1 CALIBRATING FINE ACTUATOR USING A REFERENCE PATTERN RELATED APPLICATIONS
5 This patent application is a continuation-in-part of U.S. Patent Application serial no. 10/347,074,
which was filed on January 17, 2003, and titled "Radial Position Registration For A Trackless Optical
Disc Surface”, and which is hereby incorporated b); reference. 10 BACKGROUND An optical disc,
such as a compact disc (CD), is an electronic data storage medium that can be written to and read
using a low-powered laser beam. A CD is typically used for electronically recording, storing, and
playing back audi@Alid 8RAdXN G id EheCihtkmatiod SHNGok &R EGIRENCIGI AT RN atile disc (DVD)
is another more recent type of optical disc that is generally used for storing and playing back movies
because of its ability to store much more data in the same space as a CD. CDs were initially a
read-only storaggmediyp Kisbsierss digjtal data as a pattern of bumps and flat areas impressed into
a piece of clear polycarbonate plastic through a complex manufacturing process. Thus, the
average cortsumer oft@iicwpaedra nepplbeatiohC3'sdhabhiiaubibth-tepasd ofatd) @&.gPatefitw songs they
enjoyed on a CD) and undesired datgé/e. ., the remaining songs on the CD that they disliked).
However, averad®RbrineRishAh B%?@Yéﬁr Wivish e Bhegw%ri‘r SR BRI B Blayers capable

of burning digital. B GO RS, - le di - -rewrijtable discs).
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which is hereby incorporated by reference.

10 BACKGROUND

An optica disc, such as a compact disc (CD), is an electronic data
storage medium that can be written to and read using a low-powered laser
beam. A CD istypically used for electronically recording, storing, and playing
back audio, video, text, and other information in digital form. A digita

15 versdtile disc (DVD) is another more recent type of optica disc that is
generdly used for storing and playing back movies because of its ability to
store much more datain the same space asa CD.

CDswere initially aread-only storage medium that stored digital dataas
a pattern of bumps and flat areas impressed into a piece of clear polycarbonate

20 plastic through acomplex manufacturing process. Thus, the average consumer
often owned a number of CD’s that had both desired data (e.g., a few songs
they enjoyed on aCD) and undesired data (e.g., the remaining songs on the CD
that they disliked). However, average consumers can now put their own data
on their own CDs with CD players capable of burning digital datainto CD-Rs

25 (CD-recordable discs) and CD-RWs (CD-rewritable discs).
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convenient ways to identify the data on such CDs has increased. Methods for labeling the non-data
side of optical discs (e.g., CDs, DVDs) with text and images, for example, have continued to develop.
Basic methods for labeling a 5 disc include physically writing on the non-data side with a permanent
marker (e.g., a Sharpie marker) or printing out a p&per sticker label and sticking it onto the non-data

side of the disc. Other RhysisR! BRIGASHEeHRGRE8VBIPREMIRT dRleDentddoRda Canventional CD
players include ink jet, thermal wax transfer, and thermal dye transfer methods. Still other methods

use the laser in tonxervevantyhial denbisybe thtimarksachpebiapgirepensad. ClM gbodgtar Such methods
apply equally to Iabeﬂl)irngg CDs and DVDs. A label imakgﬁ can be rendered on the label surface (i.e., the

non-data_side, P61 GBS PR8I E IPAECBY G afioht) e 1dbRPs YRR With 495589 eam along
concentric circlegaroung,the disge E%(/é’@ﬁﬂtm[@@t&B@@%IBFl%SQEﬂ%fHoﬂE%@%QW@%' density are

marked by the laser according to the marking data for that circle. One difficulty in rendering a label
image on thé nalisdatal adtephyesi chilyelvstitigas) tfeamonjistabdis ovistdgidimeneeat enackenarkings such
as pre-engraved tracks on the non-data side from which radial positionirég&can be determined. One

method for detefifhifgehaERie B@é‘fﬁ@rﬂﬁ@rdﬂiﬂ%%ﬁ Q@)ﬁa?écgﬂé%?{‘ iE!ﬁiQﬂéqu_%e_ use of a
positon Regist i iR S ot g et DS A e SRRt T
radial positioningmpeantetegianirad tonteatendplebdpngitesi nthudd) MMAR Y tREO 3ask 3 A reference
pattern on an optical disc is used to calculate the gain of a
transfer, and therma dye transfer methods. Still other methods use the laser in
10 a conventional CD player to mark a specialy prepared CD surface. Such
methods apply equally to labeling CDs and DVDs.
A label image can be rendered on the label surface (i.e., the non-data
side, or top side) of an opticd disc by marking the label surface with a laser
beam along concentric circles around the disc. For each circle, spots of
15 constant size and optical density are marked by the laser according to the
marking data for that circle. One difficulty in rendering a label image on the
non-dataside (i.e., label surface) of an optical disc isthat there are no markings
such as pre-engraved tracks on the non-data side from which radia positioning
can be determined. One method for determining radia positioning on the non-
20 data side of an optical disc is the use of a reference pattern on the non-data
side. This method is discussed in the related application, “Radia Position
Registration For A Trackless Optical Disc Surface”, noted above. Still more

accuracy in radial positioning may be required for higher label densities.

25 SUMMARY
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fine actuator. 5 BRIEF DESCRIPTION OF THE DRAWINGS The same reference numbers are used
throughout the drawings to reference like components and features. Fig. | illustrates an exemplary
disc media marking system. Fig. 2 illustrates an exemplary embodiment of a disc drive system as a 10
component of the exemplary disc media marking system of Fig. 1. Fig. 3 illustrates an exemplary
embodiment of 0ptiC&'&@é?&@@ﬁéﬁ%%rﬁ&m%ﬁf&ﬂ'@f&@"@ﬁ&'ﬁh’é%ﬁﬁ&b friggerh Bpgtrates an
exemplary calibration process including different scanning paths across a sawtooth reference pattern
and exemplary réfleaitugpor15 signals. Fig. 5 illustrates and exemplary table of radii data and DAC
count data. Figs. 6 - 8 illustrate exemplary sawtooth patterns and a reflectivity signal responses
generated by an optical pickup unit. Fig. 9 illustrates an exemplary plot of DAC count data, radii data,
and a 20 best fit line calculated using the DAC count data and the radii data. Figs. 10 - 11 are flow
diagrams illustrating exemplary methods for calibrating a fine actuator using a sawtooth pattern.
DETAILED BESERIEF MA$CRIOVEOIEORZDAEIBRAWANDG® following discussion is directed to disc
media marking systems and methods that facilitate optical disc labeling through calibration of a fine

actuator to accurately ¢HRUSTSe BARIRIGR JUERRER GF% HearkihgOrahquiathe drawings to

reference like components and features.

Fig. 1illustrates an exemplary disc media marking system.
Fig. 2 illustrates an exemplary embodiment of a disc drive system as a
10 component of the exemplary disc media marking system of Fig. 1.
Fig. 3illustrates an exemplary embodiment of optical disc media having
an exemplary reflectivity pattern.
Figs. 4 illustrates an exemplary calibration process including different
scanning paths across a sawtooth reference pattern and exemplary reflectivity
15 signals.
Fig. 5illustrates and exemplary table of radii dataand DAC count data.
Figs. 6 - 8 illustrate exemplary sawtooth patterns and a reflectivity
signal responses generated by an optica pickup unit.
Fig. 9 illustrates an exemplary plot of DAC count data, radii data, and a
20  best fit line calculated using the DAC count data and the radii data.
Figs. 10 - 11 are flow diagrams illustrating exemplary methods for

calibrating afine actuator using a sawtooth pattern.

DETAILED DESCRIPTION

25 Overview
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reference pattern (e.g., a sawtooth pattern) on the non-data side (or label side) 5 of an optical data
storage disc enables optical disc devices to calibrate a fine actuator. The fine actuator controls small
radial movements of a focusing lens and marking laser in between larger radial movements provided
by a coarse actuator. The sawtooth pattern has a thear variation with the disc radius that is

measurable and converiBig iR WG &NGPIEW el diarohbs dinarkhgejdrins sther patterns

having linear variation with the disc radius are also contemplated such as triangular patterns (i.e., half
of a sawtooth panettmdsttiet staplvateeopt candiso taneliag bifzpaghofcahidmtinatol is &cieieved by
measuring the pattern, calculating the im&ied radius from the pattern measurement, stepping the

actuator, and reFERRHY % FOEAEY LAl HRaRFE ST e | f8Stretes an
exemplary disc medig,gaasiiaeseierd Qe Rt T i AlRCE: H S EP B UsiRg @ sawtooth

pattern. The exemplary disc media marking system 100 includes a disc media marking device 102
and a 20 digplayofl ewi optidal datzestisgendideacnshi kigpt esliati st (Raasstie tapbeareatide as a
stand-alone appliance device for labeling disc media. Alternatively, the disc media marking device 102

can be integrate8F&&9at 1SS AN IR RFEAb F e nevementsLhAtaBHs BBASPaCt disc (CD)
player that is imgl cﬁ%rtpa%p% ' qla%# - ell]l,] R 25
(CD-recordable isac; an a CD- %t?@%ﬁre %ﬁ%‘%isc@gﬁgﬁ%ﬁ%?%%é%ggces may include,
for example, a stendtalomEnasdindot phayen atit rea0RPEBRNRhPRE dRerebheniRenent in an audio
system, a CD-ROM drive integrated as
measurable and convertible to distance, enabling calibration of the fine
10 actuator. Other patterns having linear variation with the disc radius are also
contemplated such as triangular patterns (i.e., half of a sawtooth pattern), stair
step patterns, and so on. Calibration of the actuator is achieved by measuring
the pattern, cdculating the implied radius from the pattern measurement,
stepping the actuator, and repeating the process.
15

