MULTI LEVEL NANO STRUCTURE OPTI CAL MEDI A W TH ORI ENTED TRACKI NG MARKS FI ELD
OF THE | NVENTI ON [0001] The present invention relates to methodol ogy and
technol ogy for optical read-out of disk-shaped optical data/information
storage and retrieval nmedia conprised of pits or marks configured as

mul tilevel oriented nano-structures (ONS). The invention has particular
utility in the use of ONS-type optical nmedia with ultra-high data storage
capacities in excess of about 150 Gbhytes for disk diameters conparable to

those of cur MULTILE¥ERINAO STROGURHVEI IR MEDBAGHERGINENPEDTHE | NVENTI ON
[0002] Oriented Nano- Structure TRAMING MARrK@! nedia provi de 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
medi a. AJVEBLRGHAOTHEYNVENTIHONONS nedi a and systens are backward conpati bl e
with the CD, DVD, HD-DVD technol ogies, and are suitable for use as snall
form f act ol00@ilsks silibé presentireventionrelates Yo methpdadgeychnid teghaelegin for oplikdl o/ vi deo

devi ces, eregd-Outg?Hﬁk-ﬁ%é% {Sati’cali @%@mioﬁ’ Et(o\rag% Qn%qgﬁl'l ggﬂn%ﬁiralcexg&ﬁé%d BFG 1.t he
upper illustration i1s pl‘an view of a data“trac for recording cell) of a
convent i ongitsloy marksodeftuogdtas oulltileiel kriantedinang-stakiowds IQNS). Tae inyentiondespr i sed of
ot the meitriefBBeete e & O Rokoupbih hed SRR u MR ol bl ST 70
phot odet ectapacitighi isrexcess ofraboluicléll Ghytashfer disk tdianmetap$ compdiabloto goss of wher ei n

tm,, indi&%g@ Mﬁamé‘f)%%%ﬁan%d??g bet ween adj acent marks or pits which
limts the maxinum data éncodi ng dénsity and reading rate for a given disk

rotation speed. [0004] Still referring to FIG 1, the lower illustration
shows t he ex8ect ed outé%%t attern of a read head or photodetector of a
mul ti - st at BACERROIAP TiNerein the surface of the medium

BRI M NORE SR NI R TR
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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 #,, 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 ¢ < s, the areal recording density and

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



by packing nore information (i.e., Mstates) into the recording cell, while
advant ageously allowi ng operation with far-field optics simlar to those
of conventional optical drives. [0005] Adverting to FIG 2, shown therein
are cross-sectional systemviews and plan views of the encoded surfaces of
conventional CD, DVD, Blu-Ray(r) nmedia, as well as ONS nedia, along with
associ ated performance characteristics,and operating paraneters of each of
these nedia types. As before, it is evident that ONS nedia offer
significantly increased areal recording density and data rate vis-a-vis the
earlier gebepaaking meredhfoapdtios dile., M etatas)linto therécoslingfcell, while adentagassdy spaci ng
bet ween adj geent dat t racks; the ability.to w.dely. vary the angles of
the pit or %anvovzgfrla@onvw ?’hﬁ@%‘%%‘%"s tglgulf’%g tho&%%/fézo?vre\é\%%‘g! gﬁ%’&ﬂgévetshe encodi ng
i nf or mat i onf00@fid ( 3) AtilxetingworkB@szcdh@ii thereinnae kroskesestidny! systbanvigweaath dat a
track. [000 technol ogy ssesses_ t.he t i Qr.. beconm n

signifi cant‘9 31}n %%OFtV% %8%7%@“8%5%Of(S:%’HY/eé'h?’?a(l)ﬁar Bgﬁpjt ?Lué]lt(a 5 (ﬁ?’é?: g‘!)l ogy,
since "wits ONSe'mediad/abang” with assaciasddl eérfdaNghcdi dhamcedsticatdndi opeddihg St or age

