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METHOD AND APPARATUS FOR DATA ERROR RECOVERY USING
DEFECT THRESHOLD DETECTOR AND VITERBI GAIN

FIELD OF THE INVENTION
5 The present invention relates to read channels in storage devices.
In particular, the present invention relates to defect detection in read
channels.
BACKGROUND OF THE INVENTION
In data storage devices, data that has been written to a storage
10 medium is read from the medium through a read channel. Ideally, the
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 storage systems that use a partial response maximum
likelihood (PRML) read channel, parameters of the read channel 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



For two-letter codes and other abbreviations, refer to the "Guid- ance Notes on Codes and
Abbreviations"appearing at the begin- ning of each regular issue of the PCT Gazette. GAIN
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RECOVERY (57) Abstract: A method and apparatus are provided for reading from a storage medium
(106) to form data values.siLomaal is generated from a sector on the storage medium (106) and a
section of that signal (506) is identified as having a change in amplitude. O A gain multiplier (714) is
activated to multiply that section of the signal by a gain value. The gain multiplier (714) 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 2.

the error correction code. However, the error correction code cannot
pinpoint the location of the error within the sector. Because of this, the
gain adjustments made to the read channel must be done on a sector
wide basis. Such sector wide gain adjustment has not provided as much
5 reduction in data errors as would be desired.
SUMMARY OF THE INVENTION
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 mulﬁplied 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 priof art.
Fig. 3 is a graph of a read signal output by a préamplifier.
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.



adjusted signal that is applied to a detector (716) to detect data values. 2 0 MAY 2004 STL 9349 -1
METHOD AND APPARATUS FOR DATA ERROR RECOVERY USING DEFECT THRESHOLD
DETECTOR AND VITERBI GAIN FIELD OF THE INVENTION 5 The prgﬂ]tﬁg\fezé n relates to
read channels in storage devices. In particular, the present invention relates detection in
read channels. BACKGROUND OF THE INVENTION In data storage devices, data that has been
written to a storage to metuPfs read from the medium through a read channel. Ideally, the 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 réad 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 qf these e[?rfrggc%n be corrected by an error correctign code module
in the read 20 channel, other err6#&drdS PAOGE HAGTRM O 3r1ean chasmebekthe pieseasrect them.

When the error correction;gQdagisiects an error but cannot correct it, the storage device typically
tries to reread the data. In storage systems that use a partial response maximum likelihood (PRML)
read channel, parameters of the FiguBdhablockrdiagsamaofgedefectridntbshaltiidetdotpnsfairr, a gain
applied in the read channel iwdifieg during the reﬁrjes in.an attempt to reduce the number of

errors in the read data. U énﬁ?ﬂ alan Wévc%ﬂon'
5 Fig. 9 is a block diagram of a defect threshold detector of a second

embodiment of the present invention.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
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. 2 is a block diagram of components of the prior art used in

reading information from a medium. InFIG. 2, a read head 200



are identified as occurring within a particular sector on the medium by 2 0 MAY 2004 STL 9349 the
error correction code. However, the error correction code cannot pinpoint the location of the error
within the sector. Because of this, the gain adjustments made to the read chagn@ MAkt2884%one on a
sector "wide basis. Such sector wide gain adjustment has not provided as much 5 reduction in data
errors as would be desired. SUMMARY OF THE INVENTION A method and apparatus are provided
for reading from a storage® mé&dium 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 -$ignal 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 aspect t resent invention may be.practiced. Eig. 2 is a block diagram of a
read channel of the prior gr?{‘i-%eg iy %rcgolﬁag 5%%%%@%%8& ‘b%g;ﬂé’&ﬁ%}ﬁré"r.ﬂ?g .4disa
graph of NRZ data when b@ﬁedlllﬁddp@tm@ﬁbﬁdhaﬁﬁddiﬁmem@ﬂ&mhpﬁgﬂaﬁ ERrRizipgraph
of a read signal with defect provided by a preamplifier. Fig. 6 is a graph of NRZ da%a produced from
the read signal of 25 Fig.P6agbeachd d’%Pé’é‘éﬁS*rWiéé’Q%ﬁMﬁS’{rﬂ%twﬁnh anplifiesitheMAY
2004 STL 9349 signal. The amplified signal is applied to a read channel, which begins

5  with an automatic gain control 204 that uses an internal feedback loop

(not shown) to adjust a variable gain amplifier 206. Typically, the
automatic gain control 204 has a relatively slow response time so that it
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 operatiohs
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 E?PR4.