Exemplary System Environment

Fig. 1 illustrates an exemplary disc media marking system 100 suitable
for calibrating a fine actuator using a sawtooth pattern. The exemplary disc
media marking system 100 includes a disc media marking device 102 and a

20 display device 104. The disc media marking device 102 can be implemented
as a stand-aone appliance device for labeling disc media.  Alternatively, the
disc media marking device 102 can be integrated as part of an optical media
player or drive, such as a writable compact disc (CD) player that is
implemented to label an optical disc as well as record data onto a CD-R

25 (CD-recordable disc) and/or a CD-RW (CD-rewritable disc). Such writable

CD devices may include, for example, a stand-alone audio CD player that is a
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standard equipment in a PC (personal computer), a DVD (digital versatile disc) player, and any
number of similar embodiments. Disc media marking device 102 includes one or more processors 106
5 (e.g., any of microprocessors, controllers, and the like) that process various instructions to control
the operation of disc media marking device 102 and communicate with other electronic and computing

devices. Disc medigoHaarkipengsmise 1923006 RGeSO 06 MRS /MYy components,
examples of which include a random access memory (RAM) 108, 10 a disk storage device 110, and

non-volatile mers@gatiZzgei gmenty roa o (prmanabtanpaidrbrayoiviBrid gyt tR@N Ll ¢ 4 Stash memory,
EPROM, EEPROM, et%%@ Disk storage devjce 110 can include any type of magnetic or optical storage
device, such as B A& d B RHINNRS A A PR ¥ Riable and/or rewriteable compact disc

(CD), a DVD, DVD+RW; andldie g HFR0RO1 ob0i RRAGSIEHRGY FRINGBERIS Qe data storage

mechanisms to store various information and/or data such as configuration information for disc media
marking device 1€8,, grapbicali asgractasstase dofiiot et andntie ik thiet tppeeseferfounation and data
related to operational aspects of disc media marking device 102. Alternative imzflementations of disc

media marking dBSECUeS 30 caRiAIEPRIAHER BF FHat SR RAKIRR ARG 4PBA s, and may
includ =< . o illustrated ki o di
include any nu?gg{?r?éﬁ%géla twedm%py&g&%ﬂ&e%;idlg%ﬁﬂ@%pe rajed i |sl\qrﬂedlg'sc media

marking device Irmware component mented as a permanent memory

module stored om&kig lddics With @deriwomppremaed disermedia orankiog deyeeery02, such as a
25 component of a processor 106. Firmware 116 is programmed and distributed with disc media
marking device £OMRENBEEIR BRI dRchisiparaniad aowss swomry (RAM) 108,

10 adisk storage device 110, and non-volatile memory 112 (e.g., any one or more
of aread-only memory (ROM) 114, flash memory, EPROM, EEPROM, etc.).

Disk storage device 110 can include any type of magnetic or optica

storage device, such as a hard disk drive, a magnetic tape, a recordable and/or

rewriteable compact disc (CD), a DVD, DVD+RW, and the like. The one or

15 more memory components provide data storage mechanisms to store various

information and/or data such as configuration information for disc media

marking device 102, graphical user interface information, and any other types

of information and data related to operational aspects of disc media marking

device 102. Alternative implementations of disc media marking device 102

20 can include a range of processing and memory capabilities, and may include
any number of differing memory components than thoseillustrated in Fig. 1.

Disc media marking device 102 includes a firmware component 116

that is implemented as a permanent memory module stored on ROM 114, or

with other components in disc media marking device 102, such as a

25 component of a processor 106. Firmware 116 is programmed and distributed

with disc media marking device 102 to coordinate operations of the hardware
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6 within disc media marking device 102 and contains programming constructs used to perform such
operations. An operating system 118 and one or more application programs can be stored in
non-volatile memory 112 and executed on processar(s) 106 to 5 provide a runtime environment. A
runtime environment facilitates extensibility of disc edia marking device 102 by allowing various

interfaces  to be\gighinee $0Fhetl 4 1araHg WM AROH AP BoPESS ARt OMiEC media

marking device 102. In this example, the application programs include a label design application 120,
an image processietjtapeticanosudi2operatians10 print control application 124. The label design

application 120 generates a label design user interface 126 for djsplay on display device 104 from
which a ser can creata -OREAN NERSEED bLbraNHEnEPo MR HAHED BRHASSAMR optical disc. A

user can specify REOYICTMARS, FAFAIERRY 1936 HPTRaRENAIE Irolagkespurg &15 digital photo,

a graphic or symbol, and/or any combination thereof to create the label image on the user interface
126. The imBge progdssiag appimati@amizhmatesses thartbe irmagmoneate dfagititatbe label design
user interface 126 to produce a data stream of label image data and laser control data to control

rendering the im@ﬁ@@pi&%@éﬁﬁﬁﬁ_m%ﬂ%iﬂg SRR FP NG YRELRHS HEH 38isc media 216
(Figs. 2 & 3). Fqf, gxamRle A CPTHHALSRNE: %ﬂ?&%@é&ﬁ&ﬂ&%‘%&?&fﬁ%wBf%f‘s‘er graphic of

the label image can be converted to concentric circular trac e curved raster is color mapped and

separated into theegrintiagkite)eleoivanmoals |KEMexdatprk thyapphtagenteognshige hempieor grayscale.
This data stream is 25 formatted as laser control data and is augmented with other control commands
a label design application 120, an image processing application 122, and a
10 print control application 124.
The label design application 120 generates alabel design user interface
126 for display on display device 104 from which a user can create a label
image to be rendered on a disc media, such as on an optical disc. A user can
specify, or otherwise drag-and-drop text, a bitmap image for background, a
15 digital photo, a graphic or symbol, and/or any combination thereof to create
the label image on the user interface 126.
The image processing application 122 processes the label image created
with the label design user interface 126 to produce a data stream of label image
data and laser control data to control rendering the image on concentric
20 circular or spira tracks of a disc media, such as disc media 216 (Figs. 2 & 3).
For example, a continuous tone RGB (red, green, and blue) rectangular raster
graphic of the label image can be converted to concentric circular tracks. The
curved raster is color mapped and separated into the printing color channels
KCMY (black, cyan, magenta, and yellow), or grayscale. This data stream is
25 formatted as laser control data and is augmented with other control commands

to control the disc media marking device 102 rendering a label on the disc
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to control the disc media marking device 102 rendering a label on the disc 200313595 7 media 216
(Figs. 2 & 3). A label file is generated that can be communicated to a controller where the label file is
parsed to control a labeling mechanism. Alternatively, the concentric circular tracks may be generated
and streamed to the disc media marking device 102 one track at a time to utilize host 5 processing

with the device'signderiBqmERcoss 3] NA P BROIEQicrRRica oA d3fReisHRingeRa fgdius of the first
track and the subsequent track spacing. After the radius of the first track and the track spacing is

determined, the préantroharoidiendi¢hedabel i leeie paisask tavbicir thie | dheligg dasehanlsgorrespond to
each respective track. The laser 10 mark locations along a particular track are specified in a

coordinate systeMUSHRENEY AT SRLGH AHERGS T RaoreAeoandi &t tRe radial
distance and theglisiagce e AR P IRGRY A FR L PER e ia MAkInG JgRYice 184 includes a disc

drive system 128 that can be implemented to mark on a surface of a disc media (i.e., optical disc), 15
such as to réndeiradesselgmapeherdeviaberandésicy) plctéssg., the non-data side) of optical disc 216
(Figs. 2 & 3). The disc drive system 128 is described in greater detail herein below with reference to