capacities in the 150 - Q00 e range en _i.n 5 in..dianmeter
format and arraemetﬁesf%{s%acgﬁégjlefeymeﬁ%/fyp?so?‘s %8%’{66\ ' 8‘8?‘7"\?8’?%/8?%“?% Offleﬁe current
CD and DVD signif@hty ismehsal @lval adcostingr dgmitarud r dia irgw alis-apisl the adarliens. [ 0007]
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opti cal refadlegdadndatiteacies whi ch occur at the leading and trailing edges
of the elon d pit r ks, 0 i cagl. di i a
conventi ona 6@ and @% t%%'ﬁgll;lg?y ?J;%?%:ghe?% Eeé‘ﬁrﬁrp@f?r?‘?zg‘a‘%gg}gg*eﬁ%@%’é%rgof
spaced- apar taluablenthem tcomventitat i opticakc Kisk techeolpgyt, rsinck S'witee orceti agil/oal"re-
i nformation_J.S, St d;. 1,0 f. o, f pits_Of rKS,<,as ' bove,
from whi chn‘m%blgr g@%rddsé(a c%‘g?tg/"} %ﬁ%%ﬁrﬁ ?%aﬁa?léesggéhcf I05rO r (lat9 ﬁé\%‘g? e data
tracks of tWwekenrinaat2sng dihimsler &mmatrapddre usabde eahgedl foncantest deligéry (asarf | ect ed

b ocessed | T aenPe InPbv I W Sy BT BRRE g Syl Bt ' D11 e
concentri c [0f@ks, tGenvditicpalaptical disbdage/infremeaticagkeording gdrstrageIsystenssf erred t o
as the "downs t LAGK ind ERCHIP Ind Wlitdofe EBE UB,EGE]T ARaRACHRR lont £ strldfure
comprised of elongated pits or marks which are oriented and extend in a down-track
direction and have diskrete lehgths 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 radijal 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 nedia may conprise data tracks which include servo fields or
regions. Pits or marks in the servo fields are used for maintaining the

| aser beamfrom the read-out head in radial alignment with respect to the
particular data track being read. 3 Is evident from e.g., U S. Pat.
Nos. 5,519, 679; 6,233,209 Bl; and 6,236,627 Bl, the entire disclosures of

whi ch are i ReGJ Redeat fmhEL.eUS. P, N%§ 8/ A0%99; 6234309 B Yardl 6, 236%2F iBUMAL | ons
and positioning arrangenents of the tracking pits or marks are possible.
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signals pr oakm&dcessm;g @f theahp\énfommop@lts oxoﬁarpd‘mttbdeaokcst lgptier sdswmetd B (or

phot odet ect gnen A.an ht whi ¢ reflecte hereont o by
t he associ a e ﬁfraokltcf(l)bm%?rt%r o’2ram as/& 5 B {klracgmg pi2 (l)fa QT%‘ ?Ele | aser

beamis off Bmentadrallyﬂdwtemhgmetmaﬁ;&emftrabkseore:ilematel sidzh oﬁulpputnbulm tgpekl I from
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phot odet ect eq\xaB éOrhe ke bem (5 off-cpngd rthpmbhgnitiiddsed t}ferdi:ctﬂchlfbuaﬁg sipmilssfrop B, C,
and D. [001
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signal s gen&satbedn liymadedby the! @dﬁ@ﬁhckpigcsyﬁdﬁ,t esddarpoatic platvemsgnituddstolier by

radial pus hfh% lectrl(:al s}gnglg B’gmnr}lni t%gg té)rg a?l& 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 f; = 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 nmethodol ogy to determ ne a radial
error signal (RE). As shown in FIG 3 (A) for PP nethodol ogy, the RE
signal is defined as the difference between the sum of the output signals
fromdetector quadrants A and C and the sumof the output signals from
detector quadrants B and D, i.e. (A+C - (B+ D; whereas, as
showmn in FIG 3 (B) for DPD rrethodol og‘y the REis determned fromthe
phase difference between f = A+ Dand f2 = B + C, wherein the former is
the sum of the output si gnal s fromdetector quadrants A and D and the
latter is the&haiolgies. Ashﬁayoutq@w&m fiingPEG. S (CY, aKe Rletsxgﬂdl@fdauﬁmreamm]eB and C.
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descri bed rdingly, there exists a clear need for inproved
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Anot her adVd%&PiRﬂﬁna%nE ﬁegﬁtﬁﬁﬁﬁgd invention is inproved nmethods of

perform ng servo tracking o e radial position of a read-out head of an
optical data/information storage and retrieval system conprising a

mul til evel SOVBMVRY ORITHE INVENTION

[o015] 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 nedium [0017] Additional advantages and other features of the
present invention will be set forth in the description which follows and
in part will beconme apparent to those having ordinary skill in the art
upon exam nation of the following or may be | earned from the practice of
the present invention. The advantages of the invention may be realized and
obt ai ned as particularly pointed out in the appended clains. [0018]
According to an @;pect of the present invention, the fore90|ng and ot her

advant ages are a@hi evieRjuralitypf discrsie data 7906t Gachdatzqng dnclydineza pPIRwlvRt i on

