AUTOMATIC WRITE STRATEGY CALIBRATION METHOD FOR
OPTICAL DRIVE CROSS-REFERENCE TO RELATED APPLICATIONS
[00011 This application claims the benefit of U.S. Provisional Application
No. 60/710,666, filed on September 23, 2005. The disclosure of the
above application is incorporated herein by reference in its entirety. FIELD
[0002] The present disclosure relates to optical media playback devices

and media, and more artlcularly to callbratln%a write strategy for optical
media. BACIQ@E@W RAT Fa¥i SALERAS Kobh Mt dides
(CDs) and digital versatlle di cg WS&?@*OP@% that is read back

optically, Optical discs typically include a substrate that is made of plastic

and an alternatimgsgiegie/Refrellee)ive |RYRHDERIRGASAS

continuous spiral track for encoding data. An optical media playback

device pgeses]a |aseis o\uppifativackdeaireadttite daifefin optiCetsersevisional
receives light that is reflected back from the encoded data on the track.
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a CD-recordable disc/CD-R and/or a DVD-recordable disc/DVD+/-R)

10 %YE&%MH@%@ REURRIAIBOMETEID B RIYERSR s 2NHrEle layer 14,

and a reflective metal layer 16. For example, the reflective metal layer 16

may Include 1 an aluminum layer. When the disc 10 is blank, the dye

layer 14 is translucent, and light shinggfhyough and reflects off the

reflective metal layer 16. When writing to the disc 10 with a laser,

selected pwgEiNs afHéie gheedaty elisdoaire NrAsEsE @ RpHiteahsdRNSikyback
and frequency, which turns the selected portions
devices and media, and more particularly to calibrating a write strategy for optical

media.

BACKGROUND

[0003] Optical media such as compact discs (CDs) and digital versatile
discs (DVDs) store data that is read back optically. Optical discs typically include
a substrate that is made of plastic and an alternating reflective/non-reflective
layer that includes a continuous spiral track for encoding data. An optical media
playback device passes a laser over the track to read the data. An optical sensor
receives light that is reflected back from the encoded data on the frack.

[0004] Referring now to FIG. 1, an exemplary one-time recordable disc
(e.g. a CD-recordable disc/CD-R and/or a DVD-recordable disc/DVD+/-R) 10
typically includes a polycarbonate plastic substrate 12, a dye layer 14, and a

reflective metal layer 16. For example, the reflective metal layer 16 may Include



opaque. The opaque portions of the dye layer 14 do not reflect light. The
opaque, non-reflective portions of the dye layer 14 are referred to as
"marks." Conversely, the translucent, reflective portions of the dye layer
14 are referred to as "spaces.” The optical media playback device may
include a read laser to read data from the disc 10 and a write laser to
alter the dye layer 14 for recording purposes. [00051 During read back,
the optical disc is rotated by the optical media playback device, which
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current level corresponding to low reflectivity (i.e. a mark), the data may
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or commonly described as converted non- return to zero inverted (NRZI)
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disc/DVD+/-Rw) 20 typically includes a polycarbonate plastic substrate
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reflective metal layer 28. The phase change compound layer 26, for

ex@uipisamay be a chemical compound of silver, antimony, tellurium,
and/or indium. A laser is used to heat the compound above a

crystallizERRiTtempariia reashensk dne ertinpdivn i setatedimthe epdral media

ra%fjalyback device, which typically includes at least one laser, a spindle motor, and
an optical sensor. The spindle motor rotates the optical medium. The laser is
directed onto the tracks of the optical medium and the optical sensor measures
reflected light. When the optical sensor generates a high current level
corresponding to high reflectivity (i.e. a space), the data may be interpreted as a
“1" (or “0"). When the optical sensor generates a low current level corresponding
to low reflectivity (i.e. a mark), the data may be interpreted as a “0" (or *1"). In
some devices, the space/mark signal, or commonly described as converted non-
return to zero inverted (NRZ!) signal, may be converted to a non-return to zero
(NRZ) signal, as shown in FIG. 2, where 1's represent transitions and 0's

represent the absence of transitions.



from above the melting temperature, the compound remains in a fluid,
amorphous state, and results in a non-reflective portion (i.e. a mark).
Conversely, when maintained at the crystallization temperature for a
certain length of time, the compound returns to a solid state before
cooling down, and results In a reflective portion (i.e. a space). Therefore,
in addition to a read laser, the optical media playback device may include
a write laser that is powerful enough to heat the compound above the
melting@éftjeraRuteaing avweraseI@se, habieppuerwonauendeheal. a
the compound above the crystallization temperature. [0007] In either
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IS nori}-linear. The marks (and spaces, in the rewritable disc application)
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5A and 5B, typical power profiles require
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results in a reflective portion (i.e. a space). Therefore, in addition to a read laser,

the optical media playback device may include a write laser that is powerful
enough to heat the compound above the melting temperature and an erase laser
that is powerful enough to heat the compound above the crystallization
temperature.

[0007] In either one-time recordable disc or rewritable disc
applications, the write process is non-linear. The marks {(and spaces, in the
rewritable disc application) are created according o focused heat from the write
and/or erase laser. As such, heat diffusion and phase-change problems may
occur at high rotational speeds of the moving opfical media.

[0008] Referring now to FIGS. 4A through 4D, exemplary laser power

profiles 30 required for writing to one-time recordable media, such as DVD+/~R



shown. Write pulses 42 are greater than both a cooling power level 44 and
an erase power level 46. Similar to the laser profiles 30 as shown in
FIGS. 4A through 4D, the pulses 42 begin prior to a desired initial position
t of a mark 48 and terminate prior to a desired end position u of the mark
48. [0010] Because of the non-linear nature of heat-based writing to
optical media, the various power levels and pulse timing edges must be
calibrated according to individual desired mark lengths (i.e. on a per

nrasdigragthshasis). Touthes th&m@%@tjﬂﬁ%@:%ﬂ%@&%d%ﬁcﬂ%%@ 34

trailing spaces adjacent to and on either side of the mark. In encoding
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module, that is located on the optical drive, [0052] Constructing the write
strategy tmbite! typitel laseqpires 30cHibrasian SpaUeRGR AR isdepsadent
on both media type (e.g. the manufacturer of the media) and the write
speed. 1B88%alibRaferise qawntse S Sohduatd bl ymjoaldassacibiagdarics
each ogétlca% rpedia, layback device. Further, the calibration sequence
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inc g{]% A ' f?oF%Fiﬁ?é%iH@WﬁO\ﬁH%éﬁaDWé@Mt rpgia, are

Sl AR e B s

aEealiiredueeddRyiMediasimilar to the laser profiies 30 as shown in FIGS. 4A
through 4D, the pulses 42 begin prior to a desired initial position t of a mark 48
and terminate prior to a desired end position u of the mark 48,

[0010] Because of the non-linear nature of heat-based writing to optical
media, the various power levels and pulse timing edges must be calibrated
according to individual desired mark lengths (i.e. on a per mark-length basis).
Further, the calibration is dependent on leading and trailing spaces adjacent to
and on either side of the mark. In encoding schemes used in current optical
media recording standards, both the marks and spaces may range from 3T to
14T in length, where T is a channe! bit period.

[0011] A write strategy table located on the optical drive stores data
entries specifying how a particular mark length should be formed. In other

words, because the recording process is non-linear, the write strategy table



manufacturers, however, the write strategy table must be updated. For
example, a user may download (e.g. from the Internet) new firmware that
includes an updated write strategy table from the manufacturer. When
Internet access is not available, the user may need to acquire an update
disk from the manufacturer via mail. In certain circumstances, a user may
Inadvertently obtain counterfeit or off- specification media that can not be
properly written with the original write strategy table. Therefore, no
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write problems. Often, consumers purchase optical media playbac
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low-cost media. When the consumers discover that the drives are not
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calibration data according to the read signal. [0015] In other features of
the irRiiatien srRauenAMmipPudes iitel tuesw@upt darmidleppadio lava M

(;(i?ta sequence, each comprising mark and space patterns indicative of
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sequence. The main data s&q’ﬂ%ﬂ’é’@’iﬁ% mark and space patterns
[0013]  When new media types are introduced by media

manufacturers, however, the write strategy table must be updated. For example,
a user may download (e.g. from the Internet) new firmware that includes an
updated write strategy table from the manufacturer. When Intemet access is not
available, the user may need to acquire an update disk from the manufacturer via
mail. In certain circumstances, a user may inadvertently obtain counterfeit or off-
specification media that can not be properly written with the ariginal write strategy
table. Therefore, no amount of updating from the drive manufacturer can solve
the resulting write problems. Often, consumers purchase optical media playback
devices such as DVD drives and attempt to operate the drives with low-cost
media. When the consumers discover that the drives are not able to write or

read the media properly, many return the drive the store, resulting in increased

costs to drive manufacturers.



representative of all possible combinations of mark and space lengths.
The training pattern further includes a reference pattern interspersed in at
least one of the training pattern and the main data sequence, [0016] In
other features of the invention, a timing module obtains a timing lock on
the training pattern according to at least one of the preamble pattern and
the reference pattern. The timing module obtains the timing lock on a first
transition edge of the reference pattern. The first transition edge is one of
a leading transition edge and a trailing transition edge of the reference
pattern. A mark and space pattern forming the preamble pattern is
equivalent to the 6 reference patfétvMARYvrite strategy analysis module
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op?étical storage medium types. The optical media playback device rewrites
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ta The write strategy table is stored in at least one of volatile memory
and non-volatile memory. The write strategy table is implemented in
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tprad,‘usltstbaﬁﬁﬂt&ﬁ&@rﬁéﬁ@data sequence, each comprising mark and space
patterns indicative of binary data. The training pattemn includes a sync mark that
is indicative of an end of the preamble pattern and a beginning of the main data
sequence. The main data sequence includes mark and space patterns
representative of all possible combinations of mark and space lengths. The
training pattern further includes a reference pattern interspersed in at least one of
the training pattern and the main data sequence.

| [0016] In other features of the invention, a timing module obtains a
timing lock on the training pattern according to at least one of the preamble
pattern and the reference pattern. The timing module obtains the timing lock on
a first transition edge of the reference pattern. The first transition edge is one of

a leading transition edge and a trailing transition edge of the reference pattern. A

mark and space pattern forming the preamble pattern is equivalent to the



[0018] In other features of the invention, the training pattern includes t_he
main data sequence comprising mark and space combinations accc_)rdlr!g
to the following table: Pattern Purpose 3S/3M, 4S13M 4813M Qallbratlon
3S13M, 35/4M 3S/4M Calibration 3S/3M, 5$/3M 5S/3M Calibration
3S/4M, 3S/4AM Redundant Pattern for DC Balancing 3S/3M, 4S/4M 4S/4M
Calibration 3S/4M, 5S/4M 5S/4M Calibration 7 5S13M, 3SI5M 3S/5M
Calibration 4S/3M, 4S/5M __ 4S/5M Calibration 3S/3M, 5S/5M 5815M

Osfityeaionp8SI8M, BE/6MS SAENGAUREIN0 BSUIM ISIEMASIEM cqqes
Calibration 4S/3M, 5S16M 5S/6M Calibration 7S/3M, 3SI7M 35%@4

CHIBr fifohaBB@ patiesi7 MUSIEN @atibtiationits S SHTNES Fbiule and
ligration 8S/3M, 3S/8M 3S/8M Calibration 7S/3M, 4$/8M 4S/8M
éﬁﬁﬂmweéw%mwmmmmnoas/gme IBURNRTGMhnalysis

' i /9M Calibration 7S13M, 5S19M 5S/9M
ggﬁg?g%%ﬁlu%éﬁwé #%/r?ng% ule,

[0017]  In other features of the invention, an optical media playback
device includes the write strategy calibration system. The optical media playback
device is at least one of a compact disc (CD) recordable drive, a CD rewritable
drive, a digital versatile disc (DVD) recordable drive, a DVD rewritable drive, a
Blu-ray DVD drive, and an HD DVD drive. The write strategy table includes
calibration data for known optical storage medium types. The optical media
playback device rewrites the training pattern after adjusting the calibration data in
the write strategy table. The write strategy table is stored in at least one of
volatie memory and non-volatile memory. The write strategy table is
implemented in firmware of the optical media playback device. The write
strategy analysis module communicates with firmware of the optical media
playback device to adjust the calibration data,

[0018] in other features of the invention, the fraining pattern includes

the main data sequence comprising mark and space combinations according to

the following table:

