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
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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 RigdpitisEmhvengén 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.

Wen the di Sftore E) & i&ﬁarl}‘;’} 'his 5nsverq{i6f’1t91%FaQesqg %I%Sﬂlargtgse and} rlnlat%od for passing

over, or more specifically slipping, defective sectors on disc surfaces within a

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



'?IhzcéirAE) the sane time, the air rushing past the cavity o on in
o e g?rgﬂgtigﬁrfgge t)roduces ﬁ negative pressure area. The negative
: : unteracts the pressure produced at the rai
_ ails.
:: : gg :j;sral tsodattached to a | oad spri ng whi ch produces a force 0?1 tlge
ected toward the disc surface. "The various forces equilibrate

so the slider flies over th face .of the di ' i
R e st gt
| ubrication :‘airt]lgrwee@%f Ss&fé:c? Eqadg}%igt ' f\ggﬁl‘g!sw?iﬁh H?fcé%@ heatmrayf o o

. e frict '
that woul O O sidhe e, he i sukbing wpetiba dainiprakBessigh © B SHEEHIE cal

contact. during disc rotation, In sone di ' '
t hrough a | aysurfacd pﬂodmeﬁ@é‘ﬁgatifvﬁtpﬁ%‘ﬁuretaﬁ&hﬁ?g‘fgéﬁéﬁg%‘%gﬁﬁgl és‘%?l? %ggsife St he

disc. Information r ' ' der i
storage d e e L e it ML
S on  storAaeyEEBducks afsde or tiw slider ditested dowardfthe @a%lwfﬁct’-e%ﬁ%ads

attached to the Sliders, |ocated on_bof.h si i
and wite infvarioms ifcrmescmluﬂibéateﬂgﬁeéééeréfi%%’l : Sr‘?ﬁ{fﬁ%aeh(fefrﬁzén@gﬁg%r gl Z(r:é read

accur at el osi t.i ' B&sS
he stor age drasteaaesprat BRERY THe 15 B e Bt SRR b S gt
I ( e noved to at

ItO (r) 2::'I[(I oﬁZ dt gg%@gagg g%gtr}ggl?g?cmam%sletaﬁcbvﬁiaeisrtgfidaﬂlyrthe thickeass afhe gEc u?;? glt y

: ove a t rack, the read/w.ite head.can st
gi tS (r: ack SIb?/n }N; :dlb;mg;om:zl_m. n"ﬂgs ?hn clminates the;frictign G‘F‘P’Efé‘?lgn%ﬁ’tegr '%t:“@?g?aggt 0

c. Si . i ng data o | |c81 e @
g?glrgho%[\g pﬁ@’“rﬂgﬁﬁlfr%‘ Qnﬁﬁﬁ?ﬁ{]ﬁé@o@%qg&tgg}g‘g%ﬂ%%k and readi ﬁc b%/he
1 ek, "The. 1 B o e e 1racks 1o n

, s noved radially across th
?ﬁlrte(r:\teredd't a_rgqtan_tﬂ}a@g(ovelfalmwfaa@kftbﬁdﬁcdi sc sﬁrface in aed}[;gcgfi ;[/g ?s
{ypi cal 1y hol ds 512 byt SSOBRtOTIFBERRFIISA of da S o Bl eres R o O
sectors on a tyack 4sedhLoqe st n-representing data. The number of
F\%% cti%c i ﬁg JsteRfd reshaidavigte informationcskoredien 1adeto8d on t he

i s
di sc surface. e nunber of sectors "3 1 OCT Ml
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located 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




3 held on a track varies depending on the zone which the track is in
Typically, nore sectors will be stored on the tracks ag 1 OCTo 200 .

di aneter which are in the zone toward the outer diameter of the disc
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Not all defective sectors are found at the time 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




| ocation of the defect was stored in nenory and the spare sector fn t he
track or 3 1 OCT 2003 4 within the cylinder was Iocatedﬁaﬁdﬂﬁ il

i nformation representing the data was witten to the spare sector. In
ot her instances, the spare sector was not kept on the track or in the
cylinder but was kept elsewhere on the syrface or surfaces of the disc
drive. In this schene, a pool of spare sectors was kept off track or
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done to the s eplaces 1t; I nf'ormati on on the sgare must be
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the actuator ppuERPRit rafiRedhckadiné.t Ovérhine atd totabnambdrofdefertive
sectors within a disc drive are dropping. In such a drive, defective sectors are
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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are merely skipped and the next sector is slipped to a position past the defective