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 sarhples 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



-3 Fig. 7 is a block diagram of a read channel.of the present invention. Fig. 8 is a block diagram of a
defect threshold detector of one embodiment of the present invention. 5 Fig. 9 is a block diagram of
a defect threshold detector of a second embodiment of the present invention. DETAILED
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS FIG. 1 is a perspectivp QieMAYf 208ksc 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). Dis€THA® 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 suspegsions 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 rotatSET9ER QKA itis able tprrasractalh thermaars it deserta: 4 putpuethaft 120 to

position heads 110 over g gﬁ@eﬁﬁ&@%ﬂ@@@ﬁ‘ 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 hi&dodedandraohostrectipnicrde aichalv Dl Cdtigtdf arblpGk
diagram of components of the prior art used i ,readiag information from a medium. In FIG. 2, a read
head 200 2 0 MAY 2004 SRRRRbgorzect, it indicates that the current sector is in error by passing

5 anerror value to an error recovery module 220. In the prior art, error
correction code module 216 is unable to identify the particular location
within a sector that is in error. Instead, error correction code module 216
simply indicates that the entire sector has an 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 ina
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.



generates an electrical read signal by transducing a magnetic field or optical response from the
medium. The electrical signal generated by read head 200 is provided to a preamplifier 202, which
amplifies the signal. The amplified signal is applied to a read channel, which begjns 5 with an
automatic gain control 204 that uses an internal feedback loop (not shown) M iable gain
amplifier 206. Typically, the automatic gain control 204 has a relatively slow response time so that it
ignores changes in the arfiplif@#fe 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 meaieh a channel response known as
EPR4 or a channel response known as E[err]PR4. The equalized read signal provided by equalizer

208 is sampled and converted i%,to dﬁ'ﬁital signal&/ a%anaéc;%-to-di ital converter 210. The sample
values are passed through a dig éﬁé\ AR RHRERRS St rend signal dareamplifieraf2 shatg

provided to a Viterbi detegiiudhd i AFaE306 Iﬁg@g@{ﬁ@%ﬁg%&/ﬁg%}dﬁéﬁ%or 214

uses the digital samples to identify a most likely sequence of data values represe ose
samples. This most likelyosépuésignel eshomiuabongveriivaliasis A2 and tinesiisheodtealbrigodule

216 dos not detoct any TRV SHL dIRFSdPERa o s AR BEPEERIEABRIT R ars i

detects, itoutputs a 5 pattern representing a string of all zeros. In defect 300, the amplitude of
the preamplifier output signal is lower than the amplitude 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. 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



sequence of data values 218. If, however, error correction code module 216 detects an error it
cannot correct, it indicates that the current sector is in error by passing 5 an error value to an error
recovery module 220. In the prior art, error correction code module 216 is unable to identify the
particular location within a sector that is in error. Instead, error correction C(ﬁe rﬁm}ul 6 simply
indicates that the entire sector has an error. Upon receiving an indication that a sector contains an
error, error 1 o recovery f&d84@ 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 is applied to the digital
samples provided by analog-to-digital converter 210. If the réfead 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 ayt, the gain p aced in ter 222 20 during a retry of the read
operation is simply a guegio&gfh% é%%‘vé%?arﬁ Sigmaba) incly §§4t¢1%f§%é¢@§arv\ﬂﬂéther
the error detected by errq;g;wfﬁpmr@gges%ﬁg}% gvgﬁecpéé%eg @Fﬁ? y large
amplitude in the read signal or an excessively low aﬁ%ﬁtude it the regg signa ﬁsi %Sfl
because error correction st mumdiammﬂwbn‘eﬁrmm\semnbe efredl mytﬁdhe &dta.

