:Z[\]e3e*1 6T* n,.. AN ALTERNATE SECTOR BACKGROUND OF THE | NVENTI ON 5 The
prestent invention relates to a di sk storage apparatus in mq' itrary
sector in an alternate area on a disk is allocated as an al ”MM@WMI&H’/N
for a defectli tor on the disk. Particularly, it relates tg
appar atmwmmmmME@ﬁd for accessing a 10 di sk containing an alteri#te
sector, i e high speed di sk access even if the disk access range
desi gnat ed *P®%% read/ wite request from ahost contains a defective sector
making it necessary to access an alternate sector allocated to the
defective 15 sector. In general, in disk storﬁee aﬁgaratuses, represent ed
BYh

by hard disk drives (magnetic df3kLBrPVeTHE & % sector processing is
performed on defective sectors defective sector is . on 20 in

f di sk. A
whi ch an error NERAGAER r 8NP dHHedier BV AECE S mier oS eV HRT RS ai sk
. "Alt i ng" ns the all ti f th
Sector on the dRUARGIATE FHCTR Qer ccti ve sector. The sector all ocat ed
to the defective sector is called-ap !5@?1@§ﬂ1 BaTg - The track
€

containing the alternate sectori's Ca analternate track. Alternate

tracks arg provided ?ngﬁws&h LR £€+;F%?§t8sa{86‘3 sk Neordgs 2

di sk, which differs nor mal tracks. St or age appar at uses, di sk

access is perfofaed i ACLONGANCS I (4 ¢ WEd &8, COTHTBIMI {1t iy AGE eSS
command) supplied froma host. In the 5 case that a defective sector, to

which an alterngi&asestordiskals ospiechtds douml dncdhentth dedcHesod ange
designated by the read/wite conmand, both a normal track and alternate

track are accessegefdbeiedtesdade di athe | SisecurkdrtitwdlamEnga idi fferent
fromthat of 10 normal tracks that contain the defective sector.

Accordi ngly, toretzess theaml apracdusemidrnethod sfoweassarsinom gperform a
so-cal | ed seek operation for noving a head fromthe normal track,

cont ai nihQ t he deslkeceonbatringran ia s ore tdhesed tar nathel dedmblis higyh
allocated, to the track (alternate track) containing the alternate sector.
Di sk access protRe’dngisherterreeVtien fh SeRkdbperaieats fAndvi ng a head
froma normal track to_an alternatg &r ck is necezgg&x i.s executed in the

20 fol I owi ng nmedfetInEredt1y, @ WA bt Pee sl i% BiXessed during
i | k i sk i iy, st d._In thi

State a seck opevitiEn ?ofSePRES iet Tuha TR fhe U e i e A

contai ning the éﬁ:é%é‘aéﬁ SECLPLatS DELLOE @Ploé%&i % AHE RERKORAY ati on

is finished, the alternate sector is accessed. ter the access to the
al ternatgssect ogepsrrl |y finishes, disk access is tenporarily stopped

In general, in disk storage apparatuses,
represented by hard disk drives (magnetic disk
drives), alternate sector processing is performed on
defective sectors of a disk. A defective sector is on

20 in which an error has occurred a predetermined number
of times during disk access. "Alternate sector
processing”" means the allocation of another sector on
the disk in place of the defective sector. The sector
allocated to the defective sector is called an

25 alternate sector. The track containing the alternate
sector is called an alternate track. Alternate tracks

are provided in a special area (alternate area) on the



T - 3 to re-access the normal track. In this state, a seek operation for
"movi hg the head fromthe alternate track back to the normal track is
performed. Thus, if a defective sector is found in the disk 5 access range
designated by a read/wite command froma host, a seek operation for noving
the head fromthe track (normal track) containing the defective sector to
the track containing the alternate sector allocated to the defective sector
is performed. Therefore, even 10 if the pdSitional relationship between the
defective sector and alternate sector is optinmally set, at least the tine
corresponding tg,one rotatiqn _of the disk is necessary until the alternate
sector is accesSédXafVBichneisfars 6FORnBOLBRk bhafhfion. Sinmilarly, at

| east 15 the tinme correspo ding to one rotation of ,the disk is necessary
until the sector foIFBwFﬁSQt & Hégéc?PpérégBFSF'iglﬁ cBSseédSatfer the start

of the seek operati.on f r.aning t he head Lron1th alternate track to the
normal track. |Pefﬁ8r$8§i%Poﬁ8F FAPUEE oW pazﬁe%§{VE%Eet$@PTﬁﬁ ctive

sector and alteqag%g ggg%gé g?@@&ﬁdPesﬁ§§198&iPP &yat%gg%tinfncgﬁéesponding

to several rotat] I'S" neceéssary untt| ead i s noved from

the normab trackoLg therabtgopate; bagkelgracessant be 2t el fate, gector.

Simlarly, the tine corresponding to several rotations o e disk is

necessary until sthechead E§lé§£’e‘é8,€di§r?8hﬁéei§| tRE @l &1 L4 ACKs & orsmfen nor mal

track to access the - sector follow ng the defective sector. ot her

words, the di skaagtgnatparbor tR8CLead Mt UEENGokiENAFLCBSER 1D ol ernat e
sector, depends upon the positional relationship between defective and 5

al ternate sectotsacRh sedi edtefndtektasckssropecots oas. i Mtheldd Nige ptLess to
an alternate sector will be referred to as "alternate sector access". Jpn.
Pat. Appln. KOKBraPibliscaeconefloinlan55878 diSténses fromt tiomt (¢ehHis will
hereinafter be referred 10 to as a "first alternate sector access nethod"),
in whichlPf wibpagasdf tyackst bhatdrertairatendefechiva sReERri ve sector is
requested by a host, the data to be witten to the defective sector is once
witten to a mefi6FYTA¥REIdat BOi ACERES nERBr §LF_TRBBE B TP EN 4B B bitrary

alternate sector after diﬁg_acc SS reques%gﬂ}§¥ t he host fjinish Furt her,
[ n

if reading of d3F&°From’a‘di BRFAPER #ha?~ §e%kd@?%%§?%%95€§%cn is
ted by th , ot i i h dj | t
Cector (1 e tniouthy nRSadlEoH] bhe ho kel CPrsOk CERREELTtRS LR 071 he

memory. To readdé@&ét@@é%e&@@rm@g‘)ﬁﬂi@:ﬁ preessedrh sl ead-of r aceessing the

alternate sector corresponding to the defective sector. As a result, the

data fromethe ahleprBatedseebOthe COPAER (Q1EEENIBADEYackS @R ihd\S
descri bed above, in the first alternate sector access nethod, the data

stored in each ahteabhatenseetsectsrloaded to a nenory. In this case, if a
host - 5 has issued a request to access a di sk, actual access is nmade
to normal tracks, whlPieisaccemsepnbagsalihgr npeefeeneédrshenlas aseéskcopi ed
fromthe nmenory instead of accessing them This can dispense with the 5
operation of seeREhRgtapnefpatvovingks. hpedofuemgrynormal track to an

alternate track is necessary, is executed in the

20 following manner. Firstly, when a defective sector is
accessed during accessing a normal track, disk access
is temporarily stopped. 1In this state, a seek
operation for moving the head to the alternate track
containing the alternate sector is performed. After

25 the seek operation is finished, the alternate sector
is accessed. After the access to the alternate sector

normally finishes, disk access is temporarily stopped



inthe first alternate sector access nethod, the tine required for
"accessing each alternate sector can be nade constant regardl ess of the
positional relationship between the defective sector and 10 correspondi ng
alternate sector. However, in the first alternate sector access nethod,
accessing a disk and copying of data fromthe nmenory cannot be perforned
simul taneously. Therefore, if a defective sector is found during disk
access, it 15 is necessary to tenporarily %tdb di sk access, then copy data
fromthe nmenory, and resume disk access. In short, the first alternate
sector access nethod cannot realize the sane access performance as nor nal
di sk access. 20tgpre-pacesapphe. nKKAL Pudfkeat TontNes Itab2127 RekE| oses a
method (this will hereinafter be referred to as a "second alternate sector
access met hod") OPRRRERORsIQF P BIng ot AN 8RBVEL ¢ e 2t e? TR e sEa O
access nmet hod. The sggogd alternfte sector access 25 nethod is

characteri zed i R2fkKa benrPimal nbragk {7 SRREEOMReEns a | arger nunber of
defective sectors th reparatQry _sectors ovided.in the track,.the
6% track is mot. constHEPeddercaetoatats| SAEEAL f5 arndyfnthS aidx

det  ned S C ed L ; ¢
e eot | vesect of S aeser ABfE os SR SR PET AR a TMEA il Seodifing RErdi " ©
number of pr epangLer v SECLRr SpoE oYL drdel PnsREly LA end Netdlh SpaS e,
alternate sectors on each alternate track are aflocated only to the

defective sectogsathaingfRaObtalorf BynBHDLIRGHENG ddee PF PPArSE Oy Sectors
for each track fromall 10 defective sectors on each track, thereby

reduci ng the megeryheapagtkycsetainelyf e adl €snad e seed 5. a HyEMasa al so
in the second alternate sector access nethod, no consideration is given to
realization of thetbsanmdefiecetsse peedbonansepasformedr neihelr skovecesgen 15
Jpn. Pat. Appln. KOKAI Publication No. 5-182369 discloses a nethod (this

w || her&Pnaftetfbbheepesibtonal aselabionship drewecn cchordeteetisvaret hod"),
which is simlar to the above-described first alternate sector access

met hod. The t hi FECEPFephdt @l GeERdFe 20eaEREsES et hberl Ly ctrfactterieast i n
that the data ww%tten in each alternate sector on a disk éﬁ e..the data in

s

each alternate SBEtbifej SOERHTRAPIHNG HRndR§ TRAt 1R o sk tdrslyels

cpparats | {UL0ed S0 ol B ukasey MR tad s decessl At g gt a to
and the nenDry.tﬁgrEQQEt &% &ﬁeigeek operation. Similarly, at least
15 the time corresponding to one rotation of the disk is
necessary until the sector following the defective
sector 1s accessed after the start of the seek
operation for moving the head from the alternate track
to the normal track. If the positional relationship
20 between the defective sector and alternate sector
cannot be set optimally, the time corresponding to
several rotations of the disk is necessary until the
head is moved from the normal track to the alternate
track to access the alternate sector. Similarly, the
25 time corresponding to several rotations of the disk is
necessary until the head is returned from the

alternate track to the normal track to access the



necessary to read data froman alternate sector, the _ ~ data is read
‘fromthe nmenory, but not fromthe alternate sector. Also in the third
alternate sector access nmethod, no consideration is given to realization of
t he sane access performance as in 5 normal di sk access. BRI EF SUMWARY OF
THE | NVENTI ON An enbodi nrent of the present invention may provide an
apparatus and nethod for disk access inclugding alternate sector access,

whi ch can realize 10 the sane access perfotnmance as in nornmal di sk access,
even if access is made to the disk access range designated by a read/wite
command froma host, the_di sk access range, containing an alternate sector
allocated to a §6FEeti falserinp. the gﬁé%%ﬁiﬁ@ EBCEAT aspeRt OBREY he

i nvention, there ig provi ded an apparatus_in which an rgitra sector in
the al ternate abesdst AhAi GksFeaGPPataPEATAEmARCS! t LRALYSIRECHRS to a
defective sector on th% disk..,This paratus c ri ses _an aJternate sector
buf fer, 20 dat a®6GPPEr CobaRs &1 FAERREE EPFEAF dPAPSKUECRESRS cont rol lor
aritien in the Soevadie ceetF YaRraes, ShekEelnatatPblIT I ector D The

witten in the érnate sector—a ifvé Sector. The data

buffer issused L9 starecdatargead fAOEEEPS?Zéfd%§$kaQQc stgpéfé%%?ﬁErEd to

a host using the apparatus, and data transferre romthe host and to be

witten to the dihgkuqThg RUEESE B6C8RSaCtESHEte secfor §PPlEScdata between
the alternate sector buffer and the data buffer. The di sk access controll er

control s di sk age€sgreaqueshedrhytarnead/ vetter copvaag  supplied fromthe
host. During the disk access, data is 5 transferred between the di sk access

range on the di sk degpgnared.bgppha.r gagAw Ptibltoatnod Hod Lhes83t& buffer.
I f the disk access range contains the defective sector, the disk access
control |l er suspeadslthesdaskebbodsstihenwal heherdisafeachee rdbexdeddctive
10 sector. During suspension of the disk access, the disk access controller
causes the buffé&p ascas8férstupitesnebpyseatar becoees natkedh) ofin he

alternate sector_buffer and the data buffer. The area of the alternate
sector buffer stBre8 theVBAbANEoPfedpbAdFAge 18185 #He? dePBt M HiR@rRin the

| t t t | located to the defecti tor, that j tained in th
di sk access rang8LSAUAVE: BRArOhspEct SR aAvaRt agReshr TRe Thventdon will

be set forth inbghﬁrggﬁgﬁiPéigﬂemggfgctive sector is once written to

a memory. The data in the memory is copied to an

15 arbitrary alternate sector after disk access requested
by the host finishes. Further, if reading of data
from a disk area that contains a defective sector is
requested by the host, the data written in the
corresponding alternate sector (i.e. the data in

20 the alternate sector) is once copied to the memory.
To read this data, the memory is accessed instead of
accessing the alternate sector corresponding to the
defective sector. As a result, the data from the
alternate sector, copied to the memory, is read.

