1 21 November 2006 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",land which is hereby incarpa@ieshby igierence. 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 Iaser beam ACDis typrcally used for
electronically reco@fidgl BRRANNGH A H REEd 3hnation in digital
form. A digital 15 versatile 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 wegjig, infiglly Aagsatartyiggage medium that stored digital data as a pattern of bumps
and flat areas impressed Into a piece of clear polycarbonate 20 plastic through a complex
manufacturiig processihihupatdie aygrageiconsumeroiigaisieth parumniselos CPascittat had both
desired data (e.g., a few songs they enjoyed on a CD) and undesired data%E the remaining songs
on the CD that tﬁ@? ’&Féth%d?rﬁ]o%v@) ﬁ&é@e"%ﬁ%dﬁ%r@%ﬁ%é@@%t ;g% WWn #ta on their own
CDs with CD player ital da 5 regordable discs) and

A égﬁg SCS) ’Eg‘%gga Ao NOA"E‘% ot 6296%361% (EB;1ecpifiaple dis

CD-RWs (CD-rewrita vember S more and mdre consumers bum

their own CDs, tmlaﬁeaﬁgespmmﬁﬁaw@ye terddantify the data on such CDs has increased. Methods
for

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 audio, video, text, and other information in digital form. A digital

15 versatile 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 storage medium that stored digital data as
a pattern of bumps and flat areas impressed into a piece of clear polycarbonate

20  plastic through a complex 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 a CD) 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 data into CD-Rs

25  (CD-recordable discs) and CD-RWs (CD-rewritable discs).
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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 paper sticker label and
sticking it onto the non-data side of the disc. Otherzphysical marking methodsdeyeigpectiog

implementation in conventiasial GRA RiR¥"s dAcHAS Mgt AGIMAL VR anRieR andihermal dye

transfer methods. Still other methods use the laser in 10 a conventional CD player to mark a specially
prepared CD sudace:nSuthwayrethaodisng fpihicedaialbn tordbeMschGDscardddV De:tiofabiel image can be
rendered on the label surface (i.e., the non-data side, or top side) of an optical disc by marking the

label surface with 2 hpdon b Lontamirebiiies Graufdihe R Ptk deXf @fde, spots of 15
constant size a%%gé&%ﬂ%ﬁ}ﬁ@ﬁﬁ@&%ﬁﬂ&%&% [BsRiFceRidipgianbs merkieg,data for that circle.

One difficulty in rendering a label image on the non-data side (i.e., label surface) of an optical disc is
that there arg nalivaikiigde plighi @slprereingravatdiaaksan ihie nothdatarsigefitonubich radial
positioning can be determined. One method for determining radial positioning on the non 20 data side
of an optical diséG€HeXhEPEF BRI K R 1PERRE M ohRe it kparebel g d pHIK IS 1hBBLRS discussed in

the related appli ationl,l_" dial P 'Ho . Regi ratiqln FonA Tligckles Qptical Qisc %lrface", noted
above. Stll mord ad R R o T e, 25
SUMMARY 200g}3R3% sl aressheerdiif] A Bfpiense paiteds onkanopiicandisevis used to

calculate the gain of a fine actuator. 5 BRIEF DESCRIPTION OF THE DRAWINGS
transfer, and thermal dye transfer methods. Still other methods use the laser in
10 a conventional CD player to mark a specially 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 optical 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-data side (i.e., label surface) of an optical disc is that there are no markings
such as pre-engraved tracks on the non-data side from which radial positioning
can be determined. One method for determining radial 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, “Radial 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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The same reference numbers are used throughout the drawings to reference like components and
features. Fig. 1 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 optical disc media hayving,\amexemgary
reflectivity pattern. Figs, # flusitatesi@m sxemriphcsaiiRiatiandroseskinsbdingifferent scanning
paths across a sawtooth reference pattern and exemplary reflectivity 15 signals. Fig. 5 illustrates and
exemplary table fofaadingata 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 DESCRIPTION 25 Overview 200313595 4 21 November 2006
The following diRRESEDESGIR EEDN AT HEd&RAMINIGESYstems and methods that facilitate optical
disc labeling through calibration of a fine actuator to accurately control the radial movement of a
marking laser. A referéheespRterAlRErce SMDBHIATPatesth) e tEBWS rihsadraidBeo i tabel side) 5 of
an optical data srt%ag%gil%geenables optigg& gisg pe%_vices to calibrate a fine actuator. The fine actuator

3 com% ne? S ea]u
controls small radial movements of a focusing lens

Fig. 1 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 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. 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  Dbest 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 DESCRIPTION

25 Overview
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and marking laser in between larger radial movements provided by a coarse actuator. The sawtooth
pattern has a linear variation with the disc radius that is 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 f’l.e., half of a sawtooth pastery skl giep patterns,
and so on. Calibration pf,thg) RetHAidS RGRICYES R¥ BRI INS RAHeRY.ssalcHiating the implied
radius from the pattern measurement, stepping the actuator, and repeating the process. 15 Exemplary
System EnvironmethoEiy tHaillfstriates aptecd naparyabtidmpgnddieugiarkihyraystermt 100isaitable for
calibrating a fine actuator using a sawtooth pattern. The exemplary disc media marking system 100

includes a disc AU ERKATGHEG P8 UntS B alspiayashceh 84nekigiltSthedia marking
device 102 can ?&ér@f?é%fpﬁmﬁfi(@g,aa%mb%i%aﬁt@ﬁﬁ'@ﬁa%%%W&ataogi@b@mgbgﬁqdébedia-

Alternatively, the disc media marking device 102 can be integrated as part of an optical media player
or drive, such asé atriiphtalcdarpact gis didc R ghgesitiadligisinideivanted ibiabehafneptical 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 deieB&!RiayliRiRfeaqBRIE Bsstath dadishe aae e PiHME lea 200313595 5
2L November 2004 pefipheral SomRANGDLIN A0l Ysiemn e K DTROM e niearated as
standard equipment in a Pt persona computeg& a DVD (digita Vefsatile |335 pfayer, and any
number of similafcardedMenrtsviodse pagelia aarKingAewiesid0 v inciue assoReiRis Mmargsprocessors 106

5 (e.g., any of microprocessors, controllers, and the like) that process various
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, calculating 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-alone 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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instructions to control the operation of disc media marking device 102 and communicate with other
electronic and computing devices. Disc media marking device 102 can be implemented with one or
more memory components, examples of which include a random access memory (RAM) 108, 10 a
disk storage device 110, and non-volatile memory P12 (e.g., any one or more 10f& £8@drooly, memory

