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made to these other structures in connection with the invention disclosed herein, whose application
25  and embodiments are by no means limited to discs.

A number of commonly employed disc-based optical data recording methods exist, each
proceeding on a fundamentally different physical basis, and various implementation variations exist
within each method. However, these optical disc recording methods have a number of features in
common. For example, they all utilize a spinning, disc-shaped storage structure upon whose

30  surface {or surfaces, or layers) one or more spiral data tracks are imposed. In some applications,
there may be only one continuous track on the particular surface; in others there are a plurality of
tracks, each occupying an annulus on that disc surface. Of course, in essentially rectangular optical
recording structures, such as cards and data wafers, the tracks would likely constitute approximately

parallel lines of data marks.



Each data track conprises a succession of a great number of m croscopic
mar ks interspersed by unmarked, or differently marked, areas commonly
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Accordingly, a data track 5 on a disc surface may be thought of as a |arge
number of cl osellpch platte dradks sermprisas [ay suseeseion af a paahvber ehdniciosepisi matky a
great many gk BoURe b Sunftkel U SRR kBN d8ad DodHHEAES Rk &b T

applicati onls Sg artl cul ar ga a traﬂ% or trg‘ﬁ5 po%@ﬁ%ﬁi m dh aﬁélz“BThetrack
conpl etely wtchc(m he radral tiisencs:emg’eeen thedongitudinilghes afedispsnt, maateytl'cébr camdard:facla
circle ont | cu a
tracks or p‘gb%foq’oﬁg m C'I??élsvt\n 1%&%1%:91 gtlrﬂr eéa%FS%‘% éaﬁkghgxﬁg‘gd Ja? tragﬁ
ci rcul ars dadma li&hctmxa“wesmaysbmde;uglheofczsra:larg‘eefmtbeemélomcl;paoéd ésb&melly circular
essentially aircul ar pathways is ver regt, in, co ri,son to th

i mensi ons. BIMATe AL PO 4 EF Cians Rk 2t BLSEPER T81S Lpkeessigy In some

i nt er veni ngapplickiehss, Wphdticid@iRAartatio obeack pbitide ight mota)e,coﬁipreeal)géﬁcuiat A€ phe sense

sequence at_the m croscopic |evel. Accordingly, the m croscopic |evel,
radial |y adf#cefsHgieupy preRR 26 ,pf @ﬁgclawgéh%gv H@‘Yﬁvé%\éhﬂ%fsd*%%&‘it#%w?;ﬁ“

parallel |iRemr @fa §aksor Hﬁ'@s&s @ Rthokk Wil B AefdrRA % I&Bﬂéﬂﬁéea@y%ﬁé%&&uﬁﬁ data
| i near marks and | ands, t hough at the 15 macroscopic | evel are
essent i) | yiraski Siioe the ciequméaiense op &adhsof there egsegiially scirelampatioyayiuis vctré igregs; i
recor ded) %91 LERH tPhe 'ﬁ%e%lbﬁkg)f Ieite ﬁ?ﬂ HlaYarl a%nﬁﬁ%t%’&essﬂﬁ '01"1?1 ke B{dqgtﬁﬁ/enm% he

Tracklng- malntenanceo he radi a OSItIOI’]O wite eama [ or
read beam lprdsavik eppgarity be ihlene@e(m@ e$traeght kinegsedugnae atithegRicrosqopicdevsb Ayptdrdihgy at

through a Sl 1\(19 | ng@% %\9&1‘ ﬁraéé‘?&dﬁg&g@ﬂ ?ckQBn Jhg ﬁ@é g}(<§é ﬂ&l/é?l aggés[;:ntﬁfly Bar%llel

cont i nuous T ead gin t e palr IS taken on op
si des of t Hae$ ohdpita, getbrrahtamiogs lodgitnéiealtsperessionBd siachkr orukshed @ndfe ahhqngls at thére

Ser V.O (i%nt I nc?c?éé%!%[x? %gél %&gree s@@hali@?on%l tg?arc%iap%at f the beamto cause the

readi ngs on opposite Si FacK Ual . This condition
occurs when t he Thealsciis mﬁrmallﬁ edittpn G, sedoydedpard ﬂehtbbjr ongingldtapally axa snoddr-

the t K, t di t i di t fr
ok aeks ol Rg B LSRR B R b Sl el P G
opti cal dat@amgeaisdiyng theddaee of fhel dajeethck 25s Icroamhhshgd Ryughes @EQ0Phral @it

with a single beam.- the eamor th dependi ng on whjc

oper at i on [ ESTBBERY PR Do} SNDIRES FaF ek o BUa i gBE TUa R SBrPte
i nto azodatsiies 6f the @agindaRbMmiq &TthM&dckeBmﬁloh@{eb@@acH@g%rYﬂhe kdtvo continuously adjusts
direct-read-after-wite g@l ications) and a tracki ntg beam
and DVD- R dppiiabaostipgof tbmeainé? FREE B8 refinsIQn P es st esoths ierk ©0de equal. s

essenti al | YeoRdifiGbRlrs GRS BreSREh O ochsed Prekisal@dpdthe 15n\g@ummahs Sk Gl ¢L.es,
the dividing |line between 30 them bei ng% aralf to the | ongitudinal track

axis. The tYREKPHE'SEALBE PRIBHITH EBUUHGN é%“lf res- (The efnsingymegiod 1l pho

hal ves of tdigke, idBREE on ﬁl@gmﬂclﬁé‘rro}ﬁf?&?éﬁﬁféb&mnéﬂietﬁéa ém%lh?edr adi al position of
the beamto cause the sensed light in both halves to be equal. The latter

condi ti2én i ndi cdiraeking weay herrscomplighrdnyish arsinglseheny R sendheamh or Hee weet keamof
the track aphing-ofwhit@eraBb:P RYeine ACKIINHerS 1RGEM I Mam I SticAHNSLLRRO

data retrieval beam (or write monitoring bearn, in direct-read-after-write - DRAW - applications)

and a tracking beam. In CD and DVD-R applications, the reflected tracking beam component of
essentially circular cross-section is divided into two equal semi-circles, the dividing line between
30 them being parallel to the longitudinal track axis. The tracking sensor continuously compares the
intensity of the two halves of that image, and a servomechanism adjusts the radial position of the
beam to cause the sensed light in both halves to be equal. The latter condition indicates that the

readings are being taken from the center of the track axis, i.e., that proper tracking is occurring.

2



General ly, the sane sensor is enployed for tracking and for data retrieval
(or wite nonitoring). In single-beam ("push-pull"” or "PP") CD tracking,
one of the two sensed conponents is subtracted fromthe other, and a zero
difference (i.e., equal input from both sides) indicate JHetid6 tracking.
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25 In Magneto-Optic (“MO”) data recording, the general purpose is to store erasable data

files on a disc for archival purposes, e.g., in computer hard drives. In MO recording, the disc’s
recording surface is comprised of one or more thin metallic-alloy layers having specific
magneto-optic properties, which are sandwiched between thin dielectric and non-magnetic
metallic layers. Together these layers comprise the MO data disc’s recording surface. This

30 recording surface is normally applied onto a polymeric substrate, as discussed below.

The recorded marks that correspond to a binary pulse-length modulated waveform (i.e.,
the physical representation of the digital data to be recorded) are essentially two-dimensional.

This is because these marks are produced in only one of the MO disc’s magnetic film layers,
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whi ch usually has a thickness of only - 0.05 mcrons (one mcron being one
thousandth of a mllinmeter), or less. The unrecorded MO disc is
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entire disc surface is initially in one of the two stable, mutually opposed magnetization states. _
25 Recording therefore consists of selectively “switching” the magnetization of spaced-apart,
constant-width, elongated microscopic regions of the thin magnetic recording layer lying within
the pre-grooved track in the disc’s surface. These switched regions within the pre-grooved
spiral track are the recorded marks. The interspersed regions within the groove that are not
switched (relative to the initial state) - i.e., which remain in their initial magnetization state - are

30  the lands.

Once recorded, the marks and intervening lands are read by means of a narrowly focused
beam of light, normally from a laser source. Linearly polarized playback light that is reflected

from a microscopic up-magnetized region of the recorded surface will be rotated in a clockwise
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direction, and the light reflected froma down-nagnetized region wll be
rotated in a counter- clockw se direction. By detecting the polarization
rotation in the light reflected fromthe disc, the read nmechani sm
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Therefore, to record MO marks, i.e., to orient the minute domains of the thin magnetic

storage layer in an elongated region of the pre-groove on the data surface of the MO disc, a
tightly focused spot of light is employed to locally heat the thin magnetic-alloy storage layer to

just above its Curie temperature, while simultaneously applying a relatively small external

30  magnetic field that is oriented either up, or down, relative to the plane of the disc. Causing
current selectively to flow briefly in either of two directions through a nearby coil of wire that is
wound parallel to the plane of the disc can create this controllable external magnetic field. Thus,

the focused recording light spot merely serves to define the region of the pre-groove that may be
5 B



affected (i.e., have its magnetization re-oriented) by the relatively
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of .the data, track e the power |level of the

desired se rrent
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recordi ng e@ebtivany tr@iseRoMBup bf Sofabing €n HRIMRGERL US @bovehink thﬁﬁeteﬁ?érﬁﬁﬁ@l)f the
magnetic field strength and direction are mai ntained consta his w |

erase afly H@?Pﬁbareé’ébﬁéﬁ‘ts ©6 Felestive jeggthiapd gagasfic gyicipticng iygrgpersed U#fhélitﬁﬂfsrﬁ
all 30 t he sElQUIBE Rt ahd ophoRMERadeBE Srih@HBR N ThSWidt o BhS @k & EldrBfbl 8P the

(say, "up"). Once erased, the segnent(s) may be re-written in the nanner
descri bed B&Hv¥idirkses, k@ioa@eﬁqdethw% opt d%‘tiﬁlioé"fc’éﬁeleﬁed accgrdingho iimamapndrs -

appl i ed i neiG NS tHAKOWSHh BRIMAGS skilf iR ufeoP! etely "wite over™ any desired
portion of the MO data disc. "There are many sophi sticated net hods of

acconpl i shing t mrx%oaia?agdlsh&@&)régg Ban be written and re-written as desired, and this feature is,

25  of course, utilized in computer hard drives. Once the MO disc is written, the focused recording

spot can be made to scan any desired segment(s) of the data track(s) while the power level of the
light in the spot is maintained at a level sufficiently high to raise the recording medium to above
its Curie temperature, while the external magnetic ficld strength and direction are maintained
constant. This will erase any desired segment(s) of disc track(s) by uniformly re-orienting all
30  the domains within such track segment(s) in a single direction (say, “up”). Once erased, the
segment(s) may be re-written in the manner described above. This erase/re-write procedure can
be - and normally is - applied in a continuous manner, to completely “write over” any desired

portion of the MO data disc. There are many sophisticated methods of accomplishing this,
6



whi ch are commonly applied and well known in the art (particularly in
reference to data storage on conputer hard drives), but which are not
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is first processed to produce a
25  temperature. Since accurate data retrieval ordmanly depends on detection of the mark-land

transitions, this means that the leading end of a mark should have nearly the same shape as its
trailing end, so that the mix of “up”-“down” orientation in each transitional area (i.e., the leading

and trailing regions of the marks) may be defined and consistent.

Accordingly, the literature is replete with proposed methods to cause the leading ends of

30 MO marks to have the same shape as their trailing ends. All of these appear to proceed on the
principle that by boosting the beam intensity at the leading end of the mark, it can be blunted to

a shape that essentially constitutes a mirror image of the already blunt trailing end. This is

accomplished by various stratagems, by which each data pulse is first processed to produce a
7



final wite laser drive pulse having increased anplitude at its |eading
edge, to yield a laser intensity boost at the |eading end of the mark.
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suffici ent’ly to cause the material in that region to exceed its wite
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phase
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(i.e. Rdhérameﬁﬁlupdmteniimed ontﬂnaolbasebémha[ﬁetom stdheasrthg ntensibyeof the Gghtheat
nost be renmoved very, gu y L ey f or,mat i on, of. | phase
(whi Chbegwapgad?%ﬁzg gxé)sih urF < th tgtlonafaﬁ)eed 0 the gfg%othg che zg hﬁ%&%l ng
each |mpsefctés bihe mabxﬂﬁlgtsﬁrfmrmnbxexecomhtr@pmi csthmfasm on of narrow pul ses,

each resultin rief | aser a he di sc ace as it
r Afol ves. é%&cpe(gée{aég “of® ’b?lsg’fge df‘tﬁ‘?‘e?rnfn%? Oél?a?%ucfcgggjlﬁ ?’Fl gﬁ@h dat a
pul se Iﬁ&idla%hlmehyd chpRiyes -tie aleongaiad nmscﬂidassmpne ear khat t3€ rEBien

sandwi ching | ayers serve taq withdraw anyﬁg}{m dugEr eﬁt. To erase a mar Kk,
the el YHIAEY hFeroseBpicEaliB labrratn 19 RECHaf Ve AuRseEHETP by s st
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heating the region quick However, in the erase node the region_is

al | owesgsentiallydyi metngat grrddwryaﬂowa ihtorsoligi&y quiskly 1t Ry anorphoys fies-21t50

25  phase. To control the shape of the mark, the laser heat must be removed very quickly to prevent
re-formation of the crystal phase (which characterizes lands). This is normally accomplished by
causing each laser drive pulse to comprise a rapid succession of najrow pulses, each resulting in
very brief laser light impact on the disc suirface as it revolves. This succession of brief,
intermittent pulses within each data pulse collectively creates the elongated microscopic mark.

30  The sandwiching Jayers serve to withdraw any residual heat.

To erase a mark, the elongated microscopic region of the data track constituting 1t must
be returned to its crystalline state. This, too, is accomplished by heating the region quickly.

However, in the erase mode the region is allowed to cool more slowly, so that the crystalline
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structure can devel op. Once again, this is normally acconplished by a
rapi d succession of |aser pulses, which, in the erase node, have a | ower
power |level than in the wite node because the erase thresholﬁ is | ower
than the wite threshold. The relative configuration aﬁ@‘@ g0 6 of the
narrow pul ses conprising the erase pulse may be different than t hose

within the whictuge fial @@elofNOnde Aghig, thlstlﬁﬁ(ﬁﬁldﬂﬁa&b'ﬂgﬁsﬂe&bf@%l@éﬁk&:@slg‘?éﬂ 1%%?
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"on" and "off' conditions. The duration of 'aser beam pu
the total duaTew msesfomprisingdhe éraselpaise sy beﬂlffemt themthosd witlgn termpite sulmg and
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groove in MO di SCS and, f or ned b¥(gfgétr1]\1ﬁl aﬁ J t hods, as di scussed above -

tracki ng cofgiPgRiIses, cumprisingp siple eferpines Ji lgpgth plothe ssiplting mag s
of the 13pi r@mo@hoveate)as ihtBrvbdl MQi NiddRNEMa st bppBicddond, WI- R among

utilizes polarization detection), data retrieval consists sinply in
optical anmpPfiheunetostedidis is %?Vlﬂ@dﬂt}b‘b%ﬂ‘fﬂ tragking gy eetadingpmungd fe difcs c

surface. This i gjRagedpomotiilyfeaployt Bﬁina[fm 4Rl hﬁpgﬁoseaa‘ﬂ hc%ﬁéﬁ?gtlﬁ‘uhicﬂqhe

regi ons of the disc surface will di spl ay “di fferent reflectivities.
the case ofunfaoprdeddise ipravidethyith atspira reepvaretshinils t@ weﬁm@fﬁm srogwneMﬂ @scs,zo

symetry b%ﬁ@@rﬁleﬁ S sinfRf koA ds Hl@&féééd'ﬁgo‘?en qﬁc@hﬁﬁ&l’&}sg Kﬁe 104 §&fh 1 N

t he recordi n% medi um for accurate detection o nS|t|ons -
i.e., fi&r rieltollopy e genteal pds of by spiral grooyey as intthe MEY easof HDWevelvmnh‘eQ MéX(whidhes e

appear. excl ké’sﬁlo‘l’ag‘z c%ecﬂe ec rI) 25(9 g%q&géﬂgcéﬂﬁtslsﬁﬁgb tllﬂ(épqlcgl Z%‘ld)lltl}ééede eC mkn to

match its a tra y | ncreas
the recor diqueadrbe@m lightaefi¢cted ﬂcmaﬂiemigﬁcsd@a:eofrhisas:basw ot the lf@s érat fhulamenphbum

the PC met qggbw%@hﬁ t 10§1¥Qf Hé dlsé/ s 2tl‘:flce w1 d;%:hay J}ﬁeéergé é‘% & ee? ZI ng the

rel ative spaci e narrow pul'ses co | aser drive
pul se or by i ncrAeam thg ¢ahe|o|f M@dlthﬁrdmad ndhuy qiubhnhed trostiaddd tb hgromerdpddehetric

Por ) 00501 R HER-E R EEh 5ot BRI GuhRRe BRI, TERES
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RN ST A TR TN P
quite sim Itﬁermarﬂ(hemawm ils aeadyah@KtRdink@nd, NBTiRdrEhsing OO dnkefF® it td thér%co@%gt he
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recordeBg Stdoufpliticd BURSIASRE the dehti%e Gficihd tBORBrow pulses comprising cach write
laser drive pulse or by increasing their individual duration, toward the leading portion of each
such collective pulse.
There are also published methods to alter the shape of certain types of marks in specific
media to convert them into three-dimensional bumps. Typical of these are U.S. Patent Numbers
30 4,719,615; 4,852,075; and 4,912,696. These all name Feyrer, et al as inventors, and are assigned
to Optical Data Inc. Since they are quite similar, they will be referred to, herein from time to
time, as the “Feyrer Patents.” These patents teach a dual-threshold, dual-layered concept, in

which the inner layer - i.e, the one closest to the optical recording structure substrate - is
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conposed of a material whose shape can be changed by the injection of
heat, typically froma |aser beam In the wite node, when the higher
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exceeded, the material contracts back to its initially flat configuration.
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devel opi ng meddehgcaly, satherandvisgbesorigoreugly trsted in teel-world cingeingtange®wn i n t he
art. However, | tplS,d & (P et hat i i li

produce pits, t gb%ll-%sgg?i %‘gf) di gatl ;bgﬁlgaéodra%i lﬁg(ﬁ(rar@? E%g‘gfsle r%g %%%?%ESSB%CS%S O’rna%ft
to t he2RD ardkst andi lerds at@greetrindide, a ewfechef amppticabwnerdmi \discs , Unlke dhet MO and

generate diSg.. f é’}'hif - co [ Gl ughter. 30
GEner st Sl LR LR ShERb MBRER Sy o TR Al uRUobLoh
are pressedr rdsieadi buanps -, andfoh dradhitigretobod inahe thisc sirfaee.z €dr tanvgeoer athe ensuing

tracki ng groove. (qr..tracking.ridge) disc masters. e.qg. for. d PC

i o6 subst ViRpiSion MR t4b et ST Fhdne By irpnpbin B mdiod

t eachi ngs fon gidclivatprdductsdn of amiested appercd faties Hpin thabprepdr osettitian of the

mast er 89 p}u})}greg"igtn}g.lat%r)galbag{i] %engspggt?v%efe%glgpi%g cl?e?nigalf@)ef w%lcl)c%Gselection procedures are
well known in the art.

However, it is important to note that because of its ability to produce pits, the PR optical
data recording method, in obvious contrast to the MO and typical PC methods, can be, and
commonly is, used to generate disc masters, from which great numbers of commercial daughter

30  discs - replica compact discs (CDs) or digital versatile discs (DVDs) - are pressed. Similarly,
the PR method may be utilized to generate tracking groove (or tracking ridge) disc masters, e.g.,
for MO and PC disc substrates and CD-R/DVD-R blanks. While the Feyrer Patent PC teachings

might, at first glance, appear to be applicable to disc mastering, the complex bonding processes
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and the nature of the materials necessitated by the Feyrer dual |ayer
concept would not be conducive to commercially-practical, accurate disc
mastering and replication. But by the sane token, a PR@%LJ?.@ %ﬁﬁ ot
conveniently be erased and re-witten, and PRis ther €i §p| i cabl e
to the chief purposes of the MO and PC nethods: erasable/re-witable 5
dat a storagand Ty satirercfltie daroRials ticedssitiiedOIC the e dudlN@ydr WRARPFERLEI not be

di fferences exjsting bet en t he resaect ive nmethods of optical data

recor di ng. upse Foe‘i?g}n&ﬁrm@ YrRseqhig gectraledisqmagiering spdgerlicliPaphi ¢ engr avi ng
process. The regordi surface t he master disc conprises a . thin (-
0.10 to 0.12 nic B‘rﬁy,*g%ﬁi °6%‘@Hsﬁﬁ§9'é° cangphAgRYenieady he ‘ngr?gi?éﬁn fe-viffsas A RRyS| y

uni f or m compeedfére ARappidibto RS clRaRsyvses SiNAE MO @hd BEIBEh: \erdshBidtel Writable
identical tq those of _photographic filmenulsions. Accordi ng‘l é PRis a
purely photitfeiéegsal This. merclyofmangratesmontroasain tptiudamentat differaersarrigingas
opposed to0 bhgedMnaRdpddve MBRORDS optilli £ RERdihYer mal in nature. In ot her
words, in PR it is not the quantlrt)y of heat Tnstilled in a selected

smal | portion of T @rAke6rafiar fRf8d tiBadss @RS §Splidtstr AR BNt prdckss! S The
merely the quantity of incident |ight that o_le]t)erm nes if sufficient
exposur e oc&gprlinzosugaeenticthe graptar dish comprisss @ iun de §ilPed Onidrikisron) hirtoserisisive
quantity of L Js It inithatkl o .
ot or cai st PolRPasen R UL cAubRall bl Binphdtided hefty RAGULE BorskBls,

t he i nmeeli avistuglly fideptical itg thsgoosfe dhdegranhis fibm anhdsionst ewsortlinglyf PRh& a purely

i npi ngi ng |] g ristics of the haqt.or.esi st

materi al, i P @gﬁgcfh gﬂ%&i@%é gB %Afaﬁﬁkaﬁ{?éﬁgpglr%gtfa%anmgoﬁ n§’c%astcfp3$sle§gt° \5\?6'[344?) e
phot or esi st metiedy, whiclt dre trdthinafatirbie Iexpes woslsyint PR nit tih eocntel iquantityy pf Zak | y
decreases as_jqts .depth increases. weve S, a general principle it is
accur at e tolngtg;e%tlﬂgtselfﬁ%rsé%gﬁ Of?%@P%F%%%Eab? te‘ﬁ%’gfeg? th’g’retslfﬁd“plf(?lerely

i ncrease t hthedegpttity off indaqno Sghr ehant étbrintinds hsupfitdino &x@okst ot el tiBhabl BAEaIBROE'S
normal ly_appli.ed to pit/]and disc stering, further. reference will be

Gt oct otb ¢ ol Eteh SiePisht PRl B orTehiOR teab g e SHERSHoL rposure 2L be
convent i on, pldistedisi RutfacélaThe eXiéht asditpBLiotehidloth&EpMdtoresist below the immediate surface
(ei ght-bi t-to-fou(it een- bi tt)n nmodul atjon, in the case of CD nastering. Here,
25 sequent i SIBTRAAPNIR N drepsiy ot G ivipeias ehapd esplfedd rbuagsnsypaeidhe
rect angul ar phdrses marh QL Wease dENighd B8plich Mhl, scW@he withiss tHehofefdMst

cl ock period,  approximately 231 nanoseconds, (billionths of a second), and
n is an i nt@gdrmsthgwidh phths exposyre pritincthe medinmptypicaly deeregspgas itsEeph ipreages.
nmodul atien iHHwelR! YL Eened pSndhhit fak §ccfufa§9énoFs!§Mmm&e’a§iggnlenﬁéi&'&ﬁ Rdrsidy WAl
that: (1) eight- to-sixteen bit nodulation is enployed, and (2) the

i nteger n nEYd teancgeasgthe depth pf exposups within Hephgoresist Bedinm®] us coded dat a
stream al ways contains pul ses and intervening tenporal spacin conpri sing
all of the possiPPes AT Hurospibnapplicd fe ritllerd gé@dﬂ@ﬁﬁr@@ Biridere edgrencefwill be

period int&ryRAIINGDUNBEMAMCERRSHYE BRhEDrddhce! i !
where, in eaceh dz;t arst ra\ggm caI I%perln‘i tted vgl u%s‘b%?bﬁ{vgnﬁg%’ gl;e- I?%%?lg%gdﬁ? ed

in both thesupigrisedo BRM fagbr-pittefopeainiyt) peedulstian, iotthe rase bf D susterimnOHere,

25  sequential binary input data are converted into a sequence of spaced rectangular pulses, each of

whose durations is nT, where T is the EFM clock period, approximately 231 nanoseconds
(billionths of a second), and n is an integer from 3 to 11. In the case of DVD mastering, “EFM
Plus” modulation is employed. This differs from EFM modulation principally in that: (1) eight-
to-sixteen bit modulation is employed, and (2) the integer n may be 3 to 11, or /4. Every EFM
30 or EFM Plus coded data stream always contains pulses and intervening temporal spacing
comprising all of the possible nT durations. Thus each data pulse and each “off’ period
intervening between successive pairs of them are of nT duration, where, in each data stream, all

permitted values of n must be represented in both the pulses and the intervening periods. Other
11



nodul ati on schenes have been used or proposed, and further nodul ation
nmethods will be enployed in the future, especially as the data recording
density on disc nasters and replicated discs inevitablg #nc&ig es.
However, it should not be difficult to generalize from4hi¥® ussion to
enconpass any such ordi nary engi neering nodifications. 5 The pul ses ("on"
times) ultimtely generat iits in the disc,surfac while the "off' . tj|nes
result in t%8&§%<ErﬁgﬁPﬁbﬁP§&§??"§@cgu98PWﬁ$ @Wtﬁ?@aﬁﬁPﬂﬂngégﬂ?ﬁg Wﬁbbﬁ,
bot h ]E he pi mplayeg ih aumdﬁuurmapelaianyh hﬂdﬁpl@?déd&diﬁ@ﬂ&sitﬁﬁn :dﬁ;c \(ﬁﬁlstbrsl@m\gepﬂcﬁtea he
art, for praper. datg retrieval the resultant ty cycle (i, e., the ratio
of it 1 engRsua i ittt B Savig o be el i Emptta i ik deeispon
50%  Howevi@lencdmijfisditly ¥udyddifark SngivRhiRgRedia¥Rbne Nunber of successive
pit-land sequences, in a 10 manner set by convention. Therefore, the

length of each pitk pares @bn aasdd) hiaRdieW %?hérﬁkew@hnﬁe diSCANRBBE WhilE LS AN ified
separate, independent datum despite the fact that the averag(;a duty cycle

wi thin t he S8GUBHRRIEEE lendny Branesihe entise data sisgarnyis wadast beth &l pits and lands
appr oxi mat Qoﬁtaﬁﬂ%ﬂep%h@&a. BN, GelPkn®n FFd :B_L gﬁ' 5)({3@?4?%3&5;%%6@91 tﬁ@fesuﬁﬁ\}{t (Q}t)?gr

modul ation schenme, 'such as "Two-to-Seven") I , e purpose IS

i nsur e t hatcyelgdi-glatha ratiotof pitrengtetorpdsplbs-aext-lanil dengtin ¢o shp§ldrhet appdokymasgnset. i n
a progra JRe facilit r [ | i.al. .

pl ayers tracki ngg\(}gﬁdgtyo%&fgrl\%\jagéerg%?o%kai |b8ulof gﬁ?gsggﬁllte@n%%%?ggg ha
parti ciioar mmgeresetdycwnwingivedTherfore, the hength dforrel pitodnd ofeictbiand withirgsich a

sequence of__hi os. Wth a oprii.ate, nmodul atign. .the CD or DV
pl ayer | ogisg%g‘?ler éaéﬁfelé‘%#spa; egar%émﬁgf(eﬁ ‘566?9 Aty dﬁs%lnedtl)}l'e ?ar?t gﬁ‘ thgfavgaéep‘g%y FYC(%
nunber of sutdetdisageh@aettyensventidrt ik prefiratipmsintsmed aoappraxeagenatey wel |, it

will be shown 20 below that tracking can still be difficult, and this fact
forms. one basi s Wietther BEMp((EHen EFMhPlen{l¥N) cddingRR smyaoticd nvgulatitn &chithé, aacHEFM

Pl us) coded_waveform rgsults. in nmodul ation_ of I nt ensi of .a focused
Coor of 1t dit By LOSEn K ahlict el BiesR e B ustle hilye TR b Bove frre uRs
recor dilsg souéaAiyespadedtie prapvainédgathes . faBlitapriepkingy 18\0mfeto] IDagnd DID
rot ati onal ee f. the .. disc with t radial position of the beam .
ol ot et #TBRS Taflind HENASIRSH &ow BB et reRamp g phagrulrh Poasoiee peisied
tgﬁner ?I I Kt lo@ S binagN “onet . BLIEWr By)a, leﬁ%tﬁjﬂgta%@ﬂcel af ®itary l"?e&%dS’ pmﬂuﬁﬁoﬁm@?
e i spot .is "on." interspersed wth_ unexposed | ands, Wen e .
entire gpi r"éq%“[af‘%lihe(‘glib OF Vlt%ﬁlf‘l?eb IpEIcHRn ARfifRath tPiP Bext Py gprdgnd) i onsgh g spegific
onto its SWwid6Cof §u_|8@eﬂiﬁ?t1&fati&is$ CAlitl%u%ldﬁM@hﬁ?%ﬁ r@Sorlably WAL, ¢ERB1 bObhown
or di nar)é phot ographic film_|nediately ugagn conpl etion of that step, an
S

et chi ng°solPaleprdhatitacking¢anstill bedificytgind dbp (ast farms ensrbasia for He nesspyideventieyi ons
of resist (or the_unexpgsed rE‘eEg(%ons 30 dependi ng upon whet her a positive
or negative resfsPRjrecopfipgpn (9 ERME Rluskcogled dapefemn spulst in medulayign of the

thr ee- di mengk@RRlof Lfen@atspst & KIHOILARAy BiohS a Wtslel I S BRH Nehph@fiSon TRE
| ength of each pit_and the I ength of each |and represents an’independent
dat um cor r &&pesting fgfasookihp agvelvig disc- Rapwpphickeshromzipg thegpiatpreh st (sr
EFM Pl us) QisgRath thBSadifl Jodfiof 38 eheOfcahReBAde RCHE RERT Ahdd thid HrdRcet W EadkOHO

25  narrow (width generally less than ~ 1.0 micron), elongated latent images produced when the

light spot is “on,” interspersed with unexposed lands. When the entire spiral track (or collection

of concentric tracks) is “exposed” onto its surface, the master disc is “developed,” as in the case

of ordinary photographic film. Immediately upon complétion of that step, an etching solution is

introduced to dissolve and remove the exposed regions of resist (or the unexposed regions,

30  depending upon whether a positive or negative resist is used), which creates a succession of

narrow, three-dimensional, elongated microscopic pits and intervening lands. The length of each

pit and the length of each land represents an independent datum corresponding to a particular

data packet in the original EFM (or EFM Plus) signal. As in the case of MO and PC recording,
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these el ongated pits are mcroscopic, and there are normally many mllions
of themin the spiral disc track (or in each of the concentric tracks if
there is nore than one). Thus, when viewed mcroscopically, the pits wll

appear as a |inear sequence of narrow, elongated, strai fgun essi ons,
W t h intervening |ands, |ying al ongside another such sequence radially
(i.e., 5 ttlmsesalerga&ﬂp)ts alie Syitragegicf ardnhéré afYiotdBlyfrha® hillloRCKE tRérh fhthe kpirdED

and DVD appl.i c and | and | en ths w |l each correspond

Tl
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| i near speed is constant at eve ocat ccor
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comput & hargedering BT e BeGHERE e TR sufbirigf 1l orn, e

mai nt ai ned. rolhienad spEABf |th$dtsemastapmdstd:atcantamquu1§ Wiredndugifg the' @Edriliay dlacess,

par 1 oul ar SR fotaBEREPR ot FHERK B Bl rind DRt oty pvaFs e ivay
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dat a retrleval g)xtre %t g} hard drive acquisition _rates is not

essential - PP 8%5 1o IRl EEFRBF LR FomBVE RORY AP frepiden: | dererdingly dhe

i ntroduct i oﬂtaaénamq&e@war %rjdﬂ(iﬁ)@kdé%lhtﬁﬁlklﬁp tOtha £RNY Mkt h @ frdl fuk @ls€Rtis. dat a
mark | engths corresponding to identical data values, depending on radial

di stance, nmay ndhisbie ih shtrdst @02 nBRESTUVIO &plitRioh hecoﬁlﬁufé?thﬁﬁddnvtebe WHlLKREES
of the photosen5|t|v er (deposited on 25 the nuch thicker glass

a)
or pol ycar HEoH§taat V&["é)tY)l mahapedy Thsre &4 i dnturearapiodaty acqpisifioneendyi t

dept h. ThusSetri¢hgbdchiRe ﬂb@lWl@%kﬁldé(ﬁlnf dﬁhﬁéfnga?ﬁ@ﬂﬁﬁﬂv\gééarmnhé b&l&ﬂ&r‘ ﬂécﬁal
t hi.ckness), fl.at-baottoned w || be produced ose depth 1 be

sanme as t haORHPR Rhdeegredy dobi 18|f§-§9&?d QR @SV Sircesranliod &> paeseoptical data
junctions, radordif@dethodd. © HARGHH: AvherE %'aﬂa%@xe%ﬂ at ‘éJ(tjréfne?% P%%@h:}r@%np@%cgﬁs?t%

(resulting 1in residual photoresist at the bottom has
found gener®F § Pe pEdtisice fomefagiple, dameess CLLROPLrnd é&ﬂi’ﬁw @Bhtauw othe

i nherent rgueHIN&sS iof ﬂéEé‘ssﬁ&CB&leHEO gfce% Stccdi@Y Sfor a&]ﬁm%ﬁteglgtt% n{ark lengths

susceptibility to recordi n? aser hol These conprom se

accuracy, segenerdipg tp idpntical Haim valpisadapandingsingndinl dstpice.trugeot be jastifedt ed by
surface characteristics. 13 29 June 2006 Accordingly, the thickness of the
phot or esi st | ay BEtusmng terke B pisthad b thickness ofithe phptgsensitige data layer (deposited on

25  the much thicker glass or polycarbonate substrate) is selected to be identical to the desired pit
depth. Thus, when the photoresist is fully exposed (through its entire thickness), flat-bottomed
pits will be produced, whose depth will be the same as the thickness of that layer, and whose
sidewall-to-base junctions, at least, are angular. Failure to fully expose the photoresist (resulting
in residual photoresist at the bottom of the pit) has been found generally to produce “noisy” data

30  output readings, because of inherent roughness in the etched photoresist layer and greater
susceptibility to recording laser noise. These compromise detection accuracy, because pit and

land playback signal amplitude is affected by surface characteristics.
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resulting pit depth - are normally selected for optimal detection in a
manner well known by those skilled in the relevant art. Pit width is
determ ned by the power and effective width of the recordi ng beam The
latter is determined by the wavel ength of the wite |asetyig44%ed and the
5 nunerical aperture ("NA") of the focusing nmeans, in a manner |ikew se
well known in the art. he transverse (i.e., radial) sectional shape of
the pit, whet her‘“f’%‘é‘i"&ﬁgﬁieé@c‘g{?sﬁ?fé{%E}EﬂQ‘H%‘Sf I3y andethe exnrpyre fqvalyr amddiusethe
optical chakagif hisHems -Qfe hétthali Qdit&ISTos optiMhieddtedtion iifla ManhdtewHBkhdvatb@r
focusing configuration sel ected, as descri Bed in the DIl and Sugaya, et al

patents r gftg?ﬁeéﬁﬂl‘?@)_in thie Fedyanteartn A1y widthyip detprarippdrbyghe e apdoeffrctiventyidh of the | |
be primarilyeqgihebeinePhd¥ibig ddemhddony M6 whlelbhleh 6OME SRRONNGiIEEMdhe
EFM Pl us) data pulse, as will be the I eéngth of each intervening land. Once
recorded, aupPRrigdAeerare NS of Mgdfpawsing gnespsh e p msgner dikawise wall koewmpethe byt.
convention LG proe ol r fr.om |

T surt i of e dBpRRL G T REET Rhon P Hp AT IR RoBh B P ARG LAY be
virtual | y exaieellahier byothe optel diaractesistmasefethe photbrdsise materip! iand bg dhelipsgsubat | |

i kewi se be. vjrtual xact, copi es, of ..t he r. . l.ess stri,ngent controls
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i
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di sc master, Retrieving the data fromeach | ayer depends on_conventi onal

means 6 detadtd stempr e s prrawmably gerd pisor magaey! figdnastey uhrepligpted diees whose
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CDs and DVDs (and anticipated future expansi ons beyond present DVD ROM

dat a densi tl#t€5)s Epiglly thagesulof Jrrraeiscenoldig) methedsdyigldingteplisaigd dRpits whose

di sc- nast er,} . DI i t ! r
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fnguar eqrn

by the PR ®&# ereolthernpsier diss pithat enpl oyed for pit 30 producti on.
| ndeed, the groove mastering process is sinplified by the fact that the
desi red9spiral Dgvidevided disancamibeygesematel lyouslizng twaimoldy - myst fopfeagthesiddi sc

master. Th agki - r
orovi di ng 3 rhmbieP Gl e e TR M) 1RRrREGE BhE Bl Shotact® on gach

synchr oni zisig of e resullinglCIhosPY Dorrch flayehepainr dreateddeamicpirits staotpet prodieced Spmed
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di sconti nuous tracking groove nmaster is de
reflection of hight partially passing through the interface between the layers. Theoretically,

25  multi-layered, two-sided CDs and DVDs (and anticipated future expansions beyond present
DVD-ROM data densities) could thus be produced, all based on the same PR disc-mastering

procedures.

