WO 01/ 39188 PCTJUS00/ 31993 METHOD AND APPARATUS FOR DATA ERROR RECOVERY
USI NG DEFECT THRESHOLD DETECTOR AND VI TERBI GAIN FIELD OF THE | NVENTI ON 5
The presavooiwaasnti on relates to read channel s in stor 2§a/u$ed388s. In
particular, the present invention relates to defect detection in read
channel s. BACKGROUND OF THE I NVENTION I n data storage devices, data that
has been witten to a storage 10 nediumis read fromthe nediumthrough a
read channel. ldeally, the average anplitude of the read signal remains
wi thin an expected range over the entire nedium However, due to defects
on the medium and errors that occurred while the data was being witten
to the nmedium snmall sections of data read fromthe nmedi um can have
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Si gni fi cant changes I'n tﬁe arrpﬁp'g ¥ he read Sl gnacf can create errors

in the data decoded fromthe read si gnal. Al t hough sone of these errors

can be corrected by an errommcﬂmumlmmul e in the read 20 channel,
other errors are so large that the error correction code cannot correct
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channel , par¢haphgles of the read channel are 25 changed duri ng the retries.
In particular, a gain applied in the read channel is nodified during the
retries in an attenpt tPACKGROWND OFTHEINVENEIPNrs in the read data.

Under the prior 3h atd gt!)& 2 d'eOmEg' %agaﬁx%t has been written to a storage

10 medium is read from the medium through a read channel. Ideally, the

!:l'

average amplitude of the read signal remains within an expected range
over the entire medium. However, due to defects on the medium, and
errors that occurred while the data was_being written to the medium,
small sections of data read from the medium can have amplitudes that

15 are signiﬁcantly larger or significantly smaller than the amplitude of the
data read from other portions of the medium.

Significant changes in the amplitude of the read signal can create
errors in the data decoded from the read signal. Although some of these
errors can be corrected by an error correction code module in the read

20  channel, other errors are so large that the error correction code cannot
correct them. When the error correction code detects an error but cannot
correct it, the storage device typically tries to reread the data.

_ : In ?Stofage sysfer_xis that use a pa_rﬁal i'es'ponse ma;cimum' S
likelihood (PRML) read channel, parameters of the read channe] are

25  changed during the retries. In particular, a gain applied in the read
channel is modified during the retries in an attempt to reduce the
number of errors in the read data. Under the prior art, errors in the data

are identified as occurring within a particular sector on the medium by



,are identified as occurring within a particular sector on the nmedi um by WO
01/39188 PCT/ US0Q/ 31993 -2 the error correction code. However, the error
correcti oW Bannot  pinpoint the location of the errBETHFOORIN3 t he
sector. Because of this, the gain adjustnents nade to the read channel

must be done on a sector wde basis. Such sector w de gain adjustnent has
not provided as much 5 reduction in data errors as woul d be desired.
SUMVARY OF THE | NVENTI ON A net hod and apparatus are provided for reading
froma storage nediumto formdata values. A signal is generated froma
sector on the storage nediumand a section of that signal is identified as
having a 10 change in anplitude. A gairm-nultiplier is activated to nultiply
that section of the signal by a gain value. The gain nultiplier is

deact i vat ed the end of the section so that the renaining portion of the
sector signal %‘? SR °rﬁ‘?f|%Pf‘|SP§%dﬁg’§?’ef’FFe STRORLRTTRStoRgpde cartigt 1 s in a

def ect adj ust lfcﬁﬁm.alloéamh Jf $h@@Rbr Withirthe seQbE CBQGulLofMhlsChle dat a
val ues. 15 BRIEF DESCRI PTION OF THE DRAWNGS Fig.1 I1's a perspective view of

di sc drive i n g adiudmsntt madeé ta the regd dwamel inmstbe dame omw séetopr act i ced.
Fig. 2is ab R am of a read chapnel of,the prioy. art. Fig. 3is a
graph of a regﬁagpgsﬁglgé%ﬁsﬁﬁifm Sﬁgfﬂ’?ei‘ﬁ’fﬂ?ﬂ“?f‘g?@%ﬂf?&‘.dea asmuchyaph of
NRZ dat a wsen réductiohin ddidistomnk wouldpeldesigkq t 0 the read signal of Fig. 3.
Fig. 5is a graph of a read signal with defect provided by a preanplifier.

Fig. 6 is a graph of NRZ dabdMMARYCQH THEMNVENTIOND si gnal of
A method and apparatus are provided for reading from a storage
medium to form data values. A signal is generated from a sector on the
storage medium and a section of that signal is identified as having a
10 change in amplitude. A gain multiplier is activated to multiply that
section of the signal by a gain value. The gain multiplier is deactivated
at the end of the section so that the remaining portion of the sector signal
is not multiplied by the gain value. This results in a defect adjusted
signal that is applied to a detector to detect data values.
15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a perspective view of disc drive in which aspects of the
present invention may be practiced.
Fig. 2 is a block diagram of a read channel of the prior art.
Fig. 3 is a graph of a read signal output by a preamplifier.
20 Fig. 4 is a graph of NRZ data when no gain adjustment is applied
to the read signal of Fig. 3.
Fig. 5 is a graph of a read signal with defect provided by a
preamplifier.
Fig. 6 is a graph of NRZ data produced from the read signal of
25 Fig. 5 after it has had a sector wide gain adjustment of the prior art.



25 Fig. 5 after it has had a sector wi de gain adjustnent of the prior art.
WO 01/ 39188 PCTI US00/ 31993 -3 Fig. 7 is a block diagram of a read channel
of the preswRl3MBention. Fig. 8 is a bl ock diagram of PFEHBYIBhreshol d
detector of one enbodiment of the present invention. 5 Fig. 9 is a block
di agram of a defect threshold detector of a second enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS FIG 1
is a perspective view of a disc drive 100 in which the present invention
is useful. Disc drive 100 includes a housing with a base 102 and 10 a top
cover (not shown). Disc drive 100 further includes a disc pack 106, which
I's mounted on a spindle notor (not show8, by a disc clanp 108. D sc pack
106 includes a plurality of individual discs, which are nmounted for
co-rotation about central axis 109. Each djsc surface has an associ at ed

