;wxe3eXxU@$Tx=G -2 ~ JAN 2p3 ' DESCRI PTION MAGNETIC RECOQJP«BiHAY%ﬁ
DEVI CE' TECHNI CAL FI ELD The present invention relates to a magneti J mm3
recordi ng pl ayback device such as a hard di sk drive and, nDre particul arly,

to a mechani sm whi ch can easily change the error correcti
according to the situation. BACKGROUND ART In a conventi onal ”Bmmmmmlm
recordi ng pl ayback device, an error correcting code which sati

target error rate has been devel oped, at the devel opnental stage ofiétifse
device, in consideration of the playback output of an MR (nagneto-resistive-

effect el enent) head, the SNR (i npDESORTpPTLOMOi Se ratio), themﬂmmmmmmw

conditions of nediuns, and the like. As an error correction c
used in the magnetic recordi ng pl ayback device, there is a Reed-
code (hereinafter, referred to as RS code). This is a nethod of

representing a data segueiGeric R IRANEedARYALK DEYTREG an el enent of a
Galois field at a certain level, performng a division by enploying a

generating polynomal, and addlng t he remai nder of the division, as
redundant bytes, to the end of data to be transmtted. Wien the correction

capabi |4y hﬁﬂﬁ - - 2~J ANZ20D3 2 the redundant bytes increase
as a tradeolﬁmﬁg rther, when a strong error correcting code is added to a

massi ve dat aﬁ%q?ﬁ@%%gtt Eﬁv@h‘t&%ﬁe&'eﬁa%gc%85%”19%{;8§t58099!: Qéﬁﬁgodi ng

beconmes so conplicate ereby arising a correction processing

rate. ALl 0l devideridii o dfr%dydl%ce’?ir‘itx)e G, e R A

confi g on In I a nassi ve a sequence 1S I'vi

(% OPCieS dEntant B dhRte 2R P IhAde R FY cro%tree A a0ded to

capability according to the situation.

BACKGROUND ART

In a conventional magnetic recording playback device, an
error correcting code which satisfies a target error rate has
been developed, at the developmental stage of the device, in
consideration of the playback output of an MR (magneto-resistive
effect element) head, the SNR (input/output noise ratio), the

(:) defect conditions of mediums, and the like.

As an error correction code generally used in the magnetic
recording playback device, there is a Reed-Solomon code
(hereinafter, referred to as RS code). This is a method of
representing a data sequence to be recorded by utilizing an
element of a Galois field at a certain level, performing a
division by employing a generating polynomial, and adding the
remainder of the division, as redundant bytes, to the end of data

to be transmitted. When the correction capability is enhanced,



sector (512 bytes) of a hard di sk, redundant bytes having the capability of
correcti‘ng several bytes (2n bytes in the case of n-fold corrék‘iéAN

added to data, and the data having a predeterm ned size (512+2n bytes) is
transmtted. However, as the recording @ensity is increased, the redundant
bytes tend to be larger to maintain the error rate and, therefore, the
redundant bytes would be a factor which further increases overhead of the,
drive (load on the-system. The conventional nagnetic recordi ng playback
device is constituted as described above, and redundant bytes that satisfy

a targeteHy nquritfad Aty fiackensaddedat erdatdrEn pradeherm padnbhock
units. However, the sane anount of redundant bytes are added to all of the

data bl qgks, IdF de G Al c@deOY L, ardbe i ki
tracks on mﬁ#@%ﬁﬁgﬁgcggé to bg recgrdedagggthgbe$2%§%?%9§h§$ggt%%ﬁg??%g'of

a “”iteé%ﬁﬁ%f@%%ﬁ@hﬁ?f%gggsséﬁﬁ EB%V@BQE&ig&?&eé@@fﬂgaﬂéché§5s ause an

undesir 2 4 JAN 3 tendency toward an 1 ncrease I n overhead of the
drive. I [ [ [ el ' of t = j :

or obl e SO Rat o, THEReG o o0 e B b e O AR o O g
devi ce q@ég1can reduce overhead of a drive due to redundant bytes, while

