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 buning clgtal el A1 GRS FHCRASGAITANIE SRER A0BERFYS Cpagurighie discs).

200313595 2 As more and more co ers burn their own , the need tor convenient ways to

identify the dataoni shiiheriBisyhasoioiersHsl Mdetbacts for

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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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. Other9physical marking methods developed for

implementation in conygniiqiial Gia Riaverednelipadnkust thermMlwapyanwdereanddhermal dye

transfer methods. Still other methods use the laser in 10 a conventional CD player to mark a specially
prepared CD surdaideerBant waysthodent hpthecdatalon teutibesghaDscaeasddV Disetidotistfer image can be

rendered on the label surfacé[aﬁill.e., the non-data side, or '[Oé) side) of an gptical disc by marking the
label surface itk FNE 98 datshg Lo Rt ORISR & ur@%e%(&@ljﬁp%&% e, spots of 15

constant size anggfr%ggg%p@%w @,rﬁ%géﬁg Mg @é@ﬂcggemﬁg& m,al%ggr@aéa 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 nadivarkiochgde phoh cabl prerieimgranatidnamksian siue nothdater sideefitomeskbich radial
positioning can be determined. One method for determining radial positioning on the non 20 data side

of an optical dis_(g‘?él_th%sﬁ%o't_ﬁ %."‘?@F_ﬁ?é?‘i(%i Bﬁﬂ%%@ﬁ?@ﬁﬁ@&t@@@@gﬂ@‘m@ﬁ@ﬂt% discussed in
the related app"ﬁ?é'ﬂ@#&%%d@d&ﬁﬁ% §_e%ﬁ{ét@ggéeﬁﬁgg@ﬁhﬁglﬂ%%%pce", noted

above. Still more accuracy in radial positioning m ighe sities. 25
SUMMARY 2003hgRpiediadoielriean®/aaliers @Dplepbical siRalis itegddy arigutntevtike gain of a fine

actuator. 5 BRIEF DESCRIPTION OF THE DRAWINGS
transfer, and therma 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 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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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 optical disc media having an exemplary
reflectivity pattern. Figs fuilsicategdmaremnipicaatiaatiqnarosesrcinge drgdifferent scanning
paths across a sawtooth reference pattern and exemplary reflectivity 15 signals. Fig. 5 illustrates and
exemplary tablefofeadiiaata 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 The following
discussion i% dir&ReERDESCRIEdiEON DK TiHE/BRAM MG Inethods that facilitate optical disc labeling
through calibration of a fine actuator to accurately control the radial movement of a marking laser. A

reference pattern (e.g. T B&SARSotR BEREPNNYRRAS 5R-HeRd SieudiodhaneidevsngsalPoptical data
storage disc e”%@%ﬂg&‘ﬁﬁé%ﬁﬁ@%‘éﬁ%ﬁa Fﬂ'&r&te a fine actuator. The fine actuator controls small
: On .

radial movements of a focusing |
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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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 6.e., half of a sawtooth pattern), stair step patterns,
and so on. Calibration pfde) Rtk 46UaGRIS Ve S favBIRBUEN g RAtIGHY salsWasing the implied
radius from the pattern measurement, stepping the actuator, and repeating the process. 15 Exemplary
System Environmetitodiy thaill iatratas apiesandgarjabaing daieugtartdhiprelyeteof 1@0isaitable for

calibrating a fine actuator using a sawtooth pattern. The exemplary disc media marking system 100
includes a disc %H%%é?kmﬁgﬁ@ﬂge%goin@‘% %"asmgﬁﬁﬁzé/ﬁ@@qfﬁg‘giéﬁedﬁ marking

device 102 can beplelBRlefl 25 2 aaiPRe-ang N ek RseiRs Rbeinaissqpedia

Alternatively, the disc media marking device 102 can’be integrated as part of an optical media player
or drive, such asoh anrivptitel cdetgpstot aljs dilsC Rhadbesoptied isl smpéeinetedabbedbe lasfimeptical 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 de\AEB&tRTayT R fifRaGBIAK HAPIO! 2518 dedl B AURIS S PLfhPeHe gt 18N8 200313595 5

peripheral compgnent ?#Lo- WSEE Rai %l%eﬁwaﬁjrm&)gﬁﬁg@ r%\ﬂaeat ﬂ;&jipment ina PC
(personal computer), é%% |git|§ versatile disc) player, an anytﬁumber c?fgsdla?né ar embodiments.
Disc media markiigeiieviaqma S2vneiidsstamenas Mnieapvagassa i Dheuie gadrR)tiet nicroprocessors,
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, 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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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 of a read-only memory