di sc head slider 118i&Riithblosk dingramef agear chargel ofdhe presert cormuni cati on
15 with the di §ga¥ohace. |n the exanple shown in FIG 1, sliders 110 are
supported by suspensions 112 which are in turn attached to track accessing
arnms 114 of an act uBigo8 isld blocK Hingparh whih defeshthaeshold Hétectod of eneof t he type
known as a rotary noving coil actuator and includes a voice coil notor
(VCM), shown g@ﬁé"é@?ﬂtﬁf@iBlfes%i‘E%eWF nmotor 118 rotates actuator 116 20
wth its attached h : ' " f 1 eads 110
over a desi rrsed dat aﬁgfjg(lﬁlal gﬂﬁgﬁ nﬁg%%g%feéggﬁﬁs%ggd'btggﬁgéﬁg&ngc I nner
di anmet er 124 aerhbedithedt of thepredertintantioh26. Voi ce coil nmotor 118 is driven

by servo ol et ony s 400 iR BRGNP L AV MR o 2

host conputer (n

FIG. 1 is a perspective view of a disc drive 100 in which the present
invention is useful. Disc drive 100 includes a housing with a base 102 and
10 a top cover (not shown). Disc drive 100 further includes a disc pack 106,
which is mounted on a spindle motor (not shown), by a disc clamp 108.
Disc pack 106 includes a plurality of individual discs, which are mounted
for co-rotation about central axis 109. Each disc surface has an associated
disc head slider 110 which is mounted to disc drive 100 for communication
15 with the disc surface. In the example shown in FIG. 1, sliders 110 are
supported by suspensions 112 which are in turn attached to track accessing
arms 114 of an actuator 116. The actuator shown in FIG. 1 is of the type
known as a rotary moving coil actuator and includes a voice coil motor
(VCM), shown generally at 118. Voice coil motor 118 rotates actuator 116
20  with its attached heads 110 about a pivot shaft 120 to position heads 110
over a desired data track along an arcuate path 122 between a disc inner
diameter 124 and a disc outer diameter 126. Voice coil motor 118 is driven
by servo electronics 130 based on signals generated by heads 110 and a
host computer (not shown).
25 Fig.2isa block diagram of components of the prior art used in

reading information from a medium. In FIG. 2, a read head 200



25 Fig. 2 is a block diagram of conponents of the prior art used in
“reading information froma medium In FIG 2, a read head 200 WO 01/ 39188
PCTI USOO/ w9239188 4 generates an el ectrical read signal bgriusmnsisasci ng a
magnetic field or optical response fromthe nmedium The electrical signal
generated by read head 200 is provided to a preanplifier 202, which
anplifies the signal. The anplified signal is applied to a read channel,
whi ch begins 5 with an automatic gain control 204 that uses an internal
feedback |l oop (not shown) to adjust a variable gain anplifier 206.
Typically, the automatic gain control 204 has a relatively slow response
time so that it ignores changes in thg anplitude of the read signal that
occur over only small periods of tine.” 10 The anplified signal from

vari able gain anplifier 206 is provided to an equalizer 208, which
perforns one generates angleatricabicadBigipd batransducinga nixgnetiafleki gnal . The
equal i zation functions perforped by equali %er_ 08 shape the read signal so
that it bettePPHe cepponsgiremshe lﬂ%rﬁ*@leecpﬁi%@%ﬁnﬁﬁ?bﬁor exanpl e,

equal i zer 208 . . Q}ﬁglﬁﬁ sponse known
as EPR4 or a {;‘ﬁ?ﬁ‘ﬁé?@@%@ﬁg@%ﬁ‘ﬁ%ﬁ% a8 P@@Z&ﬁg&eq |ézset<[}§read si gnal
provi ded by esjgabl. ZTthe antiflified sigriah iscapplivdco acnad chiarthel, mttdclabeggigs t al  si gnal

by an anal og-to-digital converter 210. The sanpl e | ues are passed
through a i gWitkyanautamatic gaig copirobq04 Ygt P’iﬁss“é‘gg’@é‘éf\ﬁ?ﬁd&%k ® ow) before

bei n rovi de ' : aah fQLE | ast part of the
“ch ) &Sl S VG paict Ml 206, TR Ml 201 B

read channel . cto gital fes to identify a
most | kel y segueticgait cahdtah 20hhases relatively slowverdsponse timsessdapites. Thi s
most ignores changes in the amplitude of the read signal that occur over only
small periods of time.
10 The amplified signal from variable gain amplifier 206 is provided
to an equalizer 208, which performs one or more equalization operations
on the read signal. The equalization functions performed by equalizer
208 shape the read signal so that it better matches an expected channel
response signal. For example, equalizer 208 can shape the response to
15 match a channel response known as EPR4 or a channel response known
as E2ZPR4.
The equalized read signal provided by equalizer 208 is sampled
and converted into a digital signal by an analog-to-digital converter 210.
The sample values are passed through a digital gain multiplier 212
20  (discussed further below) before being provided to a Viterbi detector
214, which forms the last part of the read channel.
Viterbi detector 214 uses the digital samples to identify a most
likely sequence of data values represented by those samples. This most
likely sequence of data values is provided to an error correction code
25  module 216, which performs error correction code detection and

correction. If error correction code module 216 does not detect any



i kel y sequence of data values is provided to an error correction code 25
nodul e 216, which perforns error correction code detection and correction.
| f error cowoenidnsn code nodul e 216 does not detect any WOTEBABNIBY
PCT/USOQ/ 31993 -5 errors or if it is able to correct all the errors it
detects, it outputs a sequence of data values 218. |If, however, error
correction code nodul e 216 detects an error it cannot correct, it

i ndicates that the current sector is in error by passing 5 an error val ue
to an error recovery nodule 220. In the prior art, error correction code
nodul e 216 is unable to identify the particular location wthin a sector
that is in error. Instead, error correcision code nodule 216 sinply
indicates that the entire sector has an error. Upon receiving an indication
that a sector contains an error, error 10 recovery nodul e 220 suspends
readi ng of theexarsordfitis ahle toaearrechall theerors iff datents, dteantputsian error. Under

sone systens of_th  or_ard ore retrying the read, error recovery
nodul e 220 adj lsj%%use%‘égéfa?aﬁa\%glluﬁﬁaﬁﬁ a gain register 222 that is used by

gain mul tiplier 212 Iywaekaidrtoriebiién cdifti odiale 226 detet@an/e@fsier y nodul e
220 can increase or decrease the gain 15 applied to the digital sanples
provi ded by angAmwteerregtgit ingdic t thecurrenpsectar i ineerrery yapassingnot

successiul . sor LOLrbPOREL BN Focd0hhhuiR9% Mo HRAE IELGR! 1 V2l ue 11

gain registéer and a e read once "nore. under the

prior art, thecgeédtionlcadethddul@2ieis uagbleteidedtify thedatitihilaglodatici ry of the
read operation is sinply a guess on the part of the recovery nopdule 220,
because it hasWibin geectenibabis in exrer.dnstepd qereacosgction cede medile lact i on code

modul e 216 was siftfply Gl N e EERRI Y S&c¥or 135 96 error.