Pattern Purpose
3S/3M, 45/3M 4S/3M Calibration
38/3M, 3S8/4M 3S/4M Calibration
3S/3M, 5S5/3M 5S/3M Calibration
38/4M, 3S/4M Redundant Pattern for DC Balancing
. 3S/3M, 4S/4M 45/4M Calibration
[ 35/4M, 5S/4M 55/4M Calibration




10S/3M, 3S/1 OM 3S/10M Calibration 9S/3M, 4S/10M 45/10M Calibration
8S/3M, 5S/10M 5S/IOM Calibration 11 S/3M, 3S/11 M 3S(11 M
Calibration 10S/3M, 4S/11M 45/11M Calibration 9S/3M 5S/11M 5S/11M
Calibration 12S/3M, 3SI12M 3S/12M Calibration 11S/3M, 4S/12M
4S/12M Calibration 10S/3M, 5S/12M 5S/12M Calibration 13S/3M,
3S/13M 3S/13M Calibration 12S/3M, 45/13M 4SI13M Calibration 11161
M, SS/13M 53/13M Calibration 14S/3M, 3S/14M 3S/14M Callbratlon

3S/3M, 4S/148Y3m/EghgNCalibration T bl.:SIVI te
wherein a mag/sdapnage combinatiof A #
a;] length of m% FEEkinaving a fem SIS E Vaertiies '?_;s, and
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atures-of-the-ipventidn.-the train
[00267trothes ieare s g 4ST8M Caﬁbratiogdes :
6S/3M, 55/8M 55/8M Calibration
8S/3M, 3S/9M 35/9M Calibration
8S/3M, 45/9M 45/9M Calibration
| 75/3M, 55/aM 55/9M Calibration
10S/3M, 35/10M 38/10M Calibration
9S/3M, 4S5/10M 4S/10M Calibration
8S/3M, 5S/10M 55/10M Calibration
118/3M, 35/11M 3S/11M Calibration
108/3M, 4S/11M 4S/11M Calibration
98/3M, 55/11M 58/11M Calibration
12S/3M, 3,8”2M 3S/12M Calibration
118/3M, 45/12M 48/12M Calibration
108/3M, 5‘Sl12M 5S5/12M Calibration
13S/3M, 3S/13M 38/13M Calibration
12S/3M, 45/13M 4S/13M Calibration
11S/3M, 55/13M 58/13M Calibration
14S/3M, 35/14M 3S8/14M Calibration
13S/3M, 4S8/14M 43/14M Calibration
12S/3M, 5S/14M 58/14M Calibration

wherein a mark and space combination of xS/yM includes a space having a
length of x and a mark having a length of v, x and y are integers, and the training
pattern further includes the redundant pattern for DC balancing.

[0019] A method of calibrating a write strategy for an optical media

playback device includes storing a write strategy table, generating a write signal



preamble pattern and a main data sequence, each comprising mark and
space patterns indicative of binary data. The training pattern includes a
sync mark that is indicative of an end of the preamble pattern and a
beginning of the main data sequence. The main data sequence includes
mark and space patterns representative of all possible combinations of
mark and space lengths. The training pattern further includes a reference
pattern interspersed in at least one of the training pattern and the main
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further cor%ﬂrises obtaining a timing lock on the training pattern according
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referenggopaiternn[0PRekda: f the invention, the method
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the training pattern and the main data sequence.

[0021]  In other features of the invention, the method further comprises
obtaining a timing lock on the training pattern according to at least one of the
preambie pattern and the reference pattem. The step of obtaining includes
obtaining the timing lock on a first transition edge of the reference pattern. The
first transition edge is one of a leading transition edge and a trailing transition
edge of the reference pattern. A mark and space pattern forming the preamble
pattern is equivalent to the reference pattern.

[0022] In other features of the invention, the method further comprises
reading transition edges from the training pattern. The method further comprises

selectively adjusting the timing lock. The write strategy table includes calibration

data for known optical storage medium types. The method further comprises



the main data sequence comprising mark and space combinations
according to the?‘ollowing table: Pa am Purpose 3%$/3M, 45/3M 4S/3M
Calibration 3S/3 M, 3S/4M 3S/4M Calibration 3S/3M, SS/SM 55/3M
Calibration 3S/4M, 3S/4M Redundant Pattern for DC Balancing 3S/3M,
4S/4M 45/4M Calibration 3S14M, 5S/4M 5S/4M Calibration 55/3M, 3S/5M
3515M Calibration 4S/3M, 4S/5M 4S/5M Calibration 3S13M, 55/5M
5S15M Calibration 6S/3M, 3S/6M 3S/6M Calibra';ion 5518M, 4S/6M
ARG e ticniAg/Bhte hb/Ghe5 3d obitga s ol rdRIF Miato I Yhe wrie
38/7M Calibration 6S/3M, 4S/7M 45/7M Calibration 5S/3M, 5S/7M 5S/7
celiptegiotr s/ SWe 36181l 38181 CaliiasiatortG/Md idBMrdSBMabie in at
Cf’:\”b ation 6S/3M, 5S/8M 5S/8M Calibration 9S/3M, 3S/9M 3S/9M .
c&?&&ﬁtﬁn"%@%‘ﬁ‘)ﬁ AR 2SFONTEMiaHRi BTeREY3NThESYoNd SBIBAY table is
gﬁ\F@@Hé’&e%(%%’%r'}"nw%%%9%35’10“" Calibration 9S/3M, 4S/10M 45/10M
ali

€ optical media playback device. The method
ration
further comprises communicating with firmware of the optical media playback
device to adjust the calibration data.
[0023] In other features of the invention, the training pattern includes

the main data sequence comprising mark and space combinations according to

the following table:

Pattern Purpose
3S/3M, 4S/3M 45/3M Calibration
3S/3M, 35/4M 38/4M Calibration
3S/3M, 58/3M 5S/3M Calibration
35/4M, 3S8/4M Redundant Pattern for DC Balancing
3S/3M, 4S5/4M 43/4M Calibration
3S8/4M, 55/4M 55/4M Calibration
58/3M, 3S/5M 3S/5M Calibration
4S/3M, 4S/5M 43/5M Calibration
38/3M, 58/5M 58/56M Calibration
6S/3M, 35/6M 3S8/6M Calibration
5S/3M, 45/6M 4S5/6M Calibration
48/3M, 55/6M 58/6M Calibration
7S/3M, 3S/7TM 38/7M Calibration
6S/3M, 4S/7TM 45/7M Calibration
5S/3M, 5S/7TM - 88/7M Calibration
8S/3M, 3S/8M 3S/8M Calibration
7S/3M, 4S/8M 45/8M Calibration
8S/3M, 58/8M 55/8M Calibration
9S/3M, 35/9M 3S/8M Calibration
8S/3M, 4S/9M 45/9M Calibration
7S/3M, 5S/9M 58/8M Calibration

10S/3M, 3S/10M 35/10M Calibration
98/3M, 4S/10M 4S/10M Calibration
8S/3M, 58/10M 5S/10M Calibration

10




8S/3M, 5S/10M 5S/10M Calibration 10 19 513M, 35/11 M _33/11 M
Calibration 1(r)S/3M, 48/11 M 43/11 M Calibratioq 98_/3M, 55111 M
55111 M Calibration 12S/3M, 3S/12M 36/12M Calibration 1.18/?.,M,
4S/12M 4S/12M Calibration 10S/3M, 55/12M 5S/ 12M Calibration
13S/3M, 3SI13M 3S/13M Calibration 12S/3M, 4S/1 '3M _ 4S/13M
Calibration 115/3M, 5S/13M 5S/13M Calibration 145/3M, 3S/1 4M
3SI14M Calibration 13S/3M, 4S/14M 45/14M Calibration 12S/3M,

5S/14M 5S/118BERRTAteN wherein a’mark andgg ﬁﬁﬁB}'éﬁHH" of

pf y, X and ygsBMiese s and thetrair Ing patter )“"t'N{FC”!‘

U‘_
PIg
DO
(.

Cot lfprxlfinn
edundant pﬁggngro,ngalancmg i UL'—!—JI—\VVII HegyEaibration
WW%SV‘W playuau« device ...\,:‘F\g f Sl D4 ans for |

1
L S controt-means—forge "/j gﬂhﬁra R Qignal
o e B3 o Salbratian

Siarago..m

O wiTtE & UG Bppesiaap an optical storage-righ L at A C
Calibration q?'gfw 2 /tiBMc WHite JLI%%MP&[WMR{EJ
MAySTS TSR] 5 3 storage aledium and il SMiGalibrtie

PN

T+,

ol VV“LLF4$7 P Tal mfnq:'hﬂ I"vad Ql”nal rﬂ(ﬁﬁ{ﬂﬁ%%pmares Of

D

““"”l"‘ﬂi"ﬁ%%ﬁﬁ attern incljdes a_preAR{ffdiaaiation a main

I::LV::.“:’iZyg ‘ﬁsrz;i\ Prising. mark and spacéS/MM Calibration

TUTTToty—€

wherein a mark and space combination of xS/yM includes a space having a
length of x and a mark having a length of y, x and y are integers, and the training
pattern further includes the redundant pattern for DC balancing.

[0024] A write strategy calibraﬁon system for an optical media playback
device includes memory means for storing a write strategy table, control means
for generating a write signal to write a training pattern to an optical storage
medium according to calibration data stored in the write strategy table, and write
strategy analysis means for receiving a read signal indicative of the training
pattern written to the optical storage medium and for adjusting the calibration
data according to the read signal.

[0025]  In other features of the invention, .the training pattern includes a
preamble pattern and a main data sequence, each comprising mark and space
patterns indicative of binary data. The training pattemn includes a sync mark that
is indicative of an end of the preamble pattern and a beginning of the main data
sequence. The main data sequence includes mark and space patterns

representative of all possible combinations of mark and space lengths. The
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patterns indicative of binary data. The training pattern includes a sync
mark that is indicative of an end of the preamble pattern and a beginning
of the main data sequence. The main data sequence includes mark and
space patterns representative of all possible combinations of mark and
space lengths, The 11 training pattern further includes a reference pattern
interspersed in at least one of the training pattern and the main data
sequence. [0026] In other features of the invention, the write strategy

céitiagoprtigrstétiacindesdiningdnere iRl R RIRIRgA NGRS ke of

the training pattern according to at toast one of the preamble pattern and
tHBS URinCRASER ANdTHe Miaitingtseameabtains the timing lock on a first
transiti?[H ?ﬁe of the reference pattern. The first transition edge is one of
a leadirlg 2hsitidh WHGE Ak aiithe inentinon begerts stetejereaiteation

p . space pattern forming the preamble pattern is
eﬁﬁ%ﬁeﬁﬁﬁﬁqﬂﬁi%‘ psa?ér?ﬁtﬁﬂg’gvﬁtg@f?&té@k ehigsiimaamatiern

R R SANEAIIFHOSUANIDANIET, A Rt one of e e,

strategy analysis means and the timing'means se
Wi | owlariheteie seatnaiaiel/sit SRRRSUIARS IR UPing MEans..
ap

[0027] In other features of the invention, an optical media™playback “devic

imatRds tHeirbtaraityy eiibiation systeauiny a-aics BeAiamiayhafikg

device is at Jeast one of a compact disc (CD) recordable drive, a CD

SAPRABIR: eSO R gRiaroars R atisC ADUDK rendretme siien ddaviRy the

rgy&gmlg rit\{gma . Blu- &%PVD drive, and an HD DVD drive. The write
TGN R EpTaransswRRbsTRal Sheraystensttiteny

strategy ta e |.ncludes. ' ' >t
R B S i e o
i"fﬁ‘f?ﬁfﬁﬁ?ﬁﬂ%ﬁﬁgﬁﬁm tHRMAY LR QLY RRL Homgy iatle,
timing lock. The write strategy analysis means includes the timing means.