(ROM) 114, flaspenpracay cBRRAM: FERRAMi S5 4elRisk siorpgnviayice idgardnsiude any type of
magnetic or optical storage device, such as a hard disk drive, a magnetic tape, a recordable and/or
rewriteable compotigid efa@pentDV B PO \fierRNH, comaptiter)ikeD Ve (digitdrvarSatt ed selemory
components provjde data stora%?w?echanisms to store various information and/or data such as

configuration infBISGAGSMUINYPREGRL LRI STTRRVINEND2, graphical user interface information, and
any other types  of infsraatingyang JRiad elaied LooRRERIIRRADASBE Hhord pliscRediagaarking device

102. Alternative implementations of disc’media marking device 102 20 can include a range of
processing &d (egmary cefpaiddit pcassbrs) agomoblides, any miuemibes) aheliffenogssnemouy components
than those illustrated in Fig. 1. Disc media marking device 102 includes a firmware component 116

that is implementedr 4 QNseith SRR N R FHOAUIE didhdbediRrieniing AleviceviPRothEr components
i di di . : 1 Ei 116 |
in disc media m%%&ﬂﬁ%ﬁét%%e V\&&ﬁ BH%P :ei’fgtrgﬁ (ﬁozm@o%?ﬁé%@pa%ﬁ:gor ch Hpware is

programmed an discm marking de to coordinate operations of the

hardware 2003130 Withicedisoomeshia bealikipiedeyvied 1@ Iancheotain®ogi@nuiying constructs
used to perform such operations. An operating system 118 and one or more application programs can

be stored in noYHRANETEAIRPIEEDIANHI ek EiuHEl BRepHene deertsNE® Ry (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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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 control application 124.
The label designappHcatiombd aeRrRIvi R LDRISIGSIORRES R BRSEREPNHAE fohdiselay 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 ussedtmpepercifdh ofestivise 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. Thé RICYSSAL A ANE0R AP YRR LSl PR I9GENIR S RGeated with the
label design useamb%rfﬁ?%a.%m@%&m ?fff%ﬁ@'@@t{ﬁ&?'éwq%c&%@n%ésﬁ{ control _data to
control rendering the image on concentric 20 circular or spiral tracks of a disc' media, such as disc
media 216 (bigsp@wds). dorumxaneplendroontiemiious foneuRGndreehvireeneatnddailiegtesctangular raster
graphic of the label ima%? can be converted to concentric circular tracks. The curved raster is color

i

mapped and s_e[%Fﬁ't@iﬁ" ) %Qiﬁ?im%ad@%ki&%ﬁ{é% l@éma'{emm @'é‘?i*%ﬁ%?&gﬁ?ﬁs and yellow), or
grayscale. This ({J@@eﬁ%ﬁe % '§1§5i ho_lrmt %\ﬁﬂg%ﬁbﬁfggﬁ, ﬁ?ﬁﬁﬂ&@ﬁﬁ%@g | h other control

commands to contro sc media marking device ng a Isc 200313595 7

media 216 (Figsmédiadhafkiadeleliled 3 e naiatesdhahplanthe gspncatioicpiegrénsa modeller where the
label file is parsed to control a labeling mechanism. Alternatively, the concentric circular tracks may be
generated and s&éadifledlegon application 120, an image processing application 122, 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 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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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 labef image data will correspond to each respective
track. The laser &Mw&é&%@wﬁ;mqﬁﬁﬁé'@d@é’&@@%%iﬁé iBrArkaqEdieate system where
the concentric circular tracks are defined in coordinates of the radial distance and the distance along
each respective araoRirDlisc wieetia tiveaikively tilkeyvisepacadriolndet el dideliing systbani$P38 that can be
implemented to mark on a surface of a disc media é%(.a}%?@%cal disc), 15 such as to render a label

image on a label ST Y4 GONFRIHGFESHLASH 1o PN A FY IR0 The disc drive
system 128 is deferifed inegieaRpdRtPHBRLRIn BSIMAViAdE s R0 Fig. fiiRispagedia marking
device 102 further includes one or more communication interfaces 130 that can be implemented as
any one or reorepobc@&iacgeithl tho devi gty edtelantey faceesss 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 FE8AVELEORFE| MRICEGM A CRSMINGEHEE fdHR ekt fief@Rknput device,
such asfromar g%%gq Vj (g n Taig IR) 4 or similar RF
25 input device.%@]oétr?\/evor int Lr ac{ep%géé%@fc%wr%éﬁér?%@évi% iﬁ#ngaége&rﬁgr |?1g device 102

and a data commutRcatiamngery eikenhinbcalivwspaiite caRR3 1359 i @lecpnietaimal s@mputing devices
coupled to a common data communication network to send label image data and other information to
disc media markivigich 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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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 irgjut devices 132 that can include a keyboard,
pointing device, selectable controls on a user contrBl panel, and/or other mechanisms to interact with,

