; €3eCQELLMAN: Or xP6PTQ i =100204886 MULTI PLE PASSES OVER TRACKS OF AND

RADI ALLY NON- COLLI NEAR TRACK STARTI NG POSI TI ONS ON LABEL SI DE OF OPTI CAL

DI SC 5 RELATED APPLI CATI ONS 10 This patent application is a

cont i nuat i agedoasggart of the previouslyifiled patent application entitled
"Optical Disc Non-Cartesian Coordinate System" filed on Decenber 12) 2002,
and assigned serial nunber 10/317,894 (attorney docket nunmber 200207926-1
). 15 BACKGROUND OF THE | NVENTI ON Comput er users enploy witable and
rewitable optical discs for a variety of different purposes. They may save
prograns or data to the discs, for archival or distribution purposes. In
the case of CD-type discs users may nmake music 20 CD s that can be played
in audi o CD pl ayers, save nusic data files to the CD's, such as MP3
files, that can be played in speC|aI purpose CD players. In the case of

DvD 1 g)rgetg'p %"EEWQ‘? LOf ?gﬁﬁn 6N' ENE’ Ao L har
i n stand-al one 9 §FK EC I s |nc ude a data

side an® a | abel side. The data side is where the data |s witten to,
whereas the | abel side allows the user to | abel the optical disc.
Unfortunately, |abeling can be an unprofessional, |aborious, and/or
expensi ve process. Markers can be used to wite on optical discs, but the
results are decidedly unprofessional |ooking. Special pre-cut 30 |abels
that can be printed on with i RELATERDrAPRIhEATIONSS of printers can al so be
100204886 used, but this is a | aborious process: the |abels nust be
carefully aligned on the discs, and so on. Special pur pose printers that

print directly the disc used, .but rinters fairly
expensiVe. In tﬁ{g" Ei‘é Eﬁqa%d? P SRNWRHAtioY éera f@‘&"é?‘éﬂ“%bf'es% Recor di ng
and Labgl " da@éﬁt@pﬁﬁn%atdﬁ@ﬁﬂﬂedl@kiﬂbzmrsél\]lon d:adwbrﬁcwrdraate)fs?steml;t filedD01, and
assi gned seri nunbe 76,877, a.,solutio ifficulties is
descri bed, %Sﬁﬂ’ﬁrﬁt‘l’lera{q ggéﬁ @%@Bef’ée? Befm %?p@ﬁ?‘%@ga@ Mo concerns in
witing to ddtReOmirhsét d00207926l). e | abel side of an optical disc are inage
quality and speed. Users typically want the best quality of inages possible

when optically witing to the | abel side of an optical disc. 10 However,
because nmass storage devices that read fromand wite to optical discs

her et offy e have been opti BASKGROUNBOF HHRINVENTON not | abel marking,
their characteristics may affect image quality of imges witten to the

| abel sides of optical discs. Users also usually want the fastest speed

when optical |y %dgﬁéﬁgr seré gﬁpmrjiti@b%ﬁd%wﬁ@ %pédtﬁgll %stsfg a‘e‘gﬁét '

however, because storage eV|ces ave ereto?ore been
opti m zed fafrdifferent mgpcbsest erned aruaaj savdgsogramsridatd todhe discs tfheanchival

gihg(r:a;ct(::;i E&@F'% af f ect g{ rbt_h eed mpaqpslést Dseeé ﬁ%@lmﬂedﬁﬁsﬁf opti cal
20 CD's that can be played in audio CD players, or save music data files to the
CD'’s, such as MP3 files, that can be played in special-purpose CD players. In
the case of DVD-type discs, users have greater storage capacity available to
them than with CD-type discs, and may be able to make video DVD'’s that can

be played in stand-alone DVD players.

25 Many types of optical discs include a data side and a label side. The
data side is where the data is written to, whereas the label side allows the user
to label the optical disc. Unfortunately, labeling can be an unprofessional,
laborious, and/or expensive process. Markers can be used to write on optical
discs, but the results are decidedly unprofessional looking. Special pre-cut

30 labels that can be printed on with inkjet or other types of printers can also be



20 A method for |abeling an optically witable | abel side of an optical

di sc of one enbodi ment of the invention includes at |east one of the
following. First, the method may nmultiply pass over a track of the
optically wopdoagdse | abel side of the optical disc with an optical marking
mechani sm such that the optical 25 marking nmechanismwites to the track
during each pass. Second, the nethod nmay advance the optical marking
mechanismfromthe track to a next track of the optically witable |abel
side of the optical disc, such that a starting position on the track is
radi al | y nagedobutitiie &y a Vebofioas ploaess: tie labslstmust bercatdfallynalighed oadthe

100204886 3 BRI EF, DESCRI.PT OF THE, IGS, | f d
herein for AiSESpaRd S@PN¢ ﬁ'@eg'cﬁl@frPPieaP”"gﬁRévé%Nﬁrlﬁ‘Iggeg&%Rgr%li szc(ﬁaégqr}'(rag\(/:\neng are

meant as I'Heufsteaabutvs%cﬁfpnﬁt@rya:%oramyf'exgam nlarthé pafent Qﬁplicﬂmﬁﬂémtm@d and not
of all enbodi ments of the invention, | ess ot herw se exl& icit i ndi cat ed.

FIG 1is a'W@Q@&@WPVQ]RGB@"F’E‘QI ang l@@ehdwmgey decket 1001 yie8c; ﬂg‘?mar track

starting poy @stBér Pf‘ZUb‘F é?ﬂ}tés%‘?dr{eﬂ s‘éﬁblﬁﬁ%&rb@@b &i7d8 sol@bre . according
to an enbodi nent I nventi on. is a diagramof an optically

writabl e | dbege @fﬂsultleis ﬁcq’@%f'b%ﬁw "bwhicbaﬂ 'a§|$f§§ uged mgwmmp@l:ﬂﬁ%g radi al |y
non-col I'i near tmoﬁkéfng'|HWrnﬁﬁ€{o{<ﬂhg%§tueﬂ ytvhﬁaﬂnéfﬂﬂiel Sidd@f bR GpGeA

di scernnent of track |xe , according to an enbodi nent of
t he i nvent idise amur@agequelltnaddage%qn u$erahynﬁﬂdlvmnw1whqs{taw'éypbbel si de

track of arlmggéé ﬁ@és(u)%ét eﬁco e?@wnaq uc\ébé‘l |Jé‘6’ﬂéf{$éilcﬁp s€ol linear track

starti ng posi ere I scernnent of starti ng
posi ti df p|H@fvewea,rbdqagseafrfaesstp,ragaa:dem@srtgattreadtfrommtdj\rvnbrto opficalhe
I nvent i on.

' ' ad| rama | I i de tracks
of an opti cd«i cs(ﬂeggtofo(s ﬁ%nv\f)'?\ %@mﬁz@a aa% S?%ﬁm%ﬁiﬁg I%‘#@Fﬁk Ing’ck starting
posi tions Qhelgblﬁaragtelhsﬁlsl may dﬁed?f&plaél?fquh)ﬂﬁ,eof images erittem g3 ﬂnedébd lsmesneeded to
reposition and stabilizjn n optica ni,.sm when vanC| ng
bet ween tr RIOHY Cao@ ﬂr?ﬁ%t%s%H %mn@mkfaatgsfﬁ)@e c\?,‘v)gﬁ IV WEAINGs j 5 5
di agram of tgrhéRberadé ¥f an bptaal Gist ahgémsml@exxelratsécaoée amcapauscaiasdl sc to
show how nul tipl e passes over the track b %r} O‘B'LI, ca Iqa 9

1 storage devices have heretofore been optimized for writing to t data sides of

optical discs, their characteristics may affect the speed with which the label

sides of optical discs can be marked.

SUMMARY OF THE INVENTION

20
A method for labeling an optically writable label side of an optical disc of

one embodiment of the invention includes at least one of the following. First,
the method may multiply pass over a track of the optically writable label side of
the optical disc with an optical marking mechanism, such that the optical

25 marking mechanism writes to the track during each pass. Second, the method
may advance the optical marking mechanism from the track to a next track of
the optically writable label side of the optical disc, such that a starting position
on the track is radially non-collinear with a starting position on the next track.



