3 1 OCT 2003 1 ON THE FLY DEFECT SLI PPI NG Rel ated Application This
application clains the benefit of U S. Provisional Appli cat"sop qﬁe?ml
Nunber 60/141, 615, filed June 30, 1999 under 35 U. S.C. 119(e). Fie of
the Invention The present invention relates to the field of mass storage
devices. Mre particularly, this invention relates to an apparatus and
nmet hod for passing over, or nore specifically slipping, defective sectors
on disc surfaces within a disc drive. Background of the Invention One key
conponent of any conputer systemis a device to store data. Conputer
systens have many different places where data can be stored. One common
pl ace for storing massive anmounts of data in a conputer systemis on a
disc drive. The nost basi c QNMHE FLYDEFECTISLYPPING an i nfornmation
storage disc that is rotated, an actuator that noves a transducer to
various | ocations over the disc, and electrical circuitry that is used to
wite and read data to and fron1#§ﬁn$£5@§%g§@i di sc drive also includes
circuitry for encoding data so t successfully retrieved and
witten to the disc suThisapplioAtioh claiomy the Besdit o£ UTH. Pedvasiondd HNpphitatidie
operations of the disc drive assing the data back to the

as._well as
requesting cOFRNEMbsRA0EAkOhYy fﬂ%%\mﬁﬁgnf%‘?%@é@réétw-ﬁd:-ddﬁfﬁ)t er for storing
to the disc. The transducer is typically placed on a small ceram c bl ock,
also referred to as a slider, that is aerodynam cally designed so that it
flies over the disc. The slider Rigddods aN@en t he disc in a transducing
relationship with the disc. Mst sliders have an air-bearing surface
(ABS) whi ch incl udes r&h¢ gresgagiinyetion reiates 208w feldefnass skare iaehe rails.

When the disg, rotat.e aif. ks dra et ween the rail nd the disc
surface causli%r? © %ﬁ%@ﬁ}}é ,thWﬂvgﬂtI?xg’%gag%sq? AR 2pRAtau Wiﬁ“?t?’%?‘frl?@sﬂ%c. At
the sane ti ngyer!diendte kpdcidallPglipAag, dehRticaddctors & didERBRed Withinh t he air

beari ng
disc drive.

Background of the Invention

One key component of any computer system is a device to store
data. Computer systems have many different places where data can be stored.
One common place for storing massive amounts of data in a computer system is
on a disc drive. The most basic parts of a disc drive are an information storage
disc that is rotated, an actuator that moves a transducer to various locations over
the disc, and electrical circuitry that is used to write and read data to and from the
disc. The disc drive also includes circuitry for encoding data so that it can be
successfully retrieved and written to the disc surface. A microprocessor controls
most of the operations of the disc drive as well as passing the data back to the
requesting computer and taking data from a requesting computer for storing to
the disc.

The transducer is typically placed on a small ceramic block, also
referred to as a slider, that is aerodynamically designed so that it flies over the
disc. The slider is passed over the disc in a transducing relationship with the

disc. Most sliders have an air-bearing surface (ABS) which includes rails and a
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loéated on both sides of the storage disc, read and write information on the

storage discs when the transducers are accurately positioned over one of the

designated tracks on the surface of the storage disc. The transducer is also said to

be moved to a target track. As the storage disc spins and the read/write head is

accurately positioned above a target track, the read/write head can store data onto

a track by writing information representative of data onto the storage disc.

Similarly, reading data on a storage disc is accomplished by positioning the

read/write head above a target track and reading the stored material on the storage

disc. To write on or read from different tracks, the read/write head is moved

radially across the tracks to a selected target track.

Each track on a disc surface in a disc drive is further divided into a

arcs called sectors. The sector typically holds 512 bytes of

number of short

information representing data. The aumber of sectors on a track used to be fixed

wherever the track was located on the disc surface. Now, the number of sectors




When a disc is manufactured, there is a possibility that there na be
defects on the disc. The defects typically can result ig 1;60&'[00&0 r tracks
that have doubtful, dangerous, or damaged nagnetic nedia, which would
otherwise put the custoner's data at risk. These defects are to be

avoi ded so that information representatijll_e of data is not witten to a

| ocati on where the data could be | ost ypi cal ly, each disc surface is
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In the spare todpqoyFr e are sectors could be provided on a track or

within a cyl '@ﬂgén tﬁh9¥éckd}Q§ﬂotlr§co&eﬁbI&Uﬂ‘he@écatlomokmyfde&ntldﬁ s¢ct9rént di sc
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but was kept el sewhere Nt slhdefectiveaeaiorsnaresfonnd aldhe gme of manufacture.

Defective sectors can occur after a disc drive is manufactured and there is

gencrally a system in place for handling newly defective sectors. Defects found
after the time of manufacture are sometimes termed as grown defects. There are
many sources for grown defective sectors. For example, sometimes a defective
sector can be found after an inadvertent contact between the slider and the disc.
Again, the location of the defective sector or track is stored in memory so that the
defective sector is not reused.

There are two basic schemes or systems for handling defective
sectors. One scheme is to provide spare sectors either on the track, within the
cylinder or at the inner diameter of the disc. In the spare sector scheme, spare
sectors could be provided on a track or within a cylinder. A cylinder is a group
of tracks from different disc surfaces located at substantially the same radial
distance from the center of the disc. Ifa defective sector was located, the

location of the defect was stored in memory and the spare sector on the track or




the disc drive. In this schene, a pool of spare sectors was k % ff track
or outside of the cylinder. In each of these schenes, i3‘1a0(§€ I s used,
the access tinme of the disc drive suffered. A constant industry goal is
to reduce the access tinme to data on the disc drive. Wien a spare sector
is used, and the spare is |ocated on the, track, the disc generally has to
undergo an additional revolution to get to the spare sector, read the
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access times associ at ednwhéthofsheseisclpnidseif sjspare isusehithe aceessclime aElde  or on
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done to the s%’aégggfﬁgyw%egggg%% thg i nf or mat islgn on the spare nust be
read and t hengaks@edideaeteralty histe undargk amaddititral pyohusionselggido théat t he
information after the spare can be reagt and addgd t.o the i%{cﬁﬁ%i on to
conpl et e t he spafesentanireas e spxe 528 GOd dhend ety 1gyhe PO e BSITEEYS Duri ng
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spare sect or s°§ ocation very far fromthe tracks being read,

the actuator RRVROENheahars bahedckbi Withine oydindarase s eiked, dhen|the diser ease
the access tinme to the data dramatically. |In addi ‘
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i nformation, the ocedure,f | waSheat ed
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tot [

of accessing e spare, reading it and accessing back to the track
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few. However, in the event of encountering a defective sector, the access time is
longer than the access times associated with storing the spare within the cylinder
or on the track since several seeks must be done to get to the spare sector and
then back to the track from which the transducer head is reading or writing. For
i example, when a defective sector is found, an access must be done to the spare
that replaces it, the information on the spare must be read and then a seek back to |
fhe track must be performed so that the information after the spare can be read
and added to the information to complete the information or data request sent by
a host computer. During each seek, a revolution may be lost which adds to the
access timé. If the spare sectors are kept at a location very far from the tracks
being read, the actuator movements associated with the various seeks will
increase the access time to the data dramatically. In addition, if there are several
defective sectors in string of sectors storing a long record of information, the

procedure for seeking to spares must be repeated generally as many times as there
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sector, the defect slipping technique requires that sectors are available to slip to.
This situation occurs at manufacture. After manufacture, most of the sectors are
usually designated as good sectors and few spare sectors are positioned within the
disc drive so that they are available to be slipped to. If spares were provided to

allow for defect slipping after manufacture, large amounts of potential storage
capacity would be wasted. Consequently, after manufacture, defect slipping is
generally not a viable option for handling defect I've sectors.

What is needed is a method and apparatus for dealing with
defective sectors that reduces access times. What is also needed is a process
which reduces the number of seeks needed to recover information from a pool of
spare sectors for long records of data or for information that include multiple
defective sectors. Furthermore, there is a need for a scheme for handling

defective sectors that keeps wasted storage space to a minimum, yet accurately

substitutes spare sectors in for defective sectors within the disc drive.




witing the plurality of sectors; and determ ning a nunber of ﬁk' ed
defective sectors that wll be encountered when witing the 3pI ub@fiﬁﬂﬂ.? of
sectors. A first defective sector is skipped and the next |ogical block
address is witten to the next non defective sector after the first
defective sector. A second defective segtor is skipped and the next

| ogi cal bl ock address is witten to the next non defective sector after

t he second defective sector. At least two sectors of the plurality of
sectors are reassigned and witten to at |least two sectors in a spare
sector pool. At least two of th iohhe plurality of sectors
to be witten are reassigned to two sectors wthin the spare sector pool.
The first defective setmethodrfdr whiting e pbmalityof sestdry ef infrmgtion fq-a

nonconti guous sectors. The , sectqrs ,af the spare s
conti guous setQTageSURfaEh M dise “%Ba}sﬁ d?@%{n&fudeggtgﬁm@%%ee@%g!os? g?%n ?ﬁe spare

sector pool al s Jeterfhitd S nuilb& Gof slipped@dfenivei ncl udes
storing the I%%%?%@%pgﬁalktﬁg?éﬁg?rg’ 4snectors \}VI hin the sgare sector pool so

that the Spiréélc:t%%ﬂa@tﬁﬁillr&yenngmﬂta?duﬁxdn am(;iagsmmmuw;nf Sﬁﬁtﬁ@- Pdf}rﬁ_t ng af r ead
operation. At |east the nunber o i pped sectors t r y 0
sectors to biefeative segtordp skippgd andnt &egtelgﬁlﬁglé’tlgc&atdgfes%g§Y£+ééct§tt%% a track
on the disc. A number. o L4180 88%010TA tdtendliefeatict y of
sectors equal net’%n?%gefﬁﬂln‘%es%aglf@?ﬁ%&mﬁect ors of the plurality of

sectors are rgagsidikesheanshdhé héxogical blackatidnessis waidien 6o heingXt M spar e
sector pool equal to the nunber of skipped sectaors of the so+f{flglity of
a

sectors. The defatsive seftosafter thessepond defective sectale AtdeasiyR sSSP '38% equal  to
t he nunber of skipped sectors_of. [ Lkl Seslidatparere to be
witten. A deP]é‘E‘ilﬁY’rﬁﬂ%?ﬁg’ﬁ%ﬂf r%a%l eérzr%e gr%@é&té%t %?Sit\%‘gs%%&} rsranagll) ng

defective Secg&gﬁgoeﬁ%ﬂ@as@ﬂvé bethdilae satworé afthe pfuralityliof secthrs teebd ncl udes a
controller, an menory associated with said controller e menory al so

