-;e3el\ | YA@x6TBL >t *159t59* 1 TITLE OF THE | NVENTI ON METHOD AND
APPARATUS FOR TURBO CCODI NG AND DECODI NG | N READ AND WRI TE CHANNEL OF DI SK
DRI VE BACKGROUND OF THE I NVENTI ON 5 The present invention relates,mmnnﬂm
field of data r N\m and reproduction of a disk drive, and in ” " "m"””,,m,’
particul a ““\“\m\i\&\g“ recording and reproduci ng technique to which a [4rho
coding/de& thod is applied. 10 In general, a disk drive, represented
by a hard di skagPi've, is provided with a silgnal circuit (hereinafter
referred to as a channel ™) to process a read signal (r signal) read by a
head froma disk as 15 nediumor a wite signal (record data to the disk.
processing "read/wite produced data a recording signal) witten The
read/wite channel enploys a so-%%TL%oobRWEE(W%N%fomesponse Maxi mum

Li kel i hood) nethod, a conbination of a partial reDifonse (PR) . net hod _and 20
a Viterbi decodiMfgtHit HOWP ARPARSEht @@gr@R%&P I‘{%M%@@Iﬁ%ﬁl‘bai dto

a turbo codi ng/ decadi t , I i t provi de better

charact eri stics 3Hh ﬁﬂ%w&w}“ FQSE gi&osgt])e?g‘ro\}gﬁnent s on this nethod

i nclude, for 25 exanple, "COD ERAT FOR MAGNETI C
RECORDI NG CHANNELS", (ti nni ng%@%ﬁ&@r %ﬁcﬁgmﬁﬁg#%her S). - 2
Specificaldy, a seri t j i i odi ng

met hod hasé been propgfs%%oé%%%ﬁéei %%%%\#ﬁ ?%%%P&ofgﬁ?lﬁlﬁd#i ve. This

met hod uses a I e Si Me SUSIRBIE MUl iRl oA BSQ: Qode i3,d,0 frierate a
systemati c code sequence consisting of an information sequence and a parity

sequence. The i nf,prgedd Gl ISRgUERE & £ SR iy arde sileilalmy sequence
(i nput information sequence) used for the disk drive. Further, the parity
sequence correspadimilfid c@mwierdiora carmes tdah rptleseh (e hesthda tis
sequence). On the other hand, for a decoding system an APP decoder is used
whi ch execut es aagmisiesti ori probability (APP) decodi ng based on a
soft-output Viterbi algorithmthat achieves soft output decoding 15 on the
basi s of lthe Viterbi Hgeene¥ai, \thedlshedebieateeriietEntiaddyx dlilraydecodi ng
method is applied to the read/wite channel, an RSC encoder is used to
generate a syst et Cioty SeqRRte shd skl iy I ISR sequence

and a parity 20 sequence, This systematic co sequenge has, a .coding rate
o 172" 50 That STHILY S(hgnhha S an (R ASF AR i 2 O el

efficiency may decreasg,, Thu t he ility. co i errors may be
relatively degra o V\)/evg;or ijrtoo&fsnsgfag%geea he}lelqg%adH ngrre?%oe&f%ga&zaci mat i on

process call ed "Qﬂj}gﬂr &edf {Eﬂxrartéoayd ef_&e%%\'r'taEdddiQ& tg}gcaogréé&cﬁ ence.

However, with the CToncatenate _ 3 codi ng/ odi ng met hod, _
i mprovemary of thes Al Wr GONFEGld W gaPabidddordasat yy ddLnatime wdecodi ng

may fail under certain conbinations of puncture nethod and RSC sequence as
an outer code. Tig stHemydissult in a 5 failure to obtain a good error rate
characteristic
The read/write channel employs a so-called PRML
(Partial Response Maximum Likelihood) method,
a combination of a partial response (PR) method and
20 a Viterbi decoding method.
In recent years, much attention has been paid to
a turbo coding/decoding method, which is expected to
provide better characteristics than the PRML method.
Prior art documents on this method include, for
25 example, "CODING AND ITERATIVE DETECTION FOR MAGNETIC
RECORDING CHANNELS", (Zinning Wu, Kluwer Academic

Publishers).



"(bit- error rate characteristic). BRI EF SU ~I ARY OF THE | NVENTI ON | n
accordance with one enbodi nent of the present invention, there is provided
a disk drive conprising a 10 read/wite channel to which a concatenated
turbo coding and iterative decoding nethod is applied, wherein the

read/ wite channel has a puncture function suitable for concatenated
coding. The disk drive conprises: 15 a head to read and wite data from and
to a disk nediuns and a read/wite channel 2that operates as a signa
processing unit and processes a record data signal or a reproduction data
signal transmtted to and fromthe 20 head, the read/wite channel having a

concat enated turbo codes,, and wherein the concat enat ed rbg codes i ncludes
an RSC encoder whi ch SRROJECa r¥c & RiF Pl £SEERIETEEFS '?Ed”g’or &Q?rsjﬂg\/e