25 mechanismcan result in differently sized pixels where the marking

I ntensity of the mechani sm changes between passes, according to an

enbodi ment of the invention. FIG 6 is a diagramof an optically witable
| abel side toozo#k860f an optical disc to show how nmultiple passes over the
track by an optical marking 30 nmechanismcan result in differently sized
pi xel s where the marking intensity of 100204886 4 the nechani smremins
constant between passes, according to an enbodi nent of the invention. FIG
7 is a diagramof two optically witable |abel side tracks of an opti cal
disc to show how an optical marking nechani smrepeatedly passes over one 5
track and advances to t BRIRRRESGRIPIIQNIQRTHERRAVINGSt r ack when a track
advance signal is received, according to an enbodi nent of the invention.
FIG 8 is a diagramof three optically witable | abel side tracks of an

optical disc to THeaaWms déEfeftices Abrdiidfinpare6NipBispBtifieaRAt edl y passes
over one track and can advance to a next track that is not physically

cont i guous Teatures showAdmthe drawing argmaankas jllyslativeof OBYSOM& t hat specifi es

the number ghobdifehs dfthe lvBntikC 8RE AbNSF I rAtbdiTBRY i &Y inGéntioRe | nventi on.
FIG 9 is a diagramof a nass st_ora?e devi ce, according to an enbodi nent of

t he i nvent i yHessptaprwige expligitly ingigatedt of a nmethod for optically |abeling
Rcoording 1o an aabndl aoReraRr pl op i usehalRb i hacli B3k T 4
net hod for starningaesilionsign thecoptically wiitablegabelsidectbersiof, meeprding t@ckor di ng to an
enbodi ment gt ptdimehNYARL irRRntig? DETAI LED DESCRI PTI ON OF THE DRAW NGS
10 FIG. 2 is a diagram of an optically writable label side track of an optical
disc to show how having radially non-collinear track starting positions on the
label side reduces discernment of end-of-track unmarked pixels, according to an
embodiment of the invention.
FIG. 3 is a diagram of an optically writable label side track of an optical
15 disc to show how having radially non-collinear track starting positions on the
label side reduces discernment of starting position pixel marking effects,
according to an embodiment of the invention.
FIG. 4 is a diagram of two optically writable label side tracks of an optical
disc to show how having radially non-collinear track starting positions on the
20 label side may be based on the length of time needed to reposition and
stabilizing an optical marking mechanism when advancing between tracks,
according to an embodiment of the invention.
FIG. § is a diagram of an optically writable label side track of an optical
disc to show how multiple passes over the track by an optical marking
25 mechanism can result in differently sized pixels where the marking intensity of
the mechanism changes between passes, according to an embodiment of the
invention.
FIG. 6 is a diagram of an optically writable label side track of an optical
disc to show how multiple passes over the track by an optical marking
30 mechanism can result in differently sized pixels where the marking intensity of



In the follow ng detail ed description of exenplary enbodi nents of the
invention, reference is nmade to the acconpanying drawi ngs that forma part
hereof, and in which is shown by way of illustration specific exenplary 25
enbodi ment siobsps¥ds ch the i nventi on may 4e practiced. These enbodi nents are
described in sufficient detail to enable those skilled in the art to
practice the invention. O her enbodinents may be utilized, and | ogical,
mechani cal , and ot her changes may be nade wi t hout departing fromthe spirit
or scope of the present invention. The follow ng detail ed description is,
therefore, theimdohahigm3enivetoristant bbiwdehipagsés; aseordmgco taheenisaiimentf t he
present invention is defined only by the appended cl ai ns. 100204886 5
Radi al |y ndAfRQINVEREA}; starting positions on optically witable |abel side
tracks FIG 1 sh@es7a airighddof fiosptitaly waksR IdbaGidetradksdFbAGpaENt of the
invention. The optical disc 100 may be a conpact disc (CD), a digital
versati |l e 5igg ocshomrgw ap optieal masking prrchanisglepeatediyipassestover 9hei cal di sc
100 has gn t%k'a%'eldoa%ést@%@néﬂbgnk s?daﬂ?céﬂ?guo\’j@!trﬁbkbvﬁeﬁla(i%kln FIG 1, and
an optically witable data side 1 4yon he opposite side of the optical

di sc 100. Aadvareerpignalds reqsivedpacenading tavan eebodimert of theiiaention. i s

G0l VD Recor i nd Gn 1 3EReieT o e BomBl | ERIEROETIE (ke raned) 2%,

Cct ober 11, optigalldisatecshasshamad optical alarkingbechasiseirepéatedly Trassesoveral di sc

100 has an inside edge 110 and. an t.Si . ' j sc 100

21 50 has. a K S RaRRF 1oL i ek T e i osiBb e °° "
106N, ctd | eshérvaktnack-atieancedidral Byetéieed that kseclfigs. thé\numper oftraakartdi ng
mechani sm guch as a laser, may wite marks.to pixels of the tracks 15 106.
There my bEIPF§COEH oSN #PBP@'BF"MS%G EWeRYRn. ¢ r acks 106. The tracks 106A,
106B, 106C, . . FIG. 9@Saldlagvem of anidssGtgrage tievios, abddiiingliedm, 108C, . . .,
108N, respect{)vqejly, %’he | atter which are collectively referred as the
starting po¥nbegimentgidhe ¥lyeniem i ng positions 108 are the first pixels on

the tracks 106 trgwho fha IEWCHHL 6fGRMnetiBt fbrmepbtidBIBNabEIME theYpliédllye mar ks when
advanmgn,\‘_?nto_the 20 tracks 106. For instance, when the optical, marking

mechani aMttahledabel siderrf anyoptical dispwith an image, aceerdingdo &n ambadimeRtsi t i on
108A, such ghré idvBRtigFechani smis able to first wite a mark on the track
106A to the pixel of the starting position 108A. The starting positions 108
are radial |y norfl€el1 iseBewehariefa mathodder mangfactuingthegashsioragel t he
starting pogid 0 j i Jdine fromthe inside
edge 110 toa;e%\}t-'fl'eeO %\:uq:tléi g’egéebggae?ﬁ%%&g?mte %@%gg??‘f(}g?mc}% btééﬁl'oo. Any two or nore
of the starting positions 108 may be collinear to a radial line fromthe

i nside edge 110 to the outside edge 112 in one enbodi nent, but not all the
startingy positions 1080%-?"_@@ %Eggp{qpﬁ@,\péﬁh‘-% bRAVAINGS ne. The actual
starting 30 positions 1 may be determ ned in one er’ﬂoodi ment at least in a
random manner, where the starting positions 108 are at |east randomy
determ ned

0
IS

In the following detailed description of exemplary embodiments of the
invention, reference is made to the accompanying drawings that form a part
hereof, and in which is shown by way of illustration specific exemplary

25 embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized, and logical, mechanical, and
other changes may be made without departing from the spirit or scope of the
present invention. The following detailed description is, therefore, not to be

30 taken in a limiting sense, and the scope of the present invention is defined only
by the appended claims.



100204886 rel ative to one another. Qther reasons and bases by which the
starting positions 108 are determ ned are now described. FIG 2 depicts the
track 106A in detail, according to an enbodi mrent of the invention, to show
how t he st apgdodgesposi tions 108 are radisal |y non-collinear at 5 least to
reduce di scernnent of end-of-track unmarked pixel effects on the tracks
106. Such end-of-track unmarked pi xel effects can result fromthe | engths
of the tracks 106 varying fromintegral multiples of a mark length with

whi ch the optical marking nechanismis able to wite to the tracks 106. For
i nstance, thRagiahy ﬁ@ﬂ-cmﬁé@ir%mw?wﬁmmtmnimrimrehabél@ideheadksack 106A
in FIG 2 starting at the 10 pixel of the starting position 108A, and
continuing to the pixels 202A, 202B, 202N around the track 106A, where the
pi xel 202N is tflnyI

can wite a mark. Eﬁ%ﬁo@f?%héﬁ%i g%FEBQOé&%g&n%&ﬁ?% %‘?\Qé&i‘rﬁe’ﬁt% eegfg??inin;m

posi ti on 10G8ventioan Thawetical giseai0@ghaylbe aepmpacdiseitCl), agligitahwersatiie06. The
sizes of_ th j s 202 .ar ) i iv.e

ol ari ty adneiP\ Y of BFuBh oy B OEbEaLRTEbtal Ao 100 ps WickBEANE.
Fur t her nor aeyritable |4l kkiev02; ivBithdssiidven ipi Gl $, AtPar eptidatly sinitabdes dataher t han
circul ar, such rectangular, elliptical, and so on. er.e the |l ength
around t he St"?ea&@f?mg)ﬁ ‘P%O%%B? sidg qué‘éﬂtﬁgﬁquﬁ? ?&?JI g“&f(arp\ég Qfl(%%‘?‘ret er 206, this
means that gptigally @@tﬁbfeqaﬁél%ﬁjmmbﬁahfcaﬁxh Hedsbe iveerpatéht applidatioh pi xel
202N and the starting position 108A,

