; €3eYVAXS$T 6T@N; r TI'TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR TURBO
CODI NG AND DECODI NG I N READ AND VWRI TE CHANNEL OF A DI SK DRI VE BACKGROUND OF

THE I NVENTION 5 The present invention generally relates to the
di sk drives ' ly to a data recording/reproducing tech uwmumm@mmmmm
whi ch a tuﬂm@ﬁﬁﬂﬂmﬂgma&coding method is applied. In general, in a qk%ww
drive repr hard 10 15 disk drive, a read/wite- channel i's

di sposed to exe@QP® signal processing of alread signal (reproduction data
signal) read out froma disk as a recording mediumby a head or a wite
signal (recording data signal) recorded on the disk. In the read/wite
channel, usually a so-called partiHE (&S poHs LN AN | i kel i hood (PRW)

met hod has been used which is constituted by conbining a partial response
(PR) met hod and MATHODLIANR: FEHATR THS HGR T Qi%N%/%N% DECOMNG ddr s, in
the field of 20_25 di sk drives, a turbo codiqg#?ecoding met hod has been

proposed whi ch i@p&ﬁé@ SR &}B\N% Gfafadt HE nore sati sfact ory

t han those of the PRML net hod LotL-ar unents i ncl ude

" CODI NG AND | TERATI VE DETECTIEﬁEE%EBkﬁéhé%l@&EE%E%BFREﬁ&HANNELS by Zini ng
Wi (Kl uwer. Academ ¢ Rybl i she ".. For t.he read/ w-ite channel .of the disk
drive, a c?oncat enat e eur%roes{:eg%ﬁ nJgr}\Penc%ld)slnggeerpﬁﬁ\%lalSﬁarsemanc-esz tQbeen st udi ed.
In a turbo code Si t hi t : ec Y i ol utional
(RSO) code i 5 st fataonearn o Srdiamd: Het s once & Sttt ng

i nformation and RAIJAN R frc iHRP Hdfid @ SrSeguenceiRans a
recordi ng data sequence (input infornmation sequence) in the disk drive.

Moreover, the paddihgyeBtIEed MEERIES AR . correction bit string
(check bit string). On the other hand, in a decoding system an APP 10
decoder is used whi clirexgmsdrmesl a pos etig iprnabalsdrdser(tARP)bydec ddirng by
soft-output Viterbi algorithm (SOYA) for obtaining a soft output decode
based onld Vit erdiskaldgoniet,hma r&acmndttenathennalr e cdddeosagbltioed to the 15
read/ wite channel includes an RSC encoder, and generates a systematic code
sequence i ncl udig¥gatie isifBraatbieremtdnsactt o Jeqeemda®aladditional ly, in
general, when a code | ength of the code _sequence (error correction code)

i ncreases, err or{ FEHHOEMG o dad@ &Fidhctly iF€3En RPATc dFOMaRd 18K &Sresult, a
satisfactory error_corr ctionc{atehgénprovgfent ann%%%) can he realized.
However, when t e T&58& TGP GRS iHpIdy S &4s&d Ed¥sfitution of the

decoder in the i t | 4 ted.. Iy the turbo codec,
t he above-descr%%gggﬁ%gjggco er%ﬁgﬁﬁggd. |ﬁére o%gf%%f%ﬁﬂgﬁnincrease of the

code | engtsh of In the read/write channel, usually a so-called

partial response maximum likelihood (PRML) method has
been used which is constituted by combining a partial
response (PR) method and Viterbi decoding method.
Additionally, in recent years, in the field of
20 disk drives, a turbo coding/decoding method has been
proposed which is expected to provide characteristics
more satisfactory than those of the PRML method.
Examples of prior-art documents include "CODING AND
ITERATIVE DETECTION FOR MAGNETIC RECORDING CHANNELS by
25 Zining Wu (Kluwer Academic Publishers)".
For the read/write channel of the disk drive,

a concatenated turbo coding/decoding method has



- 3 RSC, there accordingly occurs a problemthat the constitution of the
APP decoder is conplicated or that circuit scale is enlarged. BRI EF SUMVARY
OF THE I NVENTION 5 I n accordance with one enbodi ment of the present
invention, there is provided a concatenated turbo codec which realizes a
predeterm ned error correction rate w thout increasing an actual code

| ength particularly with respect to a disk. drive in which 10 a read/wite
channel including the concatenated turbo c6dec is used. The present di sk
drive conprises: a head for performng read/ wite of data with respect to a
di sk, nmediuns and a read/wite channel including a coding/ 15 decoding unit

of a concat enat @EFUrHHTRE ng/deCofiHP SRR UHinch G s, matdied.

