WO 01/ 31651 PCT/ USOQO 18133 SYNC BYTE PADDI NG Field of the Invention This
application relates to hard disc drives and nore particularly to an 5
appar at U%@ﬂ?&l@@it hod for detecting error locations on the shRbafgsdedi a and
elimnating Tuture drive errors resulting fromnedi a defects that grow over
time. Background of the Invention In a disc drive data is recorded on a
disc in concentric, circular paths known 10 as tracks. Servo bursts are
witten in each track on the dS¥NGRYTENMBMNGoOsition information. The
servo bursts are positioned along radial slightly wedged shaped

guasi-lines that cross the circular tracks and divide the disc. The disc is
formatted before user data is FiddeftiInvéfiocd sc, and the format creates a
nunber of sectors in the track area that Tres between each pair of

adj acent servo buipistaplicpfien felatesdp ha dispainyegangrmorgpyrtigularly fo @ one track
area to the ri ' ' i I - es and a

read/ wri %e ﬁétg%hgs %avdéﬁgorcgﬁfgggéfn?lg%%ﬁé’ggggbﬁf ggﬂ%fsl&#ﬁée %lecé%%&r eads or wites
data in a gel@ihatih@fiture Afivaeiretatestltiag Mofivned)s débas HaagroivovantimeC  acr oss
the disc surface to allow the head to read or wite data in different
tracks. Each sector located in each track area forned between the adjacent
servo 20 bursts contain sever i P tions. Wth respect to
FIG 3-1, a track area bet Backeiul heliflenl rsts is shown. The area
contai ns two seclma disovitive dagcik recoriet on aciimtiacoricagris cneniat pakckdosms. The

act ual Ebmber of sect OF)S bet ween serva rsts is not limted to any

b
speci fi &0 nuAbEacksngeryp PISV§F%/WT‘FW(TF‘?}\/'§“¥(9“GP‘? dige andiremigin RasiioNons i ncl ude
a phase | ock,@sGiibha j i i d 25 wite
par anet ers ?n or t hllgh's gg% Soeg)(%_%%égl% ogig 8}5@%@&5}% %ﬁ%?lﬁgﬂ}ég]?d eggﬁ%}jr%gl
circuitry. Auassiings thattceoss etcironlar sacksendidierde the disogrizhe disods foegattedi Nng of a

user data section ere the application jnformation is stored. .An error
correction E%‘IBE ‘ts%a Bstrgdsm tggdls?’fﬁpél}ﬁflﬂm%ﬁﬁ?}eaéé‘ PRl SeHiers ik er dat a

section andyRerk bia @Rl [&HWEnQhe of%dfaBerlt 88Y0 bRAEK THE hhBer M L €T the
ECC, a new section begins with another PLO section. This 30 sector |ayout
cont ai nilhg sdstors mag valy fese bneomaskarad to He rextndurmg opedticotieaics of each

section ar ecc\)lx\ﬁ}nlualll(yn%{\aﬂesl and tar}eea \{’It'lfe hea 2(1) é'l/vgnlg 111'15 Ii?rgyt g ggr{té%jft 3e disc

reads or writes data in a given track. An actuator arm swings the head in an arc
across the disc surface to allow the head to read or write data in different tracks.
Each sector located in each track area formed between the adjacent servo

20  bursts contain several informational sections. With respect to FIG. 3-1, a track area
between adjacent servo bursts is shown. The area contains two sectors with each
sector containing several sections. The actual number of sectors between servo
bursts is not limited to any specific number and will vary from drive to drive. These
sections include a phase lock oscillator (PLO) section which provides the read and

25  write parameters for the sector that are used by automatic gain control circuitry. A
sync byte section is included to signal the beginning of a user data section where the
application information is stored. An error correction code (ECC) section is
typically provided after the user data section and permits correction of user data read
back errors. After the ECC, a new section begins with another PLO section. This

30  sector layout containing the several sections and the function and contents of each

section are well known in the art.



The disc or magnetic storage nedia of the disc drive containing these
sectors is susceptible to defects such as thernal asperities. The defects
cause er iR ssigoccur during operation of the disc dri V?Cir;USBJ)fmﬁe]f ect is
of a signiticant size for the particular section or sections o e sector
in which it lies. If the defect lies in the 5 user data section, the ECC
may be able to correct any resulting read error if the defect is not too

| arge. 1f the defleadisd dramagnetidhitoraghmed@Cf thellscBEEE sontaidingdasseyecrmy account

rol ati vel y SoHEEPIHE R Rayoh e BTG B L S HECSBEPSFORI PEY and t he
ECC cannot  agfpWpkratib®bf BE BRE AriliftiedefleDisHTd s aBdi& fol fnet e disc drive
el ectroni cs cannot properly set 10 the gain and frequency for read back of

the user daPHteHy seetivadr sgntiopeed the shstosimivhish itdipenIfitbe defegties msheiser dat a
read back, | I 1 resul Ther ef ore fect .detection processes
have bee% e{rlrs%?{g%/tégecg gﬁ? Ille\rll\%b{:ﬁréay éafatg%:etto CORErt 4R Fopu lﬂ%reé'lgéfrBrr‘iEheposi tions

wi thin the &efecths ot e laget Ifahe ddfect dief R@hinghd BEC, I FEA'9redundafiGihan t hat
allows the defect to be comégnsat ed for, such as the user data section or
15 the ECC ¥&ewitder anyerrondf ghefdstect fies within thersyec byte phbs ELOee tdlaivsly t hen t he
sect or nust LS shif.tin ss_successfully

avoi ds err osrds?aqh%ég&rtt gl%? ﬁ%@nﬁ%ﬁi@? %u(g%bht-mgﬁ?:rhtosf l|E ﬁﬁﬁgkﬁcﬁg@&co%tqui re extra

space to befodedbrsai thd PO diidrsyhdieyte SHiNOdi Bl drSleelfEnicH bamedrbperyRace reduces
t he storage cap,acit¥r of the disc drive. Furthernore, these defects in the
st or age! hredihs 8eiaRnd fisgregGR for reagdack of theuser defa @p¢ eannpisprpprelytdstermimgr t he end

of the sect oy fect rows into the
®hen tB lé{aytr tfie &%ef 1&{% r%%%aéke ﬁ‘HIIafxd hcritfl }Jg?}eﬁ 9

trailing sector. Even I ect 1s ini ‘arge enough to force the
sector to be narKedtfas, dofiecs détb@iontpheceskef bate beay egiplovedR)iadhd fgecend of this
unusabl e sector..and may interfere with the PLO and sync byte of the

trailing se®shift hfsecters Hoyhens within jhedeack aree s that thesfegkaiferliesThr s def ect ' s
growt h i nt ogekss i1t (ATo | BT ' Lve & ventual | y
fail becausé3 {ﬂﬁle&%tg%ugﬁ?igﬁé {%?E)gb%cf\?vt%g%sfa Feﬁ;f ﬁgs%g% gg}eﬁﬁgrg({a#\ao ¢ (gleoﬁ account ed
for in the WeEEE sentempilfithe pefects tno 1Sgmimthyseadectidieg, thay teséddr M ber esent

i nvention addresses t abl e di scussed above and other 30 probl ens by
filling them§‘;5(8 %‘B‘“ﬁ{i’gﬁ ﬁhlwhﬂ Ing prqcgsssueesatiainpidseroasduegatheer n and

{hose £ hat o O e P RS R P A BA® C"unusabi 6
and al | ot hssrvoduisstoans this extra space reduces the storage capacity of the disc drive.
Furthermore, these defects in the storage media can grow over time. If the
20  error is located near the end of the sector, future errors may result if that defect
grows into the trailing sector. Even if the defect is initially large enough to force the
sector to be marked as unusable, the defect may grow beyond the end of this
unusable sector and may interfere with the PLO and sync byte of the trailing sector
that was previously determined to be usable. This defect's growth into the trailing

25  sector will cause the disc drive to eventually fail because the potential for growth of

the defect has not been accounted for in the defect mapping process.

Summary of the Invention

The present invention addresses the problems discussed above and other
30  problems by filling the storage medium with sectors containing a test pattern and
reading the test pattern to find errors. The sectors containing defects and those that

are too close to the defect are located and marked as unusable and all other sectors
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2 WO 01/ 31651 PCT/USQOQO 18133 are given a |logical address. No shifting
space is required and the space nornmally allocated for shifting is filled
Wi th usa &0rs. The present invention also address bl ens

di scussegjﬁggﬁe by determ ning whether the error in a segtéor qult%g% to
closely to an adjacent sector and if it does the adjacent sector is marked
as 5 unusable to avoid becomng invalid if the defect grows in the future.
The invent i one gyeratupitiabaddressa Noshifioeg spece ivappimd antbthe spase oomtdily st or age

medi a of a di The t hod, i ncludes cal cul atin a osition of a
defect. A cﬂ@?*’éﬁ({ °§§15lft81g légﬁF‘ggﬂgﬁm%#gseftBrst ﬁj@eﬁBcssF‘E“ nslﬁ% defect is
flagged as UfHdfRE:s e phobléing HRBESePdbol &8y 8@ GAnE HhatheLtk efroﬁma%e&&t to the
current sector is conpared against a 10 di stance threshol d. The adjacent

sector is fllgggedosaly iransslifcentwpetor andef iddeesaheadjaosnt seetosistmhaakedtase di st ance

