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ERROR 5 BACK NVENTI ON The present invention r;@@
storage apparatUs ifsye ch an arbitrary sector in an alterna a/ Gior*
provided on a disk is allocated as an alternate sector, and nore
particularly to a disk storage 10 apparatus used to record AV (Audi o
Visual) data, and also to a retry nethed anpl-oyed therein upon occurrence
of a sector error. At present, there is a tendency to raise the storage
capacity of a disk storage apparatus such as a 15 hard disk drive

(hereinafter referred to sinplyras,anor HRRE) 1nGeRO BNl Yy, HDDs have now
cone to be used as AV HDDs. AV HDDs are used to record AV data, such as

digital nusic datex A APHerEs aportZuDIO AVSHRDSDATA ASDrRUERded as
inportant to 20 process AV data in real tine. To this end, AV HDDs have a
function for amEIMED GMENOYRIDSIHRRE INGIPEOrOGCURRDRCE SGEt SECT@Rdef ecti ve
sector, if it exists on, for exanple, a magnetic disk. This function
enabl es conti nE@RRORISe of AV HDDs wit hout reducing the access 25 rate, even
if there is a defective sector. As is known, a disklike magnetic nmedi um
i.e., a wagnetic disk, is us8ACESROUNEC @FiTHE rMENELIGN HDDs. Y- 2 It
is desirable that magnetic disks should have no defects. However, in
general, it is consi resevbi bepertion rejatest tamaudackuFtAgape ocesses,
t hat magnetic di sks have several defects. Defects on 5 magnetic disks are
classified i nt RRAF alestn THE Gh radt %ER%¢Eﬁrﬂe?%%¥°{db$e%?l@Et§é%?%ﬁs) are

detect ed by exam nation e uted b re, H are, shipped. The defective
sectors are th&tSuB¥it 6f E%i&%ca%ﬂ% ggc%%da?§%ﬁn%?edefect

(defective 10 SECtgt%{rnrs%Za a\%cd:ungosr[ afteri%lcgltf {}9? gpgflskdg%{J%%gct ual use by

a user. Concer miy I'Ts %e degree; etc. of

defects 1gan be Aekashat M 0&&%@5&0&9& PAOBI 91 §a4h Peagve] degh by

i sk

also to a retry method employed therein upon
occurrence of a sector error.
At present, there is a tendency to raise the
storage capacity of a disk storage apparatus such as a
15 hard disk drive (hereinafter referred to simply as an
"HDD"). Accordingly, HDDs have now come to be used as
AV HDDs. AV HDDs are used to record AV data, such as
digital music data, digital video data, etc.
In AV HDDs, it is regarded as important to
20 process AV data in real time. To this end, AV HDDs
have a function for automatically substituting, for a
normal sector, a defective sector, if it exists on,
for example, a magnetic disk. This function enables
continuous use of AV HDDs without reducing the access
25 rate, even if there is a defective sector.
As 1is known, a disklike magnetic medium, i.e., a

magnetic disk, is used as a recording medium in HDDs.



15 shipping of products if the detection result requires it. However, the
second type of defect occurs at random whil e users are using HDDs.
Accordingly, it is a matter of course that an alternate process nust be
execut ed upon detection of a second type defect. 20 Further, there is a
demand for shortening the tinme required for this process. HDDs have, until
recently, nostly been used as external storages for conputers. Therefore,
the accuracy of data stored in HDDs is wverd ifrportant. In 25 the disk drive
described in, for exanple, Jpn. Pat. Appln. KOKAI Publication No.

10- 255903, a sufficient restoration tinme is provided to enable a retry -
3 operation tobei exessiesbda ahaernagnéséct di.sksr ehpuddr hage no
reading/witing of data in a data sector. In this disk drive, restoration
of the error | dafdecnpt edHowevey, t he gesepeati oh tsmeon©adgred the error
sector 5is not restored is it subjected to an alternate process. Sone
recent HDDs autwmatéiddlbieal lochight abrmahugactuvring pracessesa dbkéctive
sector, i.e., automatically execute an alternate process. For the 10
verification ofmadgreetes edishe Baveossvarabtdefecife i Befiseds ohnce, as
stated above, HDDs have been used as external storages for conputers.
Specifical ly, iTPERVERtEDREF MOBsClerefifiedr iBEOr EVPYFYPESexedlifed not
nore than a predeternined n er o iimes on a sector 15 that, may b

Gof et i ve. 1 b chrort retry SHatarsSt - LaTar Ehret BERLproin BF o gehebettor ¢ hat
may be defective., Only.if.the error, sector Is restor even ter error
retry is execuﬂgﬁ %5%?%%%?%?%1%§%cﬂﬁﬁ§e e%?r?iﬁgésinghsﬁgggFgr ggﬁsidered
a def ective ongapd. o, SUbLECOPd §peaPnah! €hBBLELRERACES: ndbiigy I N Lhe

process execut ed upon detection of a sector error 1 n conventional HDDs,

much nore time {s-{fooulrefhfose¥enaftGaki 98 Qéfécgelgﬁkb&€i§60t0r, i.e.,
for error retry, than for an alternate process. 25 descri bed above, in

conventiignal HXESct&r Py 06€68rsNabéehuppsi hreathoppel, addef gt kveusector is
regarded as inportant is executed in light of the tact g _ that HDDs

have been used &se exy es nasest orages for conputers. Therefore, a lot of tine
is required for error retry executed on a sector that may be defective.
This neans that, in CongenhingathelDBDsrs6 tyer wiiedefetrty hhe degeceeded, it
is difficult to realize realtine processing of AV data. In other words,
conventional HODEkel neECappf opefatksasap\beppstertetdher fBEe, in the

conventional HDDs, there is_a 10 case where the sector, in which an error
has once occurr%ﬁEuWE?W%%p%faP¥?91?%§tB?Edbﬁf?EPlgﬁﬁogyrEFP?nggeﬁgEuted

thereon]EPr a léﬁ%béiﬁg'o%rkggégc szf £Qg detection result requires
it. However, the second type of defect occurs at
random while users are using HDDs. Accordingly, it is
a matter of course that an alternate process must be
executed upon detection of a second type defect.
20 Further, there is a demand for shortening the time
required for this process.

HDDs have, until recently, mostly been used as
external storages for computers. Therefore, the
accuracy of data stored in HDDs is very important. 1In

25 the disk drive described in, for example, Jpn. Pat.
Appln. KOKAI Publication No. 10-255403, a sufficient

restoration time is provided to enable a retry



sector is not subjected to an alternate process. However, if conventional
HDDs are used as AV HDDs, the 15 tinme that can be used for processing a
sector error is limted, and hence it is possible that an error will occur
in the tenporarily restored sector. BRI EF SUMVARY OF THE | NVENTI ON The
present invention has been developed in |ight 20 of the above
circunstances, and ains to provide a disk storage apparatus for AV data
that enables realtine processi ng when AY data-stored therein is accessed,
by using the maxi num all owabl e tinme period for error sector restoration

cal cul ated on the basis of the 25 conmand processing time period designated
by a host, as t8pefB¥iBHMEr ber ekethy el B REr icdd ofror( seidt@r retrarjexecut ed
upon occurrence of a sector error. The - 5 invention also provides a
retry method usé@dripgonreedinyggweetdhgaofedada émr ar datat lseaticek. stlor age
apparatus. According to an aspect of the invention, there is 5 provided a
di sk drive appathiasdiek Avidat ariestwhiach oan odr lsihter &y ogedtsora tiragwpiteed i n
an alternate area on a disk is allocated as an alternate sector for a

def ecti ve sect oBuphnghéhgi skstesapirsi fdmerea®s livod fc dimsuteniy ra sestiorum
allowable time period for 10 restoration of a sector in which an error
occurs, oh the basnNgtofegtespnid prosedsiesded v p&r tdd eddsitghat ed by a
host using the di sk storage apparatus, when the error occurs upon access to
the di sk desi gnat@8¢8y-a comand supplied fromthe host, the 15 comand

[ ti i od bl i | ti i.ng; f det i ni
s of the computed RERENBRCERTofbe 1A arigd Sad L S ftn MHPB 1 ot 1y
time period; aag?gfﬁgf%é056gggtgglglggfg%kﬁxeo%e%Q%rsegp%[, in which the

error occurs, etermn mexXi nmum error ‘rétry ‘ti me period.

Addi tional obj 65%’5?%??%&3‘-’(@2; %QEEUQE ttah\?m_a:ll@\é‘?:wait%np%lcles@q sgtﬁerf Qih in the

description whic I n par be obvious from

descripti®n, orygryrbeateahned ByePhaghkices vef skheo2d anvemt igan.t ikke i@bj ects
and advantages of the invention may be realized and obtai ned by nmeans of

the instrument ahsédessandecorbi Bakiceds apatil, CUDdsl have- b@enpaiskddsout
herei nafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng dranmtagsalwhtohagee fncocpopatedsi.n &pecidiskiltlyt, e iam part of
the specification, 5 illustrate enbodi nents of the invention, and together
wi th the gener afodeéentipnadnigPeenrabove (@ndorhgedatai Led ekesartiosn nek of

t he enbodi nents given below, serve to explain the principles of the

i nvention. Fl GMeresthap| acRrefg§ram PeFuSFREI NG tathBed P& & SI€dritve

ding, t dimept qf _the.i ion; FIG_ 2 i f | owchar t f ul
- oxpl i ng- atFRFSTRy BecOef R Ch¥BeediPe SERBFOFEAYn PAG“enbod Nt

FIGS. 3A and 3539r§r§t£58m@98ﬁtOHS%EUE g@ctor that may be defective.

Only if the error sector is not restored even after
error retry is executed a predetermined number of
times is the sector considered a defective one and

20 subjected to an alternate process. Thus, in the
process executed upon detection of a sector error in
conventional HDDs, much more time is required for
verification of a defective sector, i.e., for error
retry, than for an alternate process.