The process for generating tracking groove disc masters (e.g., for MO and PC disc

substrates and CD-R/DVD-R blanks) by the PR method is quite similar to that employed for pit

30  production. Indeed, the groove mastering process is simplified by the fact that the desired spiral
groove is normally continuous over all or most of the disc master. Thus, a tracking groove
master can be generated merely be providing a constant amplitude input to the writing light

source and synchronizing the radial position of the write beam with rotational speed of the disc
14



merely requires selective wite beam extingui shnents and radi al position

adj ustnent, |ikew se by conventional nethods. By ordinary engi neering
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et chi D Gy §©D-RAGH Eav‘iﬂi& %mc@fgaaapé “x%bbfc@u%%@§3 IAGRUE SpRRatid}S, Bkt

si dewal aces is thus inevitab ile has not proved to be a
parti cutaking gséoyesd fri tanwreseudbd dived ﬁreGDt mlbﬁpxr@ Ropict, carailioly sivpbredad  dat a

el YRl S ERILAEL AL ALK AN RLELIBLENSE sRASA, 1] 6. RBELNOd of

di $¢ nas not enti y con Gcive to production o
mast er ghé $}:@mf mamhhtudnmfehecsxmlsoibwumbmw gspahtotke loagiuding] maneffthetunr ed

with al e ion rate. .khis i DV refri
necessar(%\‘\’,led ‘Ea GNP St i %a3t-5e nomaergg&%ﬁg %ltg%&ueﬁ%lg ag%rog‘ ma'te?ons as
wel | axH# he nbmsiiat lahedrf Ve&mworrf- renttrémgerﬂnmpa:aifef mpitsto ﬂihewmtnh&amntadlal

r oughness, .of. PF{-%eneratglrlﬁ f}eﬂ brs'i’ i npedes accurate DVD data retrieval.
Fur t hePRIHENING s SFeaise IS eV sUgtiss i n PR—gener ated disc rrasters can

becone_, 25, nor tr S Ji8s. . NG eas ond the
prégent DVDREBAIFSS L ﬁ&ﬁ%{%@ﬁﬁ%{o&é’j’ gﬁga‘ﬁyf%““a granﬁcPl %a(ifeﬁ's and
dat a r ehd hewddin Shbwit@gk@ghiees 6eAldnlthe pie cidemeall maﬂ’aeess:omhs Bieviedtee dWhikew
woul d argue that a, nuch- hi dat den n can entl
D v e Bt BV 1 R ARG B e o D e SR G ghige
desi r alh@, re@edall Blessemlény dlmgubhﬁ&feyene@cbmd aﬂnemaeﬁdtml ofudiikd aravtediget and
per haps hi gher-frequency | asers_and ot her beam 30 sources arec?gzi/eﬂ)oped

and naPPRARE oL sﬂwebfoqop@w@nfa.m@wl@h DY) masters fiopyw. EéRmﬁFf esul t.

Wigh t RIVQCGH B rabld®y AREhaRed WAHDANES SeRbtidRRrafe NBsaiserbchliss DBt S May
further limt their ‘utility. 15 29 June 2006 The characteristic

r oughnesigevahitch pasessaraly tmare, 5ePhistcHech BIO&ESE Al INEsOaRhESeHesIRARIS S a5t Wik as

st eep- gl.ded; agtdliSPInfY AR kﬁéctscoﬁﬂél isherddl $QughfR3YF PRIgAEhEA] dta pits
difficulties 1n separation of
impedes accurate DVD data retrieval.

Furthermore, this problem of roughness in PR-generated disc masters can only become

25 more troublesome as data densities increase beyond the present DVD-ROM level of
approximately 4.2 gigabytes per data layer, and data retrieval strategies necessarily become

more sophisticated. Few would argue that a much- higher data dens‘i'ty'than can presently be
provided even by two-sided, double-layered DVDs would not be highly desirable, and this will
undoubtedly occur as practical uitra-violet and perhaps higher-frequency lasers and other beam

30 sources are developed, and narrower (and correspondingly shorter) pits and track pitches result.
When this occurs, the inherent roughness of PR-generated disc masters may further limit their

ntiiity.



daughter discs fromthe stanpers by which they are reproduced. Pits that
are trapezoidal in cross-section - as described, for exanple, in U S
Patents 4,209,804 (Dil), 4,230,915 and 5 5,459,712 (Suﬁfi?’ e 1), in
contexts unrelated to separation of daughter discs fro ‘éﬂ?p%)rog - m ght
alleviate that problem if pits of the shapes described therein can

actual ly be generated by . the PR neth hi theore ically possible,

as briefly di scuble it aqusﬁt&‘ &tthq §Cb§’ah§R “GFRAHEN g e WITRLY s
vari ous par aegl-ai&l @ﬁﬂdi@plaﬁednglﬂﬁxe@brﬁé?ﬁ ANtk i@ Certdifl dffRGRILS  sbfratiohi gV e
t he desired r ults. However, even if such pit configurations are possible

with the PRIMSRIHJIscy Fompfhe stampers dutwhich they atsnisaoduosaa Pitsghat4¢9 tropepeidslins
can, at bestrosQfkNoe 5 UEBWMbAL, Al |&NhALH Usev}ea?enbsV4tzb¢sdmewaﬂsm®$ﬁ|5'md

bel ow in the context of the resent invention. In all proba

not be pdssiifd7io(Ruenssl dtad) yl qoniens waretatedHe sepamyion of deusbter dnSQSherIh etaperan d
PC met hods %ge RhdaL mQ?ér@li)iErﬁcﬁ gﬁé Bne Etfapés cle§<irﬁ:g& hq{'eﬁ]rf&ﬁnl axmaﬂwe éﬁ%?&ed By PR

pit productio I's ne tinme-integrate ower

acquired fr t}mPRSnletmdf d‘busedlemeumm|pn§plﬁl¢,ghﬁ3nsq1wdns¢maﬁ abumaﬁmuglha mhg her
disc. The thin ph r.esi.st Iaer ab orbs ver ittle t. since its.
thermal absOrpri Sﬁgllgsthﬁ thetvém W sn‘fagl) bg Sglﬁéfcl aq‘drcz%?‘ir’}gaﬁ’ BPTIHES it%ﬁ‘iibeéﬁt
l'i ght phot otis demmd redn&s oHdmweqfev&n Ifsueh pit J:dnif‘gﬁrahmaraee papiblereich thy PRNRethod,
phot os rface terl al .. The PR recordin

POt oo elE! i bR TRE Bl iess s nBtiric e Chiseoan gt bste ety Do ROVt AT oe

are typi cal éyenmycie @emmserescﬁqlaambéldswaethb Radtei tHé pa@ehvoNBbn. f RIalitpashaBility,
other - thermal - optical data r gcordl ng .met hods. | ndeed, in PR CD

appl i cat i on¥ M3YBPIRARPSSR]F toLomp HIMBYE MSPed wavef or m (such as the "raw’

EFM or EFM Pl us vef or r adjustnent, to the | engths
of its "on" pul C‘f?éf?srg%‘{hetﬂ E»g? 4g@P{%hoglbﬂf?}gﬁa{[%ﬁwmﬁhggeh%h@ nof dizsstly
beamto ef fﬂ@&lvé&ﬁ%ﬁbb%d@tlﬁﬁ* itid derdly the fietlel indSited 1@hd pou@e 8 EinNgqhifeddrdnii N
phot or esi st ? Dye-pol ymer optical data recording is addressed in U S

Pat ent & 20te %Sf@rfé‘%oé‘i‘l?&l‘%“éﬁpm thyak expiops theymastesglisen (Thy thin glqtefred laver Hhyerds

assi gnee of vﬁ' Rttie 18 f Cdthce R MhdnBAlabRptidal 15 uiRHowliahd bRy B'sRR8 Babtlon T AR! iR%&G: T O
reproduce EFM and EFM Pl us coded di gital 'or digitizéd data streans as

tracks of Wght gbetemsretisthe prsder ofel inrgaillien nire papswredby thgivhetosensitiveecarnoasrit n§
lands in opk alracdahAerdl OTRYBR Sldidifil WeBRd I@reﬁe&&' Msegﬁl%@blﬁkég;sze&u& %R

produce di sc nmasters.from whi ch conmerci al
st anped. | trepasdiag gesite sirdi¢giesdirg bfppﬁld»dm@eh simptekithag thesodhas woabt bzer eptingyd fovidhe 30

PC, CD'% a“&thV%ﬁmBI 0 ‘ﬁ&h' p;%ﬁetﬂg&&dqﬁ&eemﬁ E’ﬁr(ﬁ)f hrcgtg aﬂ'la%lsg—s

(incorporating an ann rtion containing :
an annul ar l@ﬁBﬂRnpxdntateanaof@ftmal(WChglsahe t'rawC KEFM) oglﬁtﬁwélusmsemfoupl thatihésyonly

recordabl e ges uh%pﬁsk e:)gg Ign'é{hg P? lts &5 ‘dat auﬁ%&nelrlyaétﬁan be%%rﬁ(%rﬁ/rrrg}q{eé?j) t8C 0%].11%83 tﬁune

2006 However, "t 8C6F 'S a €ess,

thus it pr deeetisimot eftbttteeab«ambs/mghquhwl ib_mcie];:thpnmechfcmsg iguithie pﬁmtbrfeastemter.t han
those underlying PR Likew se, it can easily be seen that dye-pol yner
recordi ng, althdygipodymérverpiied] dptagemsding i ddflessed fin O . NMBtean 6,29 29 (hetehmafter,

25  “the ‘129 Patent”), assigned to the assignee of the present application. Like PR, it is presently
employed to reproduce EFM and EFM Plus coded digital or digitized data streams as tracks of
three-dimensional, elongated microscopic pits and intervening lands in optical data storage
structures, and is likewise utilized to produce disc masters from which commercial CD-ROMs
and DVD-ROMs are stamped. It is also utilized to produce tracking groove masters for MO,

30 PC, CD-R and DVD-R production, and to produce masters for “hybrid CDs” (incorporating an
annular CD-ROM portion containing recorded data, plus an annular CD-R portion containing a

tracking groove in an optically recordable medium on which further data can later be recorded).
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t he physics of these three processes are fundamentally different. 5
Essentially, the dye-pol ynmer process, applied to disc structures as the
princi pal exanple, conprises selective expulsion of the photo-thermally
active recording layer of a disc (or disc nmaster, as Une case).
This surface is conprised of a mxture of a polyner (nitrocellul ose

havi ng been conmidwevenphlikge®) dpsshlined Y& owQSe a GkRk! préceSOaAAltRINBIVaEdd ¢
that of the t)(}/rhte fb%gmﬂnor Islea/_frotma |.aser source) to pronpte maxi num
heat absor pt FoR4 ¢, Phygsa BxRle juite QI e thospudleas SR s Lkeyisedt pascragily
infrared di Q%eérﬁ&@ﬂ’dyeipbﬁhrféﬁfeﬁ&ﬁﬁ@,rﬂlllh&%gﬂytﬁerﬁl@i 1580l MO BR PR in that

sui tabl e shade of bl ue or_ bl ue-green. the other hand, if an argon i1on
laser write PeBistcsp! heeilpe ppersses prgrfundemantally diffetent- ut i 1 i zed, a red dye
woul d probably be chgsen. Theoretically, if a sufficiently powerful

ener gy- t rfansf er r iGieFHRRRI R ePelIPORraesSS, apRlicd 4y dise richirs ag dieintingipal cagrupled
or perhaps eRbptigdsyseRbiivl Xph8dn oBuile pHdG- eI 400 1@0{9&1’&]? ('i) & £ gisch é& disc

identical to the nornmal dye- polajérsrer process, and these dye" a
"dye-| ess" ripastsags maybedha da6e. éhnfach és eopweisekofafmixtue ofarmobaler (hjteogebitlyseer

met hod and i Wiy L r of resent .inventiaon.
But unlike t%?%%ﬁ% ex, a%l{l%éﬁ%g%ghﬁ %;%%c@? éa&ﬁ%ry% F &Fﬁﬁgﬁ]ﬁgy imnthfa oeﬁ%evpger
Pat ent's, f orbeexdngringlly frbw arfiset souserompemate ngxintuen bkat sbsbpti@r.  Ifhforesantplss khe
dye- pol,yner | d_be, subst ant.i al | iformin c osition..
Chroughadt AEE SRS SontRiis? asts GUERBINRY e K ooeRonting PRy WoaRd e
Wi || once agaduitatiie shweldef bloe di blae-geaiboOh niendtBer diankl, apg drgal iof Miser wiadYAH (ori t
wi |l be understopd.that the principles, under|yi e- pol yner optical
data recor diti§" g@ﬁﬂlﬁﬁéﬂffﬁhv&t‘Bngf‘ﬁéfedr‘g'gwal%é‘gﬂy%t%‘%@%, such as
cylinders, cards..and data .wafe S does .the present. invention. In th
case of discs, tﬁge"(r%tﬁg'{%-‘tﬂﬁes}‘#éﬁ“% PRI 1. %’iﬂnsi??“%gf’fmbb"ﬁfeeﬁnﬂ?ﬂfe& g‘e
surface of alye 2mtaitppdd b Rglucidse pehlystentied; clingGhail. | But CeNSiutuedddoBérmideass
or pol ycarbo ahe EI&stic r from anot her terjal of suitable strength
i8ar SRt K

!“ 33 [13 3
and opt FEPTY BYsenqlymaes Process; 3 these logrdye’t mdsdye-legy’ methods would
recording, " thiedmerelynBe Wdcles df aB€gehcbal divepolyRfdr ediRinNaldl HcludddoMmithiiGit trPthe
onto the active |ayer ésg. g., I.n some nastering applications), the
substrat e n@BWORHY hrguessasingRtiony, Pat wiltke thyt gompifer dyakepmpasition 9aiAdaven taught

properties, i€ HEBdyrd Patdnlks, Wbl dkaklpR, BRI @Ikt EAPRGAS HRAADBYACH MG sh@y Qfe-
and 30 conpatjbility. with the substances utilized in the subsequéent

gal vani ¢ pr GebESERoCaspiavd be sybstantiadly upiberan ingpmpesitiondrewshguithatiiavee

recordi ng" case }@e. g.,. CD-R DVD-R and sone disc mastering applications),
where tRE write Fofsé&lrifefinmrescriptione tnsnary refiepsre bt ensen 28ainh b utadet tee disc

substrate 1ZmBSdihihts aRApIRMDNE. O E6SRHrON LA bR GnAGLh YL HhAWE orih¥biBGu ri9fhg

near the opposite surface of the substrate, the substrate materia
al so posses§yarduneraBpiical dgle| resordingapppbarcarrdly tonathen deserdiie—sladctuest jsoeh @ n

respect to tRGIBA! dadUh@larMvhiR, RERM YR GG, thiioh0 decrease reflectivity
fromthe "bottom' surface of the substrate, an appropriate

anti-reflective {08t tRE ofMBXcsD BicdPI-BRrAIGT SotivVEENE Spin coated onto a surface of a
25  supporting disc substrate, normally constructed of glass or polycarbonate plastic, or from

another material of suitable strength and optical and thermal properties. In the case of “first

surface recording,” where the write laser is directed externally “from the top” onto the active

layer (e.g., in some mastering applications), the substrate need only possess suitable strength and

thermal expansion properties, compatibility with the material comprising the active layer and

30  compatibility with the substances utilized in the subsequent galvanic processes. However, in the

more typical “second surface recording” case (e.g., CD-R, DVD-R and some disc mastering

applications), where the write laser beam is directed “from the bottom,” through the substrate
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5 first or second surface recording is perforned, the detail ed selection
and inplenentation processes are well wthin the capacity of an optical
engi neer with ordinary skill in the art, based on the discussion herein
and in the 129 patent, and on the nature of the physi CQanLme&pé)@ses

i nvol ved. During pit formati on (and also during data retri eval) the disc
spi ns rapidl The ation varies continuously nver se
ratio to thé’}g‘?ﬂ fg‘fué?ﬁcignth het ﬁ‘é“’ F’feéﬁlﬂ'é%ﬁ‘i P 5 freonpasiteeturiaee ?%@ecﬁl atey fe
insure that sutiralelifarial SeessOpositiss a bEtaBRUERN of ira@parerich @n® RABH oPfefrthéiRdn, in
rel ative 1ongitudipal novenent between the wite %eam and the track

remai ns condesAAit to Ake patigylar vwife beargrwapglenathh o (1@ degreaserpiectieity FompfBe rotiopyt
each pit sp@ﬁﬂf@elo\f the RibSSAE) tah NPpidp Al antpée%&fve%atﬁlg%m appROPHER]  Whether
duration, is of the sanme eng? as all other pitsrepresenting that
same nT 8ur :ﬁtrﬁfo?f sepgng gurfags Lrﬁ@f‘ilh&tls mpﬁ@ﬂfﬁﬂaﬂba@ﬂ@l@dmbemalngm émpleperdations
corr espondi ¥ 1 B

sanme | engt h%\%cl ng ﬁ%l%ﬂt@ﬁ@ﬁ%&gut putaﬂ\r} lca ‘?g@g{& aﬁjgékgg‘(? te %%aek
coul d be ut |0h|tla@d180¢ﬂemle\llemn i ig the ¢ W@tp@nméldnwhdmamge dfohe phgicabpoosnses
briefly ex%‘%%‘@gd above. Expulsion of material, in the context of

dye- pol yner optical data recording, is believed 20 to conprise sone.

conbi nati on of d ( i m cal ds to fo
smal | er nol ecul e§§8£%§§ ot(l){gf%o%ﬁ] (%aga?cec?ug'fl ?tgc tHevaé t%ef Frater f‘%’f % Tléehsgﬁ? ;pl
reactionmyp; frdotaucnh vfahes/\con(lmloaslm o lirnatsk eanioao thmmamg)afthmhe:mbehm&fom ﬂﬂute:&& of
expansion c us owu rd.a out of the _forped pit and, partia

conpr essi on "Of lﬁﬁt é’r 5 V@%tﬁhﬁn'frg?r P& Rk f?rglr‘i‘ge’bﬁfe"T wees f’gélfes relafiyg
t he conbi naﬂdn(ghlécﬁiiz&slgﬁbmbm baﬂ%r?elembﬂrﬁ? mdaﬂttwfracky\&dxﬂau@rcem&d LYAY & the c2
to sone exte ependi ng. an the specific -, recordin

confi gur at i BEE)RI'IS ordingy{hisds tq fpsyre that ¢ %R‘hé@nﬁfys'}épmlﬁ Pﬁl@taé’&ﬁﬁ eheighisa,

an open pi t tdngpoedl eafaBeh, WIER offBie@hmalenkth 8% 6iheLpitsaBstedhting thAWeme RMALMtiod, N
second surface di sc masteri na@oper ations, where the reflective layer is

nor mal | ¥° ab&/BStR &k upen Rlaybagretwhere agulappedhis conpsPapRingly puidtte inspigeonstEh
the initial |ipgiBpeef ali pifFIHe mnetlasagtwnt RelSRMaARI Rgub Gal S D TR LIrdirg ONE
re-condensatjon of material held by the 30 reflective |ayer may occur as
sone of thePlagtackrcould| beyytiizedi nHewevss thiy ifedotpgeneralty slang. ylor jthe GRsonR/tmighy R
(second surtaggedddBld cations, the "pit" is actually a bubble-Iike void
formed by gasification, deformatl on and refractive i ndex change between
the reflective | aylsdnst hilial SHBR dodte bhHI A REoiBE Ehitliovsd
wthinit is exp%ﬁ]esa That VaOI d displ ag/% |etsp?§qr}%t f(J)tptl cal 0 g ﬁt})%iéeVBOOG
char act i std esirrhasoeaernination af décopnrating (beekipgof pcﬁmﬁechs:awel eadsntor form
the pits (vbrgmg A t h
s why CD-Rs and m c%) %’te]lﬁosgjgl (trfée}a 1a‘ﬁsch ?%g}?%n EQ %I\a)%regclt ﬁg k&"ﬁ%&
deV| ces. | n(PéafryCiéai@ntor reslitie) svhare lbe@mhmdoe?@@mmn vmeqs ﬂdweuméramabuu of the

tiny regiongohed Eﬁ?), Qtﬁitﬂaytﬁl compression of material from altered surface tension.

These effects, and the combination present in any expulsion context, will probably vary

25  to some extent depending on the specific dye-polymer recording configuration. For example, in
first surface disc masteririg applications, an open pit is created when material is expelled and/or

flows upward. In second surface disc mastering operations, where the reflective layer is
normally above the active layer (i.e., on the extreme opposite side from the initial point of
impact of the write beam onto the substrate), some re-condensation of material held by the

30 reflective layer may occur as some of the latter collapses into the formed pit. Finally, in CD-
R/DVD-R (second surface) applications, the “pit” is actually a bubble-like void formed by
gasification, deformation and refractive index change between the reflective layer and the

substrate, as the active layer material within it is expelled. That void displays distinct optical
18



5 | ayer exceeds the thermal threshold of the noving nedium Sonewhat as in
the case of PC recording, this thermal threshold is not readily
measurable, nor is it directly proportional to the instantaneous
intensity of the wite beamcausing it. Rather, it is #t6RpEP@ ure | evel
induced in a mnute volune of material by a quantity of heat absorption

in that tinyhapetetistl ek cAdige BROHEOM thedBttdth” HOUE SankeSthAnkVR th@pil®iewed, from
energy-transferring beamcreati n& it. Thus, it depends on many 10 factors,
e

i ncl udi ng (BEPOHATE 3 PP QT & HP-RAM dre py3drehichuls vhy SA2-Ra pnd PV DeRyywg e read in
intensity p@@fngJy@thﬁpvbgjl%msﬁvigé& the active | ayer, the instantaneous
speed of rotation of the disc, the exact nature of the materials

conprising the ctu%nga%aﬂ%ﬁ%mx%é@{s 8ok e, t}f?:rrgz]B%atl PR Einy Fééﬁmrb?tﬂ%’e: £1i08

the disc substrate and ambient conditions. All t hese canvary om

bat ch t & bakrds exergdsithy thesmghthresheld of izl weyingrimghiumb eSeraeichat as i thotcassfofiR(E er
Cove _ ay ) e i vidual
on a Stove. Hlﬂg, tnﬂ'tﬁén% t[uee§]’IHI& B ?retaﬁlgl %H&(ﬂ%‘lel Qﬂgﬁﬁ%@éw I;S}{)ﬁa%.)trﬁe&gfr t(\c;>l éj a

wat er ol ecul es Causes themto undergo ange o ysi ca m
liquid to Igstardangeys iatensitytod tpermte bean tdwsimg lito | Rhtitehat isiademgegative devat intlicad in

nol ecul ar | T . heat .. | ied is.aonl e factor.jn_ ..

det er ni ni ngae%/(]\ﬁ(l‘alhe vé)%%%w#éarba?gy §%Fﬁlélty\?\§?‘§?t a\(/gmsqr?n%lolp ?ﬁ.la? )h%q’gm} %fctb%’?lgdmm’

i ncl ude t heasquamtved yelaive tpulid energyftranbferringtienm dréutingdt uThusaidddpbndsksremanydf

t he water nt ai ner. and anpj.ent. conditions. 20 Accordingly, wite

strat eglieoes Ié‘%%rrgi loslgtige ?%ut Pﬁgflfaﬁﬁl %gp&?ﬁ%?ﬂ@ﬂ‘f&dpfﬁ‘?{:%{ei b(,eg[P RiERsyy Profile ks ng

(rjrust bfa basthidkmeess azu;ae pitvsilget, thy insteitileets ?Bdi cﬂ&ﬁtz{{i«bn’ibﬂ tha'é gifs%qﬁe &haet '\;gture gf oC
ye-pol yrmer, recardin rocess, (as opposed to the very different an

processes, PoPaleRasp 5’1',95% ° dVﬂ%JB?I“BE‘E‘WtB%aIt“H%ﬂFf"é’%‘?HS’F‘I"JI“Wh? Batpigt the dee

opti ni zat i anbduate Machbiat conliitibhankil of ek camndary @R thidhdo bAGNSHI da9 BSday2 AnT O
provide the context for a discussion of particular wite strategies, and

parti cul ar 132lpgy mighbbempdeo st af Ve BasiieveoHorg, doiling sespifs as fecgneisy inducerh
dye- polysnerini@@bdiduatiater floledhicdGuss et @Anderdd b BrAPPHGHySicd) Bafel frodd 11§ fRCE

di sc nmastering apEI i cations, mer eléa for clarrty. A’laselr output typically
gener at es tHEOHS: ght fgnPersgie Bucshpld that rerspghed pt thafupeleqwddr devek  Thei anount of heat

di scussi on t i i i i tQ . f . S
G to beam Ppied Bon SRERkol Y ALhAHne Syhch Thd by SoilHiank S5 bift bofl> Wi

or pseudo- dpriore dncledsethg auentin $hé priitygotbda meaternfhebrature add thipkrekreof iwewdtr a

sol i d- st at ,£€m& and Amb] gg&}1d-lt-g§3er, a digital data stream (nornmally, a
series of gpalge rect gngu ar pul ses, resulting fromEFM or EFM Pl us

codi ng »@f bi nar )&cgﬁ&iﬁ%ly,c% él( ?tlﬁ'zfn{éqa%t %p%ligewﬂae s 91%6(13‘}43&1 d-VifcthOP Wk oéﬁcat] NRta

it
| aser, thus directly contro “output. Thi's 1s because a s |d-s{ate
| aser wi | |reqoekingo mise e drtddaph the physigal gmisciplss yand pectlaritienplitthe Hpspolemer i f
agaslaser(jlsd-]g'gn?ljgg: r i (o} ] e_enpl Qyed,
si nce gas laser s 3(/)p€|¥'c Sl?ﬁéégﬁﬁgt@ﬂ ¢r‘§gg? if%%én?nmp%% 1P pﬁ%gﬁe%cofﬁ%egg%rle ’piangll y
as can sol imhsspravide [tzesfexdhilitkde dacditatg loptimizatidnhier eabeseiodf anfabsck asd recording
control of p the |aser output is typically acconplished by some nmeans
i nterposed I'n € path of the emtted

25 To provide the context for a discussion of particular write strategies, and particularly to
those that form the basis of the present invention, the dye-polymer method will first be explored,

with emphasis on first surface disc mastering applications, merely for clarity.

A laser output typically generates the tightly focused write beam, although neither this

discussion nor the present invention is limited to the use of a laser write beam. Jon beams,

30  electron beams and many other intense optical or pseudo-optical energy-transferring beams may
be used. In the case of a solid-state (e.g., a diode) laser, a digital data stream (normally, a series

of spaced rectangular pulses, resulting from EFM or EFM Plus coding of binary data) can form
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beam such as an acousto-optic nodulator ("AOM'), which is controlled by
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25  expulsion will occur.

Particularly in the case of CD/DVD mastering applications a portion of the material that
melts or plasticizes and is caused to flow out of the formed pit will re-solidify at the cooler top
of the pit. This will create an elevated lip or “berm” surrounding the pit that is formed when the
material originally occupying that space was expelled. Because the disc is spinning during this

30  process, the resulting bermed pit will be elongated, and will continue to elongate as long as the

thermal threshold at the trailing end of the forming pit is exceeded.

At CD or DVD recording speeds pit writing in the thin dye-polymer layer is not a truly

adiabatic process - i.e., a portion of the heat created in the thin optically active layer may migrate
20



an optimal wite strategy will depend on the physical, rheol ogical and

optical paraneters of the active |ayer and substrate, the shape and power
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CD2 6 peideil Gpb BOF rdsPabUvE Padiil BbRGSHY on GRNBEO THE tatdNHS to say
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conpr ot §&> iltntheoftdE Bed weth. i udhaspingfisre et @bl o “th@qmiflr”elmmsg V\hen
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its cross-sectional Airy Disc) to be approxi mately the
Accurate data retrieval also requires accurate tracking. So the write sirategy must

25 additionally provide sufficiently precise pit shapes and land configurations to insure that even
relatively inexpensive CD and DVD playback devices can accurately follow the data track(s),
while they perform accurate data retrieval (detection of pit/land transitioris and; thus, individual

pit and land lengths and corresponding data vaiues).

Unfortunately, this is complicated by the fact that the criteria inherent in accurate data

30  retrieval (high frequency, “HF”) detection and in accurate push-pull (“PP”) tracking, required in
all pre-recorded CD applications, are mutually exclusive. Similarly, there exists a fundamental
tradeoff in PP and groove reflectivity, in unrecorded CD-R and DVD-R specifications. Hybnd

CD specifications require analogous comprontse. Indeed, it is safe to say that in nearly all
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width of the pit to be created (conventionally neasured hal fway between
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i s now"tlbES Bisammg wid s 9% ReRaEtassee. dey nsirerthrt thegeang pitgmeay Ret i s

bel i eveagifdMReeeE SPeYspbOdiktERN Al is AbSAME&T byl thD BrRmladl 29 57N 3RRG: The same
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HF and PP detection proceed in accordance with opposing princigles. 5 In
HRYet @8timiaoni t i s the reflectivity contrast between pit and |and

portions of the data track that is observed. The goal in this regard is
to cause piYimiprerrgparionsearplyein AY¥D\appljcatiansk aldfimpeh [thméimgnsiens regaibimgseen as
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reflecting the correspondingly shorter channel bit lengths of DVD marks. Presumably, future
higher-density applications - utilizing higher frequency (i.c., shorter effective wavelength) write
25 and read beams, smaller pits and narrower track pitches - will employ similar relative

proportions.

Most dye-polymer disc mastering systems utilizerDRAW means, whereby the readability

of the formed pits can be determined in real time as they are created. These generally utilize a
monitoring beam, whose light reflected from the disc is detected and analyzed, as described, for

30 example, in U.S. Patents 4,809,022 and 4,963,901. Since DRAW mastering is now reasonably

familiar to those skilled in the relevant art, it is believed unnecessary to further discuss it here.
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transition (as the disc revolves rapidly and the track of pits and | ands
noves at correspondingly rapid |linear speed relative to the read bean),
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25  observed reflectivity of the disc surface, to provide comparative values in the particular context.

Thus, in CD applications, radial PP detection is merely an amplitude comparison of detected
light on either side of the longitudinal track axis {whether within-a pit or a land aréa). " When
more reflected light is received on one side of the PP detector than the other, the PP servo moves
the read beam in the opposite direction, radially, until detection in the two halves is equalized,
30  indicating proper tracking. An effective A/8 groove depth, producing a w/2 phase shift,
optimizes PP detection, rather than the A /4 groove depth and corresponding n phase shift that

optimize HF detection. As mentioned above, a similar dichotomy in criteria exists between PP

23



for detection. But the two processes are inherently opposed. 10 Because of
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in the nmovipwanedepelydler lbodd AU RYifRAIHOFighQor BREKS) . to match the
blunt trailing ends caused by abrupt shutoff of wite 5 power pul ses at

their tyeiling eugeswentdh §REHYA%hd clalfedSa $81999 ‘ﬁfiteﬁt_rb%nszti%%gs PELRPtep toward
invention is to nodify the trailing edge of the wite pulses to taper the

trailing erfti espl- theitpinesific selpneniotaréprimal apticehdnfa reapingdneteadlitrrycladesshe | n
t he cont eXtPI@fneihe@ (wﬂing isRABH opt?cjag nbEL Merk ARG ';'ccﬁﬁlfirfgr rﬁetﬁ@f&%{ﬁl%&%%ﬂ&

elongated pit |eading end broadening caused by initia up as
pit format iPd.“n(vdg@] ¢ notgwoduge iaks of the types identified in the ‘129 patent). Thus the principal

context of the ‘129 patent is the dye-polymer method. Because it is a thermal process, involving

25  plasticization (softening or melting) and fluid flow to a certain extent, the dye-polymer method,
by its very nature, tends to produce pits with smoother surfaces than those generated by the PR
method. As discussed above, this facilitates data retrieval (particularly in DVD and other ultra-
high data density applications), as well as separation of injection-molded replicas from their

stampers.