st orage medispHded- apaarmédosmmgnseonéa Hkita SRR An kD Fith fiferdit tahgiAarCiHeAtatidsOr mat i on
encoded surface havi ng lurality of concentric, radi %Iy spaced- apart

dat a tracks“F‘Brr‘?ﬁéﬁthQ”?e‘?‘)é‘YWracEQEPPt’@POf'lhéd‘ﬂ%&f%? #Mdacks conprising: 5 (a) a

plurality of di sgjet & @alorARNESonEhGNedtath ag@%deneécu%ﬂg h%cl&ll%"ﬁcﬁnle' ty of
spaced-apart, nano-di nensioned data pits or marks With ferent angul ar

ori ent at i on§OMpsing gt depsteene napo-gimeasipned SeIYR gk pit ehmark wnﬁea praseecteflack; and
(b) a SerVoaﬁgu%%aﬁatﬁ)ﬁ%hl?@stp\é\ﬁ%‘thsa&bn AUikQR[: €ach servo tracking zone

conprising at | east one nano-di nensi oned servo tracki ng pit or mark with a
presel ect ed [00dAbul ar Axncordingde ipreferied tembpdizuts of the prdsent downtiany eack ofitheect i on.

[ 0010] _ACCOLE adihafioRE LI Bt STPARAIE N Sr0h bl PEESE Hark BN Gfy, e2h O

the servo trac I Ses ura servo t ng pi ts or
mar ks ar r andiae patem; thej sgevg trsgking eones smrameadmemr@@monq byomgulargnteryelst e

ad) acent daEl%n%%eéor}ﬁ%trrécg?dﬂegﬁont &R ﬁhﬁleﬁﬁh%tol?‘?hed%% &{a(c%g flis" gt i on;

and a sufficient nu s&rva Trac or marks dre present in
a gi ven dowmatksaekpre@ghivrit gioén @vzohtrasthtsegmmaokeatbdat@badd for nijainmgdiradial err or

ot boti on- ( EBRRET Pty hagh B nBUSH YN o bt fle] QEEERICAn BRE3°
t racki ng pi trackingre.gk edch date dratk iowestonasckvo texekine pit oc markdomraciydaventraghit a mar ks
or pits. g%)[]enm%{ahﬁ gtgr§ qg%ar%o%tgi present invention is an inproved

opti cal i%n St orage um conprising a disk-shaped
substrate vm[QGiO]a datsmothef oaspextt i ofh thercryebent Snvehtiore ihoan rigppwve wpsitdlty of

gg?;em ;.I(:ﬁs dlgt%@'ifﬁrhllaﬁaé gﬁ;o;r% Fxgélum (%h%{iéirng‘ g%z ggsg-rsﬂé%gd t Islﬁ)rst?z{tp wﬁﬁicg of the
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) 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

®) 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 conprising: (a) a
plurality of spaced-apart, nano-di nensioned data pits or marks with
different angular orientations with respect to the down-track direction of
the data track; and (b) at |east one peak detection pit or mark with a
presel ected angular orientation with réspect to the down-track direction.

[ 0021] Yet anot her aspect of the present invention is an inproved method of

performng s t.he r. ition o ad-.o of an
ONS opti cal %ndoa?a | n?ofir?grtv? ’“‘%‘t%?‘gaf m%\rﬁdv ezt‘?'resg Sﬁcdgny%f ﬁ{'e#ﬁlon&é system
i ncl udi ng a retipedt -ts Itfeepdeavn-tegok idiredtiof athe mettod roombrising stilizirgohe s@rdo trackinigt h a
plurality of . concer]ij radi.al | sgaced- art1 .data tracks formfg‘

surface of r‘ﬂor %eémm&rgt ial gtrar (RE) sjgnal dadieaiing {ragkang erpyr of &1 ¢ of

di screte dahamaﬁmbam each dat a zone including a plurality of spaced-apart,
nano- di nmensi dat a or di fferent an ul ar. ori tions
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each servo tr zone conprising at |east one nano- di nensi oned servo
tracking pit® Bﬁcgﬁﬁt? Whe 6578 IReEkiag Faet saraisgdiasgnt 6‘?"?‘ aones by Bgulf Infervatsespect
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tracking pits or marks. for det er m ning a radial error (RE) signal

i ndi cating tMaESA gressf Hy a given dwn- tr%c&cfeemm REgagh dptg drack g’<>A<9 ’G'r“éﬂgrfgd"t‘l

