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;e3e\.d6T~y Field of the Invention The present invention relates to data
" storage devices such as hard di sk drives, optical drives, and the like.
More particularly, it relates to detecting, correcting and reporting
defects in the same. Background of the Invention Data storage devices such
as hard disk drives, tape drives, and the like typically utilize nagnetic
st orage nedi a frontmhlch data is read and/or to which data is

magneti c storage nmediumtypically includes a |ayer of rragn W@\mm rial
that is capable of being selectively nmagnetized to produce

transitions that represent the stored informati on. Technol ogy |ﬂ%ﬁ6venents
continual ly reduce the area on a storageimediumrequired to re

i ndi vidual bits of information, and thus permt greater a m@mm\“m\
information to be stored on the storage nedium. A hard drs

exanpl e, may be constructed using one or nore magnetic drsks WFWWZeach

di sk being segnented into a nunber of concentric tracks, and with each.
track being segnented into polar arrays of sectors. Increases in storage

. density have decreased both the track pitch and the sector size for the
magnetic disks utilized in nodern hard disks drives, resulting in

i hcreasingly greater storage capacities. As storage densities have

| ner eased, h%"tﬁ‘(‘:‘étvm‘dm'i“i'ﬁﬁ' OFWMEDIRD JFETS(‘;R}F'@I& APATA SPdRAGE

def ect s have df SU T 1ICT Edgiett If(; RS and_ ot ner
magneti c storage nedi a, O ' t her eof can
render certain areas of a storage nedium unaccept able for use in storing
information. Such nedia defects capy iRventipg fromvery small, e.g.,
affecting only -a few sectors occupylrpﬁg a‘L"Z"T'ew' tracks, to rel atr vel y

| arge, e.g., aff@Hcrpn@emanycmmtrdamsm@dalpytbragedevleasg;aclmamhm'dduﬂuhwas;ks
Furt hernore, as storage ities incre nedi a, def.ec iven size
will tend t®PHeRl&kiYes, ?“@tﬁtcgﬁ‘te ﬁ fiaﬁlﬁa‘f quéi;eﬁ Q%ﬁ@cnﬂ%ﬂﬂ?&ﬁ’g adgct or s
and tracks. %ﬁg o] pr oper manufacturing techni ques, at | east
sone nedi a J ft‘égofgggﬁﬁrﬂﬁg%?%ctr cally every manufactured disk. ‘
Conventionally, these nedia defects are accounted for in the electronics of .

the disk drive by effectively renoving "defecjive" sectors fromthe storage -
‘areas recogni zed as bei ng usabl B—Q&Eﬂi@mmt—%ny di sk drive designs,

Surface Analysis o q;;:grlt dERBYU ARG Y 1 sk
drive, e.g., in ggﬁé@%&o&%@%&u{% gﬁl‘iz{nrlﬁ]['dgg & ;{bevgi@ gr nattlﬂcneg&%?algjhe :
di sk drive. uBlizé ngg&%i‘&,stdegeanédmﬁ-oaewhmhslamns madiasd(oatoavhdhdhﬂaﬁs wdttemnd

then stored in a table and renma sabl e substi t ut , élﬁf ar
sectors di spBRERgUG ﬁoﬁéﬁnﬁétué‘&tyip Xr‘ e§ f laypEoignagaet ﬁ“?‘ iSwhenever
a drive att ‘ : h it
nas been: maaBipis o F SRl FAERkaxa o pRidiee m?%ﬁniﬁ“%f;:ﬁ“éﬁt‘?‘ﬁ‘gmt‘ﬁz*‘ﬁg%m
‘operati on ofsteedinfolingkionr Technokgy mprovanidits contaivaliipfecots theayeae ahwnagtt ed,

e.g., due to the detection of saof ror.s ur uns ssful .read

oper at i ons. mrdlsraémmﬁétcarr@é%sentdnﬁ%w Hﬁ’é’s‘stssq #P’i‘?at‘toﬂ t'r‘fﬁt?‘rl%ﬂ%m #H5 P hat
oceurs durl Ngn Ak JFNBAm MRS b8 sloHEPY h@%@ra/g[e danehed e aRkaude aBt the
storage areas recogni ze erng usa he drive. as been found,
however, thaxagh Efe hﬁy%at:bm*iactfeaet;mgsmsucimoasmagnemrdiskandﬂrmhalmﬂcdming

stresses and ot medi a dama%l ng nechani sns, %rre nmedi aBdef ects have a
tendency t o See@eRiad Mty A nymper ¢hreRcantgtracks, and it eﬁéléifrédﬂ 18 segmegied into

sonet i nes aff h [
def ective sepcot rasr§1§ spse??gst %}\}\%?%gsé?‘?dt&%gﬁlenm}aent géegsﬂoggr fhe "fablgglt(:h

non- df ect i veanduhd §@tophike fdk th@ﬁiagﬁetﬁfdlild@emgzaﬂmhmdnfenﬁhal‘ﬁdisks dﬁmctesumhg an
area occupied by a sector identified as bei ng non-defective can be the | oss.
of i nf or mat iionAnereasingly graatehworgge eapacitiebnvent i onal |y, to acconmodate for
medi a defect growi h, vari,ous.sectors |ocated,adj.ac fectlr ve
sectors, which ar %,IBW%H?V“%?’QY? BETRE s oweargg e S%@%Itlb“gﬁ frrafltLl gtgra rked as
unusabl e durgRg § métn%@rec@%télﬂsé ﬁtc?eraséap% phikiontas, féﬁﬂmlsalsnt antBdther
defects, thus r‘e ectively creating a buffer around each nedia defect. From

‘the stand poi mhgnetie Stocdgeanddiid, raparfaetiont indhd megnepiadhyschenesf cangendes aertdn t he
sane. as def ectlve sectors, and as a"ég]f’ t he buffér .areas ci rcum;grl bi ng
A"

each nedi a ddeasaf aéﬁ%a@)@P@B@&“ﬁ?‘@ﬁt s&gggopgg oifgiraations SuRkme The
use of pad s A

defect gr omﬁe?é°§§ édgtr\égéealﬁ s%n eesr ra Is}enggrégg f?‘%“%%? r&gg‘g@gtgggg%sgocé‘gga%Qy and
reliability. Increasing the area of the buffers around each nedi a defect
increases reliability as a conparatively greater ambunt of nedia defect
grow h can be accommpdated for, but at the expense of decreasing the anount
of usabl e area on a d| sk Li kevvr se, seI ection of a m n| rral armunt of '-pad

o . o I Y - e .




dynam c remappi ng of additional surface area adjacent the defect to one or
"nmore ' replacenent regions | ocated el sewhere on the storage nedium As
such, any buffer regions defined around pre-existing defects are
effectively maintained as those. defects grow over time, thus maintaining
suitable protection fromdata | oss that would otherw se result from an
attenpt to store information in a region that has been conprom sed as a
result of the growh of an adjacent defect. For exanple, in one enbodi nent
consistent with the invention, a defect map utilized by a hard disk drive
may be accessed subsequent to the initiation of operational user of the
disk drive to identify one or nore pad s@ctors that have been remapped to
spare sectors in connection with the identification of a nedia defect on a
magnet i ¢ di fek.trasks ho peatiedclacges e gryffediing ranyseetorseatcupyinga bege mimebérenf t hey
have since becone defective thenselyes, thus indicatin hat the nedi a

def ect has Wacks.aBerthereqre. aygprage dgnsities incaease < pdia g?t?&?‘ééf‘ HEELe Wél? fsad
sectors, t ' 1. i sectors as
defective,h§ﬁ§%%§§§3ﬁ§§agﬁéxggmﬁggzhggﬁ%@F%%gﬂkgg%?%?@a??gggsed adj acent to
those pad sect orPespiic adigsétead gidpeomanufperdringetimiquespattlesst smhentedimp. These
and ot her advantages and features, which characterize the invention, are
set forth idefecteoashminractipally everneseigctired digk feenyentionallyndesegaedianer eof .

However; for .a better wu r st andi,ng. . of b | f .

advant ages 4HEFSOHF 3%“(9“9&3?% ?3?%@88{%?0&?5?%? ngﬁ’ glg{éé &F%ff%rﬁ gﬁlgéeéﬁglg Pd be

- made t 0t heqbyeaid 38t Toorh the ditags SOAIIBEVLNIEd A6 BEing READIC by RietdRive. I Whi ch
there are described exenpl ary enbodi nents of the invention. .-5 Brief

Descri pt i onmatfy dislediveatkisigys, Surfacirnalysis TastingoSA T isperorned ddriggt a st or age
devi ce incorporating_.dyhanjc remappi ng consi.stent w.th the . .i.nvention
FIGURE 2 | SRR o6 P AEARARVG & e tkoariechn 3Vl i initipldgvwevel (mping Ot the
connecti on yiy 5&%\%)’@153 $ RTBRRdRYe bdttdrhBn ddisk o8¢ RleAGBed aMd @RnQforkd fhra 1.

