ACCOMVODATI ON OF MEDI A DEFECT GROMH ON A DATA STORAGE

- MEDI UM THROUGH DYNAM C REMAPPI NG Field of the Invention 1. The presegt
"invention relates to data storage devices such as hard disk drives, FEB 2007
‘optical drives, and the like. Mre particularly, it relates to detecti ng,
correcting and reporting defects in the same. Background of the Invention
Dat a. storage devices such as hard disk drives, tape drives, and the |ike
typically wutilize nmagnetic storage nedi a from which data is read and/or to

which data is witten. A nagnetic storage nediumtypicatty Tncliudes a —
| ayer of magnetizable material that is capable of bei ng

magneti zed to produce magnetic transitions that represenﬂmﬂmgnﬂﬂmmmk

i nformation. Technol ogy i nprovenents contjinual ly reduce r 0
storage nediumrequired to represent individual bits of infOfH#ion, and

thus pernmt greater ampunts of information to be stored om the storage

medi um A hard disk drive, for exanple, may be construct e or
nore magnetic disks, with each disk being segnented int m "“r“MHMl"ﬂH

concentric tracks, and with each track being segnented in oI ar arra
of sectors. Increases in storage density have decreased both (@ztrack
pitch and the sector size for the magnetic disks utilized in nodem hard
disks drives; resulting in increasingly greater storage capacities. As

- 5 FEB 2&%

storage Sg”WAﬁbﬂ%Mmﬁmdﬁew, ﬁ'dNt&’D@cl;%?@aIS%gF?ge
€T ecCts ' I
di sks and ot her magnetly]at] g ?ﬁ %&Mﬂgﬁwﬁ%ﬁ(ﬁe magneti c

- layers thereof can render certain areas of a storage nmedi um unaccept abl e
for use in storing information. Sugtdefie mY&ltgai s can range in size from
very small, e.g., affecting only a Tew secfors.- occupying a 5 FEB 2007

s ' The present invention relates to data storage devices such as hard disk drives,

optical drives, and the like. More pamcu_la_rly, it relates to detectmg, correcting and _

reporting defects in the same.

Background of the Invention

Data storage devices such as hard disk drives, tape drives, and the like typlcally
utlllie magnetic storage medla from which data is read and/or to which data is wntten A
magnetic storage medium typlcally includes a layer of rnagnetlzable material that is

: capable of being selectl-vely magnetized to produce m_agnetlc transitions that _represent the
stored informatiort Technology improvements continually reduce the area ona storage
medium required to represent individual btts of information, and thus permlt greater
amounts of information to be stored on the storage medium. A hard disk drive, for

| example may be constructed using one or more magnetic disks, with each disk being
segmented into a number of concentric tracks, and with each track bemg segmernited into
polar arrays of sectors. Increases in storage density have decreased both the track pitch

~and tlte' sector size for the magnetic disks utilized in modern hard disks drives, resulting
in increasingly greater storage capacities.

As storage densities have mcreased however, the sensitivity of data storage
devices to media defects have also increased. In particular, for magnetlc disks and other :
magnettc storage media, imperfections in the magnetic layers thereof can render certain
areas of a storage medium unacceptable for use in storing information. Such media

defects can range in size from very small, e.g., affecting only a few sectors occupying a



-2°'few tracks, to relatively large, e.g., affecting many sectors occupyi ng

.a large nunber of tracks. Furthernore, as storage densities increags

nmedi a defect of a given size will tend to adversely affect a gFEﬁ?MV
proportionately | arger nunbers of sectors and tracks. Despite adherence to
proper manufacturing techni ques, at |east sone nedia defects. occur in
practical ly every manufactured di sk. Conventionally, these nedia defects
are accounted for in the electronics of the disk drive by effectively
removing "defective" sectors fromthe storage areas recogni zed as being
usable by the drive. In many disk drive designs, Surface Analysis Testing
(SAT) is performed during manufacture of a disk drive, e.g., in connection
with the initial lowlevel formatting of2the disk drive. During SAT,
defective sectors on a disk are identified, and then stored in. a table
and r emappegly trackss abletitivelydhrg W @, affectifis pang Sectem ot orpying & pogenhimber of
non- def ective areas of the disk. Subsequently, whgagver a . drive attenpts
to access aradiest ddrthpenerecasgiorage drasisipninereadsh faredindeifrtcaf & & vaLuzgadl i pped

. can be ac-cess%vgr%glséf&%gglpgogﬁmogi.{]agjl]glrg{%%rgp&jsggséc%sg% ratkoperation of

some di sk d?f I S may be detected, e.g., due to

the detection ofpegpid a&@f&&@tcfbtbi?d}gn@mmmgaéwmqmpht leqsescahé niedia | N such
i nstances, a process simlar to the remapping that occurs during SAT maybe
used to remefeetsmemnin getctcalievanfoenusadureddiske Gomyentipnally dheserBedgni zed as

being wusable by the driye. .1t has been foun e . t o various
factors sudafess a(%%cp%lpteciﬁqj mn h@fﬁ%ﬁoeﬁf Oéﬁpéjgsske%wagﬁo& é(’g{eﬁépa&ré%ﬁgwégnagi ng
mechani sis "'dﬁ%fﬁ'cm?éytﬂ‘s ?x%fn?%%to?&gé%@as dcOBHIRBE s béing DEHHREbEtheiriiez & Over
time. As such, nedia defects can sonetimes affect 'sectors that are

adj acent t anamyeliskalrbleydesigns)SuffaceoAnidysic Teslimg 8 ATd isperformed Hutingver e

riginall identified as bei - def ' o, o h
g1 ok of * aamsBe el SERK AiReG Rl A uionte i dhe BYEH 10edpud chiTitite Sk 1S

bei ng non- fhf 'e.\/ﬁufﬁ%g SREr [WBRcliASRcREs orl NHRK AR ideRtiffdd) aldl then stdied eSt Or .
Conventionally, to acc6mmodate for nedia defect growth, various sectors
located  table and remapped to usable substitute, or "spare”, sectors disposed in non-defective

areas of the disk. Subsequently, whenever a drive attempts to access a defective sector, -
the spare sector to which it has been mapped can be accessed in its place.

Similarly, during the normal operation of some disk_drive desi'gns, addit_ional
defects may be detected, e.g., due to the detection of _soft errors d_un'ng_ ﬁnsixccessful read
operations. In such inétances-, a'pro'ces's smnlar to the remapping thét occurs dhi‘ing_ SAT
may be used to remove newly-detected defects from the storage areas recognized as being

usable by the drive.

It has been found, however, that due to various factors such as thermal and
mechanical stressés and other media damaging mechanisms, some media defects have a
| _ teﬁdeﬁcy to increase in si_ze over time. As such, media defects can sometimes affect
sectors that are adjacent to previously-identified defective sectors, but that were originally
identified as being non-defective during SAT. - A result of the growth of a media defect
into an area occupied by a sector identified as being non-defective can be the loss of
infofrnation stored in the sector. .
Conventionally, to accommodate for media defect growth, various sectors located
| adjacent identified defective sectdrs, which are commonly referred to‘as "pad"” sectors,
" may be marked as unusable during SAT and/or during later operational rémapping of new

defects, thus effectively creating a buffer around each media defect. From the standpoint



adj acent identified defective sectors, which are commonly referred to as
"pad" sectors, nmay be marked as unusabl e during SAT and/ or during_g?t§r
operational renmapping of new defects, thus effectively creating a bu A7
around each nedia defect. Fromthe standpoint 5 FEB 2007 -3 of a drive's
el ectronics, pad sectors are treated the sane. as defective sectors, and as
such, the buffer areas circunscribing each nedia defect are excluded from
being used to store information. The use of pad sectors, while providing
the ability to acconmpdate for nedia defect growth, creates an undesirable
tradeof f between storage capacity and reliability. ‘Increasing the area of
the buffers around each nedia defect increases reliability as a
conparatively greater anount of nedia deflfect growth can be accommpbdat ed

- for, but at the expense of decreasing the anount of usable area on a disk.
Li kewi se, s@laq@Eiv8RIcRfrofics, Pall seBbrs armtirtedathe pare. seddfertiveaecornd amhassunrdi a
def ect nmaxi m zes storage capacity, but renders the disk drive npre

suscept i bl eh¢ buffiertzaeds sgsumscridingeagh megia dalent areFachided fownbrigs Hipd BEPEhd

t heir assigned buyffer areas. Therefore, a significant need has arisen in
the art foﬂ“gﬁm?WHPoved manner of handling the growh of nedia defects on
magnetic disks- afd Qb IBPF)acf QLiBs, WhikdavighngtRailitydiagcoramgdata faranddic ul ar ,
for an inproved manner that nore appropriately bal ances storage capacity
and el i abidefdcy grobvthBe2€0n urﬂc@mbimtwﬁoﬁrbmymcﬁémrggeocfap@ﬁév anghrehiatiikify-

mtigate one or .nore prohle ssociated. w th I ] vi di ng
an apparatJQ?E§¥E@¢5ﬁﬁﬁﬁg§ﬁg$ﬁ§ﬁ%mﬁﬂP%8ﬁh6?“ﬂ%%%?ﬁgn%g%§%?%ﬁ%ﬁxﬁg%gta
storage ng h##}}' | ' %ﬁrﬁ) Af of BESiaRERY @UstY cdndtccbmétbddetigsr, butan t he
st orage neégu. 5¥§e§ﬂg%€%é l&o det ect anyggromﬁh in those defects over’

- time, such théiatpeasyoftizcratiag thgramdint of usablsrased eruafigk. Likewise, selection of a

i minimal amount of pad sectors around each media defect maximizes storage capacity, but
renders the disk drive more s.usceptible to data loss as a result of media defects expanding

‘beyond their assigned buffer areas.

Therefore, a significant need has arisen in the art for an improved manner of
handling the growth of media defects on magnetic disks and other forms of data storage
media, and in paﬂicular, for an improved manner that more appropriately balances

' 'st'ora_ge capacity and reliability.



idéntified defect can be accommodated for through the dynam c remappi ng of
additional surface area adjacent the defect to one or nore replacenent
'regi ons |ocated el sewhere on the storage nedium As such, any butfiergp B 2007
regi ons defined around pre-existing defects are effecti ver mai nt ai ned as
t hose defects grow over tine, thus maintaining suitable protection from
data loss that would otherwise result froman attenpt to store information
in a region that has been conprom sed 4s a result of the growt h of an

adj acent defect. For exanple, in one enbodi nent consistent with the
invention, a defect map utilized by Samhmary di sk dri ve may be accessed
subsequent to.the .initiation of .operational user he di sk

i dent iqu one %Wgﬂ%lpéenﬁjs %ttbgéqvgpgo Hﬁ?g%%@ée Bre’é’ﬁrer%rr?ﬁ CPSFQ)C@B%PV@Y@E%PBPE
i N conngebi Providing An aPSarh@Hrb fraflrb @it Qhd sclRA ¥ R dGBct@ o8RG It Sra

di sk. Suchygad se%t orgﬁarray rﬁ éﬂﬁﬁ; scanned to d(gt ect qe[\%w(?ﬁﬁer they@l ngege
si nce beedE detkichione of nmﬂ%ere\ywslyﬂldgxsnﬁqdoﬁaf@ms mgtltemrangedrmdm agelyeed

has in r- t such t ed ective d sectors,
The dor oftedlay Bt in T okl SYHE (i Ry aE AT, b SeBT i i S B PEL RS
and to rden@!ﬁ)edjdﬂecﬂrcaﬁbéaccoaﬁidbddt&ﬂﬂir 06 iR dinaRRsRethapHindGINtdiieninasBcpad
sectors to create additional pad sectors in the defect map. An aspect of