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.
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include multiple defective sectors. Furthernore, there is a need for a
schenme for handling defective sectors that keeps wasted storage space to
a mnimm yet accurately substitutes sgare sectors in for defective
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conti guous segd.pk $s ipget Naridthe fpanegics blask adresd is WTitten sethedest 1A t he spare
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sectors of the spare sector pool may be contiguous sectors within the spare sector

pool. The sectors in the spare sector pool also may be located a track on the
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

defective sectors located on the disc surface of a disc drive includes a controller,

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




plurality of sectors. The nunber of sectors in the spare sector pool is
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I ncludes a controller, and a nmenory associated with said controller. The
menory al so includes a first 3 1 OCT 2008 7 portion storing |ocations of a
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especially if there are a large number of reassigned sectors on the disc drive. The

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.
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embodiments, reference is made to the accompanying drawings which form a part

hereof, and in which are shown by way of illustration specific embodiments in
which the invention may be practiced. It is to be understood that other
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
on the comb 122, are load beams or load springs 124. Load beams or load springs

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

In FIG. 1, a number of discs 134 are attached to the spindle hub 133. 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
described 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

t card 170 which is attached to the base 112 of the disc drive 100.

printed circui

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,
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S 210, 211, 212, 220, 221 and 222 show sets of tracks which are at the outer

diameter 210, 220 and a set of track that represent tracks at the inner diameter
212 and 222, and 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
ect to the disc pack. Finally, all the tracks between tracks 210 and 220

with resp

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
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may include other information such as track ID or track identification portion
which is used to identify 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
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‘o write 11 sectors having logical 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
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9, 10. As shown in FIG 5, if there are no defective se%d?‘rﬁ ﬁ/ithin t he
set of physical block addresses to which the 11 sectors % imwto be
witten, then the 11 sectors may be witten sequentially fromthe
designated starting | ocation, physical dress 500 to physical sector

| ocation 510. As shown in FIG 5, the | odical block addresses are placed
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address 4 is witten to sector 505, | ogical Is witten to physical
sector 506, wuexdldgichl blick bildress Bisitherefiore wettert to thdyesit awdilablecsector 50%. The

next physical, sector 308 jis determned to. be defectiye and is therefore
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next avail abl & &8&d Pind® ke therefore slipped by two sectors. Physical sector 511 is
filled with data depicted by logical block address 11, and therefore cannot be

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,
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writing the F%g?&é%%dgrtd;%{ﬂg U(%gorllltg %tﬁgthgye%lézcgﬁxgrsggﬁeﬁecﬁ%é)oggg?s ﬁggb or pool,

one or nore fiethat twd ddiectivpasdtors et edtolRertd Mithin thayRekicdséclorishfigases the
access tinme. In other words b’éh'S| i pping the sectors and witing to
conti guous sfemdthysical seefer 800 Ehis euts §pwp ths seclotilg significsnidk sinetheret 0 be

done to the r t conplete the it & comuand I 3 1QCCT
2003 14 adva‘?l a&ggﬁé{éﬁ%\?\h&g‘gg?%gmd%%ﬁ %ecgépﬂﬂ\lgggaésis_ OWB%E@@?%’ a read

command t he lagClegiRal BlodkeaddPesddsSOandSduoadsfonBmg té BRMerite ToRitand @Re act uat or

seek required to read the 11 bl ocks or logical block addresses. For

exanpl e, whewritten teitie gparersgetor pooh@Rf). dhimdaes nothayvettdbe i cascdsor S
correspondi nﬁ tt(r) I(ggi Fﬁé‘ | ock address O to ... 10, there needs to only
be one actua lb’F YRERY t’he spare sector pool despite the fact that two

defective sectors are P@Mb%&%@ié&én%ﬁb&iﬁglﬁgyﬁ?{é&%ﬁ@ﬁm{a}sﬁﬁéf&é ng

from physi cal sector 500. This cuts down the seek tine significantly since

there does asparhisectoripoobeAd showsarkiGt D physgd sectere502and 508 ar626ll As shown
Wi te commnFIEe [f 1R Eohe IREALar b Pt arp IR 0t PRI does not
have to be t§g.GREQeASr 508 is ¥Rdduftfetisll. VrdrfR 1adt defective sector is

encountered, the number of logical block addresses corresponding 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



FIG 7 shows a diagram show ng 15 sectors froma track as well as a spare
sector pool. As shown in FIG 7, physical sectors 502 and 508 are stil
defective. In this case, the logical block addresses aqusgthgﬂ until the
| ast defective sector 508 is encountered. After the |ast de $ve sect or
I's encountered, the nunber of |ogical %ock addresses corresponding to
the nunber of skipped defective sectors“are witten to the spare sector

| 620. In thi | ogi cal, bl ock ad .7 and 8, which d
o two. def eotf0uNeaRn Bisare &taS B pe widaiisd gk fosiel Gock efdscwsons ) 601 of

t he spare segt T | ¢ k10gi cal
bl ock addressegﬁlgbgﬁght:fgggﬁhg ariefs ?éé{'ﬁ}s?y‘gG %ﬁgg%gﬁégﬁ %gg&gﬂéﬁé‘g‘s%gh %09 and