: T
i ncl udes a fi wsitteB afe r&GE ZREO® tWopsetorsowtan s s9ara SEQF Pefls T8F Dstp urai ity

of defective sectors, and secon rkio 3o sebtdsd. Mt | on set
whi ch control §efﬁc%‘@§ﬁ°tﬂﬁﬁﬁge§ew tdg%StE)‘éer%fﬁog%ref%&%d\}#ig?i ns a plurality of

sectors. The confr akler,skisbGoPfool BR§beohtigidls sketors tithin thespave sectord a
second defective sector. At |east one witable sector is |ocat '{311% bet ween
the pool. The sectors in the spare sector pool also may be located a track on
disc. The method includes storing the location of the spare sectors within the
spare sector pool so that the spare sectors may be located at a subsequent time
during a read operation.
At least the number of skipped sectors of the plurality of sectors to
be written are written to a spare sector pool located a track on the disc. A number
of the sectors at the end of the plurality of sectors equal to the number of skipped
éectors of the plurality of sectors are reassigned and written to a number of
sectors in the spare sector pool equal to the number of skipped sectors of the
plurality of sectors. The number of sectors in the spare sector pool is also equal
to the number of skipped sectors of the plurality of sectors that were to be
written.
A defect management system for a disc drive for managing
ectors located on the disc surface of a disc drive includes a controller,

defective s

and a memory associated with said controller. The memory also includes a first




first defective sector and the second defective sector. The controller

al so controls the head to wite at |least the last two sectgrpotcg g@g
plurality of sectors to be witten to at |east two contiglous ‘se rs

| ocated in a pool of spare sectors. Advantageously, the disc drive which
uses the above inventions reduces the access tinmes associated with

obtai ning information fromsectors that 7include defective sectors which
need to be reassigned. The actuator novenents associated with reading
froma set oposaistorighecdtings ofmslsiafitiecf defestive sectarnand gisgeandortionye
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especially if there i fisf dbREGvedeciohe di sc
drive. The t gfao‘%lg{\ﬁ/?fy??ér?g&lgﬁf g&%ﬁ%ﬁ%éﬁ?ﬁ?&%ggi ve of data using this
met hod requi LR§ aRecond Adickiivssthtor Aeleastdnaamritatde sictar i$ losated betweelrl® net hod
and apparatus also efficiently and ac%ur,atel \égagﬁlessefsrgﬁhe spare sectors
fromthe sparfistsieictive sstsir and Sisseeqndgletackize sgolor. FHherantrelsTdsOpescript i on
of the Draw ngs, FI l1is an. e | ' | ietorstorul ti pl e
disc stack. repeirols gfesheﬁd i%‘fvg\t/\e/’agﬁésagﬂtgfgréﬁ @Wr %%)tro gsséeygltég lggdrl\i{%?i]\ét} he discs of a

disc drive shwifien 18 2bRhst@o to@idtdusédctorsiloaated ri aplen of Fa@ seBtdrs a
schematic representation of one of the tracks fromthe C%‘%fé}[‘]’g@r from the

di sc pack shown in Fi g Advangeusly, the discsliiye vetsiuses fieade Wt a
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I dentificati oring I rmation representative of

data, and serjyQuidiaedBieisedtorshHich Seelso Be easgigrih Theowitngtol GroyeweEWEs from a
track as a series of blocks. 3 1 OCT 2003 8 FIG 6 s di agram showi ng 15

sectors from asédistekwith reading frem aspt ofiseetres havinggpassigned gAY sect or s
froma spare sectors poqQl. FIG 7.is I a oW : ihrom a
track as a seﬁlmésswtﬂ‘b‘-b‘legﬁ%g tQ Qe @4ty2 seglg&l)a&E mlpgfb Weldfs, iR i

. . : a seve sectors :from a spare
sectors pool ., FlGu 8 iS5 RofifGanpRhsheyiRgeibraact of thefdiwrdrive rack as a

series of blockS as we as a Several sectors froma spare d?qut B pool .
especially if there are a large number of reassigned sectors on the disc drive. 1he
time for writing information representative of data using this method requires no
additional time and may require less time. The method and apparatus also

efficiently and accurately accesses the spare sectors from the spare sector pool

located on the disc drive.

Brief Description of the Drawi

FIG. 1 is an exploded view of a disc drive with a multiple disc stack.

FIG. 2 is a cutaway schematic representation of the discs of a disc drive showing
a set of tracks within a cylinder.

FIG. 3 is a schematic representation of one of the tracks from the cylinder from
the disc pack shown in Fig. 2.

FIG. 4 is a schematic representation of a portion of the track shown in Fig. 3.
which includes a track identification field, sectors for storing information
representative of data, and servo information.

FIG. 5 is a diagram showing 15 sectors from 2 track as a series of blocks.



FIG 9is a flowdiagramwiting the |ogical block addresses to a physical
| ocation on the disc drive as practiced by this inventigﬂﬂ 8CL208d is a
schematic view of a conmputer system Description of the Preferred

Enbodi ment In the follow ng detail ed description of the preferred

enbodi ments, reference is made to the acgonpanyi ng draw ngs which forma
part hereof, and in which are shown by way of illustration specific

enbodi nents in. which the | nventi.qn nmay ' : ' 1

under st ood tﬁgt}-%ksﬁégagrgﬁﬁh%l‘f’%r}ls§eﬁgv ff)ote%’?ﬁ?l{a@?ége%&glﬁsdbfs?ﬂroﬁﬁ%r\g? changes
may be nmade Wit hoyt , ARPALAHAS floiPAgaResedePpocdf the present invention.
The i nvention descri E)e In this application i1s useful with all chani cal
conf i gur at i OF$GoT isth disgramishewingahsi sactorsi frame @ tiagk ay §sesies Pf Plogks ¥t i on.

In addition, the invention is also useful in all types of disc drives

i ncl udi ng hard dP8a seifera) Sectors omyp SRAEGSCCQIRBIR)- 4 ¢ dri ves and any ot her
type of driv er L4i é{ﬁ!n 05 198 clofmsH uaack hé ®8erivs Slibloakeasawel par ki ng
t he transducﬁG\rArgils%dela eg&:ﬁ?ag‘% ) FFG 1 is an expl oded vi ew of one type
of a disc drive 1Q9akawrdlGecorsifaunan ypare sesaropoolThe di sc. drive 100 incl udes

a housing or base 112, and a cover 14. The ,base 1 : : forma
di sc enclgosurRIG. %is 3 flew diagram NEiting dhg glca‘t‘iqa‘éﬁazdﬁ“?%&t% ﬂgrﬁgxé\}g%ﬁ%cfg#ﬂ
Rot at abl y attache%ftégeagﬁdg%%ﬁ;&i&@b9ﬂ,@%ﬂ&{ shaft 118 is an

: a

actuat or assenbly € ac tor asSenbly 120 includes a conb-1ike

structure 12Zhayd o shembti@viewyofafcompner §@8Bm.At t ached to the separate
arns 123 on the conb 122, are | oad beans or |oad springs 124. Load beans

or Joad springs are also referred to as suspensions. Attached at the end
of “each |l oad spring 124 iqu arrel FiRbodigeny\hi ch carries a
magneti c transducer 150. T PW'. h~ihe transducer 150 form what
is many tines called thg iheptlowitg dtaleddetxeiption efithetpatferredhny sl i ders have
one transducer 150 and that is what is shown in té}e figgureﬁgol apsaptﬁm d

al so be not edertatimetts,seferanen is made te thaAssPPPAg (ENH} whichiforg & Rar Ay ng
nore than one transducer,. .such, as % S5k d $i8c ambadindntsdh nmagnet o
resistive hea’éFfP(?f’M%W}Bﬂémffg%%%%g{ayfggfusg gélﬁsgsall |y used for reading

and anot her | & denefabinonaffbd Sactiveilt itrigto Kanurdamstoeddhasfothehe act uat or arm
assenbl y

embodiments may be utilized and structural changes may be made without
departing from the scope of the present invention.