and to input infopreatien ioatlitomedingnriking esyirei 8% Rismips daderkingrigyies 102 also
includes 10 an audio / video processor 134 that generates display content for display on display
device 104, and ngtwerktesseiod ials nteagef detprakk atiaeidnfoynactiore te dtatinedievivekisgch as one or
more speakers (not shown). The audio / videggprocessor 134 can include a display controller that

processes the dPHEE 0AteiR tEQiLISRNPRO rre2BIRiiNgG ik Es BRPLRE PRALENILETSEE A display 15
controller can b%}mﬁ@%n&%a&ﬁ]m&%rprﬁﬁsag&tmig&ﬁ%@;{qﬂ% mQrﬁ{g%ﬁiécuit, and/or

similar video processing component to process the imagés. Video signals and audio Signals can be
communicated fdzvi aid02raed EnotizekehectienicerléRrout igptieyidevice 104 via an R-F (radio
frequency) link, S-video link, composite video link, component video link, or other 20 similar

communication link. AI@!%WW%&W%W&@H@%H%MW% marking
device 102 may b, IHEISIDSINE( 1D AR 18 SReS BRI S AL (851G fuciionally

system bus (not shown) typica various components within disc media marking device

102. A system bganenradd dreoting| enacmiaidas wnieterasaittief any tof ispueiafdypasef taus structures,
including a memory bus or memory controller, a peripheral bus, an accelerated 200313595 9 graphics
port, or a local bHSUBIAY AR WM Kid Ui secRRdiatiaking 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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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 supports a laser 204, an optical
pickup unit (OP ) 2R dBaelol @ fRfusiBAdaRsd0fy? BN agivalP 0P MistaeHRBS SeRPOrts 210. A
laser beam 212 Is generated by the laser 204 and focused onto a'label surface 214 of optical disc
media 216. The Rsthebears, 21 eredtesriakengroeksethd? coryedpona Rystbe busagiéhdata 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 Sbt}%&@,(leﬁ%; 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 computenjpiogeSsdreek@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 mefl8 RA&IKALS T F aDB dv Egbed MR Asbe sk diy o RMAsRally the
-volatil nd/or. fi i ' i f Fig. 1. 25
Drivers 225, a1 8 6 & BB o I e G R BRI RS 6 e

executable on pnazessoe 4 dilthoygtethese REHI 1300 asdénislgnponksitnaredeerierented in the Fig.
2 embodiment as software components
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 alabel
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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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 positioning of laser assembly 200 with respect to disc 216

along a sled drigeieRBARIETE RARMAANAIGR ITIDlomARRIIREn{ 28 dTtalifEebARRAGRL 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 garégcian 2ndnmoy @2 Rsttiesetatal d eanpatesstraddn stayt hayad selbeity. A laser
driver controls the firi%g of laser beam 212 to write laser marks corresponding to a label image onto

optical disc med/dPYESBHEFWRRGIMAALEBU) 206 can be implemented as a photodetector that
provides laser 15 focu;;r]f%%gg%ﬁkat%tpﬁl@%R,g(i}ﬂﬁgéqggi%ﬁgye m&@sgigj{g/%matrgls 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 positidnedosatiningh adptieel diitalistl@ B4/ papaed ©\B30theSpiset deeinve? bperstBaaractuator driver
236, a radii - DAC count table 238, and a line 20 fitting algorithm 240 are also stored in memory 226.
Fine actuator driveV 938 AhWitReigt Rt HIYSTitNR P8 e dRe SRAUIOHN FRRt QP to generate

and manipulate&%&iﬁ%bg&%iﬁﬁg%g ; I&Qﬁbﬁ%%m%%iai% -%'.alt8n glibrate) fine

actuator 209. In gener actuato nctions to move g lens in a radial direction
242 in small increegritisémriechasiem B2 2 nlangprcaronpreaistdion the el SHP peed eparse actuator).

Calibration of fine actuator 209 is achieved through a process involving a DAC 244 (digital to
200313595 11 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 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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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 Lored in memory 226 and executable on processor

224, they may alsgibg SSEALD) O AR ARAAENORSElSy RR G de YasdriRstage 248 interfaces

the controller 222 of the disc drive system 128 with another electronic or computing device to receive
label image dataropptiledbeli fite2(ifotasboxanipusoeropamentingf dlewi@senssstada \22080.10 ban be

implemented as an ATAPI (Advanced Technalogy Attachment Packet Interfacea{QVéh_ich is one of many
small computer GEAIRAI G BLSREFIR AL e AL S el BSFRAGR Bt A IEP AL HEEe 75 SCSi

