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METHOD AND APPARATUS FOR DETECTING LAND PRE-PITS
INCORPORATION BY REFERENCE
[0001] This present disclosure claims the benefit of U.S. Provisional Application No.
61/472,135, "Acquisition Circuit for LPP Threshold Adaptation," filed on April §, 2011, and is a

continuation-in-part of U.S. Patent Application No. 12/249,248, "Method and Apparatus for
Detecting Land Pre-Pits," filed on October 10, 2008, which in turn claims the benefit of U.S.
Provisional Application No. 60/980,000, "Land Pre-Pit Detector with Adaptive Threshold," filed
on October 15, 2007. The entire disclosures of the above-identified applications are
incorporated herein by reference in their entirety.
BACKGROUND
{0002] The background description provided herein is for the purpose of generally

presenting the context of the disclosure. Work of the presently named inventors, to the extent
the work is described in this background section, as well 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] Land pre-pits can be used to embed information, such as address information,
disk information, for memory media, such as DVD-R, DVD-RAM, DVD-RW, and the like. For
example, a memory medium may include a spiral groove with a spiral land. The spiral groove
and the spiral land can be wobbled to incorporate timing information. Additionally, a memory
medium, such as DVD-R, DVD-RAM and DVD-RW, may utilize land pre-pits, which can be in
the form of little pieces of mirrors deposited at specific locations of the spiral land of the
memory medium, to embed address information and disk information. The land pre-pits can be
detected by a medium recording device to obtain the address information and the disk
information of the memory medium. The address information and the disk information can
assist the medium recording device to record user data at the specific address in the spiral groove
of the memory medium.

SUMMARY

[0004] Aspects of the disclosure provide a method for detecting land pre-pits. The
method includes detecting, based on a land pre-pit threshold, a land pre-pit data stream from a
signal responsive to land pre-pits on an optical medium, comparing a characteristic of the

detected land pre-pit data stream in a specific number of wobble periods with a pre-determined
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land pre-pit characteristic in the specific number of wobble periods, and adjusting the land pre-
pit threshold based on the comparison.

[6005] To compare the characteristic of the detected fand pre-pit data stream in the
specific number of wobble periods with the pre-determined land pre-pit characteristic in the
specific number of wobble periods, in an embodiment, the method includes comparing the
characteristic of the detected land pre-pit data stream in a multiple of sixteen wobble periods
with the pre-determined land pre-pit characteristic in the multiple of sixteen wobble periods.

[0006] According to an aspect of the disclosure, the method includes detecting the
characteristic of the detected land pre-pit data stream in the specific number of wobble periods
prior to detecting a sync code from the land pre-pit data stream.

[0007] In an example, the method includes counting a number of detected land pre-pits
in the specific number of wobble periods. Further, the method includes comparing the number
of detected land pre-pits in the specific number of wobble periods with an upper limit of land
pre-pits in the specific number of wobble periods, and comparing the number of tand pre-pits
with a lower limit of land pre-pits in the specific number of wobble periods.

[0008] To adjust the land pre-pit threshold based on the comparison, the method
includes adjusting the land pre-pit threshold in a direction to increase the number of detected
land pre-pits when the number is below the lower limit, and adjusting the land pre-pit threshold
in a direction to decrease the number of detected land pre-pits when the number is above the
upper limit.

[0009] Aspects of the disclosure provide an apparatus. The apparatus includes a
detector and 2 controller. The detector is configured to detect, based on a land pre-pit threshold,
Jand pre-pit data stream from a signal responsive to land pre-pits on an optical medium. The
controiler is configured to compare a characteristic of the detected land pre-pit data stream ina
specific number of wobble periods with a pre-determined characteristic in the specific number of
wobble periods, and adjust the land pre-pit threshold based on the comparison.

[0610] Aspects of the disclosure provide an optical drive. The optical drive includes an
optical pickup unit, a detector and a controller. The optical pickup unit is configured to generate
a signal in response to a track on an optical medium. The detector is configured to detect, based
on 4 land pre-pit threshold, land pre-pit data stream from the signal. The controller is configured

to compare a characteristic of the detected land pre-pit data stream in a specific number of
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wobble periods with a pre-determined characteristic in the specific number of wobble periods,
and adjust the land pre-pit threshold based on the comparison.
BRIEF DESCRIPTION OF THE DRAWINGS

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

described in detail with reference to the following figures, wherein like numerals reference like
elements, and wherein:

[0012] Figs. 1A and 1B show a block diagram of an exemplary medium device and an
exemplary memory mediuny;

[6013] Figs. 2A and 2B show a block diagram of an exemplary land pre-pit read
channel coupled to an exemplary optical pick-up unit (OPU) and an exemplary pick-up signal;

[0014] Fig. 3 shows a block diagram of an exemplary Jand pre-pit loop controller;

[0015] Figs. 4A and 4B show an exemplary land pre-pit data format;

[0016] Fig. 5 shows a block diagram of an exemplary threshold adjuster;

[0017] TFigs. 6A-6C show waveforms of an exemplary land pre-pit read channel;

[0018] Fig. 7 shows a flowchart outlining an exemplary process for detecting land pre-
pits;

[0019] Fig. 8 shows a flowchart outlining a process example 800 for detecting land
pre-pits according to an embodiment of the disclosure;

[06020] Fig. 9 shows a flowchart outlining a process example 900 for detecting land
pre-pits according to an embodiment of the disclosure;

[0021] Fig. 10 shows a table 1000 according to an embodiment of the disclosure; and

[0022] Fig. 11 shows a block diagram of circuits 1140 for adaptive land pre-pit
threshold adjustment according to an embodiment of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] Figs. 1A and 1B show a block diagram of an exemplary medium device with an
exemplary memory medium. The medium device 100 can include a processor 110, an optical
drive 115, a RAM unit 130, and a non-volatile memory 140. These elements can be coupled
together as shown in Fig. 1A,

[0024] The optical drive 115 can further include an optical pickup unit (OPU) 120.
The OPU 120 can receive signals corresponding to various information, such as timing

information, address information, disc information, user data, and the like, in a memory medium,
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such as an optical disc 190. For example, the OPU 120 may direct a laser beam to a location of
the optical disc 190. The laser beam can be reflected from the location of the optical disc 190.
The reflected laser beam may have light properties that can correspond to information embedded
at the location of the optical disc 190. The light properties can be detected by a light detector of
the OPU 120. Further, the light detector of the OPU 120 may convert the light properties to
electrical signals for other components of the optical drive 115 to extract the various
information, for example,

[0025] In addition, the OPU 120 can be configured to record user data on the optical
disc 190 according to the extracted information, such as timing information, address information,
disc information, and the like. For example, the OPU 120 may direct a recording laser beam to a
recording location of the optical disc 190. The recording laser beam may have a laser power
determined according to the extracted disc information, and may have a turn-on time determined
according to the extracted timing information. In addition, the recording location may be
determined based on the extracted address information, for example.