Fig. 2. Disc media ma&h@ﬂ&%ﬁ@%ﬁ@(‘%@é&e@ﬂ@iBﬁﬁ'&é@éﬂﬁﬁﬁmﬁéﬁ%ﬁaﬁ:ﬁerfaqes 130
that can be impleme @%W'}?ﬂ %Qéﬁ@f %thrstﬁg%&r&g/f{?f PRl {paragg RS a wireless
network inter nd a

interface, any type o ace, any other type of communication interface. A wireless
interface enablegaligcsiertig nsaddeehdasicaid Diintaseirel canirlanmitl zoramandaand other

information from an input device, such as from a remote
which label image data will correspond to each respective track. The laser
10 mark locations adong a particular track are specified in a coordinate system
where the concentric circular tracks are defined in coordinates of the radia
distance and the distance aong each respective track.
Disc media marking device 102 includes a disc drive system 128 that
can be implemented to mark on a surface of a disc media (i.e., optica disc),
15 such asto render alabel image on alabel surface 214 (e.g., the non-data side)
of optical disc 216 (Figs. 2 & 3). The disc drive system 128 is described in
greater detail herein below with reference to Fig. 2.
Disc media marking device 102 further includes one or more
communication interfaces 130 that can be implemented as any one or more of
20 aserid and/or parallel interface, as a wireless interface, any type of network
interface, and as any other type of communication interface. A wireless
interface enables disc media marking device 102 to receive control input
commands and other information from an input device, such as from a remote
control device or from another infrared (IR), 802.11, Bluetooth, or similar RF
25 input device. A network interface provides a connection between disc media

marking device 102 and a data communication network which allows other
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control device or from another infrared (IR) 802.11, Bluetooth, or similar RF 25 input device. A
network interface provides a connection between disc media marking device 102 and a data
communication network which allows other 200313595 8 electronic and computing devices coupled to
a common data communication network to send label image data and other information to disc media

marking device @ & Bt ?@E@F&s%&ﬁﬂ@ Y ebPriaHldRORpRUMEANIeS a data
|

communication path directly between disc media marking 5 device 102 and another electronic or
computing deviceetDik hoestizd iahekimgage viga a0 ottey intudaiosdpidisatorsicesrkBR)that can
include a keyboard, pointing device, selectable controls on a user control %ane_l, and/or other

mechanisms to HR¥KERtXhVan ' MRS torm EHEH Yo 2R /he@id/ HhaPRID L 3%, Disc media
marking device H)gvﬂjég inglydes AR ay4riA /p\é{ﬂe& l@@ﬁpg@g&é&ﬂ@t lglgag{q.};%ﬁ(maplay content for

display on display device 104, and generates audio contént for presentation by a preSentation device,
such as onesor rdeviespoakacsafuhatseoroni b eranatiputi igldéevimmcessor 134 can include a display
controller that processes the display content to display corresponding images on display device 104.

A display 15 co_ntr_ollere'ﬁﬁ %@qﬁﬁﬁhmgﬁ’é@e&%&%‘ﬁégcﬂ#%mp%i@%tf_iﬁ%t%ﬁéhmintegrated |
A s T L L L el
(radio frequencypatiek,sRavinenhéinkeparparieo/idepdinkvieerapanentpidearbnkanomtider 20 similar
communication link. Although shown separately, some of the components of disc media
disc media marking device 102. Disc media marking device 102 aso includes
10 an audio / video processor 134 that generates display content for display on
display device 104, and generates audio content for presentation by a
presentation device, such as one or more speakers (not shown). The audio /
video processor 134 can include a display controller that processes the display
content to display corresponding images on display device 104. A display
15 controller can be implemented as a graphics processor, microcontroller,
integrated circuit, and/or similar video processing component to process the
images. Video signals and audio signals can be communicated from disc
media marking device 102 to display device 104 via an RF (radio frequency)
link, Svideo link, composite video link, component video link, or other
20 similar communication link.
Although shown separately, some of the components of disc media
marking device 102 may be implemented in an application specific integrated
circuit (ASIC). Additionally, a system bus (not shown) typically connects the
various components within disc media marking device 102. A system bus can

25 be implemented as one or more of any of several types of bus structures,

including a memory bus or memory controller, a periphera bus, an accelerated
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marking device 102 may be implemented in an application specific integrated circuit (ASIC).
Additionally, a system bus (not shown) typically connects the various components within disc media
marking device 102. A system bus can 25 be implemented as one or more of any of several types of
bus structures, including a memory bus or memor)?controller, a peripheral bus, an accelerated
200313595 9 0rgapiFEsPB ObA PFRPUSIYSIRG YT & Vkiahesf BrhaschitpRiMgRes Furthermore,
disc media marking device 102 may share a system bus with a host processor. 5 Exemplary
Embodiment Figr@riflesnees sl exashapizankiag bledicectibfrite shiare driysteystris W2B ashown in Fig. 1
as a component of the exemlplary disc media marking device 102. The disc drive system 128 has a
laser assembly S982CHTERIdes a sled 202 which supports a laser 204, an optical pickup unit (OPU)
206, a laser 10 focusing lens 208, a fine actuator 209, and lens supports 210. A laser beam 212 is
generated by the laser 204 and focused onto a label surface 214 of optical disc media 216. The laser
beam 212 ckeates lasdixaaiiar hamwdaseand to label image data to render an image of the label on
the optical disc media 216. 15 The disc drive system 128 includes a spindle motor 218, a sled motor

220, and a controller 2_5'9: fl @%ﬂ@&? %ﬁf%‘ﬂ@mﬁ‘y 'E‘@%%I@%@ﬁe@fié@ W%ﬂt%%ﬁqircuit board
employing a co Oﬁf_ﬂigqﬁ%%c%ﬁ%&%n&? tff%s(?ﬁ@&%g%?&e e s t%é\'ﬂ%ed'sc media

marking system ccordingly, controlle udes a processor224 for processing 20
computer/proceggy-cRes dish RS HasanS s o vaHey SeemplEusteiaittiudes a sled

202 which supports a laser 204, an opticd pickup unit (OPU) 206, a laser

10 focusing lens 208, afine actuator 209, and lens supports 210.

A laser beam 212 is generated by the laser 204 and focused onto a label
surface 214 of optical disc media216. The laser beam 212 creates laser marks
that correspond to label image data to render an image of the label on the
optical disc media216.

15 The disc drive system 128 includes a spindle motor 218, a sled motor
220, and a controller 222. In genera, controller 222 may be implemented as a
printed circuit board employing a combination of various components
discussed above with respect to the disc media marking system 100 of Fig. 1.
Accordingly, controller 222 includes a processor 224 for processing

20  computer/processor-executable instructions from various components stored
inamemory 226. Processor 224 istypically one or more of the processors 106
discussed above with respect to the disc media marking system 100 of Fig. 1.
Likewise, memory 226 is typicaly the non-volatile memory 112 and/or
firmware 116 from the disc media marking system 100 of Fig. 1.

25 Drivers 228, including alaser driver, sled driver, and spindle driver are

stored in memory 226 and executable on processor 224. Although these
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in a memory 226. Processor 224 is typically one or more of the processors 106 discussed above with
respect to the disc media marking system 100 of Fig. 1. Likewise, memory 226 is typically the
non-volatile memory 112 and/or firmware 116 from the disc media marking system 100 of Fig. 1. 25
Drivers 228, including a laser driver, sled driver, ari'tg)spindle driver are stored in memory 226 and
executable on PrRERSSBR4 ALRRLENNAS the AP LBEABCHIMERMB BRI SEBTRBIRRARNTE in the Fig.
2 embodiment as software components stored in memory 226 and executable on processor 224, they
may also be firrstoeee or herdorsiré2fo ansbaxensaegengralcesspi?die dhieye ntiyvesahgespindle motor
218 to control a 5 rotational speed of disc 216 via spindle 230. Spindle driver operates in conjunction

with a sled drivef WY@ EMESRRAMRAREIS20 to control coarse radial positioning of laser
assembly 200 with resmaﬁgﬁgrglisg %g@peg@rs&ﬁg&r}m %@mggslEbacm}splajmplementation,
the rotational speed of disc 216 and the radial position of laser assembly 200 are controlled such that
10 laser matks amtanortia nspeeth@fdidic? PG vith espaimbe sPBtaceSpirtia alrbsep agictiatesiaser beam 212 at
a constant linear velocity. A laser driver controls the firing of laser beam 212 to write laser marks

corresponding t(?%{‘IHB@'I'%é’&éhoﬁtg%Mi@@%(ﬂﬁ‘ﬁéb@&%’am@{uﬁzgﬁﬁ G@ﬁ(_f)' 206 can be
implemented as (?oggg}gﬁ%%}%g{i%@ﬁx@g&%@g{b@iﬁﬁgﬁ%ﬁ lf&cai@;e_\z?asgroﬂ \er. Additionally,

the laser driver controls the ‘intensity bea ata maintained 0n the data side
234 of the opticaledigia v marham Shegisclisaigpitanashruentassihm e aieisiniel 2pdedasses over the

laser beam 212.
disc 216 and the radid position of laser assembly 200 are controlled such that

10 laser marks are written on the disc 216 as the label surface 214 moves past the
laser beam 212 at a constant linear velocity.

A laser driver controls the firing of laser beam 212 to write laser marks
corresponding to a label image onto optica disc media 216. Optica pickup
unit (OPU) 206 can be implemented as a photodetector that provides laser

15 focus feedback to the laser driver. Additionaly, the laser driver controls the

intensity of the laser beam 212 to read data maintained on the data side 234 of

the optical disc 216 when the disc is positioned such that the data side 234
passes over the laser beam 212.