510, respect bagitming bf the iwaite dormand tietitht hahain@g logitts bldcRadisdes bogacal
bl ock addresges .need to pe witten to the spare sectors pool 620 in order

to i npl ement 0% WEUFRiRRtYSIGAL sepfgrs 300aath, 0368045 Hui06,507) 199, and $H: | ogi cal

bl ock add ' 3 t | 620 and th
ogi cal bl oo ke g e gt ars WiEPER O R S Bt e aBiediis 0

respect i vel ythe ehd oS ptevibuaiwaie bemman®shd thakctaitbels prdentdy sedicHed ovaul d al so
be witten to the spare sector pool. For exanple, if the nunber of
def ective seesPae gectonneshat the tige of geesivingthe sextvarts commandi hyothere starting

sect or 500, . ' | ogi.cal bl ock addresses fromthe
wite commn%fgl?g’rt?“es;%on %%‘ng‘t‘ ggpiegqﬁb%&o %"?go‘ggla%céef? 9‘3%%55?(3?@80% be
witten to twihapaite co@eiad SItRolld alsebe B¥RAMhAR if thé diswdride 106kak jRBQ03 15
defective sectors are going to be encountered, then | ogical bl ock

addresses 0 @uequted agead| conpeangrandieending wrhen e spase senters peolgR0, tied 601 of

th . |, at,{.h i.npi ng..of th i t th
omai ping | ogr e Bty Wil e et B R R e o
500, 501, 50@e spité secrbll posilfid thRG/starfiR@at tAOFhyaiddl blodPhddredsF00SRMAL €, MRY

be useful if the spare sectors pool has been accessed at the end of a

previ ous w i shewamanidQd8 wheretlpgical hiecktaddresses Prand dogita) bjpok iatddresseldoHver  t he

spare sector_pool at the.tine.of recei.ving.th ex ite co nd. In

other wor dst,hlgt“ﬁftg cm%a@dmtgengg pﬁ%%‘ffﬂ F%“HF gg&*‘?‘{ﬁ%fcsamg&gegss times

associ at gdhaegejkgasrtesmﬁp%opm startiid R hst@king phsicke b&formiddbet T the disc
500, logical block address 2 is written to the starting block 500. Logical block

(@]

address 3 is 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



executed a read command and is ending up on the spare sectors pool 620,

the wite conmand could be started out by witing the f% quC‘[d@UQaI bl ock

addresses to the spare sectors pool and then starting at the physi cal

bl ock address 500. This is shown in FIG 8 where |ogical block addresses

0 and | ogical block address 1 of the wri6te command are witten to

physi cal sectors 600 and 601, respective]l y, of the spare sector pool 620.
C

Th tarti ' i.cal 500. | pgi cal bl ock
naress ' 1 o ot i ARopb Al ISR 5tdhe BT BE! < oPfalie ol bl se s
s witten targquiicsinialed %€the Phy§ibal secitrd aRBYHE %i%%&ﬂ&al%@gtof.s ski pped as

it is a defective sector. Logical block address 471§ witten to sector
503, |ogical block addisheslddeinotegrthattifihe nomberefphysiod sedtoryivelrth bl ock

address 6 is writt o} hysi cal ,sector 505, ]Jogical block 7. is witten
to sector 508?11‘[31:111&{%?68&18580 ]iilc;ﬁ?? thgamrgggc?cggog{ %%:bleta@?Fsﬁ‘?Sl Wg‘lr ial !sector
507. Physi cahum@ert (oA blsckHipREd c@ﬁeépblr(%]iﬁ% tthd AlEBE M%hg?i@ﬁlor and then

t he next avail abl e sector is witten to. his case, logical block
address 9 i sdefsets that will &n encougtereddret 5@, thastdrting physital beaaksdaidass 10 i S

witten to sec(iior Elo i]n rcgr to,conplete the wite command. This ‘
particular SEHBREYHS ﬁ‘?é’?ﬂri ﬁﬂéanb?wimgq the sparg sestorpepl, Itterally in cutting
down wite @egess biffRacdReRmhd 6 a%eésg%geg f%l{%,{tlﬂﬁm@'?éﬂ%ﬁrthelé%ea{se

positioned over the spare sector pool 6 e beginning of a wite
command. Thelaghs i simben of torffigious ctoevrditel Hahdigpace dddr pase advant ages
as those shown in the tgrevi ous exanpl es of and 7 in that only one

