DATA STORAGE DEVI CES AND METHODS Fi el d of the
I nvention [0001] The present invention rel ates
w@emwenalsry t o data storage systens and met hodsPCTOS®06/009249
particularly to optical based data storage systens and
met hods, and hol ographi c data storage systens and
nmet hods. Background of the Invention [0002] Data
storage systg 2 ] o desi rabl e.
Vol une hol odH oSy S etrs refarly use two
counter-propagating | aser or |ight beans converging
W thin a photosensitive hol ographi.c nediumto form an
interference pattern. This interference pattern causes
Fiedd ofi iigimventiondul ati on of the refractive i ndex of the
hol ogr aphi ¢ nmedi um Where one of the |ight beans is
ul at | ek t
008E) £ e RESPRCFLERIch (a8 GPrcPR 30<RE <Ritagh Fpiomo and
methatds, more paticulariy s ioptical based deta stmiagersysienteand methods, and

holbgéagg% &éﬁa%@bq?@@sisﬁe. g%ﬁﬁ'ﬁ’\:‘é‘th@&. may |ater be detected

nsi vel n uction of the un nodul ated, or
reference |ight beam thereby recovering the encoded
data as reflections. [0003] Conventional "page-based"
hol ogr aphi ¢ nenori es have data witten in the
F e TROLAGRA N paral el , on 2-di nensi onal
Ba?\?#%@?ﬁ%agesm? 0004] It is desirable to provide a

relatively sinple, inexpensive and robust hol ographic
[0002hory dyaleesioraan tsysiemspiandomethrdsd afd| IgippHp cbe desirable.

VOLH&‘B%E?lO% ?d%cafcﬁnd%?égérﬁg -geﬁéfrﬁlzl?ru\ée‘i%otd?oﬁnié?-\b%ﬁdg%ﬂng laser

_ ata storage’ device including: a plastic
or §ginslheams cnawr@gawgmureaph@tys@msﬂm elegraghicamgdigmafiofrym an
: ' Pk ad i \Y [ I , ;

i EHSR PIPC Iy dlos RN Baicke ARG ofmoduiaton of the
refreictive-ihddogf dhe kdegraphint mediach. | AWhetsoonesgfotigi hightobeams is

f the vaql : ' h resepce S,
b BE ERh o Y560 By oG BaE BRG SRR g pater
eneodesr thespoduliatigy pate inobhotbfintatity ahdmidse Brief recorded intensity
ang%ﬁggé mfcIJrcr)nnati%L n%gyela@r%%rc%?ected responsively to reintroduction of the un-

modulated, or reference light beam, thereby recovering the encoded data as

refiections.

[0003] Conventional “page-based” holographic memories have data written in
the holographic medium in parallel, on 2-dimensional arrays or "pages”.

[0004] It is desirable to provide a relatively simple, inexpensive and robust
holographic memory svstem. Further, bit-oriented holographic memory svstems are

desired.

Summary of the Invention

[0005] A data storage device including: a plastic substrate having a plurality
of volumes arranged along tracks in a plurality of vertically stacked, laterally



[ 0006] Understandi ng of the present invention will be

facilitated by considering the foll ow ng detail ed
waele®enndysrd on of the preferred enbodi ments of tPEI/US2006/009249

present invention in conjunction with the acconpanying

draw ngs, in which like nunerals refer to |ike parts,

and: [0007] Fig. 1 illustrates a configuration for

enéﬁaiﬁ?n%y@réiolaﬁaraemmméntynom Fctodoltiradds each contamed in a
count er - propa ht beans; [0008] Fig

atin

comgangeeing: @ ah the v&ww1 whetelhf hﬁtnr%%% Qfo?b%eap?nqﬁg?‘ ficro-
holB?nleﬁrgﬁﬁ'@a\ﬁhtd?' e avofiﬁﬁé@ |s,uﬁid%t|9é’ \WRLEoPESYRALRG! PéHion of data

I Tght beans 0009 lustrates an alternative
stogashf i guration for formng a hoI ogramwi thin a nedia

usi ng counter-propagating light beans; [0010] Fig. 4

illustrates an alternative configuration for formng a

hol ogram wi t hi n a rredi a usi ng counter-propagating

Ji&ﬁt beans; Ollg} . 5illustrates an alternative
Brief, §§UP§PT‘&§ e Fi LHP?n ng a hologramwi thin a nedia

usi ng counter-propagating |ight beans; [0012] Fig. 6

[000|6 ust r aliderstah@ing of Heeprebémt @airmen will b®@citated Gy considering
ustrates arﬁfractlve i ndex ation in a |

the R HIRG GBI EUDD ofHBe, REURTESS, SrIRmERE oo Bie, present

|nv§ntlcﬂrpﬂil4;bnjﬁh9tiongmth|tHétéc,%bﬁﬂ‘aaﬁ{/In@WQ\ﬁh@Q Br @8&h like numerals
det uni ng hol ogram as diffraction effici ency bei ng

refﬁrtpdﬁétﬂaﬂﬁ @ff'dthe di fference between record and read
tenperature;[0015] Fig. 9 illustrates an expected

[0087399 detigni NRis@bted NedriTRuAIOATolokmmaC heRgRir ithfNg Ynedia
being as a function of angular change; [0016] Figs.

US'H]QRDPAOTBHPFCPR%?F'% lofd beAglst intensity and corresponding
refractive index change in a substantially |inear

[ouusFI cal 1 gigr esingétrity® afeslidinativieOstnfiburatioh - fol 86iniifidP a hologram
illTustrate a light intensity and correspondi ng

withigrg 5@@!%‘@5'”91G@th%h&rﬁaégﬁ‘twgd'ggh'b%qrﬁﬁt| al l'y non-1Iinear
optically responsive nmedium [0018] Figs. 11A-1 1B

[oodgp ustr atig. 8 iligthited BheaErhativenebrifiguridA fael ifdrehing a hologram
ractive index change in a substantially |inear

witBi5t3 6@#!%1”%%5%%@0%%‘!5}91“9[‘%%@119 Figs. 11C1 1D
illustrate a light intensity and correspondi ng
[001®fr act i Fig. 4 illustrates an alternative configuration for forming a hologram

within a media using counter-propagating light beams;

[0011] Fig. 5 illustrates an alternative configuration for forming a hologram
within a media using counter-propagating light beams;

[0012] Fig. 6 illustrate a light intensity pattern;

[0013] Fig. 7 illustrates a refractive index modulation in a linear medium
corresponding to the intensity pattern of Fig. 6;

[0014] Fig. 8 illustrates an expected Bragg detuning of a hologram as
diffraction efficiency being a function of the difference between record and read
temperature;



i ndex change in a substantially non-linear optically

responsi ve nmedi umy [0020] Fig. 12 illustrates an
we@2@eaowsd nm cro- hol ogramreflectivity as a fune€T/o82006/009249

refractive index nodul ati on; [0021] Figs. 13A and 13B

illustrate expected tenperature el evation profiles as

a function of position, at various tines; [0022] Figs.
[ocﬂfé}A and Fi4iBoi iLssateat &n exspestedd Breeg‘g" @@tumhg rifex hologram as

hanges as a function of el evat % erature, and

dﬁ@@t%@ﬁ@mweewmmp ‘éfrﬁ"lgé'!i’cﬁ BASw i t e nodes:

[0023] Figs. 15A-15C illustrate expected rel ati onshi ps

[ooké&} Ween iy WOAD@@B“HIL@%@QUIQH ¢hiéndigaance beIrgapong g rfeﬂ@ctlve

to el evate materi al nperature to the crjtical
md%ﬁlw%Iuraes%ta@tlﬁmmaaﬁptbqa"&wsrp@@ﬁk%dﬂ%urapt i cal
fluence and normalized |inear absorption, |ight beam

[ooMa] st amrgdli RIANeE MR a IighY aitsRsigadny abﬂr@spaihﬁﬂfgb@fr,actlve
and transm ssion and fluencs usin reverse saturable

indgpglangis in g gubsigntig|lyaon- ﬂ'@ﬁrgﬁacel@%ewqr\?ﬁ’lerrﬁ?@u@xpect ed
count er-propagating |ight beam exposures within a

'[oorrspll a, Figh.COIA-espandtat haigheirfendiy amt cersgmndingORBiactive
Fig. 16C 11l ustrates an exgcaﬁlted refractlfﬁe i ndex

Ind@hshwec'arer@@b&@m'?%"n%mﬁ ¥ PRI YPEeHE eases of
Figs. 16A and 16B;[0026] Fig 17A illustrates changes

[0018] nor N&tig, e G-1 DSkt A Ii@j‘ht amensntyhm tomespdrideneraitactive
250C and 1600C as funft on rgwoné Fig. 17B
index pnamgeam&wsafgﬁgxén% 'a%ﬁmpuﬁal (e

orthonitrostil bene as a function of tenperat ure,

[ooR0P28] Frig. 12 MGstrdtbsi ahrexpectet nsicbismsdrancefleétivity as a function
di mef hylgmnod nitrostil bene as a function of
of rRHaeivergiex AdslEoRng 1600C; [0029] Fig 18 illustrates

a tracking and focus detector configuration; [0030]
[00BNDSs. 1FAgs AGA andi$3B Hiuetrateeexpected empératursiateulative profiles as

refractive,index profile; [0031] Fig. 20 illustrates a
a funagien OEBB?“ agfvag §¥BP%ent | aser beam i npinging a
regi on of a hol ographic recorded nedia; [0032] Figs.

[0022P- 21C Hihd.UMA ahd naBaillubiraledextiestad teftacteusindex-changys as a
function of elevating temperature, and corresponding micro-hologram read and write
modes;

[0023] Figs. 15A-15C illustrate expected relationships between light beam
incident light beam energy required to elevate material temperature to the critical
temperature as a function of corresponding optical fluence and normalized linear
absorption, light beam waist and distance using a reverse saturable absorber, and

tranemicecion and fluence neing a reverse saturable ahsarher:
i i i i T NS Nk b Bty St v B

H HUTl v Loty & feia S b H -

[0024] Figs. 16A and 16B illustrate expected counter-propagating light beam

exposures within a media, and corresponding temperature increases;

[0025] Fig. 16C illustrates an expected refractive index change corresponding
to the temperature increases of Figs. 16A and 16B;



corresponding to a sinulation of a circular
m cr o- hol ogram of Figs. 19A-19C, [0033] Figs. 22A-22C

w0 kdogsorsas e far-field distributions correspondP@mUsm®06/009249
the near-field distributions of Figs. 21A-21C,
respectively; [0034] Figs. 23A-23C illustrate the
contour of a sinulated refractive index profile;

[00&@?35] FHi@st 7A2ﬂ163124t63|dHaH§é§ M GoRpalizelli akmission of an ortho-

distributions corres on |ng to fa si mul ati on of the
nitrepiileent 28° & NhHQ Bnclienyel im&a. 23¢, [0036] Fi gs.
25A-25C illustrate far field distributions
[00@?] respamgli AgBt ﬂlu&ﬂﬁ@te@eéfcﬁangbdmdIq&bﬁﬂuhuteﬁmoyf ofi s .ortho-
24C, respectively; [0037] Figs. 26A-26D illustrate
nltrpﬁ%ﬁn%gs ér‘f\él“(ft@&‘ﬁf th@P%ré‘f%?v configuration and

exenpl ary sensed conditions; [0038] Fig. 27

[oolzbl ustr ailgsmc fiRetsteante bbaskhng: sfeamtwaﬁmmdnﬁiﬂaaaﬁene as
ustrates a formatél ng havi ng

afl&l‘%‘@ﬁﬁ&t"ﬁaﬁ@@ﬁgﬁh&%t%oﬁ 28818 it r acks; [0040] Fig. 29

illustrates various track starting an endi ng points;