30 Focusing, then, on the dye-polymer method, particularly in reference to disc mastering,
the *129 patent provides a superior method and apparatus for generating pits for improved HF

detection. The published prior art write strategies (relating, perhaps exclustvely, to the MO and
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10 elongated trailing end narrowi ng brought about by the noderated pul se

trailing edge decline in wite power taught in the 1129 patent. That is

to say, the termis not limted to leading and trailin nd shapes t hat

are pointed, and may include elliptical or other elong pposed to
bluntly sem -circular) shapes, the inportant consideration berng t hat

what ever t hecshaRgdsphppahfiy h§rdb 06al SAd g%erﬁaﬁégéyﬁﬂwtﬂytm Héa ngg?%c}fﬁgihg the

purpose of the ~129 patent to provide a trailing end ion
mnor it. |t¥ritebpam pawer Bikmiading edascoltwiite pulyes todvnt' 'thqab‘edlﬁg esd afdaa marltshe

context of _ chhien BeORRALsellapGHS BdcAke P Hnb QUGN Ak bufSup YRl dhe mEHRLAIRNLA bt

the " 129 patent descri bes and al ns t e concep raim regl o 6
the wite pildadiagwndhoithaimacks), tthenamin the bbraamzpmgmdsrcsusdeby elarslpdstmtoéf oft W,

rather than e referred t .des rrbes a
r anped trar P@‘% k %egat él?i Mral(ﬂ'r%ed Ke&en cgﬂ?ﬁpfl}? egse“w gpﬁﬁ{gﬁ}t IEK‘T 1P fsfo
the rel evanmoehfy thehamhme@e bﬁﬁle(}vme}ﬂﬂsattamjﬂeﬂQleaiaiﬁdge:nﬂhyﬁmé@its tohAtElC tHelre s

i nvol ved, th t thae triu |,.i n? (gdge nodi fication clainmed in the 129 patent
may, for ??Srépefsf‘ 2HRRF ey conprise an exponential decay, a series

of steps or even nt 4 iate step,. al)] uivalently within the
cl ai med concept. hitg %&’&06 q?rgeﬂéﬂ‘pﬁféﬂwp e sre(f:“‘tgssg%@ ?ﬁé‘eﬁﬁ‘?@’“ﬁf‘tﬁ‘? Pitng
end taper i &agiapehdtiadadeying hauseddsr mited HIQCHARSS dsfblt/\ﬁférhﬁtuﬁp\l&@gms CRURI 1hg
25 a slower dro rrough the thermal threshold of the npvi ng nedi um t han

th
in the thse®lgpe ‘r‘ii tiingind napgine drryeli sboutly the sodemrisd prlse irailing qday dselinerin,

this not onlwitd mwda\tafghrﬂﬁ et eot paadhe. HA ik o thysf—he tE@AFis ﬁ&t%ﬁt%dqméamnéaahhon
of the vvrlte trate to account for fine differences in nk di sc

bat ches, ‘%Fndc sithab A PQHEdogpay ineluds Qliptial o ofher alewrpsiéaq ¢pposed to
trailing r e@lhﬂt'ly RANI B8 ShapedMaad ﬂb@ﬂalﬁgohﬁ&rﬁllaﬁ%ﬁ'ﬂg laﬁ‘(%atg@éfltﬁeﬂﬁlapg of tlhh

- can nore easily be adjusted for optimal mark confrguration an 1nt
case of an kadippend elengatian, ibisvearimppran prcposchedthe { K8 natehy toaaeyitly a audjlingtead| e

par anet££ s eIHﬂL@mm REmWESr e 1PN liS ﬁlaJ 505D sendd tht)ethrl: %éﬁ 83%3 id &g%ggﬁggo&gg fir

ext ent of a |eading edge power boost (if any

and " 712 pathentege%rltﬁwsaenaluhmqn@nralaswnﬂxr ovenents in HF detection.
Specifically, the " 711 patent teaches nethods and apparatus for adjustnent
of the data tracﬂ%mémﬁyltalldy@belﬁ9rpﬂ€€er destnbearpd slanfs thheorgegof ratetsmerg Hegion of

conpensate ﬂthg kvrRE I)rﬂgé éltlﬁf‘) tfx@%recl?egﬁi%wg gccf%(?r%ased ?{remélg}% a%/her tthan a%»rua % th

patent proevides a netho appar at us f'or selective
in 5 di sc nihwteffs While thppmf@"reldﬂénﬂtedlwm dmcribes aephpedatadmgcﬁdge;st caﬁhmsaeen by

strate S ' dj, Vi oget h ef and/.or Wt .
t eachi gjgog of t hgﬁh iog(gh%‘g% kllft ﬂl gl\éc%%g?nrtr ﬁttg ﬁe a%ft ungerstandine tqug% physical
si gni fi cantpraciphs nosleedd tit gher gaibhe Wel modrﬁxatMZ:Mmah in thee'129 DSent 1?13,)3, foand

" 712 patent n hasi ze anot her of % nents - trac
accuracy. A&F‘ Iglgleeh;‘)’1 m?"eﬁ arCTPR Y SkppprTga geicaﬁSﬁ sﬁ&“?%o PIERSH 8F £EF" @ Smgleg
"Schoof s") intechealize stbm aﬂiozrqmvalently within the claimed concept. As described in the patent, this
is because the trailing end taper is generated by the moderated decrease in write power, causing
25  aslower drop through the thermal threshold of the moving medium than in the case of an abrupt

power shutoff.

As described in the ‘129 patent, this not only improves HF detection, but it also
facilitates optimization of the write strategy to account for fine differences in blank disc batches,
ambient conditions and other factors. This is because the trailing region parameters - whatever

30  its chosen power decline profile - can more easily be adjusted for optimal mark configuration
than in the case of an abrupt terminal power shutoff, where the only easily adjustable parameters
might be write pulse length, write level and the shape and/or extent of a leading edge power

boost (if any).
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10 extent, with the problem of increasing the Figure of Merit by inproving
PP detection in an optical data disc (apparently, a dye-polyner

recordi ng), w thout unduly conprom sing HF detection. Th r oposed
solution is to increase the intensity of the wite bean?%g?'%‘eg Brite

pul ses to a |l evel just above the thermal threshold of the noving nmedi um
This creates_ a rggrrow, A al | ow g};oo e iier. the |and area int?];v ni n

bet ween succH¥si (d BPYs,/ T anPEH B FLRALS AV oPhcragRed <ty Bb HE 28GHE si gnal
st r engt BpdBIcWBE theP 71 Spérkt Feaktep efethobyardd dppdretus &g aljustercRidf @t daonrddl d(iy. €. ,
pit/land transition) detection accuracy. To a certain degree, the nethod
taught ®fkre GBae i tle Dine mepenie: SomPsaRicor elfder e reRlicaligiprotess | and

groove §afahg 1FR98 2 heRpreRBsAXhERELANM ABpdriud for dQRLRely HONRWR pit RPAAHSE
this is acconplished by reducing the wite beamintensity to near_ the
t hergal dishmastas| e, imprryve S detesting moeplisatid gissy el hetrs stratrgics Saaar b¢ yridiedqui t e

nar  ow i BiifautY, S @LUALICY WARHR B RESo e 495 BREIORcaREGSHRG, OPLi Bl PP

C
detection 1s reallze a groove that is wder than one that would

optimze HF ﬂigtfggijfcqneseﬁ Bffﬂﬂtrﬂ%%?todé‘ﬁj Aieh R iVMURit hdAladh GBL fieanthy
choofs. Indeed, the |

addr essed by 0 ogi cal extension of the Schoofs

t eachi ngs “Welpatbnbalotnot ¢mplabies arjother eldtanderpempppanéngracyinp e¢oneam. pits to
wi den the groove for better tracking. But that would conproni se PP 25
det ecti on by 4lewsparfiungpeampateptodiPed 8t ot theminaders Ghgroi)salerls ldepmet i on
by .causj i r Wy - Apffi £t ; us
neglg)ti végl?egn’(%lh}{nkhgr %‘f’%’%’c"?ﬁg&%ﬁg‘gz‘i‘%g@g%g%@”?b rng@lglr/rl%ﬁt@ (lﬁieﬁéc? {la]%%r al |
Fi gur e apticledatd disThepmboue- asiyepoiymdr Bicbrdpgh.ewitbout WnSuly 4,0 p98iGiAg ol

4,230,9 .addr.ess tracki,ng of .the i 1 h el.yes., . xtent., Both
of ek epifS (TAS Gobd BT SO Gl d ifireslt I (MRS Brife wmk WapR TR S P01
it. Thanidses gia lofel jikeshove dleshdrmabthieshwildbfths mohing meedionn gy okdtesmsndapws | opi ng

the si of the pit 0o cause th its to appear to.be s | ower than
ey achilny grotantisind fef MiiFalideRn pistoRPBaT el PERRSY |t ne
HF jdet et wdcking sighsl sGengil bawednvsits Wwitirhepifelly litlp nbgatid®ef2Rt JnHE (ROJGt/hhe
second nodifies the first by proposing that the index of refraction of the
medi umtRSIRY dRtecHoRECYI4Y- are ultimately created be chosen, together with
the side angles of. the pits, to optimze that result. The.goal of .these
toachi ngs. 1 Jo Sarrapdree amabia i doins tse B Erieptiiaidt St it ot
there akf tieCMRT Arloodd el B¥aRidR to BE @ffr&XThatélyt X)/seintdapth. efoweh@sBeckeRahishgs -
which are 5 both based on the PR optical data recordin thod: (1) it is
di f i c@reompdished hyjredusiie Ye prighbrea '“ETSBe‘%F‘%Fe‘Be H}efrgalﬁvegfwgf Bre weatltivg,
whibgh iifHdegsSRt hidt InkcRBur® 68ighE RERAES Bupifls WahA, coPREATRER detb@fRES t O
generate pits whose sides are perpendicular to the disc surface; (2

sl ope- dresey, opival fndetestion ipirealized Mithex gengue Mt ds ofidey A or Hiah vl sti ¢
e B O b B B b R 0751 s
are pefpleedithelegical gxtehsdonjof dhes Selfoabsetepehengs aweuld e tprfgwf@uigﬂyaséi kpamssed
pr obl emt&fsit)d bét\f)vl:e(fl%l{s to widen the groove for better tracking. But that would compromise PP
25  detection by deepening the groove and would also compromise HF detection by causing pit/land
transitions to be more difficuit to detect, thus negatively counterbalancing the proposed PP

improvements in the overall Figure of Merit.

The above-mentioned Dil patents (UJ.S. 4,209,804 and 4,230,915) address tracking of the

pits themselves, to some extent. Both of these patents discuss PP detection and the problems

30  associated with 1t. The first of them seeks to alleviate such tracking problems by sloping the
sides of the pits to cause the pits to appear to be shallower than they actually are, for the

purposes of PP detection, while allowing the HF detector to see an effectively greater depth.
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stanper-replica separation. Neither of these latter two patents nor the
above Schoofs patent addresses the problem created by the fact that the
optimal groove/pit width for PP detection is not the sane as faqr. optimal
HF detection. 15 U. S. Patent 5,459,712 (Sugaya, et al) Zﬁwecﬁog’éusses
certain problens related to pit shape optimzation in a general,

t heor et i cal Thers®end ndiffee tledhttedytpréfosing Cta aisiinx CPrdat @ond@MBd fa¥dium KR WEKE! .
this patent, li.ke the. other re‘Lgrences, n&rely roposes a different
conproni se Bt RiEAe uiimatelpireated bs Fhpsere digeibeniih derside angles phfhe pts.4a @ptimize
detection. Thereehlor Bhddoeldf theSe Radhaf isf OF cofirsBRS BRGhpt B opNRRA (RS FiguR 38 Merit.
resulting pit and | and geonetry 20 by which the Figure of Merit in

optical data recButihtg ok Sveral Hind&mdmRs pPobTer@ Wit LARE o BlokE Rhotifs Q viHifW are
structures g%‘i%%?u ng three-di nensional marks can be reliably 1nproved by

opti mi zi Ag RiOy! e £ 8ctntisH datagieprding methorly €Dt ickiffisplt thagonsistantiysproduce
wi t hout subgfopditiied hiss H5ARPHR Mediod Iwhitn isciz?a;eﬁﬁzflfy% e?cﬂgllgﬁﬁ&g s and? %‘cil,' tﬁg%g)?é]s :

Furthernore, there remains a need, in optical “recor g structures,

dat a f eat ur E8dofo gpsrafenpitsovieage sidesare peweidigvlar 3o thehdisc sunfere; a(2) alope-sidat; IPR- s
read, crossg{alk. PeiNean et Lt rack and. the adj nt
track(s) i sgr educeg ® tﬁug ;{E?igf%}%gf ?%E%@? F\tggﬁcgljé‘?%hn%?S Brite m‘ﬁ%ﬁ?"emﬁﬁgg
remai ns a nédeebtdrowhichrmpakies VI ppd nkiadsghadensityedad tetuigyalgdiffonl; g gBepitsywinge

whi ch tyacki ' ' R._DVD-R MO PC .and oth -
opt | cal -t 500 2 Reriel TR RYRE o8 el ge o by o s plerde R 1

f or i npr oveslamipdraepleasepamtioonf i gurati ons in optical recording structure
mastering applications, so that replicated discs my be separated froma
27 29 June 2006 Ntitwpef thedetlittar édo peatents @pl the aboverscRedfo patérd JddredsBgthe pedPiem
materi al cl|ngi 0 ted crevices in the.s er surface, and to
consequent | %/rgig‘!r"rd}:}rg%vtthee #Agt\pl)\%aé tEBiOP{"PV FROVE(pY ‘?”éiﬁi foéﬁ)i FoBPT Sy thegsgmer as for
Sunmary of ofienadl Hi¥eletection. 5 The goal of this invention is to inprove Figure
of Merit in optical recording structures, principally by providing

t hr ee- didrensi ondl.Sf Batri S@S9,M 2 (Sugsyps @\ubalsb [dis064ey @Aai pesblenselaicd fo pif HIRGE

f eatures may jnclt.ude dat a r&\s? SUﬁh as itihs and bup’ps; t.hr ee- di nensi onal
| and ar eas: “BRHYZHOP 4814 ﬁaleggio et (ie“rsF’dg‘e ¢ cputexlpt feseating (hk datagsnsitom
the foregoi Howewnnk paent] lleiBe fthatrtfeRbces aherel) §rdpbeke Aldekrém tonirbRisd 8t@veen

| ayer (e.qg. d@{f@ {)ni ts).or rajsed. aqligve [l (e.% , tracking ridges). As
appli ed 10 D6WHelng seflugements tor pptima} PR and HE detectipant i on al so i nproves
tangential (i.e. b al ong@t he dat tracg% Cross- sectjon, to praovide clearer
pit-1and transitigweore fiereds ansedr ¢ medofmrapuaYs gidwesultig iy and and geometry

t eachi rgs. byl WhichehPFighl Gralle@MpOshtidRNat rebREmE didth! A¥CMadt&Rlld SheAbftical
characterized, ,in part, ‘B% the fact that their transverse cross-sectional

shape may dPepiigg sECHEs taregsamanpigpal giigksicam R {Rdipkly iraprgved by optimizing

tracking detection along the entire track of data marks without substantially compromising HF

detection and other specifications.

Furthermore, there remains a need, in optical recording structures, for data features of
25  improved cross-section, so that when a data track is read, cross talk between the data features on

that track and the adjacent track(s) is reduced, thus likewise improving Figure of Merit.

There also remains a need for a method, apparatus and resulting groove geometry by
which tracking can be improved in CD-R, DVD-R, MO, PC and other pre-groove optical data

recording structures.

30 Additionally, there remains a need for improved data feature configurations in optical

recording structure mastering applications, so that replicated discs may be separated from a
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to the other transverse end. In the context of the present invention,
"continuous slope" neans a 15 curvilinear shape of perhaps various
curvatures, but substantially |acking angular junctions é)et Weg any

adj acent portions. For exanple, a sinusoidal waveform ? ‘:’]&9

wavef orm representing several sinusoidal waveforns sunmed toget her Wil |
di splay a co his definiti ntrast, a pit or
groove with %&%&g%ﬁ@gﬁ@aﬁ re@ﬁfﬁt“% E’WJFW%@% g’ﬁfe\éﬁ ‘gln%ﬁtt‘? Repandedgresiess ims
the juncti ohesthepeveerfadchmdhasmsdjnehtsiifipwat }epwwllﬁyhﬁthéi%li&eﬁ‘ﬂb fRatder than
curved. On the other hand, a 20 section displaying even sorrewﬁ rounded
coners woul d display a continuous slope. Another elenent of the inventive
concept, in the principal enbodi nents, conprises berm reduction or
elimnation. In this regard, berBriéfehfihdrgdf ihe Ishawon by reduction in the
rati o of _ maxi mu ertll gg{u di spl acenent of the berm froma defined index
level, t& maximu @P‘? o dms inyeuion 3 K improvs Fige op Mert inpenticalaggording struckws,

that index |mgmeéipallyBygprovidiexthl@\ihensBial @éahﬂ&hlﬁQElpRﬁe@-ﬁ‘mg@rge RosSMCHiAE Ornese
| evel of the, disc, because the disc may contain mult

vertical | y- SFAREY Mg tiaclpde datas marksnench o5 e apd Apmps thmgrdmenaenaﬁ and dres; and
respect to drabliifdEBoRE altitEes. WoOSEcAdRlY B sdert ﬁ'ﬁﬁ]fﬂgeeﬁ)%g&né gﬁﬁp fed %hesé HEdAce fan

| evel of the disc or of the particular data l[ayer exanp

the feat ur e bidfdentgd pitq the dpta {ayerdk 2 n detypitsd oripispabioheit §¢.g. macmngpdgda)e Mg fq»phed
ratio waul ¢ fg tgoge,faggyegwg red.u di vi ded
by the maxinum ?:Iept of Shﬁeﬂg‘%‘l“@:‘)?‘g‘tg]r o%m ?glldle acf’o ‘gﬁl tragk)eorQss |
rel atively $ealion, typiotide ale%retmilh-lﬁtgl ttapsitiérs, asmumpdredin Scllld”ﬂ:fshmﬂ bthexq&msart teb@nngs
measur enent woul ndex i s the |evel

which the berm | etgig RS %%!séngbg@(ﬁntn 5 & oﬁseemPrﬁvedeggdnﬂgs ar5 ghazgte ﬁﬁ?ﬁlemiﬁﬁé’yl{‘n ¢ etle
case of a déhaaﬂigm mansaﬁrSQ crassiscetignalishipe niay disptly b ymitinadis\slops frdmSink tehswére end

pressed or mrrore fromthe f egoi hg structure, or perhaps
created by essentl a Sv‘?r?leveenpt ﬁﬂéh tcl%tex'i/\%f\} %[g%“% KEHEE | CORGnES SIgPE't B dm

as willibe dursmumemhpbef 1@iaps tafieus dutviaturadOhilt Ellbblﬁntlall?lablﬂhgmguﬁf jundts b@RLMr €
di vi ded by the rm entation: a second,

|
rel atively Far eac\félpﬂglogs 2150305 8gﬁ%§n%8‘?‘?%‘gﬁ AVRAHE BT coppplex Wave g repassaRiing

appr oxi mat esevefbsifgoidpiresafords suntheeditbgeter, wall URplay BeSMRER s fsiaﬁéﬁy fubs Rlin@Hg
second val u range of excluded ratios that m ght be reall zed

wi t hout uti ?P’ f%”ﬁfj‘s% f1 B PHEFPRE teapggoida] gssténn Wdnas dispigea eontighous slope es the

reside in th@ctihk Bétwadntthe Bale GRNIdeW AT VENOB &I@%S ’ratﬁé?%aflgﬁrvw O e &Hertl‘fm?(l ﬁ
That is_to say, for exanple, that an |rrprovecﬂg|t mght reside with

trough hpodeE o1} disnlayinegxensomsyy bt rounfledeapmees woldlisplayiaeartinpestsiope.10 be

rai sed above a nEubih: clehéRVMrIR: il&kipg |

t hose cases, the defi r?ead i ndex 1I eve1 céngepﬁtggélggér&c{gglv\ﬁﬁ Hlll&ﬁé %&gjﬁl]g%ebregrel
cross- sect i AN OR SlipEmation: oI Gisamgdrds Asem reduolian isshevwre by reuetionof thdagio of
secondary f gatits: H—&UXI W%I%mteﬁ'teofgﬁé @%?P"ﬁ'on{ §ﬂ£fﬂfe ut?ﬁg'l%l%l g EnaXI - Qféa}t e

departure. For exanple, in the case in a et é
rise from eihﬁm@femélﬂtd’éth@ﬁ”‘*ﬂﬁeafﬁwure,tﬂ’ﬂel 1hﬂtdedcx 1¢Ve1/él‘he\mi§k dbvblenammldymeﬁe at

fromwhi€h @i khele REEIMARONDS bidhise S fsd rﬁm&lﬂﬁl %ﬁl%ﬂl@,hvert‘{‘cﬂﬁ r-gp\égerd &agalayers,
and/or the feature may be defined in respect to a trough or mound whose level is different than the
surface level of the disc or of the particular data layer level.
If, for example, the feature were a pit (or tracking groove) in the structure, then the ratio
would be the maximum height of the berm, measured upward, divided by the maximum depth of
30  the pit or groove, measured downward: a first, relatively small value according to the invention. In

both cases, the measurement would be made from the index level, which is the level from which the

berm begins its ascent, on either side.
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15 occurs (see, e.g., Figure 7). A further elenent of the inventive
concept, in the preferred enbodi nents, conprises the narrowi ng of berns,
whet her or not their height is reduced. Such berm narrowi ng redyces cross
tal k between radially adjacent track portions, particul%ﬁ# & 2P0

hi gh-density (i.e., small track pitch) applications, and al so reduces the
effect that the W iHel qage of a sluth hamp dr eALKAE HdgeL(feind tPhikallyGh astBIERRVRessdd or
20 one portiqn of the track mght otherwi se have on the radially adjacent
portions. VEHBUE %%%P‘L?‘&@ tg‘]’r IEEONG| SBULLFe: PyPeiliopt prepterh by: psspitally veiiae thee

di spl ayi ng fveméfie Sorolling MRS Beah, B WiVIRe SR chEQDRIN Cthé Ao TRWIIMR dRy RMEST
In the preferred enbodinents, this is acconplished by providing a
secondary wiie fgatis giided by thederth ofthe berpiranalogous indentption: |asesond, meletrvelytiarse vadue
the prinmgry Wokdifs e Thvdatén. WhSSEcn8 G Fdtimd i gl @l
therew t h, tao crlggate a ‘éhalri ow tr%ughagT léd}snéd[t%é}%elzr\%&g%drrtgf%%g&&ﬁ%he dat a
track, within whBefveehthosefirptand secondivaiues ii 4 tangd ¢fl excleddddetiosByat seghe bt reabted
adjusting t i i i mar.y and secondary beans,
he-secondar " Baaiaht e Asol BEHS a8l HESE, RhbERr YR S HERIR ot

el i mi nate berns bntdrta@l ghbddimepispélel featgresio meultigie. e (Thad is Sttirsag Ubel ieegnplid) @hddi dhsS -

Cor Mooy IR AERRRTS SRR MRl REnRY 5 BEoREHRE L hF Bl SR
sel ecti vel y be caitcd nbowesa tnomdg likenfiseapirignia thes e iagsalin ditee a{s Hﬁfjbscafsﬁf the IaE’ﬁnedf
detection. The secondar eam be continued into the | and areas or, i
Goet s eu rai e RSN TR TR iR s Feston Shafe sty e HovIg b B
tracking trtwghofahsgondaty Ritu@Mons Rhiek tHe\RinPipaltitale b&fins! ik efRhRchAREK - FdY
sel ectively adjusti D t he depth of the resulting trough, HF detection wll
not 29 29 Jﬁ’f‘ﬁ?{%%‘: g&aSEBf}PpF?‘ PR pyehy vhere higswe HamEar Sitlisr gde efebe mibthe index
i mproved PPt waild 68 thabRG& Ut WhRh Rither baMtbeddsaRShsk IFRBSthE GloBlH, \WhelePerthR

base of the formed trough will be as easily detected as if no trough were
i npl eneht ed % (et brdiiBiDodi ments, the essential dual - beam concept of

this invention nRyudRr 8RRALA thedintti QHEGR iR ind 'F'BJ;, Lk, r
optical recording strlrjct urets. tFOII’I e§<larrpl g%tlﬁéws%g%ﬁé ar yﬁbﬁﬁg@ﬁ ?r%dﬁ&bsgg te

utilized ton@rskel berms hetheeirynopihgie heighizs redueedr Gughbdrm RRow|ngIrédiatsi aoss |
by generati R bewsSHGONLRT Wi S he. ol S| S terial

of desired configurati o%{éﬁfagérﬁrr%‘?%%@&%’r C ﬁu%ly\r}mgﬁﬁgt?%s@gﬁ%éf’oérﬁm%gk ﬂ%m
det ecti on. tnpkeaiose andyjso; redhegsdhrdect that Semtritiol bf sugfatefeaturealzi, gity @taigonvse)df
the re ct} . i ndary. beans, the invention
10" pr ovt e ToRERATHE BRac igh MRl Yo B RREF RS BRI, | cat 1 one, e
it does in dye- pbinpneeppasppl dre distlosed, bbwhaptthericlinng smutturepdigplaying features of

t hr ee- di neng| I an eonetry.for inproved tracking wth HF
detection t a{?&%ng/ Sger?enn%?%\%eecqoaga\//\eﬁqré.{d"f“?c{'appl ied to nastering of
pre-grooved di sds thesprefarraiseniodinkR@sathid :ChrcRhBdRedRby pdoeidihygal secdag@amvetnsRnt

of the i nveé}%elct%g m%?‘enwfdlell)(/ean #ith iegapil;lgxgtyttﬂa?i%é g]rgm},rmy $mh183 tear%,o qu I;v%crgesfgcrgp(%gtc%so ve

25  normally co-axial therewith, to create a shallow trough along selective portions of the data track,

within which the individual data pits will reside. By selectively adjusting the intensity and focus of
these primary and secondary beams, the secondary beam may be caused to reduce the pit berm
height (or eliminate berms entirely) by expelling some material surrounding the pits. Furthermore,
the secondary beam may be made to cause the pits, of optimal sectional dimensions for HF
30  detection, to be formed within a selectively continuous trough of optimal sectional dimensions for
PP detection. The secondary beam may be continued into the land areas or, if desired, maintained
in an “‘on” state, to create an optimally-configured tracking trough along all or any selective portion

of the data track. By selectively adjusting the depth of the resulting trough, HF detection will not
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15 reflectivity, by providing a nmechani sm whereby the geonetry of the
grooves, in radial section, can nore precisely be controlled and

optim zed. In particular, the berns that typically line 5ge t @&ging
grooves in these recording structures, if created by thé 9%98 mer
process, can be substantially reduced in height, inproving both tracking
and data retrieval._gg%ﬁlkernative enbod] appl.icable in at |east each

t, .
of the foredSiKEPRGHIG R Ihe mRsoveRerls Bry ‘E}af"'(ﬂfot"%? B detedtionnbrsrype reapivland

whose i nt ensiahditiéns relaatte the HARDAMROBAIAMBLRilBHROL:s eHilf Aetedted &Qfﬁ&&\ﬁ{&h weian
t he secondar,%ggglgénﬁ&onfl guration previously described. In this enbodi nent,

the secondd is dithered - oscillated rapidly in a radi al

direction, in respe@thd embiBm8itsS theesidfidl ﬁuallb'éﬁﬁ'g&lc%ﬁ%frﬁﬂé iﬁ%nﬁ&ﬂﬁﬁ%b% @plied

variation of the latter enbodi nent conprises use of beamsplittin

produce & plip@yide gimgkr prpsevemenss igpthes ppiéicabiecarilide stishwrai Fheeiamglebthe rsondags e
sumis a begm .48 ialJ; L f Nt [ |l or a portion
e R A S S T e S
splitting, whrerendatye lesiengkppsive ar tix ploastresst angerivf)| e xdesirddh@mfipgativnt ko ingrboad

is radial i . to the dis i,e... tr verse, inre ct to the

| ongi t udi nalﬂﬂ?ﬁﬁgﬁéﬁ g?mqr%%ns?%rcﬁéade%ffé uraIgE “:’lseaﬁ%%f l"HEPsen yp“t”B'&‘i‘lh%g e s
and a t rouglnotﬁigmﬂibmﬁ‘guhs Irgspechls expdiiaed bﬁgﬁi Iﬂfn&rﬁ&id”lwds%daw uﬁamﬁh in§,nthe hnfﬂrerétion

i mproved_ optic recording structure nmay be . achi eved. These incl ude
met hodsanth’é FS AR "é“sx'fg?"i BREVE @chgﬁe?tdgi’%o@gﬁﬁlﬁ'@d?s 1 dogiep dygrgolymer
pol ymer cr oagplictivis, g optiiaing ltitedh@y-ikeendbnad fit indBal BBt ERBinhARE thdking

berm formati ogégzn%/or. tg formati on of residual bernms with undesirable
radi al wi dt §* oo fBat spp e rEoveAgeWe on may similarly be applied to

non-di sc st ruct urregplicl@s meXeHIR bprelgfoolftdisdShciPfs MOPHE 6a cﬁﬁifévb@ﬁ,%gmg

on cylindrical structures, the circunferentially spiral track corresponds
to the ess@fff &PIegPtpplaths rineplionapan; fsewiseoimpapreofrcking | wighatia comapremiginggeroovec
sur f acey s Hefeflect! rVGdiR £meMafism \WiefcHlnk Yedhl@D Jr Gl ; il
primary and sg%c‘)}hr}g’a]?’;ﬂrwilfée bgamsgre difec_%égd r d(%fgﬁl%oot%‘gs\civa%dléhst%hé&’&n
rotati onal BWresPresiselyths comjrolad angl optimired. ulnepartignldr, dhetblaems thay typiallp berthe tracking
splitting), gofvealkplisd - hfesdr ol [ ar t N axis.
S arly, " oA tephec@ibiuchiesir alel by R Yool brok s, A of Qi
cards, wher teduded inadight ilnpraming beth dackingsnd datk edtrieyalpar al | el data tracks while
the nmediumis nog. i i i | - beam pr.inci pal 1 th or .without
di thering or bea‘%nn s%?’??‘%eng@quh%%nit %pg)%ga(%%i)lmex ylfeasgie?%lero é\éﬂ}e g’?rﬁ%qnég SEURALS>
concept20 mayorperaigppHitlegedvwetdndsy beaabivhose dmiénsgy isafréacn, aad dvhoechanredcglot difk is

refinements,, Likew LN Eijhr e-di nensi onal dat fers, V\Q'.ch ssentially
conpri se indi Vi d‘ﬁm?@tpe %egcén a Foée?mscgﬂ@%}#ag'ﬁg(?rﬁvhoyg?/ggsﬁflgeﬁierIH !E)l embodiment, the
m cr oscopi cakdndatyttieam daditherd r- dscilldtdikrapidiyan tai radialniivyctioa, inagphbdt @slthasliscn vihie
case of dat r.d _epbodi nent,s, .except, that the witing.process is _ .
conduct ed oﬁou%ﬁrr&?rﬂag(?neoﬁcﬁﬂsl‘e f%s‘}aB?nQLanénﬂWElﬁl?eﬁ ﬁ?‘g%‘é‘% C?IBE P S ‘5??8“% gnlitting; 19,
of the partprodicara pratabtyi ¢l dyeappiagngidd-5i-nde hdrediteshupaaiBywikee ask MTR besh
inar onabl y. conventi ona nner, as.nay. . be . 6_15 further refined as
devel op ntes?ﬁn}/lﬁ@tlﬁ“f\aﬁ‘? 5'$6§31brag'§ﬁé§§‘é%pqrﬂort¥fét5mt r @ further variation comprises beam
dithering without beam splitting, where the single beam executes a complex dithering motion that is
radial in respect to the disc (i.¢., transverse, in respect to the longitudinal dimension of the formed
features), and thus may produce pits and a trough simultaneously.
Also disclosed are methods by which the improved optical recording structure may be
30  achieved. These include methods inherent in the various apparatus just described, as well as

polymer cross-linking methods to provide an active layer less prone to berm formation and/or to

formation of residual berms with undesirable radial width.
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The invention, in all its enbodi ments, can be applied equally in

enbodi nents wherein each data mark is a bunp or ridge extendi ng above
original surface level of the structure. In one sense, _what 8 ears as a
pit or groove, when viewed fromthe one direction is azﬂdHBegp i dge when
viewed fromthe opposite direction (as is the CD ROM DVD- ROM case, where

di sc masters ar eTROinkénish nﬁ}dhﬁﬁ]@ﬂyWzl;iph&ﬂo@:ﬂﬂ-dﬁ@&ﬂiﬁﬂlréﬁuﬁ)ﬁéiﬁmﬁﬁaﬂlhe |
e origina

nore clearly, a dis er conp i mage of t

mast er, and°P§ea} ‘?f‘é"r‘@?‘ﬁ ‘ngfi‘ i‘?fé[]?‘ﬁ’ua‘ﬁﬁé’ t{‘ﬁ'm’{ﬁﬁ'ﬁﬂﬁgﬂnﬂﬁbfrsé’“ﬁ fack Gppretpands to the
originally dissmlady PHngl' PRMAfcIObn Bh bftical @RPRESHME ke sBRET Metey thefb%&m%sf arc@S
is knowmn to those, with ordinary skill in the art, the conversion from

pi t/ gr oove Wﬂlﬂwe&ttsalbaﬁﬁﬁﬁhaﬁaﬁ PRIFTAEY g Serepdanyyritedisrys wm direptadendialbriaward
sel ecti og oihereata@dmt &isorapdbBhinpanRhel W dlﬁ%gt(t}ﬁbeaﬁlg?ﬁtﬂﬁ%)' @g@m a ngl ifla

25 variations within the basic concept, can b€ ‘equi val ent
ei t her. Onediseréinn pareldsl 4 the spin\akishSimuldsty, i moppen! ofcoding quraseatiallyi twvdnnenannal

Dot aser e BRE 80 Wb Melrie bONELAIAGARBuR G AE ABR'IRE IR il is gt in

processing t wavef orm (or wavetorns) con e vvr|
t hat i nst eadiobén, @a&dmahageaaxmncmab(mthfor piimomdehmug exbeﬂmsphnmgpmrdhmmexlyn

| and ar eas I |veI in are en adj acent .data tracks
preser vi ng 8?*[‘1'%"(1 Ir%'ﬁl% P SPERPE '8 ﬁ% a@ﬁ ﬁﬁwﬂf Sw}bﬁlgdcqngﬂﬁa é?ﬂo‘“ﬁgn‘f‘%‘i}mfl? ck
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those with or klh|cL in tQE ﬁ'@ based .on the teachl ngls herein, the
publ i shed aFef' c'Ie 1R b e Pspf“é%osﬁ?p“ﬁ'gi"%’%\l atg fards, he imyentipns gy be 31
29 June 200@;)1'5@39 mwemawafm@scehsaaﬂbm teﬁeptahaan@bhﬁngofiro&gsrfsléa{dumed on
ellmnatlngt&ggeb rmstytglcall rroundlng data pits or

R)
tracking grBy ayerg Al 1Be ’ob’g?rﬁafPC‘H‘é‘Sam r de5hen 9. the ﬁa@e'&ar t“ﬁie§31(5)
denonstrat eébni;ﬁ‘ﬁmgtth@ﬂe&lﬁmhﬁdy”ﬂé"&b&ﬁﬁhsh&i B feh@h Y bohvenidaliaRinng! ad BAY be

with careful parameter/material selection and experinmentation within the

scope of® t hBwhfrgelnsd avdselppiyenhof dte vaafers Prpeawspn indhbere of reasonabl e skil |
inthe art, it aﬂﬁ@@feﬁtldﬁoﬁ%ﬁ% CmbQiREH s hd Dk ap@liéd@hﬁ@lsl% LA AR W iR rei eacl?