. FIGs. 6 , |
seek to the SpEgseoadtorths nypber ofdsiechye sestors foundbeatweenrthesiatingsplysisel ¢ o

acconplish t i t Lural it f sectors
are encount ergéééd riea%gtt%é; pﬂ%l@g?&sstggtto %gjs% ‘%‘?fege]rtzj t“ﬂeeSps e%?#lo Aopl)%%g'i cal

sector. It should be nPIGD ishdlow Hiagfath fou wbiting e 10pi¢al Kladk sdiedsegsowhi ch
contain defects is known, then the spare sector pool can be accessed and

the number 8 nhygiceldpcatiopepn thedlissliwg ag practegddiydhisdntentione Ag sheyenr  of

e nurber PBER fisgn _ _
Cettor 500 Al Khe» Ui R FRERHAS BB ep SRt Bh B S P

sector pool . tHetplliati§f ¢¥lskdtorsBicR fatdtiowidh fHee¥1et8 €6minAnd & MBpiefeddycess ti nes
for both the read and the wite as
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



| ong as the nunber of contiguous sectors witten to the spare sector pool
correspond to the nunber of defective sectors found bet;aegm@fe?pmarti ng
physi cal sector and the endi ng physical sector are witten to spare
sector pool 620. FIG 9 is a flowdiagramfor witing the |ogical block
addresses to the physical |ocations on1t7he disc drive as practiced by
this invention. As showmm in FIG 9, the first step is to determne the

tarti h t] f it t | |t f t
asooci ared bt Niipdling Rhm i b8quoh aviie Toirsiank it ier a1 010,
The next st efimea®iltlBPicatifsd t%ns 8%ted KRE % Q%F?ﬂar@ge%toré.sTﬁiQr%ﬂ iGl i ne the
en

nunber of ski pped defective sectors that wll 'be encountere writing

the plurali t§ccess tiee eamrsignifieandly lsohange tiesperforreanve i ére didc didfeect i ve sectors
bet ween the star.tin hysi cal sector d the endin sj.cal . sector are
det er ni ned. %pﬁlﬁf&){ %d&% & i\aflérgSé‘&'Fg’Fr gfgfe%%ﬂg&s@ EF,c“’ég o‘g B%i ‘Lﬁ"éﬁwﬁy Thsf er ence
numeral  9144imansk Wiend BXdrmafgh @6 ¥e GUREAR Hisihd next
avai | abl e sector aft erg]ﬁt he afi rge?’lr%sef ective sect cgrt?us\éﬁéété%ﬁég%g%;%f/

ref erence nuadlitidnadtide and smyoeqhirededsemtd. vEhs method ahd appargpeds@s depi ct ed
by referenceggurreralﬁg?l& and the next |ogical block address is witten
to the next e¥igieRtypad acciatily agqesses thesparsseriars fnm therspate sederpol as

depi cted by pefied 6ReR QBRI 920. At least two sectors of the plurality
sectors are then witten to sectors within the spare sector pool as

depi ct ed by reference Aummegkné@A2ispeituhihisigeaitiohys thihdefebitsthatbdcue Whi ch
uses the above inventions reduces the access tines associated wth

obt ai ni ng i T MATHESFY By bestivned “en e fly nclnberawrrds in the paslethsrs whi ch
need o e IGASH ARShe BRI Bh igg}'}?erfﬁﬂfafdgfec?f}d%tﬁ 03 17 assoc at ed

wi th reading sectors i'ng reassrgne ctors many tines
wi |l be redupeshficuinepreséssa Wittethid garticudetin@htisHar @ows dbRESmayl Fislt

reduction in  access tine can s!g?ni ficantly enhance the performance of the
di sc drive, inddyiene sgater being shipped by tegrive ééarnmlm)@st Blustrate this peistl sectors

on the disc drli The, tj faor, witing i.nformatio epr egseptati ve of
data using t iasf{rﬁ% ghee Dler’é%tg? P& c%glthghﬁgfarlgﬁcg IS¢ f”h@&ahd? ’r£§’ ’eﬁ%i’ re | ess
time. The medpapd, sace1dPPRERE Wss BddS Bnd 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