[0026] According to the disclosure, the optical drive 115 may include a land pre-pit
{LPP) read channel 125 that can be configured to detect land pre-pits from an electrical signal
converted by the light detector in order to extract the embedded information. The land pre-pit
read channel 125 can include an adaptive land pre-pit threshold. The adaptive land pre-pit
threshold can be used to determine a status, such as 4 binary status, of the electrical signal to
detect the land pre-pits. '

[0027] Asshown in Fig. 1A, the optical disc 190 can generally include a spiral
recording track, for example in the form of a spiral groove adjacent to a spiral land. On the
spiral recording track, user data can be stored on a recording layer by forming either data pits or
data marks. The data pits or data marks can be preferred to have a substantially constant linear
length to improve the data storage capability of the optical disc 190. To assist maintaining
constant length of data marks or data pits, timing and address information can be encoded in the
spiral groove and the spiral land during disc manufacturing. In an example, the timing
information can be encoded by wobbling the spiral groove and the spiral land. Purther, address
information and disk information can be encoded via land pre-pits (LPP) for certain kinds of
memory media, such as DVD-R, DVD-RAM and DVD-RW, and the like.
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[0028] Fig. 1B shows an enlarged portion of an exemplary optical disc 190. The
optical disc 190 can include altemnatively arranged groove fields and land fields. The land fields
can include land pre-pits. The land prev«pits.can be produced by disc manufacturer. In an
embodiment, the land pre-pits are embossed on the land fields during the manufacture of the disk
substrate. It is noted that various techniques can be used to emboss the fand pre-pits on the land
fields. Inan exa;ﬁpi@, during disc manufacturing, the disc manufacturer can deposit little pieces
of mirrors, such as aluminum, at specific locations of the land fields to form the land pre-pits.

{06291  The mirrors may have a higher reflectivity than areas without the land pre-pits.
The higher reflectivity can be detected by the OPU 120. For example, the OPU 120 may direct a
laser beam onto a location of the optical disc 190. The laser beam can be reflected by the
location. The reflected laser beam may have light properties that can correspond to a reflectivity
of the location. When the laser beam is reflected by a location with a deposited mirror, the
reflected laser beam may have a higher light intensity, for example. Further, the light properties
may be detected by a detector of the OPU 120. The detector may generate electrical signals
corresponding to the light properties. For example, the detector can generate a push-pull signal
from the detected light. The push-pull signal may have an amplitude spike corresponding to a

Jocation with a mirror.

[0030]  Further, the push-pull signal can be compared to a land pre-pit threshold to
determine a status, such as a binary status, at a location. For example, when an amplitude of the
electrical signal corresponding to a location is larger than the land pre-pit threshold, an
amplitude spike can be detected. Therefore, the location can be determined to have a mirror.
Thus, the location can be determined storing binary one, for example.

[0031]  Generally, a land pre-pit threshold can be determined by a calibration process,
and may be used globally to detect the land pre-pits. However, the globally used land pre-pit
threshold can result in land pre-pit reading errors due to various reasons, such as manufacturing
variations, gain variations and baseline variations of the electrical signal, noises and
interferences of adjacent groove fields, and the like. Further, the land pre-pit reading errors may

result in poor recording qualities.
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{0032]  According to the disclosure, the medium device 100 can include an adaptive
land pre-pit threshold. The adaptive land pre-pit threshold can be adjusted based on format
information of the land pre-pits. The adaptive land pre-pit can be used to reduce land pre-pit
reading errors to improve recording quality,

[0033] The processor 110 of the medium device 100 can execute system and
application codes. The non-volatile memory 140 can hold information even when power is off.
Therefore, the non-volatile memory 140 can be used to store system and application codes, such
as firmware. The RAM unit 130 is readable and writable. Generally, the RAM unit 130 can
have a fast access speed. It can be preferred that data and codes are stored in the RAM unit 130
during operation, such that the processor 110 can access the RAM unit 130 for the codes and
data instead of the non-volatite memory 140.

[0034] It should be understood that the memory device 100 may include more than one
processor 110. Further, the non-volatile memory 140 may include various non-volatile memory
devices, such as battery backup RAM, read only memory (ROM), programmable ROM (PROM),
flash PROM, electrical erasable PROM (EEPROM) magnetic storage, optical storage, and the
like. Some non-volatile memory 140 can be updated, such as various types of PROM. The
RAM unit 130 may alse include various RAM devices, such as DRAM, SRAM and the like.

[0035] For the ease and clarity of description, the embodiments are presented with a
bus type architecture, however, it should be understood that any other architectures can also be
used to couple components inside memory device 100.

[0036] Additionally, the memory device 100 may include a user input module 160.
The user input module 160 may enable the user to control operations of the memory device 100.
The user input module 160 may include various user input devices, such as keyboard, mouse,
touch screen, and the like. In addition, the user input module 160 may include interfaces that can
enable external user input devices,

[0037] In an embodiment, the memory device 100 may include an audio/video
module 150. The audio/video module 150 may include various audio and video devices, such as
microphone, display screen, and the like. In addition, the audio/video module 150 may include
interfaces that can enable external audio and video devices. The audio/video module 150 can be

utilized to play audio data/video data that can be stored in the optical disc 190.
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[0038] In another embodiment, the memory device 100 may include a network module
170. Furthermore, the memory device 100 may include a wireless communication module 180,
The network module 170 and the wireless communication module 180 may enabie the memory
device 100 to communicate the data stored in the optical disc 190 to other devices.