Do be. £ agsni { £ Gt TG B TPt KA WHaiaT t IS Bodaiy dceodi 0.
"hterl caver T engi¥dilith TSt SRRSO & S d Tt G o

b sget er i neq. r b i, SBELIEE MY SLARGR A Podhd SERRINMI 0 uni
ecurs: ve st onS e afb SEIE M d Y, SRR bgeded MiradE Tre
SEVERAL VI EW5 Cﬁn%n%\@ﬂ\‘%éa&nncée)i S rP PRl i 2@ria8 Shaw G T N part

of a disk drive according to an enbodi nent of the present invention; 5

FIGS. 2A and 2B et dalroicdy dicfiledite ShWdiGes MR RAJH @fr rdd dtiido baedec
according to the enbodinent; FIG 3 is a block diagram show ng an RSC

encoder accordi ngdindg heelesddodiitenitriard FIG 4 is a diagram show ng a

rel ati on between 10 an interleaver length and code | ength according to the
enbodi ment. DETAI LED @ESCR R IEN CRaniHE i iNVENTE qod iErdh aebi steamt s aof AHRe
present invention will be described hereinafter with reference to the

drawi ngs 1015 (Cslestadan iigh ufedDiweK by ia¥@CWHIag a1l rostemiloddk di agr am showi ng
a main part of a disk drive according to an enbodi nent of the present

i nvention. The prebaRilditek dERe darQdides by dodE—Puddwio Va tead recor ding
medi um preanplifier .circuj .. read/ wite channel 5, and disk controller
(FDO) 6. The ti SR9PT b1 MBI oF bl vt o o e o ap) Pt s o

i ncl udes read a%%ggégﬁ%QFQﬂﬁkf%yjéfggyié&g.data fromthe disk 1 by the

read head. Moreover, t
A concatenated turbo codec applied to the

15 read/write channel includes an RSC encoder, and
generates a systematic code sequence including the
information and parity sequences. Additionally, in
general, when a code length of the code sequence
(error correction code) increases, error correction

20 capability is enhanced, and, as a result, a
satisfactory error correction rate (improvement
amount) can be realized.

However, when the code length is simply
increased, the constitution of the decoder in the

25 decoding system becomes complicated. 1In the turbo
codec, the above-described APP decoder is used.

Therefore, with an increase of the code length of



" 25 head 3 wites data onto the disk 1 by the wite head. The preanplifier
circuit 4 includes a read anplifier 40 which anplifies a read signal
(reproduction data - 5 signal) fromthe read head and sends the signal
to the read/wite channel 5. The preanplifier circuit 4 also includes a
wite anplifier 41 which converts a wite signal (recording data signal)
output fromthe 5 read/wite channel 5 intq a wite current and supplies
the current to the wite head. The read/wite channel 5 includes a turbo
codec 50 to which a concatenated turbo codi ng/decodi ng systemis applied. A

wite channel inc es a turbo 10 encoder and wite sig rocessi ng unit
The Wi te st e aaony Tae PO RS SRR & T FGpenoat or
51. The wite si I T - ensat or,
and the like. A read .channel includ ur bp decoder, .aut in nt r ol
(AGC) anplifier chqsgih ugpn |°d‘inmc"|5‘aes§‘spf§ 444 AiSpErmRs, SRS SR PR 54,
and equal i zer 55,, The A l.ifier, circuit 52 controls the read signal
out put from t he T4t %ﬁé%%£$£f”h§9ﬁ?ﬁqﬁ§{a signal anplitude of the signal

has a gi ven value. The LPF Eﬁm@ﬁﬁﬁﬂgi sihr AR i fromthe read 20
signal . The A/ D converter Sﬁ%nv_er S h%k%%a_ og read s@\ﬁal to a digital
signal . The equalizerrpS; ysthaldncd N tdem@ diiddledt Ideremd Frddddid e

i npul se response (FIR) system and executes digital waveform équali zation

processing. 25 Hefwntibrd hanaad/ W idewhane SnctRRaehanrglrbonc! udes an
input of the wite anplifier 41 to an output of the equalizer 55 in digital
magnetic - 6 deiky dMigh e0duing prulidiagriesd edal idoalrec@dipanse
(PR) characteristics. Coded data in the PR channel is regarded as one type
of convol uti onalreadudeyi o tc dmeers@aeEicyy tag actualercocadd et concat enated 5
turbo code. (Constitution of Turbo Codec) The turbo codec 50 is constituted
of a turbo encodwr2EulEewy Withl Gesprctan® tudiskdeledder 121 whiohn in FI G
2B. The turbo encoder_ 20 includes a run 10 length limted (RLL) encoder

200, intéd eaverd XPRA/MEdFesiGhandyest diglivdiggnidleucossateprsed cogbe
sequence encoder 202, PUMUX 203, and precoder 204. The RLL encoder 200
converts recor diRfSfati® WSt o a usual RLL code sequence. The interleaver