t hr eshol The Lhvent i s al so n_a co #ugsystemthat maps
defects gsn a’ bcljerté) aé’m(rgrig’ R ) N ?gfgg%ggeagr%smglbn@ t- system i ncl udes a

read/ wite channeﬁhetlﬂaimoﬁ gmoaleamgﬁlaietﬁoamrhﬁ@usgt@fs’tﬂﬁar{msl!;taratg@ detect a
defect and the defect's location. A 15 processor calculates the position of

the defect onedimef adiss dive. fidgimethos iaclpdgscaicolating a pesigondaffagdefect. okat i on. The
processor fl ntsedtor &oq{es n%%ggﬂsg:{oggl&l%{ {?@%eﬁgﬁs 1atﬂ g%ledOf u}’IlIi] %ble fect as

unusabl e and conpares aga ance res ¥ ANCE 6T “t he def ect

to an adj acediftameof dfe. deﬂaaetoprsaetes Sdjsicend B dufRknB@EREBRbmpERH gaidt aunusabl e
when the distance is |ess than the distance threshold. 20 Al so included in

the emboldh mehstancedhrasholdhebherasiasent sector iptlpgaed gs wrisable svhep therdistanse #r age nedi a

of a disc drl%éé‘?hantﬁ@dﬂ%&t@tﬂfé? gl ves creating a plurality of large sectors
to fill the storage ne eference data is witten to the large sectors

to produce stor éIdwdm\teatloﬂ' helstenibedied i acdrsrol atnbthakmagitietotuared to the
ref erence data ct errors. The bhyte nunber of each defect is found

The nor mal s%?ff‘%?rm ao % lsyé%vepﬁet%lﬁolévst?rﬁéﬂc&g#eéefeaﬂévréapka@%h%
subtracting thg a%%pﬁo&lrtﬁaa@eagamé&g%@é@é‘ctéggée &%m%héo e%&:tgl fn: 56 nor ma

sector corresponding to the poSition o agge
unusabl el5 Therocesson oalcwtates ﬂmrpbkleon phthe dd&ct&mrmastonage mediaab alﬁmetxmi of t he

defect to an, a nt sec gal nst a distance threshold. The adjacent
sector is tP%g%ja Tt LA RCRHE i SRS CAROBORTS 88 pamprcbdied; ot ance
threshol d.  defect as unusable and compares against a distance threshold a distance of the defect
to an adjacent sector. The processor flags the adjacent sector as unusable when the
distance is less than the distance threshold.
20 Also included in the embodiments is another method for mapping defects on
the storage media of a disc drive. The method involves creating a plurality of large
sectors to fill the storage media. Reference data is written to the large sectors to
produce stored data. The stored data is read back and compared to the reference data
to detect errors. The byte number of each defect is found. The normal sector and
25  byte position of the defect is calculated by subtracting the sector frequency from the
defect's byte number. A normal sector corresponding to the position of a defect is
then flagged as unusable. The method may further include comparing a distance of
the defect to an adjacent sector against a distance threshold. The adjacent sector is
flagged as unusable when the distance is less than the distance threshold.
30 These and various other features as well as advantages which characterize the
present invention will be apparent from a reading of the following detailed

description and a review of the associated drawings.
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30 These and various other features as well as advantages which
characterize the present invention will be apparent froma readi ng of the

fol | oW nguslgitsaakd€d description and a review of the assog i ngs. 3
WD 01/ 31651 PCI/ USOO 18133 Brief Description of the uam@%ﬁéwl is a

schematic representation of a disc drive in which preferred enbodi nents of
the invention operate. 5 FIG 2 illustrates a disc drive system connected
to a host for the disc drive of FIG1l. FIG 3-1 depicts the positioning of

the sections of normal sect orsBi Ned track rea between adj acent servo
bursts in a disc drive when inﬁ&%—m“ S “8Hf operation. 10 FIG
3-2 illustrates ting RoghbbiRMane réi;resreﬁﬁti&?ﬁité@i'gédﬁtze%\bﬁEﬂ&ﬁ?&%dor in a

r

track area between adjacent servo bursts in a disc drive when in the defect
mappi ng nodecmfodypents of e invehii®n epetatghows t he operational flow for the

Wwite process us in.th def ect . mappi ng sche i mpl ement ed by one disc
drive enbodi nent e%ﬁ'?ﬁguss’faéegén‘ﬁsc df%’eisﬁﬁ} tPBRFCt It?i%&?§tgf%f thegliscdives ¢ he

operational flow for the read and detect process wused in the exenplary
def ect mappi g 6chene. FIG 5 shows the operational flow for a defective
sector marking routine wused in the exenplary defect mapping scheme. 20
Det ai | ed Descri ptklon 3Al dipsats theipesitioming af the seaions ef soremnt sectdiain coaqker ate to
map the defects in the storage nmediumof a disc drive. Anong these

el enents, a frenbét@eebtiicenid sofo RSstdin 4 @S¢ AR WhEDInte hb@ndMBsHr dngded t hen
reads it back to locate the defects. Control system 25 enbodi nents of the

present inveg g&ti}%'i te the test data and then read it back and store the
sector |ocati orli)s of the defects allowi ng the defective sectors to be narked

Lf 10 FIG. 3-2 illustrates the positioning of the sections of a large sector in a

track area between adjacent servo bursts in a disc drive when in the defect
mapping mode of operation.

FIG. 4-1 shows the operational flow for the write process used in the
defect mapping scheme implemented by one disc drive embodiment of the present

15  invention.

FIG. 4-2 illustrates the operational flow for the read and detect process
used in the exemplary defect mapping scheme.

FIG. 5 shows the operational flow for a defective sector marking routine
used in the exemplary defect mapping scheme.

20

Detailed Description

A disc drive contains many elements that cooperate to map the defects in the
storage medium of a disc drive. Among these elements, a control system writes a
test pattern to the media and then reads it back to locate the defects. Control system
25  embodiments of the present invention write the test data and then read it back and

store the sector locations of the defects allowing the defective sectors to be marked

7



WO 01/31651 PCT/ US00/ 18133 unusable. Furthernore, the control system
detects whether the defects within the sector lie too closely to the
trailingwgefils@ésiand marks the trailing sector unusabl e iberhRey@efzect is
too close. A disc drive 100 constructed in accordance with a preferred
enbodi mrent of 5 the present invention is shown in FIG 1. The disc drive
100 includes a base 102 to which various conponents of the disc drive 100
are mount ed.unpsaplsp Fagheamong the Costﬁ@mstgardﬁeaﬂswgheﬂm thawWefgcts cobpethat es Wi t h

t he base 10 t | ed, env nt f rthe di.sc drive in
a convent i o%e‘{t&le%&l%ge}%% Y m%net‘c orlaﬂ%frﬁggtﬁ {}gﬁp%fﬁc T HB¥Pe 06 whi ch

r ot at es one tigy def@t & t6d Slose. 108 at a constant high speed. 10 Information is
witten to and read fromtracks on the discs 108 through the use of an
act uat or assenbl y disc drive WQlC@hstmﬁtlegcqmdamgW@thgakaeupéﬁmbodlmemhﬂut a

aceenbly S110e pRRRERRkkich ¢ oRSH b7 T TRLERERS 1D BoRSG R slleng

towards t he tglivaRs vAfius obinfpdner@N6F BE dRRUSIVE |1©@We&ﬁ01ﬁ11&1 e,xtt@wéiiv@ﬂldd om each
of the act uat or arns 114. Mounted 15 at the distal end of each of the

f1 exures 116h9ven parfallyicut awayyfoeperaise Mitdidhe base 402 to @é@r&nngtemai dealeknabl i ng

the head 11 oxi_m e the rres n urface of
t he associ at§ e‘l(;jlpoéﬁ'll okt %é&l (B%Cedrwe i arsgé)ielien(;ﬁgrela\rﬁe{rtlangﬁr flﬁ é’&}ﬁﬂ B%}“?Fon of the
heads 118 i a spindlermbtbet6 \'Whhbh)ld@hltei bee oisBoRfdits 108 G€a séns{anmtgﬂrs deYCM) 124,

whi ch tX&Ecal |y includes a coil 20 126 attached to the actuator assenbly
110, as !tel [IgENZie8 iHPTifER B FrTEuhERM thaskher exiws WA Snoesh thpisexif a

f || ed
apol i cat i on’ Bfeunet SrERsRCohi Fodtol St T A Dpera DE R b bt ween

t he per maneshaftagenstly 112 Bosiriehet] adjacait khelcﬂfcsSOSt ITae atthgtof iskmBigd 100ves in
accordance w t he nown Lorentz relationship. As the coil 126 noves,

| |
the 25 act u¥ft& e%l%? jty o léi‘é“%?rv%fné 1 shichy fﬁ‘éﬂrﬁéa‘f"i‘fﬁg ﬂ?kﬂiﬁf‘:ﬁ 198cwitih| y 112
and the heagge orl&greaﬂ&u&@qﬁggx&iﬁlggggn?&rcﬂﬁfthte(gl@sﬁf&ta 140M31§%dd' scs 108.

The spindle notor 116 is typica energl ze disc drive 100 is

not in USse fiothe distad autbof qzaeh obHths fta:kmtesrmé1sTmEeahaaﬂs\zh1ch&nan&srm\AQd over park

zones 120 near. th5$ i nner E‘ te f t he djscs 108 when the drive notor is
i e B Bead!

de 30 ener gPEEE Sher 998l agrlel 4 dy 1B glos, BIOXimigy hovk theones 120 t hr ough

the use of corresponding surface of the associated disc 108.