FI GURES 3A and are owcharts illustrating one i npl ement ati on of a
dynani ¢ r entajlpiand renmpped o usablelsebstitute, wt"spaagje sehbars disposedin gon-defePli®IRE 4 i s

Snd 38 B st e Gtk SWseRsel e rivG A PRP b SRR R s "
defects on §0e3HEdcar8o Vhich iMRGNREL haghSKoanaRcdssédia i@rpdeh of those

defects and the acconmodation therefor using the dynam ¢ remapping routine
of Figs. 3A- 3B. Similarpstwingdle Deaet oprition oftsemediskdiriveresigns, addisiondl

‘hereinafter i nplemenpt dynam c remappi ng, to acego date for nedia defects
Chat ~gr o YA bhASHEG et ek CoB i IR pi piiistebetf )
due 1o ther glyidhs MEERIRhoA! § BRbessQimMiNi6 thdTediappila Mg BArTBEIREATS Lo
whi ch a data storage medi um may be subj ected during operational use of a
dat a st or agmaylesused to tamaeverngmiedetodtedddfents front the glorrgiearaas reopriged pbeing

i nvention, an ig’:ye time dynam c remapping feature may be provided to

peri odi.cal IVaPIS AT ng defects and verify that the buffer regions
est abl i shed ar oupgad s ol BeWévet,iiNidaatd VarldipFanae besh d4shéithaPagh sect or s)
have not been conprom sed. For exanple, durin idle tinme, an enbodi nent

~ consi st ent medhanichlesticssesand oﬂnemydigdamagiugchgmﬂnqaa@ng aediy defeats haverit i fy

any such sectors that are npo |onger readable. Cenerally, unrecoverable data
in a pad selep CW“HIGFW‘BPIZFWXF‘Q‘EHCH f 8% nfneﬁ@dié ec%eﬁa\ééf’mﬁé@eﬁ?’% M, so to
prevent any BudlpiRatifibd adfettivehkctotsNBlitth&v¢ro BRERAI P ©
usabl e sectsgfrc%;%ﬂﬁggarrgéﬁﬁéﬁtﬁ;?%gt u%gt a, ,lsluch an enb%disnent may perForrr)?
addi ti onal jdestifiidgn deing nonetiefective durirgf SAEL Aarebult ofehe proffth of @ medaddefecta

around an expanded defect. In varjous enbqdi nents, .defects e originally
det ect ed dulini sparoccypiefdy asectaridsntifisd asbeug noa-defectiye P@}b%'gg?%ﬁﬁi‘%na| use
of a data sior; ' ' ninitiated. Regardless of the origin of
such def ectg‘,mﬁ%ﬁg@gt\ré,}e%gns%e %? dynam c remappi ng process nmay be utilized
to address any gcenditionallyhesecelamedits foridtialdefecttgsowibn sarkiussectodstibeatdue
‘invention typically performdynanm c remappi ng by attenpting to detect

growth of aadjacent idestifjed dedentive peseprajarhieh atg GoRMPN LIedqrEsddg @S rkadl SeRtCEnd

then, in response to detect]i sSuc o) vk J : . [ QNS
adj acent t o™ yBEQ}aBldea@ é’BB?abPegchmf‘ﬁg Agfa?n\(g(?: ‘duri :t:lggiirQ ?Ile Pgl%ﬁ%l(r}é?l%yégg éFgéc]’gf ect
region. " Typiegh lidusSdfditQYeRpiNga BEfdasountleattoedin defeeTHfBin e Sfandpisint

adj acent reglons to one or  nore replacenent regions, where the replacenent

regions are typically in addition to other replacement regions to which a
defect region will have typically been remapped to prior to the
her ei n-descri bed dynam ¢ remappi ng process.



I n one exenpl ary enbodi nent di scussed hereinafter, for exanple, a data

" storage device such as a hard disk drive may incorporate one or nore
magneti ¢ di sks having surfaces that are logically arranged into arrays of
sectors that are typically further arranged into nultiple concentric tracks
or cylinders. Defect regions will typically incorporate both defective
sectors for which data is unrecoverable, as well as pad sectors which

t hensel ves are initially not defective, but which provide a buffer region
around the defective sectors to inhibit data loss as a result of the growh
of a pre-existing defect. Typically, as a result of SAT or later testing,

t he defective and pad sectors in a defect3dtegion are remapped to usable

- spare sectors |ocated el sewhere on a magnetic disk (e.g., via inline or off
site reassignsdrivesislértiohit, patitsectptssard vemetihs sarmeiahdefectiverssctais, nd assuth, i n
access being diverted to the,approariate spare seg}or. V%LLe t he

her ei n- descthe bufferamesirumseriting eachapedia defet gragxchidad Sromy beipg utadde siofs | i zes
di sks that | corPorate magnetic layers, it will be appreciated that the

i nvention rﬂé%qmglﬂFilized in other environnents that utilize storage nedia
that may be subj-egd udeQrpRalsedtsls vGleprofiding the @iligus ateuinmabite farrmddiaed
magnetic or optical nmedia. Therefore) the invention is not limted to the
particul ar dafedtzonwthnersates acuslcsidabetradenfl brswesn| storpgecenpacitsband rekiabalitant

bel ow, the al gorithm utilj jand a buf.f i on t hrough th
s, gnierincdasinn e athen e QuTas SRPa cxhaniih el P iiet MBI AE Lo
for differ e&}m;ﬁirétﬂiléyeg}g er diRSun SPMRHR defdct %@Wﬂb@qﬂ&%&@ﬂhﬁ)&@dm b@rat an

algorithmto thet growt h observed. rectional padding, mbich
restricts tihe eapist obdecodasing dhesenount of nsrblerreaoma diskx Lilevdsea seleatiopodd

direction of , growh, na¥ gf desi r abl fgr d f@§t§ such, as _nedi a crﬁg s, t hat
have. been deinsial HBENTY 6 B SEISRHPEN Far ancdLdaTeq avasipizet poRiEe Ban el
paddi ng, Onrehﬁ'&s ARk Jﬂ%{j&dr?oeé@h&'a Ab1E STRAE 1059 adREdihR P ni dIiefecty Uxp @i dihg

buf fer around a grow ng defect, ngy be desirable to place additional

reassi gns apeyond ttair Brighedbuffet erhs.r egi on, e.g., to address enbedded

particles or nedia pits. Wile either algorithm be used, al one, .in sone
embodi nents, it Hegreloee éé@"?fé’&l"e“qeg?‘a? At ef“gé%/ HLTmPTOged WeRRes PE nt

al gori t his Pagx%ﬂﬂ H%Oé}omeof%é&&&éféctgbﬁm h&lc @isGid 8fhe foMRMI it di@lsRfdge BY

i npl enent ed ynaﬁlc emappi ng as described herein, a data storage device is
abl e to takgegiapamihipagicoigdor &sintprovesiduarmed tiabmbresapphyprigtadwhalesiesct s.