[0039]  Figs. 2A and 2B show a block diagram of an exemplary land pre-pit read
channel receiving a push-pull signal and an exemplary waveform of a push-pull signal. Fig. 2A
shows the block diagram of the exemplary land pre-pit read channel 225 coupled with an
exemplary optical pickup unit 220. Further, the land pre-pit read channel 225 can include a land
pre-pit extractor 230 and a land pre-pit loop controller 240. Theses elements can be coupled as
shown in Fig. 2A.

[0040] The optical pickup unit 220 may include a detector, such as a quadrant photo
detector 210 shown in Fig. 2A. The quadrant photo detector 210 may detect a light beam 215,
and generate various signals, including a push-pull signal (PPS), corresponding to the light beam
215. The push-pull signal can correspond to wobbled groove and land fields on a memory
medium. Further, the push-pull signal can correspond to land pre-pits in the land fieids for
certain memory medium, such as DVD-R, DVD-RAM and DVD-RW.

[0041] The land pre-pit extractor 230 can receive the push-pull signal. Further, the
land pre-pit extractor 230 can compare the push-puil signal with an adaptive land pre-pit
threshold to determine a land pre-pit data stream. In an embodiment, the land pre-pit extractor
230 may include an analog comparator (not shown). The analog comparator may compare the
push-pull signal with the adaptive land pre-pit threshold to obtain a pulse signal. Further, the
pulse signal can be converted to the land pre-pit data stream based on a clock signal, such as a
wobble clock signal that can also be extracted from the push-pul] signal.

[0042] The land pre-pit loop controller 240 can receive the extracted land pre-pit data
stream and adjust the adaptive land pre-pit threshold based on the extracted land pre-pit data
stream. Further, the adjusted adaptive land pre-pit threshold can be used by the land pre-pit
extractor 230 to extract a subsequent land pre-pit data stream from a following portion of the
push-pull signal. In such a way, the land pre-pit loop controller 240 can couple the land pre-pit

extractor 230 to form a land pre-pit feedback loop.
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[0043]  According to the disclosure, land pre-pits are formed by disc manufacture
according to a pre-known format, such as an industry standard. Therefore, the land pre-pit loop
controller 240 may include the pre-known format information about the land pre-pits. The land
pre-pit loop controller 240 may extract detected format from the land pre-pit data stream.
Further, the land pre-pit loop controlier 240 can compare the detected format with the pre-known
format information, and adjust the adaptive land pre-pit threshold accordingly.

[0044] Fig. 2B shows an exemplary waveform of a push-pull signal. The push-pull
signal 250 can have a sinusoid shape as a resuit of wobbled groove and land fields. Further, the
push-pull signal 250 may include spikes 260 as a result of land pre-pits at specific locations of
land fields. Due to various variations, noises and interferences, amplitudes of the spikes 260
may vary, Further, the amplitude variations of the spike 260 may result in detecting errors in the
land pre-pit data stream.

[0045}  Fig. 3 shows a block diagram of an exemplary land pre-pit loop controller
according to disclosure. The land pre-pit loop controller 340 may include a comparator 310, a
threshold adjuster 320 and a land pre-pit format retainer 330 holding pre-known land pre-pit
format information. These elements can be coupled together as shown in Fig. 3.

[0046] The comparator 310 can receive a land pre-pit data stream and compare the land
pre-pit data stream with the pre-known land pre-pit format information. Then, the comparator
310 can output an error signal corresponding to difference between the land pre-pit data stream
and the pre-known land pre-pit format information. In an embodiment, the comparator 310 can
be implemented as a software code module, which can be executed by a processor (not shown) to
compare the land pre-pit data stream with the pre-known land pre-pit format information. In
another embodiment, the comparator 310 can be rmplemented as a hardware module, such as
appiication specific integrated circuit (ASIC), to perform the above functions.

[0047] The threshold adjuster 320 can receive the error signal and adjust the adaptive
land pre-pit threshold based on the error signal. In an embodiment, the threshold adjuster 320
may adjust the adaptive land pre-pit threshold based on an average of the error signal,
Additionally, the threshold adjuster 320 may include a programmable parameter, such as a

programmable gain, which can be used to change propetties of the land pre-pit feedback loop.



WO 2012/138747 PCT/US2012/032152

[0048] The land pre-pit format retainer 330 can include pre-known land pre-pit format
information. In an embodiment, the land pre-pit format retainer 330 can be implemented in
software codes that can be stored in a memory medium, such as the random access memory
(RAM) 130, the non-volatile memory 140, and the like, to hold the pre-known land pre-pit
format information, In another embodiment, the land pre-pit format retainer 330 can include
memory devices, such as registers, to hold the pre-known land pre-pit format information.

[0049] Figs. 4A and 4B show tables of exemplary land pre-pit format information. Fig.
4A shows an exemplary pre-pit physical block format information according to a standard. The
pre-pit physical block 400 can be encoded in the land fields, and can correspond to 16 sectors of
data blocks, which are generally referred as ECC blocks, in the groove fields.

[0050] The pre-pit physical block 400 can include 16 sets pre-pits No.0 - No.15, Fach
set of pre-pits can include 26 SYNC frames, which are assigned even (E) SYNC frames or odd
(O) SYNC frames according to their sequences. Each SYNC frame may include 8 wobble
periods, and each wobble period can be encoded a binary wobble bit depending on whether the
waobble period includes a pre-pit. For example, a wobble period can be encoded with a binary
wobble bit one if the wobble period includes a pre-pit, otherwise the wobble period can be
encoded with a binary wobble bit zero.

[0051] The wobble bits can be used to encode address information and disc
information according to certain format. In the example of Fig. 4A, every two SYNC frames can
use the wobble bits to encode a code. The code can be encoded at either the even SYNC frame
or at the odd SYNC frame. Further, the code can be a SYNC code or a binary bit code according
to certain coding format.