During a seek operation, the track position of the heads 118 is controlled

through the use of a voice coil motor (VCM) 124, which typically includes a coil

20 126 attached to the actuator assembly 110, as well as one or more permanent
magnets 128 which establish a magnetic field in which the coil 126 is immersed.
The controlled application of current to the coil 126 causes magnetic interaction
between the permanent magnets 128 and the coil 126 so that the coil 126 moves in
accordance with the well known Lorentz relationship. As the coil 126 moves, the

25  actuator assembly 110 pivots about the bearing shaft assembly 112 and the heads
118 are caused to move across the surfaces of the discs 108.

The spindle motor 116 is typically de-energized when the disc drive 100 is
not in use for extended periods of time. The heads 118 are moved over park
zones 120 near the inner diameter of the discs 108 when the drive motor is de-

30  energized. The heads 118 are secured over the park zones 120 through the use of
an actuator latch arrangement, which prevents inadvertent rotation of the actuator

assembly 110 when the heads are parked.

5



an actuator |atch arrangenent, which prevents inadvertent rotation of the
actuator assenbly 110 when the heads are parked. -S WO 01/ 31651

PCT/ USCQNJ(;B A flex assenbly 130 provides the requi si ical
connecti on %1233?155} for the actuator assenbly 110 while all %%Tﬁlgﬁﬁs{}%fal
novenent of the actuator assenbly 110 during operation. The flex assenbly
I ncludes a printed circuit board 132 to which head wires (not shown) are

connect ed; the haatkxvissegsblpedMprovides ¢@ rbquadiRredectial acindétiodrpattisiter 114 and
the flexures 116 to the heads 118. The printed circuit board 132 typically
i ncl udes ci FeACHuRlPr pgemphint 0ovhijeailopming Biyetakmeysmeah pEthe ARG t 0 t he heads

118 during | at i I AYY ' S, rated by
the neads 115 bPTHERERAE oRRANE THeRTheki] BOBBA oAb AN B RERE X 21 2
f1 ex brackel32Z&4whioh heainwires @at shown} hrecogiectedethedead dérek bdii@ rduteda di sc

drive 10_printed circuit board (not shown) mounted to the bottom side of
the disc’dr P\?Bgﬂmmaf@é@é‘?? il}ft;awotﬁﬁﬂsxwﬁlw g kg L e rEheprineda £ unct i onal

bl ock di agr amaf poatd €30y pcaly intRiddOr@try toPeortrol BN e i caftoms N9 the main
i R R

functional circuits are resident ‘on t rive printed circuit
board and uspgmietd do tdwriteadsl 11i8himribg aoprite aperatiorodnd foe anhphkfyingy ieadsigils The di sc

drive 100 is sho in Fl to be operably caonnected to a host conputer
140 in whi cﬁe’{eﬁaégga?%ﬂjed’le%feafd’(ﬁmi“g A p@EPt%Pn?Qe ﬁ%?ﬁéﬁ?‘?lﬁﬁ%fpu%ner.
Control conmgupfig@biatiet 134 Rt Bhmi@MbHBdoRAINEERe WB& 10208ta GRS 140 and
a disc drive mcroprocessor 142, the mcroprocessor 142 generally

provi di h¢ t printede¢ifuitboand (ot ahavom maovdted o thediottbor sidenef tti¢ disc drivave 100 in 20

conj unction (}ﬁth programm ng for the m croprocessor 142 stored in
rricroprocesé " menory (MEM 143. The MEM 143 can include random access

nmemory (RAM, r eRefefritg/ndVeiRFIG. CREAYwRierenf RQrfus@idhseslod disgaindgnt menory
for the m croprocessor 142. The discs 108 are rotated at a constant high

speed by a Sgidiw drivedRP0SFIG 25, generally showigg thetmain fungtipusd cirguits| vgelr i cal |y
comutates, Y130 UGBl ORE Goichol WRIED SHEAR' P20 o
posi ti oms of opdigridiesrdhe ditSdiite COMt THY digddivy Wagh shdveh RIG. abiben
operably connected to a host computer 140 in which the disc drive 100 is mounted
in a conventional manner. Control communication paths are provided between the
host computer 140 and a disc drive microprocessor 142, the microprocessor 142
generally providing top level communication and control for the disc drive 100 in
20  conjunction with programming for the microprocessor 142 stored in
microprocessor memory (MEM) 143. The MEM 143 can include random access
memory (RAM), read only memory (ROM) and other sources of resident memory
for the microprocessor 142.
The discs 108 are rotated at a constant high speed by a spindle control
25  circuit 148, which typically electrically commutates the spindle motor 106 (FIG.
1) through the use of back electromotive force (BEMF) sensing. During a seek
operation, the track position of the heads 118 is controlled through the application
of current to the coil 126 of the actuator assembly 110. A servo control circuit
150 provides such control. During a seek operation the microprocessor 142
30 receives information regarding the velocity of the head 118, and uses that
information in conjunction with a velocity profile stored in memory 143 to

communicate with the servo control circuit 150, which will apply a controiled

b



of current to the coil 126 of the actuator assenbly 110. A servo control
circuit 150 provides such control. During a seek operation the

m croprocessor 142 30 receives information regarding the velocity of the
head 118, WMY31fsks that information in conjunction with BCVEPWAR) profile
stored in nenory 143 to communicate with the servo control circuit 150,
which wll apply a controlled (o WO 01/ 31651 PCT/ US00/ 18133 anount of

current to tRgontRoEBuredi bo BtvBice L3H mdidten8biherd %hﬁ@ném% aBfabigpt Or  assenbly
110 to be pivoted. Data is transferred between host conputer 140 and

the di sc drisemgp llﬁyo bmlvoﬂeda disc drive int erface 144, which typically

i ncl udes a buffer eed dat bet ween t he
host conputer 140D (11“? begveeei'h%%? TR e?]tﬁﬁ \?\?fi lf’ceqf“feol he disc
drive 100 arwy ihysf @aﬁsedvé ﬁ@dﬁdch%h&ﬁﬁlcl?@lﬁwtl?ﬁnc‘hﬁles hbarenbshdifge 144 and
then to a read/wite channel 146, which encodes and serializes the data

and pr ovi deshigh&psed datadrangfenpetyeenciie hesicompyienil 40 ansl thadisealirs 190.8.  To
t dat d d
Conars 10 aDuh dBbe Mk he RIS URUTON 105 R bl FOF 8 B Bt | Fo

channel 146, thefiitedfaceddd fand then de a eehidngrirttamiel 046, AatiECéicodesadnd correction

operations as indicated by the ECC and outputs the retrieved data to the
interface 14%riglizesd Qﬂ%‘é@rﬁroi’lﬂ%@? Epquisits WIKe chrsent Stﬁﬂﬁblﬁ@é‘kehrﬂf@ 11§uch

oper ati ons |

di scussed, 1??)? }Jgﬁ%‘%p tﬂaﬂ %bé&og@{llgu%g%g;a%%%ggc|d£1§'§é§6’f5 .Slgfas 15 1994
to Shaveto etaralgeneﬁats@qjamedfeads( i@t and gypevidddetb thes FeaWrite Whdnmbl 146pivathl y 1S an
i nt of t elnterface circuit 144, interfaces with the

nt egr at ed
Icli scgdr ive g’?’ﬂbﬁ%‘@@%(ﬂn £5PST dptRciion and cprrection opRkatipRRY indicated Bhannel 146.
The functionmeECd kit GESHEME SEtribed L QMhE Dlrertdle lﬁﬁ ?&ﬁﬂ%&gﬁ‘%ﬁt LSngher ations

of the read/wite channel 20 146 by Interpreting t sync byte
i nformati on tanke hyst dompuer 14§. Satteoperdtions afutie disc dofve t10@ afeélbkndwn fnhe host
interface 144. The sequencer, ecel ves tﬁg dat | ocation information from
the m cropr d0e&L4Rd 2 ‘f‘cﬂﬁﬁeﬂd RGXHBRIA e St gﬁ‘aﬂ"oﬁ 206-66ddssgediant fhe st or age
nmedi a angs t hpohes8hivepefl, data within the buffer in the interface 144. The
sequencer al so receives information including the size of the PLO the

A sequencer (not separately shown), which typically is an integrated

component of the interface circuit 144, interfaces with the disc drive
microprocessor 142, the buffer, and the read/write channel 146. The function of
the sequencer is to control the read and write operations of the read/write channel

20 146 by interpreting the PLO and sync byte information and by directing data into
and out of the buffer in the host interface 144. The sequencer receives the data
location information from the microprocessor 142 including both the location of
data on the storage media and the location of data within the buffer in the interface
144. The sequencer also receives information including the size of the PLO, the

25  sync byte, and the presence of the ECC from the microprocessor 142 which the
sequencer subsequently uses to interpret and correct the information received
through the read/write channel 146.

When the disc drive is manufactured, the storage media will contain defects

that must be located and accounted for so that drive failures do not result.