systemati ¢ code seguence f.or data 25 recqrdi and a _puncture unit which
executes a deci f&td d&e&r‘a&éé’ses qcﬁé‘gr é‘?&r}‘:ﬂc{;%a@g’t‘a@ﬁaﬁr@p&?&g &duence at
such a deci mati rate at, -4 a.pr erm.ned er.ror r i red in
a decodi ng systghe Ec?tﬂciji]woﬁfécle ecr%mer}erﬂ%gecglﬁdrgé&\%an éﬁ’ees' o?&&%ﬁe%}eﬁ\?lgn ion
will be set forth in the ] pt i fal | , d i ar i1l be
obvi ous from t he descri petclq%fls,cl‘}oeﬁ sjrﬁ} e\l{)}%tlciga%r?élyot}&\%rog%till c(g%c?ﬁ t':%éi\@I

| nvention.g The ecrg)%ésr{%gt ?%@%&e%o@e (RN  TRY R Jfreal | zed

and obtai ned by e runental i1t es and conbi nations

par ticularly 10 £oisH&eeui eI AR .arBRIERD REIGRIRHGN G, ThikeSEVERAL
VI EW5 OF THE DRAW NG The acconpanyi ng drawi ngs, which are incorporated in

and constitute arFyrinafidihesfrgidd eaidrspdrdsusio al eduoesknd [dater ef erred
enbodi ments of the 15 invention, and together with the general description
gi ven above and dewmpiateiani {ieudesicrfiqrnadn cof sdymence) used for the
disk drive. Further, the parity sequence corresponds
10 to an error correction sequence (check bit sequence).

On the other hand, for a decoding system, an APP
decoder is used which executes a posteriori
probability (APP) decoding based on a soft-output
Viterbi algorithm that achieves soft output decoding

15 on the basis of the Viterbi algorithm.

When the concatenated turbo coding/decoding
method is applied to the read/write channel, an RSC
encoder is used to generate a systematic code sequence
consisting of an information sequence and a parity

20 sequence. This systematic code sequence has a coding
rate of 1/2, so that if it is directly written to the
disk, processing efficiency may decrease. Thus, the
capability of correcting errors may be relatively
degraded. However, to increase the coding rate, a

25 decimation process called "puncture" is normally
executed on the parity sequence.

However, with the concatenated turbo



"enbodi ments given below, serve to explain the principles of the invention.
FIG 1 is a block diagramshow ng an essential 20 part of a disk drive
according to an enbodi nent of the present invention;, FIGS. 2A and 2B are

bl ock di agranms showi ng an essential part of a turbo codec according to this
enbodi ment; 25 FIG 3 is a block diagram showi ng an exanple of an RSC
encoder according to this enbodi nent FIG is a diagramuseful in

descri bi ng - 5 an operation of a PUMIX according to this embodiment;

FIG 5 is a diagramuseful in describing an exanple of an error event t hat
can be corrected by an APP decoder according to this enbodinent 5 FIG 6

5 2 di agram uselyhy i HEsSLLBL I LS STLAL GALLEEL T 08 6 gapabllity of

concat enat ed turbo CO ec accor to thi 71s a

di agram useful i n g@4%§$§ o}

var?atl on of thlgo%gég%g% 8a1§£bPPfﬁ_gl {%%%EO iIDPTI da— ér%é?ll\ré%ﬁ}b\l An
embodi ment of the, pf egeadrl Bé‘?f‘éiz@ncc%ﬂ)ini)@léi%%f bech v dhe red @isncgmd o the
drawi ngs. (Configuration of Drive) FIG 1 is a block diagram

showi ng an essents@l sOQhénOé @sdazsko@tféyec@@@or dPHMs tra ¢ M Ssenbogh neent .
This disk drive has a disk 1 as a data recording nedium a preanplifier

circuit 4,5a reafiinuie thashesin,a aqsbd &htsdr conte dheradti)sttic 20 The
disk 1 is rotated by a spindle nmotor (SPM 2. The head 3 includes a read
head and a writ e(lhtadeandr usese t dtlearaaide hesidid)o. read data fromthe disk 1
The head 3 also uses the wite head to wite data to the disk 1. The
preanplifier circuit 4 has aBREEH 2BMAARY i OF THROINVBNTEGH| i fi es a read
signal (reproduced data signal) fromthe read head and then sends it to the
read/wite channel 5. Ill"—'u@@ﬁ@¥dalt1%@ wiehnphe fempodiment of the present

invention, there is provided a disk drive comprising a
10 read/write channel to which a concatenated turbo
coding and iterative decoding method is applied,
wherein the read/write channel has a puncture function
suitable for concatenated coding.
The disk drive comprises:
15 a head to read and write data from and to a disk
medium; and
a read/write channel that operates as a signal
processing unit and processes a record data signal or
a reproduction data signal transmitted to and from the
20 head, the read/write channel having a concatenated
turbo codec, and
wherein the concatenated turbo codec includes an
RSC encoder which encodes a recorded data sequence
into a recursive systematic code sequence for data
25 recording and a puncture unit which executes a
decimation process on the recursive systematic code

sequence at such a decimation rate that



‘- 6rcircuit 4 has a wite anplifier 41 that converts a wite signa
(recorded data signal) output by the read/wite channel 5, into a wite
current and then supplies it to the wite head. 5 The read/wite channel 5
i ncl udes an encoder/decoder (sonetinmes referred to as a "turbo codes") to
whi ch a turbo codi ng/ decoding nmethod is applied. The wite channel is
conposed of a turbo encoder and a wite signal processing circuit 51. The
10 wite signal processing circuit 51 incldes a recordi ng conpensati on
(preconpensation) circuit. The read channel has a turbo decoder, an AGC
circuit 52, a low pass filter (LPF) 53, an A/D converter 54, and an
equal i zer 55. 15 The AGC circuit 52 controls the anplitude of quead si gnal
from the read anplPIParTatMdsd FTXeH VAT tels THIS THEC 55 rartreeting