201 15 executes interl.eaving caorrespondi.ng to agi.tation rocg i.ng
(random zati 0[1) of t h%ehﬁﬂﬁeg?)ed%%dglqsﬂ%frel. hcec'“i"i’%cj:_seensc'o@e?1 s%fecu'aes o
recursive syste N | . CO r.0 [ n.outer,. e w
respect to the %LIIJ%O e }ségc%gr?ge. lﬁ;ee ﬁ%ﬁazggﬁsqgs%%%uﬁcg Er glg%

mul tipl exing Ci hfdditunGonsid RGO idHAHhed RWRALWIS Clal Gkl ngnd
mul ti pl exer, and outputs a systematic code sequence obtai'ned by

mul tipl exisng i nfqyomrting wid pa il oreauencted theber eeddely/de¢odindi sposed
to inpart recursive characteristics to the PR 25 channel. On the other
hand, the turbo sdetmagr Wil dhndlsude & iamaAPR rdeesddng? HQ rafuich offer f or ns a
posteriors _ 7 _ probability (APP) decoding processing with respect to a
PR channel (innér msgde)dingEdRipUxiznel on eepeadwctitn dapR dégodér 213
whi ch executes the APP decoding processing with respect to an RSC sequence
(outer 5 code), TOUMIX EXER Gt tgse Wit ha TeSpESite dOdEbGdRG dpr WBESSLAY ti ne,
and delnterleav%ﬁm?%%ding/decoding unit includes:
20 a unit which executes interleaving in a predeter-
mined interleaver length with respect to a recording
data sequence at a data recording time; and
an RSC encoder which uses a code length having a
predetermined relation with respect to the interleaver
25 length as a unit to code the recording data sequence
interleaved by the unit into a recursive systematic

coded sequence.



" The' DE-PUMUX 211 is a circuit constituted by conbining a depuncture circuit
with a denultiplexer, and executes inverse transform processing of the
PUMUX 10 203. Mbreover, the deinterleaver 215 executes the inverse
transform processing of the interleaver 212. Furthernore, the turbo decoder
21 includes a hard decision unit 216 and RLL decoder 217. The hard deci sion
unit 216 uses a log likelihood ratio (LLR) 15 outputted fromthe APP
decoder 213 as a threshold val ue to executé bi'nary deci si on, and det ermn nes
a final turbo decoded sequence. The RLL decoder 217 subjects the turbo
coded sequence to RLL decodi ng processing, and outputs the reproduction
dat a sequence 20 BEREB) Wﬁ%ﬁ@l‘h@ﬂ d Hth S EYERGIN AL EliSe OFd JHE. DREWENGt he
APP decoder 213 outputs outer information of outer codes expludimgzégR to
the PUMUX 214. Note thEf-thel ¥ u? boleoled 39 FhoroW HEl BIRa DA Bt 28 i s

realized, for exanp) ,a constitution 25 includi ng sof re and CRU

whi ch execut es t%ggjs%t%‘ée. FFH-H an%ats%,a%eqr@?ocgntré'}t ﬂf \z,ﬁbe TSR t he
software for reali%igg.éhg function of the turbo _ g _ codec 50, and the
sof tware corresﬁﬁhd% o processi ng procedure of a CPU. (Operation of
Turbo Codegc) An oper ati o, t ta b 0] 5 i w1 be
descri bedeériext. At th%t%)é;t aiz?‘e%g?d%gg]f%%?g%g %ﬁ%%\#}?% ﬁ?@)ﬂ% ”%E?éa%c 6

sends the recordi i nf i i f a host
g;&&gt ag IR, £ & f 8 it %WC&) t eérrﬁggcg?m'{é%{?,

system (e. g., personal conputer, and to the wrlte channel
5. 10 In the read/witecchanngla Bp16bR Q14 PPN N Oare xRSt &ScddbO
codi ng processing, and sends an output to the wite anplifier 41 via the
wite signal progesstdihdginid e dnbddiméntt baarehcoder 20, the RSC encoder
202 15 subjects the RLL code sequence of the recording data WD to RSC
codi ng processing. HeFEG. férisxanplagras showmndg na Rl atdion HeetRE8&2rencoder
202 is constituted of: a delay elenent (D) of one bit; and a nod2 adder
(excl usi VD OR gaare {myjerlemven Qersyghanrd cabhcranatlexaryrdiofg thee RSC
encoder 202 with a constraint length of 3. An input information sequence
(Uk) is the RLL ‘ekrieeRRRAEIRE out put fromthe RLL encoder 200. Moreover, a
parity sequence (Pk) genera%ggﬁgy t he RSC encaoder 202 is 25 expressed as an
i nner sequence (Zk). The D a&@ﬁcﬁéfTéGHi&@igﬂﬁhéNﬁﬁﬁTEQEé sequence to
i nterl eave processin and. gi ves the sequence 1o th C encoder
202 The' RSC encoder BT HIHES (6 Hee ReeeeEqHENet: ik st {n the RLL
encoder 200 toge 1 - | jJu erl eave
AdeLr M dd ﬂé%l%§%§¥]ﬁﬁg%n Iﬁ?n{reéiftbér ea\?ée?é ecqué %{]Jtﬁrgjk[

processing (agitation processi ng engt t he

interleavey 201 . (dhesBRSnewodsr RO geheFat es a recursive systenatic
convol utional (RSCL code sequence including the information and parity

sequences in 10 accorgamcel W4 ha ab Tost d b dit arh et i adn chd ierd e to i t s J

shown in the following equation (1). K= LRSCJ = LRSC-1 As shown in FIG

4, the RSC encoderd2€R disiege l&ceomdidey | emgn dvitasdianent toff dloomuergertthe RLL
code sequence as an information bit string corresponding to the interleaver
length N to an RSUe&mlu@hce. That is, the RSC encoder 202 executes

processing of inserting redundant J bits in accordance with the constraint
20 length K. The present disk drive includes a disk 1 as