25 As described above, in conventional HDDs, a
process in which verification of a defective sector is

regarded as important is executed in light of the fact



15 expl ai ning a second processing procedure enployed in the enbodi nent; and
FIG 4 is aviewillustrating a retry counter 204 provided in a RAM 20 and
used in place of atimer TM2 in FIG 1 to nanage an error retry tine
period. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi ment in which the
invention is applied to an AV hard di sk drive for recording/reproduci ng AV
data will be described with reference to the acconpanying drawings. FIG 1
is a block diagram 25 illustrating a hard di sk drive 1 according to the
enbodi ment of the Invention. The hard disk drive (hereinafter referred to
as an "HDD') 1 shommnin _ ~ FIG 1 is provided with a disk (magnetic

di sk) 11. The ditdlatlHOias Have been ,uskypess aaxit ¢ owel , ssoarédgeesfotne or both
of the two surfaces of the nmagnetic disk are used as recording surfaces on
whi ch data is 5amagndtdcal | yTheeoofaesl. A headf negnetis headireg fer

provi ded for each recording surface of the disk 11. The head 12 is used to
wite data to tleerdirskety daterutedradt y)sedidox othaidnaatlae f rom t he di sk
11 (data reproduction). Al though the HDD shown in FIG 1 is 10 assuned to
have a single didgfertiva. mhimweanplihali tin oforyerkeenal sk8P31. Each
recordi ng _surface of the magnetic disk has a | arge nunber of_ concentric
data tracRs (phydiedalvish rY B mdrCCeeletr etlortf nigt St fate EBnprises a

15 user area 1lla, alternate ,area 1lb and, mana nt area l1lc.,  The user area
Lra e tor the deal e g a e R e I G T Gl oo B Carier et rack

serving as an alternate tinatjon 1%‘ f i 0 T nagenent
area 11c is useﬁioﬁﬁc(#gt ocrogquﬁen tr(}?onl%atl o}In aargegergcg%réﬁ%r%}s@és %mggaﬁggement
(system nanagengpnd nformation). The system nanagenent information includes

defective sector managenent information indicative of the correspondency

between a defective sggtifermdik ! hen S@ed okodvéREBS RS | MDD pCEhBEet he 25
defective sector. The defective sector managenent information includes the

address ob a defegld wheaactile ayuttidigt iof wiiclseot asrpdt agas esncd pl ace of
the g _ defective one. In the exanple of FIG 1, the alternate area 1l1b
IS aring area poavirded outssittenddmanisley waeseotdd.a Homeveryot heetat ¥ efsat e
area |l b may be provided inside the user area 1lla, or may be forned of 5
two portions; omemdiatk tdraradre fmther lngitdane he Usehis ekadda. tiRirt her,
a CDR (Constant Density Recording) fornmat may be applied to the disk 11. In
this case, sincéaf@nder natesURIeqtedite vy Fhiernate process.

However, 1f conventional HDDs are used as AV HDDs, the
15 time that can be used for processing a sector error is
limited, and hence it is possible that an error will
occur in the temporarily restored sector.
BRIEF SUMMARY OF THE INVENTION
The present invention has been developed in light
20 of the above circumstances, and aims to provide a disk
storage apparatus for AV data that enables realtime
processing when AV data stored therein is accessed, by
using the maximum allowable time period for error
sector restoration calculated on the basis of the
25 command processing time period designated by a host,
as the maximum error retry time period for error retry

executed upon occurrence of a sector error. The



plurality of ring zones, an alternate area may be 10 provided in each zone.
The alternate area 11b and managenent area 1llc are used only by the system
In other words, these areas are non-user areas that cannot be seen by the
user. The area forned of alternate area 11b and managenent area 1l1c is
called 15 the "systemarea". Further, there is a case where only the
managenent area 11c is called "systemarea”". The disk 11 is rotated at high
speed by a spindle notor (hereinafter refebred to as an "SPM') 13. The head
12 is attached to the free end of an actuator 20 (carriage) 19. The head 12
is radially noved in accordance with the swing operation of the actuator

14. As a result jniBatheadailsoppsbiiicred at @ tyam@athdd atded Mppmct uator 14
has a voice coil nmotor (hereinafter referred to as a "VCM') 15 serving as a
25 drive sourceotanrtrbacacbvfatoset4orThusort Hey aticuatiork kdrsaghi ven by the
VCM 15. The SPM 13 and VCM 15 are powered by driving currents independently
supplied g apvbeoatasdriver I1C (Integrated GCrcuit) 16. The driver 1C 16
is a notor driver in the formof an IC chip, and serves as SPM and VCM
drivers. The val ues feeptrddnov&o &l espdadr afettdrar imveptiden.driheéryy is
currents to be 5 supplied fromthe driver I1C 16 to the SPM 13 and VCM 15
are deter®i ned bByoxidrd 27ditkedrpyel rPPS reffalsmdior dohtdadld dm ofhitdhe HDD.
The CPU 17 controls read/ wite operations of a disk _controller 21,

descri bed | at er 20 ATRAEERIANEECHPEN PERY LA dad Afr idtd e frieth & 19 MM 2host

2. The host 2 ig.a, digit device using the HDD 1 as, for_ exanple, an AV

HDD. Furt her, taés&Pb 1?T2988¥F§sa50§PtPéﬁ@ﬁ@ggﬁnﬁﬁﬁtoﬁbﬁtﬁb§itioning t he

head 12 on the target.track drivi t.he . act uat ar. via the iver 1C

16. The CPU 15 ?7f§Fsé%8ePSF§¥ﬁeghtﬁggnggﬁ%ﬂwF§W15ﬁ§é%§:tp aqiﬂi%iif(ﬂ

restoring a SECEB?FHQEBQ ga%aggmgﬁfgg?ngblkh%. j error retry
, on e

|
. > 1me |
time period (verification tinme perio g53|s of the command

processing timerpgebedtigAuest 8dsbytbhe inoshiZn The SRl bReaessen a 20
sector that nmay be defective, on the basis of an error |og described |ater.

| f the sector ishagBkBigeber B ReAmbadbRrpeesishny deheciier@cas a result of
the access, the CPU 17 executes error retry. |If the sector is not restored
even by error rdesygnethidnbiyhe Bbsiaxisimmn ehreordirsét myorane pepaacgtutshe CPU
17 executes an alternate process on the sector. The CPU 17 contains tiners
TML and TM2. ThehehntheTREXrps gsedrsoupon agcessader dhehalitsikmre required for
command processing per each sector. The tinmer TM2 is used to manage the
retry time peri8@5fgpragpfobyrat FPrmeRE eppriieds feeinddeedrasd a theU bus 18.

Th
€ CPU15 command processing time period enabling realtime

processing; means for determining use of the computed
maximum allowable time period as a maximum error retry
time period; and means for controlling retry of the
sector, in which the error occurs, within the

20 determined maximum error retry time period.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the

25 invention. The objects and advantages of the
invention may be realized and obtained by means of the

instrumentalities and combinations particularly



5 bus 18 is connected to a ROM (Read Only Menory) 19, RAM (Random Access
Menory) 20, disk controller (hereinafter referred to as an "HDC') 21 and
gate array 22. The ROM 19 prestores a control program executed by the CPU
17. The RAM 20 is a storage 10 device which provides an error |og area 200
as well as a work area (not shown) for the CPU 17. The error |og area 200
| ogs an error each tine the maximumerror retry tinme period, in which a
sector that nay be defective is subjected 6o error retry, has el apsed. 15
Error retry is executed when an error has occurred during execution of a
read/ wite command supplied fromthe host 2. The error |og includes
information in pbehtied28ht- h2@3inkFtlehe field 201, the conmmand in which an
error (sector error) has occurred is stored. 20 The conmand in which an
error has occurrgrRIEE DHSCRDPTRON OhatHhasEURRAGNULEWS eadTRE/ DRAWING Of
data fromto sectors including a sector (error sector) in which an error
occurs. The conmand Sher ed comptamy ifgelda20hdanciwidies tare tirpsoforaadd wit e
operation 25 (command type), the address of a |eading sector at which a
read/ wite operanhi endi sosséitade aneatrite ofuriber spfesiddtamtsicat, which t he
read/ wite operationis - 11 executed. In the field 202, the address of
an error 3ectoriildusératenemhedimends20df, thef dnyvenitdroormdyt ot tBedonmand
processing time period CT for each sector is set. The command processing
time 5 period Crifts the AaRPrah Eeserpetiliod YHyercabPye F&¥l the each
sector to proce

s, Lo real tine, . the data designated by a command. |n other
words, if each éﬁéﬁbgeéaaﬁBFrBBtbPBCQ s%%qMQﬁﬁ%ﬁﬁﬁ%Qt orfer T $si ng
time period CT, the data _designated by.the 10 ca nd cannot_.be processed
N Tenl time. TRG"LomiRna B) BehaS g DEARS TBARSoq 1T e TWARH 168k or can be
supplied fromthe host -2 to.th i .t r C* er of
se(F:)ltoors). In this cazg,G'tcl) %t gr %Q?g%tr%agg%ﬁa%&mﬁl%{%éagﬁnﬁg 5[1?‘&%8;2“ od CT

for 15 epgh sechoty htibe Reessaahy e dhVied®oaGhentt Re nuber of sectors)
by the nunber of sectors. Alternatively, the conmand processing time period

CT itself may bensupplibgd fromthe host 2 to the HDD 1. The HDC 21 is
connected to the aforenentioned 20 gate array 22, and a read/wite |IC 29
and buffer RAM 25, aglIgel R das &o fllbecBRUtbuseldl]l The dARA 2 hiirgy & so
connected to the host 2 via a host interface 3. The HDC 21 and gate array
22 have respect f¥esconrpokseagospepsediite eoptloykedr égi $her embogipeoti;ded in
an 25 area in the address space of the CPU 17. The CPU 17 controls the HDC
21 or gate array 22 BgGéxeégt?ﬁé PEadirtgPwfilovsdast sefarledn The HDC 21

has an 15 explaining a second processing procedure employed in
the embodiment; and
FIG. 4 is a view illustrating a retry counter 204
provided in a RAM 20 and used in place of a timer TM2
in FIG. 1 to manage an error retry time period.
20 DETAILED DESCRIPTION OF THE INVENTION
An embodiment in which the invention is applied
to an AV hard disk drive for recording/reproducing AV
data will be described with reference to the
accompanying drawings. FIG. 1 is a block diagram
25 illustrating a hard disk drive 1 according to the
embodiment of the invention. The hard disk drive