hi gh-f requency ng$§§e$ron1the read signal. The A/ D converter 54 converts
the analog read stgnal"into a digital signal. The 20 equalizer 55 normally

i ncludes an FIR (FiniA&diEPH£§f|§ﬁ§ﬁgﬂﬁggtéygﬁ%dgabéﬁﬁaé%%tgf {iP. €Xecute a

wavef orm equal i zat i on process. I's case, the rea e channel 5 is a

PR channel in whigheht SoRafi1Bli0E L4809 Mhih alh | ARAILG 04 2o 16 Wil 1 &h
anplifier 41 and ending wth an output of the equalizer 55 exhibits a

desired PR (Partfal 1&esposse)ishsdpet@iiBthe sbwidgs df Bbh athdragnetic
recordi ng and reproduction. This part is considered to be a kind of

convol ution codedasicirpti@spodiamdp o lemeted dsie podcttiread £naied turbo
coding. (Configuration of Turbo Codes) 5 The turbo codes 50 is conposed of
a turbo encoder ROveshbom. i NTid Gmi2ddiment s dnat boddecoaess 24f tHwown in FI G
2B. The turbo encoder 20 has an RLL (Run Length Limted) encoder 200, an
interl eaver 201, ilnyeRsSDY ReaYirks veedsiedmane dorabred ikinaigampdef edvvder
202, 10 a PUMJX 203, and a precoder 204. The RLL encoder 200 converts
recorded data WOHPHEBUBeRFRilieiRre anduerrRlinahionhirayekaiekanii executes a
process aof disturbingﬁérandoniziﬁ%% t he RLL code sequence. The RSC encoder
202 execut®s a TBPIRERNPYE RGBT codi ng process as an outer code on

Ui 1 plex i ot R PG 203 i@ﬁs@%ﬁ?&%@pﬁieﬁ%ﬁ%&é&%@ﬁ@% and a
Cauence. The-pr ecoder 3005 ST ALl AT ci AL B0 Mo TRe PR EHEPHRT TS
recursive characi®risdiCon&¥itiiee 4 NoArhand, tidesgdr Poi decader 21 has an

APP decoder 210 that executes an APP (A Posteriori 25 Probabflity) decodi ng
process on the PR Thetrgete (preesnttDgedre fe e dboRidenttd d Niteid eaver 212,

an AP 15 invention, and together with the general deséription
given above and the detailed description of the
embodiments given below, serve to explain the
principles of the invention.

FIG. 1 is a block diagram showing an essential

20 part of a disk drive according to an embodiment of the
present invention;

FIGS. 2A and 2B are block diagrams showing an
essential part of a turbo codec according to this
embodiment;

25 FIG. 3 is a block diagram showing an example of

an RSC encoder according to this embodiment;

FIG. 4 is a diagram useful in describing



‘decoder 213 that executes an APP decoding process on _ g _ an RSC
sequence (outer code), a PUMJX 214 used to execute an iterative decoding
process, and a deinterleaver 215. The DE-PUMUX 211 is a circuit comnposed of
a 5 conbination of a depuncture circuit and a denultiplexer to execute a
conversion process inverse to the one executed by the PUMUX 203. Furt her,
the deinterl eaver 215 executes a conversion process inverse to the one
executed by the interleaver 212. 10 Furtherhore, the turbo decoder 21
includes a hard decision unit 216 and an RLL decoder 217. The hard deci sion
unit 216 nmakes a binary decision using a log likelihood ratio output by the

APP d d 213, th hol det ' i pal t d d
15 sequence. The*REORERbAGT 2175 CRUTUA ceC R I dERoth hg BPORCRREh & |

turbo d di t t d RD
cor respondi ng i o the 516 Rt o 42o5RER TYREIARE CeRSRErPSES 81 put s
t | 1 nf I I t MUX
o1 (operati on stEIREBb EoalerThaf coreal, SNELIErR e tb et e Bl T e
descri bed bel ow. 7P HECORS: dataordlits MK Dnsendmmspede data wD 25
ronta host system

(information sequence) received f or exanple, a personal

conputer),sto the reagfgi teishangelgpPamags8BEMNihNdESSiBingNchbe
read/ wite - 9 5 10 15 channel 5, the turbo encoder 20 executes a turbo

codi ng process t@rpytprbribeti®sutipagi Uatp 60 & heoneistenarnddifieso4l via
the wite signal processing circuit 51. In the turbo encoder 20, the RSC

encoder 202 execobvéscaac&SfHtwgi ty iideeasbodimm B}t Lawddde sequence of the
recorded data sequence WD. In this case, the RSC encoder 202 is conposed of
a one-bit delay el eneREIG(D) amdaadhadr2maddeful exnl dssoribbggcah OR gate
(+)) as shown in, for exanple, FIG 3. FIG 3 shows a specific exanple of
the RSC encoder PPrabiphgCh 2 RINTEtECoeRii® B9 3.varahien casethithe RLL
code seqquce is e&g&essed as an input information sequence (Uk). Further,
a parity i quenc%m? }mﬁ%ﬁerated by the RSC encoder 202 can be expressed by

an internal sequence (Zk)DETIAr}LtﬂB %E%@%’Pffb% c&arﬁ%t %rNiV%tNiTQ_r%NOf t he RSC 20

An embodiment of the present invention will be
described with reference to the drawings.
(Configuration of Disk Drive)

15 FIG. 1 is a block diagram showing an essential

part of a disk drive according to this embodiment.