(small computer ,sysieryinyeraeelaich iy SRErirR S slsues dptestacs iormlasging peripheral

devices to computers. SCSI defines the structure of commands, the 15 way commands are executed,
and the waysstaterabedinoae sseuftViarecenqitesnisiysied i missfaay e hrdieckee Panlal e Interface, Fiber
Channel, IEEE 1394, USB (Universal Serial Bus), and ATA/ATAPI. ATAPI is a command execution
protocol for use BIPEFFRTAL (194 £ &l BRREC IHTREIA AW CHIEOREM Be connected via the same

ATA cable with an AT%%%@@:&%%%i ﬁpeﬁ%?%gm{@?%&e@%?é%mﬁy%fglﬁé)e : rives,

CD-recordable drives, rives, (digital versat Isc) drives, ta Ives, super-

floppy drives (e.driv& Byatech 19812 ith ansitbediohcroesiopatecdinerasiiattibdriver 236 and
line fitting algorithm 240 are configured to generate and manipulate data in radii - DAC count table 25

238 in order to caNavatdtmerxtaaebfie 0wt seueksd fitatonudiies o ntelareet48mplifier 246, a
sawtooth refgrencd Batiem doeated QU APRTA ISR &hPrad FtArcBay 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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12 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. The known radial J6cation and incremented radial locations each

permit the laser W%@égst%ﬁﬁg&@n@a@ftqﬁéhwgégrmbgpﬁgm Iq(;%tqﬁdégsglge\q@gh urface 214 of

disc 216. The fine actuator driver 236 increments a DAC count (i.e., a digital number) being input to
the DAC. The DACQudesnmoig mgdoededeinassamidby23%) toCalpnesdine rsiniiah e feserdaram adjusts the
voltage out of the  DAC which drives power amplifier 246. In turn, current supplied to fine actuator 209

by power ampliffel286 REHERL AeRt8AOMAJAGEL HFAORNAL ORI 958 @lPeMTANER the fine
actuator 209 to m@mbamgg%‘?gtq dedhs foeHSN9dENsi gq%m,@ﬁ 348l dicggtiny 242. The small

adjustments alter the radius position of laser 15 beam 212 onthe sawtooth pattern of disc 216. When
the sawtootlb patteremersoantied ati siakicesaadihe éationsdolyadHecitisardpdantiziiznted OPU 206
generates a reflectivity signal correspondin?g the sawtooth pattern. The duty cycle of the reflectivity

signal changes é8¢R tRREIPNS FRE LU G PR REZ 01 R026:a SABERRIB SFieCPaser beam 212

20 on the SaWtoﬁ&tfePrTfB%réfeJ %?t @iaﬂg%g?‘ﬁr %psg%%_erts 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 psitias fib@saiweottematieemenns SRS bsunadius, @ltigital table 238 along
with the corresponding DA count. The process of incrementing the DAC count 25 (which in turn,

increments the fENRERRRINROWELERiNG BACcalhading Faunt foiecaideduficidNeaSthe resultant
reflectivity i@na| ﬁ%rgﬁ&?fﬁg HeBR ecgo%fnt 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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200313595 13 times until the table 238 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 line is the gain of thelfine actuator 209. That is, the slope of the best fit

line calibrates thigradiptifipenperhes Mg §oraeHairet &P SRS HIHOBISINEIGRSNEO8 for a known

current value (i.e., a known current value corresponding to a recorded DAC count) applied to the fine
actuator 209. 10teg.oB @#pstditegsrefie 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 2144116, ENALA99AETR: 448 JPERalSSc BiFs RAfisptyBH ilEigths. The Fig. 3
embodiment shQs LSRG AGG RAUGHR IS S 2840 R ALReIRP 05 g % e £gRian on disc 216

15 at an extreme outer diameter 302 and an extreme inner diameter 304. The sawtooth pattern 300
includes twdbseatithsaafdpe thatteest Sips tesicb8ftidetrelet. aphe shopaind thithmstifie kntresne outer
diameter 302 or the extreme inner diameter 304 of the disc 216. AIthouLg?h the sawtooth reference

pattern 300 is sHSWHAR R6tHNR U ASIAEOr afeP304 RtFY. B8 soRfcal dMBURRSidHcHEhe 20 pattern

300 may only be é Qr f}g} I ' S H%‘F ore, the inner
and outer diame(t:éﬁ:@? é? @ﬁﬁ@& gsr?gﬂ é%jfhe%é e%%a%%%%%r are g‘%ﬁ%@‘ﬁ%n éggln order that the
label area of theatig¢at bk ennaint fveleidqr. tabelinowii eueser vH iR rotegiibatithisdlescription is not
intended to limit the location of reference patterns to the inner and outer 25 diameters 302 and 304 of

disc 216, and th&eestieediafter RaUgRRRbIed théhe 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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located elsewhere on disc 216. 200313595 14 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. Direction artdws 5 308 indicate the direction of rotation of disc