30 According to an embodiment of the present invention, during the manufacturing
process the buffer is loaded with programming to be executed by the

microprocessor to perform a defect mapping scheme. The microprocessor 142
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25 sync byte, and the presence of the ECC fromthe m croprocessor 142 which
the sequencer subsequently uses to interpret and correct the information
received_ through the read/wite channel 146. \Wen the disc drive is

manuf act YRYA1 fﬁe storage nmedia will contain defects thZCTHIMVIB | ocat ed
and accounted for so that drive failures do not result. 30 According to an
enbodi nent of the present invention, during the manufacturing process the

buffer is | eae@geswhd Hlaﬁﬁlﬁgﬂﬁﬁﬁb BQ%E&rQﬁl %ﬁﬁhﬁn@gﬂﬁi/artf:gﬁovﬂécf:ﬂbq yocessor to

perform a defect mappi ng schene he m Croprocessor 2 1 WO 01/ 31651
PCT/ US00/ 18 3e@renestaad thesreadiwrivagipnng lﬁéutThnequn@eraed dtei magd/wdrmands t hat

q dth h I Th
o1 10 0o Vg ROAT A D SR e 1 e

sequencer

buffer to th@acﬁﬂl@é’eaﬂghaﬁﬂﬁbla T06 rdalBivite cBafhel ARFRAS| a&ﬂ%ﬂa? tResdkId tdhe
read/ wite channel conpares a signal threshol dto 5 the signal level that

is read Backhg %g%ﬂ@étthé@ﬁé@ﬂdéablytq datest defecie bk fmiliggaresk sighals. r ef erence to
FIG 3-1, the | YR re re €4d 91@ 1'[%1%&%%&%1&%%&? V\Eareflggtgvrﬁ\?/ol tS)ur sts

302 and 320 that resu roma mat” are used
when t he drlsmmbarstsrﬁ!)QrandlSE(D t}ﬂpﬁst&tfrﬁlﬂadﬁ&&bxfrmataie showhi urnlsmuotts the first
sector Iocate ehlnd the servo burst 302 is the phase | ock

oscil | ator W e 18 Ynder UssT OReTabon. aT hesfingt sgpans3Qdrpfthedirat seetal by t he

disc drive %d?lfeﬁrﬁ)ﬂ'bglﬁn& ﬁle%@t@Brl:)ﬁtstzesltg'ts y asd lgcﬁgsc@}ﬁttogq%{ ﬁeqﬁisn cont r ol

circuitry of the control system tings rn anpl i tude and
phase atlOwhisedtionlventdiat aigaalgthat sre acae bwrthds diendrivendectioige toshirbnggingenabl e t he
disc drive to e user ta stored on_the disc. Follow ng the

erly read t
PLO section l%ﬁ‘ﬁa‘ftg G ) ?lécuét@’c?ﬁt eongg! syplems Thess settings nckidgar ker t hat
tells the 1511é1in$ﬁltﬁ’dééﬁ@pﬁ£s%(‘awvﬁf&h(ﬁ§e&Mlgﬁagsearg tt%x‘? h%s?%e?tg%éded and the

next section to be read contains user e syn e 306, user
data is st oree@blﬂ; theglesctdrive tog@8perlfhiead the osdr data stmﬂtm ms dtsb_eFﬁl&tvang that i s used

by the host uter Q erfor desi.re atiqns, dj sc drive reads
the user da n (%IIIF bt %efe%o‘hggétonﬁﬁﬁﬁecp%ﬁ quﬁgatﬁ‘ﬂ Isdsct i on

fol | owi ng tragcuslee Rt hiGBAHIYPLS sédidn ﬁﬁsfé?lﬁe&a{dtﬁ%&ﬂ@ec%ﬁ?o fieehd on 310.
This section 310 contains the ECC that the disc drive utilizes to detect

and correct ceptpips yser data.
After the sync byte 306, user data is stored in section 308. This section
contains the data that is used by the host computer to perform desired operations.
The disc drive reads the user data and supplies it to the host upon request. The
20  section following the user data section is the error correction code section 310. This
section 310 contains the ECC that the disc drive utilizes to detect and correct errors
as the user data is read during operation of the drive. This sector layout containing
the several sections and the function and contents of each section are well known in
the art.
25 After the ECC section 310 of the first sector comes the PLO section 312 of
the next sector. This PLO section 312 performs the same task as the PLO section
304 for the first sector. Following the PLO section 312 is the sync byte section 314,
the user data section 316, and then the ECC section 318. Because the illustrated
track area is shown with only two sectors, the ECC section 318 is followed by the
30  next servo burst 320.
Defects can occur at any position within the track area between the servo

bursts 302 and 320. These defects must be mapped and accounted for when
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as the user data is read during operation of the drive. This sector |ayout
containing the several sections and the function and contents of each

section known in the art. 25 After the ECC sectj t he
first segog’rl)%géoslgres the PLO section 312 of the next sect%rb?nj‘?ﬁé]’fsbl O

section 312 perforns the sane task as the PLO section 304 for the first
sector. Followi ng the PLO section 312 is the sync byte section 314, the
user data seletermomiRitBe pmwper settentot share EQC dstec ExemplafyBemiBeloaergeof the

illustrated t k ar.ea i ho ' on two sectors, the ECC section 318
S Tol | owed HpeRtBvGn man tiedes dcthhrtel hd B GHE Bt Orde at any

posi tion W tfiBmidie HaiRE thadMeRINBAIIWR AR HoRBaISBENYR belite kSrvaBdrsatd 320. These
def ects nust be ma&%gd and accounted for when 9 WO 01/ 31651 PCT/ US00/ 18133

det er m ni ng shéwn py B-ls exameplary gmbpdimentsgd thechresent iBxentiohavrite emdlargienent s of

the present _inventi t hese defects hefore the fornmat ting the
sectors i§s tf)séﬁ?cgorr ﬁaﬁ%l‘gﬁ{%ﬁé?a eﬁ‘é?‘?n "iiefvr@b“éﬁf’ BFN eeseﬁxbl“rﬂg S ctors

bet ween servo bUI§ES33Sshowh iéfrdcR a@a@et&eﬁyseﬁé%ﬁﬂtﬁﬁ%dﬁé@%'dﬁentS of the
present invention wite one large 5 test sector that fills“the area between

t he servo biembodiment ottha phasentdrvention while egchting ik Gefedt Rapmingwoutine t r ack
area between. servq. hursts prqduced by an. enbodi nent of .the present

i nventi on i‘ﬂ’é‘“gﬁg& ,tﬁ:iﬁgerrﬁqgugf:@?gw eﬁﬁﬁﬂligf?gmrcglfﬁaﬁg?mr gt ﬁ%slqp& Pty, this
embodi nent  PIERERE0R 365 Bl chelsyAE Kytd s@Riof SOY Mat trAA thd RBadiRE befvOB&rst PLO
section 305 and one sync byte section 307 that trail the |eading servo

burst 10030303 AsAfter theharst PEQtseqrion 398 @nd syncdnse sastion §0it theremadnger pbn 307,

urst. 100305030 . . I05: s t
the tral i narseyet i BESLLBP wile gt Bieny R AL R oS b e oo 1

location of A wigfCdisdussell eI, tied pretivelotfidnhe a deest isi foisd Riativbe ther nal
sectors, as shown in FIG 3-1, that will be formatted into the drive after

t he mappi ng PoeiHensECf Be permpl sactoreasrshowin iy RlG b ethatewilldresformatteddnto 15
ool et 29 e AL A ERAYARHES TRl SRR b, 1 ©
mappi ng 15chektnealddebywheit ewp@LO aidl dyagbye dating @uaaspRig eREAAL i on 324. At
this operation, the mcroprocessor 142 sends a wite instruction to the
sequencer. This FIG. 4-1 illustrates the operational flow of the write portion of the defect
mapping scheme. The write portion begins at sequencer operation 324. At this
operation, the microprocessor 142 sends a write instruction to the sequencer. This
write instruction includes several important pieces of information for each sector
20 to be written. The information includes the location of the sector to write, the
length of the PLO to be written, the length of the sync byte to be written, and the
size of the data sector in terms of bytes. Along with the sequencer instruction, the
microprocessor 142 sends an instruction to the read/write channel 146 indicating
the frequency at which the test pattern should be written in terms of bytes per
25  sector.
In this defect mapping scheme, the read/write channel 146 usually writes
data that is known in the art as a 2T pattern into the test data section 309. A 2T
pattern is similar to a digitized sine wave. To accomplish the 2T pattern, the data
that forms the pattern is loaded into the buffer at buffer operation 326. Write
30  operation 328 occurs once the microprocessor 142 instructs the sequencer to begin

the writing process. This instruction causes the sequencer to begin retrieving the

2T pattern from the buffer and providing the pattern to the read/write channel
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wite instruction includes several inportant pieces of information for each
sector 20 to be witten. The information includes the Iocat:on 01;] tpe ]
sector to wite, the length of the PLOto be witten, the length of the
sync byt ¥&¥3ESwritten, and the size of the data sect oPCTSPEIBIE of
bytes. Along with the sequencer instruction, the mcroprocessor 142 sends
an instruction to the read/wite channel 146 indicating the frequency at
whi ch the t gatreRaistefédlied AAYpRcREoMhb slofikel Redi£" epﬁe%{d@ﬁeﬁﬁ{a[s25 sector.
In this defect mapping schenme, the read/wite channe usual'ly writes
dat a t hat ibeqara@mged,mhqmtemtuaser@is.zT pattern into the test data section