20 a data recording medium, preamplifier circuit 4,
read/write channel 5, and disk controller (HDC) 6.
The disk 1 is rotated by a spindle motor (SPM) 2.
A head 3 includes read and write heads, and reads out
data from the disk 1 by the read head. Moreover, the
25 head 3 writes data onto the disk 1 by the write head.
The preamplifier circuit 4 includes a read amplifier

40 which amplifies a read signal (reproduction data



* The' PUMUX 203 executes processing of taking out one bit fromthe parity
sequence outputted fromthe RSC encoder 202 every mbits and inserting the
bit into the information sequence fromthe RSC encoder 25 202. Therefore, a
coding rate (puncture rate) is "ml (ml) ". Subsequently, the precoder 204
execut es - 10 5 processing of inserting the redundant bits J in
accordance with the constraint |ength K and redundant bits J shown in the
foll owi ng equation (2) in order to generate& the sequence in each code
length M. J -- LpR - 1~ (2) Here, there is a relation shown in the
foll owi ng 10 equation (3€rbetmeen the code length M of the outer code and
the code | ength #9%F1t nkrPRneRe cherd Read gnd sends ghe gignal per the) -
(b >0) (3) mwhere > 0. The precoder_204 subjects, the systematic coded
sequence from the€ Q%BCQ%ngefyge of N RS ﬁ%g%?%ﬁ%¥ W rd@s38 ng as

described aboye,.ang%%hgreaftfr sendf.#he sgfu ngﬁ?to the wite sjgnal

processing unit B1CTHRES v i TE 5T g RP L bt bees n‘“g'”u tCHVEKER A g Yt or di ng
: ) ' ) h

e Se o Pt SE34 9 B0G AENT R £F SV AR G SRS T ot

lied fgomt s Pk £i.08 1 4 L ¢ a8
suppl i ed fgom theg, M&@éméméﬂﬁéll%gt Segaid éﬁppe&@%rsgﬁo}[ﬂ'(%%) -

signal onto the disk 1. Subsequent e reproduction data si

read out fromthendi srdedy tdherneas headdsganplified 25 by the read
anplifier 40, and sent to the read/wite channel 5. The reproduction data

signal is sent to therherboadewpdes lanhél as SigPBhdPE OLESSHBW SYEEEem in
t he read channel . - 11 In the turbo decoder 21, the APP decoder 210

inputs a signal buttputwHicdmancdtdatepetet givrdo fdddaigadeddwimpual i zer 55,
and an advance log likelihood ratio. The APP decoder 210 uses a code |ength
Mul as system is applied. A write channel includes a turbo
10 encoder and write signal processing unit 51.
The write signal processing unit 51 includes a write
pre-compensator, and the like.
A read channel includes a turbo decoder, auto
gain control (AGC) amplifier circuit 52, low pass
15 filter (LPF) 53, A/D converter 54, and equalizer 55.
The AGC amplifier circuit 52 controls the read
signal output from the read amplifier 40 so that
a signal amplitude of the signal has a given wvalue.
The LPF 53 removes high-frequency noise from the read
20 signal. The A/D converter 54 converts the analog read
signal to a digital signal. The equalizer 55 usually
includes a digital filter of a finite impulse response
(FIR) system, and executes digital waveform
equalization processing.
25 Here, in the read/write channel 5, a PR channel

includes an input of the write amplifier 41 to

an output of the equalizer 55 in digital magnetic



5 aunit as shown in the follow ng equation (4) as a unit to execute a
posteriors probability (APP) decodi ng processing, and outputs an outer |og
i kelihood ratio. 10 Mul = M + LpR - 1 (4) Mui2 = M+ LRSC - 1~ The outer

|l og likelihood ratio is divided into the advance |log likelihood ratio, for
the information sequence, and the advance |log |ikelihood ratio, for the
parity sequence, by the DE-PUMJUX 211 which 15 executes the inverse
transform of the PUMUX 203 of the turbo”enfod&r 20. The advance | og

|l i kelihood ratio for the informati on sequence is subjected to interleave
processing (agitated) by the interl|eaver 212 which has the same function as
that of the 20 GREHHEAET RFP IR s dnsh e dasggech@arkiied t he advance

log likelihood ratio for the parity sequence into the APP decoder 213. The
APP decoder 213 HfSPORSCodR)| SHFIRMEE 1$Hdws -i n Godecaiefe dguihieofR(4) as a