[0d2©241] FFig 18 Hustratdesd radikasy and fact@tibie®r configidation;
stantially circular mcrohol ograms [0042] Fig. 31

o 13565, Tk ESHaPe! §5' 45105, 5. 87951 rrctvo o

profifd; - axi s m cr o- hol ogram r ecor di ng; [0044] Fig. 33
illustrates an off-axis m cro hoI ogram reflection;

45] FiL. 4A- | | ust ff
1002y o ndTeriRERlEs a e SertpE sl it S aspr pog ipginging a
redion o5& halogRaphicedbidgdmaédign for preparing a naster
m crohol ographi ¢ media; [0047] Fig. 36 illustrates a

o051 AL R BRI, 2 SN FIBhs (=2

cotiésponding 1o gr sipluiation®d aairclil@Odrodhbpgrad of Flgss19at18€; a
configuration for preparing a distribution

] rohoI ' dia.fro , i
o B AR Iy B B B g, o e
negeindld glistra‘ﬁutlons bbFiger 2p&ei 6greapdetbely; but i on
m cr ohoI ographi c nmedia froma master m cro-hol ographic

o0, AR okime skttt Aoy o REFIHRI Rbsny oo
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[0035] ' Figs. 24A-24C illustrate near-field distributions corresponding to a
simulation of the circular micro-hologram of Figs. 23A-23C;

[0036] Figs. 25A-25C illustrate far-field distributions corresponding to the

near-tield distributions of r

[0037] Figs. 26A-26D illustrate tracking and focus detector configuration and

exemplary sensed conditions;
[0038] Fig. 27 illustrates a focus and tracking servo system;

[0039] Fig. 28 illustrates a formatting having alternating-direction spiral tracks;



[0051] Fig. 40 illustrates a configuration for reading

a mcro-hol ogram array based nenory device. Detail ed
w®e®enoysrs on of the Preferred Enbodi ments [ 0052(T/U82006009249

to be understood that the figures and descriptions of

the present invention have been sinplified to

illustrate elenents that are relevant for a clear

[oodoger st gl 7wl gdtrdtbe vaiRBarick istramy a®endingipbts;
el imnati ng, for purposes of clarity, many other

o B ol e EhO RS SO g o

holofrdnie art, and because they do not facilitate a
better understandlng of the present invention,

a
(00HREC o 288 5] B R R R B LA RS Sldcrams

variations and nodifications known to those skilled in
[0043% art .FigV3T MusivatEd ab 3ff-as mived-hologremh rexakrding;or age
systens have the potential to fulfill demands for

i,gh- capacit.y.,dat g I _optical
otfadc ot rdge? VoRHdeS R ol s M EieblRal sy, “ana
digital versatile disc (DVD) formats, where the
[004i5¢i t al Fig$.FPa84C ilustratstafi-axds mrcra-mlqggare reenrdiag andgeading;
two) reflective layer(s), according to an aspect of
pre t 4en [ r gd -
(00488 P 2aaCr T ARBHGRS, K SohRuraRit 8 groneiind B nister, micro
holofraphicumesiaar r anged in vertically stacked, laterally
directed tracks in the storage nedi um Each of the
Facks f I
[0&473 g ;ﬁéj dl%reelcl:ltug da?liaQOJ c%ﬁ?’%ﬂgﬂlc?g Lct):rﬁgfég%hhy a %gﬁjugate -master
micregwdagraphic meedia Eoera maﬁtee mi¢rorholagrapfie mﬁduas or
groups of bits, of data may be encoded as |nd| vi dual
Sgro hotigongMRusial %‘E’éﬁf@{ﬂﬁét%' tor GRBpaMed éithn%utlon micro-
respondi ng one o e volunes. In one enbodi nent
ho bléenlmlm@ma ferm peaginjligatenriester micrpdolagsaphigmesasct i o n
nol dabl e t hernopl astic disc, and exhibits one or nore
gyep- i nqﬁqp BENAL RS §B§ﬁf&)€|¥§cfdnsfdrcp?ep5 BOfsIib0B& micro-
functlona characteristics nay nbodi ed as a
hob@farémq negdiaj fraraa ma%tﬁgwlwﬁ-aplqgéamlmmﬁdlab near function
of experienced energy, such as incident optical
[005’@)‘] ensi tMtgo@Qenﬁét%tegrth@QQéérﬂg\g o d&tec By aeRARE A ipf&rmatted
generating interference fringes within a given
mlvr@rfmmram amay; @8di um one or nore bits of data may be
sel ectively encoded in that

[0051] Fig. 40 illustrates a configuration for reading a micro-hologram array

based memory device.

Detailed Description of the Preferred Embodiments

[0052] It is to be understood that the figures and descriptions of the present
invention have been simplified to illustrate elements that are relevant for a clear
understanding of the present invention, while eliminating, for purposes of clarity,
many other elements found in typical holographic methods and systems. However,



volunme as a |l ater detectable refractive index
nmodul ation. Thus, three-dinensional, nolecular, photo

w0 e®poosiye matri x of refractive i ndex changesPCEYS10h&/609249
be used to store data. [0055] According to an aspect
of the present invention, the non-linear functional
characteristic may establish a threshold energy

bedR2BANSH LRereéitdiatd @RIl KRSWAW Y & ahel lﬁébbﬁ*s@ﬂ’(dy&io not facilitate
change in refractive index occurs and abov

2 bRBG rEsHENGRA R ENa ProsheL IMETIURB # GBoRIBR of SUY Miaaats is not
prokll?jeﬁhhéreg?nn?ﬁe AsSGd st I?&ei‘ﬁoksu @ﬁe@t@ﬂ {@,e aliedfh Qhriations and

recovere I ngi ng I ght beam having a
mOdéiCakb@SeimcwretpgbO%e@@llehaﬁhQ aé threshold, and witten
or erased using a |ight beam having adelivered energy
above the threshold. Accqh@pgly. dense matrices of
vol unes that each may, or may not, have a
m cro- hol ogram substantially contai ned there

[0083] ab! i sYRigmetrigptigal %W@gmswtsmdwadsrﬂawﬁe@“%'ﬁﬁg@?’ 'éaemands
for gﬁgfffﬂa@écﬁ@r SRt URY| Olll(b %dlﬁb'ﬁ)al ro%%ém"ﬁs&‘@fé‘r formats such

erin ractive | ndices, correspon

t he
as .Wénm@m BRg atigitsf V@lﬁﬂﬁlteeﬂlspr(@b/@aﬁormgtsl .v@mre ‘he digital
mf&ﬁ*@irgn@ %R}r&@ C[YVE %‘1@(5&? i ﬁ\BéﬂWc?%ff@Eﬁve Y%}@F(g) tde8ording to an

ctive ["ati1on decays rapid
aspaot of rthmp@fsedﬁ invanton digitahcantent igestores aﬁr@caw@ihreﬁgcfm index
e
alt%ﬁ%‘gscﬁx % p'iLt %@g é]? !:ug'\gefs d?ﬁéﬁqege@ﬁ\%gcaqlg %té’c?(%? MeterdMY directed
traghse sreitiie |storege inediumhe Eraehrafcﬂhevteaclasdmyodﬁlmgea domregponding

tlcular v be i nduced by | ocalized heating
|at%§l¥ eer%srad'%&ra'é%%%%éy g to the interfering fringes of
count er-propagating | aser beans passing through the
[0054] une. Actoudieg doraadispeot of th epressint drveintien,i siagle bithagiggroups

from denS|t di ffe t
of bt Sty s SRt o oIk SrbRLAE R, SREN 0SSty
colitamrdiiib |a0cfbrferspnhdmg ohe df ltiee odslhmessﬂrabae eebodament, the medium,
sel ect vel duced in tat s of a medium

SelpkSs the RtV B ah dust bl FepBopBsffetistoplt sxnibis

on@t ]gt r}h@fd Eﬁo@ﬂg\%af' rﬂuﬁ@ﬁﬁheﬂ ha’faﬁ!aﬂenﬁcéer S-HE;G Vmirylllqndahefunctlonal
refractive index n e. i ndyce a, chem ca

chanrgleyisticn MviPe 51%9& ﬁafr?%ﬂvgelf‘g ChaRosihaf i@ non-linear

furl®Bgh WM ety fénééd 3e élﬁ\;'h QQQHQGeﬁcép'ﬁdall Ngteh8itya odYéhergy or
or other cataly Wi hlnade | ocated within the

heatitgetn sthuar en'gg)élﬁnegptc wyrgqg@ratmdn@geweg@nges within a given
voRIFlEH thb&h¥dild BhE br ¥ rBDifs i 'dal NG Sdib&tiveRSeridbd in that

volume as a later detectable refractive index modulation. Thus, three-dimensional,
molecular, photoresponsive matrix of refractive index changes may thus be used to

LN

stoie data.

[0055] According to an aspect of the present invention, the non-linear
functional characteristic may establish a threshold energy responsive condition,
below which no substantial change in refractive index occurs and above which a
measurable change in the refractive index is induced. In this manner, a selected
volume can be read, or recovered, by impinging a light beam having a delivered

energy less than the threshold, and written or erased using a light beam having a



[0057] A configuration utilizing a non-linearly
responsive nediumis well suited to be used to provide
w@2@6t108r3 ent ed (as opposed to page-based) PCT/US2006/009249
m cr o- hol ogr aphi ¢ nedi um and systemthat uses a single

tightly-focused |ight beam a focused, slightly
focused or unfocused reflected |ight beam Such a

del%ﬂsfd ShEr8Y 12BBvd Fr tHieshoRtl v ABEaiRglY déhwhﬁmceslmmumbs that
tol erance to misalignnent of the recording o

t
eadl] MgeP! MaysrotcBaYe 9 THCEQ-BolRgTasy ﬁﬂ%ﬁ@laﬁywaﬁﬁecd?m%em may
be @s{a%f él??f ' Egcr?bﬂiﬁ%r}hlcrﬂo%‘lobiatrﬁé R dhhbdifed HE ‘éﬂtél'tfeﬂqdﬁﬂ}gj pattern

m Cr O- hi c systen1accor I Ng to an
of aey@er@gloofs thawingr eliftatingi meféaﬁtw@nmd@eé swhlpac@oaﬁsw@atta the

i -
GRS Tyt PR ERG D Ryohaasd Sl e mi

holegmmpﬁ eWhmenhqa eefraadive rindekamodulatien dﬁpﬂ)@sﬁptd'malaafunctlon of
gD B 1B S 65 o B S5k Th0 S cry o

volgees mady g padiedr ef | ection as well as for tracking.
According to an aspect ofthe present invention, a