The invention described in this application is useful with all
mechanical configurations of disc drives having either rotary or linear actuation.
In addition, the invention is also useful in all types of disc drives including hard
disc drives, zip drives, floppy disc drives and any other type of drives where
unloading the transducer from a surface and parking the transducer may be
desirable. FIG. 1 is an exploded view of one type of a disc drive 100 having a
rotary actuator. The disc drive 100 includes a housing or base 112, and a cover

114. The base 112 and cover 114 form a disc enclosure. An inertia ring 500 is
attached to the cover 114. Rotatably attached to the base 112 on an actuator shaft
118 is an actuator assembly 120. The actuator assembly 120 includes a comb-like
structure 122 having a plurality of arms 123. Attached to the separate arms 123
mb 122, are load beams or load springs 124. Load beams or load springs

on the co

are also referred to as suspensions. Attached at the end of each load spring 124 is




120 opposite the | oad springs 124 and [ '
te _ the sliders 126 is ,a [ ‘coi
f%aacggdsngagantE?GPaie 3%2 iIs a first magnet 130 and i]sgﬁﬁhﬁﬁﬁggthIZBI
) _ , e second magnet 131 is associ ated
cover 114. The first and second na LI
gnets 130, 131, and the v [
are the key conponents of a voice coil i Ces & force tot
tor which applies
actuator assenbly 120 to rotate it abou?nthe actuato?pshaftalggrcilgg the

nounted to the bas 1
rotat ing por 626 anch orEr e SRS ey 15p7 TRRSRUGT20 RN e ey (2o @
rive, the syl sgiu e 30%6rm S/hd ik maﬂgtn'ﬁ&shwlbed thé hedﬂl TBshdyld ke moteddhatof di scs

134 are attac to the spindle hub 133
Each of the
first recordingyslidérahavel@e teameidugeis Edand th%é%Wh%tH§31§W¥dlé§]ggﬁé‘§4 %{Sﬂ y one

di sc 134 is nunbered f t.h
singl e disc shoyd GSPbég‘r@Wfltﬁﬂﬁﬁ@gfnvg{m%{lgr gﬁéﬁ abgh&géktetgcﬂg%gth gﬁ? gshﬁb The

i nvention descrl g
tleah&u'c @lﬂ:‘lﬁl@lls khafi F?éfeﬁ’ed){oeastaﬁ MRt nthgnete
a pl uralltyné(? I'Scs as wel as disc drives that have a gleg \(/j\/lmsgh 'rll'ﬂ\e/e

i nvention desgstiveadadizrehioh bse ahnsduesyd 59 isgeaprglly usas far ’Ef-‘a drives with

spindle notors which are w h
drive al so i rasbthgets @HGYBFYHﬁeé‘QJ"EW §$t lg’glplﬁﬂ?’ ‘/Dtgt ﬁ{?t(l;rgﬁg??%(%bggetgl tsﬁe

base 112 of t 9 di sg. d
control 3Si1ethé a0 s1Eh%n@mdmlqersq26¢swmcamﬂnm i ncl udes a
roller 8@ CULL| ?anéom 8cEess ne 182 which the _control | ed accesses

to control various aspe&tt@chedvvnmmtuebasedrlmsaaﬁrsm@ga@ﬁé@tan f S8998%i sc

drive controlled of int t
host conput ermagrtt ihb dgg@%?ﬁh\%ghgi ?rg‘%cég‘i ?ttqggl‘{]&s%&%g&ggﬁﬁ%vleegf 2

mappi ng |

P oo oy Ot daver } B T ERR et aphelsasb, ﬁﬁchﬁt{thb%ﬁé coi 4 2® arecthe

P epr esent atll 4 0 FIG 2 s a cut avvay schemati c

repr esent at | oeyforiffesth €6 vaidd cail motdreviietsappiies 4 Sra0i0. heacte®@fan in FI G
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In FIG. 1, a number of discs 134 are attaachgdn t% tﬁe gprlr?(ﬁe hab 1533, Each of the
discs 134 has a first recording surface 135 and a second recording surface 136.
Only one disc 134 is numbered for the sake of clarity. In other disc drives a
single disc or a different number of discs may be attached to the hub. The
invention described herein is equally applicable to disc drives which have a
plurality of discs as well as disc drives that have a single disc. The invention
descrlbed herein is also equally applicable to disc drives with spindle motors
which are within the hub 133 or under the hub. The disc drive also includes a
printed circuit card 170 which is attached to the base 112 of the disc drive 100.

The printed circuit card 170 includes a controller 180 and random access memory

182 which the controlled accesses to control various aspects of the disc drive.

The aspect of the disc drive controlled of interest is the control of the interface

between a host computer and the disc drive and more specifically, the control of

mapping logical block addresses to physical sector locations on a particular disc

134,




recording surface of a disc. As shown in FIG 2, there are three tracks
210, 211, and 212 on recording surface 1351 of disc 1343.1 U¥§ %mgcks
occur on each of the disc surfaces 1351, 1352, 1353, 1354, 61, 1362,
1363, 1364 and are shown as tick marks on each of the disc surfaces.
Simlar tracks are shown as tracks 220, {221 and 222 on surface 1364 of
di sc 1344. Cenerally, nodemday disc drives have many nore than three
tracks on a disc. For |l e ' ' ' . g than
4,000 tracks on a 3.5 ﬁ@g?m%%u%%{@ﬁcg?ﬂatﬁcﬁgﬂ{e%éggignfsbﬁghm{qtﬁé’%113? 211, 212,

220, 221 and 222 Show fRL SAhowhas FSGV)ieadh efitke discs 184 asdirst di ameter 210,
220 and a set of track that represent tracks at the jnner, dianeter 212
and 222, and recosdihg shirfaoed3R endia seaond recerdipgisurfase 43anEadof A8 5645201 FI G

2 illustrates that each of.the di 1 , : 1344 have a
first and a aiﬁ@é’é‘i“’rﬁhetdéeg}eoﬁpﬁﬁﬁ%wq?g@é.ln%géhz’ée?éf%fé@é%gs? inlé surfaces has

a set of tragks. . @%& dThenal oran, 1348cksd B4a. Bacindisoalsa hpsa firstul ar
recordi ng surlﬁ(glgle(ﬁlgﬁ 2e al'so 1llustrates the concept of Cé| i r&?ers. A

cylinder is aesgtlingfsutfacclds] e, B358, 354 %@WGMTSW@HBHE‘% adi al
di stance away fromthe center of a set of discs, r racks 212
and 222 and al362: k3 i%@kénfma%?ws’i?sﬁ%%é%ﬁ5“’56(9& I%W%n%% cyl i nder

232 at the inper .di f L1 ik GnRAEKG. Althers he thieaclcks®10; 2kl sane
radi al di starf@‘éorgglgt%gg%%‘)t%ldiécgn 2h§1 on ail 'the recordi ng surfaces of the
discs 1341, 134212b3cordidg4uffaveri3sl of tlisndd41. JBe teacknpcqupn ol PRI

dianmeter wth respect to the disc i | Vs t et ween
tracks 210 andisegwfacentInlalidt ﬂ%ﬁ%ﬁ?‘ﬁﬁé?@gg& %6??1{;63@9&&1}%'&1%@,[3& of the
di sc pack. Thus, cylinders : b0 0sigfilak fradks Sredhotssastiraok220y0r €
recordi ng surﬁdé{:’@%‘x(slof‘ eg%ho%qtgégggﬁlgjtf%g@gstlhéta the concept of cylinders is
equal |y appl i sgplel 10 ¢h sirfagd B36di afdiscyipd4.dGsueralty, veodgrmrdayHsO@EES 11 as
well as to a nulti-disc disc drive, It ahou d al so bex%@ﬁﬁﬂc @l the
nunber of cyhavedpany mpte thaethers eacks P52 di56raF Ot BAPRIS: RTHER IS Facks on

the surface of the discs in ' ' : . The tricksgidbwnder at
the outer di aﬁt‘yé‘tav‘?@oﬁeﬁ‘%é’gwgr?aészoglﬁ'ﬁgﬁquh#r?ggr%at the inner dianeter

i's cylinder Ny uhighypl $8002N kh@ 222 slice¥ ssresiteacknwhisbrar@ghe putekhoul d be
noted that geferally the tracks are invisible to the hnaked %%te\{men
viewing a di saisdert1a; 220ndrresekfepsk dhaswepresenirasks atthe sngr diafetel " U

the sake of I2|1l2J ?1;1(5 %Zi,%qu a set of tracks at an intermediate diameter 211 and 221. FIG. 2

illustrates that each of the discs 1341, 1342, 1343 and 1344 have a first and a
second recording surface. Each of the recording surfaces has a set of tracks
thereon. Therefore, tracks are found on a particular recording surface. FIG. 2
also illustrates the concept of cylinders. A cylinder is a set of tracks that are at
substantially the same radial distance away from the center of a set of discs. For

example, tracks 212 and 222 and all the tracks in between tracks 212 and 222

form a cylinder 232 at the inner diameter of the disc pack. All the tracks at the

same radial distance as tracks 211 and 221 on all the recording surfaces of the

discs 1341, 1342, 1343, 1344 form a cylinder 231 at an intermediate diameter

with respect to the disc pack. Finally, all the tracks between tracks 210 and 220

form a third cylinder 230 at the outer diameter of the disc pack. Thus, cylinders

are grouping of tracks across two or more recording surfaces. It should be noted

that the concept of cylinders is equally applicable to a single disc type disc drive




FIG 3 is a schematic representation of one of the discs 33334 éisiﬂ di sc
pack shown in FIG 2. Specifically, recording surface 136 f0 03344 is
shown in FIG 3 as are tracks 220, 221 and 222. Disc surface 1364 i ncl udes
enbedded servo information which appear as |ines 310, 311, 312, and 313 in
FIG 3. The lines 310, 311, 312 and 313 1alre actual ly wedges of servo

information used to | ocate the transducer one of the transducers 150 in
a. slider over cted.track .on_a 310,
211" 515 ang wepsllan S s Biifalsh a6 af% e dhs ‘i%fﬂa? RS Rl MM 88, 12

track identifiGRIdrONiIPEE fdrefallyWiflio e nuiidr bOrickte bh ieysutface 6fthek. FI G 4
IS a schematiC representation of a portion of the track 222 shown in FIG