216. Although not to seale 3RS BResRRIAARAD NP IRsdad IHeURIF fipLsa siRiRNsERAtEr 300 is
scanned as the disc 216 rotates the pattern 300 past the laser spot 306, either on the extreme inner

diameter 304 or oluer exitieina shedel02i aaneesred a0 bsbrmiiiyc2206 . Atheitbeivead tif tieseslerce pattern 300
(see also Figs. 4-7) can be formed 10 on disc 216 k‘?/ varioys processes such as silk screening,

etching or embo NHE i 4r R SHR A 2 EXU SRT QR A astefer ooty RUERB HINII areas of low
reflectivity on di?ﬁ%é@iﬁ%&(ﬁﬂg (ﬁig&ﬂzz& y%t%{igbg patssned %?&"Eicﬁjr%rréﬁi% areas that are

not marked) represent shiny areas of high reflectivity on disc 216 (also shown in Figs. 4-7). In general,
scanning aréas GD8anylingtd theefieettvity afivetaisn 2f6i gePEatatioretendivityssaimabtarough the OPU
206 (Fig. 2) Whose&aﬁrgélitude changes in response to the chan?é?g reflectivity of the disc 216. As

illustrated in Fig 89 EVRSERACH SRBHSEEE RaY & IFIETRACA SRR AP SRyl 86 'Rnown radial
o A 0 i are 530
imetors fromakg Sripte s P oS HRE LT e 08 Wther U (RSNIEHE O e

sawtoot h patterma@Qirdiosus BOk g thassltarmuiineterantets 30mo2Bdoeopti®. 24.2 mm). Although the

location and height of the sawtoot h pattern 300 illustrated in Fig. 4 express a preferred
implementation of the S2sautAoYafiearence 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
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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 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 thatBan provide a linear variation with the disc radius

that is measurapigcang gRME@ TR Ehdisianeansstabansoaghiyaton sddhsiiineRrgtaqdor are also
contemplated. Such patterns include, for example, triangular patterns (i.e., half of a sawtooth pattern),

stair step patterriisausseddionughgst 4sclpeirt idusstvioet Arpaikenm BRAY it adihodde nrsiestssifor a fine

actuator 209 involving 9 increments or steps of the fine actuator 209. Fig. 4 shows 9 different paths
across a sawtoothPhSHEr PSR ek QU9 ga ad et Mot Aen YAt ARE IS EHHRF A Salibration

process. To begifaididdashi ASfbrbre 'SINAMESHER 2ABGALCEMIAINL NG Fantoqikpattern 300.

Typically, the 0 location is one that is a number of fine actuator 209 increments away from a "zero
current” loc&ionadbadrz e atsurenritelopkdieoh iSudhepa tirasensl ode, dorren@egreappli to the fine
actuator 209 from power amplifier 246, and 15 thus, where the focusing lens 208 is in a normal resting

position. As illushatedsiithe tAMHLAVERIRRAHD SAGSISR PELEISARLRIAD: of zero corresponds to
h " " | . . . ) d i
the "zero current ocaw%%(lfo%%%abﬁﬁﬁa@%o%P%wﬁhﬂémngﬁoﬁéteﬁo%g% 'r'ESrO Ao reduce motion

stress on the focusing le and fine actuator s are made on either side of

the 20 "zero currgniaiacadonraiiendrmmbeingniasiesaihoof ane fitepuder atber. FRgeprdingly, the
calibration process begins by applying a DAC count to DAC 244 that moves the focusing lens 208 (via
fine actuator 209Neyvfo8ud fiieeert sethsernoss12 SRt BAHRYBt 360 H13b SaSfeRNTIdassst radial location

IS ShOWN Ny peam 212 can take duri ng 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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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 amplifier 246 that will drive the fine actuator 209. Thus, the
known DAC count is recorded into table 238 as stBwn in Fig. 5. However, it is understood that a

known current vaiHg) ididyinagha-ing RAHIEOfORD ighliiust 269 eatiys Raderifsdare shown in table

238. Furthermore, although the decimal value 5 of "400" is illustrated as the DAC count value for the
I" step of table 268/rthis necondest iateuakile 230 rscsitowine IDAG 2244 avitivse, # Hnaderstontber. However,
for illustrative purposes, it is easier to show the DAC count numbers in their decimal equivalent

values. The lowdPBGHEAYR BRSNS AV BN RLGIY AL EHoR 1 UD SJRAIN00 that might be
generated by ORY QGG GCABRIN SIS 380G RETSSR 3PS\ IredicRfaa\ 4l Depending on

where the scan occurs over the sawtooth pattern 300, the duty cycle of the reflectivity signal 400
changes. Fér exdirngleq Figil Wisthastcbie shimbAliffevant vhite éyctas fSrstbe obfibitizeg, gignal 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 fiHBREG QY RRNER (hitte Mekted4siith R 3RBRRY iRURBRE 2B8WRYEy. 5, the
flectivity si O a di - E . fi - dri 236 i
configured to cal o ST g 18 S B e R ey with e

corresponding DG paleiiosientreatizalue) 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 hav&sekvea eoThes Ao Fe dolbesr #ES d0/ @ PRI Epcrt DIRttectMis
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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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 sawtooth pattern 300 is laid
down on the optical disc 216, it is possible that it efds up too far from or too close to the inner

diameter edge ofifeaitisatertisnsn RlGdaIploreR-hRRaH AR cAleUIptioRssabragiapased on an initial

