MULTILEVEL NANO-STRUCTURE OPTICAL MEDIA WITH ORIENTED TRACKING MARKS FIELD
OF THE INVENTION [0001] The present invention relates to methodology and technology for optical
read-out of disk-shaped optical data/information storage and retrieval media comprised of pits or
marks configured as multilevel oriented nano-structures (ONS). The invention has particular utility in
the use of ONS-type optical media with ultra-high data storage capacities in excess of about 150
Ghytes for disk diameters comparable to those of currently available CD and DVD media.

BACKGROUN%&{E&}W%&@ Q?r]ug\ﬂ qq %%CW'%QEIM%I media provide
storage capacities/densities which are @R@éﬁqgg qLar as high'as about 5, felative to the
currently available CD, DVD, HD-DVD, etc., optical disk media. Advantageously, such ONS media

and systems are backward compatible with the CD, DVD, HD-DVD technologies, and are suitable for

use as smaAEMMIBFHEINNENTIONS are currently employed in personal audio/video devices, e.g.,

Game Boysérd iPODS(r)g;tc. [0003] Referrinﬂ%to FIG. 1, the upper illustration is a plan view of a data
track (or ré %lng cell) ‘CrPESHUVCINERER, wittuioaesibedelaaskand trchnolory i grtigalttern

comprised rhd-qitodldigofieipapeitchnaatm aimatt oelsidsagenas) darned fedhecsminsal o the medium
and the corresponding output pattern of a read head or photodete ich.is prodyced by the
pattern of rﬂgsrlgsr rgfa‘ﬁ)r%?sc,ov%ﬁ rfagl)(r?ef?a{? il t|2rl115“|*'cea 4y teegrrrln ?Fﬁﬂ?ﬁtg’begéﬁgs\gg&?e’éﬁ%aﬂééﬁ marks or pits
which limitParicuiaxutilitn dathee nso o @NSzity apticalemdiliy with faltra-bjgle atisistopsgtion speed.
[0004] Stil égfgeiiag IR EAGhd o el 950 SHALO RIS AURCEI R AR toPRUGI LT @ read head

or photodetector of a multi-states encoded ONS medium, wherein the surface of the medium includes
a data tracRYBFTOCRYAIABIE SR and DY Dameditof marks or pits configured as multilevel, angularly
oriented nano-structures. As is evident from a comparison of these illustrations, and noting that t <
train, the areal recordiﬁ%)densitly]éind data rate is significantly increased (i.e., ? 5 X) in the multi-states

encoded ORAGKRER OF THE INVENTION
[0002] Oriented Nano-Structure ("ONS") optical media provide storage

capacities/densities which are increased by a factor as high as about 5, relative to the
currently available CD, DVD, HD-DVD, etc., optical disk media. Advantageously, such
ONS media and systems are backward compatible with the CD, DVD, HD-DVD
technologies, and are suitable for use as small form-factor disks such as are currently
employed in personal audio/video devices, e.g., Game Boys®, iPODS®, etc.

[0003] Referring to FIG. 1, the upper illustration is a plan view of a data track (or
recording cell) of a conventionally encoded optical disk medium, showing a pattern
comprised of a plurality of elongated marks or pits (dark areas) formed in the surface of
the medium and the corresponding output pattern of a read head or photodetector which is
produced by the pattern of marks or pits, wherein #wi, indicates the minimum spacing
between adjacent marks or pits which limits the maximum data encoding density and
reading rate for a given disk rotation speed.

[0004] Still referring to FIG. 1, the lower illustration shows the expected output
pattern of a read head or photodetector of a multi-states encoded ONS medium, wherein
the surface of the medium includes a data track (or recording cell) with a pattern of marks
or pits configured as multilevel, angularly oriented nano-structures. As is evident from a
comparison of these illustrations, and noting that ¢ < fmn, the areal recording density and

data rate is significantly increased (i.e., > 5 X) in the multi-states encoded ONS medium




by packing more information (i.e., M states) into the recording cell, while advantageously allowing
operation with far-field optics similar to those of ccznventional optical drives. [0005] Adverting to FIG. 2,
shown therein are cross-sectional system views and plan views of the encoded surfaces of
conventional CD, DVD, Blu-Ray(r) media, as well as ONS media, along with associated performance

characterisbypaakingpeoretinforpration étesMtateshintbtthesecnrduligasih eshiksathefnpge iuidyevident that
ONS media,fieisigaiitisn WMineieasRcd MeAlimea i an deeibn ARt Said sate dives vis the earlier

generations 01‘9(5)5)t|cal media by virtue of. (1) decreased spacing between adjacent data tracks; (2) the

ability to wifiPdary the AMN5R0e ford @i Shaamk thetnin \iiecrasysisstinnah &y spmaviett@nthence the
encoding injmadieno e 6ardbedisarfaesest pinvedtiakl Gy By BrgrRa@ Hlada t@ake[0006] ONS
technology po ses the patential for becaming significantly more, valuable than conventional optical
disk tech no%gﬁ?n(%CH\;\?Ntgqgrﬁ%ewég\d?g?qﬁ'gtewrilfg%rf}m% éil;s A ESHCR AR a?83§?8?§ge capacities
in the 150 -pargeteshyfecacingt thebremedia H125. ins dicforetat Foeniderariban @NRsatodizzoffially well for

content dellgiitand MiUieab ANSEND MRS e Yl plagge D Lipfteva

applications. 10007] Conventional gptical disl data/information recording and storage systems, e.g.,
employing FEAEFAIOR S Phticelunedipbiovimreet (alsriestnd spacingbriwren adiassrsdeiaf elongated
pits or mark&mbumwemmg&dvamd yeoetgrwll d?@ﬁ@mmx?(hwm?l@md}h@d@é&%rmlIenftlgths
determined by the corfesponding digital .signal..The read-back signal,is related o optical reflection -
changes Wﬁl%%] %%%%f gﬁﬁ% & .ﬁa%“ﬁ%d“&%. |r§tgméléi§'é§?)$t - gﬁ%%ec%&”ﬁi?sr S}BFiﬁa‘f‘fﬁs.“Pbooza] Optical
disk media akueteach dataeackonal CD and DVD media, typically comprise a large number of
spaced-apgfodegncentripN3igliRiiSey- Bos RGN IR A R THMAY QRS RIRHR dpibe form of pits

or marks, as described above, from which the recorded data/information Is read or retrieved. The data

tracks of th&tREkn Shefskomertigeel, pptisph e foctmolnght AURSC(EM RO IONASe YAKELS Tts or marks,
which changtitabie'r e taigkiohincaaaiit aaes seehiftoapaciesiiant signal. (000 Yyes askisk having
multiple con %ntric t ) tk}%j‘ia{g the track is referred.ta as the down-track”

direction. WEhEn Jna a. ecﬁid rc]l dmete g F?%I%F?égﬁcpare usable equaﬂ?%erﬁ%r content delivery (as in
the current CD and DVD markets) and archival storage and retrieval applications.