Mor eover , _8_typicall sqﬁhler, and nore aggressive buffer regi ons nay
be utilizedmwﬁéﬁﬁﬂﬁ€6¥@%¥ HabHlii a defects to m nimize the anount of space

that is renoved fromthe usabl e space of, a storage nedium thus maximzing .

storage capacity. In sone enbodi nents consistent with the invention,

vari ous paraneters and characteristics utilized in connection with dynamc
remappi ng may be configurable by a manufacturer or custoner. Sone of these
paranmeters may include, for exanple: (1) an ability to turn defect growth
checking during idle tine on or off, (2) the nunber of data recovery steps
to all ow when readi ng pad sectors before perform ng additional padding, (3)
the total nunmber of reassigns that can occur before predictive failure

anal ysis (PFA) operations are triggered, (4) the padding al gorithm used
(e.g., directional or perineter padding)) and (5) an ability to specify the
nunber of tinmes additional padding can be added to a specific defect. Oher
variations and nodifications will becone nore apparent fromthe

her ei naft er-descri bed enbodi nents. Now turning to the Draw ngs, wherein

| i ke nunbers denote |ike parts throughout the several views, Fig. 1
illustrates an exenplary hard disk drive 10 that inplenments dynan c
renmappi ng consistent with the present invention. Drive 10 generally

i ncl udes one or nore magnetic disks 12, an actuator arm 14 includi ng one or
nore data recording transducers 16 (also referred to as recordi ng or

read/ wite heads)) a voice coil notor 18) and a drive controller or control
circuit 20. Control circuit 20 may include) for exanple, a processor such
as a mcroprocessor or mcrocontroller 22 to manage the overal|l operation
of the drive. Firmnvare or m crocode program code executed by the processor
may be stored in a ROM 24 or other form of 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 electronic circuitry that is controlled under the managenent of
processor 22 to store and retrieve data to and fromthe magnetic disks 12.
The electronic circuitry typically includes a nunber of functions that are -
represented by read/wite circuit 28, servo circuit 30, interface circuit
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In general, froma software standpoint, any routines executed to inplenent
“any of the functionality utilized in the various enbodi nents of the
i nvention, whether inplenented as part of microcode or a higher-1|evel
_program such as an operating system application, conponent, program
obj ect, nodul e or sequence of instructions, or even a subset thereof, wll
be referred to herein as "conputer programcode,” or sinply "program code."
Programcode typically conprises one or nore instructions that are resident
at various tinmes in various nenory and storage devices in a conputer or
programabl e el ectroni ¢ device, and that, when read and executed by one or .
more processors in a device) cause that -device to performthe steps
. necessary to execute steps:or elenments _enbodyi ng the various aspects of the
i-nvention. Moreover, while the inventi SWMYand hereinafter will be
described in the context of a fully functioning disk drive, those skilled -
inthe art w || Bepnemtiahenitipates driecorumore pusblemb aperetet svitf the peor arvbyiti on
are capabl e of being distributed as ragr roduct. | ri of \
forms, and PHYIRGHAT FMRFEANS BW%PF@C%%‘%&P 8@’8?%ﬁlgé§c%?t¥£%hg%%érti cul ar -

type of sig Q@Laggg@d' i icR e BRimof fiedieAllh Yot detebisidnahelirblage ut i on,

Exanpl es of "si earing nedia inc are not limted to. recordable

type nedi a siediunasreunhlstdd to datedt ayrgrowthanithase wefeotsyovaptiingesuich thabpryy and |

other renovabl e di sks, hard . disk dri.yes, neti c tape, .opti.cal disks ’

Cear " O raneciedumsh of & PrvioRbTgeRAT R eTesEi e SRiogR B s TBR . such

- as digital gnd analog ¢ Leat an. 4 - ; v rdwar e -
St andpoi nt , APOPRaRyR PR PLERpNrtatden pditepl MO TRIR, B e

" hardvare, sughckmpirb@ioad locatedBliciere on scdeorage tedinen. i Apbwhpatydafien a

circuit arrangenent incorporating one or nore integrated circuit devices as
wel | as addiqg?malbﬁsqﬂoqs@md prg-exisHag defierte Wf@@ﬂéﬂv .m%#ﬂég% .PS%%@??%S vel |

vel | as addragianefivesppsonnd pro-ceiscoe defete eccHssHtely S1inpired vel |
and T abr i caBBa DA o s B FLEA At BB iy R Fo bR R IR e

har dwar e defdsiit FiogNarPatR@pa G stoteiaforaafiomnin 4 legiohayaslins béent doenpromised &s a-
arrangenments on the devices. The prograns are typically generated by a
desi gn t ool resnld ofithe gsembheni as adiageni decduri ng manufacturing to create the
| ayout masks that, defi Ay | TR 1g HEni L &l Pdddect
sem conduct or waFgrr?xa?‘&gl’égﬁ?e;é,lﬁ?(ﬁ%ﬁlg@o%?g% ar‘eﬁgfr%gg?%‘g%niér)\ a cpplélgefi ned
format usi ngipzdaasydVREE AR Uiive hiagbelaaregstagabichBint te theHinimtiviibl opevationklog,
EDIF, etc. Wile the invention has and hereinafter nﬁx be described in the
context of wharefithe disk drikgdridansily ona erraere @ad peeted hay haymbach SHMIRESY 1t egr at ed
~circuit devices and el ectroni ¢ .deviGes . callddi Falledil8eRaNG: a bgwscAlck! | ed
in the art ®{F scg:ﬁo&s 'é“c?ogl%‘é&{&h&ﬂgﬁlreg%?‘tn‘ﬁg%drdgn%fgne%%s ?:onsi s% ent v\,ict h the
invention amsecipabsecppaibpethes bbetanged icsdatéch whethenthephayr sinceheodtuet s in a
~variety of fornms, and that the jnvention appl.ies. equally regardl ess of the
parti cﬁl ar tgisetivsrthemsplygs, @éé?‘ldﬁfj‘tlﬂﬁ&?a&aﬁgggll? efg%tﬁﬁémij/mctggw O3t "Pfie
di stributio o @ parsedtBrs OfhE Qb fek O BB p d YD RITUEntif
renapping‘cgﬁgp@%%%#daf?%dPﬂgayﬁjgﬁffgﬁé’typig%lIyﬁgbgefe?t map of g%ne
sort i's requhdsefad SecrtRé i difectivef aximatémap oregamibm gdditienahsegvisispdesdect s on
t he magnetic disks, as well as how the sectgrs assoqig@§8 W th these

defects ar e adjanens pethoswpasirsetorsiecrestsaddiionebppdsectoria Gfedt MPragnet i ¢
di sks. In general, to inple } o] NS S ATV s
Mvent i on, it 1 o Thets iR AV OB fafRAPY BikLGARRLEHEE e bl e sc
" convent i onalfogefest cliBRs AheR€I KBrétoant fermingh aatliey pars hereof. sHowevbs, farepar at el y

identified fromany pad sectors that have been created to form buffers
around i dentiefteravhdeistandingof giegnventiphesnd of shejedvapipgespng bigst vesadaided t or s

turn defectiyve, such pad sector b ot i i fd As, bei ng
defective, dhrgugh B%“%fﬁq‘?‘fﬁmf&g‘ﬂglsgﬁgﬁae(@ttg?‘%ai?lr%g'rlé érg’ %gidﬂ o?ﬁ%%&g&bﬁ%ﬁ 0 a
defect |1st.qofQE 0B8R n GAlch thdré Hﬁtdéﬁé}ﬁ)ed%kém?ﬁ@ érfodigb s bf e ppiengonf -
hard di sk dives typically consist of two logically distinct lists. A
Manuf act ured Defect List (PLIST) typically includes sites mapped out as
def ects during manufacturing of a drive, and a G own Defect List (GLIST)
typically includes sites not associated wth any PLIST entry that becones
defective during normal operation of a drive. A PLIST and G.I ST are
represented in the defect map illustrated in Fig. 2 at 40 and 42,
respectively. - 12 To i npl enent dynam c mapping in the v

her ei nafter-descri bed enbodi nrent, two additional new lists are utilized,
one referred to herein as a Manufactured Pad List (PPLIST) 44, and a G own
Pad List (GPLIST) 46. In this enbodinent, the GPLI ST and PPLI ST not only
store location information, but also either explicit or inplicit
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. wWth the inventi©o

SAT al gorithm Furthernore, pad sectors, e.g., at 29052/0/339 to
29056/ 0/ 339, 29052/0/337 to 29056/ 0/ 337, 29051/01338 to 29052/ 0/ 338, and
29056/ 01338 to 29057/ 0/ 338, are al so added to the PPLIST and remapped by
the SAT algorithm The state of the defect map for the exenplary drive
after SAT is as shown below in Table |I: TABLE |: DEFECT MAP FOLLOW NG

- MANUFACTURI NG _

PLI STPLI STG.I STGPLI SDPLI ST29053/ 0/ 33829051/ 0/ 338290541 0/ 33829052/ 01 33729055
/ 01 33829052/ 01 33829052/ 01 33929053/ 0/ 337296310/ 33929054/ 0/ 33729054/ 0/ 339290
55/ 01 33729055/ 0/ 33929056/ 0/ 337290561 0/ 33829056/ 0/ 339- _29057/ 0l 338 Now
assune a customer has configured the dri~fe- using the follow ng settings:

(1) defect growth checking function is enabled; (2) one data recovery step

is allowed for - 14 manuf achpeEDPa$i ofit i data recovery steps
~are allowed for grown pad sectors; (4) a nmaxi numof three pad sectors are
al l oned to beconBIGIEREdtis wblockidiagramjof & Hata stopage; dsyige incorpRars mapdy - 5

particul ar defect can be pa&? d,,at .nost two tinmes, after which a PFA issue

i s tripped; rear@Ping)ConHECH Y ﬁ‘ﬁ‘%‘f%ﬁ?’i"t hm sel ected is directional padding.