This disk drive has a disk 1 as a data recording
medium, a preamplifier circuit 4, a read/write channel
5, and a disk controller (HDC) 6.

20 The disk 1 is rotated by a spindle motor (SPM) 2.
The head 3 includes a read head and a write head and
uses the read head to read data from the disk 1. The
head 3 also uses the write head to write data to the
disk 1. The preamplifier circuit 4 has a read

25 amplifier 40 that amplifies a read signal (reproduced
data signal) from the read head and then sends it to

the read/write channel 5. Further, the preamplifier



"encoder 202 can be expressed by Equation (1) using a one-bit delay operator
DD gD =11+D21+D+D2nod 2 ... (1) 25 That is, with the RSC
encoder 202 having such characteristics, when an input error sequence has a
Hammi ng wei ght of 2 and is divisible by a generation matrix "1 + D + D2",
i.e. if the input error sequence is expressed by "1 + D31 (i is a natural
nunber) ", - 10 an output error parity SEquence is finite. This matrix is
defined as a dom nant error event. Then, e PUMUX 203 executes a process
of decimating the parity sequence accordlng to a 5 predeterm ned codi ng
rate (puncture rate), while inserting the decimated bits into the

i nformation squgﬂﬁgiéggﬁg%%gﬁ(%gﬁﬁg I%ﬁggﬁﬁﬁyufa@hdeﬁégﬁggfﬁﬂesequence

as a systematic €O exanpl e codi ng

rate is assurred %@ﬁ/B eéJl%éD&J%az gg%gnce 1 L@tﬂéﬁ%eone bi t

fromthe parity sequenc to the information s ery Its as shown
in FIG 4. Inth i éfcﬂaﬁﬁlél td) RHtd % WAred Releatdl nhPgdrs | eft,

the point in tine |ch t he parlty bit is left is expressed by 15

Equation (2). ksuﬁgﬂlé%rlﬁjtg iHY e@8re tread.2) In short, in terns of a
general relationship, the point in time k at which the parity bit is left

is expressed by k = mpha skadeiel th ichanhreons aiviclaudkeg drs 20 an i nt eger
equal to or larger than zero. The precoder 204 executes a predeterm ned
i nver se conver siearcquicor/etscatent hiessnedtierst ire irodedsdaguerca f'riomkdche PUMUX
203 and then sends the processed systematic code sequence to the wite
si gnal 25 processidec'di risuivthisth arHainho tae dinghaleqadices sietdras risuit 51
executes a recording conpensation process on the systenatlc code sequence
to dispatch the arprlired. r hg tnitt s Eeamal d scoparasqaikerde %6Q$@vwme
anplifier 41. Accordlngh%u%the write head records .a turbo codgﬁ1 r ded

data signal on t9REW ? e S ions &Rfaqefseﬂaﬁ rcé'rﬁc t he

wite 5 ggpllfler 1. The ]_when read framth %1 t he read head, the
reproduced dat a "8 Isﬁqﬁﬁ it 9ﬁﬁ%*q%xf By e zﬁfc 9% i%r 40 and then

tranam tted to MRETEERS CERErHE, 5 %%prieéf{%%?éo B A i ocessi ng
systens in the read chadnglag |dhddigel WY ,pe&p&% Zleodde, ARP gecoder 210
decodes the inner code in the PR channel to output external information on
the inner code. dihemgxt enala low pass filter (LPF) 53, an A/D
converter 54, and an equalizer 55.
15 The AGC circuit 52 controls the amplitude of
a read signal from the read amplifier 40 to a fixed
value. The LPF 53 removes high-frequency noise from
the read signal. The A/D converter 54 converts the
analog read signal into a digital signal. The
20 equalizer 55 normally includes an FIR (Finite Impulse
Response) type digital filter to execute a waveform
equalization process.
In this case, the read/write channel 5 is a PR
channel in which its part starting with an input of
25 the write amplifier 41 and ending with an output of

the equalizer 55 exhibits a desired PR (Partial

Response) characteristic during digital magnetic



*15 information on the inner code is transmtted to the APP decoder 213

t hrough the DE-PUMJX 211 and the interl eaves 212. The APP decoder 213
execut es an APP decodi ng process on the RSC sequence (outer code). The APP
decoder 213 can correct the matrix 20 "1 + D31", previously~defined as a
dom nant error event, if it nmeets a certain relationship with the point in
time at which the parity bit is left. That _.is, if an RSC code is subjected
to APP decodi ng, for exanple, the matrix "y +°D36", an error event, can be
25 corrected at the points of time shown by the circles in FIG 5 (here,
the tinme zero indicates the point in time at which the parity bit is left).
Further, the oints of tinme, at mhichéﬁ?e error event cannot. be

