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METHOD AND APPARATUS FOR READING A DISC
INCORPORATION BY REFERENCE
[0001] This present disclosure claims the benefit of U.S. Provisional Application No.
61/582,943, "Sector-and-Codeword Masking for Blu-ray" filed on January 4, 2012, which is
incorporated herein by reference in its entirety.
BACKGROUND
[0002] The background description provided herein is for the purpose of generaly

presenting the context of the disclosure. Work of the presently named inventors, to the extent the
work is described in this background section, aswell as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

[0003] Generadly, data stored on an optical disc is encoded with error detecting code
and/or error correcting code. The error detecting code can be used to detect errors, and the error
correcting code can be used to correct certain errors.

SUMMARY

[0004] Aspects of the disclosure provide acircuit that includes a decoder, an error
checking module, and acontroller. The decoder isconfigured to receive codewords, and decode
the codewords based on an error correcting code. The error checking module is configured to
error-check sectors using an error detecting code in the sectors. Each sector isformed of a
plurality of decoded codewords. The controller is configured to store in amemory, when the
error checking fails for at |east one sector, the decoded codewords and corresponding flags
indicative of pass or fail of the decoding of the codewords.

[0005] In an embodiment, the codewords are first codewords, and the sectors are first
sectors. Further, the decoder is configured b receive second codewords, and decode the second
codewords based on the error correcting code. The error checking module is configured to error-
check second sectors using error detecting code in the second sectors. Each second sector is
formed of aplurality of decoded second codewords. The controller is configured to store in the
memory, when the error checking of the second sectors fails for at |east one sector, the decoded
second codewords based on the stored flags in the memory to combine the decoded first

codewords with the decoded second codewords.
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[0006] In an example, the controller isconfigured to store a decoded second codeword
when a corresponding flag indicates that the decoding of acorresponding first codeword fails.
Further, the error checking module is configured to error-check sectors in the memory that
combine the decoded first codewords and the decoded second codewords.

[0007] Further, in an embodiment, the decoder is configured to receive the codewords in
response to reading acluster of data from a Blu-ray disc. In an example, the cluster includes 32
sectors, and each sector includes nine and half codewords.

[0008] According to an aspect of the disclosure, the controller is configured to store
scores of the codewords that are indicative of pass or fail of the corresponding sector error
checking in the memory. Further, the controller is configured to store a score of a shared
codeword of two sectors based on sector error checking of the two sectors,

[0009] Aspects of the disclosure aso provide amethod. The method includes receiving
codewords, decoding the codewords based on an error correcting code, error-checking sectors
using an error detecting code in sectors, and storing in amemory the decoded codewords and
corresponding flags indicative of pass or fail of the codewords decoding when the error checking
fails for at least one sector.

[0010] Aspects of the disclosure also provide an apparatus that includes an optical pickup
unit, adecoder, an error checking module, and a controller. The optical pickup unit is configured
to generate an electrical signal in response to reading a Blu-ray disc. The decoder is configured
to receive codewords extracted from the electrical signal, and decode the codewords based on an
eiTor correcting code. The error checking module is configured to error-check sectors using an
error detecting code in the sectors. Each sector is formed of a plurality of decoded codewords.
The number of codewords in a sector does not have to beinteger. The controller is configured to
store in amemory, when the error checking fails for at least one sector, the decoded codewords
and corresponding flags indicative of pass or fail of the decoding of the codewords.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Various embodiments of this disclosure that are proposed as examples wilt be

described in detail with reference to the following figures, wherein like numerals reference like
elements, and wherein:
[0012] Fig, 1shows ablock diagram of an electronic system example 100 and a storage

medium example 101 according to an embodiment of the disclosure;
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[0013] Fig. 2 shows aplot illustrating acluster of data according to a Blu-ray format;

[0014] Fig. 3A shows ablock diagram of a decoding module 340 according to an
embodiment of the disclosure;

[0015] Fig. 3B shows an example for the decoding module 340 to combine the decoded
codewords from multiple trials for reading acluster;

[0016] Fig. 4 shows aflowchart outlining a process example 400 executed by the
decoding module 340 according to an embodiment of the disclosure;