- Turning now to -Fpgﬁ' JREA i di 0854 verd) @R RRbLAGreE AtilizddinPOneetisn st ent
S ?ﬂ?ggkgggggyg%irst,ras shown at block 52, it nmay be

assumed t hatyithgnatfic\embpping/ivi thelhty speageatenicngf Higr bl file operations in a

Kk inth t. Periodi I utine 50 check . th
rive s in an | BRGURBE3AaTow, Hoxchats fhiindant HEFEhBiRESrACRARe, 20
or wite operations lzla‘lrl]rge iﬁ?heoiﬁﬁéto%ﬁﬁeﬂﬁéefﬁi yi.functions taking place. If
‘bl'oc 2.

not, cont r of*4PHEAS enever the drive enters an idle node,
however, bl ock S#IGEREMESS floweha® ivsratigihk résap endlearoutise réferepesd indligsat i on
settings to determne if defect gromh checking is enabled. If not, control
returns to BAomH 3B2; ot herw se, control passes to block S8 to determine if

any P VI ous, 9 ORI s M Piock efigrapf il RRGE RUnbAcPREdia el B © any

entries in the i'ndrc at a p tor has previously
been det er nmypegelop a Raofief @i, ud bNthe ot sfomoseidefect ynd tiecacoemmogdatign
Initially, no sectors are listed in the,DPLhéé, S0 ﬁlock 58 wi Il pass
control to ihereflr @ing heidynanig remapRiRHIPUHac @ k ek pad sector in the
PPLI ST, ensuring that all known pad sectors are readable within an all owed
nunber- of data recovery steps (in this case 1). Specifically, block 60 sets
a pointer to point to the PPLIST, and in particular to the | ast sector

~ checked so that the next time the drive goes idle defect growh checking
can continue where it left off until the entire list has been checked (as
it is possible that checking of the |ast sector could have been preenpted
by a higher priority drive operation that brings the drive out of idle
node, e.g., a read or wite operation request). If the drive were to remain
idle after conpleting a pass through the PPLI ST, the check starts again
fromthe beginning of the. list. Once the pointer is initialized, the
current pad sector is read at block 62. Bl ock 64 then determ nes whet her
the read was successful within the allowed 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 increnent the pointer to
point to the -15 next pad sector in the PPLIST. O herw.se, control
returns to block 52 to commence with normal file operations. Returning to
bl ock 64, if the read of the pad sector was riot successful, block 64 calls
a remap handl er routine 70 to remap the now defective pad sector, in a

manner that will be discussed in greater detail below Control then passes
to block 66 to process additional pad sectors in the PPLIST. Fig. 4 _
illustrates remap handler routine 70 in greater detail. Routine 70 begins

in block 72 by adding the now defective sector to the DPLIST. Next,
adj acent sectors to the now defective sector are remapped to spare sectors,
and added to the GPLI ST (block 74), using the sel ected padding al gorithm
(e.qg., perimeter or directional). Next) block 76 determ.nes the nunber of
grown pad sectors that are associated with the current defect (i.e., the
nunber of GPLI ST sectors linked to a particular defect). If the nunber of
grown pad sectors is not above the configured threshold, block 78 passes
control to block 80 to determ ne the total nunber of grown pad sectors
(i.e.) the. total number of sectors in the GPLIST). O herw se, block ?8
passes control to block 82 to notify the system e.g., using a Predictive
Fai lure Analysis (PFA) issue or notification, and thereafter ternm nate
-routine 70. Returning to block 80, once the total nunber of grown pad
sectors is determ ned, block 84 then determ nes whether this total nunber
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In addition, assune that, during a custoner read operation, a soft error
"site is located, and the error site is reassigned to a spare sector region.
This will be considered a grown defect, and so will create a QI ST entry,
as well as any associ ated padding (e.g., via perineter padding, as shown in
Fig. 5B). Pad sectors around GLI ST sectors will typically be identified in
the GPLI ST, since the associated defect did not exist during manufacturing.
A grown defect is thus typically treated |ike a defective pad sector
except there is no original defect associated therewith. Table I
illustrates the state of the defect map after the addition of the new pad
‘'sectors: TABLE Il: DEFECT MAP FOLLOW NG. 4 -DEFECTI VE PAD SECTOR EVENT AND A
GROWN DEFECT
PLISTPFLISTGLISTPLISTDPLIST29053Iq&§§§£9@§$ﬁ9533829058l0/33829056/013382905
4/ 01 338290521 0/ 337 . 290
5/ 0/ 33829052/ 0/ 3B@2&aMNcdi LS ARSI RdrdRaTRG (mpleticdBIRDOE A HONBPIREAI05410/ 33929
055/ 01 33729055/ 0/ 33929056/ 01 33729056101 3 82905610L339%§8@$/0/%}§§%&59/OI332
Hs&abl 8

29060/ 0/ 331=gowoIogatg Sor media defsets dhat g §eyand the.Griging fed

above in connection wWith r ' redic.i ' anghysins (PFA)
triggers na?}lcﬁggﬁegtgtég%?mﬁa@ﬁﬂﬁ} égr)m%%ta ﬁ@hlﬁyggﬁgéﬁhgﬁggg%ctgggomh st ep)
so the nunbgeciahiseRité Whschi dddih@ofabt ddiurpapbe sitgedatiduiyag) opstativhal use of a
configured threshold. Since the total allowed growmh for the drive, and the

growt h of tdnta garage deNied- def ect does not meet the configured thresholds, no

PPA i i gger.ed. . Now I. i = h

been o eat ed. i iRy of HEbelelE Rl yithe Aen@iEn JaiFtinledhniflc ¥ 1S

time bl ock éﬁ;akﬁi_ng%_@trﬁy%pr&ﬁ&éd tdlpeibditalnassiciveexidiggleftBts(aht yeriBBhat | n
it

this regard, typically desirable for the GPLIST to take priority over-
the PPLI ST thebafferregions @mibliSiedarowrdethoserdgfasts: (6ypirally dmplameatedysing padpr evi ous

hi story of growiing. Block 88 initiat a two- S i ng
O ovn de ectocirangre gotbeen Cnpromsel oy &, ShEle RICARE ol ShraifabM N3,
does not gel,jsRRAE with thelilferitioR #05SchidehtEfdPadakiters tb edenbifbanypach shetor§ 0 a
custoner operation or higher priority function. Block 88 initially;

A Y
however, sethat 4rbao paigat radable. paénerallyounreesverahler dagt intapadapetosyould|ipiek thah
then perfornms a check, .t nsure that GPLI ST sect oh h h
defective afHaqIRCR! ‘Bﬁfﬁéa"'fleeﬁtﬁlaﬁgrm SEP PN apy %:uﬁtg%kérg%}ll P ﬁég&%%?wts ect or
I's not in tﬂﬁ%}ﬁgﬁlc%se E&H}%&ﬁiiseﬁﬁﬁlﬂe&&&s B PfkulDih Tost e, kedhmanfenitialément

operation on e sector. Block 94 then determ nes whet her the read was
successf ul miay pénfioranadslitiamabrtassigns én oxsier togepsiacya barggrdulfer phpad arepargifife
threshold that is Lézfg in block 64, or a different threshold, may be used
in bl ock 942" $PapdRdLelsel i e the configuration allows no data recovery
steps before faitjngoas &MBsHimeAts e hapse @%ihlzﬂl% ddndooakdRihgSA T, or byt i ne
70 to remap the bad sector. Ot herw se, control passes to block 96 to

det er mi ne wheddtentedalater, @] AFr operational gl aslata st device has beep ingjateds ych

sectors have been checked, cpntrtal SSes i e

poi nter to ﬁﬁ%arﬁi]@%&él&?‘lﬁm Pﬁsgchgle@% lg;wev%gr# #%’I(E&tcﬁ'g%ﬁ]?ce%egl(réﬁ@ﬂ?ghgk‘%ck 90.
Mor eover, r i ord @dfedty) the GPLIST is also in the
DPLI ST, conﬁag:bgggg%éggog??g%ﬁ%g gtr%\{/tg?)gg%%& c(%nce all sectors in the GPLIST

have been checkeBmbodintent|copsistemtswittothp limskticioypicelly pesomnAyaghc ramapping| ST
entries, checking all PPLIST entries tha e.as i ate it e -18
same origi nBY AdRMRME g detectrowthgf a[ﬂﬁ‘i‘%’ﬁ‘%ﬁ%?@ﬁ%&%&toﬂgt&af %?rtagil ST