- 12 )
corrected can ber%%cflfcglcl?? Vel %%?%%%ce%loaps' "3 Ec%%?d]i%gq(i}l,sjt eraelc} ow t he
oo e .
cvent of horvi se Sambts peiibry bor Al AR NS e et 0 hri 1y

bit is left may %éh:%éﬁeféﬁm%%}%ﬂf%c@ggo d -Ipé.edetern‘i ned codi ng

rate (puncture rate e set at, for exanple, 34/35. 10

FIG 6 shows the poi ”géoz‘?fi W PRt Bén W ORL B (ESa&@n be corrected at a
puncture rate of 34/35. That is, FIG 6 indicates that a parity bit A

enabl es ergors to be TRsregtss abdédesPoi HtEombodddeo f Na thervPReicsdage,
while a parity bit B enables errors to be 15 corrected at the points of

tinme in the | owezo stsigevn GansEImEergd )y, ared theruisy idecdddr e2igblgsoweorirect i on
at any point of time. In short, for the RSC sequence of the matrix "1 + Dcl
(c is a constantFI@n®B. i sTtee natntbal erRbdamiidr Has ard®&blnatRurerragrgtédvent ,
the predeterm ned coding rate (puncture rate) in the PUMJUX 203 nay be set
according to thelijehiead) endedenri00n /aq mntepyleaver tHils casRSGn = cn - b,
nis a natural nunber, and b = 25 Then, in a

1,.2, . . . , c-1 .
variation of thi @W%rﬁwﬁma&w ;ﬁ%@%@}%%&ﬂ%&ﬂ% ngdgidiur e
t i t PU i t , f | 33/34, th ity to b -
rlg el) e:‘? ]iftevar %&8‘%‘ g%%eﬁﬁt%rgeiﬁex . Zgb‘]e'ci ficall y,e ggr!shgvmoi neFI G
7, tion i i i sabled by setti i nt
Ch time at which the TRV LS RS B0E bR LEC g A L e B0 1

+ (j nod3) .. (%wdﬁgﬁi% éz&% pé_iéc@feﬁ%.%ﬁ}é(vﬁ{té’ﬂﬁbéﬁezﬂa” ty bit is

| eft can be expresse ere S a constant and j

I's an integer eqadci€edra lHOsd o ZUrpithAS(ASREHDAH AP RLL
according to this enbodinent, in the turbo encoder 20, when the PUMJX 203

deci mat es a parid¢yds esppierecedf arhdRIGS ety AP uxdnutide RSC encoder
202, the decimation is carried out at a coding rate (puncture rate) set in
vi ew of didom nardcwrsiore ldy s tie. qpdi3lf IocHEs dmEmvestdthecte or
correction capability of the turbo decoder 21 when a turbo decoded sequence
i s determ ned byomrthe dldi i GadelexaientF$r ocess execut ed on the RSC sequence

(outer code) and including an APP decodi ng process. 20 Consequentlc}/, in the
read/wite channel 5,TR® é@mq%]203 is a combination of puncture an

multiplex circuits. The PUMUX 203 multiplexes an
information sequence and a parity sequence together to
20 output the resulting systematic code sequence. The
precoder 204 is installed to provide the PR channel
with a recursive characteristic.
On the other hand, the turbo decoder 21 has an
APP decoder 210 that executes an APP (A Posteriori
25 Probability) decoding brocess on the PR channel (inner
code), a DE-PUMUX 211, an interleaver 212, an APP

decoder 213 that executes an APP decoding process on



*a concatenated turbo codi ng/ decoding nethod is applied, a good error rate
characteristic (bit error characteristic) for a data decodi ng process is

obtai ned. 25 As descri bed above in detail, according to this enbodi nent,
the error correction capability for data reproduction is inproved to
provi de a good error rate - 14 characteristic, particularly in a disk

drive using a read/wite channel to which serial concatenated turbo
coding/iterative decoding nethod is applied. Additional advantages and

nodi fications will 5 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to the specific details

d [ di d ' | . A di ngly,
Var i oot o 1 catk R e RE AL ThORGepat (TR 1om (W40 Spi 111 or
f th ... ti [ th ded cl ai
ana chei v cqutvarsaratd LS SEE Re il s AEFRRETTE T M

conprising: a heé‘é’izﬁ@ﬁf?é’véf‘dzi"é! te data fromand to a disk nmedium and 5
a read/ write channe at operates as a signal processing unit and

processes a record dabReShEnpiMEx 811 epsoglustioni datémsbe8dl ofransmtted to
or fromthe head, the read/wite channel having a concatenated turbo codec,

and 10 whegei n thsmepRsed &Nad £0a tashen €oges ¢ NEduidiesa@dd~a RSC encoder whi ch
encodes a record data sequence into a recursive systematic convol utiona

code sequence f odemhal ®ipeeoexli iy sk dt ¢ i cdative ted dn Wit e ex et esa

deci mati on process on the recursive systematic 15 convol uti onal code
sequence at suchta teciomt i execated thattlee RBUE, €208 nedf@rtloery atlees | s
ensured in a decoding system 2. A disk drive according to claim1, further
conprising: 20 ateisPredeeaver 215 exeecintesof tCcomprs ldedqodderson t he
recursive systenmati c code sequence for data reproduction; and a unit which