A fine actuator driver 236, a radii - DAC count table 238, and a line

20 fitting algorithm 240 are also stored in memory 226. Fine actuator driver 236

and line fitting algorithm 240 are executable on processor 224 to generate and

manipulate datain radii - DAC count table 238 to determine the gain of (i.e, to

calibrate) fine actuator 209. In generd, fine actuator 209 functions to move

focusing lens 208 in aradial direction 242 in small increments in between the

25 larger movements from the sled 202 (i.e., coarse actuator). Calibration of fine

actuator 209 is achieved through a process involving a DAC 244 (digita to
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A fine actuator driver 236, a radii - DAC count table 238, and a line 20 fitting algorithm 240 are also
stored in memory 226. Fine actuator driver 236 and line fitting algorithm 240 are executable on
processor 224 to generate and manipulate data in radii - DAC count table 238 to determine the gain of
(i.e., to calibrate) fine actuator 209. In general, findhctuator 209 functions to move focusing lens 208

in a radial directigpygd2:imanal IAGEMersiN MetHes LR Rt aR) ey BERMS dtaradhe sled 202
(i.e., coarse actuator). Calibration of fine actuator 209 is achieved through a process involving a DAC

244 (digital to 209803HhGH disc 218lcandsatietts Korapuuers afmibif s Jdsenday iith Téference pattern
located on optical disc 216, and varipus components of the laser assembly 200. The calibration

process is discuSaLH TH YrELeSFFI S RSFLBIGIFERT ASRY AN S810% o AUEER AW line fitting
algorithm 240 arg feRreFEDLEEBRTIRC % b AT RHTRANDAS SYPUNLSRMRANRLIG gtored in memory

226 and executable on processor 224, they may also be firmware or hardware components.
Computing devieminddifieas a2l fniertacaspbrentitoléelid2denidhe2dB ardlimeaytste#aoh28 with another
electronic or computing device to receive label image data or a label file (not shown). The computing

device interface g@ﬁesf@rc?a?ﬁ"ﬁ@%ﬁ%’rﬁ@@%fHWE?KW@W&%F@@_HO@%ology Attachment Packet
Interface), which is on%(?é\gl_gmgl COHeqq]%ﬁ%grzagrﬁ]qglfagéqﬁ%%ﬁ@ﬁbq%|Q£e2r@qﬁ8. i other common

computer interface is S mputer system intertace IS a generalized device interface

for attaching petiphe gbeayES Wt ehRbée & eSfohilcdstteapittngtiectvsaofcenaiabgs, the 15 way
commands are executed, and the way status is processed. Various other physical interfaces include
the Parallel Intef36a Ea0CRdaRI fiekrOy 3yvn). The computing device interface 248

10 can be implemented as an ATAPI (Advanced Technology Attachment Packet
Interface), which is one of many small computer paralel or seria device
interfaces. Another common computer interface is SCSlI (small computer
system interface), which is a generalized device interface for ataching
periphera devices to computers. SCSI defines the structure of commands, the

15 way commands are executed, and the way status is processed. Various other
physica interfaces include the Parallel Interface, Fiber Channel, IEEE 1394,
USB (Universa Serial Bus), and ATA/ATAPI. ATAPI is a command
execution protocol for use on an ATA interface so that CD-ROM and tape
drives can be connected viathe same ATA cable with an ATA hard disk drive.

20 ATAPI devices generdly include CD-ROM drives, CD-recordable drives,
CD-rewritable drives, DVD (digita versatile disc) drives, tape drives, super-
floppy drives (e.g., ZIP and LS-120), and the like.

As mentioned above, fine actuator driver 236 and line fitting agorithm
240 are configured to generate and manipulate datain radii - DAC count table
25 238in order to calibrate fine actuator 209 in a process that involves DAC 244,

power amplifier 246, a sawtooth reference pattern located on optica disc 216,
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USB (Universal Serial Bus), and ATA/ATAPI. ATAPI is a command execution protocol for use on an
ATA interface so that CD-ROM and tape drives can be connected via the same ATA cable with an
ATA hard disk drive. 20 ATAPI devices generally include CD-ROM drives, CD-recordable drives,
CD-rewritable drives, DVD (digital versatile disc) dﬂi@es, tape drives, super- floppy drives (e.g., ZIP and

LS-120), and thegie,fismeeinsdaboraniRRetiaionsljvas? 36 ragpitnaditipgealpgrithm 240 are
configured to generate and manipulate data in radii - DAC count table 25 238 in order to calibrate fine

actuator 209 in ansrodessnthanintheveseDAEPNY, podvey arpgdifion Z06that Sherieeth besisrence pattern
located on optical disc 216, 200313595 12 and various components of the laser assembly 200. The

process generallLAnBuPEEFOIh G RN B o IasH FbBHo WPHERitiFs6 1R M98er beam 212 is
focused at a knqun Lagial lgcaiionAreRdca| Jisqate diGeg Krrereaniinghrdadig! location while

recording current values used for 5 incrementing the radial location. The known radial location and
incrementeds radiaténeationsthacadizt iosttios.|aSke kravwn2adi dblscaiva selvitoctineafedence pattern
located on the label surface 214 of disc 216. The fine actuator driver 236 increments a DAC count

(i.e., a digital nURBEr BEHRTHEHA GBI DR | RSB 1o ith BTt ST IMISTRBES38. 10
Incrementing th&%ér(a Igfgé{g& %HJH%?%%? yg?p&g%ﬂjbpai\% BAC which drives power amplifier 246. In
pli 9 Y

turn, current supplied to fine actuator y power amplifier 246 is incremented. Changes in the fine
actuator 209 current caugefithedinetactuater 238 thirakensmabadiustienisdo hdidnausing lens 208

in the radial direction 242. The small adjustments alter the radius position of laser
number) being input to the DAC. The DAC count is recorded into table 238.
10 Incrementing the DAC count adjusts the voltage out of the DAC which drives
power amplifier 246. In turn, current supplied to fine actuator 209 by power
amplifier 246 isincremented. Changes in the fine actuator 209 current cause
the fine actuator 209 to make small adjustments to the focusing lens 208 in the
radia direction 242. The small adjustments ater the radius position of laser
15 beam 212 on the sawtooth pattern of disc 216.

When the sawtooth pattern is scanned at various radia positions by the
laser beam 212, the OPU 206 generates a reflectivity signa corresponding to
the sawtooth pattern. The duty cycle of the reflectivity signa changes each
time the fine actuator 209 adjusts the radial scan location of the laser beam 212

20 on the sawtooth pattern. The fine actuator driver 236 converts the duty cycle
of the reflectivity signal into a radius value based on the duty cycle
information, the known height of the sawtooth pattern, and the radia position
of the sawtooth pattern, and stores the radius value in table 238 aong with the
corresponding DAC count. The process of incrementing the DAC count

25  (which in turn, increments the fine actuator 209 current) and calculating radii

from the duty cycle of the resultant reflectivity signa is repeated a number of
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15 beam 212 on the sawtooth pattern of disc 216. When the sawtooth pattern is scanned at various
radial positions by the laser beam 212, the OPU 206 generates a reflectivity signal corresponding to
the sawtooth pattern. The duty cycle of the reflectivity signal changes each time the fine actuator 209
adjusts the radial scan location of the laser beam 20 on the sawtoot h pattern. The fine actuator

driver 236 conveyisdhgnivheyprR 2idhed Pl WhlMBBRAbIEPB ERGMY Blue kBRE-AR the duty cycle

information, the known height of the sawtooth pattern, and the radial position of the sawtooth pattern,
and stores the rdbicovatpeniditabial238 along with the corresponding DA count. The process of
incrementing the DAC count 25 (which in turn, increments the fine actuator 209 current) and

calculating radii from thEeIURIH I@Qf’fﬂ@%s%ﬁ%n%le‘éﬁtﬁ@g%% rEPEedd il¥nber of
200313595 13 eyessiyiie ehle. 230 05 SHpEosha AUmbRs ALSARIGS o MeRAG Sount and the

corresponding radii. Line fitting algorithm 240 then uses the DAC count and the corresponding radii
data from table 28hasshome dnsnteesddits theattutitete ag STivikl apslop ehthiaed st fits ithe coordinate
data. The slope of the best fit line is the gain of the fine actuator 209. That is, the slope of the best fit

line calibrates_tﬁ@er&éiﬁl stfaﬁdvénﬁlﬁf’%qnéogctuﬁﬁ 289t skepene i bRy Bhd %08 for a known
current value (i.6. Po@%ﬂe%‘?awgﬁcﬁé‘?ﬁgﬂ%%Q&J&& é@&?ﬁ%&%%%ﬁélﬂ %Q“ed to the fine

actuator 209. 10 Fig. strates one em ment of an optical data storage disc having an
exemplary refereuesf gradtriodRCerent Narueltta, sidlndivsh tirtepnablies copligpaiiamgtidize actuator 209.

The non-data side 214 (i.e., the label side) of
recorded DAC count) applied to the fine actuator 209.