the pre¥&nedjapgtihs dafest iy Prresr Mo repsereatenb e lagpted Risewheresia ieistarags
the t ypﬁlegl:ﬁﬁ—LUdAQ%u@h dﬁif%hggﬁg gg&?st dbAgat 5&);118@ gL elxl":éﬁg%tcp e%tsd%Ieeggeawe y

magneti c i'n the’hard rive, and-t remaps east
def ect i meins@nddoas tzhlss&)defad:te(grom bhert thae dﬁﬁﬁﬁl’famt:ﬁﬂﬂg&hlthlﬂa@tote@tﬂﬂ from data loss
non- def ctl ve\lﬂggq@sect or osed adj acent thereto, .to spare sectors

di spose a% oY Yise ¢ ( @‘né‘ﬂ jaHeRPE 0 S{9e IREOFIRAEPTL B iegiongthas his beerent

to i ni téckhihBmiRl QRGER AR 21488 Of alt NBaAT Geredi SK drive: (a) accessing the
defect map to identify the pad sector; "(b) scanning the pad sector and

det ecti ng t hakortdxempld is et waémd&tfmsiismet wi/thelneeﬁnnenttdmeadefeetmiap)ntitiimitb)t he
PrggnZtelc‘I(i: 5 d 1slgvl;r%gtrr:la:1,/£bé S%c:?n%égﬁg!%%{%ﬁ?t \gﬁlggﬁ%glblé gpgrgglgnc t1 user oth t?le disk
dnve to ldentlfy one or more pad sectors that have been remapped to spare sectors in connection
with the identification of a media defect on a magnetic disk. Such pad sectors may then be
scanned to detect whether they have since become defective themselves, thus indicating that the
media defect has in fact grown over time. For any such detected defective pad sectors, the defect
map may be updated to identify those pad sectors as defective, and to remap one or more
additional sectors disposed adjacent to those pad sectors to create additional pad sectors in the
defect map.
An aspect of the present invention provides a method of operating a hard disk drive of
the type including a defect map that identifies at least one defect on a magnetic disk in the hard
disk drive, and that remaps at least one defective sector associated with the defect, and at least

one non-defective pad sector disposed adjacent thereto, to spare sectors disposed elsewhere on

the magnetic disk, the method comprising, subsequent to initiation of operational use of the hard

disk drive:
(a) accessing the defect map to identify the pad sector;
(b) scanning the pad sector and detecting that the pad sector is defective, wherein

the detection that the pad sector is defective is indicative of growth of the defect on the

magnetic disk over time; and

(632953 _1):MXL



4a’(c) in response to detecting that the pad sector is defective, updating
the defect map to identify the pad sector as being d3efective, and
"remappi ng an additional sector disposed adjacent to the defective p§¢EBzw7
sector to an additional spare sector on the magnetic disk to create an
additional pad sector in the defect map. Another aspect of the present

i nvention provides a nethod of mapping defects on a data storage nedi um

t he nmet hod conprising: (a) detecting gréath of a previously-identified
defect on a data storage nedium wherein the previously-identified defect

i's associated(ith @ cheﬁmte to efgteering hiadt thapabheestor MppErRetiviep upddtingSthe defect
repl acenment region; and remappi ng at | east one regi on adjacent to the

def ect regi on™ 19 idestign 2 l?aéipﬂea@éﬁé ginggldefsstive and comapRiag en rdditiond s§eiewt h
of the previ Oﬂﬁhé(sehdﬁmdem %it (?fd‘é?et:tlve %Q@tégg{o ?pﬁcgdcﬂ 10&{1 rpggeeﬁﬁc@eé on the

i nvention provides an”appar at us, nprising ium and
(b) a control rrxagnﬂmdlslcqunézedam a)ddlhmaﬂﬁh(ﬁséﬂ(ﬁl’lmgﬁ dmt:htmmpand configured to

detect growmh of a previo -identified defect o data storage
medi um where Oihﬁéa%’re de%P sent yRyenfPR BEPY é‘c‘f‘etP‘%‘5 SE%BP‘%(QS fegfstom adata

def ect E@giLMddnah, MasmARRI .to a first replacenment region, the
control ci rcwt further configured to remap at | east one regi on adjacent to

the defect r&gion dgedingegromth o€ plmeemesty-idengiied defecaon andaa atoeageanedihm,

growt h of the previgusly- identif.i.e fect. Another asp t of t sent
i nvention pr om%af&’s“ 16;?1’%‘6?‘5%"[)468%8‘?defgﬁtHﬁFFSQFWbed with aﬁif’ tg%t Has been

i ncl udi ng CONMBibRd foeaftabieplacantityedib@nmdconf i gured to det ect gromh of a
previously-identified defect on a data storage nediumin a data storage

devi ce, whereftl t hergsra@pingus! yeasdeneiegied atidest to shasdabedtategidnwiot b second
deTect o0 Ok BR SR AR S L PSRRI e, o
the defect regnothet sspactadcinptesapiBeai®nprol R am apparatas compbidiaige for the
growth of t he( r))r evi gggtg%térgg%nééglhr%dagdef ect; and
(b) a control circuit coupled to the data storage medium and configured to detect
. growth of a previously-identified defect on the data storage medium, wherein the previously-
identified defect is associated with a defect region that has been mapped to a first replacement
region, the control circuit further configured to remap at least one region adjacent to the defect
region to a second replacement region to accommodate for the growth of the previously-
identified defect.
Another aspect of the present invention provides a program product, comprising:
(a) program code including computer readable instructions configured to detect
growth of a previously-identified defect on a data storage medium in a data storage
device, wherein the previously-identified defect is associated with a defect region that
has been mapped to a first replacement region, the program code further configured to
remap at least one region adjacent to the defect region to a second replacement region to
accommodate for the growth of the previously-identified defect; and
(b) .' a computer readable medium bearing the program code.
These and other advantages and features are set forth in the claims annexed hereto and

forming a further part hereof. However, for a better understanding of the invention, and of the

advantages and objectives attained through its use, reference should be made to the Drawings,

(632953_1:MXL



(b) a conputer readable medi um bearing the program code. These and ot her
~advant ages and features are set forth in the clainms annexed hereto apd
"forming a further part hereof. However, for a better understanding bEFEBdWW
i nvention, and of the advantages and objectives attained through its use,
reference should be nade to the Drawi ngs, (632953 1): MXL 5 FEB 1007 4b
and to the acconpanyi ng descriptive matter, in which there are descri bed
exenpl ary enbodi nents of the invention4b (632953 I)AM XL - 5 FEB 200 ..5
Brief Description of the Drawings FIGURE 1 is a block diagramof a data

st or ageastevioC ¢hd racospparding) gledotiaive C mattefappi wigicls Omsies taght daskritedt RRemplary
invention, FIGURE 2 is a block diagram of several data structures utifized
i n conn&®ppgmentsi af hApNERH®. r emappi ng in the data storage device of Fig. 1.

FI GURES 3A and 3B are flowcharts illustrating one inplenentation of a
dynamic remapping routine in the data storage device of Fig. 1. FIGURE 4
is a flowhart illustrating the remap handler routine referenced in Figs.

3A and 3B. FI GURES 5A-5D are block diagramillustrating exenplary nedia
defects on the surface of a magnetic disk, and of the growth of those
defects and the acconmmodati on therefor using the dynam c remappi ng routine
of- Figs. 3A-3B. - 5 FEB 2007 -6 Detail ed Description

(632953_1):MXL



The enbodi nents di scussed hereinafter inplenment dynam c remapping to
~accommodate for nedia defects that "grow' beyond the original buffers
"established for. such defects, e.g., due to thermal or nechanical s§rEggsyy

or other media damagi ng nechanisns to which a data storage nmedi um nay be
subj ected during operational use of a data storage device. In a nunber of
enbodi nents consistent with the invention, an idle tinme dynam c renmapping

- feature may. be provided to periodically review existing defects and verify

that the buffer regions established around those defects (typically

i mpl emented using pad sectors) have not been conprom sed. For exanpl e,
during idle tine, an enbodi nent consistent with the invention may scan
identified pad sectors to identify any suth sectors that are no |onger
readabl e. Cenerally, unrecoverable data in a pad sector would infer that

an adj acent nedia defect has griepDes&iptich ¢ffthe®rawaips further growth of the

. defect that mght otherw se conprom se usable sectors and result i.n | ost

data, such an enBIiREtis a biogkérgion of addiasiangn devicgdBGgpRIaiRg °to
construct a larger buffer or &igd ar ea_ar ound an expanded defect. In :
various enmbsHrRRRESONHEPHAYIE MY BBU8RI gi nal Iy detected during SAT, or may
be- det ected | at efy5i§rE 2is & d@a%?ﬁrﬁtoif@é@kallélﬁﬁ selictardd atifized or @ageedovi ce has
been initiated. iE‘Ilgegar(%Ilsegis)}ogg( the origin of such defects, however, a
simlar dynamhqéﬁ@ma@ahﬁ;@immctjhsslatarmyagaaiqytdcmff@d lt o address any growt h of
t hese defects. Enbodi nents consistent with the.invention | | yi ReLrform
dynani ¢ remappi n@IGWﬁt_3ﬁe3rP§t331@fetf@“@@f’@%{huévgwgl‘?n(gfmgf%mewa%og%lf 2XiyRfihic
previously-identified.defect sl grpge;. medium and then, in

r esponse toreH@tPBH‘@ir%msedgﬁﬁeg?agaftﬁfa%rggrgrgppi nggone or nore regions adjacent

to a region assopiGURE 4tibe fldeichat illusabting the reroafhleandien rewfing refgednsed i igson.
Typically such remappi ng occurs through the remappi ng of the adjacent -

regi ons to 3Ae@ndBB.nore repl acenent regions, where the replacenent regions

are typically i nﬁ@@ﬁ@;gp‘yg@ arOBIBEE d{ag%g;?ﬁ@@EMngfe%in@mt%%hﬁdiMHemtmdm@ect |

region will have een remap prior to e herein-described
dynam ¢ r engppich8f RHgR&E: disk, and of the growth of those defects and the accommodation

therefor using the dynamic remapping routine of Figs. 3A-3B.



-5°"FEB 2007 -7 In one exenplary enbodi nent di scussed hereinafter, for
~exanple, a data storage device such as. a hard disk drive nmay incorporate
"one or nore magnetic di sks having surfaces that are logically arranged
into arrays of sectors that are typically further arranged .into TuFER @0
concentric tracks or cylinders. Defect regions wll typically incorporate.
both defective sectors for which data is unrecoverable, as well as pad
sectors which thenselves are initially not defective, but which provide a
buf fer region around the defective sectors to inhibit data |loss as a
resul.t of the gromh of a pre-existing defect. Typically, as a result of
SAT or later testing, the defective and pad sectors in a defect region are
remapped to usabl e spare sectors |ocated6el sewhere on a magnetic disk
(e.g., viainline or off-site reassigns), such that attenpts to access
such sectors will result in accegfthfidPesdtip@ohed to the appropriate spare
sector. VWile the herein-described enbodi nents fTocus on a fixed hard di sk
drive that utilThzesnbdidikents Aatussertloarpioaftdremplegreat dyndnaiy eersapping t@i | | be
appreciated'that the. invention nmay be utilized i.n other environnents that
utilize stdeeqzempgale forapedia defpcts dhad ugPyc CYCH‘dZ tﬁ‘éﬁ?&‘“ﬁ'e‘?‘gﬁe{%‘?sfabi’?lbe?%{/ari ous
renovabl e ‘qr f1 net.l i I T ; ngvention is
ot 1 ¢ edubl g B3Py e f (RlrARhe e oo BELALPIR A diackg T | ©°
becone nor enappdasasto WRichw dath@oraggortiuhnmay bt sugett¢ddexgapdraiobalfuseof a

regi on through the reassignment of additional pad sectors proximate a’