executes a procekBVeFRRRrse FRe PR pREIEe OB iR’ Wt TR pRtA % unit. 25
3 on Jisk grive according. Lo chalmly LVriher SSUBL! 31 ngi 2. 67, desager to
decision unit 216 and an RLL decoder 217. The hard
decision unit 216 makes a binary decision using a log
likelihood ratio output by the APP decoder 213, as a
threshold value to determine a final turbo decoding
15 sequence. The RLL decoder 217 executes an RLL
decoding process on a turbo decoding sequence to
output a reproduced data sequence (RD) corresponding
to the original data. Then, the APP decoder 213
outputs external information on the outer code
20 excluding an LLR, to the PUMUX 214.
(Operation of Turbo Codec)
An operation of the turbo codec 50 will be
described below.
To record data, the HDC 6 sends record data WD
25 (information sequence) received from a host system
(for example, a personal computer), to the read/write

channel 5, as shown in FIG. 1. In the read/write



't he recursive systematic convol uti onal code sequence for data reproduction
a unit which executes a process inverse to the process executed by the
puncture unit; and 5 a turbo iterative decoder which determ nes a decodi ng
sequence that ensures the predetermined error rate. 4. A disk drive
according to claim1l1, wherein the puncture unit is configured so that for
an RSC 10 code sequence of a matrix "1 + D% (cis aconstant and i is a
natural nunber)" as a domi nant error eveéent,” a predeterm ned coding rate
(puncture rate) is set according to a general relation "m/ (m+ 1)" where
m=<cn - b, nis a natural nunber, and b = (1, 2, ..., 15 ¢-1) . 5 A disk

drive according t cﬁgin%l ?M@eEfig tgﬁ%éﬁg§t%bl %@éﬁté§ gogﬁlgyred so t hat

for the RSC code equence o] he mat r X ¢’ 1S a constant and i i's

a natural nurrber%?d?ﬁ?zp g@n{o %g%@v rgsgui@fmﬁ’ CFQF‘% egcgn §i codi ng

rate (puncture ra accor e genera at1on + 1)

where m = cn - by, +dSy xﬁpi‘ﬁfi‘éf‘lélfumrth ngd- P& éfttqngl proceSsikg and a

point in tine k at a parity bi eft Is set according to "k nm +
d" where d is a g§r@@f§t§pt and j is an integer equal to or |arger than
zero. 6. A disk drive according to claim1l1, wherein - 17 the puncture
unit is copfigured sorhhahef BlirbeeifSEd€0dR0 SCEHENRSC Obnéb@e 202 X "1 + Dci
(c is a constant and i is a natural nunber)" as a dom nant error event, the
predet er mi ned cogkégutas eal PRBCt cv@in@ti@Eyodsssedn SamcRLl diode tseddenagener al
relation "m/ (m+ 1)" where m=cn - b, nis a natural nunber, and b = (1,
2, ..., c-1), andftthize poeeordedtdata ksequaehie D he parthis biasd,s thdft is
set according to "k = m + d + (jnodc)" where d is a constant and j is an

i nteger equal toR¥F a0cPdrHe?0? hah cerrrsed f datenedebl digkpwrrilement
reproduction nmethod applied to a disk drive which records and reproduces
data on and fromB) %% FEWPUn? FHECHateXFHEDT R P Shert R R ng et hod

t t turbp 15_codi ng/ t hod, the dat di
and Tepr oot i orTethO cOMpr TSt iFBu gt Hor cbor d dat a sequence. i nto. an
RSC code sequence on gfglgﬁfggﬁgg 2 éﬁé??fodéQQmﬂ?éhQQ @anRggta IS

witten to said disk
encoder 202 having a restricted length of 3. 1In this

case, the RLL code sequence 1s expressed as an input
information sequence (Uyx). Further, a parity sequence
15 (Pk) generated by the RSC encoder 202 can be expressed
by an internal sequence (Zk).
In this case, the characteristics of the RSC
encoder 202 can be expressed by Equation (1) using

a one-bit delay operator D.

20
GD) = [1 ——UL] (D)
1+D+D2| 4o
That is, with the RSC encoder 202 having such
characteristics, when an input error sequence has a
25 Hamming weight of 2 and is divisible by a generation

matrix "1 + D + D2", i.e. if the input error sequence

is expressed by "1 + p3i (1 1is a natural number)",



"20 carrying out puncture on the RSC code sequence at such a decimation rate
that a predetermned error rate is ensured in a decoding system 8. A

nmet hod according to claim7, wherein at the step of executing the puncture,
for an RSC code 25 sequence of a matrix "1 + Dcl (c is a constant and i is
a natural nunber)" as a dom nant error event, a predeterm ned coding rate
(puncture rate) is set - 18 according tgga general relation "m/ (m+
1)" where m=c¢cn - b, nis a natural nunber, and b = (1, 2, ..., c-1) . 9.
A met hod according to claim?7, wherein, at 5 the step of executing the
puncture, for the RSC code sequence of the matrix "1 + Dcl (c is a constant

and i is a naturgh BUEPEE)eraSrapdpitPastqeehbE e¥eninitde priedet erm ned
coding rate (puncture rate) is set according to the general relation "m/

