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"Titl'e of the Invention: Disk drive device, error recovery processing nethod
therefor, and disk drive controller Detailed Description of the Invention:
[Field of the iny The present invention relates to a disk drive
devi ce, an ergm “ﬁg\%ﬁ@“ processing nejhod thereof, and a disk drive
controller th ntribute to nghg 1 recordlng capacity and to
enhancerment of relgdlity. [0002] [Background art] A disk mmmmmwmmmmmw
using a magnetic disk as a recording nmedi umuses a head for nd
reproduci ng data on the magnetic disk. This head is installed uid®s-the
bot t om sur f ace Zitthe QﬁrgageInnenhﬁomagnetlc di sk side) of a~ head slider
having an air bearlng surface |n the magnetic disk side. The head slider is
installed at ap;epd od‘ra hea whi ch noves the head slider toward the
nearly radi al |rect|o ot t %VJth net PEXAY sk FEFONEI g RACASHAWNIdr iNREhe a
rotary actuatotherefesy éD@d@¢Sksﬁniqﬁwammnsp&ﬂned val ue determned with
rel ati ve speed between the air bearing surface and magnetic disk as a
factor. In addition, the head slider is energized toward the magnetic disk
by an el astic mmtadlednstatieption tde tiead naemti¥hen air flows into between
the head slider and nagnetic disk wwth the rotation of the nagnetic disk,

t he head sliifderldf logatbef Lowent hamygheti c di sk surface with resistance to an
energi zing force of the elastic nenber. A gap between the nagnetic disk and
head 10004l By 1S MY 1 R RibhOR1ARES 2o9FP NSRRI aRRL, 20 Tdngt i ©
a recovery processing method thereof, and a disk drive controller

that can contribute to maintenance of recording capacity and to
| enhancement of reliability.

[0002]
[Background art]

A disk drive device using a magnetic disk as a recording medium
uses a head for recording and reproducing data on the magnetic
disk. This head is installed under the bottom surface (the
surface in the magnetic disk side) of a head slider having an
air bearing surface in the magnetic disk side. The head slider
is installed at an end of a head arm, which moves the head
slider toward the nearly radial direction of the magnetic disk
by being rotatably driven by a rotary actuator.

[0003]

In addition, the head slider is energized toward the magnetic
disk by an elastic member installed in the head arm. When air
flows into between the head slider and magnetic disk with the
rotation of the magnetic disk, the head slider floats from a
magnetic disk surface with resistance to an energizing force of
the elastic member. A gap between the magnetic disk and head
slider is a predetermined value determined with relative speed
between the air bearing surface and magnetic disk as a factor.

[0004]

By the way, a portion where a gap between the head and magnetic



- 2di sk becores snall may sonetines occur because the head sliderzgjarggggyﬁ
“ defornmed by thermal expansion or the |ike and a specific portion pr &
toward the magnetic disk. [0005] On the other hand, a certain degree of
thermal asperity nmay be formed on a surface of the magnetic disk with
dependi ng on nmachi ning accuracy. [0006] Onng to this, if the portion where
the gap between the head ,- and nagnetic di sk becones small occurs as
descri bed above, this portion nmay collige with the thernmal asperity on the
surface of_ the magnetic disk. If such collision occurs, the tenperature of
the head SH&MpIREGaNGS AW lURaY oSPRFEiNH LR PEFRIE Rt he kBead oBbigern
parti cul amr | heaédgdrsd defertmddbysitipamlVRetpagnetnr ogi stlencdikéf eatd a

el ement (”ﬁgédﬁﬁgc(%b%%&oﬂaSBSE9ﬁ8é55£@Q§§deEﬁ@Q&QgﬁééﬁE”Hiskﬁ'nce an

i ncrease of the head tenperature leads to a | arge change of a reproduced
signal, reliability of recording and reproducing is largely decreased. In
some cased,000&dor di ng and reproduci ng cannot be performed. [0008] For this
reason, conventionally, there are disk drive devices where counterneasures
such as c {0 d ou u e a LLh
using a rggﬁ%%ﬁgﬁgi%?ht g;r%péggﬁ%g@ %ﬁ?ﬁu%.%? Fﬁggﬁggdggégrggnggﬁvbg
Never t hel MghePR & eSHEATCRaSEs Fhat Magned ifordisk f WditBnidepfnding on
correct thedidadmgutagneuratcyt.he time of the thermal asperity occurring. 2
5J UL 200 -3 [0009] In addition, there is an area where the therma
asperity cﬁ?““éi permanently. Therefore, for exanple, as disclosed in
Publ i shed ‘Unexam ned Patent Application No. 9-251727, there are disk drive
devi ces where each area where the thernal asperity occurs permanently is
not used fawinegecos dthgsand fr efieodpstbforSwhedefl etel was asétofeer] OOHO] head

Further morg,q %b‘g%ﬁi'co’}?i'élé’ bed 1t QRN rsN L R0 el anBead this
‘detected on the basi s ozggﬁ%gpno uc 3§%£yt rom servo sechors, recordi_ng
and r epr oRRH P bFatcP ¥ 5&3 Jals agPELALY QBct8F PULEABET Bfe a
dat a sect drhe smagnettby rdésky r dfy osctedecdlibis bon hecewes nakhaspempeyatiogll]
For this remseRe hleads slemipagd icpeiday nitecebdi g AIbnagPrHEhCi /gd b¥he
estimating g.head position with using appropriate positional information
such as a reproduced output froma previous servo sector even if a servo
sector just before a data sector is not correctly reproduced.

[0007]
In particular, in regard to a head using an MR
(magnetoresistance effect) element or a GMR (giant

magnetoresistance effect) element, since an increase of the
head temperature leads to a large change of a reproduced
signal, reliability of recording and reproducing is largely
decreased. In some cases, recording and reproducing cannot be
performed.

[0008]

For this reason, conventionally, there are disk drive devices
where countermeasures such as correction of a head output
caused by the temperature change with using a DC component of
the reproduced output of the head are devised. Nevertheless,
there are many cases that it is not sufficient only to correct
the head output at the time of the thermal asperity occurring.