[0007] Conventional optical disl data/information recording and storage systems,
e.g, employing read-only and writable CD, DVD, etc., media, rely on a structure
comprised of elongated pits or marks which are oriented and extend in a down-track
direction and have diskrete leﬁgths determined by the corresponding digital signal. The
read-back signal is related to optical reflection changes which occur at the leading and
trailing edges of the elongated pits or marks.

[0008] Optical disk media, such as conventional CD and DVD media, typically
comprise a large number of spaced-apart, concentric data tracks, i.e., tracks where digital
information is stored in the form of pits or marks, as described above, from which the
recorded data/information is read or retrieved. The data tracks of the rotating disk are read
via changes in the light reflected from the various pits or marks, which changes in
reflected light are processed into an electrical signal.

[0009] For a disk having multiple concentric tracks, the direction along the track
is generally referred to as the "down-track” direction, while the direction normal to the
tracks is referred to as the radial or "cross-track" direction.

[0010] CD and DVD media may comprise data tracks which include servo fields

or regions. Pits or marks in the servo fields are used for maintaining the laser beam from

the read-out head in radial alignment with respect to the particular data track being read.




tracks is referred to as the radial or "cross-track" direction. [0010] CD and DVD media may comprise
data tracks which include servo fields or regions.fits or marks in the servo fields are used for
maintaining the laser beam from the read-out head in radial alignment with respect to the particular
data track being read. 3 As is evident from, e.g., U.S. Pat. Nos. 5,519,679; 6,233,209 BI; and
6,236,627 1484 istREidentifkonisuRsUk8sRat\MvieHs 96231200 Bl pindy, 28662184, thvariety of
configuratiogsian ReRIRRIN G GRIL RN ROSHIRILACHARIR' 5P AR 'S POgRIRIe o For example.
the tracking pits or marks may be of different geometrical shapes and present as individual pits or

marks, as rACRRBVEHGRS ANYRCSIHPPIRG SFARSAREDLS ofith G raskaRR LS 195t HI9k9Te 9ssiRlE: on the data
tracks, or a¥qitexampleribelanriddgaiingaidadive miatabl arkgiifeitit gpaaesibAtWRBEsafi@cent tracks.

Reading ang nr sin signals corresponding.to the pjts or marks provide an indicia of the laser
beam's rad a%%g%%},m@yﬁﬂuﬁe l%ccfrtom es’tragcrlg(gﬁéy ﬁﬁ%gflopﬂrssco rpgét%rf%{ SaBdHEYuence, proper
reading anikscubstarsiallYrerdened ioniche doierirpiies.corrampits onnlacksrincktes! bistigsidsthered. [0011]
Consider, fen@*@RBRlenA RSB MICHEREIS éhﬁfé&@&!‘@&ﬁﬁ{%&ﬁ%{ ‘éﬁﬁéﬂ sﬁggf‘s{ @%&?AIX located

o) k.1f th

between adjacent tracks on alternate sides of a particular trac laser beam is properly centered,
the magnitOFEBPRARSedhe it PsBAkiRsPsids ARdindisia pdpe lasee hramsrptiskpasitionors A and B
(or photodetdtiaespeaymeis Aaskndrd)allow fighs wdrietisn eflesteshibpianpplpdhrasspciated tracking
pits or marka?,é\ %lc%s% W”(l)tﬁ.ﬁ ﬁotléﬁxll fnt#a(%.lase{ l%(raam IS off-cetnte(g(, the magnitu es of the electrical
output signals filom pﬁgto etediors ABRdB i no’f‘%’gse%lutgf ahd 2N S%ﬁﬁ WHEN of the radial position
of the lasef®ddin is madensidendoseaxampleckingss ydtompiiseiaging pis etatisksagmitudes of the

electrical signale dgipIRALP BRINE AR A RIS ADONE: DI SaRRlplgr jpacking

systems may utilize additional trackin? pits or marks and associated photodetectors or photodetector

segments, &% 128 bariipisieraeedcrateing tegnasnitides of edectijral putpys signalsieiiged FIGS. 3 (A) -

3 (C), DVDHx@Mspretiia pithofipigedesctapacesdEai sivivduleor BaktenAmiBG¥Rcking error

e oo RIS R i3 OB B e LA RIS S SIS RY SRRV g1 (PP e
equal. If the laser beam is off-center, the magnitudes of the electrical output signals from

photodetectors A and B will not be equal, and an adjustment of the radial position of the
laser beam is made by the servo tracking system, based upon the relative magnitudes of
the electrical signals from photodetectors A and B. As indicated above, more complicated
tracking systems may utilize additional tracking pits or marks and associated
photodeteétors or photodetector segments, e.g., quadrupole detectors with segments A, B,
C,and D.