Upon receiving an indication that a sector contains an error, error
10 recovery module 220 suspends reading of the data and initiates a reread
of the sector in error. Under some systems of the prior art, before
retrying the read, error recovery module 220 adjusts a gain value in a
gain register 222 that is used by gain multiplier 212. By adjusting this
gain value, error recovery module 220 can increase or decrease the gain
15 applied to the digital samples provided by analog-to-digital converter
210. If the reread is not successful, error recovery module 220 will again
change the gain value in gain register 222 and attempt the read once
more.
Note that under the prior art, the gain placed in gain register 222
20 during a retry of the read operation is simply a guess on the part of the
recovery module 220, because it has no idea whether the error detected
by error correction code module 216 was caused by an excessively large
amplitude in the read signal or an excessively low amplitude it the read
signal. Also note that because error correction code module 216 does not
25  identify where the error occurred in the sector, the gain must be applied

across the entire sector.



.anplitude in the read signal or an excessively low anplitude it the read
signal. Also note that because error correction code nodule 216 does not 25
identify WH89188e error occurred in the sector, the gaPfTMAEV313 appli ed
across the entire sector. WO 01/39188 PC | US00/ 31993 -6 Fig. 3 shows a
graph of a read signal frompreanplifier 202 that includes a defect area
300. In Fig. 3, the anplitude of the preanplifier output signal is shown
al ong vertical axis 302 and tine is shown along horizontal axis 304. The
read signal of Fig. 3 is generated froma data 5 pattern representing a
string of all zeros. In defect 300, the anplitude of the preanplifier
output signal is lower than the anplitfde in the surrounding parts of the
signal. Fig. 4 shows the output of Viterbi detector 214 when the read

channel of Fig. 2 receives the read signal of Fig. 3. , the non |lo
return to zero (NF¥[2¥ -’E%F}%%am GR2 F‘SﬂﬂWtﬂrﬁa&PP]&él‘i’rszongatand tine is

shown al ong hpp| 78 h defdk ha%08: IH %Z?mhuamé gea?h _been

al i gned horizontally wth the port| e rea ig. 3 from
whi ch t hey armtputsxgadhsﬂmmalbnga#emwlahsBOZJandhmfasdhmwnabb i t hout

applying a n to t.he, [ Iues ed by ang] og- t |gital 15
cggvgrtgr g ?1309‘ '\E‘ﬁe swah dgﬁlgeﬁ?e’?ﬁ‘??ﬁh Be zero since
the data bel E&{Hﬁg'}ﬁstﬂh %fmé;%gem&ef@a%ob'mgaﬁtpgﬁbheaprOS Thus,

an NRZ "non- ro" i FIG "4 rep esents an error e seen fromFig.

4, the out putﬂmfptt#mph&lermmputbgmiusahowei@ham&iemiqﬂltadéattjhe group of errors

404 that are attri buted to% low anplitude in defect area 300 of Fig. 3.
dé‘éﬁ ts o thes

Thus, without®
Fig. 4 shows the output of Viterbi detector 214 when the read

channel of Fig. 2 receives the read signal of Fig. 3. In Fig. 4, the non-

10 return to zero (NRZ) values are shown along vertical axis 400 and time is
shown along horizontal axis 402. The NRZ values in Fig. 4 have been
aligned horizontally with the portions of the read signal in Fig. 3 from
which they are derived. The NRZ values of Fig. 4 are derived without
applying a gain to the digital values provided by analog-to-digital

15  converter 210.

In Fig. 4, the NRZ values ideally should all be zero since the data
being read from the disc represents a string of all zeros. Thus, an NRZ
"non-zero" in FIG. 4 represents an error.

As can be seen from Fig. 4, the output of the Viterbi detector

20 includes a large group of errors 404 that are attributed to the low
amplitude in defect area 300 of Fig. 3. Thus, without some gain
adjustment, the Viterbi detector generates a significant number of errors
when the amplitude of the read signal varies from its expected
amplitude.

25 Fig. 5 provides a graph of a second read signal 500 with the
amplitude of the read signal shown on vertical axis 502 and time shown



adjustnment, the Viterbi detector generates a significant nunber of errors
when the anplitude of the read signal varies fromits expected anplitude.
25 Fig. 5 pwowisshess a graph of a second read signal 500 WPCEUSHMBI998np| it ude
of the read signal shown on vertical axis 502 and tinme shown WO 01/39188
PCT/ US00/ 31993 -7 along horizontal axis 504. Read signal 500 includes a
defect section 506. As with the read signal of Fig. 3, the read signal of
Fig. 5is generated froma nedia pattern that represents a sequence of all
zeros in the data. Fig. 6 is a graph of the output of the Viterbi detector

as a function 5 of tine based on the read signal in FIG 5. In Fig. 6, the

NRZ val ue of the data is shown along vertical axis 600 and tinme is shown
al ong horizontal axis 602. The NRZ data shown in Fig. 6 is generated by
Viterbi detector 214 after gain nmultiplier 212 has applied a gain to an

entire sector ialpnghatizontal axisG84-cRedd signal $0@ inchdesardatecs geqiipndPe.or

correction code, nodul.e iq 216 pﬁ} i Q. gai n

adj ust mrent has e%gti@?{ﬁ%gS‘%'F‘r%régﬁa&‘g‘%Bﬁ?%qh%{’/e 'e%e%ggggrgg‘%agt ed with
defect 506 of Hidin aPnedilpatterp@Ratre &eeﬂ&sh%e%wkéeﬂalﬁﬁ&oﬁinﬁegiatﬁ, wher e
there are no NRZ val ues of one. wever, adjusti nﬂ the gai n has caused a

number of additi onaFigl§ i geaph of thereutpytiatthe Viteghi terag adppetion n

particul ar, _error.s 60 , m‘rﬁ e been
added by t hé gg?ﬁmgﬁﬁ'a%g? ?régl?gregéé{ggllgﬁlﬁfgg.gﬁ%gigj éf?fule ng t Aelﬁ%gil]%\éunder t he
prior art redugat iksRowhralurtg verticddakia 600 and time ik shaeh alungdrozzonta

i ntroduces other_ errors associated with parts of ége\}:e%iéf%tgnal t hat
earlier had noexiséAZalhelNRe dagashown inFigs 6 is grnemted gy Vite ST have

discovered t hatZIi Qﬁexsfaﬁﬁ ﬁ{tﬂ%ﬁ& 212 has applied a gain to an entire sector in

order to recover from an error detected by error correction code module

10 216.