[0012] [Problens to be solved by the invention] Nevertheless, i%ﬁrgxumgzggﬁ

" possible to performrecordi ng and reproduci ng even in an area,

been designated as an area where the thermal asperity has occurred

permanently, so |long as head tenperature falls thereafter. Therefore, if )

t he area, which has been designated as an area where the thermal asperity \\
has occurred permanently, is uniformy designated as a defective sector,

this increases defective sectors unnecgssarily, nmaking spare sectors

decr ease. 25J UL 220G ~~ -4 1In addition, in particular, at the tine of
recordingIOQBPﬂect positional information of a head is necessary fromthe
viewpoint of reliability and the |like. Hence, there is a roomfor

i nproverent, LuamkiBa, viRveal it of 58bi aPldid Yeid) viRARAE hQpUsiPY BEORES

posi ti onal |nforn?é|on ag descri bed above. Theﬁg;e,en& i nyention LS I

per f or med PEAMEBRRF4Er at FBRTSFOT e SOV PIRIS e clesed bRobPBLished sk
drive deviUpexaminedr oPatenovépplpcetéssi ip netdre@dliRér ecfherend azedi dkskrive

control | ertikat geafcesnihebet 6aéR sBéAt@@Ce dIRGRMRd _ragﬁeam@yi b¥cang to
enhancenent B rgkiabllltx. Summ@‘ t.he |%yent|on A_dis rive device
g ot

y Qf
accordi ng o} > pr &sent "Avention g%ﬁ‘pr’ies?é’g a di s?<ndr eto ﬁ?crll‘gmﬁ%%li am 2
recor di ng 9&f@°td¥rPo8BELRY- devi ce for recording and reproduci ng i nformati on
on the di sk recording nmedium an error detector for detecting an error
occurring[@@qbqg recording or reproducing by the recording and reproduci ng
device, a device for executing an error recovery procedure by controlling
the recordi ng and reproduci ng device when the error detector detects an
error, a tFaridexmore,deoayeotiepallip eainpag ROSdhperal uieformatdon hef diask
dri vedplevimmrisoub&bdgeahand?cﬁ& Haive 6l£Va Ceepistiviiede du@pulr g@_@ﬁseéﬁz@r
recordi ng repr [ g r e :
aftor o picdterey HkerinaNaN, 2R:30aREERe (OF' Bab A7 cBRAGE DO pREEUERES
recover ed ¥y 3 hBeEXRcHEFBAY 0 UFRe PO P cdRfet yS BT e diF eNOWNEPET RCERE
error prooceEgswdusetsdiketoathe nchermeel aeperditygg to t he tenperature detected
by the tenperature detector. In addition, a disk drive device can conprise
a tenperaH%hﬁlqetector for detecting said tenperature inside the disk drive
devi ce or ‘out’si‘de the disk drive device. 25J UL 200 -s Furthernore, a
di sk drive device can conprise alternative area assigning neans for
desi gnat i rpran tariea whesenan etr ais ockwrised asoanperfarm arnesorkiinge endor

I's not reGMYRMAKEN byt heseingtiREOCESS| REalPaNRHARNLAM MBy {18 0r disREgOr
reproduci ng_agai_n, .perfor.m.n e rary,registration, and_assigning.an
i Lernat | VPERERT Lot B s P ofal  SRERERSH-CBnPE R RS Red FRXPOrCRar PAFRISG
r ecor di ng oM épRIRYAONG S63VA SACEAE aver hhva neee s afdsirgiaséd bagoxn
error area afdtar seleotredponatycsetest Intreprosmeeder f ormed and the
predeterm ned tine el apsed, and canceling the tenporary registration if the
errof is recovered or changing the tenporary registration to regul ar
registratikﬂp%%ﬂ the error is not recovered. In addition, an error recovery
processi ng nethod of a disk drive device according to the present invention
conpri ses @PrblichseitioObedgbeglbd NGy Stiep ivdiaiieetji ng an error during
r-ecording or reproducing information on a di sk recording nmedi um an error
recovery step of executing an error recovery procedure when an error is i
det ect ed CHHFRGLSEE rer br BRY eS nEOEFEBLC antP aReEfPEM pFoctiNy &P8p of
per f or m nremowhwiing cverepindaoni ryeagaiwhiaflt cras beenledes hgmated | a8 has
el apsed acHsdli fHet® [nkerMRIHMAUS Cad PS8 Oha®Ubscdertae pdirkkndntye, dewi ce,
[f Lhe er gl dag, AL, RCeOYBLE: EYENeql 14 NenEELRELLECOVRRY REEES S RY chcoP-
area, which has been designated as an area where the thermal
asperity has occurred permanently, is uniformly designated as a
defective sector, this increases defective sectors

unnecessarily, making spare sectors decrease.



Figure 1 is a bl ock diagramshow ng the construction of a dis ri Lce
that is an enbodinent to which the present invention is appli édg J\@LM

2~0 -6[0020] This disk drive device conprises: a nmagnetic disk 1 fox
recording data; nenory 2 fox storing a control program and recorded and
reproduced data; a controller 3 controlling the operation of the entire

di sk drive device, and input and outpukt- of data with a host system 10 such
as an external personal conputer; a recording and reproduci ng system 4
performn g i : i i ; basi s of
e cont 1o e B ol e D T one

f or recor bé¢adgs nembssaey froohutbe nipwppint o€ raliabidityamitha hilte.r Henaegl thereniy asyst em 4 on
t he basis of {.he control t he .control . a head 6 fox ﬁerform’ ng

. .3,
o oL e Tyt SmP B GEP R T UR e OO ?! TElieh iy Tn PGk Btp g b

PB®Techani sm 7
movi ng t hgodke@al GfSimdida abasiceibad adve, control by the servo systemb5; a

tenperature sensor 8 detecting tenperature of the outside or inside of the
di sk drive device; and an AD converter (ADC) 9 perform ng AD conversion of

t he out put, of the.tenperature sensor 8. 021] .1n the nory 2. an area
wher o1 oo SPOBRFSEIR BRI ASEATIE & ConsidgHUTLP P ABPUTRPBTeHBa o r of | or 3,
data (for,RaIEnl dsk VRV eI MTERSr rEé’Jifle? ﬁr@geskﬂﬂ? rhdth6d theRbE -an@a&ligk or ed, and
a buffer area where recorded and reproduced data are stored are provi ded.