[0652] Fig. 4B shows an exemplary coding format according to a standard. The coding
format can use three wobble binary bits ba-by to encode the SYNC code and the binary bit code
in every two SYNC frames. In the example of Fig. 4B, when the SYNC code is in even SYNC
frame, the three wobble binary bits by-be are 111; when the SYNC code is in odd SYNC frame,
the three wobble binary bits by-bg are 110; when binary one is encoded, the three wobble binary
bits be-bg are 101; and when binary zero is encoded, the three wobble binary bits by-bg are 100.

[0053] Accordingly, wobble bits information can be pre-known at certain locations.
For example, two SYNC frames that encode a SYNC code can either be 1110000000000000 or

0000000011000000. In an embodiment, a comparator can generate an error signal based on the
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two SYNC frames that encode a SYNC code. The comparator may store detected wobble bits of
twa SYNC frames corresponding to a SYNC code in registers, which can be referred as
rawLPP{0:15]. Further, the comparator can generate the error signal by comparing the detected
wobble bits with the pre-known format information. For example, the comparator may assign -1
to the error signal when 0 is detected at a location that should be 1 according to the pre-known
format, and may assign 1 to error signal when 1 is detected at a location that should be 0
according to the pre-known format.
[6054]  In an embodiment, a comparator can be configured to generate an error signal
according to following pseudo codes:
if rawLPP[O]jrawl.PP[8]~=1
error signal <=-1
end
ifrawLPP[1] | rawLPP[9] | rawLPP[3:7}| rawLPP[I1:15] ~=
error signal <=+1

end

[0055] According to the disclosure, the error signal can be used by the threshold
adjuster 320 to adjust the adaptive pre-pit threshold to improve the pre-pit detecting correctness.
In an embodiment, the threshold adjuster 320 can adjust the adaptive pre-pit threshold based on
an average of the error signal.

[6056] Fig. 5 shows a block diagram of an exemplary integrator circuit that can be
included in a threshold adjuster to generate a control signal based on an error signal. The
integrator 500 can include a multiplier 510, an accumulator 520, and a register 530. These
elements can be coupled as shown in Fig. 5.

[0057] The multiplier 510 can receive an error signal, and multiply the error signal
with a programmable gain. The programmable gain can be used to adjust properties of the land
pre-pit feedback loop.

[0058] The accumulator 520 and the register 530 can be coupled together to integrate
the multiplied error signal to generate an integrated error signal. Further, the integrated error

signal can be used to adjust the adaptive land pre-pit threshold.
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[6059] In an embodiment, a most significant bit of the integrated error signal can be
used to adjust a digital representation of the adaptive land pre-pit threshold. Further, the digital
representation of the adaptive land pre-pit can be converted to an analog voltage signal by a
digital to analog converter (DAC).

[0060] Figs. 6A-6C show waveforms of an exemplary land pre-pit detector, F ig. 6A
shows waveforms of an exemplary push-pull signal read from an optical medium. The
waveforms can include two portions, a wobble baseline portion 610 and a spike portion 620,
The spike portion can correspond to amplitude spikes that area result from land pre-pits.
However, as can be seen, the wobble based line portion 610 and the spike portion 620 may not
distinguishable by a single global threshold.

{0061] Fig. 6B and Fig. 6C show waveforms of exemplary adaptive land pre-pit
threshold according to two feedback loop settings, respectively. In an embodiment, the two
feedback loop settings can correspond to different values of a programmable gain of a feedback
loop. For example, Fig. 6B can correspond to a feedback loop setting having a larger
programmable gain, and Fig. 6C can correspond to a feedback loop setting having a smaller
programmable gain. Accordingly, the adaptive land pre-pit threshold may have different
properties. For example, the adaptive land pre-pit threshold waveform in Fig. 6B can have a
smaller bandwidth, while the adaptive land pre-pit threshold waveform in Fig. 6C can have a
larger bandwidth.

[0062] Fig. 7 shows a flowchart outlining an exemplary process for detecting land pre-
pit. The process starts at step S710 and proceeds to step $720. In step $720, a land pre-pit read
channel, such as the land pre-pit read channel 225, may receive a push-pull signal. Further, the
land pre-pit read channel may extract a land pre-pit data stream based on an adaptive pre-pit
threshold. In an embodiment, the adaptive pre-pit threshold can be determined initially by a
calibration process that calibrates parameters for a memory medium. The initial adaptive pre-pit
threshold can be one that is good for a portion of the memory medium. In another embodiment,
the initial adaptive pre-pit threshold can be a good nominal threshold that can be pre-
programmed in the memory medium. Then, the process proceeds to step S730.

[00663] In step S730, a controlier, such as the land pre-pit loop controller 240, may
compare a portion of the land pre-pit data stream with a pre-known format to obtain an error

signal. In an embodiment, the controller may first detect a SYNC code. Once the SYNC code
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has been detected and verified, the controller can compare the land pre-pit stream with the
known format accordingly. For example, SYNC codes can appear every 26 SYNC frames
according to a standard. Further, each SYNC code can have a format of 1110000000000000 or a
format of 000000001100000. In an embodiment, the controller may generate -1 for missing a
pre-pit at a location, and generate +1 for an unexpected pre-pit at a location. Then the process
proceeds to step S740.

[0064] In step S740, the controller may adjust the adaptive land pre-pit threshold based
on the error signal. In an example, the controller may adjust the adaptive land pre-pit threshold
based on an average of the error signal. Then, the adjusted adaptive tand pre-pit threshold can be
used to extract land pre-pits from coming push-pull signal. The process then proceeds to step
S750 and terminates.

[0665]  According to an aspect of the disclosure, the land pre-pit threshold can be
adaptively adjusted without land pre-pit SYNC codes detection. In an embodiment, the land pre-
pit read channel 225 is configured to have a first adaptation mode in which the land pre-pit read
channel 225 adaptively adjusts the land pre-pit threshold prior to sync window lock, and a
second adaptation mode in which the land pre-pit read channel 225 adaptively adjusts the land
pre-pit threshold after sync window lock.