mai ntai Ning ‘a target error rate. DI SCLOSURE OF THE | NVENTI ON A magnetic
comr 1 seq 8 rheorrhi hionEie R el it Ely hekp WLIEEERRY cata oni1rom
Fecor ded AL oy P, KedrteCABRAR k) WEBRE ¢ OPUSRAVE (At pf SRUPIGR hiet or
mer at | P ORSERAr SLEER Lo LPRES oBDHct FORT ALY CohoRRL SRERSERe
Uat b addATGoToATE Fof skaaPRg PRTHARA: SOaPo Favkng Bobr CUBRBLAY nEBtniRbor
encoti ng AT B47 BHEBA ng L Ae AP att Bk nF CHEAT QoAM= HLRa FA° added:
Cor T oot FORACHGY Py COIPEEL AU ROUSF RbaBRER np2E OEEROntA nERS oeBF Phe
par amet er %glatin to.thsnégeratingocharacteris ic of the recording nmedi um

and t he PgdPafeCOFEeFEraT Eo3fHgdop8r d2F Ay ThArHRE 935671 ReVHRTt Re

respecti ve magneti c heads; an control means for, selecting an error
P predet%rmined s?ze (glg+§n gytes) 1s transmitted. However, as

the recording density is increased, the redundant bytes tend to
be larger to maintain the error rate and, therefore, the
redundant bytes would be a factor which further increases

(:) overhead of the drive (load on the system).

The conventional magnetic recording playback device is
constituted as described above, and redundant bytes that satisfy
a target error rate are uniformly added to data in predetermined
block units. However, the same amount of redundant bytes are
added to all of the data blocks when coding is carried out,
regardless of the condition of tracks on which data are to be
recorded or the electric characteristics of a write head and an

Mr head, and therefore, the redundant bytes cause an undesirable



" ' 2 4 JAN 2003 - 4 correction capability value corresponding to the
paramet ers acquired by the paranmeter acquiring means, fromthe eZrlorJAN 2003
correction capability values stored in the error correction capability
storing neans, and controlling the redusdant data addi ng neans so that it
adds redundant data having a predeterm ned nunber of bytes according to the
sel ected error correction capability value, to the data to be recorded.
According to Claim?2 of the present invention, the magnetic recording

pl ayback device defined in Claim1l further conprises a decodi ng nmeans for

sel ecti pGn@ENEY ' O6wEHd I &6t i treapabin i dyeMad At OrHIRS pRAdieNg to the
paraneters acquired by the paraneter acquiring neans, fromthe error

correction capabigddsenaliggenttioned si matiBeifr ¥QewCOEr €L QPoGaPrabikit bed
storing neans, and perform ng decoding on the basis of the selected error

cor r ecth phy, LaRaDAAA t Way af &, 1 10k &P QeI Gl i itdRe ddaRyrle® iWirERd B ng

redundant data having a predetermned nunber of bytes "are added. According

to d ai }31%(195%} h@e{(?j{@éeﬁﬁiéﬁ‘vé‘é}i | Qhudd) SNEHBHNYF & BAYdide RiQyback
erined 1n

devi ce aiml, when the error correction frequency at data

repr 0dUEL Ol e B €55 | 1 Pe DESURLEIE I ValNR WIR oLl means changes

the error correction capability values stor I'n the error correction
capability value storing neans, in accordance with the change in the error
correction frequency at data reproduction. As described above, the nagnetic

Compr | <BESELOHRE QR RIECUREEPEIONT, |0 Fanet i ¢ head for rocor ding or |
&%’JZ&B& ng nodeseti s haraing pIAhAcITaLsLe, RLosRathe "RaTE bt T e
Ted um SR BT Bher ST bt B A SR AR E Regtlt heads,
when t he res ective E netic heads }etrgoormwri tie / r%adi_n 0 1ru?nt-i ons; a
r edundariC U F A itE T (5 A bl RERRE & & Srarion g un
predet L et pubel el e e St delote e o endn the
redundaggréjn?et@e} Sagggfgingnmggr{sorf&é)rgceé:&j!r%r}zgc%qetlgjalli tp%r\é?nle Eérs
relating to the operating characteristic of the recording medium
and the operating characteristics of the respective magnetic
heads, when the respective magnetic heads perform writing/
reading operations; a redundant data adding means for adding
(:) redundant data having a predetermined number of bytes, to data
before being written in the recording medium; a data encoding
means for encoding the data to which the redundant data is added:
an error correction capability value storage means which holds
plural error correction capability wvalues each corresponding to a
combination of the parameter relating to the operating
characteristic of the recording medium and the parameters