3. The portldmscsinﬂlhdlscrdmk IZIQEIGSBOWQ Cb’hnwathﬁorl’@pﬂ@wmés eylipdes0, smal |
arcuat e portlo s .so syml | t.hat

portions apﬁ the; %Yi&ge% Jicipogr d&*’é“e%?{dw L ”geﬁllr ‘G’E{‘ﬂhgf a1§1‘;es t% Iﬁ%%eﬁg% E y\’/ve re

al ong a "ne nu;l;fb%fi‘ﬂ %@&dquwg&sd maegesﬁfavag thdWrlgBte igvisbldo tBd 1, 312, 313
as well as several sectors 342, 343, 344 which are used to

store infor nniakemeyeapimasx&mlmgg dmtaaddmt thetrearkings howhia 6y 3 andct mat i on
310, 311, 312, 313 is eq‘uall spaced along the track portion 222. Sectors
are generall W‘BfPZ Ta{10- may be at the beginning or end of a

particul ar piece of ser MBb @ repF %Xt&%ﬁﬂkb?ﬂkﬁ c8 @B¥4of the
i nf ormati on. For exarrpIP\ei@ ggce?%rs 340 rges 412 are whol e ésect ors which are

not cut or splidctpadl ss@vvin FIGE @r Spemﬁmnyl\/mammngjsa;fa@ea@rof:dtsz 1344 ut by
servo wedge 311 sector 343 is cut tor 344 is
cut' by servos howa ieFE1.3 as'ﬁﬁ%tré“é‘ls\%oﬁ#ﬁngﬁégo iﬁgﬂbf% 21?%8 S 312, 313
each incl ude dsi10 @g%@mg I;ransducer
over the centeé?qeﬁﬁéd é)e?‘?%mi&@%g’g%ﬂfg@éaﬁgs %@%S(L:BE%??ZI 3 I'n addltllon each
bit of servo prof QrfI'ﬁélhﬁék31@9BUH632andBEB:k‘reabtﬂemwédgmtofservé|eId V\,hlch

|ncludes|nforrrat|onto|dent|f%qthetrack as well| as @ mat i on
about the tr doformption wsed tglocatedhs tansdvassar orsaf the 'ﬁ%“sé\%‘éﬁs Bé ges 310

and 312 store a { gﬁ%t%§§§{0&%é1nf OF AR infd 9‘{113&01{ Al 32?%‘12%{1 I3‘?3 tRe odd

servo wedges %¥fi? &%r VO Tnforma

i dentificatiqfay fricRldd ofiRF irdfbenatioh sectedsarR@RID ok trh&l&dbﬂtﬁit&ddﬁ:pomoﬁhe track
identification Tfields are shown as reference nunerals 410, 411, 412, 413.
which is used to 1dent1fy the track.

FIG. 4 is a schematic representation of a portion of the track 222
shown in FIG. 3. The portion of the track 222 shown in FIG. 4 represents a very
small arcuate portion. The arc is so small that, for the sake of simplicity, portions
of the track 222 that is shown is illustrated as though it were along a line. Track
222 includes the servo information 310, 311, 312, 313 as well as several sectors
340, 341, 342, 343, 344 which are used to store information representing data on
the track. The servo information 310, 311, 312, 313 is equally spaced along the
track portion 222. Sectors are generally 512 bytes long and may be at the
beginning or end of a particular piece of servo information or may be split by
servo information. For example, sectors 340 and 342 are whole sectors which are
not cut or split by servo information. Meanwhile, sector 341 is cut by servo
wedge 311, sector 343 is cut by servo wedge 312 and sector 344 is cut by servo
wedge 313. The servo portions or wedges 310, 31 1,312, 313 each include

locational information which is used to center a transducer over the centerline of



FIG 5 is a diagramshow ng 15 sectors froma track. The physical block
addresses are depicted by the bl ock nunbers bel ow t he acdﬁ gggﬁﬁf I n
ot her words, the first block has a physical block address of he
second bl ock has a physical address of 501. Renmining bl ocks 502, 503,
504, 505, 506, 507, 508, 509, 510, 511, 512, 513 and 514 are phy5|cal
bl ock |l ocations froma track on a disc 5%4 The sectors 500 to 514 are

shown wi t hout ser\{(o infornation or., without track identification fields
for the sake Rf raqk22; Jn agdition, eachnbit PfﬁeP{OGPfQSmatl%lndblﬁﬁm tackoy arrow 520,

Is that the e Qo d wite 11 sectors
havi ng | ogi cg+&glfg£tL°%%dAg§§'ysc§§ﬁgﬁg% gf?%géon I@T‘%@' agkaq‘) g5 As  shown
in FIG 5, |fotnehMfmt@nmeoﬁtaﬁ@ﬁadwQnmgpmlﬁuw érﬁtbcraxﬁlaﬂ fRlevef sefysi cal

bl ock addresses to which the 11 sectors are going to be witten, then the

11 sectors nﬁ‘;ﬁdg?fé‘l\ﬂ)rﬂlﬂt%ﬁ stosejd Bipeiodseryo information f@tesnegmhea&ldwlsdambl ng
cation 510.. As shown

| ocati on, ph sical. sector |o

in FIG 5, tﬁﬁh% ?gaﬂ S%él?nggééf‘té’ges%e gorﬁﬁaﬂ%ﬁl%frﬁ?wdm 16398 cal
bl ocks to whifety fohﬁledﬁﬁit@ ele?nén@op@e\ffah&fu@é} ThE@acleiRARfiGutioh Rldsake b! OCk
address 0 is wthin physical sector 500, |ogical block address 1 is

Wi t hi n physi 6b0Ws attefareBe numerals *ﬂa}{yéilbaﬂub‘ll@ck address 10 is within bl ock

510. FIG 6 is a diagr ector roma trac
physi cal sectors 502 aﬂb«s{; ﬂwﬂ‘&ér RS qrgagr@kh {('E%P]i‘vé’agect ors.
In this i nshagaddieRs Qx%fcﬁﬁfc'téﬂ%ystﬁ%%ﬁ nﬁﬁlﬁexfs bORWIhE WtuASII6GES In AGAI N,

the wite comand 520 is received in which |ogical block addresses 0
t hrough 10 mothter wordswihietfirstrbléakdras a physical bingk sddress of 500, tha dedoind bilayk

hysi cal sector 5 cal C L is witten hysical sector 500
gné | ogi cal E?P%%R&ﬁéﬁ?k Ofsbﬁﬁﬁf”f‘%‘ﬁmtg&l%c@Sg%ﬁtogf)goﬁ%@g’pﬁ%s?%@ sect or
501 Physi calogembos 2321512081 R44d 19%rd ShARAMBECHEN O Ml & tradibrpPE.
Logi cal bl ock addréss rom wite c nd 1s erefore witten to

physi cal sectalisc303. T]iheeqmsméeeso 5>1f4 arkslmwmgnbdam@krv&ihﬁoﬁﬁdldmdrti ng the
next | ogi cal ﬁl?IQOCk address fromt wite command to the next avail able

or non- def edfithgnt %J,‘tléernt‘@ﬁ?&thféﬁ‘il% foég‘essﬁki)?ﬁ Teyity THésoeshopa, in §fded-woul d say
et Loarcal g i st AUBMLIBS o RIS A0 o o PP
command cont iwti€$1 k&tdI€ having loglcal block addresses 0, 1,2,3,4,5,6,7,8,9,10. As
shown in FIG. 5, if there are no defective sectors within the set of physical block
addresses to which the 11 sectors are going to be written, then the 11 sectors may
be written sequentially from the designated starting location, physical address
500 to physical sector location 510. As shown in FIG. 5, the logical block
addresses are placed within the physical blocks to which the data is to be written.
For example, logical block address 0 is within physical sector 500, logical block
address 1 is within physical sector 501, and physical block address 10 is within
block 510.
FIG. 6 is a diagram showing 15 sectors from a track. In FIG. 6,
physical sectors 502 and 508 have been determined to be defective sectors. In
this instance, the defective sectors are from grown defects. Again, the write
command 520 is received in which logical block addresses 0 through 10 must be

written from a starting sector 500 and through physical sector 510. Logical block

0 is written to physical sector 500 and logical block address 1 is written to



sl i pped by one physical block until a second defective sector 508 is
encountered. In other words, |ogical block address 3 ismiééﬁn to

physi cal sector 504, logical block address 4 is witten 12803 505,

|l ogical block 5is witten to physical sector 506, and | ogical block 6 is
witten to physical sector 507. The next _ physical sector 508 is
deternmined to be defective and is therefldre ski pped. The next | ogi cal

bl ock address 7.i? ther§f O%ﬁ witten to the next available sector 509,
and | ogi cal BPHGel sestrdQd. Bhysicalseateray02isdgserminedso bedlefestivesami isThe | ogi cal

bl ock dd 7 f | ... Physi cal
cector 511 | B I3FRPRUGAIURD FF o LR n e PRI ], o

t her ef ore caphicabsectoresi08s The procesEof elipping biock 582 whd weiting g st uat or
assenbly 120 i s ijsed to move the transducer head 150 to a different track

whi ch cont ai 81! plegk address fegmp thewate spmmand o the dextevailaide er masct or s
i ncl ud . . ; 604. Typi cal t
pool v 11 pedteRiEderar i is Bea iping™ARertftie, sHHERA Gy dldodPES St hi o

anot her cyl i bidek addryseiCRdihYhe WHE DRBhMITIONAS bRARiph& toRBSHE S0¥eLhenear the

inner diameter of the disc or at an inner dianmeter cylinder of the disc
drive. Conpl logicahblopleaddresses granformatiqy fremdle wiitagoimang dootiusaito bé ock

dd 9 and. ] agical bl ock 10 t cont | t 600
and 601t ronlipRE bE B BmBi BPCK BD « ot RS Sl S04 EEPumemEL O °
addr esses unty dthé@fweértis, 16gibal bk BAARES 3 1w SRS BpRyRé 6RO Righdd) and