As can be seen from Fig. 6, the gain adjustment has removed the
errors that would have been associated with defect 506 of Fig. 5. This
can be seen in section 606 of Fig. 6, where there are no NRZ values of
one. However, adjusting the gain has caused a number of additional

15 errors to be added to the NRZ sequence. In particular, errors 608, 610,
612, 614, and 616, for example, have been added by the gain adjustment.
Thus, although adjusting the gain under the prior art reduces the errors
associated with the defect area, it introduces other errors associated with
parts of the read signal that earlier had not contained errors.

20 Thus, the present inventors have discovered that the sector-wide
gain adjustment used by the prior art is less than ideal and that a better
system for adjusting the read signal for defects would be beneficial.

Fig. 7 provides a block diagram of reading and recovery
components 700 of one embodiment of the present invention. In

25 components 700, a read head 702 generates a read signal that is provided
to a preamplifier 704. The preamplifier amplifies the read signal and



.gain adjustnent used by the prior art is less than ideal and that a better
system for adjusting the read signal for defects would be beneficial. Fig.
7 provi deswaobbusk di agram of readi ng and recovery conpecEoses®eP of one
enbodi ment of the present invention. In 25 conponents 700, a read head 702
generates a read signal that is provided to a preanplifier 704. The
preanplifier anplifies the read signal and ;I111. WO 01/39188 PCT/ US00/ 31993
-8 provides an anplified signal to a read channel that begins with an
automatic gain control 706. The automatic gain control includes a variable
gain anplifier 708 that anplifies the read signal. The anplified anal og
signal fromvariable gain anplifier 708.is 5 provided to an equalizer 710,
whi ch operates in a manner simlar to equalizer 208 of Fig. 2. The
equal i zed signal is provided to an anal og-to- digital converter 712, which
sanpl es the aRiPddessamamplifiedsigpabtoratread hanrehtipit beginawathdaryi t al  val ues.

The out put of -1.0-di gi t canverter . 712 is a.sequence of digital

val ues t hat a?‘g&%}}aggi%e%gélga‘%éggi GRTPRtcgam cotee] Incledesa ) tiplier 714

mul tiplies theadaldé gain sapwfic 708 thathplirs thy Aladiddal Pr oduce a sequence of

gain adjusted digital values. The sequence of gain adjusted digital values

are provided to a Vre anplifiedjanaleg signzhfsomptariablagindowlifiee7@fisn adj ust ed
e roat chaneyded o RHEREA0 W BT et LS PRt AR 0 an ofror
correction ceqealizeri208of Fig. 2. \We®quaRiRTSignaA s prdviddP oLyl €Ct S
errors in the _ sequence of data. If error correction code nodule 718 does
not det ect digital converter 712, which samples the analog signal and converts the
samples into digital values. The output of analog-to-digital converter
712 is a sequence of digital values that are provided to a gain multiplier
10 714,
Gain multiplier 714 multiplies the digital sample by a digital
value to produce a sequence of gain adjusted digital values. The
sequence of gain adjusted digital values are provided to a Viterbi
detector 716, which decodes the gain adjusted values to identify a
15 sequence of decoded data that forms the output of the read channel.
The sequence of decoded data is provided to an error correction
code module 718, which detects and, if possible, corrects errors in the
sequence of data. If error correction code module 718 does not detect
any errors, or is able to correct all of the errors that it finds, it outputs a
20  sequence of read data 720.
The output of variable gain amplifier 708 is also provided to a
defect threshold detector 722. Defect threshold detector 722 tracks the
amplitude of the analog signal and compares the amplitude to one or
more thresholds found in a defect threshold register 724. In one
25  embodiment, defect threshold register 724 includes a low threshold and

a high threshold. If the maximum amplitude of the read signal drops



any errors, or is able to correct all of the errors that it finds, it
outputs a 20 sequence of read data 720. The output of variable gain
anplifier Wamo1e188l so provided to a defect threshold dePEEVBRYID  Def ect
t hreshol d detector 722 tracks the anplitude of the anal og signal and
conpares the anplitude to one or nore thresholds found in a defect
threshold register 724. In one 25 enbodi nent, defect threshold register 724
includes a low threshold and a high threshold. If the nmaxi num anplitude of
the read signal drops WO 01/39188 PCT/ US00131993 -9 bel ow the | ow

t hreshol d, or rises above the high threshold for |longer than a
pre-selected tinme, defect threshold det®ctor 722 generates an error flag.
I n one enbodi nent, defect threshold detector 722 maintains the error flag

til th i | i tude i t db [ t he hj h hol d d
Sbove the | ow el ahblas theadold cg st spvaane Pehair By dRPEISHeER eshol o
detector 722 '&agaquysgsae& ik, ph&et LI dectBh 7B sielepited Aberdéd ays t he

(0] I e equa ot

flag for a perio etime It takes for the defective
portion of thefldedd oneiegiteidirnentpdefectt threshgld defecior 722maintaingithe

anal og-to-digital converter 712. 1o In,this nney, .the flag generated by
flag del ay 726etrer flagiuntd dhe maxganm ﬁ?&r}rttlaﬁrﬁr% bﬂ?wfthg time that
the digital,s %T\il&%dﬁﬂb%efiﬁéﬁﬁff%h&&”ion of the read signal enter

gai n rrultipﬁier en gain Iplier 714 receives a flag from defect
threshol d det ect orThé22rdrifdggenerated bypdefettdhreshelddededterci22iipy t he read

730" and begi nePHRHIdEPyIAg 9 T IS8 SUsh A e BB ot Pl gi ra
tcﬁ”"g.”.e{ |712 Bhimb BGul 8 the'tithe! & taleif8r el deFdetive porkich efahkirendes to mul tiply
e digita

signal to pass through equalizer 710 and analog-to-digital converter 712.