10 Fig. 3 illustrates one embodiment of an optica data storage disc 216
having an exemplary reference pattern 300 on a non-data side 214 that enables
calibration of fine actuator 209. The non-dataside 214 (i.e,, the label side) of
the optica disc 216 is displayed in Fig. 3. The Fig. 3 embodiment shows
reference pattern 300 as a sawtooth pattern 300 located in aregion on disc 216

15 a an extreme outer diameter 302 and an extreme inner diameter 304. The
sawtooth pattern 300 includes two sections of the pattern spaced 180 degrees
apart around either the extreme outer diameter 302 or the extreme inner
diameter 304 of the disc 216. Although the sawtooth reference pattern 300 is
shown in both locations 302 and 304 in Fig. 3, in typical circumstances the

20 pattern 300 may only be located in one or the other of these locations, and not
both. Furthermore, the inner and outer diameters, 302 and 304, are preferred
locations for areference pattern 300 in order that the label area of the disc 216
can remain free for labeling. However, it is noted that this description is not
intended to limit the location of reference patterns to the inner and outer

25 diameters 302 and 304 of disc 216, and that such patterns might aso be

located el sewhere on disc 216.
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the optical disc 216 is displayed in Fig. 3. The Fig. 3 embodiment shows reference pattern 300 as a
sawtooth pattern 300 located in a region on disc 216 15 at an extreme outer diameter 302 and an
extreme inner diameter 304. The sawtooth pattern 300 includes two sections of the pattern spaced
180 degrees apart around either the extreme outettiameter 302 or the extreme inner diameter 304

of the disc 216. Althougy the faMgntiiafespRALPAEIRBORISaS IRV NG IRpAipDS 302 and 304

in Fig. 3, in typical circumstances the 20 pattern 300 may only be located in one or the other of these
locations, and nowédsathi dhuatsl edn20PecatieefrmiEsarrasseately i efdrsitBe2ead df3dvis desl preferred
locations for a referenc%&attern 300 in order that the label area of the disc 216 can remain free for

labeling. HowevEISH R 2L RRLL LR R ST BHLeh £ AR SHA AN R TBRBRYMBE reference
patterns to the inpenand MAeELGdigMRELEe 1802 1254 IR 966/1S&5dhn 2o RAbRYFHRALENS might

also be located elsewhere on disc 216. 200313595 14 Fig. 3 further illustrates part of the sled
mechanism 232 30®imdi aatE idheXireeti omhof natetiled @ ARscart & s Al lhsegassetoisha2Dlsét either end of
this sled mechanism 232, and in both the extreme outer diameter 302 and extreme inner diameter

304 regions of RO 5 |RLIAsH P ShuSEABowh ?‘Ifﬁf@rﬂi"ﬁﬁ _Wﬁ‘s@%m%@%m@direction of
rotation of disc Z&Igc tg?& ﬁfggﬁf@%&%@g'% %é%%%%%lw%@&t}% reference

pattern 300 is scanned as the rotates the pattern e laser spot , either on the

extreme inner dianeetéaBedrBINerakty exteDdislitei angiaed8e2afthe disc 206. The sawtooth
reference pattern 300 (see also Figs. 4-7) can be formed 10 on disc 216 by various processes such
as silk screening, etchingesPwaBBSEFfRjence pattern 300 (see aso Figs. 4-7) can be formed

10 ondisc 216 by various processes such as silk screening, etching or embossing.
The dark patterned areas of reference pattern 300 represent dull areas of low
reflectivity on disc 216 (as shown in Figs. 4-7), while the light patterned areas
(i.e., the areas that are not marked) represent shiny areas of high reflectivity on
disc 216 (aso shown in Figs. 4-7). In genera, scanning areas of varying

15 reflectivity on adisc 216 generates a reflectivity signa through the OPU 206
(Fig. 2) whose amplitude changes in response to the changing reflectivity of
the disc 216.

As illustrated in Fig. 4, the sawtooth pattern 300 has a known height
and is located at a known radia position on optica disc 216. The sawtooth

20 pattern 300 is shown in Fig. 4 beginning a 23.0 millimeters from the inner
diameter edge (i.e., the hole) of the optica disc 216. The height of the
sawtooth pattern 300 shown in Fig. 4 is 1.2 millimeters (i.e., from 23.0 mm to
24.2 mm). Although the location and height of the sawtooth pattern 300
illustrated in Fig. 4 express a preferred implementation of the sawtooth pattern

25 300, they are not intended as a limitation. Thus, sawtooth pattern 300 might

be located closer or farther from the inner edge of optica disc 216 and may be

200313595



The dark patterned areas of reference pattern 300 represent dull areas of low reflectivity on disc 216
(as shown in Figs. 4-7), while the light patterned areas (i.e., the areas that are not marked) represent
shiny areas of high reflectivity on disc 216 (also shown in Figs. 4-7). In general, scanning areas of
varying 15 reflectivity on a disc 216 generates a reﬁ%ctivity signal through the OPU 206 (Fig. 2)

whose amplitudeRARESSIReraANRIGR. [ Lhhahasaingtiefllgs babealstn sifatfdhdlustrated in Fig.
4, the sawtooth pattern 300 has a known height and is located at a known radial position on optical

disc 216. The sdistveshd 20rpegtaut 30 Déngrsawindtigpatbryatiting &t Ce mtlierstoeds from the inner
diameter edge (i.e., the holet) of the optical disc 216. The height of the sawtoot h pattern 300 shown in

Fig. 4 is 1.2 milliiieQHaey RAGHR{ S Va8 3 R e B ar AR g ht of the
sawtoot h patterm%rég}gt%@dcm“lf'_ itﬁ@*@r@&@@ﬂgggﬁd&@@m%@ﬁi% ohthe; sawtooth pattern

25 300, they are not intended as a limitation. Thus, sawtooth pattern 300 might be located closer or
farther from 5he sneat@die atopbotdmitateil 6 Sunth patterine i2GNBE3 K Edmpbdicriangiiarter in height.
Furthermore, although pattern 300 is illustrated and discussed throughout as being a sawtooth pattern

300, itis to be uﬁé’é‘?@i‘é&'@etﬁﬂf&@%ﬁ@mgﬁgmaﬁaﬁrg\%gagﬂﬂéﬁMn with the disc radius
that is measurable an‘;_ii ggnxg&“ﬁ]h%tﬂ ,f(agl;%cgn eg&ﬁ{;g\g&a&%a%g&f%&g%:flésroaé:%qéor are also

contemplated. Such patterns include, for example, triangular patterns a sawtooth pattern),
stair step patterngnaner S0P mdEéndg @nctieilaxsaie Bepe v el fnecalitsriarogroprs for a fine

actuator 209 involving 9 increments or steps of the fine actuator 209. Fig. 4
shows 9 different paths across a sawtooth pattern 300 that a scanning laser
10 beam 212 can take during the calibration process. To begin with, alaser beam
212 is moved to a 1% location within the sawtooth pattern 300. Typicaly, the
1% location is one that is a number of fine actuator 209 increments away from a
“zero current” location. The “zero current” location is where there is no
current being applied to the fine actuator 209 from power amplifier 246, and
15 thus, where the focusing lens 208 isin anormal resting position.

Asillustrated in the radii-DAC count table 238 of Fig. 5, a DAC count
of zero corresponds to the “zero current” location (i.e., 5" at 23.6 mm) of the
sawtooth pattern 300. In order to reduce motion stress on the focusing lens
208 and fine actuator 209, incrementa steps are made on either side of the

20 “zero current” location rather than being made al on one side or the other.
Accordingly, the calibration process begins by applying a DAC count to DAC
244 that moves the focusing lens 208 (via fine actuator 209) to focus the laser
beam 212 at an innermost radia location. This 1% radia location is shown in
Fig. 4 as being 23.467 mm from the inner diameter edge of optical disc 216.

25 The applied DAC count is known, and it corresponds with a known

DAC output voltage that will produce a known current value from power
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shows 9 different paths across a sawtooth pattern 300 that a scanning laser 10 beam 212 can take
during the calibration process. To begin with, a laser beam 212 is moved to a 0 location within the
sawtooth pattern 300. Typically, the 0 location is one that is a number of fine actuator 209 increments
away from a "zero current” location. The "zero curtént" location is where there is no current being

gpplied to the fi%}%ﬁ‘l‘i’é@ﬁ%ot%fqm IPAKKE %niﬁ@@&ﬂ&@%glﬁhug, WB%?O_W# fosesing lens 208 is
in a normal resting position. As illustrated in the radii-DAC count table 238 of Fig. 5, a DAC count of

zero correspondeotgnthe recerdeclimtantalie 280 as(Reoybtindtig3%6 Momeveithid | Seldestbodattern 300. In
order to reduce motion stress on the focusin\? lens 208 and fine actuator 209, incremental steps are

made on either S BKIRVBEUIERS Ve H IR HUH A8 RA YRR B! AT JuSh A side or the
other. Accordingly the GiBrAISRRFOFESH RESHS IQ.YrﬁBH%F@, gtp&@pﬁ)]lérger&%gd ¢44 that moves

the focusing lens 208 (via fine actuator 209) to focus the laser beam 212 at an innermost radial
location. This 1Sifradal’os dtiastriseshatinei D Acetiats/bieie fioR 4@ 7 stem dfashlth23Brtbe diameter edge
of optical disc 216. 25 The applied DAC count is known, and it corresponds with a known DAC output

voltage that will PHERRRECEIUM KRN BFEIR 1R R FoRFH¥ilE P E03 NaE0RUIEEE MRAEY 46 that will drive
the fi tuat DA ti ' | in Fig. 5.
However it urdb LTRSS bt e R IR LIS I Kt s reay

be recorded anddebienén duiablen 38 uksirthermore, although the decimal value 5 of "400" is illustrated

as the DAC count value for the I" step of table 238, the number actually applied to the DAC 244 will
be a binary number. HbfiR\@#er portion of Fig. 4 illustrates two examples of a reflectivity

10 signal 400 that might be generated by OPU 206 from scanning the sawtooth
pattern 300 with laser beam 212. Depending on where the scan occurs over
the sawtooth pattern 300, the duty cycle of the reflectivity signa 400 changes.
For example, Fig. 4 illustrates two different duty cycles for the reflectivity
signa 400 when the sawtooth pattern is scanned at inner (e.g., 23.467 mm) and

15 outer (e.g., 23.725 mm) radia locations. Each time the DAC count is
incremented, such as shown in table 238 of Fig. 5, the reflectivity signal 400
has a different duty cycle. For each duty cycle, the fine actuator driver 236 is
configured to caculate the corresponding radius and record the radius into
table 238, dong with the corresponding DAC count (or current value) that

20 generated that radius. The radius calculation is based on the known height
(e.g., 1.2 mm) of the sawtooth pattern. Thus, Figs. 4 and 5illustrate 9 different
radii that have been calculated and recorded based on 9 different DAC counts
stepped into DAC 244.