{hereinafter referred to as an "HDD") 1 shown in



- 12 interface control function for receiving a conmand supplied fromthe
host 2, and for controlling data transm ssion between the host 2 and HDC
21. The HDC 21 al so has a disk control function for controlling 5 data
transm ssi on between the disk 11 and HDC 21, and a buffer control function
for controlling the buffer R AM 25. The gate array 22 generates various
signal s necessary to control the HDD 1. The head 12 is connected to a head
| C (head 10 anplifier circuit) 23. The head I € 23 includes a read anplifier
(not shown) for anplifying a read signal read by the head 12, and a wite
anplifier for converting wite data into a wite current. The head 1C 23 is
connected to a raad/ W iike Jrguileadhwii & 15 Shanneine 2% Jhecyepd/wite 1C
24 executes various types of signal processing, such as A/D

(Anal og/ Di gi t al yheo@iensilannefs awogad & .gnalppeanGati Nhwed t 6sat acand
decoding read data, etc. In the HDD 1, when a read command fromthe host 2
20 i s execut ed, caedatrabsitgnalf reeorded sur fldre Arem e theyrdh sie Idisk
designated by the cormmand is read by the head 12. The signal (anal og
signal) read byatkeuseddak?2 riesoanjilnd isexdt flayetsherhedd dIC 2 anidk decoded by
the read/wite IC 29. The HDC 21 processes the data, 25 decoded by the
read/ wite | C 2nagorttiselBysirecofrd@dcont?y dleasi gmslgrfatom tHemdjatle ars ay 22,
t hereby generating data &read data) to be transferred to the - 13 host
2. This data ispPgr¥édefored iedchhéa aseriddnRArIRcams ithe sk rlinsferred
to the host 2 by the HDC_21. On the other hand, when a wite conmand from
the host 2 is ei@@uf‘@é,d dat &S( WeieCe t@atg) ties dertan e rtihed B 5% o t i ifost 2

to the HDC 21. The wr,i.te dat ransferred fromt host .2 i.s once stored in
Lhe but for FAM 38CoRRa B4 Bha, Yoy ARerbrita (3 oA henah/sl i1l (8150 by e

HOC 21 on the basls al 2:c0qtr ohstangh, fiambhe qate At ax 22, The

read/ wite 10 | encodes ‘the wite ta transfeéerre ere'o}'fﬁb encoded

wite da is ¢ d«hy e W13 :int g qa i i .- Which is
witten %@ t he %gégﬁ%g €§ pﬁgga?egqgggfhéléﬁsg1ilwg%§?aﬁate 5§ t he

command. As desglhi,hgdiaboue, sthekkuf kaskBAW125 has a 15 buffer area (not
shown) for tenporarily storing data transferred between the host 2 and the

HDC 21 of the HDD 1. Ehk® bulben iRAMs2r falcso dras e delirdt ve St Has a
managenent information area (not shown). The defective sector nmanagenent

i nformati on ar edaster sesmde20ocoppnakntthe cdefdat itwe ckect (@h ysEradenent
information stored in the managenent area 1lc of the disk 11 when the HDD 1
is powered on. ‘YWheaka)tar fertbect oeach yecossdag tshwerfere rrmpafisres @0 t he
defective sector managenent information stored in the defective sector 25
manageneht i nf oRFBEi BRCar éa3, AdLASrBatrt 2rep (e eadydensgenent area

def ective, CPU 17 can,fecqgnize an gl tennate seqtor, Lo J,at abigh speed.

alternate area 11b has an alternate track serving as
an alternate destination for a defective sector. The
management area llc is used to store information

20 necessary for system management (system management
information). The system management information
includes defective sector management information
indicative of the correspondency between a defective
sector, and the sector allocated in place of the

25 defective sector. The defective sector management
information includes the address of a defective sector

and that of the sector allocated in place of the



The operation of the HOD 1 of FIG 1 will now be described. In the

enbodi nent, the HDD 1 is used as an AV HDD for AV data to be processed in
real time, which is represented by digital music or video data. In 5 this
case, a defective sector on the disk 11, which is detected after the HDD 1
is shipped, is a significant obstacle to AV systens that enploy the HDD 1.
Therefore, it is necessary to verify any sector that nay be defective. If a
defective sector that cannot 10 be restered is detected by the verification
process, it is necessary to execute an alternate process for allocating a
normal sector on the alternate area 11b, in place of the defective sector.
I n conventional ddBles:t iSienemd.heyimate keempised A5 s, ext efmal storages for
conputers, restoration of a sector that may be defective is attenpted in a
verification pradessnatienefear 6,10 ncenvanid enada HRsyided rquf erdortietry)
is repeated up to the maxi mum all owabl e tinmes defined by the control 20
program In thisseasereerrldes aHoweomrsi,derhed dlrtensierd ,arxewl hBnaeandoe
alternate process is executed if an error sector is restored. Only if an
error sector ispwowidest dinsd devdmeafitser reataay lils,r epeatayd el omxedrond
allowable tines is it considered a 25 defective sector and substituted for
a normal 8ect or fWonPofé ienser dignd nSifle R deridwdiareiRy QWes tderetlperi od for
retry (or the nunber of occasions of retry) - 15 is dynamcally set,
thereby verifyi H§e& &&&FCor ehat FveFhse déf &R viEormiant PIvheEY n” order to
realize realti access to _the AV data designated by . a read/wjte command
from the host gﬁeFﬁrijng &R0 Ry, %[eh@qp 15 58y FS scflsghgjsecorrm

procedures are grmlso%ea% as a ser it S, %f procredurlels t.hat 'ivgn'fj:%, u(fe. the sector
verification proCess ang’ alft Fatd prS&esS G i@ B St Hs Bt i ng
first to the fl ht Lof Rl G 2 10 fir W descri bed,
usi ng executi ong\gﬁqgltrlggdogo%% dz%j?%ﬁcﬁ't fe ﬁ?éttel}rfoa;{ed;%]reeeaxéﬁ gcfee In the HDD
1 of FIGol, dabaocstieksdinhedAUNRek Of MeCtans Arsianatad b, afad
command fromthe host 2 is sequentially read in units of sectors. The CPU
17 of 15 the HDRahagpekatearied aqeokdzneeed idhla eontind LHragmam 13 stored
in the ROM 19, and starts the tinmer TML when starting the reading of each
sector (step SlpthAft eortisat thelse GPHak7 ac@ntoml-si1ddre dfidG L Har read a
target sector (step S2). 20 If an error (sector error) occurs during the
readi ng of the tanget Seciseenabvt hbestspers? (Kteeprsd) farnyedCRE 17 conput es
an error retry time period CERT on the basis of the present value T of the
timer TM and t h8lE6HRaRE prédeddibngnd mangeieNed ICRrwr 1dite ife@arlezs (step
S9). The resenﬁ: value T of the timer TML indicates the tinme el apsed since
start ofifhe er FBF s&¥SGET 846eng. THE LOGFmatdeFfodes S i3S MYt iod CT

- 16 for one sec%gr 515 a_tine %%ri od thzit1 can be .used ,to read a sector
st

request ed by the"” F 7. m?ﬁggée}“rort FéFFy ticnéspecrallo RY S 355% ‘peri od

that can be used to mgst @fig AN 18P ISG o tTHE JH Ped LWy 4 1B Rymer i od
CERT is given by
motor (hereinafter referred to as an "SPM") 13. The
head 12 is attached to the free end of an actuator
20 (carriage) 14. The head 12 is radially moved in
accordance with the swing operation of the actuator
14, As a result, the head is positioned to a target
track. The actuator 14 has a voice coil motor
(hereinafter referred to as a "VCM") 15 serving as a
25 drive source for the actuator 14. Thus, the actuator

14 is driven by the VCM 15. The SPM 13 and VCM 15 are

powered by driving currents independently supplied



CERT = CI - T... (1) Thereafter, the CPU 17 conpares the conputed error
retry time period CERT with a predetermned error retry tine period SERT
(step S5). If CERT > 10 SERT, the CPU 17 uses the predetermi ned error retry
time period SERT as an actually used error retry time period ERT (step S6).
If, on the other hand, CERT SERT, the CPU 17 uses the conputed error retry
time period CERT as the actually used error retry tinme 15 period ERT (step
S7). Subsequently, the CPU 17 sets, in theStimer TM2, the error retry tine
period ERT determ ned at the step S6 or S7, thereby starting the tinmer TM2
(steps S8a and S8b). After neasuring the set tine period, the tinmer TM
out puts a tineofitoROasdghakr ACt éinstgrhited Chectiiter 1BVR, Tthee R eL7
proceeds to a step S9, where the CPU 17 determ nes whether or not the tinmer
TM2 has out put T@el6i reoat mstgnafirives. inathiemdoum odcars.Iq fchrig,t iamslout
occurs, the CPU 17 25 executes error retry, assumng that the error retry
tine perlod ERTsedoessnas EF¥psed(¥E¥pdsigprs|f dheavgdiiesedicontaal be read
normal ly as a result of - 17 error retr e., if retry has succeeded
(step S11), thevepipbh¥es) nifgﬁeéetﬁémﬂéaagnéhéf drRe ingr G re@disorto PR retry
has thus succeeded, _t he tlne r|od uired for retry does not exceed the
det ermi ned err ofUPRL 95T FPRetR @rﬁBHVEgT Ci 1&. tot féengftindh &anowsd e ti me

period for restpration.c ut ed on the s of the command processing tine
period CT desigﬁét%ﬁeb9egggmﬁ8§9 chéoFgﬁ 3§ in the enbodi nent, AV data

for use in AV HDDs cgﬁobgpbehgagg¥t§e %%i%e%onQr%ﬁ§% cﬂ?tﬁﬁg }he ot her

hand, if a target se r "cou normally Tea retry has

failed (step Sii)e £hg OPULLEEIUr ASL0uEAR CSLER S0 ol Lo SLARISO. the

CPU 17 again determnes whether or not a retry timeout occurs

timeout occurs, céﬁ@rgfye%7213 d8se¥epHbes a@EkOr ihehitY ot 8heReSIAth khea
ti meout occurs, the CPU 17 outputs to the HDC 21, dunmy data as read data

fromthe @i sk 1ﬁeéaye@1E@ZtomﬁbﬁdkﬁgbﬁlataasararlIwh&t@bgi,2|n@0athe buf fer
RAM 25, the dumry data as read data froma target sector. The control 20
can be nodi fi eddsgthal hdevacasesing the HDSt 12adesifgrakeesmuiet, hem @V not
dummy data should be used if a retry tinmeout occurs. In this nodification,
at the step S12HDPhe ERuthZrdetbenthEsl/orxeretieaspe saft iohd nde siogrtadd
data, whether or not dummy data should be 25 output, if a retry tinmeout
occurs (step SOFor APeE}téRRpDLL FhG Pﬁéddéﬁn9nd§P§ tergetPYreE d&er m nes,

fromthe comman roces m.ted to e ch sect or,
whet her or not gﬁ?XFPgrﬁh aﬁ%BEEg &gnvbé ékgcéfégefsggp 813) 1 ESCP§
apparent, . if th e tLne rlod a he st S9 is
dg?ernln % to b aOaSG%ﬁﬁm 8?ua gEgme% gg%ﬁgﬁFykﬁlne %%gd ERT,
the command pfOf(ﬁ?Sf@gtMﬁ?gsreeétQ} @haeﬁeﬁ?yﬁg@ 4he kIRl THR out puts a

ti meout signal n ot her wo notime is le or the alternate process.