relating to the operating characteristics of the respective

magnetic heads; and a control means for selecting an error



storage neans which holds plural error correction capability val ues each
correspohding to a conbination of the paranmeter relating to the2QPeJRNiﬂ@3
characteristic of the recording nediumand the paranmeters relating to t
operating characteristics of the respectdi ve magneti c heads; and a control
nmeans for selecting an error correction capability value Q corresponding to
the paraneters acquired by the paraneter acquiring neans, fromthe error
correction capability values stored in the error correction capability
storing neans, and controlling the redundant data addi ng neans so that it
adds reduidact idat aabayingtg patdet ebprasgondihgr tof thytmsrarsoseing to the
sel ected error correction capability value, to the data to be recorded; and

the nunBequetehedynédant phybRstes a@gh@@liagczaédhgg t Porh EnsSid @t on in such
a manner that | owl evel 2 4 JAN 2003 s redundant bytes are added to a

regi on wherdcthencthphpiledyensyuts bovrsliif Phehetfyel cdedubdpst bytes
are added to a region where the error frequency is high. Therefore, the

number eapésmqu%tw&@ £88nke ¥A4i 8Bhero efg@%é eugld ihi gpvgr head of

t he magnetic rec i ng pFayback device can hi eved easily. Furthernore,

accor di 09405 ChalAL2<0 chile PLessal LOYERLLAN albe WRgNelig T ecor ding

pl aybac i ned 1 aim urther conprrses a codi ng neans for

sel ect | B9eABCELONAORLARLLORe BPEOL! LLkoval e £orepepanding.d o Lhe,

par amet €rs acquire er acqurrin romthe €rror

corr et Lgn.6apalh Ly k3L Uy SLeted L0 Lhe BLEOT SUL BULBERDADI Tty

st ori ng neans, and ecodi ng on t asi s~ of e selected error

cortect on Copalllady; Y Y0 Hon EANNENNS AL WL i

ermne S are

(ﬁpundant da avin

tHe data_to_which_the redu nt_b s_are.effectivel ded can be decoded
w th of FREPERLDS PUPTRESRurer as e EFnEA Tt B of ot Edh s 8
inventign, i.n the nagnetic recordin | ayback device defined in Caimi1,
when 't nEPPEPUCBPPERL FOR PFERREMY el SNPF CPFERRCIIh CHRARL B (Yohig
predet er mi ned val ue he,contr ol ans changes the error correction

capabi | FPYTGEPERE1IRY, 8dtﬁﬁ ??\’éarggf%lfs c%??‘é%f?‘i‘)rp%aﬁh%iﬁé}’f%f“‘?/%‘?ﬂe storing
means, in_accordance mﬁt? t he change in the error correction frequency at
data r epFEULELPBN S Hhar ef HPB, TRV Rt HRENCORES TEE e AR YHNENLY JYah by
aging or, the.like, . the error correcting effi can be maintained in

accor dantBT Gt AT thBe _SHRARF ABBRTSCHHE ¢ %ﬂ%%}f%ﬁgf%&ﬂpﬁPQNQﬁﬁﬂﬁTeﬁ? bl e
device can_be royided..BRIEF_BES | PT1 ON QEITHE:PRﬁyv GS Figure 1 is, a
di agr anPPFFASRLAT] AGCPHETE oMt FRR (P B BO% the selected errof corfection

capability wvalue, when reproducing the data to which the
redundant data having a predetermined number of bytes are added.
(:) According to Claim 3 of the present invention, in the
magnetic recording playback device defined in Claim 1, when the
error correction frequency at data reproduction deviates from a
predetermined value, the control means changes the error
correction capability values stored in the error correction
capability value storing means, in accordance with the change in
the error correction frequency at data reproduction.
As described above, the magnetic recording playback device

according to Claim 1 of the present invention comprises a



data transm ssion system of a magnetic recordi ng pl ayback devi Ce ‘aCiN %0’5;
to a first enbodi ment of the present invention. Figure 2 is a dragram
illustrating an input/output data sequence in/fromthe above-described
magneti c recordi ng pl ayback device. Figure 3 is a diagramillustrating a
data structure of one fold interleaving in the above-described magnetic
recordi ng playback device. Figure 4 is agdiagramillustrating a data
structure of two fold interleaving in the above-descri bed nagnetic

recordi ng prexpwdikg deagneticFihgade f6r i secordingr am deéletisgr atatagoa/dmm a
structure of three-fold interleaving in the above-descri bed nmagnetic

T ucture oPORTeld era el S MaybafithaBhalt Moo tepaducifEithe, g

pl ayback device. Figure 7 is a diagramfor explaining a difference in
ni ni mum nagfeeordadi slatanver Prsamekelr CABIrHE WeRNEoAeE 8RqWirkAg el nEal
recordi ng nmediumin the above-descri bed magnetic recording pl ayback devi ce.