In another embodiment, the two sections of the sawtooth pattern 300

25 spaced 180 degrees apart are used to eliminate errors that might otherwise be

generated due to eccentricities in the pattern 300. For example, when the
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for illustrative purposes, it is easier to show the DAC count numbers in their decimal equivalent
values. The lower portion of Fig. 4 illustrates two examples of a reflectivity 10 signal 400 that might be
generated by OPU 206 from scanning the s awtooth pattern 300 with laser beam 212. Depending on
where the scan occurs over the sawtooth pattern ]3700, the duty cycle of the reflectivity signal 400

changes. For examplsthfp&tel bR WOt ent BpReYGIRSI08, e BHaskMtnasignal 400 when
the s awtooth pattern is scanned at inner (e.g., 23.467 mm) and 15 outer (e.g., 23.725 mm) radial

locations. Each gnuis thpetoD AC ooy idchpesrie thedniserati amettretpenfttis o288l ofi Kig. 5, the
reflectivity signal 400 _has a different duty cycle. For each duty cycle, the fine actuator driver 236 is

configured to caktfatd T FreLhSTHAY SfHLUAs I BH) RESFERIAME tEhIE™¥EY along with the

corresponding DAG ROYNHOLGHIER VRIMR St wBUe RR Red thatiiadlibse T Bacadipgalculation is
based on the known height (e.g., 1.2’ mm) of the sawtooth pattern. Thus, Figs. 4 and 5 illustrate 9

different radii theavitavehlpeeiernz800| s ¢al chdolne oor treddptiselddist 2 fésrevd xaonsthets stepped into
DAC 244. In another embodiment, the two sections of the sawtooth pattern 300 25 spaced 180
degrees apart ar¥Q S IB0ERFR RS BMorIthSIRTiGRT BRRIEREE R tg &tk RfRHRIGd t8NSccentricities in

the pattern 300. &f 8%%%@@%#&&%@9%6?% 7do%ﬁ¥”€8&£'ﬂ?§%% e 3 ifepwn on the

optical disc 216, 1t is possi S up too rom or too close to the inner diameter edge of the
optical disce 2kdigdhgretoner sthReTILEHCpiERiBns whiaslisies®edagreas aniiaiviknosn” radius of

the sawtoot pattern 300 would be in error. However, because the
lad down too far from the inner diameter edge by the same amount. Thus,
10 when the fine actuator driver 236 caculates radii from both of the duty cycles
of the resultant reflectivity signas, the radii can be averaged to remove this
error.
The exemplary sawtooth pattern 300 of Fig. 3 and the generation of a
reflectivity signa 400 having avarying duty cycle is further illustrated in Figs.
15 6-8. Each of the Figs. 6-8 illustrates the exemplary sawtooth pattern 300, a
reflectivity signa 400 response generated by the OPU 206 (Fig. 2) when the
laser assembly 200 scans the pattern with a laser beam 212, and the relative
pulse durations (i.e., duty cycles) of the reflectivity signals 400. Asshown in
Figs. 6-8, the peaks and valeys of the sawtooth pattern 300 define a danted
20 interface between the low reflectivity region and the high reflectivity region of
optical disc 216.
Fig. 6 illustrates the case where the laser beam 212 is located at the
“zero current” radial position, or 5" position as shown in Figs. 4 and 5. Asthe
laser beam 212 moves between the low and high reflectivity regions in the
25 sawtooth pattern 300 on disc 216, the OPU 206 generates a reflectivity signal
400 based on the amount of light reflecting off the disc 216. Because the laser

200313595



5 sawtooth pattern 300 is laid down on the optical disc 216 as two sections that are 180 degrees
apart, any such error can be averaged out. For example, if one section of the sawtooth pattern 300 is
laid down too close to the inner diameter edge, the other section of the pattern 300 which is 180
degrees away will be laid down too far from the inh8r diameter edge by the same amount. Thus, 10
when the fine aqiuatopUsvATRg6ecAlcRteas AT HENEATH AN SY616814/<Be dRsultant
reflectivity signals, the radii can be averaged to remove this error. The exemplary sawtooth pattern
300 of Fig. 3 andahtogerpatieiorBo0 a heoflletint g oot 400 hasm(neakts)yiotp duty cydie is further
illustrated in Figs. 15 6-8. Each of the Figs. 6-8 illustrates the exemﬁjl‘%ré savvtootgwttem 300, a

reflectivity signa - e . embly 200
flectivity signal'48b'FelBoiflio SE A RIFISHRLB PO SHEERY!SH)REHEA 18 ! ¥embl

scans the pattergqyith RJa5arRAMLS, ARIAR FEIAHRaRMSE AHUALRASH Bn HidYGyFles) of the
reflectivity signals 400. As shown in Figs. 6-8, the peaks and valleys of the sawtooth pattern 300
define a slafmted @@lmtadftioe kneiwebea dghedbive sfleiotitypaegin3@d the high reflectivity region of
optical disc 216. Fig. 6 illustrates the case where the laser beam 212 is located at the 66zer o current

radial position, or 5 Ih JésRibPRIEhBWRGHeERRIVAN §@aa QYRS Figs&t B AR des between the
| d high reflggtivi i in.t t ' P 06 t
e retectivty Srar OO bt wBt AT S T R 8 S Ba BB e e e

200313595 18 kaain Bl 2dmpégisbriasentcsafitovthvsxtbeiveoen ahe neaskpasfbratiaerof the sawtooth

pattern 300, the reflectivity signal 400 has a (nearly) 50% duty cycle.
completely within a low reflectivity region or completely within a high

10 reflectivity region as it scans the pattern 300. In addition, the laser beam 212
is traveling very fast relative to the sawtooth pattern 300 and therefore
traverses the interface between the low and high reflectivity regions virtualy
instantaneously. Thus, transitions between high and low signa saturationsin
the reflectivity signal 400 are aso virtualy instant, and they appear as straight

15 verticd lines.

Fig. 7 illustrates the case where the laser beam 212 is located higher on
the sawtooth pattern 300 than the “zero current” radial position. Fig. 7 may
represent, for example, the 9" position as shown in Fig. 4 and 5. Thus, the
laser beam 212 is at a radia distance that is farther awvay from the inner

20 diameter of the disc 216. It is evident from Fig. 7 that the duty cycle of the
resultant reflectivity signal 400 islessthanitisinthe Fig. 6 example. Thefine
actuator driver 236 calculates a corresponding radius based on the duty cycle
and the height of the sawtooth pattern 300, and records the radius into table
238 dong with the corresponding DAC count (or current value) that generated

25 that radius.
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That is, the ratio of the pulse duration 404 to the pulse period 406 is (nearly) 50%. As indicated above,
the radius calculation is made based on the duty 5 cycle and the known height of the sawtooth pattern
300. The pulses 402 in the reflectivity signal 400 of Fig. 6 are rectangular in shape (i.e., saturated at
the top and bottom) because the laser beam 212 i§%ery small by comparison to the sawtooth pattern

300, and it is thereforeppihey|| GamRIS IRl MENIHRAOME PARE AR 0 01s REeRAMRIENOIIthin a high 10
reflectivity region as it scans the pattern 300. In addition, the laser beam 212 is traveling very fast

relative to the saweowmthitpaittiepat @00 30 thaeréiorezenacorsay thadiatgpdadobetiigeh thaylow and high
reflectivity regions virtual%ginstantaneously. Thus, transitions between hiqgj: and low signal saturations

in the reflectivity EREN4 0 SRS IR LIPIRIGR SRR S g4 Strdifft '$3Mertical lines. Fig.
7 illustrates the ¢ase yere {bedapsr Reangidtads (Raed UGB AL the SRY/eRIHPaiem 300 than the