-def ect regid@tﬁsé(ahgcdﬂé[ﬁ%?-for different situations. For exanple, it may be
desirable to taijlor a i tf ' ' : ' *
Directional -paddf ﬁé’u”\/\ﬁ? J&%%%i%@? gz)ﬁséergﬁﬁltt?%h%ﬁ M‘%rgéﬂt?glgg%‘%fh o

- SECtOrs prQxhiEdify Rafed Bl ©6 pedvideal to@eriedicgiyoevisw axigtingeleftesi andlvlrfyf that

. defects such as’' nedia cracks that have been determ ned to be expanding in
a speci fi c the buteriregionsrstablishesrarprnddthesg, defists (P1A dmpleaated yiingPadt t enpt s
to mintain a e uniformbutfer .a | [0 c :

desirabl e t_SBCtBnglé%V?d'&’aL?‘?nocr?ﬁ?pr?@és‘gcsii gﬁgé]%@&%ggﬁﬁﬁg gjr%‘?lﬁgng Zmd% ecdtlgrg%tgi on,
e.g., to addhgsentenietidetvepabh nfily@sarDidentifiidepagisecors\Whiidentify slysuciabagarrs t hm

that are no longer readable. Generally, unrecoverable data in a pad sector would infer that

| ah adjacent media defect Has grown, so to prevent. any further growth of the defect that
might otherwise comp_rom_ise usable sectors and result in lost data, such an embodiment
may perform additional reassigns in order to construct a larger buffer or pad area around
| an expanded defect. _ | . -

In various embodiments, defects may be originally detected during SA_T , O may
be detected later, e. g, after opérationa] ﬁse of a data storage device has been initiatcd.
Regardless of the ori gin of such defects, However, a similar dynamic re_mapping process
may be utilized td address any growth of these defects. '

Embodiments consistent with the invention typically perform dynamic remapping
by attempting to detect grthh of a previously-identified defect on a data storage
medium, and then, in response to détecting such growth, remapping one or more iegions
| adjacen{ to a region associated the defect, referred to herein as a "defect region.”
Typically such remapping o'ccurs.through the remapping of the_adjaceht regions to one or
more replacement regions, where the replacemen_t regions are typically in addition to
other reblacement regions to which a defect region will have typicaliy been remapped to

: priof to the herein-described dynamic remapping process.



may be used al one, in sone enbodinments, it may be desirable to dynamically
.select from different algorithns based upon the detected characteristics
of a nedia defect. By inplenented dynam c remappi ng as described herein, a
data storage device is able to take pro-active neasures to reduce-8&€EB 2007
|l oss by grown defects. Mreover, - 5 FEB 2007 -8 typically smaller, and
nore aggressive buffer regions may be utilized around detected nedia
defects to mnimze the anount of space that is renoved fromthe usable
space of a storage medium thus maxim zing storage capacity. In sone
enbodi nents consistent with the invention, various paraneters and
characteristics utilized in connection with dynam c remappi ng may be
confi.gurable by a manufacturer or custorer. Sone of these paraneters may
iinclude, for exanple: (1) an ability to turn defect growh checking during

idle time on orpthe ekedhplhfenBoiiBEn AfiscHaEA hefcBRAYE T Xafife, W@add diWphen

readi ng pad sectors before perform ng addi ti onal padding, (3) the total
nunber of  deeissswphsastatadrd d&ak dmrcmaybmdompc&atproadDcmommbgmdtmrcbslarlawlgl s (PFA)
operations are tri gered ﬁ@f t he addln orltgnlused gﬁ. .,, directional
or perinet &Y aaﬁéé&ﬁ logig 3“&%’1?\"56?@ tS ctarsd ‘itfai}e YREAHY Tof tines

addi ti onal aﬂgﬁ%drlﬁto%{}u@geco%@lﬁgcwc@ Gt REfderE BAEAGLeiofd BRI RGN | Ons and

nodi fication beco nor e appar ent | nafte

enbodi ment sncolysutate both dfective st:chﬁrsl]ibawhmgﬁatawhemrecwefabﬂ@z apwetes padesvodre | i ke

. parts thro%out t he several, views, g Il lustrates _an exenpl ary har d
~di sk dri ve which themselyes aerinitially 'éﬂﬁﬁléf?%ver’ Hh}ﬂbich@f%"éﬁlf‘s? Bypkdeitregion proupd the

present. | ALk in SRRCRL % (0G| (RS arodf oP pRPLAATRARALC di ks

.12, an act ng one or ucers 16

(al so ref enypalip 28% rERHUTG AT oPlater EREANth Eefb@BEShd Fad YEtee S pidbfepiot or 18,
{ and a drive'controller or control circuit 20. Control circuit 20 nay

incl ude, f oogiexamptmappedde geabletnare sqiors legatad Aiserkase or egaagnetic disk (e.g.,

via inline or off-site rea551gns) such that attempts to access such sectors will result i in
- access being diverted to the appropnatc spare sector.
Whi]e. the herein-described embodiments focus on a fixed hard disk drive that
utilizes disks that incorporate magnetic layers, it will be appreciated that the invention .
may be utilized in 6ther environments that utilize storage media that may be sUbject to _
media dcfects_; e.g., various removable or fixed magnetic or opticél media. Therefore, the
invention is not limited to the particular environments discussed herein. | |
As will become more apparent below, the algorithm utilized to expand a buffer.
region through the reassignment of additional pad sectors prox-imate a defect region can .
vary for different situations. For exarﬁple, it may be desirable to tailor an al gorithm to the
type of growth obsérved. Directional padding, which restﬁcts the addition of éad_ sectors
to sectors proximate a detected direction of growth, may be desirable for defects Sﬁch as
media cracks that have been determined to be expanding in a specific direction.
Perimeter padding, on the other hand, which attempts to maintain a more uniform buffer .
.'_around a growing defect, rhay be desirable to pla'cé additional reassigns around an entire
defect region, e.g., to address embedded particles or media pits. While either algorithm
may be used alone, in some embodiments, it may be desirable to dynamicaliy select from
.(liifferent algorithms based upon the detected characteristics of a media defect. |
By implefnentéd dynamic remapping as described herein, a data storage device is

able to take pro-active measures to reduce data loss by grown defects. Moreover,



or'mcrocontroller 22 to manage the overall operation of the drive.
Firmnare or mcrocode program code executed by the processor nay be 5SSty gy
in a ROM 24 or other formof non-volatile nenory, and/or on a reserved
area of disks 12, with working nenory for the processor being represented
by RAM 26. In addition, control circuit 20. typically includes other

el ectronic circuitry that is controlled under the managenent of processor
22 to store and retrieve data to and fromthe magnetic di sks 12. The
electronic circuitry typically includes a nunber of functions that are
represented by read/wite circuit 28, servo circuit 30, interface circuit
32 and formatter circuit 34. - 5 FEB 2007 -9 Magnetic disk 12 is typically
di vided for head positioning purposes ingo a set of radially spaced '
tracks, with each track circunferentially divided into a nunber of data

sectars. SRR sHRKeOend gﬁ%gégggg SiveblyfibPrEs 1o 88 kiliorm ABEnARaLACT - | f

the di sk dri've “has nu s and/ or tipfe read/wite heads, then
the set of pedacdeSedtd@tmiatmizathd dreours afepacadianss emoatd fromghe usablaspake of a
surfaces is referred to as a "cylinder". Read/wite circuit. 28 receives

si gnal s fr eterageaaydigin: BUHBAEIMIBINSFHYRECaPaAHYo i nformation to servo circuit

30, and passes data signal.s. t . ter, gi.rcult. - i iit 30 uses
t he servo inforﬂ%fqr%%erg@()dﬁrrng%tggég% rtl\\;;léh gﬁedﬁ%ﬁph? ﬁ;k{mgrﬁlg é%zslm \%{oelfsgéehdcoil

- notor 18 tinrRA&kdco BtihRAdh Wbhiteetibe adthlBmahit refbpsiag eiaybeidonBgurablebyni cat es
with a host system (not showi) over an interface, passing data and conmand
i nf or mat i omanbfaterdrac eusdmeni Somaof hessoasansteminetiagudg. for eemphe: (Branci r cui t

34. . Processor. 22 al sp.comunj cates with . . CJ i ired to
manage t ho a0yl GitmgpeeRETh Gheking e BRI LR, GPmEhulbel SUALRE, O
110, interf acevEl kel to ARW WREFRhalingpad 8kates bafdrepeifsiining sddifiGadpadligy,
swriting data sectors froma host system Formatter circuit 34 receives a
l'ist of ré&jubstosad ndeber efgcassizns thasamn eqcar befere rpipdigtiva fadpre) apalygis Flodhn of

and sect or SRUAGEFS REEL UL P Bmk e TR B e R oF B Lo Gt
'Sectors, i PaRufPHNARN(SYRNSiflY ¥ sPEdB hE A0RbEd LIt fiesallitioR Iepadding can be :
~ added to a specific defect. ' '
| Other \}ariations and modifications will become more abparent from the
hereinafter-described embodiments. -

Now turning to the Drawings, w_hgrein‘ like numbers denote like parts throughout
tﬁe several _vie.ws_,' Flg 1 illustrates.an exérhplafy hard disk drive 10 tlh.at implcmchts
dynamic remapping consistent with the present invention. Drive 10 generally includes
one or more magnetic disks 12, an actuator arm 14 i'ncluding one or more data recordirig
transducers 16 (also referred to aé recording or read/w.rite heads), a voice coil motor 18,
and a drive controller or control circuit 20.

Control circuit 20 may include, for example, a processor such as a microprbcessor
or microcontroller. 22 to manage the overall operatibn of the drive. Firmware or

" microcode ‘program 'codé executed by the prdcessdr may be stored in a ROM 24 or other
form of non-volatile memory, and/or ona reserved area of disks 12, with working
memory for the processor being represented by RAM 26. In addition, control circuit 20 .
typicaliy includes other electronic circuitry that is controlled under the management of
procésso_r 22 to store and retrieve data lto and from the magnetic disks 12. The electronic
circuitry typically includes a number of functions that aré represented by read/write

circuit 28, servo circuit 30, interface circuit 32 and formatter circuit 34.



head and cylinder information is passed to servo circuit 30, which is

_responsible for positioning read/wite head 16 over the appropriate data

- when read

sector on the appropriate cylinder. If the cylinder nunmber provi-deBER @007
servo circuit 30 is not the same as the track nunber over which read/wite
head 16 is presently positioned, servo circuit 30 first executes a seek
operation in order to reposition the head over the appropriate cylinder.
Once servo circuit 30 has positioned head 16 over the appropriate cylinder,
the desired data sectors are |located by reading their 1D fields.
Alternatively, in a disk drive enploying a headerless architecture, the

~servo circuit 30 begins executing sector conputations in order to |locate

and identify the desired data sector, as9is generally known in. the art.
Once | ocated, the appropriate read or wite operations are perfornmed, again
in a manner th@fagﬁ@ti@(ﬁ@l@ﬁ@ﬁ typ RV vide difBieheal fpositioRing pBrpdd€intoldsdpynam c
remappi ng consistent wth the'invention is typically inplemented within
drive cont ralidlgrsp2dd tesakls, twipi eah Itlytclusiirmgnfpreogﬂlémdlddéé ietpacwmdhgr bf/daie ocessor

1 connect Piskori SHIOAHEINT SHRM SIcTaL S EGarom e AREga T beai i Eieng
extents | nhQS%QM[cedislé%éh{bg!hﬁﬁgﬁle%ad?\g Ifag4d @fenQhe QI{;? tradi§ t|§d!%fb atithe

invention I's not ‘lim e particular programcode inplenentation
descri bed baneiadiuslon allangmelic dfskemfaces o tefmred tanaadpgdinder”. any routines
executed to inplement any of the functionality utiliz g in the various
enbodi nents of Reed/WateHEGuH RS rmy%épgnaismrgﬁ%ﬁ'{@ate&@afg PtPagRES §§T¥P ocode or

2 hi gher - | SN PR%k ARLEUGiP, 30 FRRE LIRS (HHE | PmaBBRbIcERGH OBervo

component, nodul e*or "seque of 1 nstructions, or even a

subset t hegg@fis 30/deb tHe@ervefigfdr@dtiowtdmbeaide adriveaigmalithat dves yoreicod deatdr or

sinply "program code." Program code typically conprises one or nore
i nstruct i oh8 ta pesiticarread/weitelessd 14t IntgEpGeaiecuiti3deemmpnieatesoyidh ARAY SYSted

2 ) e e S PP R B S s, Bl Lt
32 also communicates with formatter circuit 34. Processor 22 also communicates with
each circuit 28-34 as required to manage the overall operation of the drive.