(ROM) 114, flaspmprepiy <5RRAM: FERRAMieGhRisk sipraanferice Hdgardngude any type of

magnetic or optical storage device, such as a hard disk drive, a magnetic tape, a recordable and/or
rewriteable comp@aotigid c{TPneatDVDPO DRy, @amabikter)ikeD Ve (dimtdrvdiSandordstiemory
components provide data storage mechanisms to store various information and/or data such as

configuration infBIEHGR4ERYREMRewRd sulsg oIS Y2, graphical user interface information, and
any other types  of infgsmatiotyang deiarelaied 1ongLaliRRal AsBeGs &f dis.Redia ggarking device

102. Alternative implementations of disc’media marking device 102 20 can include a range of

processing @nd eemany cspalditpscasdmayincilids, any mwmliey) ahaiffetagimeiniory components
than those illustrated in Fig. 1. Disc media marking device 102 includes a firmware component 116

that is implemenfdra&igisettnetitFRnts RIS #HBANE ditsdbedit RN 4leyicsviPPotidr components

in disc media ma()king d‘iac‘éi e vlv%ﬁ 8%11%@ as.a. 2> com onent ﬁf a pracessor 106, linirgrd}/gare 116 is
programmed and distributed with disc media mar ing dévice 107 to coordinate operations of the

hardware 20031%Rm© 2baverobee£006 Withrdistdnedirimankingrdeyice denaid contains
programming constructs used to perform such operations. An operating system 118 and one or more
application programpanibecxordesinidroloreledererpetym aocasrdnesteeinéR M bt88essor(s) 106 to

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

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

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 those illustrated 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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5 provide a runtime environment. A runtime environment facilitates extensibility of disc media marking

device 102 by allowing various interfaces to be defined that, in turn, allow the application programs to

interact with disc media marking device 102. In this example, the application programs include a label
design application 120, an image processing applic%tion 122, and a 10 print coRtralapphoagon 124.

The label designappicationidl aenertak & labr) desigporsahiRiiRgamiAS fehdisklay 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 ussecanpspecifgpdn opleertvise drag-and-drop text, a bitmap image for background, a 15
digital photo, a graphic or symbol, and/or zlaai]g combination thereof to_ create the label image on the

user interface 126. Thé\ThPAGE PRSCRS S AAHIEAIBR A22 ProtRLLEY HPIABEITH YL Rreated with the
label design U5e£tH?E%_rfﬁ{3%3§-%9a{?f9qH&% ﬁtﬁzstlﬁé"@x%ﬂﬁ‘g’fldW%QSc&%?(?)”%@SE{ control data to

control rendering the image on concentric 20 circular or spiral tracks of a disc media, such as disc
media 216 (Figspd&ds). &Foruaxiamplepdroantantious roneuR (regyigresrnanthdliesectangular
raster graphic of the label image can be converted to concentric circular tracks. The curved raster is
color mapped arfyEBHAMAE @ itsce rtAL B8 SevisanRI SV MNI®S MEI Wy i fAeRenta, and
yellow). or graysiale. JLhis.434a SHeAm S AR T Alal A IRaer.canel AR and s aygmented with
other control commands to control the disc media thar Ing device 10 rendaérlng a label on the disc

200313595 7 21nhavemaeng0lsiceadia 2ZhaHfsigsarple 3)hAalahltienip gerenstedithrt can be
communicated to a controller where the label file is parsed to control a labeling mechanism.
Alternatively, thet dep@lefesieei romlieaiasks2hagnbengen aveeadsiiel apdiaptiod th22, and a

10 print control application 124.

The label design application 120 generates a label 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 spiral 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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the disc media marking device 102 one track at a time to utilize host 5 processing with the device's
rendering process. The print control application 124 determines the radius of the first track and the
subsequent track spacing. After the radius of the first track and the track spacing is determined, the
print control application 124 determines which label image data will correspondhg.eask: reggective

track. The laser 1 meskdqeationsalgna\apartauirrpGkaiasResiisd ioA-roqardieate system where
the concentric circular tracks are defined in coordinates of the radial distance and the distance along

each respective drackirblisc wiedia thratkie) devisepiBdroludesd didebdtivg systbmiyA8 that can be
implemented to mark on a surface of a disc media (i.e., optical disc), 15 such as to render a label

image on a label SIFFRRtE 9¥4'}8. GRS R SRS DPptRa LIRS b G2 8§ The disc drive
system 128 is deperiped MegiPaRhARIALOGERN BeIWMIRETRIENGRIO FiduaiRisfdyedia marking

device 102 further includes one or more communication interfaces 130 that can be implemented as
any one or rhiorepabc2fiageital thadionqearadleldritey facesas 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 TRe @Bt SoRtF8] Aplicaom ArdntricaminstrBe mtirnatiss fisint@skinput device,

such as from a remote gl%lstéolllglﬁvgce or frogn an%tﬁgrr %Hfr%gﬁil §'&’.tl?eoﬁr%tltrgclk'eatoc?tttﬁeOr similar RF 25

) . K . ) .
input device. A network interface pr%a\(/:ldggag connection between disc media mar ing device 102 and

a data communigatRnspeerk Wideinaliews ath ek 0025 9apBlhiNave mbae 2epslectronic and
computing devices coupled to a common data communication network to send label image data and
other informationvtodlidebeletiagnalimgyill correspond to each respective track. The laser

10 mark locations along a particular track are specified in a coordinate system
where the concentric circular tracks are defined in coordinates of the radial
distance and the distance along 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., optical disc),

15 such as to render a label image on a label 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  a serial 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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device 102 via the network. Similarly, a serial and/or parallel interface provides a data communication
path directly between disc media marking 5 device 102 and another electronic or computing device.
Disc media marking device 102 may include user irg)ut devices 132 that can include a keyboard,
pointing device, selectable controls on a user contrbl panel, and/or other meghapiagmsdormigract with,

and to input infopRagigtofise Msdiadnaking dayisa 0% Rismbediamatkingdeyiss 102 also
includes 10 an audio / video processor 134 that generates display content for display on display
device 104, andgewerhtessaudiobed merpcfdatp reskotiation foynzatpre sedistiore deviegkisgch as one or

more speakers (not shown). The audio / video processor 134 can include a display controller that

processes the di&pisy d8Ateit iR EorredByitiig dmishas Br@satelitieis4e A display 15
controller can be,implementad a% A IARNIGS POGHSTRMYCHRRANFOURT. (RLagraiRdGreuit, and/or

similar video processing component to process the imagés. Video signals and audio Signals can be
communicated fiawi@iso2med ia odsskeng dericeddriudigptiryidevice 104 via an RF (radio frequency)
link, S-video link, composite video link, component video link, or other 20 similar communication link.
Although shown separRigfyn§gin&3iig evifsolniaayiaitdmesiingitiavirereliceh®2 may be

implemented in %Qnﬁgghc&tlgﬂe%%g}ﬂc inte Bat%d cireyit At\ I1Ce)c 601‘1 r%lltsloonnagXis% sg(%gq bus (not