[0066] Fig. 8 shows a flowchart outlining a process example 800 that can be performed
by the land pre-pit read channel 225 according to an embodiment of the disclosure. The process
starts at S801and proceeds to SR10.

[0067] At S810, the land pre-pit read channel 225 is configured into the first adaptation
mode for land pre-pit detection prior to sync window lock. In the first adaptation mode, the land
pre-pit extractor 230 compares the push-pull signal with an adaptively adjusted land pre-pit
threshold to detect the land pre-pit data stream. The land pre-pit threshold is adaptively adjusted
by the land pre-pit loop controller 240 without the requirement of land pre-pit SYNC code
detection. Specifically, in an example, the land pre-pit loop controller 240 receives the land pre-
pit data stream, detects a characteristic, such as a statistical characteristic, of land pre-pits in a
specific number of wobble periods, such as a multiple of sixteen wobble periods, and the like.
Further, the land pre-pit loop controller 240 compares the detected characteristic with a pre-
determined land pre-pit characteristic in the specific number of wobble periods, and then adjusts

the land pre-pit threshold based on the comparison.
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[0068] In an embodiment, when a wobble period includes a land pre-pit, the wobble
period is encoded with a wobble binary bit of *1,” and when a wobble period does not include a
land pre-pit, the wobble period is encoded with a wobble binary bit of "0." Further, the wobble
binary bits in every two SYNC frames are used to encode a code, such as a land pre-pit SYNC
code, a binary one code, or a binary zero code, According to an embodiment of the disclosure, a
statistical characteristic of land pre-pits can be determined for a specific number of wobble
periods. In an example, according to the coding format in Fig. 4B, generally, every sixteen
wobble periods include at least one land pre-pit, and at most three land pre-pits. In another
example, every thirty-two wobble periods include at least two land pre-pits, and at most six land
pre-pits.

[0069] In an example, the land pre-pit loop controller 240 counts a number of land pre-
pits in every sixteen wobble periods, when the number is larger than three or smalier than one,
the fand pre-pit loop controller 240 suitably adjusts the land pre-pit threshold, and provides the
adjusted land pre-pit threshold to the land pre-pit extractor 230. |

{0070] At S820, the land pre-pit read channel 225 detects SYNC codes, and locks the
land pre-pit data stream to sync window.

[0071] At S830, the land pre-pit read channel 225 is configured into the second
adaptation mode for land pre-pit detection after sync window lock. When the land pre-pit data
stream 1s locked to the sync window, the land pre-pit loop controller 240 has the format
information of wobble binary bits at specific positions in the sync window. Thus, in the second
adaptation mode, in an example, the land pre-pit loop controller 240 compares the detected land
pre-pit data stream at the specific positions with the pre-known wobble binary bits at the specific
positions, and adaptively adjusts the land pre-pit threshold based on the comparison. Then, the
process proceeds to S899 and terminates.

[0672]  Fig. 9 shows a flowchart outlining a process example 900 for adaptively
adjusting the land pre-pit threshold when the land pre-pit read channel 225 is configured in the
first adaptation mode according to an embodiment of the disclosure. In an example, the land
pre-pit read channel 225 performs the process 900 in the step S810 of the process 800. The
process starts at 5901 and proceeds to $910.
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[0073] At S910, the land pre-pit exiractor 230 detects, based on a land pre-pit
threshold, land pre-pits from a signal, such as a push-pull signal generated in responsive to a
track on an optical mediam,

[0074] At S920, the land pre-pit loop coniroller 240 detects a characteristic, such as a
statistical characteristic of the land pre-pits in a specific number of wobble periods, such as a
multiple of sixteen wobble periods, and the like. In an example, the land pre-pit loop controller
240 counts a total number of detected land pre-pits in the specific wobble periods.

[0075] At 8930, the land pre-pit loop controller 240 compares the detected
characteristic with a pre-known characteristic of the land pre-pits in the specific number of
wobble periods. In an example, the land pre-pit loop controller 240 compares the total number
of detected land pre-pits to an upper limit value of land pre-pits in the specific number of wobble
periods, and a lower limit value of land pre-pits in the specific number of wobble periods. In an
embodiment, the land pre-pit loop controller 240 generates an error signal based on the
comparison.

[0076] At $940, the land pre-pit loop controller 240 adjusts the land pre-pit threshold
based on the comparison. In an example, the land pre-pit loop controller 240 adjusts the land
pre-pit threshold based on the error signal generated in $930. It is noted that the land pre-pit
loop controiler 240 can use any suitable technique to adjust the land pre-pit thresheld based on
the error signal. In an example, the land pre-pit loop controller 240 can use a uniform step
adjustment technique. In another example, the land pre-pit loop controller 240 can adjust the
land pre-pit threshold using non-uniform step adjustment. Further, the land pre-pit extractor 230
uses the adjusted land pre-pit threshold to detect land pre-pits from subsequent push-pull signal.
The process then proceeds to S999 and terminates.

{0077} It is noted that, in an embodiment, the land pre-pit read channel 225 is
implemented using circuits. Thus, the steps in the process 900 can be executed by different
portions of the circuits af the same time.

[0678] Fig. 10 shows a table 1000 of wobble binary bits in sixteen wobble periods
according to the coding format in Fig. 4B. According to an optical medium standard, eight
wobble periods form a sync frame. Sync frames are sequentially numbered, thus sixteen
consecutive wobble periods can include an even-number frame and an odd-number frame, When

a wobble period includes a land pre-pit, the wobble period is encoded with a wobble binary bit of
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"1," and when a wobble period does not include a land pre-pit, the wobble period is encoded
with a wobble binary bit of "0." Further, the wobble binary bits in every two frames are used to
encode a code, such as a land pre-pit SYNC code, a binary one code, or a binary zero code. The
code can be encoded at an even position (even-number frame) in the two frames or an odd
position (odd-number frame) in the two frames.