10 In this manner, the flag generated by flag delay 726 is prdvided to gain
multiplier 714 at the same time that the digital samples for the defective
portion of the read signal enter gain multiplier 714.

When gain multiplier 714 receives a flag from defect threshold
detector 722 indicating that there is a defect in the read signal, the gain

15 multiplier accesses a gain value from gain register 730 and begins
multiplying the digital samples from analog-to-digital converter 712 by
the gain value. Gain multiplier 714 continues to multiply the digital
samples by the gain value until the flag value changes state indicating
the end of the defect in the read signal.

20 Note that gain multiplier 714 is not active during the entire sector,
but is only active during the defective portion of the read signal. As
such, the gain is only applied to the defective portions of the signal
thereby preventing the introduction of additional errors that are
associated with applying a gain to portions of the read signal that are not

25 defective.



sanples by the gain value until the flag val ue changes state indicating

" the énd of the defect in the read signal. 20 Note that gain nmultiplier 714

i's not acwigmaaoiggi ng the entire sector, but is only actcraseusosg t he
defective portion of the read signal. As such, the gain is only applied to
t he defective portions of the signal thereby preventing the introduction
of additional errors that are associated with applying a gain to portions
of the read signal that are not 25 defective. WO 01/39188 PCT/ USOQ 31993
-10 In one enbodi ment of the invention, defect threshold register 724
includes a plurality of different thresholds that are each associated with
a different flag. For exanple, defectjgthreshold register 724 can include

t hreshol ds of positive 10 % positive 20 % positive 30 % negative 10 % 5
negative 20 % and negative 30 % Each of these thresholds can have a
different flag asdoonaesodiméent af theiirivention, delfient tlgasholdmdagi‘stpi' 2y 714

receives a fl.ag that ec c to.a i c threshol d nretrievea
gain that |5‘“§ﬁéﬁ???b§?‘f5’ %fé{&?rﬁf‘tﬂﬁﬁﬁipoﬁﬁ%‘éﬁﬁqe(fa 6?508'?5%‘1" 8 f gain

mul tiplier Tdiffefed€flh eFo@e{a!lﬁﬂefﬁte?&@'tﬁje%mﬂré glisier PREdn inSlude % ncrease in
the 10 anplitude, it Can select a gain in gain register 730 that provides a
gain of 1 ovhresholdyof positive 1 &, pasitive 20 86 poditlye é%,mqgatwﬁﬂ%er 714 can be
specifical)y chose n the A of, t tec d by def ect
Phreshor d HeiieRare 2% S Saete ke ot FethiRbo R B the flag
generated by dilerepehgs bsdobiabah With itRICRThA wier? alﬁramﬁghefm ded to error

correction code m)duge 718 as an eraser poi nt&r that points to a
sub- string ofreceives 4 flag that issspecifin tea spedific threshold, decanyptrigveargsin det ect or

716. In the etﬂbalg Ispecufica?ly set for that threshold. For example, if gain multiplier

714 receives a flag associated with a positive 20 % increase in the

10 amplitude, it can select a gain in gain register 730 that provides a gain of
1 over 20 %. Thus, the gain selected by gain multiplier 714 can be
specifically chosen based on the size of the defect detected by defect
threshold detector 722.

Under one embodiment of the invention, the flag generated by

15  defect threshold detector 722 is also provided to error correction code
module 718 as an eraser pointer that points to a sub-string of data in the
sequence of data provided by Viterbi detector 716. In the embodiment of
Fig. 7, this eraser pointer is generated by pointer generator 728 which
receives the flag from flag delay 726 and the location of the data

20 generated by Viterbi detector 716. Using the eraser pointer, error
correction code module 718 can limit its error correction code algorithm
to the blocks of data pointed to by the eraser pointer. By focusing on this
limited set of data, error correction code module 718 is able to perform
its error correction functions more efficiently.

25 Under some embodiments, if error correction code module 718 is

still unable to recover the data, it will indicate this to error recovery 732,



Fig. 7, this eraser pointer is generated by pointer generator 728 which
receives the flag fromflag delay 726 and the |ocation of the data 20
gener at ed WO BIOWEbi detector 716. Using the eraser poi nPEFUSWALY?
correction code nodule 718 can limt its error correction code algorithm
to the blocks of data pointed to by the eraser pointer. By focusing on this
limted set of data, error correction code nodule 718 is able to perform
its error correction functions nore efficiently. 25 Under some enbodi nents,
if error correction code nodule 718 is still unable to recover the data,
it will indicate this to error recovery 732, WO 01/39188 PCT/ US00/ 31993
-11 which will retry the read operati ofll-Before retrying the read
operation, error recovery 732 can change the defect thresholds set in

threshold reg 4 so, that, the re sensitive.. Thu defects that
Form omal | or WAl ERY e e RREGT Tt SO BEcRe 1ol R aiFbot

threshold 5 d&%SPI&avéﬁ%széiﬁ gg&@?&éf@éuﬂ&&ﬁ&ﬂ@éetmade%cﬂaom posi ti oned
(6] a

at the output variable gain anplifier 708 in FIG 7, in other
enbodi ment st heegiséreid sodidtéheoareinsonesensitivm cbhus; deflaets dhatfonm of equal i zer

posi t1 oned ;'t %’r%&‘fwgﬂs?e%%%%m@éfﬁs e GhERRrestga 1D
skilled in @% Wﬁ recogni ze that the operation of defect threshold
as

det ect or 722 IS Ically the sane in all of these positions although the
defect threshold demeh:uughMeqtde@ctmﬂaamownmmned@téb%@pﬁputﬁ% di fferent

types of input valyes .it r hese, di f 1) For
exanpl e, def ecta® %gﬂﬂla %&%}“1'?@29 %esrex%o %%ﬁ%ceigéhﬁggitly to
accept the equaétkzét%iﬂl &ﬁﬁJne%P ofeqqula:idrmo HIili dthet i s positioned
after equalizer 710 | stead of varia

embodiments, defect threshold detector 722 is positioned at the output of

10 analog-to-digital converter 712. Those skilled in the art will recognize
that the operation of defect threshold detector 722 is basically the same in

all of these positions although the defect threshold detector must be
changed slightly to accept the different types of input values it receives
at these different positions. For example, defect threshold detector 722

15 must be changed slightly to accept the equalized signal produced by
equalizer 710 if it is positioned after equalizer 710 instead of variable
gain amplifier 708. Similarly, if defect threshold detector 722 is
positioned after analog-to-digital converter 712, it must be changed
slightly to accept digital values rather than analog values.