star . to which the optjcal r ki mechani sm
may not be @dified {lptagrated CH/RYPRecaidng é_ﬁ%ﬂ-ﬁb@f Ea(“ﬁ@"%éi?i@%%é%é@'s than the
di amet efg 20f; filbd oRlActétits 191 Q@M,%d%%iﬁhé@gérial%rﬁb@f gomaggay! y collinear,
then a narrow |ine corresponding to the gap 204 of each of the tracks 106

may be easily diTfeented disretQ hassan psidepdos 1P and @nudside 6Age 186 and the
last 25 poﬂ:lﬁé GitRaPiist 160 hisBHES alffinbkr \6f cafdehfricMirchia® frabis 1dBA, " pi xel's. By

adj usting e starting positions 108 so that they are non-col|inear,
enbodi ment s10468, 1AEC| nv.ehBbNrcotlectively referredite e thentsanksdi06s dyropticaks. FIG 3

depicts the track 6A. 1 il C i t i t of the

mvent; on, T8 OETERGRTEh 3o 186 Bl it LB pEEh: B atRe

non- col18 net6. thedé mayest 700) 808 daraaorei o3 dessrofiim tracksstOsr tThedgraoksi t i on pi xel

mar ki ng eff S t rac 6. Such startin Si 1 i~el marking

effects can%&dﬁ&f@é’t'hg@ﬁh@ﬁs "9 R%S'ﬁ%}?%lao%?‘s%b%?ﬁ@r%nm ks to the

pi xel s of tT[!Bl\ﬁtrespiecﬂvplﬁaﬁeIziftt@ﬁﬁthichkﬁ@ﬂ&%ﬂﬁel;lﬁﬁemed éetMtglstlnghan anan it
the.tra e, beca a | aser

wites to the other pixel s 106. . This ma

or other pahqsitionsti08- &isi%ﬁ"%?%'q{& @g&{ﬁgﬁ‘%ﬁﬁsﬂ@@'ﬁé’?‘t %FFBF'&S[ to

stabi | i zed, whigk the &gtical fnalMind ®ectaristh nikai write matké APeh aBidindigdelthé o t he

pi xel s of the starting positions 108. 5 For instance, as shown in FIG 3,

the opt?QaltrarksKiORg Feeinstancenwien theontisalanerking Weqr@“i%aﬁ‘f%?%ﬂth@he
starting pﬁééﬁ @&ﬂ%r&faﬂtﬁ@sﬁﬁ%%o&ﬁ@ﬁ 1ggﬂ,nsddh tH9Ehe InfechBRiski isel s 302A

and 302B. e starting POSI tions 108 were radially collinear, then a
narrow dar kable tefirsbwritespmadk erythedradkd 0§ tethe pixelaf thesstartingResitioni t i ons 108
may be easi}ggAli scerned where nost of the starting positions 108 10 have
marks witten to their pixels. By adjusting the starting positions so that
they are non- colThersfarting @ﬁﬁbmﬁ’r@/ﬁ aregadighenemrgelingas o pee@petheheTRif scer nnent

?‘; Z EChZA | N@8andthGt aftHicRhGhG pbSifodd F6ESo AOGReUP LR AR radil fisd o, according
the inside edge 110 to the outside edge 112 of the optical disc 100. Any two or
more of the starting positions 108 may be collinear to a radial line from the
inside edge 110 to the outside edge 112 in one embodiment, but not all the
starting positions 108 are collinear to such a radial line. The actual starting
30 positions 108 may be determined in one embodiment at least in a random
manner, where the starting positions 108 are at least randomly determined



enbodi nent of the invention, to show how the starting positions 108 are
radially 15 non-collinear at |east based on an angul ar di stance
corresponding to a length of time needed to reposition and stabilize the
opti cal markhlpgsggechani sm when advanci gg between the tracks 106A and 106B.
For instance, the optical disc 100 of which the tracks 106A and 106B are a
part may be constantly rotating. Once the optical marking nechani sm has
witten or advanced to the |ast pixel 20 202N of the track 106A and is
ready to advance to the track 106B, the disc 100 continues to rotate while

t he mar ki ngelagedoriamsiven Gthet eatores érfdahdse%(b@&/rﬁmfdtrieﬁania@i i zed so that
It can begin witi ng to the RI xel of the 8rti ng position 108B of the
track 106B.Posiians PP arg defeupingggreRQW ASSKEIPEEt at ed by the angul ar di st ance

402 during the FRog Beﬂ&tstthéfﬁaeﬁmemh detdil, bbgorainit6 ah edgirmentgechani sm 25
to so reposition and stabilize. he starti Bg posi tions 108A and 108B

wer e col | i ib@inveptigi t%?“QVhBOWﬂh%S*@ﬁ@gd{ﬁs!t@aﬁ kg raglialy ARArfcdiReaRR! ready to
begi n wy t 'Iﬁ&t&@ré&‘u@erdfﬁﬁﬁ\n;é}ﬁ%f ehdLBf-FRK Lﬁﬁharﬂéé pixePérettd Gmthe travubd have

rotated suc mechani sm was past the starti n ﬁ};}ltlon 108B on the

track 106B.106hiSchesdsofitragk unﬁ@rlﬁﬂstmé%lleffsetsmnww FREe Hieeegihachithe have to
wai t until ¢hgsqph 'vﬁgjln &ﬁ |ri|tg&ar ﬁ\hﬁg%@ df%rﬂ?érﬁtlé'ﬂ@fh MitAWHkrstebptieat t he

mechani sm was agal n starting position 108B on the track
106B. This manktngrrgecphanlsmlsohhlayswuﬂeéomw@ﬂoﬁhll:@hInstmezmmC@'he opti cal

k t de 102
ot he opt IBARTG FobSneBprk e uF ARG theladiCtdoaRMc 2 lebfnd R 2 07 o
posi ti oifs mﬁalapmetstbrmgqboahom he8A,rand contioliisg énthe pixEts 202A,62028ndi ng to t he
I th of t t 1 th t
and st abi 1 192N rubf iy e, BeREPERsy ZBRY S o f PERETBhdhe oo 1 0"
mechani sm hmukmg)s#\mtwmm thermédmanispt caralvritei ssmadQ (Edah af dimgppixels|202r ot ate so
that th h t th t. . of tarti Lt 08 wh
advanci ng 1<Cig el of B terind B9 L0REE 63b Rave BRutREr it e "opt i ca
mar ki ng nechafkirfgehgthade Tige g@@@bﬁhalpmwzozearemw éxaghérateddior abel si de

of the optical disc 100. Miultiple passes over . cal | atFI e | abel side
tracks R G ilustepdive slagty; e cap QGI@F’EU’@RWQ by H@sgﬁf 8 a%?éﬂwitb@ B et ai |,

accordi ng 18, rRBre Wﬁlb%qkrlt@(n drilpe! ﬂ%é@é‘ﬁozoéhn BOsISdpRY dMger th&e opt | cal

mar ki ng mechanismis able to wite marks to pixels of different sizes
duri ng nul téifsularpsuchas rgytaawlarstelllngcal@nwcm ng, the marking intensity

bet ween passes. Wﬂére%é‘mﬁ'gﬁ] arrot]ﬁdﬂ‘%tt'ré@h rlghagaﬂﬁﬁéb'i‘ﬁ'l'rﬁﬁmﬂi&bfﬂﬁ.ﬁs over

the track 106A four tines n each pass, the marking 1ntensity at which the
mechani sm vwlamemrrzaﬁk@ameamﬂathptasan 264 remainp enithetrack HREA betwesRses, or

alter naéd Ve{h& |9s‘?$f>&?§62°1\1 and the starting position 108A, to which the optical marking
mechanism may not be able to write a mark. The length of the gap 204 is less
than the diameter 206. If all the starting positions 108 were radially collinear,
then a narrow line corresponding to the gap 204 of each of the tracks 106 may
be easily discerned where most of the starting positions 108 and the last
25 positions on the tracks 106 have marks written to their pixels. By adjusting the
starting positions 108 so that they are non-collinear, embodiments of the
invention reduce the discernment of such lines.
FIG. 3 depicts the track 106A in detail, according to another embodiment
of the invention, to show how the starting positions 108 are radially non-collinear
30 atleast to reduce discernment of starting position pixel marking effects on the
tracks 106. Such starting position pixel marking effects can result from the
optical marking mechanism writing marks to the pixels of the starting positions