In the operation of disk drive 10, interface circuit 32 typically r¢ceiveé a request
for reading or writing data sectors from a host system. Formatter circuit 34 receives a list

: of requested data sectors from intcrface gircuit 32in the form of logi_cal block add_resées,
and converts these addressc_s in.t.o cylinder, head and sector'nu_m'Bérs that uniquely identify
the locat_ion: of the desired data sectors, in a manner generally understood in the an The
head and cylinder information is passed to servo circuit 30, which is responsible for
positioning read/write head 16 over the appropriate data sector on the appropriate |

. cylinder. If the cylinder number provided to servo circuit 30 is not the same as the track

number over \vahich read/write head 16 is presently positioned, servo circuit 30 first
executes a. seek operation in order to reposiiibn the head over the appropriate cylinder.
Once servo circuit 30 has positiohed head 16 ovér the appropriate cylinder, the
desired data sectors are located by reading their ID fields. Alternatively, in a disk drive
employing a headerless architecture, the servo circuit 30 begins executing sector
computations in order to locate and identify the desired data sector, as is generally known

in the art. Once located, the appropriate read or write operations are performed, again in

a manner that is generally known in the art.



deVi ce, cause that device to performthe steps necessary to execute steps

.or elenments enbodying the various aspects of the invention. Moreover,
while the invention has and hereinafter will be described in the coptext

of a fully functioning disk. drive, those skilled in the art wll ~9FEB 2007
appreciate that the various enbodi nents of the invention are capabl e of
being distributed as a program product in a variety of forns, and that the
invention applies equally regardless of the particular type of signal
bearing nedia used to actually <carry out the distribution. Exanples of
signal bearing nmedia include but are not limted to recordable type nedia
such as volatile and non-volatile nmenory devices, floppy and.  other

. renovabl e di sks, hard disk drives, nagnetli0c tape, optical disks (e.qg.,
- CD-ROVs, DVDs, etc.), anobng others, and transm ssion type nedia such as

digital and anal A TEHAD SR kit ksith thel irtvaatioDis @ypital brinepltrae e vithin
standpoint, for ary of the functionality that is or nmay be inplenented in

har dwar e, sudsihe tormotiieo 8@, dntl yymeajlybising pregramrcede exscpied bymspeEsetitied in a

circuit arrangenent incorporafi one or.nore inteqgr | I Vi, CeS
as wel | as AWevphifayil BFeflangiqB‘ftéE? YR Oggﬁﬁ%ngﬁ?%%%ﬂg%g@g%?t@swﬁg
wel I known 140, 7 b ImpiBBe el to difl-RAE BLBAts ¢4 hardivard] Uit aS orhe
typically dg !agnﬁlgégjg—rg%&ggéﬁcat e%) ugi ng %nle orgm)-re conputer data files,
referred tochabRiatiomsf beth dwasech] éfei invdntion ipnadinzites, to theapartied] prerograan cadgy out
of the circuit arrangenents on the devices. The prograns are typically
gener at ed Wpﬁméﬁlgﬂdﬁﬁﬂpe%mc‘&re subsequent |y used during manufacturing

to create the 'a)f,?géenerﬂ%%rﬁggspfteva%%%nfasom%nyML&‘ME; e@"cﬁ@_ﬂgggiﬁﬁk&eﬂpﬂlyicﬁd to

a sem conduct or warer. he prograns are provided In a

.predefined fipyfmétidmsiinoutahed it sadafsiemtodonentsofgbagoentemyhethaeh as VHDL,
‘‘verilog, EDIF, etc. Wiile.the inventi Sn haiﬁ’fé d hereirnafter ma

. b
descri bed i mmplementsatas part 6f micrpeqdieror 3 NEhSE ToETAfLivE ﬁ?‘é&p?)rlqtl?%%s?m’

f tioni i.nt t ed ci . - _ : -
unct 1 onl ntg ﬁg!glncagxgrlrl,ﬁoﬁxgoﬁ%ﬂtf@&raﬂf%bﬁﬁ?Fﬁgglgroggﬁg%ﬁ%ﬁnﬂﬁ}@n%ﬁ& dtebdi #1ng

the sane, art e that circuit _
ar r angenent suken@lefdonillWetrbfeirb@td iereintis trongriger pregramapdb!’ or eifimply “program

code." Program code fypically cbmpriscs one or more instructions that are resident at
various times in various memory and storage devices in a computer -or programmable
electronic device, and that, when read and cxécuted by one or more processors in a
device, cause that device to perform the steps necessary to execute steps or elemehts
embodying the various a'sp'ects of the iriv_entio’n. Moreover, while the invention has and
hereinafter will be descn’bed in the context of a fully funétibning disk drive, those skilled
in the art will éppreciate that the various embodiménts of the invention are capable of
being distributed as a prdgram product in a variety of fonhs, and that the invention _
applies equally regardless of the particular type of signal bearing media used to actually

. carry out the distribution. Examples of signal bearing media include but are not limited
to recordable type media such as volatile and non-volatile mémo_ry devices, floppy and
other removable disks, hard disk drives, magnetic tape, optical disks (e.g., CD-ROMs,
DVDs, etc.), among others, and transmission type media such as digital and analog
communication links. |

Furthermore, from a hardware standpoint, for any of the f\inctionality that is or

may be implemented in hardware, .such functionality may be considered to be
implemented in a circuit arrangement incorpbrating one or more integrated circuit devices

as well as additional supporting electronic components. Moreover, as is well known in



bei ng distributed as program products in a variety of fornms, and that the

_invention applies equally regardless of the particular type of si grj%l .
bearing nmedia used to actually carry out the distribution. Now turni rfd':Btm/

updated to be identified as being defective,

Fig. 2, in order to inplenment dynam c remappi ng consistent with the
invention, typically a defect map of sone sort is required to maintain
information. regarding the existing defects on the magnetic di sks, as well
as how the sectors associated wth these defects are remapped to spare
sectors | ocated el sewhere on the magnetic disks. In general, to inplenent
dynam ¢ mappi ng consistent with the invention, it is desirable to expand
the information nmai ntained in a conventional defect map to permt actual
defective sectors to be separately identiffli-ed fromany pad sectors that
have been <created to formbuffers around identified defect regions. Then,
as defects grom aneemed cirseieerises a ypiteflgdediyed and dibrpattdasintzams ommyorbe

‘ e._tg._-,_ by novi n% such pad
sectors frowpmppaddae filess ref¢rsed todereinias kasdwarp definition Rregatppibat dglpathe

Sstruct tili for .def ect ing of.h di sk _di t Vi o
consi st of Taisv aigherey e nens P dp it Tnd hRfrs AR omiy Rt Yed, | o)

typically iggl | HRARBEL QL AR 8l Bed Saifadtignganetas e lapgntof a
drive, and §9agfé§%%§e§§%t Li st q( G_tlygéls's)e tl;/pi cala_l y i.nc?udes sites ﬂg}t

associ at ed widsks tayddPink $e @ntuityarranpaneespiied talesanicpnauctnrry afef. nopially,

P O o eoramas oo sl h A R e S Bl 06 5leg ™
-1 mplement dyRag G, RBRRAEBL VediBE KISHCER. HHiRIheASEAtonRE Mo fHERE mal o
ew ti i1 1'1z&d, on

addi ti onal sts are ut e referred to herein as a Manufactured

" Pad List (PBeldt&fibedh thaodntaxt@femuiPacarigesients GRpleSEnteddn fully funicgoning
.enbodi nent, the GPLI ST and PPLI ST not .onl i

ore | heat i - but
o150 el t et TREPIeARIowF CryipsREREIecaYs CPAFS LR LS Fant RBossAeA af g o *

defect si te@@g@@@@gﬁﬂ%@&@%&% s dondiSted "I iHRSnveRHER aRf alid\GapRbib ST |t

may al so be 0 utl not her accounting table called a

being distributed as program products in a variety of forms, and that the invention applies
equally regardless of the particular type of signal bearing media used to actually carry out
the distribution. |
| Now _turhing to Fig. 2, in ordef to implement dynam_ic r'erhapping_ consistent with
the invehtion, typically a defecf map o_f some sort is requi.red-to maintain information
_ re'géfaihg the existing defects on the'm.agnetic-disks, as well as how t_hé'se'ct_ors associated
with these defects are remapped to spare sectors locatédg]sew_heke on the magnetic disks.
In general, to implement dynamic mapping consistent with the inVen\tion, it is
desirable to expand the information maintained in a conventional defect map to permit
alctua.l defective sectors to be separately identified from any pad sectors that haye been
created to form buffers around identified defect regioris; Then, as defects grow and pad
séﬁtors turn defective, éuch pad sectors may be updated to be identified as being
defective, e.g., by moving such pad sectors from a pad sector list to a defect list. '
Conventional data structures utilized for defect mapping of hard disk dives
typically consist of twd logically distinct lists. A Manufactured Defect List (PLIST)
typically includes sites mapped out as defects during manufacturing of adrive, and a
Grown Defect List (GLIST) typicain includes sites not associated with any PLIST entry
 that becomes defective during normal operation of a drive. A PLIST and GLIST are

represented in the defect map illustrated in Fig. 2 at 40 and 42, respectively.



Def ective Pad List (DPUST) 48, which specifies pad sectors in either the
PPLI ST or the GPLIST that have becone defective. It will be apprecig&id "
"that a wide variety of alternate data structures may be utilized in B 2007

defect map consistent with the invention. For exanple, a DPUST nmay not be

used in some enbodi ments. Al so, defects and pads nmay not be separately
treated based upon whether they are detected during SAT or during
operational use. Furthernore, a wide variety of data structures may be
utilized in connection with each list. Figs. 3A, 3B and 4 next illustrate
an exenpl ary dynam c remapping routine 50 consistent wth the invention,
and capabl e of being executed by the control circuit 20 of Fig. 1. In
addition, to further illustrate the operd2ion of this routine, Figs. 5A-5D,
which illustrate exenplary defects on a disk drive surface, will also be

addressed in C0nﬁ@ﬁhﬂ)l@ﬂent"ﬂﬁlﬂrﬂd}ﬁaﬁﬁigﬂrﬂﬁah@reﬁlfaftéﬂﬂ@eseﬁBé@érﬂbNdidi)éﬁ@m./6
remappi ng- routine of Figs. '3A, 3B and 4. For the purposes of this

- exenpl ary raiditione] néw lists hte iized surecfetrbdito lpssienah Mawfiogured Fladhishpt i ons

Checki ng orPBEIBRNA pa « D b Eist B 3P Bl aaaddpett heiRElle " "
reading a i : ! : : Ll owed when
readi ng a Cﬁﬁ#ﬁ n?li %@y Sgo?%otc?tlioeﬂ'ltd ot a atlﬁi’n@ﬁ%ﬁgg %F?Fggggfl 0 lﬁltljt in the

DPLI ST bef afsociatidnébhdki 1o;thed partituier debtcakite thepbrerpaddingnwhetber ilid foomdhé n t he
DPLI ST associated with a particul ar PUST or ST defect site bef orﬁzcdaa PFA

trip; and (@MSTher thabBbidly gy risemdssEpiaiodiiige aneiRtretcroynsing table callec

~di recti onal rd DBt er N N’ iefl Fi ol B case
-wher.e ther eD%Ctgﬁce#aqﬁrﬁﬁ ggyufrz)imr?gg“&gh es?{a’élgsstegadc%%gfsgﬁieggéggﬁg?mse}r g}c}%hgcent
-sectors. AGPEISTO thathave becdmedefectivbe Itdelldetappechedttbatsn wide \addeobft o a
Ldef ect map, and a manufacturin al,lgori_t hmis used to - 5 FEB 2007 13 nmap
the def ectialiemagedass rusiireampy pabtileedipadefrctmar eensiis ¢dth thedryeation: ¢ o

non- def eCt iy oxSiRleca BBLISH fray WOl B Grel HMYSHRE LBRHimSAL. 260 deteREmalhUeVer .
may not be separately treated based upon whether they are detected during SAT or during’
6perati6na1 use. Furthermore, a wide variety of data Stméfﬁres may Be utilized in
connection with each list.