309. A 2T tt ' i a digitized sine wave. To acconplish the
2T pattern, p? hee gts%)squllﬁglb?gfzﬁr@uflﬂ% YT pprpen ﬁl?efﬂ%‘ﬁwwﬁ‘ﬁlaf“i‘f'él f fer at
buffer oper af érrenoGimo ticaied sARRIsBbPMaBR: BECHHiR PALShGThET OPT OCessOr

142 instructs the se%uencer to begin the witing process. This instruction
causes the E¥bweE30?gndayl witheutdeavidgrayytempty shiftingtspasen Thiopnotdse buf f er

and providi 2ad/w.ite channel 9 1/ 31651
Ty oo 1605 i Bt bk it 106 DGR Y B5P 2R EEFOphATE e oPhe ek a. After
the 2T pat t ehiftinh@pace hepadapgbibRobecidie dwfing teRiRfdct RRa®RGDULAS ofGaIN in FI G
3-2, during this wite portion the read/ wite channel 146 1in one

embodi ment ~ g5fectdstound & the ageada be gecupiedibyfthe PEO, mencebm,:;e? flpaE@Cbet wee ? h_t he
b ' i an ty shiftin ace. S
;5)r zgcra\s{g ;lr @%\?\lgﬁgﬁe@gg& ?‘%%Wﬁ%egﬁ%?deg}atﬁg r}glgmﬁgﬁ ﬁ%@% a?/\ﬂ’é‘ﬁatﬁf)gﬂ'ﬁ ors are

found. The thackhififng thdrsdctorngroapdiee defecirolBus) 9k [ Enlp 9as § Lavrichg t he

defect location routine, once a defect is found in the area to be occupied
by the PLO, 2YAlY existsavhesens spars vieodd be wagted engpsiless of whethetrmdefedt| | be creat ed
by the for gt -fﬁﬁ%e idefit her 10 than shifting the sectors
a?/ound thengg%t%c(?;;tf.ShT s%%age;%%a;uéﬁggéoﬁfc%awasted i f a defect actually exists
wher eas space WOEIG 4killnssatedithe egarpirtasofahe wkfesthadppmediehasd. TEi sted i f

shifting space had . been provided. FIG 4-2 illustrates the read portion of
t he def gct p?‘fﬂ’B?)‘? RIS WhTEthe FHeroprogessen K isgpickthe peavenass and rpdftiR essor 142

i NStructss tianSaepROSE 18 A BANWHaliBn pleRidd en'iflciBEBR ALl " ead the
P udll n8 the LG,

i nformati on previously witten 1nc
sync byte, and 2T pattern for each large sector at sequencer operation 330.

Included in the instruction to the sequencer is the location of each sector to read,
the length of the large sector's PLO, the length of the large sector's sync byte, and
the size of the data sector. Also included is an instruction to not attempt ECC

20  correction, an instruction to not attempt retries, an instruction to use a special
counting mode for retrieving the 2T pattern, and an instruction providing the
location in the buffer where the defect location information should be placed.
Along with the sequencer’s instructions, the microprocessor 142 sends an
instruction to the read/write channel including the frequency with which to read

25  the 2T pattern and a command to use a special detect defect mode.

The special modes for the sequencer and the read/write channel 146 differ
from the operation that they perform during normal disc drive use. The special
detection mode of the read/write channel 146 causes the channel to compare the
peaks of the received signal during the read process to a signal threshold set to

30 indicate the presence of a defect. When the channel detects a signal peak below
the signal threshold, a defect indicator is produced. This indicator is single byte

value. When the peak is above the signal threshold, a non-defect indicator is
10



sync byte, and 2T pattern for each |arge sector at sequencer operation 330.
Included in the instruction to the sequencer is the |ocation of each sector

to read, wd h@ikgnoth of the large sector's PLO the |engt arge
sector's sync byte, and the size of the data sector. Al sﬁo&jﬁlsgplt%é% is an

instruction to not attenpt ECC 20 correction, an instruction to not attenpt
retries, an instruction to use a special counting node for retrieving the
2T patt ern, peoddcesin whidt is titet other yahwwhalbinqay laaainl drdtdacity innhé henbauf f er where

t he defect | ocation inflgrrra ion shoul d gcggs,g#?ced. Along with the
sequencer’ s_oP?{g?W?%ﬁ_?re? &'THF ehagprlse iﬂ?‘?@ﬁ&é‘_’ &570) 330 thetion to
the read/ w kéfaefdARRichidGhdipicBict BEadts BAYSREY W th which to read 25 the 2T
pattern and a conmand to use a special detect defect node. The speci al

nodes for the sedbesespencaris spasial countmade issconfigmedito teitit dieftfyees from t he
operatiop that. t rform durj romal disc drive use. The, speci al
detectio nﬂ%’fgl"S&%H‘gt%F (Sg%ﬂnﬁf otdg{%ghé;eﬁ?féﬁ anféigo%g{slg 1cqtf, dheimlopation. to conpare
the peaks ®eefifeirh@CEH tHEBytsivaRasd redbivédghablae tﬁeeseeud%&%a%ckq dRresi gnal
threshold set to 30 indicate the presence of a defect. en the channel

detects a sMGH&r iptiglbulfer enge ardedect indivator biiieds raskived.a Ptheingahe defetitcat or i s

produced. Thi.S, . 0dj i ingle byte. val.ue. Wen the peak s above the
signal thres agfe(k‘j?&ggl%%(ﬂ)lﬁé-’er(jié) aet(?:mlgrrll%‘feé yoioriegab:i‘blg% o pva i) S%é??t‘.isom 18133

produced, whiceth thesddféet'sqbdacion wa kiesstérige Mbdia MHYe Bhifer ihs aGhéthargr i1y in the
normal operation npde, the read/wite channel sends NRZ (nonh-return to

zero) difa lasatiopadesignatad faresach lirgegrionfas caelbtrpgke sEiecssqesinceratountsithe val ues.

The sequencey,. i i igured to count.the bytes 5
recei ved frgﬁrﬁnt? r??ﬁ%ﬁk‘éﬁ%&#g?ﬁg@a&%e%g@ gggﬁ%rr%nrtgrﬁggﬂl}} IRES 8% e their

| ocation. Eemphmgbérrforkachfdefededditted i ahd EmbBCIBLAGRE 280 EHr tHAE Sequencer
to place a defect marker in the buffer once a defect indicator byte is

received. Plasgs ﬁ?@tofH%dHé‘?kect marker in the buffer location is necessary
for enabling theoRiChORIRAERSS Ahd A nirfle AAGELBe Wiy fiSfagpe | ocation on the

storage nedia. The bu as a nmenory ocati o esi gnated for each
| ar ge sé&ft omidroproesssér 142anktructithe befthren sere heoross dshatpuabiiter of bytes
recei ved for each I%?f%asector of a_ current track and inputs the count

number for SBHCHRT SPEREMP 2 Thea. themiFtppresessor &4 sdvesadd for t hat

command to the sequencer at read operation 334. The sequencer then triggers the
read/write channel which begins to feed the byte values to the sequencer indicating
whether a defect is present. The sequencer directs the defect byte number to the

20  appropriate location in the buffer. Once all of the 2T pattern has been read for the
disc drive, the read portion of the routine ends for that space. .

After the locations of the defects for the disc drive have been stored in the
buffer, the microprocessor 142 begins a defect marking scheme which cycles
through the defects. The microprocessor calculates the location of the defect

25  based upon the format of the track area that will be created after the mapping
scheme is completed where several sectors (normal sectors each with a PLO, sync
byte, data section, and ECC as in FIG. 3-1) exist between adjacent servo bursts on
a track. The microprocessor 142 finds the normal sector and byte position within
that normal sector that contains the defect. The microprocessor 142 also detects

30  whether the normal sector and/or its trailing normal sector should be marked as
unusable. The routine begins with query operation 402 detecting whether any

errors were found in the current track area being analyzed. The programming



| arge sector and track. Once the sequencer and read/wite channel are setup
to read, the 15 mcroprocessor 142 instructs the buffer to store the
errors ag, Pl by the sequencer at buffer operation 332y K6k he

m croprocessor 142 sends a read conmand to the sequencer at read operation
334. The sequencer then triggers the read/wite channel which begins to
feed the byte values to the sequencer indicating whether a defect is
present . Thetossigiuencufferienabd¢sshe mecrdpriveessorbldldo knowehe drea ithehe BOffappr opri at e

|l ocation in the buffer. Once.all, of the 2T pattern has Jbeen read for the
disc drive UhEORERHS IROTERHOTeleRant £ he CHE Ol ERCk AgeA st casie@tion | af ¢ or

the locatioggg ff hibRprrtast §4i cedsBEMEH RforfalidifadteMindigen stored in the
buffer, the m croprocessor 142 begins a defect marking scheme which cycl es

t hrough t he def etfigueryToperationrd0p findese errorsdbr the atgrent: thask lapeadtietweenof t he
defect 25 based _.upon the format of.the track area.that. wll be at ed
aftor th mappRUBERL RS B e d (rEee Su6e F elbirePrdim
sectors eackyilsaft the fufne 834 forid Boxt Batiars S bétvebn thRxEWe Afackit FI G 3-1)
exi st between adjacent servo bursts on a track. The m croprocessor 142

finds the neemaburstscf all tragidanggs kavp @l ydt beenvmalyized. Himueryneperailong@2t or t hat
contains th

efect.. The mcroprocessor 142 al so detects 30 whether the
mor mal | sect JPEHaS i G FRE R Bt e P R R o
unusabl e. The4.r aynis epdaitin) shewhichopiotREsor QNE datkifinestBe 1statiGebf Mg whet her any
errors were found in the current track area bEIﬁ? anal yzed. The progranm ng

| 1 WO 08/ 3emsn wisltpy thstoayk gea with gefgreage forthe Rursbll ped byip apmber afike

m Croprocesgor gté?edtiﬂﬂ{%rlﬁj‘#e} he area in the buffer that contains the
i nformati on rel evant € current track area under consideration and the

m croprocessor 1¥Bingakeasass bhahumbdrakdred imthe daffer, deotst operdtion go0er y
operation 402 fnds no errors for the current track area between 5 two
adj acent sef¥gulpigs &hich nomalisseipy #d Which brtgiwithin thedigamal SEHer GRBHBHr ocessor