I i o
oo TP A3 BB Y S B B v o
chdrgessieda f partig dare velumegmeagf be didusad i tdu:aliﬁte@heaqingjvpattems -

cofbtg SR P GFHULERGHE Y BB PHbA 8 peams gassin
thrﬁlhglm}:\mlmmg. b@lons@hhbwlmenét[ Eﬁrefrhetweerﬁdacbbmge @lsults from a
am, For exa e, a curv M rr,or
Ao IHFRNGS SVeeTh PO ATORROUD Gafh Ceting RATR 1 4 Shermotastic
meefnh. K&wari@mousfmn bAe @ freadthéh@ateahdly be @lebtn@l)f ihduesttia target
gener at ed qdyqlrgm ng to dlfferent | aye

volee@gqfaa)m R, aetivafing sul- valwefsaeftl thectarget Molme at

mtéWéfeF?@e RORds ﬂ{é@&nneﬂheﬁmaﬁ%l{/ agR Rlfrechie TRdExUBharfdesafay be
provi de correction to the Iight beam An external

mdm:ecﬂ &y 2oehemisabichangeuwithie subryglupes @fdaraes valbime gk etrmedium,
suél*?éé %C&Heﬂﬂcal [cﬂgﬁ%l oBSFRRGIMS ale oiﬁ‘Bth’é? Bﬁfaﬁysﬂmthﬂea dye, located

resent I nvent data T eadout at ferent ayers
withimythe dargiet veJuemet S@@@Qb@ﬂ&ﬁ@h@@geé@aw s selpglidely induced using

theq;ng 5«5@%0@9?5\7 Iﬂtl ons at different |ayers, the

ron may be used for layer indexing in a
focu3|ng process. Designs at the backside of the disk
[065) be uAeanfigurationitiiginpdr noetinearlydespansivednegjum is wel suited

to Bglesgﬁtth)trJ)w@Q% Hﬁ%r‘ntgd ?égspp&%d' tBrﬁda?% of%ﬁé f"rﬁérbyrﬁ)lographlc

coat | surface
mezduum cahd rseyste(nsthat uaes asingle pglatgy fbcluSﬁdsltghtJ beames ffoeused, slightly

focgjggé ﬁ{ urﬁgée nstléa ﬁef%%?egg gﬂ9 tﬁ%n‘ffln HBRAChH cgonh&?ratlon provides

advantages including: improved tolerance to misalignment of the recording optics
‘and simpler, less costly midro-holographic systems. 'Thus, a reflective element with
little or no curvature may be used in a micro-holographic system according to an
aspect of the present invention. One surface of a data recording disc may be used
as a reflective element (with or without a reflective coating).

[0058] For example, an injection-moldable thermoplastic media with low-
curvature features may be molded into the media surface and can be metallized and
used for generating the reflection as well as for tracking. According to an aspect of



absorbs oblique incidence |ight beans and reflects
per pendi cul ar 1ight beans may al so be used to both
w0 edaaelsmdi se and control the orientation of tPEI/US2006/009249
m crohol ograns. Further, grating strength of
m cr o- hol ograns need not be the sane for different
| ayers. Power scheduling may be used for recording at
thedbreb&itanteritiones themitPidttic Avedia tnaygbé enaldedspipcorpotate relightly

i e i e B S e o

hlghgr{ ;E%g@:l ?erTlé?ésem%‘étLh’@s ﬁ'fafye&:t @QH siitdd Rr $M@hn§ Ilke grooves

l'ize two 1 nput "li ght beans, g?%
on pdiPr £6 OHEON NBRS esl@meﬂigmy b uRe tgqc,qgfﬁqt {eflected light

beefFﬁt hedobemhas. avéurﬁa m.ﬁéromagebgyne{p o gné@w, gmnﬁated light

rengt r enal contr ormth roug
bedrayand a Rpddi onystali epllamayalye b@ebetpt@ffseprﬂ@@upﬁfedier&h dlfference

ger)l{g?‘% ﬁér@lnfga%tdlﬁé%rﬂglragggy U?oglﬂ\olg{;/@%bi% Ik%gér that acts like a

phy pr ésent s sever al
dlffcamtwe alenmkattanay loe: poitianeer nestr aesurface @@tf‘@ghedlum so as to provide

oA 455 LT AR s B R B0ees o

genverbidl the aefletiba. usi ng count er - propagating |i ght bearrs.
Therein, mcro-hol ographi c recording results fromtwo

odBB L ALGRIRELE" S 4408y B3Ry Db LA Pt

differsht lspetsS hayl e elﬁéMn@ecame the refibitions dhaby dﬁfﬁ&relml atgarratlons

BRI 0 bF 0 o e Bt o s

proe@Bs.| eDgsigis at tay E@%ks\dli dizgw ﬁlS@hTa)dﬁél s fOOpaividmfor better
medi um

oo 368 tRFEA 91 bRCRLIR: Brar o aTacte SEaling pSH, Mult-

layBP &Fakdds %@ldre&%‘fé’e%5 str@étutdsg Eimpsam ERdplayMilrh estﬁjdfweg are

| ensing i s shown nmpound | ens formats nay of
suifable, derdusg. omPrdng to @nsﬁ%t oh the peeset ,|Q,\@nt|on a deS|gn that

abi&Pg'o@bHG@é *erHe%QQ I&:]ﬂf bé&r‘hg‘d?ﬂ RIBES YFrFEAdMUIAH IRIhR beams may

ogram sup nmedl a usi ng counter - roaatln
micro-

alspi gat ugrshie . bqth tsa@lnf:@ guise iand zootrol| tes om%tat\% ofe
hofogﬁnzi‘é:eﬁunﬁﬁra @‘Fé‘c nGek tg'ﬂ‘L nrﬁg 6\0%%‘?%1% hkd Fok ‘B‘é“cﬁ& ame for

ection I1g eres with
diffeesntidyes.i Pewerf schedulingymey beaised fouecordingral ghifferent |ayers
hlghly preci se alignment of both |enses 115, 125 or of
s 1154 r'g,0 2%%, l@tth¥ €pfeleR@meMidIe" di cro-
or di ng‘l?a&qd@ctpoéﬂ eregoﬁltc reco?dl ngesyst er’rcragor ing. micr
ho@grammusgwgs@oa facasatt |Ilglmtr bearnnalad ®nei pianegvave Kghibbpeam in a

thrgétpcﬁ@trﬁaqgrlélrn“?gy be effected. While such a method may utilize two input light

beams, alignment requirements are less stringent than conventional methodologies,

while micro hologram orientation and strength remain well controlled and uniform

through layers. Readout signal may be better predicted as well.

Single-bit Holography

[0061] Single bit micro-holography presents several advantages for optical
data storage over other holographic techniques. Referring now to Fig. 1, there is



envi ronments, such as those incorporating conventi onal

hi gh- preci si on positioning stages. [0063] According to
w@rooaspesy of the present invention, a focusedPCT/US2006/009249

slightly focused or unfocused reflected |ight beam

(relative to a counter-propagating focused |ight beam

may be used for recording. Fig. 3 shows an alternative
shi bh @xterpla c8RfYUrHdrP100 fol fermiing @gfcmgrmnt\MMn & mediaausing

usi ng count er - propagati_ng I.igh n ation
courger-ossaalina b ohgda. BB MSTSRABRIARN FsPTad <puits from
M@%Qu%r—bkﬂ%ﬂga@ﬁ@%ﬂtl@eéﬁw@mm {2y iféferidg td Rfeate frln?es in a

ilTustra diment, mrror 320takestheformo
volyuest4dnefi areaprgina magdivmriddr . Infeiggencermay bg achiengd.Hyfpcusing

ligh {)%(rﬂé‘tﬁ\()e %nfa't YAt SR rRied Qﬁdﬁ‘\é’cl & éeﬁf?;hogé 3found 1

usi ng counter-propagati ng beans.
ml@ombtegufmtl) on Sxmallau)seé a tsrgegmqllyne,o@@edleswed location, within

rec?)?cﬁlﬂé ﬁqredﬂ“?qgg ay beg{qsﬁlglio'r g?O ﬁ'ilag/ngé Ezchgéq ugﬁﬁ@ cbhdentional

lene dribifguligtt beam4DI® aidsiens E5 tiaidighb pearodi20p Avhild gimgiehlensing is
correction 425 t the formof a

Sh?“?"alﬁOH“QS’r“';'?Qﬁ%nsn*@BP?ts n&?ya%ﬁco\ﬂé%s%e u%%%ev\edge pair, for
exanpl e. [ 0065] Fig. 5 shows another alternative

[oommf i gurfigi 2rsh6668 droaltéroativengordighcitiogr209 for tibinting a hologram

wifi s ShdBerar SPBRO TR R RRR R Lol b e o gt s8rs. in

corfighivditRina®00, abhsy 126 Anaheenrfreplated By sucdraed mitom@2@rsuch that a

focfipgb) Phecor §o0 it (G arf oHch Ferdiion i TobG fegy 110 it

CoRfguratioh 260, Y feglive highiy prrems@faugnmeﬁi @fCthtNGBer(sﬁlsdh 5a$25 or
a netal coat edéI22 ar surface of

of feiis) Bt PO mikpe 220 relafive fe gagh 4iPTor Resiidipglgpigro-nolographic

recré@chlﬁﬁ"s nﬁse‘-‘rﬁélbinﬁé ket QrcﬁhMrétldrﬁéﬂeQi%ﬂewﬁto %tmﬂe”i(iﬁbrafbn-free
nedi a 130, all non-limting exanp

enyiForRRITs gsiclt A9 rﬁ%o&@omcom)atamcmnt@naé Ht'gfbe%ﬁﬂsm) pﬂ%ﬁomng
sta@e§”a| | er spot size and | arger power density in a
target vol une or region than Iight beam 310, 410, 5

such that the m cro-hol ogram di mensions will be
[0 Qﬁa‘]ven bicaonding tRedis iBsPact AT PrePrerant l@yelgtp@lt agfogusedy slightly

foc@@é& Bk hﬁ*ocgém%ﬁteﬁ%gbf‘ﬁeﬁh (iR %6 ol d&uﬁf@ﬁ%"rcgge?éﬁ hé Yocused

tween th earrslsaresutlng
lighibegonponehe used fqiéeq:cnﬂ@gf &g @c@oy\@tarealtern@wwogﬂguratlon 300

to REARAL2L Mot UMD &R SWIRS RuRRPPIERIGARNG light beams.
Configuration 300 uses an unfocused counter-propagating reflection 310 of light
beam 110 from mirror 320. In the illustrated embodiment, mirror 320 takes the form
of a substantially planar mirror.