al toget her, thus even further i mprovi ng HF detection. Here, each si
the radial %¥cmpgis ppupmer riiee exiending @evq;\ortgemt surfaesieved of the stisbee 1s bopesnics

nmonot oni cal i e r i
of the str u%%{atﬁ rq g}gét%%s étéﬁ‘epl{) %b(wé Wﬁw LL?\?gdo%glgﬁiée ér%dd Pe@t?‘#nhﬁ bq'gp &%5‘13 Shed)
nmonot oni cal Yigwgsblsem |thﬁe)PP¢Sdmdtrm§10bé®es e CEDTBOM/DV%RQM oise, hséles:dea‘cmtetsewel

(or othey 10,85k kaeduhiell ORoKNS,ARRRIAC GRSl hfe, RS BEELLOD i

woul d not di ay any substantria |scon I nui romone i de’ t'd
t he ot her s¢Od@IeniléhBr>i iatageof bk@uhginaimwatet had 1tttlhweefmatd|splam‘ ridpes on bdmis ghierettbe

pit depth the case of a bu nt. of 1

the ratio ‘(’)\@ﬂ%aﬁ% ﬁg&?ﬁ? ag’%h 7 'de Orc‘ﬁtesihrﬁsé)le‘:tggfggﬁ%neraﬁld (b“é TS °§V 6 b
CD- R DVD- R ngtlomdmms/eskrﬂ1|1mthahrt,sthaqmvemuﬁoin pofgrovedwEtng th @uiphitige SiitiAgldagendas
vvouldtrackl i.dge section apes simlar ratios. 15 Al = .
enbodi nent s ??fg ﬁ%’g’lerﬁt\l/oé' Al ?egeﬁ?%lhgg éstfrﬁﬁp(gorggg‘fe.fm?l& "f"rqp'g%\?éesﬁt Jurtegy 1o
Merit i2s optarigtidns wﬂthmolﬁaijaﬁlgccﬁtcépl,&faﬂbea;uw'ﬁhﬁﬂ)i dppRdilttb @heacconpl i shes this
goal by providi r&etsnéheaﬁtérahgle stn m tﬁe sgoleag otu tEle present invention, would comprise essentially

inverting and otherwise appropriately processing the waveform (or waveforms) controlling the
write beam, so that instead of causing expulsion of pit areas, expulsion would occur in land areas
and, selectively, in areas between adjacent data tracks, thus preserving data bumps, relative to the
30 now lowered land and inter-track areas. Other methods of raised feature creation will doubtless
occur to those with ordinary skill in the art, based on the teachings herein, the published art and

well-known principles of optical and circuit design.
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of inproved transverse sectional shape in the data |ayers of these
structures. Thus, the invention, in all of its many enbodi nents,
constitutes a unitary concept. Certain of these enbodi nent s#h he
invention will now be described in reference to the gsd#a f 8 Bri ef
Description of the Drawing Figure 1 is a generalized bl ock diagramof an

optical disc recgrding.,apparatus, W thout e. .l ovenents of the present
i nvention, into whic g’ttlﬁlgaﬁsrbe?léfl?ogﬁl tg%%‘? ncffvﬁ'%m lhéllrflmlé'?ﬁtg‘éher??éﬁ 19%5Yhe
i ncor por at eshyrronhding datgasits | @se@Dme-llb)egmuiﬁg @mivgyad. dyel{@Wneer 2optizala ﬁata
general i zed bl qck di agr.am of an optjcal disc recording apparatus, w thout
the inpr ovgﬁgﬁ%- gff‘g%ﬂem&r é@éﬁwﬁﬁﬁl@ﬁt‘%ﬂ 0& REER RFERHS SKECIspdY sbpiagtial that
embodi nent  @fth chreful pramtiePnateBy sclbion NGO eRRtiAleREioWRhif Yid o thd fizdbRb e

| aser wite beam Figure 3 a, schematic plan view of a data pit,

i |'1ustrat i niveren adabe peplicatin of frasasable skil) inpthe b iCeprepacRasHible i ninally 4
I's a schemadjiginitt atbsy/ b&i’ﬂs%fto%ﬂie?}(iﬁﬂtevérpﬁlﬁﬁésihﬁﬂﬁi THFAt8ctiBh ! FefDfach side of
intervening lands, illustrating the parameters of triple beam

tracking. 3%e Z@I@G%OQGGQICHW'& B 3 eontinvquasue wiesoslepeds inomtpnicallywegstiva
pit formed Ry, HRSufN& PR g({i[%ﬁot%r%%ﬁﬁe?l IWCIS)%?H% strhdtre 1R BYETF tvfzspitct):]c oth Side
invention. Figure 6 is a plan view of a SUCCESSIon of two pits rand

i nt er veni ngefl ta;pit andkemonatoeallypgsitive frorh¢hepraed eff the piit dmdkad ithwesntfacefletel @r other

 ncor porat capar A ED o o bR R Y ol S5eoR g b Py an¥ pestania lope
t hr ough secdisoontiniity fodm leng wide 16 theFothetr stde8 Tise Bitérr woOHd @ieae lthyat SRCiatio Rdlberh ew

of the I and_ar accordin o the invention, taken throu ection 8-8 of
B gure o A B BT AGEMPRYS Aette an Jhecis Flinmink abpdbperd offhe Toieh BT win gt Lo
anot her enbagtipTeeightabd sideechankidl Hepiie Mouldrbe nkigity. € CHORADS/ D-RNEHbbvetieb@dnkY shape
sectional viewof a di Eé: according to an enbadi nent of the .inyvention with
super i npose‘ﬁo"{lv -Sh G Be Bitte Shifari N g Bl Arekingndgssactippalishanss, vghgmilariratios) v
sectiona View ol @ntbdiEenBGE ieGivaidnGhad a SR dbdieplimPfovt RgureloPNRAL ih QPtical
wherein the %?ugh-for m ng beam | eads t he {i)_l t-formng beamin pit

pr oduct i on."PEIRE Hrreso Themyentiomgrcemelishes thiy seab by provding diresdligensipngh fatures
accor di ng tdf idproRsdRslivERB becBbnal fifipe inMeaMTal 18R WA e rudtis. ITIRE IR HALTL D%
beam |l ags the pit-formng beamin pit production. Figure 13 Is a

gener al i zedlif g Rary enfiodimets, eonstipes umtaygeneeptecor di ng appar at us accor di ng
to the preferred aiedicseihbdimdnbor thY 80EHBR wilt hby St RlibG RgamaR bidd N9

to provide a data wite beam
20  Drawing.

Brief Description of the Drawing

Figure 1 is a generalized block diagram of an optical disc recording apparatus, without the

improvements of the present invention, into which the preferred embodiment of the invention may
25  beincorporated, where a gas laser write beam is employed.

Figure 2 is a generalized block diagram of an optical disc recording apparatus, without the
improvements of the present invention into which the preferred embodiment of the invention may
be incorporated, employing a solid-state laser write beam.

Figure 3 a schematic plan view of a data pit, illustrating the parameters of single beam (PP)

30 D tracking.
Figure 4 is a schematic plan view of adjacent successions of data pits and intervening lands,

illustrating the parameters of triple beam CD tracking.
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and a tracking wite beam in reference to the apparatus shown in Figure
1. 20 Figure 14 is a generalized block diagramof an optical data
recordi ng apparatus according to another enbodi nent of t@e i éﬁnti on, in
reference to the apparatus shown in Figure 2. Figure 159 823 eralized
bl ock di agram of an optical data recordi ng apparatus according to yet
anot her enbodi nelifguefs it hGansmereait sectivnal view effaquitcftudeedth tHehige-pEl PR ErgiratSssSTT MO
in Figure 1'theFii uorvgmllgsci,ﬁlaea, ge%Feral i zed bl ock diagram of an optical data
recording apparatus accordi RGt¥" 25 yet another enbodi ment of the
invention, in refguence atpdantHew appaicedssion sM@pits AndinfbeeRing land Ardd@kcording to
anot her enbodi nent of .the invention. Figure 17 is a generalized bl ock

di agram i | | FGFEETembRUimspi oSt the i nvention shown in Figure 16,

but withsan alt eFigafel V& ibamtSerbddy SdcBeHal viRR2EN £ Pl SRBrpofatdWhnid & thodeR formed
generalized bl ock diagram il lustrating an enbodi nent of the invention 30

i | 1 ustrat i ngecqrbieetherpecndon ikeytmneh ssetiomTsheldaghe i gure 19 is a
transversely seckizRal is Y inanivorkel R sdatom {’ri@v?léﬂﬂeﬁ%}dfa{rﬁrgc@o‘?&lh fothd %fﬂ?{f}mttg‘%ﬁ‘o

dye- polymer process w thout the I nprovenents e I nvention. ure

i s a transvdépreughgection Bi8eiKigugibew of a bunp according to the invention. 33
29 June 2006 Fi gpy - ; W) Vi of. a land are
mound according t '? %éls ?Er\z}lgsr‘{%ﬂ%%ﬂ?e\éﬁé]agtl%g%ggtp?tsgcg&fi lrnﬁﬁgsv%neorthseéwg%cgrgﬂt(?ﬁgﬁe
vi ew of 1& bwmypat®aperi nposed on a nound according to another enbodi nent of

the invention. F .3.1.S:. Qi nsversely sectional view of it,
illustrating ber%gpﬁg’#@%hcdtléagﬁ.s %Iofﬁtvé%‘i Qi BiSE Ersopingig %SW%?B"WEP%P’FM
Enbodi nent s inFentioo erithempeeimpesed trhegheind it fogmihigdeassi on will initially

concentrate on dye- me .master.ing in i ch EFM.coded data. are
represented as g%%‘“gﬁll ﬁ%? Longglgg}%ﬁy 8‘?"“?)‘?”? ¥leﬁ’n‘gm 3 ‘ﬁ?"eﬁ"%‘ﬁ@‘?‘% &yan ?@Pf’g@em of the
Fol | owi ng t heemtionwaedeinahe tovigh-Giriing besrp leayafle AP OYMRIngdLdm Mipigeddudish. i N this
cont ext %Nl | reflgr 13 to {he i.Sﬁ itsel[., Accordingly, "radial" neans
toward bt out wardBYF dtnit hiongiudinally prclipnal yigwigl@ diseeording tq Hperphaggment of the
“normal " memRetisp Whedinake e famthg ek hBe Plt-ditity bel & Sli $6ducans
"tangential" neaﬁns along a tangent to the disc or along an annul us of the

di sc, in the pldi&sis spgersralieed hlorkdiagruref anppticabdptageosding apppatud agcardingde k|

"1 ongi t udi n@b preféidd emBRGQRI olhe iBeRiodY MAMATRL SoamSpRERE todhroRde aﬂ&d;&sf PR
l evel , the data tracks will appear to be |inear and radi a? 'y adj acent ones
wi || appear @ tpskipgwiigbgam.dp refesenge tothenpaaratug showntie Bigsedr se” are |i kewi se
pp n n H H 1
synonymoys. Al sGrigide 14 & aGkner@bed¥ideR dMetam of RS 'i'c‘%pc}'atasru&ﬁﬁﬁ%p@%aﬁfs aoldl:98
nunber of pits and intervening | ands, while a "sequence” W’ nean aﬁy
pluralit y OaFnoﬁlFf enbpd ananiefdae Inwntl?xam(refyfe.ngﬁ o dhidppngyaiupshoan i Egke Ag
ar OOV?/ ridge mi)'FiéHré)Pﬁ@q get%ﬁi?ig tﬂl&k(ld}é oq‘%@éﬁcxi &ang&gdi@ap%%tldls gcscm%{ng to
annuli of the disc, or any of them may proceed al ong
yet another embodiment of the invention, in reference to the apparatus shown in Figure 1.
Figure 16 is a generalized block diagram of an optical data recording apparatus according to
25  yet another embodiment of the invention, in reference to the apparatus shown in Figure 1, in yet
another embodiment of the invention.
Figure 17 is a generalized block diagram illustrating the embodiment of the invention
shown in Figure 16, but with an alternative means to create beam spread.
Figure 18 is a generalized block diagram illustrating an embodiment of the invention
30  illustrating another means to create beam spread.
Figure 19 is a transversely sectional view of a bump resulting from application of the dye-
polymer process without the improvements of the invention.

Figure 20 is a transversely sectional view of a bump according to the invention.
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only an arc in the disc. Al such configurations will be referred to as

“circular,"” in a macroscopic 20 sense. Follow ng this extensive
di scussion in the foregoing context, other enbodi nents w ]I % di scussed
more briefly, to illustrate the fact that the inventi of%¥"8¥9R8 neans

limted to that context. Referring nowto Figure 1 and to the " 129
patent, the disc.l on,which the dat.a are recorded is rotated by a spi.ndle
otor 3, whi ch 1+ EEw8At P P efigy 5Rlliiu 5F ot s mButde el Rlainvbticy e
a 25 wite beanFiguef2 & qenivestll sdctivay ekeRgh bumPapaitgsed od NBohdRcRdid; ©as
| aser in this enboﬁi rent , Elhe wite beam passes through an opti cal
modul at or  13°RERPRRCAIMEN 8Ethe W¥eNtRPensity of the write beamin accordance

With a drive si gFglre2Bisla tR8svbidely bdcRBRal itw oy £l B ahg BLAPwRIH Ciliction 1. As
suggested above, the optical nodulator 11 mght, for exanple, conprise an

AOM or, & faster-response EOM (el ectro-optic nodul ator). The nodul at ed

aml i tude of ‘the beam exiSadfbu iR oF llprla BobiiGRCTT the

;
anplitude of the drive signa | I""have an average Intensity
control | ed by tHeor cgnyenisnes, dheatnsmas disasssian dvitl Haitiallit emmserttrateoén tyeepolymer CD

unnodul at ed E«gﬁp is directed.tq the disc. 1l and.is
focused to Iggz‘()gpo ?llgmogﬁ t ewg%% ?%%ng%}e%%é%dsaﬁg “%§r “é%rg rtr S%rs iogPlttas a&%t‘?tﬁrgeersgg
gener al | y. desdsr iFbiaviap the eonvEtenandetnlcenyioef ebab) ajl divectiousia this c@dex? Fill e

2006 obhject) .en 7.and..a.beam gxpandi n i.e. ondenser) |lens 19

whi ch gi pdreeaeg\sfﬁet (#ec l??l%léu (éctoéddnghbelggﬂaﬁi?g) y tPfV%fd { ﬂ‘gwﬁtﬂmtﬁﬁ ‘fzet“f?é’ BHERlF ve
| ens 17. Thef theidise;i ‘GatmaD evedns rupwirdNA" dowafvatdhfom ¢j ere ofehd i8S and (“téhg&ﬁﬂ”so
that the dianeter of thi oL will be approximately 0.5 mc¢ron. (in the
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write beam passes through an optical modulator 11, which varies the intensity of the write beam in
accordance with a drive signal on line 10, from the waveform shaping circuit 31. As suggested
above, the optical modulator 11 might, for example, comprise an AOM or, a faster-response EOM
(electro-optic modulator). The modulated amplitude of the beam exiting the modulator will
30  represent the amplitude of the drive signal and it will have an average intensity controlled by the
drive signal DC bias and the intensity of the unmodulated beam 9.
The modulated beam 13 is directed to the disc 1 and is focused to a spot 15 on the active

surface 43 by appropriate optics, as generally described above. These optics preferably include an
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be interchangeably referred to as a “ramp.”
An effect of any such trailing edge ramp is described in the ‘129 patent as causing the
trailing ends of the formed data pits to become tapered, as the latter term is broadly defined above.
30 The leading ends of the pits will already be tapered because a certain brief passage of time is
required after the leading edge of a laser pulse (i.e., initial activation of the spot 15 at the active
layer 43) before the full heat buildup is felt in that rapidly moving medium. This leading end taper

can be blunted somewhat by boosting laser power at the pulse leading edge, as is commonly done,
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include a third input 37 for receiving a signal indicative of the

i nst ant aneous rel ati ve speed, perhaps 20 generated fromthe speed contr ol
5. The disc 1 will generally include a substrate 41 and %g ééé

(dye-pol yner) |ayer 43 coated onto the substrate. A tré S renber 45
may be interposed between the acti ve |layer and the obj ectl ve lens 17 to

prevent dus |on from.settli on the active ., surface.
Al t ernati veltagﬁtg'?uﬂtlpgs en%aw §/)°SSI 0 fe‘?’gf"ﬁ’é‘at 6th B aPFﬂ%@F“‘é"ﬁﬁ?&@@"‘% t3pgfe
t ranspar ent walb forenbiethe lendn@rbﬁg@bhﬂfe G0 afed nheaadrreemﬁmg \iaé ipGBe @f inRlaRAEN IR
in the disc_1 may be chosen rd 0 parti ci rcunst ances and

pr ef er ences ?O\ﬂfﬁa%ﬂ fga”frﬂﬁig“dg 'Bgérﬂﬂfhfl%ce 85 ggngc;-f‘Fﬁ pulse W Hipn regult in a

Figure 1, ObrogRegvdy ﬁatfomfgeta;see @Othe irbifing BADBITtR: #it, lnﬁnbrii%%é f@afér at theMalitg@nd
except that gFﬂr‘igure 2 illustrates the confi qur ation that m ght be enployed
¢

if a sol? teEeafes ggometye SBIen, belween the selectiyely tapgred pitdrailing anddJeading- endat e
| aser can rmﬁflﬂnhtzﬁ&m&&&%ﬂ&nh@ﬁ&%&%ﬁﬁki& | difRidkdin 8l Y hlegnal | mput

no external optical nodulator is required his applicatio ther, the
output fromthe MFSGFW@HH%%@W@@PWSQ@PBMW inclnsiongfithe fonehing9of the ‘129

const L1 ittt PR RLRStof b L0

beam 13' is di rectly emtted
enmbodi ment fYenusti28pent Rﬂnﬁmyﬁltﬁ@ 1bt mildcdlgHewmrletf wmﬁmesrbramanglpemumwutts &k

i's Shov‘f' ﬁtaﬁ%\'ﬁ/‘ﬁﬂ%’pr gé}lﬂegch? ch%Pi%e(P Hh%g § gn[e f,or m shapi ng

circuits collectl rvi n real tper haps through a
suitable inter ned]tmqhveiu mm'omgp cmmummtn wiﬂn hmpleﬁlentaticm dfhelrallefgtﬁd§¢ PR or other

illustrated r.al i.t efo circuits t,or
L bl ar ¢y odledith Sedme i e 455 ek Blyse iE BoimkRORDlehs T it fandn g
be utili zedpaténts emjr fberempioytache Thatésalt -Celsftr on@asﬂae Q)@ldlld)fbﬁesb mb&aamn&,daréo
form fromth from anot her i nput (.not shown)

3 d/
respective BB‘FW ﬁwdlﬂ ¢ ?@&P{%gategi?ﬁﬁﬁ itherefpred eaﬁ'"?le\}@“?)?ﬁhé%m(e g., an

anplituc® boost Hie vaivefoR@khabing cirditl 33 @ndl@RS b BPR AT For récelviRAhO8ht £LR r&81RY -
or atrail i%% region, anplitude decline ranp of any desired shape). These

conponent s oo oghianofier iRy 3x oF receviaey deive sigml bias sentedh deprdiusiing they
coul d 10 al dveRge in@ksity W ehetritRiula®@ BEant 13. QU olalidtal shPed of%{elcﬁ)éé‘vﬁ'&stnh@rdér%er

itself to act _as a summing elenent. As shown in Figure 3 (where the arrow
i ndi cat es t%‘“’&l‘%‘-‘é’&%f%ﬂin@f snepd ef theBnef | Fefative ledhe disn the signal prosessivg dvstroemay t h

ei ther of tiiaaG 4 MRd AbherMBl kM B%a%@gnaﬁmeafv%%émstmy.fegué(j%xag&gﬁ%c%g!he%gn 4

a track of elongated data pits each displaying a
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to particular circumstances and preferences, which may feature first surface recording, as shown in

Figure 1, or second surface recording,
Figure 2 is identical to Figure 1 except that Figure 2 illustrates the configuration that might
be employed if a solid state (e.g., diode) laser 7° were utilized. Since a solid-state laser can respond
30  virtually instantaneously to its drive signal input, no external optical modulator is required in this
application.  Rather, the output from the waveform shaping circuit 31’ may, through line 10°,
constitute the direct drive signal for the laser 7°. Here, the modulated beam 13’ is directly emitted

from the laser 7°.
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symmetric, tapered pit configuration to facilitate accurate detection of
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components, separated by a division that is parallel to the tracking direction of the beam. As
previously mentioned, HF detection comprises observing the instantaneous amplitude of light
reflected perpendicularly from the disc surface - by summing the output of the two detector

30  components - and pit-land transitions are registered when the quantity of detected light reaches an
established value. Too much light indicates that the read beam is above a land area, while too little
indicates that it is above a pit. PP detection comprises comparison of the light diffracted from the

disc surface, as received in the two detector components, by subtracting the output of one detector
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by the preferred embodiment of the present invention. It will be seen that here a relatively wide,

shallow trough 75 is provided, ranning along the longitudinal axis of the sequence of pits and lands,
within which are the sequence of pits themselves. The width of this trough ts greater than that‘ of |
the pits. Accordingly, with this improvement PP tracking is facilitated by the increased width of
30  the trough, which will be seen, by the single beam detector, in the same manner as a wider pit
would be seen. Additionally, i such a single-beam environment, HF detection can be
independently improved by providing optimal, relatively narrower and deeper pits, without regard

to the conflicting requirements of PP tracking, which may now be independently optimized by
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As well as inproving Figure of Merit, the reduction in berm height, thus
realized, also facilitates 20 accurate replication in mastering
applications by reducing the quantity of material that jght t gd to
cling to shallower crevices displayed in the resultingﬂ‘gﬁ‘?ﬁ@r@ It will
al so be seen, from Figure 7, that smaller berns 175a,b rise fromthe

surface 68 .of c, at th r ective ed
t hese W'PY'S'RA0 “‘F ff @’Z‘BW g1 Se' “‘“6?0“191&”'3* ”t?'g“c’: “{')"“"ey)ﬁs( %6 \U\%‘”%ﬁ“g‘s ure
6, the §ifPughddDiondl beekif of ne@uh@ }ﬁbﬂbssnue (dnneldrinent bamdF@neaﬂ" fom)ttismNetehack of

25 pits and lands at a e ti th of A/S, il ckJn

bet vveenraﬁ'l"‘ sadprens dagtafisy [ds ﬁ&i'sdé epe’?‘P e Wé‘lag/(’”f(ifﬁfc {Pd#ﬁ "ofe ’t"ﬁ‘é’“t r ough
of COﬂSéf&?&man&t@lafcbnsE&Ueﬁu rdviie® M Fig@re OF Beht thashahadMied his ehibgdikRntRfThi s
woul d solve the problemonly partially addressed by Schoofs, whose

di sd oskeMveREt. area groove (created by reducing the between-pit wite

intensity tq,QeneiliGRoh Ust cRRRY 8 KSRk ced 5PRM A, TfNnt BSugHDM BT

medi um) is too narrow for optimzed PP detection, and which, by |ogical 30
ext ensi ioplemgotell 8y tetsdsiad dercribiest bekavy, dhe ksms Fa, Hibroan é?ﬂe@tbefﬁ@lc?‘i Brisight, t he
bet ween ite
't enat 10 aHEBRNBARAS o WoBRTEPbRY PRERGRAR B ylpt BRSSO P
accur atdepwyp cdeltl ebc 'mede foreoinhide gore dlggaly atithohe mmowhﬂﬂnhﬁl rgghtebe@ossitdawithout he
Sc of s confl GAUSE C |y

Bt e Bare B TP REFRB B b OB shERR MRLARe b sl sTLLKELY
r ef I ectmmglﬁ 95 MGs;oﬂdtoﬂwammm/é]aien afe dmaurfacsamlj,ra’na@@uld\ﬂmiaaah pyacimim | ess
pits 5 shown_ in ur stin faneters
Po. causkmiiet pont by Repaibtions o BishvanrenicrfogerRos Hbnea e BB nal ng

sl i ght AinGé easectimé, Nhd PB detedérh wahldt dae appl” fviah meldsivblyhreatdr Radthy adgbhosd hese

el GRS PO B SEHPET P RGPS Ay W ruor B o ol bot i on

of 1r ough Weghhe ThBwS BdtiBe AAE obthe h&ignulkub%ﬂﬁs If705,md’l§e iaptit def thepit 56 ough
to overlap the downward sl ope of the a%‘gl ni ng %m of. the al ready, formned,

radi al lis/consideraldpdess thap diythe seetiop shapm indigize 5. ach ¢gss ae ’ﬁ‘if’éff?fatf)é'&’n%ftbﬁ | |
ner ge 4 Qnf0dning Jrlgat pras@mﬁ%nﬁ&gl PHsPRINB P SindeRGons AFH 10¢E81rBd b AONSticall Ni S

process re eats itself over and over as further radially adjacent troughs
are 10ndex éayelef them@w |1?7 Algriieh the Heht e b70bdegieie Tise qu”a&}eérqugh lewslddent
track 9@%&1%% @?}gu?@&ﬁ@[% ftOthe QefduEtnﬁ d’l“bgf}rhh %ht,ttﬁl% r@élfzed“alsa'f&lﬁtﬁ% trough
causes the berms |nt or m ng hin that new trough to be

el 2fi natouhtd meplicationnn) raastermmmthatmm bm@dmnaatheawstyaaf@aé@mah@@teugbtde%use
the pif, 49 dshgl?chyerEllehg;&tdls}é]apéf&%Esumgﬁta}ng& strough within which it is

bei ng crieaf at el ther side of the new pit wll
coi nci de wi ﬂttvnﬂlatsod@mwafrom Elgm‘péshatfsnmﬂmtbemd@@i;b riseHiom thd Surfatd 68 efdhees bot h

O o35 B 58 UL, FUAPRA S FRIR b R RBR b,

In effect, Afhshoehdn F;gutet'ﬁetltenmugh’ifr @salf, t:ou’ncgcdmmmn :hhlsﬁmdanasaﬂﬂ'ﬂmdmﬁ S

be ngalé%,\% %dg 8tconlt%cnver’g%:\;/)\4ﬁa€)tﬁ\yg gacﬂl’tah?ig gra&m be%{/er{gl lpl § Ey pr-lc_)mdlsngraesﬁl t has
relatively flat bottom 77 of the trough of consistent depth through its entire width, as shown in
Figure & This would solve the problem only partially addressed by Schoofs, whose disclosed land
area groove (created by reducing the between-pit write intensity to generate a just-above-threshold
condition in the moving medium) is too narrow for optimized PP detection, and which, by logical

30  extension, would inhibit HF detection of the pit/land transitions if the between-pit groove were

widened (and deepened) by a less extreme write intensity reduction. Additionally, pit/land
transitions can be more accurately detected in the configuration shown in Figure 6 than in the

Schoofs configuration, because each pit now terminates in a relatively flat trough bottom, rather

39



t hrough repeated experinments, and can be optim zed by fine adjustnent of

the paraneters. 20 Figure 9 illustrates the |atter enbodi nent of the
i nvention. As described above, in this enbodi nent therggr"ﬁ] gg érough at
all, and the resulting pit 50 is rendered essentially F Q, and wth

a shall ower slope on either side. That facilitates PP tracking w thout
conprom sing HF detection. Tracking detection is inproved because the
shal | oviban igjadierret ppew wieneretlectivay fleasg notanaighdhatef the gspptiied on of i nci dent
|ight away fy;0 $LL 168150, Xelnddn HPERRI 9N s tROLEAMHY Qihand @t all,
25 because p\iylgmél'ggﬁﬂ}{?gg r?a?nt ai'ned at t%gc’ con’vg_r: ional 3) 16.j]'|fh et
resul t pasangrerowenask  siight iroweseen troughnwiBihgiogpethafwitvardotrespuiding slight inhrensgoal  of

the present inv ion. Likews ctd i 0 el - :
part | curafs yoReiee B e FAbRGe BT ER Ry hG ARy 1y @Rl ana
sel ect i damet@switlasmny lredphed aidividually odjoindydwaehicvealsfollabikg redliveen adj acent
data tracks. This is particularly true i resent and.future applications
featuring r SFEET SEFPm Al oBRENaPrea ravsesgpe,at it RRrmis O™ i TUBY  of
the inugniviip Bedbiudrdislope baicl ddicasies berkhus the Rilgaity fomed Viddially iadjakat
mastering applications may be i npr ngiﬁj,l by the pr eﬁﬁ%nt inv_engi on even

wi t houtrovgle Ta@Het oS hed PP PYaTPHE ™R ghéyfgqﬂarf?fﬁ’e% 1PPeLIGIAN BSWVER - | ess,
berm | 855k toughS RO eb teflaBUk&s Sver WAvEr BSR4 S8alend g4 gr oove
appl i cations, such as ‘unrecorded 40 29 June 2006 CD-R/ DVD-R mastering,
whéeasraated. resvingiimia preameep all FAdilly adizocns Rk PolBeShe as desirabl e for
that particylar: SRAdCR e Mdih HiGe bﬁ‘%ﬁﬂiﬁ%@r&ﬁ?ﬂ@w@&)ﬂ?& HRREGn e PitTBSlind T

met hods and correspondi ng apparatus for inplementing various enbodi nments
of t he vthistbatnewtrpegit to bp elinPhais@in apioilay megnary Hulgrparagiciea dropliusgdug ¢quse j r st

be di sgus ! I r O RIAH v § daal t he
enti recd%r }gfg%% 9%¥ tgl)é(g% gggg?%‘%]%gh%yﬂyggﬁ;‘t ti ng %@%&}sﬂ”ﬁé@ﬁ%@ig b%g]% into
two bedominggieitigar nige ofitht new @i twill ecigeidd witle the3lophwinkl slogissad tHat traghl elbishe

| atter j.S.Spi n Al terpnatively, the trough-witing beam could be
ac%llt“:’vate ol %fg%ﬁﬂf’%sap}tﬁg?\% periods (i.e., fromthe end of the trailing

regi on decl Mereafitingrpeofii¢ tsswutially tegorped thesupartpoditidnhd thk(rofilestaf sitel tamgloéindt he

| eadi ng ed of .t he. nex Lt -writin ul se). so,. i f .desired, the

tr ough i P g pfisate dr P ehabhBE R B 2ot R ety SRS NE Mo a
anydt | BenRE dlgf]:ﬁl[ o1l Yorfkwhat wiles astlindwn Yerinhless. piikiis tegulttHas feeprshewes &, ocas

condi tions and preferences mght dictate.. Unl.ess the trough-witing beam
o i AT SePY PP Gy g PGS DRRL P B BROTHES of wiiting a
tragk of pitiguk OFillR@ates @ Riter@mbbliaeky) of 15O WvefANSAITUGEiHRE apsvRY it t O
activate the trough-witing beamin coordination with th é5 pit-witing
beam sEbadimen thers 1EnYpeed alal ppd thagesalpg%a%é%&rwﬁ%?sss’rﬂaﬁy SEriEse®di |y be

done byt R QUi 31688 of WitheH sidel OThd: BRiIARES PRI trabasl Wahél cSnpidalisiddHer from
the | aser drive signal 10" to control an optical nodulator in the path of

the tr dugtionuTiracking defetion ivimprevedibecasr dhe shallowentidestges tead togtflectapreaer
synchr Bﬁbgrﬁoria&it 8ok ﬂ@ztc?afwag' REm! MO vOBAIS Yet HF detection is not compromised at all,

25  because pit depth is maintained at the conventional 31/16. The net result is an overall improvement

in Figure of Merit, which is the goal of the present invention.

Likewise, reduction in berm height - and, particularly, effective elimination of berms by
careful parameter selection, as described herein - will reduce cross talk between adjacent data
tracks. This is particularly true in present and future applications featuring relatively narrower track

30  pitch, which this embodiment of the invention particularly facilitates.

Thus, Figure of Merit in CD mastering applications may be improved by the present

invention even without the added PP-facilitating trough. Furthermore, such a trough-less, berm-

less pit, as shown in Figure 9, would be nearly ideal for pre-groove applications, such as unrecorded
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Figure 10 illustrates the situation where the principal pit or groove
writing beam 102 and 20 the trough witing beam 103 are superi nposed, so
that the data marks or grooves are created sinultaneogét% mﬁbB t he trough
within which they are contained. In the tangentially-séti'882P%i ew shown
in Figure 10, it can be seen that a succession of pits 50a,b,c and

i nterveni ng GDBRHW B&anﬁteemg rherchotheradbatirhdnit Ehotwien Biglule ahibM-naciid ¢ dediraMe for

112 support b e sybstrate 41 of the disc 1. Here, the pits are
entirely RLLI P%E‘ g‘?‘?ﬂ?‘ﬁ@’d’trough 75, i.e., the upper surfaces of the pits

are within the treughedbsaade dé@lo?&i QWiuniber UPBRtho8H bl 6@ redgethding RBparatus for
unr ecor ded surface of the disc e enbodi nent shown in Figure 10,

the | and poMPRIEANLES yapous emboqlv@émaaf ﬁletpfea@n ingention; KEwpsBvelying ap%ufomtwnn
t he trough wlllpﬁltshfc@ggmggdrrent illustrated in Figure 10, the trough-witing
beamis "on" during the entire recording process. Once again, the
trough-writing bEaexamrjthedeuge?s spaldbetvaplgmentodalent thﬁrﬁn}lfetuekpﬁtgtsﬂwblamm'od
bet ween for i f. I 5
al ong 50 { nnEng wBIRSEES, X0 By bk Bl of ! AHRDERELEGARERS, 7
of the pi tswhﬁuthctlartacmsngmbgtM@mtlvgwtbe; trpugb-writing bedne cduwdhice a;;nemi, omodumig be

i mproved fo i . Ate tiy, enbo 1.ght

i nvol ve sel gg{i ?’ \%/%&gi oor%geo%hdts%efdthglgr Ym%r Oncorlflnesptgoﬁ1 |Pﬁ‘g‘1’r§/ gd’r!ilssf ﬁlg@e

i nput 1o tndtiakemns theeadimgcklgd bitthe mevugin—wvﬂtirtglpng;ebeamluﬁ desired tikdtrovgB-widtink
e O e el W0 5P B 0B S ] Sl B B
WL iti ngI lbeap‘it ﬁ/ﬁar&g pidceds, las ﬂinhmbngﬁﬁgm‘éréhcei Hight cﬁﬁhedUﬁle#stthd tBough-MirikiAg bdadh is 0
that illustrated,in Figyre 10, an comments_ in reference to Figure 1
appl y equal ginfaieinan ‘@ %ﬁondlf'i"a rengthe pritire,arogess fgviting adfagls g it rﬁ"f\mﬁv’é O‘E fe

princi pal Wridk), 36mb aRhs Raeise froAdéd 8 UeHvaltrthd trdigh-wRitiag 86Am intcoaminhn&am&eﬁe
that here the pits are forned prior to formation of the trough

ch
they w¥l BUER{DGPrAD. r &8 shan mfdeustst BclS 8t disweser elap. thisroruld qaflbfdzjrﬂop@ by o

uni fornly effrB@ihmfg%td'ﬁﬁfut B inethé dbticaf ﬁﬁﬂﬁlﬁtbﬁséﬂﬂ ’T@%r Fﬁ'ol;nsthe %Eﬁ&l’% signal 10’ to
significantly changl ng their configurations. is as if the already

formed pitscafrel guatice raelutntar e dheritaeh ol yomrwwabe@ngwth {table, conventional

mai nt ai ni ngcﬁch&lyrtogﬁéﬂ&ggﬁvmggemgwﬁe gs. 10 All comments in respect

to Figures 10 and I1 ap P y correspondingly to Figure 12, and it wll be
under st ood, in tHigwe 4 dlvsiatesythe sitmeleardvimge the prinsipal Pit l9a gropewiithesnibcamal 02 and

met hod an r i

et oSy O Srou TR NE Sl | BPUR ApHrEls, 18 AEKUST AHER: HRps e crs

enbodi ment sinhigeeustyerith the Fpughmathimwhithhibey are torddined- ﬁt@ﬂlﬁ@@iggﬁld@ﬂ@ptianale\a¢ved

pupoth he!
y princip él}oﬁg?%%qg&g ni’,%_%g'lcagsegﬁt 9&%‘3&??‘3} &fgﬁ% 502X M tr9en9nc ‘iag.%%g%ébrc are

position in ive Tayer rther oW |

surface 114forthyd vitken ﬁmmp&@ﬂy-agiveﬂdye:ct 12cfipokted by tho gubstaate til nf}hb)élam 108, the
wi t hout S|gn ficant ha L nsv rse sec |on er
" whi cn' 1 REarT e TR et b5 el P BT PO Ry T RS

di scussxsl. and are below its upper surface 114 (the unrecorded surface of the disc). In the embodiment shown
in Figure 10, the land portions 65a,b,c of the data track are likewise contained within the trough.