shown) typically connects the varloué%(grrﬁp ents within disc media marking device 102. A system

bus can 25 be irppiemendest ashenenetimeikeneftanitefsevaral tiaes ahpusisibueiaties,tdncluding a
memory bus or memory controller, a peripheral bus, an accelerated 200313595 9 21 November 2006

graphics port, ordéstoegibuaking dewiast Wyadtisy sfadisrardhnecteirws. 102 also 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, S-video 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 Dbe implemented as one or more of any of several types of bus structures,

including a memory bus or memory controller, a peripheral bus, an accelerated
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Furthermore, disc media marking device 102 may share a system bus with a host processor. 5
Exemplary Embodiment Fig. 2 illustrates an exemplary embodiment of the disc drive system 128
shown in Fig. 1 as a component of the exemplary disc media marking device 102. The disc drive
system 128 has a laser assembly 200 that includes’a sled 202 which suppors Rdasep24oan optical
pickup unit (OPY 20652 Jaseor1Q TReuFIBGsIanE@08 2 NG aciiatplL2ddsandiaBssipports 210. A
laser beam 212 is generated by the laser 204 and focused onto a label surface 214 of optical disc
media 216. The lastrcbsarm, 21 crediesiasergriznise thdl coryespond tydabebmagehdata 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 sleBAHEECSHY: and a controller 222. In general, 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 processisg 20 computenjpisogeSsdreek@entable instructions from various components stored in a
memory 226. Processor 224 is typically one or more of the processors 106 discussed above with
respect to the disc medig rhalkyiEsy sve freamplgy rgbedip psde dismbiy sty gitally the
non-volatile memory 112 and/pr. firmware 116 f the disc media markin stem 100 of Fig. 1. 25
Drivers 226, IOING A1 cdbr 1o ar ST es e S e PR 6 anc

executable on prnacessae 424 Afthosghthese KOA31sHIBEMBIL Moy ambiicRAGS agdsaponents are

represented in the Fig. 2 embodiment as software components
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 creates laser marks
that correspond 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 222. In general, 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
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, and spindle driver are

stored in memory 226 and executable on processor 224. Although these
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stored in memory 226 and executable on processor 224, they may also be firmware or hardware
components. In general, a spindle driver drives the spindle motor 218 to control a 5 rotational speed
of disc 216 via spindle 230. Spindle driver operates in conjunction with a sled driver which drives the
sled motor 220 to control coarse radial positionin918f laser assembly 200 withrespagbipdigs 216

along a sled driygmeabarism RpfeshRMAIAR IMPlenaRiaiiaeathe Jatalienabspeadnyf disc 216 and
the radial position of laser assembly 200 are controlled such that 10 laser marks are written on the disc

216 as the label sorfdcm 2idnmoved pastltiesctasdl beanp@isatraPdnstant ingarlvelbeity. A laser
driver controls the firing of laser beam 212 to write laser marks corresponding to a label image onto
optical disc meddPTE OBRETBRRESMRAMBPU) 206 can be implemented as a photodetector that

provides laser 15 focuﬁlf%ggggﬁl%tgpq;@ﬂ@ﬁg{vg{i}{ﬁt;,dgqggigmﬁﬁye mgt@sgfgdg)v%gg&trgls 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 positibnedbsuinihaptire detaiside B34 ipapiado280theSpisdiddane2 bpeAttindgractuator driver
236, a radii - DAC count table 238, and a line 20 fitting algorithm 240 are also stored in memory 226.
Fine actuator dris®¥9a81ah ¥ thefittash diysrithiichadries dhedlrdoot gritdessrd®h to generate

and manipulatecdata in R i- DtAC.coug gable 238bo 98 evrvitine the tgtaiﬁics)gz%l§.afo calibrate) fine

0drsSe I. dl poSitionin €I dSSC1 respec along a . . .
actuator 209. In general, finé actuator 209 functions  move  focusing lens in a radial direction

242 in small incrgsaedtisdmeehagiem 1 2langpicamevprasiisdion the wiad 2 ped 6parse actuator).
Calibration of fine actuator 209 is achieved through a process involving a DAC 244 (digital to

200313595 11 2diNAérabeétlmomgial 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 optical disc media 216. Optical pickup
unit (OPU) 206 can be implemented as a photodetector that provides laser

15 focus feedback to the laser driver. Additionally, 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 data in radii - DAC count table 238 to determine the gain of (i.e., to

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

focusing lens 208 in a radial 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 (digital to
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analog converter), a power amplifier 246, a sawtooth reference pattern located on optical disc 216,
and various components of the laser assembly 200. The calibration process is discussed in greater
detail herein below. Although fine actuator driver 236 and line fitting algorithm 240 are represented in
the Fig. 2 5 embodiment as software components dfored in memory 226 andgxesuiable myeprocessor

224, they may algnBg WAL Of PAFAWALS GRBIPARE S fBMRUHNG He st tRiiaga 248 interfaces
the controller 222 of the disc drive system 128 with another electronic or computing device to receive

label image dataropptiedelifite2(rfotasdoxandus lkeropomputingf devilescintsséadd2280.10tan be
implemented as an ATAPI (Advanced Technalogy Attachment Packet Interface), which is one of many

small computer ARV BEssrovle usestioaeaikn Jail BsHRh S5 e8mplibrisiufate is scsi
(small computer,, systeMyINEREE kW HED i3 SaNRIAIZE A ARYicedtaiiace faraligshing peripheral

devices to computers. SCSI defines the structure of commands, the 15 way commands are executed,
and the waysstatisbsdinogessediariocusmgitemphysicalinisriaas I hnde: Heeufdiallel Interface, Fiber
Channel, IEEE 1394, USB (Universal Serial Bus), and ATA/ATAPI. ATAPI is a command execution
protocol for use BREHISRIT A thidien eea¥ 3l Iedted HREM A EFE cEREY BN be connected via the same

ATA cable with an ATA.hard disk drive..20 ATA evices generally inclu -ROM drives,
CD-recordable drives,%((EBPrlcla{\llfl\rl1 S%Yécgrlll\l/%ﬁ‘a R%%Illé?traﬁerglgti 8l¥{§gerc%%§§?tt§8§{|§?ives, super-

floppy drives (e.grivelByaaeh USg1wah andibeclikerhs rpeasiopednanasesdineragiiatamdriver 236 and
line fitting algorithm 240 are configured to generate and manipulate data in radii - DAC count table 25