witing the last sectors to contiguous sectorS in the spare sector pool,
one or nore bleekaddresstdie waitten éo sestard0S dogicaldrleck Simwaiitentto physicadr eases t he

access tine. | er r.d by slipping the, sector and witing to

cont i guous s%%’{]o&%b ’iar‘i‘d\t,fﬁ%céﬂ?é‘?'% i‘é@gg{eng%wxmﬁﬁ?e}?t%3873@8?(“%%s to be
done to the SAIGI &Lk 308 RARkeribheAQTBE AbRCAVENE ﬁlgre%}grgﬁi?ged.p‘h%)’ 31 ocT
2003 14 advant’ageously, when the data is being read in response to a read

command t he nextdeseal blogk address Gis thercfomedrigemtoahd hext evaikablersegtons@9,act uat or

seek required fo re the 11 _hl ocks or .| ogical block addresses. For
exanpl e, wheff Ogﬁa@qeﬂmﬂé}ﬁ?ﬁs 8 dpwateriaphysisalseglar s H: The lggxggld:ﬁgck

correspondi ngydrQsb PGP aﬁltﬂ&gfo?@ﬁ@gé&b thseotors, ﬁ&sicstgﬁa%r??ﬁ&s to only
be one actuator seek to the spare ctor poo espite the act that two
def ecti ve sefillat withdetaelepiotedtbgriegicalibidukradtifess phwad detefsrechmiotdeart i ng

from physical sector 500. This cuts down the seek tine significantly since
t her e overwritten. To complete the write, the actuator assembly 120 is used to move

the transducer head 150 to a different track which contains a pool of spare
sectors. The pool of spare sectors includes sectors 600, 601, 602, 603, and 604.
Typically, the spare sector pool will be located on another track of
the disc drive and also within another cylinder. Typically, the spare sector pool is
positioned near the inner diameter of the disc or at an inner diameter cylinder of
the disc drive. Completing the write is accomplished by writing logical block
address 9 and logical block address 10 to two contiguous spare sectors 600 and
601 from the spare sector pool. By slipping the logical block addresses until after
all the defective sectors are encountered and writing the last sectors to contiguous
sectors in the spare sector pool, one or more seeks to the spare sector pool are
saved which increases the access time. In other words, by slipping the sectors
and writing to contiguous sectors in the spare sector pool, only one seek needs to

be done to the spare sector pool to complete the write command. Also,



does not have to be two seeks to a spare sector pool 620. As shown in FIG
6, the last |ogical block addresses 9 and 10 correspondijgg tﬁoi Iﬂﬁ wite

command are witten to the spare sector pool 620. This eg 00dave to

be the case as illustrated by FIG 7. FIG 7 shows a di agram show ng 15

sectors froma track as well as a sparel sector pool. As shown in FIG 7,

physi cal sectors 502 and 508 are still fefective. In this case, the

| ogi cal bl ock, ad ress?s re SIA p,eg until_ the last defective sector 508
i s encount er @‘_b‘fan F%‘P%Wg"e%}?[ ag"e‘ls Em\féadslééf%ﬁpnﬁesto agepsdopmmaansdhe t he
nurber of | ogiced ik Al AR SR AR SIIILAL IR BT, 0y 51 pped

defective sectors are witten to the spar 0 i s case,

| ogi cal bl octhedddrleckses logiahbloBk addressbs. CRurleRsmpletwhén 4 wad dehamhi ve
sectors, are witten to physical sectors 600 and 601 of the spare sectors
pool 620. Toco@?ﬁéﬂ"@ct@rf’ﬁ&hﬁnlﬂts@t%féﬁﬁﬁm%@)g tq legicekhlogk asidkesa@dp esses 9
and 10 are i i resses. 509 and 0, .respectively.
It should b\é\q?l’té%‘%g ntgﬁdasttg% b%ﬁ)lll}gtg l:ttﬂ %t}ér ?eggttc?ﬁ'xggsﬁ%rg|sec6?r&:o‘??é%sg}t8gl§egs need to
be witten tfactihet aodefectios bevtcrs REMncoldéted WitAindBE phsidalBecsraRititd e

i nvention. For exanple, as shown in FIG 7, the |ogical block addresses 7
and 8 are wr fremdhysisal seetos Rl eThis euts dewn thsi seglotimg signifivently sineg thate bl ocks 9

and 10 are ' ' ctors 509 an 0,, respect pyel It
shoul d al som%d’eéstrlllgp }el%%ttﬁgg%ﬁ?%éee}{ 3 gop%%)p@resseegg’fipggc%ﬁl G\Sa?ﬁg f’b‘é#ﬁi(i’/f@n to the
spare sect Olasf18@ical BT6¢k AMeERsD anldf 10t doEreSHHNBRE 16 thedRiB ChinBind@ed Or s are
known in a nunber of sectors follow ng the starting sector 500, then a

nuiber of cowsilewtd the spdre gécteripobl Gk Tusidess methdvedorbe the casd dse conmand
correspondi ngl to tcpg gt@hfr of defective sectors can be witten to the
spare sector USEYFd P61 ekanpl e, i f two 3 1 OCT 2003 15 defective sectors
are going to be encountgy etkhollaRidsRah SRlwiRk 9§ kedbld HORSLRalk ANFkn ds coul d
be witten to the spare sectors 600 and 601 of the spare sectors pool at
t he begi nni mgpané sectne papi. tAs showmen FIGNT phirsical seomiSAZ ahd 5O ke stillock
addresses could . be w,itten o physjcal sectors 500, 501, 503, 504, 505,
506, 507, 50@?&%{}’(& &1 s Caﬁﬁité? I%B%PE‘QM%?SSMC BEprgd apl the fast he spare
sectors pool 4digctivRBeeRoRsEas Sicbulterdd AR IOl dteRchYd QRor ¥ | L€ command and
the actuator 1s presently positioned over the spare sector pool at the
ti me of receencongtetedethnaxmber oftlegica bimnkdiddtesses chiegsponding to the number

of skipped defective sectors are written to the spare sector pool 620. In this case,
logical block addresses 7 and 8, which correspond to two defective sectors, are
written to physical sectors 600 and 601 of the spare sectors pool 620. To
complete the write command 520, logical block addresses 9 and 10 are written to
physical block addresses 509 and 510, respectively. It should be noted that not
just the last logical block addresses need to be written to the spare sectors pool
620 in order to implement the invention. For example, as shown in FIG. 7, the
logical block addresses 7 and 8 are written to the spare sectors pool 620 and then
logical blocks 9 and 10 are written to physical sectors 509 and 510, respectively.
It should also be noted that other spare sectors could also be written to the spare
sector pool. For example, if the number of defective sectors are known in a
number of sectors following the starting sector 500, then a number of consecutive
logical block addresses from the write command corresponding to the number of

defective sectors can be written to the spare sectors pool. For example, if two



words, this schene could be used in order to cut down access tines
associated with a wite command. It should also be noted that if the disc
drive 100 has just executed a read command and is endijg gmm 3he spare
sectors pool 620, the wite command could be started out Dy p ing the
first logical block addresses to the sqsre sectors pool and then starting
at the physical block address 500. This s shown in FIG 8 where |ogical
bl ock addresa t0 anc{ Ioagi cal bl ock addreas 1 of, the wite conmand are
witten to p %g? 08 Setarsidng 80188 £ b encapntered Jhemlogicpbblock addressesed atshr e
sector pool 62 i i t i ] er
500, | ogical b?lgg-l?eg‘gg;&ggémz %sn% \ﬁf%t??eér?b?%&tb QEO@é?kﬁﬁéecz@gﬁﬁ&ggk}@ Logi cal

bl ock addr ebegiing ofithe twritel coramphy sk rarsindg 165dal bised aplsses sbulgect or
502 is ski ppﬁd as it is a defective sector. Lo(%i cal block address 4 is
witten to sEcVBfesipPphysisal segiors H0peRl, 2033045565, 586,071 3¢ and5Ekct or 504,

770s i 1 an 1 b Ermlegfa 60 bl e YRR i b bec Beom@ o Lo

7 is witten to sector ogi ca ten to

physi cal sectherend0¥a pfivitsis aalte sarainand aPthe SctiitbPR§Fesaftly positfoned odef ecti ve
sector and then the next avail able sector is witten to. In this case,
| ogi cal bl octhe BRI sedorpaobatthe Hmgyof receivingsthe aextoyrits 0gmmand Irogtheral bl ock

a5 10, bl b SR SAEL LR ok I BRI s GEL Cor

command. Thi s I cul ar ene, as

useful in cuiithagvrite'womwand.elt shewle ako b MBfed W If the Gisd @&l 00 hayjdst
transducer 150 are positioned over the spare sector pool 620 at the

begi nni ng of exgcyed aecadmneormmand andds endingp erthihapira stass pod 62Outhd al so have

th d t h h in the i | f FIGs. 6
and 710 et Rl emma dolfies St By bR S RafafIRe i sesion n 3 1
OCT 2003 16 &EGE&eE&t&Q%@@E&nﬂ&ﬁbﬂéﬂﬁtﬂéﬁﬁﬂh@Eg@‘%dﬁggli@glg'%&resst%@. fiRglist hat a

plurality of sectors are encountered int sectors after the
starting physhowalinddgt &whertetlogihd hletkinddrestee @ antidagi¢al bidek addnetrel obhf

physi cal sectors. which ontain defects.is kn , n_the spare_.sector
pool can be ‘598 Rty f"??é”mFﬁﬁﬂB gﬁy%rfal PO 3%1 B‘i“{)&ﬁ g éﬁa?‘%’é’g@s of
cor r espondi ngelspart B&t&wm%zo?wmﬁ e at tHELSERS phitddal Wckdr RGpRPCOUNt er ed
bet ween the st alrg?i ng physical sector 0 an& t hgp %g?lécﬂl ng prhyg} cal sector
510 can be w0 logical blockeddrpssrkis vaittearto fheatarting block 80l Logicalbloek no
difference in, terng of. access Ii{res for both the read and the wite as

address 3 1s written to physical sector 501, and physical sector 502 is skipped as

it is a defective sector. Logical block address 4 is written to sector 503, logical

block address 5 is written to sector 504, logical block address 6 is written to

physical sector 505, logical block 7 is written to sector 506, and logical block

address 8 is written to physical sector 507. Physical sector 508 is skipped as it is

a defective sector and then the next available sector is written to. In this case,

logical block address 9 is then written to sector 509, and logical block address 10

is written to sector 510 in order to complete the write command. This particular

scheme, as mentioned previously, may be very useful in cutting down write

access times when the actuator and transducer 150 are positioned over the spare

sector pool 620 at the beginning of a write command. The scheme shown in FIG.