2 4 JAN 2008agarfibgits erdlatingd tdi abeadpelating r shargteristis cofvbiee rabording
interleaving configuration 1s set for every conbi nati on of zones and heads

e above SRS | et FROBELL 6l 50 Oh S 00ed AXP A tHE Wk Becifie e O
heads, when the respective magnetic heads perform writing/ reading
operations; a redundant data adding means for adding redundant data

O having a predetermined number of bytes, to data before being written in
the recording medium; a data encoding means for encoding the data to
which the redundant data is added; an error correction capability value
storage means which holds plural error correction capability values each
corresponding to a combination of the parameter relating to the
operating characteristic of the recording medium and the parameters
relating to the operating characteristics of the respective magnetic heads;
and a control means for selecting an error correction capability value
corresponding to the parameters acquired by the parameter acquiring
means, from the error correction capability values stored in the error
correction capability storing means, and controlling the redundant data
adding means so that it adds redundant data having a predetermined
number of bytes- according to the selected error correction capability

value, to the data to be recorded; and the number of redundant bytes is

varied according to the situation in such a manner that low-level



Hereinafter, a magnetic recording playback device according to a first
enbodi nent of the present invention will be described with referechdeJAN 2003
figure 1. In figure 1, nuneral 1 denotes a host conputer (HOST PC), and
nuneral 12 denotes a hard disk controlle (HDC) connected to the host
conputer 1. Further, nuneral 2 denotes an input/output interface bl ock of
the HDC 22. Nunerals 3a and 3b denote FIFGs for snoothing input/output data
transm ssion, and nuneral 4 denotes a buffer manager for controlling data
reading froma DRAM buffer 5. Nuneral 8 denotes a head position control

bl ock fofediitdret [Byge @ redchdis ool Welgh chesPesl tBedeRdirUrdglhicRgy
reading/ witing, according to an instruction froma CPU 7. Nuneral 6

denot es @ f4uBiH e B T Qe 10%RGHINIRAG teBSREIsNG rand ddeaodbng ebgdaha.
Nuneral 7 denotes a CPU for nonitoring the input/output interfacé block 2,

the buf figle MRNGQLTe Mot N d QIR 8l iQRK 6N Adie head RRRiHd0R control

bl ock 8, and totalizing various kinds of paranmeters, such as the defect 2

4 JAN Z%dnq@arppgggéésorbé}t e R 4 ien %eﬁggm EQQuQ't’.FLBHt iﬁN&eéﬂgahh%f

like, to store re red error correction cap ity values for each zone
d t eral t h : denot
2 head A Rt FecdHIFP pIA R Be o B s YRR Eag e e
di In th - ' t i he. f 6 ..
"pl ement s a FRAGASNE taar 2oadac el nedrel ent B R A et iy ion,
t i1 . g i L ' hal_di
Par Aot SRS TR ot B0RaER CRGALANRRARL L crahe oo
a1 o, SO S5 o 454 dle BERNESY se RRsaenen paToRC pE s theR
t/ out J.nterf bl ock 2. The d [ tted to th t put /i
e R L e R e L e
FI FO 3a. Thereafter, the data are input%gg to_ the forna%ter bIocF.g.%hroygh
the FI FE3MSRAS APt 819 F58 S o TERE FOPNBEESF GPEERCEIPR £8PPPEGLEN in
units of K12 bytes. At. this tine, the DRAM buffer 5.is searched for an
error cOPINES Gt CHEShEN (NP VEGE GREERCRASTFETRBILEy Y EERE HES cPAFRSM
di whi_ch i ti is.to b i ed _out dth
oo e S ARl R B B BRERL B S0t
inthe formatter block G.i.g controlled on the hasis o% thaﬁgrrgr cotrgption
capabi | i[GFRPGFET BARAP n Sy PRENLFEPEAREGIPG £RE £t ER WREER n