238 in order to ciliggatéatinerariabebiidoopt shorseksd tisatonuvives bvcopyepaet@mplifier 246, a
sawtooth qurenc%g g tltr%li)qelr%%%gg Ssna%pﬂﬁﬁi?ﬁ Vla%be%ope?’c %(5)?05gy Attachment Packet
Interface), which is one of many small computer parallel or serial device
interfaces. Another common computer interface is SCSI (small computer
system interface), which is a generalized device interface for attaching
peripheral devices to computers. SCSI defines the structure of commands, the
15 way commands are executed, and the way status is processed. Various other
physical interfaces include the Parallel Interface, Fiber Channel, IEEE 1394,
USB (Universal Serial Bus), and ATA/ATAPL. 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) 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 algorithm
240 are configured to generate and manipulate data in radii - DAC count table
25 238 in order to calibrate fine actuator 209 in a process that involves DAC 244,

power amplifier 246, a sawtooth reference pattern located on optical disc 216,
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12 21 November 2006 and various components of the laser assembly 200. The process generally
includes moving the laser assembly 200 to a position so that the laser beam 212 is focused at a known
radial location on optical disc 216 and then incrementing the radial location while recording current
values used for 5 incrementing the radial location."Fhe known radial locatiomang,irerssnenigd radial

locations each pgriniihe\aserpearm <14 I SIaR A RUNBRIDIRfereNce, RREEMIAcAIR on the label
surface 214 of disc 216. The fine actuator driver 236 increments a DAC count (i.e., a digital number)

being input to thex@¥es TineviDA hedantt isssestrigellihto tablei2id8. sd Ohlaictteriesstigeahe DAC count
adjusts the voltage out of the DAC which drivezarfower_amplifier 246. In turn, current supplied to fine

actuator 209 by pbiwét Risifer2a6 RoNErdA derE ALY ORIRE filss adQiate? 388 current cause
the fine actuator;£09 1, make fnalladIYStRESHS Ja e IRerEng GRR.a08 e Ladlig) direction 242.

The small adjustments alter the radius position of laser 15 beam 212 on the sawtooth pattern of disc
216. When the sawtanthtpaitéiniisigddocecbat Eeokisoradadpod ditans byrihéndaseshedm 212, the
OPU 206 generates a reflectivity signal corresponding to the sawtooth pattern. The duty cycle of the
reflectivity signal?HiainlgsationsrFaghasraitiHte teabsr20d! Adpistanfesradraticsifiebetion of the laser
beam 212 20 on tq% rsnalv(\)/(t:o%t@ Jo tltl%rg The f}ch 3¢ g%%riscér'\ﬁ%r 236 converts the duty cycle of the

e

o bel . ) .
reflectivity S|gnaP|anto a radius value based on th uty cycle information, the known height of the

sawtooth pattern, and the ragkah@asiiparetinEs samteatitpatiemaancbsiaresctha @it value in table
238 along with the corresponding DAC count. The process of incrementing the DAC count 25 (which

in turn, incrementenberfiheig taatsrto doeddikent)laadPediceranhts ragdrdedintpdabiliy? 2ycle of the
resultant relfbe Ctl\[,rll%lréstllger}l?frllg {1%) B%t%dcgu%lg]cggsrtg 1‘;he voltage out of the DAC which drives

power amplifier 246. In turn, current supplied to fine actuator 209 by power

amplifier 246 is incremented. Changes in the fine actuator 209 current cause

the fine actuator 209 to make small adjustments to the focusing lens 208 in the

radial direction 242. The small adjustments alter the radius position of laser
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 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 radial position
of the sawtooth pattern, and stores the radius value in table 238 along 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 signal is repeated a number of
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200313595 13 21 November 2006 times until the table 23 8 has stored a number of samples of the
DAC count and the corresponding radii. Line fitting algorithm 240 then uses the DAC count and the
corresponding radii data from table 238 as coordinate data to calculate a line 5 with a slope that best
fits the coordinate data. The slope of the best fit linBis the gain of the fine actuatey &8 boat is, the

slope of the bestfitdingpatipraigas e RdiabAigianas RALINGHAPR AR KO MRVERithe focusing
lens 208 for a known current value (i.e., a known current value corresponding to a recorded DAC

count) applied tchtbedinsmuotdiapradd9. 10 Fig. 3 illustrates one embodiment of an optical data storage
disc 216 having an exe,mplar%,reference pattern 300 on a non-data side 214 that enables calibration

of fine actuator 209. Th&for! algarshm i 20 apErstadhor ot a2 is displayed in
Fig. 3. The Fig. 3 embodiment shPws. "RISEN6R PAUSID 3004352 SRRPHiRaem $4Q located in a

region on disc 216 15 at an extreme outer diameter 302 and an extreme inner diameter 304. The
sawtooth paftern3Miaisicipel@mtwosséictidiscobilitmpattitn. spacstbp80ftiagiass fiapiar around either the
extreme outer diameter 302 or the extreme inner diameter 304 of the disc 216. Although the sawtooth

reference patterS08M8 Sh&ifnlinhateatidlfs 302Hns. 308 iHmg. o, thenhstaliéildtnstances the 20

pattern 300 may gl e, Aaled 10 of s AILSEONERE 96310R% AR ARt bt Furthermore, the
inner and outer diameters, an , are preferred locations for a reference pattern 300 in order

that the label arem®fiha Rissvalairean veman dreg faswabelingntawe Wirdsjondigdtthat this
description is not intended to limit the location of reference patterns to the inner and outer 25

diameters 302 aff§ @daddPdiscous) apilitddosheAipaaetnasoright also be

10 Fig. 3 illustrates one embodiment of an optical 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-data side 214 (i.e., the label side) of
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 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 a reference 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 also be

located elsewhere on disc 216.
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located elsewhere on disc 216. 200313595 14 21 November 2006 Fig. 3 further illustrates part of the
sled mechanism 232 shown in Fig. 2 over which a sled 202 carries a laser assembly 200. At either end
of this sled mechanism 232, and in both the extreme outer diameter 302 and extreme inner diameter
304 regions of disc 216, a laser spot 306 is shown!birection arrows 5 308 indicatr dhediregsion of

rotation of disc 216. Alfiough,ARLIAREARIFRET oFRAL J08 iSHENHED 10 UsiRla howa reference

pattern 300 is scanned as the disc 216 rotates the pattern 300 past the laser spot 06, either on the
extreme inner diemretdn S04 dedid 2xtmerereadater aisambligr2802 dft thichdismd 16.tHikelsdwtooth
reference pattern 300 (see also Fig_s. 4-7) can be formed 10 on disc 216 by various processes such

as silk screenind &R o7 g hhe SRR SRR ESOr it BHESRBTh 300 represent
dull areas of lowyrefleetivigy Q0L AIRE SLALRS INMRIP HigS3 ok 13- HEWG thsighbRaigined areas (i.e.,