unit to execute the 25 a posteriors probability PP) decodi ng_processing,
and out puts the‘%ﬁ?ﬁ?g1dﬁpﬁqg§q &S hCod YRS h@qnﬂngﬁ&PP%ﬁ sR@eparity
sequences. The ouafr l%%li:ﬁai ood ratio for the_information %e%aﬁnce is
_ 12 returned P84 KEIERSERES S8qEENEETSY CREC N PefPREPEETSE8 i ch
executes the trq@&% r@& verse to that of the interleaver 201, and
thereafter inputtéd together with the outer log likelihood ratio for the

parity 5 sequenq%dﬂygiﬂhﬁﬁg%pygxT%%%Bué%geggwux 214 executes the sane

transform processing as that of the 3 of the turbo encoder 20, and

inputs the advance I agd italideashdatim 10 Rr¥aceded BR chamnel, as the
i nner code into 10 the APP decoder 210. Moreover, an output sequence of the

dei nterl eaver 2Endosiempuat tsedwrntio, e .hand ded suepoudicbodde whi ch uses
"0" as the threshold value. The hard decision unit 216 outputs a binary
deci si on resul t shownheénREIGle@Bder TAk7 tufhe Bhlcolierdecoderlliiésexeeuhes RLL
decodi ng processing, and outputs the reproduction data sequence (RD)
10 length limited (RLL) encoder 200, interleaver 201,
recursive systematic convolutional (RSC) coded
sequence encoder 202, PUMUX 203, and precoder 204.
The RLL encoder 200 converts recording data WD
into a usual RLL code sequence. The interleaver 201
15 executes interleaving corresponding to agitation
processing (randomization) of the RLL code sequence.
The RSC encoder 202 executes recursive systematic
convolutional coding processing as an outer code with
respect to the RLL code sequence. The PUMUX 203 is a
20 puncture multiplexing circuit constituted by combining
a puncture circuit and multiplexer, and outputs
a systematic code sequence obtained by multiplexing
information and parity sequences. The precoder 204 is
disposed to impart recursive characteristics to the PR
25 channel.

On the other hand, the turbo decoder 21 includes

an APP decoder 210 which performs a posteriori



" corresponding to the original user data. As described above, in the

read/ wite channel 5 of the enbodi nent, turbo codi ng/ decodi ng processing is

20 executed. In general, in the codi ng/decodi ng, when the code | ength

i ncreases, error correction capability is enhanced, and, as a result, a

satisfactory error correction rate (inprovenent anount) can be reali zed.

However, when the code length is sinply _increased, a 25 circuit

constitution including the APP decoders 210, 213 in the turbo decoder 21 is

conplicated, and circuit scale is enlarged. z Therefore, in the method of
as shown in FXG 4, the code length Mof the outer

the present enbodi t,

codepi s set to tﬁrﬁﬁ‘q&]ﬂv@y(}%@l I quﬂr}%%eqq}qq}éﬁtﬂ} FIRREs Y%ngt h
N, and the code 5 length Mjs,used as e it cute the coding/
decodi ng processt i, %haréln‘?tr W%%ﬁi??gé%e’cﬁ?ﬂ‘hﬁ@?@&’ ﬁq?%eeﬂtef?eved%t er
code i s connect o] Lhner ¢ vi.-a. t.he interleaves, d, t he,.

codi ngi decodi ngeglsé’eélgﬁt% ,O%Ghr appar"‘éhnjtc}éoecf%e(flg%egi ﬁc % pf%? 4%%‘1?&6& 10
Here, a relatio . L0t %ﬁgy t gﬂﬁ] CRQQ ngt h M of
t he outer code a]%? ge\gra%%éggle%}?e% y ttﬁzt(% g%}PoP\g\nSdr\llg e uéépieeon ( é.reN =c M
where ¢ >l -5) Whal) | spuminern £ | foenl A 0nd.a FUbauaty WheR dit code 15

|l ength Mis relatively reduced, the apparent e length of the whol e coded

sequence is not gesucoshndbf Bverangiddiid Viedder 210 S0 possible to
relatively reduce the code length M of the inner code. Wen b in the above

equation (3) is set tohélbE-20Mex rzlationa betveent tdendtiviteauss | ength N
and code length M of the inner code is represented by the foll ow ng
equation (6). Ncombining 4 dMpundiRSE circuitt)wiEh-= Idemstidrinlesdrd) t he
turbo codes of the enbodi ment, even when the respective code lengths M M
of the outer andndretecvdes mveersd dtyand Sonmedussrts sive afp ditentPBBHe

| ength of the whol e coded sequence - 14 cannot be reduced. Therefore,
si nce thé%Gppar e4ft3 codépreover, the deinterleaver 215 executes the

inverse transform processing of the interleaver 212.
Furthermore, the turbo decoder 21 includes a hard
decision unit 216 and RLL decoder 217. The hard
decision unit 216 uses a log likelihood ratio (LLR)
15 outputted from the APP decoder 213 as a threshold
value to execute binary decision, and determines
a final turbo decoded sequence. The RLL decoder 217
subjects the turbo coded sequence to RLL decoding
processing, and outputs the reproduction data sequence
20 (RD) corresponding to the original user data. Here,
the APP decoder 213 outputs outer information of outer
codes excluding LLR to the PUMUX 214.
Note that the turbo codec 50 shown in FIGS. 2A
and 2B is realized, for example, by a constitution
25 including software and CPU which executes the
software. 1In this case, here, FIGS. 2A and 2B show