(m+ 1)" where 1QafxfxChs-dBfifeliSag Halithmbhanunberoragdet= (1, 2, ...,
c-1), and a point in tine k at which a parity bit is left is set according
to "k = nm + d" whereTHeh$ &heORBMHHt 28Rdeketstan anpegeessquél to or

| arger than zero. 15 10. A nethod according to claim7, wherein at the step
of executing thedpoimabieg tbe paeiRECeqdenseqaencedihgthe amtrix "1 + Dcl

(c is a constant and i is a natural nunber)" as a dom nant error event, the
pr edet er mi hed conrﬁ@etar@ll(lpdn@@m@gra@‘é?- Kpueetulze netordivigil® the
general relation "m/ (m+ 1)" whe = cn - n is a natural nunber, and
= (1, 2, ..., tc3srtapg Ehe %%FhmaFﬁdtbhESkl%iomhh%hlﬁﬁﬁﬁ$%ﬁ4qw bit is
left is set accordin " + " e dis constant and |
is an integer eqﬁ%ﬂugﬁcﬁr ?@dlg#%%r E@ﬁ£§eggg {gsu ﬂ%?hﬁﬂg ?HWhg to
ecuting an iterati codrn

claim?7, further ris % ﬁ y
Comse based onsSTBAEE' 883 r it e Eag o PSR o oS S aA e

decimated by the; punghyre,, £a d@ﬁg‘uﬁ%{ﬁ&r%‘c‘&e%féé’gﬁﬁré‘c‘?t‘fj b Sk m"‘d' um 5

12. A nethod accordlng to C conpri srng: executing soft
out put degcgdi ng 9§,5he EﬁéuﬁﬁMU£ §M§t§8@§'gnCQPH9£H£f9n@$eC@P€ BEMence

when data is reproduced fromthe di sk medi um and
the parity sequence to the information sequence every
33 bits as shown in FIG. 4. 1In this case, i1f the n-th
parity from the leading one is left, the point in time
k at which the parity bit is left is expressed by
15 Equation (2).

k = 33jJ + n(j = integer) e (2)

In short, in terms of a general relationship, the
point in time k at which the parity bit is left is
expressed by k = mj + d where d is a constant and j is

20 an integer equal to or larger than zero.

The precoder 204 executes a predetermined inverse
conversion process on the systematic code sequence
from the PUMUX 203 and then sends the processed
systematic code sequence to the write signal

25 processing circuit 51. The write signal processing

circuit 51 executes a recording compensation process

on the systematic code sequence to dispatch the



10 executing a conversion process inverse to the puncture. 13. A nethod

according to claim7, further conprising: executing soft output decoding on

the recursive 15 systematic convol uti onal code sequence when data is

reproduced fromthe di sk nedium executing a conversion process inverse to

the puncture; and determ ning a decode sequence that ensures the 20

predeterm ned error rate.
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0109 () -BR3" 10YBh £drhs L3N 10K - I 6hdDYBOE - Vs transmitted to the
APP decoder 213 through the DE-PUMUX 211 and the
interleaver 212. The APP decoder 213 executes an APP
decoding process on the RSC sequence (outer code).
The APP decoder 213 can correct the matrix
20 "l o+ D3i", previously'defined as a dominant error
event, i1f it meets a certain relationship with the
point in time at which the parity bit is left. That
is, if an RSC code is subjected to APP decoding, for
example, the matrix "1 + D36", an error event, can be
25 corrected at the points of time shown by the circles

in FIG. 5 (here, the time zero indicates the point in

time at which the parity bit is left). Further, the
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points of time at which the error event cannot be
corrected can be collectively expressed as "3m".
Accordingly, to allow the error event to be

corrected even at the points of time at which the

5 error event otherwise cannot be corrected, the point
in time at which the parity bit is left may be shifted
from 3m. Specifically, the predetermined coding rate
(puncture rate) in the PUMUX 203 may be set at, for
example, 34/35.

10 FIG. 6 shows the points of time at which errors
can be corrected at a puncture rate of 34/35. That
is, FIG. 6 indicates that a parity bit A enables
errors to be corrected at the points of time in the
upper stage, while a parity bit B enables errors to be

15 corrected at the points of time in the lower stage.
Consequently, either parity bit enables correction at
any point of time.

In short, for the RSC sequence of the matrix
"] + DC1 (¢ is a constant, and i is a natural

20 number)", a dominant error event, the predetermined
coding rate (puncture rate) in the PUMUX 203 may be
set according to the general relation "m / (m + 1)"

In this case, m = cn - b, n is a natural number, and
b= (1, 2, ..., c-1).

25 Then, in a variation of this embodiment, if the

predetermined coding rate (puncture rate) in the PUMUX

203 is set at, for example, 33/34, the parity to be
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left is varied for each puncture block. Specifically,

as shown in FIG. 7, error correction is prevented from

being disabled by setting the point in time at which

the parity is left, as shown in Equation 3.

5 k = 337 + n +(j mod3) e (3)

In short, the point in time k at which the parity
bit is left can be expressed by "k = mj + d + (Jjmodc)
where d i1s a constant and j is an integer equal to or
larger than zero.

10 As described above, according to this embodiment,
in the turbo encoder 20, when the PUMUX 203 decimates
a parity sequence of an RSC sequence output by the RSC
encoder 202, the decimation is carried out at a coding
rate (puncture rate) set in view of a dominant error

15 event, e.g. 33/34. This improves the error correction
capability of the turbo decoder 21 when a turbo
decoded sequence is determined by an ilterative
decoding process executed on the RSC sequence (outer
code) and including an APP decoding process.