[0012] Referring to FIGS. 3 (A) — 3 (C), DVD-ROM media with elongated,
spaced-apart data pits or marks may utilize tracking error signals generated by a 4-
quadrant photodetector and processed either by radial push-pull (PP) type methodology or
differential phase detection (DPD) type methodology to determine a radial error signal
(RE). As shown in FIG. 3 (A) for PP methodology, the RE signal is defined as the
difference between the sum of the output signals from detector quadrants A and C and the
sum of the output signals from detector quadrants B and D, i.e., RE = (A + C) - (B + D);
whereas, as shown in FIG. 3 (B) for DPD methodology, the RE is determined from the
phase difference between fi = A + D and f; = B + C, wherein the former is the sum of the
output signals from detector quadrants A and D and the latter is the sum of the output
signals from detector quadrants B and C. FIG. 3 (C) graphically illustrates the variation of

the RE signal as a function of the radial position of the read-out head for each of these




differential phase detection (DPD) type methodology to determine a radial error signal (RE). As shown
in FIG. 3 (A) for PP methodology, the RE signal i§ defined as the difference between the sum of the
output signals from detector quadrants A and C and the sum of the output signals from detector
guadrants B and D, i.e., RE = (A + C) - (B + D); whereas, as shown in FIG. 3 (B) for DPD
methodologiethedakugips.dhsanairhec ridenttfrempRKS 3 diffk tba REugnad @n deterning bypnehi2 = B + C,

wherein thq)mmﬁfei%mﬁoaam%gf@m&v%%%%ﬁmg%ﬁ%%gyaa@mﬂeﬁ 894 ppd the latter is

the sum of the outéut signals from detector quadrants B'and C. FIG. 3 (C) graphically illustrates the
variation ofYRM§EGI08Y as a function of the radial position of the read-out head for each of these 4
methodolod®33As may liae evrittasnt fvith Edbvent{Eapl theIR EmsigDa@S et Miedey, thie DPD type
methodolo% iz inear Qver a greater range tha en determined py the PP thodology. [0013]
In contrast wi “i‘:%?{\'/‘%ﬁ%%nma %B‘a{’r‘]% %[%e(rinlggl)ﬁ Ov%%/lenrl,éﬁﬁaé %5‘9‘ i o%ea{l?{)%?ﬁgarﬁg or pits utilized
in ONS optit&iSmeand, b aropidiffarpntatigntationd Wit cotathy dovinetratkidizeationarfdimtations with

respect 10 g, deyvR-tiaCkidifeRlionpiils Kokt iRkt AARHOR thOMAYRRIRldITRLENT widths, ie.,

width-modulated. As a consequence, they cannot be utilized as tracking marks or pits for generating
the requireEPSHMIERRS:SRE BMRSLPS HHIZRISS Preldaa ks SE#Us SorrsarTAtng hsifiabiRS PP or DPD

methodologliclekachedcaniaidhfi 4 phas difglynibe foraisking bieaitneateiepigippred means and

methodolo%}/ or ég)%forggisrégbtraglé@v%of the encoded data tracks of multilevel ONS optical

data/information stoﬁgge media In order to provide proper read-out of the stored data/information by
the optical 8dd] SUMMEMROrANEIYHEhere\/ EXNSISOM [oar5 need adioraritapre vsidthmeansseandinvention is

improved rydifigystbeINBroplisa iRl AHAHY Yo SR RRIHHORL BF ANatlierpbIRE age of the

present invention is improved methods of performing servq tracking of the radial position of a read-out
head of an Rk A ABIRARAAR TSR FARse AR PTASFiER, ATYLrcRFPRETEYAYG of MREIBRASEI ONS optical
data/information by the optical head.

SUMMARY OF THE INVENTION

[0015] An advantage of the present invention is improved multilevel ONS optical
data/information storage media.

[0016] Another advantage of the present invention is improved methods of
performing servo tracking of the radial position of a read-out head of an optical
data/information storage and retrieval system comprising a multilevel ONS optical
storage medium.

[0017] Additional advantages and other features of the present invention will be
set forth in the description which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the following or may be learned from
the practice of the present invention. The advantages of the invention may be realized and
obtained as particularly pointed out in the appended claims.

[0018] According to an aspect of the present invention, the foregoing and other
advantages are achieved in part by an improved optical data/information storage medium,
comprising a disk-shaped substrate with a data/information encoded surface having a

plurality of concentric, radially spaced-apart data tracks formed therein, each of the data

tracks comprising:




storage medium. [0017] Additional advantages and other features of the present invention_will be set
forth in the description which follows and in part W§|| become apparent to those having ordmayy Skl” in
the art upon examination of the following or may be learned from the practice of the present invention.
The advantages of the invention may be realized and obtained as particularly pointed out in the
appended claims. @018pabaisttineftdiseretesgasa zohehecprie siati have inidnditigeafplegbitngfind other

advantagesspigeaspigy oship-RafRYcH RO YRS BPisakdaialniRalon SIRRas Maim, comprising

a disk-shaped substrate with a data/information encoded surface having a plurality of concentric, .
radially spatat-SSRerdaAdeRaEatt Hastinr dithedatatiarhandata tracks comprising: 5 (@) a plurality
of discrete data zdhps, easirdateadiing iontubihgeeniuchlinHEomacRchaRAS Rakingigogpsioned data

pits or marks with differqn lap origntations \with respect to.a down track direction of the data
track; and %}g@g%%%?é{ﬁ%g;onr%%}(gltr\?v%eshogegcﬁeggﬁéagghné Ra8 Igggl\(/c‘)" ! a@k?ﬁ@sez%ﬁ% comprising at
least one naRBRINRERBIFIAMGBY vesrestidithe down-traskdivigtianpreselected angular orientation with

respect o gosiswn-track slgeigio BIokAeA HSHRClR: TR e D BRANGH5:0f LieuRresent

invention, each of the servo tracking zones comprises a plurality of servo tracking pits or marks

arranged in*8 X AR SICHeLWRRRS S 2 R pleryefacking, it armanksaraneadty regular

intervals alfire thatteimyvthd raesiodiracking zoms separidici adjacunindas %ﬁb\?@%@ﬁﬁﬁk%g(its o)r _marll<s )
are present, Ve Whp-track ment.of each.data track for gbtaining radjal eyror (RE) signals by
means of r;agiqi;a gﬁ\éha%%%é% glrrﬁ e’%’eﬁ‘ﬁ%|apﬂ§@§‘?§‘3té‘8ﬁ‘aé’ﬁr(ﬁé%‘i e %r%c é'?é.?’é%l@ﬁ data track
includes onB&KhASRIERALIPR BivietadeWor askseimuent tef chels datn tratkc tebtaigre radiata marks or

pits. [0020] v ) !y i orailaf HRRIIAM (PYiaRicHaPRER sdaladh ipspisyion storage

medium, comprising a disk-shaped substrate with a data/information encoded sur aving a
plurality of &?Q&Q ﬁtrgf Lg’rgﬁ‘i%ﬁ{}tgﬁ%gdnﬁlb‘ﬂﬁ Ppseseredrekingritommaiforerdh devmatiiaka tracks
including a gligmehitycaitdiniagAsndsata marks or pits.