efficiently and accurately accesses the spare sectors fromthe spare
sector pool located on the disc drive. A nore general ﬁeﬁao@% hi s
invention is that defects that occur after nmanufacture y pped "on
the fly". In other words, in the past, there was no slipping of defects
after finding the initial defects during the manufacturing process. Wth
this particular invention, a grown defed® may result in just one sector
bei ng slipped by the drive. Exanples best illustrate this point. 1In a
first exanpl the methodef varies aith thé tehgthrof shecwtitesenmomsd ah®Owhidlork £ thé, 4, 5,
6, 7, 8, spare9,. s e, 10" ector 1 is bad, and physical sectors 9 and
10 are spar e¥5° tesrﬁ%%’&“ %@tlfvﬁé?cé?ry testing, the |ogical sectors

woul d be "0, x, 1, 2, first Bxanfble. afwrifs: AQ° gl - rfls,
physi cal sector 1 is s%%presd : ee’as‘ﬁ?%ﬁg segtl%l(rgsuefisfgll |2éﬁ%@£y t he

"x". Once t hiwthdengih dutatd, anl,i2s nekelyeadB 4 d, b7, BhépatelOf afid/nothinglienai ns
unchanged when the drive is shil%ped out. If a new defect (also referred to

as a grown 8@_"6& ?e‘i_agsefrt?&ﬂﬂb?‘h 8ical sectont isanet tayehede Navly badAdedipiess| i pped.
For exanpl e, , y%%leA, a3 aasﬁkggét%f,kéﬁé,hesgfaf g{%acgs,ct , 1&?&&3&5&' 'S as

follows: "O, , newy sparel n current

drives, spare sector 1l aédcbnd epingle theogieE @il HeEiRAko Write the¥aAlsE®r t he
final configuration of the string of sectors will be: "0, x, 1, 2, x, 4

5, 6, 7, 8, tesultiagiiom aerowg defect Iothe sqsond exavenie.p Wit coowpandlis isseador 3.

Sectors 4, 5 Y/ i50 i.r4ocatjo ln IS Lhvention,
defects are tsqlfo 1,5%105 GG@K)%—I@%}QEV%%%% @ewpbg?lqgécabhgc%fx& gs(,sf%’rsy. The
sli ppi ng canappligase"d,xyed,al 8l 3, cand, appkime tHeomgdh & £lcbtoryVig the user

attenpts to wite to the bad sector. The actual inplenentation of .3 1 OCT
2003 18 the fBginaldlass stomgd ilpgigal sectond willbgreplededt Abensfare theaoethedhd and wi | |

oxanpl e, o wPTeeviBhHiRofen o B8 %Y P8t L MR menefonattill n 3. (o
"0, X, 1, 2,t0veplaye a3l sebtord, 6, 7, 8, spare 10" and nothing is
In a third example, a write command is issued to logical sector 0
with length 6: "0,x, 1,2, x, 3, 4, 5, 7, 8, 6". Since the length is 6, the original
data 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.




changed because new y bad | ogical sector3 is not touched. Newy bad 3

i ndicates a grown defect or a defect that occurred af qb Ce2(ddsc drive

|l eft the factory. In a second exanple, the user will aft gpt to wite to a
bad sector resulting froma grown defect In the second exanple, a wite
command is issued to |ogical sector 3gth |l ength 4 sectors. The result

of logical block addresses is as foIIo "0, x, 1, 2, x, 3, 5, 6, 7, 8,

4" . Since the length i ect or,s gi nal data stored in | ogi cal
sector 4 will be repl aﬁle%l %’1‘%?‘&}%}3 V}Fév?#leat%@u IgFEHeri t es this |ocation

with the newAldositsbusah®nvantitiie %ﬂ@uﬁt@@fbr‘&%@mszp&fn?ujc& s gtgmr%)@bace
| ogi cal sector 4. 1Tn a third exanple, a wite coman ?’ssue to | ogical
sector 0 wiThe C(ngﬂtr S&Steﬁm()()ﬁ Jmay, al®, bealldd ad gleStroriic syBtenbor arSi nce t he

| ength is 6,.the datasé d in logical sectors 4, 5 6 will be
repl aced so ﬂ an W&PY%W% inclygles a CPRIEa) PrOSRSSIRG YHE AREMAIY dat a and

then use spagg aLQISEeﬁa b &P BfeSnfoRdhifdH hﬁlﬁﬁﬁé%ys@ﬁn fnfclutﬁgsea m?%rogéesrsﬁl ctors

skipped over is l'ess than 2, it may appea ere1sn r mance
gai n. Homeveunltio(klealrmdsmceedsmam@ryéow iahil @Bysterapaarell for chances of

ski ppi ng over 2 or iysec ors I ncreases. A final exan&e further
illustrates gqq%mu@qaq gQupking QF%WSSW&)“@F 2004and tleg rapdefder si on. In

this exanpl e, t 9 sectors
o P souant oclnthihSy 2RI e Wbl S ULRAGSILED 2088 HEINRG o' c® o0 O
spare 10" andriwd devideavltieitinoludesiht e4mp AeHceiBéd sHRVE. OTh&rﬂ(ﬁxﬁm@lbﬁ Ihemﬂuigec ause
each of the sectors is changed on the fly. The wite sequence becones "0,