25 As described above, in the first alternate sector
access method, the data stored in each alternate

sector is loaded to a memory. In this case, if a host



20 follows, and in part will be obvious fromthe description, or may be

'l earhed by practice of the invention. The aspects and advantages of the
invention may be realized and obtained by neans of the instrunentalities
and conbi nations particularly 25 pointed out hereinafter. BRI EF DESCRI PTI ON
OF THE SEVERAL VI EW5 OF THE DRAW NG The acconpanyi ng draw ngs, which are

i ncor por at ed _ g _in and constitute a part of the specification,
illustrate enbodi ments of the invention, ahd Together with the general
description given above and the detail ed description of the enbodi nents

gi ven bel ow, serve to 5 explain the principles of the invention. FIG 1 is
a bl ock diagranpﬁﬁl6§FP89iﬁgr?ﬁéeéBnngﬁFﬁ??énao@lﬁkha@ﬁtﬁﬁ%ka%@¢%%
according to an,enbo ingnt of t?e invgntio . FIG 2Ais a viewillustrating
an exanpl e of alPoM@4fatSt POLTAletbACtfe HRPEREFyveCAREEHFIBMdr ess tabl e 254

[ in F 1. FLG 2B i ' Ll ust [ | f dat
ST ucture of G 4FFBPhG: BOCERTST HOFfet SaloPbed LoBH ot o8a aBpRhring I n

FIG 1: 15 FIG ., i i i i | f f

| tor mat o soot o BSrRAgnQY| BNCLLLYBE EhRRO DL CXO0B) Saflp Sl A SR ene . .
FIG 3 i bl i k| i j i ff
boese o Soutt ERstafbAbE LUskial A8cLPRAFONIQLEE | RePlrddifa il | oF
useful in explaifi pget h?r?fogfégfﬁa% Lberopesats 98 fIecyy edhd ﬁigﬁ he

enbodinment; FIG 5 is a flowhart useful in explaining, 1n 25 det

procedure of di skqaceeasrpersecsediny §L€RSa e Pt &8st GarflBie and FI G
6 is a view useful in explaining the - 10 operation executed in the

enbodi ment whenmtte dosktantessgaadyessdesft gtiad esodyt bot@st cont ai ns

def ective sectors. DETAILED DESCRI PTION OF THE | NVENTION 5 A hard di sk
drive for recortehgtapdshéprietecey b defsutal v AAdctdat agndiccording to an
enbodi ment of the invention, wll be described in detail with reference to
t he accohPanyi n§odFasPpading &ltarnaty HEeERr di agramillustrating the
configuration of the 10 hard disk drive. In_the hard disk drive
(hereinafter referredoV§VaE: anm" FPP F1ERABWAL FRC R ER SChBOHI 3RCETagnet i c

di sk) 11 di di h . l.e. d,| , f
ane br both of TREPCHO aUrrareRdar thakared aarlies SEn thins dey

memory cannot be performed simultaneously. Therefore,
if a defective sector is found during disk access, it

15 is necessary to temporarily stop disk access, then
copy data from the memory, and resume disk access. In
short, the first alternate sector access method cannot
realize the same access performance as normal disk
access.

20 Jpn. Pat. Appln. KOKAI Publication No. 4-162127
discloses a method (this will hereinafter be referred
to as a "second alternate sector access method"),
which is similar to the above first alternate sector
access method. The second alternate sector access

25 method is characterized in that, even if a normal
track contains a larger number of defective sectors

than preparatory sectors provided in the track, the



15 surfaces on which data is magnetically recorded. A head (magnetic head)
12 i's provided for each recording surface of the disk 11. The head 12
floats above the disk 11 in accordance with the rotation of the disk 11
when the HDD operates. The head 12 is 20 used to wite data to the disk 11
(data recording) and to read data fromthe disk 11 (data reproduction).

Al t hough the HDD shown in FIG 1 is assu to have a single disk 11, it
may have a plurality of stacked disks 11. 25 Each recording surface of the
di sk 11 has a user area 1la, alternate area 11b and nanagenent area llc.
The user area 1la | used Qy g ;hg g nat e a%ea 11b
conpri ses alter 5?8 t FEcRE! ﬁﬁ%ﬁl PTRE nde e??%ﬁ? %%n%ﬁ?%e%ss% tors used as

alternate sectors,to.be a efectlgf%sector on the disk 11. The

managenent area® iiésféeﬁsgdp%%&§gﬁf%l?%?o? % nettssary for system
managenent (i . P5§§§£§g*g§€gggg§gi¥igﬁO{ga£ﬁgp) hlﬂﬁgﬁxg%qggnanagenent

i nformati on con vVé Sec nanagenen ioh. The defective

sector. managemel ebAEPLERLER0LOdhgRL oRot NExEoLd ERARdENGpiyen each 10

def ecti ve sector an sector (alternate sector ocated to each

def ecti vessect opymibe gefgct V&éerﬁmfemwwrét@w Hdt@rscont ai ns a
pair of addresses aSS|gned to each defectivé séctor and a sector (alternate

sector) correspppgdingeiheset @achntddckhe exanphes odadd Galtedderal ternate
area 11b is an annular area that surrounds the user area l1lla. However, the

alternate area 4édbtomy be paoNi deternstédettiek uses aAlbscdiled dnirg ey, two
alternate areas, which are provided inside and outside the user area 20
1la, may be usethel dedddtivenseatéos nmeltabf ardeclSOR f@brisy amtb Dearsiing
Recording) type may be enployed in the disk 1. In this case, since the user
area lla is divibedrraparateriraectyraf fannepchr tores, fromadllernate area
may be prOV|ded for each zone. The 25 alternate area 11b and nanage nent
area 11cl@re us€@f GﬁFyvﬁys?ﬁE°§§s?%n?a¢% BYHEE, wohemkebY neadiGigh &

non- user areas that_cannot b reco nlz ﬂe user The area

formed of the a@?@?ﬁ&t@aa?gé 15e3 ngﬁgn%‘?eﬁﬁiﬁfjﬁipﬁ%F%alled a system
area. Al terna?'ﬁ%% ve X%Epeaﬁﬂﬁﬁ%. bndr s df%émlr?a{‘éay o &P'%cecgesas system

area. 5 The dis rs'ro spee y as |n

(hereinafter reﬁev_ﬁ?d toa8, QldeQ‘P%io%?’lsT evdiead, éxfea%.flféﬁf&b%kto the

tip of an actuator (carriage ead Isra y noved In
the same access performance as in normal disk access.

15 Jpn. Pat. Appln. KOKAI Publication No. 5-182369
discloses a method (this will hereinafter be referred
to as "third alternate sector access method"), which
is similar to the above-described first alternate
sector access method. The third alternate sector

20 access method is characterized in that the data
written in each alternate sector on a disk (i.e. the
data in each alternate sector) is copied to a memory
when the disk storage apparatus is turned on. 1In this
case, when it is necessary to write data to an

25 alternate sector, the data is written to both the
alternate sector and the memory. Further, if it is

necessary to read data from an alternate sector, the



accordance wth the swing operation of the 10 actuator 14. As a result, the
head’ is positioned to a target track. The actuator 14 has a voice coi

notor (hereinafter referred to as a "VCM') 15 serving as a drive source for
the actuator 14. Thus, the actuator 14 is driven by the VCM 15. The SPM 13
and 15 VCM 15 are driven by driving currents (SPM current and VCM current)
i ndependently supplied froma driver IC (Integrated Circuit) 16. The driver
IC 16 is a nmotor driver in the forn1of’an7IC'bhip, and serves as SPM and
VCM drivers. The values (control variables) for 20 determ ning the driving
currents to be s plied fromthe driver 1C 16 to the SPM 13 and VCM 15 are
det er ni ned by ad 15 repd EpoR1the UemRE Ymi Pl gl of 18 G¥e t he HDD. The
CPU 17 controls each section in the HDD in 25 co dance with the control

program st or ed FhCGTRRNE 182CERF - exiahift elntt'htée SR S£di%k access
controller and data Ioad%ﬁgdcontrol | er n%P qie function as the
di sk access con??%??%rme CF%PlﬁOQﬁﬁﬁ§?ﬂEF s%§r¥%%ﬁ%w‘%e (di sk access)

21 in accordance th a read/.vvri te command

operations of a_ JZ za%tlrlol i rfl\é d/

suppl i ed from a ‘F\% 1 QUhPEt “he IHE TTETT T HAEE (i 1! t he HDD of
FIG 1 ich i e e personal conputer. Further, using the
functi on\,\gs theﬁ%élﬁ%ilgggk ch%% roller, the CPU 17 executes, upon turn on

of the HDD, control for copgkpfr gmglépr@gﬁqmﬁ@f@@uffer 252
described 10 later, the data Iin each alternate sector on the alternate area

11b allocated to a cphrenpefAdhegt dsf eehé ErSEEA DT i RFert titodigdy 11. The CPU
17 al so executes positioning control for positioning the head 12 to a
target track byptsvivdegahhgppsetaatorardd Mdchod fde dirdwercddssl6. The CPU 17
further executes alternate sector processing when a new defective sector
has been det ectemkctuding alséraztessectidre LRiedy, exeialt esn uEal itagr n on of
the HDD, table generation processing for generating a defective 20 sector
manageneh? t abl ehessameefece sy ereebepranarirassin am @b Al aglaessat e
sector buffer address table 255, which will be described later. The CPU 17
i s connected toS¥CTRLE hRGC8S IhHaagR) Husths @Jsslmasca:%ﬁwrr@étg@d to a ROM

Read Only Meno 9, RAM (Random Access Me 20, dISk ntroll er
Eherel naf%/er re‘l=1 %Jr%lﬂia%%da}i:\y"ﬁ&??g@i”a‘?ﬁj %%V%arga) é’%/o ®9

prestores a prggw?}é Egcgggééollfan e cont 1n1 ed;n% aPJ[t'heere ecut edaﬂ%y the CPU 17.

A part of the 0"is used a awor e HDC 21 is

connected to thg 9@%&@% g% gzde%%@?fs\)’% Lg% 1§ 24 and buffer RAM 25, as wel |

as to the CPU bus connected to the host via a

host intesface 26. TRecHPEiRd B@Saﬁnaéﬁ@@if@ﬁetl@@niﬁ&%nﬁmt'ﬂ{bréillssk
control function and buffer control function. Using the interface control

function, the HiXboRddednir dhSpaesens i n wiieh conmeisl frap tde-taastin 10 and
controls data transfer between itself and the host. Using the disk control
function, the HD@24ltematésaded eof randifsk Ietalekradteaklds ard the di sk 11.
Usi ng the buffer control function, the HDC 21 controls the buffer RAM 25.
The HDC 21 conp@l%@%n%lt%)uw@tOnSt@oa:éé%feﬁﬁlc\m tsetpr Tive W fdskaccess
circuit 210 realijzes part of the disk control function and buffer control
function. This 'EN%U?R’PQ\WFU%eC@é%ﬂﬁ%%OPIP naJo"é%’ﬁ?é}tEF ategtorriyiffte array 22

ener ates_si gnal s, necessar control ling, the,
9 f 9 dataebu§§ery u£fer access 1rcu1t and disk access

controller. The alternate sector buffer is used to
store data corresponding to data written in the
alternate sector allocated to the defective sector.
The data buffer is used to store data read from the
25 disk and to be transferred to a host using the
apparatus, and data transferred from the host and to

be written to the disk. The buffer access circuit



20 The head 12 is connected to a head IC (head anplifier circuit) 23. The
'head' | C conprises a read anplifier (not shown) for anplifying a read signal
read by the head 12, and a wite anplifier (not shown) for converging wite
data into a wite current. The 25 head IC 23 is connected to a read/wite
IC (read/wite channel) 24. The read/wite |IC 24 executes various types of
signal processing. The signal processing - 15 includes A/ D conversion of
the read signal, encoding of wite data an®l decodi ng of read data. In the
HDD of FIG 1, when a read command from the host is executed, the head 12
reads a data S|gnal 5 recorded on the disk 11. The read connand desi gnat es
the area of thecaPsrsidaéa WRtwRephéhaaedtsrgabe seckerdpdblier TrRdsi gnal
(anal og signal) read by the head 12 is anplified by the head I1C 23. The
anpl i fi ed signathpsdaééoledipy - thghﬁeéaﬁhmﬁseeﬁe oantrpblppceontygls
processes the data, decoded by the read/wite |IC 24, in accordance th a
control signal ﬂﬁé#]Fﬁ&eéétéeSPF§§e§2bytﬁeF%BQ/ﬁEhE?af?%@a t%PRP%%éﬁdata)

to be transjerr dto %he ho his_d atg i g, once stored,i to.the buf fer RAM

25, "then i ranst SFPEITRS PRSthosDoiEnty LhRetBE STo0th (#eboUHer hand, when

AR I R R U O et 9aéla%c2“' te

stored into the SR N r t r je 1C 20 24
dBULLRG BAVL oS ek neR by ARSLET EBtinlRa ! Dia T ERE/ AL

by the HDC 21 in ac ance with a control sirgnal from gate array 22.