142 wi | Star gy dhenQuiing BaR Y AL bRl the b BYaA EAMAEINERD the next
e e g A

two adj acent ~ servo burs track are ave not eefi anal yzed.

| f quer y5o0pef dicilange 4€2or from sheeiarmabsector ldngthctorprediice tirfastkvalitfeeaChid Ken cont r ol
noves to |location operation 404. At this operation, the nicroprocessor 142
det er mi nes gpee besauseiths byies fopming the PLO and sync byte are not counted in the byte

count forming the byte number. Then, the first value is subtracted from the
error's byte number which is an initial defect count number that is stored in the
buffer to produce a new defect count number.

20 The length of the normal sector is subtracted from the last new defect count
number to produce another new defect count number. The subtraction is repeated
as many times as necessary to reach zero or a negative value with a new defect
count number being produced after each subtraction. The number of subtractions
from the initial defect count number necessary to achieve zero or a negative value

25  indicates the normal sector within the track area between bursts that contains the
defect. The byte is then found by storing the last new defect count number that
was produces before reaching a negative number or zero.

For example, assume the normal sector length is 600 bytes and the track
area between bursts will contain three normal sectors. The large sector is,

30  therefore, 1800 bytes wide. Assume the PLO and sync byte of the large sector
occupies 20 bytes total, and assume the initial defect count number (error byte

number) stored in the buffer for the current defect is 1100.
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10 error within the track area with reference to the burst 1D and byte
nunber of the error stored in the buffer. Using the error's byte nunber

stored iﬁ'(%ﬁﬁn%‘fffer’ sector operation 406 calcul ates V\/i}i:,i:}a]s fs%l sect or
and which byte within the normal sector contains the error. e sector is

found by first subtracting the PLO and sync byte |l engths 15 of the | arge
sector fromthe nornmal sector length to produce a first value. This is
done because t heSubtragng 20 fromgp00Heaves 638G rwhisly provisgs theaenbaoto fisunt ed i n t he

byte count forni t he te nunmber. Then, .the fir al LS subtracted
From the ePgEeLRp AL S etk pek oten peedre 510 E8n 60 Re®umber ¢ hat
i s stored i Ravdyes20bwibiels thOfiRf REW aBfed: dAaMY ARIRE! SaRrRtinp¥oPahe 20 The

| ength of the normal sector is subtracted fromthe | ast new defect count

nunber to phoaeascciordenath onfroqueadis drome 2 ongeledyes neghhiwe 8QbThercfaren i s

repeated. as _nmany tines cessary.to reach .zerg or eqgatjve value with
a new de ec?he ‘8‘8%"@@%??%2?2 g‘g?rﬁ‘b‘nﬁr%%tﬁg&fu chpnsegglﬂ tE%B’qu gﬁ‘[n %n. The
nunber of swbid Retds@ysand fitieodBfédi ied i the sdcofl®heital GBIt THEBYE! pdagfoAssary to
achi eve zero or a negative value 25 indicates the nornal secgor wi thin the

track area BEWMREERT Hithin He pormal senteras e laftaewdlefest eount nembsyrtthativeast hen f ound
by stori N9 Liab A8 b oRPWhAPlefHind OOk 0L HGher! BR520 WARiRLQUUFES Defor e
I've nunper or ro. algor nple; %ehe

reachi ng a nega exa assurre ormal sector

length i s 6@ficroploesssanmi2tdosy kioxgkhatabaaalketisLand drtsispovitidn 20fai n t hree
normal sectors. The | arge sector is, 30 therefore, 180% bytes w de. Assune

t he PLOl@ndthsyyerepitrackareahqs ajdgfege sector  occupies 20 bytes total, and

burfer for the canebleShorldWRREh dPaf b Sued BREHl 30855° ' 11
Subt r act i ngd&ect§ wheth&Ofie ketarednfaiing thbidefecpliad\alrdfs Bebe nadtedamusadle i r st

subtract frgip the defect's error byte nunber. Subtracting 580 from 1100
once | eaves D&8R§IQHFORI have bera previaysly, marksd alan ereqsn the\¢AE Precesieht r act i ng

600, the ngfMlseRCGtR ank ﬁﬁggﬁc&[iﬂ% Ex%gg&iéﬁé/d thE 5QBr18 e AHrEed. ?ﬁ%ﬁﬁl negative

80. Therefore, 5 the m croprocesso etermnes that two ractions
from t héS by bednasbalbelaverthe et sdsarcpukdrichve beendmewiotsly magked intidablesécond

nornmal sectqr. The t osi.tion, of the error within the nornal sector is
the | ast ne e&gqt%?e?%ﬁhgonm&dquy was too close to the beginning of the

current sector. Marking the sector unusable in this fashion prevents the sector
from failing in the future if the defect in the preceding sector grows into the PLO
and/or sync byte of the current sector. In one embodiment, the sector is marked

20  unusable if the defect lies in the PLO section, the sync byte section, or the ECC
section. In this embodiment, it is assumed that defects in the data section can be
compensated for by the ECC. Other embodiments may further discriminate the
defects and the section they lie within before marking the sector as unusable.

If query operation 408 detects that the normal sector has not been marked,

25  then operation moves to mark operation 410. This operation flags the current
normal sector determined in operation 406 as unusable. Then control moves to
query operation 412. If query operation 408 detects that the normal sector has
already been marked, then control bypasses mark operation 410 and proceeds
directly to query operation 412.

30 If the relative size of the defect is given consideration, the microprocessor
142 could then determine the length of the defect by finding the number of

consecutive error bytes from the read/write channel that were fed to the buffer. A
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subtracted from when reaching a negative nunber, or 520 in this case. The
m cr opr ocessor 142 now knows that normal sector two and byte position 520
of 10 the current track area has a defect. After the sector and byte

posi ti on VP &1/H6éYler ni ned, query operation 408 detects whdT&SHMH3Zect or
contai ning the defect has al ready been marked unusable. The sector could
have been previously narked if an error in the sector precedes the present

error and tQﬁ%glp@\%?ﬁi?thulgrb'é%seﬁ?%'ﬁ&@eé @xeﬁi\%@&%ﬁ&n%&%n%hﬁd' As will 15

be di scusse e sector also cou een previously marked
unusabl e i f optiacos dt@ orillosfae thid stepc oThisiqnerg operdede oiouldhdetdimives t 0o cl ose to
t he begi nni current __sector. Marking the sector unusable in this

S

n f the i
f ashi on pr_e\)’g??&sertﬂf‘i’ede eé:éfsosﬂgmfﬁ?a& % SOTPRARE;itg Sizgdo fhekpowniminipam gige ect i n
the precedi ng aSEHRANOIQNS khéWR fdrife Refdn @Mﬁﬁa@g MEWerlY ! FoPli #jh‘é;ﬁﬁw rent
ed 20 f)e i the

sector. In one enbodinent, the sector is nmar unusa def ect
li es in Hhe defeCss eparatiom woulé moyna ¢o matkeomsetionadl(. dior iisegnH@nt defexts, on. | n
t hi s enbodi nent d.that defects i he data section can be

it {
conpensat ed Cf’Btfélb‘%'/("W@m%%%%%cﬂ%Fo %‘f?ﬁ%ﬂ?%tﬂﬁ%%y further discrininate the
defects and the RQgHet @fantph¥ng difecly E@hﬁbr?%&&ﬁ@oﬂ@f%%&?ﬂﬁle%ﬁmf as

unusable. If query operation 408 detects that the normal sector has not
been nar ked the REgetsgetar eqnsaing Anyrmens\esxors, contgolknanse taguary ogd@tion4i2s oper ati on
flags the cunrent . norpal .sector determ ned in operation_ 406 as unusabl e.
Then controﬁ”hﬁ(ghvt&tstw g‘eﬁgﬁgjfﬁné)bésrlgﬁt%({foﬁfg’.se f?‘hﬁ?}@%}m&g@f ST5Kt 408 detects
that theqonomdBhaiseaber Thedistands BAGN0IN S BRELEBE whtdENhE @RbLF RltobyPasses mark
operation 410 and proceeds directly to query operation 412. 30 If the

relative si £05efs 2 gesigesheice. {Typigplly rihis dirsinge thaeshold valieewill tersopr ocessor 142

coul d then r.m t.h ef ect by findi t he .nunber of
consecut i ve%gfr“fegglgé? éals?gtb &%ﬁ%ﬁcﬂ%h%plélala?r\ﬁngslet“g&c%%ﬁrgﬁsetlﬁg’gte\lﬁgepﬁl fed to the
buf fer. A 1Thefért/ 3 16bdefRCTi SRR IBY Sbseriibiahver AP 8YRS boforec@el d be inserted

between query operation 408 and mark operation 410 to illustrate this
step. This Qa8R)ngeéthe:traing parmal sestos, thi defectip éaoripsetand operatien moyes