20 FIG. 8 provides a block diagram of one embodiment of a defect
detector under the present invention. The defect detector of FIG. 8 is
connected to the output of variable gain amplifier 708 of FIG. 7 and thus
operates on analog signals.

In FIG. 8, the output of variable gain amplifier 708 is provided toa

25 low pass filter 800. The time constant of low pass filter 800 is set so that

it does not react to short duration changes in the output of variable gain



gain anplifier 708. Simlarly, if defect threshold detector 722 is

" positioned after anal og-to-digital converter 712, it nust_be changed
slightly WPHABS8t digital values rather than anal og valfGee %R c s
provi des a bl ock diagram of one enbodi nent of a defect detector under the
present invention. The defect detector of FIG 8 is connected to the

out put of variable gain anplifier 708 of FIG 7 and thus operates on

anal og signals. In FIG 8, the output of variable gain anplifier 708 is
provided to a 25 |low pass filter 800. The tinme constant of |ow pass filter
800 is set so that it does not react to short duration changes in the

out put of variable gain Il WO 01/ 391842pCT/ US00/ 31993 - 12 anplifier 708
but does react fast enough to quickly detect actual defects. This prevents

t he defect deg | | | same time
limting the arrlg e%r 7@?%& ?%érsr}gﬁtgés&t% hé é}g%@%ﬁé‘g? ggfg é(%l%t%led%f%qf'er ed out put
from | ow passTHis ptetientie defept ditedtodfrbm eingdfalsedyt triggereddWhilewhi ch provi des

t he absolute magnitude of the filtered signal. This absolute nagnitude
signal is thédhepametimedimitingdbe nugthsa phespsbyes that go yodetectedpar at or 804
recei ves the abso l@«@ | ' ' N Lpput and a d.c.
| ow t hreshol d si gna ?%n [ gﬁﬁgﬁ??wg?‘h)%ggHi%%?]dp%\lb.%‘%ﬁigglt%\% t hreshol d
si gnal i s sgenectified 80%, which providesthel absglatemagnitudSerahs fittecedon a | ow
t hreshol d value stored in defect threshold register 724 of FIG 7. Based
on these i npignalchhisapselute megnitpdesignal és henprpvided )RitWei gnal as | ong as
t he absol ute ' i fromrectifier 802 is above the |ow
t hreshol d. Wien 't %ﬁg%(%aﬁgﬂﬁrﬂgm rectifier 802 drops

Comparator 804 receives the absolute magnitude signal on its

inverting input and a d.c. low threshold signal on its non-inverting
10  input. The low threshold signal is generate by a low threshold generator
808 based on a low threshold value stored in defect threshold register
724 of FIG. 7. Based on these inputs, comparator 804 generates a low
output signal as long as the absolute magnitude signal from rectifier 802
is above the low threshold. When the signal from rectifier 802 drops
15 below the low threshold, the output of comparator 804 goes high.
Comparator 806 receives the absolute magnitude signal on its
non-inverting input and a d.c. high threshold signal on its inverting
input. The high threshold signal is generate by a high threshold
generator 810 based on a high threshold value stored in defect threshold
20  register 724 of FIG. 7. Based on these inputs, comparator 804 generates a
low output signal as long as the absolute magnitude signal from rectifier
802 is below the high threshold. When the signal from rectifier 802 rises
above the high threshold, the output of comparator 804 goes high.
The outputs of comparators 804 and 806 may be provided directly

25  to gain multiplier 714 and error correction code 718 as two separate flags



15 below the | ow threshold, the output of conparator 804 goes high.
Conparator 806 receives the absolute nmagnitude signal on its non inverting
i nput and aw@Oo39188 gh t hreshold signal on its inverting RGIHN3¥e high
threshold signal is generate by a high threshold generator 810 based on a
hi gh threshold value stored in defect threshold 20 register 724 of FIG 7.
Based on these inputs, conparator 804 generates a | ow output signal as

| ong as the absolute magnitude signal fromrectifier 802 is below the high
t hreshol d. When the signal fromrectifier 802 rises above the high

t hreshol d, the output of conparator 804 goes high. The outputs of
conparators 804 and 806 nmay be providedl®directly 25 to gain multiplier 714
and error correction code 718 as two separate flags WO 01/39188

PCTI USCQJ31993 -13.or omhi n into a single.fla flag

gener ati on nmodfi &2 r’i’Sf"%ﬁi‘g 0 35188 eg]aﬁﬁﬁ’\ﬁg%g aaﬁ“f’bﬁ"fg?g Y efB%rhodi ment
of a defect de§ r of the present invention. The defect detector of FIG
9 is configured to'5 receive input from anal og-to-digital convertor 712 of
FIG 7 instead of EIGoﬁmwiﬂma@hﬂﬁmwdimen’mﬂa deﬁecqcrbatedtonﬂfar t he
defect det ecto ?ﬁ o rec e, sanpl.es ken fromthe
peaks of the sW§ rPéFs“‘EFB’\?PH% fi%@ @'l[ | IR Ptor. In FIG

9, digital 5amlc@iseiﬂpimfﬁﬁﬁhﬁaogqmlgtanabn@famtefmti’z7u’swteadép provided to
two digital conparators 900 and 902. " Digital conparator 900 al so receives

a digital val L@owmablmmmﬂvélmm&gnwmamww detectogoft s the | ow
threshol d for ¢t ,dete r ceives a high
t hreshol d val ﬁﬁ?éﬁ?ﬁ %tﬁrrg‘éeﬁ pgfﬁ %’?@% éﬁ%ﬂ{ £ %‘chonpar at or
900 is attachegrdvildds the Msg&@aigltaae@hvertor

In FIG. 9, digital samples from analog-to-digital convertor 712 are

10 provided to two digital comparators 900 and 902. Digital comparator
900 also receives a digital value from low threshold register 904 that
represents the low threshold for defect detection. Digital comparator 902
receives a high threshold value from high threshold register 906.