Thus, in a first pass, the marking nmechanismmay wite a mark to the pixel
502A, and in a second pass, the nechanismmay wite a mark to the pi xel
502B. Where the nmarking intensity of the optical nmarking mechanismis
greater in 1ph@aggeacond pass than in thesfirst pass, this results in the

pi xel 502B being 25 | arger and/or darker than the pixel 502A. Simlarly, in
a third pass, the nechanismnmay wite a mark to the pixel 502C, and in a
fourth pass, may wite a mark to the pixel 502D. Were the marking
intensity of the marking nechanismis greater in the third pass than in the

second paSﬂ,OB%ﬁbrbﬁtI)QﬂhaﬁWenlltrwﬁtbgtd thierdtheripests b1ths tiagkd M86.t Thisd pass, this
results in the pixel 502C being | arger 30 and/or darker than the {)I xel

502B, and iMAY h%bﬁ‘F%?P a5g9es B na 1 dhe apigabmapdna@echanism{hRs Net xel 502C.
The pixel s g I |z§92§&chalﬂéit iPRres Y88 daRvor a %99%%&?& tgthave different

si zes and/ or pt| a en5|t| es, or intensities. I's way, the optical
mar ki ng medqtixels erthe§tafmgapfo%thfl§n1@§r multiple | eveI s of pixel grayscal e when

Witingglo the plygliral 14 hiARiicl88ng boli Rpkhs HodlbiEmdRs The

mechani $m may not ange or e 1ts nmar intensity on
a pi xel - by rpmneedarlbﬁm the pixet lof mlee&tamag'pagtlmméoﬁﬁeoﬁamt@nkﬂaﬁétlﬁﬁnelt each of

the tracks J0@ tgﬁ'fe np&cIQQ?OQR%{\B g5 al; ﬂ%ﬁ%&ﬂlﬁéﬁ[yﬁ%BWrg?%da&@ change or

nodul ate its ensi Oon a trac ack pass SI'S.
Fur t her nor eollipeat, @hielbeh yatrove dprwlaie@coﬁtégponcﬁ@& thé@ﬁ@lsamfdhéemﬁlw e nutually

O ossnooaahtrs T8 e S o< RS SRR TR B kREuSOA I C T S
100°1 n et ai T ACCOr a0 a0 RGr Soucdl SEnE ol L AL MyeatLon 10 Show
how t he opﬁh@’éﬁar Wﬁ%ﬁéc‘?@?ﬂcﬁm‘?n@ °gﬁ'|eé"\’9d‘ \Rpireducedpg QIsCEMIEIL L ~ o
different JueR$in€s!ri ng nul t| pI e 15 passes by nai nt al n| ng a constant marking
intensity between passes. le, the o mechani sm rmay

tica
pass over the tFi&k4 %B'ﬁ\tsf"%?ra% A gnd %#‘rﬂﬁ@e ag Wﬁg‘R?Hg intensity at

which the n&ebcHnan diithd ﬁﬁeﬁﬁ’dﬂ(% EI%VP h@\N%&@thﬁm@fpo%ﬁ‘i@né "I@S?Erel%féll{/e”a' ns
the sanme, al though the mark 8mec anismmy wite to the same pixel nore
0

than oride dwsrcalineanat least t@sg pA5Angutas dlsmcg&@éresw%&a lengthcdfor si ze.
Thus, in ay d&e@ t rﬁ%-)ﬁ rks to the
pi er S 602Anh%§%e‘8 i%,ﬁ&'tﬂﬁ %?Hﬁir\%esgconzﬁé}@? aﬂn(estlr-rt‘ﬁhmrrecham sm
my wite rmdvaecmgbetveqmtheltrgcla)mm m}ilH)GBanEloreost@we thexoptigaf dISQass t he
mechani sm r i fourth 25
pass it mﬁmgy{%ﬁ'gﬁ {rﬁgrtta%{( 8 99%38?2{3?5%6%%%?% pt?gg&s@gg,&b&gg%A 606A,

and 608A ar@neotheiptiealtmarkingonechanisitchas wiittemer advaneext to thedast pixel t he pi xel s
602A, 4A, and 6 are.o h St hg trac 06A.
Simlarty, %@Z\P@tggltrgclé@@ ag@kﬁg’) ag%go %%%Ecgyoe{h%éfa@éﬂgg%t ﬁ‘grd"%oﬁ)coént ric

wi th one angnkifues l@rrdtaltélWhmé el ma.&ﬁ@@n@:ﬂ%n&%@dmesm theitrieRt106B concentric

w th one anot her, he nunber of tines that Ihe mechani smwites
marks to pi3nN9is Sfﬁ‘i’é{lze 58 thaiitcanfegin WF‘“’IQOWQE pieto ?ﬁ{%ﬂ@ {er over the

mul tipl e papmBsoftRe tratk $od§|3)wrh@bgmaq>a.sda.ob rﬁd}ﬂmdv@&éiatéd”'lgj theeRigalat t hese
positions on the track 106A w ||
distance 402 during the Iength of time it took for the optlcal marking mechanism
25 to so reposition and stabilize.
If the starting positions 108A and 108B were collinear, then by the time
the optical marking mechanism was ready to begin writing to the track 106B, the
optical disc 100 already would have rotated such that the mechanism was past
the starting position 108B on the track 106B. This means that the optical
30 marking mechanism would have to wait until the optical disc 100 rotated
completely around such that the mechanism was again positioned at the starting

position 108B on the track 106B. This waiting period delays the speed at which



Therefore, the pixel 608A is ultimately darker and/or |arger than the pixel
606B, which is ultimately darker and/or |arger than the pixel 604C, which
is ultimately darker and/or larger than the pixel 602D. This is because the
mar ki ng nmecbegousesy Wwites to the sane pagsition of the pixel 608A four tines.
During the 5 first pass, the mechanismwites to the pixel 602A, during the
second pass it wites to the pixel 604A, during the third pass it wites to
t he pi xel 606A, and during the fourth pass it finally wites to the pixel
608A, where pixels 602A, 604A, 606A, and 608A are coincident or concentric

with one anmé bptf cal Emklng hieghaismaphblead completely whitineages o the label mar ks to
pi xel s on the s positjon, the nmechani sm darkens and/ or enl arges the

resul ting ﬁ‘q{eeioz qﬂng OPE"FﬁédlﬁC)J@P 608A i s darker and/or larger than the

pi xel 6068, 604@mb¥ﬂﬂn@@t§@ftHéGIﬁ@é#ﬁlﬁntsbﬁcéﬁhb@télﬁanséélﬁéhsSmmW Itten to
the position of the pixel 608A four tines, whereas it has witten to the

posi ti on ofbaspd opithe pngdelishnpesdd? aereespopding do theslergthiof §merihiakes xel 604C
twce, and fspthb*b%t. ébrki% rﬁéchfah%rrpme@os@mrmﬁasbméé I dumg,cal marking

mechani sm may not to operate a , constant duty cycle, or at
a maxi mum m@ﬁntsmfh@ lngentwn@w@ldttpe mwa@ﬁmé?ﬁwngetomfsf%?hecﬁpé'ce'f t he
tracks 106.4 t gn

conj uncti on WI 09{9068%%&@ rs{r?gfg%%gmeﬁﬁ%lénq%é%gﬁ?gﬁ%é ﬁgglgnbodl ment
of the i nveusitions 88 whiebedvancin®ty ainextittackwiThis intreases theppeed alv t he 20

opti cal t cle, or at
a | owner, covg@&gm? IFEIirﬁngrfg[rg%gf%?n %o%b?% Le e |et% 'Izlatggrh ggég()t)réetﬁ%f t he
tracks 1m6,law1|sid% oftthé bptival digcdb0e to achi eve pi xel s having different sizes
and/or different optical densities, or intensities. Thus, the nechanismis
still able to render nultiple |l evels of pixel grayscale when witing to the
pi xel s of the tracks 106. 25 Unlike the enbodinent of FIG 5) however, the
mar ki ng nmechani sm whitlégle passes over bptically nwitable Elbehside trabken once during the
mul ti ple passes over the pixel to achieve greater pixel size and/or optical
density, or intensity. That is, in the enbodinment of FIG 6, during each
successi ve pass pgges d&ﬁets%ﬁ&?ra&wmame%ﬁ&éu%crmhﬁ%w 4bdordig L 0 2
subset of the pixels that were witten to in previous pass.