"known" radius of the sawtoot pattern 300 would be in error. However, because the 5 sawtooth
pattern 300 is larhdownton fendroptioalodi sbogd B dkeatinnaset timetetealgenbth8OpiEgt elzz@apart, any such
error can be aver?(%ed out. For example, if one section of the sawtooth pattern 300 is laid down too

close to the innef-Ran SEF UG AR FACURATS: ohLoHl A% %368 AhiEHR 18¥P¥grees away will
be laid down topfar,&rgmuibennss: iBREIRTRBAG RN MR FRTERMAYNe/ USRS the fine

actuator driver 236 calculates radii from both of the duty cycles of the resultant reflectivity signals, the
radii can be Bvesaggobth pattepneS00iss Hbithdonmeoaxtmpinasdist it aatierssdfomafithay. 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 Figﬁ@-@ﬂ@@ﬂﬁ%@é{é’ﬂmr? G R A¥&literd 8db, ZorrerralAy gRal 400 _
e O sl IRl oBP e P BTSRRI B A Paltern with 2
the re e I.e., duty cycles) of t

laser beam 212, an ative pul urations (. e retlectivity signals 400. As
shown in Figs. edyelhbeeis et omlieaopiteraasumoihi chatasogrdediansy slantes 20 interface

between the low reflectivity region and the high reflectivity region of optical disc 216.
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



Fig. 6 illustrates the case where the laser beam 212 is located at the 66zer o current” radial position,
or 5 Ih 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 Hit the disc 216. Because the laser 200313595 18

beam 212 in Figpgyif oentaredyridivaihaesiutng neaked vy plays #idhe spnepat pattern 300,
the reflectivity signal 400 has a (nearly) 50% duty cycle. That is, the ratio of the pulse duration 404 to

the pulse periodsésoctinetidg) I0Vsheesitaditetydigha\¢0aies adnesrtyl SOPAtidutyynkde 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'rdtsh JIF4AP %E{]EeOH'.E?,%@%ﬂe@éﬁﬂ%@?&b"&ﬁ@%&%@%ééﬁ%@’ the laser beam
21215 very smakfy compasiEaRACRS SRR RALEI 209, RV Sastegra i, completely

within a low reflectivity region or completely within a high 10 reflectivity region as it scans the pattern
300. In additon, dyetdandrtielano\2d Reightral eimspuweoptfasittetatBd® to the sawtooth pattern 300 and
therefore traverses the interface between the low and high reflectivity regions virtually

instantaneously. Thus, &SRSt Es BighiyvHy RN Yt RaBHRFFigReU 8 Bt tivity signal 400

are also virtually§ t,.a S ' j j IEE; Fi [ the case where
the laser beam 2#?l Eﬁ]o%a%&s El‘%ﬂaeé? %@g{t?%eaggﬁ%%é@p%%%%t an ﬁ%g%z%tr?ﬂr nt" radial
position. Fig. 7 raai Irepreseparfasexenmeleaito i Resiinaons shewniitfigefdranstherThus, 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 FigCqmAkeehe Wilty ey |towr teflectivity 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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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. 200313595 19 Fig. 8 illdSrates the case where the laser beam 212 is

located lower on the saygogil uRAEEIRAQLB AhERE (HrarRSUERR] 2iBdis] RRpdnBWRIdS may
represent, for example, the 0 position as shown in Fig. 4 and 5. That is, the laser beam 212 is at a

radial distance titiag wlost fw@itiesi 308 rtiaantietcizefictlvarbeolitical digod i 6n Adain Stsyevident that the
duty cycle of the resultant reflectivirt%/ signal 400 is different than those of Figs. 6 and 7. The fine
e

actuator driver 39% It A a W dRRS HARES HAG ‘Bl HiArckant HIR/ $E8 and the height
of the sawtoot hBaYeyR,305, ARATEGAIlS Hi& AAAYRANOLVELE (S BEHMRP NRdRe Gafesponding DAC

count (or current value) that generated 10 that radius. After the fine actuator driver 236 increments the
DAC count & cepticahudisbe2 1. timgai (e.d. i 9 eliffisrinthactbendaty cythesafaise) @sd ereates the table
238 containing the DAC count and radii data, the line fitting algorithm 240 uses the data as