[0017] Fig. 5A shows ablock diagram of a decoding module 540 according to an
embodiment of the disclosure;

[0018] Fig. 5B shows an example for the decoding module 540 to combine the decoded
codewords from multiple trias for reading a cluster;

[0019] Figs. 6A and 6B show a flowchart outlining a process example 600 according to
an embodiment of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] Fig. 1shows ablock diagram of an electronic system example 100 and a storage
medium example 101 according to an embodiment of the disclosure. The electronic system 100
includes a pick-up unit 120 coupled with the storage medium 101 to receive a signal
corresponding to information stored on the storage medium 101. The electronic system 100
processes the signal and extracts the information from the signal. The electronic system 100
includes various components, such as a front-end signal processing circuit 130, a decoding
module 140, and devices 150 that are downstream of the decoding module 140. These elements
are coupled together as shown in Fig. 1.

[0021] Generally, data stored on the storage medium 101 is encoded with error detecting
code and/or error correcting code. The error detecting code and the error correcting code can be
used at different sizes of data units. In an example, error correcting code isused in relatively
small size of data unit to correct errors in the data unit, and the error detecting code isused for
detecting errors in relatively large size of data unit. According to an aspect of the disclosure, the
decoding module 140 isconfigured to use decoding mask for indicating decoding history at the
relatively small size of data unit to enable combining data from multiple read trials at the
relatively small size of data unit to improve performance when the signal quality is poor, and

thus to improve user experience.
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[0022] In addition, in an embodiment, the decoding module 140 can use both the
decoding mask for the relatively small size of data unit and adecoding mask for the relatively
large size of data unit to enable combining data from multiple read trials.

[0023] In an example, the storage medium 101 is a Blu-ray disc that stores information as
optical property changes. According to aBlu-ray format, datais organized in clusters.

[0024] Fig. 2 shows apilot illustrating a cluster of data according to a Blu-ray format.
The cluster includes 32 sectors. Bach sector has 2,048 user bytes and four bytes of error
detecting code (EDC). The EDC bytes are generated as a function of the 2,048 user bytes.
Further, the total 2052 bytes are organized into nine and half codewords. Two neighboring
sectors may share a codeword. Each codeword includes 216 bytes. In the Fig. 2 example, each
column represents a codeword. The codeword isthen encoded by an error correcting code for
error correction. For example, the 216 bytes of a codeword can be encoded by a Reed-Solomon
code RS(248, 216) to generate an encoded codeword of 248 bytes. After being encoded with the
error detecting code and error correcting code, the cluster is stored on the BIu-ray disc 101 as
optical property changes.

[0025] According to an aspect of the disclosure, the information stored on the Blu-ray
disc 101 isthen read by the electronic system 100 in the unit of cluster. Specifically, in an
example, the pick-up unit 120 is an optical pickup unit (OPU) 120 that can be optically coupled
with the Blu-ray disc 101, and can generate an electrical signal in response b the optical
property changes on the Blu-ray disc 101. For example, the OPU 120 directs a light beam to a
portion of the Blu-ray disc 101 that stores a cluster to read. The light beam isreflected from the
Blu-ray disc 101, and has light properties that correspond to the optical property changes on the
Blu-ray disc 101. The OPU 120 generates the electrical signal in response to the light properties
of the reflected light beam. The electrical signal isthen processed by the front-end signal
processing circuit 130 to extract a bit stream corresponding to the cluster stored on the Blu-ray
disc 101.

[0026] The front-end signal processing circuit 130 includes various circuits, such as
anaog circuits, digital circuits and the like to extract the bit stream. For example, after
processing the electrical signal using analog techniques, an analog to digital converter (ADC)

converts the electrical signal from an analog form to adigital form. Further, the front-end signal
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processing circuit 130 includes adetector, such as aViterbi detector and the like, to detect the bit
stream from the digital form of the electrical signal.

[0027] The bit stream may have errors due to various reasons, such as disc manufacturing
defects, dusts, finger prints, environmental noise, and the like. The decoding module 140
performs cluster decoding on the bit stream to detect and correct errors. For example, the
decoding module 140 receives abit stream corresponding to a cluster stored on the Blu-ray disc
101, decodes codewords in the bit stream according to the Reed-Solomon code, and then
performs error detecting code checking in sectors according to the error detecting code in each
sector.