[0064] Fig. 4. shows an alternative configuration 400 for forming a hologram
within a media using counter-propagating light beams. Configuration 400 uses a
slightly-focused counter-propagating reflection 410 of light beam 110 from mirror
420. The illustrated embodiment of configuration 400 also includes optical path
length correction element 425, that may take the form of a liquid crystal cell, glass
wedge, or wedge pair, for example.



portion of the recording capabilities (dynam c range)
of material 130, where material 130 exhibits a |inear
web@agelsas refractive i ndex with experi enced eREDESI086/009249
intensity. [0067] Fig. 6 shows that experienced |ight
intensity from counter-propagating |ight beans varies
Wi th position - thereby formng the interference
[0665]nges Figs 8 shelewanotheFiglternative ncenfigurition! 00 for forming a
where refracti

al ,
%{qns }I‘E! {Iﬁ/atmﬂ-\%a}l?lg}g V\?qllﬁﬂeé’)aggp@q%@gdpﬁﬁgh@amsg Similar to

cohf@tﬁﬁﬁd)ﬁ BOO &Y. i3)e c@mgmeauohh@od uebatal y@syantidy Wdeﬂectmg
Suﬁﬁgﬁgt lgeam may thus consune dynam c range in a

Pyeyert ﬁﬁﬂf'gqﬁ@t'qrhﬁagtuwl A rRortisy P Qﬁﬁn@‘ﬁﬁ@ {1%0 |tself to
préide defiddtief Hvd %ﬂrllgfﬂ bEQIW ey, qa&fl@ﬁ%?@)gn’{alﬁ/etaﬂesbﬁbbﬁo?m of a

reflect|V|ty of er volunes and m cro-h ograrrB

refigpived Yichasgemetal gpaledy tes ghedece oimoediadan, & reflegtiya layer within
mddig 15RdbR oWQetSrem'ch? Hofyrdhs e%%?ﬂt?@lgtfoﬂﬂmg &”’réﬂ@c?@gssurface in

are at normal incidence as wel
megha 139, all poe8y oewvliniiting exemale. aspect of the present
i nvention, such a consunption of dynam c range in

[ogdd]ect edlnVéRiri=f'|§ﬁt%’u85§1 860! fﬂﬁﬁaﬁch SO%QT&?EeHﬂ' H'@Bnéé“é 'sﬁﬁller spot

holr&gramforrratlonls m t using a reco
sizeeAnst lpEger dpmien density ia antame m&me oesqgmﬂaan dight beam 310 410,

51@XQ§§HI ﬁ%g?ﬁ? @@%\ﬁdﬂé@cﬂa}nt éflmelnglo%r{/ﬂ[) b@oérﬂl%n @1 the. dimensions of

non exh
the smadlebispat istme. Wikt po@ntralcdm/\rbabbgoambl d:ffampcean rpovﬂ'éredensny

-1 f t terdal i .
oo 1 S 850 0 SN pHASnELE O cd e n e
interiérense tpattéen. gSusiy agseelestalibr OC compbnérteconbu@ed @ ebnsiderable
oolir 8 FERr P RPERl o RURERIE BngeL BeuRl 130, et materia
130 exhibits adinebacteatigerdf $éfractiod irde) witht @dplefibndcRUsipRSuRY intensity.
el i m nat es consunptl on of dynam C range in

addr S 0l and fa it ductio
o0 o St R LT L ALl SO LA Pl opagatng
||glvtobeams vah@@@\ﬁlh bogton iQﬁeerﬁrfdrnﬂJihé\ the iihterfSidngé dringes.  As is
recar cterlstlcs of a linear recordi
SO HOwFy a%nagry RSEOBSINR AMaLe8 DANeTe SHTFagtie index changes

sub@t@mramynlmeahar\am %&Féﬁérﬁ:&d Qfghe inteRsilyl ReiveBCRY, Ah8qrelatively)
di um of a threshold More specifically, Fi

Hseq Genishram ray thust ‘msémen@m%c frRRaes Bya volume Tiich larger

theﬁpmét @Pgd-’!r\ﬁbmﬁﬁé"bbﬂ%édlﬂmg RemESdested Sﬂ'b%@?aﬂnntl'@@@y décreasing
produces a nodul ation of the |ight intensity,

and
th%@ﬁb‘Sd@f'WtWy of (qwee;-myn%awééwcmh@ogr@mm Bynamic range is
aIspRERRRRAC O IOE e B8P, B ApBAANACHS B tdifler.propagating
Ilgrat hessuanept aoenali :ngdemoemwelé(s@ede Qg Figs. 1 and 2).

[0068] According to an aspect of the present invention, such a consumption of
dynamic range in affected volumes other than the target volume during hologram
formation is mitigated by using a recording material exhibiting a non-linear response
to experienced power density. In other words, a non-linear recording property
exhibiting media is used in combination with a micro-holographic approach. The
non-linear recording property of the material is used to facilitate recording that is
non-linear with light intensity (e.g. square, cubic, or of the threshold type), such that
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properties, a refractive index nodul ation |ike that
shown in Figure 10B will result - which follows the

WO paoeneisry profile shown in Fig. 10A. Wil e t hBCT/US2006/009249
refractive index nodul ation may ultimately maxim ze
near position O, it may be noted that it extends
substantially over the full thickness of the materi al

recBffind ScAlRs shbﬁbht%ily ngf al@(@@b@talh Aghiiatenei).t $Gh a non-linear
(absci ssa) values in - such that r

esul t
recRTding - mmje% af éhﬁomaﬁﬁﬁktrﬁﬁk‘?eaﬁ % %'wwﬂaﬁeﬁeég% ' nqwn of
dyr?a @Wéh&é*ln"%oﬁl%(ﬁrﬁ&éﬂ Vdhifes, rbﬁld”@@l‘h@te%@h@ndﬁ%ftdnﬁ’n'eﬁsnons of

unes are sta one-upon another. In a non-Ilinear
thedﬂlcfmh@bltﬂfﬂﬁ @ng dleuis Sar@etwpblmqslng recordi ng medi um on
t he other-hand (a threshold condition being shown in

[00’599 10[Rigs.r ARFQBIARS 13RI |Im%ﬁ§tresre%lelhﬁﬁga6hér%bie¥ s@dd ¥t hNinear

vol unes where a threshold condition 1020

reopecaw stpdivohwhiteaF lgseégpt[i) agd i 16-B- ihestede é@ﬁ‘@r@ﬁ@ characteristics
of 5 WBRLABE F’ééo?’dlﬁg Prfé%i'ldi‘ﬁ Gry t}\msﬂoaetgﬁét Nt Y eEﬁ]EéihT/E Figs. 10A-

wher e rru umes are stac one- upo anot
1OIP|S@QWdha10Dt&thmg twan éacusa@ aeuotes-phenaggtiagriightdeamsg as shown in

Flgs”l %ﬂﬁ?éﬁ c{mgs it tﬁ'@h@*ﬁnt e&wa@?g% Ex?émon 0 (mid-way

Charac &2 A eXhi bl t &d
betm\xeeen@@am 0f5)lnbafespcmds -th dhe fpcahpaist albhg $te medin thickness of

o, L5 P BB, 5 SFEREL AL RS rar recoin

prdmﬁwsg et refraviblevindsx ofodalatiedi I&xelthamhcvgah'ellgblse m@B dll sesult —

wh{%ﬁl foélogsath? réra}ﬁaﬁl A gp&ée S ﬁw% Ihna hoh@[\g ile [tge refractive index

moduRRigA FREY (EMaRsly PRS@RIZEOTneBK Po&TEH DO mayt bes h@tleudh@tat extends
understood that to a first-order. approxi mati.on,

subgiantialiy vebine T thigknegs of the matasial Avk i Bati "aﬂteeafqr@éamp'e to

thd p&RASH Yab¥clsBa) MRubd SFigurt 08It YudHtrat lrédiuft f micro-holograms
responsive material (see Figs. 10A-10B, 11A:

areT Rgis sulstantialll sogtainedraitein; aPartisylan yokine Mehi m@ med'a where
muitHié€ ;ﬁ?rﬂ%at egﬂgﬁléop%héiu%haéﬁc}fh@res'lha@r%n-ﬁhear or threshold

nmat er | ts a non-linear optical TGSJ)OHSG

prapepiyxhibiting renersing medisnpen thﬂj@th@rh@mﬁb(a resield ¢endition being
sh(%\ﬂr‘?l WF@D‘??b?trég&dmrquﬁ roctul; subls’ta‘ﬂﬁa@/ mmtﬂeq;oﬂﬁﬁes where a

nation of
thresrgndfcmumtdry 10201 atreachedasuch rthalgeegudiirgurmiciosholpgrams  are

sul?sftjih gr %(?Q 9§gd gtlﬁrgﬁgl Q%{g(gjgr]ngﬁgh%r %H@rﬁaﬂﬁlt Ié Q/o lj?ﬁes are

rial
stagfad ronkeugenganothé&C- Pigurd 1ODCsBows rthatutie mlarafknlogaam mducmg

.t hreshol d- responsi.ve a oper. er|enc
fingae oI, Yot AP T aieNa iy o SR Fha 06 4 St in the
|latérabginaenisicnd §f bl icrdraoloyteam iaacillgstrsted ire Figurete msAt1yiDor As is
der %\r/'nvg’rrrafgg Qﬁér%%v 1L9n1 e%#rghlg kg:((_))nqumn’rlcpn of the dvnamic range of untaraeted

volumes of a media is mitigated by using a non-linear material of the threshoid type.

[0070] While a threshold type non-linear material is discussed for purposes of
explanation, it should be understood that to a first-order approximation, the
amplitude of the refractive index modulation varies linearly with the light intensity in a
linear responsive material (see Figs. 10A-10B, 11A-11B). Thus, even though a
material having a recording threshold may prove particularly &esirable, a material
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t hreshol d 1020. Bel ow t hreshold 1020, the nedia
experiences substantially no change in refractive

w0 nabex018Che of the counter-propagating |ight bRENES$2006/009249
e.g., areflected Iight beam used for recordi ng nay
be focused (Figs. 1 and 2), slightly focused (Fig. 4)
or even unfocused (Figs. 3 and 5). Using such a

tha¥ em&l&pb dmhqm@aﬂﬁpml ratbehsdto exprsueinasisich ds brlnﬁlltude of the
fect. of | essening focusing ﬁgl erance r q(}UI r

fefﬂﬁﬁ%‘f%éﬂd%\fﬁ?ﬁ%@@rbfwr'%s’t Rl the 7 ePPWR't i ee'azgg eof}?a;ﬂor a
corﬁﬁné{&f@%@/&%‘? WAUI® sidhgicBRE) hitigits yAsmR: ﬁé‘n?é ,consumption in

to currfent surface technol ogy optical storage
othgegifedied velygiesas is illustrated in Fig. 5. [0072]
Referring now also to Figs. 8 and 9, using smaller

[00‘7‘1’”0 h R QaFREP agaf @@ﬁﬁéeﬂrééhoha"cw olﬁmlmednatenal and
ogr ans, Er OVi ges |rrprove system tol erance

ref@@ﬁge':lg@tmtce fasudPGd? iapds! Hork)s dhGUS R FASSa P t@%ﬁ{dsresponswe
meﬁlﬁgopéa{ésl IS'ySEﬁér?e?]mﬁrép&r?Bﬁﬁcaﬁy-%%cgﬁtréﬁb&&e%dé( change 1010

he hol ogram | engt h) as
Sutfatmila"}b nnkyfwlneretheu ingiderdenerdycdansiiy or @@werddmy 848 is above a

thré 0 r1%t26r eBeE%\L?ﬁmr%gIﬁ(gq hf)(ﬁo gﬁéén e\ﬁg\ﬂ?l Xp ﬁ&%e %&gale)tlally no

r ornance 0 eference
changer EB[HfraﬂtSVQ mdmpe@r@dobﬁ‘re‘ oouracpropagatinga tighteesses, e.g., a

reﬂg{?, eggllipg]mdo 'gﬁ] lﬂse\(;t or lf'%ﬁ%&r%ﬁsmgg Hf%%%ﬁ &i Sﬂg d?téﬂﬁt E? slightly
focased (f:Lg‘lCA)I on evén amrg‘ud:laﬂedc(Fagsges dref 6DenUelnglaJch a threshold
r.espon 0 _expecte

ros LN Un P A A OB P B or e dife 8o o drvRLplsh fReplgo tolerance

reo@mméhfs:lf Deroﬂ’lfdfa@d%rﬂég? aaggbmaedlhboke:fmam JE3]may be
0] non Imtin urther expl anatl on, on
incp ISR JTIa B MeianSHEL 38 4 IR, AR JO GrPRbauase Bennology

opﬂlda]rbfo%ige%ué\ﬁcégasu&}m Rfilletiatsl WiRig 5 sl ight focusing
or no focusing at all, such that the reflected |ight

toqbrﬁimcgir#%r’p?rm&wa Pl Buhg . sGa r Pa ldarems. as
opgduedr & laegdr yRR)-Saedt hcﬁlﬁ?rabrfs Piovadél &ﬁp@um agstermafiderance to
may take the formof a

torGRAraIS CRGIONY (inde2aaHTo MIBGRBtS 0. Brillites expected
o RSB P B 948 o

he f dlight b h
o oA BReR el REURL B0 oA SRR B 514 G5 boncs
to Blgesuted performarite dfed gecrodiolegrame whille defeeencens20 cqnwwonds to
densi t\é/Ffvarl ati oan when t he cused rel at,j

expested, gerfamance] a p@qﬁ gﬁ%lnlgo ogram. EIB% |IF%¥r tses expectedeBragg

detuning of a hologram (c« A’ where L is the hologram length) as a function of

angular change. Reference 910 corresponds to expected performance of a micro-
hologram, while reference 920 corresponds to expected performance of a page-
based hologram.