Figs. 3A, 3B and 4 next illustrate an exemplary dynamic remapping routine 50
consisten_f with tﬁe'invcntion, and capable of being executed by the control circuit 20 of
Fig. 1. In.'addi_tion, to further illﬁstraté the operation of this routinc, Fi gs'. -5A-'5D, which
illustrate exemplary defects on a disk drive surface, will also be addressed in connection

" with the disclosure of the exemplary dynamic remapping _routihé of Figs. 3A, 3B and 4.

| For the purposes of this exemplafy_routine, it will be assumed that several
configuration options may be selected by a user, including: (1) an ability to turn defect_

_ growth checking on or off; (2) the number of data recovery steps allowéd when réédin ga
PPLIST site; (3) the number of data recovery steps allowed when reading a GPLIST site; -
(4) fhé total ‘number of entries allowed in the DPLIST before a PFA trip; (5) the total _
number of entries allowed in the DPLIST associated with a particular PLIST or GLIST
defect site before a PFA tﬁp; and (6) the padding algorithm used around a defect (e.g.,
directional or perimeter).

Tuming briefly to'Fig. 5A, assume a simple case where there is one

manufacturing defect area consisting of three adjacent sectors. At manufacturing time,

the defective sectors ate added to a defect map, and a manufacturing algorithm is used to



pad sectors are generally stored in separate lists, i.e., the PLIST for
_defective sectors, and the PPLIST for pad sectors. In this exanple,
"sectors are identified by cylinder nunber/head nunber/sector nunbe§$Equ&e,
it may be seen in Fig. 5A that, subsequent to SAT, three defectiv e
sectors, identified at 29053/0/ 338, 29054/0/ 338, and 29055/0/338 (assum ng
a head nunber of 0), are detected, added to the PLIST, and renapped by the
SAT al gorithm Furthernore, pad sectors, e.g., at 29052/0/339 to

29056/.0/ 339, 29052/0/337 to 29056/0/ 337, 29051/0/338 to 29052/0/338, and
29056/ 0/ 338 to 29057/0/338, are also added to the PPLI ST and renmapped by
the SAT algorithm The state of the defect nmap for the exenplary drive
after SAT is as shown below in Table |:. [ABLE |: DEFECT MAP FOLLOW NG
MANUFACTURI NG PLI ST PPLI ST GLI ST GPLI ST DPLI ST 29053/0/338 29051/ 0/ 338
29054/ 0/ 33 dj ZRHORERAS IS nor 903 & 337
29053/ 0/ 338’“@@%?&%?%?0@%&%%%@%% of ORI o A
29056/ 0/ 337spark90&6¢s0/(Rike c3RAMEHRMI F2T al2S0GTISOhB88ver Nbwdaksuvreseatocustdoner

has configured the drive using the follow ng sett] : defect growh

“checki ng - f urétse@prsiase gsplllygtorgdm Sﬁf%a'&ét% %-%cg\?é’rl-;}gitf@é&%f?‘ﬁr‘:ls‘a K
the PPLIST for pad sectors. In this example, sectors are identified by cylinder :

humber/he‘ad numbéf/sector number. Hence, it may be seen in Fig. 5A that, subsequent
to SAT, three defective seétors, identified at 29053/0/338, 29054/0/338, and 29055/0/338
(assuming a head number of 0), are detected, added to the PLIST, and rémap'ped by the
SAT algorithm. Furthermore, pad sectors, e.g., at 29052/0/339 to 29056/0/339,
29052/0/337.to 29056/0/337, 29051/0/338 to 29052/0/338, and 29056/0/338 to
29057/0/338, are also added to the PPLIST and remapped by the SAT algorithm. The _

~ state of the defect map for the exemplary drive after SAT is as shown below in Table I:

TABLE I: DEFECT MAP FOLLOWING MANUFA CTURING

PLIST | PPLIST | _ GLIST GPLIST _DPLIST
29053/0/338 | 20051/0/338 1
29054/0/338 | 29052/0/337
20055/0/338 | 20052/0/338
29052/0/339
29053/0/337
29053/0/339
29054/0/337
29054/0/339
29055/0/337
29055/0/339
29056/0/337
{29056/0/338
29056/0/339
29057/0/338

Now assume a cdétomer has configured the drive using the following settings: (1)

defect growth checking function is enabled; (2) one data fecovery step is allowed for



- 5 FEB 200 14 manufacture pad sectors; (3) no data recovery steps are
~allowed for grown pad sectors; (4) a HHXIHUWIOf t hree pad sectors-g¢§32m,
al l owed to becone defective, after which a PFA issue is tripped; (5)
particul ar defect can be padded at nost two tinmes, after which a PFA |ssue
is tripped; and (6) the padding algorithn1selected is directional padding.
Turning now to Figs. 3A and 3B, a dynam c renmapping routine 50 consi stent
‘with the invention is illustrated. First, as shown at block 52, it may be
assuned that the, drive is typically performng normal file operations in
a manner known in the art. Periodically, routine 50 checks to see whether
the drive is in an idle. node at block 54, e..g, where there "are no
pendi ng read or write operations and noléther high priority functions
taking place. [If not, control returns to block 52. \Wenever the drive

enters an fn%ﬁaaﬁﬁéepadfse&&\éee) ndM £ fechderiBipp@asa1l6@nl fl grown Phocdct&S; t o
exam ne the configuration settings to determne if defect growth checking

i s enabl ed(4) himmxémpmarbreopad grtornaretajobkd tkbepmeglefastivg . géter wbwﬂlr&i?Fﬁaasses

to block 58 to det f def ect
checki ng t6sisasttmeqtiay & paice B et ek meBeRfaimeS hite vhif ab i o

that a padP?&?%% lsrlﬂ &, GYd n@g?ﬁeypmﬁ{%a?g&rﬁﬁmsgﬁgtcﬁ% dl%tl@ﬁ&l%aal\{l?ed in the

connection Wt c remappi ng no sectors are
DPLI ST, so bl ockuxﬁ&g\mdvd tofftigs 3acanidr3H, atctynhrhmcrkmép)pmg routingi S@toensistemtopith o

check each pad sector in the PPLIST, en |n§ that all kno %g sectors
are readabihe injepHpmisgHusrfedndérst, ﬁﬁlﬁlﬂﬁ’\‘" PN R 35sum %@‘ E)f di¥Es case

~1). Specifj t%%l %%}gq@, ﬁ'l% ggoﬁﬁﬁl l@oﬁé}gmrﬁrnnta%anﬂﬁﬂ BlowPinttHe aftPhLRdicAfyd i n

particul ar' ctor ch hat t next ti-me the drive goes
- idle def ecliougfi®9t bheeheriden ovheder theidriva ieinwneddie niddel atbtockfH, ewrg, wheteltherent i r e
\1ist has been checked (as it is possible that checkl ng of the |ast sector

coul d havearbéé@Cncbﬁé@?ﬁtoéﬁ’“ﬁ%/%?rﬁl%’ﬁéﬁd BP oBer pigh griopisy g‘ﬁé%ﬂslté]ﬁng REEC-bri ngs

ey T T T
t he check bk §4magahdd cf_)ﬁt@(bllt_b bbcb%ltﬂ Bk argine fthet dvafighisition settings to determme
' if defect growth checking is enabled. ' |

.If not, contrdl returns to block 52; otherwise, control passes to block 58 to
determine if any previous grown defects exist, i.e., by chebldng to see if there 'ar'e any -
entries in the DPLIST, thus indicating that a pad sector has previously been determined to
be defective i in connection with dynarmc remapping. Imtlally, no sectors are listed in the
DPLIST so block 58 will pass control to block 60 to initiate a loop. to check each pad
sector in the PPLIST ensuring that all known pad sectors are readable within an allowed
number of data recovery steps (in this case 1). Specifically, 'block 60 sets a pointer to
point to the PPLIST, and in particular to the last sector checked so that the next time the
drive goes idle defect growth checking can continue where it left off until the entire list
has been: checked (as it is possible that checking of the last sector could have been
preempted by a higher priority drive operation that brings the drive out of idle mode, e. g,
a read or write operation request). If the drive were to remain idle after completing a pass
through the PPLIST, the check starts again from the beginning of the list.

Once the pointer is initialized, the current pad sector is réad at block 62. Block 64
‘then determines whether the read was successful within the allowed number of recovery

steps. If so, control passes to block 66 to determine whether all PPLIST pad sectors were

checked, and if not, control passes to block 68 to increment the pointer to point to the



Once the pointer is initialized, the current pad sector is read at bl ock
. 62. Block 64 then determ nes whether the read was successful MAthinFﬁpﬁm7
al l oned nunber of recovery steps. If so, control passes to block 66 to
~determ ne whether all PPLIST pad sectors were checked, and if not, control
passes to block 68 to increment the pointer to point to the - 5 FEB 2007
15 next pad sector in the PPLIST. Otherwi se, control returns to block 52 to
commence with normal file operations. Returning to block 64, if the read
of the pad sector was not successful, block 64 <calls a remap handl er
routine 70 to remap the now defective pad sector, in a manner that wll be
di scussed in greater detail below Control then passes to block 66 to .
process additional pad sectors in the-PPLIST. Fig. 4 illustrates remap
handl er routine 70 in greater detail. Routine 70 begins in block 72 by

addi ng t he oW dedcesitih ViR BEIGSTT Otherishe, ERtitoSErurhixt bloald f2 ceedmmendeowish
to.the nowdefective sector are renmapped to spare sectors, and added to
t he GPLI STnd¢inlable apgyationsisi ng t he sel ected padding algorithm(e.qg.,

perinmeter or directional). t...bl ock .76 det ern To1.0f grown
pad sectors thaBe‘élFB“%t%%BFlglg%dfwetrﬁai{q{é %%a%rsg?\t?)} %?3{% %C%lg.g%ﬁ,b](?c}%(e&nunber
of GPLI ST skt [ botife PR lefldh e RL-8FEtivelphd sB&of) tiTh &lanfér thatoVwN
pad sect orgaq{gsaqrel%ta{) 2@%@% thé confi guriéd f:t hr eshol d, PEI ock 78 passes control
to bl ock 8Qill be dietussed ingzrédier detrtibbelomnbentralithegr pagses padlosk 66de P1qcesse. | t he

~total nunber of sectors in ghg ST). OQtherw se, block 78 passes control
to bl ock saddifienahpad segtorqim e PPl e 5. using a Predictive Failure

Anal ysi s (PFA) %%E!fgblgﬁa@%é&lﬂgﬁéﬂd&@ir'outi%@dOtixli‘gf RRf &kil RTINS EbE@ fne 70.

€
Returning to bl once t total nunber of grown pad sectors is

20 LI A A bt et 4 2 Mt oo o
cont r'gl panewslefestiyg HEIOrae: TeHagRebIOSPYT SR a"idé’éf]%y@rtz'ﬁ &Rﬁ?ﬁﬁ%@ﬁ@nd
- thereafter u;‘.[ir?gr {He%élteSte& Iﬂgdcﬁgé’tﬁg'aﬂthm (e.g., perimeter or directional). Next, block 76
- ‘determines the number of g'r_owh pad sectors that are associated with the current defect
G.e., ihe number of GPLIST sectors linked to a particu]ar defect).