The buf f edrive emtiosr thatcanicoptribafsetb insaintenange pfirgcduling cappcieanduaber i s equal
to or nore.than s vgre?l bff%gdreds units in the recording unit (data sector),
on the na&‘ﬂ’(—.@flf%n?i’lé’ r l.a’[ 22] The controller 3 conprises a processor that
executes the control program a hard disk controller, and the Iike. This
controller 3 controls the operation of the entire disk drive device by
execut i ngSumamayyrof the inyentiomm stored in the nenmory 2. Furthernore, the

|1 : i i . ] .c_disk 1
the basi o eSS TelsRERtms N B el ORI Rt F RIS ) Pt Tom
t he host sfiediuaiNakBcorfiid@Add rePreducingt devldedor Reardigemdeeprodecing ural ity of

processes.in parallel, and hence pg_rforms the control of input and out put
of conmantdomtion gndhedisk recpedipgmedigis an sirendeteater fondelectgAYBIOTof 1 ecor ded

and repro r q LLi 6, and the
e oo Aty MSOSE  RRONAE e PRRL AP TRNC,
zecor di ngdevitefod examting an egroogoaveny ploeediire by nontrdlling theaeqirding and VR

reproducing device when the error detector detects an error, a temperature detector for

detecting a temperature inside the disk drive device or outside the disk drive device
and an error processor for recording and reproducing again on an area where the error
had occurred, after a predetermined waiting time has elapsed, if the error is not
recovered by the execution of the error recovery procedure, wherein the error
processor sets the waiting time according to the temperature detected by the

temperature detector.

In addition, a disk drive device can comprise a temperature detector for detecting said

temperature inside the disk drive device or outside the disk drive device.



(magnet oresi stance effect) elenent or a GVR (gi ant nagnet or esi sthﬁe{UL 2002
effect) elenent. [0025J On a recording surface of the magnetic disk 1,

pl enty of recording tracks are fornmed, for exanple, in the radial

direction. On each of these tracks, data sectors whose nunber depends on a
position in the radial direction and the like are _ recorded, and recording
and reproducing is perforned with thisSdata sector as the unit. On the

ot her hand, recording and reproducing is instructed with a predeterm ned

I ogi ¢ bl oglirtRéioss s didikBiMve diviceen 8dmpiie ARfrmtive sledasdigiihg fleqrs fope host
system 10. Therefore, the controller perforns conversion - between the

LBA, whi cHesignating an greacvhesg an przotrapsurred as amraroy arearifithe erfogista sect or with

usi ng, for_ exanple shown in Figure 2 table (a conversi.on table)
ahow'ng ¢ Feeorgry st e et arb st ashs Tir B f-fuchlk GRRPBRSAE 06,

Her ei naf t @gaingeefolBRigatmPor Reallors lindl hdsiittem] AREARNS lafdaC kirke this
w il be de%aélrliﬂt}gfg. gr;59\] a%frl_efgzogz _SE [OSC%]J?] I n recording .gterﬁg)c?ksyon t he
magnet i c Egdtration gorfirming swenuior perforaung thedrding orpepioducinghgain ontled e (f or

exanpl e, / Ldent | fyin h lrac et ect ing . racking error, or
the 11 ke. Mhnaarbe s 6 Thlraa 3 saRE e S5 dve RRPOGY IR 8loBSE Pon of 1 ne
head 6 fr perférated @@ iRsipreecte@mihpditimelelapsaic avdcmeeliny the taRpdrag by the head 6
and supplies the positional information to the controller 3. [0028] In

addi t i on, regidration ifthe pmer is regovesed o1 shanging the gpnorary kegisiatioa taregylarespondi ng
data sectQr .l SLE6€ fr instructed by the host system 10, and

obt ai ns a?é&égtfap?ﬁ?}@ﬁggﬂ?%lrsn?g%gﬁé\}'maﬁh conparing to the position of the head
6 supplied by the recording and reproduci ng system 4. Then, the controller

3 noves the head 6 to a target recording track, gta,rget track) with

control | i Hyaddidon, @p$HOLIRSOVSTY Prosessugmadiod of & disk dppedeyignaaprdipatp t he head

6 is noveg,t . t Jetolel . I r rdi ng or

r epr oduci ﬁbc Ig%step léﬁ?étglﬁncé) \Xﬁl‘legﬁs %1 get a sedrg%girlﬁ%%t?? gg%%%ﬁﬁ%mtegﬁ? he LBA

i nst r uct edutiyg teherdimpsdr repretlecing thfomatiop oadutiskdrecédinggnédiumharserrerecor di ng or
r epr oduci g‘%‘f’i S per]&gjrred on the predeterm n@& data sector jnstructed by the
host syst EFCYHY SR GKeBIHNE 78 CWS{/)T,GCBWH@’CE e gfiep 3B egPEis dsfsctrd fevi ce, an

area (err gfe wiR@rorieksinp iR and &F 86t f18c R8s SRPLP PG RN PRBREnPEr
perfornmed on a recording surface of the magnetic disk 1 may occur. OsMng to
this, a spepredugingagain aftepaiptesistepmined tisacohad ictagseladcasingef oemperatiire and, i f
an error area QCcuk a . data sect.or . spare sector, far ex le, a data
Sector on T RaidnEatR e eyl if Be 308 QoSFE i ¥oyetsdlon§ B Repac o
the data s&ele processing step.

Q

Preferred embodiment
Figure 1 is a block diagram showing the construction of a disk drive device that is an

embodiment to which the present invention is applied.