Fur t hertfor dp anrerabastiment efthe ivartinn, & shavehow theoptisal markdng@merhamismr ocess

be d I f th
ey, 0e O SR ERR oML gl Ao PARSERL St SR blagy € O (e
mechani sm pm:Btﬁmgomevaryaag,Hhei‘nathgimauS{Ly bebdeen pasedet Eonéxamplewth®er of

times before. th t next,

physi cal |y %oélﬁ?ﬁag%r@rﬂg ?\Haiﬂg%%%er en% %F%%?RY%\%@%& ,Cin E@w opti cal
mar ki ng mecess| thmmaﬁmgtuméhgltypatm theanechaasohwofestrharks taathlepixedsofunt i | a
track- agvange  si een received. FIG 7 depicts the advancenent of
the - optathal ARk H6AdRReaResnot AEANEY deRBes B 6A 1 0 Lhe track 1068

accordi ng to thiThughinerfiireeptssOthetmarking\waedhadism fﬁbgrwméhlmkmmam sm
initially passes one or nore tines over the track 106A dlcalied by the

arrow 702A. Pix@l 502A. ard B secondhags Jie Mmeshanish MRYVALE § Mmag Fq ?‘ﬁnpf’?‘ﬁ n the 10
art, the d'mBlQﬂththBQnérRh@tlﬁénslﬂcﬂm‘é ostical Markihd petharisppgeater t o t hat
|nd| cated by the arrow 702A, instead of in the counter- g@hw se direction
i ndi cat ed b'V the, gecandRass den inthR fingh PRI, isrEasHEs INthe B8ES 88%ance to the
track 1B |difdrland/of taker HANARE Bixsl ST, @aHatvﬁe:martme@pa@dtheOwce t he

trackadvance signal has been received, then hani sm advances to the
track 15 10®Echapism mayMite@ Brkiadhapixehp02s andina SYhRass Rk W nechani sm
cont i nues L9nfyet> H¥Pixel 626! Merd efinadking IRHSA} Bctnbndraagar row 7028

until another trac dxvance si gnal been received. Thus, in this

embodi ment , meehanig us:meatmndh@ghlnda@mﬂwgmrpm%goraﬁ/eass@ae% isgregie&in r acks
106 at | eas i fferent
nunber of ttlrhﬁgé'% agﬁ% tﬂ@%ﬁiﬁ’;‘rffsrs ﬁf?sc{bsmﬁ ﬁqﬁe&)%g@oc%géng gﬁeeded for
t he opt3Qal antﬁorl«laigerrtbaﬂnm mmltsmaframdsmrthe pixet 2030 keing |ameld$ﬁd‘/@rrent si zes
and/ or diff ' it Y 86355 or

exanpl e, th‘%E F ?’tatgg}?%eg@\&?rla%?a?ot*ﬁ%ga? go%év@gﬁéogt? ?rﬁc{s pI thh@@?ao be
witten to with maxi num si ze or darkness, whereas the track 106B may have
to have 25 sone of its pixels witten to with maxi num size or darkness. As
a result, the optical marking nmechani sm nmay pass over the track 106A one or
nore fewer tines than it passes over the track 106B, such that the
track-advance signal is received one or nore passes sooner when the

mechani smis over the track 106A as conpared to when it is over the track
106B. This nmeans that ultimately 30 the speed at which the optical marking
rrechanlsmls able to corrpl etely wrlte |mages to the | abel side of the
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t he nechanismwere to have to pass over each of the tracks 106 the sane
nunber of tines. In the enbodi nent of the invention that has just been
descri bed, the track-advance signal causes the optical marking nechanismto
advance frapodosdsee current of the tracks 106 to the next, physically

adj acent of the tracks 106. However, not all of the tracks 106 may have to
have marks witten to their pixels by the optical marking nmechanism As a
result, the optical marking nmechani sm may have to pass around each of the
tracks 106 at | east once, regardl ess of whether a given track has to have
mar ks wri t thame differérst sizes @ng/or bpticat dehsities] Or imtdrwsitiese it thisieag\tbe, the opti cal

mar ki ng mechanismis able to receive a track-adyance signal_that indicates
t he nunber OBficqlmgr QQW%PEQH’ 'ls@%ifdk%{ﬁe ffp W?Ig}fgeve&?f?pé%l gfaryz%@? Thus, if a
gi ven of t hghdnvdtify 14 A PREIS df e thiks 108 df hecoptREKEsoMI00.t en to any of its

pi xel s, then the optical_ marking nmechanismis able to cor;;g%ﬁ_tel y skip this

track without habempchanisasmaypethriabledo ehange areeduiieds IB8G. 8 depicts

the advancer@nditydn 4 B&ep%b&ai bdBH, KLAOtHERRBARG 518 he6RBridE phéaeler LO6A to the
track 106C, past the track 106B, accordi nﬁoto t hi s enbodi nent, of the

i nvent i on. €psB oftheitrasks 106 mere dhan ene tige pllowahedvechanismn ingtRad 10 mes over

the track T PN i Jhesidiext track
to be wri tgc@%ﬁ?%alﬁwota ﬁ%@iﬁﬁgﬁi"%‘b felglgqg Q%Vai?%%ﬁgta %ﬁg—@gﬁﬁgia%sa%fadj acent 20
Y

track 106B,FusthermonehpreferablyithepikelsGOA, 50B,H02Cand5Q28} areaulyply cal mar ki ng
A . . " of times.
rechant sm r&%lu@ﬁlé%iﬂn@é%th%ﬂ?‘\l’/@%ﬁ%Erégaﬂéémtbgﬁl{rge;\?gr%g@hﬁ@ AESRHis?T times, a

t rack-advance si 'S recei I ndi ca mar ki ng nmechani sm
is to ddvardoesimpt write 4 meck &, the sametpixe! mose khanOdetayet the multiple 106C, such
that the track 106B Ii]s £Q | etely skipped. 25 Once such a track-advance
si gnal has R75eS B‘éeéﬁ § R&&i ved, then the optical marking nmechani sm advances
to the track 106(G. Bidepioithetrack HISA bfthaoptival 3&2. 10Utk detailj acdordisg ki ng
mechani sm conti pues to _ pas er. the track 106C . as i.ndicated by the arrow
702C, unti It°QHB{P’ﬁéPm&)PQ@P&@Bg%‘ﬁd%V%ﬁ%ﬁ%{P Sﬁ&@%@’etnerogh%? \Véﬁfk'ﬁghe embodi nent
of E_IG 8 trhaeaw_aam_ f@ﬁﬁge:il&fwﬂt%hﬁmletd biﬁelsmqmeaeghtetzes\/aunmg tr:imﬁilptmgt:ca!d f
mar ki ng,_mechanismis _able to conpletely wite i es to the_label side o
t he opt1i5calpa&?%%b![m?}ntﬁ'é“”&ﬁrﬁ%ﬂsg‘tm?mﬁ%"g?ﬂﬁ%i {eNRAEPE, E?'f This is the
case where &gl bpfical nafkind ﬁ%fecﬁarﬁém%eéy b&s3 Vel tHeatadkeroeiATeur 100204886
p

13 mechanismto pass over each of the tracks 106 at | east once, and
especi al | y times. dnteashipasgydhe mavdngntensity at whichdhe meshanjsmavides MakSopt i cal

. dQS%hé‘%el@%?ﬂwﬂréﬁ%ﬁ%n{aﬁ%Cthé sé%, 5%3?.% &h ngritten thereto

by the marking chani sm Ss storage device a met hods” FIG 9 shows a
mass st or agvechaniste MEY0yrita de theciame pigelanorethaipneeevesthe meltiplevent i on. The

mass St4y a sggél.locﬁc%gge.?tﬁ dgﬂ%iwrapn%%r%gzefrom and/or witing to the opti cal
calTy,

di sc 100. re-specl e mass storage device 900 is for 10 reading
from and/ or wi tTihog, ina first pgssitea bpticahmiatking medbarisreumdyawetegharkiado opt i cal

di 100, d/ i.cal i t.abl.e | abel f tical di
Too. The neide Porels Syl B0oR: ed256 et B irte SesgtipedS Bkl B an ' °°
obj E_ct ive Imashé?ﬁb?ﬁgénfym{_rﬁb n@e{rks toothb idels/G04A, mﬂ?rar@GQLtlﬂ,aB atthied pqms'dlcal S06A

rking mechani sm : e stor evi ce C S i ndl e :
ga spi ngl e niBf SHEHFREM Tgyﬁ'ﬁ@e Qaﬁ%[etggl}e B'ﬁ@(%%@gl\%@g&de\%ﬁ?ﬁﬁ%a? @"“2‘@ | ectively
ref errezb t opads it ey Wrritesa mapk @y thepleh808A) THE pixélsct02ay 504A SBIBA, modudes a

er g%???é&t%%%r%’fn’tﬁ? 8? g’drggn{njﬁ&ﬁ roneenacn% eerr. gﬁs @\gdpi)?elsr gbiA,QOSD’ whi ch

604A, 606A, and 608A are on the same position on the track 106A. Similarly,
the pixels 602B, 604B, and 606B are coincident or concentric with one another,

J.

and the pixels 602C and 604C are coincident or concentric with one another.