[0027] In other features of the invention, an optical media playback
device includes the write strategy calibration system. The optical media playback
device is at least one of a compact disc (CD) recordable drive, a CD rewritable
drive, a digital versatile disc (DVD) recordable drive, a DVD rewritable drive, a
Blu-ray DVD drive, and an HD DVD drive. The write strategy table includes
calibration data for known optical storage medium types. The optical media
playback device rewrites the fraining pattern after adjusting the calibration data in
the write strategy table. The write strategy table is stored in at least one of

volatile memory and non-volatile memory.  The write strategy table is

implemented in firmware of the optical media playback device. The write
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implemented in firmware of the optical media_playback device. The_wrlte
12 strategy analysis means communicat.es Wlth firmware of the optical
media playback device to adjust the callbratlpn data, [0028] In other
features of the invention, the training pattern mcl_udes the main data
sequence comprising mark and space combinations accoro_llng to the
following table: Pattern Purpose 35/3M, 4S /3M 45/3M Calll_)ratlc_m
3S/3M, 3S/4M 3S/4M Calibration 39/3M, 5S/3M 5513M Calibration
BM@S&M@@%@&@ P@,l;;ﬁ{rh %%g B%]ag %38/%%48/%\/' EjS/n?é\élﬁa
Calibration 3S/4M, 5S/4M 5S14M C ration BB
CaliybsichddbéaNt 4eind St faaliliation 3S13M, 5S/5M 5S/5M
Calibration 6S/3M, 33/6M 3S/6M Calibration 5S /3M, 4S/6M 4S/6M
CalibratittV28%/3Nn SE/6MeBS64 GalinsationnHl d, BIARY BHIM includes
ibration 6S 3M, 4S/7M 4S/7M Calibration 58/3M, 5S/7M 5%/7M
C%%r’gﬁgh %§/§ﬁﬂ”§898Wﬂsmcﬁﬁﬁ?@iﬂrﬁpﬁﬁBmwﬁﬁaﬁ&r@ﬁMrdmg to

C%Q@ﬁgp‘ ng%/%M 5S/8M 55/BM Calibration

Pattern Purpose
35/3M, 4S/3M 4S/3M Calibration
38/3M, 35/4M 35/4M Calibration
35/3M, 5S/3M 5S/3M Calibration
3S/4M, 3S5/4M Redundant Pattemn for DC Balancing
38/3M, 4S/4M 45/4M Calibration
38/4M, 5S/4M 53/4M Calibration
5S/3M, 38/5M 3S/5M Calibration
45/3M, 4S/5M 4S/5M Calibration
3S/3M, 55/5M 58/5M Calibration
B8S/3M, 3S/6M 3S/6M Calibration
55/3M, 45/6M 43/6M Calibration
43/3M, 5S/6M 58/6M Calibration
75/3M, 38/7TM 3S/7TM Calibration
B6S/3M, 4S/7TM 4S/7TM Calibration
5S/3M, 58/TM 5S8/7M Calibration
8S/3M, 35/8M 3S/8M Calibration
7S/3M, 45/8M 43/8M Calibration
6S/3M, 55/8M 58/8M Calibration
0S/3M, 35/9M 35/8M Calibration
8S/3M, 45/0M 4S/9M Calibration
7S5/3M, 58/8M 58/9M Calibration

108/3M, 3S/10M . 35/10M Calibration
9S/3M, 4S/10M 4S/10M Calibration
85/3M, 5S/10M 55/10M Calibration
11S/3M, 3S5/11M 3S/11M Calibration
105/3M, 4S/11M 45/11M Calibration
9S/3M, 5S5/11M 55/11M Calibration
128/3M, 38/12M 35/12M Calibration
11S/3M, 4S/12M 45/12M Calibration
10S/3M, 5S/12M 58/12M Calibration
13S/3M, 38/13M 35/13M Calibration
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S19M 3S19M Calibration 8S13M, 4S/9M 45/9M Callbrat_lon _
ggllgl\l\//ll gS/9M 5S/9M Calibration 10S13M, 3S/1QM 3S/1(r)M Calibration
9S13 M, 4S/1 OM 45/10M Calibration 8513M, 5SMOM 5511(nNM
Calibration 11 S/3M, 3S/11 M 33/11 M Calibratlon_ 10S/3M, 4S/11 M 45N
1 M Calibration 95/3M, 5S/11 M 5S/11 M Calibratlpn 1_28/3M, 3S/12M
35/12M Calibration 11 S/3M, 4S/1 2M 43/12M Callbratlon_ 1 QS M,
5S/12M 53/12M Calibration 13S/3M, 33/13M 3S/13M Calibration 13

12S/3M, 4S/138M34%/AMBRAalibration - LTS3V, 5@3}133\”/,?@4@):&1

L0

Calibration 145/3M, SS1B4M 3STIANV Calibration BRI PERIEaT

-4 4 Kl Aarle

i o of.
dnd space coBSBAIAE NS yM INciudes & SPACE G AT o

(0] , X d.”d are-mteg s TACEE —thct Y
4nd a mark naBpAgENg Of ¥, X ardy are mtegr ghit g Sring—
pattern further cludes the Tedundant-pattera-for BS-bataReing— ]
computer program executed by a processor that calibrates a write:

et et sk AL LA
oo 8ici 29d meeihextngedienpto obyitatienydataieEH AR HSning
St&%%‘?e‘i% %btl!x%'r includes the redundant pattern for DC balancing.

[0028] A computer program executed by a processor that calibrates a
write strategy for an optical media playback device includes storing a write
strategy table, generating a write signal to write a training pattern to an optical
storage medium according to calibration data stored in the write strategy table,
receiving a read signal indicative of the training pattern written to the optical
storage medium, and adjusting the calibration dats according to the read signal.

[0030] In other features of the invention, the training pattern includes a
preamble pattem and a main data sequence, each comprising mark and space
patterns indicative of binary data. The training pattern includes a sync mark that
is indicative of an end of the preamble pattemn and a beginning of the main data
sequence. The main data sequence includes mark and space patiemns
representative of all possible combinations of mark and space lengths. The
training pattern further includes a reference pattern interspersed in at least one of
the training pattern and the main data sequence.

[0031]  In other features of the invention, the computer program further
comprises obtaining a timing lock on the training pattern according to at least one

of the preamble pattern and the reference pattem. The step of obtaining includes
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receiving a read signal indicative of the training pattern written to the
optical storage medium, and adjusting the calibration data according to
the read signal. [0030] In other features of the invention, the training
pattern includes a preamble pattern and a main data sequence, each
comprising mark and space patterns indicative of binary data. The

training pattern includes a sync mark that is indicative of an end of the
preamble pattern and a beginning of the main data sequence. The main
dakidieifadheditmoldes wrarkfascispatppatigenst ePrRReBRIVEALA! The
passible combinations of mark and space lengths. The training pattern
fLﬁEﬁteVﬁ’iﬁﬂB‘é§§9ﬁaf§r@ﬂ%é’bétﬂéﬁdinﬁetrgpeitbedédw rastomnaivk thensition
trg%g%Pﬁt er e@gd the r‘rt%ain data sequence. [0031] In othe( features of
the mvention, e Compa gpbrd%fﬁﬁq?&ﬁﬁeﬁpm Shwindriheanissmyle

|%@&tﬁ%k{&@{éﬁatﬁéﬁ%Q@%%%&%%ﬁ% at least one of the preamble

pattern and the reference pa e Step of obtaining includes 14
obtainirfgube] imina{Rek g d iR SRRRA0E. 0! b selersnce patier.
The fir§t transition edge is one of a leading trahgi]tgo?tlgre%égeeéﬁﬁo 8‘”??@i|ﬁﬁ’3ﬁe’
tmm@%echﬁﬁog thameii&nermgfgmti@m. hangaknand %ﬂ.pwncomputer
forming the preamble pattern is equivalent to the reference pattern.
[RIPFIR Suntrere samedssstirslientivatioradibetingntheteinpragieer. FUrther write
com egise reading transition edges from the training pattern. The

con?&% aé Jrafers-ARiP @S Ates fee kv Igrdigill stinageentisaiog ypss.
T-hgewg t table includes calibration data for known_ optical
storagﬁ%%ﬁﬁ% i #‘ﬁ% oPURESBRo AR Rar S dainings egttemriaier
thajirging eheadiamialar adiusting thssaliptation data in géwrite strategy
table. The step of storing includes sbfglrt%wgggt?é?eé%i g%éﬁ'ate 7 13151 R sforing

Iérciudere sbringatiie memenaryy toR-HolR ISR Y THEM IESHAPIN
table is implemented in firmware of the
non-volatile memory. The write strategy table is implemented in firmware of the
optical media playback device. The computer program further comprises
communicating with firmware of the optical media playback device to adjust the
calibration data.

[0033] In other features of the invention, the training pattern includes

the main data sequence comprising mark and space combinations according to

the following table;

Pattern Purpose
38/3M, 4S/3M 43/3M Calibration
SS/3M, 35/4M 3S/4M Calibration
38/3M, 58/3M 58/3M Calibration
35/4M, 3S/4M Redundant Pattem for DC Balancing
3S/3M, 4S/4M 4S/4M Calibration
38/4M, 55/4M 5S/4M Calibration
58/3M, 38/5M 3S/5M Calibration
43/3M, 4S/5M 4S/5M Calibration
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optical media playback device. The computer program further comprises
communicating with firmware of the optical media playback devu;e to
adjust the calibration data. [0033] In other features of the; !nventlon, the
training pattern Includes the main data sequence comprising mark and
space combinations according to the following table: Patter_ns Pprpose
3S/3M, 4S/3M 4S/3M Calibration 3S/3M, 3S/4M 3S/4M Calibration
3S/3M, 5S/3M 5813M Callbratlon 3S/4M S/4M Redundant Pattern for DC

Balancing S 5 "’B’S!Bﬁ!’ f‘:‘néfh rr:'% o
Calibration 5@&’@&4 gigl/gM 3S/5NCatipration 43133/,‘@@‘@5& R
Lalibration  1SS3sNE s aR SV _5_'5[5"" Cafibratior - ASTEN Ca mprgﬁi;'é,(j,‘” i
Lalibration SEgAh 48/BM 4S/oMCat Juauu_u %Igé % ?f@'};}m
¢afbration ig’ é M" §§i E ”i w il odi oo oc 1 'Jcar. ra&lP%QIQI\/I
T, o T o N Al
(: S5 AN, BN VIS AIRTAtoRo 'S/7M Calibration
faforation BSISM. 3S/8M 38/8M Calibration
7S/3M, 45/8M 4S/8M Calibration
6S/3M, 55/8M 55/8M Calibration
8S/3M, 3S/9M 3S/8M Calibration
85/3M, 4S/9M 4S/9M Calibration
78/3M, 55/9M 5S5/9M Calibration
108/3M, 3S/10M 38/10M Calibration
98/3M, 45/10M 43/10M Calibration
85/3M, 55/10M 55/10M Calibration
11S/3M, 3S/11M 38/11M Calibration
10S/3M, 4S/11M . 45/11M Calibration
8S/3M, 55/11M 5S8/11M Calibration
125/3M, 3S/12M 38/12M Calibration
11S/3M, 4S/12M 43/12M Calibration
108/3M, 55/12M 53/12M Calibration
13S/3M, 38/13M : 38/13M Calibration
125/3M, 4S/13M 43/13M Calibration
118/3M, 55/13M 58/13M Calibration
148/3M, 3S/14M 38/14M Calibration
13S/3M, 4S/14M 48/14M Calibration
128/3M, 55/14M 58/14M Calibration

wherein a mark and space combination of xS/yM includes a space having a
length of x and a mark having a length of y, X and Y are integers, and the training
pattern further includes the redundant pattern for DC balancing.