At this tine, thgreGRExIfuRr868688SrEOrg 84RAB P&4iWdl howl i®xeGHoRd tihe
alternate 10 process, in order to finish the reading of data requested by

the host 2 w thparibe)¢osirbHePHasESSbAgtheMeopabnadd pdesiegahed thyet he host
2. At the step S14, the CPU 17 stores an error log into the error log area
200 of the RAM 28ridlderehyestadshynghthboséadi.ngThe GPUoAE sectssesThi s
error log contains the command fromthe host 2 which designates
readi ng/2® i ti ngs¢thorhitbatamey beadefigfFtovedara fthembesisectfor® iereddi ng

log described later. If the sector is again

determined to be possibly defective as a result of the

access, the CPU 17 executes error retry. If the

sector is not restored even by error retry within the

25 maximum error retry time period, the CPU 17 executes

an alternate process on the sector. The CPU 17

contains timers TM1 and TM2. The timer TM1 is used to



the error sector, the address (sector nunber) of the error sector, and

i nformati on on the command 20 processing tine period CT for one sector.
Thus, the CPU 17 can conplete the reading of data requested by the host 2
wi thin the conmand processing tinme period CT designated by the host 2.
Since, however, the sectors) that may be defective remains 25 on the disk
11, it is possible that an error nay again occur when the sector is read
next tinme. In light of this, in the enbedi hent; the sector that nay be -
19 defective is subjected, in another occasion, to verification for
determ ning whether it is really defective. If it is determined to be
defective, it | mcaHhjrectiark toinke papethee for adheinatgroddssihgppeecedure
is the second one. The second procedure is executed in accordance with each
error log in thesh aredtag .ar €0l mdrerMM el +HDsdd i 50 noéndbysythéor

exanpl e, when the HOD 1 is in an idle state described later. 10 On the

ot her hand, if tretqyr édetemeamed eranrermir yreine. peri od SERT i s determ ned
to be used as the actually used error retry tinme period ERT, when the tiner
TV outputs a tineoutThs ¥Rl 11 hies commedt ¢ otessi Ut Pwe p8ri odheTCREs not
yet elapsed. In 15 this case, it is possible that a tinme period that can be
used for Bhe al tarnadtt i sceegtadhitts.a IR0 uthead t Py PheneEYt ehBi ns, the
CPU 17 determ nes that the alternate process can be executed (step S13),
and executes a BB BANIhAE G 1%t 61 5153 5K | PR HEC bR t er nat e

process, the CPU 17 determ nes that e sector | efective, and all ocates,
in place of the F&F&ENA/E Fedt DL arhids 5 r%%gu ef‘lge%?%rgﬁ €an

alternate sector rrvé’thr#[ 1c2hzdi S ,Il Oecﬁcﬁgsffél{]eest%feeé néatgot Ile(?]\% Ioéér)r%%alrhhe di sk

11. In the enmbodi'ré ef ecti ve Sect or nmanagenen Ion that

contains a pair g{erﬁ{%éoezﬁfst@es%gpq@ tofhe gafessi ve sestOragnd alternate

sector is store ective sector - 20 rmanagenent 1 nformation

area of the buffgsyyRAMEDLcH fprddididetarsact &r i Sodledecd i veo s4bewEPV d9
refers to the defective sector nanagenment information stored in the

def ective sectorn Ragemy (Mtorgmivron Bseathé hePeby7 5 recegarzonglan
alternate sector for the defective sector at high speed. The defective
sect or managenertrdanfarreidgn ast crechn reddte hamagene marniman 1dcrof t he di sk
11 is updated on the basis of the defective sector managenent infornmation
stored in the defedoty veime) peaciash, righagermnta | eoromt tlomt arayn € the buffer
RAM 25. Thi s updating process is executed when, for exanple, the HDD 1 is

inthe idl e statefq d Protafftd Ret A5T0g 19T he B3 DvRhaPECdf FI GS.

A an B
3A and 315 Error retry is executed when an error has occurred

during execution of a read/write command supplied from
the host 2. The error log includes information in
fields 201 - 203. 1In the field 201, the command in
which an error (sector error) has occurred is stored.
20 The command in which an error has occurred is the
command that has designated reading/writing of data
from/to sectors including a sector (error sector) in
which an error occurs. The command stored in the
field 201 includes the type of read/write operation
25 (command type), the address of a leading sector at
which a read/write operation is started, and the

number of sectors at which the read/write operation is



15 the second procedure will be described. In the enbodi nent, the second
procedure is automatically executed when the HDD 1 is in the idle state.
The idle state of the HDD 1 neans a state in which while the SPM 13 is
rotating, the head 12 is retrieved in a 20 predeterm ned retrieve portion
(not shown), since no read/wite command is supplied for |onger than a
predetermned tine period. Inthis state, it is very possible that power
supplied to some circuits in the HDD 1 4s kuspended, to save power. The
head retrieve 25 portion is, for exanple, the parking area of a ranp.
Firstly, the CPU 17 accesses the error |l og area 200 of the RAM 20, thereby
det er m ni ng whethetu®kdnot In thal fiRNe A LIdIIrd NPSoAren séOFed (step
S21). If one or nore errors are |logged, the CPU 17 fetches one error |og
fromthe error kegtareds2@Rt(steam $2?) .fikdch 203, 0rid fagrneonidt ns t he
information concerning the 5 sector whose retry has failed in the first
procedure. Specicbhcalrinyngeacosmaod pog camsiaind limd gravatddCT ofwer ni ng t he
command t hat has designated reading/witing of data fromto sectors

i ncl udi ng t he seetbr seledse et spthas Tha |eedymarite raddresssiof tiee 10 sector,
and the command processing tine period CT for one sector requested by the
host 2. ABsune pkRatodh€Tcammihg Mmaxdach drimyy Heggdds Whateathir dvgradREd Upon
fetching one error log, the CPU 17 starts the tinmer TML as in the standard
case where a 15TP&adrwi S8CEREr A0 BF OCESSecddt &8 ln iMd's dte &kdrs (step

S23) . Subsequently, th 17 controls the reading of, the sectqr whose
retry has fail eﬂl,es&ﬁntaﬁggggé’i & WW@$‘eagr’c d%’éjrﬁijsddd]r st the
sector contained in the error,lo step 9)....At the step 20,S29, the CPU
I controls t he SELRK SRATAtVPE BRECEAAR e (0% R head 121 s

positioned on t r n.t i E;(\/\/m i uc&ﬁ%f;@“&‘ t whose
retry has fail eg.gokfetgglén?hgé,%%t %5&('%19%}1 'c&g‘t%r ocﬁs % he tieeds:ok%?is to read
data froppthe Sgehﬁ%n\&h%ﬁnw bY 23 Ra% S i80.rdall bindd® SAE WUoddialig MY
be defective. If an error occurs in the reading process at the step S29

(step S25), thepeBUekbi®@Mpuhnes plelte o’¥ Iar per edZh IRIdtbH iden p&s i od CERT
fromthe present value T of the timer TM and the command processing tine
period CT for osepgpédkdr fram ahet hesit & t$4 ther HODe If iinsttipy obeduref (st ep
S26). In other words, the CPU 17 5 conmputes the error retry tine period

CERT fromthe el(&fsédthiempulbstractti sgcitortsHe stlar tthafs tdese.eddt ng of the
error sector, and the command processing tine period CT for one, and the
comand pr ocessPR§etrmdBepsheogotmang: e essdngr Gime memadCT ofPr usi ng

the 10 aforenenti oned equation (1).
15 each sec%or, ?t 's)necessary to divide (CT * the

number of sectors) by the number of sectors.
Alternatively, the command processing time period CT
itself may be supplied from the host 2 to the HDD 1.
The HDC 21 is connected to the aforementioned
20 gate array 22, and a read/write IC 24 and buffer RAM
25, as well as to the CPU bus 18. The HDC 21 is also
connected to the host 2 via a host interface 3. The
HDC 21 and gate array 22 have respective control
registers. The control registers are provided in an
25 area in the address space of the CPU 17. The CPU 17
controls the HDC 21 or gate array 22 by executing

reading/writing at the area. The HDC 21 has an



After that, the CPU 17 conpares the conputed error retry tine period CERT
wWth a predetermned error retry tinme period SERT (step S27). If CERT >
SERT, the CPU 17 uses the predeterm ned error retry 15 time period SERT as
the error retry time period ERT (step S28). If, on the other hand, CERT <
SERT, the CPU 17 uses the conputed error retry tine period CERT as the
error retry tine period ERT (step S29). Subsequently, the CPU 17 sets, in
the tinmer TM2, 20 the error retry time perlizod ERT determ ned at the step
S28 or S29, thereby starting the timer TM2 (steps S30a and S30b). After
starting the tinmer TM2, the CPU 17 executes error retry (step S32) if the
timer TM2 does nnteZBaodt puhtaoli feact isngiialk (eicepvidL) .a Idorttndect or
that was suspected to be defective could be normally read in the retry
process (step SSGpplihd €PuUmlThe ho23 2fi anshdésrt kendmedrl ilngg datecess. I n
ot her words, the CPU 17 finishes the error |og process if the sector that
was suspected tbraesuésetonveetwakt bbenbosdl Ry andadiD@i t2di.n tThee éiDCor retry
time period ERT conputed 5 on the basis of the command processing tine
period CT. Therdif@éfo hpe erdisk rentrad funchdost dprszpntralling still in
the idle state. As is apparent, when the host 2 has requested the reading
of AV dat fronf8ket bFanFReFRdPRgPEREESBCLHE ARSke ey HES Jlocédded 10
at the step S32, the_sector can he read wi_thin the nmand processing tine
Deri 00 T Hest ghabUatey ERBEROL: SnCEACBRGPE. CPRETSALNGN WidsP ey has

ded at thg, st S3 d i | time.. 15 On the oth
and. 11 the sodBr ohat TNGeI808pBEraY 6 BENAGRLER VETASRd TS EE
normal |y read (gLeRsS33) +5h8o&FPH, 7thtgbgslto the step 531. At the step
e