t he 2 JAN 2003 ~o0 rmatter bl ock ccording to the interleaving
Cont | guithe, G CEThEARA T aviessr Baede aEH "EROTEREEA: G PEEESHBFe ed.
the encoded data are transnitted to the R/ hannel. 9 an ecorded on the
medi um PEAEG-ougHr e R Hed ghepl‘fq‘qaertold’.h (HE FERP dl,]’oy S 8&6i ng,
initially, the M buffer 5 is searched f an _error correction capability
val ue ateﬁQ?&tﬁé’%nga%sqetqadh,beag?SP&e gwtlg;laerflc‘;ﬁﬁFﬁQFiyon of a zone or
track position where the mmitte&,data are o ge %eag, and a head, and then
{Ep i nt er | eavF HGCREATPEGr aBFERTEHRY hEC foF 3 t 2r0bI Y% BF$Etom MM ekPin

e basis of the error correction capability value. That i s, the data which
have beéﬁ‘F?§h§ﬁ99ﬁ§}qfﬁ?ﬁﬁﬁ??%bPﬁé§§a§ﬁpPFWFEF #5£aRgd: hB RAEMEhdnnel 9

are subjected_to decoding in the formatter block 6 which is set at an error
cor r ect MBI ARS0i9ETSF AR T h ETEINENEYn Aitg BRER SRPESALRELIPRL RVéaTRSy

from a predetermined value, the control means changes the error
correction capability values stored in the error correction
capability value storing means, in accordance with the change in
the error correction frequency at data reproduction. Therefore,
even when the use environment changes by aging or the like, the

error correcting efficiency can be maintained in accordance with



configuration which had been set when witing of the data was carried out,
and ‘only-required data are outputted to the HOST PC 1. Next, a @esciAMtaggs
will be given of a specific exanple of an encodi ng process using the
magnetic recording playback device which is constructed as described above,
wi-th reference to figures 2 to 6. Figure 2 shows a data sequence to be
transmtted fromthe DRAM buffer 5 to the formatter block 6. Figure 3 shows
an exanpl e of encoding in the case where the error correction capability

value is "1", i.e., the interleaving configuration is 11 2 4 JAN Z~Q-
"1", an I Lgur i H%ﬁ? it e i e ; ta
sequencgh%;]é@ﬁr;é%yt&. |gu$r 2?:2? S om%&g%gtgp%%f C(?r?gg)%i %&Io?rrﬁte}qug case

where the error correction capability value is "2" (two-interleaving
configuration), and this figure indicates that a data sequence of 512 bytes

is divi I i sing 256 bytes, and one redundant
byte isggg%ﬁégﬁﬁsoé%g% se%ﬁ@efwa%t es. Figure 5 shows an exanpl e of
encoding in e case where .t r rection_capabiljty value s "3"
(thr ee- 't or FOgVERg Lo Poarabra) TLARBEFRFLAG SR LePharbip bEoNRar s data
171 Dyt @aa 1 T, SPERPE Voot ofe SR dma AUy RE | SSTIRI o
each interl eaving. The_ correction capabilities of the ,redundant bytes added
o the FEAHREENADEq 17 o5 Kty AT TR & B oo RS o APIERISER. assuni ng
that the correction capabiILté IS ntgﬁtes, nbéte correction can be
per f or med foF19H565§2}5yfed&3 RaBe L LEHEETARLR ea%n%?PHFé??EﬁﬁFnﬁata
eoph SFEBE AT Bt IR EGHS TR MAGRRAG SOFCEOIRa PR ISASHn | 1
h 2 1€ i i [ in
t‘gure 4, and nbyte correction can be perfornmed to the 171-byte or 170-byte

data sedfifert® in the three interleaving configuration shown in figure 5.

General ly, when a data sequence of 5|2 bytes is divided into k pieces of
interl eaved §égU&Rcdsidnd duBPEeMed {BSERRBHNEG2 FALRNEEFPERYFRgOL one-

configuration as shown in figure 6 is obtained, and 2 4 JAN 2p3
fold interleaving in the above-described magnetic recording

playback device.

Figure 4 is a diagram illustrating a data structure of two-
fold interleaving in the above-described magnetic recording
playback device.

Figure 5 is a diagram illustrating a data structure of

(:) three-fold interleaving in the above-described magnetic recording
playback device.

Figure 6 is a diagram illustrating a data structure of k-
fold interleaving in the above-described magnetic recording
playback device.