[0028] When all of the 32 sectors pass the error detecting code checking, the cluster
formed by the sectors isprovided to the devices 150 that are downstream of the decoding module
140. When at least one sector fails the error detecting code checking, the decoding module 140
informs the OPU 120, and the OPU 120 directs the light beam to the portion of the Blu-ray disc
101 corresponding to the same cluster to read the cluster again.

[0029] Similar tothe first read trial, the OPU 120 generates the electrical signal in
response to reading the cluster again. The electrical signal isthen processed by the front-end
signal processing circuit 130 to extract a second hit stream corresponding to the same cluster
stored on the Blu-ray disc 101. The decoding module 140 performs cluster decoding on the
second bit stream to detect and correct errors. For example, the decoding module 140 decodes
codewords in the second hit stream according to the Reed-Solomon code, and then performs
error detecting code checking in sectors according to the error detecting code in each sector.

[0030] When all of the 32 sectors from the second cluster decoding pass the error
detection, the cluster formed by the sectors is provided to the devices 150 that are downstream of
the decoding module 140. When at least one sector fails the error detecting code checking, in an
embodiment, the decoding module 140 combines the decoded codewords from the first cluster
decoding and the decoded codewords from the second cluster decoding based on decoding mask
of codewords to form combined sectors, such that a sector may include decoded codewords from
the first cluster decoding and the decoded codewords from the second cluster decoding. In
another embodiment, the decoding module 140 combines the decoded codewords from the first
cluster decoding and the second cluster decoding based on decoding mask of codewords and

decoding mask of the sectors to form combined sectors.
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[0031] Further, the decoding module 140 can perform error checking on the combined
sectors formed of the decoded codewords from the first cluster decoding and the decoded
codewords from the second cluster decoding. When all of the 32 sectors pass the error detecting
code checking, the cluster formed by the sectors is provided to the devices 150. When at |east
one sector has error, the decoding module 140 informs the OPU 120, and the OPU 120 directs
the light beam to the portion of the Blu-ray disc 101 corresponding to the same cluster to read the
cluster for athird time.

[0032] The decoding process can continue until an error free cluster is decoded or until a
time for reading the cluster exceeds alimit. When an error free cluster is obtained, the error free
cluster is provided to the devices 150. The devices 150 can include any suitable devices for
further processing. In an example, the devices 150 include an audio/video decoder, an
audio/video interface to an audio/video player, and the like.

[0033] According to an embodiment of the disclosure, the decoding module 140 can be
implemented as circuits that are integrated on one or more chips.

[0034] Fig. 3A shows ablock diagram of a decoding module 340 according to an
embodiment of the disclosure. The decoding module 340 can be used in the eectronic system
100 as the decoding module 140. The decoding module 340 includes a Reed-Solomon decoder
370, an error detecting code checking module 380, a controller 390 and a memory 360. These
elements are coupled together as shown in Fig. 3A.

[0035] The Reed-Solomon decoder 370 is configured to receive codewords in response
to reading a cluster of data. The Reed-Solomon decoder 370 decodes the codewords into
decoded codewords based on Reed-Solomon code. According to an aspect of the disclosure, the
Reed-Solomon code can detect and correct certain errors, such asrandom errors, burst errors,
and the like. However, when the signal quality in response to reading the cluster is poor, the
Reed-Solomon code may fail to correct all the errors in a codeword. When the Reed-Solomon
decoder 370 fails to decode a codeword, aflag in association with the codeword isset to indicate
fail; and when the Reed-Solomon decoder 370 successfully decodes a codeword, aflag in
association with the codeword is set to indicate pass.

[0036] The error detecting code checking module 380 receives the decoded codewords,
and uses the error detecting code in each sector to check whether the sector has been correctly

received and decoded. When ail the sectors in the cluster are correctly received and decoded, the
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cluster is provided to downstream devices, such asthe downstream devices 150. However, when
at least one of the sectors fails the error detecting code checking, the controller 390 suitably
buffers the decoded codewords in the memory 360.