preferred erhofiREBighalOby bfis Iaf RARNPush-PYL (P 0AdifEdAhI Pllast BRecti@ (D)L I acki ng
zones conprises a plurality of the servo tracklnq pits or marks arranged in

a fixed pat TBFKnS £ife cadrdpl traclriude one serve Sacking aftor aarkdersch davsdnes by

regul ar i nt @gpfdn® conddiiPich BRa daMEof piaCk direction; and a sufficient nunber
of the servo tracking pits or marks are present in a given down-track

segment of d4%¥Hldata ftr@ﬂkﬁrfepecbts’tfahﬁ.prpgemameat-on & eprimpreyd seied) of by
means of rageAbmins rfirhckingRf tRE rddial t,am%t e reattaa%gebest oNS &peRE)

tracking, e.g., each data track I ncl udes one servo tracking pit or mark for
each down- trdatekn oERAlRR ftorage andretiTal fstsme te DN systeny fnciyding 2 Jidoapeda

further aspeplicaliathiMFortlaBSE Rbraf O ¥RBUMOKiH & pRFality O QhESktE tdandty Qpaced-
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.
[0024] 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.



perform ng servo tracking of the radial position of a read-out head of an
ONS optical data/information storage and retrieval system the ONS system
i ncluding a di sk-shaped optical datatinformation storage nediumwith a
plurality of concentric, radially spaced- apart data tracks forned in a
surface of the nedium each of the dataytracks conprising a plurality of
data zones extending along a down-track direction for a |length
corresponding to a preselected peak direction period and conprising a
plurality oBRIPADESCREAION OBTHE DRAWNRG®ONed data pits or marks with
different angul ar orientations with respect to the down-track direction
and at | eas{0@BAk peaklhdefollewingricpiled descriptidn off the anbodiwsiseeft td presagful ar
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of the presné)% lllﬁlgt\l;/éég%hggg%neqt?ea%ugs ger lreadl |y apparent to those skilled in

the art frof@®@6E fol IKKG h aﬂelhatrhtenln fdesmipiapibg dntahnfmdnmmldnc@migydehhmes

ferred h d s P! -
7l Fustrati of greniong 8y A8 R Misdit B BRinfu by o omssdn

i nvention. A&d\MabdordmgtodbsprEsiebﬁdventxm present invention is capabl e of other

d diff di ts, t f
modi 11 cat | o0 P vari UG SHURGHE FEehaet e a1 3P RILSFTT 5 FPom t he
spirit of t hﬁcoaecesefatesidﬁ\semal Oipes d!mawilma:gil yptidahQordgeamedig andun diti- sdmcrl ption

are to ber d as Iust and not as limtative. 7
BRI EF DESCR ‘%ﬁ @ (/W?\"id%a g%]t ‘%ﬁ@ref"tflf IS det ai | ed description
of é he enbogiozent s OfFIGEe W&?ﬁﬁfatlcdlﬂvﬂlgwa&@ géﬂ&athﬂs&mﬂnaﬁﬂd@d'h gl et When
read in conjunctio th the follo ra in which the various
features ar éﬁﬁo?g“ﬁgé’%gﬁgfapvlﬂﬁs% Y\tpggg@éfr’éﬂﬁg‘?]ogyat her are drawn as to
"I ustrat s on ar -coupar] Er‘”’t“"mﬁ‘f”%?s‘“““‘*&’S?ﬁ?%’é‘i‘ﬁg&ﬁ’éﬁ?‘?*"é's“"‘?f“@”
illu i on, i i iti
convent i onagl%ﬁf'@ﬁﬁegﬁtﬁatﬂ“?émw&m ytl -states (or multilevel) ONS
optical megecdopccor diigg 3t@)t@@h%ﬂﬁemstrme§/ﬁﬁt Ydﬁl@tlox{ 0D thé] lszIs@naQas a

an yi ews 0

2t e RSB pSleh O ¥l P PLEB Y O plot ot
mul ti - st at esethodologies;
[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 nedia according to the present invention;

[0028] FIG 3 (A) schematically illustrates generation of radial tracking
error (RE) signals utilizing radial push-pull (PP) type mnethodol ogy;