The read/write be%ére”CQ@e%hEhalgﬁt dccdbs saRgdedoMtsigs dgta i s converted
into a wite signal by the head I1C 23. The resultant wite signal is

witten, by thedhgadtize kectbe, atﬁél i skhgacdbsdi sknidoUest goadeshdy t he
wite connand The buffer RAM 25 stores respective areas dedicated to a
data buffer 251tamddakkennatessehénra headbhabutéech@d2thd hde fledtaidalf f er
251 is used to tenporarily store the data transferred between the host and
HDD (i.el0the HBEcRori.n DheiRPDpuspaesioanl 0érhbeedsektaccéusf ethe52 is used
to store data 5 corresponding to the data in alternate sectors allocated to
def ective sectof$ski agceascepptopline gavaesnteachubfeeraegessector). The
buffer RAM 25 al so stores areas for saving a defective sector managenent
tabl e 253, defeEtFF8i&etPoFCRYdARER PaBVESR02D5AT @RdC Al F1f nat ke iRt r

buf f dd t abl 255._ _The def ect t t tab 253 d
Lo store défiitF§Et§£058ffﬁaﬁaa§nﬁc TR et T g ket Bt e oot

of 15 addr essos®SEBrBREE FOCHOT Rl ber SBRUBrE. oy o géféggghaﬁgi the.

e 15 use
CPU 17 t@ssuspe@e @hékda%se§§19xe£h§nkﬁﬁé2&1M@PHa£@esé£Eb§1a£E%
defective sector during disk access. The alternate sector buffer address

table 255 is a kbsthef dé@df:@&&@%étt@r buiteis280nddigsses) ©le tdesiata
itens stored in the alternate sector buffer 252. The addresses in the table

255 indicate thacaddsesaagei.n the alternate sector buffer
Additional aspects and advantages of the

invention will be set forth in the description which

20 follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The aspects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly

25 pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated



252 that store a copy of data in each alternate sector. In accordance with
'the table 255, the CPU 17 25 inforns the HDC 21 of the address or addresses
in the alternate sector buffer 252 that are to be accessed during

suspensi on of disk access. The RAM 20 nmay hold - 17 the tables 253 -
255, instead of the buffer R AM25. FIGS. 2A and 2B illustrate the data
structure exanpl es of the defective sector, address table 254 and alternate
sector buffer address table 255, 5 respectively. FIG 2Cillustrates an
exanple of alternate sector data stored in the alternate sector buffer 252.
The exanples of FIGS. 2A and 2B correspond to the exanple of FIG 2C In
the exanpl e of FR@nACcropathtysy)airast @ edthe wpeakbcabomn 1igllust-
corresponding to one sector (e. g. 512 bytes%%éhat starts at a buffer
address (byte aH@EBsSTPABLRENEHecoh| e nhdeerkter 8 fIQIPHEET THdat a (S2)
is the data in the alternate sector. allocated to a defective se,ctoc{ S2 on
the disk 11. Si Hlﬁagﬁp?raitfae%%ap%oris%‘f%?e%PWie APAride Hekaile

corresponding tqQ one,sector that starts., at a buffer address (byte address
1 nPhe bufs cfle388:B8TtR tal et HadiRtn e v i T e Kbt o )

all ocated.to a def RY% ector S6. o e disk 11..Iln this case, entries n
anq n+1 i% t he Egpgé#%cﬁPéeggﬁ% %éﬁ%ﬁdégsgﬁéakq%Fﬁ I1s*tore t he addr esses

(disk addresses)_ of the, def §§téVEl§@Et9£§g§3maﬂﬂl1§§t1§a9€§n l{he 2A). On the
other hand, entries n and n+l in the alternate sector buffer address table

255 store the stentigddaessesofNQ andrdldDik tdvei e enscaibdinly angl 2b 252-1 in
the alternate sector buffer 252 (see FIG 2B). The entries n and n+l of the
al ternate sect oembofiieentddf eslse t abven2bdnare situated at the - 18
relatively sanme positions as the entries n and n+l of the defective sector
address table 254. | RIGhe2adnbsdanenew tbdleacraiinmgean hexaxplanaf ian, assune
that one entry is used for one defective sector 5 in the defective sector
address 1@bl e 28atandtanetinatef st cleireive atrirtess adies 25mblpwever ,
where a nunber of serial defective sectors exist on the disk 11, they can
be dealt with uéPAgeBREFELRS BRtFYS: i¥7 a pair of information itens

i ndi cative of 10 the ggdr és.of t he Ieaf'ng de{ective secpég and t he nunber
of serial defective S&Ctof§, 1Fedpttefve %? BFRCIRE P 9 TR S 1°h e descri bed

in nore detail ,gg?gng%i:{‘%gﬁlg%tgg &?éeaf@dgfr? ré@ét n&Ee ee_EctaoCI e%?s _-S4 are

defective, and correspondi ngaifs%r ee aCH]er nate sectors is
stored in the iaple 255 appearing in FIG. 1;

15 FIG. 2C is a view illustrating an example of
storage of alternate sectors in the alternate sector
buffer 252 appearing in FIG. 1;

FIG. 3 is a block diagram illustrating the

configuration of the buffer access circuit 210
20 appearing in FIG.1;

FIGS. 4A and 4B are flowcharts useful in
explaining the procedure of the operation executed in
the embodiment;

FIG. 5 is a flowchart useful in explaining, in

25 detail, the procedure of disk access performed at
steps A7 and A8 of FIG. 4B; and

FIG. 6 is a view useful in explaining the



area corresponding to three sectors, which starts at the address AOin the

‘altetnate sector buffer 252. In this case, a pair of information itens

i ndi cative of the address of the sector S2 and the nunber of 20 defective
sectors, 3, respectively, are stored in an entry min the defective sector
address table 254. Further, the buffer address AOis stored in an entry m
in the alternate sector buffer address_taghe 255. FIG 3 illustrates the
configuration of the 25 buffer access circtit 210 of the HDC 21. As shown
in FIG 3, the buffer access circuit (BAC) 210 conprises a di sk address

counter (hereinafter referred to_as - "DACNTR") 211, data buffer
address count er OPRERELABT BBECYES@r FRIERS %Egbmﬂ)BWR"})e@lt e 4%k nat e
sector buffer address counter (herejnafter referred to, as BACNTR ) 213,
buffer transfer2E66AfeF2BIENAPRIFRTTET PRr2rPRRC t P2 1T L€ and

data buffer counteﬁ gherelnafter referred to as "DBCNTR' ) 215. The DACNTR
211 is used to te by counting, a to-be-accessed address (disk

dd f the disk 11. d 10 disk
gdd:gzz)rgnge (edl !si ar ea% on lf%{?a %ﬁgﬁﬁs seE?TtH% HM| al %@Sta in Itﬁe
DACNTR 21 The DBA 2 d
t o- be- acc%ssedeaddrgggﬁgf?é ﬁi§5;§g9 ?%? 5%?6?qh£gs%éﬁqgé r%s

accessing the dQﬁélQUiEﬁélZ@:V)‘ SA8€d, ascéMdid) dats ]énﬂcﬂjltn@)wR 212.
The ASBACNTR 213 is used to indicate, by counting, a to-be-accessed address

of the alternatgnhsechPenbibh prwlbl. bd e St afs f10r wiGaessi ng the
alternate sector buffer 252 is set as initial data in the ASBACNTR 213. The
BTCNTR 214 20 i sefichankwatd t€loend et orfimdin gioed edeavwinmgs J t FTOUM iwal ue one by
one each tinme data of a predeterm ned size (e.g. one byte) is transferred.
The DBCNTR 215 asbdockudiagrdmrilhd$teating the winfiofrasiciors, thee
position of the data in the data buffer 251, 25 transferred between the
data bufi@r 251hard @bsk dREYerrihy ke mas disk 481w aheminafdesper ati on

of the enbodinment will be described. Assunme that the - 20 HDD of FIG 1
has been turned*BRSTAEAL RPs2%idR, "HRR Y P4 i Bh E%Ge%ecu'ﬂt é?HLﬁlh t he HDD.

The enbodi nent |s chay act rlze artl that the oII roceSS|ng (in
particular, the IB?%B%@%Fn 1%11f the 3% e%s %C%%aﬂ% 11}1% C’e‘d during the

initial | zation f t he Iégg) &sﬂ‘yért h&quU e1%1 utoers nc%vm troI for
S (A

generating the e?ettl or managenen bu fer RAM 25

(step AL). Spect\f«bcéuﬁ’acié‘eoﬁe&?&tdi’&Sffta&‘e RE é&tziﬁ 53 i's

generated by 10 reading the defective sector nmanagenent |nforna ion

recorded; on t hesianagesest wLeh 1dLr H14d heagheski dab 1 b &ddng it to the
buf fer RAM 25. Subsequently, the CPU 17 executes control for copying the

data in the al tRrhase s$esdosisic ihéad) rad etk rownidde fitef exddive sector
managenent table 253, to
recording surface of the disk 11. The head 12 floats
above the disk 11 in accordance with the rotation of
the disk 11 when the HDD operates. The head 12 is
20 used to write data to the disk 11 (data recording) and
to read data from the disk 11 (data reproduction).
Although the HDD shown in FIG. 1 is assumed to have
a single disk 11, it may have a plurality of stacked
disks 11.
25 Each recording surface of the disk 11 has a user

area lla, alternate area 11lb and management area llc.

The user area lla is used by a user. The alternate



the alternate sector buffer 252 in the buffer RAM 25 (step A2). During
‘contfol at the step A2, the data in alternate sectors is read fromthe disk
11 in the order beginning fromthe | eading alternate sector, on 20 the
basis of the addresses (addresses of the alternate sectors) stored in the
defective sector managenent table 253, as will now be described. At first,
the address of the leading alternate sect gn (di sk address), the |eading

buf fer address and transfer size 25 (the nunber of bytes) are set in the
DACNTR 211, ASBACNTR 2| 3 and BTCNTR 214, respectively. In this state, the

CPU 17 instructs the ffer access circui - 2 2 to transfer data
(romthe di ok 13760 (hB GomBrises elbbEhatar FErchss. Rach ol fertate Th at
the alternate sectors indicated b managenent tabl e

I

C Y t he def ctivel ecto 1
253 is sequenti &K EQRBPFFERTt RE %OEFsEsﬁﬁ.a%ha g?f%?ﬁ%t%e% 2t3r-Yata read
f the disk 11 is,t f d 5 he. al t t t
data transt or rel% 3RREABGRT P ARRFESLTS SPEFRESI RiorPhelaPkerhate sector.
buf fer 252 of t eb&hfafggpggfséi\{kigrtgﬁi the %dﬁfﬁ, Qeebngtasefmf%%ﬁﬁy&@ Wit h

the start 10 buffer a s tine, e count value o e ASBACNTR

213 is ingrementeddR Wyl k5 rokystam fXARPLRenbY(€5e. F¥yEben, the count
val ue of the DACNIR 2117is increnented in units of, for exanple, sectors

(in this case, mAndRiehend§ 1h¥3rhxtesh) . AssHEEsyBaémFhénagdémddtillustrates
the contents of the alternate sector buffer 252 under the above conditions.