[0037J The memory 360 has a portion aIIocaIed as a buffer to buffer the decoded
codewords for acluster. In addition, the memory 360 also stores the flags in association with the
codewords. In an example, the controller 390 controls the buffer to store those decoded
codewords that the corresponding flags are indicative of pass and leave buffer space empty for
the decoded codewords that the corresponding flags are indicative of fail. Inthe Fig. 3A
example, each codeword is represented by acolumn line, and each sector includes codewords 0-
8 and one half of a codeword identified by "H". In addition, the memory 360 stores all of the
flags in association with the codewords in the cluster. In another example, the controller 390
controls the buffer to store al the decoded codewords and their corresponding flags.

[0038] In an embodiment, when at least one of the sectors fails to pass the error detecting
code checking, the controller 390 generates a signal to inform, for example the OPU 120, to read
the same portion of the Blu-ray disc 101 for asecond time.

[0039] Similar to the previous cluster decoding, the Reed-Solomon decoder 370 receives
codewords in response to reading the cluster of data for the second time. The Reed-Solomon
decoder 370 decodes the codewords according to Reed-Solomon code, and sets flags in
association with the codewords to indicate codeword decoding pass or fail in the second time.

[0040] The error detecting code checking module 380 receives the decoded codewords of
the cluster for the second time, and uses the error detecting code in each sector to check whether
the sector has been correctly received and decoded. When all the sectors in the cluster are
correctly received and decoded, the decoded cluster isprovided to downstream devices, such as
the downstream devices 150. However, when at least one sector fails the error detecting code
checking, the controller 390 uses the stored flags in the first cluster decoding and the flags in the
second cluster decoding to combine the decoded codewords from the first cluster decoding and
the second cluster decoding in the memory 360.

[0041] In an example, adecoded codeword from the second cluster decoding isstored in
the memory 360 when the corresponding flag of the codeword for the first cluster decoding is
indicative of fail and the flag of the codeword for the second cluster decoding is indicative of

pass.
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[0042] Fig. 3B shows an example to combine the decoded codewords from multiple trials
of reading acluster. Inafirst trial, some sectors, such as sectors 1, 3, 4, and 6, fail the error
detecting code checking and thus the cluster decoding fails. The correctly decoded codewords
are buffered and the failed codewords are not buffered. The correctly decoded codewords
include all of the codewords in the sectors that pass the error detecting code checking, such as
sectors 0, 2, 5 (as shown by shaded sectors). The correctly decoded codewords also include
certain codewords in the sectors that fails the error detecting code checking, but the codewords
themselves pass the Reed-Solomon decoding, such as the codewords represented by solid lines in
the sectors 1, 3,4 and 6. Inthe Fig. 3B example, the codewords that fail the Reed-Solomon
decoding (as shown by dash lines) are not buffered. The flags that are indicative of pass or fail
of the Reed-Solomon decoding for the corresponding codewords are also stored.

[0043] In the second trial, some sectors, such as sectors 1, 4, 5, and 6, fail the error
detecting code checking and thus the cluster decoding fails. However, some codewords that fail
the Reed-Solomon decoding in the first trial have passed the Reed-Solomon decoding in the
second trial, such as codewords 1, 4, and 5 in the sector 1, codewords 3, 4, and 5 in sector 3,
codewords 0 and 5 in sector 4, and codeword 2 in sector 6, and the like. Those codewords are
then buffered, and the corresponding flags are updated to indicate pass.

[0044] In an embodiment, an error detecting code checking is then performed on the
buffered sectors that combine the codewords from the first trial and the second trial.

[0045] It isnoted that, in the Fig. 3B example, codeword 8 in sector 4 failsin both trials.
The cluster can beread for athird trial, and can be similarly processed as the second trial.

[0046] Fig. 4 shows a flowchart outlining aprocess example 400 executed by the
decoding module 340 according to an embodiment of the disclosure. The process starts at S401,
and proceeds to $410.

[0047] At $410, the decoding module 340 conducts afirst trial to read and decode a
cluster. Specifically, the Reed-Solomon decoder 370 receives, for afirst time, codewords in
response to read the cluster, and performs Reed-Solomon decoding on the codewords. Then, the
error detecting code checking module 380 performs error detecting code checking on sectors
formed of decoded codewords in the first trial.