[0029] FIG 3 (B) schematically illustrates generation of RE signals
utilizing differential phase detection (DPD) type nethodol ogy; [0030] FIG
3 (C) graphically illustrates the varia8ion of the RE signal as a function
of the radial position of a read-out head according to the PP and DPD

met hodol ogi es; [0031] . FI 4 ig a schematic plan view of a segment of a
ot ot ack GResionRabds, ok ek AeiRporl tgiag on, oG traRETIRE (o
nano- st ruct yegkigndBlil oPimhtks @dchihkaSpreselebttd ¢adsh-Gtek) Ofitrdiioal | ons Wit h respect
to the down-track direction; [0032] FIG 5 (A is a sinplified, schematic
plan view of a portion of a data track of an ONS optical recording nmedi um
accordi ng t ®ETAIERD @ESGRIPTION OREFHENYENTIONNvention, illustrating a pair
of discrete data zones each conprised of a plurality of nano- di nensioned,
angul arly ol?®8d} ed daAs iplicatedonabaver kel dparvatashpuitht chyventianab opticat idiskg zones
each conpri I |} - di i erv.o .tk j its or
mar ks each \?\n&? 'ﬁoqggf ;f)or?e&s%?l égoﬁjég%%cg%ggﬁ tq}r)d;‘g é‘;c%lﬂiegﬁg a(Ep:(lg?\l (\H/ha{ F\lféc}r}g)s] ct to

t he down-t r atilizedi angulhily roriefited hearkkaton pith riacthe diskd sir@08 3pr [ehdeding ¢fByhei s a

sinplified, ] i.c p i of..a. port.i o] tra ONS
optical r ecgrﬁ%rﬁg%r?gé?’ugrsna@c\é%r |ler1gl"?S tg%d? %gtr; Eed Socgllg&rrg%{pr%f “ﬁg&b&gsent

i nvention, iifrdguint nattuiervd tlee dhet pitszaw mearksp gy thsie ctanidtion inphngulak btigntadibn (and
nano- di nensi_oned angul arlwy oriented dal Lts or marks and operationally
i vi ded | ne Snan i Y e pdis BerubBEt BertoolRng sih oL &t cct i on
peri od i ncl mciimgniag éreareadiinaé im properdhdidEndignnand withabk vaiogndita padks aothemar ks
each with aa%fcesel ected écr oss-track) orientation. DETAILED DESCRI PTI ON OF
THE | NVENTI [r%gﬁ UrIRE oA 0at ed above, and in contrast with conventi onal

optical di sko03spchnolDgyprésent ihatritiontherefat,i lnin &t o paigeipArdm) ptovisiewadf, ONS
R TSy AT S T AT OO TR
i 11 ustrat ed mafksFehébling acksate pdiechtisn pf adiaHpavRing lerrot (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 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 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

angul ar orientation (and wdth in sone instances), renders them unsuitable
for use as tracking pits or marks for naintaining the read head in proper
radi al alignment with the various data tracks as the disk rotates during
operation. [0035] The present inventiong therefore, has as a principal aim
provision of nmultilevel ONS optical nedia with appropriately configured
and arranged tracking pits or marks enabling accurate generation of radial
tracki ng er PHIFREYPAeHH Ares equallin wsahle aerorling ichBgdineetipppéat examplegthe

phot odet ect iy, 4l Y J 3= Rl P Y, / or
differenti a?fegﬂg%ég aé}é?%ég%eﬁggg?%%% 8{%&6@”%%( ﬁgg{g‘f 2’59‘1‘ a(rlgssg)ahegsecdr}%gg%ﬁgbove
with respedesigng net lggted3o thgpe pitgor @yrks afdosistivscefor eimhnation &f veniduelsli ment

the i nventi Qﬂmlmq’he’qﬁ%Sg'gﬂf&g‘iiﬁedﬁg‘%} ﬁtﬁr‘ﬂs.. with a sufficient nunber of

nano- di nensi ohed trac _pits or rks having a preselected orientation
with respec{0088] a dowecerdimglto e embediment of the frvemtna track for provi di ng

bl hot odet gct ' j i ng.
[5037) Referringto K OBt OB el Tl oRRRGLONR, ALRRETS 10
pl an vi ew ofts & npokstarengedfin afigatmtternack of an ONS optical recordi ng nmedi um

accor ding to an 2.enb%1:i mttra%f(in ane g%%xeagé acf-jarclzvn rEita p%hesi 4y| 18 l}lgrqét!egglsa. pai r
of discrete data'zones ‘each conprised of a“pluraliTy of nano-di mensi oned,
angul ar |l y orlosgithe dowatrackplifestiony amiar ks spaced apart by servo tracking zones