.2 5.3 UL 2002 -gin the error area. Therefore, recording and rep u g i
can be perfornmed as if an error did not occur, with | ooking fromch?: 3!1’(}5@00(’
system 10. [0031] Such assignnment of a spare sector is managed with, for
exanpl e, a reassignnent table shown in Figure 3. This reassignnent table,
as shown in Figure 3, includes LBAs (LBA) corresponding to data sectors to
whi ch spare sectors are assigned, spare sector nunbers (SPARE)
corresponding to these LBAs, and flags (CAN, RE, WE, PRE, and TACAN)

show ng sﬁ%of assignnment. ' [0032] -%hen recording or reproducing is

i nstructe an LBA being supplied by the host system 10, the controller
3 refers to this reassignnent table and checks whether a spare sector is

assi gned tThis daihakseatrQVﬁCOHéﬁﬁ@@lnlcbdi@gﬁ%e;she hB%hﬁﬁEEH&t sk £ ) e
sector is agly i r [ efers to the co versmnta
I%S@Igg taa nsﬁt ﬁBPge% ofm'ﬁu ar 8¢ tahec‘a%'fﬁogeBFBBram' and

shown in Fi
corresponcﬁe%é”id(? h%“q_BAePﬁg%W‘El%‘i edatmyr eheromtrolare 3oronsirbdl i8gnakes
t he recor dingyadridnr efr M@Clengmysﬁﬁﬁk%exe@ua@vi@éi,oréild\guq{uﬁ PSR

Jefite
operati onm hea dahanoor! AbsEORMAN¢1shAn| NS S5 UrlURE’ BLAAST
with contrgl lﬂ{qlllmc% t he operatl(g he recording and re ucl

r

On the othe d7 i f atSP%F l’é‘éct"’H}d i EREOFAYRERIt oSYHESMath s‘.&ﬁ rmlng
corr esponﬁ%%“@h@%@ﬁﬁﬂfﬂdﬂ%ﬂ@d ont Hehecomgrodt ier @istakesohhehkeenrsding

and reproduti nhesy sdrBrb1exasut & HeeCUHtRG12k ! €Bl,0duci Y QBer aliqea on & he
D ey Rnsasindng pubi B0t Bl | ARG B0CTR ORcREoRIS BS S AT -
per f or ned, Q%drlé‘@orad‘ldndf%ﬂ’dPéﬁPSdﬁb!Fﬁ@ms?sPémthed@taéeﬁs ofhdtheercarntaol
recordi nghyr Ee®r cdudireglen tie angdretd ce difel Ipésfaakiy | YecoBd2n§ hrd L
To034] 'Fi Qfépm“@‘i“ga“f“o*“ QP? nebfe laLeELLINS A UL onERIRRTERS O
per f or ni n%ﬁté recorhl nél EEF c}Sr(ﬁrﬁ the Geatrgd: &Y b‘y‘h?h@eﬁfd@t
syst em 10 SWiSt¥Mdatia & ot%P?’é%'@%%dS%mplanB LBAtbetnggsupppeeelturéleocﬁpe:rrmt| on
is startedutsdaesbep i8site bifgune diskO088ble Ridwioe Alardd & b ddMerter
control | er apchynstyr ucﬁ&% fg?ecgj)dl %%nve%&QnSUBEl yi t:}heﬁggg t8$ b%&?
€ et fm

recor ded to the recaordin reproduci ng system4 a

timng, and PREpiEEeEsn g‘&’és to the subsequent step S2. Onng to this, the
recordi ng and repr oduci ng system 4 records the data to be recorded on the
predet er m[o@d1dat a sector of the magnetic disk 1, and supplies to the
controller 3 the informati on showi ng whether this recording is term nated.

[ 0036]
In the memory 2, an area where recorded and reproduced data, a

control program for the controller 3, data (for example, a
reassignment table and the like), etc. are stored, and a buffer
area where recorded and reproduced data are stored are
provided. The buffer area has capacity capable of saving data,
whose number is equal to or more than several hundreds units in
the recording unit (data sector), on the magnetic disk 1.

[0022]

The controller 3 comprises a processor that executes the
control program, a hard disk controller, and the like. This
controller 3 controls the operation of the entire disk drive
device by executing the control program stored in the memory 2.
Furthermore, the controller 3 controls recording and
reproducing on the magnetic disk 1 on the basis of commands and



At the step S2, the controller 3 judges whether witing is norma2|5/ JUL 200[.
t erni nat ed, and if normally term nated, the recording operation is
conpleted. If a certain error occurs and t he recording is not normally
term nated, the process goes to step S3 to execute error recovery procedure
(ERP). [0037] In this ERP, the controller 3 repeats recording several tines
with changing, for exanple, an offset fromthe reference position of the
head 6 by controlling the servo system 5, or recording paranmeters such as

t he fllterln propert of t he recordln and reproduci system 4 descri bed
above. 9 g ed frofy the EBﬁﬁIEYFBﬁWo£§SUCh ERP, the
process goes to step 4, the recordi ng operation is conpleted if the
recording pgopojmally term nated by means of the ERP and the error is
recovered. Nevertheless, if the recording fails predeterm ned tinmes or

more, the process goes to step S5, and the process goes to step S6 after

wai ti ng fofhe prederekismed t cag (%?‘F‘FW@ td mPluzaliRE sep PIRCESSSSr f Am
recordi ng pgaableFuraherneice poef@imeeagte goakricd sifednpat hAA3Bhtpatt bifs
ranner, 'chHﬁaﬁéysg?ﬁfdéég ﬁ{éﬁrtﬁé ﬁ%@%Fggﬁﬁéﬁﬁgﬁ %%éﬂa% E%”B% %EB&eoﬁf

t he head 6 due to_collision o protrusiQn cause ansi on

of the heali®8ohfieR anfhdEparP &gﬁgnqﬁfﬁn1qqﬁa%ﬁﬁ??uﬁghﬁrQ%e @n@PF& P8k
1, it becoﬂéstbgsbeﬁdeﬁtoamdnﬁkﬂrﬁnkﬂ'nal recording by performng the
recordi ng again. i s because the tenperature of the head 6 falls during
t he maltlng ﬁ gﬁaand t he gap between the protrusion of the head 6 and the
surface of ? gnetic disk 1 becones large. [0040] Figure 5 is a graph
showi ng the change of the frequency of error occurrence dependi ng on

t enper at ur ehenhaadi skcdmpyesdeyi €er aagampi¢; nan t imductdnczarnyipe seeoriiian