[0073] By way of non-limiting, further explanation only, an incoming light beam
focused at nearly-diffraction limited size may be reflected with a slight focusing or no
foéusing at all, such that the reflected light beam is unfocused (or slightly focused)
relative to the counter-propagating, focused incoming light beam. The reflective
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Non-|inearly Responsive Material Exanple 1 [0074]
Phot opol yners have been proposed as a nedi a candi date
w0 aoochalsayyr aphi ¢ st orage systens. Phot opol ynmer POEES06/009249
nmedi a have reasonabl e refractive i ndex changes and
sensitivities recorded in a gel-like state sandw ched
bet ween gl ass substrates. However, it is desirable to
eleBieh inti fe 6h ARiidd dLefhcs] aniCingy eakesthie forasofea fiat reliedr,dirscslightly

Furt her hot opol ste are, sensi
curgR G R SaTaaRA PTG TsARNTeTk BFaie Hefgaen g, ostied lion

be&ht &RY FETHELBS, ﬁn@eiﬁtef#eré‘rﬂﬁdbétf&n Riill D &fsendby i rtmg Icﬁ:‘éﬂon of the
even soneti I’TES after the recordi Nng process. | S

focuged ligiht kear viberarhecrefeding bahichamb A% 3 rglé\tlv@v llarg? garmgfure of
its @?}%Qé FHng tﬂ’\eaiﬁ ag%é@ﬁ%&tupé Pk{b‘ﬁcgé tpd ;F%Hdsf% vafiation when

mer phasec e mater ractive I ndex
thenfiodused $poisneves relatim@dheur@ﬂe@mumt bear@ a light beam
is used as a hol ographic data storage nedium In one
enbodi nent, the detectable change in refractive index
results fromthermally inducing |ocalized changes
bet ween anor phous and crystalline cogﬁonents of the

mat eri al . ThiNosinaAriy&espansifoMeiriehErg TPk §

refractive index nodul ati ons induced using snall

[0072g" gi espholdpblyder@tiRivealoeBRY pRipeBe®r ayi g€ nfe!dia acandidate for
t hreshol d condltlon in_which optical expos

ho@s@@l%sstfa@gswsast@m%shBhetOHakv@qr. pased gpe ia have reasonable
refPAHR%E aRddra l;:l’wé(ndé@ afiP36hsi@MidshRchRiduamt & -k @.ﬁaté’fsahb\ﬁlched

material, while optical exposure energies above t

betwgessalass se@ﬁi@ées@l etlewevar i is desiable (pedioviglese §'mﬂ'1'§%% structure,
su&l@ogg] a Nm&d&?r<?|é§U| 4 |rther,2 gﬂBFb?)% gﬁr{@n%stbﬁ‘ﬁu Gfe aQér%ltlve to

pol ynmer material can provid fractive 1 ndex
envirenvgerial cpnditiagisoi.e), , anieint lggttbug,sem |ottemre9uwesssec5@iohandlmg
o ARSI oo Al BT Epropes, 1t o cesratl to
elihitdite therseldrawbackshasavetiat eri al al so offers the

potential to use a substantially threshol d-responsi ve

fogza50" di "ReddriiG o an ﬁ@&t' S8R ﬁfé&%n{"’ﬁw‘b‘éhﬁ&gté‘ m ghase-

e used for rea and “wr e’pr
chamge material ghwhe:hneixwteveﬂmdnn mod@a’mna arelipduhedrvial exppsure to a

Iigl?tél?éa?’rq |sd8§(§d ﬁ%gxr%? Séﬁg %'afge&toraé]% ?%Fr[ecﬁwatme embodiment, the

actl
detéictdbde eammgbeinv\wradtlm mdex pbsmlts &ooh ¢h|e;rmadiyl mdecmg localized

chitgrs, DpMee BTerpiaRa i CRRAIe Saperans Yafep@aterial This
préidg fed poientibBy ddigBgrdffaetive index modulations induced using small
energies. Such a material may also provide for a threshold condition, in which
optical exposure energies below a threshold have little or substantially no impact on
the refractive index of the material, while optical exposure energies above the

threshold cause detectable refractive index changes.

[0076] More particularly, a phase-change induce-able polymer material can
provide large refractive index changes (An > 0.01), with good sensitivity (S > 500 or
more cm/J), in an injection-moldéble, environmentally-stable, thermoplastic
substrate.  Additionally, such a material also offers the potential to use a

substantially threshold-responsive recording process -- enabling a same wavelength
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copol ynmer above the nelting tenperature (Tm and
rapidly cooling, or quenching, the material to induce
W0 b@oposvi ously crystalline conmponents of the PEX/E§1086/009249
to cool in an anorphous state. [0077] Referring now
also to Figs. 14A and 14B, |ight beans are interfered
Wi thin target volunes of the material to |ocally heat

lasStBo VIgd Urgeg fdrepGaf rexdiee apandting, twm&w@remrmhgeambmt light
fringes, as a result of ener g bso n there %

SXRQTHES tff%“léi&ﬁtaﬁt@ G | Sore S8k ablyenpngmbodiment, the

det%&tabieclaérrat;ﬁ\v@%@k léhéngé @6rrc)§§b%ﬁ8£ € tmﬁln%%%lﬁfetrérﬂiésbétm@n the

enperature ( ?{ the crystalline
am@tnh@meﬂn@ oysta leenaitatasl af ongl of g serBeRRIEAt ¢fy ac §pPolymer

thehﬂéglaggh %mw%us %{cﬁ’\t & sut?s('i)llé{t% Q Ere SHLP §/ ¥Rvating the

erence r ative e ot er cysta I ne
coptiyher abdvente mltmetermeeartuml (Trmhand rapigly edooling, or quenching,

the rﬁﬁ%ﬁg@{oﬂb@u%a@%ﬁ{) % gY @%Grggﬂ#%%gﬂtstdtefh?ﬁlaﬁéﬂ%@ to cool in

an setoephals. st&egar dl ess, |f the ener gy of the i nci dent
light beamis not sufficient to elevate the

er at f t v,
too7 2oy arirEila 408 I & [, 3R dnd B Sid deBins arefnterfored
withis thgeh volulfiey. oMEB;e whatedalarto o fricathal héatusnbgouwmﬂe thereof
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teraprratire, ws;amlauwn@tcbamtakgs alagen iy isogshowmainfig.iiB, where
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[0078] For non-limiting purposes of further explanation, the critical value is

given by F,, = Lx pxc,x AT, where L is the length, or depth, of a micro-hologram,

p is the material density, c, is the specific heat of the material, and AT is the
experienced temperature change (i.e., T4-To, Where Tg is the the glass transition
temperature and Ty is the ambient temperature of the material). As an example,
where a polycarbonate having a density of 1.2 g/cm® and a specific heat of 1.2
J/(Keg) is used, the length of the micro-hologram is 5x1 0* cm, and the temperature
change is 125°C (K), Ferir = 90 mj/lcm? Translated to energy terms, the energy
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where A is the transverse area of the hol ogram and W
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dia di sc rin o to Figs. 15A-15C
nonyliagah a0 thngﬂ{?‘@r bk 6 g ingidepioe ontigpl fluence,
and hﬂs Eﬁéiﬁﬁﬁﬂ @f&hé‘rnﬂé’roq{oléd@mh of I@lhalﬂbnt%nerg? B, Edelidered to the
cer Still assum ng a depth of the

R 1 cm a@ he -al i
ma'i%r%r E)e mat errféaBdeB e-(\ SFQS/ éﬁeﬁﬁl F g I%:Ed’i' a (mséﬁ)et“ﬁ’zbﬁg{eie ¢ "
mm a predicted relation between incident energt ElI N,
thedfansmissior,hewe,in, cFg o ishe lingat absorpionof thg naaterial, an. Is the
terial linear absor Q.018 1/ c
OB AT SRSOIRIRNI eI ab s 1 e gBNEs PG figence,

L iSthd length8t Bkl rdicrd-BOIBERAINSfand1D G8Nthe defth g6l RhEth) of the material
rel ati on between transm ssion and fluence is shown in

(e.gri ghe 1thiskness 9 theeBediaaiiecas SApTingniow Fisqiitetidgs. 15A-15C,

aséuﬁhﬁb' é’rﬁéhp%%e{kahﬂegmo, *&?&ﬁ@s waist @Rdid Fhaefse afdh of the
nornal i zed sorgtlo and |stance are shown in H

holpg@m,[ B0 F6T 19 stent $ijil assnening g depthsable m'ﬁr¢hfej§9ram L, to
be%%‘%aegnélaﬁmhé Hel bh X Sug%.aﬁb%gcomrrshém&e@,e 881 m,

am ex OS mer material nedi a
praAiIGted velatien mtmeen hmldﬂg‘l‘t erdyn En enﬁ @(rlﬁnSbOWﬂ i &9 i18bexurther

asw ﬂbaa{)h%@ec‘na?%é M%tlb%r ap, chrUa zlln? t%r{?:!v ?%‘é}c@ﬁél%n -linear

eam I nt er erence or mat |
absord’em ragt iohri OO0 crahlo(admlnahnha métemlayMr@Ith iofie1 pash)y ree predicted

h h /
el e dBinsh i o B P SR AE Rl apipg these same
asfiasgtibng, npredietddo retatioren betweathe dightu beaion walistcapd tdistahoe and

orraln t hat, are substanti al [l er than the
nom%gpgﬁ&sgr pnapd g qaﬁt%'?ﬁe YEi Bwﬂérég?é"ﬁf “val ues of Fig.
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[0079] Consistently, and as is shown in Figs. 16A and 16B, it is expected that

counter-propagating light beam exposure of such a copolymer material media will
write micro-hoiograms in the form of fixed index moduiations corresponding o the
counter-propagating light beam interference fringes due to the formation or
destruction of nano-domains of crystalline polymer thereat. That is, the phase
change/separation mechanism generates a refractive index modulation based on the
formation or destruction of crystalline nano-domains that are substantially smaller
than the wavelength of the light being used. The values of Fig. 16B are predicted
using two counter-propagating beams each having an incident, single beam power
(P1=P2) of 76 mW, a = 20cm™ and an exposure time (1) of 1 ms. A predicted
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usi ng two counter-propagati ng beans each having a n

i nci dent, single beam power (P1=P2) of 75 nW a = 20cm
WO 2b6a0378 n exposure time (T) of 1 ms. A PCT/US2006/009249