In the embodiment illustrated in Figure 10, the trough-writing beam is “on” during the
entire recording process. Once again, the trough-writing beam might selectively be activated only
during the period between formation of successive pits, to form only troughed land areas 65 along

30  the data track. This would have no effect on the HF or tracking of the pits, but tracking between
pits, i.e., in the land areas, would be improved for the reasons discussed above. Alternative
embodiments might involve selective formation of the trough by correspondingly controlled input

to the means by which the trough-writing beam is created, as will be discussed below.
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Figure 13 illustrates the principal enbodi nent of the invention,
corresponding, inits 20 utilization of a gas |aser and external optical
nodul ation, to the apparatus shown in Figure 1. Here the output beam from
the wite laser 7 enters a beamsplitter 100, by which ggtJLI”??t%\O@i ded into
two beans 120 and 121, respectively. Beam 120 is the primary (pit or
groove) witing heam and beam 121 is the secondary beam the forner being

the source of tnHasyatd differs from Mg only mfwt @ Higire df. the royghevidtingrheam dp3
the trough- Whdst thd GriRG@MwHRe bEXRE 100 P! all ! i

signal 104 25 Sdef ?ﬁl ng the %Iesi red int aeng%h%g%?%;é?’g%hc%?éﬁgﬁgﬁée&%g?séﬁgﬁ??gr%]t)at
beans. SuchillBgaddpnFigamed Poand plb copnentydn asfrence to Filere 40 apphaewmialiyi tg Figuref Idr

exanpl e, be bas QQ%RE' 14 ﬁﬁlstﬂ% fraYRioR WAL %heipdt?ilngi&}gg{@}@% O W%ésl’i?%ouétﬁ-wﬁting

pol ari zing beam splitter; ) an acousto o tor;
el ect r o Sopt besmy dt wilklesr seemthatdendithe pits ave fominedprdor po Fammatiannf thebtecmgh Spwhith iy

The princip, .enter S..a tical. modul atar 11. ose tion is.

control | ed %{l/l %ﬁ@m@%&&\%&/gﬁ&%%mg ﬂ%ﬁ? %‘ger'é?@ggﬁ Ug%llls et éa"%?gﬁkv‘ er; rpaterial
cont ext of froryuliecfotmedapit, withae sighiffieaitly icBangingaheid emigirtieshs. M ik RIS he Ay -
It will be tnote .Ehat in A:hf%gj{e 13 and. additjonal input to, the waveform
shapi ng ci r'@iMe REsEy pikghed L. revhetormed Bpughs While mpiptaining the gespective
i nduced by donfigipatiohs.cul ar operation in which the apparatus is enpl oyed,

whet her_ it be datE mark formation or cutti ng]t of a 42 29 June 2006 )
continddus or di‘d BTN SeHP &% Baties Loard bl mRely eqsisenoadingly e FiguigHzemndiihe
invention niigihbe BRderstRR] it thidind BRSE sWodelin®! hRRY ¥hat Khd tdehdbal RRHBEL canThE
nature of the input and the waveform shaping circuitry to process it

woul d be  di GHPARYER) b generabion af tracking grooappin gregvedrrstering apnligstivas. fetespeol toHhe
the capabihud Vin@fe il fludatl ﬂpﬁﬁu@flz%ﬂhﬂ%ly-fﬁﬂeh 00 ca%%gte(‘?gy ér!ﬂﬁﬁ)%}
teachings. 5 e output fromthe wavéformshaping circdit 31 I's a Signa
131 di r ect digamgd 02 hwoukd herfeopesieqly e rcausod to epcuming pasitiontie thexaptieailyasiivetliyer it of
the beam spdid iH3GwO j | [ : L j o
occur substantially igsgﬁ [ }n%gﬁg‘l[ $1§%gqg€%§lrséseﬁai%te 9 tggﬁgﬁgﬁ%&gtl‘%%n"‘fols,

i nt er m t t enwithput stnfjcdutlytchengingpts trabryene septiomak shapet wo emer gent beans. Thi s
action could be | ed or m shapin ircuit 31 shown,
o by some. ot her i i Byt e 0B EHRL a3 D ool oA gV
source of tdwsusset.ensity ratio input to the beamsplitter 100. Since the
pur pose of thisgnput,d. |l ear, it. .S assume t.the ordinary,. . .
practitioner cotl eelif’s i uﬁmgeesvﬁlgepnélflﬁ@rerﬂé’éﬁ‘éﬁ”f(?%g%cwtﬁoghcqqe?pox*ﬁ% mn its
secondany beitimtid2 df 4 gasdiscrent etternal cptiell edulaxph] ©ahe ppatluaiiwnI2Bigulkilk entse
controlled t he wavef orm shaping circuit 31, through |[jpe 133, The

nodul at ed 3@%%“1‘%26% %ﬂ’intﬂlr’ﬁ ‘gntSE‘ESFC F“terﬁﬁkiﬁﬁnéﬁﬂ'ﬁte’i LO%dglf E(LS‘PEH‘ "Qﬁ‘;rl“i‘R/@‘fOt ed
t el escope Iddins Vitane I PYERPREVILE Ban BYUCEe biiRadiGPB giovef whdlidtbeant andsam by
a desired gggun , accorgiﬁ%?__ to the heamw dth ratjo 1 nput over |ine 132,
to gener at e“hf BUASHICany Seapt fhedformes beipg the squrecanf the dapvriting beaqe! Gy whils lats m
125 are cony seteiof tie R@wringBeanen03l 30ne WMPASR Y HOAS Shlittsr 1M 1Blal Yl IR
two beans foI: furt H‘?r_ $r ocessi ng. eam conbiner is entirely

ng. The b .
conven??pné’ﬁ‘m%@e YRY InfegRyTRiiEofhefive resuitant beamsa Spdphepmsplitiers are well known
Al ternati veh Yhe athalifmight, for example, be based on (1) half-wave plates in combination with a

polarizing beam splitter; (2) an acousto optic deflector; or (3) an electro optic retarder in

combination with a polarizing beam splitter.
The principal beam 120 enters an optical modulator 11, whose action is controlled by the
30  waveform shaping circuit 31 described above in the context of Figure 1, and whose effect is also
described in that context. It will be noted that in Figure 13 and additional input to the waveform
shaping circuit - Format - is shown. The latter is merely the input induced by the particular

operation in which the apparatus is employed, whether it be data mark formation or cutting of a
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silvered mrror set at an appropriate angle (approximtely 45) m ght be
used. 20 The two energent beans are passed through a condenser |ens 140,
whi ch expands the trough-witing beam 103 (derived frgmthe ondary
beam 125) and the data beam 102 (derived fromthe priﬁ%HH“%@éﬁleZ) and
directs both beans to the objective lens 145. It will be recalled that

the invert egorﬁiﬁh&ﬁ%%c&ﬁﬁu&ﬁ%r&ﬁE PG bie ARHLLIEH %ﬂ\ﬁf%@l@me]igv%n{i& %ﬁﬁ :iagt e

the output beam 125 directed to the condenser |ens 140. Because o
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fill the in : [ : ' j . ' i1.S.
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rel ative. di anet e f be at_the di surfac W] result in
formation of a t(?]?)euglﬁp@g% %ﬁ%ew%‘(n%%sflﬂ S%’?‘“&rcéré:f“g(réltlﬁﬁﬁlgflﬁaé%cﬁlfre‘ftﬁdetop@? “Ep,
as shown i nsplifegid0go Gontiaktht ketestiafd tithingSf giebaarb yplittirg dppratiad. dn BEhOEppBeatibie

| atter goveyned .a suitable speed contro 30 .5 to ipsure constant

P ear oo SRRy ot Bl b e BRGTT SRl &5 Sipersof Wil desigranp smisath
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el.ection of the reduction factor of the inverted

notably in pro%sﬁ : ) _
tel escope 198 PRINg L cWRRL @F dowp, of Rusqmgthes fnpatto thedeapn splitterog by prsiaputde |
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supported by an appar at us own) simlar in !unction an pur pose to

the carri ag@e®:it SRwwRed hatthegrdisary pragiifipner couldreasily devissorhisr mpgsa prsacpesmplish it.
relative radial THERELR SLWER ik Eﬁec%qgﬁmﬁl%i‘ OPlrL%l ﬂg??%&;(ﬂzi 1 e{vlse antrolleﬁl y

provided, as discussed above - to Insure that the rack 1s proper
posi ti oned Bnthe wavaiorgrshamng cirdyd 3é, thropglulinent33. Themeodwlated iehmp 134 fitainrthis loptical

skill of SmBJﬂﬁat&r ig hﬂ&l@ﬁ & ke ‘j.z“ei:l ?f{l‘%&%peQ% %ogé}m%e fsq@ﬁ: \Ec%%e %&ér%ff ﬁ‘[AEe

in the pertinent art. Figure straf€s the same configuration o
i nvent ilh aeamHovinddsied=ingamnt ad@rditputo thenbeamedidthaniieinpe avbrdinegfayrtatgasrahanwn

in Figure 2 rel i | [ s,.enpl d. | cC nts ..made |
ref erence t%u |§3§{éq%§ gﬂp})lgl%glme ugﬁafnyﬁzo%htgé(g%%tgél’erz%n shok m?lggd%ng%g%mla
except, of cootines&3s, whos puipagds lonligrethp 86t betuas fon Gurthprt precésingd Ahe Bdaor ®mbiren

in Figure 13. Like Figures 13 and 10 15 trough-witing be 103 is

f ocused at ]fhe(g&raelét ‘f%@%ﬁ?i’a@é DL POPRIRE & é’% mie %?)’é‘ﬁ?ﬁ dggg’rf“t‘fwféfea half-
smal | er NA gifveremirtcr eetghanvuppioprige HRRM pprd:SmaEIP©S5’S night bsusk@r ger t han t hat
of the principal,.beam 102, in order t roquce trough of desired w dth
o ceodidly Tt e iRE cfiftan oS s paptsd AR Eomnter ik 140, a5 St 5
~ 0.5 mi cr owughheitisP béans | Be(dedvell BOm! the st@bdary Behifi 0 2DeRM R data R akl i 19¢ (&HikEace
m ght be | %ﬁ(l:ron., 15 Figure 15 |l lustrates yet another enbodi nent of the
i nvention, X & PERE : 12¢han e both be%%‘?é‘l‘q WCBYCIGBﬁSbIRaWﬁe reglled
create requhstest Wkl eldstopt N80 BRInaAbwINAS Kbl Jasll RANEIS4 BY Q6@ the dhtgubBeam
mast er disc. This enbodi nent mcgg%?r ates a pair of optical deflectors for

that purpose? dﬁ?@%f‘h‘@? conglersii I Betpuse b futnafeotings e resuiint droughyyvriting
i denti gal | Ybehsla0s béds R cowiplefel SR the SPANTipN St Bk SHBAIVE lens, effectively reducing its NA,

with the result that the latter will not be focused into as small a spot as will the data beam 102,

which fills the objective lens. Thus, the relative diameters of the two beams at the disc surface 43
will result in formation of a trough 75 whose width is greater than that of the pits 50, as shown in
Figure 6, as the disc 1 is spun by its spindle motor 3, the latter governed by a suitable speed control

30 5 to insure constant linear velocity.
Of course, the actual dimensions of the two final beams will depend on the parameters
governing their upstream processing, notably in proper selection of the reduction factor of the

inverted telescope 130 and the parameters of the two lenses 140,145. Likewise, all or a selective
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shown in Figure 14 (except that there is no waveform shaping circuit in
this enbodinent, since the 20 groove is principally created with a
constant-intensity beam). As shown in Figure 15, a fi r;é oFlt def |l ect or
150 is interposed in the path of the principal beaml g rpose is
to selectively oscillate the beam by action of the ATIP (absol ute tinme in
g:rgr gre(ri)q'\{% ol‘mgéei]une op rﬁs w1|l|b|e suprpetjttdl ti_yoan%i;[%)wl_lﬂl‘{use(nc?[ EQ\\;\IB s{mlllpr lgug?rlﬁ 11612:[ That
ATl P i mppipbsentol thg carfiag m:riﬂem vt dured Nderist oodsdmye d?lhﬂseeaﬁ5l(fraﬁlhﬂ;veam(hw th
CD-R masterin include a e paraneters correct wabble to be

"t roqdud pilfken Pt il GRCHDEVRTE DY Bt S SR HERE AR St can
def | ectdg 1A&bis prdpk@ypsstioaandn bk Hise Byt thdieexpsainis AT lcBraimpwithiai gnadl ¢over

i ne 156), .simlarly induces the desjred wobhble into the beam 124. That

wi | b piiseiinany pegiiongebasshiaibe Gpchigs greip andjp i PGRIGEM 3% t hr ough t he

inverted tef@seansgikaes thé st donlifuritha oF 8NN RNBHACHLFIREEM 1sin Whi ch
will, inturn, result in the trough-witing beam 30 103. Preferably,

opt i careleieice de thsrapparsios ImsmAp digiet b vHieers ¢ diodpiaseral caployese Yidr comnmmisc our se,

bot h tied his is
bost i Bl ARg: By SF el o e A o B, 1% 152

corres Fouosn Gossi rngdeen sespect 0, theygpticalgyediiatals etbwen Figurewi3} [LikpeFigmrerel3sandod, by
31% %’[ g’h klOb llS foalsg(hgt t?eratc véj ﬁﬁrbf hl%%]sQ rlei-ﬁ)QJevérecﬁ]%% s
une Y at t h troug

intensity witing beam nhy be varled
to causealtGhHAdJéphehroogh-WhenglEgml s spof size noergér thamthfeoﬁﬂ)c pmsmahbhamgllogl iwari ed.

Thi's Var' %t Ko, u&eatr gﬁ)f J&El?e% Eit¥1 egc% dl{]%t%gt 0??}%@ its bl?ld apé)?xc%(lﬁns Wanut

accorrpf)lshear rve co e intensity l'eve

beam 1&jpit dndtlemﬁ 6%l0.5 mi¢rhug thei spmesrzta eﬂtht ebeboapmg bain atfthiajdnc\m:fm:la néglebges t he

secondar errergent beam 163. This is done by 5 selecting the |aser power

and the i ‘fglﬁsmy ratio input to the beamsplitter 100. In any event, the
ult3 mat e i rignsis Yuafatdslyet ahmau@ﬂmbwmiehtrtgﬁhaﬁm]ﬁ@ﬂ “meadﬂdryss&&héﬁeeqh ed to

Ful | - dopting PLOOT: bhsaatrat Geasied wETS bgioredpohns Bers Pemissai ve | O

expedi lﬂéHter dJ-EBem%ﬁaﬁédﬂf@ﬁﬂnd:oﬁﬂ%sra%a@%ﬁﬂfbticﬂtcﬁﬂé?dtéryfo‘i faf pap&@B! AlIQtRF 0duce,
in the_ novin active | ayer a |l evel of heat generation only slightly

above §l¢naenispt it quﬁlrr%@ﬁwalmlmw ad iépntieplly fdsptifisd, w&lmﬂre?@aﬁms gleents)i t abl y

gr eat ejhowR ineigirk Y4 (ekb§P haPBrtl Sti¥BIHSforrh ShaPihh SMGR iRMYs BRbR: sth&sHe t |
woul d be wel | W|th| n the ability of the ordrnary practitioner, based on

t R t eRdYP gSinpigaliy greated Friggconsiart-Inteapitilieem)- dye- pol ymer opt | cal dat a
recordi ng WslshowdPRgigife 19 kst aﬁtlcﬁeﬁ&t&qggglﬁ@@ea mtlﬁs attﬁeﬂﬂb woul d

be created by the trough-witing beam wo e a cur base,
when \beamdd2.i Its pspast srio seleshivsli pscalateghe bramt byadiomget he ATH élb$0éut¢)emause, like

essentr o Py e Bt fobey Mcs! A0 pRBATS vichfich PARAR bkerbEEGEPRE VB B °
al ong résult lrdihanmtlewntuw ticAmtIf2 @hat AT inpbmiénmlatryameaw@lsmndmts@ott bylthese I n
S0U° ARk G CBmahNE Y Rloas TR Sreblels BOLLOMBL. GERUSR: mfiSysboMn 10
by pr oha aﬂlrﬂggra)vﬁmfdm‘cnﬂsgd dblo8e. pha;s&mdl eptidal dﬁﬂeagr Iﬂiehm contro]led by the
same ATIP input signal (over hine 156), similarly induces the desired wobble into the beam 124.
That will produce output beam 161, which will, upon passage through the inverted teleséopb 130,
result in the secondary emergent beam 163, which will, in turn, result in the trough-writing beam
30  1063. Preferably, optical defiectors 150,155 are both acousto-optical deflectors. Of course, both
deflections must be carefully synchronized and weighted, and this is best accomplished if the ATIP

wobble signal to optical deflectors 150,155 comes from a single source, as suggested above.

It will be understood, by those with ordinary skill in the art, based on the present teachings,
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of the trough. 20 Figure 16 illustrates an apparatus for generating such a
relatively flat-bottomed trough, by causing the trough-witing beamto
dither (i.e., rapidly oscillate transversely to the aXIf f %éﬁ; track of
pits) during relative notion of the trough- and pit-wi 9§kf Bs al ong
the track. It will be noted that Figure 16 is directed toward the

conf i g%ﬁtdié’mc%ﬂ ¢ {0 1.%11%91..{;%% Nb WO vEhiak 'crlQ,JnQ & f 0@ P?JS@EF$ shown
in Figure oyi ng a gas ser reduiring external tica Ati on.
It is ZBNaEEUWBnnt%@mhaJpwn@ﬂ|ﬂh@marmoﬁnnmﬁnmamymskwlhn@mmﬁmeéasrﬂyyadapt
its teachin p us-,sho il , odlnent
shown 1 foEaare et fRRARH T B BfRs Bl FhEodpl e 16l Bkt &
teachln@&nbﬁmﬁsﬂmanaonhmnwhhhememeimekﬂmmmmyamm@mtamhlHBLgUnewlﬁnaBy

Son| i elinga e papa R AL IRy date Eriice T AR Pl AT by s bl o

creat i QitimdtdinkdneityChF tRe ns@hmtr@rhemg cﬁﬁ@@d;l)t h:esekﬂe@ 18 p@nmlssnaﬁeaaﬁtme/at ed,
but the optical mpdulators 1 1, ner e

f I d
const affiYelREhSTHISH GHiET gD arqduawﬂa?ﬁg? fﬁb‘bﬁ%’iﬂ{ﬁrﬁ% b?‘f‘?éim 9ﬂ§&4< ?cre a?%fﬁﬂg

procesS$erm- }@mm%{?&méﬁe m@sauer Wagidi reaufe Begrntlh@néit?tshﬁ'@iemdl@fﬂr&ﬁfc@rm > over
line 260 derives froman ordinary i gnal conbi ner 220, whose input is

Whl c h e\ﬁé}vlqgf actipe lyerd3gmleve ohbem gquéaua& eply skedly above jte t]"tef’ﬁ% thrgsholigwhilthe 2006
ma t 9°. @ %f@ﬂh%r SRR rehilred GGy %ﬁ:at@@iﬁ?en@ibr RflYe RERES U; adN@sie only

di fference between the embodi'nents shown In ures 15 and 16
(ot her reshibrwauhiebe wablowithin e alglity o&the erdiry rsprtitierdr, batsd gn &tecsqras‘hlmas heredn. 123 in

Figure 16 nAatuhRBLhie SOMIRRLLiEA dASAM bAnBbscr Slien LaPt O the

optical deflector mast eri ng no
di t her eual, nhmtlroughulmgvovldd:ecmatedabb' thiefrdugbtvoiting beax soulddend te dayd esurved

osci |l %t | O\Qléei%fwévp | ﬁ%&?gﬁ SV tl]n.2 &ack ml Eﬁlﬂ%ﬁ ba %nﬂe t% hr%n:lp% Ehe

reIatlvé¥y ow A e an aster
be1lpr owmiagl béyn, ahe oienaint ¢rossahctms colf Itﬂeatssmmdlyr areitkay b@ynwbm‘b rapmeydnmuetdn an
W thin the

out put vefor rcuit 3

capnct (5P AR S pRE el i onh Wbl oo bR el oot Ny
135 conglisitengfhotvererSal pekd ﬂm&@ﬂdnhieamht laeaihopaaﬁ Fight: 8,hmighgbe tidsiralligndenser
| ens 140 .and on _to e objective lens. 145, E r he o ctive
e Bt 2 i TPRS Seckit o PO SO T oo b popg o e

un- dit&ﬁﬁ@ﬁb@ﬁ&ﬁ] which is focused onto the active surface 43 of the disc

1 at point 193. The other beam 192 (shown in dotte is the dithered
bedn whi cHFigwe {6 dlnsiaies %sﬁpaﬁftahgéawyaﬂas sushiare! ﬂ%ﬁ' A#@W troggh bE peam

192 i Scaugh% e uBteh- %&gQﬁhxﬂtto @lfmef QQU &plﬂg)/@s&ll’é@ﬁx'aﬁgvh’rsélﬁ tothé A &¥lthdhdcRCt 1 ON

(relative to the disc - i.e down in Figure 16), crossing and

r e- cr oefgiitpkluring refasive mopes qﬁﬂleltwgbfan@ RE-Wiiking P%%ra@eg the areks Jiwill heggiehi ng
poi Nt 34wt Q6 1§)8ﬁ'ga?écf3towlautd W lebnfRBrauBE S cHrOMTF; Pe tlg'oiﬁw R B Rary

skill in t%e art that the extrene radial novenent of the focﬂ% oi nt of
di t her apabws shorapin Kignreilt ¢raplogngie goff lasan sequising| extepel epticlfmerindation.odt isi s only

of yf e, QL A0, el ordifly WAFL 0T G Fadh IREGERIRTS I AFEAd HoRONi 1 €5

in Figure 2 (i.e., to the embodiment shown in Figure 15), wherein a diode laser is employed, based
_on the teachings herein »nd principles well known in the art.
Figure 16 is actually a dual-mode apparatus. In the CD mastering mode, the ATIP signals -
over lines 151,256 are de-activated, since CD mastering requires no wobble creation. In the CD-R
30  mastering mode, the ATIP signals are activated, but the optical modulators 11,123 merely transmit
bearns of selected constant intensity during all or any portion(s) of the track-forming process.
Whichever the case, the input to the optical deflector 155 over line 260 derives from an ordinary

signal combiner 220, whose input is whichever of those signals might be activated at the time.
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this range of novenment for clarity. 20 In another enbodi nent of the

i nvention, where no dithering takes place, a relatively flat- bottoned
trough is created by substituting a diffraction grati n% (or %éaéar ordi nary
diffractive elenment, such as a phase grating) for the Prives t el escope
shown in Figures 13 - 16. The grating converts the trough-witing beam

124 fromthe beamsplitter 100 into t i mges, nmutyally displ aced .
slightly, which @L@@W@?_S@b‘?‘&ﬁ e hémg?‘f?gﬁ@?fm’??a ﬁ?éﬁe‘i’&é‘@r‘ﬁ%_@%% material
i Mpi ngi NG OfifitRkce HebvRRliheCahdodin®tsi H6ws M FRGRs 19 hhé 161G tiRNhe idposition of
illustrated in Figure 17, which is based on Figure 14 (a diode |aser
embodi ment ) exigsapl ioRtich moRulpthe IHeandt 129 dn Figure 16y 65at lasvrsemiedimeat) b gspddipional
greatly sepgf@f ffutl 8 hEditihildflectorNBs vGdfhe 238 Cin ﬁgw.mﬁmeﬁhg nfoROSAO aitRE

sinplicity in presentation, it being understood that a gas aser
embodi ment Wputirawses dreneritical sleflestdr tongieshigtaososnpdaxudsdillatianesfnthe secendanhbeam 124,

formed the \pﬁéﬁ ﬁs afc%ﬁlb ti )?it&glieer?%g\gel)ﬂlm iTWo%%@%heoéastEﬂﬁh&e%msaﬂgﬁﬁl? u. ;

uni nportant 1 n the conte [ nventi on. erring now to
t he trough-may be pgovided rhyl 2 4omwetiqpek ofcillator tohrenit) sgumhsqpized tveith arll OGpetnfiompabses

t hrough an optical, device .200, which, in.the preferred enbodi ne S a
custom desV B A PRESTEYCE. indrer v atngtiPEpasliet an SRG M pERe toct

i nci dent Ibleam H‘i[the oatplna'ﬁ-émflﬁe Bdm'ih @ﬁfxiliineﬁﬁSQG%nlmﬁe)fwﬁﬁ}l}fbﬁﬁiﬁsseﬁﬁﬂnbt}hhﬁfss
are nutua 0 et slightly. Those with ordinary_skill int rt wi
adt | y-tbe. SRl e G IR S oo sl Bttt e ertt e
thi's pur posge twiSheBMOWI,192. BB&N it IB@hoviiDin sElidliHePis e unEhiaS Bednl) Gafh GBEGEN!
beans each have an_approxi mately Gaussian intensity cross- section, that

smal | nut uatitithe Betiye svrEre 43 eisthe dise | #f PRI 695t Thsother B2i(showndn defted ligg)iis e

(in a5 secht aiikeddcdh, Rhieng fea@e(ﬂingwu%ceﬁsci?nst ottt 394.1 HARREL, ¥indLhn@eliar ,
as shown. The energent, slightly displaced, beans 201 a,b are conbi ned

with the prditieiepals roief fopps moyestragidly de mrediptsiinadtion (witive fnethe disput-cofip ard ch
S Passad LpLAUGIELRS 160 BENEI! BRI dD R M6kal BERCHS Sho ARt Blmerh! ve

| ens 145. Three beans, , and 203" are thus focused onto the active
surface 43 tefchinggoinpi i fagexdingle. 1t willdgnd@stoddbytthese prithrecdipaay sloll it the b that
whi | e bea : 0, WL

thr ce boams"f aaabdd indindior dORER sl of Yhelo3GINUL b 5 BRET WINERE,
surface. | tpoiithf beagaldi | iy ol oftperderioda excrom and thatdliguse I6/ndcessatilngueatiymaguoifies
scale to stgow det ai ere in fact beans 202 and 203 woul d overl ap at

tail
the active slﬁrr“}n%cé{amgsemg%o%dﬁnﬁ'the i nset and beam 102 would focus in the

center 20f that rieeageler ehb@limeas wlf the iatentitte wharefrackitheritfg tslee place, a relatively flat-
rﬁCroscopicR%hl {n plan view, . extendin rdaf?ri lly, woul d \R}% an.elliptical
gt spot ket FaBaun; dorteton Bngitmes 'BredionsraiBelor ol PirRRe R
witten) thdement, sedhtalephse datigd) Yorvhe beriel eeldstopd ghovisin Gighedsad )-. 16, The grating
enbodi mrent shown in Figure.17 is. hased o eparatij.o f pit-witin aﬁl?
trough- wr i PP HRS rRuERnisging heam LA e Jhe Bt spltep J o iniR dwe g, utialy
splitter 1Qfisplacedvetiitly, whici Ogkiér congititk ta dadle, iRosAeiidaRe bbam iSFingihg an the
si ngl e _beam .ai illustrated in Figure 18.
25  optically active surface. _
This embodiment is illustrated in Figure 17, which is based on Figure 14 (a diode laser
embodiment) and in which the relative focal positions of the beams are greatly separated for clarity.
The diode laser embodiment is chosen for simplicity in presentation, it being understood that a gas
laser embodiment with external optical modulaters could alternatively have formed the basis for
30  Figure 17, since the nature of the beam source is unimportant in the context of this invention.
Referring now to Figure 17, the trough-writing beam 124 emerges from the beam splitter
100 and passes through an optical device 200, which, in the preferred embodiment, is a custom-

designed diffractive element. Its purpose is to divide the incident beam into a pair of emergent
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Here, as in the case of the enbodinent illustrated in Figure 13, the | aser
7 emts a beam 120 20 directed through an optical nodulator 11, which is
controlled by a waveform shaping circuit 31 whose inputs nmay include
rotational speed, format and data input signals. The o@fplyPes89fh 122 from
the optical nodulator is directed to an optical deflector 221, conpletely

simlar to tgndRiia®ahat aftehli@ml Qbtsel 3D OWMosk WithioBihRy 4311 aNle e S tOGH den

that context. Its purFose is also simlar: to_convert beam 122 into an
out put beamablpdo substitufeqligranteoptical Jeviries toeaceamplish this prapose. 4 phovt;ip the inset to
relative 25 ¢ e wlbsge fheseSm s A avd [gg]fi LGS corokll S
sel ective di t%(rar S causedseby ?zriéégﬁ t he?g outaB%J'?n ér?pana Ltglg%ag%sgi%lﬁﬁé& crob!
wavef or m shagiting bt soalk muwab displigementrtesulie dus: jwing |beany dehoss ingonaitt prpfile (in a
synchroni.ze i ' . anpl i f1h m 122 energi ng
fromt hellsopfg Fc\é\fg{'ﬁ Piﬁ@?ﬁ#’@f‘ %@%%’Elgﬂgﬁi%f] er n%a?lggegfaggu slgr*s%rsﬁgr% 'with an ATIP

i nput (acti vat ed Tisrenergdng shgiplardaplased] eam 20 hb ar€Ebribinaisvidr the griscipdebeabny122

neans of a copventional. e ronji c. suomi ng deyi.ce 0, the out of 30
Which conet 1t e febinet ) 5 e Mo o W) her iR BeicapdiFerflen b ol i
tiigm 222 pasigesghtthe objg:][ﬁvé ke@s 1@58 nl:leéugt%mn_b,elrm_s, 204Qnands bxh&h-ﬁtﬂa@eéq Mo the r:lfStive

, to emer as,t ocused bheam i npi ngi ng upon the _active surface
43 of the dis‘g‘g"*"?ﬁ%f’ptﬁﬁﬁﬂ‘ﬂb“ frit %.lg%rﬁt c i ‘@ﬁsgﬁ?ﬂa@%ﬁw?@% a3
and 2709 t Qre gbG&! Bic WOt REAS THese MDY B4k Fstud resfbdiR Y] M PoiRRN ErN120N
the disc surface as it rotates, 47 29 June 2006 creating the desired pits,
bunps, troudht 2 adbeachinesustacs: j il eadily e epnssriated that FisprealJdedrewa oy of seale to

signal is geRAF a&RH wike il BicSRIMRs YRV 205 WwaRNARVOEp & the Mitive kbl al shobAth ! S
the optical nodul ator, the input to the waveform shaping circuit wll

ultimately dseleandibsem 182 wionidfpeus i fhy cenfer ofrikat anereene 3he raswit ahthietsyrfagadif seen
radi al posi t,{;QBsc Eic%@%"ﬁl%gvi@x@ﬂ{xteﬁl&iﬁ?}ahﬂﬁy,%&umegﬁ@@Pécaflz/&t %ﬂ)t %H&e%éﬂsﬂ)?is '
he n ) y

surface 43, as t rsc 1 continualTy spi'ns. Accor g generating a
proper 1Ppnpagteatst githael center (here Wimpetfiowntienhthpn #githdr side(by whichithatouigh iswedated).

W thin the capabiy i dj r.agti ki d LQn.the i
t eachi ngs herei nﬁlél %M?{ﬁgmérngg léoglyennfélggg%f} tlzdgg%;la& ioﬁ@? aéat'?ﬁtso g g'?ﬂjrtiélg-an%r? ough
extrenel y comphgkeamsatll awdri2heespetivelgdy nsqpiy el the/bdam gphterd 00.i Mewswer, facsieilnf

the spinnin i SC, i.ch,,can be .transl ated into.thousands of
reproducti ogessgllk ?ange\smléer‘r’ﬁ%?y'ilsse °nat 'égl? ?eSWr th usﬁfﬁtg?grﬁ%ﬁr%@t hus 10 created.
For exanpl e, thi Hekeshmthecme of thhémbipdinappiilugdted imPikyre 1 B, tholhsdr Werits Phcani 198

pits in track OtI?(ﬂ its and intervening |ands, i CD/ DVD mast er. .Her
bhe beai s dReerr diys SEUREH el di- o conieliid by Apbetons, b a3
sel ection olwhogtihnad mpahaied Ritfiomd dpast, foendd aadimainphieighl. THhbltputdeandidsc
spins, that .tiny spot is dithered very ra '&I vm't2gi n a,ran e_é}fn a radi al
direction réfr”a;tﬁwﬁf?} ol Scfredtsl @&?viro_ag%i) irﬁéﬁar% SR o dhpupAl t
to be witt aeflecndr t Seskdhan Figuek1ls dddadesdibbd @l hitdcoh@RQ EltCRANPESs aldd dnilge! ey
as the desired Wlbdt h of each gl t changes along its length, as it is being
written. BefUREH e 1< fe ap EPTReeR 22¢ fldt bSelPaarly fikasidin radial dirrgion sekiiye
t he beags untd the HRE (iGQRPRAC &R in REpetths Fipaet 18).Pirkis sdidttide itRr RAhVEE by Hafdd M
thermal smearing assures that the resultant pits are properly . .
output signal 231 from the waveform shaping circuit, whose instantaneous amplitude is exactly
synchronized with the instantaneous amplitude of the beam 122 emerging from the optical
modulator. The dither signal is summed with an ATIP input (activated when the apparatus is in the
CD-R mastering mode) by means of a conventional electronic summing device 220, the output of
30  which constitutes the input 260 to the optical deflector. The deflected beam 222 passes through the
condenser lens 140 and the objective lens 145, to emerge as the focused beam 270 impinging upon
the active surface 43 of the disc | at moving point 280. This beam (shown as beam 270, 270’ and

270” to indicate motion) traces a complex radial dithering pattern on the disc surface as it rotates,
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configured in plan and sectional view But because of the rapid, precisely
controlled dither of a 2 o relatively mnute beam the resultant pits may
be nore precisely formed than in the case of a sinple 58

following the data track. In a second exanple, a track @ glts coul d
be formed within a continuous trough. Here, a second dither signal is
super.i nposed upon (i.e., .summed with) the pit-formng dither signal,

where the sé"@'t‘fﬂ’@ﬂé‘? ‘&ﬁ’é?d Rite.chyps tiopgh, gropvrRd/onridgsiie atspeacsequence of pits
and lands will rggge @9 dithe gélafjissgeneryé@ btyrtﬂblgg}ng Ivé}"?ﬁ‘r? sﬂ?fng pr%ﬁ%l B¥at

the beamintensity increment corresponding’to trough or ma
woul d typi caql!tf?lsﬁé enigalanpdulstogdhreinputdo e wamdplemdtaplag cirpaigtwill nltimaselyodeteymine
s ot ef mi e ifadchfhyf AELRhibALLRRIE 08 chF oo A8 BEH YN mpilfe ki okl "
by prope%| yZﬂbtptt ﬁlg!attlvngmtfm 43,rmp Ithet disgtet whtlmthﬁy s;nnson%mylmglsh byhgenerativey ayproper
CouL o of BN SR AT VL S0 RSB k™
ﬁgove Wi t hpnactlttonﬂughseﬂ cutnhthe aedtciu?g hasgipomethe qeleRhed cﬁftl )tncbﬁt t]gbeatitefetutes an I
he. Gescr | betUTepiTeTIE et ek EIEY P UERe aoie pifes ehiipinging i which
t rough- f or nédaediahkleed sit@ Mdlisahds FGEPrydRitshs 0N Yab@ s @ Rk tl'fe%ﬁtef' disfliuber
signal is quenched, 48 29 June 2006 exanple- the trough-form ng dither
signal 1% a®f#%hted only when the pit-formng dither signal is quenched,
wi th perhaps a Stor gkdmphy/ Qﬁmamtq;a Eﬁ@hbé&ﬁm@d&&ﬁ&‘%ﬁﬂnn@ﬂé rodi ks AR ped
r

so as not to obscure |t/Iand ansitions and fhus |rrpa|r HF “det ect | on.