The output of comparator 900 is attached to the enable input and

15  reset input of a counter 908. Counter 908 also receives a clock signal
from a clock 910. When the digital samples drop below the low
threshold, comparator 900 generates a high output signal. The transition
from low to high causes counter 908 to reset. While the output of
comparator 900 remains high, counter 908 increments its count once for

20 every positive-going transition in the clock signal generated by clock 910.
When the count in counter 908 reaches a pre-determined value, the
output of counter 908 transitions from low to high indicating the location
of a defect. Thus, the digital samples from analog-to-digital converter
712 must remain below the low threshold for a period of time before the

25 counter will indicate that there is a defect.



15 reset input of a counter 908. Counter 908 al so receives a clock signal
“froma clock 910. Wien the digital sanples drop below the |low threshold,
conpar at owwcfiBegener ates a hi gh out put signal. The trangcriussosigomsom | ow to
hi gh causes counter 908 to reset. While the output of conparator 900
remai ns high, counter 908 increnents its count once for 20 every
positive-going transition in the clock signal generated by clock 910. When
the count in counter 908 reaches a pre-determ ned value, the output of
counter 908 transitions fromlow to high indicating the location of a
defect. Thus, the digital sanples fromanal og-to-digital converter 712
must remain below the |ow threshold foga period of tine before the 25
counter will indicate that there is a defect. WD 01139188 PCT/ US00/ 31993
-14 The output of comparator 902 is attached to the enable input and reset
i nput of a counterﬂ&]ohtpmfrmmpa@aMrawzisattedtédxmshaenahiempntgndl froma

cl ock 920. Wen the d| ital |§SP ri s§ ove the h'%q t hr eshol d,

conpar at or 90SYRRYLRE, °§“Fﬁr§rﬁ'o Bme‘ 14150 recetyes 2 ciagkisigngh 5 fromlow to
hi gh causes cogRtAiodkiglol Whasele difiillsemiphs rRelaBble ffe higRpar at or 902
remai ns hi gh, counter 914 increnen Its count once for~ every

posi ti ve- goi niyreshald; comparator Qﬂiegenbmcts shigh autpersigrel e Theransitiok 920. Wen

the count in counter r eaches d .val ue, out put of
count or o1 ESHIPY tBXeh FeT ey SN TRt WA DUt BEat i on 50 of a
defect. Thus, cdofiSarSicdiob2 e hiph, toAoRliRdrehRmll it dodint 6RAVREt er 712
nust remain above the threshold for a period of time before counter 914

will indicat eemh)aposiﬁm-gom taardiéﬁcucm th#lphbéughaltmeeqtb@b}'ng%f t he

fiie];n-etcéddtegefa 89 Veecol%en in cou éﬁ reac l%(s)\é%‘re-degerg'u vahucle, eent on is not

output of counter 914 transitions from low to high indicating the location

10  of a defect. Thus, the digital samples from analog-to-digital converter
712 must remain above the threshold for a period of time before counter
914 will indicate that there is a defect.
Although two embodiments of the defect detector have been
described above, the present invention is not limited to these
15 embodiments. In particular, defect detectors used in the present
invention may have other designs and may be located at other places
within the read channel.
In summary, the present invention provides a method of reading
from a storage medium 106 to form data values 720. The method
20 includes generating a signal 500 from a sector of the storage medium 106
and identifying a section 506 of the signal that has a change in
amplitude. A gain multiplier 714 is then activated to multiply the
section of the signal by a gain value during the section of the signal that
has a change in amplitude. The gain multiplier 714 is deactivated at the
25 end of the section of the signal that has the change in amplitude. Data is
then detected from the resulting defect adjusted signal.



15 enbodi nents. In particular, defect detectors used in the present

I nvention may have other designs and may be | ocated at other places wthin -

the read ch¥QAb3918§ n sunmary, the present invention proviP§d3S803#893nod of
reading froma storage nmedium 106 to form data val ues 720. The net hod 20

I ncl udes generating a signal 500 froma sector of the storage nmedi um 106
and identifying a section 506 of the signal that has a change in

anplitude. A gain nmultiplier 714 is then activated to nultiply the section
of the signal by a gain value during the section of the signal that has a
change in anplitude. The gain multiplier 714 is deactivated at the 25 end
of the section of the signal that has tb® change in anplitude. Data is
then detected fromthe resulting defect adjusted signal. WO 01/39188

PCTI US00/ 31993 -15,_The {)r esent %eﬁntlon Iso?‘fﬁgow es readi ng and
recovery component SPBBTeSERUNYentonglsq provifdes1gading and 2ecoXeTer ns on a nedi um

106 into read eﬁ?an&%gzoomw@@cﬂsmoeew RY Bhitern BRARA fand i | NClude a

read head 702 th generates a read signal a sector patterns on 5
t he medi um 106mtArdaadéwm&rﬁhmmadlnmuimewv&??omoaenteﬁomirﬂudﬁa f or m of

the read signal d i fles at | east one section of .the read signal as a
def ect section %%&d@g 16513 €8 éw@‘é‘larﬁemf’fmﬁt"e‘?‘s??4 recei ves
a second fosm gfe fnB&iune 36k, SAﬁﬁﬁktMé&hBRfH&e&oP?iﬁ&Ee@éQ&'ﬁis??onﬂSPd si gnal

by multiplying sections of the second formof the read signal 1o that
correspond to th%reaéfszgml@EbldenhéesmtI@Sganmsescabuefbhetrh@mgmusta plying the

et ector 716 ¢ HEIRCLBROER PVTk A BRI Ao o s BOHAPSFBHE 7 1o aat o
val ues. receives a second form of the read signal and forms a defect adjusted
read signal by multiplying sections of the second form of the read signal
10 that correspond to the defect sections by a gain value without
multiplying the remainder of the second form of the read signal by the
gain value. A detector 716 then converts the defect ad]usted read signal
into data values.
It is to be understood that even though numerous characteristics
15 and advantages of various embodiments of the invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in
matters of structure and arrangement of parts within the principles of
20  the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For
example, the particular elements may vary depending on the particular
application for the read channel while maintaining substantially the
same functionality without departing from the scope and spirit of the
25  present invention. In addition, although the preferred embodiment

described herein is directed to a read channel for a disc drive system, it



It is to be understood that even though nunerous characteristics is and
advant ages of various enbodi nents of the invention have been set forth in
the foregoWR§V¥M8ription, together with details of the BEWUSMWOGIN¥3 and
function of various enbodinents of the invention, this disclosure is
illustrative only, and changes nmay be nade in detail, especially in matters
of structure and arrangenent of parts within the principles of 20 the
present invention to the full extent indicated by the broad general

meani ng of the terns in which the appended cl ains are expressed. For
exanple, the particular elenments may vary depending on the particul ar
application for the read channel whil eléaintaining substantially the sane
functionality without departing fromthe scope and spirit of the 25 present

invention. In_agddition, .although the preferred enpodi nent described herein
is directed th‘g 52 ¢ r‘éﬂ‘?’atﬁﬁig}'%? SQS]GB%HEH"WM ¢ teachings ofhe1/ 39188