[0079] The table 1000 shows sixteen wobble binary bits for encoding SYNC code at
even position (EVEN SYNC), sixteen wobble binary bits for encoding SYNC code at odd
position (ODD SYNC), sixteen wobble binary bits for encoding binary one code at even position
(EVEN ONE), sixteen wobble binary bits for encoding binary one at odd position (ODD ONE),
sixteen wobble binary bits for encoding binary zero code at even position (EVEN ZERO), and
sixteen wobble binary bits for encoding binary zero at odd position (ODD ZERO).

[0080] Generally, the code is encoded at the even position. Qccasionally, when there is
a land pre-pit on the neighboring land, the position of the land pre-pits are shifted to the odd
position. Thus, in an embodiment, generally, every sixteen wobble periods include at least one
land pre-pit and at most three land pre-piis, as shown by the EVEN SYNC, EVEN ONE, and
EVEN ZERO. In another embodiment, a multiple of sixteen wobble periods can be used to
compensate for the shift to the odd position.

[0081] Fig. 11 shows a block diagram of circuits 1140 for adaptive land pre-pit
threshold adjustment according to an embodiment of the disclosure. The circuits 1140 can be
included in the land pre-pit loop controller 240. The circuits 1140 can be combined with other
circuits in the land pre-pit loop controller 240 or can be separately implemented as a module. In
an example, the circuits 1140 are activated when the land pre-pit loop controller 240 is
configured in the first adaptation mode, and are de-activated when the land pre-pit loop
controller 240 is configured in the second adaption mode.

[0682] The circuits 1140 include a counter 1110, a comparator 1120 and a threshold
adjuster 1130. These elements are coupled together as shown in Fig. 11.

[0083] The counter 1110 is configured to receive the land pre-pit data stream, and
count a total number of land pre-pits in a specific number of wobble periods, such as sixteen
wobble periods, and the like. The comparator 1120 compares the counted number of land pre-

pits in the specific number of wobble periods with an upper limit and a lower limit, and
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generates an error signal based on the comparison. In an embodiment, the comparator 1120 is

configured to generate the error signal according to the following pseudo codes:

if N=

error signal =1
elseif N>3

error signal =+1
else

error signal =0
end

where N is the counted number of land pre-pits in the sixteen wobble periods.

[0084] The threshold adjuster 1130 receives the error signal and adjusts the land pre-
pits threshold according to the error signal. In an embodiment, the threshold adjuster 1130 is
similarly configured as the threshold adjuster 320. In an example, the threshold adjuster 1130
includes the integrator circuit 500. The description of these components has been provided
above and will be omitted here for clarity purposes.

[0085] 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 iliustrative 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 IS CLAIMED IS:

L. A method, comprising:

detecting, based on a land pre-pit threshold, a land pre-pit data stream from a
signal responsive to fand pre-pits on an optical medium;

comparing a characteristic of the detected land pre-pit data stream in a specific
number of wobble periods with a pre-determined land pre-pit characteristic in the specific
number of wobble periods; and

adjusting the tand pre-pit threshold based on the comparison.

2. The method of claim 1, wherein comparing the characteristic of the detected land
pre-pit data stream in the specific number of wobble periods with the pre-determined land pre-pit
characteristic in the specific number of wobble periods further comprises:

comparing the characteristic of the detected land pre-pit data stream in a multiple
of sixteen wobble periods with the pre-determined land pre-pit characteristic in the multiple of
sixteen wobble periods.

3. The method of claim 1, wherein comparing the characteristic of the detected land
pre-pit data stream in the specific number of wobble periods with the pre-determined land pre-pit
characteristic in the specific number of wobble periods further comprises:

detecting the characteristic of the detected land pre-pit data stream in the specific
number of wobble periods prior to detecting a sync code from the land pre-pit data stream.

4, The method of claim 1, wherein comparing the characteristic of the detected land
pre-pit data stream in the specific number of wobble periods with the pre-determined land pre-pit
characteristic in the specific number of wobble periods further comprises:

counting a number of detected land pre-pits in the specific number of wobble
periods,

5. The method of claim 4, further comprising at least one of :

comparing the number of detected land pre-pits in the specific number of wobble
periods with an upper limit of land pre-pits in the specific number of wobble periods; and

comparing the number of land pre-pits with a lower limit of land pre-pits in the
specific number of wobble periods.

6. The method of claim 5, wherein adjusting the land pre-pit threshold based on the

comparison further comprises:
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adjusting the land pre-pit threshold in a direction to increase the number of
detected land pre-pits when the number is below the lower [imit; and

adjusting the land pre-pit threshold in a direction to decrease the number of
detected land pre-pits when the number is above the upper limit.

7. The method according to claim 1, wherein detecting, based on the land pre-pit
threshold, the land pre-pit data stream from the signal corresponding to land pre-pits on an
optical medium further comprises:

detecting, based on the land pre-pit threshold, the land pre-pit data stream from a
push-pull signal generated in response to reading at least one of a DVD-R disc, a DVD-RAM
disc and a DVD-RW disc.

g. An apparatus, comprising:

a detector configured to detect, based on a land pre-pit threshold, land pre-pit data
siream from a signal responsive to land pre-pits on an optical medium; and

a controller configured to compare a characteristic of the detected land pre-pit
data stream in a specific number of wobble periods with a pre-determined characteristic iﬁ the
specific number of wobble periods, and adjust the land pre-pit threshold based on the
comparison.

9. The apparatus of claim 8, wherein the controller is configured to compare the
characteristic of the detected land pre-pit data stream in a muitiple of sixteen wobble periods
with the pre-determined land pre-pit characteristic in the multiple of sixteen wobble periods.

10.  The apparatus of claim 8, wherein the controller is configured to detect the
characteristic of the detected land pre-pit data stream in the specific number of wobble periods
prior to detecting a sync code from the land pre-pit data stream.

11, The apparatus of claim 8§, wherein the controller comprises:

a counter configured to count a number of detected land pre-pits in the specific
number of wobble periods.