h i sed I L i f - di [ d t Ki it
cach conpr sed, of 2 B el e R SERRRRSH FORRAL B B [
down-track gdiveredowmeiradk sefrhent ddeacht dagactiack [fOO@Bdinihg ralied wiror (RE)sighealsl by hat
while th | ect t .of t ki ' ks, sh [
e e PRERELTHA THLAIRRFE e3Pt JRSiotor) KEut, L Kenorow I

orientated path Straok inEludes, onsUsdivoa trackinge PR Ndr  inarkmésr edagh | dowasttackt segreernf t he
versatility of .the resent inyention and thus non-limtative, and other
pr esel ect ed “iYliPgengata q‘éﬁ’f Yons/patterns are equal |y usabl e according
to the invefiMon. ForAdexdngle FIG.he (B)psaseal theleidisar simplificde Bthematippalaher n of

RN NG T NG IS I R R

ori ent ed naasotltr reRBEdiMBACofDthE Pre3ént Mvelition, 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
one 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 enbodi ment of the invention: 1, each of the servo
tracki ng zones conprises a plurality of servo tracking pits or marks
arranged in a fixed pattern; 2. the servo tracking zones separate adjacent
data zones by regular intervals along ﬁpe down-track direction; and 3. a
sufficient nunber of the servo tracking pits or marks are present in a

gi ven down-track segnent of each data track for obtaining radial error (RE)

signal s by uwansm@f BaRdidth Peghivaiat | 160¥h Qiddi dhéer@nd | ahcdalaserdgef ecti on
(DPD) tracking each data track_ includes one servo, tracking pit or

mark for eacoﬁnféﬁmwé/araag%%mmc@aﬁm ofi Marks asropgingatorthg jnyention mStgft [ 0040]

Adverting t Qxhhfile, e&exﬁﬁ)ﬁedﬁxﬁ]p}@ ST(JSA?hﬁkﬁcb&nrﬁocﬁkdﬂnbﬁe&&dengﬁﬁ?ﬁ{%i c plan
view of a portion of data track of an ONS optical recording nmedium

accor di ng t d%04Hhot herAé\fm@awﬂm hoyfeverneongwatiops/arpRgementy Af tracking Pits &k i ng a

data zone Coppkd seflaOdho@n iPkid]. @l(A? 1erPPn£‘|%r PRI LigRRw 1tl?-PtQHie§-§|WlaP” ent ed
data pits or marks and operationally divided into a plurality of peak

det ect i on pepihsasproddedinsenyientinseleptical disl arerigee 8- n%?llh'éﬂrh‘gd ingi}6S ot (Aore

nano- di mensighed peakyshonal pits or marks each with a preselected
orientation. 50041] 't should be noted that while in the enbodi nent shown
in FIG 5 (HPV45¢ach ‘Peearumber efdtracling piss orodarks peridataduaeking pitsol maskss hown as

conpri sing ttﬁ@klﬁ% }m %Eﬁ&)gfﬂ g L&Ja)ﬁ’ly Yetétmined %P§ ﬁa&n?@%ﬁ?&pp?{ Pgrp Bxa%@fémp RaK

detection pits o such arrangenent ustrative of the
versatility eeimnplhel mcécmewmt qrmhmnobt }an‘ddctdhﬁgs evern 10 dath piss orvearksed fort her

angul ar or | oag%ﬁ)r,gﬂg SPHLR SSorQﬁar]PSec%K b Bl ?8‘8%@“? 1lﬁls{r§te<9{n lfférﬁ;A)h

equal l'y usab i nvent1 on. ording to
enbodi nent, thhee@nt;@dmﬂedatcasehwberealtyma! grdckr oseillatiorytshgboutald ptrtdmtamannel can

detect the pg@}ﬁr-' I L
utilize the det e@%%:i% ﬁ%ﬁgcpﬂ*l&saoscgedrrégﬂ%rgg%n% a%ilﬁ%cgﬁavd& cgﬁrr%lr( ses
det ecti ng arratio iatabtblitzi thgrearillbe about 3,960 paeks caisspddly the read-qut Headbdforothe peak

det ecti on Pl oBL byl potgg;g?g@cg%ﬁereesvhfrgﬁepa;s&& AL GGG haek O

perform ng Servo J Vi sion o rac Irng or ervo ection
peak pits oravmblcs“onagncrhﬂmgsams:gmhl via PPlek BBD t&chadlpgyray result in