predi ctedresulting refractive index change (Dn=0. 4)

that forns the mcro-hologramis shown in Fig. 16C. As

can be seen therein, a mcro-hol ogram enbodi ed as a
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|nctuulmgrwtrmiorralandﬂyo¢kec¢pcgymenseademelhgs lbllmdlsmfetmmllymers with or

o ERH A . SR P sl O Sbbho s, on the
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uced process nay provide the non-linear responsive
hani sy f or ti,cal l.y induced refract i ndex .
0 Enge. Armal i Reihiaston Pt Bt pplicy'db8ibing ave
is \ﬁ@ﬂllbhlt@d @cgit,ép”ﬁratb@aﬂ% inflexa chang: wechheisgt florhathb ephat@ebactive
ow an

at |, s, for data.readin nd .recordin
m%é@@é@e ie\rﬂepwgg mﬁ%gt@kal@m senslvitiesy ée‘%;sa Bgdfran aspeet of the
pre@,@’ﬁt aﬁ\vednbghtthérmmalaﬁtnmudeal bibcdegr mei ngrolite meprmh linear
data. Dyes wiith a reverse saturabl e absorption (RSA)

reS@paﬁéetryechaw%ml for thacorlisatly frdused; eefrackiys ddex, Chandeme This
mdchi8i @fne o?'ﬂﬁjreélﬁk% @BAGHON driabldacdfiRal Bshnhd BERGBmeANSvelength to

usefu consequence, absorption is highest at the

bemsgdtattb@m(nd)hlgb@gwermr clatareeasinchand Eroerdiao. reseegtively. This
ch%r% rlgﬁé s reﬁlgﬁ{s amBlehnt 1 WBHtEtanW %S’As‘@é ﬁII)Z‘ %@Taﬁflhg?‘khe stored

1S near transpar ent
dafanc| Dyks mphymvaeseaaalturﬂ’qlmab@omnhn(ﬂRrSA) pr0perty, in which the

absorption is a function of the fluence and increases with increasing fluence, are
useful. As a co‘nsequence, absorption is highest at the light beam(s) focus, which
means background linear absorption is small, ultimately yiélding a material that is
nearly transparent. Examples of such dyes include porphyrins and phthalocyanines,
by way of non-limiting example only. A

[0082] Further, amorphous/crystalline copolymers are well suited to provide
the desired properties in an injection-moldable thermoplastic substrate, such as a
disc. The use of a thermoplastic enables data to be recorded in a stable substrate
without significant post-processing requirements, such that the refractive index
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change. [0084] By way of further explanation, in
[00841t ai n By vl of dywtey eeplavatipu i certai blockopelimer gompositions,

thegﬁgé}@gf' Bgﬁﬁ‘}%ﬁs BRRSY 84 SBURLARRBLGY it tehUi& i AL A domain

structures that do not grow macroscopically like polymer blends, because of the

nature of the copolymer. This phenomena is discussed by Sakurai, TRIP vol. 3,
1095, page 90 et. seq. The individual polymers making up the copolymer can
display amorphous and/or crystalline behavior depending on temperature. The
weight ratio of the individual polymers may tend to dictate whether the micro-phases
that separate form spheres, cylinders or lamellae. A copolymer system in which both
phases are amorphous upon a brief (or extended) heating above the glass transition

temperature (Tg) and melting temperature (Tm) of the individual blocks may be
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about - 300C causes t he pol y(et hyl ene oxi de) phase
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, Suc l'ess than o ed nanoneters
, < 100nm, light will not be scattered by t
roq(ﬁsia AARON RYPQRLET 10 Qe pr F@ﬁ%r%OfCi'%m!i@?irl@@f"%\%h hlgh power
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@ mat er i aiH ?éer? ering 2 aserS % or alnl'ié}f’eﬁen%e rmges
mogpentarily ralsmg the temperature |n the correspondlng volume or region of the

disc to a point above the melting temperature (Tm) of the poly(ethylene oxide)
phase. This causes that region to become substantially amorphous, producing a
different refractive index than the crystalline domains in the surrounding material.
Subsequent exposure to low energy laser beams for the purpose of reading the
recorded micro-holograms and recovering corresponding data as micro-hologram
reflections does not cause any substantial change in the material, where laser
powers that do not heat the polymer above the Tg or Tm of the individual polymers
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SRS ER R IRIE - g g
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recordi ng materi al outside of the recor

de
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mc?@é’set\xnﬂpﬁwlc?éa%lﬂd%ﬂactlve index modulation. It is also expected that thermal
diffusion should not present undue problems. Thermal diffusion during hologram
formation has also been considered, and the temperature pattern is expected to
follow the interference fringes of the counter-propagating light beams, i.e., the
exposure pattern. To maintain the fringes in the index pattern, thermal diffusion may
be substantially limited to the region between the fringes reaching the phase change
temperature. Curve 1210 in Fig. 12 corresponds to a linearly responsive material,
and curve 1220 in Fig. 12 corresponds to a threshold responsive material. Referring

now also to Figs. 13A and 13B, there are shown expected temperature elevation
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ORI GUR B ST e it E PoftebtoR apiighs hiting a photo
~ reactive element that will produce an electron-hole pair and is a measure of the
device's sensitivity. Materials with high QEs are typically subject to rapid bleaching
of stored holograms, and thus data, even when using a low power reading laser.
Consistently, data can only be read a limited number of times before the data
essentially become un-readable in a linearly responsive medium.

[0091] According to an aspect of the present invention, a non-linear optically
responsive medium is used to address these shortcomings. Again, a material
solution based on thermoplastics, instead of photopolymers, may be used in a
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witten into multiple I evels, an undesirable
addi tional bleaching of is expected to occur in a
wo pweas1srecordi ng nedia. This may ultinmately |Pei/US1006009249
nunber of l|ayers of data that can be witten into the
media, which in-turnlimts overall storage capacity
for the linear recording nedia. [0090] Another concern
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Thus, according to an aspect of the present invention,

alize f h a
[oqégﬁ—per at %e@irﬂ]irgeﬂgwq a%gv Tgﬁ%@ ifrl‘ggﬁlﬁgnes ?o E?rostllbenes
contau'mr?g)mﬁa;anerc mein«lseamﬁwhlbef used Hor @aigraphidelatdctdraged The
t material, suc ator
TR eI sPRtiBh dBet GAUSRR Hkastinorsy SEheRirpitasnesrs gl known,
and&?i@dﬁds?bdifﬁr éxmﬁlteefn 8§I&{dﬂ|arfd0.0ahm, Q@@Fm% apl.iZebnd pages
r rther rovi des a ng process,
108613181 Audidiogh Jrt6E Bt s, Bisy ef oyl tel fof Biebluding Waveguides
in dﬂ $Iﬁflheﬁlﬁ1 EBblicioh €8y Bsachingt i ﬂgé"t@ foAeEidding matenal (see,
Mg hot och em cal reactions faster than in_the surround |n

plesulesn a9 i val. 27.i pagesr 16K7at102 + MeChloshr raporgd ¢h QE of a
paffRDlarVbrittitilbeA¥eic vl 0B0MB4ain a Polymethylmethacrylate (PMMA)

matrix. However, he noted the same dye in a dilute hexane solution had a QE of

0.11 at the same bleaching wavelength. McCulloch further speculated this
difference was due to hypsochromic shift in the lambda max in going from thin
polymer films to hexane solutions. It may be related to a mobility effect, since the
stable conformation of the o-nitrostilbene in the rigid polymer may not be aligned
properly due to the initial pericyclic reaction. Fig. 17A illustrates data indicative of
bleaching with a 100 mW 532nm laser at 25°C and at 160°C. Enhancement may be
due to increased mobility or simply faster reaction kinetics due to the higher
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wi t hout significantly affecting other |ayers. In other

words, it enables reading and witing w thout
waledoetiexsrdusl y causi ng significant bl eachi ng oPCDUk®NG6/009249

vol unmes. [0093] Referring now to Figs. 17A-17C,
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may' /ol thepsribpsMBITDenegEPar abl e to PMVA materi al s,
t hough slightly higher QEs may be possi bl e. [0094] It
under st ood, .. .however, that the

ul d esent
0G0t bR i BRIOR By & Bheld: ferive e Gebgopdded to a
pom‘@%onﬁ%@t Mafrix Iﬂd@aeo-rhitﬂﬁﬂlbbné Ny &R_EORD tlfé?ﬁfaﬂ%hat @otd RAemically
e phot oact i ve ¥e mat eri al hav
stebli (71 BAY 1900 50, eatiacton e, Malones yHestiones B ight ahsorber, to
prodeiee b@QI‘i’ﬁereﬂ'Bﬁﬂ‘ it Wi thaNfhidrAéndd $MGRES afAnd ”I%E@é‘stﬁ bdunter-

QE, such as an exponential increase 1n Qg upon
prawageting lasen peargs o ygeonreitrationsnapemiawerransdirae agthe focusing

poii"n?ﬁjﬂaﬁf”cbeS Ded to §Jﬁ9é’tj tﬂe@g@&‘é@ tShpeAtirBab thd'Belird the near or

need "not raise
above the Tg of the matrlx for example. In such an embodiment, the first and

second wavelengths of light for photo bleaching are simultaneously focused in
roughly the same region of the matrix. Since the sensitivity in the heated region of
the material is expected greater, e.g., on the order of 100 times greater, than
surrounding cool rigid polymer regions (see, Fig. 17A), information can be quickly
recorded in a target, heated volume using a relatively low power light beam having a
significantly less bleaching affect on the surrounding regions. Thus, previously
recorded regions or regions that have not yet had data recorded experience minimal
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above glass transition tenperature (Tg) or it may
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Tracking and Focusing

[0097] In one embodiment, micro-holograms are stored in a volumetric
medium along radially extending spiral tracks in a plurality of vertically stacked layers
where the media is in the form of a disc that spins (see, e.g., Figs. 28 and 30). An
optical system focuses a light beam into particular target volumes in the media, to
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phot o-chemi cally stable dyes for |ocalized heating

pur poses, dyes that behave nonlinearly nmay prove
w@arbitesrarly wel |l suited. One such class of dREBUS2006/009249

known as Reverse Saturable Absorbers (RSA), al so known

as excited state absorbers, is particularly

attractive. These include a variety of
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e.d 18 Adorkreliptiealanaadirsrent , ni cro-hol ograns are stored
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syslgtémg,, (ﬁff@'elnt Frtﬁtﬂﬁgorﬁl%nﬂ@l?alm anﬁnD:Vm teéaholsgle"s)sﬁnon—metallzed
ocuses a eamin ar ar t t vQ
layphis et &, TfiBele FOdeRb TGkt DeAma pEs SERwBfn 519, 18, ficro-
holBFdn? 111890 Q@M RY Balia 18P00feBEstrBadifg WYRT b&dm r1@3d to a ring
out the previously stored data or to generate

de’ﬁeﬁt%rT%OeHQ%thnqdng@gng@eeg{ maose patisalplements (e.g., lens) 1850.
@r&emeh%@%cﬂéﬁrght bedrd 1380 9t aNfarddt 9bluhfy &ﬁ?espondlng to

umes accurately targeted for data witing

nd
m|¢rem1<mrr9m 18— Beetnthal mierorhwlagsam 18d0asnerates ﬁéeﬂectlon that is
mc?dr‘étﬂ?dérp‘ﬁ‘dg:ﬁ F'é‘f‘e St h8bo CARY 3 b%b@kf&%@ée%ﬂ etﬁé'm!]&rated

I ngl ng |ght eamare-used to ard accurate
embadipetntngplidal @tﬂmentékﬂiwmamnsmoates tke meftacion dd @gdatsm recovery

de%ﬁrc[:o?g(_rﬁggbgwhﬁngllt gs%%h%‘ bh uftidr@b§ h¥P Wﬁﬂg’orﬁy% single micro-
hologram 1810 is illustrated, in actuality media 1820 is expected to contain an array
of micro-holograms positioned at various positions (e.g., X, Y coordinates or along
tracks) and in many layers (e.g., Z coordinates or depth planes or pseudo-planes).
Using actuator(s), optical element 1850 may be selectively targeted to different
target volumes corresponding to select ones of the micro-holograms.