In the exanpl e ahfblrhatitn tbatdahs bbtepst{H2) saotot Shanagendetal t ernate
sectors allocated to the defective sectors S2 and S6 are witten to the
areas 252-0 andi2@o2bh2tiocorr Bspoddifrgttiver esptoti nanggemens that start at
the buffer addresses AO and Al of the alternate sector buffer 252,
respectively. ThHefeafmesdont hadtpate? hrerarsssphedgetEcheieesrceah addr ess
tabl e 254 on the basis of the defective 25 sector managenment table 253 in
the bufféf RAM ZBfestdyeaspctoreagener 66808efretprR2ERCEBFIGHHr ess tabl e

254 | t di h ff RAM 25. As th - he defecti

sectgf ngigsslg&bpeag§g S%oﬁégkt%@fﬁﬂggggséggg?rdefﬁé?ié@ggﬁgfggslVe

i | udi th t S2 d_S6 i I 2A. t t A3,

the GPU 17 al so Sgeneralaeioracar, ShraruibeeloPonteihr 4 natr c2f Table 255

Speci fically, tQ%d%%%%%%aggs%ﬁﬁgﬂrtBUEBEB égg%§E§véaQEEt3§5a%é generated in
e 1/ ¢ u

the foll ow ng manner. generates er addresses (addresses in
the alternate sea@bLrbybfieerdaRk kBcUBKY ScBEr8ddoRMiR§ tRet8€0 O dex

beginning fromthe 10 start buffer address initially set in the ASBACNTR
213 15 the example of FIG. 1, the alternate area 1llb is an
annular area that surrounds the user area lla.
However, the alternate area 11b may be provided inside
the user area lla. Further, two alternate areas,
which are provided inside and outside the user area
20 lla, may be used. 1In addition, a format of the CDR
(Constant Density Recording) type may be employed in
the disk 1. 1In this case, since the user area lla is
divided into a plurality of annular zones, an
alternate area may be provided for each zone. The
25 alternate area 1lb and management area llc are used

only by the system. In other words, these areas are

non-user areas that cannot be recognized by the user.



at the step A2. Each tine the CPU 17 generates a buffer address, it
‘generates one entry for the alternate sector buffer address table 255. Each
time the CPU 17 generates one entry for the table 255, it 15 stores the
generated buffer address into the entry. Thus, the alternate sector buffer
address table 255 is generated in which the respective generated buffer
addresses (addresses in the alternate §ecﬁ2r buffer 252) are stored in
order in the sequential 20 entries. The alffernate sector buffer address
table 255 is stored in the buffer RAM 25. As is apparent, the buffer
address stored in an entry i is an address of the alternate sector buffer
252, the addresd FnéF@étﬁﬁﬁmﬁﬁeoﬁoEQ?l6ﬁt6Fnﬂ5?aa§?%r%Hb|%n@he 25 buffer
252 corresponding to the data tten in i aIter ate sector (allocated to
t he correspondiWgnag?QEPlv@rgé F)anﬂ?% ?gda AY$ %meﬂt?? i of the - 23
defective sectOé.%ddre? Z b this enb 9 ihe alternate
sector buffer aBdF&S83LAHF y258ng¥n5 St BE"APT R s?@%aAé StBFELBuf f er

addr esses that e_t s AOand Al in the 5 entries n and n+l
respectivel y, aggg %%n |Q9§?%ﬁ ggggAfter the initialization of the HDD

i ncl udi nggt he procesahggdiéktq§ stepst eﬁoé? ﬁhghf§§ée tg; gE%% 1 & eceive

a commuand frontthe host sune that t a co nd to t he

HDD in this Statn%toIhfthéQeﬁﬂmeQ bepByibg POShsi snrepaipdidrom the HDC 21
to the CPU 17. Then, the CPU 17 determ nes whether or not the conmmand from

the host is a r@a@!/%aaelgomadté&‘lwcamn@l)tﬁpe@fﬁéﬂ.aétuét@rcomrrand is
not the read/wite conmand, the CPU 17 executes the conmand 15 (step A5)

On the other handarrfiagbe tenmamHei sebdielPehns/ nidiel tpnmanekl time CPU 17
controls the HDC 21 so as to process the read/wite command in the
fol | owi ng mannerccAsdansehwitht hhe shéngoopenationnef hehéost is 20 a read
command. Firstly, the CPU 17 determnes, referring to the defective sector
address £8bl e 2B&LuaKerhéf .orAaoe Bedelbet the Beadoks exestbioned HeO di sk
access range designated by the read command (request fromthe host) (step
A6). The disk afc §§g?§n§§aF§ 25THEt RFREARDT f + DiE ke sTRtEe df ek addr ess and

the nunb t f_the_det t the step A6
' %4 i ndi Cal o< PRAF {REYBLARRAF cHo B EkeAc Kood* ‘r’%n’é kTt TEmern o

defective sector (Eod¥@b8hsgﬂr?|t?EgatﬁeS§§ gg &5 ﬁ quaﬁgg) thde CPU 17
executes the di SR Sc&ess operation desi % e’ read conmand from5
the host (step AftuatB:tig gghatlbéﬁdby' Ehéh@’cﬁei§rmﬂ%'§§Mrf§UAﬁd at the

step A6 indicates t at t he desi gnated di sk access range contains defective
sectors, 1the CPycili716xgedt @81 geEkbaCees6ihg therehsk asma &dhetents 4! uded

in the designated di sk access

VCM current) independently supplied from a driver IC
(Integrated Circuit) 16. The driver IC 16 is a motor
driver in the form of an IC chip, and serves as SPM
and VCM drivers. The values (control variables) for

20 determining the driving currents to be supplied from
the driver IC 16 to the SPM 13 and VCM 15 are
determined by a CPU 17,

The CPU 17 is the main controller of the HDD.

The CPU 17 controls each section in the HDD in

25 accordance with the control program stored in

a ROM 19. For example, the CPU 17 serves as a disk

access controller and data loading controller. Using



10 range and | ocated inmmediately before the initial defective sector (step
"A8). "'Assune that the designated di sk access range is the disk area
containing sectors SO - S7 shown in FIG 6. Further, in FIG 6, assumne that
t he hatched sectors S2 and S6 15 included in the sectors SO - S7 are
defective. In this case, at the step A8, a disk access operation 701 is
executed, in the follow ng manner, on the gisk area of the disk 11, which
ranges fromthe sector SOto the sector Si | ocated i nedi ately before the
defective 20 sector S2. Before the disk access operation 701, the CPU 17
set, in the DB tia

R 215 i nj ... val th I i ndi cat i f,th
position of the EagPﬂagigg?ﬁ%n#%? %ﬁ%@ %&%%%%fgéq qg%%%wggﬂu%ﬁgmgég; ©
buf f 25| d 25 . F h he. CPU, 17 td k
cont 101} for mooPRGohe bRl sadIEHER T IR LB, e R B 00 15 °°
th tart disk addr - t i , 7 t
Lhe start i ok 80dLeRscoptsqRter 1 oln REARRGPSIA of rddif (BT selo
di sk address 'ngbﬁﬂégae?ﬁﬁpibgdsi‘%ﬁ Sk 0F, SOpn@sh@dk i i tdal value for the
DACNTR 211 of 5 the buffer access circuit 210. Furthernore, the CPU 17 sets

the startsbuffegr;addtgascandvibe huimertoé oy est of 1¢ 1 anshaii dlatiss
corresponding to two sectors (2 X 512) as initial values for the DBACNTR
212 and BTCNTR 2dgrekehbedbuif grpacsessl céompite210, Fibthespacdingel y. After
this initialization, the CPU 17 activates the buffer access circuit 210 to
execut e the di skhacfesstbprrati the 7d8ta Aboadirgutdntidiel egt sthd ens (SO) and
(S1) in the sectors SO and S1 are sequentially read fromthe disk 11. As

i ndi cated by 15CPHelarepasufag, anporr 12uim ¢ @f 6the HéDRIaternitems f080) and
(S1) read fromthe sectors SO and S1 are sequentially stored into the data
buf fer 251. Thi scHY4RIacEesanoptiariahe weFtole RleEEef beel idpetidiad | ater.
20 If a new defective sector is, detected during%the di sk aggfss operation

701 at the steplaBetstERCAdstaaiRePRER 2 LERERAR CHrIveT My (Htep A9a) is
performed, followed b rocess] a# a stgg 16 desc;ibqg .Pter._ln t he
al ternate SECtO?T%FBB%EEIﬁﬁ?atkggd% BT UeT 280 BT - A At i nf or mati on
stored in the dﬁ&?%&ﬂ@efﬁg&gf&g@?a&%‘e@{ k apf s Zgﬁge Okpty ey i der RAM 25 i s

updat ed. At thi s stage, ive sector managenent i nformati on

recorded on the.gBpagEEeRLs#fSonids Qbnthel disK ddsisidwingindased. In other

wor ds, disk access for updating thé defective sector managenent information
i's not performedeadhe2updaki ngr§eof tthek def egtiven g eehOradmnAgRTaY

i nformation recorded on the managenent area 11lc is perfornmed when the HDD
is in anlbdl e strahethasdwiverbecdescribied CRWel7 firehetefecddwmessector is
detected during disk access requested by a wite command, the to-be-witten
10 data is witaéhetnathesafternnrecessing Wit ez 252 defeczvef the
corresponding alternate sector. On the other hand, assunme that the disk
access operati oficzberahaghbeshepep8ched #RRIRAH ToraeFeSS(step A9). At

hi i i.e., i i I for he 1 f i 2 h 17
?n;frhggg gheekﬁh#ggggl?%eeXeggtgs? apgn gugg ggté etﬁ&?éﬁg,figﬁlé: e U

generation processing for generating a defective
20 sector management table 253, defective sector address
table 254 and alternate sector buffer address
table 255, which will be described later.
The CPU 17 is connected to a CPU bus 18. The CPU
bus 18 is also connected to a ROM (Read Only Memory)
25 19, RAM (Random Access Memory) 20, disk controller
(hereinafter referred to an "HDC") 21 and gate

array 22. The ROM 19 prestores a program (control



to suspend the disk access operation. After that, the CPU 17 refers to the
"defective sector address table 254 and alternate sector buffer address
tabl e 255 (steps Al10 and All). At the step A10, 20 the CPU 17 determ nes
the size of data to be copied fromthe alternate sector buffer 252 to the
data buffer 251. This size is determned referring to the defective sector
address table 254. In the exanples of EIG$, 2A - 2C, the size of the
to-be-copied data is 25 one sector size (i.e. 512 bytes) corresponding to
the defective sector S2. At the next step All, the CPU 17 determ nes,
referring to the alternate sector buffe z 2 address table 255, the
Ceart burfer aofFesroru) doels SAERULAR BYnSPE CBUL 7 -bult BAE 553 HRn whi ch
data is to be cqpied., I e I f _El Ay 2 t st fer
address is the é%%ﬁ%&s Echgggié%gg Sgr hgggggFgg Fﬁet eUaF?érng % %@%tor
buffer 252 that -stagre a.(S2) .0 e rpat e . cQrresppndi ng
to the defectivgﬁsggtgPBg%Fq%E F&e%%gséagg 3§%%§tg§éoﬁ%§§%9£%gg %?a??

buffer address ijpdt Be rdlcteRAat ©55eak0LEf her +2852net EpWLGE data fﬁ?to be
witten, is 10 determned with reference to the alternate sector buffer

address tagbl e 25pc PhengaffiethetrtheckRbctéqcadsenet Resbufigraagsess circuit
210 of the HDC 21 to execute data copy 702 fromthe alternate sector buffer