A L
si gni fi cant and failures due to the growth of the trailing normal sector are thereby avoided.
Control then moves to query operation 416.
If query operation 412 decides that the defect is not within the chosen
number of bytes preceding the trailing normal sector, the trailing normal sector
20  will not be marked unusable and control continues directly to query operation 416.
At query operation 416, the microprocessor 142 decides whether the current large
sector contains any more errors. If so, control returns to the error operation 404.
If the large sector contains no more errors, then the routine for the current large
sector track area ends. The microprocessor 142 will restart the routine for the
25  next large sector unless all large sector track areas have already been analyzed.
Once the normal sectors have properly been marked as usable or unusable,
the microprocessor knows whether they should be skipped after formatting when
reading and writing user data to the storage media. Disc drives failures are
avoided by marking the normal sectors with errors as unusable. Future disc drive
30 failures are avoided by marking the normal sectors that trail normal sectors
currently having errors as unusable when the errors are too close to the normal

trailing sectors. It is not necessary to detect whether the defects lie too closely to
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5 defects, operation would nove to mark operation 410. For insignificant
defects, control would proceed directly to query operation 412. Rather

t han noyj irectly to query operation 416 to determn é’ﬁﬁ({d the | arge
sect or \é{éﬁglall ﬁél any nore errors, control noves to querye%p r% ﬁglr‘?3412

whi ch tests whether the error is located too close to the beginning of the
next 10 normal sector. The distance threshold used to decide whether the

error is tothe endl 0f e pteseding acingih sekuritc decidey wherhbrd v, alsohhsrkdhe prabengt hr eshol d
value will be set between 10 and 15 bytes and should increase with an
i ncrease i nDYFRALSGEER &5 pusablep, dihe b (e portion of theueesding nosmalfeeter g2t he chosen

nunber of by&s@t%ﬁ Q& hglg grd@@ﬂwmie%@&i@%tﬁ of i E}&gdmgg%al e the

defect is too ose an(Sj ration noves o mar K oper Thi s
operation flags Theexemplary ergbodoment$ ofthe inventzon includab nethod ok hgipingr es due to

the growth of. the trajlin ornal ..sector, are there avoi ded Control then
noves t\(,)\g qu ?f@ct%%ré&"gts{%%e%i%}a r}?addﬁfquv %Eg? H‘(e%h(?ﬁ lﬁ%‘eaé‘a b t hat the
defect is nedicubitin@iapobifien 619868t 406 MAKeht LMbESrREFGRRINS tdWoskibAl | | nY
normal sector, the trailing normal sector 20 will not be marKed unusabl e

and cont r ol oidhad¢faciastlaiged as wnpsatde §lierd dispaaceiof tha defed's pogitiongteer y oper ati on

416, the m croprecessor, 142 deci des whet her the current. | ar sect or
SecliP adiSCanP o the %Ebsn(iofl’cﬂare SERPHS lga?cﬁéméﬁ’l"gf‘u&per ation

. acen cyreent se€c
contal ns any m)ré errors. l}rf %,

404. |f thehd al@entseabolk Nageddais dEusable ieR (RS diSthsoe it REthhR theldddncoe for the
current | ar%}e hsect or track area ends. The m croprocessor 142 will restart
S¢)

the rout@ ne oldd4.25 next |arge sector unless all large sector track

areas have alre I .t he, nornpl, sectors have properly
been marked as 3@%/1 ?g’&%}p %ﬁﬁ%‘ggﬂg‘m&aﬁ% léﬁ}f%dreoapcro(rr}%glssg Strcmlgh%t\ﬁgap\ﬁhet her they

shoul d be sésifmesh aftb@pe mediawi hidivg dvibe NThe @atblysRAtinvaldsiatgadiwale data to
the storage nedia. Disc drives failures are avoided by marki ng the nornal
sectors w t H2Bpgl 4 thetreads aHgnab from the starage sedigrtp detectzplefest andthe are avoi ded

by marki ng ' S t i 0 urrently having
errors as u%éggcégﬁg:%né rf@ ?{?gésé?rﬁ g‘?scagpg{elts ct)lo%oéﬂqgiso 8 ? %}etcﬁgec}\%% t?rlﬁst&atggai i ng

sect or s15 | t media noh fimeti@safthy défect deation. Tiegirbesssdrha? diegeciestoki € t oo cl osely
to -y WD 01/ 31651 PCT/ USQ0/ 18133  the end of a preceding normal sector to

deci de whet $EFeSRBIMEL® theogition af e delesfi aggnusable and compares against a

distance threshold a distance of the defect to an adjacent sector. The processor 142
flags the adjacent sector as unusable when the distance is less than the distance
threshold.

20 Also included in the exemplary embodiments is another method for mapping
defects on the storage media of a disc drive. The method involves creating a
plurality of large sectors to fill the storage media 328. Reference data is written to
the large sectors 328 to produce stored data. The stored data is read back 334 and
compared to the reference data to detect errors. The byte number of each defect is

25  found 334. The normal sector and byte position of the defect is calculated 406 by
subtracting the sector frequency from the defect's byte number. A normal sector
corresponding to the position of a defect is flagged as unusable 410. The method
may further include comparing a distance of the defect to an adjacent sector against a
distance threshold 412. The adjacent sector is flagged as unusable when the distance

30  isless than the distance threshold 414.

It will be clear that the present invention is well adapted to attain the ends

and advantages mentioned as well as those inherent therein. While presently
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normal sector as unusable. The ECC portion of the preceding normal sector
can account for errors that grow into the ECC portion of that preceding
normal s r he exenpl ary enbodi nents of the invention/ met hod
for rrappi%%&/3§65§ef ects on the storage nedia of a disc drir}\?ierag?ﬂgﬁ?rﬁt hod

i ncludes the act of calculating a position of a defect 406. A current
sector corresponding to the position of the defect is flagged as unusabl e
410. A di st ameferred embmsliderftebavedegroddstiitond forpuaposseattbis didjoament to t he
current sector is c ar ed ai nst . a di.stance threshold 412. The adj acent
sector is fI%@od‘sﬁgar}%ﬁﬁ?%sg’%ﬁ%wh‘tchév lﬁ?gafrig}ﬁt‘,‘éggieg themselven o hesse di st ance
10 threshol diflfkd in thoQRAnE ARl dncBRBRAIELIRNLS spMiSet thd¥ab&iBn AisEBY O system
that maps defects on a storage nedia of a disc drive. The control system

i ncl udes a raagd@s defined in e apprsded dgimshat reads a signal fromthe storage
nmedia to detect a defect and the defect's location. A processor 142
cal cul ates the position of the defect on the storage 15 nedia as a function
of the defect |ocation. The processor 142 flags a sector corresponding to
the position of the defect as unusable and conpares against a distance
threshold a distance of the defect to an adjacent sector. The processor 142
flags the adjacent sector as unusable when the distance is |ess than the

di stance threshold. 20 Also included in the exenplary enbodinments is

anot her nethod for mapping defects on the storage nedia of a disc drive.
The nethod involves creating a plurality of large sectors to fill the
storage nedia 328. Reference data is witten to the large sectors 328 to
produce stored data. The stored data is read back 334 and conpared to the
reference data to detect errors. The byte nunber of each defect is 25 found
334. The normal sector and byte position of the defect is calculated 406 by
subtracting the sector frequency fromthe defect's byte nunber. A nornal
sector corresponding to the position of a defect is flagged as unusable
410. The nethod nmay further include conparing a distance of the defect to
an adj acent sector against a distance threshold 412. The adj acent sector
is flagged as unusabl e when the distance 30 is less than the distance
threshold 414. It will be clear that the present invention is well adapted
to attain the ends and advantages nentioned as well as those inherent
therein. Wiile presently
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WO 01/ 31651 PCT/ USOQO 18133 preferred enbodi nents have been described for
purposes of this disclosure, nunerous changes may be made which wll

readily t hensel ves to those skilled in the art g,raq i re
encorrpasgdhetg&?gékstlhe spirit of the invention disclosed an aé‘yggg/ i%]%%d in the

appended clains. /!'o WD 01/ 31651 PCT/USQ0/ 18133 WHAT IS CLAIMED IS: 1. A
nmet hod for mappi ng defects on the storage nedia of a disc drive conprising
steps of: a) calculating a posiWHad ISICIAINERES:; 5 b) conparing against a

di stance t hreshol di st anc f th sition,.of .the .defect to a sector
adj acent to1a%’&}?‘?‘gﬁfmé’@é’{’%%&%ﬁ?8?‘%‘?‘%8“?%%‘“8‘3?8@? Blsﬁﬂﬂv"cﬁomﬂrﬁﬁ@i ng the
adj acent segfepdofas unusabl e when the distance is Iess than the distance

threshold. 10 2. The nmethod of claim1, further conprising a step (d) of
fl aggi ng the cur pegsiculatiag pppsiiomel dafery t he defect as unusable. 3. The

met hod of claim f her conpri sing, st f e iting a test pattern
to the s%orage né)d‘foél!;lg a&lgg ?%a%}sggg}snaﬁc %esﬁ(ge@ta%ﬂ)séﬂcéPﬁ{hF(goﬁg%ﬁét ®a read

si gnal ; anddef:ctaoapedstorigdjactir t6 £ aghrént GRe)r caftainfstthadgb@nald t hreshold to
detect a defect. 4. The nethod of claim3, wherein the test pattern is a
2T pattern. 20 5° faggingdhaysjacent seetar #p Wusahirowksnthe Histagtssis less than theas a
buffer and yhe st es%&? of witing a test pattern to the storage nedia
conprises steps of e(1) storing programr ng and the test pattern in the
buffer; and e(ii) executing the progranmng to retrieve the test pattern
fromthe buffer and wite the test pattern to the storage nedia. 25 6. The
met hod &¢ cPailhs pethodof flaim Lofuphercpmgrising pstep(d) of flerging iecarerig whet her t he

posi tion of (b Agh&G REATELSs GARRARSation by an error correcting code;

and

3. The method of claim 1, further comprising steps of:
€) writing a test pattern to the storage media;
15 f) reading the test pattern to produce a read signal; and

g) comparing the read signal against a signal threshold to detect a defect.
4. The method of claim 3, wherein the test pattern is a 2T pattern.