Figure 5 thaha,ifah§e BGWSP%&ﬁ&hé‘S'H‘&a& heu@irﬁ_:}( drfo‘ie %‘%‘c‘é&n‘iﬁe‘ S Bhahur
1l owering of f he reque E%%% errgE occurregce IS slow, and, t he

t enper at ur §"PARF %r?ﬁ%s e dri GETERY) ce PECTRY | oREri nd oprﬁe f#@dﬁ@ﬁcy
of error owadnpeepresistance efDou) cliamesitor e, by setting the waiting tine
(the waiting time is set long if the tenperature is high, and short if |ow)
on the ba5|§0 g the data showi ng the tenperature inside the disk drive 2
5J UL 206 device that is supplied fromthe tenperature sensor 8
t hrough t he ADC 9, it beconmes possible to optimze the balance between the
| overi ng oPnpeaf grevostinguesugfahe vef tithg tnagnahic t e sénhancepierntyof of
recordi ng- rebbaRiihgt Ytracks are formed, for example, in the radial
direction. On each of these tracks, data sectors whose number
depends on a position in the radial direction and the like are
recorded, and recording and reproducing is performed with this
data sector as the unit. Oon the other hand, recording and
reproducing is instructed with a predetermined logic block
address (LBA) instead of the data sector unit from the host
system 10. Therefore, the controller 3 performs conversion
- between the LBA, which is instructed by the host system 10, and
the data sector with using, for example, as shown in Figure 2,
a table (a conversion table) showing the correspondence of each
LBA and each data sector.

[0026]

Hereinafter, the operation of the disk drive device constructed
like this will be described.



[0042] Furthernore, at step S7, the controller 3 judges whet her?ﬁeﬁyl_ 2002
re-recbrding is normally termnated, and, if nornmally term nated, t
recordi ng operation is conpleted. On the -contrary, if a certain error
occurs and the recording is not nornmally term nated, the process goes to
step S8. At the step S8, the controller 3 designates the data sector which
performed the recording as a defective sector, tenporarily assigns a spare
sector to becone a substitute, and recagds data in this spare sector.
Furtherrng0 ;ﬂe controller 3 records the LBA corresponding to the data
sector, t M%I h the spare sector is assigned, and the nunber of the spare
sector, being assigned, in the above-described reassignnent table and
appropri arel yesetdindettbdaks shonwehg mhghetiicedisk 15 @caanved dexticar Msat e

this procgss.. ln.this cas the coniroller 3 sets tg 1.the showi ng
that Lhe Eeporadd Bt Pefagt MRl Snufh aF Peklprtns 2oRTekE. SO 10,
the assi ghHERYLFEIRE5EFEr y‘?r?‘?'}"adﬁlie‘?:feﬁﬁ?‘ngf antERFEENGc GO dur PRg the

repr oduci hjjkend t effpor arercoredingt r ahdonreprgbrdigrgredysttea céntolbtabns 3 set s
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the error badogccurred during recording or reproducing, after a
predeterm ned waiting tinme elapsed, if the error had been not recovered in
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[0030]

By the way, during use of the disk drive device, an area (error
area) where normal recording and reproducing cannot Dbe
performed on a recording surface of the magnetic disk 1 may
occur. Owing to this, a spare area is provided on a recording
surface beforehand, and, if an error area occurs, a data sector
(a spare sector, for example, a data sector on the most inner
track) in the spare area is assigned instead of the data sector



. 25 J UL 200 -14_ [0048] By the way, it may becone possible to erEGJhM_ 2002
nor mal ‘recordi ng and reproducing on the data sector, to which a spare
sector has tenporarily been assigned as descri bed above, when the
tenperature of the head 6 falls after tinme in sone extent elapsed. If this
state is left as it is, spare sectors are unnecessarily consuned, and
hence, this |eads to shortage of spare sectors, |owering of access speed,
and the like. [0049] Gbnerally, the shgrtage of spare sectors arises due to
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sectors anespreyseed. 1@very time recording or reproducing to a data sector
to which a spare sector is assigned is instructed. [0050] Then, this disk
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a spare sé8P3l1has been tenporarily assigned as described above, after
predetermned tine fromthe tenporary registration elapsed. If nornal
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next step
system 4. On the other hand, if a spare sector is assigned to

the data sector corresponding to +the LBA instructed, the
controller 3 makes the recording and reproducing system 4
execute recording or reproducing operation on the spare sector
assigned, with controlling the operation of the recording and
reproducing system 4.

[0033]
In addition, when recording or reproducing is performed, the

recording and reproducing system 4 detects whether the
recording or reproducing on the magnetic disk 1 is normally



[0054] At the step S14, the controller 3 judges whether the recgr@iqgliszg 2
normal [y termnated, and, if normally term nated, the process gbe 9
S15 to conplete the confirmative operation of the tenporary registration
after cancellation of the tenporary registration. Concretely, the
controller 3 deletes the data relating to the data sector in the

reassi gnnent table 2 5 JUL 2001 -16 described above. OnMng to this, the
t enporary registration is cancelled, tfe data sector is treated as a

def ect - ”E‘{? gtscgmt aila Al ”d tfé% Sc%%r%e%‘%%kg a%él;QT@dtéot{lQ' of?@w} tor
al so i s rélease since nporary regi s I on o

data sectdr becones regular reglstratlon recording and reproducing is
performed to the spare sector assigned to the data sector. [0055] - On the
contrary, bé34§e recording is not normally terminated at the step S14, the
process goes to step S16, and the controller 3 changes the tenporary
registration to regular registration to conplete the confirmation.
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regarding the data sector is treated as regular registration. [0056] In
addi ti on, 53§5ﬁontroller can judge before conpletion of the confirmative
operation of the tenporary registrati on whether other tenporary

regi stration exists, reexecute the operation fromthe step S11 if exists,
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wLether this recording is terminated.

[0036]

At the step S2, the controller 3 judges whether writing is
normally terminated, and, if normally terminated, the recording
operation is completed. If a certain error occurs and the
recording is not normally terminated, the process goes to step
S3 to execute error recovery procedure (ERP).

[0037]

In this ERP, the controller 3 repeats recording several times
with changing, for example, an offset from the reference
position of the head 6 by controlling the servo system 5, or
recording parameters such as the filtering property of the
recording and reproducing system 4 described above.



disk drive device fromsince it is possible to tenporary regi ;2t5a(-l|unln2002
spare sectors, lowering In addition, the present invention is not limted
to the enbodi nents descri bed above. For exanple, although cases that the
present invention is applied to disk drive devices are described in the
enbodi nents, application objects of the present invention are not, |limted
to disk drive devices, but can be other di sk recordi ng nedia such as an
magnet o- opti cal disk. Therefore, ﬁOSSIb|e to perform necessary
nndificatigﬁ pﬂthrn t he scope of techn} i dea of the present invention.