8 would also have the same advantages as those shown in the previous examples

of FIGs. 6 and 7 in that only one seek to the spare sector pool must be used in



| ong as the nunber of contiguous sectors witten to the spare sector pool
correspond to the nunber of defective sectors found bet angg‘heﬂmgarti ng
physi cal sector and the endi ng physical sector are witten to the spare
sector pool 620. FIG 9 is a flowdiagramfor witing the |ogical block
addresses to the physical |ocations on 1t6he disc drive as practiced by
this invention. As shown in FIG 9, the first step is to determ ne the

tarti hysi i f iti th | i f
252001 aten woIde bo AR ARl nS Sad¥ontu B9 ackiife B Pl B BES sy 010,
The next st epre @Rodiftpred irthe Physidl ERS ARBURE k@ttind bhysital skQor. det er m ne the

number of skipped defective sectors that will be énCountered when witing
the plurality of sect ofisshopld hstretad thasrifithe nubemefiphysicalfsectefsexticive sect or s

between the starti hysi cal .sector and the endi hysi cal, sector are
det er ni ned. ﬁ\m?tﬂns({]ege&gsfl i‘f‘?%tﬁg’c §FPTE ST HIR ,ang)g ag%%ﬁeéltaé@tﬁ? ref erence
numeral 914 numBer d16giBA HlodkO I fedes BbR pﬁ(ﬂﬁ% fthe nmpbd cg{égx?sitcﬁ the next

avai | abl e sector after the first defective Sector, as cted by
ref erence nudefeals tigat 6vill he seeounttreditestwedn the staxting physical skdtod s thkepi ct ed

by reference nuneral .918, and.the next |ogical block address is witten
to the next 8’\‘/%?5 HﬁYsécaié@fo:}qQF?’éPe Wﬁéte%&tg‘ﬁaparﬁﬁc%tﬂo% Iég?ﬁﬁy, as
depicted by Gaker RGRRMBRArPOt acblss LS or it BEGLAIAI e whiflpsP! Ural ity
sectors are then witten to sectors wthin the spare sector pool as

depi cted by imigeseirceumberef edntigdus sedosswrgeniothy spatdsectdr pooldr i ve whi ch

uses the above inventions reduces the access tinmes associated with

obt ai ni ng i nFOTRENG P the BEmber Qi defectivtectorsiopnd betyeem theisiastingphysicsl whi ch

need to be r [ o { * ggl associ at ed

w th readi nggtfac?cgjr%(il g?gee?n-ﬁ% Fg @@%lt%glrsg&ﬁggr:é%m%ézg glleg e s%t(g:'?gorgos! %rzr%ny tinmes

will be reduced to oneFB319 B asfhekdiagrath fof tvriding Siclogicalslbel sddrebbésto

reduction in_access tinme can siélgni ficantly enhance the performance of the
1

di sc drive, theqhweicallpgations omiedlisedsivg ap gragticed hyifbis ivYentigns 4 gt sect or s
on the disc ﬂ-[h\t? 9 ﬁxu. 1rstt§t 18 Eooﬁetgﬁrliﬁé @9 slaptfin%rﬁ%&fcglrbéa h re\g}iﬁltl ve of
I's et hod requl | I'me an

data using t res no addition may requrre | ess

time. The netheqdualt) sRpabtadsocit@owitiefielvaite BbindhaddhsAepidtedityl Y accesses

the spare sectors fromthe spare sector gool | ocated on the disc drive.
reference numeral 910. The next step, as depicted by reference numeral 912, is to

determine the number of skipped defective sectors that will be encountered when
writing the plurality of sectors. In other words, the number of defective sectors
between the starting physical sector and the ending physical sector are
determined. A first defective sector is skipped, as depicted by reference numeral
914, and the next logical block address is written to the next available sector after
the first defective sector, as depicted by reference numeral 916. A second
defective sector is skipped as depicted by reference numeral 918, and the next
logical block address is written to the next available sector after the second
defective sector, as depicted by reference numeral 920. At least two sectors of
the plurality sectors are then written to sectors within the spare sector pool as
depicted by reference numeral 922.

Advantageously, the disc drive which uses the above inventions
reduces the access times associated with obtaining information from sectors that

include defective sectors which need to be reassigned. The actuator movements



A nore general aspect of this invention is that defects that occur after
manuf acture nmay be slipped "on the fly". In other vvords;a !ro%fuezg ast,
there was no slipping of defects after finding the initlal f s during
t he manuf acturing process. Wth this particular invention, a grown defect
may result in just one sector being sl ilgped by the drive. Exanples best
illustrate this point. 1In a first exanple, if the a track with physical

sectors "Ob - . 6. 7,.8 re9, spare 10" (sector 1 is
bad, and phygsgécalflt%(slgg% z,isdngg from 2,55t 3‘?%@8@?%}8 rleggglﬁ’?ﬁ‘il)fféﬁoréimaflﬁg factory
testing, thetihegwilibe fAGEAS 0B bkith £8k 1Pa sef of dpard i ionm 8
spare 10", In other words, physical sect%? f ig%arsiﬁcg’pr)ségn.uéﬁdgcg?qrgped
sector is i#fgessdineeicansigmbicansly enipmee therpesforoadce g fhetdisndrive, det er m ned by

the factory, it .r i.ns unchanged.when the drive is shipped out, If a new
def ect (al soeSPS?léﬁﬁdﬁ?Sa%?sﬁafgeg‘?‘mﬁf ﬂfg“le%sé{g)“eﬁq §ecf%ﬁlﬁ%ltheéﬁ%’r v diber ent
drives it cafpels i6hd RRSHhati : i I eal 3.d.S, hewy
bad then the sec?lg?nﬂg as f&uﬁg&%p?es@g&?ﬁ% Oflc%aia2+sg%etﬁ ym Eg% uﬁ%&éoS 6, 7,
8, sparel 0 "additoralitimentd drayvegiiredgmtimes eTheometddand hppaegthasaleo | ogi cal
sector 3. Tr}?refﬁr%ﬁhe fifgal configuration of the string of sectors wll
be: "0, x, 1°isienily and accyrately aecessgs thespaigsgeiars from thespwg segforRlace new y
bad | ogi cal Rest®bnthe &SRS 4. 5. 6, 7, 8 remains at their location. In
this invention, defects are slipped "On-The-Fly" when the drive is out of
factory. The slippi ng Aamorbgentwalespevtofiihis ialentionds dppddfeds thaneduat el y

when the user_ attenpts to wite to the bad sector. The actual

i npl ement at i ¥IFT ranugcirempy o shoped “Op ghenthy h otk herpearisdn themast terg engt h of
the wite c ?ga]rl]g | e Lk & ' .0 the known defective
sector. In g‘g I rs?lﬁ)@%%u:pddgfe\ég& J\?\A‘CI} ggalgg%?\ig{all é\&%éstgglé%’%é&el ogi cal sector O

wi th | engt h @amifactifing procdss. Wit partkadhd inventidn, absrown d8fecShay fesdld” and
nothing is changed because n_evvlﬂébbad | ogi cal sector3 is not touched.
p

New y bad 3 indust@ae sestordeineskinperthiethe dsive.aExanples beshilustoate this peinhif t er t he

disc drive |lgft fact . Ln cond exanpl e,.t he. use L1 cattenpt to
wite to a blglqa %%Q%@mp‘fer, E{S%F? itrr'ﬁl&l??v?tﬁr%ﬁ S‘&‘ﬁ&%ﬁq&ae?”éé‘ﬂz 2? % ‘{’ ﬁ\t,e%’s)eémd
exanpl e, a Wpaie®, §ARTON(kebor 1 $S6RK and physical sectors 9 and 10 are spares) is

mapped during factory testing, the logical sectors would be "0, x, 1, 2, 3, 4, 5, 6,

7, 8, sparel0", In other words, physical sector 1 is skipped . The skipped sector
is indicated by the “x”.

Once this configuration is determined by the factory, it remains
unchanged when the drive is shipped out. If a new defect (also referred to as a
grown defect) is found later in current drives it cannot be slipped. For example,
if logical sector 3 is newly bad then the sector is as follows: "0, x, 1, 2, newly
bad 3,4,5,6,7, 8, sparel0",

In current drives, spare sector 10 will replace logical sector 3.
Therefore the final configuration of the string of sectors will be: "0, x, 1, 2, x, 4,
5,6,7,8, 3" (spare 10 is used to replace newly bad logical sector 3. Sectors 4, 5,
6, 7, 8 remains at their location.