20 Consequently, in the read/write channel 5, to which
a concatenated turbo coding/decoding method is
applied, a good error rate characteristic (bit error
characteristic) for a data decoding process is
obtained.

25 As described above in detail, according to this

embodiment, the erxror correction capability for data

reproduction is improved to provide a good error rate
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characteristic, particularly in a disk drive using a
read/write channel to which a serial concatenated
turbo coding/iterative decoding method is applied.
Additional advantages and modifications will

5 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

10 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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a head to read and write data from and to a disk
medium; and
5 a read/write channel that operates as a signal
processing unit and processes a record data signal or
a reproduction data signal transmitted to or from the
head, the read/write channel having a concatenated
turbo codec, and

10 wherein the concatenated turbo codec includes an
RSC encoder which encodes a record data sequence into
a recursive systematic convolutional code sequence for
data recording and a puncture unit which executes a
decimation process on the recursive systematic

15 convolutional code sequence at such a decimation rate
that a predetermined error rate is ensured in a
decoding system.

2. A disk drive according to claim 1, further
comprising:

20 an APP decoder to execute soft output decoding on
the recursive systematic code sequence for data
reproduction; and

a unit which executes a process inverse to the
process executed by the puncture unit.

25 3. A disk drive according to claim 1, further
comprising:

an APP decoder to execute soft output decoding on
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for data reproduction;

a unit which executes a process inverse to the
process executed by the puncture unit; and

5 a turbo iterative decoder which determines a
decoding sequence that ensures the predetermined error
rate.

4, A disk drive according to claim 1, wherein
the puncture unit is configured so that for an RSC

10 code sequence of a matrix "1 + DSl (¢ is a constant
and i is a natural number}" as a dominant error event,
a predetermined coding rate (puncture rate) is set
according to a general relation "m / (m + 1)" where
m=c¢n - b, n is a natural number, and b = (1, 2, ...,
15 c-1).

5. A disk drive according to claim 1, wherein
the puncture unit is configured so that for the RSC
code sequence of the matrix "1 + pci (c 1is a constant
and i is a natural number)" as a dominant error event,

20 the predetermined coding rate (puncture rate) is set
according to the general relation "m / (m + 1)" where
m=cn - b, n is a natural number, and b = (1, 2, ...,
c-1), and a point in time k at which a parity bit is
left is set according to "k = mj + d" where d is a

25 constant and j is an integer equal to or larger than
zero.

6. A disk drive according to claim 1, wherein
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code sequence of the matrix "1 + pci (c is a constant
and i is a natural number)" as a dominant error event,
the predetermined coding rate (puncture rate) is set
5 according to the general relation "m / (m + 1)" where
m=cn — b, n is a natural number, and b = (1, 2, ...,
c-1l), and the point in time k at which the parity bit
is left is set according to "k = mj + d + (jmodc)"
where d is a constant and j is an integer equal to or
10 larger than Zzero.

7. A data recording and reproduction method
applied to a disk drive which records and reproduces
data on and from a disk medium, the data recording and
reproducing method using a concatenated turbo

15 coding/decoding method, the data recording and
reproduction method comprising:

coding a record data sequence into an RSC code
sequence on the basis of a turbo coding method when
data is written to said disk medium; and

20 carrying out puncture on the RSC code sequence at
such a decimation rate that a predetermined error rate
is ensured in a decoding system.

8. A method according to claim 7, wherein at the
step of executing the puncture, for an RSC code

25 sequence of a matrix "1 + DC1 (¢ is a constant and i
is a natural number)" as a dominant error event,

a predetermined coding rate (puncture rate) is set
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according to a general relation "m / (m + 1)" where
m=ocn - b, nis a natural number, and b = (1, 2, ...,
c-1).
9. A method according to claim 7, wherein, at

5 the step of executing the puncture, for the RSC code
sequence of the matrix "1 + DSl (c is a constant and i
is a natural number)" as a dominant error event, the
predetermined coding rate (puncture rate) is set
according to the general relation "m / (m + 1)" where

10 m=ocn - b, n is a natural number, and b = (1, 2, ...,
c-1), and a point in time k at which a parity bit is
left is set according to "k = mj + d" where d is
a constant and j is an integer equal to or larger than
zero.

15 10. A method according to claim 7, wherein at the
step of executing the puncture, for the RSC code
sequence of the matrix "1 + pci (c is a constant and i
is a natural number)" as a dominant error event, the
predetermined coding rate (puncture rate) is set

20 according to the general relation "m / (m + 1)" where
m=c¢cn - b, n is a natural number, and b = (1, 2, ...,
c-1), and the point in time k at which the parity bit
is left is set according to "k = mj + 4 + (jmodc)"
where d is a constant and j is an integer equal to or

25 larger than zero.

11. A method according to claim 7, further

comprising:
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comprising:
executing soft output decoding on the recursive
systematic convolutional code sequence when data is
reproduced from the disk medium; and
10 executing a conversion process inverse to the
puncture.
13. A method according to claim 7, further
comprising:
executing soft output decoding on the recursive
15 systematic convolutional code sequence when data is
reproduced from the disk medium;
exXecuting a conversion process inverse to the
puncture; and
determining a decode sequence that ensures the

20 predetermined error rate.