[0034] In still other features, the systems and methods described
above are implemented by a computer program executed by one or more

processors. The computer program can reside on a computer readable medium
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9S/3M, 3S/9M 3S/9M Calibration 8S/3M, 4S/9M 4S/9M Calibration
7S/3M, 5519M 'SS/9M Calibration 10S/3M, 3S/10M 3S/10M Calibration
9S/3M, 45/10M 4S/10M Calibration 8S513M, 5S/10M 5S110M Calibration
11S13, S/11 M 3S/11 M Calibration 10S/3M, 4S/11 M 4S/11 M
Calibration 9S/3M, 5S/1 1M 5S/11M Calibration 12S/3M, 3S/12M
3S/12M Calibration 11S/3M, 4S/1 2M 4S/12M Calibration 10S13M,
5S/12M 55/12M Calibration 138/3M, 3S/13M 3S/13M Calibration

128/8M, AS/AoBMrkSdlBNhEabiRTaitaoldiel SMDasdaM afdSMher suitable
Calibration 14S/3M, 3S/14M 3S/14M Calibration 13S13M, 4S/14M

4A8pie eareratmediups/3M, 5S/14M 5S/14M Calibration wherein a mark

and sp mbination of xS/yM includes a space having a Ie_ngth_ Qf X
and a ié; ?(%faviﬁd"ﬂ‘%n@fﬁ?ﬁ yixaprisraityinelgéhe, armsent treeritign will

' t pattern for DC balancing. [0034] In
e B S e e saasromagog, i ghoud be
inierseptechay tﬂ&@@i@h&@%&%ﬁbﬁ%%%@cﬁx 8)?%{?%%0&%33 dndipgting

processors. The computer program can reside on a co puter
rtrediprafel@suemBsdiibAOIMHEdif SRESHO rE ORYMIALIS HRILBIBRALE of

and/or other suitable
illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:
[0037]  FIG. 1 is a cross-sectional view of a one-time recordable optical
disc according to the prior art;
[0038] FIG. 2 llustrates exemplary mark/space and corresponding
NRZI converted signals that are generated by an optical playback device reading

an optical medium;

[0039] FIG. 3 is a cross-sectional view of a rewritable optical disc

according to the prior art;
[0040] FIG. 4A illustrates a first exemplary laser power profile for
writing to one-time recordable optical media according to the prior art;

[0041] FIG. 4B illustrates a second exemplary laser power profile for

writing to one-time recordable optical media according to the prior art;
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tangible storage mediums. [0035] Further areas of applicability of the
present invention will become apparent from the detailed description
provided hereinafter, It should be understood that the. detailed
description and specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes of illustration only
and are not intended to limit the scope of the invention, BRIEF
DESCRIPTION OF THE DRAWINGS [0036) The present invention will
become fullyjgndgts t tailed description and the
accompgor?ﬁ?g er{/?i h?;? \/var%gréfg ?Egogﬁ)]%ﬁl%ggv?saéy cr%)% F RMBh&FAlsy for
ofveriting: ttirores ivier ckadolel et opichist SGR U EIBRHIRG R RLQHAr L {0036]
FIG. 2 lllustrates exemplary markispace and corresponding NRZI

convertd@04i@inalstRat4Delllystreteteal hyush ertngRAYRSSK SIVFSorofile for

an optical medium; [0039] FIG. 3 is a cross-sectional view of a

readin i
re%f?—ﬂ%%@ BpTdateiscoHaRIPRtcR) mrdjsracardifgud OhE HEordxtllustrates
a first exgmplary laser power profile for writing to one-time recordable
optical I?eéggj acco dinﬁ\;}{vﬁsﬁﬁ%ﬁr arfir oSN BRRRIS RENES PRHbRIfdr
expRaLy olreii iting to gnetime recordable optical

l ré’%ﬁ%ﬁ@"&ﬁﬁﬁﬂﬂ@dfg%&{&g‘ ]P?:?E-? AR trates a third

media according to the prior art;

exempldepdaser powesmprnliledess Wiling i ble optical
media according to the prior art; f0043] Fﬁé_%&ﬁﬁ@iﬁ%ﬁ%ﬂﬁﬁ proﬁ'le for

eXélingdeyrtasinhowetiqaiofiiboncesiting te ereptigierecordable optical
media according to the prior art; [0044] FIG. 5A illustrates a first
exempl&?%ﬁl;er pYet isrefiuagspnal block diagram of a optical media playback
device including a write strategy table according to the present invention:
[0047] FIG. 7 iliustrates steps of an automatic write strategy calibration

method according to the present invention;

[0048] FIG. 8 illustrates exemplary alternating sync pattemns and data
blocks according to the present invention;

[0048] FIG. 9 is a functional block diagram of an exemplary optical
media playback device including a write strategy analysis module according to

the present invention;

[0050] FIG. 10 illustrates an exemplary training pattern according to the

present invention;

[0051] FIG. 11A is a functional block diagram of a high definition

television;

[0052] FIG. 11B .is a functional block diagram of a vehicle control

system;
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writing to rewritable optical media according to the prior art; [0045] FIG.
5B illustrates a second exemplary laser power profile for writing to
rewritable optical media according to the prior art; [0046] FIG. 6'is a
functional block diagram of a optical media playback device including a
write strategy table according to the present Invention; [0047] FIG. 7
illustrates steps of an automatic write strategy calibration method
according to the present invention; [0048] FIG. 8 illustrates exemplary

alternalingos#)c peiternscARcbdaRibiRrkiReL g{lg% g ghge%%?[r?n&tgw;

invention; [0049] FIG. 9 is a functional bloc ram of an‘exe

optical riftési4] plagtackiderieduncliodinbR WHRGHAISEY 30aYSiSMagie

according to the present invention; [0050] FIG. 10 illustrates an

exemplal)OF8Inind Isatld i iaccoriiiinnt bheskpfegenhiove isna [985d] FIG.
11Ais a functional block diagram of a high definition television; [0052]
FIG. 11B is a functional block diagram of a vehicle control system; 18

o e AP e AR et [0
S A MAAE IRE ianert
foluwwing elesnpiptioth offesrsateiad AR RRYIRRMGSY B MEE LSRN i
in nature and is in no way intended to limit the invention, Its appilcatlon, or
ustilicalipuipossss ofFolopityp dhesserolamfareneamuraless ik b8bers will be
used in the drawings to identify similar elements. As used herein, the term
module, circuit ahd/or device refers to an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other subitable components that provide the
described functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B or C), using a non-exclusive
logical or. It should be understood that steps within a method may be executed
in different order without altering the principles of the present invention,
[0057]  The present invention allows optical media playback devices to
adapt to various recordable and/or rewritable media types without having to rely

on manufacturer or firmware updates. As a result, consumer satisfaction and the

manufacturer's profitability are improved due to increased sales and a reduced

product return rate.

19



used in the drawings to identify similar elements. As used herein, the term
module, circuit and/or device refers to an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared, dedicated, or
group) and memory that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable components
that provide the described functionality. As used herein, the phrase at
least one of A, B, and C should be construed to mean a logical (A or B or

C), usind@ash-exvtisivepdegicalor tHeshauld e Wgﬁﬁﬁwogl%nsgéﬁﬁimated

within a method may be executed in different order without a

prifRiBratoss ehe pratsesiratamntite (9654 diherprpsieat iﬁé’@i@trﬂﬂyﬁ%)@@evice.
optical media playback devices to adapt to various recordable and/or

re ?aBPéekfﬁ HIg%PpeaxRiAe deMssimiaddesypreisaarnriaotusen avriteTityatsyy
uq(% 25, A2 ra%sc},llt consumer satisfaction and the manufacturer's

pro %Eéib it)?/ss are |mpP$\e)gaedee?8‘i_FféP§é’§&§ Qé@s\"{iﬁif@ ﬁé’d_ﬁ‘@ewritﬂddm in
iR i N e S e -

automated calibration of a’write's

plisatiestevingilabie aiticahaledigdaxhank dr?fVigﬁoB[x%Ys‘iqes85%\95@393“%

control of a write strategy laser pulses and precise measurement O

WP YSY 170 vinitetatser . dicuttioe nkowiieal e g itaaR I ROy and

precise control of write strategy pulses has been available for severa
geEFfo A B YRSBRI S CohveritidimlW hieweeeiseaminiegeRM CHCHIt Y d-
mgg Ie“tlg%ﬁ?rforms both the writing and precise measurement is not
available’ |Ig‘p%%i§8 FREQSpEIRR t Uing rexeensiek instnefemiatan beg, a

e A St S b aatory, Imited o
labratorau o) BHefePRoRARM TREHg SIVIroNment.

[0059]  Referring now to FIG. 6, the present invention is implemented in
an optical media playback device 50, such as a DVD system. The optical media
playback device 50 is shown to include a DVD printed circuit board (PCB) 52,
which includes a buffer 54 that stores read data, write data and/or volatile control
code that is associated the control of the optical media playback device 50. The
buffer 54 may employ volatile memory such as SDRAM or other types of low
latency memory. Nonvolatile memory 55 such as flash memory can also be used
for critical data such as data relating to DVD write formats and/or other
nonvolatile control code. A processor 56 arranged on the DVD PCB 52 performs
data and/or control processing that is related to the operation of the optical media

playback device 50. The processor 56 also performs decoding of copy protection

and/or compression/decompression as needed. A DVD control module 58
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[0059] Referring now to FIG. 6, the present invention is implemented in

an optical media playback device 50, such as a DVD system. The optical
media playback device 50 is shown to include a DVD printed circuit board
(PCB) 52, which includes a buffer 54 that stores read data, write data
and/or volatile control code that is associated the control of the optical
media playback device 50. The buffer 54 may employ volatile memory
such as SDRAM or other types of low latency memory. Nonvolatile

meatonyfiatistah iasthmeBLAAYCRRARR 05 USRY Rth UG HBIASH R tor
as data relating to DVD write formats and/or other nonvolatile contro

codid)nipverE2smndte arreadfedierchieVRdGB 62 PEFHOIVD Sataandatie
coptrol C%rqcessing that is related to the operation of the optical media
pégb%? Wi B0irehR e seitsiie/BN sdvepdenrasitetedingnobtopyule 64

pr ' nd/or gompressjon/decompression as needed. A DVD control
moé%clgeﬁ%%rgf sc%r'ﬁ%%fé@%r\?ﬁﬁHﬂé’HﬁWﬁd’t‘ﬁ)mﬁdﬁtﬁﬁéﬁ%@.Go and with a
spindle/j ot )griver nd/or g read/write channel module 64,
The Dvgggdn?rolq?n%gdﬁ%leﬂég ngé&ﬂr{g{‘é”g &%tr@%ﬂ‘fﬁ@s;ﬁhﬂ?@ﬁf MMaAer, 64
thereatbsviile eaanrebe Qe Qﬂdoﬂiﬁé?rfé%?%?eigcfﬁ\&ﬁg?ﬁgﬁcal read

input/output via the interface 60. [0060] During write 0

re@divt R Lidanicel Bfothu b€ D\eDosidaertherdatadiaiReaiea A% Aodule 64
optical read/write (ORW) or optical read only (OR) device 66 to the DVD

pIRIRSESPRE endiondle &atshiabiip dork Bay pmopiysSersdkengitialgdethecking

r%iggilgg ang ma( ly, for example, error checking and correcting

(ECC) cor&%ff,gru%&gﬁg‘fﬂﬁﬂsﬁtewQF%EE?‘EOW@?CMthb fRgingD Latny theatike.

0 ' r ite_channel module 64 converts an analog output

o e Pl oo b e mhaos

thomslatocing erdscofied eknan PAA|SEH. AR L e Al
then detected and decoded by known techniques to recover the data that was

written on the DVD,

[0061] A DVD assembly (DVDA) 68 includes an optical storage
medium 70, such as a DVD platter, that stores data optically. The optical storage
medium 70 is rotated by a spindle motor that is schematically shown at 71. The
spindle motor 71 rotates the optical storage medium 70 at a controlled and/or
variable speed during the read/write operations. The ORW or OR device 66
moves relative to the optical storage medium 70 to read and/or write data to/from
the optical storage medium 70. The ORW or OR device 66 typically includes a
laser and an optical sensor.

[0062] For DVD read/write and DVD read only systems, the laser is

directed at tracks on the optical storage medium 70 during read operations. The

21



[0061] A DVD assembly (DVDA) 68 includes an optical storage medium
70, such as a DVD platter, that stores data optically. The optical storage
medium 70 is rotated by a spindle motor that is schematically shown at

71. The spindle motor 71 rotates the optical storage medium 70 at a
controlled and/or variable speed during the read/write operations. The
ORW or OR device 66 moves relative to the optical storage medium 70 to
read and/or write data to/from the optical storage medium 70. The ORW
or@ﬁég%@%@gw@gwg | laser and an gptical senso&éOOGZ .
For DVD read/write and DV r%%%%ﬁﬁ/agby@eﬂr% ?’fﬁgfﬁ)é@er@rcﬁ tERpdfprite
tra i oip e iotigaksiiaoe Ay sy Be Q:during, %} PgLations, e, 21
optical sensor senses reflections caused by the% s%p%é‘%%?%{}ﬂ‘e optical

reaighagieeméRING Fpplinditpwsitadpestioiry also be used to heat the die
layer on the optical storage medium 70 during write operations. [0063]

The spid8R§8IM diiberseindis/itidIgriver Giinetiatrostone $piviicmaentro)lapin
rog%t S w%% opti?ail storage medium 70. The spindle/FM driver 62 also
generat BoRt Biesighaiomtisipdemen rsdivindor Thefepiosmifdlednsags2
a ol ' ste otor,or any other suitable actuator. The
e e R TSR e e o ke o
toViEe0BSIC o BigR ' ser driver 73 generates a lasgr

drive signal tfased gr? g{l@ %‘%ﬁgﬁt%ﬁﬁg é@d%ﬁé %ﬂgaﬁ’?ﬂ%ﬁ?@a e 6%.‘%??@"
Divbiartinelldbp agesam ORie iF ERBalewdiss ANA0EIRA S8R
When reading data, the preamp circuit 74 amplifies low level signals from

thETrearerddm dévidelesaduveutisugentratesnpliias sigaalidpansased on an
read/write channel module 64, (00641 The optical media playback device

5_(9 YR & ihauged writs sdenmridundiis fat SheoBvBArifdndedesiespreanmp
V'Q?&ﬁ%ﬁt%%tag%&}cﬁg]sea'\gglgg read signals. When reading data, the preamp

circuit 74 amplifies low level signals from the ORW or OR device 66 and outputs
the amplified signal to the read/write channel module 64,

[0064] The optical media playback device 50 further includes a codec
module 75 that encodes andfor decodes video such as any of the MPEG
formats. Audio and/or video digital signal processors and/or moduies 76 and 77,
respectively, perform audio and/or video signal processing, respectively.