Figure 7 is a diagram for explaining a difference in minimum
magnetization inversion intervals between zones on a magnetic
recording medium in the above-described magnetic recording

playback device.



|2 k pieces of redundant bytes are added. In the present invention, zince
the interleaving configuration at data witing/reading is vari atd é,J N 2003
addi ti on of excessive redundant bytes is suppressed, and the required ‘
m ni nrum r edundant byte can be added, wheyeby the overhead of the magnetic
recordi ng device can be reduced. Next, a description will be given of

sel ection of an error correction capability value which is stored in the
above nmentioned CPU 7. Generally, a nagnetic recording playback device
contains plural magnetic recording nmediuns, and wite heads and MR heads
correspondi ngrt gui-Besr e§0RdHNEgHEMAI UIBusHPNEMES ,a tdsafiRtte GaNdi tions at
the surfaces of the nagnetic recordi ng nediuns and the performances of the
wite hegs AndJibe MRdBaAs falnviist s8¢ #8¢ esadiyNgoBLAat bR/ bEOTLHAS
recordi ng nmediuns vary in each nagnetic recordi ng playback device. Further,
as Shown ) d A4 & n' ) QByH-BeBTagRE! haBhkPRc! BYELLPN 'gisgﬁghkl s not
uni formon a nmagnetic recording nmedium and it beconmes nafrrowe romthe
out er ck#ggﬂ%grence toward the inner circunference and, therefore, the
error rate of the magnetic recordi ng playback device varies according to
the position on the magnetic recording nedium So, the first enbodi nent of
the present invention wll be described taking, as an exanple, a case where

t he for%&khehdﬁﬁ“f%ﬁﬁﬁééa% 'Q&ﬁ{&g@ﬁhggoﬁopfiguration up to a

five-interleaving contiguration a é maximum wth reference to figure 8.

As sho | n fi.qur 4, all of the tracks on the magnetic 2 4 JAN 2D03 13
record?ﬂﬁhﬁﬁﬁpgﬁwgrgldivided into several zones, and an interleaving

Foy cach conbhAEFBATOTEs 3 aRROAHELE VE AP NEaTE R Tt 0T 14 ng

d [ ta.into/fr h .. Th b in, fi 8,.at th
Ut er ol G ar Bic ETDREH RES T Gfe CHSoPTRORE L RREPE a0y uh bt Ve §EraELPRsI o
error rate._can be expe te%p t he &edundant byt es are reduced by reducing the
number 8- YnEES 5@5% g@h &9ES. “On the other hand, at the inner

[ nf wh t end f tly, th f
ni orl eaved SPRUEREBES | L | RUPBEREAL SIP YRR IARESa AT B s to
tisfy the t te i.n_total. Th ,.th d of thed
Gue o’ A PERGRGING 2y EaE (odn S8 "C gk PR BREPY O blc AHDGL. COMRBFEASWEPh

the conventional case where redundant byLes. s addsd by the i mim .
interface block of the HDC 12. Numerals 3a and 3b denote FIFOs
for smoothing input/output data transmission, and numeral 4
denotes a buffer manager for controlling data reading from a DRAM
(:) buffer 5.

Numeral 8 denotes a head position control block for
controlling a head position with respect to a medium during
reading/writing, according to an instruction from a CPU 7.
Numeral 6 denotes a formatter block for executing encoding and
decoding of data. Numeral 7 denotes a CPU for monitoring the
input/output interface block 2, the buffer manager 4, the

formatter block 6, and the head position control block 8, and

totalizing various kinds of parameters, such as the defect



for satisfying a target error rate, to all of data to be witten into the
hard di sk. Further, if the error correction frequency becones IargeJANm%a
pr edet er mi ned val ue during use of the device due to aging or the |ike, the
data stored in the CPU 7 nmay be updatedgor corrected so that the table of
the correction capability values shown in figure 8 is changed, whereby nore
i ntensive correction can be perforned. As described above, according to the
first enbodi ment of the present invention, when encoding data to be
recorded, the size of redundant bytes to be added in the formatter Q4

JAN ~~ Idotdiocikorb dfs & addcEdim A tahe HDAST $hef ohifpudabirst @r@dthé 1hRe CPYS,
according to the defect condition or electric characteristic of the nedium