If the number of grown pad sectors is not'above the configured thresh:old, block
78 passes control to block 80 to-determine the total number of grown pad sectors (i.e., the
.tota_l numbef of se¢£ors in the _GP.LIST). ‘Otherwise, block 78 p_asses control to block 82
té notify the 'system., e..g., using a Predictive Failure Analysis (PFA) issue or notific_.at'i'c.m_,
and thereafter termihate routine 70.

Rétuming’ to block 80, once the total number of grown pad sectors is determined,
biock 84 then determines whether this total number is above a configured threshold, and
if not, terminates routine 70. Otherwise,.control'passcs to block 86 to generate a PFA
issue or notification and thereafter terminate the routine.

Now turning to Fig. 5B, for the purposes of the example, assume during a pad
sector check, it is disco{/ered that one of th¢ pad sectors (29056/0/338) required five
recovery steps to rcad. Since, in this example, the step count is over the configured

: threshold of 1, the proces's flow undertakes the actions discussed in connection with
routine 70. As a result, tﬁe pad sector will be added to the DPLIST, and then based o_n
" the selected padding algorithm (e.g., via directional padding, as shown in Fig. SB)', an

adjacent usable sector is added as a new pad sector and reassigned to a spare sector in the



‘Now turning to Fig. 5B, for the purposes of the exanple, assunme during a
~pad- sector check, it is discovered that one of the pad sectors

" (29056/0/338) required five recovery steps to read. Since, in this5FEB 2007
exanple, the step count is over the configured threshold of 1, the process
fl ow undertakes the actions discussed in connection with routine 70. As a
result, the pad sector will be added to the DPLI ST, and then based on the
sel ected padding algorithm (e.g., via directional padding,.as show in Fig.

5B), an adjacent usable sector is added as a new pad sector and reassi gned
to a spare sector in the - 5 FEB 2007 -16 expected direction of growth of
the defect. Furthernore, the new pad sector is added to the GPLIST. In

additi-on, assune that, during.a custoneriGead operation, a soft error site
is located, and the error site is reassigned to a spare sector region.
This will he &?éasdifé%fiGQOQgrogﬁPWth@%ﬂ:@t,Flﬂﬂ{énsmey\ihlelnewr dtsectar ©lad8dd ent ry,
as well as aRy assocl ated " padding (e.g., via perineter padding, as shown
in Fig. 5B)the GROISSect ors around GUST sectors wil |
in the GPLIST, since the associ ated defect did not exist dyrli o
nanufacturing.-l@g@@ﬁﬂ“d@?ﬁ%ﬁg@EdPﬂﬁ%af P%%ﬁ?%gP?%%‘ghaF? ghggﬁg?gctive

pad sect Or_g?ca?eﬁcﬁrpcf th%% o?si#csi E&sggh&i 8 spdff R6ibr AZEACIBIiEWill BeEoWiddred alabl e
Sta e

Il illustrates the S of efect map after the addition of the new .
pad - sect or SroWd\BfEct] Arid JIEFAGTeMM\R GIHST oMy NG wel DERBE RF¢Ei atpd$mETOR » EVENT
AND A N DEFECT PLI ST PPLI ST GLLST -gths DPLI ST égﬁg%m 338 ..

29051/ 0/ 338iPpuBselBIdingoEsBLYNIREIL. 7505 KAHFo¢KHS ADYP 3%°101596K5/ 0/ 33 8

. 29052/ 0/ 336§pica%1%1%5621é9n/_t§31¢3 in B3P 113 8ifice the associated defect did not exist duﬁng

manufacturing. A grown defect is thus typica]ly treated like a defective pad sector;

typically be identified

| except there is no original defect associdted therewith. Table Il'illustrates the state of the

ndeféct map after the addition of the new péd sectors:

TABLE I1: DEFECT MAP FOLLOWING A DEFECTIVE
PAD SECTOR EVENT AND A GROWN DEFECT

GPLIST

PLIST

PPLIST

_GLIST

DPLIST

'29058/0/338

29056/0/338

20053/0/338

- |29054/0/338

29051/0/338
29052/0/337

29055/0/338

29052/0/338

29052/0/339

29053/0/337

| 29053/0/339

29054/0/337

29054/0/339

29055/0/337

| 29055/0/339

29056/0/337

29056/0/338

1 29056/0/339

29057/0/338

29060/0/332

29059/0/332

29060/0/331

29060/0/333

20061/0/332




29053/ 0/ 339 29054/0/337 29054/0/339 29055/0/337 29055/0/339
. 29056/ 0/ 337 29056/0/338 29056/0/339 .9,9057/0/ 3R 29060/ 0/332
29059/ 0/ 332 29060/ 0/331 29060/0/333 29061/0/332 - 5 FEB 2007 17 5AEBer)q;
addi ng the new pad sectors, as noted above in connection with routine 70,
predictive failure analysis (PFA) triggers may be tested. Each DPLIST entry
represents a defect growh step, so the nunber of entries in the DPLIST
may be checked against the configured threshold. Since the total allowed
growh for the drive, and the gromh of the particular defect does not.
nmeet the configured thresholds, no PFA issues are triggered. Now returning
to Fig. 3A once a GPLIST entry has been created, indicating the existence
of a grown defect site, the next tinme blbek 58 is encountered, control will
pass to block 88 (Fig. 3B). In this regard, it is typically desirable for
the GPLIST to tgkg adBfmizQhé hatv PYEEectdie BRbledhbbecausanthimnGALL Sltieatd; es
i ndicate defect sites With a previous history of grow ngr. Bl ock 88
i ni tiat es predinbvesthidyre pnalyss §PX A} triggens maydedesomh E@%'&FU& A4TY TEPIESAN!S & he

?;hl rsls Lme%e%}/grro%etl? stlég,i s%thg nBr%i)Qrt 0 rgn%n%%tin %elﬁPﬂI%LI‘ rgg)t’ bl Etked Eg%ir]is?ﬂqcpr oce.ss
.conﬁg'ured threshold. Since the total allowed growth for the drive, and the growth of the
| paﬂic_ulaf defect does not meet the confi gured thresholds, no PFA issues are triggered.

Now réturning_ to Fig. 3A, once a GPLIST entry has been created, indicating the
existence of a grown defect site, the next time block 58 is encountered, éontro] will pass
td_block-'88 (Fig: 3B). In this regard, it is typically desirable for the GPLIST to take
pﬁoﬂty over the PPIJST because the GPLIST entries indicate défcct sites with a previous
history of growing. | |

| " Block 88 initiates a two-step process for scanning grown defect areas. First, the
GPLIST is traversed using a pointer that does not get reset, SO the process can resume
after being bumped due to _a-custdmer operation or higher priority function. Block 88
_ initially; however, sets the pointer to point to the start of the GPLIST. Block 90 then
- performs a check to ensure that GPLIST sectors that have becbxhe defective and were
added to the DPLIST are not checked. | o

If a GPLIST sector is not in fhe DPLIST, control passes to block 92 to perfoﬁn a

read operation on the sector. Block 94 then determines whether the read was successful

. within an allowed number of recovery steps. Either the same thrcéhold that is used in
block 64, or a different threshold, may be used in block 94. In this exémplc, the
configuration allows no data recovery steps before failing a read. If a bad read occurs,
block 94 calls routine 70 to remap the bad sector. Othérwise, control passes to block 96
to determine whether all GPLIST sectors have been checked. '

If not all such sectors have been checked, control passes to block 98 to increment
the pointer to the next sector in the GPLIST. Control then returns to block 90. Moreover,
returning to block 90, if a séctor in the GPLIST is also in the DPLIST, control passes

- directly to block 96. '

Oﬁce all sectors in the GPLIST have been checked, control passes to block 100 to

loop through the DPLIST entries, checking all PPLIST entries that are associated with the



after being bunped due to a custoner operation or higher priority function.

. Block 88 initially; however, sets the pointer to point to the star§ gy zq?;ne
t

"GPLIST. Block 90 then perfornms a check to ensure that G PLIST sectors

—

have becone defective and were added to the DPLIST are not checked. If .a
GPLI ST sector is not in the DPLIST, control passes to block.92 to performa
read operation on the sector. Block 94 then determnines whether the read was
successful wthin an allowed. nunber of recovery steps. Either the sane

threshold that is used in block 64, or a different threshold, may be used

- in block 94. In this exanple, the configuration allows no data recovery

steps before failing a read. |If a bad read occurs, block. 94 calls routine
70 to remap the bad sector. Ot herw se, .ggntrol passes to block 96 to
determ ne whether all GPLI ST sectors have been checked. If not all such
sectors ha ¢hed é&ﬁ@héerPEmS&ﬁ oRIRAKEP B IS TI e RREe wilhe

poi nt er togﬁfpggégfi}ﬂ%ect or’in the GPLIST. r>IC@ntrol then returns to bl ock 90.
Moreover, bé @b dssotiagdtRPIES D ektri@s),: Infpamwbm:tbdockl 100trheetIPEIpMtetoporidtd n t he

DPLI ST, control passes directly to blo Iglglg i}u B sectors in th
GPLI ST hav gheddASErndeiiaa widhe At Sf‘pfé%réééhet SEchat ipHankes oG8 HY UGS t he
DPLI ST ent HPﬁ%T Cﬁ?o%ﬁ'l'ag t}?elngieﬁ:h*élcﬁ&ﬁ(rtb en @ﬁﬁl%ﬁ’%ge&érsﬁ%o@ﬁﬁglg‘g‘ﬁ h the -

5 FEB 200, sane or ect as eac suc LI'ST entry ote that,

for GLIST dRiEELIST. Uflﬂl'é%eé/tbﬂ is nobslready asthe ORIIST, daRtroBFaseed toitdsck. 1021 n
particular, block 100 resets the pointer to point to the PPLIST, starting
with the fleprfomotisad pntherectppiangblackd04idstermingewheGebihespadiies y in t he

o ready | noe by o RROLSY Thnta BRG0P EPFILE, 0 viSupRpkgid g IV,

~passes t0 b g6k 849 2inck PPREST BftAtfark ®8hg@Bad) ¥ SR@iredd ocvuek, ragkhahater
~det er m nes whet her’ the read was successful within an all ovved nunmber of

recovery stayige 7@ challedsanldgtoﬂh@l paases (@ hlosk A86-dOtherwisp, Wpele k04passesicaaigol

PPLI ST ent a{reecsﬂyatg%locﬁllrag read). If a bad read occurs, remap handl er

Block 106 determines whether all sectors in the PPLIST that are near grown
defecf sites (i.e., linked to DPLIST entriés) have béen checked. If not control passes to
block 108 to increment the pointer to point to the next PPHST sector linked to a DPLIST
entryl, and then back to block 101 to process the next sector. Otherwise, block 106 passes’

| control to block 60 (Flg 3A) to continue checkmg the PPLIST. In addition, returnmg
to block 101, if a sector is already in the DPLIST, control passes directly to block 106.

" Because the chcc]qng performed in blocks 88-108 skips through the PPLIST to search au
.thc associated pads for particular defects, it méy be desirable to maintain a separate
pointer into the PPLIST for the loop defined by blocks 62-68.

~ Continuing with the aforementioned example, assume read/write operations are
initiated subsequent to the events illusirated in Fig. 5B. Assume also that, eventually,
during a later idle cycle, another pad sector (e.g., 29057/0/338) is detected as being
defective,. As a result, a new entry is added to the.DPLIST, and a reassign of another pad
sector (e.g., 29059/0/338) is performed, thus adding another pad sector to the GPLIST.