"zero current” radial position. Fig. 7 may represent, for example, the 9th position as shown in Fig. 4
and 5. Thusb5theotiser desan2PA.2 ikgs @ liadsuedi st abah thesdattheyrchavely themetoitanner 20 diameter
of the disc 216. It is evident from Fig. 7 that the duty cycle of the resultant reflectivity signal 400 is less

than it is in the F@.‘@@Q&hﬁﬁ_@. findiTicranhibryAse 986 ea1biates d 58?[‘8@66%8@ radius based
o L 8 BGIAE o T SR TBa he
19 Fig. 8 illustradag the lhaghtvonene tagloser earm 202, israaaterdowerratius into table
238 dong with the corresponding DAC count (or current value) that generated
10 that radius.
After the fine actuator driver 236 increments the DAC count a certain
number of times (e.g., 9 different increments in this case) and creates the table
238 containing the DAC count and radii data, the line fitting algorithm 240
uses the data as coordinate data to calculate aline with aslope that best fits the
15 coordinate data. The slope of the best fit line calibrates the radial distance that
the fine actuator 209 moves the laser beam 212 through focusing lens 208 for a
known current value (i.e., a known current value corresponding to a recorded
DAC count) applied to the fine actuator 209.
Fig. 9 illustrates an example of a best fit line calculated by line fitting
20 dgorithm 240 based on the vaues of the DAC count and radii dataillustrated
in Figs. 4 and 5. Line fitting algorithm 240 may be, for example, a least
squares line fit that calculates the dope of aline for coordinate data that will
minimize the squared error of the line compared to the coordinate data. Such
line fitting agorithms are well known to those skilled in the art. Fig. 9
25 illustrates a coordinate plot of the data from table 238, with the DAC count

data shown aong the X axis and the Radius data (in millimeters) shown aong
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the sawtooth pattern 300 than the "zero current” radial position. Fig. 8 may represent, for example,
the O position as shown in Fig. 4 and 5. That is, the laser beam 212 is at a radial distance that is
closer to the inner diameter of the 5 optical disc 216. Again, it is evident that the duty cycle of the
resultant reflectivity signal 400 is different than th of Figs. 6 and 7. The fine actuator driver 236
calculates a corrgapeagingARABIRPaREAANIRE SIFARBNNAHY exsiay And e frigRbahthe sawtoot h
pattern 300, and records the radius into table 238 along with the corresponding DAC count (or
current value) thiangédtit nateligdrithhatitigenehdtes thdésiefidctunatovithivees2pe ithetehesints the DAC
count a certain number of time;a((?({a. ., 9 different increments in this case) and creates the table 238
containing the DFOGHIS S if%%ft'é‘,etﬁgqﬁﬁgrf’fr’t%?rg algorithm 240 uses the data as coordinate
data to calculate a line with a slope that best fits the 15 coordinate data. The slope of the best fit line
calibrates the radial distance that the fine actuator 209 moves the laser beam 212 through focusing
lens 208 for®m known Eixmemt mai dilteds: known current value corresponding to a recorded DAC
count) applied to the fine actuator 209. Fig. 9 illustrates an example of a best fit line calculated by line

fitting 20 algorithm 24568%48 SRethedPaiQeCali phdiBAE EienPElNElPACHSH 3 IRREARAA in Figs. 4 and
5. Line fitting algogj 240 1¥ - |§, A e ine fi -calcy the slope of a
line for coordin;ﬁ&é%@@agt@%ﬁ%ﬁ@e t %H?s uared%\aﬁrlrg{r% g?h%%@ﬂg&éﬁs ﬁﬁ coordinate

data. Such line fistinenatow itherfoar eliagrtrks ofvRi ¢ thosel skilfer indihedy boplg. gdaedllystrates a
coordinate plot of the data from table 238, with the DAC count data shown along the X axis and the

Radius data (in fdiligeeses)ayvamarigemosiswsessd above with respect to Figs. 1 - 9.
10 The elements of the described methods may be performed by any appropriate

means including, for example, by hardware logic blocks on an ASIC or by the
execution of processor-readable instructions defined on a processor-readable
medium.
A "processor-readable medium,” as used herein, can be any means that
15 can contain, store, communicate, propagate, or transport instructions for use by
or execution by a processor. A processor-readable medium can be, without
l[imitation, an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propagation medium. More
specific examples of a processor-readable medium include, among others, an
20 electrica connection (electronic) having one or more wires, a portable
computer diskette (magnetic), a random access memory (RAM), a read-only
memory (ROM), an erasable programmable-read-only memory (EPROM or
Flash memory), an optical fiber (optical), and a portable compact disc read-
only memory (CDROM) (optical).
25 Fig. 10 shows an exemplary method 1000 for calibrating a fine actuator

using a sawtooth pattern in adisc media marking system 100. At block 1002, a
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20 the Y axis. Although the radii data may not all fall exactly in a straight line, the line fitting algorithm
240 generates a best fit line with a slope that best calibrates the gain of the fine actuator 209. 5
Exemplary Methods Example methods for calibrating a fine actuator using a sawtooth pattern in a
disc media marking system will now be described Wwith primary reference to the flow diagrams of Figs.

10 - 11. The me{aegs RprRiysSRREIhoaIths SKEONM ABiaMBOdiBIeH 2l

issiiegafsaizage with respect to

Figs. | - 9. 10 The elements of the described methods may be performed by any appropriate means
including, for exding@lendyrhaadialaledaio isluatkssoihauscasiDmoby thsvtegdtyxitiarof300
processor-readable instructions defined on a processor-readable medium. A "processor-readable

medium,” as use8FHEER 1s1 e SR ALAASIHEH $2 18N contain, store, communicate, propagate, or
transport instructions fag HR%IQXOBE,%?GHH&&PM ﬁ@ﬁ%ﬁﬁ?ﬁﬁﬁ]@éﬂ@\%&@ﬁ@émdium can be,

without limitation, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparat(digdaviceasi pyograyatier) mEtzIDAK @244 specitiescaamytias ooitag®oessor-readable
medium include, among others, an 20 electrical connection (electronic) having one or more wires, a

portable compufEMARRERHR: IRdNELIEP R MWLHA ¥eT SRANEN AP REM1Ca g 8RdRA memory
ROM), o P ; tical fib
(optical and a DG A S e O e e e PR BN °C s o

exemplary methaghvkd0f ftecatiratin@eofiner astfiakoradising dsavifigtitepatienioiealgisc media

marking system 100. At block 1002, a

focusing lens in fine steps in aradid direction 242. The current supplied to

10 the fine actuator is associated with, and determined by, the DAC count being

input to the DAC by way of the power amplifier 246.

At block 1010, a sawtooth pattern 300 located on the optical disc 216 is

scanned by alaser beam 212. The location of the scan across the pattern 300

is controlled in part by the fine actuator which controls movement of the

15 focusing lens 208 in aradid direction 242. In one embodiment, the sawtooth

pattern 300 includes two sections that are located 180 degrees apart from one

another on the optical disc 216. Both sections of the pattern 300 are scanned

in this circumstance. At block 1012, areflectivity signd is generated from the

scanning. The reflectivity signa is generated by an OPU 206 (optica pickup

20 unit) according to the reflectivity pattern of the sawtooth pattern 300. The

reflectivity signal may be two reflectivity signals where the sawtooth pattern

includes two sections that are located 180 degrees agpart from one another on

the optical disc 216.

At block 1014, a radius is calculated from the duty cycle of the

25 reflectivity signal. Where there are two reflectivity signals, one from each of

two sawtooth pattern sections, two radii are caculated and then averaged in
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200313595 21 focusing lens 208 is moved to a known radial location of an optical disc 216. The
known radial location enables the scanning of a sawtooth pattern 300 located on the label side 214 of
the disc 216. At block 1004, an updated DAC count number is written to a DAC 244 5 (digital to
analog converter). The DAC 244 provides an outp@t?voltage in response to the DAC count, and drives
a power amplifies 346 @SgEnait ahd IR A r A% Blodk HAQS: tin poweiamalier 2ffpsupplies
current which drives a fine actuator 209. The fine actuator is configured to move the focusing lens in
fine steps in a rasiali diresctoirizd 2 1 Tadookelitisupplidtonk 101hetfie cadtiaatet iseddsddeiated with, and

determined by, the DAC count being inﬁut to the DAC EP/ way of the power amplifier 246. At block
1010, a sawtootiPEH&rR SEIBeLEPoR RSP0 LS ABGsCe YAt & Pehm 212. The

location of the Sﬁ%ﬁ?fﬁé%ﬂ?é%?ﬁ%%i@?&ﬁﬁggﬁ&ma” by the fine actuator which controls

movement of the 15 focusing lens 208'in a radial direction 242. In one embodiment, the sawtooth
pattern 300 Hcludes twa beatiohd8)ahatedEca edetB@idegreas apafufforivbetheainotiar on the optical
disc 216. Both sections of the pattern 300 are scanned in this circumstance. At block 1012, a

reflectivity signaffié é@h%?ﬁt@@ _ﬁ@ﬁ?@ﬁ%@%ﬂgﬂ%@?@ﬂ&ﬁ\ﬁ[f%ﬁmmﬂ%% an OPU 206
(optical pickup 29%&?47%%8.%%%‘&%&%%‘?&&&“!‘(1&48% %Pfr%&%rﬁ%?{g%ﬂg@é?@éﬁrg QP The reflectivity

signal may be two reflectivity signals where the sawtooth pattern two sections that are

located 180 degtries @pattifitentiehasafinrath. tMEnOBticat s hefitdptboldibishd, eadius is
calculated from the duty cycle of the
table is full if 9 DAC counts and 9 radii have been recorded into the table. If

10 thetableisnot full, the method (i.e., calibration process) returns to block 1004
of Fig. 10, and the previously described steps are performed again. If the table
isfull, the method continues at block 1020.

At block 1020, the radii and DAC count numbers recorded in the table
are configured as coordinate data. At block 1022, the coordinate data is

15 manipulated by a line fitting algorithm in order to generate a best line fit for
the coordinates. The gain of the fine actuator is then calibrated based on the
slope of the best fit line, as shown at block 1024.