11 i n whidr daternan@d @ i Mddri@t i8h E%Eaﬁh@ﬂ:? Gathasagberésthcsont the
wite head for witing the data and the head for playing the witten

data. Thg{efoyg, whgedi ng can be carried out at high speed, and overhead of
the drive can be reduced. APPLICABILITY IN INDUSTCRY In a magnetic

recording pl ayhacke deviGRersi NgEqMh LMY e In dnggﬂ{ Yl “%fjvc\:i]

satisfying a target error rate are set varia Iy, ytes Gie

added ”%\%nereby AripAGFIRGY 2nldy %ﬁ\%rg‘i g3t EBXtEQeﬁt @E@g Heady by{i‘é@R?fngad

r educed overwi'te rive ere

reducedand a medium. In the above-described construction, the formatter

block 6 implements a redundant data adding means, and the CPU 7
(j) implements a parameter acquiring means, an error correction
capability value holding means, a control means, a data decoding
means, and a decoding means.
Next, the operation at writing or reading will be described.
Initially, at writing, data to be written are supplied from the
HOST PC 1 to the input/output interface block 2. The data
inputted to the output/input interface block 2 are temporarily
stored in the DRAM buffer 5 through the FIFO 3a. Thereafter, the
data are inputted to the formatter block 6 through the FIFO 3b.
(:) This input of data to the formatter block 6 is carried out in
units of 512 bytes. At this time, the DRAM buffer 5 is searched
for an error correction capability value which has previously
been determined according to a zone or track on which writing is
to be carried out and the performance of the write head or MR
head, and an interleaving configuration in the formatter block 6
is controlled on the basis of the error correction capability
value.

Then, redundant bytes are added to the written data in the



2 4 JAN 2pp3 - 15 CLAIMS 1. A nmagnetic recording playback device

conprising: a recording magnetic head for recording or deletingﬁg t@é
on/froma magnetic record nmedium a playback nagnetic head for gr Ncmmé

the recorded data; a parameter acquiring neans for acquiring plural
paranmeters relating to the operating characteristic of the recording nedi um
and the operating characteristics of the respective magnetic heads, when
the respective magnetic heads performwiting/ reading operations; a
redundant data addi ng neans for addi ng redundant data having a
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recordi ng nmediunm a data encodi ng neans for encoding the data to which the
redundaahddahea Hatadded; eanodedor Whenetheosncefdhyl isycympuetediprage neans
whi ch holds plural error correction capability values each corresponding to

a conbi eatbaedotiatheapar aprhehiteéaAt tOOh® RNe Gpaimdl Y Lharesderdéd i 6nof
the recording nediumand the paraneters relating to the operating

char act ehesteasufdf 11hehreagRCthy ehdB@nahp i feaesio and a control neans for
selecting an error correction capability value corresponding to the

paramet ers acsilidd ddhdhehdir],anRt Hea@cdd, r HRGtHBANY, theNDRR® 8ufr¢er 5
correction capability val ues 2 4 JAN 2003 is stored in the error

correct jgnseapahibhi E¥rShRT bPFoFEEHSre A HhE WM 111G, tha Jedindad dat a
addi ng means so that it adds redundant data having a predeterm ned nunber
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the data to bé recorded.

®

position where the written data are to be read, and a head, and
then the interleaving configuration in the formatter block 6 is
controlled on the basis of the error correction capability wvalue.
That is, the data which have been transmitted through the head
amplifier 10 and the R/W channel 9 are subjected to decoding in
the formatter block 6 which is set at an error correction
capability value of the same configuration as the interleaving
configuration which had been set when writing of the data was
carried out, and only required data are outputted to the HOST PC
o "

Next, a description will be given of a specific example of
an encoding process using the magnetic recording playback device
which is constructed as described above, with reference to
figures 2 to 6.

Figure 2 shows a data sequence to be transmitted from the
DRAM buffer 5 to the formatter block 6. Figure 3 shows an
example of encoding in the case where the error correction

capability value is "1", i.e., the interleaving configuration is



2. A magnetic recording playback device as defined in Caim21 further
conprising: a decoding neans for selecting an error correction capability
val ue corresponding to the paranmeters acquired by the paraneter ?ﬁﬁﬂ@{'ng
rmeans, fromthe error correction capabiljty values stored in thg 2003
correction capability storing neans, and perform ng decoding. on the basis
of the selected error correction capability val ue, when reproducing the
data to which the redundant data having a predeterm ned nunber of bytes are
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fﬁL_ ' 109008e (pns! Drtapdgaying gonfipguration shown in flgure 3, and m-

byte correction can be performed for each 256-byte data sequence
in the two interleaving configuration shown in figure 4, and m-
byte correction can be performed to the 171-byte or 170-byte data
sequence in the three interleaving configuration shown in figure
5. |

Generally, when a data sequence of 512 bytes is divided into
k pieces of interleaved sequences and subjected to encoding, an

interleaving confiquration as shown in figure 6 is obtained, and

3
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since the interleaving configuration at data writing/reading is
variable, addition of excessive redundant bytes is suppressed,
and the required minimum redundant byte can be added, whereby the
overhead of the magnetic recording device can be reduced.