the areas that are not marked) represent shiny areas of high reflectivity on disc 216 (also shown in
Figs. 4-7). Iy genégainscarnihg dreaafofanyingd bt éfte dinity Ahnhadisa 2l gedierdies a reflectivity
signal through the OPU 206 (Fig. 2) whose amplitude changes in response to the changing reflectivity
of the disc 216.S/RQtiﬁQQF&ﬂé&FﬂﬁPﬂQG’41,1’151%%%1\%&%@{?{8%?@% B%eﬁaé(g) khetoRnsdighthand is located at

a known radial p@siti%%or(\) tg{%tsi%l dis&e%gogh%sﬁ\ﬁ\étqoth 20 m.300 is shown in Fig. 4 beginning

at 23.0 millimeters from the mner diameter edBe (i.e., the hole) of fheéto%rtiggl fsc 216. The height of

the sawtooth patigen BEREBOY0A ibr Hig c4tisrbeomilidigiare (362 Hom 2&O 16 to 24.2 mm). Although
the location and height of the sawtooth pattern 300 illustrated in Fig. 4 express a preferred

implementation of the $hs/tsvtteprttsfarence pattern 300 (see also Figs. 4-7) can be formed

10 on disc 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 (also shown in Figs. 4-7). In general, scanning areas of varying

15  reflectivity on a disc 216 generates a reflectivity signal 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 radial position on optical disc 216. The sawtooth

20  pattern 300 is shown in Fig. 4 beginning at 23.0 millimeters from the inner
diameter edge (i.e., the hole) of the optical disc 216. The height of the
sawtooth pattern 300 shown in Fig. 4 is 1.2 millimeters (i.e., from 23.0 mm to
242 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 optical disc 216 and may be
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25 300, they are not intended as a limitation. Thus, sawtooth pattern 300 might be located closer or
farther from the inner edge of optical disc 216 and may be 200313595 15 21 November 2006 taller or
shorter in height. Furthermore, although pattern 300 is illustrated and discussed throughout as being a
sawtooth pattern 300, it is to be understood that other patterns that can provigenlisgasvangtion with

the disc radius thaldsoFasdIahleATd CORNRERISLOMiRaRR GuRBRPIN Sallatation ghdhe fine S

actuator are also contemplated. Such patterns include, for example, triangular patterns (i.e., half of a
sawtooth patternisstaiestépatiermssarudngoaonavwkigsh atwin5300sitatetarbexedyiarycalibration
process for a fine actuator 209 involving 9 increments or steps of the fine actuator 209. Fig. 4 shows

9 different paths'4rBH BPSHFREOHH btieRrP 30 HAIR'SEAHINAY YALkihEo' 56 4191 9N take during the
calibration procegig,d,0,BRIIMYI R Ias61 DRIt dS BABRAIOGRMRTAII NI Ehe sawtooth

pattern 300. Typically, the 1 tlocation is one that is a number oOf fine actuator 209 increments away
from a "zer6 cuaenitdoaadioino Thatérgratedrrénthlpaaton il dihexenprRotitaigenir being applied
to the fine actuator 209 from power amplifier 246, and 15 thus, where the focusing lens 208 is in a
normal resting pBiErs Ke-iilftifia aavtamh asieAC B SRPERIE PS8 B, a DAC count of zero

corresponds to the "zefo gurrenty '8‘315}}{9%;{{@9- 5%;(é51t 2%1‘2/ rgﬁ}%r%[itohe sawtoo%lr paatﬁgl%n 300. In order

. . TOCCSS
to reduce motion stress %n the ?ocusmg ens %%8 an actuator BO%, incremental steps are made

on either side ofdkh@a26t "ZByasidlkent JosrHaNANGT dpd HEing MdR @ilten TWYe Fde or the other.
Accordingly, the calibration process begins by applying a DAC count to DAC 244 that moves the

focusing lens 20shovia findifeieitoptlogictesfoaus tedtiseptisana? thataascimmnerembsseradial location.

This 1st racﬂ?l lol():ge;[rlg 91 %Qr? %ﬂe"&uring the calibration process. To begin with, a laser beam

212 is moved to a 1% location within the sawtooth pattern 300. Typically, 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 is in a normal resting position.

As illustrated 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, incremental steps are made on either side of the

20  “zero current” location rather than being made all 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 radial location. This 1% radial 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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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 200313595 16 21 November 2006 amplifier 246 that will drive the fine
actuator 209. Thus, the known DAC count is recorded into table 238 as shown Wy Figbs: Fdogvever, it is

understood that g \giawp sasrank plHeRving:thg dingaattasb 20BHigidusiasresdily be recorded
and shown in table 238. Furthermore, although the decimal value 5 of "-400" is illustrated as the DAC

count value for theuhsistepufcdlieo238 ctheSmsrsioeractually apdhed terthieiDAadedddodill be a binary
number. However, for illustrative purposes, it is easier to show the DAC count numbers in their

decimal equivaldRE\AKRSY B ARTE SR o 8RR, Anhdsirates 100 Bighthiresasreihectivity 10
signal 400 that rgight.Be e DeGalRsRY: PN A% e AGANBINg R SRt RAREM B00 with laser

beam 212. Depending on where the scan occurs over the sawtooth pattern 300, the duty cycle of the
reflectivity signab40@ebiangésastfaadexahpleA Eigovhillustrates twa Uiffeyertahle26pcids for the
reflectivity signal 400 when the sawtooth pattern is scanned at inner (e.g., 23.467 mm) and 15 outer
(e.g., 23.725 mmiyFaREPRIEan ABP Bt Pt MK DAE wBliRE I8 DGR HBmMEY, ddeWX§shown in table
238 of Fig. 5, th%ref{ﬁl%EMg. Sl nal 400 . has a diff J%Hggut% cAI%. é:orn?%lcih géJr@/iCyt Iéalrthe fine

. é ﬁJCIi[JOSCS it IIS €asicer é).u . .
actuator driver 236 Is_ configured to calculate the corresponding radius and record the radius into

table 238, alongwitimthe gakraspondirg. 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 5 illustrate Bhaiffersniesitintedt iHavé besiraigicitereskanpleecirdadilsasation 9 different

DAC Counth 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 signal 400 changes.