S31, the CPU 17 agaln determ nes €r or not a tineout signal is output

fromthe tinmer TV, 2Qei hgad WRCHRELBHRRd? thEHN KhbldTBRUL (ELUrs. | no
ti meout occurs, the CPU 17 again executes error retry (step S32). If, on

the otherphand, agpliFeeut coeeuis) bbe CPhelRedat etnpnesnlchaliddshe seakor,
whi ch was suspected to be defective, is actually defective. At 25 this

time, the CPU lampkxé€iees (antakhewnat €opr anpds fiyinghiaclrean ariljntanary
non-use sector located in the alternate area 11b of the disk 11 is
allocated in re29 byl bbe béathé2defindt averstet emp(ldtfeprSIg9r. Attenti on
shoul d be paid to the case where the error retry time period ERT set in the
timer TM2 is th@oéVﬁbFl?@twyltﬁnéabérF@HOCERWrégﬁpGPééeéﬁ-th@h@asis of the
command 5 processing_tipe Eerio In this cas n_a tinmeout Qccurs,

d CT. , whe
the predet erni ne@2€r tor 27 et Fy PPRE8<pEF; 58 SER?aﬁzgrﬁSF yét (&rgddugite
However,. in the_enbodi , n a ti,neout ocgurs, the alternate process is
execut e %ven i?h?ﬁ%e%pggéte?ﬁﬁﬁeﬁeggggfl%s ﬁ@t?? £1*ff&Y5&Fi od SERT has not
yet elapsed. T N § tREs W b L hed. r.eadi of a sector
suspect ed to_b2€%£$§§§iEgﬁéayggugﬁgééli?rggggéaﬁg’cgﬁgﬁnﬁgd gg nore t han
the time perlog% obybigotalPrechhapsibs BredeLenll B8Gndd , Clh@bdifll Y

time period SE However, even if this sector could be nornmally read after
the time periodw£ERE, ddbe snanasdoningesshagabitAp peki.od CT desi gnat ed
In the HDD 1, when a read command from the host 2
20 is executed, a data signal recorded in the area on the
disk 11 designated by the command is read by the head
12. The signal (analog signal) read by the head 12 is
amplified by the head IC 23 and decoded by the
read/write IC 24. The HDC 21 processes the data,
25 decoded by the read/write IC 24, on the basis of a

control signal from the gate array 22, thereby

generating data (read data) to be transferred to the



by the host 2 has already el apsed. Therefore, if the host 2 again

desi gnates the reading of AV data from 20 sectors including the sector, the
sector may not be read within the conmand processing tinme period CT
designated by the host 2. In other words, realtine processing of the AV
data may not be realized. In light of this, in the enbodi nent, such a
sector as the 25 above is subjected to an alternate process. This structure
prevents recurrence of an error in a sector3tenporarily restored by the
retry process, thereby - 25 enabling a realtine process on AV data
accessed. Moreover, in the enbodinment, the error | og process including the
al ternate procesgsics 2exequtied daten ith@rddD sk drfed Nid hend dber séAatRam
Accordingly, the error 5 | og process does not adversely affect the
operation of thestDand iWhemenhe ralrisfaiatedl PIOEES HSsEXB G eghe NEDClata i s
witten to the sector (alternate sector) allocated in place of a defective
sector. However 21i.f dat ahies otéwlry haimd,t evhero 4 heristld eroraiandettat, thd can
10 be normally read therefrom After executing the alternate process, the
CPU 17 erases t hespr @céssedearuted,| g tfa owrtiie atater) |iogy tbrass 280rddt ep
S35), thereby finishing the processing of one error log. If the CPU 17 is
still in Bhe idfgoms teathest 2 rtat dhes HOS t2He stBye Slitert@atoperati on of
the HDD 1 of FIG 1 has been described, using an exanple where the conmand
fromthe host 2tirgngfiegaz@dcdmeandheHdivsier? & angs FHRrDrimneR ¢ rom t he
host 2 is a wite command, the sape 20 operation is executed by the HDD 1
except that a \A/Pi”tfée(gpw Yon 18 % e thed itrfﬂsd??e”tﬁ&(t% YR&d operati on
and no dummy data _is, transferred. Fuyrth in the enbadinment, it is

det er mi ned t hat TERS/ &L 'ené[félr 3?? &Y ;{‘r?ee ?’ch fqpro etgée R )
termnation) is t.ed. n t.J i j4 ed I retry
process exceeds C?ﬁg(%?ét %el \rp%ﬁ rfté{b?ny etq%eneq%?éer %gr&ra%gR%i'mm%}g%r%gﬁe%&gﬂe

time-based - 36 deleipidaal itgr GAN (ke Lhanasd dor & ded e&ﬂ@f@ﬁapnem%ed on

t he nunber of occasions of retry. This can be realized, for exanpl y
providing, in tRecBAMA20ite Rty iGOWdRie A4 nRalizecthdisd N spf twade, as
is showmm 5 in FIG 9. Wth this structure, the nunber of occasions of retry
is counted by tlaewadurt &ig2@4 ,i wHikd nEnmeritdescrobethddlavd Firisé Ihhe t he
CPU 17 sets the maxi mum al | owabl e nunber of occasions of retry in the retry
counter 204. Eaelreti op the CRYkKLZ lexemitgrs:th@ tthe thet rgomragokss, the val ue
of the retry counter 209 is decrenented by one. If retry does not succeed
even when the val ue & tdesqratrad ehnitesr BoD Yt Der thM G hFs execut es the
sanme process as_that executed when a retry tineout occurs. 15 The maxi num
al | owabl &2nunbePYERRToRIEEC AN STEMW Y ethQF HTRATF aThel erg iRt ¥ r42 %3 ne

period ERT is git\é%rr])s ¥3r|15:e f)ettr\]ueeeinntt%%r %losQaré[ a%fd (t%%-r/H-E% 21 'oi(zt?he

HDD 1. The buffer RAM 25 also has a defective sector
management information area (not shown). The
defective sector management information area stores a

20 copy of the defective sector management information
stored in the management area 11lc of the disk 11 when
the HDD 1 is powered on. When a target sector is
accessed, the CPU 17 refers to the defective sector
management information stored in the defective sector

25 management information area. As a result, if the
target sector 1s defective, CPU 17 can recognize an

alternate sector for it at a high speed.



where Ts represents the tine period that is required 20 for the SPM 13 to
rotate through 360 degrees, and is conputed in the foll ow ng manner from
the standard rotational speed of the SPM 13. If the standard rotational
speed of the SPM 13 is 4,200 rpm Ts is 60 x 1.000 (ns)/9,200 . 19 ns. The
time period Ts 25 required for one rotation of the SPM 13 corresponds to
the time period required for one rotation of the disk 11. Accordingly,
retry cannot be repeated within a - 27 4ne-interval shorter than Ts. In
other words, Ts is the tine period necessary for one error retry operation.
A counter (hardware counter) generally enployed 5 in the CPU 17 can be used
as a retry counter iThel agereft itdhe cFofdthaar DD et ryf cloumi er w2081 ofow ee RAM
20. Further, the retry counter can be used as a counter for increnmenting
t he counter val desbyibnrd.eadh thee embbidyimentexadig ¢iD IIn tdhivssahses agach
time the retry 10 counter adds up the nunber of occasions of retry, it is
det er mi ned whet REr HoP fior ANedeésultvaive cowdtessadhlire meecleddigng hevhiesti num
al | owabl e nunber REN. In the above-described enbodi nent, the invention is
applied to an HDD trRRFésBhRsRADPYvENJidevievsia g 15 dawakatian ik al so
applicable to di sk storage apparatuses capable of read/wite operations,
ot her thah HDDsthégchRags: opt PedrcHiiyie Fssarst efedhangiidt d loptWhiah dissk
drives, etc. Additionaé ggvantages and nmodificatiopns will 20 re diIt occur

to those skill e8eFRCFR ferThieefiPPel e SHHVERRG on S P 1S9}
t i t Ijmt t t ifi tail d tati

stpects £ o LLoved Loty SSpL e o sepgaeniatve
0 e ot raT I

T et Ve concenfdleT6RAT L LROLLN RTINS 2R S Wity MRl e HINEe o

- 28 WHAT IS GLALMED LiSreltidedl Sk rdni Ve rARRGRAT U Ity a4fH0 Myl data

in which an arbitrary sector provided in an alternate area on a disk is

al | ocatefpas anpal tespatedseet aetbeted dydeheckicts sec o pidie L, sk,
conprising: neans for conputing a maxi num all owable tinme period for

restoration of atsestaeckBsahiyChioarxzekitr @ECWIteroatdedmsdss odfora conmand
processing tine period designated by a host using the disk storage 10
appar at us, whenaflheceking ecoorsalpsercicocess tihe fd tdirsla tesimpratldd by a
command supplied fromthe host, the comuand processing tinme period enabling
realtime proceséhnglageand tbe defechiviengegd@rof the conputed maxi mum