[0020] Another aspect of the present invention is an improved optical
data/information storage medium, comprising a disk-shaped substrate with a
data/information encoded surface having a plurality of concentric, radially spaced-apart
data tracks formed therein, each of the data tracks including a plurality of data zones,
each data zone extending along a down-track direction for a length corresponding to a
preselected peak direction period and comprising:

(@  a plurality of spaced-apart, nano-dimensioned data pits or marks with
different angular orientations with respect to the down-track direction of the data track;
and

(b) at least one peak detection pit or mark with a preselected angular
orientation with respect to the down-track direction.

[0021] Yet another aspect of the present invention is an improved method of
performing servo tracking of the radial position of a read-out head of an ONS optical
data/information storage and retrieval system, the ONS system including a disk-shaped
optical data/information storage medium with a plurality of concentric, radially spaced-
apart data tracks formed in a surface of the medium, each of the data tracks comprising a
plurality of discrete data zones, each data zone including a plurality of spaced-apart,
nano-dimensioned data pits or marks with different angular orientations with respect to a
down-track direction of the data track, each of the data tracks further comprising a servo

tracking zone between each data zone, each servo tracking zone comprising at least one




each data zone extending along a down-track direction for a length corresponding to a preselected
peak direction period and comprising: (a) a pluraligy of spaced-apart, nano-dimensioned data pits or
marks with different angular orientations with respect to the down-track direction of the data track;
and (b) at least one peak detection pit or mark with a preselected angular orientation with respect to
the down-traaRociEensionpdoR o teackingtnisroa sparkt withrepprsstentedrangntio oiisrtation protred method of
performing sapéeitiaakingcihiadedinlienitar plmsaadipfradaban QN Seansigakigasa/information

storage and retrieval system, the ONS system including a disk-shaped ~optical data/information
storage me8ITnTWHARS SRIrSRErBiimadatial saardREL signaliindicafing-irackingcerion ofan a surface of

the mediunreadohtdidde data tracks comprising a plurality of discrete data zones, each data zone

including a ity of sp rt, nano-dimensioned daia pits or marks, with djfferent angular
orientations@v%gjrespect%cgga%ﬁ- rrgﬁnalrgc %ﬁlo ﬂ%seodi% oSt IRV EREeIneeEh e HScks further
comprising ¥3€rFackiag rmgsrenmprsasve plireliohof the seovretrecking ety ortnerrkinayranged @omprising at

least one 6 aaRA-PARLPRSINNGSSARNIFATORG BlbeD ALID ARSI AN YAk pfientation with
respect to the down-track direction, the method comprising utilizing the servo tracking pits or marks
for determiﬁﬁ&ga%goﬁlgmﬁcebﬁﬁe SoRarMtiR SHES Rl RIRbEr Bf Breiserve Hackingnisuo10022]

According tmpksfercquiesenbidingiiets duvtharprlesephinveniath eashraikiter semigiipaciaD zones

comprises j i its or r’iﬁ arranged in. g fixed pattern: servo tracking
zones sepa%ﬂg.%gégﬁ?ggggﬁééﬁv%gﬂgr i%‘r%r al ofa 6ngr?ﬁtéald’ghw ‘?téri%c?ﬁ%?@m; and a
sufficient nif#fkéteofhecaehlsta erknigghndes pnmsanve tireking pisrmrimarlgfoe padbdowtrackisegment of

each data tsagkdar Rhtammpisadiah RAFRE §REkSignals by means of radial push-pull (PP) or differential
phase detei:i@g#DPD) tracking, e.g, each data track includes one servo tracking pit or mark for each

down-track ent co (@Rt iR PPk Infsa RN Astiamnismpigprkrathed wesent invention
is an improperforneitigoskoio tracking of the radial position of a read-out head of an ONS optical

data/information storage and retrieval system, the ONS system including a disk-shaped
optical data/information storage medium with a plurality of concentric, radially spaced-
apart data tracks formed in a surface of the medium, each of the data tracks comprising a
plurality of data zones extending along a down-track direction for a length corresponding
to a preselected peak direction period and comprising a plurality of spaced-apart, nano-
dimensioned data pits or marks with different angular orientations with respect to the
down-track direction and at least one peak detection pit or mark with a preselected
angular orientation with respect to the down-track direction, the method comprising
detecting and utilizing at least one peak signal from the at least one peak detection mark
or pit within the preselected peak detection period for performing the servo tracking.

[6024] Additional advantages and features of the present invention will become
readily apparent to those skilled in the art from the following detailed description,
wherein only the preferred embodiments are shown and described, simply by way of
illustration of the best mode contemplated for practicing the present invention. As will be
described, the present invention is capable of other and different embodiments, and its
several details are susceptible of modification in various obvious respects, all without

departing from the spirit of the present invention. Accordingly, the drawings and

description are to be regarded as illustrative in nature, and not as limitative.




performing servo tracking of the radial position of a read-out head of an ONS optical data/information
storage and retrieval system, the ONS system including a disk-shaped optical data/information
storage medium with a plurality of concentric, rad?ally spaced- apart data tracks formed in a surface of
the medium, each of the data tracks comprising a plurality of data zones extending along a
down-track BRERRIDE SORIFEMQh GO THEIORAMINGS: preselected peak direction period and comprising
a plurality of spaced-apart, nano- dimensioned data pits or marks with different angular orientations
with respectd@le dowrheafillgvingidatailnd aersaiption bl erahodimmenisitdr theaitsatm a preselected

angular origipjahith WA UQS B GlindiiSod ViR REY MIGHHatIGIEWRE N FARMRIEINGyiHgiecting and
utilizing at Ieashp%e peak si zal from the at least one peak deteﬁ%ion mark oré)it within the
R

preselectedb¥AICH NS AIRS AU P ABATRFRSANE LEavD 1R SeRinBUt FaBsh A JEANB I8 dvantages and
featur_es of Has_ hesed i_hw_pminmmﬁla_heenmhemmdily apparent to those skilled in the art from _the
following dﬁb%&%f descripfory 'Mﬁﬁl&%ﬁ%‘%‘? ] %Hfga%c?gﬁ%m?ﬁ‘éﬁ %@oﬁh‘% 0. 3pdsdescribed,

ay o ! 0 te %

simply by illustration of the best mode contemp or practicing the ptesent invention. As will