In a fourt hpl@@a%t‘%"enaigdw MAeO Beser e, tbébmﬁmwwlbfocww Feshativgly ng
l 11 oo c f a
appl i cati ONgjnutedy aybﬂtsrfayerqiﬂag. R o n;ﬂ] \Aﬂ %h{ae%if‘sr Aﬁrk»%'ﬂ?ﬂ al e@@g@ﬂg%ﬁt fB8LL N9

range and SU|tab e intensity, upo
super i npos ewWins) thatdiny sp eﬁgtthelﬁém eapidly Wishil  ravge (im g radizhdjecctiorcrelativg tarthcahiedus

beam anp] i t ydes ggﬁtym?t% thS RN b mﬂnlbtx be Q?l wah gl tgagfnfhat & &Bn%tuaﬁge changes

virtually any groove geonetries raised
geonetri es)pl‘miyra@dhe drgirgdheid thoaf eachaqﬁpﬂlms alomg itsf lenigtte asilt fishtesinignygritenh Bdiweemnt

f th b d th ordi
'n e or R A el B deRCy Bfldheok B URAI i oty RN plpicaren o e

in the art |n S a

literature,pitoli apdympelyma negiien |tlregnilemtmnwmu;by that @i selltintcgint 4ro lpkdpedy

the three-dipens ong te hot or.esi st osure. The latter ..

t echni ques T ght™ llnspoanbaél)éi Sﬁﬂt"?@d’ "tpw h}étl qeﬁ?"ﬁ%tf’gthgfiar%;’ B’femﬁ‘ﬂ}é C?‘ﬁrﬁh?%?ﬂher of a

r oughness ahhnm;t minu&ibieam dhe ehdtaBitphag BSBoRPEECREL FOMEEHUCE R casduTISinRly

even to elim. na Pil pe iéjlgontl nuities in the transverse sectional shape
of resulti n‘ﬁmﬁ ofigwing fhedaizitacle oy i descri bi ng several embodi ments of

the invention, FMgsces ckamplt S t8idk ofldhta 9 vEuIDBERIRASAthiPNcbRMS Bordh. HeAS
| aser, as the \Ml%ﬁg}beam Wwhile Fig %es 14, 15 and 17 .have been based.on
f SigRal |1, Syperimpese

the use of &%&d ¢t PR Bife duBmEY ¥ithl e mifemping dishpisieaal
external ngheretht Sdond NdHAY Rebkes k2 1DALH wHichiiR: s’e@tﬁ:ﬁ&c Jr i ROBRLAN{1ABIdd JM8he

| aser i tsel({lscactnsle ?r(s)ughh(ﬁ summi ng el enent for th

pth is deterimined by the beam mtensxty increment corresponding to trough
formation (which would typically be caused to generate an incremental heat influx only slightly
above the thermal threshold of the moving medium), and its width is determined by the range of
this secondary dither. As mentioned above, by properly controlling the amplitude of the secondary

dither, berms could be removed without creation of any substantial trough at all.
30 As a third example, a track of pits could be formed in the manner described above, with a
trough for tracking purposes created only between pits. Here, superimposed upon the pit-forming

signal is a trough-forming signal as described in the previous example. However, in this example

the trough-forming dither signal is activated only when the pit-forming dither signal is quenched,
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various input signals conbi.ning to produce the desired wite beam
intensity profile. O course, 20 each of these enbodi nents coul d have been
shown, with an equal nunber of additional figures, in both a gas |aser
‘and solid-state | aser inplenmentation. However, it is b@gl‘lé\?‘éc?oaﬁat
sufficient disclosure has been provided to enabl e one of ordi nary skill

in the art t[ge tﬂgk%{g%g%nmno ﬁ&eé%mlqm&qln%%!g whgnc{iherg?‘p%n'ﬂ b%ft§cr‘@4g§1§l‘@ the

scope of “tt 'meeither a gas or s | 'ementati on by
provi di ngu@pmdopmh@hmam 1 G:Ilght owlabaséwdnhmtn trdvdinignbw rimeeti son Sbnwgd/rsfdeﬁmb‘ieo ei n.
25 Wile the chqgice o {l‘re 1%,d¥\htnher featuring use of a gas or

sol i d- st PEVIeA ‘i‘“dtiagsné‘msﬂé G ERETEEIEYY to the practitioner, there is

at | east one g gBLAL &aBpidh f:af)rﬁiia&dil&%rooﬁe nmgbga:satbchﬁaeﬁD anlstenmlztpatntaninss
requi re external nodul ati on, beam SB| it fro

o e a P P heoELR e ot B HireBee Bres Al SuhBlsarEany SRt "

Fi gure 131 Qbpit&@pml R sugtrimpbécde timng differential could be inplemented
bet ween the data-witing beam 102 and t he trousgzgl 30 writing heam 103, by

provi di ng conlpeslt thseraexasenieh dher fidersmnge Apd Indpieors byam; Fprjud et‘B‘%Q’Ejse
one of E&?roh%ﬁ%ﬁv@ IS ﬁ‘ﬁﬁds\f@ }Sdﬁc@ vfr@tﬁﬂ@m@&nt%r gﬂom cBREtriROG taiseMb@h®Ng

the data trac han t e other. . beans coul e caused to -
coi nci depr Ia@egacmmqssm desirgdir Eur!@rm%?, agpi@a@q;mfdhq)@m@a%gepngnqnégﬂhﬁ Hiesent

ot he a . Ao on m1 e qu{uﬁl%d ?J} A0G il 2raidady iR Y B2t 64s6d bABRE WahfheH9RH as

t he itirng sour c as 48 29" June 2006 prOV|d|ng a coordlnated air
of separ absd in tht)thlﬂvameldcfafasae tos inproveenPfe ntasierineg tephelvesi by prefigely eaniiellygethe

T OUres A i fne b BAnflor HERREH! b¥Ehte. tfle FhiGHeBhidios fighP aROe Sop1RY GLP!

that Fig rars tures, an | nden ed ones.
The r ef eelaniagte fsbigel b€ shel mh&mgumgma.@-caﬂactmﬁc ok pmaRtmmeﬁo@d/os Hevwluce or

Fi gures 5, I ent orres (e cept
t hat eacﬂosflg*yéa?’g‘rf%l“ﬂu%rs&p g‘é;cl ner écasse %89%3{3%3?412&%%%%&%%8%% ng
e:c emant . Ref tqrdi» gﬁtglehox fnl @Eld‘r&n%&tevéril&m‘tbudimemss:g the mgennohxlrrﬂ?aglwlzlﬁolﬁ hminBept h
of crease c to determ ne i o correspondin 0 Lgure.7,
N 1T T ool e on e oLp e th TG PRI VRS o e BOREE v,
rel ati vepdedditht udd/ofa Yol duaté Rse eﬁeﬁﬁhﬁo&hted ﬂ@v&%ﬁﬁﬂaﬁ@d’d@dﬂe@ﬂteﬁﬁtﬂbdﬂﬂ@nl o
the present invention. Once again, r| I’lCI éﬂ‘ oal .of the p esen%Qtréhe

as

i nvent i ovhereastig S?lﬂcﬁtﬂé%?éeftlﬁ’élemeﬁtﬁ?@s as e \9%(?%’@
di scuss %gﬁg%gm ﬁ@%%@hﬁﬁ%‘h%ﬁ@&%ﬂk&@h euahts bk intdhity fmﬁnve@lf ddurse,

detection roved detection or both - w thout conpronisi ng any

of tate mahlepfmeeqembed;mestpe@#ei havatbrarshowasitey eqygaumper Afgddeng
accur at g, 1,ep a4a9 EHSEPE}}df Bfigls ?&u Qmi)hz%egﬁ{%rh M evGONSEPURNEA that sufﬁcxent
tdining e st anp

materi al -re ect o r crevices. Since BF detection and
repl i catdlsﬂbsmadtael rbamypmﬂéed tep ersblscorisyof rasdiparaiskiflon thes ttarmplgmentedltbescon)

of the ber r‘rg de%fngi ﬁér?%ff(?{r | t'ﬂe ts&) Eﬁﬁgfﬁﬂeﬁﬁnyﬁ%ﬂﬁ Q%ESS& soﬁméta{EEt hod

of accorﬁSrI' er w sal e goa does "not appear that
t he publ m@tbﬁﬁnﬂancirﬂf}qimmdmg aprpirinG csubtsy zhmecl ah thegfifernentior prowidedhesseinper s,

101G LTS QR L e b RS Bl TR B0 Bl e,
opti cal degg@mtii&gemrt@mmno@uaheraﬁs zithaasdiytm-qﬂphﬁﬂmirdlﬁ'emms Since gas laser
implementations require external modulation, each beam split from the laser beam may thus be
separately modulated. Therefore, based on the embodiment shown in Figure 13, for example, a
Wwrite timing differential could be implemented between the data-writing beam 102 and the trough-
30  writing beam 103, by providing conventional beam deflection means, such as a mirror, to cause one
of the two beams selectively to focus at a different position along the data track than the other. The
beams could thus be caused to coincide, as shown in Figure 10, or one could be caused to lead the

other, as shown in Figures 11 and 12. If a solid-state laser were used as the wnting beam source, as
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By "thermally based” we refer generally to those processes by which an
optical (e.g., laser) or 20 quasi-optical (e.g., ion or electron) beam
causes formation of a three-dinensional feature in or gn a 6 gr of
substantial Iy uniform conposition as the result of heat?91MHB& 14 é gener at ed
by the beam This 1is in contrast to a purely optical nethod, such as the
PR nmet hod, where it is the quantity of |] that ulti Iy effects mark
f or mat i on, PFOX ’é%a?%&ﬁ"%%’e?ﬁ“@gﬁé?fé?’éfdnwfa%aiﬂsﬁé%ﬁ“ malies Slores o feods,
whi ch do not reﬂglutesIlg-zbqaﬁ@bélﬂnreqiecﬁ&H¢&rﬂE-H@§1§Ivoslahdé%ﬁédﬁ@@m@ﬁ@h 19-22

concepts as disclosed, 25 for exa int Feyrer Patents identified

above, by WsEpefraised feairey gthge ﬁ&qnatné@ltqdnms mJTlten pefezence dignsh dip Figuess ek9-22
which is, theLd g&ﬂf o thBéE“shHﬂhfﬁrFiEu}ég £OMRORI o Yfen 1@@&%&& c&rFHslfonQﬁ?reié&leﬁfs,

literature reference to bermformation in thermally based optica _
recordi Ag prespeieiemch refroense mlmtnalm thcigaseq by ROG dver the coreespandingielementy Referring

consi derat i & V\D%]{[ deeth%%S{y dlé tl (%Iﬁ%a?ed gyﬁ %’é\?\#})@t c%'oérga% Btof ?Q&ﬁﬁr{eotﬂe Q‘Ltlo

ber m hei ght rove parti cu
appreci ate cbﬂnﬁpgtrdagto hiipn Sigareentlt willatddde tle sebn thinesrelatrealyntarge aln videe sarrespoadd v
el i m nat ed

d .t hat the tec es of the .
or eaent 1 niehETRey Sua bR SphE BigemlaR i BRucgR pirG R HE Br L I ion. ¢ ne
EOi nt where deéI e)??e agmlnoﬁ ptitidpal ﬁmbftm@kesdem%ﬁtwnes for increan thelmhﬂee(ofla\tﬁﬂ, in
ECOITES QUIte | 1cult n ol ner y a f echni ereln
P auant 100 s SsHE % GisETraTnDTa P SO ar AP SitheF By ooy SRt e
abl e to creaty iireRddPPERERIAbr HEAL UnEthoutS Beprasistat sy Bf (e Bthed bigpedand
tracki ng grooves, by thermally based optical recording processes that are

Vi rtual Ty deisdicaions. aoher £98) It prpvde mom aceiryiafeplieaion Weanomerht feal 8 as

an exanpl e coMBquRAY fateli AUBEIning drrePOt & er:?er:fes PrdiRe M AEERRIoh YanBasgifation
optical recording techni ques, such as t pol yner nethod, apart from

these t eacHfoERsy Acampioved hyremeyahior @nbﬁ*a@tiabwdmﬁwmﬂf ¢ bemes nogmally esergied imthe
hei ght ;50 Qgé p&i?fﬂéljbréc%ss%yln%ﬁl o%éc’éoxﬂﬁl%hfn}f, RleQ@tel ¥ilO6a) B ﬁoéf.é have not

been abI e, applying prior art to achieve such a ratio of |ess
t han about %4 tldkm%@pearrﬁhaéﬂlawbhsh@ lngﬁtp@a:pntme@wb@laml refepticatophesel bered, by

prior art grthqdss ﬁtn'at%raﬁg glggrﬂ%cg@;&£m%on(y& 388 qiffhsi aﬁﬁﬂbatg}& Y5itdal

nor does a ratio o ess t appear in any observe pri r art
di agr ans t hexbrdmngripatia byt ﬂlermaﬁp basgd piteslaecotding proedsses.cuch apeths (s ymer hrocess

r easonabl e jacgur acy. . Me SUI’I ber e| ht uf e e
(d, in Fi gl?% e ” %1}59 %ase oswenre égr‘:’{lera 2 (i TS gor?gsesgs rorgﬁ %m |0kt 9‘7 %\/faf'ed)
(whi ch2pbs daﬁsn n;ﬁatala(s g, hm ovelled:tromabeaposustes tonmtionrof wilireshdimingsidnelr featire g ¢eron at 0

rise at on tsr%a extrem t. e, 0. 7..in, Fi ure(?}) weth#us
[ive That " Tvproretunfh Y R o Bt ot il okt e W, BB
woul d s epaﬁsaﬁ eoﬁdfaa 6 & putkly Spiahinetiad) sidhrae thg PR hiettladpihaait isale quintithef Zight that
techniques &relnf om t hose achi evabl e t hr.ou t}g | i cat ] 0 he
orior art® P rouep. b gfptarch B ths oty G A agh #C
herein w | Imefh@es ksihichtde npf reailtGh Fopmatth ofﬂiréeé‘dulﬂaiéioﬂg featirey; Mdwh@Pis ak dis@oded,
depth rati (rreasured |ng cat ed reth n 25% while the prjor
art tethni %U&araﬂe B thediapes @telttmdgz'tf @gapeve % whigh fratures 2 gepergted el o
ratio of 1Q%mgune@MBRYr, which is, therefore, non-uniform in composition.

Despite this dearth of literature reference to berm formation in thermally based optical
recording processes, those with ordinary skill in the art will, upon consideration of the teachings
herein, appreciate that a reduction of berm height would improve HF detection, and will

30 particularly appreciate the great improvement realized if these berms can be virtually eliminated.

We have found that, by employing the techniques of the present invention, as disclosed

herein, these berms may be reduced to the point where detection of their vertical departure from an

index level becomes quite difficult. In other words, by applying the techniques herein taught, a
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20% cannot be achi eved wi thout application of the techniques taught
herein. 20 As alluded to above, in the case of bunp or ridge formation, it
is the ratio of bunp riser to crease depth c - i.e., r/c - tldl&té nmust be
considered. If respective neasurenents are taken in t héd e ? rtical
direction as in the corresponding case of the bernmpit ratio, h/d, then

. desi rabl e vghtsigidndiof G‘ddi’nary\&ﬁlwcdl Epedt iebe B tP crema thref dimersfonsirednets) gick at dies
of h/d. Thus inthe b rease si u |on ere .the desired feature
rises abovePSh¥¥ ?Wxﬂr\ﬁr@’é Mg jOVES, ¢ fes Pl ggeordme prRcEsses it st es

the 25 reswiktgalgclia abb&mby E)h@)nﬁés@suﬂﬂirefefﬁﬁ@@fol P fofhAidh tah as ex A Wradvdy
application of the prior art. Therefore, the dividing ratio, in t he case

of bunp forfued Byt alt%w%tlonvaftmog thermally bpsad, epsicalfreqording Feghmigres,i syeh asfherdye-
further 4 Wmﬁrw%nﬁﬁ&eﬁea%néshﬁs% &5 6t fbl@t’aﬁgﬁ lno\ghtcﬁrm@}atﬂo%f b&m

say, a bunp/crease ratio r/c of or nore corresponds to a mpit ratio
h/ d of 25% lsight @smt deptlids a dpagrl/3 aﬂd@m@llmgwer We hawenaetypeen able, by applymg prior art

three-di menglp tofa%fi‘ﬁs%hr %c]ll 3 reRBtof(fc%? \fﬂaﬂ gféfﬁlb % gﬂ%ev&l&e ir] é&hﬂnfegﬁoptfgﬁ recording

consistently calcul ate arise epr éssi on I nventl

i s di sti ngunsheprofducodby Ibra)r alpniethpdsan tatio géhssrthdlﬂayputbthabmgl afservd, sorrdats 0
of less th 2 han er.medi | ues rel ed to
the prior Zi?ttl §fé§e%ggﬁn?§8ut SpPR 'i’fa:raﬁ’rl ﬂﬂﬁf) QSG?’S%BP%}] Ty a%ti“t a Woﬁgt? ﬁ%ﬁltay these
typi calloy dbmpteetymﬂ(sadnewnbreasonehtemmﬁcﬁl 29 June 2006 at al |, because that

process i s not ther I oce ter ulsion t ake

place in formation 6f fﬁ&%&&%ﬁéﬁé ?Sa?@?‘kgepﬂ}r;&t H“a]%1 ?ﬁ%d’pp@i’%‘?qcﬁ t
process resdid@fed ffonh Ainfkéxi 10Vel @¥tich is OFinbC &l thd RERVATHBIoS FrbM GiHithaBe tRef GEGhNJ
to the present |nvenit:'|}E @Hu?t be.di stinguished froamthe natural results

of enpl oyi n§ TRt PEE PHICR Uy He HdcBIEIEHedYT Hu Rl isonhiss,

such 5 as, haimexagid ef béh Eéi@ft a8 pitNdpth t‘hhtmv&ﬁ@. |s&ﬁrzﬁ@ﬁt@"r€éu‘ﬂ9 aklflevdd through
thermal | y based .optical recor ﬁ e structure is

ch t
produc viRPlgtigibed the tfé‘tltfateﬁtaye—'%kemlacf@npﬂeosemblmb&dhwrlgh appliggtion pf thy grior

met hod Of e el rb;@ﬂaz@fy Ashe ’Ithtrt@ﬁ) Qy Qﬁ@ébtﬁhﬂﬁles tfaﬁ@ﬁ HEES Wil FRDikate ﬁr@@&h&{ &d,
the fact that thernall i based produce such features having

transver se R 8evigga e Spighiyo n@dw r@ta%@neaﬁwdaats inglicsfse) efingaense than2 %, WWIIGIthe
tend to di Sﬂrfopg['t”te%ﬁun%t 088 nwaeﬁtu ttgs hhe @Eﬂ% ttgfétét?tﬁaw lt,[tﬁgﬁ%m%ced t

by thermall'y based ods IS wou cert stinguls masters
and st anper®%preoeibedchipyed Wighoneapplictipvef thqat@ﬁmdtges tgightherdime

t hr ee- digrensi on r.

comer 2 %ue ¢ o AR B pEEIBENR e RLAIRE £t ARIA R o
However, wense dplhiccaeede bijatinestba deasdaprde ¢i repegivo orauragsnts Iﬁﬁtgenarthe sahe

di scs may J. ree-gdi si onal fe r.es at d a
sect i onal con{%ﬁirujsgc‘&ngrag%ct %#Bgrg teri st fe o G o]?e"P} errar%)r b/ﬁptha&s/c'e (r?r’\:l@etvtr:}%1 2 ct’}ec,&nd
yet such r eplulcasthevecipracylpif cca'telsgondmg phlags afid/db @thng irothe burep/smease aituagibh, where

oo 919 Yoo BB REFL W AR R TP R VD R
opt i calzsr eaesutls n@lesf*alﬂet (7 lntteepresehtamamnat ifiomcthbye dblned Hyepplidatibm vtk ipoidr ait.0
Ie)r(n? : ﬁldte es u ere?ore ?he (}l vn%h%é (l?atl\(/)aljn l?sca(s)éc o br?Enp orcrjnatclglg I1é) 4 av't;] CL gsrgegesrtvaﬂes (?ij t‘u% ratio
indicating further improvement brought about by the present invention. That is to say, a
bump/crease ratio r/c of 4 or more corresponds to a berm/pit ratio h/d of 25% or less, and so on.
Accordingly, if the type of three-dimensional feature is not considered, but the ratio is
30  consistently calculated by a rise divided by a depression, this invention is distinguished from the
prior art, generally, by values of this ratio of less than 25% and more than 4, with intermediate
values relegated to the prior art.

Of course, optical data recordings by the PR method typically display no berms or creases
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val ues of the corresponding r/c ratio. 20 Al though the dye-pol yner process
i nherently tends to pronote berm formation, which is alleviated by the

f oregoi ng enbodi ments of the invention, the fact that this rB gss al so
tends to produce smoothly surfaced pits of continuouszgl"Hﬁg2 §

advant ageous, if well controlled. W have observed that the bonding
structure of the polyner utLIizegﬁ%Q formng the active . dye-pol yner | ayer
has a prof il batapethatgrpopsids nokt Bimally basrd eRcsnddo fitarialyapyeipie 2k esddpop i

25 expul si qBmhdfioh BEthHEaMEHSIOHR ML hyCifidt ntilod. 1SRRO Al HYcd REBSSIn theprior art,
particul ar, we have discovered that careful managenent of the

pol yner i zatqpéppl geageding strictuses| aecordipe i Blserresset] iBranfiohmyst hendistingpished: fixam the
mononer (S) ARtk S&LRCIfePloFing BR PR MEh&D ﬁ@é}gaf %ﬁilk!{oﬁlggsﬁéx ﬁ.;/ﬁ%gﬁ?&rﬂlygtsg%hf

whi ch, when applied as "the active layer 43, eat reduce,
entirel ¥ eldssfonesample; bieexpesssingos bditdion esferpngiol acthgrmalijhbased epticdl recoplingtagtindng

the desi re%yﬁ{@‘@tt i tuﬁeg?w%{i)&?& “ﬁﬁ’cﬂ%ﬁlﬁic%}{ainlﬁgxé dePRS been observed, in

parti cul ar, ong-c ol'yners, such as”’ordinary nitrocellul ose,
di spl ay an apparéaditiobadiydeveo)if the méthaicofi produeti@eoct the shresidimensdriak featvds Hs not he

optical surf - . e asticize - when the thermal. threshold of the

P ool rea i s ek s Bl Bised ol MRS ek (iR MRy b AREES sffar

g 8 Bté ri b]yt esliglaging Iny ﬁ;?sthﬂm&mcﬁp&rdiﬁbhtﬁmity Wil Ejéﬁatto Hh@gﬁﬁhtt?d%e Prodactd 24y ﬂlgrﬂ'ﬁ
sof t ene erial te S (0] (0] g u .t he or ng 1t an to

o o or Rl £ od gt it bPfe 33 el B ethadse s would S BEEEPALte o

pol ynmers, GRISER Y stabnpbds pRMuéed by IR RepSétive thefhols, BRAEY/IRE threciinbiSftinalfeftres in

writing applications, appear. not tg be ideally suited for the purpose, On
the ot her H&nktasters gt stemnesy disnky J9anlrRomsts. dye t@ the fagtdhas thepiireshlt framcasretching

rather thanygedst eRowsREWiRA! ©Rllchiég PR (RAL preflseOprocedulds BBR-gQkefafll discs may
advant ages. I n general, we have observed that if nononers with inherently

weak bonds cantaindlrpedimsasionghigatyres fat digplayshs smqothepspctiqnglcogtopis morgrgfiagacteristic
desirahle B hS) glpllébgtlap,g . gqu:g ur
bef or eQSI a?ifi cl zal ibg_ér%gg%g%!rig% hsglve aII SO gﬁg@%?zr&esgﬁfﬁoa%%ge ecetaigéégpm?
cross-1inking, Ascsdingy,ietheveasificorsgvhyredhpheliaic! medution & notidertifigd, it may be
ni trocel | ul : ' i 0, ' i m

benet i oi al g RRRPEkiE He e BhGRES brBANMAERY S ol bEie!
pol yrer i nipeesent mpreetidnh ér ersluge stbstagtigly] 2grvevalucy loé thedgdi katio lvad siiwtentially infinite

signifi cantvaueesd teic(c))prsi nnc{laﬁarrpgr hoei ght anobunting, in certain cases, to
virtual eli'mnation of PBer s, rough our enpirical studies, the follow ng

appear 200 be padttheughahd gyeguiyarnt pyeds siheretly) tehiiseio plonane beypr fopndtiat,ewhich is
IR T TR W SR ORTTEN 0TS (A
sui t abl e Lpsbducd simoathty sifackd giteofeomitubisisldps ¢ ddemsgeduanif B€Pooafrollede resul ting
riure, by el g 5SS LT b ESTRL TR ALY L0 L5 ML Lengr oL
t ol uene, dye-polymer layer has a profound effect on the extent to which berms will be generated by
25  expulsion in the dye-polymer optical data recording process. In particular, we have discovered that
careful management of the polymerization process, itself, by proper selection of the constituent
monomer(s) and selective cross-linking can produce a dye-polymer mixture which, when applied as
the active layer 43, will greatly reduce, if not entirely eliminate, the berm-production problem,
while still maintaining the desired smoothness and slope continuity.
30 It has been observed, in particular, that long-chain polymers, such as ordinary
nitrocellulose, display an apparent tendency to slide in respect to one another within the optical
surface - i.e., to plasticize - when the thermal threshold of the moving medium is exceeded during

the dye-polymer writing process. This contributes greatly to berm-formation, in that the molten or
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xyl ene and/or butyl cellosolve - of sufficient quantity to yield a m xture
that can 20 readily be spin-coated onto the disc nmaster substrate. Once
spin-coated onto the substrate and dried, the surface js ex&%ﬁ d to wv
l'ight for double the anpunt of time suggested in the réaqrﬂ!"l“& er's

specifications, to yield a surface whose heat threshold for plasticity
subst anti al so@e@ﬂml fends to Apws ypiwird ot the darpedpidanditp ersolidifieasibeimsat {hg uppehe

proportions 6 Yol

01 Gomer _( S P st oM ol L ccBmy ALY Fohe Pl B ftymer
cat al yt Im(::) al ¢ptylcaiuhsedmtlef Epphcatxgngemmaiot tOdaep@anm&méle@mpp@l ﬁeghferther;ésndn,
or a conbi nation sue¢ or
conpl enent atr%y °C Seﬁlﬁlﬁp S A& W T wﬁcgéfgrrden Asﬁhé%ﬁaﬁf()ﬁmrg ?%%emgeﬁ) 11%8 ht° of
the dye i shéhesfertadeamtage?o of the total wei ght of the mxture A sui tabl e
catalyst - e.g., 30 benz 311' om(ﬂ uant i. yles n1°/of tota
e wei ght . In gndia g s b€ i and bR lintsf b a selee
sui tabl e soind@fdperly §tﬂﬁnerl§l§@,m’ﬁ:| oftifer, (ndore defsﬂﬁbl@elérﬁ&ﬁt@@ﬂ‘@hdﬂg e Sﬂ:lumt]ﬁocess&&ﬂ
spi n-coated onto the sugrtrate As the surface igiilrles it cures into . an

optical |y aReemass tsereprhetorspladisization Qs dYphaypalse fiscoverpdthatselsyive Grpss-bitkng.

conpar abl e dyen Bh%@edn'aﬂdl@ hm?ﬂ;yb@mm §uc§13a)s mthE@lqu@ﬁlpﬂlE iR etitibx s
(2) are: Desm)ghen ester resin rans); Desnodur N100 (27

grams) ;10 Zi e aseigvsat émpbrlz b@m&ﬁx;al replt oy tw& otopEriingm edipasly: therye-pastic
grams) . (3)pduacerAtod M@ﬁ%&d -dett gpef}m%fs&me redul HIEB&L A si F}Hc%thédﬁﬁmmﬂﬁ I ne

and/ or phenollc 5 pre-polyner(s) 1S/are mxed wth a dye of suitable
col or and thmhtﬁlﬂwn(lsga@lceﬂm&ﬁﬁ%é@’l(twe@ﬁ@aféozl)o)fbel‘ﬂfﬁe resulting mxture is

di | ved i
Bcanpl o (1), - and e P bffHon sy Bt 360 ol hRSbrefio Bl BBt BB, |
t hat can readl I )(l)bé(sesrmanawamre:de wvgoleh(&V3 gpgigrratie . Accafdingrto ¢pd metbodt i ng i s
accorrpl I§ hed, the di r%% tg tlcal Rﬁbﬁ? glr o&%&ﬂgcﬂlﬁ c;lro o@%&greregg

e ™

appr oxXi rrat ely 150 ¥0 proxinma roportl ons
in Exanple (3) arewitiReniabiol gV Betrak@rm snéyeh@bstﬁﬁt&g(l&s@ thpnadfd) pf tllyeesu(tmggr am ;

butyl cell osol ve (89 I es .are onJ to | strate
three princi pal W&"g%angﬁﬁ}&# 056 %OE? Bﬁ)rgple'g%}t‘%%& ﬁﬂy 15 1252 cg{‘ﬂ ?gme of
substantial ly uni fdiidm;s@d)ﬂms) bmmmsmmble bvemp pfor eghniple, hdveond] MEKMadicad,, t he
15 criterion being that the res ng ace is to display a thermal
threshold for initPaF8 ‘Z)‘?D“B'f&elsﬁff"&\’et )P?P?ftglf‘er?tél“ tf’é’}ezﬁﬁrf‘t){mﬁ? Pt han
its thrashold for xéaﬁ@mpe;ﬁhkbm onfthé Misd mitdr siWsiritt. NQndéRpIA-cbhes &iss fuace s
acconplished with minimal plasticization of the urfacdelr%! cause berm

formation by flow %‘hitrafffandfiﬁgj desutacq isgposepbiody é fighf themmouge
plasticization W |fm®&edEstddon RO MRhTachiiRal He& RO S yield a surface whose

heat threshold  for plasticity substantially exceeds its threshold for
decomposition.  Specifically, the proportions in Example (1), by weight, are:
25 Diacure SD-17 acrylic oligomer (30%); dye (2%); butyl ceilosolve (68%).

(2) Use of a catalytically cured resin. In general, a polyurethane or polyester resin,
or a combination of both such monomers, is mixed with a dye whose color is
complementary to that of the write laser. As in Example (1), the weight of the
dye is less than 30% of the total weight of the mixture. A suitable catalyst - e.g.,

30 benzoyl peroxide in a quantity less than 1% of total mixture weight - is added.
The resulting combination is dissolved in a suitable solvent - see, Examples (1)
for a few candidate solvents - and spin-coated onto the substrate. As the surface

dries, it cures into an optically active surface whose threshold properties are
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| ndeed, we have discovered that if the threshold for deconposition is only
sonewhat below 20 the threshold for plasticization, berm height and wi dt h
reduction will occur together. Such a reduction in bermm %EA reduce
cross tal k between radially adjacent track portions, N€12008) so reduce
the effects that witing upon a track portion can have on the radially

adj acent porti ons. compdraie forigpst mdicagd ireE2@pld (e Tlta:rpedq;oﬁmsrm Bamprqe) fi ed

above have been founpd.to re erm ose dt h ured at
hal f-height hi2, i SRaRSHS ﬁPa%%%H}"’%ﬁ“ﬁ%% ﬁ#esﬁn%‘g%k?ﬁ? o5
consi derabl y | ess ﬂmmctohte(ﬂglmalbbwlaeﬂﬁsblu&qm&ﬁé) dye (10 grdrek) h achi evabl e

with prior forrm{;?k} js &has noted, this bermw dth reduction occurs
d‘"f’éﬂ’{f

with a correspon cyred s mUh&ngiab Ureiigng, snelaminesand/or Bheaolisr ed
that substantial regly )n/abeeﬁﬁﬂebamqhh BB G Whithhl &t andafubduityl(@k! v be
achieved if full cross I|n %%19 ronot ed by increasing cure tlrres and
cure tenperatur es PXiPlEHd) (29/) orheRulting; reix e @lﬂl%‘@l"%g# §uitable solyerd, by
enpl oyi ng an addi thé?éb?édffwﬁtﬂé o A0nifHed GALARBRL | T ed
formul ations - well gond th%‘torranuf agt urers ﬁesé)e%ﬂhﬁigfactail'&fo%}é&& E(Yabﬁe

i ncreases are i ncoffidstsattediclt mixthre theb sow raasiinpr epin-c@pdainfa thalshiiratae have
found, in these e e tines and

i ncreasing cure tezr%gffé '?ﬁer;oe&slﬁ?% ag%@rl]; h{ehg%lﬁ%%g# f eﬂk&yétattﬁm erature

speci fik@&tion curvesge aﬁdpn!@dmbtbbrglioﬁ@ Qﬁ@fp@rﬁ)r epproximstplyclt ibedksc aft@l yst

ber m i monsi ons.  TRERAC Py ERtle O e SHlaentpbe P s P ghities ol

threshold criteri a(hgmtephm;zle:ﬁndsylve(mrm)ber m reducti on. When enpl oyed

t oget her, they even, further e Wthin dual ther mal
threshol d cri te\rA#hgse AR A TSRy ?’h‘ “ﬁ’a‘& WCBWEFCIE%QTEQ?H%HY Sfhiehs? fuitably
achi eve subgttiazily aativeysuffudelof gubetastially koI, coﬁlﬁﬁblthﬁ&@ﬂ/ b@@pﬁli&& td ﬁé@ﬁt ﬂlﬂéier the
provi dejsc[L in tthe arrgﬁ eﬁ?gi ven, %‘?t IS gperato

or di nary sk§ironReg hah e resyltng syrfrog ity ‘é%‘@éﬂhe’@ial fh‘i@h‘?lﬂ\‘;@ﬂ’ﬂlpﬁl’i’“ Oﬁéhﬁtiﬁ%s
coul d readithp 1§mﬂﬁnﬁbﬂﬂ@Mghbﬂhﬁﬁmh&ﬂloﬂﬂbﬂHé@ﬂp@ﬁidﬁoﬂﬁhﬁlﬂxttﬁhin% upbh ﬁ‘l@‘:s‘mface
particul ar ap llcﬁha far. which the operator is enployed or exanpl e,

ot her sol veff<ors Bith axpipsl Rigpticigationof e sprface %?“ﬁé@ﬁﬂé@‘@wmw ot of
the parti cUuheéresyddic )Praaydbig, jBe eﬁ%hﬁﬁlﬁﬁ@lzﬁtﬁm%ﬁ'o&%gto(ﬁ%m&la er%d?ﬁE ?.jouré fa

beam 10 of sufficient power is utilized, as di scussed e various
constituent mondrised wshaw digsovesedthatdihg heeshold fu |d@pomos@¢rele peld sanevdwehiiloved,

or other t %IQ@%&‘HUIHQ‘OPBI&&%Q%&&J BESH heibR ﬁﬁhbzﬁ?ﬁerea&ﬁ?rg%'l rogglr tég%ﬁlgll t ?uc%t er

catal ysts coul d be sel ected,; d;s/l ng and curing tine /or condi tron(s)
coul d be dﬁ‘&ﬁ@@dma@nﬂé’éﬂthé’ﬂllr U‘G%ﬁrnﬁttﬁlskéiesweelaradh@maéjactehytr@&medlonesanahw111

m ght be utgid,igfide 1Rl ffgét{]ﬁﬁt vﬁﬂﬁng%éon §9¢‘{l:rk(i)§ﬁlofz %ave fgmeq Gl v Lég H?Igc%s be

enpl oyed for curing. er c es coul
of the net rﬁﬂﬁ@ﬂn@@cﬁgméu the e Eempish @lsemfmﬂlabcbvedraee h@&riburndrtbyesum ina benn

illustrate h ical testi

acconpl i sh ttﬁgégﬁig? ?‘Z resu11 QFE%}??@ Sach dg'élr u:chi}Eisd’Ose FREPTE T %’% o ih is
candi date rmnﬁ@dmab()slyssmhanmhdimcqﬂyézwaymaetsr termal widsly m&hlmitmgnqmmﬁm&ﬁa&
wi I provi qﬁd‘ ag%tgﬁl?lgs bé&aN lﬁt?l reduction o\ééurs wghe a cdrregﬁ/o% mg reldtqgt{?)%tif berm?zezg L.