sector, the gain must be applied_acrpss the e ctor 20 04 STL 9349 -6 3 shows a
graph of a read signal from prea ﬁ%ﬁnﬁé? i@%ﬁ 8@&%"3@?@3@?@% as ?r?élaﬁ’ﬂﬂnude
of the preamplifier 5  of time based on the read s1gnal in FIG. 5. In Fig. 6, the NRZ value of the

data is shown along vertical axis 600 and time is shown along horizontal
axis 602. The NRZ data shown in Fig. 6 is generated by Viterbi detector
214 after gain multiplier 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



output signal is shown along vertical axis 302 and time is shown along horizontal axis 304. The read
signal of Fig. 3 is generated from a data 5 pattern representing a string of ag zergs, In defect 300, the
amplitude of the preamplifier output signal is lower than the amplitude in th B rm&; 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. 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 e zero since the data being read from
the disc represents a string of all zeros. Thus, an NRZ "non-Z€ro" 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 I, gﬂ{bqiﬂ‘ ’s?ﬁﬁ] 'Hél,}mj i ng gain
%f’o it o t% ﬁl% rr%kg){crl%f errors%%%qn@p |t%

adjustment, the Viterbi detector generates a significan tide of the

read signal varies from itsaastpaatid gaimptondeolZ06-iJ He patnthetia gaipbamitacidnchdiesad signal
‘500 with the amplitude of the read signal sli’n}wn@%%'cal aygs 502 and té'me shown 2 0 MAY 2004
'STL 9349 -7 along horizobtara g‘b‘%%ﬁ 155 iAPAPORES (heread signals06. As with the

read signal of Fig. 3, the read siqrid eifplifiedsagansy gfal Ao vAHBI BRI LINBHIRRSE IS 2
sequence of all zeros in the data.
5 provided to an equalizer 710, which operates in a manner similar to

equalizer 208 of Fig. 2. The equalized signal is provided to an analog-to-

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



Fig. 6 is a graph of the output of the Viterbi detector as a-function 5 of time based on the read signal
in FIG. 5. In Fig. 6, the NRZ value of the data is shown along vertical axis 600 and time is shown
along horizontal axis 602. The NRZ data shown in Fig. 6 is generated by Vit@ri ¢44¢c20p4214 after
gain multiplier 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 wali®#fave 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 asso&ated 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%gf?e‘ﬁ( &g&?@% %F%Fg]ﬂgqcm%ﬁ%%%%%% ?B%MB‘H@WMBL

Fig. 7 provides a block diagiaa pheeadleanerrodetos GRFeMRBRIGRENN.PhOG SIS Lot he
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- present invention. In 25 components 700, a read head 702 generates a read sig atis prowa%d

to a preamplifier 704. Theflagakipanercambsidisacnt: defertthreshold detedtor Z2maiTitaityithes
provides an amplified signal to & read nel that begins wit .automati in coptrol 706. The
automatic gain control incﬁ’ggé?éa%‘ﬁ‘%g%ﬂgea%%‘ﬁﬁ%%’FH?E’&H&?H@?&ggié’é{ﬂ @fﬁﬁ‘éﬁh’he
amplified analog signal fraiirgstitld apdiabove tfieloWalgeshold.

The error flag generated by defect threshold detector 722 is

provided to a flag delay 726. Flag delay 726 delays the flag for a period
of time equal to the time it takes for the defective portion of the read
signal to pass through equalizer 710 and analog-to-digital converter 712.

10  Inthis 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.



5 provided to an equalizer 710, which operates in a manner similar to equalizer 208 of Fig. 2. The
equalized signal is provided to an analog-to- digital converter 712, which samples the analog signal
and converts the samples into digital values. The output of analog-to-digitalc@ni¥e@0y2 is a
sequence of digital values that are provided to a gain multiplier 1 o 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 adjuste8THi¥#8&l 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 errd@-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 7 B'ﬁacks thirgénplitude. of the analog signal and compares
the amplitude to one or more thfBS Imenf Lo imysation. defect threshold reginter 724

embodiment, defect tresiel aggls BT AR ARF-RAISROE phst AUARIUERNNLY 1oy .