For example, Fig. 4 illustrates two different duty cycles for the reflectivity

signal 400 when the sawtooth pattern is scanned at inner (e.g., 23.467 mm) and

15 outer (e.g., 23.725 mm) radial 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 calculate the corresponding radius and record the radius into

table 238, along 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 5 illustrate 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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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 200313595 17 21 November 2006 sawtooth
pattern 300 is laid down on the optical disc 216, it ils7possible that it ends up topNgyfrE 9630 close to

the inner diametgr,adgm PhHeORIER HiRceowd Bn HREGIRES: S14PSAGUANt FRIGHAlINS Af radii based on
an initial "known" radius of the sawtooth pattern 300 would be in error. However, because the 5

sawtooth patterre@@0uis tleodadwman the dptical dismdtbdsntvior sdgtiafshthaptmed di8GEdegrees apart,
any such error can be averaged out. For example, if one section of the sawtooth pattern 300 is laid

down too close tb'the e hEmiktarIBeRIe- B! RHABY SEEHH Btk Battet 380 WM is 180 degrees
away will be 20dARNDFIRSALIRINNGRAPHHIPMEIRS BAGR BYdhe SBIK ANl e, 10 when the

fine actuator driver 236 calculates radii from both of the duty cycles of the resultant reflectivity signals,
the radii carsbe svetagiiagen3ovadhisd down dihehexpagibdyss2itostvaatterivdOthef Fig. 3 and the
generation of a reflectivity signal 400 having a varying duty cycle is further illustrated in Figs. 15 6-8.

Each of the Figs6-B s iaet HBnpars S WiHotR DR300, Heensennls igRal 400 response

generated by the QPU 2 % Fig..2 \ﬁ/he th ser.a mbly 200 scan thenoat ern with a laser beam
315 and the rel S ol e e e RS S RSB RTINS oo
Figs. 6-8, the peakseand valleyscofisheosandpatiepatieondiéhdsfine aslanteshay interbace between the

low reflectivity region and the high reflectivity region of optical disc 216.
laid down too far from the inner diameter edge by the same amount. Thus,
10 when the fine actuator driver 236 calculates radii from both of the duty cycles
of the resultant reflectivity signals, the radii can be averaged to remove this
error.
The exemplary sawtooth pattern 300 of Fig. 3 and the generation of a
reflectivity signal 400 having a varying duty cycle is further illustrated in Figs.
15 6-8. Each of the Figs. 6-8 illustrates the exemplary sawtooth pattern 300, a
reflectivity signal 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. As shown in
Figs. 6-8, the peaks and valleys of the sawtooth pattern 300 define a slanted
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. As the
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
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Fig. 6 illustrates the case where the laser beam 212 is located at the "zero current" radial position, or
5t” position as shown in Figs. 4 and 5. As the 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 b¥ the disc 216. Because helaser20034 3595 18

21 November ZQ;zﬁnp@m@kggi.%_ﬁ@éﬂ&es%&%ﬂéwmﬁwgmm@%ﬁé@m walleys of the
sawtooth pattern 300, the reflectivity signal 400 has a (nearly) 50% duty cycle. That is, the ratio of the

pulse duration 48wtodHepatitse pediat i@ é¢stinenasigna98). s incicaisl devefthgaadius calculation
is made based on the duty 5 cycle and the known height of the sawtooth %)attern 300. The pulses 402

in the reflectivity Sighist 2B08E ¢S Bapelssariivar it ihiisergles Reutar108 & $t) and bottom)
because the lasgpheam, 21 diis vary,smalky. compalisendehe sawianih pattenn. 3, and itis

therefore either completely within a low reflectivity region or completely within a high {O reflectivity
region as it scansytieapdtteerk30On lineagidisithe theviaser e 20Q. is traveling very fast relative to the
sawtooth pattern 300 and therefore traverses the interface between the low and high reflectivity

regions virtually instarktBp88lisR44histhedisSrrshdthstanséAMIgH Bitd fotiedirial 8dfii8tions in the

reflectivity signal ﬁfOO re also virtuall hin tant, and. they appear as §trai ht 1%1\?rtical lines. Fig. 7
lustates the cat s S e R AR 8 R 3 TS 500 than the

"zero current” raghall pesittemdaigson MAYhd 8RS, falt@xapopleatheOth pesitiar asighown in Fig. 4
and 5. Thus, the laser beam 212 is at a radial distance that is farther away from the inner 20 diameter
of the disc 216. Ragplgigbnhtviigrn Fig lawtheefiersivitity regeda ofrttrempletely 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 virtually
instantaneously. Thus, transitions between high and low signal saturations in
the reflectivity signal 400 are also virtually instant, and they appear as straight

15  wvertical 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 radial distance that is farther away 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 is less than it is in the Fig. 6 example. The fine
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 along with the corresponding DAC count (or current value) that generated

25  that radius.
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resultant reflectivity signal 400 is less than it is in the Fig. 6 example. The fine 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 23 8 along with the corresponding DAC count (or current value) that
generated 25 that radius. 200313595 19 21 Noverhber 2006 Fig. 8 illustrates|thg\cagr\vbese the

laser beam 212 is locagg lowesendhensaudoqtheratiermI0q thamthe | ZetacHapt: tdial position.
Fig. 8 may represent, for example, the | t position as shown in Fig. 4 and 5. That is, the laser beam

212 is at a radiatldistante thabiscolo3ed thanehiofecrdiamester’ ohdie popiimal dise 2Baydgain, it is
evident that the duty cycle of the resultant reflectivity signal 400 is different than those of Figs. 6 and
7. The fine actudfFe¥iVefos s6aaRledhss'a B%%‘r’é%&ﬁdﬁ?d@a&d@%a%@‘&do% tha4ietBht duty cycle

and the height of the 5ay{oqt0afte1) #00:;8AAE RIS IR PHIYRIHARRIER BopigRg with the

corresponding DAC count (or current value) that generated 10 that radius. After the fine actuator
driver 236 increropidsl thigs©AG conghin cartairevidumb eraoftlindstie cl® différentdneaments in this
case) and creates the table 238 containing the DAC count and radii data, the line fitting algorithm 240
uses the data adtstavHE Bt eatilipatdhmcting of figsettand BedindimsaaBddordinate data.
The slope of the Cll})r]esétr %Iéng al&ellllf[aatrates the radlgl dlst%ncebtglsatd the fln%i cluator 1209 moves the laser

1 orresponding Tadius on. the ufy cycle
beam 212 throug ‘focusmg ens 208 for a knowrrcurrent value I.e., a known cutrent value