the software for realizing the function of the turbo



length is relatively large, the satisfactory error correction rate
(i mprovenent anount) can be secured. Mreover, since the actual code | ength
can be 5 relatively reduced, the circuit constitution including the APP
decoders 210, 213 in the turbo decoder 21 is relatively sinplified, and the
circuit scale can be prevented from being enlarged. According to the
present enbodi ment, as described 10 above pn detail, when the read/wite
channel using the concatenated turbo codes is realized in the disk drive,
the satisfactory error correction rate (inprovenent anount) can be secured,
further the circuit caonstitution including the APP decoder for use, (15 in a
decodi ng syst emGo§es %&'i g ,t?’§n§ (F&IagiS COHE eSPRANESc &R Fe PFOSESSEET fr om
bei ng enl arged. Concretely,. ac éping to the present enbodi nent, when a
turbo code sequélf&&S I@bﬁ?&@t%& d as an information bit nunber including a
size (N) of 20 interleaver | th, the apparent code |ength can be
increased with r@%?ﬁﬂﬁ ﬁé% f%gQgggﬁak°?§§§ length M(N =cM c¢>1).
Therefore, a predeterygy : rect i t red. On the

ppﬂ Lb?ﬁeeﬁﬁl%rn %%Itl%ge tggrbroa RN e o%eg%e

ot her hand, the actua engt h reduced, and the 25 constitution of

the APP decoder (a6 dBd6191MPleEle s A eR@rged circuit scale can
t hereby be avoi ded. Thereby, the coding/decoding circuit included in 15

the read/wite channelt afhd kit YedridaLanms dsHdwnedn rrc.16, WHAT IS
CLAIMED I'S: 1. A disk drive conprising: a head which perforns read/wite of
data with respeche ¢iDg i Senadithes randraiagr eadawWwwit € iafamrmal ibAcl udi ng a
signal processing unit which processes a recording data signal or
reproducti on datzoiegiral) treded viedarfswit e thowitt syséepede .o ,t berleadland a
turbo codec which executes concatenated turbo codi ng/ decodi ng, wherein 10
the turbo codec dompuides: aad itheedi&avertouthe wigedd wanideurbanhneilebl.eavi ng
in a predetermned interleaver length with respect to a recording data
sequencel8t a ddta thécaediddyriitee chan@els San tRsctesbadencpAren2@ses a code
| engt h having a predgter d relation with respect to the inter| eayer

e

mn
| ength as a uni €%€& QWEEOr 08 AN a5ES 548 ueRRE FRPEFI 8RvBHEBY Y he

interl eave unit Ep%%ﬁaw&% %rsiv§i%ﬁ%teqqt%p c%ged s§guence. 0 2. The di sk
drive accordingtio ai'm 1" Wherdinthe t Jrfo "C6dEE Snﬁﬁﬁgg an APP

decoder which e qggkg%i%ﬁcggth5@{ocessing in an a posteriors probability
met hod with res%@ct to the recursive systematic coded sequence at a data

reproduction time. 25p3.thEhe ik edidodR r2eeor ¢indg Rise ehaiodlel 2wherein the
turbo codec is constituted to satisfy a relation equation "N = ¢c~M where

c>1" betwsen theubileitlsearer RLL- cbde keqglehcd afidtpedeckengihgMiada The
di sk drive according to claim1, wherein the turbo codec conprises an RLL
encoder whi ch c@veot RSCheoddagr grngedatiagseqiemee foraexanplepngth 5
limted code (RLL), and the interleaver unit is constituted to execute the
i nterl eavi ng i nshieenpriaddilérniBnedhienRECI eagedere§hiwi chnsgsputedto an RLL
sequence out put from )
of: a delay element (D) of one bit; and a mod2 adder
{exclusive OR gate (+)).
20 FIG. 3 shows a concrete example of the RSC
encoder 202 with a constraint length of 3. An input
information sequence (Uyx) is the RLL code sequence
output from the RLL encoder 200. Moreover, a parity
sequence (Pk) generated by the RSC encoder 202 is
25 expressed as an inner sequence (ZXk).