redefiniti Or[01916] the " Kothét na%%l"}sig io'iﬁ Ii@tgérg)err]atl(a LultgliZesDﬁlQ esri]g(i!niarI Handwidth 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 f; 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 bandw dth equival ent | ength and the data encodi ng RLL,
configurations/arrangenents of tracking pits or marks according to the
invention, as for exanple, exenplified in FIG 5 (A), mnmust acconmobdate
whi chever length is shorter. [0044] gYantageously, however,
configurations/arrangenents of tracking'pits or marks such as shown in
FIG 5 (A yield PP and/or DPD RE signals with profiles simlar to those

provided in conventional optical disk nedia, e.g., as illustrated in FIGS.
3 (A - %g% descri bed supra. [0045] The nunber of tracking pits or marks
per data tr Phg pi tQnlpf °nﬁ?ﬁ%§e pmbodiments af-the mespnttinyeptQuamndchut ajfswr eadi | y

deter m ned timgeshiHits vebilty HRRhbER bhOHesibed i 1 BresERIdiskRXREPH & tolbel T acki ng
pit or mark can be EgOVI every pits or marks, or, for

exanpl e, a pndersigqdithat e R!%Fﬁt leGPBOlb!S Cmbksfpf@mnb@f ioysoiticEembinasions andst r at ed
in FIG 5 (4 GRSES i ck
oscillati onpx}vsmg@gll]}% Q’li%l(% Sﬁ??%{%ziict @?&ﬂg@ggﬂ@m 1&&4?&{%‘%7821(1:1? M]gé?tt&fi,(l;r?gH%ccur at

| D = 15 nmm invenfivelgenceptas kxpessedtiedan.a mar k pi tch ratio is about 1, there

wi |l 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 avail able for generating a RE signal via PP or DPD technol ogy.

[ 0046] Anot her anal ysis of RE generation utilizes the signal bandwi dth as a
reference. For exanple, a 30 kHz | owpass filter is typically specified for
use with PP and DPD RE tracking signals. Assum ng the disk rotates at
about 1,800 rpmat 15 mmand the mark pitch is 0.2 gm for a | tracking
pit or mark per 10 data pits or marks design, there would be at |east 25
tracking pits or marks avail able for yielding averaged signals of tine
difference in theft 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, nunerous 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 techni ques have not been described in detail in order not to
unnecessarily obscure the



present invention. 11 [0049] Only the preferred enbodi ments of the present
invention and but a few exanples of its versatility are shown and
described in the present disklosure. It is to be wunderstood that the
present invention is capable of use in various other conbinations and
environments and is susceptible of changes and/or nodifications within the
scope of the inventive concept as exprngssed herein. 12 Wat is Cained
Is: 1. An optical data/information storage nedium conprising a disk-shaped

substrate mﬁ}h a gata/infornation encoded surface having a plurality of
concentric, Fall aced-apart data tracks fornmed therein, each of said
data tracks conpyising: (a Jurality of discrete data zongs, ,each data
zone i ncl udi ng afpluﬁgﬂP&nggnggﬁﬁﬁﬁﬂygﬁﬁ?g?"ﬁ W558PW@H§Wbﬂé§§HQﬂ§ﬁpits or
mar ks W t h gitkfrate avith angiaformitioanémebdednsurfatd hivige apsiGialityoof colremirié,r ack
direction of %ﬂid data track; agd (8) a.seryo tng ki ng,.zone between each

data zone, HSEYseac “aP(aF‘élétI?itrh@ks osd thegsiim epabyof gpid flatp macks copppyising:

nano- di mensi oned@agper uopliraig koif Aicrdiet dafif oY, Kachidafd Rnd IRAMIR Sgraligngul ar
orientation with respect to said down-track direction., 2. The nmediumas in

claim 1, wheiesdrpaapogimensiogeds data @ite oh EMFlrgith Aifkrenb Apgular sgientabiansy a | t y
of said serwahkdspsk oW Hointtfack B ecliBE &SaRldaRRA8d ahd) @ fiXxed pattern. 3. The
mediumas in claim 2, wherein said servo tracking zones separate adjacent

data zones by re§ul ar® SEHEAPRGNG zenedishvesaicachadaihzaneaeach gerve diacking zane The

medi um as i BorfriRin@ al 1eaWHRE Bhkb-Bmehlidre 560 rBUIHRSS S mARWSLPpQIecleacki ng
pits or marks are present in a given down-track segnent of each data track

for obtai npHYlar adeniation with respeito saidglendragk/dirgstiels of radi al push-pul | (PP)
or differential phase detection (DPD) tracking. 5. The nediumas in claim