corresponding tauaireeordatht RAGCouM) apPiacte He firl astsadonRZOPdnig. iftdlumrates an example
of a best fit line calculated by line fitting 20 algorithm 240 based on the values of the DAC count and
radii data illustra#éd along 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 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 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  algorithm 240 based on the values of the DAC count and radii data illustrated
in Figs. 4 and 5. Line fitting algorithm 240 may be, for example, a least
squares line fit that calculates the slope of a line for coordinate data that will
minimize the squared error of the line compared to the coordinate data. Such
line fitting algorithms 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 along the X axis and the Radius data (in millimeters) shown along
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in Figs. 4 and 5. Line fitting algorithm 240 may be, for example, a least squares line fit that calculates
the slope of a line for coordinate data that will minimize the squared error of the line compared to the
coordinate data. Such line fitting algorithms are well known to those skilled in the art. Fig. 9 25
illustrates a coordinate plot of the data from table 22198, with the DAC count daiaxghewstaoog the X
ads and the Raghus dala. (RIHURPIREL AR AR 2A0TARIRZAZLNANAMIE! Q06 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 withre sfopegthdgdebimcaibratesititesgaibast the fine acthatos209.thaExestplary Methods
Example methods for calibrating a fine actuator using a sawtooth pattern in a disc media marking
system will now BLIELSBE SWRATIRALRS 2r&iei¥®to the flow diagrams of Figs. 10 - 11. The
methods apply generally to the exemplary embodiments discussed above with respect to Figs. 1 - 9.
10 The elements of the described methods may be performed by any appropriate means including, for
example, byshardwareHoemndilcks ethatdsASIC 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 caResisnstbrdscinrmaibeatiag pfo Jag atet it arEps reiethiiReidns for use by or
executic_m by a prg&ess%r.aAdE)Srg%(;escﬁor-re dable [ e%iilVJV m can bt?e %tsrg%te dliwgﬁlti% an electronic,
magnetic, optlcalf,

eFélétromagnetlc, Inafrréll% 1n§rs emiconauctor system, apparatus, er\yice, or
propagation medfrerdote tpeoficexanmples oia processorreadaleimggiinadneltige, among

others, an 20 electrical connection (electronic) having one or more wires, a portable
to the exemplary embodiments discussed 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
limitation, 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  electrical 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 a disc media marking system 100. At block 1002, a
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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 & Sawtooth pattern in a disg meslisparkpng system

100. At block 10R2,,8in¢00RL 368 % el NNBUERBAMZAAE! IREHFIIBIERS SRR &8 mQversto a known

radial location of an optical disc 216. The known radial location enables the scanning of a sawtooth
pattern 300 locdtbd bmothie labell Side2d4 ofdblesdibe 2d:B1ndxighioith 1D0Hodn ptEaedIAC count
number is written to a DAC 244 5 (digital to analog converter). The DAC 244 provides an output

voltage in respdRS&%0 ‘ﬂ‘?éhﬁﬂ?e&&ﬂ‘ﬁ%ﬁ&%éjésﬁ ?:)b@/\_/er amplifier 246 as shown at block 1006. At
block 1008, the power amplifier 646 sHRBIGS EWHRRNEWHER. HUUES 3 HRR AEIUAK 2994 The fine

actuator is configured to move the focusing lens in fine steps in a radial direction 242. The current
supplied to 30 th@ifiitel actuatdsdscaasetajed PichDAW 2ieteproiieek by, thepRthiagmibeing input to
the DAC by way of the power amplifier 246. At block 1010, a sawtooth pattern 300 located on the
optical disc 216 18SRESnEdthy B iseionahmns1 911 Tted ORInBTi Bes i s B8 WRedbattern 300 is

controlled in parkyhf iRe ASUUAIA RGN GNERE MaNEmEns.of (g AR.10galno 55,208 in a radia

direction 242. In one embodiment, the sawtooth patter two sections that are located

180 degrees apaiiifean aie apeier oodhe DRliGA diseté: Botysegtiastef thevpatiern 300 are
scanned in this circumstance. At block 1012, a reflectivity signal is generated from the scanning. The

reflectivity signafosusétietensdbiinsOPuUagadptidarpitiupd2. 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 a laser 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 a radial 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, a reflectivity signal is generated from the
scanning. The reflectivity signal is generated by an OPU 206 (optical 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 apart 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 calculated and then averaged in
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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
apart 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 o reflectivity signals, one fiosgaeh @hdwo

sawtooth pattern,seetignsefuadtadic g Galeaisd and e avemaed m20R3hsaoRea 21 November
2006 order to generate the calculated radius for block 1014. The method 1000 continues on Fig. 11,

at block 1016. Atdltokes0a6 Fipelraditiblacid theoD AT Wouktl Qe rdooradid smtolaltabA (The radius and
DAC count are associated within the table as corresponding to one another. 5 At block 1018, the table

is checked to sefHH & FUIERHEt YD AHEP the ThE LA SIPRE AN HsSrUBEATE H8H AT ny DAC count
increments will Q?itl%‘?‘ﬂ% @a&i&%&eﬁﬁfeﬁﬂs}{a‘d@ﬁg98%%&5&1&9&'71bef 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 ifave been raddrdkd 0t®, the tablie idfchOdlbeel tmbdecisroiduill]ith&vivelsod(inet, calibration
process) returns to block 1004 of Fig. 10, and the previously described steps are performed again. If
the table is full, thie tAbdeHs didbA 4t BRSERN H2D. M deR G aRonHETEMFARAPDARS count numbers

recorded in the tablde arg co fi %Eed as coordiﬂget% lgn%ae.r %%plgr%k %Q%Zisthr% ool tgtdata is 15

di
manipulated by afine Httlngcglgorltlﬁnmpl%og?%sér to generate a est line fit for the ng:, Inates. The gain
of the fine actuatarsisstignigalitieded hasadeniheTrigpenohthadesbét baeasshiawnat block 1024.

Although the invention has been described in language specific to
table is full if 9 DAC counts and 9 radii have been recorded into the table. If
10  the table is not 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
is full, 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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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.
200313595 21 November 2006 23 CLAIMS: 1. A processor-readable medium ({98mddi20bd4, 226)
comprising 5 processor-executable instructions configured for: scanning (1010) a reference pattern
(300) on a disc (216) using an optical pickup unit @6), which is configured to be moved radially
relative to said disc §216) by a course actuator (220) and a fine actuator (209), the fine actuator (209)
being caus e the optical pickup unit (206) relative to the disc (216) to a radial 10 position in
dependence on the value of an actuator control signal, the reference pattern (300) defining a linear
variation with radial position on the disc, the optical pickup unit (206) being moved during the

scanning (1010) on)y by said fine actuator (209), sg.ast e a fespegctive pattern.signal at a
i. gt‘h e ssor-ret%d%% mec(flum %g)?fa?bléﬂg%])ff eﬁé

plurality of radial positions thereor,” and thereby to create of cHordinated achfator control

signals gnd ﬁg@lssg)g? 8&2&5?9@%gérggig?i%%%%}ﬁline fitting algorithm (240) on the coordinated

data to generate a best fit line; an the fine actuator (209) based on the slope of the

FPURIERER ien b ) it st Bk
pattern (30Qyickup unit (206), which is configured to be moved radially relative to said disc (216)
by a course actuator (220) and a fine actuator (209), the fine actuator (209) being
caused to move the optical pickup unit (206) relative to the disc (216) to a radial
10  position in dependence on the value of an actuator control signal, the reference pattern
(300) defining a linear variation with radial position on the disc, the optical pickup
unit (206) being moved during the scanning (1010) only by said fine actuator (209),
S0 as to generate a respective pattern signal at a plurality of radial positions thereof,
and thereby to create a table (238) of coordinated actuator control signals and radial
15  position data;
performing (1022) a line fitting algorithm (240) on the coordinated data to

generate a best fit line; and

calibrating (1024) the fine actuator (209) based on the slope of the best fit line.