[ 0059] [Aﬁ A éges of the invention] According to the present invention, it
is possible to performrecording and reproducing with avoiding an error

caused byA@té@naemglateOhnsfeaﬁehOERPﬁcendlpgbééebrgﬁééxkﬁﬂﬁﬁb@ESmS Blie
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recovery pegeethekesdherigf otee Iﬂedoﬁ:d{i@QSI bd £ld opredetebmirged O timiex ebance
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and changstgpt 1% ﬂenpmeeiqnmegeemrémnqnﬁqanneguFarthegm@I¢attbﬁ propess

2 5 JUL 2qoeB~ tolgtégcgyered it is possible to use areas, where norm
recordi ng and reproducing can be perfornmed if the tenperature of the
recordi ng and reproducing neans falls, anong areas, which have been

t enpor ari [Y0P&4i st ered, as defect- free areas. Therefore, it is possible to
prevent the recording capacity of a disk drive device fromunnecessarily
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sector; F h an f r t e;
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flow chart %Q% n%gg confirmative operation of _ tenporary registration.
[Descrrptron o

[0040]

Figure 5 1is a graph showing the change of the frequency of
error occurrence depending on temperature in a disk drive
device and waiting time. It can be seen from Fiqgure 5 that, if

- the temperature inside the disk drive device is high, lowering
of the frequency of error occurrence is slow, and, if the
temperature inside the disk drive device is low, lowering of
the frequency of error occurrence is fast.

[0041]

Therefore, by setting the waiting time (the waiting time is set
long if the temperature is high, and short if low) on the basis
of the data showing the temperature inside the disk drive
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device that is supplied from the temperature sensor 8 through
the ADC 9, it becomes possible to optimize the balance between
the lowering of performance due to the waiting time and the
enhancement of recording-reliability.

[0042]

Furthermore, at step 87,
re-recording is
terminated,

-contrary,

the controller
normally
the recording operation is
if a certain error occurs and
normally terminated, the process goes to step S8.

3 judges whether the
and, if
completed.

terminated, normally
On the
the recording is not

At the step

S8, the controller 3 designates the data sector which performed

, the recording as

spare sector.

a defective sector,
spare sector to become a substitute,
Furthermore,

temporarily assigns a
and records data in this
the controller 3 records the LBA

corresponding to the data sector, to which the spare sector is

assigned,

and the number of the spare sector,

being assigned,

in the above-described reassignment table and appropriately
sets the flag showing that an error is occurred to terminate

this process.

In this case,

the controller 3 sets to 1 the

flag WE showing that the error is an error during recording and

the flag TACAN showing that the assignment is temporary.

In

addition, if an error occurs during reproducing and temporary
registration is performed, the controller 3 sets to 1 the flag
RE showing that the error is an error during reproducing and
the flag TACAN showing the assignment is temporary.

- [0043]

This reassignment table

table as this 1is

is
predetermined area on the magnetic disk 1,
memory provided in the controller 3.
saved in memory of the controller 3

recorded in, for example, a
or non-volatile
Furthermore, the same

for

acceleration of operation when a fixed disk operates.



reproduci ng by the recording and reproduci ng device; a device 2q5 qﬁﬂsﬁgnnp
an error recovery procedure by controlling the recording and r 0 t

devi ce when the error detector detects an error; a tenperature detector for
detecting a tenperature inside the disk drive device or outside the disk
drive device, and an error processor for perform ng recording or
reproducing again on an area where the error had occurred, after a
predeterm ned waiting time has el apsed, ;4f the error is not recovered by

t he execumg @ the error recovery procedure, wherein the error processor
sets the time according to the tenperature detected by the

t enperat ure detector. 2. The disk drive device according to Caim1,

wher ei n t henerthnis pmee@esQr bet Saéshegrvrmgi Rg bpaeel odgrEtor N td casesébwdrt he
t enper at ur g dg (@ﬁ&&@& Qe theqheapelal UseolBkeCtfly dinath@he! dfkding and

pr edet er m ned erature, a % ime in case t

e wait
tenperaturEFQER %Rﬁtﬁﬁtﬂﬁf %ﬂﬁ%ﬁé?hﬁ%“ﬁ @EFoPeF§°FoﬁéF19H§ 'tﬂgen the
pr edet er m necox@&hperandinseprodicing tol tRe0Qef@dtid: skwtad sis dequestedi.ce
according to Claim1l, wherein the error processor conprises: an alternative
area assig '@g ?evice for designating an area, where an error occurred, as
an error a ? the error is not recovered even if the recording or
reproducing is performed again, performng a tenporary registration, and
assigning an adddrtiashi,ve freareadd ex roeNMrdins &g Hig ateprodwning ndaga,
devi ce Toreper {0EFLRgok CERREI A0 QI trtﬁeor A NGrAGR LNg 3ceaxdegtanat ed

ﬁr
as an error. are ter the fe or is at|on been
the alter n?i’??véllil'f@& CRES; t'T’rﬁrre}?i‘evfr g r’é"c%’f%% ?nﬁeﬁg‘érmeg

el apsed, ahdsteadebfnyechrdirgpat atlyere'ges-'é r&2| andi $6% henér EBP,j sandetbatred
,0r changi nghéheoh€@BOLaty 3r @@kt kabl Ealgo Fe regul aindegistsnttwe Elaghee
error is ngfe eEQﬁ{gcgfgrey s e%hsecz%t%nd&'s" eS!%XkﬁSda&&O{ﬁ’é][% rPas% aim 3,

wherein the alteéern assigning device records in t1on, show ng
correspondence between the error area and the alternative area, and
identificatbosaeinformation, show ng that the area has been tenporarily
designated as the error area, in a reassignnent table when assigning the

alternatlvgsa%%%brlged above, in this disk drive device, it is possible

to perform recording and reproducing with avoiding an error
caused by a temperature increase of the head 6 by performing
recording or reproducing again to a data sector, where the
error had occurred during recording or reproducing, after a
predetermined waiting time elapsed, if the error had been not
recovered in spite of executing the error recovery procedure.