‘The reassignment of these sectors is illustrated in Fig. 5C. Moreover, the resulting defect

map is as shown in Table III below:



routine 70. is called, and control passes to block 106. O herw se, bl ock
104 passes control directly to block 106. Bl ock 106 determ nes whether all
sectors in the PPLIST that are near growmn defect sites (i.e., |+5ked 0@
DPLI ST entries) have been checked. If not control passes to block 108 to
increment the pointer to point to the next PPLIST sector linked to a DPLIST
entry, and then back to block 101 to process the next sector. Qherw se,

bl ock 106 passes control to block 60 (Fig. 3A) to continue checking the
PPLIST. In addition, returning to block 101, if a sector is already in the
DPLI ST; control passes directly to block 106. Because the checking
‘performed in bl ocks 88-108 skips through the PPLIST to search all the
associ ated pads for particular defects;19t nay be desirable to maintain a
separate pointer into the PPLIST for the |oop defined by bl ocks 62-68.
Continuing with the qiqrement ADBITEONAD RADISOESDEERGTIINVE e oper ati ons

are initiated subsequent to the events illust rated in-Fie—5B—Assure al so

t hat, event uabh ST duri nq)ﬁLiga\f er .|i dl ¢;cisat e, ano@p@r[spad secDQLISE. g.l,

29057/ 0/ 338y—Fs—detected—as Delng | def ecti Ve, . Ai)g uIt 9%58%\}\33%ntry S

added to |REOTRUBSY. A38051/0BA8<i dn of anotherl 2904S/0LEE: o 290560

29059/ 0/ 33 f o addi ng anot her mg ﬁs)e}gsor t ZDOSAA/IRLI IT.
2/of335 addi ng 9

The reasm%%%‘e‘?.?/g% 2’?@55%[ ors fis irfTustratjed in Fig. 5C Mor eover,| t he

resulting @0@%0/33&510 29032/0 in Table HH below FEB—2667—%

- TABLE | 11:[ ADDI TI ONAL 199DERECTI VE PLI ST PPLI ST (GI T GPLI ST DPUI ST
29053/ 0/ 338—296510733 87 07338 2905670/ 338 29054/ 0/ 338 29052/ 0/ 337
29059/ 0/ 338 29057/ 0/ 3329053083770/ 338 20052/0/-338—29052/-64 ?%——299-58-/—97‘337

| 29053/0/339 — .

29054/0/337

29054/0/339

29055/0/337

29_055/(__)/339 _

'2_905_6'/0/3'37

29056/0/338

29056/0/339

29057/0/338 | _ —_—

| ' 29060/0/332___| 29059/0/332

20060/0/331
29060/0/333
29061/0/332

It sl;ould also be noted that, dudng execution.of routine 7.0 in connection with
reassigning additional pad sectors, PFA thresholds will also be chccked. Using the'
‘aforementioned example setup, it is found that the same defect has had two growth
events, which is the trip threshold, and a PFA notification or issue may be raised _for‘ later
| reporting to a systém or customer. As a result, a customer might be inclined to
discontinue operations on the drive, and copy all data off the drive and onto a new one.
| Otherwwe however, a customer might i 1gnore an 1n1t1al PFA waming and continue to run.
Under this latter scenario, assume that the dnve goes idle again after some number
of operations, and while traversing the GPLIST in the loop of blocks 90_‘98 (Fig. 3B),
anothér pad sector goes defective (e.g., pad 29058/0/338), a sector that also happens to be

a pad sector that was identified in the GPLIST. The aforementioned operations of adding



29053/ 0/ 339 29054/0/337 .29054/0/339 29055/0/337 29055/0/339
..29056/ 0/ 337 29056/0/338 29056/0/339 29060/0/332 29059/ 0/ 332 29060/ 0/ 331
29060/ 0/ 333 129061/0/332 It should al so be noted that, during execution
of routine 70 in connection with reassigning additional pad sectors,5 FBAD
thresholds will also be checked. Using the aforenentioned exanple setup,

it is found that the same defect has had two growth events, which is the
trip threshold, and a PFA notification or issue may be raised for |ater
reporting to a systemor custoner. As a result, a custoner m ght be
inclined to discontinue operations on the drive, and copy all data off the
drive and onto a new one. Oherw se, however, a custonmer mght ignore an
initial PFA warning and continue to runggUnder this latter scenario, assune
that the drive goes idle again after some nunmber -of.operations, and while

traversing, W‘g LRIt lnocu?re bhp%nqno%hcmg%t;%%u%c{gﬂ dbfectBk nowddRlbefe pad

sector goes ectlve e. g., pad 2905 / 338 a sector that al so happens
to be a predfigeet diredhodd ofwheeel demhpanaedclymndrhen;@?tahSHFA'Ehentalﬂamen@m|oned
operations of adding - 5 FEB 2001  -20 nemxﬁg%psectors still occur, but

even t hougiefachBas groyn merRdhan tycedwH bbg eppge ER%GA! YHENOBEHPAdSGF 8k
threshol d of 1Bl&Fne BIGSTRAF L ESha TO6S/0/3RS! bR elebiVE At bilpkigheST N0l @

the PFA for the total number of growth steps being too large. In the example, the
configured threshold is set to three, and four defects have been added to the DPLIST.
The presence of these additional failures and remapping are-shown in Fig. 5D.

The GPLIST entries that went defective in both of the cases above are placed into
the DPLIST, but also remain in the GPLIST, as the DPLIST is principally an accounting
mechanism. This is why it may be desirabte to test each GPLIST entry before attempting
to check that entry to make sure the entry is not for a known defective pad.
| With regard to the defect map, it may be desirable to segre'gate each of the PLIST,
PPLIST, GLIST, and GPLIST lists into buckets in some instances to associate all pad |
sectors with the defect sectors they are paddlng This can be accomphshed in a variety of
ways, but for the sake of this example, one method would be to assign each defect or set
of related defects a defect number that is stored in the list, alon g with its location. In this
way the PPLIST and GPLIST entries could then reference the defect bucket number they

| are padding. This -Would enable the ¢hecking of related pad sectors as described in
connection with the loop at blocks 104-108 of Fig. 3B. |

Since the simple ex.amples provided herein did not have multiple manufacturing
defects in the defect map, the bucket numbers have been omitted for clanty The three

~ PLIST entries would typically be associated w1th one defect bucket and the GLIST defect
sector-would be a separate defect bucket. For illustration purposes, in Table IV, all pad
| sectcrs associated with the GLIST entry are highlighted with a * symbol. The divided

table was done merely for clarity of association:
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~ FEB 2001 {21 TABLE IV 29@31/67B§§JAL PADS FROM GPLI ST GO DEFHCTI VE PLI ST
PPLI ST GLI BT GPLTST DPET ST
29055/0/337
29055/0/339
29056/0/337
29056/0/338
29056/0/339
_129057/0/338 _
| *29060/0/332 | *29059/0/332 | *29059/0/332
*29060/0/331
*29060/0/333
*29061/0/332
*29058/0/332

As noted above, various alternative data structures may be used to represent the

“various sectors in a defect map. Moreover, different manners of checking for defective

pad sectors may be used in the alternative. As such, the invention is not limited to the

particular dynamic remapping routine illustrated in Figs. 3A, 3B and 4.

Other modifications will be apparent to one of ordinary skill in the art. Therefore,

the invention lies in the claims hereinafter appended.



29053/ 0/ 338 29051/ 0/ 338 29058/ 0/ 338 29056/ 0/ 338 29054/ 0/ 338 29052/ 0/ 337

. 29059/ 0/ 338 29057/ 0/ 338 . 29055/ 0/ 338 29052/ 0/ 338 29058/ 0/ 338 29052/ 0/ 339
29053/ 0/ 337 29053/0/339 29054/0/337 29054/0/339 -29055/0/ 337 -5 F "
29055/ 0/ 339 29056/ 0/337 29056/0/338 29056/0/339 2905 /0/339 EB 2007
*29060/ 0/ 332 *29059/0/ 332 *29059/0/332 *29060/0/331 *29060/0/ 333
*29061/0/ 332 *29058/0/332 As noted above, various alternative data
structures may be used to represent the various sectors in a defect map.
Moreover, different manners of checking for defective pad sectors may be
used inithe alternative. As such, the invention is not linmted to the
particul.ar dynamic remapping routine illustrated in Figs. 3A, 3B and 4.

Q her nodifications will be apparent to2bne of ordinary skill in the art.
Therefore, the invention lies in the clains herelnafter appended. 5 FEB

2007 - 22 What is claimed is:
1. A method of operating a hard dtsk drive of the type including a defect map that

| identifies at 'least one defect on a magnetic dxsk in the hard disk drive, and that remaps at
| least one defectxve sector associated with the defect, and at least one non- -defective pad
- sector disposed adjacent thereto, to spare sectors dJsposed elsewhere on the magnetic
- disk, the method compnsmg, subsequent to initiation of operatxonal use of the hard disk
- drive: |
(a). accessmg the defect map to identify the pad sector;
(b) scannmg the pad sector and detecting that the pad sector is defective,
wherem the detection that the pad sector is defectlve is mdlcatwe of growth of the

defect on the magnetic disk over time; and
| (c) in response to detecting that the pad sector is-defective, updatmg the
" defect map to identify the pad sector as being: defective, and remapping an
addmonal sector disposed adjacent to the defective pad sector to an additional

spare sector on the. magnetlc disk to create an addltlona] pad sector m the defect

map.



What is clainmed is: 1. A method of operating a hard disk drive of the type
_including a defect map that identifies at |east one defect on a magnetic
disk in the hard disk drive, and that remaps at |east one defectiyf Eﬁ?ﬁ?r
associated wth the defect, and at | east one non-defective pad sec 5 !
. di sposed. adj acent thereto, to spare sectors di sposed el sewhere on the
magnetic disk, the nethod conprising, subsequent to initiation of -
operational use of the hard disk drive: (a) accessing the defect map to
identify the pad sector; (b). scanning the pad sector and detecting that
the pad sector is defective, wherein the detection that the pad sector is
defective is indicative of gromh. of the defect on the magnetic disk
overtine; -and (c) in response to detecting that the pad sector is
defective, updating the defect map to identify the pad sector as being

defective, and éemah&woma%@ﬁigaéfk&%h SRE @brafl BRORA (Rdinegeat to the
defective pad sector to an ional spare sector on the. magnetic disk

to create eom@thihid:i onal pad sector in the defect nap - 5 FEB 20011 23

2. A nethod of mapping defects on a_data, stor m the, net hod
conprising: (a) det e@%%&%?&)%ol‘f’ﬂbpfQPW&HSBUZ%F 'eéé:{'# °f PBG PEF LXPEDN a

data storage - medi gmf »\W?l% iR p}é]v?chﬁfv ef?t"f'ﬁ% YadrdeN dsbd 5{69@(1?1' déféct

associated with™a regro een rrappe rst

repl acenent regie@ibn thitthal BenreappRRtdg figdt réRasmennegiongimh adj acent to the
defect region to a second replacenent region to acconmpdate for the rowt h
of the previously-i déntiemppring gideest pne @@Wlﬁﬂﬁedh%‘fleféﬁdﬁfp’z to 408N t he

.def ect egl on | n% alcjgneignter‘égl £ cc&ﬂﬁxodate for the growth of the prev1ously-1dent1ﬁed

defect.

3. The method of claim 2, wherein the defect region includes at least one
'defective_sector and at least one pad sector disposed adjacent to the defective sector, and
wherein detecting growth of the previously-identified defect includes Scanning the pad

" sector for a defect.

4 The method of claim 3, wherein remappmg the at least one region adjacent to’
-the defect reglon includes reassi gmng at'least one sector adjacent to the pad sector in

response to detecting a defect in the pad sector.

5. The method of claim 3, wherein the defective sector is identified in a defect
sector list and the'pad sector is identified in a pad sector list, the method further
" comprising indicating in the defect map that the pad sector is defective in response to

detecting growth of the previously-identified defect.