be describ&f canxeptionahopticahiesprdinggaedia cidtimatnstrastieae multiltysDidiftopsisal its several

details are giiaeeriiblaint PorkiisalioniiiMatinus obvious respects, all without departing from the spirit
of the pres?nt igi/ention. Accardingly, the drawirégg and description are to be, regggjded as illustrative in

ng
nature, and W5t &s limitaki. 7 ‘BRI DEREEAEIPIAN 1S RN AR S iRt58! ##8 following
detailed desn¢ipiidofites efrsbocthgpts of twavertionaal opticah titnagambdiatdnd mnttessiteed when read in

conjunctiox&i%ﬁhgﬁgﬁ%&%@yigﬁa LQcWM%% {Q&gﬁg%%% Eg%g{l%ﬁ;are not necessarily drawn to

scale but rather are ustrate tfie pert eatures, wherein: [0026] FIG. | is an
illustration 8028nparindWatd/itdorschematisaldy dlgtessarasrasionopk, satigntipdieg frrecording media

and multi-siepsigia utieug ki eaisa etidaafaisidmhig;the present invention; [0027] FIG. 2

illustrates c -sectiong| system.views and plan views of data .encoded surfaces of several types of
conventiong(?(i%fcal sto?é % théfias ﬁl?]%tﬂﬁ -§tz§h“é’§tm€s generation of RE signals utiizing

differential phase detection (DPD) type methodology;
[0030] FIG. 3 (C) graphically illustrates the variation of the RE signal as a
function of the radial position of a read-out head according to the PP and DPD

methodologies;

[0031] FIG. 4 is a schematic plan view of a segment of a data track of an ONS
optical medium, illustrating nano-dimensioned (or nano-structured) data pits or marks
with various orientations with respect to the down-track direction;

[0032] FIG. 5 (A) is a simplified, schematic plan view of a portion of a data track
of an ONS optical recording medium according to an embodiment of the present
invention, illustrating a pair of discrete data zones each comprised of a plurality of nano-
dimensioned, angularly oriented data pits or marks spaced apart by servo tracking zones
each comprised of a plurality of nano-dimensioned servo tracking pits or marks each with
a preselected (cross-track) orientation with respect to the down-track direction of the data
track; and

[0033] FIG. 5 (B) is a simplified, schematic plan view of a portion of a data track
of an ONS optical recording medium according to another embodiment of the present
invention, illustrating a data zone comprised of a plurality of nano-dimensioned,

angularly oriented data pits or marks and operationally divided into a plurality of peak




(or multilevel) ONS optical media according to the present invention; [0028] FIG. 3 (A) schematically
illustrates generation of radial tracking error (REésignals utilizing radial push-pull (PP) type
methodology; [0029] FIG. 3 (B) schematically illuStrates generation of RE signals utilizing differential
phase detection (DPD) type methodology; [0030] FIG. 3 (C) graphically illustrates the variation of the
RE signal aletectiomgiseiodsf theh pdakl drosition périvdeadhalitd easl @cnordingntedineR¥mdd DPD
methodologies; £l ' {i | ) .a data track of an ONS optical
medium, ill%strastﬁkgf(g);a?l églgo&dﬁnr%éﬁﬁ%%%ﬂ}g %ﬁ%@@g’ﬁ&&ﬁfgﬁﬁgg %%}s{%}gr%arks with various
orientations with respect to the down-track direction; [0032] FIG. 5 (A) is a simplified, schematic plan
view of a pDEDAILED d¥S CRIFK I6NQFONEE GgiEN TEODdrding medium according to an embodiment of
the present invention, illustrating a pair of discrete data zones each comprised of a plurality of nano-
dimensiondB93fgularly dficirdicatedtabate.oandaiRs MEsY Hifhrosyveatinnalaertisg! z8isks each
?omprised E&ﬁxﬁbﬁ?lifdﬁﬁiﬁlﬁﬁmﬁeﬁiﬁ&ﬁg@eﬁ@ H&ﬁgﬁg mnﬁsafro%twéism@hevi(ﬂﬁbl@presel]ected
cross-track),.grientation with respect to the down-track direction of t ata track; 0033] FIG. 5
(8 s n s HTTER, SRR TR WS #ipdiofofls dLok (HERb( ah BREIBBiE Poording
medium acdaadifgrtoationtias rfembadiphs ntlostthtedieselti. hesdrdrediliuptratidopa dataheone comprised
of a plural g&edgg%?ag@sEﬁwm pROS vcOrien' Ak #alaiitn ah Matia ARk ARG ARy divided into

a plurality of peal etection periods, each peak detection period including one or more
nano-dimeMdfithde sprag nsignesshifsndiern thva anevitahle Bhse arckasking BLS Famrsks fentation.

DETAILE Driainfiniy i ¥eb@hredd ifr phoyes NbiialMIBsindl A dieatatbabama, tRdRsiasagstrast with

conventiongj Eptical djsk technc%lo y for data/information storage and retrieval, ONS optical disk
technology gnotedes YU r?)’i’%ﬁéo ed marks or pits in the disk surface for encoding of the
data/inform{@085] as for Eharprkent!isteatiod, ithetciors, deascab edpsinsipal Himwe pesyidien of

multilevel ONS optical media with appropriately configured and arranged tracking pits or

marks enabling accurate generation of radial tracking error (RE) signals from a read-out
head equipped with a photodetector unit, utilizing conventional push-pull (PP) type
and/or differential phase detection (DPD) type methodology (as described above with
respect to FIGS. 3 (A) -3 (C)).
[0036] According to an embodiment the invention, each data track is provided
- with a sufficient number of nano-dimensioned tracking pits or marks having a preselected
orientation with respect to a down-track direction of the data track for providing usable
photodetector output signals for PP and/or DPD signal processing.
[0037] Referring to FIG. 5 (A), shown therein is a simplified, schematic plan view
of a portion of a data track of an ONS optical recording medium according to an
embodiment of the present inventibn, illustrating a pair of discrete data zones each
comprised of a plurality of nano-dimensioned, angularly oriented data pits or marks
spaced apart by servo tracking zones each comprised of a plurality of nano-dimensioned
servo tracking pits or marks each with a preselected angular orientation with respect to
the down-track direction of the data track.
[0038] It should be noted that while the preselected arrangement of servo tracking
pits or marks shown in FIG. 5 (A) is shown as three (3) horizontally, i.e., cross-track,
orientated pits or marks, such arrangement is merely illustrative of the versatility of the