[0065] Portions of the optical media playback device 50 may be
implemented by one or more integrated circuits (IC) or chips. For example, the
processor 66 and the DVD control module 58 may be implemented by a single
chip. The spindle/FM driver 62 and/or the read/write channel module 64 may

also be implemented by the same chip as the processor 56, the DVD control
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formats. Audio and/or video digital signal processors and/or modules 76
and 77, respectively, perform audio and/or video signal processing,
respectively. 10065] Portions of the optical media playback device 50 may
be implemented by one or more integrated circuits (IC) or chips. For
example, the processor 56 and the DVD control module 58 may be
implemented by a single chip. The spindle/FM driver 62 and/or the
read/write channel module 64 may also be implemented by the same chip

asribeurseseaRglonty LRV AT i modile 88 andior byaddiional

chips. Most of the optical media play evice

65 matpaisasharipleDienienauR S mIBRRA IS psgbmedia

playback device 50 stores and dynamically updates a write strategy table.

For exaf@9@8lthe Spticationt diedinphatiade dench G013 O NG YEIRically

strat table in the volatile memory 54 and/or in the nonvolatile memory

5é‘.pigﬁqé%ﬁtwﬁa%%@&?%ﬁwmc|6%mwmuba dptisaMinediaptiegbatediavice
ical storage medium 70 (via the

| ice, 50 writes ta the opt

e S e WA ShRoci ARl oo el e e dangis inctne
o ' | teqy, taple, The optical medi

s TG W SRRl Tncliies 7 e gata. The

stoptegy iz peepEiRasife ARtiadlar e ﬁt@gf'%#%e r(%a%%me%# @gs{ ﬁwe

being used. Therefore, externally-initiated updates o Pati

areaffwritcabeane [006H)IT GupseihtuiseTaRaY 16 ReaRIC the

media playback device 50 initially writes a training pattern to the optical
stRiRyEtinR diain Yoratkébiimyiesiratapl abte. sTategptidhenisdial Mayback

pattern include data, representative of all possible mark and space
Ieaﬁeg C%?Qﬁ?rﬂ?%%%%‘?ﬁ%h?ﬂﬁ%‘? {Hasiareddgyhe ayiie stetedp seblp anarding
offer, dataaceerding tgfaoléggwn o;r)tical medium talpe. For example, initial

write strategies for kKnown esic Rsednpdiym 70 being used. ~ Therefore,

externally-initiated updates of the calibration data are not necessary.

[0067] To update the write strategy table, the optical media playback
device 50 initially writes a training pattern to the optical storage medium 70
according to an initial write strategy. The training pattem may include data
representative of all possible mark and space length combinations. The initial
write strategy may include laser power or other data according to a known optical
medium type. For example, initial write strategies for known medium types may
be stored in firmware (e.g. the nonvolatile memory 55) and/or stored on the
optical storage medium 70. For unknown medium types, the initial write strategy
may be estimated. For example, the initial write strategy may be a default write

strategy stored in firmware and/or a previously used write strategy.
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be stored in firmware (e.g. the nonvolatile memory 55) and/or stored on
the optical storage medium 70. For unknown medium types, the initial
write strategy may be estimated. For example, the initial write strategy
may be a default write strategy stored in firmware and/or a previously
used write strategy. 23 [0068] The optical media playback device 50 then
reads back the written training pattern (via the ORW or OR device 66
and/or the read/write channel module 64) from the optical storage

mediunf0DBBT he Tipsicadticee ditediaynadtiaBR\ieeiad 80adNZESRRAWILED e

training pattern to determine whether the mark and space lengths and
|yeEiRsh dreiinas patiermo(tie thee SIRWI len@iis devdcdosatianss the RRIGRL:
In other words, the optical media playback device 50 determines
FERmNendrin S die dha opliedssipergrsmetiom tH® intbrdentical media
I ons. ed-an the offset distances, the optical media playback
S RS e e B Ao s PRFSdn Gy Eome i ger he
Clpkatiou sktaa I ' ia playback device 50 ma
adjust the \ﬁﬁ%e stragtetgflaég%lﬁemt%}@e e%%?v%%f??ﬁ %Z%ﬁn' geﬁ‘?ﬁﬁcrﬁ%“% ea¥’d

tamcaﬁngsoomnesb@utteapccnﬁddmamuéh@simﬂé'o%&%"a@%&%oé%w&%’é}ﬁ@é 50

media playback device 50 rewrites the training pattern to the optica

sistageitae diistarte s tur dhegriaritseamidatadeyr it SHmiegiol i #6hded
rereads the written training pattern for analysis. The optical media
pREANRER- dBrsedsenriiscalisoh disteoeesiuihs inniicianedie siavbegy tevice 50
daeé%rs%ir%ﬁg V‘}%be atigep;&%gle. 0070] Referring now to FIG. 7, an
aUtomatic e stiaegy BhIBRuBRrEmenialy somegitieiraipton, datatefor
haibRPtiRR! gapd g; B }%@ ice.20 th bti)m lements the method 80
pov&\ﬁi}% on. In gﬂ[)ep% ,%ﬁe%ﬁal saf\%edaelglcﬁlgy Hﬁlfc?éﬁ&‘éé witiss shaegy
teabhNg Ptk wWiRther ARlIGRARIFAIK G B Bing or too short according to
the initial strategy.

[0069] The optical media playback device 50 rewrites the training
pattern to the optical storage medium 70 according to the updated write strategy
table, and rereads the written training pattern for analysis. The optical media
playback device 50 repeats this procedure until the write strategy is determined
to be acceptable.

[0070]  Referring now to FIG. 7, an automatic write strategy calibration
method 80 begins in step 82. In step 84, an optical media playback device 50
that implements the method 80 powers on. In step 86, the optical media
playback device 50 writes the training pattern to the optical storage medium 70.
In step 88, the optical media playback device 50 reads the written training pattern

from the optical storage medium 70. In step 90, the optical media playback
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In step 88, the optical media playback device 50 reads the written training
pattern from the optical storage medium 70. In step 90, the optical media
playback 24 device 50 analyzes the written training pattern to determine
offsets of the data. In step 92, the optical media playback device 50
determines whether the written training pattern is acceptable according to
the offsets. If true, the method 80 continues to step 94. if false, the
method 80 continues to step 96. [0071] In step 94, the optical media

pRigtieeisolevisgHe centinies Wﬁlﬁiﬂ@ﬂé@rﬂ%@gfg}{dﬁ% SHARPIS HC5ata.

optical media playback device 50 may write data to the optical storage

mEdithh 90 Hiscortien metlie playmEtvdiecsiGIREeRNes THRPBHGH written

edia playback device 50 may continue to operate until powering off in

S FRiIBuisiPsCRERRID ResPelbiade thedifisst?0 il treseniade{R6T 3D

INSIRR 28 he opfical media playback device 50 adjusts the write strategy
table acl%%rt iﬁtge ogt'e“rzfﬁEi sﬁ%e(ﬁj ffleAntammsdpear®e. The method

adiust he e gty TS Sl INETYAE e 1 Ao o A i

adjust the write strategy table a

untitreal eptefbableEydemmpRene isdachd0R/ LRSS r@%?i@é’ \glot(’)”%‘ec‘;ﬁﬁ?

8 and 9, operation of the optical media playback device 50 IS descr

fmmartmémai|ccma|dstmagatmestme¢madbmﬁ@tif@ltﬁ@m%m%ﬁimt?%? y
typically includes alternating sync patterns 100 and data blocks 102. T 8

sitiSpatldihpticahreagiedieykishtidetive diftaigcksnitfe i Aipeiate until
W%rdsf.the oFFticaI media playback device 50 must be able to Identify the
ISCAYB D1 e 'Sy Alep AR rASH B0 Yollthat Bew comtisapasiciaged madilock700R

C%s@ﬁt&@?‘d properly. 25

[0072] In step 96, the optical media playback device 50 adjusts the
write strategy table according to the analysis of the written training pattern. The
metﬁod 80 then continues to step 86. In this manner, the method 80 continues to
adjust the write strategy table and analyze the resulting training pattern until an
acceptable write strategy is found.

[0073] Referring ndw to FIGS. 8 and 9, operation of the optical media
playback device 50 is described in further detail, The data that is stored on the
optical storage medium 70 typically includes alternating sync pattemns 100 and
data blocks 102. The sync patterns 100 are used to identify the data blocks 102.
in other words, the optical media playback device 50 must be able to identify the

location of the sync pattemns 100 so that the corresponding data block 102 can

be read properly.
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[0074] The optical media playback device 50 may include a sync detector
module 104 and a timing module 106. For example, the sync detector
module 104 and/or the timing module 106 may be located on the
read/write channel module 64, the DVD control module 58, and/or
elsewhere on the DVD PCB 52 as described in FIG. 6, The sync detector
module 104 is used to identify the sync patterns 100. More specifically,
the sync detector module 104 receives read-back data 108 read from the

optical $88#&dje niBukuopliitaambitientifiobastangilee es9eRdp eSS sync
patterns 100. The timing module 106 generates a timing signal 110 for

tHEPIAE deRetts P anrk a tmiap arodukhd DanoHulesKaepledthwityin Sector
0 t&,"’}}[m?&i@ %a?/baﬁ)k device 50. The sync detector module 104
generates 2 timmng'esr %’iﬂﬂﬁl 7eguig éélﬁjéﬂ%wiﬁﬁn@mm ofrihibdi miadjwrite
pelo 1 thi the timing loop_ can lock on to transition
edgesw\?vliﬂ'{?]dt l%e Qv{f'riﬁﬁegn pa tSm L @F’E%?Ié#ﬁ ME; fRdinhiganberemay lee oY

tcpkeacszlgsa@égeﬁbféailiml@?@?‘ﬁﬁé‘%@%ﬁé’&ﬂféﬁ%@g@%ﬁﬁéﬂ {g[gg%f?

The optical media playback device er inclu

alhelyyisomatizies 1. FaoRXepeBiRaIRe eSS0 a@extam"gﬁég%ﬂ@g‘%é%ewgﬁ

120 may be located on the read/write channel module 64, t con

niBediASs datel/ P8I senhéeinthe VA RGRE ArdRRETed R HGBes

ite strategy analysis module 120 receives a sync detect signal 122

The wr

fr ?H%%@“ SrRet AR ErnecRAteT 180 rEhel-imbigdata 1881 GBgdhgates a
timing. Si frgm the timing module 106. The write strategy analysis
modu#t-;% @gg]l eterf%r%@ssm‘f%%cwc’é%{ﬁé Crhendlecrtherrmeddrditayated
thgsynG e iset s ; lte strategy.analysis module 120
receives theﬁ%ﬁs?ﬁﬁ%i%%i%%ﬁw%ﬁcg ata %@%ﬁ%ﬁl‘éﬁ%&%’o%‘?ﬁ@i? 104

106. In this manner, the timing loop can lock on to transition sdges within the
written pattern. For example, the timing loop may lock on to leading and/or
trailing transition edges within the written pattemn.