[0047]

- Therefore, it is possible to prevent the decrease of recording
capacity by preventing unnecessary assignment of spare sectors.
In addition, since it is possible to perform recording and
reproducing, which is similar to normal recording and
reproducing, by avoiding an error due to the temperature
increase of the head 6, it is possible to increase reliability
in comparison with a «case of performing recording and
reproducing with using appropriate positional information.



. wherein, on the basis of the reassignnment table, the tenporary registration
confirm ng device executes recording or reproducing again to thQ rgEUL 2002
havi ng been designated as the error area, confirns error recovery, and
cancel s tenporary registration or changes to regular registration. 25 1J
UL 2002 -22 5. An error recovery processing nethod of a disk drive device,
conprising: a wite error detecting step of detecting an error occurring
during recording or reproducing inforneafldon on a di sk recordi ng nedi um an
error recoggbxeﬁtep of executing an error recovery procedure when an error
Is detected a he wite error detecting step; and an error processing step
of perform ng recording or reproducing again after a predetermned tine
accordi ng By &heemagr, atitr enayndabome mdssibde ttdee pErdiorr incermddy imseohras ng

el apsed, i&nhheeptbQicYRS Bﬁttﬁéc@X€£e§Eé%6¥Lt%b?ﬁﬁidﬁ“ﬁ“%?d%@ Qfedthe @REOr
recovery procedure..6. @n error_ r.ecovery progessi t hod of thE dlS%h
drive devi CE"RREBF4Hg 86&1mﬁﬁﬁigqﬁ%nnﬂsin@?s%ﬁﬁ erfa?Yve aleg" e
assi gni ng $empesptussi gifat ithg dread e&, Hkle afterr obime cuiy edomes extvedty or
area if thelapged.i s npt thegowdate als thefer aer iy obesskparst epctors are

unnecessarily consumed, and hence, this leads to shortage of
spare sectors, lowering of access speed, and the like.

[0049]

Generally, the shortage of spare sectors arises due to
limitation of the number of spare sectors. Generally, the
lowering of access speed arises because the spare sectors are
provided in the most inner track and the head 6 should be moved
to the track, where spare sectors are provided, every time
recording or reproducing to a data sector to which a spare
sector is assigned is instructed.

[0050]

Then, this disk drive device confirms the  temporary
registration to the data sector, where a spare sector has been
temporarily assigned as described above, after predetermined
time from the temporary registration elapsed. If normal
recording can be performed, the temporary registration is
deleted, and, if not, this disk drive device changes the
temporary registration to regular registration.

[0051]

Figure 6 is a flow chart showing the confirmative operation of
this temporary registration. The confirmative operation of
this temporary registration includes counting the time after
the controller 3 performs the temporary registration in Figure
2, being activated after predetermined time elapsed, and
starting execution from step S11 in Figure 6. Alternatively,



perforning tenporary registration, and assigning an alternativ@ 5rd¢jLaQ@DZa
tenporary registration confirmng step of perform ng recording or
reproduci ng again on the area, having been designated as an error area,
after tenporary registration was perforned at the alternative area
assigning step and predetermned tine el apsed, and canceling the tenporary
registration if the error is recovered_lg[ changi ng the tenporary
registration to regular registration if“the error is not recovered. 25 17J
UL 200 - 1%% g. Aaglig# dgi ve Cf rllltreoller corr.pris’i_a‘ 9., an error getsctor for
detecting an erPor 2 ocTr fi Hg ]dlu iﬁig‘ r%%tb?aﬁ %r eppgdu%lrl?fa BY & YA ng
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not recovereerq b)ﬁ t he .execution of the error réecovery procedure, wherein the

error proccessc?rl &S S8 d wai ti ng time according to a tenperature detected

by the tenperature detector. 8. The disk drive controller according to
Claim?7, woesiin the error processor conprises: an alternative area
assigning device for designating an area, where an error occurred, as an
error area, if the error. is not recovered even if the recordi
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[0053]

Next, at the step S12, the controller 3 instructs the recording

and reproducing system 4 to reproduce data in the spare sector

and to record the reproduced data in the original data sector,

to which an alternative sector has been assigned by the

temporary registration, at the next step S13. Then, the
- process goes to the next step S14.

[0054]

At the step S14, the controller 3 judges whether the recording
is normally terminated, and, if normally terminated, the
process goes to step S15 to complete the confirmative operation
of the temporary registration after cancellation of the
temporary registration. Concretely, the controller 3 deletes
the data relating to the data sector in the reassignment table
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10@§u&f()3ychgpgeavKgp tempordry registration to regqular registration to
complete the confirmation. Concretely, the controller 3 resets
the flag TACAN in the reassignment table, described above, to
0. As described above, since the controller 3 not only sets
the flag WE or RE to 1 but also sets the flag TACAN to 1 at the
time of the temporary registration, only the flag WE or RE
keeps 1 by resetting the flag TACAN to 0. Hence, hereinafter,
the registration regarding the data sector is treated as
reqular registration.

[0056]

In addition, the controller can judge before completion of the
confirmative operation of the temporary registration whether
other temporary registration exists, reexecute the operation

from the step S11 if exists, and terminate the operation if
- not.

[0057]

By confirming temporary registration in regard to sectors
temporarily registered 1like this, it is possible to use
sectors, where normal recording and reproducing can be
performed if the temperature of the head 6 falls, among
sectors, which have been temporarily registered as defective
sectors, as defect-free sectors. Owing to this, it is possible
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release spare sectors assigned by the temporary registration,
it is possible to resolve shortage of spare sectors, lowering
of access speed, and the like.

[0058]

In addition, the present invention is not limited to the
embodiments described above. For example, although cases that
the present invention is applied to disk drive devices are
described in the embodiments, application objects of the
present invention are not limited to disk drive devices, but
can be other disk recording media such as an magneto-optical

disk. Therefore, it is ©possible to perform necessary
modification within the scope of technical idea of the present
invention.

[0059]

[Advantages of the invention]

According to the present invention, it is possible to perform
recording and reproducing with avoiding an error caused by a
temperature increase of recording and reproducing means by
performing recording or reproducing again on an area, where the
error had occurred during recording or reproducing, after a
predetermined time elapsed, if the error had been not recovered

— in spite of executing error recovery procedure. Therefore, it
is possible to contribute to maintenance of recording capacity
and enhancement of reliability.

