which performs the a posteriori
probability decoding processing for the decoding
result from the first decoder by the use of the log-
likelihood ratio information adjusted by the adjusting
unit and outputs a decoding result including the log-
likelihood ratio information as an input of the first
decoder, the second decoder being constructed of a
parity check (PC) decoder for a parity check code.

8. The disk drive according to claim 1, wherein
the adjusting unit reduces the log-likelihood ratio
information to 1/N énd outputs it.

9; A data reproducing apparatus comprising:

a signal processing unit which has an encoded
data signal input thereto and performs digital signal
processing; |

an ilterative decoding unit which performs
iterative decoding processing including a posteriori
probability decoding processing for the encoded data
signal output from the signal processing unit;

~a detecting unit which detects an error portion
corresponding to an error included in the encoded data
signal from log-likelihood ratio information produced

by the iterative decoding processing; and
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ratio information corresponding to the error portion
detected by the detecting unit within a predetermined
range.

5 10. The data reproducing apparatus according to
claim 9, wherein the adjusting unit reduces the log-
likelihood ratio information to 1/N and outputs it.

11. The data reproducing apparatus according to
claim 9, wherein the iterative decoding unit includes:
10 a first decoder which performs the a posteriori
probability decoding processing for the encoded data
signal and outputs a decoding result including the
log-likelihood ratio information; and
a second decoder which performs the a posteriori
15 probability decoding processing for the decoding
result from the first decoder by the use of the log-
likelihood ratio information adjusted by the adjusting
unit and outputs a decoding result including the log-
likelihood ratio information as an input of the first
20 ~ decoder, and
performs iterative decoding processings a
predetermined number of times by the first and second
decoders and then outputs an output of the second
decoder as an iterative decoding result.
25 12. The data reproducing apparatus according

to claim 9, wherein the detecting unit detects such

a portion of a log-likelihood ratio group which does
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not agree with an encoding rule of the encoded data
signal from the log~likelihood ratioc information as
the error portion.
13. The data reproducing ap?aratus according to
5 claim 9, wherein the detecting unit performs hard
decision processing for a log-likelihood ratio group
of the log-likelihood ratio information and detects
a portion of the log-likelihood ratio group in which
a hard decision group obtained by the hard decision
10 processing does not agree with an encoding rule of the
encoded data signal as the error portion.
14. The data reproducing apparatus according to
claim 9, wherein the iterative decoding unit includes:
a first decoder which performs the a posteriori
15 probability decoding processing for the encoded data
signal and outputs a decoding result including the
log—likelihood ratio information; and
a second decoder which performs the a posteriori
probability decoding processing for the decoding
20 result from the first decoder by the use of the log—
likelihood ratio information adjusted by the adjusting
unit and outputs a decoding result including the
log-likelihood ratio information as an input of the
first decoder, the second decoder being constructed of
25 a low-density parity check (LDPC) decoder for a low-

density parity check code.

15. The data reproducing apparatus according to
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claim 9, wherein the iterative decoding unit includes:
a first decoder which performs the a posteriori
probability decoding processing for the encoded data
signal and outputs a decoding result including the
5 log-likelihood ratio information; and
a second decoder which performs the a posteriori
probability decoding processing for the decoding
result from the first decoder by the use of the log-
likelihood ratio information adjusted by the adjusting
10 unit and outputs a decoding result including the log-
likelihood ratio information as an input of the first
decoder, the second decoder being constructed of
é recursive systematic convolution (RSC) decoder for
a recursive systematic convolution code.
15 le. The data reproducing apparatus according to
claim 9, wherein the iterative decoding unit includes::
a first decoder which performs the a posteriori
probability decoding processing for the encoded data
signal and outputs a decoding result including the
20 log-likelihood ratio information; and
a second decoder which performs the a posteriori
probability decoding processing for the decoding
result from the first decoder by the use of the log-
likelihood ratio information adjusted by the adjusting
25 unit and outputs a decoding result including the log-

likelihood ratio information as an input of the first

decoder, the second decoder being constructed of a
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17. A method of reproducing data read from a
disk medium in a disk drive, the method comprising:
performing first decoding processing which
5 performs a posteriori probability decoding processing.
for a decoded data signal read from the disk medium
and outputs a first decoding result including log-
likelihood ratio information;
detecting an error portion corresponding to
10 an error included in the decoded data signal from
the log-likelihood ratio information;
regulating the log-likelihood ratio information
corresponding to the detected error portion to 1/N;
performing‘second decoding processing which
15 performs a posteriori probability decoding processing
for the first decoding result by the use of the
adjusted log-likelihood ratio information and outputs
a second decoding result including the log-likelihood
ratio information as an input of processing of the
20 first decoding result; and
performing iterative decoding processing
including the first and second decoding processing
a predetermined number of times and then outputting
an output of the second decoding processing as

25 an iterative decoding result.