In this invention, defects are slipped "On-The-Fly" when the drive
is out of factory. The slipping can be done immediately and applied immediately

when the user attempts to write to the bad sector. The actual implementation of



to logical sector O with Iength 4 sectors. The result of |ogical block
addresses is as follows: "0, x, 1, 2, x, 3, 5, 6, 7, 8, 4" i t he
length is 4 sectors, the original data stored in |ogi cd ?qusm will be
repl aced. Therefore the method over-wites this |location with the new

| ogi cal sector 3 data and then use spare 10 to replace |ogical sector 4.
In a third exanple, a wite command is il8sued to | ogical sector 0 with
length 6: "0, x, 1, 2, x, 3, 4, 5, 7, 8, 6". Since the length is 6, the
ori ginal dathe methedaf vaties withahs lepgthtafitles writeonfinanidland lndll mepk #ftkel so t he
met hod over-wi tes,[ tt}gsgtel oc%stfj ons with the new data and then use spare
10 to repl acBSTSHIESP e kRQyyn ¢eteqive SeRloty nher of sectors ski pped over is

less than 2, it may apﬂ?i‘ﬁrst[eﬁ?ﬁeplé,rhe\flﬁe;ﬁ : aaqgfsg{e?qélﬁoﬁ%%ﬁ%ug\lﬁe)\r/\ever i f

sectors are being re-witten peat e nces o 2 or

nmor e sect or swithderggils 8s to Y0, ki hel, newbripld®, 4,81 6,518, sdatd19t bid Asthinkgs

"On-t he-Fly" reasi{)gnment to slip sector conversion. In this exanple, a
wite commantRaREeh e ey Bad logicalsectog isinot tpughase dYesyly bad 3jindicates ¢ o

l'ogi cal sect Q?rs 4 (flefgcg’orédeigef:t tat d&‘éﬂ\‘rééﬁ Ridte fec d?idfe(ieﬁ th%’faéglalzﬁare 10" and

all the secto ter logical sector are changed "because of the

sectors is changed on Ihesdcbid exbliigplaytiid wset FHLLARGD HEGHIES a Bhd séetod, 2, X,
3, 4, 5 6, 7, 8. Inthis exanple, all |ogical sectors after |ogical

sector 2 ar erespltipg fiomya grovay dgfect Incthe sepprd example, a watefdonmanddetssend 4,
t 4 | t . fly- 5 t ' ted
the 1y to sSOPEERRRO0 il Gend ¥ sbA0R7 T8 resi of REGH bidek SaGBRET Y, et o

the fly to s

7 is convert ggfoliswsneo, i, ¥, 2,&, SES51607, & 4" aBhcs BflIefgtBid FsectRd ¥ ted on the
fly to sector spare 10. Logical sector 8 is noved to spare 10. -3 1 OCT
2003 19 FI G omngnplylata sieried pmlogical sestor 41will beaeplanedr Thyrsfazerthe methodit ageousl y,

the i ti ' | l,-suited f. in. em 2000. . The
comput er | sysPUh B0B0 R B R R SEHTBES A LTt
i nformati on halplabdbgiybiegivrand includes a central processing unit, a

menory and a systembus. The information handling systemincludes a
central processing uninathiidexampleamvoite cooaarsl isissved/tolog@psl seetdr & syst em

and the. randUifh ISEURES e %2845 5 Tk 6 mPGE e Eheh i &t em 2002
includes a dygg stored in logical sectors 4, 5, 6 will be replaced so the method over-writes
these locations with the new data and then use sparel0 to replace logical sector 6.
If the number of sectors skipped over is less than 2, it may appear
that there is no performance gain. However if sectors are being re-written
repeatedly, chances of skipping over 2 or more sectors increases.
A final example further iliﬁstrates the “Oﬁ-the~F1y” reassignment
to slip sector conversion. In this example, a write command with length greater
or equal to 9 sectors is issued to logical sector 0 of "0, x, 1, 2, newly bad3, 4, 5, 6,
7, 8, spare10" and all the sectors after logical sector 2 are changed because each
of the sectors is changed on the fly. The write sequence becomes "0, x, 1, 2, x, 3,
4,5,6,7, 8". In this example, all logical sectors after logical sector 2 are
replaced. Sector 3 is converted on the ﬂy to sector 4, sector 4 is converted on the
fly to sector 5, sector 5 is converted on the fly to sector 6, sector 6 is converted on
the fly to sector 7, sector 7 is converted on the fly to sector 8, and sector 8 is

converted on the fly to sector spare 10. Logical sector 8 is moved to spare 10.




drive device which includes the ranp descri bed above. The information
handling system 2002 may al so include an input/output qu98i03m3and
several devices peripheral devices, such as 2012, 205&, 6, 2018, 2020,
and 2022 may be attached to the input output bus 2010. Peripheral devices
may include hard disc drives, nmagneto q tical drives, floppy disc drives,
noni tors, keyboards and other such perigherals. Any type of disc drive

may use the method for i.n r nl oadi ng the slider onto the disc
surface as descri bed agi)cgg lﬁgﬁ‘%e L hiy-d ?&WUF%F?W?’U ng a plurality of
sectors of i Aﬁ@ﬁlﬂ?éebﬁﬂ#tﬁe veRtic S YRISHIERER uSDirth Qnﬂ?ﬁ%‘@g?eﬂ' podr i ve

i ncludes determning the start |location for witing urality of
sectors 910; Thecorptes systeimiZP08 nmayrabesr beofalled ap plectronie§ysteam vearsect or s t hat

wll be encoté{gter?d \gne .writin h-he ]%ural ity of sectors 912. A first
def ective selfymaugn W‘B‘ﬁ‘@&ysﬁlﬁ%& dPcdyqles g &sntrdl ggacessmaImil R MERIEss | s
witten to t i i . A second
defective Sﬁe}gﬂfﬁi&g? 2‘% %gﬁﬁfg%a%&%ﬁma%ﬁ%ﬁ%g&f&f%&u?g égﬁt)@Lp%é%rSg@s is

witten to timdt 2@04; a rawomoaccess neemdrip @032 andd spaéradus 2€36Gfet or 920. At
| east two sectors of the plyrality of sectors are reassigned and witten

to at |east fQREMUREtSEY ?Wpﬁn%%ﬁén%%ﬂﬁ%es%%wlt 204-p0dithgwandomay i ncl ude
i gni f . it f t
S5 0 kbl T A RROLIER kg PALALI O S0 o

def ecti ve seddivy devivd whieh Beridedihd eding Heseibebaiont. Theinferttioh hendlitg Sect ors
502, 508. The sectors of the spare sector pool may be contiguous sectors

within 11 OoVstgp2002omenhalse nglude 48 innyit/opipyt bis@910 gud seveesh deviessi ng nay

i ncl ude reasgsjgnin . |e or the plurality of
sectors to béér%r%ﬂa? g%&l?ecs)’ @%%aé%\glrzégéle%{:}@}é’%?g?’%aﬁlh@%@ég5@%’q%n t he spare
sector pool gtasRed@)thdRphOsAp@bus 201 CleripheraPlevides nilySficludeled @gchod al so
includes storing the |ocation of the spare sectors within the spare

sect or pool éveshmagneregptival dies) Reppy aliscalrivas, sudtes beitbortdsand atheet hod f or
L0 2 AR s S5 R o S A i e IR 202, 155
conmand to _Sﬁr%ﬁiiﬁ%‘ﬁ@rsﬁﬂéridﬁfb 08 discGluFhcedisiqeeridbdlasiileer M ning a | ocation
on a recording surface where the information can be stored in a plurality

Conclusion

A method for writing a plurality of sectors of information to a

storage surface on a disc in a disc drive includes determining the start location for

writing the plurality of sectors 910; and determining a number of skipped

defective sectors that will be encountered when writing the plurality of sectors

912. A first defective sector is skipped 914 and the next logical block address is

written to the next sector after the first defective sector 916. A second defective

sector is skipped 918 and the next logical block address is written to the next

sector after the second defective sector 920. At least two sectors of the plurality

of sectors are reassigned and written to at least two sectors in a spare sector pool.

Reassigning may include reassigning at least two of the last sectors of the

plurality of sectors to be written to sectors within the spare sector pool 922. The

first defective sector and the second defective sector are noncontiguous sectors

502, 508. The sectors of the spare sector pool may be contiguous sectors within



of sectors addressable as |ogical block addresses. The information is
witten to sectors on the surface of the disc while ski£gip€]- turality
of defective sectors. After skipping a sector 502, the X ?&ﬁ al bl ock
address is witten to the next sector after a defective sector 502. The
nunber of defective sectors 502, 508 slgopped I's determ ned and then at

| east two sectors 502, 508 of the plurality of sectors 520 to be witten

are reassign nd witte peol of .spare.sectors .620. ny tines at

| east two of ﬁ%hsga%asgc{‘togg%qng@ @dQ%Oe%ssi@"&ﬁpmf‘}ﬁH’cﬁﬁdﬁlr%ﬂsﬁlgﬂ}mgﬁt adtt¥Ps 520 to
be written apetheqamt séastsor MRG0T edidts | f 620. At
| east two of the defective sg)ctortg 5062, %o%ﬁeeﬁ@%‘%@etg%ﬁ%%tp%ﬂl ng the
plurality of Becedpss intlke sparecentor pond atsoswntter Rcatéd alteels 222 wothefdische | ast
sectors of e plurality of sector 0 be jtten nmay be witten to

conti guous sg‘g‘f 8%%11061(?(55,0 l}ll%lﬁ‘iesi Orf“ﬁéﬁ% iﬁ’_ﬁ?téo”s‘\{e\{f SiPaputTiosbithinthe sparher
enbodi ment,  adctdi§R0! sd et tAEYRE ?b@ﬁoca&h'apﬁ)%séﬁfe}l{)ﬁlﬁepf the plurality of
sectors to be witten are witten to a spare "sector pool |ocated a track
222 on the disc 134. AAwmsthed fafwritig splotatitysofaectbiyef isfotmatfonttba pl ural ity