We have also discovered that substantial reduction in berm height and width may

particularly be achieved if full cross-linking is promoted by increasing cure times and cure
temperatures, in thermally or ultraviolet cured polymers, and by employing an additional quantity
30  of catalyst, in catalytically cured formulations - well beyond the manufacturers’ specifications.
Such increases are incorporated into the above examples. Specifically, we have found, in these
examples, that doubling the specified cure times and increasing cure temperatures to beyond the

upper limit of the specification curves, and doubling the proportion of specified catalyst will each
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formati on during dye-polynmer optical data recording without addition of a
trough to "bumoff." 20 residual berns, the overall result of inproved
Figure of Merit may be augnented if these are used in _gs ocir?gb%;on. And

t he trough-form ng expedi ent would provide simlar inp n PP
detection, as describ ahove ether. or not it were used for reduction
or renoval orsugtla“rpnafsft ! cu%g?’ S@ét@tiak%ﬂ?@%ﬁ&'aflﬂﬁgw (ﬁ‘Fi‘Ensﬁ’SF'y {1 E‘Qﬁ%ﬁﬁ]"ﬁ‘ﬁtﬁ techniques
trough-wri t iand) therdvakioriab thedtuld Gritega HABENERE SnfevCUHRaRRHon. SWhit LRRSydiO
t he sane pr?bl &Fm' 25 . Thus far, j or enphasi s has been pl aced on

dye- pol yrer ‘e5teL ey g syep ?rff‘%‘l.ce‘t-Homever, the concepts underlying this

invention are bywimilmaas! e 8fkshéld Lhdfia, m*&pd«ith&ﬁ%%diﬂoﬁah&gg&%ﬁ st to
applied to virtuall éean net hod of optical data recording based on

generati &n _éﬂﬂevedlétfs tiallyfulbgrosstinking.cndrbased el topehinigs provisled isvthaipamples givyn,
can be app! ieid beovBRanat'oh 6k 108rfary [SRE fAhe B% 85 6 Fhis Aect A%nd8ldoh 9
0 rrt, the sane

that PP detection is a major constituént of Figure
probl em of PetEnsppuldreadibnéAppement ki develop detdlrd diethods mahleltorthe pattivplar application

i mprovenent g ; de. | i thher or. PP detection in the PR arena
woul d i npr ovgéh?h%p@?g rzg&%n? gwgfraﬁ%f ﬂ‘kﬁ XL 8tcl)lﬁrcsé)%)vt%ls]ts i F?’inﬂlaye[%hﬁlone or mn
present i nvemtdesiedoambipation; the pjutiatlarsiye(k) contd beo vedevixtas desired @Pelihningted FQheih

has been,no - n though t.he PR.nethod i s not thermal | y based
mothod. 191 BEQEAB pSVE R BMGHOL dtFerel R RS visihul Sy ol i -

Li ke the t hpolpmbrs dywd hodejered opscodess, or bihestypds koS Bo hubstitad, 8o madtevivihk ldesired
initiate the ]ﬁ{_ogﬁassqs{y ausil E ir??geit formation. I n the case of PR, if the
nci dent 11 REG ML SERYSS PN b polectagh, g simtisfime hy (o cendiionish & bF ng
medi um expdange afdetikd. SAPNRKPESSE Slemidally c@EE WesirBinight BE iR QMér! QYS! -
As the |ight intensita/.is_i_ncreé}sed, so wm || the depth of exposure and,
consequent | SPUERASBr FALQAFTHVh PpEht betBplgrdefer cunpat Tyshergchangss cayld, alschbe

t rough-18w i intrBghclE & aryQT @iel R@ELAIB BN AbedGA XS aHSRE vARLH L& kdedntion t@‘ﬂh{? te .
process to achieve results that correspond to those achieved thermally in

the dye- pol JAw¥ et haygbeaysbowm theoush pmpirigal fesinspte asprrindigh the desirad resdfor di ng
process, the w lWﬁiléoa@msérﬁpmslstaieétfah%f%&dahdieﬁ&%ﬁ&ﬁergz%Pbtfx%dprégéiwe&gEl
W resuft-1n-he

exposure 10 beam a dual - conponent radial configurati

final disc,cpidinkisg nrepespe wily eroyisieyimproved seselts Ajdsway,| indsed.aeven relitiste. berm-
dye- pol yner f,6a88n MRS BIARM R ofelp il Y e«
coul d be fogu_sednto aglj!z,irger sioge_vmh%t%%lagésﬁg?gi%\lpigﬁts%c{dg%gh%g%?%émo bl%l-m Q}g
pi t - expds urigsithesh hgrmerthe eveeabiueailtio improcd Feglraeli M otinay e dugmined s tthyse asnded

di thered or;,sgRaLALLd A4t ug al i fi.narr -spaced, . over| appi
beans. Alter nat | \?e{’y, %Hst?%glogé,h uﬂéghrrl%é é{(ﬁ?ef/hc ﬁvﬁﬁelw«%ovﬁeea%mé %rullnajr%vgmg'ﬁtp’f’g%ed.
The 15 appadetction, potesaibedahol e, sthether or hetsewsre sl fa redoction obemoivaltolbdriny, per se.

i dentical t il [ escl.i bed herein . respect to the
dye- pol yner&g:?)t u %i glﬁ B%ﬁggnd% ﬁgﬁo?g}' gé'égfpé?cgfmrﬁseslhg'gﬂg? SPEYSred BEpMBRRe?
Certainly, sohépes tathelsambprobledhf.er ences, but these would be well within the

abi-l it % 50 f the T?l{léjifg}?‘ I’n){aj & g‘n%hlaglls 08 rbeE:r? p- a@PJ %rqe Ej}elpolymer optical data recording.
However, the concepts underlying this invention are by no means limited to that method. Indeed,
they can be applied to virtually any method of optical data recording based on generation and
detection of three-dimensional marks. For example, they can be applied to PR, which is not a
thermal process at all.
30 Recalling that PP detection is a major constituent of Figure of Merit, the same problem of
the PP-HF conflict exists in PR disc recording. Any improvement that can be made in either HF or
PP detection in the PR arena would improve the Figure of Merit. And the concepts underlying the

present invention can provide just such improvements.
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I ndented features (e.g., pits and grooves) have been the principal subject
of the discussion 20 thus far. However, the sane considerations |ikew se
apply to formation of projecting marks, such as bunps, un%o%r ri dges.
Appar atus and nmethods to generate such rai sed features gtde:g‘ﬂ'e be

di scussed separately, because a CD- ROM DVD- ROM st anper or CD-R/ DVD-R

master is the cpRglREEKES tHat EherBhoughitd I hethHBAG0O] thehSITBREE MneihBd Qr yak ch
pits, troughs or grooves, respectivel ave been introduced by the

., Wil h
appar at us afftelifed HEE0ldea dhip psg an Tﬁé?ﬂé‘lh{?ﬁl&ld-t hike thetthemel drgolBienppessathis
described i i @mbd M8t Wik the Srb@UEN A & [ﬂ%ﬁgh%m bRald AP $ne
result in bunp, nound and ridge fornation. As has been previously
ment i oned, ineidens dightantensity és itstyabene the enticeldhieghmlid of thesmewisg npdiam, exppoientfitie
feature - by YA j a herwi se pr.ocessing t
wavef or rsnjt atOQr%:égE%@g‘lgcg&f tg%le ?’ }éﬁfgigvltlg& %ifnggﬁlﬁgéﬁeﬁsﬁ%%ﬁ%ﬁaﬁdo ﬁ‘gfvﬁgtﬁgg?ﬁtl\]/e
surface of d¢ffrapespte and] congeguently,rthe pit deptlt slice deBMpByentt Hitmt bdetha basarhd ecygh-
rai sed features repai,n n,t he remainder .of th face i s expelled agway.
Undoubt edy et BT et b S parBE Uit gy o ookl pRiESr S a6 e
t eachi ngs hetespond torheseeloliessd ehermaihsmahé ertpolyeser cRuatibe Thisel!ihtheCPRIpRAL i N
an optical c@a‘io{e%?rﬁ' struct utﬁ1e. Bug these are believed to be within the
ski || of t HEOPEIHLE Prosriiclie (i afam Sl pih&¥ROSUE HPHY Sncha ieheh exprgre
woul d 56 2%ed)edud@Edmpoatnt ¢AALS 'E:érlﬁgﬁnﬂti(ﬁl WiaRakl Ui Be FihQ @Is&,h@st@gijﬁsﬂ'ﬁye—pplymer
invention, in its proper scope and breadth., In the PR situation, raised

features cdSher§edws at Bdhg dyepolymer case, dgscapadingdgtatl aboveethis| tpughyexpepire beamg

the phot or ezl b REREd & a AFgePRRe WihObss MBRRy SAAREHit- 23 bElPREG cotd e
cause all but the exposed areas to be renoved. Such a sel ection process

i s conmonl yiorrserk nrvIvend intensly. sand glithered Br separatedtintoTh pliraligpef tacawoswaesd,

the pr esentovkxga;pf?ﬁ'gﬁﬂémé. OAREf'n&Weﬁyf:leing@,t Bt AR R4 g bg%ﬁﬁafaoﬁ'écf.gThe

with raised f ures Is particularly sinp even i n respect to provision
of a trA&ckianparptug fe acopmplishinguthesel reseltpuivedd dn| wirtualp idoppienl ¢6 thwee divdtmatgd and
near - opt i Cgqg Crd - e, o] he.wite and
e et SRRl RS B SDEHBIANE iy e S
exanpl e, eleaploredn sgainty, bere ivonlddeatiffereowmed, tuthbest moslddrptatiyveithin thadbitityerfehe

wi |l undou " ot her beam sources applicable to the present
i nvention, Q’é‘%grgé%g?a\%ﬁ%%ﬁo h“%l’?e“é“iﬁ‘gi t future scientific devel opnent for their

real i zati on. Bufindanyd fenidreal(d.g.opitstané gmol @’ Rave dkdnathe ptincipab subjed] of thd dsvksan

fall i.thin the scope of the present jnvention, and their inplenentation
by neceSsarPisyat FERUG B spsr ot bR RBmP o g huaHeR Sl
no nore thasbulaps, agundsak egesOAphdigtus Mmdafidthddl tagenCarisiBaiséd Ralideyneet thot be
shoul d be ted that tre I npr ov {”at he .invention_may be observed not
only 15 i HRESTLFPUBeC APAEc i ROV YRR Y ey o SPGB0 D-&e BfiRur s the
replicat ed chmprimsatady (MR ThiBHS ARG dfthe Bdsted GltdWBISh PRD brbGhb Bﬂ%rﬁéﬁé@r@éflﬁctﬂively,
stanpers, as, internedi arywsﬁijr uctures, or directly fromsuch nmasters.
since al | SUERaYeRen shducrhdy fher 2ppsieds Armethyds slesqrbrrh Thegifpre. e apsthags e
i nprov ted f eppardt@sdeadribedtr confdeat W pitakdughVmtl Hodvl throydibiliRevliferedut R Bl €
concept.

P mound and ridge formation.

As has been previously mentioned, raised features may be created nearly as easily as
indented features, merely by properly inverting and otherwise processing the waveform that
controls the intensity of the beam impinging on the active surface of the optical recording structure.

30 By this general method, raised features remain when the remainder of the surface is expelled away.

Undoubtedly, other methods exist, based on or closely related to, the teachings herein,

whereby such raised features can be directly created in an optical storage structure. But these are

believed to be within the skill of the ordinary practitioner, based on the teachings herein, and would
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Many al ternations and nodifications may be nmade by those having ordinary
skill in the art 20 without departing fromthe spirit and scope of the
invention. Therefore, it nust be understood that the i%é]blstrgé@(rj and
descri bed enbodi rents have been set forth only for the exanpl e

and that these shoul d not e taken as limtjng the invention as defined
by the cl ai M8 SRATEHE # ‘TPIH%W NS RFsHY IHERLP; 1 1ERraperssensiand brsadiyn ¢ o

descri be the invente ®R sabidlioh! QisdPfehtiQtes cANMROLHBRRY $n a 8158 of Qdilg@nfdﬂg'%éh?%?
not only in the sense of their commonl y_defi ned nmeani ngs, but also to

include, 25°'¢R/ing fs@patpregistmpatirial a5ome Wh{%l‘ﬁhe’i’:ﬁ&ﬂsﬂ 3@61‘1?‘6’!?}’9% il alihut the
material s OkxREESwrORYORTebedS §afEa Qlecliffp6QRE® %rﬂmﬁrﬁf{ hAGC TSR0 WRESstool HS

if an el enent can be understood in the context of Speci fication as
i ncl udi n§ nfieert: Haus: aprRbicatioari g, presprs eachings e R optieal d¢tarm¢rdmstm6bdisc mastenng

under st ood @, rg%dby : h@fs‘ \Rohﬁlgﬁlgrlﬂu}n?l@o%h ol I%_F]{Egtatg pp&?sm%u&%q{a%kelg b Sge wﬁlch

Speci fication an e he defiinitirons of the
el enment s of wohld réquirt only thg tpe af sesondatyerearf-entiel-thrasholdcdbeposote desetiled aBovet he

conbi nation of e ts i teral set forth al_| ui val ent
structures, mat e&r):f:a| S thg\hwn?? ¢ frgard Ysap S%Hmmcng‘% Gﬁg?lﬁtﬁtwltgl c1tﬂ§fr #}%B?%afnsg“m
function i nFmﬁxmh@la,taleatrbrybdaimeoslaﬂbeams)coﬁlcbbethhaemploﬁubah&iﬂieieahh)dnddﬂBte&l?BE

resul t nsubst.anti al de s.fromthe clainmed ct rratt as . vi evved
by petLon R b s SRRicablh Rk bk erdiof e o BRGS Gy T iib R gDy

| at er devi S&df,eloﬁlhaltﬁ)(m&'ﬁ gdalization) t BofdngtaBdl al ST DR gser Bk aYiddsORSUY [iMdwlidai R
the scope of cl ai even though not perform ng exactly the sane

function W‘té‘ﬂﬁlﬁﬁtsﬁ?ﬁe he presens mwepian, gy thel igplempntation by negssspely plered-rpparaie

result. Th eﬁt&lﬁd@&&thoﬂ%b&lldl fikdly &Jﬂ&mﬂ@ﬂb midfe thaltBd e VMR off the XVentMntab 1Rl nar y
skill in the art_will bhe within the scope of the defined elenents. 5 The

claims are thus Iﬂ'i‘ﬂi]é!r‘%fh%'& bPBOtF‘i‘\@PUB"e‘“WmP@S %fﬁl%liﬂf‘?"éall 9y b gbsesyadaobenland
described  abaxger ophal réc&dﬁ@%%@&ﬁleﬁlbwalé‘&w MahRA repit@ll fORNsRE léﬂs §|u% f

substituted and al so what essentially incorporat es the essentia
t he invent i BActuis repfeaigshion 9p8 stamgers|aaimgmediany sirgeturss, p0diRstdy, fr@n auch masters.

Since all such replicas, whether intermediary or final, will display the improved features of the
invention, all would fall within the inventive concept.
Many alternations and modifications may be made by those having ordinary skill in the art
20  without departing from the spirit and scope of the invention. Therefore, it must be uﬁcierstood that
the illustrated and described embodiments have been set forth only for the purpose of example and
that these should not be taken as limiting the invention as defined by the claims which follow.
The words used in this Specification to describe the invention and its various embodiments
are to be understood not only in the sense of their commonly defined meanings, but also to include,
25 by special definition in this Specification, structures, materials or acts beyond the scope of the
commonly defined meanings. Thus if an element can be understood in the context of this
Specification as including more than one meaning, then its use in a claim must be understood as
being generic to all possible meanings supported by the Specification and by the word itself."
The definitions of the words or elements of the following claims, therefore, include not only
30  the combination of elements which are literally set forth, but all equivalent structures, materials or
acts for performing substantially the same function in substantially the same way to obtain
substantially the same result.

Insubstantial departures from the claimed subject matter as viewed by a person with
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30 4. A structure displaying, in a layer thereof, a first

t hree-di nensional feature, at least a portion of said first feature
vertically displaced froma first |evel of said |ayer, %SEE first feature
having a first principal axis substantially parallel td@s%8%%st |evel,
a first transverse axis substantially normal to said first principal axis
and paral | el 4t QvSakif ;f 1S it fi verti axi tanti.ally
nor mal bothrfoagald'férst ﬁr#ﬁ%?%gw?ggﬂgméﬁﬁaé%dﬁé5%@%%P}é#&?ﬁggﬁ,g%é%%?
first feat wgeivhigntiyheithic Hwrsaapeef ihe ebiitha) etenaliquglanottpedorotingxaglydipesamt: figgiich
first featur N atr verse section thereof i splays . .no

subst anti al mg?‘%sg“g{‘%ﬂ}?g%% 1N t‘@‘r}‘?‘?%ﬁ%‘ Sh“‘é“agléf iU S el?cﬁleéeg?r& SP&?{@WO“S now

f eat ur e begirikseriknewnl tosqe adth watinary skilhinslteed agk Will be vithia Vel scopalof he defired BISMERtS €
edge of _said first feature, until the. point at. whic aj d di spl acenment
from said first T%Fé’\y“‘érps é‘i?a‘gusa't’“%t“ﬁ@o%ﬁopwgﬁ’fke Wthf’ta'ﬁﬂf?i@éﬁyeﬁlﬂam@fj and jdgscripeds ¢
feature; b.abbhig wﬁdttiﬁéﬁnc?‘tuaiﬂ? bghivalen Whhteah bé Sovaduslp Gubsftu@d hihd Sdo WRE Ssb&ihll
axis, in respect to sai first level, is not nore than approxi mately 0.25

micron, theDeROEHEs the essetigl ifqaosthe pvgalionr e al ong said first transverse axis
is not nore than approximately one mcron and the extent of said first
feature along said first principal axis is at |east twice as great as the
extent of said first feature along said first transverse axis; and c. the
rati o of the maxi mum di spl acenent of said first feature fromsaid first
level in a first direction along said first vertical axis to said

di spl acenent in the opposite vertical direction excludes values within
the range extending from approximtely 0.2 to approxinmately 5.0. The
structure recited in Caiml, wherein said ratio further excludes a
substantially zero value and a substantially infinite value. The
structure recited in Claim2, wherein said first feature represents data
that may be selectively retrieved. conposition. The structure recited in
Claim1l1, wherein said layer is of substantially uniform 29 June 2006 -60
5. 56. 7.
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10 8. 15 9. 20 10. 25 30 The structure recited in Caim4, wherein: a.
said structure conprises a disc having a central axis about which said
disc my selectively be rotated; and b. said first feature is a pit, said
pit representing retrievabl e data. The structure recit &8 WA€&P% m 5,
wherein the longitudinal extremties g§ _said pit are substantially
mutual |y geonetrically symretric. The structure recited in Caimbé6
wherein said | ayer contains a succession of said pits, said succession
ext endi ngLalipy at least an arc in said disc, a first said pit being

| ongi tudi nally separated fromthe nearest successive said pit in said
succession by a land area of said |layer. The structure recited in Caim
4, whereln: aA stustdrestispliyings & & bprthereef, a fastdbreprdimergionalcdesimieant least 8 about

whi ch sai d di oq‘tiomsaﬁiehl%{:gaﬁﬁé Yerf€al O&i%]tla%gél (3fa %r]st $&)ef of %ari(ﬂaygregzgi reis
a bunp, said bunp representing retrievabl e data. e structure’récited in
G aim 2, wherfasnfeatare Iaging adirstyeincipel axomobitaemlla patld theaid Agt &&veleatiral axi s

about which said disc, sel.ectively be.rotated; and .b. id first
feature is a GHOWHE aéﬁsgﬁ%ywahséwaﬁa?&saidefg&p“&ﬁlpa 5 4hd papa g gt first
principal axijgyeltdh@ atAr@ReMRASKISXNbARaAY ndimdl 88Gtto 8ail Bt AnQpal $Risdngecond
feature being not less than that of the transverse extent of said first

feature al ongosaiil dirgtlevek safthfrss foptyee trtberrchgiagtedzadin @akii m 1, wherein said
| tai ) s o .
ayer contains a 21;1'@ g@?:ﬁ%h(ﬁp% ?\% Iszﬁcﬁglgsrt] géﬂc(\?ﬁ adsgéd y%§§¥an§\zepﬁ]s%&t?o% fere§f1€ ©

said first featur 'separ a rom neares
sugcessi ve one of dsplays ho rsabstdneiak sioesdiypnamiiynfren vienpoigt dt avidclasaddfint sai d

| ayer, said interyvening . and. area displ ayi a.second feature, sai
Sevond feat ure cofFRIERREN IS B agRrC o AR SuJPYRC AL P SPsrag e of
including a secondaiiemsd fep@reauh@l tht ofiitiall whidhSdaid Hism&denit idnspiaaad from
said second level in a direction normal thereto, said elongated region

havi ng a second pr¢vebensiapt thg pePosii SansMersaedep ofsdid stifoaiursy said first

b. the extent of said first feature along said first vertical axis, in respect to said
15 first level, is not more than approximately 0.25 micron, the extent of said first
feature along said first transverse axis is not more than approximately one
micron and the extent of said first feature along said first principal axis is at
least twice as great as the extent of said first feature along said first transverse
axis; and
20 C. the ratio of the maximum displacement of said first feature from said first
level in a first direction along said first vertical axis to said displacement in
the opposite vertical direction excludes values within the range extending

from approximately 0.2 to approximately 5.0.

25 2. The structure recited in Claim 1, wherein said ratio further excludes a substantially

zero value and a substantially infinue value.

3. The structure recited in Claim 2, wherein said first feature represents data that may be
selectively retrieved.

30

4. The structure recited in Claim 1, wherein said layer is of substantially uniform

composition.



29 June 2006 -61 11. 5 12. 13. 10 14. 15 2015. 16. 25 30 transverse axis.
The structure recited in Caiml, wherein said first feature is provided
in said layer by a thermally based process. The structure recited in
Claim 11, wherein said ratio is substantially zero or ub®esPPally
infinite. The structure recited in Cggm 11, wherein said |ayer conprises
a conposition having a first thermal threshold for chem cal deconposition
and a second thermal threshold for plasticization, said second thernmal

t hreshol d. excepditngnsatcdiidd ihllaiinhg Whetein:t hr eshol d. The structure recited
in Claim1l or 13, wherein said |ayer conprises at |east one resin
sel ected frontthe ﬁ?‘%ﬁ‘ﬁ”%ﬁ??P%lPT‘??@ fisc Bavigg,a geitphgrig|abpuicpbiel spddliss: b, a

catal ytically cureg,; &SldveldBErotfed;anghermal Iy cured resin. The structure
recited in Claiml, erein sald out er shape displays no substanti al

surface roughbhess. saTmﬁrssﬁawlslaeltrsaui prepiesenihaiatmievabledataher conpri si ng:
a. _.a second level of said |layer displaced fromsaid first level in a first
dlpectlon b. athird |l evel of said |layer displaced fromsaid second

| evel ingsai dThd sififctugl fe%ﬁéd ﬁFCIalarﬂG Whértinahe binginldaee extdnaiiesal did pit &t | evel
in said first direction; . .a second el ongated, three-dinensiona

feature, at I%&’§‘9n%?np56‘?‘{r?%lh’g6?m§‘§%¥y%@&ﬁ% f eature having:

7. The structure recited in Claim 6, wherein said layer contains a succession of said pits,
10 said succession extending along at least an arc in said disc, a first said pit being
longitudinaily separated from the nearest successive said pit in said succession by a

land area of said layer.

8. The structure recited in Claim 4, wherein:

15 a. said structure comprises a disc having a central axis about which said disc

may selectively be rotated; and

b. said first feature is a bump, said bump representing retrievable data.
9. The structure recited in Claim 2, wherein:
20 a. said structure comprises a disc having a central axis about which said disc

may selectively be rotated; and

b. said first feature is a groove extending along at least an arc in said disc.

10. The structure recited in Claim 1, wherein said layer contains a succession of said first

25 features, a particular one of said first features being longitudinally separated from the
nearest successive one of said first features by an intervening land area of satd layer,

said intervening land area displaying a second feature, said second feature comprising

an elongated, three-dimensional region including a second level parallel to said first

level and displaced from said second level in a direction normal thereto, said

30 elongated region having a second principal axis substantially aligned with said first
principal axis, the transverse extent of at least a potion of said second feature being

not less than that of the transverse extent of said first feature along said first



(1) a second principal axis substantially parallel to said first principal
axis, and substantially aligned transversely therewith; (2) a second
vertical axis substantially normal to said second pringigﬁl %éés, sai d
portion of said second feature extending, in the direct®on"§R June 2006
-62 said second vertical axis, substamgti-ally fromsaid second | evel to
said third level; and 5 (3) a second transverse extent, said second
transverse extent being not |less than the extent of said first feature

al ong said fir@pswersga¥yer se axis. 17. The structure as recited in daim
16, wherein the transverse extent of said second feature is entirely
contained within the transverse extent of said first feature. 10 18. The
st ruct ur é1r ecilhestricmrSraitad hElainh &rveficeit ked GiFsaRaMeE BOreNdaNh sAfl 158 8
second feature jis TOt ggﬁjrely contained within the transverse éxteént of
said first feAdRfrmallyepscapracestr ycture recited in any of dains 16-18,
wherein the outer shape of said second 15 feature, defined by a
transverse section thereof, is substantially a continuation of the outer
shape of 13ai dThe rsguctpearagited ig flding ddorwhefamtsaiderativaisastbemhtadly zerot frat t he
transverse e .0f .sal.d second feature, fromthe point at which said
second featuréhﬁg%Pﬂénﬁﬁgg'displacenent fromsaid |l evel in said opposite
vertical direction to the point such displacenment fromsaid index |eve
ceases if gregﬁer t han zero zﬂt | ess_than one hundred 20 (100) )

nanoret efs. 260 st fegilad jp L laimch L, wherem seiddayer e@mpriyse p spmpestion havingct ur e
caoprises an ghpparhas thiedtid fcﬁ‘tchelhﬁcﬁlséec«?rﬁp&q dn%d%fsegﬁld%érﬁa%fhu%gglgg

substantially | ongitudi nal and having a ird princip axls ex ing in

a di rection ni¥ nlpsticizatien, dsafd rsseondi theondlothresbolddefdeeding amadll Siestotheirmal
princi pal 25 &ﬁgﬁﬂﬁach bei ng substantially parallel to, and approxi mately
aligned transversely with, said third principal axis. 21. The structure
recited in Claim20, wherein said first, second and third principal axes

are tr versely aligned.. 30 22. The struycture_ as recited in Caim 20,
wher ei n I e@’sﬂt ytﬁlc%‘?ﬁcﬁﬁj Bk Cé‘;‘;ﬂ’ cﬁf‘?rr ‘h?"é‘? fayer coipRyisesiat lgatt|ope
displ aced fr omeif sdiebi&PRSH thel @AlpHoBsistin of A Structure conprising a data
| ayer for containing selectively retrievable data, said 29 June 2006 -63
a. an ultraviolet cured resin;
b. a catalytically cured resin; and

c. a thermally cured resin.

20 15. The structure recited in Claim 1, wherein said outer shape displays no substantial
surface roughness.

16. The structure recited in Claim 1, further comprising:
a. a second level of said layer displaced from said first level in a first direction;
25 b. a third level of said layer displaced from said second level in said first
direction, and further displaced from said first level in said first direction; and
C. a second eclongated, three-dimensional feature, at least a portion of said
second feature having:
¢} a second principal axis substantially parallel to said first principal axis,
30 and substantially aligned transversely therewith;
(2) a second vertical axis substantially noumal to said second principal

axts, said portion of said second feature extending, in the direction of



data layer having: a. afirst level; 5 b. a second | evel displaced from
said first level in a first direction; c. a third |evel displaced from
said second level in said first direction, and further __djspl § d from
said first level in said first direction; d. an elongaﬁ@dfagﬁg rack, at

| east a portion of said track being substantially: (1) |ongitudinal; and
10 (2) normal to said first directiogz-e. a first el ongated,

t hree-di nensi onal feature, at least a portion of said first feature
having: (1) a first principal axis substantially parallel to said portion

of said data trac lﬁaﬁ@&:nﬁ&'b&ﬁ@dﬁaﬁc@l%ﬁsﬁitfaﬂ?ﬁgmts AR IS Y tolshar ew th, 15

(2) a vertical axis substantially nornmal to sal principal axis, sai d
portion of said fithitdletebaandre extending, in the direction of said

verdical axis s fromS|df|rst | evel to ld second | evel ;
and (3) a trans thsaggcé)ﬁka%gvgrfse e ’rﬁdsﬁfo&dﬁ?ﬁ%’ﬁfg& e¥fe Eﬁsﬁlal ue; and
f. a second el Ongaﬁ&d,ﬂldéiﬂt@eoﬁhafmﬁrsuﬁﬁtaieai&n%tshiﬂ@kst%ndv@@@hx@ portion of

said second 20 feature having: (1) a seco princi pal axis substantially
parallel to said portion of said data track and to said first principal

axis, pnd spRstradieal mt@d in@N5eh M meéﬁftﬁ@{rxns%}% ?%& staﬁo%ecgndv ecal

axis substantially normal to said second principal axis, sai i‘on of
sal d seconds etialy penteinedeviithin ghe transtess edtenmﬁsmdrﬁrsﬂfcmed verti caI axi s

sypstantially 25 fromsaid second |evel to said third level; and (3) a
transverse extent of a second m croscopic dinensional value, said second
val ue 18bei rﬂ@lcrstnuctmesezzit'ed]m(:lam tle, frttesdin thaltdgsverdd extént PEERM becShd feautd i€

conprising t ructure r in any of ai -23. 30 25. A secondary
structure %E%Iltlé ¥f’%ﬂt‘f1§’/eda gte%a?s‘feésﬁle?‘@ﬁft‘gda‘fi%gﬁ}? eparent structure
recited in daim24. 29 June 2006 -64 5 10 26. A secondary structure as
recited in Caim25, wherein said secondary structure is replicated from

an i nt}dr medibssluctue trotted 1w agu of Gloims Hods.sdictrinthe enter stapeief widsecandt her

15 feature, defined by a transverse section thereof, is substantially a continuation of the
outer shape of said first feature, said second feature characterized in that the transverse
extent of said second feature, from the point at which said second feature begins its
displacement from said level in said opposite vertical direction to the point such
displacement from said index level ceases is greater than zero but less than one hundred

20 (100) nanometers.

20. The structure recited in Claim 16, wherein said structure comprises an elongated track, at
least a portion of said track being substantially longitudinal and having a third principal
axis extending in a direction normal to said first direction, said first and second principal

25 axes each being substantially parallel to, and approximately aligned transversely with,

said third principal axis.

21. The structure recited in Claim 20, wherein said first, second and third principal axes are
transversely aligned.
30
22.  The structure as recited in Claim 20, wherein at least a portion of said first feature is

longitudinally displaced from said second feature.

23. A structure comprising a data layer for containing selectively retrievable data, said



than by direct contact wth said parent structure. 27. A nethod for
produci ng a structure, said nethod conprising the steps of: a. providing
a layer in said structure; b. defining a first level of said é er; and c.
creating, in said layer, a first three-dinensional fea?%ﬁ@’ 2999 east a
portion of said first feature vertically displaced froma first |evel of
said layer, said first feature havigagg a first principal axis
substantially parallel to said first level, a first transverse axis
substantially normal to said first principal axis and parallel to said

first |evel n first vertical axis substantially normal both to said
first priné]imf)iazil Ié.%lwéngand to said first level, said first feature further

15 char act er afied lewel;t hat: 20 25 30 (1) the outer shape of said first
feature, defined a transverse section  thereqf, displays no substanti al
sl dpe di scOnfis Biﬂ"flr‘i!?ﬂlﬁé ﬁﬁﬁartdéﬁtle‘(ﬂﬁirb‘?ﬁré%ﬂlﬁc?‘?f’ést feature begins its
di spl acement aiiRiMesd dfphabddtrorh gﬂﬁgecoﬁ& levaH sdid ARBYARLCAEN, GHIRur@ly Sa1 d Tirst

feature, until the point at which said displacenent from sai d first |evel
ends at the diptased Bomsaiddivsdeyel inggd firgfdirsetion; first feature; (2) the

extent of gal i ure.al on idfir vertical axis, in respect
to said fi r%stag Ff:(a)\r}é?st%d éagaat&% "G‘trnzi)leragt Oaﬁonaopf%?lgﬁaﬁ%ﬁee s ?tﬁ'%la:‘wbron, t he
extent of sakl) Iohgisididfabahdre al ong said first transverse axis is not nore
t han appr oxi nat el ne mcron and the extent of said first feature along
sgﬁd first p@n’&q toéﬁggﬂ?tglrﬁ‘ftmpeast twice as great as the extent of

sai d first ef eptilf QorPaRBGhRRidnérsionhl bARRSNIESE: PHich ofdfd flrt) the ratio of
t he maxi num di spl acenent of said first feature fromsaid first level in a

first directiferghevigesaid first vertical axis to said displacenent in
e oRPos! (el S5t MR LSRN e 00E
28. 29. 5 track and substantially aligned transversely therewith; .
15 (2) avertical axis substantially normal to said principal axis, said portion of said first
feature extending, in the direction of said vertical axis substantially from said first
level to said second level; and
(3) atransverse extent of a first microscopic dimensional value; and
f. asecond elongated, three-dimensional feature, at least a portion of said second
20 feature having:
(1) a second principal axis substantially parallel to said portion of said data track and
to said first principal axis, and substantially aligned transversely therewith;
(2) avertical axis substantially normal to said second principal axis, said portion of
said second feature extending, in the direction of said vertical axis substantially
25 from said second level to said third level; and

(3) atransverse extent of a second microscopic dimensional value, said second value

being not less than said first value.