30 The number of times that the marking mechanism writes marks to pixels that are
coincident or concentric with one another over the multiple passes controls how
large or dark the resulting pixels at these positions on the track 106A will be.



second notor nmechani sm 908. Finally, the mass storage device 900 includes a
controller 910. 20 The optical marking nmechani sm 902 focuses an opti cal
beam 904 on the optical disc 100, for at |east marking the | abel side 102
of the optiigedosgesc 100, and which al s@ may be used to read fromthe | abel
side 102 of the disc 100, as well as read fromand/or wite to the data
side 104 of the disc 100. Specifically, the beam source 902A generates the
optical beam 904, which is focused 25 through the objective | ens 902B onto
the optical disc 100, such as in a manner known to those of ordinary skil

within the art. Theefdre| the pixel 608ARClitimately ddtker arididrdargehthaaithe pixel di sc 100.
Speci fi cal I the pt I cal

sstute on.t dle. 906A, which
is rotat ed ds “‘Swaﬁﬁ%dgwmn OWﬁfQ?rr e Pye Egﬁ‘f‘@e"ﬁnh B8 ti on
speci fied Qm.rﬁétel rdareérxénemmgér AR heHIRaNED202  THigis)beeausd e raarkinge 30
spi ndl e notor 906B. The rotary encoder 906C may include hardware, software,

or a conbi ria@GhanisoT writesdadhessamel pasitiomaltbe pingk6Q8A fava times o DUipE fighi sm 908
100204886 %%%%S?B%Pﬁe@ammé ﬁ@?"t&h’éﬁm{@%bé‘ﬂ' GiRndGRe aetrdl dasstiel ati ve to

t he optical |ca rki ng rrechanlsm902|s
si tuat ed orwnth@tc'aMQdJlme(MAvdurmb ﬂh%thﬂ'dmsdrwl’tteﬁatorthﬁlpl@bg‘@@%;ﬂﬂdhe sl ed
not or 908B ki I r 908C
comuni cat |°t\>'ﬁe) gﬂgéoi\é% hE)%? tfﬂQny;\H@ﬁéhgé ﬁn%tm(;)\r(elgiggp\ W@ﬁ% qlﬁ%gglﬂéncoder 908C
may i ncl udesOda; 60BA aNdET8AReeoinsideat erednicanlric sithaineranothelr &aghd sof t war e.

The controll 2 toradially
non-col | i nezﬁé m%%t@%ﬁ%%@%ﬁ%ﬁ@%%&%ﬁ es{Fﬁéﬂﬁ% 8|g§1§?>8.2h%$5 r,?1 e optically
wri t abl1® | glasition] the Méshaafsni Yarkend andibr ehlarged @@ resulting pixebsThusetheechani sm
902 10 to multi .pass _ovey, the t first and the
second not & %@@héﬁ?@%’%%ﬂ@’%ﬂﬂfgﬁb anﬁﬁ?p ﬁ@%éﬁ#{ﬁ 'q%wf%cel ves
track- advarUUta%@ﬂlﬁlrﬁark'Hgi rﬁemushehas:wcmm t@he@oeﬂonafstﬂeqnxm 668Ari bed in
t he preceding secti des. |on ntr IIer 910 may
i b o OrETS RS o WELEb 1o 5Sifm Bhiseitunel Bk BFRE eStien am 002
during eachh@pbsitiew ef the pixer6B84C Whica arthty th@ pysitidreofithe lpixep602D ense.t y of the
mechani sm 902 during each pass. The controller advances E_ngg opti cal

!

mar ki ng'dechani JﬁPQ’P@CQ’l thgdneghapism Hay Rst %pblpgcag;ger@}e gt ling the
first and téb‘?\sf%\‘?ﬁ@gl? CYRIEO6r éf"actlﬂﬁﬂhﬁ:ﬁ? cBRGaAHakity mtél?n@ify TG enting a

track-advance si I'n’ one enbodi nent, the controll 910 advances the
mechani sm msmfoneaftmrtr@hs 198. Thereforpytha emmséner&fofthedak%nt@ar respondi ng

b e SEAMADS Bl ARn MiFiGls a9 hE6e LYl My B8R 1 L e otor
det er m nes erhiodimentofithe inventian dieswaed gt conjunctiopwith FlG.& may allow the

20 optical marking mechanism to operate at a lower, constant duty cycle, or at a
lower, constant marking intensity, for the entire pass of one of the tracks 106,
while still being able to achieve pixels having different sizes and/or different
optical densities, or intensities. Thus, the mechanism is still able to render
multiple levels of pixel grayscale when writing to the pixels of the tracks 106.

25 Unlike the embodiment of FIG. 5, however, the marking mechanism writes
marks to the same pixel more than once during the multiple passes over the
pixel to achieve greater pixel size and/or optical density, or intensity. That is, in
the embodiment of FIG. 6, during each successive pass over the same track the
marking mechanism writes to a subset of the pixels that were written to in the

30 previous pass. Furthermore, in another embodiment of the invention, the
marking process may be dispersed over all of the passes to reduce the duty
cycle of the marking mechanism.



108 on the tracks 106, as has been described in the preceding section of
the detailed description. 25 As can be appreciated by those of ordinary
skill within the art, the conponents depicted in the nmass storage device
900 are repoepeddsat i ve of one enbodi nent of the invention, and do not limt
al | enbodi nents of the invention. Qther control approaches can al so be

enpl oyed. As only one exanple, the sled 908A nmay be positioned wth the
sled notor 908B, with finer adjustnent 30 obtained using a voice coil
attached to the beam source 902A and/or the objective | ens 902B.

100204886 15 FI Gaoﬁé)embowmemrmébpthbalﬁﬁﬁqlhg)meoparilismlpagzswd)\tdrregctmfi mage on

the opti cal Wit e | side 1 the optical disc ording to
an enbodi néh%tra@kq‘@gﬂvgﬁfqrwedﬂ%n 92‘@?8#’38’ g@%’égg‘?a% 9 may
performt h%u@@hﬁ%ll%@@%dc@s%‘ﬂ\e&iﬁiﬂfbwﬁia&llyﬁontl @oUsrtmRt illwanother i nst ance,
the 5 controller erformthe nmethod 1000. First, the an\gul ar

di st ances) efehadimant h@WgYQirﬂ‘Pr?@t'%@Qrk'GE@%ﬁn@W teReatedly RasSeD RSt t he
optical g El%?t éﬂ(@tﬁﬁrUn'ﬂF‘@tréél@g@anc@é@ﬁaﬂ%s%é@rﬂébélo& MRyG.lre to reduce

di scer nrrent 0 track unnmar i xel s,” and/or to reduce d| scer nrrent of
starting pcclaptqtsﬂnemcbvencememmgwwnt@at marking machanissh freestbeitigsly 10

det er m nat 'tg%égf?é’cﬂééb ?%eilcﬁ § ﬁ@%ﬁ?&ﬁﬂeﬁfof RétiveRfdr. | Pl Mafl 0"1 Y,

and/ or ased on | Me nee ed to reposition the optical
mar ki ng neahmhamm)mlanmasmmemmgorbémmeover thectkack 1064 as ingdicatest i cal

mar ki ng ”ecgﬁﬁé%Wo@%ﬁasﬁféarpygégggga@d tbhtﬁoéé ap&aln%gﬁslﬁl [ withif tept 1 cal  disc