Next, a description will be given of selection of an error
correction capability value which is stored in the above-

(j) mentioned CPU 7.

Generally, a magnetic recording playback device contains
plural magnetic recording mediums, and write heads and MR heads
corresponding to the recording mediums. However, the defect
conditions at the surfaces of the magnetic recording mediums and
the performances of the write heads and the MR heads for writing
and reading data into/from the recording mediums vary in each
magnetic recording playback device. Further, as shown in figure
7, the minimum magnetization inversion interval is not uniform on

{:) a magnetic recording medium, and it becomes narrower from the
outer circumference toward the inner circumference and, therefore,
the error rate of the magnetic recording playback device varies
according to the position on the magnetic recording medium. So,
the first embodiment of the present invention will be described
taking, as an example, a case where the formatter can vary the
interleaving configuration up to a five-interleaving
configuration at the maximum, with reference to figure 8.

As shown in figure 8, all of the tracks on the magnetic
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figure 8, at the outer circumference such as zone 0 or zone 1 where a
relatively favorable error rate can be expected, the redundant bytes are
reduced by reducing the number of interleaved sequences. On the

( ) other hand, at the inner circumference where errors tend to occur

frequently, the number of interleaved sequences is increased, and

redundant bytes are added so as to satisfy the target error rate in total.

Thereby, the overhead of the drive due to the redundant bytes can be

significantly reduced as compared with the conventional case where

redundant bytes are added by the maximum interleaving configuration

for satisfying a target error rate, to all of data to be written into the

hard disk.

Further, if the error correction frequency becomes larger than a
predetermined value during use of the device due to aging or the like,

the data stored in the CPU 7 may be updated or corrected so that the

table of the correction capability values shown in figure 8 is changed,

whereby more intensive correction can be performed.
As described above, according to the first embodiment of the

present invention, when encoding data to be recorded, the size of

redundant bytes to be added in the formatter
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head for playing the written data. Therefore, encoding can be

carried out at high speed, and overhead of the drive can be

reduced.

APPLICABILITY IN INDUSTORY

In a magnetic recording playback device, since minimum
redundant bytes required for satisfying a target error rate are
set variably, redundant bytes which are added more than necessary
to data to satisfy the target error rate are reduced, whereby

overwrite of the drive due to the redundant bytes is reduced.

O
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1. A magnetic recording playback device comprising:
a recording magnetic head for recording or deleting data
on/from a magnetic record medium;
a playback magnetic head for reproducing the recorded data;
a parameter acquiring means for acquiring plural parameters
(ﬁ) relating to the operating characteristic of the recording medium
and the operating characteristics of the respective magnetic
heads, when the respective magnetic heads perform writing/
reading operations;
a redundant data adding means for adding redundant data
having a predetermined number of bytes, to data before being
written in the recording medium;
a data encoding means for encoding the data to which the
redundant data is added;
{:) an error correction capability value storage means which
holds plural error correction capability wvalues each
corresponding to a combination of the parameter relating to the
operating characteristic of the recording medium and the
parameters relating to the operating characteristics of the
respective magnetic heads; and
a control means for selecting an error correction capability

value corresponding to the parameters acquired by the parameter

acquiring means, from the error correction capability wvalues
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2. A magnetic recording playback device as defined in Claim 1

() further comprising:

) a decoding means for selecting an error correction capability
value corresponding to the parameters acquired by the parameter
acquiring means, from the error correction capability values
stored in the error correction capability storing means, and
performing decoding on the basis of the selected error correction

capability wvalue, when reproducing the data to which the

redundant data having a predetermined number of bytes are added.

() 3. A magnetic recording playback device as defined in Claim 1,
wherein:
when the error correction frequency at data reproduction
deviates from a predetermined value, the control means changes
the error correction capability values stored in the error
correction capability value storing means, in accordance with the

change in the error correction frequency at data reproduction.