20 2. A processor-readable medium (108, 112, 114, 226) as recited in
claim 1, wherein the scanning (1010) comprises:
generating (1012) a reflective signal (400) based on the reference pattern
(300);
converting (1014) a duty cycle of the reflective signal (400) into a radius
25 value; and
recording (1016) the radius value and an associated DAC (digital to analog

convert) count in the table (238).
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converting (1014) a duty cycle of the reflective signal (400) into a radius 25 value; and recording
(1016) the radius value and an associated DAC (digital to analog convert) count in the table (238).
200313595 21 November 2006 24 3. A processor-readable medium (108, 112, 114, 226) as recited in
claim 1, wherein the scanning (1010) comprises: writing (1004) a number to a Défc(gligitadg analog
converter) (244); 5 driving (1006) a power amplifier (246) with a DAC output voltage; driving (1008)
an actuator current with the power amplifier (246); 2dtering (1004) the number written to the DAC (244)
by a known amount n times; for each number written to the DAC (244), calculating (1014) a radius

from a 10 duty cycfe of a fofl@EAGRSNEHeAqaRe) geedikied}¥ e réidreAel) Rstteattegdot); and

recording (10 Gﬁ)into I]g%ei table, each radjus %Sd each number written to the DAC (244). 4. A
processor-reéafiibte AR §8aYBY AR O SHMLIFE jted in 15 claim 1, wherein the scanning

radius based on i HAL AL GF Ui VDR e FAer V30 Sarhine o 26) @4kkond ha of the.
eference pattem OBy e e L o e AL VB2 e to generate
coordinate driving (1008) an actuator current with the power amplifier (246);
altering (1004) the number written to the DAC (244) by a known amount n
times;
for each number written to the DAC (244), calculating (1014) a radius from a
10  duty cycle of a reflective signal (400) generated from the reference pattern (300); and

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

DAC (244).

4, 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 (1010) a second half of the reference pattern (300);
20 calculating (1014) a second radius based on the second half of the reference
pattern (300); and
averaging (1014) the first radius and the second radius to generate coordinate

data.

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

claim 4, wherein the first half of the reference pattern (300) and the second half of the
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data. 25 5. A processor-readable medium (108, 112, 114, 226) as recited in claim 4, wherein the first
half of the reference pattern (300) and the second half of the 200313595 21 November 2006 25
reference pattern (300) are 180 degrees apart from one another on the non-data side (214) of the disc
(216). 5 6. A processor-readable medium (108, 112, 114, 226) as recited in olaNgtnwkiergig the
reference pattern (300) is a sawtooth reference pattern. 7. An optical disc read-write device (102)
comprising the processor- readable medium (108,232, 114, 226) as recited in claim 1. 10 8. A disc
drive system (128) comprising: a scanner (206, 208, 212) configured to read a reference pattern (300)
on an opticdﬁfﬂé@@?]@}%ﬁ‘i&%@kﬁfﬁté@l PRFRRATH A Mt P PABPBISSIABHINPIR@AkE SIBRLE), the
scanner comprising an optical pickup unit (206), which is configured to be 15 moved radially relative to
said disc (21 )16%/03 ME@ é&% tor (220) and a fine actuator (209) configured to control small radial
movements (242) of the scanner (206, 208, 212), the fine actuator (209) being caused to move the
optical pickup unit (206) relative to the disc (216) to a radial position in dependence on the value of an

actuatoiscontrol sigglal,th%op 'F&Uegégwg?jﬂgmézqmaﬁiﬂg aggqﬁfr' ao z??gttl e;e%siﬁan (1010)

by only said fine actuator (209), so as to detect said referehce ‘pattern (30 y to generate a

respective pafigSighgtéh el Jsaﬂ@h ERRIRNS dhetesthasrticheeqpigemiable (238) of

coordinated actuator control signals and radial position data; means for performing a line fitting
algorithm (240) on the coordinated data to

7. An optical disc read-write device (102) comprising the processor-

readable medium (108, 112, 114, 226) as recited in claim 1.
10

8. A disc drive system (128) comprising:

a scanner (206, 208, 212) configured to read a reference pattern (300) on an
optical disc (216) which exhibits a linear variation with radial position on the disc
(216), the scanner comprising an optical pickup unit (206), which is configured to be

15 moved radially relative to said disc (216) by a course actuator (220) and a fine
actuator (209) configured to control small radial movements (242) of the scanner
(206, 208, 212), the fine actuator (209) being caused to move the optical pickup unit
(206) relative to the disc (216) to a radial position in dependence on the value of an
actuator control signal, the optical pickup unit (206) being moved during a calibration

20  scan (1010) by only said fine actuator (209), so as to detect said reference pattern
(300) and thereby to generate a respective pattern signal at a plurality of radial
positions thereof and to create a table (238) of coordinated actuator control signals
and radial position data;

means for performing a line fitting algorithm (240) on the coordinated data to

25  generate a best fit line, and
means for calibrating (1024) the fine actuator (209) based on the slope of the

best fit line.
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25 generate a best fit line, and means for calibrating (1024) the fine actuator (209) based on the slope
of the best fit line. 200313595 21 November 2006 26 9. A disc drive system (128) as recited in claim
8, further comprising: a processor (224) configured to write a binary number to a DAC (244) and
increment the binary number in equal steps; 5 the DAC (244), configured to genesatgsin magput
voltage for each binary number; and a power amplifier (246) configured to drive the fine actuator (209)
with current values based on each output voltage.260 10. A disc drive system (128) as recited in claim
9, further comprising: a table (238) of coordinate data including the binary numbers and a radius value
calculated from theg-efereﬁcg'%ﬂrém preieNrOEEH A MRy mﬁqr%@?aﬂﬂtéelﬁrﬁ@mﬂfﬂﬂ%gorithm (240)
configured to generate a best %t line from the coordinate data and to determine the slope of the best fit

line. 15 11. An optiGaPHEEFAL A E W&%%B&WH&&EW&H&’B\%@&% LOGdaf as recited in

claim 9. 200|3n1c:;’e5r%gnt the binary number in equal steps;

5 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

current values based on each output voltage.

10 10.  Addisc drive system (128) as recited in claim 9, 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 number; and
a line fitting algorithm (240) configured to generate a best fit line from the
coordinate data and to determine the slope of the best fit line.
15
11.  An optical disc read-write device (102) comprising the disc drive

system (128) as recited in claim 9.
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