[0075] The optical media playback device 50 further includes a write
strategy analysis module 120. For example, the write strategy analysis module
120 may be located on the read/write channel module 64, tﬁe DVD control
module 58, and/or elsewhere on the DVD PCB 52 as described in FIG. 6. The
write strategy analysis module 120 receives a sync detect signal 122 from the
sync detector module 104, the read-back data 108, and the timing signal 110
from the timing module 106. The write strategy analysis module 120 determines

when to receive the data block 102 according to the sync detect signal 122. The

write strategy analysis module 120 receives the transition edges within the data
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for the digital channel 124 may be selected according to a particular ORW
or OR device that is used to read the data from the optical storage
medium 70, Appropriate settings for the parameters can be determined
according to prior calibration attempts. In another implementation, the
write strategy analysis module 120 comprises the timing module 106
and/or the sync detector module 104. [00761 The write strategy analysis
module 120 subsequently analyzes the marks and spaces of the written

trélawig! Pateenomiinglyscitregimbie; Shévane st BALNRlY ARS8 nay

the transition edges and the written training pattern may be performed by
alPARYR e Fragramcistatad 08 pmavtigialfahenoplitad mikeinl-Mayhackmeters
d%/i?FeSciJ. gf{i/e write strategy analysis module 120 (and/or the firmware)
updatss FHEa) FRansel ded ek B RS iSRS oRdinghin A RarBolET DRW or OR

sy aLle odle R sa RRtank Solee 20 s e

exemplary training pattern ass

inspysiesratereamye RHE da2AndR %E}i”b%ah%f‘;ﬁnef” Ogglg‘oéggiggﬁﬁgeaﬁor

preamble pattern 132 corresponds to the sync pa

irc&liZatomratienaytsinclindgnatrefeispranatiaionl 36 dhakis 'E%Pa{t%%?r%%ggsis

among the preamble pattern 132, The preamble pattern 132 is provide

toaRE theDsyrrorTites tbe g erbaiiandehmimings gty get@bdoderliie
th@ iming loop onto leading edges 136 of the training pattern 130 (and
the feference pattern 136). A sync mark 138 indicates an end of the

pream tern_132 and a beginning of the main data sequence 27 134.
The prgfgrgr?kﬁie pattem a%?%ﬁ&?%)‘ ﬁi@%@ér@?ﬂ%‘ﬁaﬁ@rﬂ%%@w%ﬂmﬁes

fQﬁ@ﬁ%r@@%@%é@%@%ﬁﬁﬂr}%&aﬁﬁg&g}ﬁ %g‘%&g;gﬂﬁ}jﬂﬁp@e&md

playback device 50 and/or the optica age medi

e rAltdmeneeanaiinRisSHREI Grins B AR B O VRN IR battern
lasers is 3T (3 channel bit periods)
may be performed by an analysis program stored in firmware of the optical media
playback device 50. The write strategy analysis module 120 (and/or the
firmware) updates the write strategy table according to the analysis.
[0077]  Referring now to FIG. 10, the optical media playback device 50
writes an exemplary fraining pattern 130 as shown. The training pattern 130
includes a preamble pattemn 132 and a main data sequence 134, The preamble
pattern 132 corresponds to the sync pattern 100 as described in FIG. 8, and may
include a reference pattern 136 that is interspersed among the preamble pattern
132, The preamble pattem 132 is provided to allow the sync detector module 104
and the timing module 106 to lock the timing loop onto leading edges 136 of the

training pattern 130 (and the reference pattern 136). A sync mark 138 indicates

an end of the preamble pattern 132 and a beginning of the main data sequence
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for both space and mark lengths. Those skilled in the art can appreciate
that other spacings of the preamble pattern 132 and thg reference pattern
136 are possible. As shown, the preamble pattern 132 is 38/_3M, 35/3M,
3S/3M,...,3S/3M, where a notation xS/yM indicates a pattern including a
space having a length of xT followed by a mark having a Ie_ngth of yT.
The sync mark 138, as shown, is 1 OS/3M. [0078] The_ main data
sequence 134 includes data representative of aII_ possible mark agd
lgRgthreamNNSLIRE. 139" £xA5R) | a_seguenc
isnpﬁjzgeznrg aEL and gggﬁ}lﬁe r%?h comb?rﬁ%t%ﬁs’ga}{%cgogﬁeﬁo ?_#em?&lgevf?]@ed
exEepRing tableiniPatte trafsitpo $padBBM 1S EE4SRM CARRIRYevice 50
3S/3M, 3S/ 4M 35/4M Calibration 3S/3M, 5S/3M 5S/3M Calibration
38NHPr 3B pptiesl siriage PeadivmiGioD C-Balkarmings, 36 3MindkSIAMransition
45/4M Calibration 3S/4M, 5S/4M 5S/4M Calibration 5S13M. 3S/5M .
3SRERIE KibFHiBAR" #3140 R¥Rasiosmddesmraisonr ﬁismrgéfﬂh/wenods)
iRration. 63/3M, 3S/6M 3S/6M Calibration 5S/3M, +
Zgﬁﬁe% agﬁé?a%é"ﬂ% KM 5578/ TRE e 25/om awyAviate that

: i ' [ 3M, 5Sf7M
3otitdVsERIRERIANHEUR Mt LA 42 1Y Galibratiol ergrsulze pattern 136 are
55/7M Calibration

possible. As shown, the preamble pattern 132 is 3S/3M, 35/3M,
38/3M,...,38/3M, where a notation xS/yM indicates a pattem including a space
having a length of xT followed by a mark having a length of yT. The sync mark
138, as shown, is 10S/3M.

[0078] The main data sequence 134 includes data representative of all
possible mark and space length combinations. For example, the main data

sequence includes mark and space length combinations according to the

following exemplary table;

Pattern Purpose
35/3M, 4S/3M ; 43/3M Calibration
3S/3M, 35/4M 38/4M Calibration
38/3M, 85/3M 58/3M Calibration
38/4M, 35/4M Redundant Pattern for DC Balancing
3S/3M, 4S/4M 4S/4M Calibration
38/4M, 55/4M 55/4M Calibration
5S/3M, 38/5M ~ 3S/5M Calibration
45/3M, 4S5/5M 45/5M Calibration
38/3M, 55/5M 5S/5M Calibration
6S/3M, 3S/6M 3S/6M Calibration
55/3M, 4S/6M 45/8M Calibration
4S/3M, 55/6M 58/6M Calibration
7S/3M, 3S/7TM 3S/7M Calibration
6S/3M, 45/7M ' 4S/7M Calibration
8S8/3M, 58/7M 5S/TM Calibration
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28 8S513M, 3S/8M 3S/8M Calibration 7S/3M, 4S/8M f 4S/SM Calibration
65/3M, 55/8M 5SI8M.Calibration 98/3M, 35/9M 3S/9M Calibration
8S13M, 48/9M 45/9M Calibration 7S/3M, 5S/9M 5S/9M Calibration
105/3M, 3S/10M 3S/10M Calibration 9S/3M, 4S/1 OM 4S/10M Calibration
8S/3M, 5S/10M 5S/10M Calibration 11S/3M, 3S/11M 3S/11M Calibration
| OS/3M, 45/11 M 4S/1 | M Calibration 9S/3M, 5S/11M 55/11 M
Calibration 12S/3M, 3S/12M 3S/12M Calibration 115/3M 4511 2M

43/12M Calibgaiion 38BisM, :
35713M St3M-4SEERE CANMPAURH
{TST3M, Sbllggygm:gs,@m Catitration-{14543M-— LA TaPLoHaD
Calibration 1g5; N AMAS/14M Ca!ibraticrr:"3 ,Q\ﬁllhfé?‘%l\n
$STIAM L,au[gg;gm '4‘379!@# The-abevetable-demor o g @ﬁt,lﬂﬁ data
sequence l"‘/SYW B sigfes-space leRgths-up-to
1Tk 'e”UL“?(}S‘B‘M S?']bM'uu"'*’ 14T. In other \A/ﬁﬁ‘ﬁMﬁ@%ﬁW&bb
ter than 5T havwe e Mifedlitsatintark
4 llod i 45/10M Calibration
' 5 55/10M Calibration
11S/3M, 3S/11M 35/11M Calibration
10S/3M, 45/11M 4S/11M Calibration
8S/3M, 55/11M 55/11M Calibration
128/3M, 358/12M 35/12M Calibration
11S/3M, 4S/12M 45/12M Calibration
10S/3M, 58/12M 58/12M Calibration
13S/3M, 35/13M 3S8/13M Calibration
128/3M, 43/13M 45/13M Calibration
11S/3M, 55/13M 5S/13M Calibration
1Y4S/3M, 3S/14M 35/14M Calibration
138/3M, 45/14M 4S/14M Calibration
125/3M, 55/14M 55/14M Calibration

[0078] The above table demonstrates a main data sequence 134 that
includes space lengths up to and including 5T and mark lengths up to and
including 14T. In other words, the above table assumes that space lengths
greater than 5T have no effect on mark formation, However, those skilled in the
art can appreciate that the main data sequence 134 may include larger space
lengths, such as 6T, 77,..., and/or 14T. Further, the main data sequence 134
may include patterns representative of traifling space lengths (i.e. patterns
representative of spaces following marks). In the present implementation, the
main data sequence 134 is arranged to be substantially DC free to allow the use

of AC coupling to remove channel offsets. As a result, processing of the read-
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art can appreciate that the main data sequence 134 may include larger
space lengths, such as 6T, 7T,..,, and/or 14T. Further,'the main data
sequence 134 may include patterns representative of trailing space
lengths (i.e. patterns representative of spaces following marks). In the
present implementation, the main data sequence 134 is arranged to be
substantially DC free to allow the use of AC coupling to remove channel
offsets. As a result, processing of the read- 29 back data is simplified, In
ahettredatapite siemiation, a0 MNGIRE | iRgGircHit ' 4 d as
described in U.S. Patent Applicatiqé%%fé%{ggééﬁ;% @%C'gcﬁ glgEBQ circutt
20, %‘M%ﬁﬁ’e@éb&ﬁﬁﬁd@qﬁdmtﬁﬁahywtefﬁdnmg&:éﬁi&s ﬁ@.ﬂ&;ﬁ)&s{@@@&@@ 8n
mai ta sequence 134 may include a redundant pattern for DC
b%gﬁéi%‘s WEUGh iR breehy birerasried he efdreniminpatietiasy.

configuggﬁl Q%all th'%gimé*l?? loop to lock in on a DC offset signal. For
example, t&h redundant patter fcilteramy dretyrgiagesiupdanspattem

h f ignal can then be eliminated. [0081] As
ngcgt?e?%n FIG %—%Q%Rg%rl{g Iﬁoe,&f?e%r%‘(ﬁgtﬁg%% lo @;fé%“ﬂ%(ﬁsﬁﬁ?m is
cclyeguritite W WalNGA 853 ISR IR s Saliacalon rosess, the

timing loop preferably locks on to a transition edge having'the IE35Example,

aiiied widamceattantymiay tirelpdesentanepiamreniatioandhe dnifaly selariss
transition edge is the leading edge of the 3T mark, and the timing loop
%B?S"t@sf‘gd%%ﬁ“téaﬂh@%ééiﬁ@édg@@f the 3T mark during read-back

of the preamble. As such, the timing loop should complete the
timing ?@c@ ior t So%%‘iﬂﬂ?& fﬁeﬁ@ﬁc $ndrianti380 [ timing themgatk on to

A A AL Sl b
184 tientrgilsw roition Rerlian &f y‘(?aﬁlitm?gésgg%%\%ﬁg the least amount of
uncertainty. in the present implementation, the initially selected transition edge is
the leading edge of the 3T mark, and the timing loop attempts to lock on to the
leading edge of the 3T mark during read-back of the 3S/3M preamble. As such,
the timing loop should complete the timing lock prior to detecting the sync mark
138.