252 to the dataihfebdbicer 2251 CakeADA12). hbkp theiaasefateacwhtiel command,
data is copied fromthe data buffer 251 to the alternate sector buffer 252.
At the step Al2funle¢iCBY Hisketsntikod fhectaba enpybutfierdetetnohed data
size (data transfer size) (512 bytes) and start 20 buffer address in the
BTCNTR 214 and ASBACBTR.21¥sdéhgt hbebihterfaceesontkpéufvnetdonr eklpecti vel y.
At this tine, the value of the DBACNTR 212 of the buffer access circuit 210
i ndi cates a buf #&F gddressredst KecgrtacBupfer gommanfefpoRf bhe aiepless

i ndi cat ed by thenég DBACNTR %12 is the addgess next to. the address storing
data (S1)0% n t h@PEefPBtI8ES PRTANTFLABELEE, Fﬁ@eepuli?eFé-aagiBEfes t he

buf f i it Q.th SO - .28 h d : t he CPU
17 causes the bUPFSr aloaBs EhFeiitrogBnEAobxERIPE Ak ACEDT05 for
copyi ng the a't%%g%Eglﬁeﬁk%% @?Bﬁs%§%)38§pégﬁggﬁgbﬂg hRq9p2 %PsﬁrTﬁ

defective sector uri ng suspensi on access. Even during the

suspensi on of diyghk naCce8eSpultherdiehtidli guhetabsd Bée! ABCSEM ddntdH $
suspensi on period corresponds to the period required for the head 12 to

move, relative toet bafdiesk RAY, 26r omrhBeHpear1eBdmptikBe septipfeSl to the
rear end of the 10 defective sector S2. In other words, this period
correspoids to wheeper cddcuequidd f Ohet heflieadatless obvenitelhti ve to the
disk 11, fromthe front end of the defective sector S2 to the front end of
t he next sector rg8alizes part of the disk control function and buffer
control function. This circuit will be described in
detail later. The gate array 22 generates signals
necessary for controlling the HDD.
20 The head 12 is connected to a head IC (head
amplifier circuit) 23. The head IC comprises a read
amplifier (not shown) for amplifying a read signal
read by the head 12, and a write amplifier (not shown)
for converging write data into a write current. The
25 head IC 23 is connected to a read/write IC (read/write

channel) 24. The read/write IC 24 executes various

types of signal processing. The signal processing



15 When the buffer access circuit 210 has been activated by the CPU 17, it
‘execltes data copy 702. Specifically, the buffer access circuit 210 reads
the data (S2) of 512 bytes (corresponding to one sector) corresponding to
the data in the alternate 20 sector allocated to the defective sector S2,
fromthe area 252-0 of the alternate sector buffer 252 in the order

begi nning fromthe buffer address AO |nd|E ted by the ASBACNTR 213. The
buffer access circuit 210 copies the data $82) read fromthe alternate
sector 25 buffer 252, to the data buffer 251, as is indicated by the arrow
713 in FIG 6. At hIS t| t he count v | ues of the, ASBACNTR 213 and
DBACNTR 212 ar eiBgdHdes. A ' CPREPERERE e b§h%née ettt Ut Mhe byte

is copied (transferre rther, ,the count _valu f_the BTCNTR 214 is
decrenented by 8 ewﬁﬁg%egg a9apq’ drCefersyPé Fgag @%E?ed When the count

val ue of the BTCNTR %%4tﬁasHBDrS%CP?ghe buw%hg Quffgd %ﬁﬁﬁgg?céTﬂg!t 210

ceases its operation. At t hi trime acc rcul i nfornms

the CPU 17 of the, cBBE'te&goax«QI;?gé&a Eﬂgth% 1§5££'9ds ng{a ol %3213| s 10

interrupt (termnation interru orenment 1 oned,

executed By the, Bubt-geqa66€88eCHE S 11 210Th@dFQ§<@d€£ﬁzhé/n&’fdé§1f‘gr@éés17
Accordingly, data copy 702 can be reliably finished wthin the tinme period

required for thﬁhaeégeézoEOtﬂevﬁlskeiﬁtbﬂewﬁﬂclﬁhﬁhé“ééﬁtallsl(jr{ﬁnishe front
end to the rear end of the 15 defective sector S1 (i.e., while the head 12

is on the def eckeyerdeator Thd) sighan (ecelyyngigniepordadib@ative amgyd end
fromthe buffer access circuit 210, the CPU 17 determ nes the conpl etion of
data copy (steplAlldy. amplofhed 29 tbedsead heC CPU. 17Tdetammi nkised hat dat a
transfer fromthe alternate sector on the disk 11 to the data buffer 251
has finished. Aftenaihas, deh@dembsnthﬁcreﬁ@hwsiteheIG:oth VEhaidil 2he
DBCNTR 215 by the nunmber of copied sectors (step . As aresult, 25

t ransf er 1 Bf copP€906§§85(85?ad¥F6n1@ﬁ%OQF@ePhaﬁ%es%%@@%wr¥?Qnﬂqk%ﬂdata

buffer 251 to the host i.s enabled on the b sis of_t R 215. - 30
Subsequent |y, thB ePECIFaBEEeVhthed ﬁﬂ%Fﬁ% St Indt E ¢ A3h of reading

Il th d he_h b 15). If

on- pr ocecsed SBELBY PermEASYRRY; FERRT A AIEngTE: ELTHE. e o, 11 s

the step A8. | 703
e step n EQﬁs ge0a tcb”?hgrl?g%%s' ”’ﬂl@%&?@a %%53&r3romcﬁ§a@ccess

for sequentlally rea Ing data rtens and sectors

S3, S4 and S5 ofntBetfeSkuttel SREMCSY] eflneASt Pak §B84 fed a5y | 1l GRSHd by the
arrows 10 714, 715 and 716 in FIG 6, the data tines (S3), (S$4) and (S5)

read froppthe spotene 8Bc 34.an0nSbharetsépresndn wien datwrind fer 251 in
this order. D sk access is suspended i medi ately before the defective
sector S6. \Wencdimskndcfess tkeshspendedexdSutepy 7ite mdst heratedexsS6) in
the alternate sector corresponding to the defective sector S6 is executed
as shown in Fl Gdaga wrhget Aetduf ferthecBBS ¢1rcuThe MpiteSpdatidically, the

data (S6) in the _
transferred from the host is once stored into the

buffer RAM 25, then transferred to the read/write IC
20 24 by the HDC 21 in accordance with a control signal

from the gate array 22. The read/write IC 24 encodes

the data. The encoded write data is converted into a

write signal by the head IC 23. The resultant write

signal is written, by the head 12, to the area of the
25 disk 11 designated by the write command.

The buffer RAM 25 stores respective areas

dedicated to a data buffer 251 and alternate sector



alternate sector corresponding to the defective sector 20 S6 is read from
"the alternate sector buffer 252. The data (S6) read fromthe alternate
sector buffer 252 is copied to the data buffer 251 as indicated by the
arrow 717 in FIG 6. After that, the sane processing as that executed when
the data copy 702 (713) is 25 conpleted is perfornmed. After the read
operation is perforned concerning all Lhelaﬁcyprs requested by the host
(step Al5), the - 31 CPU 17 determ nes ether or not the HDDis in the
idle state (step Al16). The idle state of the HDD neans the state, assuned
while the SPM 13 is ro i ng,..in which the h 12 is retracted to a head
retraction 5 po ﬁ?ﬁ%ﬁ.%%%r sﬁgﬁn??tFeBnggﬁtZggb§stH§e80£?tion of a ranp.
This idle state_is _assumed if the HDD does,not receive a read/wite comuand
fromthe host f5Fmgoﬁﬁég§?éﬁﬁpﬁgdtﬁfnga 8rF58n8Feﬁ5?é QﬁFV%e?hgﬁ%PNI13 is

DDy be | nt of i B0t A 0alé BowbRe PE b LbothS FROThe FiPe staie (stop
AL6), the CPU 1%1&@95%%%53%%£§g859gﬁ§}§§5ggbgggseah€5 Degfe 4ichhe HOD1s

not in the idle state (s ), returns Step A4.

Wen the HDD ha%oQQ%%ﬁgﬁhﬁh%dtbotheedbgbeiﬁtﬁiﬁerﬁggecgﬁﬁégr§XECUtes

control for witing t contents of the alternate sector buffer 252 to the

alternate area hlhoehtlldetdi skrist(stepedtdrs Pubsequesshy,othen&PU 17
executes control 20 for updating the defective sector nanagenent

i nformati on recdiaded ianebhl mhnagenesnt sacearilc DhetbefdeskrAM £5tep Al8).
After the step Al18, the CPU 17 waits for a command fromthe host. As
descri bed aboveglise shieresbederenfort gev2bgdef defevbisecsecsoS2 and S6
exist in the disk access range designated by the host. However, in the
embodi ment , dismaQ@§§@§n¢st§gé9eﬁ§éd dhEactheeheadtar addrg®s halsle eached
any one of the defective_sectors existing in the disk access range, with
referencé%o th§56e98€tP&§G§B€F8rSﬁﬂHPésgufﬁﬁFea§@ﬁ6§%tt@%ﬂ%h%5%uffer RAM
ion,of disk access, the 5 buifersgccess circuit 210

25. Duri th .
execut;;ngapaec éépgggﬁﬁéﬁthéeS PEr HAPEISBERDr EBRF F ef S%Saﬁﬂﬁﬁaf%.buffer
251, referring EEO&QGd%%%%%?ﬁ§5%8§?gr2%?3FA§m§néeSH£trmgyfghI£$é$f?d sk

access range designate con et ect VR £t ich an

alternate 10 seglokpkSy@hL@EALRY aklal $180b£NERESIRALY 1P, StPR, di sk access,

which differs fromthe prior art. Further, since access to an alternate
sector on the diskettive BREtBECEE8REYs BabPbabboNpl gdel ycofrthe disk 11

due to the access to an alternate sector does not occur. 15 Accordingly,
even i f flBe deshgdatededi aksagnedstbadg@€ective sectors. This table
is used by the CPU 17 to suspend disk access by the
HDC 21 when the HDC 21 detects a defective sector
during disk access. The alternate sector buffer
address table 255 is a list of addresses (i.e. buffer
20 addresses) of the data items stored in the alternate
sector buffer 252. The addresses in the table 255
indicate the addresses in the alternate sector buffer
252 that store a copy of data in each alternate
sector. In accordance with the table 255, the CPU 17
25 informs the HDC 21 of the address or addresses in the

alternate sector buffer 252 that are to be accessed

during suspension of disk access. The RAM 20 may hold



contains a defective sector, the enbodi nent can realize the sane access
‘performance as in nornmal disk access free froma defective sector. As
regards particulars about di sk access executed 20 at the steps A7 and A8, a
description will be given of, for exanple, the case where the command from
the host is a read conmand. The flowchart of FIG 5 illustrates the
procedure of this disk access. As shown ii FIG 5, firstly, the CPU 17
sets, in 25 the DBCNTR 215 of the buffer dcess circuit 210, an initial
value for the pointer position of the data buffer 251 as the start position

of data transfer - 33 fromth ata buffer 251 to the host (step Bl).
Subsequent | y, tﬁ@ecﬁébi?sc8§§eft§5g'Ib@?t%?gdﬁgk%%%dWéggériRﬁN ive of the

Leadi I d i ; q h af
oferrad to as targbicRaatheens off houbPERteTtedt R RSy IR S ack on the
di sk 11, desi d h d i | Led " k"..Th
PU 17 exocut oo ckitraps BE, hBF oAt rALELTE oapt Rt M hent N S A i o the
target track (sggg?ggggglgegggrl uff%gf%d§%§§% @gb%gm§§§fget of the seek

operation at the”s rs rdentica arget track in the previous

di sk access, thg?ggggggp/%;?t.i op%&;_s ﬁé”}fﬁ%’tf‘é?é’é‘cﬁ s agf ual  seek

operation is perforne er the conpletion of the seek ‘operation, the 15

CPU 17 sets i ni biabr¥atuesetfot hea DACER 24 1in DBACNTR &d2a s BHGNTR 214 of

the buffer access circuit 210 to activate the circuit 210. As a result, a
di sk access opebatfen 52per fhe nedampl &€ cor dpne®. WA haridie2 BOACNTR 211,
DBACNTR 212 and BTCNTR 214 (step B4). During the 20 di sk access operation,
data is read froorthepdndktdlthe exatslefofefI®r s2Candid hehe esxchmgsieaa i S
stored in the data buffer 251. Each tine data is read fromone sector, the
CPU 17 det ernmi nef Whet he€, odahat (32) ek s o3 tdvard ot Lan ereurd 3ty & he read
operation (step B5). 25 If reading of data fromone sector is normally
execut edlOt he CPRrIesPARAERBnER eRe ERTHL vER UB- o714 HYIBEUNTIR 85 by one

t B6). If - d - 34 t i t B7), .the CPU 17
ﬁZpggts zzli sk agégggt {ggﬁésg‘ﬂﬁﬁeﬂa%@régé. ?lir’ﬁeeg%cﬁ]%es(%t ehlgq' thg;lrﬁ:]‘,e Sn error
duri t he,_dat di f , t 17 ut t
operation a necBLbaryoEenanber or FreEe Phne e ritaxtia 5 fsiet or i ned
nunmber of timesy(sLep,BB)e Mté’?ﬁé‘t&%‘é‘@ﬁopeaﬂiééﬁ%%é’et&?@ J%P%@uénjbhﬁe sector

even after the retry operatron 1s perforned t erm ne er of

times (step B8)sebhgrCBY 44 dgbesfipes) t hagihNeaSPE! Uats dedectd ve. 10 At
this time, the CPU 17 allocates an arbitrary free sector on the alternate

area 11bisf thestbskdlint ant hec4ed 82t] VEo LSS n@Bhd@t &l dred Ned e sect or .
Thereafter,
that starts at a buffer address (byte address) Al in
the buffer 252. The data (S6) is the data in the
alternate sector allocated to a defective sector S6 on
the disk 11. In this case, entries n and n+l in the
20 defective sector address table 254 store the addresses
(disk addresses) of the defective sectors S2 and S6
(see FIG. 2A). On the other hand, entries n and n+l
in the alternate sector buffer address table 255 store
the start addresses A0 and Al of the areas 252-0 and
25 252-1 in the alternate sector buffer 252 (see