coordinate data teflesitviine %{‘Mfﬁ%@@ﬂétﬂﬂtﬁgﬁ Gt iR @ bordingitng YRR slope of the
best fit line cahb@g&%rg&@h Qﬂ&%‘&&%&ﬁ%ﬁé‘?@%@ﬁ%& 89?@?}@&%&%2; E@F\éam 212 through

focusing lens 208 for a known current valu a known current value corres ng to a recorded
DAC count) apphad thetimeifire datatangsifih fogt&rillect aies rrecranheleafus hast bline calculated by

line fitting 20 algorithm 240 based on the values of the DAC count and radii data illustrated
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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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 22& with the DAC count data shown along the X
axis and the Ragjiesydates (IR IIBCIRES hE WA I8 02 AP 3 BEABRA Hhen4iKisitipugh the radi
data may not all fall exactly in a straight line, the line fitting algorithm 240 generates a best fit line with
a slope that bestimlfitatgsatberighin afthgdimrctestrateesR09. IHnExeitiplarg dpetitlhdstEstample methods
for calibrating a fine actuator using a sawtooth pattern in a disc media marking system will now be
described with pFMBIFEFIRSEARS 6%@9&)%&1%&59% of Figs. 10 - 11. The methods apply generally
to the exemplary embodiments discussed above with respect to Figs. | - 9. 10 The elements of the
described methods may be performed by any appropriate means including, for example, by hardware
logic blocks ®n an ASIExeniplaheMstaodton 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, ESARLMIEEE0RF0 g StH PERHRE N8 plbrei RANRR0NSfG Gs8MJOBNexecution by a
processor. A pr r-re I (i ithout limjt .QE! el g]Te netic, optical,

electromagneti(:(frgﬁfﬁ'ﬁ(aI ,%%ﬁ%gckﬂ%t@?gy t%%g%ﬁgad%sagdewce,%bfg}r{&ggﬁﬁ medium. More
specific examplasfefeadd a5 ess floveargimssdigs. iTTlude, amenwbibierspaly génetaiyrical 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
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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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 #£Lawtooth pattern in a disc media marking system

100. At block 10R2y,g P3R5 2 RSy RINOKRERIZRIIA TaRMEShBaaKHTE kgl dgsation of an

optical disc 216. The known radial location enables the scanning of a sawtooth pattern 300 located
on the label sideT2e4kobiive thdicl2 igapor leatbisOuhcastaniageds RARNGoOtT pattebeBd0written to a

DAC 244 5 (digjtal to analog converter). The DAC 244 provides an output voltage in response to the
DAC count, and '8F%éS Q'HB%@bﬁlrﬂﬂﬁi 159 ARoMPat block 1006. At block 1008, the power

amplifier 246 supplies ﬁHHI%RWBM) aHrﬂi{)%%t@(ﬁﬂ%é%&ﬁ?h&%%ﬂﬂ@%ﬁ%ﬁ%@f%@fzﬂf‘ﬁgUred to

move the focusing lens in fine steps in a radial direction 242. The current supplied to 10 the fine
actuator is asso¢ditgel wisharshohdeteventadd ByheRATAAdopnolxEsgnioptiuio vbkagAD 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 beamS32"PRdAJESBA Bf $AEScANAEHYES fhBPURIATRINEE L8 APV Fart by the fine

actuator which I \% f g [ Aﬁ'@ j eg ' i 42 In one
embodiment, thceﬁgg\;glt%ot ' ;%?t%‘}élc%é @r%?ﬁéﬁé?\\/’vgégse Eﬁr%g t%wat aﬁ |gézsg%%ﬁcf%%é%rees apart from
one another on ghieeptichhdisctddior Both satiwnisefdiadattasreatiyaredseaniede ichéis
circumstance. At block 1012, a reflectivity signal is generated from the scanning. The reflectivity signal

is generated by E¢¢SiPO (208 i HieasipRsdipa radia 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 optica 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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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 4o reflectivity signals, one from each of two

sawtooth patterpaestigngehueieatibaka Galelpiag anfoispavameed imeMRghaaomaa order to
generate the calculated radius for block 1014. The method 1000 continues on Fig. 11, at block 10 16.