[0060]

In addition, by confirming temporary registration in regard to
.an area temporarily registered, canceling the temporary
registration if an error is recovered, and changing the
temporary registration to reqular registration if not
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recording and reproducing means falls, among areas, which have
been temporarily registered, as defect-free areas. Therefore,
it is possible to prevent the recording capacity of a disk
drive device from unnecessarily decreasing.

4. Brief Description of the Drawings:

Figure 1 is a block diagram showing the construction of a disk
drive device that is an embodiment of the present invention;

Figure 2 is a drawing showing an example of a conversion table
showing correspondence between the logic block address (LBA),
which 1is supplied by a host system, and the data sector;

Figure 3 1is a drawing showing an example of a reassignment
table;

Figure 4 is a flow chart showing error recovery procedure at

the time when thermal asperity caused by expansion of a head
occurs;

Figure 5 1is a graph showing the change of the frequency of
error occurrence corresponding to temperature in a disk drive
device and waiting time; and

— Figure 6 is a flow chart showing the confirmative operation of
temporary registration.

[Description of symbols]

. Magnetic disk

.. Memory

.. Controller
. Recording and reproducing system
. Servo system

o W N =
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6 ... Head
7 ... Arm
8 ... Temperature sensor

10 ... Information processor
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1. A disk drive device comprising:
a disk recording medium,;

a recording and reproducing device for recording and reproducing information
on the disk recording medium;

an error detector for detecting an error occurring during recording or
reproducing by the recording and reproducing device;

a device for executing an error recovery procedure by controlling the
recording and reproducing device when the error detector detects an error;

a temperature detector for detecting a temperature inside the disk drive device
or outside the disk drive device, and

an error processor for performing recording or reproducing again on an area
where the error had occurred, after a predetermined waiting time has elapsed, if the
error is not recovered by the execution of the error recovery procedure, wherein the
error processor sets the waiting time according to the temperature detected by the

temperature detector.

2. The disk drive device according to Claim 1, wherein the error processor sets
the waiting time longer in a case that the temperature detected by the temperature
detector is higher than a predetermined temperature, than the waiting time in a case
that the temperature detected by the temperature detector is lower than the

predetermined temperature.
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an alternative area assigning device for designating an area, where an error
occurred, as an error area if the error is not recovered even if the recording or
reproducing is performed again, performing a temporary registration, and assigning an
alternative area; and
a temporary registration confirming device for performing recording or
reproducing again on the area designated as an error area, after the temporary
registration has been performed by the alternative area assigning device and the
predetermined time has elapsed, and canceling the temporary registration if the error
is recovered or changing the temporary registration to a regular registration if the error

is not recovered.

4. The disk drive device according to Claim 3, wherein the alternative area
assigning device records information, showing correspondence between the error area
and the alternative area, and identification information, showing that the area has been
temporarily designated as the error area, in a reassignment table when assigning the
alternative area; and

wherein, on the basis of the reassignment table, the temporary registration
confirming device executes recording or reproducing again to the area having been
designated as the error area, confirms error recovery, and cancels temporary

registration or changes to regular registration.
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a write error detecting step of detecting an error occurring during recording or
reproducing information on a disk recording medium;

an error recovery step of executing an error recovery procedure when an error
is detected at the write error detecting step; and

an error processing step of performing recording or reproducing again after a
predetermined time according to a temperature inside or outside the disk drive device
has elapsed, if the error was not recovered even by the execution of the error recovery

procedure.

6. An error recovery processing method of the disk drive device according to
Claim 5, comprising:

an alternative area assigning step of designating an area, where an error
occurred, as an error area if the error is not recovered at the error processing step,
performing temporary registration, and assigning an alternative area; and

a temporary registration confirming step of performing recording or
reproducing again on the area, having been designated as an error area, after
temporary registration was performed at the alternative area assigning step and
predetermined time elapsed, and canceling the temporary registration if the error is
recovered or changing the temporary registration to regular registration if the error is

not recovered.



10/ 109%<&' () - 109%& ()-  10%& ()-z 10%& ()- @109%& ()-I|109%& é"l n‘?ﬁ
10! % 109%<& ()- 10< 10< 10<F" 10%& ()-3 109%& ()-10%& ()- f10% "lul# 02
Ul[9nbC ! 10%& ()-! 10%<& ()-! 10%& ()-! 10%EE& ()-

109%& ()-Y 109%<& ()-UY }"9mbC ! 109 ()-!*10%& ()-G YI0%' ()- ! Y10%<& ()-
Y10%' ()- @ 10%<& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading3g3]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph Font u$W O0h7<Cl PcW gci noty

T =&S~is VM " gbe v ot ! -QJ4qg: ;. ..

?AFKMBQ S _ch?‘jlflﬁﬂ{'&%%ﬁrgg’&%’{%@rlféqgghij kKl mmopgr st uvwxyz{| } ~6Ti mes New
RomanAri al Cour iag errbedétectbioRt dEBéting\ir ¢Hde @BeRTh{ during recording or

" #$9&' ()*+,-./0123456789; ;

<=>7? @G\BCDEREHWKIg\NCPEREMing padzEpoducing dendt grecpidingwndgeptodveing z { | } ~

information on a disk recording medium,;

a device for executing an error recovery procedure by controlling the
recording and reproducing device when the error detector detects an error;

a temperature detector for detecting temperature inside the disk drive device or
outside the disk drive device; and

an error processor for recording or reproducing again on an area where the
error occurred, after a predetermined waiting time has elapsed, if the error is not
recovered by the execution of the error recovery procedure, wherein the error
processor sets said waiting time according to a temperature detected by the

temperature detector.

8. The disk drive controller according to Claim 7, wherein the error processor
comprises:

an alternative area assigning device for designating an area, where an error
occurred, as an error area if the error is not recovered even if the recording or
reproducing is performed again, performing temporary registration, and assigning an
alternative area; and

a temporary registration confirming device for performing recording or
reproducing again on the area, having been designated as an error area, after
temporary registration was performed by the alternative area assigning device and
predetermined time elapsed, and canceling the temporary registration if the error is
recovered or changing the temporary registration to regular registration if the error is

not recovered.