FIG. 2B). The entries n and n+l of the alternate

sector buffer address table 255 are situated at the



the CPU 17 stores, in the defective sector nmanagenent table 253, defective
"sect or managenent infornmation 15 indicative of the relationship between the
defective sector and alternate sector. In the enbodi nent, the present
invention is used in an HDD (Hard Di sk Drive). However, the invention is

al so applicable to other disk storage apparatuses, 20 such as an opti cal

di sk drive, magneto-optical disk drive,_ et g. Addi ti onal advant ages and

nodi fications will readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to 25 the specific

details and representative enbodi nents shown_and descri bed herein.
Acco:dingly, ngFEG lﬁﬁéyfFﬁﬁ?iB%Elﬂﬁﬁnﬁeaﬁnﬁgewf??ﬁﬁﬁéd%p%? iQ%iquHnthe

appended cl ai mm CARGOEREFF < ElaP el ok SLar et SR EERY & Al veD 187 1 an
| ai ms 4 _ _ L
o Tacatod as an al t orRarbes SRPrFERE: (P 2Rr Pl EARE P Entini ity 1 °

conprising:, an aghﬁﬁleafcﬁaﬁesﬁgreHeig,e{fv%@é&@ PéPr%%g@%lg?&P{x&?%\éﬁf‘g to

data witten inthe alternate sector allocated to t ectlve sector; a

data buffer whigh tBEPQEABELYvEt QE8BoHALGdFER8 d8oT& PB4 hengli sk and to be
transferred to a host using the apparatus, and data transferred fromthe

host and to be witktgAtEOstbEodi BKIFfar baifideesace/SBe C25EUI tHWE EdY COpi es
data between the alternate sector buffer and the data buffer; and 15 a disk
access control | ghewbi ehnuabérobs deskahcdessctievpieséetbby exisadnwite
command supplied fromthe host, during the disk access, data being
transferred bet ikendasdi $k, atbegscannge omalhewiilskusiosy grmatedrny t he

read/ wite command and the data 20 buffer, the disk access controller
suspendi ng the @h§kyacééss Peirhefdiskormabsen rifefes comdb¢asltheofef ective
sector and a head used to read/wite data to the disk reaches_the defective
sector, the di skhgceedgegdnfolier leadirtigletrethve strpetsi Hl of the disk

25 . the puff ircuit .t dat a_bet rea of th
At ornate. seot obPBURPBPSENAT  REF Al cOBRPY bl Ve | RS Bk oo T at e

sector buffer

are used. This will be described in more

detail, exemplifying the case where serial three

sectors S2 -S4 are defective, and data on the

15 corresponding three alternate sectors is stored in the
area corresponding to three sectors, which starts at
the address A0 in the alternate sector buffer 252. 1In
this case, a pair of information items indicative of
the address of the sector S2 and the number of

20 defective sectors, 3, respectively, are stored in an
entry m in the defective sector address table 254.
Further, the buffer address A0 is stored in an entry m
in the alternate sector buffer address table 255.

FIG. 3 illustrates the configuration of the
25 buffer access circuit 210 of the HDC 21. As shown in
FIG. 3, the buffer access circuit (BAC)} 210 comprises

a disk address counter (hereinafter referred to as



- 37 storing the data corresponding to the data witten in the alternate
'sector allocated to the defective sector that is contained in the disk
access range. 2. The apparatus according to claim1l, wherein 5 the disk
access controller resunmes the di sk access when the head has passed the
defective sector contained in the disk access range and has reached a
normal sector contained in the disk access of ange. 3. The apparat us
according to claim1, further 10 conprising nmeans for executing control for
witing contents of the alternate sector buffer to the alternate area of

he di sk wh is. i.dl . 4. Th d
to ol aim L, furtRBFNIE Coh PR AP B bR Er SEoRAEERA oh | ndi cat 65, by
ting, i tion,of t in.t dat vy d [ h t
being a i arger (888 BrLReRoFPEa™beRubEn PhelBArATBul 1 21 2ant FREMRER - and
wherein the disk aeaesp, contrallerupdahasolhendalabutler couptes 2 by a
nunber of sectors corregpon i ng ?o an -anoun g? da?% copy Be?meen the area

of the alternat %sseﬁg%cwﬁfv?r2?113?”%{1&@9} 2coHLEeE. cyfipgethe data copy has

finished. 5. The apparatus accor to clai wherein: 25 the buffer

access cikcuit ipehddas raarakbeepat €6CLAr "BYEkeR pdgi gsgngounter which
i ndi cates, by counting, a to-be-accessed address of the alternate - 38

sector buffer, angaapdErarbeblate2ddressisaunber robbeheingdbcase, by
counting, a to-be-accessed address of the data buffer; and the buffer

access circuit copcasrdat aibet weas DheNFRabier hatesséctor ibhdifete arsly t he
data buffer on the basis of the alternate sector buffer address counter and
t he data buffer caddtésyg,ceutbebe-8ccEheedppddacas é&dtvkdaddresskclafm 1,
further conprising a data | oading controller which executes, 10 upon turn
on of the appar &hgsdieéniiel Tbe sépytngddresshefapt benaeeageesdedbuffer,

the data witten in the _ , .
10 disk address range (disk area) on the disk 11 is set

as initial data in the DACNTR 211. The DBACNTR 212 is
used to indicate, by counting, a to-be-accessed
address of the data buffer 251. The start address for
accessing the data buffer 251 is set as i1initial data
15 in the DBACNTR 212. The ASBACNTR 213 is used to
indicate, by counting, a to-be-accessed address of
the alternate sector buffer 252. The start address
for accessing the alternate sector buffer 252 is set
as initial data in the ASBACNTR 213. The BTCNTR 214
20 is a backward counter for decrementing its count wvalue
one by one each time data of a predetermined size
(e.g. one byte) is transferred. The DBCNTR 215 is
a counter for indicating, in units of sectors, the
position of the data in the data buffer 251,
25 transferred between the data buffer 251 and host.
Referring to FIGS. 4A, 4B, 5 and 6, the operation

of the embodiment will be described. Assume that the



alternate sector in the alternate area allocated to the defective sector on
‘the disk. 7. The apparatus according to claim®6, wherein: 15 the buffer
access circuit copies data between the alternate sector buffer and the data
buffer, and al so copies data between the disk and the alternate sector
buffer; and the data | oading controller causes the buffer 20 access circuit
to copy, to the alternate sector buffer, g%ta_in the alternate sector in
the alternate area allocated to the defecti've sector on the disk. 8. The
apparatus according to claim7, wherein: the buffer access circuit includes
an alternate 25_sectar ffer_address counter which ipdicates, by counting,
a to-be-accesseaﬁﬁhﬁ egggof?tﬁésa F&anPénggc?Br bﬁ?fgp}satﬂﬁ?a buf f er
address counter .which.. -, 39 indicate by countjng, a.io-be-accessed
address of the d&t&? &ﬁ?&F}ogn&Saeéﬁgﬁ%ggdﬁgsgggoﬁﬁger ah?cﬁﬁP%§+%§yés, by
counting, a to-he- r.e tk | sk; d .buffer access
circuit copies g%tgﬁégg%ggﬁﬁggg g?f@?ﬁagg gg%FoFﬁ uF?%%ggﬁggthe data buffer

on the basis of &%%e%g&ﬁgggago ge&eguﬁaﬁfe£h@dg£§§és§9ﬂgt§£ @ﬂgeégg%gata

buf f er address counter, I es data betwee e disk and t ernate

sector buffer ompl@nihashasiseqbchieqdisakiagdrrss: fOUNLEL2PHohNer al ternate
sector buffer address counter. 9. The apparatus according to claim1,

further conprisichg &pmenory rlel¢ingha defiecti ¥geseEL O kAGMH essNtAD] € and an
alternate sector buffer address table, 15 the defective sector address

tabl e storing afoaddeessanfinghehdetiecbrveveeséotorthenayévenat ealskeet or
buffer address table storing an address of the alternate sector buffer

whi ch stores dat&3cdnr éspohdiffigrt BAMata i(atebeRd) t er fpeeificablyal tlozat ed
to the defective 20 sector, and wherein the disk access controller suspends
t he di sk accessdfiteftiNe geskoncrasgIpusnbebabbfedhd ells upeneratred deldr ess of
the defective sector, indicated by the defective sector address tabl e,

t hereby ¢8usi ngT289tRE bher epigctevs EpFEQrtMaBleepstatAIPEIAR t he data

def oct i ve. scct of SCRAREA B e BORRFRERG AFPRr hif o Cobtor bt | B addr

def ecti ve sect ofF 5FHdI ’ addr ess

table. 10. The ggggEgégiggcggggéggh%ggﬁggégg%%MfEgyher conprising: a nenory

hol di ng a def ect an alternate sector buffer

address table, the de(getivensagtOkradepassyt apbensberbafag aggress of the

defective sector, the alternate sector bufter address table storing data in

the alternate seeb9fingl kBeatgdat ont BRedgl €6Lh¥Ee SEELOEE s ANG 10s Br SR
| oadi ng controller which executes, upon turn on of the apparatus, control

for copyiisg, toithheéhal defsateveestotobuhnbrigehéet dadldlew2ss8entdn the
alternate sector in the alternate area allocated to the defective sector on
t he di sk, 15 and¢thehedtennahie deskoacbuviserohb?olhethsuspehels RAM 25

(step A2). During control at the step A2, the data in
alternate sectors is read from the disk 11 in the
order beginning from the leading alternate sector, on
20 the basis of the addresses (addresses of the alternate
sectors) stored in the defective sector management
table 253, as will now be described. At first, the
address of the leading alternate sector (disk
address), the leading buffer address and transfer size
25 (the number of bytes) are set in the DACNTR 211,
ASBACNTR 213 and BTCNTR 214, respectively. In this

state, the CPU 17 instructs the buffer access circuit



the di sk access when the di sk access has been executed up to the address of
'the defective sector, indicated by the defective sector address table,

t hereby causing the buffer access circuit to copy data between the 20 data
buffer and the area of the alternate sector buffer corresponding to the
defective sector indicated by the alternate sector buffer address table.
11. The apparatus according to claim 10, gﬁergin: the buffer access circuit
i ncludes an alternate 25 sector buffer address counter which indicates, by
counting, a to-be-accessed address of the alternate sector buffer, and a

dat a buffer address counter whi ndlca e countjng, a
t o- be- accessed g&@ré@st5FnFﬁ§rd§F§ab5FP@r SnalF% f%u?%e %c%gggr%??%uit

dat a bet th |t t d the,data buff th
copl es data bet ween Lhe, dter fabe seeLor BLT gt and, (hey datg buffer on Lhe
dd t Th I 1 wh in, th
f:uf;2?Saﬁzzzsea.ae-iﬁ&.rpatﬁcf‘%%zg% UgASEREhg Bl ALEI0 MNELELE: P
whi ch |nd|cgtesma§ata%€%$uggbn 2g3tgsbgeaﬁgﬁmgggkgdgégés Pémt alternate

sector buffer fer a dress counter |ca y count i ng,

a tobe-agcessedsaqdngss ohet Berdahachutbetorandea dbsk e e, Cobpg o1

whi ch indicates, by counting, a to-be-accessed address of 15 the disk; and

the buffer access gisr ¢¢ahsteRres dat anbebweesrt RemMapber nage §E@é9r&atbé1ffer
and the data buffer on the basis of the alternate sector buffer address

counter and t he s@datarbdiftar tadds€sgreaunbetheapdfcopi RBMdas ai 20sbetagen t he
disk and the alternate sector buffer on the basis of the disk address
counter and theialtberthat elsechatebattépraddffss 262nd €rthd3ouiher apgpar at us
according to claim10, wherein: a predeterm ned area of the disk is
al l ocated to 252&% manddenemdesr bagusadngoisonr theygnenvibhatfeeestart
informati on, the system managenent information including defective sector
managenesf infopwgéﬁgnag§§gss At this time, the count value of the
ASBACNTR 213 is incremented in units of, for example,
bytes. Further, the count value of the DACNTR 211 is
incremented in units of, for example, sectors (in this
case, in units of 512 bytes). Assume that FIG. 2C
15 illustrates the contents of the alternate sector
buffer 252 under the above conditions. 1In the example
of FIG. 2C, the data items (S2) and (S6) in
the alternate sectors allocated to the defective
sectors 82 and S6 are written to the areas 252-0 and
20 252-1 corresponding to respective sectors that start
at the buffer addresses A0 and Al of the alternate
sector buffer 252, respectively.
Thereafter, the CPU 17 generates the defective
sector address table 254 on the basis of the defective
25 sector management table 253 in the buffer RAM 25