The interleaver 201 subjects the RLL code

sequence to interleave processing, and gives the



"the RLL encoder. 10 5. The disk drive according to claim1, wherein the RSC
encoder uses a predeterm ned code length as a unit to code the RLL sequence
interl eaved by the interleaver unit to a recursive systematic coded
sequence to which predeterm ned redundant bits are 15 added. 6. The di sk
drive according to claim1, wherein the turbo codec conprises: a puncture
unit which executes thinning processing in @.tpinning rate to secure a
predeter 20 mned error rate with respect t0 the recursive systenmati c coded
sequence outputted fromthe RSC encoder; and a precoder which inparts

recursive character istics tp th oded sequ e outputted fromthe 25
puncture unit. 7§e?H8n8FsEodgb9eﬁﬁgcﬁ?ﬂpa§ tgggraiF? , RihefBFAdehe Pf ecoder

[ tituted to_ij th [ - 18 h teristi th ded

Sequence out put TPBRLEhERBuRKP ur 80BN BT EAGSt B EREE Ut Eopr BRR<RMHG of addi ng
uence out p pufict | estihg of

Clate using a preHorars: o8 soasTBer cubPh HECSlK] o SRitRedl cnat od

turbo codi ng decgdhggeerined el Lt ooyt eabueis enghpael s gl uded in a

di sk drive which perforns recording/reprodu g o respect to a
di sk medi ugy conprbEL8gindf @%@ﬁuahngnt@ﬁéé@@wD@n@@h%%gdﬁﬁgrm ned
interleaver length with respect to a recordi ng data” sequente at a data
recording tine; exeeuléageRSEOToding to code the interleaved recordi ng data
sequence to a recursive systematic 15 convol utional coded sequence using a
predet erm ned code | eijehRaS andodér 208 gsecvitog & pestesiwees probability
(APP) decoding in an a posteriors probability nethod with respect to the
recursive systenayitenated cenueheeiodl 9(RIbe aeddosk@acemeeli ng to claim 8§,
wherein a relation equation "N = ¢c~M where c>1" is satisfied between the
interl eaver | engtRCNI@QRES cHlle jrefrema tvi orl CandHea Mt otk Geenees righ t o cl ai m
8, furthghjconprisin

accogdance with a constraint length K and redundant
bits J shown in the following equation (1).

K

Lrsc
J = Lrsc-1
As shown in FIG. 4, the RSC encoder 202 uses
15 a code length M as a unit to convert the RLL code
sequence as an information bit string corresponding to
the interleaver length N to an RSC sequence. That is,
the RSC encoder 202 executes processing of inserting
redundant J bits in accordance with the constraint
20 length K.
The PUMUX 203 executes processing of taking out
one bit from the parity sequence outputted from the
RSC encoder 202 every m bits and inserting the bit
into the information sequence from the RSC encoder
25 202. Therefore, a coding rate (puncture rate) is
"m/ (m+1)".

Subsequently, the precoder 204 executes



© 25 converting the recording data sequence to a run length [imted code
(RLL); and executing the interleaving in the predeterm ned - 19
interleaver length with respect to an RLL sequence. 11. The net hod
according to claim8, further conprising: executing the RSC coding to code
the interleaved 5 RLL sequence to a recursive systematic coded sequence to
whi ch predeterm ned redundant bits are add using a predeterm ned code
length as a unit. 12. The nmethod according to claim8, further conprising:
10 executing puncture in a thinning rate to secure a predeterm ned error
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equation (3) between the code length M of the outer

code and the code length Mi of the inner code.
10
m+ 1

m

Mi=b-\‘ -(M+LRSC—1)J, (b > 0) (3)

where b > 0.
The precoder 204 subjects the systematic coded
sequence from the PUMUX 203 to a type of inverse
15 transform processing as described above, and
thereafter sends the sequence to the write signal
processing unit 51. The write signal processing unit
51 executes recording compensation processing, and
sends the systematic coded sequence to the write
20 amplifier 41. Therefore, the write head uses a write
current supplied from the write amplifier 41 to record
a turbo coded recording data signal onto the disk 1.
Subsequently, the reproduction data signal (DS)
read out from the disk 1 by the read head is amplified
25 by the read amplifier 40, and sent to the read/write
channel 5. The reproduction data signal is sent to
the turbo decoder 21 via a signal processing system in

the read channel.
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the advance log likelihood ratio, for the information
sequence, and the advance log likelihood ratio,
for the parity sequence, by the DE-PUMUX 211 which
15 executes the inverse transform of the PUMUX 203 of
the turbo encoder 20, The advance log likelihood
ratio for the information sequence is subjected to
interleave processing (agitated) by the interleaver
212 which has the same function as that of the
20 interleaver 201, and is inputted together with the
advance log likelihood ratio for the parity sequence
into the APP decoder 213.
The APP decoder 213 uses a code length Mu2 shown
in the above equation (4) as a unit to execute the
25 a posteriori probability (APP) decoding processing,
and outputs the outer log likelihood ratios for the

information and parity sequences. The outer log

likelihood ratio for the information sequence is
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10%& () "10Ahn%e uf%gggiéifgéﬁbriginal sequence by the deinterleaver

215 which executes the transform inverse to that of
the interleaver 201, and thereafter inputted together
with the outer log likelihood ratio for the parity

5 sequence into the PUMUX 214.

The PUMUX 214 executes the same transform
processing as that of the PUMUX 203 of the turbo
encoder 20, and inputs the advance log likelihood
ratio to a precoded PR channel as the inner code into

10 the APP decoder 210. Moreover, an output sedquence
of the deinterleaver 215 is inputted into the hard
decision unit 216 which uses "O0" as the threshold
value. The hard decision unit 216 outputs a binary
decision result to the RLL decoder 217. The RLL

15 decoder 217 executes RLL decoding processing,
and outputs the reproduction data sequence (RD)
corresponding to the original user data.