At block 10 16, tbentemliesmii ghé 1D a0l ackiLilit1ére Ad dbdode d iy theataid UT bed thitud/smd DAC count
are associated within the table as _corlresi)ondinﬁif?J one another, 5 At block 1018, the table is checked

to see if it is full. SRHIEAG SEAGEIHEE 4 Full HEp ERUISSIAPLI B KOW AR B REAEEUnt increments
will be made in Wﬂw?ﬁﬁ%%iﬂ@ ge&&&&&%awm%ﬂom?mems 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 b&en recordat bidoktie1abikre IR isehattedtmetdufl j thefolethatiditer, aatibration process)

returns to block 1004 of _Fig..J 10, and the previously described steps are performed agg]in. If the table
is full, the metho@eERiR IR EHt $508RASHD P SR H90Y HA CasptBhiNERBeEB M hBfbers recorded

in the table are ggHrtﬁg @ﬁég%rgﬁrg%%glt%ﬁ% thlj i fBQ%CP%&%gqgiiﬁ%&gqidsba{S manipulated

by a line fitting algorithm in order to generate a it for the coor e’'gain of the fine
actuator is then gatlieated ipeseikoadhaimlieppef thadsest tihdrrsatosbenibedimesk #i24. 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 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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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 23 CLAIMS: 1. A processor-readable rRadium (108, 112, 114, 226) comprising
processor-execytabignnstructions 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. 10 2. A processor-readable medium (108, 112,
114, 226) as recited in_claim 1, wherein the scanninﬁf%OlO (:omprise5é2§§)neratinag)jﬁii 1012) a reflective

signal (400) based on the referBRAESEHEHRIBATEbIN LY 61414 & reflective

signal (400) into&og&&d&&%ﬁé iﬂ@ﬂd&ﬁﬂ@%ﬁé&%@fﬁ?? 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 cdeanmihgwhete)nanef @ahbeapattpco(BpOses: pelitari@ig) (b0&2xe ne fitting
algorithm (240) on the coordinate data to generate a best fit line; and calibrating (1024) the gain of the

actuator based dfPtREXIBLY PaRd MRS O f
calibrating (1024) the gain of a fine actuator (209) based on the table

(238) of coordinate data.

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 radiusvalue; 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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25 200313595 24 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 #timber written to the DAC (244) by a known

amount n times; for eagh nUMBGEVEEER N dRHIlMYE (Afflosalaylating 4 Ak, from a duty

cycle of a reflective signal (400) generated from the reference 10 pattern (300); and recording (1016)
into the table, eatts matliuderethahelscaonihg: (M LiRecotopriisesDAC (244). 5. A processor-readable
medium (108, 112, 114, 21]@ as recited in 15 claim 1, wherein the scanni% 1010) comprises:

scanning (1010) a first WA GO RPUmbe MM a08 9 A M0y EopYHf)ddPadius based on the
first half of the referen%‘ﬁvﬂ?étﬁr(ﬁb(ﬁ%q%\ﬁ‘éﬁ%ﬂﬂ‘i@-%@éﬁﬁ*ﬁ?&’fﬂﬁ%ﬁ&ﬂ\%fﬁﬁé‘ence pattern (300);

20 calculating (1014) a second radius based on the second half of the reference pattern (300); and
averaging (14) the fustiagi(1968)chtheetsetyutinradivs tio the peredeacpifin@ét)ata. 25 6. A
processor-readable medium (108, 112, 114, 226) as recited in claim 5, wherein the first half of the
reference pattern (300?%6‘9(1@9@&%6 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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200313595 25 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, 112,21514, 226) as recited in claim 1, wherein the
reference patterp{3QR)iw AcraieatiRiprenes) BRIEID o8& R aptikthdine et device (102)
comprising the processor-readable medium (108, 112, 114, 226) as recited in claim 1. 10. A disc drive
system (128) cothprisimgabSidestidmef (R06|R(81@12) configured to read a reference pattern (300)
on an optical disc (216); a fine actuator (209) configured to control small radial movements (242) of
the scanner (206, 208, 212); and a fine actuator driver (236) configured to calibrate the fine actuator
20 using the reference-patter ﬁ?&%&ﬂréﬂﬁ% ?r@é‘?u?ﬁﬁtﬁi@, (11122@1315’ rgggg%ifbal%@q A0, further
comprising: a processor (224) configured to write a binary number to a DAC (244) 25 and increment
the binary nBmbeliaimefuahsteipstZ0RB48he5 (26t ctime(BIOY t{asl 4)|i neafigarieiiicto weheitade an output

voltage for each binary number; and
radius of 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;

200313595



a power amplifier (246) configured to drive the fine actuator (209) with 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 Iin%ﬁfitting algorithm (240) configured to generate a

best fit line from the caqejpziqala @g@g@ﬁ@%@%@w%@@ﬁgrf%ﬂ%imrein the slope

represents the gain of the fine actuator (209). 15 13. An optical disc read-write device (102) comprising
the disc drive systee(1@8) as recited in claim 10. 200313595 ABSTRACT CALIBRATING FINE
ACTUATOR USING A REFERENCE PATTERN. A disc media ma_rkin%s stem6102, 128) and

methods (1000) facilitZA@HFiANRILE 3 ISHiy SAS Y EMNB IR FikeO i br (209) using a
reference patterg, (38Q)y o fidtAed on each output voltage.

5

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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