24. A parent structure comprising the structure recited in any of Claims 1-23.
30
25. A secondary structure substantially accurately replicated from the parent structure

recited in Claim 24.



30. 10 31. 15 32. 20 25 30 The nmethod recited in Claim27, wherein said
ratio further excludes a substantially zero value and a substantially
infinite value. The nethod recited in Caim27, wherein said_layer is of
substantially uniform conposition. The nethod recited®nWU8R¢°8% O ai ns
27-29, wherein: a. said structure congyises a disc having a central axis
about which said disc nmay selectively be rotated; and b. said step of
creating conprises the step of creating a pit, said pit representing
retrievable data. The nmethod recited in any of Cains 27-29, wherein: a.

said structure co i ses di havyi. tral .axi bout id
Grse rmgsel eteeobl BERSE 4 e e LB S T g D AR, YRR | ses

the step of Cfe%ﬁr:&téwframbymmnﬁa&iﬁ'gbéﬁmmer &BIVES B 86d pakhi aMRRkE rataga. The
method recited 1n any of Clainms 27-29, wherein said step of creating

further conpthasds dirbes centeqs svidifsaidzparent §BICHBE.i ni ng a second | evel of said
| ayer displaced fromsaid first level ina first direction; b. further

defiining a third level of said |ayer displaced fromsaid second |evel in
sai d firgf. di peatthehior arvdudiag hetrudirs phidasdhdd @msiaing thd stats ofievel in said
first direction; and ¢. furnishi a second el ongat ed, three-dinensional
feature, at |@ast Brophingajayesin sal %ﬂ’cg‘é‘éond feature having: (1) a second

princi pal axig subgimmid MidsVlePalopbdi@layéPasri d first principal axis, and
substantially aligned transversely therewith; (2) a second vertical axis

subst ant i al | yenor nereating, gasail beeto adirgrthiseidpainsionsl satugea piglepsy pnogipngt! sai d
se1(60nd feature ext searllcgh%g feahlle Eg‘ﬁcﬂfyrﬁﬁﬁdc%]fr&fn a first level of said layer, said first

feature having a first principal axis substantially parallel to said first level, a

first transverse axis substantially normal to said first principal axis and

parallel to said first level, and a first vertical axis substantially normal both to
said first principal axis and to said first level, said first feature further
15 . characterized in that:

(1) the outer shape of said first feature, defined by a transverse section
thereof, displays no substantial slope discontinuity from the point at
which said first feature begins its displacement from said first level, at
one transverse edge of said first feature, until the point at which said

20 displacement from said first level ends at the opposite transverse edge
of said first feature;

(2) the extent of said first feature along said first vertical axis, in respect
to said first level, is not more than approximately 0.25 micron, the
extent of said first feature along said first transverse axis is not more

25 than approximately one micron and the extent of said first feature
along said first principal axis is at least twice as great as the extent of
said first feature along said first transverse axis; and

3) the ratio of the maximum displacement of said first feature from said
first level in a first direction along said first vertical axis to said

30 displacement in the opposite vertical direction excludes values within

the range extending from approximately 0.2 to approximately 5.0.



said second vertical axis, substantially fromsaid second |evel to said 29
June 2006 -66 5 third level; and (3) a second transverse extent, said
second transverse extent being not less than the extent of said first
feature along said first transverse axis. 33. The nethgadPB%?SQ in Claim
32, wherein the transverse extent of said second feature is entirely
contained within the transverse exten®®of said first feature. 10 34. The
met hod recited in Caim32, wherein the transverse extent of said second

feature j t entirel ont.ain ithin the transverse, extent of said
first fedur ofosgdhordeated HOGRE 2o Shiraty i GH) O orrat RS o7yl ef
sai d step of greAlhdshdeBGRREy fngabilag, in said layer, a succession of
said first features, an initial one of said first 15 features being

| ongi tudi nally separated fromthe nearest successive first feature in said
successi by. o L . T et [ J aim
27, 28, 29 or 1%’1%\%3%‘:3?16%% gﬁirﬂrjs? eezﬁllﬁgaéldalﬁ§ rsmgidgo%g%tgﬁ‘ ]?%ﬁaﬁ?e each
CoORpri se a camipgsitiaki on sel ected fromthe group consisting of pits and 20
bunps. 37. The nmethod as recited in any of Clains 27-29, wherein: a. said
step of providing conprises providing a |layer on which m croscopic

f eat ur esyg, MYTHEGn&L&T REitddYin any HETIAR V7-3a6@6rey: OCess; and 25 b. said step
of creating conprises creating said first feature by a thermally-based
process. 38. @The rReidnBrche paBprssy ajdiscchaying, seentighatie phow aytHchs sad dige

provi ding conpris rovi ding, as said conposition, a

mat eri al havi ng aﬁ?ﬁ%&cﬁﬁegbnﬁmattﬁ glgdhol d for chem cal 30 deconposition
angl a second K. her rsaid stdprafshalidg tanpeatkiscpadcicotng 3 pit.caglguorpresdntingal

t hreshol d exceeding saiﬁaﬁirst thermal threshold. 39. The nethod recited
in daim38, wherdFH¥&0a4 e of providing conmprises providing at | east
one resin selected fromthe group consisting of: 540. 41. 10 15 42. 20

31. The method recited in any of Claims 27-29, wherein:

a. said structure comprises a disc having a central axis about which said disc
15 may selectively be rotated; and
b. said step of creating comprises the step of creating a bump, said bump

representing retrievable data.

32.  The method recited in any of Claims 27-29, wherein said step of creating further

20 comprises the steps of:
a. also defining a second level of said layer displaced from said first level in a
first direction;
b. further defining a third level of said layer displaced from said second level in
said first direction, and further displaced from said first level in said first
25 direction; and
c. furnishing a second elongated, three-dimensional feature,- at least a portion of

said second feature having:
(1 a second principal axis substantially parallel to said first principal axis,
and substantially aligned transversely therewith;
30 (2) a second vertical axis substantially normal to said second principal
axis, said portion of said second feature extending, in the uirection of

said second vertical axis, substantially from said second level to said



25 43. 30 29 June 2006 -67 a. an ultraviolet cured resin; b. a
catalytically cured resin; and c¢. a thermally cured resin. The nethod
recited in Claim39, further including, prior to said steB of eati ng,
the further step of cross-linking said resin. The netkd8d P%@P&éd in any
of Claims 27-29, wherein: a. said step of providing conprises providing a
| ayer whose character, at a selectikye region of said |ayer, may be
altered by selective inpingenment of an energy-transmtting beamat said
region; b. said step of creating conprises creating said first feature by
i npi ngenment of a ysiyansmtting beamat said region; and c. the
shape of said firgyg?gggﬂ?gfis directly derived fromthe shape of said
regi on. The net@oc seaniditadsvierse k@ntysadd secotnbtr Aisversedxtens befig adt 1k eat | ng

conprises the ste of: .a. directi an _energy-transmtting beamtoward a
fitst said regi onqﬁ?n%%F’He‘?té’gé“}‘&?“%fe%%ﬁlwﬁ Sfa? StIFROSTSHREAS ty of said
beam c. focusing said beamto a beam spot at said first region of said

| ayer; roducing relative notion between said first region and said

d. | / ) [ _
beam 3bot The methadresiivd in(lainy 32 whergia the Gansyeree exitens of saishseperidfgature is
subst anti alJiiye ihel wi [ ' £ 4 ing said beam spot in
a third di recqifg(ﬁ@ls%l"grﬂjt}%??égﬂf‘{eg%?%tgﬂﬁgg?lﬁgﬁrgﬁaggé'anti ally parallel to
said layer and normal to said second direction. The nmethod as recited in

AT ooty LRERFLR SR5 TP o iRy PR s e of i SR 5 on of

sai d | ayeiot eftirelgtlcBftaigied @thiniBe RarBe& S kD 6f G firse@&Miel t i Ng beam toward a
second said region of said layer; c. controlling the intensities of said

first and second beans; 29 June 2006 -68
35.  The method as recited in any of Claims 27-29, wherein said step of creating comprises

creating, in said layer, a succession of said first features, an initial one of said first
15 features being longitudinally separated from the nearest successive first feature in said

succession by a land area of said layer.

36. The method recited in Claim 27, 28, 29 or 31, wherein said first feature and said second
feature each comprise a configuration selected from the group consisting of pits and

20 bumps.

37.  The method as recited in any of Claims 27-29, wherein:
a. said step of providing comprises providing a layer on which microscopic features
may be stored by a thermally-based process; and
25 b. said step of creating comprises creating said first feature by a thermally-based

process.

38.  The method as recited in Claim 37, wherein said step of providing comprises the step of
providing, as said composition, a material having a first thermal threshold for chemical
30 decomposition and a second thermal threshold for plasticization, said second thermal

threshold exceeding said first thermal threshold.

39.  The method recited in Claim 38, wherein said step of providing comprises providing at

least one resin selected from the group consisting of:



5 1044. 15 20 45. 25 46. 30 47. d. focusing said first beamto a first
beam spot at said first region; C also focusing said second beamto a
second beam spot at said second region; f. producing rel ti%ﬁ tion
between said | ayer and said first and second g. beams P08 second
direction substantially parallel to _sgyd |ayer; and dithering said second
beam spot in respect to said first beamspot, in athird direction, said
third direction being substantially parallel to said |layer and nornal to
sai d second di.r ectdnantravidiet culetdhrednr ecited in C aim 41, wherein said step
of creating conprises the ste of: a. directing a first

energy-trans 'ttiﬁﬁmﬁgﬁﬁ?gbﬂﬁg e3n;adst sajd region of said layer: b.

al so directing a spgaeRthigoRkdYestd ansmtting beamtoward a second said
region of said layer; c. controlling the intensities of said first and

second beans; d. focusing said first beamto a first beam spot at said

figst regj on,wsai i beam t Vi.n first cross-sectiona
di émet er%j'e. Qes%gp(g)%ﬂeslltt%dgmgglﬁl gg’cﬁé%@ﬁrﬁ%%unﬁ o P gors%)csgwg%f?e‘? r%zﬁiBg, B said
second regi distheaief of eosRlinkispgnidesih. havi ng a second cross-secti onal

di aneter, said second dianeter exceeding said first dianeter; and f.
producing relative notion between said |ayer and said first and second

beam spaf;s | R liKROEERA 8 BRsdANkRIIPhakiel to said layer. The nethod
recited in Claim44, wherein’'said first and second beam spots are

subst anti al | y&- conseidt $térc of Prvidieg lsowiprisesiredding aaklyeroWh@eaghasicthR - 455

whgrein said step Qb . EGE) BsFOIRE 385 be aflered B MRV Tnfnb 8RS bf an
energy-transmitting beam at said region;

b. said step of creating comprises creating said first feature by impingement of

an energy-transmitting beam at said region; and

C. the shape of said first feature is directly derived from the shape of said region.

15 |

42, The method recited in Claim 41, wherein said step of creating comprises the steps of:
a. directing an energy-transmitting beam toward a first said region of said layer;
b. controlling the intensity of said beam;
c. focusing said beam to a beam spot at said first region of said layer;

20 d. producing relative motion between said first regton and said beam spot in a
second direction, said second direction being substantially parallel to said
layer; and

e. dithering said beam spot in a third direction, said third direction being
substantially parallel to said layer and normal to said second direction.

25

43.  The method as recited in Claim 41, wherein said step of creating comprises the sféps
of:
a. directing a first energy-transmitting beam toward a first said region of said
layer;
30 b. also directing a second energy-transmitting beam toward a second said

region of said layer;

C. controlling the intenstties of said first and second beams;



b. causing said | aser to generate a |aser beam and c. projecting said
| aser beamtoward said |ayer. The nethod recited in Caim44 or 45,
wherein said steps of directing and al so 29 June 2006 -%9 di r@@ﬁgl ng
~conprise directing a | aser beamoriginating froma si ngr‘i Jung sour ce.
48. A nethod for producing a structure_containing selectively retrievable
data, said nethod conprising the stégg_of: a. 5b. c. d. 10C 15f. 20 25
30 g. providing a data |ayer of said structure for containing said data,;

defining a fipst | : - Sal o] i fyi econd | evel of
said data | ayae'r suﬁ%ﬁ%ﬁ%ﬁ?%ﬁqggﬁﬁ Aeﬁ%F %eaéﬂagg’%% Srascwlg’i %%‘E’r* and vertically
di spl aced froe sai glsd ifostingesadd seqond Heamsto diseemtd beum sppest §ayd Rgeandt hi rd
| evel of said data | ayer substantially parallel to said first and second
| evel s and verti cal®{di spl aced from said second level in said first
direction, and furgBgcisi sQhdresholib® Pefitied daid Blyel a¥EkaiinfigAAd fbdohh
direction; positioning, in said data |layer, an el ongated data track, at

| eBist a portion ofbeaguipgtsiin askedndidirgetiusabsiantially Ipprallelgnghit ddienaind and
normal to saig fir ] L.on: i i.n S n f said data.track,
afirst mcro 'copi‘%ﬁlﬁg%%i?agis%gg%%%ﬁ%ﬁ(?%} EeeSP%f?rtr%%gﬁﬁsgPQ%g?%Tlg,a %‘frdl east
a portion of said ditecSdn, fsait third di@viiongbeifgl pulatahtislbt papalleded Rald 1aydr ind
substantially parallel, to gaid rtion of said data track and

approxi mately ali g’??é‘&alttf’é?fa\§‘°e‘i°§889“tt‘ﬁ%'r ewith; (2) a vertical axis
substantially normal to said principal axis, said portion of said first
feature extending, in the direction of said vertical axis, fromsaid
s@d@ond |¥lvel Ths methefl gepitaddn (Cdajm| 41, wherein said step of creating comprises the steps of:

a. directing a first energy-transmitting beam toward a first said regton of said
layer;
b. also directing a second energy-transmitting beam toward a second said

region of said layer;
15 c. controlling the intensities of said first and second beams;
d. focusing said first beam to a first beam spot at said first region, said first
beam spot having a first cross-sectional diameter;
€. also focusing said second beam to a second beam spot at said second
region, said second bearn spot having a second cross-sectional diameter,
20 said second diameter exceeding said first diameter; and
f. producing relative motion between said layer and said first and second

beam spots in a direction substantially parallel to said layer.

45.  The method recited in Claim 44, wherein said first and second beam spots are

25 substantially concentric.

46. The method recited in any of Claims 42-45, wherein said step of directing comprises:

a. furnishing a laser;
b. causing said laser to generate a laser beam; and
30 c. projecting said laser beam toward said layer.

47. The method recited in Claim 44 or 45, wherein said steps of directing and also



(3) a transverse extent that is less at said third | evel than at said
second level; and (4) a transverse extent, at said second |evel, from one

side of said first feature to the opposite side of saig fir @%eature,
i ncludi ng any displacement of said first feature fronf e“"ﬂeé ®nd 1 evel
in a vertical direction opposite sai_cégf_irst direction, having a first
m croscopi ¢ di nensional value; and al'So creating, in a portion of said
data track, a second el ongated, three- dinensional feature, at |east a

portion of sahﬂe&ﬁggmpﬁ@a&ﬂe&@]g@iﬁwgg':ané i iaalﬁ%qgma% REiLAloupXi S
substantially parallel to, and approxi mat e%y 29 June 2006 -70 5 10 aligned

transversely with , said portion of said data track and said first

pri nci pal,,axi s; ertical axis substant.ially norml .to said second
DT i bafSaxi 2 nisflog o gbdiihe il BECRREMME s EheRt AP R Rl
direction of smithdcuptisin@lhedwpsofiromsaid first level to said second

l evel ; (3) a transversge extent that .is | ess at said second | evel than at

saiPd first |&vel: PNy dap leyerof vaid saiche B contapingsald dala st | evel , from

one side of sgid sggnmd 2 ivAlkW1Sr LAl bRF198P0si te side of said second
feature, including any displacenent of Said second feature from said

second | evel #£n saiddntifgippesiecandvierd ptsdid ditn dayer orbstahtzally pgrafiekste saiddirst

m croscopi ¢ di mensjonal , val ue ..said secon i,nensional  val ue not | ess
Than sard first acrane sHpdfgidhiers BEEA fy ATl LR AR s ng
| ayer of a stduct ugpecifidag 8l thirdyevel bbsald@atalapdrisabsiantibibyedralldl @ sa@Pfistdnd a

first three-dinensiona) feature, sajd apparatus conprising first feature
cri8ation neans to ¥Feu kvels ﬁnga‘ieﬁ“’ﬁg&é}s?ﬁ‘gﬁd fremsyaic sreoadjleyef i gaid first

three-dimensional §igafisH, Gnd fidéhet BHAced RAT dal PsObva §h thid FifsPlirdBat.Ur e
vertically extending fromsaid primary level ina first direction, said

first featureehaviprgitieningi wcsaphilatafdaysr, sotebangated alplayirgshy &l lpast a portivaiad 20
primary level, a t%@%‘éﬁﬁﬁg%ﬂs&nﬁﬁﬁft antially normal to said principal

axi s and parall el
(1) longitudinal; and

15 2) normal to said first direction;
f. creating, in a segment of said data track, a first microscopic data-representing
three-dimensional feature, at least a portion of said first feature having:
(D a first principal axis substantially parallel to said portion of said data ‘7
track and approximately aligned transversely therewith;

20 (2) a vertical axis substantially normal to said principal axis, said portion
of said first feature extending, in the direction of said vertical axis,
from said second level to said third level;

3) a transverse extent that is less at said third level than at said second
level; and

25 (4) a transverse extent, at said second level, from one side of said first
feature to the opposite side of said first feature, including any
displacement of said first feature from said second level in a vertical
direction opposite said first direction, having a first microscopic
dimensional value; and

30 g also creating, in a portion of said data track, a second elongated, three-

dimensional feature, at least a portion of said second feature having:

() a second principal axis substantially parallel to, and approximately



to said primary level, and a vertical axis substantially normal both to
said principal axis and to said primary level, said first feature
characterized in that: a. the transverse extent of said Jirst $)ature
decreases in said first direction; b. the outer shape of® 8 29%nsver se
extent of said first feature, neasuregofromthe point at which said first
feature begins its displacenment fromsaid primary |evel, at one side of
said first feature, until the point at. which said displacenent fromsaid
primary |evel ends at t#Hanopposivereelyiviid ,odidpaitenfof s8d dath eatkuarel, saidnsudi ng
any portion thereof extending i.n a vertical direction opposite said first
direction, displays no RUS4ERRY al sl ope discontinuity; c. the extent of

said first feature)(1)aabtieg asRisdbst@iinllEabmaKicSsaid fchiRBRAkipal xiSah i rst
l evel, is not nore than approximately Q.25 nmicron; 29 June 2006 -71 5
1050. 51. 15 52. 20 255p0rtiapof syidagesonsd featude exispdipgr Methgxditectien wétsaidor e

than approximtely one yariphis rdhdaiHo RN SRABIARLPE! axis Ts at
| east twice as great as the extent of said iTSt feature al ong said
transverse axis; add d.a trmsverat extentfthathie lesaret saidnsetionp llavek thantat efid Sakd

first feature fron1saiq‘pﬁj ry level in said first vertical direction to
sai d di spl acenent in sal ae’oag%osi te vertical direction excludes val ues

within the range exjendi tgnshéserextamprosidraiselavel fdnt BndBRE QX kB Ls8dondS- 0.
The apparatus recited in daim49, wherein said ratio further excludes a
substantially zero valf6¥ugni@ ke supssigntifie of yaidnecond Eagug, acluding any

apparatus recited in OgaigRadentWeaf esfd ®ahRY Hon Saidf &HH%E%SE%@%W

uni form conposition. The apparatus recited I n any ot % e 49- ,

wher ei n: opposite vertical direction, having a second microscopic dimensional
value, said second dimensional value not less than said first

dimensional value.

15 - 49. An apparatus for causing a layer of a structure, said layer having a primary level, to
contain a first three-dimensional feature, said apparatus comprising first feature
creation means to create, in said layer, at least one said first three-dimensional feature,
at least a portion of said first feature vertically extending from said primary level in a
first direction, said first feature having a principal axis substantially parallel to said

20 primary level, a transverse axis substantially normal to said principal axis and parallel
to said primary level, and a vertical axis substantially normal both to said principal
axis and to said primary level, said first feature characterized in that:

the transverse extent of said first feature decreases in said first direction;
b. the outer shape of the transverse extent of said first feature, measured from the
25 point at which said first feature begins its displacement from said primary
level, at one side of said first feature, until the point at. which said
displacement from said primary level ends at the opposite side of said first
feature, including any portion thereof extending in a vertical direction
opposite said first direction, displays no substantial slope discontinuity;

30 C. the extent of said first feature:
(1) along said vertical axis, in respect to said first level, 1s not more than

approximately 0.25 micron;



a. said structure conprises a disc having a central axis about which said
disc may selectively be rotated; b. said first feature creation neans
conprises pit creation neans to create, in said |ayer,,.a i&@ presenting
retrievable data; and c. said first feature creation né?ﬁggﬁ b er
conprises pit symetry causation neamss _to cause the |ongitudinal
extremties of said pit to be nutually geonetrically symretric. The
apparatus recited in any of Clains 49-5 1, wherein: a. said structure
conprises a disc hgyi ngalang&id tralsvad &iaR Bt mvkitcdh HRiEiHASS onEBicron;
selectively be rotated; b, said first feature creation neans conprises pit
creation neans to creat@F‘in said layer, a bunp representing retrievable

data; and c. said f3yrst L8l ErishiEab; - 1 oapri ses bu
symetry causati on“nea%sﬁ?%)_ cgﬁljseﬁ?%e@?&oaﬁg%?ﬁ fér%aa}gré%?{ ?Sem e Oéf‘?c’a'ggi d
bunp to be nutually gebsefeatucalléng ssidmmasverse. axi29anlune 2006 -72 54. 5 55.

10.56. 15 20 25 57, 3Q. T appar at u s recited | ny of C ainms, 49-51,
whérein: a. séi d sPF ey ec'%?ﬁfﬂug‘eésﬁgacﬁfr@ﬁt %&erﬁst eqtuR dioR) said pramayo it

whi ch said disc neyelsial it tiwelvertksl diddclibeds saidddibplacaieft fif 534 opr&Iiliér e
creation means conprises groove creation neans to create, in sald |ayer,
a groove extendi ng’c&ihgdiEctp agicluggs ayaludsn vating e stangThextepstieg offus

recited in any of ﬁjxqﬁat?@nsz%a &ﬂa‘i‘e]ié‘bd first feature creation nmeans
conprises first multiple feature ' creation nmeans to create, in said |ayer,

a successi on of said first features, an initial one of said first
fegtur eSSOt.) ©1 e apparatus recited in Claim 49, wherein said ratio further excludes a substantially

zero value and a substantially infinite value.

51 The apparatus recited in Claim 49, wherein said layer is of substantially uniform
composition.
15 .
52.  The apparatus recited in any of Claims 49-51, wherein:
a. said structure comprises a disc having a central axis about which said disc
may selectively be rotated;
b. said first feature creation means comprises pit creation means to create, in
20 said layer, a pit representing retrievable data; and
c. said first feature creation means further comprises pit symmetry causation
means to cause the longitudinal extremities of said pit to be mutually
geometrically symmetric.
25 53. The apparatus recited in any of Claims 49-51, wherein:
a. said structure comprises a disc having a central axis about which said disc
may selectively be rotated,;
b. said first feature creation means comprises pit creation means to create, in
said layer, a bump representing retrievable data; and
30 C. said first feature creation means further comprises bump symmetry causation

means to cause the longitudinal extremities of said bump to be mutually

geometrically symmetric.



| ongi tudi nally separated fromthe nearest successive first feature in said
succession by a land area of said |ayer The apparatus recited in any of

Clainms 49-55, further conprising second feature creatg%p neggﬁ for
creating, in said land area, a second feature, said se Y fre
conprising an elongated three- drnensreQaI region including a secondary
level parallel to said primary |evel,at least a portion. of said second
feature extending from said secondary | evel to said primary level in said
first direction, said second feature having a principal axis
substantially parallel to, and approxinately aligned with, the principal
axi s of &4id Th arpalatusias scitediatany ef Claives 43-8hsvheredis extent of said second

feature, nea uredsaH %]chngcnrgglnstes%tdtygtha Q'cgtéa? ‘ﬁaturhe bggit ns its

di spl acenent Trom 'sai d Seco ate drie sr Sal'd“d
feature, until thanapummnaﬂyhbnmhasan@ drsplacenent fronrsard secondary
ite side of said second feature, including any

| evel ends at the opposi

poPtion t her ebf exstaéﬁ’%is‘n"tﬁa‘?lt‘? RN BIEHSOPPT SIS CrealiobReans o crepfgiiAg not
I ess than said trapgmejea gzst%teamngar&tglametgtat alclifi $id fg@t ure. The
apparatus as recited in any of Cainms 49-56, wherein: a. said |ayer

conprises a material in which ntcroscoprc features may be stored by a

t her mal | %5 f grsﬁ%h’gﬂrﬁ 3 I&Cl?éd 1%%{} JRER! &1@39 %l SQJ}, lc? %aHI 'ﬁrs%tfez%tﬁrree r?]aélf)a for

t hr eshol econposrti on a secon ernm

pl asticizati QﬁeanSEdodtp@I@@Oﬁdt tlhettptalfeautrbrmeh dn@meeedrea@, Siisaidf layes] a
thermal threshol d; gg 29 .J 006 -73 5. %i 15 20.60. 25 30 c.
sdPd mat eri alSUESHBPT Ws St réb FAgS AR SN e‘?”@c? crardr t fratuggso fging

consi sting  gbndibbinAlly Stphfafdi fRinfine GHAEH sh@8istvie Hrdfeure 3 By tdcealiby bgur ed

resin; and
a land area of said layer

56.  The apparatus recited in any of Claims 49-55, further comprising second feature

15 - creation means for creating, in said land area, a second feature, said second feature
comprising an elongated three-dimensional region including a secondary level

parallel to said primary level, at least a portion. of said second feature extending from

said secondary level to said primary level in said first direction, said second feature

having a principal axis substantially parallel to, and approximately aligned with, the

20 ~ principal axis of said initial first feature, the transverse extent of said second feature,
measured from the point at which said second feature begins its displacement from

said secondary level, at one side of said second feature, until the point at which said

displacement from said secondary level ends at the opposite side of said second

feature, including any portion thereof extending in said opposite vertical direction,

25 being not less than said transverse extent of said initial first feature.

57.  The apparatus as recited in any of Claims 49-56, wherein:
a. said layer comprises a material in which microscopic features may be stored
by a thermally-based process;
30 b. said material displays a first thermal threshold for chemical decomposition
and a second thermal threshold for plasticization, said second thermai

threshold exceeding said first thermal threshold; and



(3) athermally cured resin; and d. further conprising curing neans to
cross-link said resin prior to application of said first feature creation
means The apparatus recited in any of Cains 49-57, wherein id first
feature creation means conprises energy beam neans to%e’h’@?%ﬁ@ said first
feature in said | ayer The apparatus +@gi-ted in C aim58, wherein said

ener gy beam neans conprises: a. beamdirecting neans to direct an
energy-transmtting beamtoward said layer; b. intensity controlling
means to cont¢ol t$eed matesiak¢anyprises adeapt pecaresinselepled frofmobeagiany aresistdigt o
focus said beamto beam spot in said layer; d. relative notion producing
nmeans to produce relative notion between said |ayer and said beam spot in
a second direction, shi#h decasidi-cliréEebihon being substantially parallel to
said layer; and e. beamditherjing neans to dither said beamspot in a
third direction, sai @xhfatadtically eed sanp@idhg substantially parallel to
sakd | ayer and nor mal3yt pihsehly26e@Rckin; dhd €Ction. The apparatus as recited
in Caimb58, wherein sald enefgy beam neans conprises: a. beamdirecting
means to direck a furthgtcompesigg cenngraennt ta ergsstakrsaidovsdn prigaé eppikatymrofand t o
direct a second energy-transmtt.ing beamtoward said |ayer; b. beam
control Il ing nmeans S[aloog%r(%tnft%%éﬁe ctﬁf"ililo'i'l ﬁ}e%'?'fsi ties of said first and second
beans; c. focusing nmeans to focus said first beamto a first-beam spot in
said | ayer, aid first beam spot having a first cross-sectional dianeter,
and to fdtus FRPAEISO LY o laClirad A SO Be BiF s Potald firsd fpature yeation s aj d
segond beam 29e,}dB6mpRRG enef @@mm%\ﬂ@&n@ra&%ms%ﬁgéﬁ &6d 100!

di aneter, said second dianet’er exceedihg said first dianeter; and d.
relative notion producing means to produce relative notion between said

| ayer ang, saif fli - bgam,spots.in a second direction
subst an'??) al | yﬂe@b%%%tg?&%t&ﬁ%@%{nﬁ z‘fﬂl/}g%nsé .enﬁ%ﬁ)ﬁ%ﬂeg{lﬁ%o@g“?seci ted in
any of d ai nm. 49- GRamf dirdctieg neanpio direg aeemngy-raaititg eiMabivar seans for

creating a second lf eature in said layer, said second feature conprising a
t hr ee- di mensi onal ‘#&4i on i ncluding a secondary |evel parallel to said 10

E}’f. gagxefcgﬁ\églrby at jhigRdty cantRidd ABarRto Sdindl B8 SR 8ALM Geafit ending from
c. beam focusing means to focus said beam to a beam spot in said layer;

d. relative motion producing means to produce relative motion between said
layer and said beam spot in a second direction, said second direction being
substantially parallel to said layer; and

20 €. beam dithering means to dither said beam spot in a third direction, said third

direction being substantially parallel to said layer and normal to said second

direction.
60.  The apparatus as recited in Claim 58, wherein said energy beam means comprises:
25 a. beam directing means to direct a first energy-transmitting beam toward said

layer and to direct a second energy-transmitting beam toward said layer;’

b. beam controlling means to control the intensities of said first and second
beams;
c. focusing means to focus said first beam to a first-beam spot in said layer,
30 said first beam spot having a first cross-sectional diameter, and to focus

said second beam to a second beam spot in said layer, said second beam



| evel to said primary level in said first direction, said second feature
having a principal axis substantially parallel to, and approximately
aligned with, the principal axis of said first featur?gd@h bé nsverse
extent of said second feature, neasured from the poin sai d
second feature begins its displacenenygfrom said secondary 15 | evel, at
one side of said second feature, until the point at which said

di spl acenent from said secondary | evel ends at the opposite side of said
second feature, ingpbudiangg ansecpamt tarems-stdiemebfdiexdten diainly secondaidtinapgposi t e

vertical direction s than, said transverse extent of said
- 0 st atOhes G

first feature. ReehAnd ausing sel ectively retrievabl e

data to be cantai nemivd ndtdipRodudihgmeins 18 Préliusd raIShr RotiSidbetwdat daijayer
conprising: a. a first level; b. a second level substantially parallel to

said first |evel daroed saigfrs gndisespnchbest sposgmagasandidieion aibaipntially o

figst direction; i | evel substantiall arallel to said first
2p%r 183 shiflh4 . y pal !
an% second | evel s Tane evefﬁ?cggfy 30 displaced fromsaid second | evel in

said first dlrectlon and further di spl aced fron1said first level in said

first directi and d. an.e dat a | east a portion of

Ll g b b rBaut an AE) VAR ORI b e camintibs BRI "L o o
first direct |c@é’ht10§ah@n§ﬂﬁﬁﬁfkbﬂ? ﬁoiéﬁdiﬂds Edaqne 8n shidl Biler 8aldUSRoME #%urk O
contain, in a segnent of said data track, a first 29 June 2006 - 75

ni cr oscopic &amnﬁlébrae@%tdlrﬁgmmab@gwmrﬁéﬁyﬂ@aﬂ sepQIiaLy l@velazaral@bsq said
p tion of e(lélt atl1ER] éjf)(gﬂ iBRYT 8% s&%ﬂd fa er engfn' Bty gélcrl] oﬁdary

stantlall ara1|el to sa portion of sal rac
appr oxi mat el yeval itg rsem,i priraay vievd elnysaid irs vditehtion s@ﬁl) s@ond ftdtoal haigsa

substanti al | nor t 0, sai ri nci,pal axi s, sai rti,on. f sald |rst
fenture. bat oRitaETxs DraRRnRpaRfeRE @R iR i BEis i, Ye 55
second | evel akig o¥@hid firdiifeBurk ate transvese axtbitaTSMe s&@n@ ekt lhba%hreﬂffrdness at

said third |l evel than at said secognd level; and 10 (4) a transverse
extent, at saiedPApcBmishyd secopd faie begiamithisplasenent from saidbareardary o t he

Oﬂ:pf)Si te si d‘?ev@f, 2P Bhdsifik bBLaid S&oHA ?eatllr@,%‘tﬁj 'tl{%%o?lﬂyat which said displacement
from said secondary level ends at the opposite side of said second feature, including
any portion thereof extending in said opposite vertical direction, being not less than

said transverse extent of said first feature.

20 62.  An apparatus for causing selectively retrievable data to be contained in a data layer of
said structure, said data layer comprising:
a. a first level;
b. a second level substantially parallel to said first level and vertically displaced
from said first level in a first direction;
25 c. a third level substantially parallel to said first and second levels and vertically
| displaced from said second level in said first direction, and further displaced
from said first level in said first direction; and
d. an elongated data track, at least a portion of said track being substantially:
() longitudinal; and
30 (2) normal to said first direction
said apparatus comprising:

e. first feature means to contain, in a segment of said data track, a first
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from said second level to said third level;

a transverse extent that is less at said third level than at said second
level; and

a transverse extent, at said second level, from one side of said first
feature to the opposite side of said first feature, including any
displacement of said first feature from said second level in a vertical
direction opposite said first direction, having a first microscopic

dimensional value; and

“second feature means to contain, in a portion of said data track, a second

elongated, three-dimensional feature, at least a portion of said second feature

having:

)

@

3)

“

a second principal axis substantially parallel to, and approximately
aligned transversely with , said portion of said data track and said first
principal axis;

a vertical axis substantially normal to said second principal axis, said
portion of said second feature extending, in the direction of said
vertical axis from said first level to said second level;

a transverse extent that is less at satd second level than at satd first
level; and

a transverse extent, at said first level, from one side of said second
feature to the opposite side of said second feature, including any
displacement of said second feature from said second level in said
oppostte vertical direction, having a second microscopic dimensional
value, said second dimensional value not less than said first

dimensional value.