100 (1004) nmechani sm I ng over s track, it
wites 1oar karngse tisc P02 elay b rotdted trraclbclamsapmemmmmpGSI(eL’((u(lbyt i n accordance

vmththelrra ten.on the opticall bl e | abel side
102 of whi dﬂ 8@3&%5"%?0%&“3 P? in‘the C&“WE&‘? ‘ﬁ\?érq&rgéiol%gnal has not
bﬁgndr ecei wa&tﬁétée%)the bhew 7024 rmbhﬁ&kﬂqgﬁﬁemnm doddfst amndndemekihe I n one
enbodi nent, the nar intensity, or ower i ng

mechani sm 2‘@@@965&%'?%%’38'% Ya{ite %?1%%&@8@“’8&&0 gh %%( whereas in
anot her enbofliaABAbignalthaédideRTeEs oMk Biorthe Sfschariem jdvanteswithe Tagk i s, the
optical marking mechanism 902 wites narkin s to I‘;é)gl,xels of the track during

passes *tﬁ/eﬂqﬁﬁeaﬁﬂ%%t%b%ﬁse HE 705 Ehe griical marly AYSMFORENESon of the

det ai | ed d%%rals%vmhe%éc&)iéeatéﬁn&n@%&ﬂ%@@ﬁ@wsmeahmh@%o@@e&aa@ceI ved
(1008), the track advance signal may b one of two types. First, the

track- advarﬂﬁb/agcgn@naldms bogeadeesivedat t he controller 910 cause the opti cal
T o e ne, LT R ARG felohicd oA SARE pesit il |
track- advamm:hsnfgmrmtramw 0t dedfsy ontes butimiay pass over each of the tracks 106 a
20 different number of times, depending on, for example, the number of passes
needed for the optical marking mechanism to write marks to pixels of different
sizes and/or different optical densities on a given of the tracks 106. For
example, the track 106A may not need to have any of its pixels to be written to
with maximum size or darkness, whereas the track 106B may have to have
25 some of its pixels written to with maximum size or darkness. As a result, the
optical marking mechanism may pass over the track 106A one or more fewer
times than it passes over the track 106B, such that the track-advance signal is
received one or more passes sooner when the mechanism is over the track
106A as compared to when it is over the track 106B. This means that ultimately
30 the speed at which the optical marking mechanism is able to completely write
images to the label side of the optical disc 100 is increased as compared to if



30 tracks fromthe current track that the controller 910 shoul d advance the
optical marking nmechanism 902. In this case, the controller 910 preferably
determ nes the nunber of tracks to advance the nechani sm 902 by) fromthe

t rack- advanoe0488600204886 16 signal (110). U timately, the optical marking
mechani sm 902 advances to the next track (1012), whether this next track is
physical ly contiguous to the current track or not. The nethod 1000 t hen
repeats starting at 1004 as has been described. 5 FIG 11 shows a nethod of
manuf acture 1100 for the mass storage device 900 of FIG 9, according to an
enbodi ment thé mdehanismeméredo havédto pasisiover éddMofithe tradkss1Q6 theisdimeg t he opti cal
mar ki ng rrechzli_%} smf?oz (1102), providing the first notor nechani sm 906
(1104), pr WG tNESsecond not or nechani sm 908 (1106), and providing the

controller 910 (d f#HaBmbddimentofand iieAtui thaflfasjusriednrdgsthitedyiid cal mar ki ng
mechani sm 902 i ncl udes providing the optical becﬁm sour ce 902(%5%1110) and
e aPCEHBLDr

t he obj ect iffASKragyanegsighql causes t figal narkigg nisptorgdy mechani sm

906 i n @ne RELAFEMESIthd PEEKSTRIS tBHIRY hekit\shykslalp Rdjaskr o HeArdckd 186, the
spindl e notor 906B (1116), and the rotary encoder 906C (1118). Finally,

t
provi di ng tHewexesdil atef the tracks 4AP saydumyeits have maskswiittan todheir pielsudes
providing t E’n%'{)@%ﬁ%iﬁ%%ankhﬁ Ad §dMt Bk PUBH rhdrkiddImecdtadishhe | i near

encoder 908 ConcFusion 20 It 1s noted that, although specific
enmbodi ment gnaxbavestocass areund each®f frtrarks J061as ipastoreen regardigss pf be

appr eci at e%%hé@é@gﬁ{trﬁ% RAOR Haveitharks W?itthﬁ‘i‘o RS bixbi8aln aRuther ' angement

cal cul ated to achi € sanme purpose nay be substituted tor the specific
enbodi néht sersbadimentT howeverpthiecapticalrmarkingmeshdaism is able/torregeiye adapt at i ons or

i at i f the discl i rent t i ion. 25
Ther at ore: ok datis FlobaifariReab TR fufben! GaPRCRr hich W Bbtarid. 25
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net ho or.lapelln n o Ica W, | .1l ape Sl.de.o an o | Ca
o ee o onmy ohs Siriteds ny 5t & wRBS, £B ity SPisalefind Reens el is auidl ob ' o
t he opti caldampistelyadkipethisatbadk witHdat Paviid'® Fasspirourdl theitaek evémonace.opt i cal

mar ki ng mechani s such, that the optical marki chanismwites to the
track d®ing eaﬂnbp§§§pF§db6?gV%, %&9&1@&%&#%’%&2‘59%‘%{1 AREPKINY mechani sm

fromthe tr@ghrabR 106A %X theltfakk08t, PQQ tRPira&at deB, \ctbraiMgtoltribel side of the
optical disc (1012), such that a starting position on the track is radially

non- col | i negnbedimgnhofdhe invieptiom oEhe Markinghmeglkaman initiglly Passepone Ofrhe net hod

of cl aim L, mshefifibdlolBtlthe Badk PISRIAGAUAED bPthd 56K 70BAI AebatBld. CRld ¥

writable | abe srﬁ eO\(/r)%+ t_%e opti cal g?sc Wldtg t%e optical marking mechani sm
conpri ses va@4tragk teabexwritien toisle exaraple of EIG [ isdwt theephysieglhnediaeanitsm f or
each p , !lﬁ:ﬁde'ﬂsa ' i | lei ifhe track with
at | eas ontz of a dlb*j¢ 'Je?i?nee(ra?ﬁéng%k gq%;dé an&gﬁ?%%?t%g{rneeﬁdﬂ%%ﬁpélgle_ sity during
each pass. rmBchanisthbaspabsatl ofer theairackl106AHtbe @ppropribte pigbesof §meg, aver t he

track of tht? q(pé(;%ﬁllg . . - . N

ack-advance signal is received that indicates that the marking mechanism is to
advance by two tracks, from the track 106A to the track 106C, such that the
track 106B is completely skipped.

25 Once such a track-advance signal has thus been received, then the
optical marking mechanism advances to the track 106C, as indicated by the
arrow 802. The optical marking mechanism continues to pass over the track
106C, as indicated by the arrow 702C, until another track-advance signal has
been received. The embodiment of FIG. 8 thus may further enhance the speed

30 at which the optical marking mechanism is able to completely write images to
the label side of the optical disc 100, as compared to the embodiment of FIG. 7.

This is the case where the embodiment of FIG. 7 causes the optical marking



witable | abel side of the optical disc with the optical marking mechani sm
conpri ses mai ntaining constant marking intensity of the optical marking
mechani sm for each pass, such that the optical marking nechani sm achi eves
at | east oneowhsgdi fferent mark sizes aygl different mark densities when
witing to 20 different pixels on the track by witing to each of the
different pixels a different nunber of tines over nultiple passes. 4. The
met hod of claim 1, wherein multiply passing over the track of the optically
witable | abel side of the optical disc with the optical marking nmechani sm
conpri ses rmghaniRM 16 RRSIvetedottsf the ratksat06 atfleédnence),tdrm%dppcmmy t abl e | abel

{1 k- advariie Hniiagedo beotisado 1 BBriE B SBER = 08 SRSt hod of

claim 1, fuydeledl of HEPtracksNO6ds havehirkowAtterathettaby thesinariagy bet ween t he
startlng position on the track and the starting position on the next track

at feast tdNed@nise.di scernment of end-of track unmarked pixel effects on
the track and the next track resulting fromlengths of the track and the

next track 5 varying from iNthgditelagBidelicelaf8 nthgdgmar k 1 ength with which
the optical marking nmechanismwites to the track and the next track

(1002). 6. The nmethod of claiml, further conprising determ ning an angul ar
di st bet t [ I§] . '

posi t1om on ¢ he THEE SOALR riibsRBabt ABvPLab BckbRfty Bk sritedBhL4rTD

posi tion pitkelinvenatidn. n'gweeﬁfaessmrage déyicen@0Qaip fforaeading fiormandferwtingston at t he
tart t Kk t k 7o Th t hod of
claim 1 F b RePe gRG 1m0 MEra apeRiratbyiBe 1R HURGY oBrSy 98 BEt ween the

starti ng p%b&lhgﬂtoﬁﬂarw& Wfﬁ@QOm;ﬂlbﬂ J&hméblbr@ta)a&ifédemi tlenoptival next track
based on at least a |length of time needed to repositio Equtq.ﬁilize t he

15 opti cal q‘r%ﬁW%@”ﬁ@éﬁ&ﬂ%ﬁ'%ﬁagﬁ\@%ﬂ‘f&@ﬂmw ﬂ%t"iapg'é B next

track (1002hasBstordie d&Ric@@h0GhciGded Abdam lsHlicBH0O2AR drbbbjEctiligisT ni ng an
angul ar di stance between the starti ngq position on the track and the
a

starting po¥l2B. M‘Iﬁ"%‘rﬁ"@l‘i‘é“%‘é‘%@'ﬁ?@t’ﬁd s theseptisak madingymeehanism ¥0¢-1002) . 20
9. A mass St $tdfage edék/fé% do%%@éo REEE §'saﬂdleagbeﬁpblébwléfﬁabiﬁrmssecham sm