[00100] If micro-hologram 1810 is at the focus of the reading light beam 1830,
the reading laser beam 1830 gets reflected, thereby generating a reflected signal at
optical element 1850, which is communicated to a data recovery detector. The data
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out of focus or off track, the reflected inmage differs
froma reflection froma mcrohologramthat is

WO peobae1s33 and on-track in a predictabl e manner PCTTOER06/009249
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eﬂ’lgi%ﬂgy@é&@agé( the data recovery detector. In a digital
ata system a detected signal may be interpreted as a

"1" and the absence of a detected
[00102] When the focused light beam is not properly aligned with a micro-

hologram in a track, the wave vectors along the direction vertical to the track do not
have as strong a reflection in the direction along the track. In such a case, the light
beam is elongated in the direction vertical to the track in the near field, while the light
beam is squeezed in this direction in the far field. Accordingly, separate tracking
holograms may be provided.

[00103] Figs. 21A-21C show near-field distributions (z=-2 pm) corresponding to
the simulation of the circular micro-hologram of Figs. 19A-19C. Fig. 21A illustrates a
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signal as a "0", or vice-a-versa. Referring now al so

to Figs. 19A-19C, there is shown sinulated reflection
waelaia/1e8ry espondi ng to an on-focus, on-track cPCT/UBZNNG6/009249
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along the direction vertical to the track do not have
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track, | h he || b
For, RRATIPIPe BPRGE B TRREAES FAY s 4SRaT RIREOREY Bitg § Fios.
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e ar |1 e CCO e
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12Dk BOCANG 2 far ek el ERre cBala Gl §/aThr Tl 61228.17°
(pogfe‘?fn BELRYoL S W HEErdati 6T Big¥ 40RO LFigh! 94 20BN Rw near-

field dlstnbutlons (z=-2 ym) corresponding to the simulation of the oblong micro- -

hologram of Figs. 23A-23C. Fig. 24A illustrates a data recovery light beam being
launched at x=y=0 and z=0.01 into a media. Fig. 24B illustrates an off-track
condition reflection caused by a shift of x=0.5. Fig. 24C illustrates an out of- or off-
focus condition reflection caused by a shift of z=1.01. Thus, in an out of focus
condition, light beam efficiency decreases, while in an off track condition the
reflection is spatially distorted. Referring now also to Figs. 25A-25C, there are
shown far-field distributions corresponding to the near-field distributions of Figs. 24A-
24C, respectively. Fig. 25A shows a data recovery light beam being launched at
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2 1B illustrates an off-track condition reflection
caused by a shift of x=0.5. Fig. 2 1Cillustrates an
woeenbs7dr of f-focus condition refl ecti on cauBerUR2006009249
shift of z=1 .01 . Thus, in an out of focus condition
i ght beam efficiency decreases, while in an off track
condition the reflection is spatially distorted.
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? pace filters, Such that the fa d spot
smayller with é‘BIOUFﬁfoﬁU%WnC{W%k condition, and the far
field spot will be smaller with an out of focus

[O(quil ti Omhe b%@ﬂf’finvbﬁtlo‘-‘rh@m' b Rﬁth@ﬁﬁ%&é&é&‘adaé ﬁ%la{ehseto circular
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corresponding to an on-focus, on-tra
be dietarpungs ugjpam quasironple deteator, rﬁ}lchlaﬁﬁhabﬁmwrhmﬁlggZ(’hnThus in
vel.e
on& néihg&g'r;ne% fhe Q;?éttlé(l: ﬂr@ﬂ of'W| Gré-I Zz;?eqrg% prgﬁecggﬁg ??rf&h used to
detesmine \MlﬂethﬁQ&ZG@ImgﬂIQIﬁMam lsam fddue | ashdfearlon teadkE r'lém$ signal may

aisE A% Blotititp it Skt Betlth Bpushog S0 pliab R Brogys and out o
tra(zq,lanﬁémowtiew ﬁeedbéokeélghal Itcsardnlvatsen/rmSto(cb#eBt the)position the laser
onf i HERETREHIR. 28 SR ohetd SRl e o

holdgtamn rrefbemtlens lhﬁogéibcﬂneans@mmg;ahab@tmbé@ tatdetsdt=hanfés in the
24B | | lustrates an off-track

oG5 1990 TP dBETooh RS- BNk 1 redBoprmvide facus and
tracldftg | Idedbhélat ®% apticalt eRfmer®r poéili c‘;rﬁﬁgisa@t%f%ﬁ'é 'ONA  variety of

reflection caused by a shift of z=1 .01. Thus, in an
phojggetgetorg dnay be used to detect the micro-hologram reflections. As an
example, one or more photodiodes may be used to detect reflections from micro-
holograms in a conventional manner. The manufacturing and use of photodiodes
are well known to those possessing an ordinary skill in the pertinent arts. The
information provided by these detectors is used to perform real-time control of
actuators in the optical system in order to maintain focus and stay on the correct

data track.
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condition, |ight beamefficiency decreases, while in
an off track condition the reflection is spatially
waele@boosesl. Referring now also to Figs. 25A- 258 T/Uk®NE€009249
are shown far-field distributions corresponding to the
near-field distributions of Figs. 24A- 24C,
respectively. Fig. 25A shows a data recovery |ight
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usse
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arw@ﬂee@érlmmtwmcm@@@ optesdelErighd QGM)QJSEG to Pelhf €él|g n@ocus) light
ht begm i,s in focus _and/or on track. This sig

sEfleetions ouh&f dhe Yolemelis siomae meadia-f oEeg.axample

qué@@b@fe' @8tectitt 2@60 RS Hed pOsifitied behinBChbjedie IHn%}Hgdﬁsed to
edback signal toa drive servo to correct the

'malasetar‘@nrqqsé/a refletionst frers aéagaet yalumex imgetect h@lnt beam shape
vafRffIiR! Gn ey of'q)&?cquaef‘trﬁﬁf‘ooﬁ&o%r?ﬁ{ lﬁﬁé‘\ﬁﬁfetcted light beam shape

m cr ohol ogram refl ections I nto ectrica
is gléiptipgddt mayde éarreshthay the light tblaemr lefqﬁettacdﬂd sumg“@t dslfne off track

orb RS IBAEREFR oo IEE BRIy R Y o ot
thasoskpeated ﬁ\gltlacsmadieonsmeAcadaapeetuye)ofoupﬂm valtioot isrsymragtric in

nagﬁe,% ﬁm%ytb% iﬂ?etrlee%tthg rfiSh{TE)é:e{nq 'isthlxtocg "6 Hees,%tde?é]&éd éﬁ'anges in_
the spatial profile of the reflected read light beam from volumetric media are used as
feedback for a drive focusing and/or tracking control. Optionally, a smaller lens array
may be used around the objective lensing to focus the distorted reflected signal.
Further, changes in the angle of propagation of the reflected light beam are also

useful as an indication of the direction of misalignment.

28



exanpl e, one or nore photodi odes may be used to detect
reflections fromm crohol ograns in a conventi ona
woraiweae1873The manuf act uri ng and use of phot odi CPEEUS2086/009249
wel |l known to those possessing an ordinary skill in
the pertinent arts. The information provided by these
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correspond to one © e quadrants, such
refegnge sRND ) galablighsidesal atanst Brare fS@mpdﬁdaawatablen times. A phase
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refereang| B forthadysieol.e det ector 2600 may be positioned
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information. Normal progression of the spiral path trajectory can also be estimated
-and forwarded to the tracking servos. This information is useful for enhaneing the
performance of the tracking and focusing servos, and reducing tracking and focusing
servo error. Fig. 27, shows a block diagram of a servo system 2700 suitable for
implementing focus and tracking control. System 2700 including focus and.track
path estimators 2710, 2720, that in one embodiment take the form of con’ventional

Kalman filters. Focus path Kalman filter 2720 uses a servo timing pulse (z), a

rotational speed of the media, a focus error value (s) (the difference between the
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direction is the elliptical Iight beamshort axis. If
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(the difference betwe 2 ) posite ‘quadrants ecome
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[ ef erence can e es d b are
the bl T 1 BB B S B o oSS | ekcdad fragpsSattqommands
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sanpl ed tracking and focusing control system

roog R Cur e Ve efdPedh e B tneel of el racking micro-
holggmersaire aa spai es*toﬁagﬁeml‘eefuﬂ'ﬁ.en/& emadter fs9btelN @inSiNG tr@fBrence is
generated for a sampled tracking and focusing. Error signals are generated based
oft micro-noiograms reflection asymmetry resuiting from an off-track condition and/or
expansion resulting from an out of focus condition. Kalman filters are used to
estimate and correct for tracking path errors in a tracking control servo for micro-
holograms. Kalman filters may are used to correct for focus path errors in a focus
control servo for micro-holograms. The servo control can be used if the data are
based on different layers or changes between layers.
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[00110] Error sources, such as an off-center disk,
di sc war pi ng and/ or m ssing data can be conpensat ed
wo e00s/16ar3an filters may be used to account f oOPCEUSNG/009249
sources, and predict a future path of recorded
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a current stylus (e.g., read head) | ocation to provide
an estimated focus trajectory as the nedia rotates.
Track path Kalman filter 2720 uses the servo timng
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inte2BHie€ as 266 OUMbET 6f lagsrain tHetBddhbreAsboCcus servo 2750
controls focus actuator(s) 2760 responsively to the

mat fRcus traject om f ocus path Kal man
Toof#5 I* $ AR Hovlas 157l 2¥od I eriome Bk dseantnitles ketween
differiegh tdyees byrsﬂormd amedataqﬁl@p@ﬁmnsbtﬁ er&‘bP@Fr‘é’cﬁBhb Yeh media,
(not shown). A trackin
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I n essence, actuators
alternate in starting position and direction. In this manner, ihe iime it wouid

otherwise take for the sensor head to go back to the location where the previous
spiral 2810 started is eliminated. Of course, if it is desired to start at the same
starting point as the previous spiral, data can be stored ahead of time and read out
at the desired system rate while the detector moves back to starting point.
Alternatively, different groups of layers may have one starting location, and/or
progressing direction, while other groups of layers have another starting location
and/or progressing direction. Reversing direction of the spiral in adjacent layers may
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2780 position and focus a reading and/or witing |ight
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are used to correct for focus er
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a|t£51{”15{é%dso%%§§ée@%ﬂmgﬁ{ @yﬁsgh%ggkeaanaggtﬁm n§ gﬂ;}%%ﬁ&ihb Points
of dahaesadmalsjom diffeverdileyeranlénat i, swhebsuta flm@awostala‘&/et pombamOA

on BB, A T A SRS ST Bt en s

outvesgdospoiat PCD,i where ttmeche)asiayéralhaﬁeamls bewlardnineadstarts, for
St at es Pat ent | icatiaon 20050136333 entire.