4, wherein each zat a The aeliuinns inkélgim QM@ersmr vo tracking pit or mark for
each down-track segnent. containing ten data marks or gits. 6. An qptica
dat a/ i nf or mat i orF2EF Bf BifsevadTatkIE EBRHFIATIE uPltly of gap agvo 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 disk-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)  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/informati on encoded surface having a plurality of
concentric, radially spaced-apart data tracks forned therein, each of said
data tracks including a plurality of data zones, each data zone extending
al ong a down-track direction for a |ength corresponding to a presel ected
peak direction period and conprising: (a) a plurality of spaced-apart,
nano- di mensi oned data pits or marks witfy different angul ar orientations
with respect to said dowmn-track direction of said data track; and 13 (b)
at | east one peak detection pit or mark with a preselected angul ar

ori entation w th(®espatdeastoorenpepkddetprtion apik otlimask twidha mreselkcied t mewlanf

per form ng SeieM@ide Gl fcidb shidbfovdicRlaiP@RLI 1 on of a read-out head of an
ONS optical data/information storage andr retrieval system said ONS system
i ncl udi ng a di sk-shaped opt| cal data/information storage nediumw th a

plurality of cordcentfinethodofpeforpingsave daghking of thuradial P‘%i&l&@ of 358Ut n a

surface of sRidflofRIONopEAE BatBnfori@iich Q&hge &ﬁdqretk.évacrgy&erm %a,acmas Ws%éhﬁ' ity of
di screte data zones, each data zone including a | ur al |tg/ BlluaEace d-apart,
a pir

nano- di mensiiesheting at diskoshered opptigslr desa/ipformatiging ﬁ@ﬁ%tﬂeélﬁﬁuw& tt ek i ons
with res pemcoﬁ&nﬁ‘lcdﬁmaﬁ 5AEd- %‘cnrt Q& 'tr%ks%mﬁa'uga d@tRe bf @aﬁ#mecﬁﬁﬁ hea0ff ofsa' d

data tracks further npri si a servo tracking zone between each data

zone, each seidgta ttapbﬁcqeirrwgsnz@n@l%%mopﬁ disomgie data pengs teaghndatanzone intludingsi oned
servo trackigigay tof QpaddiibpartMnbdb-GmeNisie Salﬁ&%@ gﬂé}k@%tﬂfdlﬁé}&ﬁtdng\ﬂaw th

respect to said down-trac direction, risin I zi ng
sai d servo tqﬂa@ikiimlg witht rspoet terrdownfteaek diseationiof ﬁéﬂ@ data rtladi &aChwer@td qaRE)

si gnal i ndi %El]l.snﬂlr&léfag Qi 4 Hrvd® racﬁcﬁl og@ao%%ﬁ eQ&aﬁlata Sone] REchTEIROd

according to claim erern eac SErvo trac % Shes conpri ses
a plurali ty t@tklsazcdlesemvmmgaadmistmge partoshtocnsmcksr\a)rtraahgedlt pnmarkfwithed

pattern. mae e%a?g&l it A D e§£e%£ ¥ ld%\?@ Ghdk 1§e%h éf]s%d"n‘?%{x@“ki ng

zones separ a zones regula erva s a
down-track d:pmeufemg)mhzm safﬁhavmtimg oo rmirksg’ont deterin ing) a7radmh<moe (RE)a

sufficient nf eﬁdn?atnné?r% ﬁft{dargalﬁ-ou gpdijts or marks are present in a
gi ven down-track se eac dat s trac

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 neans of radial push-pull (PP)
or differential phase detection (DPD) tracking. 11. The nethod accordi ng
to claim10, wherein each data track includes one servo tracking pit or
mark for each down-track segnment containing ten data marks or pits. 14 12.
A nethod of performng servo tracking df 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 storage nedi um

with a pluralityipf &m%atofp&fonm Isakbﬁaam@h@a@ialtpod%aofma&@mf or med
in a surface of said nmedium each sai d data tracks conprising

plurality ofeafgfan QN ertiset Mi“ﬁﬁma‘llwf%%%e‘f‘?v&bkySteEﬁ’ ﬁ@éﬂ%sy\stsm a

l'ength corr gsnnd ans%?sh@peercﬁya@zllwamfop;ﬁmm%rgget meuRewited ﬂ&qlltycﬁﬂp“ sing
a plurality of spaced-apart, nano-di nensi oned ta pits or marks'with

di fferent aseiseRiFic.ardialit wecedraparhiath tracks Sermed { ino? siafaee efgald-reedium, saehredct i on
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detection perio sal'd servo trac
different angular orlentatlons w1th 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