(902) to at | east “optical wite markings on a plurality of tracks of an
opti cal1dy varnct@mt@rylem@de Q$€, whichrarg sellectivelyireferred tg as te firsk MPtoFechani sm

(904) to r%é‘&r?q(rﬁé?ﬁgﬁgt *rﬁé"degibggora (ﬁﬁg%g%dsrléeq’g@ ?Q&‘ iR doR@oY to nove

the opti cal necha e optical disc;
and, a contlneat emcc(d@lemsﬁ:pamﬂa/ealkﬁ%ﬂ]whmmarea;bllenkr/klymgferredttmasﬁ‘m to a

LD, oSl i Rty e Pl e b sRlodt 88K S 1y o
tracks and dé¢omtrobers®tot he optical marking
20 The optical marking mechanism 902 focuses an optical beam 904 on the
optical disc 100, for at least marking the label side 102 of the optical disc 100,
and which also may be used to read from the label side 102 of the disc 100, as
well as read from and/or write to the data side 104 of the disc 100. Specifically,
the beam source 902A generates the optical beam 904, which is focused
25 through the objective lens 902B onto the optical disc 100, such as in a manner
known to those of ordinary skill within the art. The first motor mechanism 906
rotates the optical disc 100. Specifically, the optical disc 100 is situated on the
spindle 906A, which is rotated, or moved, by the spindle motor 906B to a given
position specified by the rotary encoder 906C communicatively coupled to the
30 spindle motor 906B. The rotary encoder 906C may include hardware, software,
or a combination of hardware and software. The second motor mechanism 908



HP PDNO 100204S86 19 mechanismto nultiply pass over the track, by
controlling the first and second notor nechanisns, until the controller
receives a track-advance signal.
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xDxxyz . The controller 910 adyances the optical markin mechanism 902 to
z*z-z0zz{}xsnid_ f] cal ca] cal ca] ca] caJca] ca] ca caica cal ca] ca] ca] ca]ca] ca] ca

] ca] ca] ca] cadisty] ner}-callinedr string pegittansc@Bocu thetnarks 106 obthe pptivally1} xsmhc Y] ca
a] ca] ool cal i ee  48) SEPOEE U VARMIRE MG R R SRR ARVER 00 31 CB1 il
! qg/ ['uG w ngb ca]caJcalU caJcalca]calca]ca]ca]c
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109&' () - y! Atisl o be)actarnplisHel’ gs)hdsxidba!deseftdsd i6 the preesding 8eatian) of
O, () o bR S o AOEE & A 4 AR el 1OV
"L10% & () -if@@hshySof(the bptidm@rKing inechéwisih @O during each pass over a track,
15  or may vary the marking intensity of the mechanism 902 during each pass.
The controller 910 advances the optical marking mechanism 910 from
one track to another track by controlling the first and the second motor
mechanisms 906 and 908, upon receiving a track-advance signal. In one
embodiment, the controller 910 advances the mechanism 908 from a current
20 track by a number of tracks corresponding to the track-advance signal that it has
received, by controlling the motor mechanisms 906 and 908. The controller 910
may also be that which determines the radially non-collinear starting positions
108 on the tracks 106, as has been described in the preceding section of the
detailed description.
25 As can be appreciated by those of ordinary skill within the art, the
components depicted in the mass storage device 900 are representative of one
embodiment of the invention, and do not limit all embodiments of the invention.
Other control approaches can also be employed. As only one example, the sled
908A may be positioned with the sled motor 908B, with finer adjustment
30 obtained using a voice coil attached to the beam source 902A and/or the
objective lens 902B.
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'()-10%v& (oftratk unmarked pixels, and/or to reduce discernment of starting posmon pixe
marking effects, as has been described. Such determination may also be

10 accomplished at least partially randomly, and/or may be based on the length of
time needed to reposition the optical marking mechanism 902 when advancing
between tracks.

Next, the optical marking mechanism 902 passes over one of the tracks
106 of the optical disc 100 (1004). While the mechanism 902 is passing over

15 this track, it writes markings to pixels of the track as appropriate (1006), in
accordance with the image to be optically written on the optically writable label
side 102 of which the tracks 106 are a part. If a track-advance signal has not
been received (1008), then the method 1000 repeats 1004 and 1006. In one
embodiment, the marking intensity, or power, of the optical marking mechanism

20 902 remains constant between passes over the track, whereas in another
embodiment, it varies between passes over the track. That is, the optical
marking mechanism 902 writes markings to pixels of the track during passes
over the track as has been described in the preceding section of the detailed
description.

25 Once the track-advance signal has been received (1008), the track-
advance signal may be of one of two types. First, the track-advance signal may
specify that the controller 910 cause the optical marking mechanism 902 to
advance to the next, immediately physically adjacent track, in which cause 1010
is not performed. Second, the track-advance signal may specify the number of

30 tracks from the current track that the controller 910 should advance the optical
marking mechanism 902. In this case, the controller 910 preferably determines
the number of tracks to advance the mechanism 902 by, from the track-advance
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10aapESFFFItmsfirst #©tor mechanism 906 (1104), providing the second motor mechanlsm
908 (1106), and providing the controller 910 (1108). In one embodiment,
10  providing the optical marking mechanism 902 includes providing the optical
beam source 902A (1110) and the objective lens 902B (1112), whereas
providing the first motor mechanism 906 in one embodiment includes providing
the spindle 906A (1114), the spindle motor 906B (1116), and the rotary encoder
906C (1118). Finally, providing the second motor mechanism 908 in one
15 embodiment includes providing the sled 908A (1120), the sled motor 908B
(1122), and the linear encoder 908C (1124).

Conclusion

20 It is noted that, although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that
any arrangement calculated to achieve the same purpose may be substituted
for the specific embodiments shown. This application is intended to cover any
adaptations or variations of the disclosed embodiments of the present invention.

25 Therefore, it is manifestly intended that this invention be limited only by the

claims and equivalents thereof.
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10%& () - s- midtRistn) writesQedie frack duringedohqpass < 6C6)1amd,
advancing the optical marking mechanism from the track to a next track of the
optically writable label side of the optical disc (1012), such that a starting position
on the track is radially non-collinear with a starting position on the next track.

10 2. The method of claim 1, wherein multiply passing over the track of the optically
writable label side of the optical disc with the optical marking mechanism
comprises varying marking intensity of the optical marking mechanism for each
pass, such that the optical marking mechanism writes to the track with at least
one of a different mark size and a different mark density during each pass.

15 3. The method of claim 1, wherein multiply passing over the track of the optically
writable label side of the optical disc with the optical marking mechanism
comprises maintaining constant marking intensity of the optical marking
mechanism for each pass, such that the optical marking mechanism achieves at
least one of different mark sizes and different mark densities when writing to

20 different pixels on the track by writing to each of the different pixels a different
number of times over multiple passes.

4. The method of claim 1, wherein multiply passing over the track of the optically
writable label side of the optical disc with the optical marking mechanism
‘ comprises repeatedly passing over the track of the optically writable label side of
25 the optical disc with the optical marking mechanism until a track-advance signal
is received.
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track at least to reduce discernment of end-of-track unmarked pixel effects on the
track and the next track resulting from lengths of the track and the next track
5  varying from integral multiples of a mark length with which the optical marking
mechanism writes to the track and the next track (1002).

6. The method of claim 1, further comprising determining an angular distance
between the starting position on the track and the starting position on the next
track at least to reduce discernment of starting position pixel marking effects of

10  the optical marking mechanism at the starting positions on the track and the next
track (1002). ‘

7. The method of claim 1, further comprising determining an angular distance
between the starting position on the track and the starting position on the next
track based on at least a length of time needed to reposition and stabilize the

15  optical marking mechanism when advancing from the track to the next track
(1002).

8. The method of claim 1, further comprising determining an angular distance
between the starting position on the track and the starting position on the next
track at least partially randomly (1002).

20 9. A mass storage device (900) comprising:
an optical marking mechanism (902) to at least optically write markings on a
plurality of tracks of an optically writable label side of an optical disc;
a first motor mechanism (904) to rotate the optical disc;
a second motor mechanism (906) to move the optical marking mechanism
25 radially relative to the optical disc; and, '
a controller (910) to advance the optical marking mechanism to a starting
position on a track of the plurality of tracks radially non-collinear with starting
positions on other tracks of the plurality of tracks and to cause the optical marking
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