maximum amplitude of the read signal drops 2 0 MAY 2004 STL 9349 -Q%elow the low thieshc
rises above the high thresliffierent Bage Fongxamplesdefect thiwsholid mgister FRdIchadivdiadad 22

Uil the masimum ampi R R SLHSRRS S o EISYND hoRRARTR AT
5 negative 20 %, and negative 30 %. Each of these thresholds can have a

different flag associated with it such that when gain multipiier 714
receives a flag that is specific to a specific threshold, it can retrieve a gain
that is specifically 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,



The error flag generated by defect threshold detector 722 is provided to a flag delay 726. Flag delay
726 delays the flag for a period of time equal to the time it takes for the defective portion of the read
signal to pass through equalizer 710 and analog-to-digital converter 712. 10 Zn&h&am%r, the flag
generated by flag delay 726 is provided 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 714s 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 tmgngmtgg%efmgr@@gggr%ﬁtrggm%g&%%jgjlonal rrors that are

associated with applying a gain to portiohs of the read signal that are n efectve CBFMRY 2004

STL 9349 -10 In one emlertneecaveine 7dleatiorhatge thehdeséad| threglssbdssit itnghirdshadlurality
of different thresholds that are eazz %ss%%%t\%j with a different flag. For exarggg, defect threshold
register 724 can include TREAEROIGEST Y785 BOLRiSENSHIYE: pLRNA cletedts thagdevm10 9, 5

e s il ek pmaeianenoae BRI
retrieve a gain 5  detector 722.

Although defect detector 722 is shown positioned at the output of
variable gain amplifier 708 in FIG. 7, in other embodiments the defect
detector is positioned at the output of equalizer 710. In still other
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 to a

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



that is specifically set for that threshold. For example, if gain multiplier 714 receives a flag associated
with a positive 20 % increase in the 1 o amplitude, it can select a gain in gain r@g{stMAY3 mat
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 nf3H&MI718 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 blocksi#-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 efficie élggog Und($r some eﬁnbodiments, if error correction code module
718 is still unable to reco%’m‘lﬂé‘ 5B dRERERRC RS S RARE ER quickly Fletect aqrualaderectsT L

9349 -11 which will retry tmﬁmt{ﬂ@.cﬁf&{gé@é&m&lrﬁ%ﬁg?ﬁé@ze. error éevc\:,g{%g 732

can change the defect thresholds set in threshold register 724 so re-sen tThus,

defects that form smaller dtesagoe himerlitititineg thethumberdsfiectod bytetcfhat v ealilitecaedptector
722. Although defect detector 72%&% own,posijtioned at gg%outpulggof variable gain amplifier 708 in
hErltetnd

FIG. 7, in other embodiments th MRS LTom e passdilter 800qs paquidedrto 20. In still
other 5  rectifier 802, which provides the absolute magnitude of the filtered
signal. This absolute magnitude signal is then provided to two
comparators 804 and 806.

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 signai 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



embodiments, defect threshold detector 722 is positioned at the output of 1 o analog-to-digital
converter 712. Those skilled in the art will recognize that the operation of dezi? tﬂrﬁsl'yp 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 equabrep3440 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 variahiggain amplifier 708 of FIG. 7 and thus
operates on analog signals. In FIG. 8, the output of variable gain amplifier 708 is provided to a 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 ogfgueyfkerenibinethinto msivglefashy 2648 gehenatitifiansdaleyhaees
react fast enough to quick| det(i)[c];t actual defects. This prevents the defect detector from being

falsely triggered while at the Sarie time limiting the number of error bytes that go undetected. The

filtered output from low pass filteFRO®ipseidds drcabemerpisienfiaimdich o doesthe@bayyie

magnitude of the filtered signal. This absolute magnitude signal is then provided to two comparators
804 and 806. ComparatotiRpRresantiavientiono ﬂe&gﬁ&r@@w BGit9 ismvenfigureditand a

d.c. low threshold sigpal QIR HMITII analog-to-digital convertor 712 of FIG. 7 instead of

from variable gain amplifier 708. In particular, the defect detector of
FIG. 9 is designed to receive samples taken from the peaks of the signal
provided to the analog-to-digital convertor.
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.