In conventional HDDs, since they have been used
15 as external storages for computers, restoration of a
sector that may be defective is attempted in a
verification process. Therefore, in conventional
HDDs, retry (error retry) is repeated up to the
maximum allowable times defined by the control
20 program. In this case, errors are considered
transient, and hence no alternate process is executed
if an error sector is restored. Only if an error
sector is not restored even after retry is repeated
the maximum allowable times is it considered a
25 defective sector and substituted for a normal sector.
On the other hand, in the embodiment, the time

period for retry (or the number of occasions of retry)



15 allowable tinme period as a maximumerror retry time period; and neans
for controlling retry of the sector, in which the error occurs, wthin the
determ ned maxi mumerror retry time period. 20 2. A disk storage apparatus
for audio visual data according to claim11, further conprising: neans for
storing an error log in a storage device, if retry of the sector, in which
the error occurs, does not succeed within the determ ned maxi num 25 error
retry tinme period, the error log including&he conmand, an address assigned
to the sector in which the error occurs, and the commuand processing tine

- 29 period designated by the host, the sector in which the error occurs
bei ng det er m nedlst dyhempasagillyl gedef edtleinedy meanst iorg sequertdmal tiyatr eadi ng
non- processed 5 error |logs stored in the storage device; neans for
controlling acceayg be dedectaweindiThatsed sasiopes sirbloxrdbef eud inem yzeeach of

t he nonprocessed error | ogs whenever said each of the non processed error

l ogs i s read; andalOimeaasckes &bl ébat iAWy dataadssignateskdinorain the
alternate area on the disk in place of the sector indicated as possibly
defective, if tHeadévrytgoesmpendsfeededns st the dét &t ned naxi num
error retry time period, the sector indicated as possibly defective 15
bei ng deter m ne@™PEpBEPEal fhedérddriiey F1rgtgiadid Ste5dik RERFRBILES f or

audi o vi sual data aCCOﬁdin to claim,l, erein the co Utin'<£ﬁ§¥3

conput es the maRffuf"BFPEGELPE i FETPES &d Fo° rc5°—r5atq'?h'f‘dt b‘&l S acting,
fromthe command, 20 _processing_ti .period, an el aps ti eriod ranging
fromstart of agQSSggfgofhgeggngg?lgﬁ WHCET Fhé ré; eé%ﬁﬁﬁpﬁ?fess'
occurrence of the ernen 4 pAdisk shorage apparatus for audio visual data
according to claim1, Wherei h the acéess 25 controlling nmeans control s

access to the sector puheeh 1mRy e sdefiertine. £ Mhidie Ahe disks Stor ags
apparatus is in an idle staté. - 30 5. A disk storage apparatus for

audi o vispal datargecprdeiguire @halnpdk, deddri®fedONYiry R& RN U
conparing the conputed nmaxi nrum al |l owable tine period for restoration with a
predeterm ned earoeal temmgntli feopethedhoatd 2Maer a@m exdaenpdet.er rMimithg neans
determ nes use of the conputed nmaxi num all owable tine period as the maxi num
error retry tinBDpeiti od FfGthé,cdapar ishgreshns: detreotent et sdwe aaonput ed
maxi mum al | owabl e time period for restoration is shorter than 10 the
predet ermi ned efesigneteyd Pvng peprdogompand dirsk $her &gs tappdraat us for

audi o vi sual , , ,
sequentially read in units of sectors. The CPU 17 of

15 the HDD 1 operates in accordance with a control
program 190 stored in the ROM 19, and starts the timer
T™M1 when starting the reading of each sector (step
S1). After that, the CPU 17 controls the HDC 21 to
read a target sector (step S2).

20 If an error (sector error) occurs during the
reading of the target sector at the step S2 (step S3),
the CPU 17 computes an error retry time period CERT on
the basis of the present value T of the timer TM and
the command processing time period CT for one sector

25 (step S4). The present value T of the timer TM1
indicates the time elapsed since start of the error

sector reading. The command processing time period CT



data according to claim5, wherein the determ ning nmeans determ nes use of
the predetermned tine period as the maxinmumerror retry tine period if the
15 conparing neans detects that the conputed maxi mum al |l owabl e tinme period
for restoration is not shorter than the predetermined error retry tine
period. 7. A disk storage apparatus for audio visual data according to
claim1, 20 further conprising: a tinmer which starts neasurenent of the
determined error retry tinme period whemr ret®y control is started by the
retry controlling neans and neans for deciding whether the tinmer finishes
the 25 nmeasurenment of the determned error retry tinme period, each tine
retry of the seftorone wkictbrt ie er tdmeoparriod diHes, can & usad wherein
the retry controlling nmeans stops the retry of the sector in which the
error occurs, ifeaHeadeecdiongreeaes teecibdeshehdtogthe ti ridre femicshes t he
measurenent of the determined error retry tine period. 5 8. A disk storage
apparatus for apdtbyvidmel peatadac€EdTdiisg & & igleaipariiod whatercayopg i sing: a
counter which counts a maxi mum al | owabl e nunber of occasions of retry
correspondi ng t BSeHet@et@FRPHEd 210 SEXPET SAGAY t | AR LRtk ¥refaike f or
deci di ng whet her the counter finishes the counting of the maxi num al | owabl e
nunber of2 occasPBRCHf CEBET ¢ SedeNeHi Y retry of the sector in which the
error occurs fails, nd erein the retry controlling nmegns stops the
ERRGNECR s e Tor ! : ;

retry of the sector t he ror occurs, if the decidimng neans

deci des that the cou r. finishes.th i of 1 X] | L owabl e
nunber of occasions g%’%rréatarf;e%os@.e Engtsﬁlr:} aér}?“\})eafraep%:trﬂ;?aus%@%%di o vi sual
data conpri si “9%6?89' %tkggtcgg\'ei“g)e?ﬂsﬁi%aﬁaﬁe%"t‘ﬁ Gh YA g and an

alternate area e allo pl ace of defectivé sectors; and
error retry time period SERT (step S5). If CERT >
10 SERT, the CPU 17 uses the predetermined error retry

time period SERT as an actually used error retry time
period ERT (step S6). If, on the other hand, CERT =
SERT, the CPU 17 uses the computed error retry time
period CERT as the actually used error retry time

15 period ERT (step S7). Subsequently, the CPU 17 sets,
in the timer TM2, the error retry time period ERT
determined at the step S6 or S7, thereby starting the
timer TM2 (steps S8a and S8b). After measuring the
set time period, the timer TM2 outputs a timeout

20 signal.

After starting the timer TM2, the CPU 17 proceeds

to a step S9, where the CPU 17 determines whether or
not the timer TM2 has output the timeout signal, i.e.,
a timeout occurs. If no timeout occurs, the CPU 17

25 executes error retry, assuming that the error retry
time period ERT does not elapse (step S10). If a

target sector can be read normally as a result of



25 a CPU whi ch conmputes a maxi num al |l owabl e tine period for restoration on
the bases of a conmand processing tinme period designated by a host using

t he - 32 disk storage apparatus, if an error occurs in a sector on the
di sk during access to the disk designated by a conmand supplied fromthe
host, thereby determ ning that the maxi mum all owabl e tinme period for
restoration 5 is used as a maxinmumerror retry tine period, the comand
processing tine period enabling realtinme prbcessing, the CPU controlling
retry of the sector, in which the error occurs, within the determ ned

maxi mumerror retry tinme period. 10 10) A disk storage apparatus for audio
vi sual data accerdbrgreargl aime9, fidr trieerr ycorgy issidupaiat offgep deMi ce
storing data, and wherein: if retry of the sector, in which the error 15
occurs, does nothsu€é¥ed wiftihiishelse thet eremdiedy meXithemterrget rsdator.i me
period, the CPU determ nes that the sector, in which the error occurs, is
possi bly defectiferesnyd bSesré&busi sucieestegt, agé eddvinee peari ast rogqu iogedahi ch
i ncl udes the conmand, an address assigned to 20 the sector in which the
error occurs, ahfrtKet&EInHRAG pPécesserg ttihee dediarad neskiggided irt he
host; when the di sk storage_apparatus is in a predetermned state, the CPU
sequentially rehd8enBRBES e@ggd erfor ItHGs TR a1 kel rtddee devi ce,

and 2~ control s _access to a sector .indicated as possi bly defective by each
of the non-proc@ggéageFPSrrFB Qrﬁﬁéﬁévgpngﬁﬁﬁgkéﬁh TforRridtessed

efror 100s Is o331 530 and the RV controls, retiy of the segtor which

i s possibly deféctive, an-érrar occurs when tthe's possi bly
defective is ac ed, n 5.th t r.whi ' i b
defective is regﬁﬁs'de?gg%?ég}qalg?’t ﬁg r%tgter {%% %?ggn%gtt’s&ﬁ@edea a\[/)\n QYS'IL: %S%éhe

determ ned maxi fHMEr HODsI BhhY bkl #8 188190 praRd sAld OGR! 6% AN @l trary
sector in the alternate area of the disk'in place of the defective sector.

10 11. Adi sk storagenappar athef aandydiid W Hedgatatse AGorei i tiptcl ai m
10, wherein the predeternmined state is an idle state. 12. A retry nethod
execut ed when abeenoomadtgursadn a.eec¢tdrf aetaydihsls ifaddreabr@itegp i n a di sk
storage 15 apparatus for audio visual data, in which an arbitrary sector in
an alternate ar®alprothde8POnl’haetiugksi $oalthecattey &9 .an Adl ttdrenattepsect or
for a defective sector, conprising: conputing a maxi mum al |l owabl e tine
period for 20 re8tofhkei BRUoA 7t RE2PAsde termd nesmivied hieto ©&s Siatg & ined Iper i od
desi gnat ed by a, host usingPthe di.sk storage apparatus, if an error occurs

in a sector on FhBEAPEKCOHRIFRg adled LIMERETIPSEVFSSi (st éFhyt Ta f€ommand
supplie romthe host, the co nd processi ti 25 period enabling

7ol t1 el br ocesSTAGICHS BPRPR! RE CCHal LRE SORut ed e HORCUY GBI L1 e
period for restoralion by UaHuRs arERXHEUEHR BAT dumdf daiS! b bl
period; and executing retry of the sector, 1n which't error occurs,
within the detegygtgedrBRXtAHNHEEKON 1T @Y pt isT®)per inpd. Hpcldy A retry nethod

according to claim 12, further conprising:

temporarily stores, into the buffer RAM 25, the dummy
data as read data from a target sector. The control

20 can be modified such that a user of the host 2
designates whether or not dummy data should be used if
a retry timeout occurs. In this modification, at the
step S12, the CPU 17 determines, on the basis of the
designated data, whether or not dummy data should be

25 output, if a retry timeout occurs (step S9).