20 5. The method of claim 3, wherein the disc drive has a buffer and the step (e) of
writing a test pattern to the storage media comprises steps of:
e(1) storing programming and the test pattern in the buffer; and
e(i1) executing the programming to retrieve the test pattern from the buffer
and write the test pattern to the storage media.
25
6. The method of claim 2, further comprising steps of:
d)(1) detecting whether the position of the defect permits compensation by an
error correcting code; and
d)(ii) flagging the current sector containing the defect as unusable when

30  compensation is not possible.



d)(ii) flagging the current sector containing the defect as unusabl e when
30 conpensation is not possible. I W 01/31651 PCT/ US00/ 18133 7. The

met hod o d 1%!16?11’ wherein the distance threshold is 15 w&.ﬁgw&l 3jl'he _
met hod of claim 1, wherein calculating step (a) conprises steps ot: a)(i)
repeatedly performng a subtraction of a nunber of bytes corresponding 5
to a nornmal sector length froman initial defect count nunber to produce a
new def ect 7cdbamethgdioéelamf i ewhezeio thesditancgdhiesghwldisd Sbesat i ng t he
subtraction until reaching zero or going negative; a)(ii) counting a
nunber of subtractions necessary to reach zero or go negative to find a
def ective ngr mak neeol OF clafd, vhikréth Chlchlitisd Q&) (AP cSnpragh st@;[?sv\’)f(.jef ect count
nunber produced before reaching zero or going negative to find a defective
byte position w 8K repesedly ppdermniinga ptnaetion efagtuober of bydescortspohdisg st em t hat

maps def gct ia of .a disc drive 15 conprising: a

regd/ Wi ?e gqn%ﬁone af%%%? %gﬁO%%fnétﬁ%%eéftoﬁ%qu% FJBUUFEF"E™ 0 detect a
defect and defe@@atutambdEr dfte edlfifs@biractibh Bhdirepedtip R Hub&&GLA ntiRNd a
processor that calculates a position of the defect on the storage nedia as
a functi onTFhinkgerp GEEIINHACHBHVEhe def ect, conpares against a di stance
threshold a 20 dj\g ol i B1on: defect . to a sector adjacent
to a current sec%)gﬁ)%g%}]n Al %L?rgogep? ﬁ%&gg%@% ,néctaggsérbﬂoaraaézhtzﬁré) %&Pacent sector
as unusabl ensgadne tolfinddi defexfieendral bek&8; 4ndan t he di stance threshold. 10. The

control systemof claim9, wherein the processor flags the current sector
25 cont & ni ng t h(gbsterrs alasinensdabecs coumt pumber paedused befprsgedching zgrgsi t i on

t hat cannot . f g . t .code. 11. The

cont ol syt ean i REREB Rl o RleclVe Bl Bt ERMR U drPRGImali o1 eo o ¢ est
patt ern andsgotoogr anm ng for the processor; 30 a sequencer that receives the
test pattern fromthe buffer, provides the test pattern to the read/wite
channel, and instructs the read/wite channel to wite the

9. A control system that maps defects on a storage media of a disc drive,

15  comprising:
a read/write channel that reads a signal from the storage media to detect a
defect and a location of the defect within a current sector; and
a processor that calculates a position of the defect on the storage media as a
function of the location of the defect, compares against a distance threshold a
20  distance of the position of the defect to a sector adjacent to a current sector
containing the defect, and flags the adjacent sector as unusable when the distance is

less than the distance threshold.

10. The control system of claim 9, wherein the processor flags the current sector
25  containing the defect as unusable when the defect lies in a position that cannot be

compensated for by an error correction code.

11. The control system of claim 9, further comprising:
a buffer that stores a test pattern and programming for the processor;
30 a sequencer that receives the test pattern from the buffer, provides the test
pattern to the read/write channel, and instructs the read/write channel to write the

test pattern.
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test pattern. r8 WD 01/31651 PCT/US00/ 18133 12. The control system of
claim1l, wherein the test pattern is a 2T pattern. 13. The control system
of claim 10, wherein the processor is configured to detect 5 whether an
error coM®M3BH code can conpensate for the defect and PCAFOWEIBUr r ent
sector containing the defect as unusabl e when conpensation is not possible.
14. The control systemof claim9, wherein the processor is configured to
calculate the position of the defect by repeatedly perform ng a
subtraction of a nunber of 10 bytes corresponding to a normal sector |ength
from a def ed2- dBERINLRL ¥ phclaipy Uguderein thetestistientis e @limatteranber after each
subtraction and repeating the subtraction until reaching zero or going
negative, counting a nunber- of subtractions necessary to reach zero or go
negative tol18i MHe eorel eytdny ef dlgim A, wheeinhe pRBEkssit i boiTurdd th asiectnew def ect
count nupber produced before reaching zero or going negative to 15 find a
def ect i vé byHhsthehdl §IT SoTpetien Sode fan gempenspigdor ?ﬁ@t‘gctge flag thergrrens net hod
for mappi ng : i J drive, .the nethod
conpri sing ts e r?t% g%}sr&o%@Qggééct%%g?%ﬁgﬁg}h%flgzr)rgﬁ?rg%}éog'flggétjpé)ése&r’l “ test sectors
to fill the storage nedia; 20 b) witing a reference data to the test
sectors to @%O? ce stgred dat a; ) reading the stored data contai ned by

0

ata;. ¢ :
the test se € COPTOL BSiFat PR WhietsHEhe fEacessohis configuretty calgulatge
reference d Li%ioH BF Bleldercdef ; | : r.for. each
defect; 25 ?ge%)soubtor act i nS ea s@%@%?edﬁ%%%ﬁogﬁg{ﬁfsﬁgt?n&%ﬁ%gﬁ%gmtr’\eﬁ%er for a
def ect 110 f bytds eorraspomiirig to @atoomalpestort lexgth fbnit héefete taait numabettg) fl aggi ng a

nor mal sector correngg%}?i ng to the r}@r maL sectqor position as wunusable. 30
16. The net REFUET2 L4 o gOunt puimnenalieh faGR isehtFGtieh endsrepgsding the  Q WO 01/ 31651

PCT/ USOQ 18 4d¥raction SRITRAERAY z&83} BSihg Aegllind 2BGRink RRH O duflicsbance of the

nor mal sector
necessary to reach zero or go negative to find a defective normal sector, and storing

a last new defect count number produced before reaching zero or going negative to

15  find a defective byte position within the defective normal sector.

15. A method for mapping defects on the storage media of a disc drive, the method
comprising the steps of:
a) creating a plurality of adjacent test sectors to fill the storage media;
20 b) writing a reference data to the test sectors to produce stored data;
c) reading the stored data contained by the test sectors;
d) comparing the stored data that is read to the reference data to detect
defects;
e) storing a byte number for each defect;
25 f) subtracting a sector frequency from the byte number for a defect to find a

normal sector position of the defect; and

g) flagging a normal sector corresponding to the normal sector position as

unusable.

30 16. The method of claim 15, further comprising the steps of:
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position of the defect to an adjacent nornmal sector that is adjacent to a
current normal sector containing the defect; and i) flagging the adjacent
normal sector as unusable when the distance is less 5 than the distance

t hr eshol WO MB165h control systemthat maps defects on a sPEFESW/IEESFi a of a
disc drive, conprising: a read/wite channel that reads a signal fromthe
medi a and conpares the 10 signal to a signal threshold to detect a defect

Wi thin a currenty)$eapsting aghielst ARt Mre R MLGEAL ST MdrRial 26iof €ad/ Write
channel to find a position of the defect, and flagging an adj acent sector

that is adjresiéinn of thednfectdaan edincentperoral sestor it seddjagenttien carretitst ance of t he

Fﬁfleglhglndof%)%% sggt];reé:c}ntatixﬁnéﬁqee dae‘fléc@%?@t sector is less than a distance

1) flagging the adjacent normal sector as unusable when the distance is less

5  than the distance threshold.

17. A control system that maps defects on a storage media of a disc drive,
comprising:
a read/write channel that reads a signal from the media and compares the
10  signal to a signal threshold to detect a defect within a current sector; and
means for communicating with the read/write channel to find a position of
the defect, and flagging an adjacent sector that is adjacent to the current sector as
unusable when a distance of the position of the defect to the adjacent sector is less

than a distance threshold.

A0