1o 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 th@sf iM#¥ts2084mparator
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 gge r&igh. 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, tﬂé’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 sepa@{g(f,l@gﬁ,ﬁ SV, ng§§'(l}2£i§gga-a§earﬁ5n etbe cgigbined intq a

e

single flag by a flag generation module (hot shown). FIG. 9 provides an alterna AR ABEA8RCf a
defect detector of the prexsset inputtioha fhnrdef&iﬁe&mmdwwsmﬁedd&%fgﬁﬂw input
n

from analog-to-digital conyertor 712 of dinstead qf from variable gain amplifier 708.

particular, the defect deteg’i8%? éﬁ%gﬁdmgﬁaﬁa%aﬁmﬁé%@mh%beaks of the

signal provided to the an@jﬁgslpoqﬂg'@@kﬁﬁgyﬁ@@(m Eéﬁer%tég@[ﬂé?{amgﬁfé? nall.ﬂg-ttlg-di%ital
igitaPcompa

convertor 712 are 1 o provided to two digital comparators 900 and"902. rator
receives a digital valu® fréremadomrtahigh caieesrcoonter:914 to reset. While the output of

comparator 902 remains high, counter 914 increments its count once for

SO

every positive-going transition in the clock signal generated by clock 920.
When the count in counter 914 reaches a pre-determined value, the

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 irivention 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.



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 attach/i::b)tri'1 nable input
and 15 reset input of a counter 908. Counter 908 also receives a clock signal *f cl 910.
When the digital samples drop below the low threshold, comparator 900 generates a high output
signal. The transition fromglquip 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 remgin below the low threshold for a period
of time before the 25 counter will indicate that there is a defect.”2 0 MAY 2004 STL 9349 -14 The
output of comparator 902 is attached to the enable input and reset input of a counter 914. Counter

914 also receives a clock signal TheprelenkiAvenhbicalioaigbs 2aaEs ) the high
threshold, comparator 902 generates a high outg ut signal. The transition ﬁoﬁﬁﬁ%ﬁ causes

counter 914 to reset. Whil SQFRRORSRASS griyeAes eenveting, padterins 64 NRIGIHATIDES

. count once for every posig’ -Qaing transiyan+a the. clock signal generated by clock 920. When the
count in counter 914 reach%‘gog %ggég?gr?nﬁpgeﬁ/%%égﬁﬁg ou ﬁ&?%Y%%’u?ﬂH?&ﬂeﬁc%g%%lﬂ%%w

to high indicating the locatiead leal F0R that gétusates aligis ﬁgﬁmlﬁ%ﬁpﬂ‘sé%f’sﬁgaﬁ%ﬁi o

converter 712 must remaghabﬁ%/\%the threshold for aH%erlod of time before counter 914 wi |n(rj‘|cate

that there is a defect. Alth w6k AetestiHireshald detector T2 zebeivies 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 714
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 correspbn’d 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 adjusted 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 presentinvention. In addition, although the preferred embodiment

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



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 methqgtﬁfmd' from a
storage medium 106 to form data values 720. The method 20 includes genefatling a signnna 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 multipliéT¥2#9s 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. 2 0 MAY 2004 STL 9349 -15 The present invention also
provides reading and recovery components700 in a disc drivgéor converting patterns on a medium
106 into read data 720. The reading and recovery components 700 include a read head 702 that
generates a read signal fr‘(;,rlylll' sector of patterns on 5 the medium 106. A defect threshold detector

722 receives a first form 0 appussited by thersiskilledinths-art thatohe tenchings ofgthe as a
defect section having abngrnal- BRI . ' inJ e econd form. of the read
~signal and forms a defec?%djustedlil?{qr}cla%{(g1 %%ﬁ%’?E?fﬁﬁﬁ?ﬁ%@g&%ﬁ%@?@‘é*c%%’ﬂ%?m‘iﬁflﬂe read
'signal 1 o that corresponcysterasiefarthes sioragesysteins)etithoutiiapartingigho iglgr of
the second form of the read stg\g:ﬁgé the %gin value. A detector 716 then converts the defect
adjusted read signal into TR HIGRE PGS %’éﬂ?ﬁ(ﬁ'&gtood that even though numerous
characteristics 5 ,