defects, thera, ! | T éﬂéﬁwtﬁmﬁh‘h R@of inbd 8giond! ock
100 resets egm‘g%iahggﬁnpgrgsiﬁ%ﬁfét?tg@?ﬁlgéﬁgu T, startlp%lggv(\),ith t he flgl’St

sector in théjaf¥mttcregivatassosiatddtkedefed, teferzed tehetein dsrp tdefecDrRgiosT. Bl ock 101

then perforns a check to ensure that the sector is. not _already in the ,
DPLI'ST. 11 {NEicaotish FrEanpiie oovig bipuhine Amempras e aavepl Sl S oRom ock

| 02 to performa read t. : LResqdig daer the
read was su@gggg?&Fe 1?E?%Q§%a@?%ﬁ&%gﬁﬁ%ﬁﬁéﬁ9@?&%§gg5§?%ﬂg?g%% (e}g., usi ng
‘the same t higgheipthcaneittedbcts vifch s tsfes &b &l Bavertygisally echedmappeéad) . | f
a bad read occurs, remap handler routine 70 is called, and control passes
to bl ock 10lpriofioithe hirsia;dels¢rdek dynamisaer8RPIREOPTOFSS: directly to bl ock 106.

Bl ock 106 determ nes whether all sectors in the PPLIST that are near grown
defect sites (i.e., linked to DPLIST entries) have been checked. If not
control passes to block 108 to increnent the pointer to point to the next
PPLI ST sector linked to a DPLIST entry, and then back to block 101 to
process the next sector. OQtherw se, block 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 DPLIST, control passes directly to bl ock

A PNN— - T~ - " e B . e~~~ A NN s




-20 new pad sectors still occur, but even though the total nunber of

" defects is now above the configured threshold of three, a conparatively
nore inportant PFA event that a single defect has grown nore than tw ce
will be reported. Mdreover if yet another pad sector, e.g., around the
GLI ST entry (e.g., pad 29059/0/332), goes defective, then it will trigger
the PFA for the total nunber of growh steps being too large. In the
exanple, the configured threshold is set to three, and four defects have
been added to the DPLIST. The presence of these additional failures and
remappi ng are shown in Fig. 5D. The GPLIST entries that went defective in
- both of the cases above are placed into.tthe DPLI ST, but also remain in the
GPLI ST, as the DPLIST is principally an accounting nechanism This is why

it may be desir lcﬁxcte%ﬁlﬁﬁiéy Qﬁg&h%ﬁtld%@u?s?m%r @f,?oﬁ)%g@é,iar}ﬂté of2 @EE

that entry to make sure entry s not for a known 've pad.
regard to tasickeher hs fh@d disk dibg oy idessporate! ohe tod nvegmagndtic dsicstha@fngt he
PLI ST, PPLIST, G.IST, and GPLIST lists into buckets in sone instances to
associ at e asutfapesdhateire ngically erranged infepeays efssstorsshatras typicallyderdhaig. Thi s

can be acconplished in. a.vari A . f . . iS exanpl e,
one net hod %%FEH?HSO pglltépg% F%’Wg‘é%{tlg Exfaalg?%%{y hg#&ss' e@éfg#t@?@?ﬁ{@&?b@ic&y? s a

def ect nunbgeorpbite béth GbRE®E JeBrokdor whith datil i0 frevbeiabilé, s Mastipdsipad sedidtst hi s
way the PPLI ST and GPLIST entries could then reference the defect bucket

nurber t heywhick theak¢l veg areThitisliywnet defestub bat whish prenide s juier regioataseinddbe
sectors as scribed in connection with the.loo | ocks_.104- 108 of Fig.
36, S ne. SRR o ONEC Bk Harenbl B b8 &fhafth of = Re el iR

manuf act ur i pghi Ak eed Srekfle bGATRE Biedr 1R, the BefRbtileSind ARSI SshRY AefeBEN
omitted for Clarrty. The three PLIST en%rl es would typically be associated
wi th one defegioh amickeppedtodisaliie sgar¢ SFtateloseted skewhere wo @l dagretia dsgagat e.

def ect bucket., For il]luystratjo urposes, in Table IV, all sect.ors
e seal at o ik inimes ofrsa rearieny). Sieh B Blom it shary RATrSSHAE

di vi ded tab i I GihRlhir¥ s@dtor@associ ati on: -21 TABLE IV
ADDI TI ONAL %E%ﬁﬁ%&%é?tﬁé@&’%%&ms% S
PLI STPPLI SGLI STCRIbilSThaer S &5ibED £BB8I 0@ 5/[08 38 20068 Tt BBBR 9656 [1AF 3382905

4/ 0/ 33829052/.0/ .. . - ) . .. . . .
3729059/ 0| 34BHEHSikDIheLBSYPSEITPATETS BT olf Y31k be ARRIPERISS S ReInHIsi9829053) 0
[ 33729053/ [ 35/, 3729056
1 01 3382005678 1500 TAGdn PFE P benINGR URh O crige RO/ R HAARRIRL &

1 0/ 332* 29050444 38RLRIDFOV BiBS 1¢raOGBE/ /383 MRS/ @ rpseal medis Htreldraithey e,
various alternative data sfructures nay be used,to represent the various
sectors in BVEROBE “ﬂ‘atﬂ“t tpé%%wlc%gfef\géggwcrﬁ%g}ﬁ%qsge ®Recki ng for
defective pad SGAF QP bERYneIBordaparbit telbfy, Bhd ABARhnURIlIZES tS4GHAnd b b@ffer
“invention is not imted:to the particular dynham c remappi ng routine

i |1 ustr at edregionFhpsgh 8, re3B gamentof adiitienal pod séctara piaximatgial defdpd reghpagasnt t o
one of ordinary skjll in the art. Therefore,, the.i,nvention lies.in t

clai s her eY4H¥% qréﬁf%fﬁbteﬁ‘m%tb‘?“s' OLEX RPN 11 IgayclPea‘?eisf’é?quF g‘? ajlor a0 glepgithm @pﬁe

oper ati ng atgpéppéxgﬁl]foﬁye}% Dircbiiéhal YRRirg) WhitflirBdriéts ﬂ@&ﬁitid}?&ﬁab@éctorﬁ

identifies east one defect on a hagnetic disk in the hard disk drive,
and t hat r efapstontprbxiamte odeteatef dictciioreogrowth, maydeclesirable furtdefectssudedsect |

~and at | east gne non-defective, pad sector disposed adjagent thereto, to
Spar o sect oMETACEISES L BHERHOISIBINGEHE DreSPRIRIE 102 SRSCI T AR RO

conpri si ng, t Q. i f.at.l I ; \¢ i sk
ari e () BEHBREHERIng) B LB MR BicrORE ARl 6 lindinh Sord SRR 51
scanni ng t hgrobidla gR(EIAE dérBet, tiay Be teshgblt baplatdadditbahabmassdgnsi ssoutelf ancentivee,
wherein the detection that the pad sector is defective_is indicative .of

growt h of tdefeataegion, e, tormddrgpiehaddedipasticles, eymedia pitantY hilg either algasithmse to

detecting that,the d sector s f I V. J Yol :
i dentif ygt hglaﬁgﬁ ugeggﬁ% & U eﬁ% oggrfm%g{, i‘tvrg?y %%@frg@gb%?ﬁﬁgﬁéaﬁ&asg I fir(?)rﬁal
sector di spagRenddigafithitts Baed WRndRd @stédiedechandicpieidsr atrBedif) defdeti t i onal spar e

sector on the magnetic disk to create an additional pad sector in the
def ect map. By implemented dynamic remapping as described herein, a data storage device is

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



=23 2. A nethod of mapping defects on a data storage nedium the nethod
~conprising: (a) detecting growh of a previously-identified defect on a
data storage nediunm) wherein the previously-identified defect is associated
with a defect region that has been nmapped to a first replacenent region;
and (b) remapping at | east one region adjacent to the defect region to a
second repl acenent region to accommobdate for the growh of the

previ ously-identified defect. 3. The nmethod of claim2, wherein the defect
region includes at |east one defective sector and at | east one pad sector
di sposed adj acent to the defective sector, and wherein detecting growh of:
the previously-identified defect includeg.scanning the pad sector for a
defect. 4. The nmethod of claim3, wherein remapping the at | east one region
adj acent t : | sl Walal 1 or