After outputting the dummy data, the CPU 17

determines, from the command processing time period CT



storing an error log in a storage device, if retry of the sector, in which
the error occurs, does not succeed within the determ ned maxi num error
retry 10 tine period, the error log including the coomand, an address
assigned to the sector in which the error occurs, and the conmand
processing time period designated by the host, the sector in which the
error occurs being determ ned to be possibly defective; 15 sequentially
readi ng non-processed error |logs stored in&he storage device; accessing a
sector indicated as possibly defective by each of the non-processed error

| ogs, whenever said each of the non-processed error logs is 20 read; again
executing retrylofhithd sectachwsiech oray wietdefreeid eyt idn adl g teOCCUr' S
when the sector which nmay be defective is accessed; and allocating an
arbitrary sectoprbnetshecaht benatec2t car & tap (e )di sldd ni plage odntt,he
sector indicated as possibly defective, if the retry does not succeed
within the detefifii hbé muxpmumesryolt imet pertiiote GERT ahmputedmt tthe sect or

i ndi cated as possibly defective being determned to be really defective.

14. A retry net R68PaEdoidi Agtesménaidmte2 bensrest st Hdravedd s lat Iusssbl e
time period for restoration is 5 conputed by subtracting, fromthe conmmand
processi ng ti ne€pEPFrodetay ERBFsPGTECHe Efdri S SR F RFARTTHNDf access
to the sector, {n which.the error occurs, tq.occurrence of the error. 15. A
Fotry method ackoRf! HEHLBO0FT PLEpSeandrErn G HHE oSt Ty St udes

d i ni f th d [ | | bl [ i ad h
raxi mum o1 For 1 tPGORCE B od 1! PG CFolShed Sl ai vl 4t e

period for restpngloneka,PHOLLEELLAAN & PREdSt qrngned sy sy refry time

period. 15 16. ry method acc i'ng ai m15, erein

det ermi ni ng i nchydescdst %manis@gpuggqowtﬁn%u&r detLrined Hd rsflltréerrria]% as

the maximumerror retry tine period if the conputed nmaxi nrum all owabl e tinme

period fpg restgratees,i snnekdshotberitian ihe 2QHRriedetsr Mared error retry
time period. .A5 A A A9.A3. A3. AF. A . A9. AL{3. A93. A

. ALF. A93. A& A&%r AghAecA&EAABY. AheAhoAlt. A&within the command processing
A9, A9 A& ATLA LA LA LA .AL. A {. ASVH(9:/ GHe| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cattmpcrprapdapeal gaptapc dlyc &healhosjtc £].cajpda]tde cdlepRa] ca] cal]

c<alZ[mr 23

<| }| wr mheAY] Cai_%-éilca}:bg] §B]Jcé]70§}ié>:§]ef§a]a@a]e€é]0c¥a]l@@] dajtea]tée exred] daca] ca]
Ca]Ca]Ca]Ca]Ca]g?£gagB8aL%aLﬁg]ca C%O,Zt%ereby finishing the reading

15 of one sector. This error log contains the command
from the host 2 which designates reading/writing (in
this case, reading) of data from/to sectors including
the error sector, the address (sector number) of the
error sector, and information on the command

20 processing time period CT for one sector.

Thus, the CPU 17 can complete the reading of data
requested by the host 2 within the command processing
time period CT designated by the host 2. Since,
however, the sector(s) that may be defective remains

25 on the disk 11, it is possible that an error may again
occur when the sector is read next time. In light of

this, in the embodiment, the sector that may be
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addresses assigned to the defective sector and

alternate sector is stored in the defective sector
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f109%& ()-J~}"<_ @10! 96"10%m® ()-F 9310%& ()-F F1109%& ()-Y
y/109%&' ()-!'9+"10%&' ()-'F "109%& ()-._~\: !'&" 109%5& ()-@[F "10%5& ()-z!F
"109%n& () - z310R@Rabemehfl 1Bformation area of the buffer RAM 25. If

a target sector is defective, the CPU 17 refers to the

defective sector management information stored in the

defective sector management information area, thereby

5 recognizing an alternate sector for the defective

sector at high speed. The defective sector management

information stored in the management area llc of the

disk 11 is updated on the basis of the defective

sector management information stored in the defective

10 sector management information area of the buffer RAM
25. This updating process is executed whep, for
example, the HDD 1 is in the idle state.

[Second Procedure]
Referring to the flowchart of FIGS. 3A and 3B,

15 the second procedure will be described. In the
embodiment, the second procedure is automatically
executed when the HDD 1 is in the idle state. The
idle state of the HDD 1 means a state in which while
the SPM 13 is rotating, the head 12 is retrieved in a

20 predetermined retrieve portion (not shown), since no
read/write command is supplied for longer than a
predetermined time period. In this state, it is very
possible that power supplied to some circuits in the
HDD 1 is suspended, to save power. The head retrieve

25 portion is, for example, the parking area of a ramp.

Firstly, the CPU 17 accesses the error log area

200 of the RAM 20, thereby determining whether or not
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y10%4&' ()-F F 10%@& 6)- hd@Wi&rcbr logs are stored (step $21). If one
or more errors are logged, the CPU 17 fetches one
error log from the error log area 200 (step S522).
Each error log contains the information concerning the
5 sector whose retry has failed in the first procedure.
Specifically, each error log contains information
concerning the command that has designated
reading/writing of data from/to sectors including the
sector whose retry has failed, the address of the
10 sector, and the command processing time period CT for
one sector requested by the host 2. Assume that the
command in each error log is a read command.
Upon fetching one error log, the CPU 17 starts
the timer TM1 as in the standard case where a
15 read/write operation is executed in units of sectors
(step S23). Subsequently, the CPU 17 controls the
reading of the sector whose retry has failed, on the
basis of the read command and address of the sector
contained in the error log (step S24). At the step
20 524, the CPU 17 controls the actuator 14 via the
driver IC 16 so that the head 12 is positioned on the
track on the disk 11, which includes the sector whose
retry has failed. After that, the CPU 17 controls the
HDC 21 so as to read data from the sector whose retry
25 has failed, i.e., the sector that may be defective.

If an error occurs in the reading process at the

step S24 (step S25), the CPU 17 computes the error
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timer TM1 and the command processing time period CT
for one sector, as at the step S4 for the first
procedure (step 326). In other words, the CPU 17
5 computes the error retry time period CERT from the
elapsed time T starting at the start of the reading of
the error sector, and the command processing time
period CT for one, and the command processing time
period CT for one sector in the error log, using the
i0 aforementioned equation (1).
After that, the CPU 17 compares the computed
error retry time period CERT with a predetermined
error retry time period SERT (step S27). If CERT >
SERT, the CPU 17 uses the predetermined error retry
15 time period SERT as the error retry time period ERT
(step S28). TIf, on the other hand, CERT £ SERT, the
CPU 17 uses the computed error retry time period CERT
as the error retry time period ERT (step S29).
Subsequently, the CPU 17 sets, in the timer TMZ2,
20 the error retry time period ERT determined at the step
528 or 529, thereby starting the timer TM2 (steps S$30a
and S30b).
After starting the timer TM2, the CPU 17 executes
error retry (step $32) if the timer TM2 does not
25 output a timeout signal (step S31). 1If the sector

that was suspected to be defective could be normally

read in the retry process (step S33), the CPU 17
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finishes the error log process. In other words, the
CPU 17 finishes the error log process if the sector
that was suspected to be defective could be normally
read within the error retry time period ERT computed
5 on the basis of the command processing time period CT.
Thereafter, the CPU 17 returns to the step S21 if it
is still in the idle state. As is apparent, when the
host 2 has requested the reading of AV data from
sectors including the sector whose retry has succeeded
10 at the step S32, the sector can be read within the
command processing time period CT designated by the
host 2. In short, the sector whose retry has
succeeded at the step S32 can be processed in real
time.
15 On the other hand, if the sector that was
suspected to be defective could not be normally read
(step S33), the CPU 17 returns to the step S31. At
the step S31, the CPU 17 again determines whether or
not a timeout signal is output from the timer TM2,
20 i.e., whether or not a retry timeout occurs. If no
timeout occurs, the CPU 17 again executes error retry
(step S$32). 1If, on the other hand, a timeout occurs,
the CPU 17 determines that the sector, which was
suspected to be defective, is actually defective. At
25 this time, the CPU 17 executes an alternate process in

which an arbitrary non-use sector located in the

alternate area 1lb of the disk 11 is allocated in
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place of the defective sector (step S34). Attention
should be paid to the case where the error retry time
period ERT set in the timer TM2 is the error retry
time period CERT computed on the basis of the command

5 processing time period CT. In this case, when a
timeout occurs, the predetermined error retry time
period SERT has not yet elapsed. However, in the
embodiment, when a timeout occurs, the alternate
process 1is executed even if the predetermined error

10 retry time period SERT has not yet elapsed. The
reason for this will be described.

The reading of a sector suspected to be defective
may succeed if retry is continued for more than the
time period CERT but not more than the predetermined

15 error retry time period SERT. However, even if this
sector could be normally read after the time period
CERT, the command processing time period CT designated
by the host 2 has already elapsed. Therefore, if the
host 2 again designates the reading of AV data from

20 sectors including the sector, the sector may not be
read within the command processing time period CT
designated by the host 2. 1In other words, realtime
processing of the AV data may not be realized. 1In
light of this, in the embodiment, such a sector as the

25 above is subjected to an alternate process. This
structure prevents recurrence of an error in a sector

temporarily restored by the retry process, thereby

()-
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enabling a realtime process on AV data accessed.
Moreover, in the embodiment, the error log process
including the alternate process is executed when the
HDD 1 is in the idle state. Accordingly, the error
log process does not adversely affect the operation of
the HDD 1. When the alternate process is executed, no
data is written to the sector (alternate sector)
allocated in place of a defective sector. However, if
data is newly written to the alternate sector, it can
be normally read therefrom.