[0048] At $420, the decoding module 340 determines whether the cluster decoding in the
first trial passeg/fails. For example, when all the sectors in the cluster pass the error detecting
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code checking, the cluster decoding passes, the process proceeds to $480; otherwise, the process
proceeds to S430. '

[0049] At $430, the codewords that pass the Reed-Solomon decoding are buffered in the
memory 360, and flags thai indicate the pass or fail of the Reed-Solomon decoding are also
stored in the memory 360.

[0050] At $440, the decoding module 340 conducts a second trial to read and decode the
same cluster. Specifically, the Reed-Solomon decoder 370 receives, for a second time,
codewords in response to read the cluster, and performs Reed-Solomon decoding on the
codewords. Then, the error detecting code checking module 380 performs error detecting code
checking on sectors formed of the decoded codewords in the second trial.

10051] At 450, the decoding module 340 determines whether the cluster decoding in the
second trial passes or fails. For example, when al the sectors formed of the decoded codewords
in the second trial pass the error detecting code checking, the cluster decoding in the second trial
passes, then the process proceeds to $480; otherwise, the process proceeds to S460.

[0052] At $460, the codewords that pass the Reed-Solomon decoding in the second trial
but fail. in the first trial are buffered. In an embodiment, the decoding module 340 uses the stored
flags as codeword masking. Specifically, inan example, when astored flag in association with a
codeword isindicative of pass, the codeword is maintained inthe memory 360. When a stored
flag in association with a codeword isindicative of fail, and the decoding module 340 checks
whether the codeword passes the Reed-Solomon decoding in the second tria. |f the codeword
passes the Reed-Solomon decoding in the second trial, the codeword isbuffered in the memory
360, and the corresponding stored flag is updated to indicate pass.

[0053] At $470, the decoding module 340 performs the error detecting code checking on
the buffered sectors. For example, the error detecting code checking module 380 checks whether
the buffered sectors pass the error detecting code checking. When al the sectors in the buffer
pass the error detecting code checking, the process proceeds to $480; otherwise, the process
returns to S440 to conduct another trial.

[0054] At $480, the cluster with error free sectors is provided to downstream devices.
Then the process proceeds to S499 and terminates.

[0055] Fig. 5A shows ablock diagram of a decoding module 540 according to an

embodiment of the disclosure. The decoding module 540 can beused in the electronic system
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100 asthe decoding module 140. The decoding module 540 utilizes certain components that are
identical or equivalent to those used in the decoding module 340, such as a Reed-Solomon
decoder 570, an error detecting code checking module 580, a controller 590 and amemory 560;
the description of these components has been provided above and will be omitted here for clarity
purposes. In the Fig. 5A example, in addition to the flagsin association with codewords, the
memory 560 also stores scores in association with codewords. The scores are determined based
on the error detecting code checking of sectors. The decoding module 540 uses the flags as
codeword masking and uses the scores as sector masking to combine the decoded codewords
from multiple trials in the memory 560.

[0056] Fig. 5B shows an example to combine the decoded codewords from multiple trials
of reading acluster. In afirst trial, some sectors, such as sectors 1, 3, 4, and 6, fail the error
detecting code checking and thus the cluster decoding fails. The correctly decoded codewords
are buffered and the failed codewords are not buffered. The correctly decoded codewords
include al of the codewords in the sectors that pass the error detecting code checking, such as
sectors 0, 2, 5 (as shown by shaded sectors). The correctly decoded codewords also include
certain codewords in the sectors that fails the error detecting code checking, but the codewords
themselves pass the Reed-Solomon decoding, such asthe codewords represented by solid lines in
the sectors 1, 3,4 and 6. Inthe Fig. 5B example, the codewords that fail Reed-Solomon
decoding (as shown by dash lines) are not buffered. The flags in association with the codewords
that are indicative of pass or fail of the Reed-Solomon decoding are also stored.

[0057] In addition, scores in association with the codewords are determined to indicate
sector pass or fail in the error detecting code checking. For example, when a sector passes the
error detecting code checking, scores for the codewords 0-8 of the sector are set to be zero; and
when a sector fails the error detection checking, scores for codewords 0-8 are set to be one. For
the shared codeword between two sectors, when one of the sectors fails the error detecting code
checking, the score for the codeword is set to one; and when both sectors pass the error detecting
code checking, the score for the codeword is set to zero.