PCT/ US00/ 3199 irWehtion SarfiP 4 $istiedt E@ﬁg ' ' he art that
t he teachi ngs%’é?seglﬁg%g%%{gent i rﬁgeuneﬂtgg)t@%rfs’ e ab%#%éedéﬁ‘?lg%a gg syst ens,

| i ke comuni caystems o pthes s®rage systeens, stithomg depatsing firom Whe svope afldpar t i ng
fromthe scope &%df spirit of the present invention. 5 WO 01/39188

PCT/ US0051993 SPE#* PSEEIYEROMBD |S: 1. A nethod of reading from a
storage nediumto formdata values, the nethod conprising steps of: (a)
generating a signal froma sector of the storage medium (b) identifying a
section of the signal that has a change in



amplitude; (c) activating a gain nultiplier to nultiply the section of the
signal by a gain value during the section of the signal that has a change
in anplitudeoewpdisdeacti vating the gain multiplier at th&C8u80031998 he
section, to produce a defect adjusted signal; and (d) detecting data
values in the defect adjusted signal. 2. The nmethod of claim1l wherein

I dentifying step (b) conprises conparing the anplitude of the signal to a
threshol d value. 3. The nethod of claim 2 wherein conparing the anplitude
of the signal to a threshold val ue conprises conparing the anplitude to a
plurality of threshold val ues and wherein activating step (c) conprises
selecting a gain value froma pluralityymf gain val ues based on a
particular threshold value. 4. The nmethod of claim 1l further conprising
steps of: (e) generating an erasure pointer that indicates the |ocation of
data values a¥WIJATABEAMMED{I%ie section of the signal; and (f) limiting

t he nunber of data vyal L{SSdeed Ln grror tcr%rrec%#.on l?ase a narh?e% erasure
poi nter. 5. The met Pe of 113 AFHRTAgE FISFATIIG TR S %c Cohpri ses

mul tiplying di g{etﬁgthgaqg{\.;%ﬁsg{ dtéss ¥t gnal by the gain val ue.
FErrrrrrrrrrrrtiiiclind _01/83_9188 PCT/ USO0/ 31993 -18 6. In a disc drive,
readi ng and recover(p) genasatinga sighalfremmseetor phthestarage medigma nedi uminto

read data, the reachg ARHhESEWaoh o RIBGAAhS: LR PAaAEth
amplitude;
(c) activating a gain multiplier to multiply the section of the signal
by a gain value during the section of the signal that has a
change in amplitude and deactivating the gain multiplier at
the end of the section, to produce a defect adjusted signal;
and '
(d) detecting data values in the defect adjusted signal.
2. The method of claim 1 wherein identifying step (b) comprises
comparing the amplitude of the signal to a threshold value.
3. The method of claim 2 wherein comparing the amplitude of the
signal to a threshold value comprises comparing the amplitude to a
plurality of threshold values and wherein activating step (c) comprises
selecting a gain value from a plurality of gain values based ona
particular threshold value. |
4. The method of claim 1 further comprising steps of:
(e) generating an erasure pointer that indicates the location of data
values associated with the section of the signal; and
(f) limiting the number of data values used in error correction
based on the erasure pointer.
5. The method of claim 1 wherein activating step (c) comprises

multiplying digital samples of the signal by the gain value.
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.a read head t

hat generates a read signal froma sector of patterns on the

medi um a defect threshold detector that receives a first formof the
si gnal andVPAbBE j es at | east one section of the read STEHES00SHI 5 def ect

secti on havin

g abnormal anplitudes; a gain multiplier that receives a

second formof the read signal and that forns a defect adjusted read
signal by nultiplying sections of the second formof the read signal
o the defect sections by a gain value without nultiplying the
remai nder of the second formof the read signal by the gain value;, and a
converts the defect adjusted read signal into data val ues.
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7. The readin
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g and recovery conponentsl18f claim6 further conprising
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t hreshol d anpummpdaMSMOUWEEhn;eshold regi ster before a retry of a read
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a defect threshold detector that receives a first form of the read
signal and identifies at least one section of the read signal
as a defect section having abnormal amplitudes;

a gain multiplier that receives a second form of the read signal
and that forms a defect adjusted read signal by multiplying
sections of the second form of the read signal that
corresponds to the defect sections by a gain value without
multiplying the remainder of the second form of the read
signal by the gain value; and

a detector that converts the defect adjusted read signal into data
values.

7. The reading and recovery components of claim 6 further
comprising a threshold register that provides a threshold amplitude to
the defect threshold detector wherein the defect threshold detector
compares the threshold amplitude to the amplitude of the first form of
the read signal to identify the defect sections.

8. The reading and recovery components of claim 7 further
comprising an error recovery module that can change a threshold
amplitude in the threshold register before a retry of a read operation.
9. The reading and recovery components of claim 8 further

comprising a gain register that is accessed by the gain multiplier to

LT



retrieve a gain value wherein the threshold register contains a plurality
of threshold anplitudes and the gain register contains a separate gain

val ue for easéydpisseshol d anplitude in the threshol d regi BCHUS0B93 The
readi ng and recovery conponents of claim®6 further conprising: a pointer
generator that generates an erasure pointer, the erasure pointer

i ndicating the | ocation of data values associated wth a defect section;
and an error correction code nodul e that receives the erasure pointer and
the data values fromthe detector and that |imts the application of error
correction code activities to only sone of the data val ues generated by
the detector based on the erasure poigtger. | [LELELL TEEELD FEEJE TELEL 1

*CL S~
retrieve a gain value wherein the threshold register contains a plurality
of threshold amplitudes and the gain register contains a separate gain
value for each threshold amplitude in the threshold register.
10.  The reading and recovery components of claim 6 further
comprising;

a pointer generator that generates an erasure pointer, the erasure
pointer indicating the location of data values associated
with a defect section; and

an error correction code module that receives the erasure pointer
and the data values from the detector and that limits the
application of error correction code activities to only some
of the data values generated by the detector based on the

erasure pointer.
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