present invention and thus non-limitative, and other preselected angular



irregular nature of the data pits or marks, i.e., their variation in angular orientation (and width in some
instances), renders them unsuitable for use as trapcking pits or marks for maintaining the read head in
proper radial alignment with the various data tracks as the disk rotates during operation. [0035] The
present invention, therefore, has as a principal aim, provision of multilevel ONS optical media with
appropriateSrieotatiguzeatisms anargedlyraskbiy piterdingnar kbeeirstitignadmrakamypleethagion of radial
tracking err i9nals a&[{%t Tl ggd | odetector-unit. ufilizing
conventiongﬁsgr‘l)fﬁjll. (I:?F%éltg}ﬂ%b(fl ({iq/or di?fi?glr%[i%hase g%%&%‘(?f% %I%)Fg%ﬁ%/gg lréﬁ)g{ﬂ%%ology (as
described afSStERR l?@&ﬁ%gf/’t@rﬁ?@ﬁ? Sr(matks pnd)consisiieaetarenmpinstionahbaibnt the
invention, eagfulddiectiansd naie-disiessivid pisdfiaiansnumber of nano-dimensioned tracking pits or
marks havi reselecjed grientagion with,respect to a down-track direction of the data track for
providing uzg%%g? photo e(f‘é?:rt%dfl rltjotp{)il’ft %I}V’\gi)r?gfglfé)ﬁ gft SHYEIMSBD signal processing. [0037] Referring
to FIG. 5 (A), shown thesadh ief thsirsgniifidtackizenoatic iaprisesra plusafityrtidrsata eaditgack of an ONS

optical recopgling mﬁggtgpaﬂgggggigg,@d?ﬂnmbodiment of the present invention, illustrating a pair of
discrete data zones each comprised of a plurality of nano-dimensioned, angularly oriented data pits or

marks spaced apért by LErREPLEAskinE srRss sepdFptoMisnericaRZones Ay sl rsa#iensioned

servo trackilgngitheaiomutiscle dibeyii) angreselected angular orientation with respect to the

down-track directipn of the lt?. tragk. 003 ]tét should b%noted that Whgfithe preselected
S PUMACE 25 UR SRN G RTERS RRS & RS REFSEY(H) Rorizontally,

. a ﬁl C
arrangement of servo trac INng PIts Or mar

i.e., cross-teiv donenimankdspiment nfarch dateltrackafugervteining mdie pritn RE) \signdlihey versatility of
the presenyiiguRmIbB TPV ANM PSK RERRAIGCIEABNUIRIY, Qieigions/patierns

are equally usable according to the invention. For example, the prese arigement or pattern of
servo track ¥ pifackr MIPdes: e SeBYLIFATIBE BidsiRfn Mok lifpitcadh dnwa-paekosasmers and

consisting ebatainimpiantsna mbraroepiy angularly oriented nano-dimensioned pits or marks.
[0040] Adverting to FIG. 5 (B), shown therein is a simplified, schematic plan
view of a portion of a data track of an ONS optical recording medium according to
another embodiment of the present invention, illustrating a data zone comprised of a
plurality of nano-dimensioned, angularly oriented data pits or marks and operationally
divided into a plurality of peak detection periods, each peak detection period including
onc or more nano-dimensioned peak signal pits or marks each with a preselected
orientation.
[0041] It should be noted that while in the embodiment shown in FIG. 5 (B), each
peak detection period of the data track is shown as comprising two (2) horizontally, i.c.,
cross-track, orientated peak detection pits or marks, such arrangement is merely
illustrative of the versatility of the present invention and thus non-limitative, and other
angular orientations and numbers of peak detection pits or marks are equally usable
according to the invention.
[0042] According to this embodiment, the encoded data has a limited run length,
and the channel can detect the peak signals within a fixed length of the data track and
utilize the detected signal for servo tracking. The method comprises detecting and
utilizing at least one peak signal from at least one peak detection pit or mark within the
preselected peak detection period for performing servo tracking.
[0043] Provision of tracking or servo detection peak pits or marks as illustrated in

FIGS. 5 (A) may result in redefinition of the run length limitation (RLL). Depending




[0039] According to the embodiment of the invention: 1. each of the servo tracking zones comprises a
plurality of servo tracking pits or marks arranged jp a fixed pattern; 2. the servo tracking zones
separate adjacent data zones by regular intervals along the down-track direction; and 3. a sufficient
number of the servo tracking pits or marks are present in a given down-track segment of each data

track for obtéPathg thelialkandwidlE) sigiisdenty niregtis ofnddiatheusiigtaill (Be)dingliff®Bhtial phase
detection (DRERgiRATasAaeRRAR HHRARRKIRCHIRROSSEYR AP %H‘%“féﬁf each

down-track segglrafnt containing ten data marks or pits. [0040] Adverting to FIG. 5 (B own therein
is a simplifidd™ 2R merPhisd HEF of HYonishasrormadatedhidreser dsnathdpsketeecording medium
according tqoedtither emhdwdintponsyhRovese ¢ dnRgIaondisHatinents $iiRa2ong ffamprised of a
plurality of -di igned. a ly Qrie data pi rks and gperationally, divided into a
Doty of oS At S e AP I B v Whereh gt
nano-dimeri§idtnse prexideddn sppventonslapicelatiskwitidia, preseiditstiatediéniGSn3 (00443 It should be
noted that V(bygé'gbmﬁaegmggjiment shown in FIG. 5 (B), each peak detection period of the data track
is shown as l{%{gfrising two (2) horizontally, i.e,, cross-track, orientated peak detection pits or marks,
such arrangé t is mergl§ PHDLERf ALacKngPits QLMK O PSR Satt &scking Dith 05 marks, fius
non-limitativeacking oib &requegtyaisaesditatiefsnindd oy pestihRe Ak FIRIRIHOS RiSin. parks are equally
usable according to,the invention. [0042] Accordin his emhodiment, the encoded data has a
limited run Ig%%l?[%e’aln%ﬁ%n lﬁﬁ%fn@gﬁ %Q'Atggtp{ﬁé'lg%ag 5@?@@&/%‘% Rith 08 KSR ofYhe data track
and utilize ﬂ’fé‘ﬁé?@été@@l&ﬁ@lffdﬂf%,BWcﬂﬂa@t&ﬂgametﬂtﬂj(mWdeiaﬁirig(amdn utilizing at
least one pek rigial Eomakgashonnaeaistarinneon MRt ihid 180 RIaSIaRIRC Peak

detection period for performing servo tracking.tﬁ)043 Provision of tracking or Servo detection peak pits

or marks a< ROMREH 7] HEOECHaliRgS R5cRF in Fedemnfidrhsrtraek pifchidaiarmaskigitin (RLL).