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 emZ(ﬁliwtégof the
invention, this disclosure is illustrative only, and changes may be made in detdil, €sp ﬂilly in
matters of structure and arrangement of parts within the principles of 20 the present invention to the
full extent indicated by the;jrggd 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 2 0 MAY 2004 STL 9349 -16
will be appreciated by those skilled in the art that the teachin'g} ‘of the present invention can be
applied to other systems, like communication systems or other storage systems, without departing
from the scope and spirityyiHETIS A INMEDIER. 2 0 MAY 2004 STL 9349 -17 WHAT IS CLAIMED
IS: 1. A method of reading from a storage medium to form data values, the method comprising steps
of. (a) generating a signallirom afsaethed ofoeadiagfroauastordgeineatiyingafepstiantatirsignal
that has a change in amp[p{g%aéﬁ% ctivatig%.agqe;in muktjplier to multiply the section of the signal by
a gain value during the section 0 e%‘l’éﬂg DEAePs o

(a) generating a signal from a sector of the storage medium;

(b) identifying a section of the signal that has a change in
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 on a
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.



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 sggm};‘,% method of
claim 1 wherein identifying step (b) comprises comparing the amplitude of the Si t '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 on a particular threshold
value. 4. The method of claim | 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 safiples of the signal by the gain value. 2 0
MAY 2004 STL 9349 -18 6. In a disc drive, reading and recovery components for converting patterns

on a medium into read dagg, thelrﬁgd&? qﬂfil r v _components comprising: a read head that
generates a read signal from a sector o patte?e}}%%\é?hr‘}éseaﬂzaaf]‘?ﬁm';eé)fjg?éﬁpﬂﬂ%%ﬁ)ﬁ%r&@!é%%ﬁngt

receives a first form of thepattainsionai anetlitentifies rialé data/ e selamp’4hg f@ﬁ?gi%ﬁﬁa' asa

- defect section having abnormal amplitudes; a gain multiplier that receives a seco of the read
“ signal componernts comprising:

aread head that genefates aread signal from a sector of patterns
on the medium;

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 géin 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



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 conyegtspie c)ﬂmct 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 %?ﬁﬁ’ares 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 multiph®r to 2 0 MAY 2004 STL 9349 -19
retrieve a gain value wherein the threshold register contains a plurality of threshold amplitudes and

the gain register contains g.separate gain walue for eachy threshold gmplitude in the threshold register.
R R el R e Ao oAbl

10. The reading and recovery (ngp%nen S 8Tec‘ré|m urther

generates an erasure poibf@hﬁé&@ld%@l@@id&@dﬁdiﬂ@éigﬁiﬁ%@i@?&%ﬂ@ﬁﬁ%‘@%ﬁ&%ﬁ’é giated
r

with a defect section; and an error correction code module that receives the erasure pointer and the
data values from the detet¥HefRr ®aghithreshald 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.



application of error correction code activities to only some of the data values generated by the
detector based on the erasure pointer. 2 0 MAY 2004 STL 9349 -20 METHOD AND APPARATUS
FOR DATA ERROR RECOVERY USING DEFECT THRESHOLD DETECTOQ@NWIWMBI GAIN
ABSTRACT OF THE DISCLOSURE 5 A method and apparatus are provided for reading from a
storage medium 106 to f ta values. A signal is generated from a sector on the storage
medium 106 and a section of that signal 506 is identified as having a change in amplitude. A gain
multiplier 714 is activated to multiply that section of the signal by a gain value. The gain multiplier 10
714 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 si(?nal that is applied to a detector 716 to
detect data values. 15 -20-

METHOD AND APPARATUS FOR DATA ERROR RECOVERY USING
DEFECT THRESHOLD DETECTOR AND VITERBI GAIN

ABSTRACT OF THE DISCLOSURE
5 A method and apparatus are provided for réading from a storage

medium 106 to form data values. A signal is generated from a sector on
the storage medium 106 and a section of that signal 506 is identified as
having a change in amplitude. A gain multiplier 714 is activated to
multiply that section of the signal by a gain value. The gain multiplier

10 714 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 716 to detect data

values.
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