(step A3). The generated defective sector address

table 254 is stored in the buffer RAM 25, Assume that



- 42 to manage a relationship between each of the defective sector on the
‘disk and the alternate sector in the alternate area allocated to the
defective sector; and ( the data | oading controller executes, in 5
accordance with the defective sector managenent information, control for
copying, to the alternate sector buffer, data in the alternate sector in
the alternate area allocated to the defective_sector. 14. The apparatus
according to claim 13, wherein: 10 the nefibry holds a defective sector
managenent table that stores the defective sector managenent infornmation

recorded on the managenent area; and the data | opading control | er executes,
in accordance wtR PgéeﬁéﬂgétF@@tQECFBQrﬁﬁﬁaE%H%ﬁtzﬁg PHPERFetR®n stored in

t he defecti t t abl e, trol . f [ to th
2l Ler nat o sect oRCHOPFEES it GoFRCLRESAPTEFGY e ROLPOTay it The" SF19H hat e
. 15. Th t i { | ai 4, t 20 | SiNng:
For updat i ng. hEZaBN8cEE e 8etP o RRtBIBAT | R or At | BA° ot A Tn The
def [ b ' ' I dt
el ect i ve seot orgmpagermNt, Lablenblafls ALhE 0L 380l Aol ol hopaLed Lo @

defective secto tected”during e S access; and neans for

execut | ng5contrghdggrssvw&'%bhglgzggnt e@ﬁaﬁc?fi&’é‘ﬂ?ﬁ“@lﬁé‘%&éﬁ%@é é)élétfhcgf to

the alternate area - the disk, and control for updating t

def ective sectopuFgeaggrBRbskNtaRMBL D9 [ ECOEAEHa P84 e FRDageTEAN: pg ea of
the disk, on the basis of the 4 defective sector managenent table, it the

apparatus is 5 managri.dl ehst @be. 116gedbea bppapat Bor ag@ressgs t 0 cl ai m 10,
further conprising neans for generating, in the nenory, the defective
sector address tlabbeeasdst he ahteahbéenseet secbot fienf feldr2ss) tiabl e, the
generating neans 10 generating the defective sector address table and the
units of 512 bytes in the order beginning from the
10 start buffer address initially set in the ASBACNTR 213
at the step A2. Each time the CPU 17 generates a
buffer address, it generates one entry for the
alternate sector buffer address table 255. Each time
the CPU 17 generates one entry for the table 255, it
15 stores the generated buffer address into the entry.
Thus, the alternate sector buffer address table 255 is
generated in which the respective generated buffer
addresses (addresses in the alternate sector
buffer 252) are stored in order in the sequential
20 entries. The alternate sector buffer address
table 255 is stored in the buffer RAM 25, As is
apparent, the buffer address stored in an entry i is
an address of the alternate sector buffer 252, the
address indicating the location of data stored in the
25 buffer 252 corresponding to the data written in the

alternate sector (allocated to the corresponding

defective sector) indicated in the entry i of the



alternate sector buffer address table when the data in the alternate sector
‘inthe alternate area allocated to the defective sector is copied to the
alternate sector buffer. 15 17. A nethod of accessing a disk containing an
alternate sector, for use in a disk storage apparatus in which an arbitrary
sector in an alternate area of the disk is allocated as the alternate
sector to a defective sector on the disk, ,he_di sk storage 20 apparat us
including an alternate sector buffer which stores data corresponding to
data written in the alternate sector allocated to the defective sector, and

d buf f i ch st d d f Lsk d . b f d
2 host using t hEeGPGE PaPagE0 o5 RRaPaL BED GndoAat alt rBRM orred 1rom the |
a host using thE* 2 8 "ant rel |
aceess range - Snppiiebfniieg oy i PERArarTPs BRERR R e st

contains the de;%%tlie@5§eggageaggapsed£ﬂg,skg tRe. QkékeécgﬁffefangeS

contains the defectfive sector, disk access including data transfer

bet ween the, dat g autkebsaRdathendi §he 26RES8HARYSe s WAENaRa NEAd: AiSEgk t O
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(R/W command) (step A4). If the command is not the
read/write command, the CPU 17 executes the command
15 (step A5).

On the other hand, if the command is the
read/write command, the CPU 17 controls the HDC 21 so
as to process the read/write command in the following
manner. Assume here that the command from the host is

20 a read command. Firstly, the CPU 17 determines,
referring to the defective sector address table 254,
whether or not a defective sector exists in the disk
access range designated by the read command {(request
from the host) (step A6). The disk access range is

25 determined from the start disk address and size (the
number of sectors).

If the determination result at the step A6
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After the seek operation, the CPU 17 sets the buffer
access circuit 210 to a read mode. Further, the

CPU 17 sets the disk address indicative of the start
sector S0, as an initial value for the DACNTR 211 of
the buffer access circuilt 210. Furthermore, the

CPU 17 sets the start buffer address and the number of
bytes of transfer data corresponding to two sectors

(2 X 512) as initial values for the DBACNTR 212 and
BTCNTR 214 of the buffer access circuit 210,
respectively. After this initialization, the CPU 17
activates the buffer access circuit 210 to execute the
disk access operation 710. As a result, the data
items (S0) and (S1) in the sectors S0 and S1 are
sequentially read from the disk 11. As indicated by
the arrows 711 and 712 in FIG. 6, the data items (S0)
and (S1) read from the sectors S0 and S1 are
sequentially stored into the data buffer 251.

This disk access operation will be described in detail
later.

If a new defective sector is detected during the
disk access operation 701 at the step A8 (step A9),
alternate sector processing (step A9a) is performed,
followed by processing at a step Al6é described later.
In the alternate sector processing, the defective
sector management information stored in the defective
sector management table 253 of the buffer RAM 25 is

updated. At this stage, the defective sector

aBN
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llc of the disk 11 is not updated. In other words,
disk access for updating the defective sector
management information is not performed. The updating
5 of the defective sector management information
recorded on the management area 1llc is performed when
the HDD is in an idle state, as will be described
later. If a defective sector is detected during disk
access requested by a write command, the to-be-written

10 data is written to the alternate sector buffer 252
instead of the corresponding alternate sector.

On the other hand, assume that the disk access
operation 701 at the step A8 has finished normally
(step A9). At this time (i.e., immediately before the

15 defective sector S2), the CPU 17 instructs the HDC 21
to suspend the disk access operation. After that, the
CPU 17 refers to the defective sector address
table 254 and alternate sector buffer address
table 255 (steps A10 and All). At the step AlQ,

20 the CPU 17 determines the size of data to be copied
from the alternate sector buffer 252 to the data
buffer 251. This size is determined referring to the
defective sector address table 254. In the examples
of FIGS. 2A - 2C, the size of the to-be-copied data is

25 one sector size (i.e. 512 bytes) corresponding to the
defective sector S2. At the next step All, the CPU 17

determines, referring to the alternate sector buffer
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the alternate sector buffer 252 from which data is to
be copied. 1In the examples of FIGS. 2A - 2C, the
start buffer address is the address A0 assigned to the

5 area in the alternate sector buffer 252 that stores
the data (S2) of the alternate sector corresponding to
the defective sector S2. 1In the case of a write
command, the start buffer address in the alternate
sector buffer 252, to which data is to be written, is

10 determined with reference to the alternate sector
buffer address table 255,

Thereafter, the CPU 17 causes the buffer access

circuit 210 of the HDC 21 to execute data copy 702
from the alternate sector buffer 252 to the data

15 buffer 251 (step Al2). 1In the case of a write
command, data is copied from the data buffer 251 to
the alternate sector buffer 252. At the step AlZ,
the CPU 17 sets, for the data copy, the determined
data size (data transfer size) (512 bytes) and start

20 buffer address in the BTCNTR 214 and ASBACBTR 213 of
the buffer access circuit 210, respectively. At this
time, the value of the DBACNTR 212 of the buffer
access circuit 210 indicates a buffer address in the
data buffer 251. The buffer address indicated by the

25 DBACNTR 212 is the address next to the address storing
data (S1) in the sector S1. In this state, the CPU 17

re~activates the buffer access circuit 210 that is in
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access circuit 210 to execute data copy 702 for
copying the alternate sector data (S2) corresponding
to data in the defective sector S2 during suspension
5 of disk access. Even during the suspension of disk
access, the disk 11 is rotated by the SPM 13. This
suspension period corresponds to the period required
for the head 12 to move, relative to the disk 11, from
the rear end of the sector S1 to the rear end of the
10 defective sector S2. In other words, this period
corresponds to the period required for the head 12 to
move, relative to the disk 11, from the front end of
the defective sector S2 to the front end of the next
sector S3.
15 When the buffer access circuit 210 has been
activated by the CPU 17, it executes data copy 702.
Specifically, the buffer access circuit 210 reads
the data (82) of 512 bytes (corresponding to one
sector) corresponding to the data in the alternate
20 sector allocated to the defective sector S2, from the
area 252-0 of the alternate sector buffer 252 in the
order beginning from the buffer address A0 indicated
by the ASBACNTR 213. The buffer access circuit 210
copies the data (S2), read from the alternate sector
25 buffer 252, to the data buffer 251, as is indicated by
the arrow 713 in FIG. 6. At this time, the count

values of the ASBACNTR 213 and DBACNTR 212 are each
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(transferred). Further, the count value of the BTCNTR
214 is decremented by one whenever data of one byte is
copied. When the count value of the BTCNTR 214 has
5 reached "0", the buffer access circuit 210 ceases its
operation. At this time, the buffer access circuit
210 informs the CPU 17 of the completion of data copy
702, using, for example, an interrupt (termination
interrupt). As aforementioned, data copy 702 is
10 executed by the buffer access circuit 210
independently of the CPU 17. Accordingly, data copy
702 can be reliably finished within the time period
required for the head 12 to move, relative to the
disk 11, from the front end to the rear end of the
15 defective sector S1 (i.e., while the head 12 is on the
defective sector sl).
Upon receiving a report of data copy end from
the buffer access circuit 210, the CPU 17 determines
the completion of data copy (step Al3). 1In other
20 words, the CPU 17 determines that data transfer from
the alternate sector on the disk 11 to the data
buffer 251 has finished. After that, the CPU 17
increments the count value of the DBCNTR 215 by the
number of copied sectors (step Al4). As a result,
25 transfer of copied data (data from the alternate

sector) from the data buffer 251 to the host is

enabled on the basis of the DRBRCNTR 215.
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(%he sectors
designated by the host has been completed (step AlS).
If a non-processed sector remains as in this example,
5 the CPU 17 returns to the step A8. 1In the second-time
processing at the step A8, disk access 703 for
sequentially reading data items (S3), (S4) and (S5)
from the sectors S3, S4 and S5 of the disk 11 is
executed. As a result, as indicated by the arrows
10 714, 715 and 716 in FIG. 6, the data times (S3), (84)
and (S5) read from the sectors S3, S4 and S5 are
stored in the data buffer 251 in this order.
Disk access 1s suspended immediately before the
defective sector S6. When disk access is suspended,
15 copy 704 of the data (S6) in the alternate sector
corresponding to the defective sector S6 is executed
as shown in FIG. 2, using the buffer access
clrcuit 210. Specifically, the data (S6) in the
alternate sector corresponding to the defective sector
20 S6é is read from the alternate sector buffer 252. The
data (S6) read from the alternate sector buffer 252 is
copied to the data buffer 251 as indicated by the
arrow 717 in FIG. 6. After that, the same processing
as that executed when the data copy 702 (713) is
25 completed is performed.

After the read operation is performed concerning

all the sectors requested by the host (step Al15), the
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means the state, assumed while the SPM 13 is rotating,
in which the head 12 is retracted to a head retraction
5 position (not shown), represented by the position of
a ramp. This idle state is assumed if the HDD does
not receive a read/write command from the host for a
predetermined time period or more while the SPM 13 is
rotating. In the idle state, the supply of power to
10 some circuits in the HDD may be interrupted to save
power.
If the HDD is in the idle state (step Al6), the
CPU 17 proceeds to a step Al7. On the other hand, if
the HDD is not in the idle state (step Al6), the
15 CPU 17 returns to the step A4. When the HDD has been
shifted to the idle state, the CPU 17 executes control
for writing the contents of the alternate sector
buffer 252 to the alternate area 1llb of the disk 11
(step Al7). Subsequently, the CPU 17 executes control
20 for updating the defective sector management
information recorded on the management area llc of the
disk 11 (step Al8). After the step Al8, the CPU 17
waits for a command from the host.
As described above, in the embodiment, two
25 defective sectors S2 and S6 exist in the disk access )

range designated by the host. However, in the

embodiment, disk access is suspended when the head 12
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in the disk access range, with reference to the
defective sector address table 254 set in the buffer
RAM 25. During the suspension of disk access, the

5 buffer access circuit 210 executes data copy between
the alternate sector buffer 252 and data buffer 251,
referring to the tables 254 and 255. As a result,
even 1f the disk access range designated by the host
contains a defective sector to which an alternate

10 sector 1s allocated, it is not necessary to stop disk
access, which differs from the prior art. Further,
since access to an alternate sector on the disk 11 is
not necessary, a rotational delay of the disk 11 due
to the access to an alternate sector does not occur.