1, 2, x, $stemy2002 mgy alyo inglude pp inmyit/guiphibys| 2010 anql sqvetsl deyicesect ors af t er

'4?9222{ or - Pnhefl BruEaPRf B0 PO Bub 0 i AR ER ARG P Y L, T ed on

the fly to sagichéd ©, théﬁ‘llphﬂﬁutﬁltlbﬁs QOII)/eFérfpﬂerI\devﬁ&G ndyMnél@dSRGH Aisc7, sector
7 is converted on the fly to sector 8, and sector 8 is converted on the

fly to sect odn\sqgamegnp@ optisgl draves siappydis dr@ehmdtomkssﬂmeismd othgr 1 OCT
2003 19 FIG 1D is .a lew.of a co e Advant ageousl vy,
t he i nventi off'® Bé’ewélrﬁf ﬁf%gyﬂed’xdlfgém VR % ﬁ%{itolrgc}ﬁd ] Y

unloading the slider onto the disc surface as described above.

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



The conputer system 2000 may al so be called an el ectronic systemor an

I nformati on handling system and i ncludes a central procgji qﬁt@gi a
menory and a system bus. The information handling syst [ a
central processing wunit 2004, a random access nenory 2032, and a system
bus 2030 for conmunicatively coupling t{be central processing unit 2004
and the random access nenory 2032. The “informati on handling system 2002

i ncl ud di ' devi [ i ncl.ud th de, i pbed ab . Th
i or mat i on HaEGaseOL bR and A Hhas it i tnchide Heks R e battate bus |
2010 and sevgF e 1842 YIS of RRPIBERKVF sE8HS &fBe Wik toAfie %(%%g%eggo(}%aégbzoj'&

2018, 2020, and 2022 may be "attaChed to the Input out
Peri pheral delliesestorsdy thensplaredkectonpabl dissanayhie loested amgole22? optheatide. dri ves,

fl oppy disc ive ni.t ar keyboar ds and of her such peripherals. Any
type of di jsc(H}F P%Fi“ odggluﬁﬁes.tq{é}gﬁggpchﬁoq b sRyrotectomny i thgsrae | i der
onto the di sgectdpodf& Mt P fiay BE thealk@ \4Pa sifthPqlefi@8 A method for writing
a plurality of sectors of information to a storage surface on a disc in a
di sc drive includes detemsthod fay writengst plntalityoafaeétors of diformatidni tog t he

plurality of sectors 910Q; and determ ning a .nunber of skipped defective
sectors that S®Fage SB‘ga‘E?nlgéﬁﬁflérdé%' \%ﬁéﬂf‘ 9\,3159 Arye 1 ¢fbmay élts‘allfloﬁ)%ﬂeof sectors
912. A first ' i | 4 - l.cal bl ock
addross i iTa VEICREMANA®S SR BRGHaGSof A M PRl ot EibResl 0O,
916. A seconibcdtibreei a vezordiggsunface sheikithpiatorthhfontsh bdwore@id a prgalital bl ock

address is witten to the next  sector after the second defective sector
920. At | easP! ssgiprsaddressableps logicalhloskeaddrsssesofThs drfprmpationris wriktgn 49 gned and

'l ude reac e o e SAEE0ARS b piR D ER SRR AT e SRR i 1 ) b

sectors to bafier skibing b 8e@CIN2 the\iektbgicilBockRAdfsS RGIAtentOBhe 2. The
first defective sector and the second defective sector are noncontiguous

sectors 502sechygftempdefeetiteseeoni02: hkhegyarbsr efdefentivp sestors@02,508cont i guous
sectors within 11. 2003, 20, t he are sector 600, 601. Reassignin
may i ncl \l,JVId e %lgg}%elq ltj:ﬁFltﬁamng f“éda 11 @gast fwo sec%ors 5&? gb8 oP 81e p?urgﬂlty ofaes! gning

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

Many times at least two of the last sectors 509, 510 of the plurality of sectors
520 to be written are reassigned and written to the pool of spare sectors 620. At
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



of the last sectors of the plurality of sectors to be witten to the spare
sector Pool. The sectors in the spare sector pool also gaxmlg@at ed a
track 222 on the disc. The nethod al so includes storing®t og on of
the spare sectors within the spare sector pool so that they nay be

| ocated at a subsequent tinme. A nethod fér witing a plurality of sectors
of information to a storage surface 13 on a disc 1341 in a disc drive

100 | ' i Vi ' t t i nf ti
di'sc 0t ve: aRAOTESHRe st ERBl i & W hE RRUST s foekt el Betbeoner ot ho -

informati on eaovéed st Plakdtinte. @ plurality of sectors addressable as
| ogi cal bl ock addresses. The information is witten to sectors on the
surface of the di sc whil defetinppagegnent gystena fartaydissfdrive ffechanagigect or s.