Depending ratio is about 1, there will be about 1,000 marks crossed by the read-out head before the

latter crosses one track. In that instance, there will bee about 100 tracking pits or marks
available for generating a RE signal via PP or DPD technology.

[0046] Another analysis of RE generation utilizes the signal bandwidth as a
reference. For example, a 30 kHz low-pass filter is typically specified for use with PP and
DPD RE tracking signals. Assuming the disk rotates at about 1,800 rpm at 15 mm and the
mark pitch is 0.2 pm, for a 1 tracking pit or mark per 10 data pits or marks design, there
would be at least 25 tracking pits or marks available for yielding averaged signals of time
difference in the £; and £ phases.

[0047] A penalty associated with the above approaches is a slight loss in
data/information storage density/capacity.

[0048] In the previous description, numerous specific details are set forth, such as
specific materials, structures, processes, etc., in order to provide a better understanding of
the present invention. However, the present invention can be practiced without resorting
to the details specifically set forth. In other instances, well-known processing materials
and techniques have not been described in detail in order not to unnecessarily obscure the

present invention.




10 upon the bandwidth equivalent length and the data encoding RLL, configurations/arrangements of
tracking pits or marks according to the invention, as for example, exemplified in FIG. 5 (A), must
accommodate whichever length is shorter. [00421?Advantageously, however,
configurations/arrangements of tracking pits or marks such as shown in FIG. 5 (A) yield PP and/or
DPD RE signals with profiles similar to those provided in conventional optical disk media, e.g., as
ustiated NGRS * (Moniy 49, eReict IRAOSPLENG AUR SRR IAGKD B e gk marks per data
tracking pits or'rnarks, i.e., traclgng pit frequency, Is readily determined for a particular application or

system. Forxamplestd its werskiity siteothevariend deseribesindbp roreasns (iskiogrea Bifs 8 Bharks, or, for

example, a,plidiiiyachalali PSSk HMkERAR Qpade\deest (A bibny difet kbmmaliddy)ada this regard,
consider a case where |;‘sl‘a‘t!yplcal track oscillation is about 1&? m/.rotatioip‘. ?fsumin%gzkg pm oscillations
t ! P B

occur at IDSSEHCHS AR HeSHSERIBIE RFEARRSR AR RE MO 81 B PEORM bout 1,000
marks crosieenkiydbenceptaoekpresddirteir the latter crosses one track. In that instance, there will
bee about 100 tracking pits or marks available for generating a RE signal via PP or DPD technology.
[0046] Another analysis of RE generation utilizes the signal bandwidth as a reference. For example, a
30 kHz low-pass filter is typically specified for use with PP and DPD RE tracking signals. Assuming
the disk rotates at about 1,800 rpm at 15 mm and the mark pitch is 0.2 pm, for a | tracking pit or mark
per 10 data pits or marks design, there would be at least 25 tracking pits or marks available for
yielding averaged signals of time difference in the f, and f2 phases. [0047] A penalty associated with
the above approaches is a slight loss in data/information storage density/capacity. [0048] In the
previous description, numerous specific details are set forth, such as specific materials, structures,
processes, etc., in order to provide a better understanding of the present invention. However, the
present invention can be practiced without resorting to the details specifically set forth. In other
instances, well-known processing materials and techniques have not been described in detail in order
not to unnecessarily obscure the




present invention. 11 [0049] Only the preferred embodiments of the present invention and but a few
examples of its versatility are shown and descri in the present disklosure. It is to be understood

that the present invention is capable of use in various other combinations and environments and is

susceptible of changes and/or modifications within the scope of the inventive concept as expressed
herein. 12 Whabis€laimiedds! Is: 1. An optical data/information storage medium, comprising a

disk-shaped substrate with a datalinformation encoded surface having a pluraljty of concentric,
radially spaced-apart dt® t?aBﬁgffSI?FP?é'E%HB?Eﬂ’?, %‘8@%%%6‘%&9%%&%&%%%%) a plurality of
discrete datatztaesydéthch datalinfommatiohlcmgded|sueflity dfadipgca bpeaity refnoeddanenisioned data pits

or marks Wi glesent AouALA BN AR IARERSE L9 oA ARk disglignyer said data track

and (b) a servo tracking Zzone between each data zone, each servo tracking zone “comprising at least

one nano-dimensidhed 3@t sisprete datarensineachdala sene dnelnding 2 IRl Oh with respect

to said do%ﬁﬁkﬂlﬁﬁﬂﬁwﬂngﬁﬁmecﬁh@ pits iBrClRdks wiiheapiRrarcihalisnislispadedsacking zones
comprises a plurality of s%id servoFtérﬁ,\cking pits .or marks arranged in a fixed pattern. 3. The medium

as in claim WiWFSREThte 2 fosuRi kAl RToP S sl dpya saeks 2Bk cent data zones by regular intervals
along said down-{tgck direatvortratkingezone dictweas éachlaisme Zond) erein sevofficickitguonber of said

servo trackj its or s are in.a gj Cke t rack for
obtaining rggﬁll’%%cg ?g) s%%a?%;%é%@gggﬁgq%%Lﬁ'?&%@%ﬁz&%ﬁg tlﬁ%%gsi detection
(DPD) tracRitylas origptatienivith eesnertiaisaid doyrmetark dieetignta track includes one servo tracking pit

or mark for each down-track segment containing ten data marks or pits. 6. An optical data/information
storage medium, Zomprigiegediiskasiaplein 1, wherein:

each of said servo tracking zones comprises a plurality of said servo tracking pits

or marks arranged in a fixed pattern.

3. The medium as in claim 2, wherein said servo tracking zones separate

adjacent data zones by regular intervals along said down-track direction.