12.  The apparatus of claim 11, wherein the controller further comprises:

a comparator configured to compare the number of detected land pre-pits in the
specific number of wobble periods with an upper limit of land pre-pits in the specific number of
wobble periods and compare the number of land pre-pits with a lower limit of land pre-pits in the

specific number of wobble periods.
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i3, The apparatus of claim 12, wherein the controller further comprises:
threshold adjuster configured to adjust the land pre-pit threshold in a direction to
increase the number of detected land pre-pits when the number is below the lower limit, and
adjust the land pre-pit threshold in a direction to decrease the number of detected land pre-pits
when the number is above the upper limit,

14, The apparatus of claim 8, wherein the detector is configured detect, based on the
land pre-pit threshold, the land pre-pit data stream from a push-pull signal generated in response
to reading at least one of a DVD-R disc, a DVD-RAM disc and a DVD-RW disc.

15. An optical drive, comprising:

an optical pickup unit configured to generate a signal in response to a track on an
optical medium;

a detector configured to detect, based on a land pre-pit threshold, land pre-pit data
stream from the signal; and

a controller configured to compare a characteristic of the detected land pre-pit
data stream in a specific number of wobble periods with a pre-determined characteristic in the
specific number of wobble periods, and adjust the land pre-pit threshold based on the
comparison.

16.  The optical drive of claim 15, wherein the controller is configured to compare the
characteristic of the detected land pre-pit data stream in a multiple of sixteen wobble periods
with the pre-determined land pre-pit characteristic in the multiple of sixteen wobble periods.

17.  The optical drive of claim 15, wherein the controller is configured to detect the
characteristic of the detected land pre-pit data stream in the specific number of wobble periods
prior to detecting a sync code from the land pre-pit data stream.

18.  The optical drive of claim 15, wherein the controller comprises:

a counter configured to count a number of detected land pre-pits in the specific
number of wobble periods.

19, The optical drive of claim 18, wherein the controller further comprises:

a comparator configured to compare the number of detected land pre-pits in the
specific number of wobble periods with an upper limit of land pre-pits in the specific number of
wobble periods and compare the number of land pre-pits with a lower limit of land pre-pits in the

specific number of wobble periods.
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20.  The optical drive of claim 19, wherein the controller further comprises:
threshold adjuster configured to adjust the land pre-pit threshold in a direction to
increase the number of detected land pre-pifs when the number is below the lower limit, and
adjust the land pre-pit threshold in a direction to decrease the number of detected land pre-pits

when the number is above the upper limit,



WO 2012/138747 1/14 PCT/US2012/032152

100\\
115\ 110\
OPTICAL DRIVE PROCESSOR
J 120y 13y
LPP READ
OPUT| CHANNEL
NON-VOLATILE
MEMORY RAM
160\ 150\
USER INPUT
ODULE AN MODULE
180\ 170\
WIRELESS
COMMUNICATION NETWORK
MODULE MODULE
FIG. 1A

SUBSTITUTE SHEET (RULE 26)



WO 2012/138747 2/14 PCT/US2012/032152

LAND PRE-PIT POSITION
GROOVE XK
LAND \\'\
————
GROOVE MMl

LAND

ero0E S

LAND

GROOVE M m I I I mm imamaimim

FIG. 1B

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/032152

3/14

WO 2012/138747

|
| |
0¥ |
| | s3modiNoD |
| d001dd |
|
622~ ~ i
_ -
| | NOILOZHIA
| | TVILNIONVL
| QTOHSTHHL dd1— !
| |
_ ! 0L )
| i UL gz
_ _—y
B L dolovdixa [ | qr T el
NVIELS VIVa dd1 | dd1 - |
082 - Sdd
| | 022
_r | Ndo
//oom

SUBSTITUTE SHEET (RULE 26)



WO 2012/138747 4/14 PCT/US2012/0321

52

—250

\ \
\260 \260

FIG. 2B

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/032152

5/14

WO 2012/138747

-l
-

V43
1

ATOHS34HL
ddl

d31snrav
d10HS3IHHL

A

€ Old

0€€
\

1VINHOL ddT

0l€

TVNDIS
d0ddd

dO1VHvYdNOD

A

A

0] 4%

NVIHLS VIVA ddT

SUBSTITUTE SHEET (RULE 26)



6/14 PCT/US2012/032152

WO 2012/138747

g ALTdvd 101 101 10V 10V AN
GL'ON | T T T [ [T 1 [ | 3)
g ALTdvd 00} 101 10V 10V N
71 'ON | [ T [ [ [ [ | [ | O
9 ALV 101 00} 10V 10V N
£1°ON [ [ T T T [ T 1 [ | 3)
NOILVIWYOANIYSIA 00} 00} 10V 10V W]
CLON [ [ T T T T T 1] [ | 3)
NOILVINYOANIYSIQ 101 101 00} 10b W
1L ON [ [ [ T [ [ T | [ | 3)
NOILVINYOANI YSIQ 00} 10V 00} 10V AN
OL'ON [ [ [ [ [ [ [ ] [ | 3)
NOILVINYOANI YSIQ 101 00} 00} 10} TN
60N [ [ [ [ [ [ [ | | | )
NOILVINYOANI YSIQ 00} 00} 00} 10) MK
8'ON [ [ [ [ [ [ [ ] [ | 3)
NOILVINYOANI YSId 101 101 101 00) I
LON 7 [ [ [ [ [ [ T [ | B)
WNGEE 00} 101 10V 00b ]
9ON 7§ | [ [ [ [ [ T[] [ | )
V ALY 101 00} 101 00k T
G'ON | [ [ [ [ [ [ | [ | B3]
\ V ALV 00} 00} 10} 00L |7
7 ON I I I I B [ | O
\ V ALV 101 10V 00} 00b L[
€'ON | [ [ T [ [ T | [ | )
SS34aav o019 003 00} 101 00} 00l MK
ZON | [ [ [ [ [ [ 1] [ | 3]
\ SS34aav o019 003 101 00} 00} 00} MK
L'ON | [ [ [ [ [ T 1 [ | 0
$S34aav 0019 003 00} 00} 00) 00) MR
A B3]

A EIREIEIREIEINEIREIRE RRER NN ER R ER N

~—— NOILYWHOANI 8 L3Vd ANV V L3V Lid-Fdd —=t<—SSIIAAY AILY 1T ANV 3A0O ONAS Lid-Fdd —

VYV ©Id < SINVYHS ONAS 92 >

00¥

SUBSTITUTE SHEET (RULE 26)



7/14 PCT/US2012/032152

WO 2012/138747

dv 9l
0 0 ] O¥3Z OL 13S Y1va Lid-34d
] 0 ] ANO OL 138 YLVd Lid-3¥d
0 ] ] NOILISOd aa0 NI 3A0D ONAS Lid-3¥d
] ] | NOILISOd NIA3 NI 3000 ONAS Lid-38d
Og b ¢q

oLy

SUBSTITUTE SHEET (RULE 26)



WO 2012/138747 8/14

PCT/US2012/032152

500
510

ERROR SIGNAL % e . .