[0058J In the second trial, some sectors, such as sectors 1, 4, 5, and 6, fail the error
detecting code checking and thus the cluster decoding fails. However, some sectors that fail the
eiTor detecting code checking in the first trial have passed the error detecting code checking in

the second trial, such as sector 3, and the like. All of the codewords in those sectors are then
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buffered in the memory 560. When a sector fails the error detecting code checking in both of the
first trial and the second trial, the codewords in the sector are buffered according to flagsin a
similar manner as the example in Fig. 3B.

[0059] According to an aspect of the disclosure, an error detecting code checking is then
performed on the buffered sectors that combine the codewords from the first trial and the second
trial. When the buffered sectors all pass the error detecting code checking, the cluster formed of
the buffered sectors can be output to downstream devices.

[0060] Inthe Fig. 5B example, codeword 8 in sector 4 fails in both trials, and thus the
buffered sector 4 till fails the error detecting code checking. The cluster can be read in athird
trial, and can be similarly processed as the second trial.

[0061] Fig. 6A shows a flowchart outlining a process example 600 executed by the
decoding module 540 according to an embodiment of the disclosure. The process starts at S601,
and proceeds to S610.

[0062] At S610, the decoding module 540 conducts a first trial to read and decode a
cluster. Specifically, the Reed-Solomon decoder 570 receives, for afirst time, codewords in
response to read the cluster, and performs Reed-Solomon decoding on the codewords. Then, the
error detecting code checking module 580 performs error detecting code checking on sectors
formed of decoded codewords in the first trial.

[0063] At S620, the decoding module 540 determines whether the cluster decodmg in the
first trial passes/fails. For example, when all the sectors in the cluster pass the error detecting
code checking, the cluster decoding passes, the process proceeds to S680; otherwise, the process
proceeds to S630.

[0064] At S630, the codewords that pass the Reed-Solomon decoding are buffered in the
memory 560, and flags that indicate the pass or fail of the Reed-Solomon decoding are also
stored in the memory 560. In addition, scores that are determined based on the error detecting
code checking of sectors are also stored in the memory 560 in association with the codewords.

[0065] At S640, the decoding module 540 conducts a second trial to read and decode the
same cluster. Specifically, the Reed-Solomon decoder 570 receives, for asecond time,
codewords in response to read the cluster, and performs Reed-Solomon decoding on the
codewords. Then, the error detectmg code checking module 580 performs error detecting code

checking on sectors formed of the decoded codewords in the second trial.
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[0066] At S650, the decoding module 540 determines whether the cluster decoding in the
second trial passes or fails. For example, when all the sectors formed of the decoded codewords
in the second trial pass the error detecting code checking, the cluster decoding in the second tria
passes, then the process proceeds to S680; otherwise, .the process proceeds to S660.

[0067] At S660, the buffer is updated based on flags and scores in the first trial and the
second trial. The stored flags and scores are also updated. A detail example of S660 is shown in
Fig. 6B.

[0068] At S670, the decoding module 540 performs the error detecting code checking on
the buffered sectors. For example, the error detecting code checking module 580 checks whether
the buffered sectors pass the error detecting code checking. When all the sectors in the buffer
pass the error detecting code checking, the process proceeds to S680; otherwise, the process
returns to S640 to conduct another trial.

[0069] At S680, the cluster with error free sectors is provided to downstream devices.
Then the process proceeds to S699 and terminates.

[0070] Fig. 6B shows aflowchart outlining detail example of S660 according to an
embodiment of the disclosure. In S660, each codeword in the buffer is updated based on
corresponding flags and scores in the first trial and the second trial. The stored flag and score in
association with the codeword are also updated. The process S660 starts and proceeds to S661.

[0071] At S661, the decoding module 540 determines whether abuffered score for a
codeword is zero. When the buffered score is zero, the buffered codeword ismaintained and the
process proceeds to S668; otherwise, the process proceeds to S662.

[0072] At S662, the decoding module 540 determines whether a score for the codeword
in the new tria is zero. When the scorein the new trial is zero, the process proceeds to S665;
otherwise, the process proceeds to S663.