[0082]  As the digital channel 124 of the write strategy analysis module
120 starts to process the 4S/3M and 5S5/3M data during read-back of the main
data sequence 134, a trailing transition location of the 3T marks can be
measured for different spacing histories. For example, the trailing edge of a 3T
mark preceding a 4T space can be measured according to an analysis of the
3S/3M, 48/3M pattern. Similarly, the trailing edge of a 3T mark preceding a 5T

space can be measured according to an analysis of the 35/3M, 55/3M pattern,
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measured for different spacing histories. For example, the trailing edge of
a 3T mark preceding a 4T space can be measured according to an
analysis of the 3S13M, 4S/3M pattern, Similarly, the trailing edge of a 3T
mark preceding a 5T space can be measured according to an analysis of
the 3S/3M, 53/3M pattern. 30 After these initial measurements, the timing
loop can be locked to the trailing edge of any 3T mark in the main data
seqguence, and the trailing transition edges of the remainder of the data

paiftsnihean hilistensasarkridiesnatiy alvitgedipingnloRP SaR eI trailing
locked to the leading edges of the 3T marks throughout the entire

reSPEB LRy Sererk iniibe wekedate empiensedgrs witheifnh makE @iges
IO\(/)\%etRed bandwidth, The write strategy table is updated according to the
measur ?Hlﬁ%\g%{ﬁﬁ Hﬁaﬁ&%%%#%mspmhﬁsmam.immmmm timing

S (0 n.anpther implementation, the optical media
F?%@%%ﬁdéﬁﬂi“é e S e e Vi et e
explil® @M f iming of the wrjte laser for a
parti::ular pg?ﬂtﬁpr(\ugar?t‘? ?g\%griﬁﬁgﬁ?lgéﬂgc} eraeégﬁl? i& ié’\tga‘? Fgrmarks at a

ekamepde, tnopiital MEHER PR¥DCkidSYicEHRY i@%é‘é’é&?téﬁ%‘?&}‘[ﬁé‘?{]@ nt?‘:e

timing of the write laser for the 3S/3M pattern of the preamble pa

1SEAPHIRISINErATS!, ualyeedearied parkinging:NIGEESRARL M AU SBquence
m J',mum contrast (l.e. peak to peak measurement) and/or a optimum
dfi{/< ctycle (e.g. 50% duty cycle) can be determined. [0084] Referring now

to FIG.%Et)he reserﬁinyention can be implemented in a high definition
televisidn (HD TV 455 e TPRRTIRAT s optiasiskprtia plovkasitpvice 50

e S R AL o o

AB3el} g iaseihiny ItAR ay iBwement Eé}q/&ﬁgepia 8!%%?1 It%dpigr{lpﬁlar
desired result is achieved. For example, the optical media playback device 50
may adjust the power and timing of the write laser for the 35/3M pattem of the
preamble pattern 132. In this manner, power levels and timing necessary to
achieve a maximum contrast (i.e. peak to peak measurement) and/or a optimum
duty cycle (e.g. 50% duty cycle) can be determined.

[0084] Referring now to FIG. 11A, the present invention can be
implemented in a high definition television (HDTV) 420 that includes either or
both signal processing and/or control circuits, which are generally identified at
422, a WLAN interface, mass data storage of the HDTV 420 and/or a power
supply 423. The present invention may implement and/or be implemented in the
mass data storage 427. The HDTV 420 receives HDTV input signals in sither a

wired or wireless format and generates HDTV output signals for a display 426. In
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mass data storage 427. The HDTV 420 receives HDTV input signals in
either a wired or wireless format and generates HDTV output signals for a
display 426. In 31 some Implementations, signal processing circuit and/or
control circuit 422 and/or other circuits (not shown) of the HDTV 420 may
process data, perform coding and/or encryption, perform calculations,
format data and/or perform any other type of HDTV processing that may
be required. [0085] The HDTV 420 may communicate with mass data

StoreeAAriosiors it AN AL RIS SRS OISR o

storage devices, The HDTV 420 may be connected to mem

a@RAMrROMrolsraen pf s iEeare MY SuEbRsHashy) "¥oding
andgné&other sujtable electronic data storage. The HDTV 420 also may

siPfictt EBRNEERBnSeETE veicativis, afttthANIane tartoinierBRs 439 other
Q086 R,_efgalr\r}n now to FIG. 1B, a vehicle 430 includes a vehicle control
system and a B%%gﬁséﬂ%mt@%‘( Wéeﬁfé@é*nt invention may implement

and/or bggs Ien‘ﬁ{gt i s data storage of the vehicle control
systemt.? Vehﬁi)cle contro sysgemE i TR BIcakR Witk e st Styeum#27

ABRtIstdresCente SniBPMEAVERMO RGN Sensors sych as temperature
Sensors, pressure sensors, rotationa s%{rflacsljofa‘ss, é’ﬁﬁ‘é%\’l/ WO Saviarse ahye

ol ¥ A8sbteasehs armmatbonshabaRP RIS 0T S FIRIE RESRELGONLeL

signals such as engine operating parameters, transmission opérating

pAPAMAEIHR MetRey Susbrasofiesti raignaly. 46067 ol BRSS! MNRRNAD data
%@/ also ﬁg‘e E&Lﬁr{nented in other control systems 440 of the vehicle 430.
e

& control Sydtehy 446 3% e fHBRO sonrectiommisit GriMDANNSS BSTLAN

A/ (Maggntrol signals to one or more output devices 444. In
some implementations, the control system 440 may be

[0086] Referring now to FIG, 11B, a vehicle 430 includes a vehicle
control system and a power supply 433. The present invention may implement
and/or be implemented in mass data storage of the vehicle control system.
Vehicle control system implements a powertrain control system 432 that receives
inputs from one or more sensors such as temperature sensors, pressure
sensors, rotational sensors, airflow sensors and/or any other suitable sensors
and/or that generates one or mare output control signals such as engine
operating parameters, transmission operating parameters, and/or other control
signals.

[0087]  The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more

output devices 444, In some implementations, the controi system 440 may be
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32 part of an anti-lock braking system (ABS), a navigation system, a
telematics system, a vehicle telematics system, a lane departure system,
an adaptive cruise control system, and/or a vehicle entertainment system
such as a stereo, DVD, compact disc and the like. Still other
implementations are contemplated. [0088] The powertrain control system
432 may communicate with mass data storage 446 that stores data in a
nonvolatile manner. The mass data storage 446 may include optical
apdforagnaticistara vi hard..dj rives HDD and/or
DVDs. The powertrain%ﬁ?roﬁiﬁg&hﬁ% r%aq;/ag!ea gé%én%/&%@ toarr?gr%rgﬂ}ics

48ystaIDhaaseRINM RO do vy tten) ey Iane Rt SRRM, SHERasHA uise

memor?/ and/or other suitable electronic data storage. The powertrain
cOPfErsstiam 48ndis @ velyaie sptetismmerttinmtoniteRMEsAN $iRed, DVD,
V\éIEAN n?g\/ork i t&rja.ce 448. The control system 440 may also include
MAcY HatA StErELBe i st atespimplemanaitasace altenpiziedn).
[0089] ing 16, 11C, the present invention can be _
implemgﬁg in aﬁﬁé\(ﬁ% E;%é’h8°E§8ﬁﬁ%%??ﬁ%§?rﬁdnﬂéa%m§awhmaass
A%dta Bherplluas pheneidrl igggq S.ei th signal processin
and/or control circuits, which are ggnge}e{.{%&?é}érﬂ%ién 59{13'52,&9\/@ data

iiterkgse 44fassylaalusio e HecrehdgaRons 450 Anriat TN par
su_%gly 453. The present invention may implement and/or be implemente
1P Aiiyes dHPsandige BV cBiielmopleotraird SOnimISeM@eM 432 may be
implementations, the cellular phone 450 includes a microphone 456, an
a%cﬂB%’ﬁ?éJPcf@%"é%h"&Z SUePeanBAMREIMUIGN btapay fackomtiisplemory
(o] input device 462 such as a keypad, pointing device, voice
ﬁ%@ggél gn o?%%wgﬁngﬂ?é}aé\ﬁ I TRUEN R aflsiinicisigtanaremeentrdihe

Foslcruih 4331 UMM UR A LB IRG RS MR EUATR RS

WLAN network interface 448. The control system 440 may also include mass
data storage, memory and/or a WLAN interface (all not shown).

[0089] Referring now to FIG. 11C, the present invention can be
implemented in a cellular phone 450 that may include a csliular antenna 451.
The cellular phone 450 includes either or both signal processing and/or control
circuits, which are generally identified at 452, a WLAN interface, mass data
storage of the cellular phone 450 and/or a power supply 453. The present
invention may implement and/or be implemented in the mass data storage of the
cellular phone 450. In some implementations, the cellular phone 450 includes a
microphone 456, an audio output 458 such as a speaker and/or audio output

jack, a display 460 and/or an input device 462 such as a keypad, pointing device

voice actuation and/or other input device. The signal processing and/or control
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process data, perform coding and/or encryption, perform calculations,
format data and/or perform other cellular phone functions. [0090] The
cellular phone 450 may communicate with mass data storage 464 that
stores data in a nonvolatile manner such as optical and/or magnetic
storage devices for example hard disk drives HDD and/or DVDs. The
cellular phone 450 may be connected to memory 466 such as RAM,
ROM, low latency nonvolatile memory such as flash memory and/or other

Suitadles elmtm%xda’éﬁe‘it‘éf@gﬁs\;\gﬂ& C&k%gﬁ?%% i%ﬂu?ﬂ'g%%sﬁ%%y

connections with a WLAN via a WLAN netw interface

Refersng dete, (@&l thditie aiesenéioHABAN SaHdRR MIRAIIRAEddRnat

a set top box 480. The set top box 480 includes either or both signal

proRiaRMP aPerE e agholatnhehicfuactiogenerally identified at 484, a
ass data storage of the set top box 480 and/or a power

WLAN ii@g ce,

supply 483 The pr&sSRtHRieRbBREnASPinmR¥nseMmameitsth aithp e tizda

in d e of the set top boy 480. The set top box 480
o 8 SR R SRRl s S asawsatpangir

receives signals from a source suc

stmadastiandiagbighAalng iolvidea.signals suitgble for a display
48B such as a tbelevision ggﬁ%ﬂﬁnit%ﬁ%}ﬁ%ﬁéﬁ Vi e8“§r{%r/ iJ he

oagiutadeions. AB0ensigrisd mgea@ag@ﬁ%b&%%&%@%ﬁgﬁ&(ﬂ%w

other circuits (not shown) of the set top box 480 may process data,

pEHRIRY coemvglalie/onemoryptionh pesfofiashaleetationsadarmabidaiasyitable
an%/orgaerform any other set top box function. 34 [0092] The set top box
48 HRYE SRR SiReade- wiRentalyleaphensr46e a9 et stppstdaimistions

e YR BEBECTs 6 A5 nard ok drives. DD,
and/or ipadeer ThReieRHp B R0 FaY B SOMRECRd g memory 494 such
implemented in a set top box 480, The set top box 480 includes either or both
signal processing andfor control circuits, which are generaﬂy identified at 484, a
WLAN interface, mass data storage of the set top box 480 and/or a power supply
483. The present invention may implement and/or be implemented in the mass
data storage of the set top box 480. The set top box 480 receives signals from a
source such as a broadband source and outputs standard and/or high definition
audio/video signals suitable for a display 488 such as a television and/or monitor
and/or other video and/or audio output devices. ‘The signal processing and/or
control circuits 484 and/or other circuits (not shown) of the set top box 480 may

process data, perform coding and/or encryption, perform calculations, format

data and/or perform any other set top box function.
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as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The set top box 480 also
may support connections with a WLAN via a WLAN network interface
496. [0093] Referring now to FIG. 11E, the present invention can be
implemented in a media player 500. The media player 500 includes either
or both signal processing and/or control circuits, which are generally
identified at 504, a WLAN interface, mass data storage of the media

player SWJQEPVOr‘@uepM%pSHBP|¥8601§[1ﬁg}&Slﬂﬁﬁ?ét@\ﬁ&g%%ﬁ%%g@fgge

implement and/or be implemented in mass data stor

plagerib@Gitdnesotataimplemeviainn fmdRRermatia playeaR0dne e?q'may
display 507 and/or a user Input 508 such as a keypad, touchpad and the

likigchitgonmtiaah marden rmeonetitheonemialpisr fHOsxmaperMleY dsk drives
grg |E]j'cal ser Interface (GUI) that typically employs menus, drop down
» s?fl:cgﬂg%waﬁ)rg‘ﬁ(ﬂﬁ‘t-‘ﬁﬁ@@ﬁéﬁmYd&Qﬂaﬁe@eﬂstplmeﬁ(beamd/@och

user i t%TThe edia player 500 further includes an audio output 509
31%1 %Mé spe'aké?vé?\%t OI}CEJ&BV ?ﬁ@ﬁt FRaRTY RvdiyAs et sremeyy and/or

anyiiar JeLits K0 hercircuits. (nof shown) of the media
player F?ggyrtnggygg%@sés @%%%%?%m 1:%% i?leg;t 5&1%;6?’% i eR BHRonMa¥rRYRROT

cantainoss IRMaVAAR 8HOR(PEERY AR AGE Plaver ncion.