of sectors equal to the nber . of ski pped sectors of the plurality of
sectors are PORESSYHacs QggWiqlﬁcelﬁ‘*ﬂé)“%dﬁﬁﬁfﬁé‘?1Qﬁm§1éé]t369f§3144‘? the spare

sect or pool : %jﬂ” = ks t Lhe . rality of
sectors. Thg%glﬁ er 8¥é)csotéﬁcl!?%1{ra§8?§ﬁb'}% féo@égr&ggggc?sgrdﬁgggﬁagz |1§1nglaso equal

to the nunmbetocatibn 6ika preclisesirfacs wherettheinfdritadbn tah 89 stered 04 lukdlny were to
be witten. The reassigned sectors in the spare sector pool 620 may be
| ocat ed on a°f festags sddressable anlogigakhlogiaerddrespes. |The anfoumation is waittspie e sect or s
600, 601 witp . . . 2. 1_pool Q.are generally
stored so thg‘l[&fr%gﬁltoca t?%ez&gtbg?ﬁgwéblgge;p élggt% 3?"?@&9 ff}g%CtI"écSS\(}tnged at a

later time. Af@efldppingranegarsnl] theyeklopicalbleckdiddfesslisiwigtdnab themadi ng
defecti ve sectors |located on the disc surface of a disc drive 100 i ncl udes

a control | epecia@ftenmdefactivemeetyr I&2 Thegwaibsr efidefictive sedtets §62t5081 | er 180.
The nenory 182 al.sq includes first portion Il ocations .of a
plurality of gkl e?iel&ﬁie@gmgg(g%dr@?n Haaségg%&gﬂods g@ﬁeépgﬂf %,P?‘E?lg i‘ﬁg an

i nstruction sRtor¥82Gtd besRRitEmPAre réisdigRd a8l Writdndo X"gb&e‘oﬂ%ﬁﬁ% 36t 60
witing a plurality of sectors. The controller 180 skips at |east a first

def ective seddany thoes atnehshtvaeafdhellagisfeetors 508, 510 of the plurality of sectors

520 to be written are reassigned and written to the pool of spare sectors 620. At

U

least two of the defective sectors 502, 508 encountered during writing the
plurality of sectors are noncontiguous sectors. At least two of the last sectors of
the plurality of sectors to be written may be written to contiguous sectors 600,
601 in the spare sector pool 620. In another embodiment, at least the number of
skipped sectors of the plurality of sectors to be written are written to a spare
sector pool located a track 222 on the disc 134. A number of the sectors at the
end of the plurality of sectors equal to the number of skipped sectors of the
plurality of sectors are reassigned and written to a number of sectors in the spare
sector pool 620 equal to the number of skipped sectors of the plurality of sectors.
The number of sectors in the spare sector pool 620 is also equal to the number
of skipped sectors of the plurality of sectors that were to be written. The
reassigned sectors in the spare sector pool 620 may be located on a track 222 on

the disc 134. The location of the spare sectors 600, 601 within the spare sector



sector 508. At |least one witable sector 503 is | ocat ed bet ween the first
defective sector 502 and the second defective sector 3 1‘%@» Zgﬁrol | er
180 also controls the head 150 to wite at |least the |-ast't ors of
the plurality of sectors to be witten to at |east two contiguous sectors
600, 601 | ocated in a pool of spare secfors 620. The first defective
sector 502 and the second defective sector 508 are |located on the sane

t k di he,d d Th |  of t
ar o ocat od_ 8o R0 ALty Aot SR B8 rblotor PSS st tho i oc

drive 100. Mesbveeder latey tinie. System for managi ng defective sectors in a
disc drive 100 includes a controller 180, and a device for |ocating and
ski pping at least a fAr@tfeql]afaeagﬁmmtssetﬁmfor&@ﬁscadrdrezfommmgdlgjef ective

sector 504 hgy, e opne .witable sector 503 | ocated between the
first defect ??flg&g' Cstegtlorsaecéatgﬂ@ the disc studags 0 of deksdrived 08 dndlyles 308, The

devi ce al so E&Mdllfeﬁf i r def ective
sector 502 and the S%(grgﬁ%ﬁgﬁndryﬂ?g%%gg@%%ﬁ@%@gto arbﬁgralssp t]\?\ﬁo cont i guous

sectors 600, m0bry b8%slealiniciudas pficdt poftion prrimg deuationsofalurality 65 to be

under st ood taﬁ% t he abov%é,descrl tign iis intended to be illustrative, and
not restri ct PRAECUVGSRGIOR: E‘fﬁ’é‘gl’%ﬂ’ﬂ@fﬁqqng@é1%%%‘8?%%“&‘6“‘%0% of skill

in the art u
I nvention shg&Fdﬂseyhere rggwpgéﬁggﬁﬁg%ﬁ@ prl'J;Jfgﬁtlyeo(r\gggcEE e appended
clains, al ooentwilleih 80hskifsdt leascofint cbéfe&qulsvablemzsmﬂa sﬁbbrﬁlhie&tﬁbed aims are

entltled 3 1 OCT 2003 22 WHAT IS CLAIMED I'S: A nethod for wrltlng data to
a data st or affe'APPadd I3t epegyritable sectorfiU3ds Incatgd betwsep thedfrsdefertiye| ocat i ng

| ect ed t f
St zfagg gur? %ECEB’%CSMO h gg{egseg(ﬁg(%%%g%ge% d§r5§8a: oca{l&g‘?%d%{éonpgﬁgtg@g for

any defecti vethedread 05Gto vﬂzﬂte&lt leasiahé gt tvosetteitcTthapliibty 6 sestBate bsect or s
within a different track of the data storage surface;

written to at least two contiguous sectors 600, 601 located in a pool of spare

sectors 620.

The first defective sector 502 and the second defective sector 508
are located on the same track on a disc surface within the disc drive. The pool of
spare sectors are located on the same track 222 on a disc surface 1364 within the
disc drive 100.

Most generally, a system for managing defective sectors in a disc
drive 100 includes a controller 180, and a device for locating and skipping at least
a first defective sector 502 and a second defective sector 504 having at least one
writable sector 503 located between the first defective sector 502 and the second
defective sector S08. The device also rewrites at least two sectors following the
first defective sector 502 and the second defective sector 508 to at least two
contiguous sectors 600, 601 located in a pool of spare sectors 620.

It is to be understood that the above description is intended to be
illustretiVe, and not restrictive. Many other embodiments will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to the appended claims,

along with the full scope of equivalents to which such claims are entitled.



“2determ ning the nunber of data sectors needed for witing the data before
# witing data; 15 determ ning the nunmber of data sectors3q\/@(;|{amgg for

! witing the data, conprising the nunber of nondefective sectors, before
witing data; 20 witing a first portion of the data consecutively in the
data sectors and a second portion of_the data consecutively in the spare
sectors, skipping any defective sect¥ . 2. The method of claim1 wherein
the allocating steps are characterized by disposing 25 the data sectors
and the h Atdhin the same data cylinder. 3. The method of
claiml 'M%Agﬁeﬁkglﬁ%igporti on of data is sequentially witten first

in the data sectors and then the second portion of data is witten in the
spare sectprs. 3 . OCT. 2003 .23 4. The nethod of .claim.1l wherein the
first porti gnibxf“etgg%éori“?tg’gdiﬂéﬁ? P dpietagespHpeeqnadise ‘Pﬁryt‘sr‘fémé’ﬁar e sectors
and then the se@pmdngortion of data is witten in the data sectors. 3 1
OCT 2003 ON THE FLY DEFECT SLI PPI NG Abstract of-the D sclosure A disc
drivedincludes a base and a disc rotatably attached to the base. The
disc drive also in %,Hﬁ@p ] '

defective sectors %dégftﬁggd@%eﬁ&?ﬁe |sc@%§$gl?%%tg o} l@%?@%t%ﬁﬁggﬂg di sc
drive. The .defect nanasienaghsurfags withnpspiredes sectarsalloceted ¢o corapeisaie nenor y
associated with said C%?%m%glfgcr'v TQC controller skips at least a first
defective sector and a Se&bn H3F 8%¥e sector. The first defective
sector may be contiguous with the second defective sector or at |east one
writable sector is |ocated between the. first defectivye sector and the
secon® defective s@h‘ﬁtﬂ‘?gaﬁ? ClegMURBrT & spate Secters At %X‘?fﬁ‘é’mﬁ%ft‘@ wite
at least the |ast two s@fd @bagdburthe plurality of sectors to be witten to

determining the number of data sectoré needed for writing the data before
writing data;
15
determining the number of data sectors available for writing the data,
comprising the number of nondefective sectors, before writing

data;

20 writing a first portion of the data consecutively in the data sectors and a
second portion of the data consecutively in the spare sectors,

skipping any defective sector.

2. The method of claim 1 wherein the allocating steps are characterized by disposing

25 the data sectors and the spare sectors within the same data cylinder.

3. The method of claiml wherein the first portion of data is sequentially written first
in the data sectors and then the second portion of data is written in the spare
sectors. |
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at | east two contiguous sectors |located in a pool of spare sectors.
method for witing a plurality of sectors of information tpgm's mPage
surface on a disc in a disc drive includes determning t start location
for witing the plurality of sectors; and determ ning a nunber of ski pped
defective sectors that will be encountered when witing the plurality of
sectors. At least two sectors of the %?1 urality of sectors are reassigned
and witten to at |l east two sectors in a spare sector pool. The nethod

i ncl udes st pr I [ e [

cect or pool Tsd P pispigsR el P huflert B2 RATORORSE U T el A HEBRANE, 1 e
during a readh thpspat sawtors &idGhe®the second portion of data is written in the data

sectors.