Although the invention has been described in language specific to
structural features and/or methodological acts, it is to be understood that the

20 invention defined in the appended claims is not necessarily limited to the
specific features or acts described. Rather, the specific features and acts are

disclosed as exemplary forms of implementing the claimed invention.
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25 reflectivity signal. Where there are two reflectivity signals, one from each of two sawtooth pattern
sections, two radii are calculated and then averaged in 200313595 22 order to generate the
calculated radius for block 1014. The method 1000 continues on Fig. 11, at block 10 16. At block 10
16, the radius and the D AC count are recorded int3 a table. The radius and DAC count are
associated withigthepneble as corresponding to one another. 5 At block 1018, the table is checked to
see if it is full. Whether or not the table is full depends in part on how many DAC count increments
will be made in the calibration process. The number of increments is preferably 9, but this is not
intended as a limitation. Thus, in the described embodiment, the table is full if 9 DAC counts and 9

radii have been recorded inté tRECEISETEarle el fHGultLthe et GEPES M ation process)

returns to block E%Mr-%%b?@ﬁw%dﬁr%%ﬁ%ﬂﬁf@?d steps are performed again. If the table
is full, the method continues at block 1020. At block™1020, the radii and DAC count numbers recorded

in the table &re configsrathag) qaoidnatestiptacAphiieok (3R], dheaatiscd2E8E tdateette b manipulated
by a line fitting algorithm in order to generate a best line fit for the coordinates. The gain of the fine
actuator is then ERIBIZRRA) BERABRAREEIoAU of the best fit line, as shown at block 1024. Although

the invention has bee%g%ﬁqgéaé%f%%&ﬁgg%jf]iﬁqgoa&lq#%pjé%éﬁ &pﬂ{grtgﬂpethodological

acts, it is to be understoo invention defined in the appended claims Is not necessarily
limited to the sp¢pEB) it abuebreiegimdescribed. Rather, the specific features and acts are disclosed
as exemplary forms of implementing the claimed invention.
10 2. A processor-readable medium (108, 112, 114, 226) asrecited in
claim 1, wherein the scanning (1010) comprises:
generating (1012) a reflective signa (400) based on the reference
pattern (300);
converting (1014) a duty cycle of the reflective signa (400) into a
15 radiusvaue; and
recording (1016) the radius value and an associated DAC (digital to

analog convert) count in the table (238).

3. A processor-readable medium (108, 112, 114, 226) as recited in
20 claim 1, wherein the calibrating comprises:
performing (1022) a line fitting algorithm (240) on the coordinate data
to generate abest fit line; and
calibrating (1024) the gain of the actuator based on the slope of the best
fitline.

25
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200313595 23 CLAIMS: 1. A processor-readable medium (108, 112, 114, 226) comprising
processor-executable instructions configured for: 5 scanning (1010) a reference pattern (300) on a
disc (216) to create a table (238) of coordinate data; and calibrating (1024) the gain of a fine actuator
(209) based on the table (238) of coordinate data.zfo 2. A processor-readable medium (108, 112,

114, 226) as recited ing claimplphesein e Bfa sl 0168, aamnrise928engratngl(H12) a reflective
signal (400) based on the reference pattern (300); converting (1014) a duty cycle of the reflective

signal (400) intocha irbsanligscimibe searhineg GOy cadpEReEe radius value and an associated DAC
(digital to analog converthﬁount in.the table ﬁ238 . 3. A processor-readable medium (108, 112, 114,

226) as recited in 20 HAIH'Y (HOANAPENLAAG (R il aAHSANYETH32%Y)a line fitting
algorithm (240) on thewr@r&%@aatﬁoweg%sm@%nggfwgmigg @@%&@ﬂ@@if@él%@ the gain of the
actuator based on the slope of the best fit line. 25 200313595 24
5 driving (1008) an actuator current with the power amplifier (246);
atering (1004) the number written to the DAC (244) by a known
amount n times;
for each number written to the DAC (244), calculating (1014) aradius
from a duty cycle of a reflective signal (400) generated from the reference
10 pattern (300); and

recording (1016) into the table, each radius and each number written to

the DAC (244).

5. A processor-readable medium (108, 112, 114, 226) asrecited in
15 claim 1, wherein the scanning (1010) comprises:
scanning (1010) afirst half of the reference pattern (300);
calculating (1014) afirst radius based on the first half of the reference
pattern (300);
scanning (1010) a second half of the reference pattern (300);
20 caculating (1014) a second radius based on the second haf of the
reference pattern (300); and
averaging (1014) the first radius and the second radius to generate

coordinate data.

25 6. A processor-readable medium (108, 112, 114, 226) as recited in

clam 5, wherein the first haf of the reference pattern (300) and the second
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4. A processor-readable medium (108, 112, 114, 226) as recited in claim 1, wherein the scanning
(1010) comprises: writing (1004) a number to a DAC (digital to analog converter) (244); driving (1006)
a power amplifier (246) with a DAC output voltage; 5 driving (1008) an actuator current with the power
amplifier (246); altering (1004) the number written4d the DAC (244) by a known amount n times; for
each number o BAC (24 alRuRY L 445 haadiye (1R RUNGIRe g a eflecive
signal (400) generated from the reference 10 pattern (300); and recording (1016) into the table, each
radius and eachthamdredataisida (214hef DaCi@43)65. A processor-readable medium (108, 112, 114,
226) as recited in 15 claim 1, wherein the scanning (1010) comprises: scanning (1010) a first half of
the reference pattern (300); calculating (1014) a first radius based on the first half of the reference
pattern (300); scanning (101Q) &&%&%&ﬂé&&%&ﬁ%f%@ E’fét,efﬂg%; 20.6aleylgding (1014) a
second radius based on the second half of the reference pattern’(300); and averaging (1014) the first
radius and tbe selcmdl;adhsdio ghaeshiteermequdittate(8a0h.H25 6.|Ahgarocasatorreadabie medium (108,
112, 114, 226) as recited in claim 5, wherein the first half of the reference pattern (300) and the
second 200313568 4550f the disc (216).

8. A processor-readable medium (108, 112, 114, 226) as recited in

clam 1, wherein the reference pattern (300) is a sawtooth reference pattern.

10
0. An optical disc read-write device (102) comprising the
processor-readable medium (108, 112, 114, 226) asrecited in claim 1.
10. A discdrive system (128) comprising:
15 a scanner (206, 208, 212) configured to read a reference pattern (300)

on an optical disc (216);

a fine actuator (209) configured to control small radia movements
(242) of the scanner (206, 208, 212); and

a fine actuator driver (236) configured to calibrate the fine actuator

20 using the reference pattern (300).

11. A disc drive system (128) as recited in clam 10, further
comprising:
a processor (224) configured to write a binary number to a DAC (244)

25 and increment the binary number in equd steps;
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half of the reference pattern (300) are 180 degrees apart from one another on the non-data side (214)
of the disc (216). 7. A processor-readable medium (108, 112, 114, 226) as recited in 5 claim 1,
wherein the reference pattern (330) has a linear variation with the radius of the disc (216). 8. A
processor-readable medium (108, 112, 114, 226) &Srecited in claim 1, wherein the reference pattern

(300) is a sawtooth refgienpe-noiajmudhifhrbd eRysat e Bagmiagyiee K9l RS the

processor-readable medium (108, 112, 114, 226) as recited in claim 1. 10. A disc drivé system (128)
comprising: 15 ansoarenemn@06, 208, 212) configured to read a reference pattern (300) on an optical

disc (216); a fine actuator &%@%S{%ﬁonﬁ ured to cantrol small radial movements é242&40f the scanner
(206, 208, 212): and a3 %Wk&i&%?‘?)zé%ﬁf%ﬁﬁaﬁ?éﬁ'ﬁ?%ﬂ%ﬁé‘?ﬁé‘ﬂh QRN 20 using the

reference patter@ﬁ&@vétéefb%’é& gﬁiggcﬁygdm g&%@_s recited in claim 10, further comprising: a

processor (224) configured to write a binary number t0 a DAC (244) 25 and increment the binary
number in efual steps; 200313595 26 the DAC (244), configured to generate an output voltage for
each binary number; and a power amplifier (246) configured to drive the fine actuator (209) with
12. A disc drive system (128) as recited in clam 11, further
comprising:
a table (238) of coordinate data including the binary numbers and a
radius value calculated from the reference pattern (300) for each binary
10 number; and
aline fitting algorithm (240) configured to generate a best fit line from
the coordinate data and to determine the slope of the best fit line, wherein the

slope represents the gain of the fine actuator (209).

15 13.  Anoptica disc read-write device (102) comprising the disc drive

system (128) asrecited in clam 10.
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current values based on each output voltage. 5 12. A disc drive system (128) as recited in claim 11,
further comprising: a table (238) of coordinate data including the binary numbers and a radius value
calculated from the reference pattern (300) for each binary 10 number; and a line fitting algorithm
(240) configured to generate a best fit line from thé’coordinate data and to determine the slope of the
best fit line, wherein the slope represents the ggisrefAre fine actuator (209). 15 13. An optical disc
read-write device (102) comprising the disc drive system (128) as recited in claim 10. 200313595
ABSTRACT CALIBRATING FINE ACTUATOR USING A REFERENCE PATTERN A disc media
marking system (102, al disc (216) Iabelian'\}hrough calibration

of a fine actuator (2853 REFERENCEPATTE

5 A disc media marking system (102, 128) and methods (1000) facilitate
optica disc (216) labeling through calibration of afine actuator (209) using a

reference pattern (300).
(Fig. 4)
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