[0073] At S663, the decoding module 540 determines whether a buffered flag for the
codeword isindicative of pass. When the buffered flag is indicative of pass, the buffered
codeword is maintained and the process proceeds to S668; otherwise, the process proceeds to
S664.

[0074] At S664, the decoding module 540 determines whether aflag for the codeword in
the new trial isindicative of pass. When the flag in the new trial isindicative of pass, the process

proceeds to S666; otherwise, the process proceeds to S667.
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[0075] At S665, the decoding module 540 stores the decoded codeword from the new
trial in the buffer, updates the corresponding score in the memory 560 to zero, and updates the
corresponding flag in the memory 560 to indicate of pass. Then, the process proceeds to S668.

[0076] At S666, the decoding module 540 buffers the decoded codeword from the new
trial in the buffer, updates the corresponding score in the memory 560 to one, and updates the
corresponding flag in the memory 560 to indicate pass. Then, the process proceeds to S668.

[0077] At S667, the decoding module can selectively maintain the buffered codeword, or
can store the codeword from the new trial in the buffer. The corresponding score in the memory
560 for the codeword is set to one, and the corresponding flag in the memory 560 for the
codeword is set to indicate fail.

[0078] At S668, the decoding module 540 determines whether all the codewords in the
cluster have been processed. When there exists a codeword that has not been processed, the
process returns to S661 to process the codeword; otherwise, the process S660 terminates.

[0079] While aspects of the present disclosure have been described in conjunction with
the specific embodiments thereof that are proposed as examples, alternatives, modifications, and
variations to the examples may be made. Accordingly, embodiments as set forth herein are
intended to be illustrative and not limiting. There are changes that may be made without

departing from the scope of the claims set forth below.
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WHAT ISCLAIMED IS;

1. A circuit, comprising:

adecoder configured to receive codewords, and decode the codewords based on
an error correcting code;

an error checking module configured to error-check sectors using an error
detecting code in the sectors, each sector being formed of aplurality of decoded codewords; and

acontroller configured to store in amemory, when the error checking fails for at
least one sector, the decoded codewords and corresponding flags indicative of pass or fail of the
decoding of the codewords.

2. The circuit of claim 1, wherein the codewords are first codewords, and the sectors
are first sectors, and:

the decoder is configured to receive second codewords, and decode the second
codewords based on the error correcting code;

the error checking module is configured to error-check second sectors using error
detecting code in the second sectors, each second sector being formed of aplurality of decoded
second codewords; and

the controller is configured to store in the memory, when the error checking of the
second sectors fails for at least one sector, the decoded second codewords based on the stored
flags in the memory to combine the decoded first codewords with the decoded second
codewords.

3. The circuit of claim 2, wherein the controller is configured to store a decoded
second codeword when a corresponding flag indicates that the decoding of a corresponding first
codeword fails.

4. The circuit of claim 2, wherein the error checking module is configured to error-
check sectors in the memory that combine the decoded first codewords and the decoded second
codewords.

5. The circuit of claim 1, wherein the decoder is configured to receive the codewords
in response to reading from a Blu-ray disc.

6. The circuit of claim 5, wherein the controller isconfigured to store scores of the
codewords that are indicative of pass or fail of the corresponding sector error checking in the

memory.
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7. The circuit of claim 6, wherein the controller is configured to store a score of a
shared codeword of two sectors based on sector error checking of the two sectors.

8. A method, comprising:

receiving codewords;

decoding the codewords based on an error correcting code;

error-checking sectors using an error detecting code in sectors, each sector being
formed of aplurality of decoded codewords; and

storing in amemory the decoded codewords and corresponding flags indicative of
pass or fail of the decoding of the codewords when the error checking fails for at least one sector.

9. The method of claim 8, wherein the codewords are first codewords, and the
sectors are first sectors, and the method further comprises:

receiving second codewords,

decoding the second codewords based on the error correcting code;

error-checking second sectors using error detecting code in second sectors, each
second sector being formed of a plurality of decoded second codewords; and

combining the decoded second codewords in the memory with the decoded first
codewords based on stored flags when the error checking of the second sectors fails for at least
one sector.