Af ki ppi . 502, . th |.ogi al bl ock ad i i
the next " SchUBv BRpr Sl o Bt surte Sastisodbeddmaudss adef oot ve
sectors 502, caftfbilef K8RRRA a mfentlizy qegmsga%a%&&s@ Rhirbf@Sigo! "y ect or s 502,

508 of the plurality of sectors 520 t e witten are reassi gned and
witten to amsowry 632 slpairelisless firss p6:2idn stovingodatiomsofai pliatistoft wo of the

| ast sectors %OQ, 5 10 of the plurality of sectors 520 to be witten are
reassi gned afiefeqtverSeeiATs; 8nd Hzecppdportipn 13 sfosingaapstmiciomset pthich east two of

the defectiv . : g i J b e lurality
of sectors a?%ﬁ%giggﬁdﬁgégﬁgggggtg g‘?rg&&%&ﬁggﬁs& a{l’q\/\%&% Qtfﬁga{“gs{r hgect ors of

t he plural it yomfollse t8(skips b 1dast afirst defectivesedier 502 dnt et sndadefdctigelous -
sectors 600, 601 in the spare, sector n anot her enbodi nent, at

| 620. |
| east the nufRsér 588 Adjsastrag ‘@@é‘?lﬁrsgct?}%oogﬁéloﬁﬁfﬁﬂéﬁi"‘te?n&e fissicdedecdiveo be
i i , | h
0 sc 134 a HekdrsP? sh8 R RRCucract Oy o8, RO 180S0 BRI LT o

equal to thethewebe15®fo whicp RAstIBE Lagl tsvoGkctbRaf tiY pladlityt of seétofsaptber s are
reassigned and witten to a nunber of sectors in the spare sector pool

620 equal t oWriHen fratideast Yo equtigpeus sseters$08, offl lppatedsinia prol pf/spate sect or s.
The nunber oéec%efgé%s in the spare sector pool 620 is also equal to the
nunber of sKipp Sectors of the plurality of sectors that were to be

witten. The reassi gngHe SRE HEfestivebedtbESCRRIINS KLbAI déTeatlve@eQorBO8 be
| ocated on a track 222 on the disc 134. The | ocation of the spare sectors

600, 601 wi t atedogatas cgpﬂgp sametrack-omsa disOrfagg ®ithin 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
illustfatiVe, 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.



 ":21 pool 620 are generally stored so that the |ocation of the spare sectors
# can be recovered at a later tine. A defect managenent 3 0eh 1093 a disc
 drive for nmanaging defective sectors |ocated on the diSc surface of a
disc drive 100 includes a controller 180, and a nenory 182 associ at ed
with said controller 180. The nenory 182 also includes a first portion
storing locations of a plurality of Hefective sectors, and a second
portion for storing an instruction set which controls a head during a
write opgypta r ity a plurality of sectors. The controller 180
ski ps at Ieé%sffsa&\e‘l"srﬂg@%ie ‘ective sector 502 and a second defective sector
508. At |east one witable sector 503 is |ocated between the first
defective eGgtor.5 and. t ecgond defective sector. 503. The controller
180 al so cofit T“gtho‘?ﬁoé“ﬁgg’ﬁﬁgﬁofgaﬂﬁsgqﬁgeéfnf?‘?ﬁ’ta‘il?fe‘nla © 4§ sectors of
the pluralitycehpiggd:ors to be witten to at |east two contiguous sectors
600, 601 located in a pool of spare sectors 620. The first defective
sectoP 502 and the second defective sector 508 are |located on the sane
track on a disc SULfiQGendM Sdlcldtdifabdi Sttt deViBrs Wiein R HRdt 136k ofREHG, SECL O S
are |l ocated on the sane %,\Araclf 222 on a g?a{sg sﬁsr‘glacré ?@éi vxlf(t)ﬁt?n {he disc
drive 100. Mst gener al $tgragasusfase with hosparedatgsevgorsiellasatedvecanpensate i n a
disc drive 100 includeg_a controller 180, and a device for |ocating and
ski pping at least a fitrsogfm}a‘%fr}%%'tvf\sieecug%’ct or 502 and a second defective
sector 504 having at |east one witable sector 503 | ocated between the
firrst defective sector 502 and the second defectiye sector 508. The