After executing the alternate process, the CPU 17
erases the processed error log from the error log area
200 (step S35), thereby finishing the processing of
one error log. If the CPU 17 is still in the idle
state, it returns to the step S21.

The operation of the HDD 1 of FIG. 1 has been
described, using an example where the command from the
host 2 is a read command. However, even if the
command from the host 2 is a write command, the same
operation is executed by the HDD 1 except that a write
operation is executed in place of the read operation
and no dummy data is transferred.

Further, in the embodiment, it is determined that
the termination of the retry process (forced
termination) is executed, when the time period
required for the error retry process exceeds the set

error retry time period ERT. However, this time-based
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on the number of occasions of retry. This can be
realized, for example, by providing, in the RAM 200, a
retry counter 204 realized using software, as is shown
in FIG. 4. With this structure, the number of
occasions of retry is counted by the counter 204 in
the manner described below. Firstly, the CPU 17 sets
the maximum allowable number of occasions of retry in
the retry counter 204. Each time the CPU 17 executes
the retry process, the value of the retry counter 204
is decremented by one. If retry does not succeed even
when the value of the retry counter 204 is 0, the CPU
17 executes the same process as that executed when a
retry timeout occurs.

The maximum allowable number ERN of occasions of
retry within the error retry time period ERT is given
by

ERN = the integral part of (ERT/Ts) .. (2)
where Ts represents the time period that is required
for the SPM 13 to rotate through 360 degrees, and is
computed in the following manner from the standard
rotational speed of the SPM 13. If the standard
rotational speed of the SPM 13 is 4,200 rpm, Ts is
60 X 1.000 (ms)/4,200 = 14 ms. The time period Ts
required for one rotation of the SPM 13 corresponds to
the time period required for one rotation of the disk

11. Accordingly, retry cannot be repeated within a

-10%%& (3 -yml0%s& ()- 10" 10" 10"3
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the time period necessary for one error retry
operation.
A counter (hardware counter) generally employed
5 in the CPU 17 can be used as a retry counter in place
of the software retry counter 204 on the RAM 20.
Further, the retry counter can be used as a counter
for incrementing the counter value by one each time
retry is executed. 1In this case, each time the retry
10 counter adds up the number of occasions of retry, it
is determined whether or not the resultant counter
value exceeds the maximum allowable number REN,
In the above-described embodiment, the invention
is applied to an HDD (Hard Disk Drive). However, the
15 invention is also applicable to disk storage
apparatuses capable of read/write operations, other
than HDDs, such as optical disk apparatuses, magneto-
optical disk drives, etc.
Additional advantages and modifications will
20 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

25 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A disk drive apparatus for audio visual data
in which an arbitrary sector provided in an alternate
area on a disk is allocated as an alternate sector for

5 a defective sector on the disk, comprising:

means for computing a maximum allowable time
period for restoration of a sector in which an error
occurs, on the basis of a command processing time
period designated by a host using the disk storage

10 apparatus, when the error occurs upon access to the
disk designated by a command supplied from the host,
the command processing time period enabling realtime
processing;

means for determining use of the computed maximum

15 allowable time period as a maximum error retry time
period; and

means for controlling retry of the sector, in
which the error occurs, within the determined maximum
error retry time period.

20 2. A disk storage apparatus for audio visual
data according to claim 1, further comprising:

means for storing an error log in a storage
device, if retry of the sector, in which the error
occurs, does not succeed within the determined maximum

25 error retry time period, the error log including the
command, an address assigned to the sector in which

the error occurs, and the command processing time



10968 () -t t uvwwPwz[ <bC931096& () -
| 1y109%6&' ()-!"109658& ()-M " 10%' ()-M " 10%& () - M 10%&' () - MPWMXXXX&XZX~_@F
f 10968 ()-f1096& ()- 105 105 105 :109%& ()-!7s! 10%c&’ ()-
581098 () - 2xxxfyzzz}[<~ @ F109%6& ()-! 10065& ()-  10%& ()-
| 10%5x58& ()-! 1 109%)x) & ()-3 1098& ()-225{{| <| | aB~_@ F110%& ()-3
£/10%6& ()-- 109B& ()- 'f10%6& ()-!S$LS$! 109€ () -3
I"10%&'()-||}t}u}v}w} ~}1bCE 10% () - % & ()- 10 10 10
8109%& ()- 6" 109%6& () - 510%5&' ()} -Q-~La7b0 96100 "8 ()-F 310% & ()-F
S109% &'()-'ulO%ﬂKnK& F 10%& () | |
0% & () - =HVE XSBTREIDO %?J(%nqt@é 1%36/&123-90%5" 103G F§Cker in which the

(O 0198 30" G014 300 R QA SOMNE el | o
defective;

means for sequentially reading non-processed

5 error logs stored in the storage device;

means for controlling access to a sector
indicated as possibly defective by each of the non-
processed error logs whenever said each of the non-
processed error logs is read; and

10 means for allocating an arbitrary sector in the
alternate area on the disk in place of the sector
indicated as possibly defective, if the retry does not
succeed within the determined maximum error retry time
period, the sector indicated as possibly defective

15 being determined to be really defective.

3. A disk storage apparatus for audio visual
data according to claim 1, wherein the computing means
computes the maximum allowable time period for
restoration by subtracting, from the command

20 processing time period, an elapsed time period ranging
from start of access to the sector, in which the error
occurs, to occurrence of the error.

4. A disk storage apparatus for audio visual
data according to claim 1, wherein the access

25 controlling means controls access to the sector which
may be defective, while the disk storage apparatus is

in an idle state.
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data according to claim 1, further comprising means
for comparing the computed maximum allowable time
period for restoration with a predetermined error

5 retry time period, and wherein the determining means
determines use of the computed maximum allowable time
period as the maximum error retry time period if the
comparing means detects that the computed maximum
allowable time period for restoration is shorter than

10 the predetermined error retry time period.

6. A disk storage apparatus for audio visual
data according to claim 5, wherein the determining
means determines use of the predetermined time period
as the maximum error retry time period if the

15 comparing means detects that the computed maximum
allowable time period for restoration is not shorter
than the predetermined error retry time period,

7. A disk storage apparatus for audio visual
data according to claim 1,

20 further comprising:

a timer which starts measurement of the
determined error retry time period when retry control
is started by the retry controlling means; and

means for deciding whether the timer finishes the

25 measurement of the determined error retry time period,
each time retry of the sector in which the error

occurs fails,
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retry of the sector in which the error occurs, if the
deciding means decides that the timer finishes the
measurement of the determined error retry time period.

5 8. A disk storage apparatus for audio visual
data according to claim 1,

further comprising:

a counter which counts a maximum allowable number
of occasions of retry corresponding to the determined

10 error retry time period; and

means for deciding whether the counter finishes
the counting of the maximum allowable number of
occasions of retry each time retry of the sector in
which the error occurs fails,

15 and wherein the retry controlling means stops the
retry of the sector in which the error occurs, if the
deciding means decides that the counter finishes the
counting of the maximum allowable number of occasions
of retry.

20 9. A disk drive apparatus for audio visual data
comprising:

a disk including a user area which stores data,
and an alternate area to be allocated in place of
defective sectors; and

25 a CPU which computes a maximum allowable time
period for restoration on the basis of a command

processing time period designated by a host using the
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the CPU controls retry of the sector which is

possibly defective, if an error occurs when the sector
which is possibly defective is accessed, determines

5 that the sector which is possibly defective is really
defective, 1f the retry does not succeed within the
determined maximum error retry time period, and
allocates an arbitrary sector in the alternate area of
the disk in place of the defective sector.

10 11. A disk storage apparatus for audio visual
data according to claim 10, wherein the predetermined
state is an idle state.

12. A retry method executed when an error occurs
in a sector on a disk incorporated in a disk storage

15 apparatus for audio visual data, in which an arbitrary
sector in an alternate area provided on the disk is
allocated as an alternate sector for a defective
sector, comprising:

computing a maximum allowable time period for

20 restoration on the basis of a command processing time
period designated by a host using the disk storage
apparatus, if an error occurs in a sector on the disk
during access to the disk designated by a command
supplied from the host, the command processing time

25 period enabling realtime processing;

determining that the computed maximum allowable

time period for restoration is used as a maximum error
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retry time period; and
executing retry of the sector, in which the error

occurs, within the determined maximum error retry time

period.
5 13. A retry method according to claim 12, further
comprising:

storing an error log in a storage device, if
retry of the sector, in which the error occurs, does
not succeed within the determined maximum error retry
10 time period, the error log including the command, an
address assigned to the sector in which the error
occurs, and the command processing time period
designated by the host, the sector in which the error
occurs being determined to be possibly defective;
15 sequentially reading non-processed error logs
stored in the storage device;
accessing a sector indicated as possibly
defective by each of the non-processed error logs,
whenever said each of the non-processed error logs 1is
20 read;
again executing retry of the sector which may be
defective, if an error occurs when the sector which
may be defective is accessed; and
allocating an arbitrary sector in the alternate
25 area on the disk in place of the sector indicated as
possibly defective, if the retry does not succeed

within the determined maximum error retry time period,
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determined to be really defective.

14. A retry method according to claim 12, wherein
the maximum allowable time period for restoration is

5 computed by subtracting, from the command processing

time period, an elapsed time period ranging from start
of access to the sector, in which the error occurs, to
occurrence of the error.

15. A retry method according to claim 12, wherein

10 the determining includes determining use of the
computed maximum allowable time period as the maximum
error retry time period if the computed maximum
allowable time period for restoration is shorter than
a predetermined error retry time period.

15 16. A retry method according to claim 15, wherein
the determining includes determining use of the
predetermined time period as the maximum error retry
time period if the computed maximum allowable time
period for restoration is not shorter than the

20 predetermined error retry time period.