] acent | T B, o R e e L BT a8 o
sector. 5. méha dekdroch minimizaithe Anowhef epate thue ishefneotd fronsthe usdble space of a
identified in a defect sector |jist and the pad sector is identified in a
pad sect or Storage mediBmpthilh BAXIYZINESEOTagEAPREIYg i ndicating in the defect nap

that th yad segt ' . g L .get | h aof th
br evi ousl y-1 denth ok ERERUEENsEonlifeh IR IR SnIAUDE ARBL adlb @ w08
the at | eagha@b@riiiRgiufNzadh36MYctibR wifhedydBhRClemas) hgmaiyrbeldédﬁgurgslaingg at .

| east one sector adjacent to the pad sector to the deféct map.
met hod of chaufac@irendiensipmen diimeof thesespardmeeterns maydnglude, der exdmplea i) ano t he

d sect ..the defect i hcl ud tard ng. the at..least '
G own pad SBAiR{b it osfeq stin chEpite g e o oty BT e e e lal o1 " &
def ective iBGvEeaTpk slhIfRH wien FaBingPad 36G6Rhefote ﬁﬁf&ﬁﬁﬁ%ﬁ‘ddiﬁbxﬁd pefand i ve
pad list. 8 Thé nmethod of claim 3, wherein remappi ng the at |east one

regi on adj d3)the tatal mumberieff reassigne fiab nan eesuobieforer predictivrfailgrezanalysia§PFhe

S e{ct or dis %%gr%go sear}ee {naglgle?éd? 843)81% p%dding algorithm used (e.g., direc;tiqna] or perimeter

padding), and (5) an ability to specify the number of times additional padding can be
added to a specific defect.

Other variations and modifications will become more aiaparent from the
hereinafter-described embodiments. - ’

Now turning to the Drawings, wherein like numbers denote like parts throughout
the several views, Fig. 1 illustrates an exemplafy hard disk drive 10 tﬁat implements
dynamic remapping consistent with the present invention. Dﬁve 10 generally includes
one-or more magnetic disks 12, an actuator arm 14 including one or more data recordiﬁg
transducers 16 (also referred to as recording or read/write 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 microprocessor
or microcontroller 22 to manage the overall operation of the drive. Firmware or ‘

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

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



direction of growh relative to the pad sector. 9. The nethod of claim 3,
~ wherein remapping the at | east one region adjacent to the defect region
i ncl udes reassigning a plurality of sectors disposed around a perineter of
the defect region. 10. The method of claim3, wherein the first and second
repl acenent regions each conprise at |east one spare sector. 11. The nethod
of claim2, wherein the defect region is assigned during manufacturing of a
dat a storage device incorporating the data storage nedi um and wherein
detecting gromh of the previously-identified defect and remappi ng the at
|l east one region are perfornmed subsequent to operational use of the data
storage device. 12. The nethod of claim8,.- wherein detecting growh of the
previ ously-identified defect and remappi ng the at | east one region are
performed duringy ekiéld?sszri?t@%ﬁ%u@&gd tBPhé’d@ﬁfo@fti'oﬁﬂ@fu‘t%c&fnt@a giata
storage device incorporating the data storage nedium 13." The nethod of
claim 2, fundiaity smoebiracksngith nachi tedck ecanferendialy divideidaintous minabrealof dits
operation in response to detecting growh of fhe previously-identjfied
def ect beydWeloB. pree@E BANDH B SP’HP@E&’&%EEM §1269 OTQ“G?H%‘?‘%t Big 4k i m 13,
wherein th o 19t Dol d. 1S, . L af ' t f a
JeB a e YRR GHR Bad ol bl o Hapk AR arAIHP 2,

nunber of sectors and 'a nu nmes at

one pad Secdafife ridiu@atiginhgietichiskirifacds is Rgérasd tokS a "dylindert hod of claim 2,
wherein the data storage nmedi um conprises a nmagnetic disk in a hard disk

drive. -26 16.Read/verjspaireuitia8 receingy signabyfromapadiweitethead 16, pagees $BIPUM  and

(b) a controo] citcuit couple o _t.he dat nedi . onrflgured to
det ect vgrovW*?“B?ﬁ%{’ t&sgmog%g}l ?’b’oaélﬁ‘tpla?sleéggta%@é@%%ﬁ%g&?&@ﬂg’g br%ggvg’ medi um
wher ei n t Ne;iRuRYD QYS! e sFPanfbintio & poldudesa dwsigral tht Wiivdt iddebdghotbegi on
that has been mapped to a first replacenent region, the control circuit

further conf§tgyposition ceadbwritp head 16 dsterfaereciraifi 3Frcomuneniesies wish g hestgustemt

region to second, repl acenment region to accomuodate far t rowt h .of the
ot ovi ous!y PRGN St B FagTacey pssing dais Apd FEPTURE Prhlion BerBRE TP
def ect regi P ntidgficads WRRESmRANSr 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 receives a request
for reading or writing data sectors from a host system. Formatter circuit 34 receives a list
of requested data sectors from interface circuit 32 in the form of logical block addresses,
and converts these addresses into cylinder, head and séctor numbérs that uniquely identify
the location of the desired data sectors, in a manner generally understood in the art. 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 \lvhich read/write 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 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,



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

" defective sector, and wherein the control circuit is configured to detect
grow h of the previously-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 | east one region adjacent to the defect region
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 claim17,
wherein the defective sector is identified in a defect sector list and the
pad sector is identified in a pad sector list, and wherein the control
.circuit is further configured to indicat¢0in the defect map that the pad
sector is defective in response to detecting growh of the

previ ousl y-i dent i, ed; def@6ling 8bhsiskhe whRRRS Miverdionfis oipiially 1plemented withihe
control circuit Is configured to remap the at |east one region_adjacent to
the defect wfgé oontivflenddliand typically asing program codsrexgented byipracessohé2pad sect or
to the defect map. 21. The apparatus of claim17, wherein, th oni .
circuit is Eloweveiitaullihs appiegigtedtaat the Yarious O%élqné@?g ?ﬂ‘&&g’ﬂﬁecg%ﬁt ith
defect regiqgn by. reassi.gnj , S 2 o sgdragseral |y
al ong a di rgxlﬁ"%lﬁ regpg ﬁ%ﬁglﬁﬁ%‘%@@é&%@%ﬁhe pag;éxst?anéi %Z}?ﬂg‘gfﬂ@lrﬁ appar at us
of clai m 17 ¢comBRagbmof bisth CABENM| theiifveution issnat tinfited to the pagioudargpogrivg cade

| east one region adjacent to the defect region by reassigning a plurality
of sectors dnplouwatition dessdbed ksseinmet er of the defect region. 23. The
apparatus of claim17;: erein | . : ! i

each conprise at II‘F g%&g{al\é\ﬁ%mgggfrt\tggrges%}lng@lngﬁﬁly ?’ﬁgﬁé&geggﬁg% %g&%&lﬁlpgﬁ%&lggﬁ

wher ei n t he gilefiaehon288) @lizbGinAR6 vgitnd etiboiingnrsofuhemyventiong whkther dat a
storage device incorporating the data storage nmedium and wherein the
control cir émplenientedas parjof micreeode er & bighgi-lsyelprogramsuch as BRAIPING SYEHETS £ i ed

defect and re the at | east one r£qi,o tQ: i e of
fhe. dat oot SPRRRUGRREongt, broffam, hEEk o RodHE P EBIcc! iRREERbICBALHSE B |
circui t is Gonl| UIRH vif delBREd @IRKiRadfoohfpatsppmgransbde,! desitipty ‘pbgiahiect

and remap the at |east one.region during an idle time subsequent to
oper at i onal cude" Frograniatode typivaly eorgprises eng HBHPISIRUIUCHANS that g fesidenbitage

medi um 26. The apparatus of claim 16 redn. . ( i bl S
further 'conf"iaﬂﬁ‘tl%rg‘g?%miVﬁf’?ﬁlsarf’%m%ryﬁpéa?o&%gg\%}g% gsl lﬁ‘t?fcgﬁ@%gr% Pgdgg%g{rntgtt)l on in
~response to ege%h%ﬁitcida%cg,rdauﬂttkht,qthemeawna\eixmwby clerdrinidre prabefsacs inlreyond a
pr edet er mi ned t hreshol d. _ .,

' device, cause that device to perform the steps necessary to execute steps or elements

embodying the various aspects of the invention. Moreover, while the invention has and
hereinafter will be described in the co_nteXt of a fully functioning disk drive, those skilled
in the art will dppreciate that the various embodiments of the invention are capable of
being distributed as a program product 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 fhe distribution. Examples of signal bearing media include but are not limited
to recordable type media such as volatile and non-volatile memory devices, floppy and
other removable disks, hard disk drives, magnetic tape, optical disks (e.g., CD-ROM,
DVDs, etc.), among others, and transmission type media such as digital and analog
communication links. |