10.  The method of claim 9, wherein combining the decoded second codewords in the
memory with the decoded first codewords based on the stored flags when the error checking of
the second sectors fails for at least one sector further comprises:

storing adecoded second codeword when a corresponding flag indicates that the
decoding of a corresponding first codeword fails.

11.  The method of claim 9, further comprising:

error-checking sectors in the memory that combines the decoded first codewords
and the decoded second codewords.

12.  The method of claim 8, wherein receiving the codewords in response to reading
the cluster of data further comprises:

receiving the codewords in response to reading aBlu-ray disc.
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13.  The method of claim 12, further comprising:
storing scores of the codewords that are indicative of pass or fail for the
corresponding sector error checking in the memory.
14. The method of claim 13, further comprising:
storing a score for a shared codeword by two sectors based on sector error
checking of the two sectors.
15.  An apparatus, comprising:
an optical pickup unit configured to generate an electrical signal in response to
reading a Blu-ray disc;
adecoder configured to receive codewords extracted from the electrical signal,
and decode the codewords .based on an error correcting code;
an error checking module configured to error-check sectors using an error
detecting code in the sectors, each sector being formed of a plurality of decoded codewords; and
acontroller configured to store in amemory, when the error checking fails for at
least one sector, the decoded codewords and corresponding flags indicative of pass or fail of the
decoding of the codewords.
16.  The apparatus of claim 15, wherein the codewords are first codewords, and the
sectors are first sectors:
the decoder is configured to receive second codewords, and decode the second
codewords based on the error correcting code;
the error checking module is configured to error-check second sectors using error
detecting code in the second sectors, each second sector being formed of aplurality of decoded
second codewords; and
the controller is configured to combine, when the error checking of the second
sectors fails for at least one sector, the decoded first codewords with the decoded second
codewords based on the stored flags in the memory.
17.  The apparatus of claim 16, wherein the controller is configured to store a decoded
second codeword when acorresponding flag indicates that the decoding of a coii-egponding first

codeword fails.
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18.  The apparatus of claim 16, wherein the error checking module is configured to
error-check sectorsin the memory that combine the decoded first codewords and the decoded
second codewords.

19.  The apparatus of claim 15, wherein the controller is configured to store scores of
the codewords that are indicative of pass or fail of the corresponding sector error checking in the
memory.

20.  The apparatus of claim 19, wherein the controller is configured to store a score of

a shared codeword of two sectors based on sector error checking of the two sectors.
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FIG. 4

// 400
-

CONDUCT A FIRST TRIAL TO
READ AND DECODE A CLUSTER

5420
T — YES
NO

. S410

BUFFER CODEWORDS THAT PASS |- %30
REED-SOLOMON DECODING AND SET FLAGS
g
CONDUCT ANEXT TRALTO READ | S*40
AND DECODE THE CLUSTER
5450
PASS? YES R
NO
- 5460

BUFFER ADDITIONAL CODEWORDS THAT
PASS REED-SOLOMON DECODING BASED
ON FLAGS AND UPDATE FLAGS

S470

BUFFERED
SECTORS PASS “EDC”
CHECK?

A 4
PROVIDE THE DECODED CLUSTER TO
DOWNSTREAM DEVICES

|~ 5480




PCT/US2012/071010

WO 2013/103540

5/8

0¥G A

065 086 /048
TINAOW
4300030
YITIOHINGD k= DNDIDIHO 300D | PR
oNILO3LIaHouyy | | NOWOT0S-033d | waisn1o
LLLLLLELb000000000FLLLLLELLI000000000 JHODS
d4di13ddddddddddddddddiiddiddddddddddd OV
o : w i _ ¥344ng
019ChEZ 10N 9CPEZ108/9CrET 0NRIOCHED IO
TGOWaN
095 -

VG Ol



WO 2013/103540

SECTOR NUMBER 0

FIG. 5B

012345678
P
1

1
1
I
1
T
t
H

012345678
P
1

012345678

fom
o
0.
oo
-
<
=
=
t’z"""

PCT/US2012/071010

012345678

612345678

012345678

b—
o
[Z W
|
=
o
2
e
fom
N

BUFFER



WO 2013/103540 PCT/US2012/071010

7/8

FIG. 6A ”
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