15 Accordingly, even if the designated disk access range
contains a defective sector, the embodiment can
realize the same access performance as in normal disk
access free from a defective sector.

As regards particulars about disk access executed

20 at the steps A7 and A8, a description will be given
of, for example, the case where the command from the
host is a read command. The flowchart of FIG. 5
illustrates the procedure of this disk access.
As shown in FIG. 5, firstly, the CPU 17 sets, in

25 the DBCNTR 215 of the buffer access circuit 210,
an initial value for the pointer position of the data

buffer 251 as the start position of data transfer
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Subsequently, the CPU 17 converts a logical disk
address, indicative of the leading position to be
accessed, into a physical address (hereinafter

5 referred to as "target address") on the disk 11
(step B2). The track on the disk 11, designated by
the target address, is called "target track". The CPU
17 executes a seek operation (seek control) to move
the head 12 to the target track (step B3). If the

10 target track as the target of the seek operation at
the step B3 is identical to the target track in the
previous disk access, the seek operation is finished
at once, and no actual seek operation is performed.

After the completion of the seek operation, the

15 CPU 17 sets initial wvalues in the DACNTR 211, DBACNTR
212 and BTCNTR 214 of the buffer access circuit 210 to
activate the circuit 210. As a result, a disk access
operation is performed in accordance with the DACNTR
211, DBACNTR 212 and BTCNTR 214 (step B4). During the

20 disk access operation, data is read from the disk 11
in units of sectors, and the read data is stored in
the data buffer 251. Each time data is read from one
sector, the CPU 17 determines whether or not an error
has occurred during the read operation (step BS).

25 If reading of data from one sector is normally
executed, the CPU 17 increments the count value of the

DBCNTR 215 by one (step B6). If a non-processed
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sector remains (step B7), the CPU 17 repeats disk
access at the step B4 et seq. If, on the other hand,
an error occurs during the data reading of a sector,
the CPU 17 executes a retry operation a necessary
5 number of times that do not exceed a predetermined
number of times (step B8). If data cannot be normally
read from the sector even after the retry operation is
performed the predetermined number of times (step B8},
the CPU 17 determines that the sector is defective.

10 At this time, the CPU 17 allocates an arbitrary free
sector on the alternate area 11lb of the disk 11 to the
defective sector as an alternate sector. Thereafter,
the CPU 17 stores, in the defective sector management
table 253, defective sector management information

15 indicative of the relationship between the defective
sector and alternate sector.

In the embodiment, the present invention is used
in an HDD (Hard Disk Drive). However, the invention
is also applicable to other disk storage apparatuses,

20 such as an optical disk drive, magneto-optical disk
drive, etc.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

25 the specific details and representative embodiments

shown and described herein. Accordingly, various

modifications may be made without departing from the
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spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. An apparatus in which an arbitrary sector in
an alternate area of a disk is allocated as an
alternate sector to a defective sector on the disk,

5 comprising:

an alternate sector buffer which stores data
corresponding to data written in the alternate sector
allocated to the defective sector;

a data buffer which temporarily stores data read

10 from the disk and to be transferred to a host using
the apparatus, and data transferred from the host and
to be written to the disk;

a buffer access circuit which copies data between
the alternate sector buffer and the data buffer; and

15 a disk access controller which controls disk
access requested by a read/write command supplied from
the host, during the disk access, data being
transferred between a disk access range on the disk
designated by the read/write command and the data

20 buffer, the disk access controller suspending the disk
access if the disk access range contains the defective
sector and a head used to read/write data to the disk
reaches the defective sector, the disk access
controller causing, during suspension of the disk

25 access, the buffer access circuit to copy data between
an area of the alternate sector buffer and the data

buffer, the area of the alternate sector buffer
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the alternate sector allocated to the defective sector
that is contained in the disk access range.

. 2. The apparatus according to claim 1, wherein
5 the disk access controller resumes the disk access
when the head has passed the defective sector
contained in the disk access range and has reached a
normal sector contained in the disk access range.
3. The apparatus according to claim 1, further
10 comprising means for executing control for writing
contents of the alternate sector buffer to the
alternate area of the disk when the apparatus is in an
idle state.
4. The apparatus according to claim 1, further
15 comprising a data buffer counter which indicates, by
counting, a position of a sector in the data buffer,
data in the sector being a target to be transferred
between the data buffer and the host, and wherein the
disk access controller updates the data buffer counter
20 by a number of sectors corresponding to an amount of
data copy between the area of the alternate sector
buffer and the data buffer, when the data copy has
finished.
5. The apparatus according to claim 1, wherein:
25 the buffer access circuit includes an alternate
sector buffer address counter which indicates,

by counting, a to-be-accessed address of the alternate
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indicate, by counting, a to-be-accessed address of the
data buffer; and
the buffer access circuit copies data between the
5 alternate sector buffer and the data buffer on the
basis of the alternate sector buffer address counter
and the data buffer address counter.
6. The apparatus according to claim 1, further
comprising a data loading controller which executes,
10 upon turn on of the apparatus, control for copying, to
the alternate sector buffer, the data written in the
alternate sector in the alternate area allocated to
the defective sector on the disk.
7. The apparatus according to claim 6, wherein:
15 the buffer access circuit copies data between the
alternate sector buffer and the data buffer, and also
copies data between the disk and the alternate sector
buffer; and
the data loading controller causes the buffer
20 access circuit to copy, to the alternate sector
buffer, data in the alternate sector in the alternate
area allocated to the defective sector on the disk.
8. The apparatus according to claim 7, wherein:
the buffer access circuit includes an alternate
25 sector buffer address counter which indicates, by
counting, a to-be~accessed address of the alternate

sector buffer, a data buffer address counter which
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indicates, by counting, a to-be-accessed address of
the disk; and
5 the buffer access circuit copies data between the
alternate sector buffer and the data buffer on the
basis of the alternate sector buffer address counter
and the data buffer address counter, and copies data
between the disk and the alternate sector buffer on

10 the basis of the disk address counter and the
alternate sector buffer address counter.

9. The apparatus according to claim 1, further
comprising a memory holding a defective sector address
table and an alternate sector buffer address table,

15 the defective sector address table storing an address
of the defective sector, the alternate sector buffer
address table storing an address of the alternate
sector buffer which stores data corresponding to data
in the alternate sector allocated to the defective

20 sector,

and wherein the disk access controller suspends
the disk access when the disk access has been executed
up to the address of the defective sector, indicated
by the defective sector address table, thereby causing

25 the buffer access circuit to copy data between the
data buffer and the area of the alternate sector

buffer corresponding to the defective sector indicated
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by the alternate sector buffer address table.

10. The apparatus according to claim 1, further

comprising:

a memory holding a defective sector address table

5 and an alternate sector buffer address table, the

defective sector address table storing an address of

the defective sector, the alternate sector buffer

address table storing data in the alternate sector

allocated to the defective sector; and

10 a data loading controller which executes, upon

turn on of the apparatus, control for copying, to the

alternate sector buffer, the data written in the

alternate sector in the alternate area allocated to

the defective sector on the disk,

15 and wherein the disk access controller suspends

the disk access when the disk access has been executed

up to the address of the defective sector, indicated

by the defective sector address table, thereby causing

the buffer access circuit to copy data between the

20 data buffer and the area of the alternate sector

buffer corresponding to the defective sector indicated

by the alternate sector buffer address table.

11. The apparatus according to claim 10, wherein:

the buffer access circuit includes an alternate

25 sector buffer address counter which indicates, by

counting, a to-be-accessed address of the alternate

sector buffer, and a data buffer address counter which
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indicates, by counting, a to-be-accessed address of
the data buffer; and
the buffer access circuit copies data between the
alternate sector buffer and the data buffer on the
5 basis of the alternate sector buffer address counter
and the data buffer address counter.
12. The apparatus according to claim 10, wherein:
the buffer access circuit includes an alternate
sector buffer address counter which indicates, by
10 counting, a to-be-accessed address of the alternate
sector buffer, a data buffer address counter which
indicates, by counting, a to-be-accessed address of
the data buffer, and a disk address counter which
indicates, by counting, a to-be-accessed address of
15 the disk; and
the buffer access circuit copies data between the
alternate sector buffer and the data buffer on the
basis of the alternate sector buffer address counter
and the data buffer address counter, and copies data
20 between the disk and the alternate sector buffer on
the basis of the disk address counter and the
alternate sector buffer address counter.
13. The apparatus according to claim 10, wherein:
a predetermined area of the disk is allocated to
25 a management area used to store system management
information, the system management information

including defective sector management information used
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sector on the disk and the alternate sector in the

alternate area allocated to the defective sector; and
the data loading controller executes, in
5 accordance with the defective sector management
information, control for copying, to the alternate
sector buffer, data in the alternate sector in the
alternate area allocated to the defective sector.
14. The apparatus according to claim 13, wherein:
10 the memory holds a defective sector management
table that stores the defective sector management
information recorded on the management area; and
the data loading controller executes, in
accordance with the defective sector management
15 information stored in the defective sector management
table, control for copying, to the alternate sector
buffer, data in the alternate sector in the alternate
area.
15. The apparatus according to claim 14, further
20 comprising:
means for updating the defective sector
management information stored in the defective sector
management table if an alternate sector is allocated
to a defective sector newly detected during the disk
25 access; and
means for executing control for writing contents

of the alternate sector buffer to the alternate area
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of the disk, and control for updating the defective
sector management information recorded on the
management area of the disk, on the basis of the
defective sector management table, if the apparatus is
in an idle state.

16. The apparatus according to claim 10, further
comprising means for generating, in the memory, the
defective sector address table and the alternate
sector buffer address table, the generating means
generating the defective sector address table and the
alternate sector buffer address table when the data in
the alternate sector in the alternate area allocated
to the defective sector is copiled to the alternate
sector buffer.

17. A method of accessing a disk containing an
alternate sector, for use in a disk storage apparatus
in which an arbitrary sector in an alternate area of
the disk is allocated as the alternate sector to a
defective sector on the disk, the disk storage
apparatus including an alternate sector buffer which
stores data corresponding to data written in the
alternate sector allocated to the defective sector,
and a data buffer which stores data read from the disk
and to be transferred to a host using the disk storage
apparatus, and data transferred from the host and to
be written to the disk, comprising:

determining whether a disk access range
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contains the defective sector;
suspending, if the disk access range contains the
. defective sector, disk access including data transfer
5 between the data buffer and the disk access range,
when a head used to read/write data from/to the disk
has reached the defective sector; and
copying data between an area of the alternate
sector buffer and the data buffer during suspension of
10 the disk access, the area of the alternate sector
buffer storing the data written in the alternate
sector allocated to the defective sector that is
contained in the disk access range.
18. The method according to claim 17, further
15 comprising resuming the disk access when the head has
passed the defective sector contained in the disk
access range and has reached a normal sector contained
in the disk access range.
19, The method according to claim 17, further
20 comprising writing contents of the alternate sector
buffer to the alternate area on the disk when the disk
storage apparatus is in an idle state.
20. The method according to claim 17, further
comprising updating a data buffer counter by a number
25 of sectors corresponding to an amount of data copy
between the area of the alternate sector buffer and

the data buffer, when the data copy has finished, the
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5 21. The method according to claim 17, further
comprising copying, to the alternate sector buffer
upon turn on of the disk storage apparatus, the data
written in the alternate sector in the alternate area
allocated to the defective sector on the disk.

10 22. The method according to claim 17, wherein:
the disk access is suspended when the disk access
has executed up to an address of the defective sector,
indicated by a defective sector address table, the
defective sector address table storing an address of
15 the defective sector on the disk; and
an area of the alternate sector buffer
corresponding to the defective sector contained in the
disk access range is indicated by an alternate sector
buffer address table, the alternate sector buffer
20 address table storing an address of the alternate
sector buffer which stores data corresponding to data
in the alternate sector allocated to the defective

sector on the disk.