4, The medium as in claim 1, wherein a sufficient number of said servo
tracking pits or marks are present in a given down-track segment of each data track for
obtaining radial error (RE) signals by means of radial push-pull (PP) or differential phase
detection (DPD) tracking.

5. The medium as in claim 4, wherein each data track includes one servo

tracking pit or mark for each down-track segment containing ten data marks or pits.

6. An optical data/information storage medium, comprising a diék-shaped
substrate with a data/information encoded surface having a plurality of concentric,
radially spaced-apart data tracks formed therein, each of said data tracks including a
plurality of data zones, each data zone extending along a down-track direction for a
length corresponding to a preselected peak direction period and comprising:

(@) a plurality of spaced-apart, nano-dimensioned data pits or marks with
different angular orientations with respect to said down-track direction of said data track;

and



substrate with a data/information encoded surface having a plurality of concentric, radially
spaced-apart data tracks formed therein, each of said data tracks including a plurality of data zones,
each data zone extending along a down-track dirkttion for a length corresponding to a preselected
peak direction period and comprising: (a) a plurality of spaced-apart, nano-dimensioned data pits or
marks with differgby anguatateasicodatipeuk Wébecaspagit torsaiarkl owithtragiddiecitdnmgerid data track;

and 13 (b) %éﬁ%ﬁ%(ﬂ'@ﬁtﬂ?@ﬁe%?@%g%:%%&o grclﬁ%\é\ém 2 preselected angular orientation with respect

to said down-track direction. 7. A me of performing servo tracking of the radial position of a

read-out head of an ONS op&((:%l data/information storage and retrieval system, said ONS system
including a disk-sHaped SpTieded AERFHSFMREMrEtragna stithrradia! rosiienint afeadstitentric, radially

spaced-aparitaiatl ancOkES foptivat] datalisfatiaationfstatch enendiwetrieval bystensaddi gl @R Sragiencomprising a
plurality of qisgrste, data 2008 t including a_plurality of spaced-apar
nano-dimens?oné%%data ﬁs ﬁ?‘ﬁ:"ﬁ&%ﬁaﬁﬁé?gﬁf g%%u gFa%eri%eté%gngp \l/t\%tﬁl rgglg%c{? t8fa down-track

direction of S¥ieseizita trdiallycpapedapartidata racksclosnar irep surfaceiofsgid medivny zekinef zone between

each data ZoRPdAREAGRVSMBIRGKY Y AGRRBIITBRGDY alieAsTenaapaRadmeRARRtEServo tracking
pit or mark selected angular orientation with respect to said down-track direction, said

itha pr rienta dowr
method coﬁb’i"’}gmgﬁﬂﬁ?ﬁ’? 3RS B HmeRFIP R P (R B SN AHE S AR i or (RE) signal
indicating treridtitai@rs ovidf esjsbceadacddvwieaatkBdifdveion ethsadddodaa ndiok, iechadmsdidvdagrein each of
said servo ' ises a plurality of said servo tracking pits or marks arranged in a fixed
pattern. 9. %ﬁ@@%&?&ﬁﬁﬁ%ﬁ‘r tg cs:%}‘)%ué?%ﬁg(é%es_g?d Senve" fracq%%gz%ﬁe%aglféﬁg%%e adjacent
data zones kg AGRS SRRPERNG Bhigas gaedonmdiraensigned sono trckihg pifemhodrk &dtirding to claim 7,

wherein a spiigiestbd unpaRE Uriidis® WRHASKIY BitG N JOMKERIE RIESRN hA Fwapgown-track
segment of each data track | .. .. i
comprising utilizing said servo tracking pits or marks for determining a radial error (RE)

signal indicating tracking error of said read-out head.

8. The method according to claim 7, wherein each of said servo tracking
zones comprises a plurality of said servo tracking pits or marks arranged in a fixed

pattern.

9. The method according to claim 8, wherein:
said servo tracking zones separate adjacent data zones by regular intervals along

said down-track direction.

10.  The method according to claim 7, wherein a sufficient number of said
servo tracking pits or marks are present in a given down-track segment of each data track
for obtaining radial error (RE) signals by means of radial push-pull (PP) or differential
phase detection (DPD) tracking.

11.  The method according to claim 10, wherein each data track includes one

servo tracking pit or mark for each down-track segment containing ten data marks or pits.




for obtaining radial error (RE) signals by means of radial push-pull (PP) or differential phase detection
(DPD) tracking. 11. The method according to claim 10, wherein each data track includes one servo
tracking pit or mark for each down-track segmenll%ontaining ten data marks or pits. 14 12. A method
of performing servo tracking of the radial position of a read-out head of an ONS optical
data/information storage and retrieval system, said ONS system including a disk-shaped optical

data/information skérageiniadherhafrer@prinaseyverredsine of ibe radialiposiitaneef apead-dutta tracks
formed in angpufasanodSAIpRBAl dBky/ RdcHmafioRaifb atia HARMAGRAMNBSRIAY BifloRY Y ek Fata zones

extending along,a down-track djrectjon for a length corresponding to a preselected peak detection
period and l%ﬁ?}gq%iﬁg&]’élﬁﬁfﬁ?gﬁf{/ ‘HF%lé)éﬁ?Hﬁ%W?aﬁ‘Qﬂo?@fﬁ%n@B%i% d%tl geelBraliteRE with different
angular orientatiutnis, withialbsspact deapaidddaviracks fhntliséd dil anafid odficaigt mediupe akcHeiection pit or
mark with g pregelecteq #{ .ﬁﬁi nt tiQ ) ith respect to said down-track direction, said method
comprising aqetep%ﬁg an(f1 %lzﬁnlg a?le}st %nyé’p%ggaqsaigzr?gﬁrg%egalln a[tlr%l}fstaocr{\%e‘i%le%?? etection pit or
mark withirdissdione ol cttdengibaronespuniingp&aicd foesslegisdnnegks aletestian neriddngnd

comprising a plurality of spaced-apart, nano-dimensioned data pits or marks with

different angular orientations with respect to said down-track direction and at least one

peak detection pit or mark with a preselected angular orientation with respect to said

down-track direction, said method comprising detecting and utilizing at least one peak

signal from said at least one peak detection pit or mark within said preselected peak

detection period for performing said servo tracking