\‘& MSBs OF THE
520 ACCUMULATOR
[ USED TO PROGRAM
530  LPP THRESHOLD DAC
GAIN
FIG.5

SUBSTITUTE SHEET (RULE 26)



9/14 PCT/US2012/032152

WO 2012/138747

0081

0091
I

00l
_

0021
_

0001
I

008
I

009
I

00v
i

002
i

0081

opov

opqv

opwv

opov

O@w

omw

owv

oom

SUBSTITUTE SHEET (RULE 26)



PCT/US12/32152 26-04-2012

WO 2012/138747

10/14

700

( START j~S710

A\

PCT/US2012/032152

EXTRACT ALPP DATA STREAM
BASED ON AN LPP THRESHOLD

~S720

\/

COMPARE A PORTION OF
THE LPP DATA STREAM
TOAKNOWN LPP FORMAT TO
OBTAIN AN ERROR SIGNAL

~S730

\

ADJUST THE LPP THRESHOLD
BASED ON THE ERROR SIGNAL

~S740

\ /

STOP S750

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2012/138747 11/14 PCT/US2012/032152

800

/J

START S801

Y

PERFORM LPP THRESHOLD ADAPTATION | _sg1g
PRIOR TO SYNC WINDOW LOCK

Y

DETECT SYNC CODES AND LOCK L _$820
TO SYNC WINDOW

Y

ADJUST THE LPP THRESHOLD 5830
AFTER SYNC WINDOW LOCK

Y

STOP S899

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2012/138747 12/14 PCT/US2012/032152

900

START S901

\

DETECT, BASED ON AN LPP THRESHOLD,
LPPs FROM A SIGNAL

~S5910

\

DETECT ACHARACTERISTIC OF THE
DETECTED LPPs INASPECIFIC NUMBER  }5920
OF WOBBLE PERIODS

Y

COMPARE THE CHARACTERISTIC WITHA
PRE-KNOWN CHARACTERISTIC OF LPPs IN THE [~S930
SPECIFIC NUMBER OF WOBBLE PERIODS

Y

ADJUST THE LPP THRESHOLD BASED ON 5940
THE COMPARISON

Y
STOP S999

FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/032152

13/14

WO 2012/138747

Ol '©Old

JNYYHd H39NNN-ado

W

0001

JAVHd H39NNN-N3IAS

ol oflo|o|o|o]|of} 00|00 O¥3Z a0
ol oflo|lo|lo]o|ofo 00|00 OYAZNIA3
ool o| oo ]|of} 00|00 aNO dO

ol oflo|lo|lo]o|ofo 0o[o0|o0|} 3NO NIA3
ool o|o|o|o ||} 0o[0|o0]|o0 ONAS G0

ol oflo|lo|o]o|ofo o001 ONAS N3A3
Gb|w|s|a||o|6]s s|v|¢e|z JoRAI SIggoM

SUBSTITUTE SHEET (RULE 26)



14/14 PCT/US2012/032152

WO 2012/138747

d10OHSIHHL
ddl

oLl
d3aLsnrav
dI10HS3HHL

Ll "Old

LINIT LINIT
d3ddn HIMOT

0cll

oLl

SAOIY3d 37990M 40
439NN D14103dS

Y

WYNoIS | HOLVEVANOD
HOHY3

ObLL
d31INNOD AVIHLS

V1ivd dd71

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/032152

A. CLASSIFICATION OF SUBJECT MATTER

INV. G11B7/005
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

G11B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

4 August 2004 (2004-08-04)
fourth embodiment;

figures 2,8,9

AL) 1 March 2007 (2007-03-01)
the whole document

ET AL) 5 June 2008 (2008-06-05)
the whole document

the whole document

X EP 1 443 501 A2 (SONY CORP [JP])

paragraph ["0169] - paragraph [0213];

X US 2007/047400 Al (HADDAD BASSEL [IL] ET

X US 2008/130437 Al (KANENAGA JUNICHI [JP]

X US 2002/167888 Al (KAMIOKA YUICHI [JP] ET
AL) 14 November 2002 (2002-11-14)

1-20

1-20

1-20

1-20

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 July 2012

Date of mailing of the international search report

19/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Skaropoulos, N

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/032152
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/051657 Al (MARVELL WORLD TRADE LTD 1-20

[BB]; LIU JINGFENG [US])
23 April 2009 (2009-04-23)
cited in the application
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/032152
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1443501 A2 04-08-2004 CN 1497543 A 19-05-2004
EP 1443501 A2 04-08-2004
JP 4598355 B2 15-12-2010
JP 2004134001 A 30-04-2004
KR 20040032804 A 17-04-2004
MY 138774 A 31-07-2009
SG 135928 Al 29-10-2007
TW 1245263 B 11-12-2005
US 2004136284 Al 15-07-2004

US 2007047400 Al 01-03-2007 US 2007047400 Al 01-03-2007
WO 2007021778 A2 22-02-2007

US 2008130437 Al 05-06-2008 CN 101075445 A 21-11-2007
JP 2007305229 A 22-11-2007
KR 20070109923 A 15-11-2007
TW 200814024 A 16-03-2008
US 2008130437 Al 05-06-2008

US 2002167888 Al 14-11-2002 CN 1385840 A 18-12-2002
US 2002167888 Al 14-11-2002

WO 2009051657 Al 23-04-2009  TW 200937395 A 01-09-2009
US 2009097370 Al 16-04-2009
WO 2009051657 Al 23-04-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