35 [0094] The media player 500 may communicate with mass data

storage [9083hat Reimsidatasucl asiGoMAEssRs AelieANYANIE%an be
contentin a nonvolatile manner. In some implementations, the
cHMpRIeRadh D Mmediainivee 308s thae anedismiaientavthndBadounar or

O%SE er, sui}able comr&r)essed audio and/or video formats. The mass data

storag_g‘%‘gy PRSaR ﬁlgg{ogng%ﬁrohggﬁﬁ@ﬁc\gmagﬁejéﬁmﬁbri@dlﬁqzﬂeat
T R DY e T BT TH8S o«
power supply 503. The present invention may implement and/or be implemented
in the mass data storage of the media player 500. In some implementaﬁéns, the
media player 500 includes a display 507 and/or a user input 508 such as a
keypad, touchpad and the like. In some implementations, the media player 500
may employ a graphical user interface (GUI) that typically empioys menus, drop
down fnenus, icons and/or a point-and-click interface via the display 507 and/or
user input 508. The media player 500 further includes an audio output 509 such
as a speaker and/or audio output jack. The signal processing and/or control
circuits 504 and/or other circuits (not shown) of the media player 500 may
process data, perform coding and/or encryption, perform calculations, format

data and/or perform any other media player function.
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latency nonvolatile memory such as flash memory and/or other suitable
electronic data storage. The media player 500 also may support
connections with a WIAN via a WLAN network interface 516. Still other
implementations in addition to those described above are contemplated.
[0095] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be
implemented in a variety of forms. Therefore, while this invention has

ccope o he tvernion LR AAChesCh et L BFRP i et

scope of the invention shoul

wilitbexganse paaatietddhe siiied PERGIHLIARSS Hrﬂn%ﬂ ggﬁ{}é%%%?ggnt in a

drawings, the specification and the following clai
Clapneelatiia. witenstratdgy scatibratipierayatetore] aRopHAMAEHIR audio files
playback device, comprising: 5 memory for storing a write strategy table;
a UGS AiBRithetsse Geninats Wit ME Sitaralab anritther tsaitio patigasted
a ical stora dium according to calibration data stored in the write
str:aaet'g%y%%% é;va?ff%"n;fe?m?ésstr hsgpaisatiadns sinsaeterteut nstsloawticrb add/or
sigﬁ@égggécggy _gfd(]‘,\%@se inj attern written to the optical storage
medium, that digtermines Jgf‘a@ogﬁéé?sthgégsglfaﬁHTH%%EQPS@%?,’ degﬂﬂai"he
adjustm thieyerlbuationyIstaBARREAG IR 8GR & ‘é% Wi
strategy calibration system of Claim 1 where?gﬁ?g%rg%%ﬁgasl (thtgﬁm low
intdirtey anpreafatie padtacryarsdd mainEak $REMERCEARAGP other suitable
electronic data storage. The media player 500 aiso may support connections
with @ WLAN via a WLAN network interface 516. Still other implementations in
addition to those described above are contemplated.

[0095] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention

should not be so limited since other modifications will become apparent to the

skilled practitioner upon a study of the drawings, the specification and the

following claims.
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20

comprising mark and space patterns indicative of binary data. 3. The write
strategy calibration system of Claim 2 wherein the training pattern
includes a sync mark that is indicative of an end of the preamble pattern
20 and a beginning of the main data sequence. 37 LLOYD wisf: 4. The
write strategy calibration system of Claim 2 wherein the main data.
sequence includes mark and space patterns representative of all possible
combinations of mark and space lengths. 5. The write strategy calibration
sy t8H1'3f Claim 2 wherein the training pattern fitrther includes a
reference pattern interspersed in at least one of the training pattern and
the main data sequence, 6. The write strategy calibration system of Claim
5 further isi Tga]] tains a timing lock pn the ﬂ
raining e S e Ry A B R d e eesievie.
re&f@mipggtem. 7. The write strategy calibration system of Claim 6

whereln the timing module obtains the timing lock on a first transition

edge. of mlmefgrﬁmquam@egmﬁ}te@%wggp@g@tpgy calibration system of
Claim 7 wherein the first transition edge Is one of a leading transition

edge and adraibngrdoitioatepge chdiearaiaesempadaiitd ath8idDattern
strategy calibration system of Claim 5 wherein a mark and space pattern
foktnayabiécplstorite pattdinmsecpivaignt tativeatderdacegiaiterin H write
The write strategy calibration system of Claim | wherein the write strategy
arfdipiegrisalaeandds transition edges from the training pattern. 38

LLOYD WISE 1 1. The write strategy calibration system of Claim 6

wherein e eHateeY thealvgie module that receives a read signal indicative of

the training pattern written to the optical storage medium, that determines data

LLOYD WISE

offsets based on the read signal, and that adjusts the calibration data according

to the data offsets.

2. The write strategy calibration system of Claim 1 wherein the training
pattern includes a preamble pattern and a main data sequence, each

comprising mark and space patterns indicative of binary data.
3. The write strategy calibration system of Claim 2 wherein the training

pattern includes a sync mark that is indicative of an end of the preamble pattern

and a beginning of the main data sequence.
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strategy analysis module and the timing module selectively adjusts the
timing lock, 12. The write strategy calibration system of Claim 6 wherein LLOYD WisE
the write strategy analysis module includes the timing module. 13. An
optical media playback device comprising the write strategy calibration
system of Claim 1. 14. The optical media playback device of Claim 13
wherein the optical media playback device is at least one of a compact
disc (CD) recordable drive, a CD rewritable drive, a digital versatile disc
(DVD) #ecordalsievdtives;ae DBl itewiitabletcnive, (aBi 0-reye BY Brélriviey; and sequence
an HD DVD drive. 15. The write strategy calibration system of Claim 1
HRBHSHIIRE AR ansrarags TaBRTIFIIdES oaibreseihldaemidrdivowpoptikand space
}sletgr ge medium types, 16. The write strategy calibration system of Claim
efein the optical media playback device rewrites the training pattern

after adjusting the calibration data in the write strategy table. 39 LLOYD
WISE 17, The write strategy calibration system of Claim 1 wherein the
write sprategyriableiis siored niakeaakonenbyeiaiilemameny @Rt sining pattern
non-volatile memory. 18. The write strategy calibration system of Claim’l
fnrbreindindesvrite fsteate gyitahl ntissipaplenentaddnofisnvacerefine gpticabnd the
media playback device. 19. The write strategy calibration system of Claim.
Pahétdipetieniite strategy analysis module communicates with firmware
of the optical media playback device to adjust the calibration data. 20.
The write strategy calibration system of Claim 2 wherein the training

attern includes the main data.sequence comprising mark and space
gombi%ation?}é%%lr? irsléa{%g%ceﬁ%ﬁo%r%sfﬁﬁé) 1p Clain?s it comprising a timing

module that obtains a timing lock on the training pattern according to at least one of the

preamble pattern and the reference pattern.

7. The write strategy calibration system of Claim 6 wherein the timing module

obtains the timing lock on a first transition edge of the reference pattern.

8. The write strategy calibration system of Claim 7 wherein the first transition edge

is one of a leading transition edge and a trailing transition edge of the reference pattern.

9. The write strategy calibration system of Claim 5 wherein a mark and space

pattern forming the preamble pattern is equivalent to the reference pattern.

10.  The write strategy calibration system of Claim | wherein the write strategy

analysis module reads transition edges from the training pattern.
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Pattern Purpose 3S/3M, 4S/3M 4S/3M Calibration 3S/3M, 3S/4M 3S/4AM

Calibration 3S/3M, 5S/3M 5S/3M Calibration 3S/4M, 3S/4M | Redundant | [.0yD WISE
Pattern for DC Balancing 3S/3M, 4S/4M 4S/4M Calibration 3S/4M, 5S/4M

5S/4M Calibration SS/3M, 3S/5M 3S/5M Calibration 4S/3M, 4S/5M

4S/5M Calibration 3S/3M, 5S/5M 5S/5M Calibration 66/3M, 3S/6M

3S/6M Calibration SS/3M, 4S/6M i 4S/6M Calibration __~! 4S/3M, 5S/6M

SS/6M Calibration 7S/3M, 3S/7M 3S/7M Calibration 63/3M, 4S/7M 4S/7M

Calibration SS/3M, SS%7M 5SI7M Calibration 8S/3M, 3S/8M F 3S/SM

Calibration /S/3M, 4S/SM ~~ 1 4S/8M Calibration , 40 LLOYD \ JbE

6S/3M,1SS! SV 55{8M Sralibeation ol $/3Mn 35EAN: 3/OM CAlIRrAton. of he write
SS/3M, 4S/9M 4S/9M Calibration 7S/3M, 5S!9M 55/9NI Calibration

sTOBLMP8BAOM GBS/ QM ICalibirationd 983 M: 4SO 4%/ RN Galibsation

12. The write strategy calibration system of Claim 6 wherein the write strategy

analysis module includes the timing module,

13. An optical media playback device comprising the write strategy calibration

systemn of Claim 1.

14, The optical media playback device of Claim 13 wherein the optical media
playback device is at least one of a compact dise (CD) recordable drive, a CD rewritable drive, a
digital versatile disc (DVD) recordable drive, a DVD rewritable drive, a Blu-ray DVD drive, and

an HD DVD drive.

5. The write strategy calibration system of Claim 1 wherein the write strategy table

includes calibration data for known optical storage medium types.
16, The write strategy calibration system of Claim 1 wherein the optical media

playback device rewrites the training pattern after adjusting the calibration data in the write

strategy table.
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85/3 M, 5 S/1 ONi 5S/'- OM Calibration 115/3M, 35/i IM 3S/I IM
Calibration 10S/3M, 46"/1 IM 4S/1 IM Calibration 9S/3M, 55/IIM -
55/11M Calibration ~- 125/3M, 3S/12M - N_ 3S/ 12M Calibration 1 1S/3M,
4S/12M 4S/12M Calibration 10S/3M, 5S/12M 5S/12M Calibration
13S/3M, 3S/13M 3S/13M Calibration ----- 12S/3M, 4S/13M 4S/13M
Calibration 1 I1S/3M, 5S/13M 5S/EM Calibration 145/3M, 3S/14M 3S/14M
Calibration 13S/3M, 4S/14M 4S/14M Calibration 12S/3M, 55/14M
5S/14M Calibration wherein a mark and space .combjnation, of XxS/yM

includgz a sp?é%e“ﬂaevsir%{%gi/e%é%aé QS‘%E}%&%EQ% a{v?%%eraeleﬁh tﬁxbﬁeffrﬁtegy table

iand yAretagers. andthedralniag, natien Suthat inglides the redundant
pattern for DC balancing. 41

LLOYD WISE

18, The write strategy calibration system of Claim 1 wherein the write strategy table

is implemented in firmware of the optical media playback device.

19. The write strategy calibration system of Claim | wherein the write strategy
analysis module communicates with firmware of the optical media playback device to adjust the

calibration data.

20.  The write strategy calibration system of Claim 2 wherein the training pattern

includes the main data sequence comprising mark and space combinations according to the

following table:

Pattem

Purpose
35/3M, 4S/3M 4S/3M Calibration
38/3M, 38/4M 35/4M Calibration
35/3M, 58/3M 58/3M Calibration

38/4M, 38/4M

Redundant Pattern for DC Balancing

35/3M, 45/4M

45/4M Calibration

38/4M, 58/4M 5S/4M Calibration
38/3M, 38/5M 3S/5M Calibration
4S/3M, 4S/5M 4S/5M Calibration
38/3M, 58/5M 58/5M Calibration
6S/3M, 3S/6M 3S/6M Calibration
58/3M, 45/6M 45/6M Calibration
48/3M, 58/6M 5S5/6M Calibration
78/3M, 38/7M 38/7M Calibration
6S/3M, 4S/7M 4S/7M Calibration
58/3M, 58/7M S8/ Calibration
8S/3M, 35/8M 3S/8M Calibration

78/3M, 48/8M

4S/8M Calibration
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685/3M, 55/8M 55/8M Calibration

8S/3M, 38/9M 38/9M Calibration

8S/3M, 45/9M 4S/9M Calibration

7S/3M, 55/9M 58/9M Calibration
108/3M, 38/10M 3S/10M Calibration
98/3M, 4S/10M 48/10M Calibration
8S/3M, 58/10M '58/10M Calibration
118/3M, 38/11M 3S/11M Calibration
10S/3M, 48/1 1M 48/1 1M Calibration
95/3M, 58/11M 58/11M Calibration
128/3M, 38/12M 3S8/12M Calibration
118/3M, 45/12M 48/12M Calibration
108/3M, 58/12M 58/12M Calibration
138/3M, 38/13M 38/13M Calibration
128/3M, 45/13M 45/13M Calibration
L18/3M, 58/13M 55/13M Calibration
148/3M, 38/14M 38/14M Calibration
138/3M, 48/14M 45/14M Calibration
128/3M, 58/14M 58/14M Calibration

wherein a mark and space combination of xS/yM includes a space having a length of x

and a mark having a length of y, x and y are integers, and the training pattern further includes the

redundant pattern for DC balancing,
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