As described above, in the read/write channel 5
of the embodiment, turbo coding/decoding processing is

20 executed. In general, in the coding/decoding, when
the code length increases, error correction capability
is enhanced, and, as a result, a satisfactory error
correction rate (improvement amount) can be realized.
However, when the code length is simply increased, a

25 circuit constitution including the APP decoders 210,
213 in the turbo decoder 21 is complicated, and

circuit scale is enlarged.
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length is relatively large, the satisfactory error
correction rate (improvement amount) can be secured.
Moreover, since the actual code length can be
5 relatively reduced, the circuit constitution including
the APP decoders 210, 213 in the turbo decoder 21 is
relatively simplified, and the circuit scale can be
prevented from being enlarged.
According to the present embodiment, as described
10 above in detail, when the read/write channel using
the concatenated turbo codec is realized in the
disk drive, the satisfactory error correction rate
(improvement amount) can be secured, further the
circuit constitution including the APP decoder for use
15 in a decoding system is simplified, and the circuit
scale can be prevented from being enlarged.
Concretely, according to the present embodiment,
when a turbo code sequence is constituted as
an information bit number including a size (N) of
20 interleaver length, the apparent code length can
be increased with respect to the actual code length
M (N = cM, ¢c>1). Therefore, a predetermined error
correction rate can be secured. On the other hand,
the actual code length M is reduced, and the
25 constitution of the APP decoder can be made simpler,
and an enlarged circuit scale can thereby be avoided.

Thereby, the coding/decoding circuit included in
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the read/write channel of the disk drive can be

simplified.
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1. A disk drive comprising:

a head which performs read/write of data with
respect to a disk medium; and

5 a read/write channel including a signal

processing unit which processes a recording data
signal or reproduction data signal to be transmitted
with respect to the head and a turbo codec which
executes concatenated turbo coding/decoding, wherein

10 the turbo codec includes:

an interleaver unit which executes interleaving
in a predetermined interleaver length with respect to
a recording data sequence at a data recording time;
and

15 an RSC encoder which uses a code length having a
predetermined relation with respect to the interleaver
length as a unit to code the recording data sequence
interleaved by the interleave unit into a recursive
systematic coded sequence.

20 2. The disk drive according to claim 1, wherein
the turbo codec comprises an APP decoder which
executes decoding processing in an a posteriori
probability method with respect to the recursive
systematic coded sequence at a data reproduction time.

25 3. The disk drive according to claim 1, wherein
the turbo codec is constituted to satisfy a relation

equation "N = c-'M, where c>1" between the interleaver
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The disk drive according to claim 1, wherein
the turbo codec comprises an RLL encoder which
converts the recording data sequence to a run length
5 limited code (RLL), and
the interleaver unit is constituted to execute
the interleaving in the predetermined interleaver
length with respect to an RLL sequence output from
the RLL encoder.
10 5. The disk drive according to claim 1, wherein
the RSC encoder uses a predetermined code length as
a unit to code the RLL sequence interleaved by the
interleaver unit to a recursive systematic coded
sequence to which predetermined redundant bits are
15 added.
6. The disk drive according to claim 1, wherein
the turbo codec comprises:
a puncture unit which executes thinning
processing in a thinning rate to secure a predeter-
20 mined error rate with respect to the recursive
systematic coded sequence outputted from the RSC
encoder; and
a precoder which imparts recursive character-
istics to the coded sequence outputted from the
25 puncture unit.
7. The disk drive according to claim 6, wherein

the precoder is constituted to impart the recursive
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characteristics to the coded sequence output from the
puncture unit, and to execute processing of adding
predetermined redundant bits in order to transit to
a certain specific state using a predetermined code

5 length as a unit.

8. A concatenated turbo coding/decoding method
applied to a read/write channel included in a disk
drive which performs recording/reproducing of data
with respect to a disk medium, comprising:

10 executing interleaving in a predetermined
interleaver length with respect to a recording data
sequence at a data recording time;

executing RSC coding to code the interleaved
recording data sequence to a recursive systematic

15 convolutional coded sequence using a predetermined
code length as a unit; and

executing a posteriori probability (APP) decoding
in an a posteriori probability method with respect to
the recursive systematic coded sequence.

20 9. The method according to claim 8, wherein a
relation equation "N = c¢-M, where c>1" is satisfied
between the interleaver length N and code length M.

10. The method according to claim 8, further
comprising:

25 converting the recording data sequence to a run
length limited code (RLL); and

executing the interleaving in the predetermined
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comprising:
executing the RSC coding to code the interleaved
5 RLL sequence to a recursive systematic coded sequence
to which predetermined redundant bits are added using
a predetermined code length as a unit.
12. The method according to claim 8, further
comprising:
10 executing puncture in a thinning rate to secure a
predetermined error rate with respect to the recursive

systematic coded sequence.