6. The method of claim .5, wherein remapping the at least one region adjacent to
the defect region includes adding at least one sector adjacent to the pad sector to the

defect map.

7. The method of claim 6, wherein adding the at least one sector adjacent to the

pad sector to the defect map includes storing the at least one sector in a grown pad sector



defective sector and at | east one pad sector disposed adjacent to the
~defective sector, and wherein detecting growth of the

previ ously-identified defect includes scanning the pad sector for a
defect. 4. The method of claim 3, wherein remapping the at |east one ﬁgé oW
adj acent to the defect region includes reassigning at |east one sector

adj acent to the pad sector in response to detecting a defect in the pad
sector. 5. The nethod of claim3, wherein the defective sector is
~identified in a defect sector list and the pad sector is identified in a
pad.  sector list, the nethod further conprising indicating in the defect
map that the pad sector is defective in response to detecting growth of
the previously-identified defect. 6. The2#rethod of claim5, wherein
remappi ng the at | east one region adjacent to the defect region includes
addi ng at ll‘?@%d%%réﬁ%c%anﬂgklﬁﬁ% ddQetibeishtecHee irkluded ifdieatind@iieggdd map.

7. The nethod of claim®6, whérein addlng the at | east one sector adjacent
to the. padckese@eeisatef¢ative frea defbaote prepisi.ncl udes storing the at | east one
sector in a grown pad sector - 5 FEB 2007 -24 list, and wherein indicating
that the pad sector is defective includes indicating the pad sector is
defective in a defpgl fngﬁog%ﬁcllahﬁ@ wgwel-m%n'ﬂﬁféilﬂg%eozft 1&dsBbiB RBgiofhaleidl o

r emappi ng the at | east one region’ adjacent t he defect region includes
reassi gni nghaﬂeﬂeeta’égloﬁrne:lmibetr@smgnmgcasbdstgmneccabﬂ dispisohgergrallji aleng d on of
growh relative to the pad sector. 9. The nmethod of claim3, wherein
remappi ng t@émﬁﬁnP%&@ﬂmbﬁ@“ﬂﬁé?gﬁF&éﬁﬁﬁ%ﬁt to the defect region includes
reassigning a plurality of sectors disposed around a perineter of the
defect region. 10. The method of claim3, wherein the first and second

F epI acement regi®nphemsthod @Dﬁlﬁfm Sewhéreinaesiapping tepalexssenet region adjacent to

“the defect region mcludes reassigning a plurahty of sectors disposed around a perlmeter

of the defect_reglon.

10. The method of claim 3, wherein the first and second replacement r'egions'each

comprise at least one spare sector.

11. The method of claim 2, wherem the dcfect reglon is asmgned during _'
manufactunng of a data storage dev1ce mcorporatmg the data storage medlum and
wherein dctectmg growth of the prewous]y-ldentlﬁed defect and remapping the at le_ast

" one region are performed subsequent to operational use of the data storage device.

12. The method of claim 2, wherein detecting g’rbwth of the previously-identified
defect and remapping the at least one region are performed during an idlc time subsequent

to operational use of a data storage device incorporating the data storage medium.

13. The method of claim 2,' further comprising initiating a predictive failure
analysis operation in response to- detecting gfowth of the previously-identified defect

beyond' a prede_teﬁnincd .thrcls_hold.



117. The method of claim2, wherein the defect region is assigned during
~manufacturing of a data storage device incorporating the data storage
nedium and wherein detecting growth of the previously-identified qf;ﬁf% "
and renmapping the at | east one region are performed subsequent to 007
operational use of the data storage device. 12. The nethod of claim 2,
wherein detecting growh of the previously-identified defect and remappi ng
the at | east one region are perfornmed during an idle tinme subsequent to
operational use of a data storage device incorporating the data storage
- medium 13. The nethod of claim2, further conprising initiating a
predictive failure analysis operation in response to detecting growth of
t he previously-identified defect beyondsa predeterm ned threshold. - 5 FEB
2007 -25 14. The net hod of cla|n113 mherein the predeternined t hreshol d

I s associ at ed 3‘%3‘}13 e l'fo%sof c?arl1 2 I e%‘gmg gr gﬁﬁtﬁﬁttﬁgsgcﬁﬁg é&ﬁa@&d

sectors and a n d sector is a

~def ect regiygh at last Jeraaiuhed: @t d&t@édﬂezectm@ﬁ@sm&l’@@ndat@nﬁieebﬁgmemdl um
conprises a magnetic disk in a hard disk drive. 5 FEB 2007 -26 16. An
appar at us, Taasingneipeil nector(ia pddeddar thegletechiggionedi um and (b) a control circuit
coupled to the data storage nedi um and configured to detect gromh of a
previously-identified defect on the data storage nmedi um = wherein the
previously- 'dentlsfgﬁ&inftato%fcla‘%m@smeteﬁtﬁe dbiatHorfigdRkaRin EQfpRRshhat has
been mapped to . rst replacenent region, the control circuit further

- conf i gur edniagneticadigipinat haré dsk dove. regi on adj acent to the defect region to a
second replacenent region to acconmodate for the growth of the

preV|oust identified defect



Istorage device _
-control circuit is configured to detect growth of the previously-identified

17. The apparatus of claim 16, wherein the defect region includes at |east

. one defective sector and at |east one pad sector disposed adjacent to the

defective sector, and wherein the control circuit is configured to detect
growth of the previously-identified defect by scanning the pad sectorFEBorll
a defect. 18. The apparatus of claim 17, wherein the control circuit is .
configured to remap . the at | east one region adjacent to the defect
regi on by reassigning at | east one sector adjacent to the pad sector in
response to detecting a defect in the pad sector. 19. The apparatus of
claim 17, wherein the defective sector is .identified in a defect sector
list and-the pad sector is identified in a pad sector |ist, and wherein the
control circuit is further configured togindicate in the defect map that
the pad sector is -‘defective in response to detecting growth of the
previously-identifjed defect. 20..The apparatus of - claim 19, wherein the
contr ol circuitiéskﬁéﬂWFgﬂﬁéﬁnung]hap the at | east one region adjacent to
the defect region by3ddifgsBtagk @atium@n@dsect or adjacent to the pad sector
to the defect map. 2&.-The apparatus .of claim 17, wherein tlg(g%contrcgll[tﬁ '

e

circuit is confi gure)tocantrvhpircuinesuated|te et dagBOTAgE MMSHIY ARE eXRIIEUE

def ect region by reassigning at | east one tor .¢ 7 ~di sposed
general Iy al on eé‘?cﬂigf%ﬁ‘?‘i%ﬁ%6‘?ﬁ%‘|‘si’(/ﬁ#n é?da‘?eﬁgcet% _ﬁﬁ?sﬂ§§§§ ) en&%cg%.%’ 22. The
appar at us-.of cl-@j fuih7ne WRSKSislY-fiBRifFedMticredt isCisicuidittd iwsthaaieféogugtsh that ianap
the at- |east one regionh adjacent to the defect region hy reas‘si_tgni ng a
plurality of selsdenmsapped spafied replangmentregion; Wecentr fcifchi Terghes epniighedle  23.

‘The apparatus of cl.aim 17, wherein the first.and second:replac regi ons
each conprise a@ma@églcamegﬁapga%&%“gp tlhﬁil.e_f SERD §E§F{J°§ﬁor?ﬁl g A 16,

wherein the defect reqion b sias MiREsoNH bc pRAVSALIddRfifiel @dfeq, dat a
f%gjg’grtgg?%g “the" gatgr st or agepmedi um .and wherein the.
17. The apparatus of claim 16, wherein the defect_re_gion i-ﬁélu’des at least one
defective sector and at leaét one pad sector disposed adjacent to the defective sgct_or,- and
.wh'e'rf.:in the control circuit is co_nﬁ gured to detect growth of the prcv'idusl_y'-identiﬁed

defect by scanning the pad sector for a defect. '

18, The apparatus of claim 17, wherein the control circuit is configured to remap
the at least one region adjacent to the defect'region.'by'r’c"assigni.\ng at least qric sector

adjacent to the pad sector-in résponse to detecting a defect in the pad sector:

19. The apparatus of claim 17, wherein the defective sector is identified ina -
defect sector list and-.-the pad sector is identified in a pad sector list, and wherein the
control circuit is further configured to indicate in the defect map that the pad sector is -

defective in response to detectihg growth of the previously-identified defect.

20. The apparatus of claim 19, wherein the control circuit is configured to remap
the at least one region adjacent to the defect region by adding at least one sector adjacent

to the pad sector to the defect map.

\

l21. The apparatus of claim 17, wherein the control circuit is configured to remap

the at least one regi‘on adjacent to the defect region by reassigning at least one sector



defect -and remap the at |east one region subsequent to operational use of

. the data storage device. 25. The apparatus of claim 16, wherein the
control circuit is configured to detect growh of the -
previously-identified defect and remap the at | east one region durféJIgnmm
idle tinme subsequent to operational use of a data storage device
incorporating the data storage medium 26. The apparatus of claim 16,
wherein the control circuit i's further configured to initiate a predictive
failure analysis operation in response to detecting growh of the '
previousl y-identified defect beyond a predeternined threshold. 27. The
apparatus of claim 16, wherein the data storage nedi um conprises a.
magnetic disk in a hard disk drive. - 5 FEB 2007 28 28. A program product,
conprising: (a) program code including conputer readable instructions

confi gured cﬁﬁ)os te@ictallg NG Bfec@oPsEitbatsteyativdentticfpaddectef ect on a data
storage nediumin a data storage device, wherein the.previously-identified:

defect is associ at ed vvlth a defect region that has been mapped to a f| rst

repl acement regi t he furt.h cQon dto.re | east
one region adja hFo"lPP émgQ? gl]é ?g’g lbeﬁelf‘gﬁ%ccggr@ 1 Cmﬁéﬁf’ﬁ@ nﬁ?(’ I Pon to
accommodat &, f gn Jlspgnegtreg jfcertth@ (R R Ye P HSHi ot B)dﬁ:%s'l%i il Eﬁlfrﬁﬁs' of s@féts (b) a
conput er readabl & medi Gm bear | ng the program code 9. e program product

-of claim 2811spd§c’ﬁz&bﬁhdmpemmmnfehe dctfecdatd:glen nmedi um includes.a recordable-
medi um  (632953_1) ; XL | o

23. The apparatus of claim 17, wherein the first and second replace’nieht regions

each comprise at least one spare sector.

24. The apparatus of claim 16, wherein the defect region is assigned during -
manufacturmg of a data storage dev1ce incorporating the data storage medium, and-
wherein the control C1rcu1t is configured to detect growth of the previously- 1dent1ﬁed

defect and remap the at least one region subsequent to operatl_ona] use of the data storage

device.

25. The apparatus of claim 16, wherem the control circuit is conﬁ gured to detect
growth of the previously-identified defect and remap the at least one region durmg an 1dle :
time subsequent to operational use of a data st,orage device incorporating the data storage

medium.

- 26. The apparatus of clalm 16 wherein the control circuit is further conflgured to
m1t1atc a predlctlve failure analysxs operation in response to detecting growth of the

previously-identified defect beyond a predetermined threshold.

27. The apparatus of claim 16, wherein the data storage medium comprises a

“magnetic disk in a hard disk drive.



-3 FEB 2007

28
28. A program product, comprising:
(a) program code including computer readable instructions configured to

detect growth of a previously-identified defect on a data storage medium in a data
storage device, wherein the previously-identified defect is associated with a defect
region that has been mapped to a first replacement region, the program code further
configured to remap at least one region adjacent to the defect region to a second
replacement region to accommodate for the growth of the previously-identified defect;
and

(b) a computer readable medium bearing the program code.

29. The program product of claim 28, wherein the computer readable medium

includes a recordable medium.

(632953_1):MXL