devi ¢8 also rewit Locat[mg %%fgqcte@\wx@éb?f@?efsﬁqt?réwﬁ&ﬂ erepf fragk efgheact i ve
sector 502 and the secofyh d6fagssurige;sector 508 to at |east two contiguous
sectors 600, 601 |located in a pool of spare sectors 620. It is to be

under stood that the above description is intended to be illustrative, and
not restrictive. . ' S W L. . of skill
" the art upon el uiihie ihedtiRel SRRl elols nelfec P RHERE ok UulatRRe

i nvention shoul d, therefntiggddt® determ ned with reference to the appended

cl ai r]'rg

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. |

30



along with the full scope of equivalents to which such clains are
entitled. 3 1 OCT 2003 22 WHAT IS CLAIMED ISt A nethod fo§ (i Q?q:;data to
a data storage surface on a disc in a disc drive conprising: 5 allocating
a sel ected nunber of data sectors within a first track of the data
storage surface with no spare data sectors allocated to conpensate for
any defective sectors; 10 allocating 2 sel ected nunber of spare sectors
within a different track of the data storage surface; determ ning the
nunber of dat r . i [N e for. 4L dat a;
15 determ n?nghg ﬁ%ﬁ%&%g@ﬁg? %J'Iae?egn ﬁ%é‘{r é& gn%\g&fﬁgt%?seg %&ﬁl\%}rlq'%#%n @%@ dat a,
conpri si ng t hén thaspare satornamithéretik isetond poition of ddig fsormittenrin therdata dat a; 20
witing a first portion of the data consecutively in the data sectors and
a second portg?cé‘ﬁs'of the data consecutively in the spare sectors,

ski ppi ng any defective sector. 2. The nethod of claim1l wherein the

al l ocating 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 witten first in the
data sectors and then the second portion of data is witten in the spare
sectors. 30,11 OCT 2003 23 4. The nethod of claim1 wherein the first
portion of data is sequentially witten first



in the spare sectors and then the second portion of data is witten in the
data sectors. 3 1 OCT 2003 ON THE FLY DEFECT SLI PPl NG @qtg@]&tmoj-the

Di sclosure A disc drive includes a base and a disc rotatably attached to
the base. The disc drive also includes a defect managenment systemfor
managi ng defective sectors | ocated on tztle di sc surface of a disc within
the disc drive. The defect managenent systemincludes a controller, and a
menory associated with said controller. The controller skips at |east a
first defective sector and a second defective sector. The first defective
sector may be contiguous w f sector or at |east one
writable gector is |located %ﬁtﬁmlggrﬁqﬁgﬁﬁg?gf’g%?ec ive sector and the
second defective sector. The coAbstraétauf thé Piscleiid 0l s the head to wite
at least the last two segtors of the plurality of sectors to be witten to
at least two conti guoué‘ @W@‘Flb@&ta@?’? #ndea %‘%Iotaiablxpﬁa@eé&ﬂnr s. A

nmet hod for bt : |t f information to a storage
surface on aw%sze'sgﬁ ?ﬁﬁgﬂbyégfsbwc}%s?ﬁgfegdggﬁagg?g?twﬁ{gw Ot HANRIE t | ocation
for witing défectpleseetbistlycanéd aetht diss surfarRdrd i Wit fe dsosveerrnef ski pped
defective sectors that will be encountered when witing the plurality of
sectors. At fefgdmanggeraent syytem dnclydes asputrellariandefmemenytassasiastedwitbassi gned

and witten t i spare, sector pool . The .met hod
i ncl udes st O%a?%gﬁr%t#@@f. o%%e\t/\&i%gﬁrgg%ros?(ﬁ)g ag }53 it& géthei & VW‘?%?rr‘imfl RSy o
sector pool defedtivatsedtbe BRafiret deEstior Seddmdievd @adkeshsatitAns yhgaguent tine

during a read operation. FIG 9
y defective sector or at least one writable sector is located between the first

defective sector and the second defective sector. The controller also controls the .
head to write at least the last two sectors of the plurality of sectors to be written to
at least two contiguous sectors located in a pool of spare sectors. 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;
and determining a number of skipped defective sectors that will be encountered
when writing the plurality of sectors. At least two sectors of the plurality of
sectors are reassigned and written to at least two sectors in a spare sector pool.
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.

FIG. 9