Furthermore, from a hardware standpoint, for any of the functionality that is or
may be implemented in hardware, such functionality may be considered to be
implemented in a circuit arrangement incorporating one or more integrated circuit devices

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



~27. The apparatus of claim 16, wherein the data storage nmedi um conprises a
magnetic disk in a hard disk drive. - 28 28. A program product,
conprising: (a) program code configured to detect growh of a
~previously-identified defect on a data storage mediumin a data storage
device, wherein the previously identified defect is associated with a
defect region that has been mapped to a first ' replacenment region, the
program code further configured to remap at | east one regi on adjacent to
the defect region to a second replacenent region to acconmopdate for the
grow h of the previously-identified defect; and (b) a signal bearing nmedi um
bearing the program code. 29. The programﬂproduct of claim 28, wherein the
signal bearing nmediumincludes at | east one of a transm ssion medi umand a
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computer data files, referred to herein as hardware dcfimtxon programs, that define the
layout of the circuit alrangements on the devices. The prqgrams are typically generated
| by a design tool and are subsequently used during manufacturing to create the layout
masks that define the circuit afrangements applied to a semiconductor wafef. Typically,
the programs are provided ina predefined format using a hardware definition language
(HDL) such as VHDL, verilog, EDIF, etc. While the invention has and hereinafter may
‘be described in the context of circuit arrangements implémented in fully functioning
integrated circuit devices and electronic devices utilizing the same, those skilled in the art
will appreciate that ciréuit arrangements consistent with the invention are also éapa'ble of
being distributed as program products in a variety of forms, and that the invention applies
equally regardless of the ‘paﬁiculér type of signal bearing media used to actually carry out
the distribution. |
Now tufning to Fig. 2, in ordef to implement dynamic remapping consistent with
the_invehtion, typically a defect map of some sort is required to maintain information
régérding the existing defects on the magnetic disks, as well ‘as how the sectors associated
with these defects ére remapped to spare sectors located elsewhere on the magnetic disks.
In general, to implement dynamic mapping consistent with the invention, it is
desirable to expand the information maintained in a conventional defect map to permit
a‘ctual defective sectors to be separately identified from any pad sectors that haye been
- created to form buffers around identified defect regions; Then, as defects grow and pad
sectors turn defective, such 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 two 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) typically 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.
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GPLIST that have become defective. It will be appreciated that a wide variety of

O

alternate data structures may be utilized in a defect map consistent with the invention.
For example., a DPLIST may not be used in some embodiments. .Also, defects and pads
may not be separately treated based upon whether they are detected during SAT or during’
operational use. Furthermore, a wide variety of data strucfures may be utilized in
connection with each list.
Figs. 3A, 3B and 4 next illustrate an exemplary dynamic remapping routine 50
consistent with tﬁe invention, and capable of being executed by the control circuit 20 of
- Fig. 1. In addition, to further illustrate the operation of this routine, Figs. 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 routine of Figs. 3A, 3B and 4.
| For the purposes of this exemplary 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 allowed when rcading a
PPLIST site; (3) the number of data recovery steps allowed when reading a GPLIST site; -
4) thé total number of entries allowed in the DPLIST before a PFA trip; (5) the total
number of entries allowed in thc DPLIST associated with a particular PLIST or GLIST
defect site before a PFA frip; and (6) the padding algorithm used around a defect (e.g.,
directional or penmeter)
‘ Turning briefly to Fig. 5A, assume a simple case where there is one
manufacturing defect area consisting of three adjacent sectors. At manufactun’ng time,

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

[
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map the defective sectors and any pad sectors disposed adjacent thereto, to non-defective
spare sectors. Unlike conventional SAT algoﬁthms, however, the defective sectors and
pad sectors are generally stored in separate lists, i.e., the PLIST for defective sectors, and
the PPLIST for pad sectors. In this éxamplc, sectors are identified by cylinder
number/head numbér/sector number. Hence, it may be seen in Fig. SA that, subsequent
to SAT, three defective sectors, identified af 20053/0/338, 29054/0/338, and 29055/0/338
(assuming a head number of 0), are detected, added to the PLIST, and remapped 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 29056/6/338 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 1: DEFECT MAP FOLLOWING MANUFACTURING

PLIST | PPLIST GLIST_ GPLIST | DPLIST
29053/0/338 | 29051/0/338 |
29054/0/338 | 29052/0/337
29055/0/338 | 29052/0/338
29052/0/339
29053/0/337
20053/0/339
20054/0/337
29054/0/339
29055/0/337
29055/0/339
29056/0/337
| 29056/0/338
29056/0/339
29057/0/338

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

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



10 14,110% & ()- k557728U8/:dBuV7OBB ! F"! 10%14& ()-F"! 10%& () - f
109%| & ()- 10%4| & ()- 10%H & ()- 10%4| & ()- /:"=#=%$=%) =>%Ar P70BB
ITRE'119110% h h& ()-,19110% & ()-,F 10% h& ()- 104| 4| 104] 4|
104| 4| ! F'110%| 4] & () - %ADPF} F~FFFF. H{\ : OBB! | 109BB& ()- 1098& ()- 10 h 10
h 10 h910% h& ()- !>9110% h h& ()-,!9110% h h& () -, . HOH*Ns NNOOOCa VK@BB!
10B 10B 10Byl 77! 109B&' () - @@O0YBE& () - fY4109B& ()-!!109BB& ()-!10%
& ()-00STeU WKN<VK@BB!'!'S '109%&' ()-!S '10%& ()-! S '109%& ()-S
1 109&' ()-S! 109%& () - &10%& () - XOYPYQYRYXYg]] _~\ =0BB! ! #
109Z& ()-!L!10980B0& ()-!L!10%Z& ()-F 10%Z& ()- 10 10 10:
109&' ()-m_h_a- bbbbbb}rg\ =0BB! ! 3 109B&' (.)14 -10Z 10Z
manufacture pad sectors; (3) no data recovery steps are allowed for grown pad sectors;
(4) a maximum of three pad sectors are allowed to become defective, after which a PFA
issue is tripped; (5) a particular defect can be padded at most two times, after which a
_ .PFA' {ssue is tripped; and (6) the padding algorithm selected is directional padding.
Turning now to Figs. 3A and 3B, a dynamic rcmappiﬁg rouﬁne 50 consistent with
the invention is illustrated. First, as shown at block 52, it may be assumed that the drive
is typically performing normal file operations in a manner known in the art. Periodically,
. routine 50 checks to see whethef the drive is in an idle mode at block 54, .. g, where there
are no pending read or write operations and no other high priority functions taking place.
If not, control returns to glock 52. Whenever the drive enters an idle mode, however,
block 54 may pass control tci block 56 to examine the configuration settings to determine
if defect growth checking is enabled. |
If not, control returns to block 52; otherwise, control passes to block 58 to
determine if any previous grown defects exist, i.e., by checking to see if there are any
entries in the DPLIST, thus indicating that a pad sector has previously béen determined to
be defective in connection with dynamic remapping. Initially, no sectors are listed in the
DPLIST, so block 58 will pass control to block 60 to initiate a loop to check each pad
séctor 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 read 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
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if not, terminates routine 70. Otherwisc,‘control passes 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 discovered that one of ’th¢ pad sectors (29056/0/338) required five
recovery steps to read. Since, in this example, the step count is over the configured
. threshold of 1, the procesé flow undertakes the actions discussed in connection with
routine 70. As a result, tﬁc pad sector will be added to the DPLIST, and then based on
- the selected padding algorithm (e.g., via directional padding, as shown in Fig. 5B), aﬁ

adjacent usable sector is added as a new pad sector and reassigned to a spare sector in the
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After adding the new pad‘ sectors, as noted above in connection with routine 70,
predictive failure analysxs (PFA) triggers may be tested. Each DPLIST entry rcpresents a
defect growth step, so the number of entries in the DPLIST may be checked against the
‘conﬁgured threshold. Since the total allowed growth for the drive, and the growth of the
particular defect does not meet the configured thresholds, no PFA issues are triggered.

Now returning to Fig. 3A, once a GPLIST entry has b‘een created, indicating the
existence of a grown defect site, the next time block 58 is encountered, control will pass
to block 88 (Fig. 3B). In this regard, it is typically desirable for the GPLIST to take
priority over the PPLIST because the GPLIST entries indicate defect 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 customer 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 become defective and were
added to the DPLIST are not checked.

If a GPLIST sector is not in the DPLIST, control passes to block 92 to perform a
read operation on the sector. Block 94 then determines whether the read was successful

* within an allowed number of recovery steps. Either the samé threshold that is used in
block 64, or a different threshold, may be used in block 94. In this cxémple, the
configuration allows no data recovery steps before failing aread. If a bad read occuré,
block 94 calls routine 70 to remap the bad sector. Othérwise, control passes to block 96
to determine whethér 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. |

Once 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
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same original defect as each such DPLIST entry (note that, for GLIST defects, there will

" be no associated PPLIST entries).. In particular, block 100 resets the pointer to pomt to
the PPLIST, starting with the first sector in the PPLIST that is linked to by an entry in the

| DPLIST. Block 101 then performs a check to ensure that the sector is not already in

~ the DPLIST. If the sector is not already in the DPLIST, control passes to block 102

to perform a read on the sector, and block 104 determines whether the read was
successful within an allowed number of recovery steps (e.g., using the same threshold as
in block 64, since PPLIST entries are being read). If a bad read occurs, remap handler
routine 70 is called, and control passes to block 106. Otherwise, block 104 passes control

directly to block 106.

Block 106 determines whether all sectors in the PPLIST that are near grown
defccf sites (i.e., linked to DPLIST entries) have béen 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. Otherwise, block 106 passes
control to block 60 (Fig. 3A) to continue checking the PPLIST. In addition, teturning
to block 101, ifa séctor is. already in the DPLIST, control passes directly to bldck 106.

Because the checking performed in blocks 88-108 skips through the PPLIST to search all
bthe 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 illusfrated 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 aresult, 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 Il below:
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TABLE III: ADDITIONAL PAD GOES DEFECTIVE
PLIST PPLIST GLIST GPLIST DPLIST
[29053/0/338 | 29051/0/338 29058/0/338 | 29056/0/338
29054/0/338 | 20052/0/337 20059/0/338 | 29057/0/338
| 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
20052/0/338 1
29060/0/332 | 29059/0/332
| 29060/0/331
29060/0/333
29061/0/332

It should also be noted that, during execution of routine 70 in connection with

reassigning additional pad sectors, PFA thresholds will also be checked. 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.
Otherw1se however, a customer might ignore an initial PFA warning and continue to run.
Under this latter scenario, assume that the drive goes idle again after some number
of operations, and while traversing the GPLIST in the loop of blocks 90-98 (Fig. 3B),
another pad sector goes defectivé (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
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new pad sectors still occur, but even though the total number of defects is now above the
configured threshold of three, a comparatively more important PFA event that a single

defect has grown more than twice will be reported. Moreover if yet another pad sector,
e.g., around the GLIST entry (e.g., pad"29059/0/332), goes defective, then it will trigger
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 desirable 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 thé defect map, it may. be desirable to segregate 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 padding. This can be acco-mplished' 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, along 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 checking 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 ornittéd for clarity. The three

_ PLIST entries would typically be associated Wifh one defect bucket, and the GLIST defect
. ‘sector-would be a Separate defect bucket. For illustration purposes, in Table IV, all pad
sectdrs associated with the GLIST entry are highlighted with a * symbol. The divided

table was done merely for clarity of association:
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TABLE IV: ADDITIONAL PADS FROM GPLIST GO DEFECTIVE
PLIST __ PPLIST | GLIST GPLIST DPLIST
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
29055/0/339
29056/0/337
29056/0/338
| 29056/0/339
29057/0/338 ; .
| *29060/0/332 | *29059/0/332 | *29059/0/332
*20060/0/331 _|
*29060/0/333
+20061/0/332
*#29058/0/332

As noted above, various alternative data structures may be used to represent the
various sectbrs 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,3Band 4.

Other modifications will be apparent to 6ne of ordinary skill in the art. Therefore,

the invention lies in the claims hereinafter appended.
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What is claimed is:
1. A method of operating a hard d1sk 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 defectlve sector associated with the defect, and at least one non-defective pad
- sector disposed adjacent thereto, to spare sectors disposed elsewhere on the magretic
disk, the method comprising, subsequent to initiation of operational use of the hard disk
drive: |

(a) accessing the defect mep to identify the pad sector;

(b) scaiining 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 |

(c) in response to detecting that the pad sector is defective, updating the

" defect map to identify the pad sector as being-defective, and remapping.an
additional sector disposed adjacent to the defective pad sector to an additional
spare sector on the magnetic disk to create an additional pad sector in the defect

map.
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2. A method of mappiﬁg defects on a data storage inedium, the method
comprising: ‘ .
| | (a) detecting growth of a previously-identified defect on adata storage
" medium, wherein the previously-identified defect is associated with a defect

region that has been mapped to a first replacement region; and
(b) remapping at least one region adjacent to the defect region to a second
replacement region to accommodat\e for the growth of the previouslyQidentiﬁed

defect.

3. The method of claim 2, wherein the defect region includes at least one
defective sector and at least one pad sector disposed adj acent 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 remapping the at least one region adjacent to
the defect region includes reassigning 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 ftirther
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
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_ list, and wherein indicating that the pad sector is defective includes indicating the pad

sector is defective in a defective pad list.

8. The method of claim 3, wherein remapping the at least one fegion adjacentto
the defect region includes reassi gning at least one sector disposed generally along a

direction of growth relative to the pad sector.

9. The method of claim 3, wherein remapi)ing the at least one region adjacent to
the defect region includes reassigning a plurality of sectors disposed around a perimeter

of the defect region.

10. The method of claim 3, wherein the first and s'eco_nd repla'cenient régions each

comprise at least one spare sector.

11. The method of claim 2, wherein the defect region is assigned during
manufacturing of a data storage device incorporaﬁng the data storage medium, and
wherein detecting growth of the previously-identified defect and remapping the at least

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

12. The method of claim 2, wherein detecting growth of the previously-identified
defect and remapping the at least one region are pe,rformed during an idle 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 growth of the previously-identified defect

beyond a predeten.nincd'threshold. o
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~ 14. The method of claim 13, wherein the predetermined threshold is associated
with at least one of a number of detected defective pad sectors and a number of times at

‘least one pad sector is added for the defect region.

15. The method of claim 2, wherein the data stofage medium comprises a

magnetic disk in a hard disk drive. .
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16. An apparatus  comprising: -
(a) a data storage medlum, and
(b) a control circuit coupled to the data storage medium and conflgured to
~ detect growth of a previously-identified defect on the data storage madlum,
wherein the prcviously-identiﬁe,d 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 reglon to a second replacement

region to accommcdate for the growth of the prevxously-xdentlfied defect

‘17 . The apparatus of claim 16, wherein the defect region includes at least one
defective sector and at least 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 sector for a defect.

18. Thcép,paratus of claim 17, wherein the control circuit is conﬁ_gured to remap ,
- the at least one region adjacent to the defect region 'by‘feassigﬁipg at least one sector

adjacent to the pad sectorin response 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—idehtiﬁed defect.

20. The apparatus of clalm 19, wherein the control circuit 1s conflgured to remap
the at least one region adJaccnt to the defect region by adding at least one sector adjacent

to the pad sector to the defect map.

\

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

the at least one region adjacent to the defect region by reassigning at least one sector
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disposed generally along a direction of growth relative to the pad sector.

22, The apparatus of claim 17, wherein the control circuit is configured to remap
" the at'least one region adjacent to thedéféct region by reassigning a plurality of sectors

disposed around a pen'metér of the defect region.

23. The apparatus of cléim 17; wherein the first and second replacement regions

each comprise at least one spare sector.

24. The apparatus of claim 16, wherein the defect region is assigned during
manufacturing of a data storage device incorporating the data storagé medium, and
wherein the control circuit is configured to detect growth of the previously-identified

- defect and remap the at least 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
growth of the previously-identified defect and remap the at least one region during an idle . |
_ time subsequent to operational use of a data storage device incorporating the data storage

medium.

© 26. The apparatus of claim 16, wherein the control circuit is further confi gured to
initiate a predictive failure analysis 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.
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: " identified defect is associated with a defect region that has been mapped to a first
replacement region, the program code further configured to remap ét Ieést one
region adjacént to the defect region to a second replacement region to
“accommodate for the growth of the previously-identified defeci; and

(b) asignal beariﬁg medium bearing the program code.

29, The program product of claim 28, wherein the signal bearing medium

includes at least one of a transmission medium and a recordable medium.