oxgiiBley o S riouBte e RLCHEF AIRPAMBobPEnelPEgNo PSints may be

uséd®f erence. Formatting for Rotatable Volunetric Storage
Disc Using Data Indicative M cro-holograms For

r.ackin 00114 set fo cr -
100T43T b " STiedmite- A5G Bing igvohd Stcief i Tl i g8 888ks that
spilvai rii Idﬁﬁrﬁhta]gd%cﬂoml dPailfm’rgntaaymnalordlerrao kgdm:a%mb hneeded for a
er. The t of th ta storage nedia.na ve a
readrier etarior MeAg do TR {0 HiP 86 SHIED oo o S(aIHIRG PRl Tor 8 next
layePs Durifii§ the fdemhewhém thePd$tsetor hfaddmodds froanbne Riyer t afother,
m cro- hol ograns jn adjacent | ayers can result

ONe £F KR CRELMEOEES May Ryhearkio Mankina &BP%?ﬁeﬂh@%tﬁsﬁ%Pﬁgbto the

US@I'SOIt Egst%nbﬁétaoétoféw Rl thid Mehitpy %ﬁPtHenﬁrfeQ@%@%até Pkt Phay be
shows a fornat 2800 to overcone dat

reaﬂ @@dﬁhll%ﬁhetde@%ct@reh%mows foctheriext aiiead @v&y QFQ)?SI fal between
Ia;{eé%r%?tb% feBusd BRlesvetdind 8f LhifardbRhdjdbeRTridftte®Nayers. Cross-

talk between layers may also be reduced by changing the phase or starting point of
each layer and varying the ending points of data spirals on different layers. The
starting and ending points on different layers to be read consecutively may be
épaced so to avoid unnecessary or extended interruption of data during the time
required to focus on the next consecutive layer of data.

[00118] In one embodiment, oblong shaped micro-holograms are used as the
format for a volumetric data storage syste'm. In other words, self tracking micro-
holograms are provided. Advantageously, using oblong shaped micro-holograms
may allow for micro-hologram size to be smaller than a recovery laser spot size in at
least one lateral dimension. For tracking purposes, the oblong shaped micro-
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such as a rotatable disc. Mcro-holograns are stored
on one |ayer 2810 in a spiral that traverses inward,
wo encaxnpl e. At the end of this [ayer 2810, tPET/tist086/009249
continues with mninmal interruption by focusing onto
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further reduced by changing the p ng or star
holggramp witing psecespifelilows the GSaussianrepatiakbprbfileradthe B66r, tthamicro-

holbBEAPREIL 1 alsoPbEUEE H biinglbfdss 0% ARERAT G fend to have

subsiariphienetoyt batsidenthee lightgbeant S)aist farkspdt adiinetprendi ngder to
i it | nber. t
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5), he: b rfp?lraﬁent(iherdisbtlaacer)bm@eortwetmctrstdtﬁgVay rrrrf’ed do peid¥ large as
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thr %&@fe% theltoser PRgl e i earfe?@ﬂgfh? ﬁ@ni%ﬁ@i%wﬁbpm% layler may

actdallya bspimuah dess tieirf tiey edbhtehtiylensity ShaCDi 65 DMIRIBeR  Another

SSIEINT T R VS S ORI €

whareda spédial di@@ﬁg\@an_tr@ ROdiRdctidl 120, WRefePrind &1l tFig. 30, it s
s inward then starts or  exanpl e.

l.ayer that spira . ) f
de%f@{éf%%‘?’f @‘ﬁ#@gefpsm MAYedp birorftrigadio bi§ tlarhlowigyeasnelngry micro-
hol@iaft DitmaYisbeyrbsesic, 1RO Lkilk Jdes noggm%g 'Mit%ﬁ?ﬁﬁ’?ﬂﬁéﬁion to

. be stored in layers in spiral trac at spira
indigates ectitection ettedrskoi03giingludisa bits dyands2.i Aceerdinglyt the drive

may CEBiRR e sBPadelah®r B LRGMEHAR S%4Cido E@d P4 or 5
t he I, e.qg. t pol nt a

move to next spiral, , Starting If
uniptegtionally.
"[00120] Referring now also to Fig. 31, to assist in correcting for potential track

misalignment, the micro-hologram spot shape can be made non-circular, or non-
symmetric, so that the laser head can determine the track orientation. In order to
have a bit separation smaller than the read laser spot size 3110 in at least one
lateral dimension, oblong-shaped micro-holograms 3120 having a high reflectivity
are formed along the tracks 3130, 3140, 3150. It is worth noting that in contrast,
single layer formats, such as CD and DVD, use oblong shaped pits that generate
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| ayer. During the interval when the detector head
noves fromone |ayer to another, one or nore data
wOoreewo10¥833 nay be used to maintain a consi st ent PAEUS2006/009249
streamto the user or system Data stored in this
menory fromthe previous data | ayer may be read out
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0012Z] it shouid be understood that the formatting systems and methods
descnbed herein are not limited to volumetric storage systems and methods using
non-linear and/or threshold responsive materials, but instead have broad applicability
to volumetric storage systems and methods in general, including those using linearly
responsive materials, such as that described United States Patent Publication
20050136333, the entire disclosure of which is hereby incorporated by reference.
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decrease the interference fromthe neighboring bits

(mcro-holograns 1, 2, 3, 4 and 5), the bit separation
W@ 2dve/10h833 ance between two bits dt) may need tBCDESZE6/009249

| arge as three tinmes the | aser spot size. As a result,

the content density on a layer may actually be nuch

| ess than the content density on CD or DVD | ayer.

Anot her possirdhmatiihgefobRotatads Voiumedde DidctUsing i r cul ar

format is associated t.h tracki where a nedia disc
is spinning in d??@f?%lmcfﬁm%@'fﬁﬁ’%@g@?%%és still to Fig.

30, it is desirable that the | aser spot nove to bit 2
[0GF233r r eAltrngtivaly, &r nfrloamﬂ’gm tei saf grdckmggdh@ghdi&?m}et micro-
.S _symre oe not ha i tional, .
nofbgrpSaaaPatFe e HAY Slferin Bu ot R e M te Bega. Without
acBh@Bcusiag wmwwtblhttﬁe Ilaséﬂﬁip& focA%@Q 6l tHeoddfrect lweﬂérhd/fb keep the

use_ t he ovvan er to another track

S5 HgR Srithe T T30kt B v ARRBIRIR R, ypaise] to Store micron

or @@bﬂﬁfekd?gsﬁ@WeaiLﬁé’s irdidd @ m@dlé dit® @FSiabliedsh in part to physical
correctin potential track msalgnment t he

"m'it?wbs 'H6|Iugt§'9ah‘\“sf]5’c§ﬂ'm§ﬁ‘é§é stHACH O UgREESRA %qrat@bear or

nonsynmetric, so that the |aser head can determ ne the

[0072AK Or Spgleatihyst. std?a?’é dRymbfs Nave ami D\ﬁmp%ét lg0Neflective
smal | er thantheread aser spot size 3 1 in at

asyaaefriglight beany for fegusings aad a FReoket gﬁa;@e@echanlsm for tracking.
HoWeQép%QJnQ&ﬁé‘@ﬁ)ng?@%eGPaV&M .ﬁcxngs% ngﬁlg%ﬁéc‘ﬂ/é Yay%F Qt hhe data

fornmed al ong t he acks 3130

reGesding d;ewellﬁam hey magiitma recgrde@leeon rsy@mtablgrml@,ns @f&la aaé DVD
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whepwwiiting dbei digitgl. comteot: deldnrteﬂ Witatee Bublishatit Pamns raptications
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enﬁk@gﬁaﬁbmges pbeacthef weichare eaiarechytlncnrpomt@fr by sefa@ince as if being
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sef B, 55, th BPF i, Fronsd b BLPrarnliy ik, SR GLfingle b
hobbeapﬂhwmnmmlsoghatm wseng@écEebrpfmﬂbwmﬁn dife t:dilﬂenmmtmg process.

I ong? PE@%'&){&%&“EQ 'Ta ahﬁ%m l rtet anrPéOQ/ﬁsnst i ng

Iaser is turned on and advancement or rotation speed.
[oomi253 advlantcm@ecamqulmemtvesad:lo @reHormatting t bed/oeedff-tikis  micro-

noloBBirt Yo Set it etdputr Beiiad Jatt by« dpbltiSed g, positon
mfminhamg)shme@l p'arﬁdmarlwhi?@fratm stofifg CniceathalogfdphiRe Bits inside a

sian | aser s has nore strength of reflection
Volam?ﬁr Sheage madip aé‘ﬁﬁa%ncsﬁe@ i 02N Mics-PAIGOFaPRYG aratings

aredpiesrdicaidedrt v§h6u§d@rﬁﬁé ah8foskibesl intthetrh€didl SueR el kihg Micro-

holograms may be oriented so as to generate 2 reflaction off of the normal of an

impinging laser beam. The orientation angle may correlate to the tracking micro-
hologram depth and radius, such that the tracking micro-holograms serve as check
points. In a reading or writing process, the tracking micro-holograms reflect incident
light away from the optical normal axis, which can be detected using a separate
detector, for example. The focusing depth and radius of the current location in the

disc is determined based on detection of the angled, off-axis reflections. Pre-formed
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Is no longer perfectly circular (see, e.g., Figs.

25A-25C), and a detector, such as a quadrant detector,
woreyehelstsed to determne the reflected |ight PEHRDS2006/009249

shape and hence track direction - which is then used

as a feedback to help keep the I aser head on track. To

i ncrease the systemsensitivity, conventional CD/ DVD
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non- | inear and/or threshol d responsive nateria
repligaied detoriae masiadevieasdeic disice), 9 dissuseadnerein. ¢ st or age
systens and net hods in general, including those using

[o01i2mpar | YigesP@RBIWE S FRIRI 2280 if Y& & Bhatdiéteﬁﬁa’ I Bedpun to
United_States Patent Publication 20050136333, t é/

Causs AW tiNdsel BRAGinY Beaduin éllonsa se-epsgramesdplsacit ed lager head
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RN ™) Mol IShER 13 DepBTY 21 b ical area o

facilifate widinowafIthe treek imthedmiediuon Lightbédmt3246ks ngrmal to medium.
— I l i icr | r at. r acki

Fofffec miaQliicrifs e (303 GRE8T. r3ER RSN 8Pk aroes. A

seqdi lpserihwans BAZO impingingtfeinn anbibet siderof tip e dithinates the

I tqQ. h er. head on,th
s SpE 8¢ asoP 32l 1 SRS S8 50k poma
axist dhe twb digbinbeams 81013220 inteifere drebformn esmicrs-hdlegeam 3230 off-
. ' isc, .due at | east. | art to physi cal
axif TR b Sfea i el Thisy 8RS sl BoEY b Ut . oo the
physinag on dmﬁceﬂupdshégn af {tlﬂigéﬂ"acl{, Ge], ?defpltISbﬂ gcRud. ake wilk beraderstood
{ ..0. t
by Ehoorsréaposssggsﬂg an brd%an)/ skiﬁeln %hé epert%encenlc \é(r?ts, the off-axis angle ® of
micro-hologram 3230 is dependent upon the off axis angle ® of light beam 3220,
where light beam 3210 is normal o the medium 3200. Thus, by altering the angle of
“impinging light beam 3220, the location of the formed hologram may be encoded.

[00128] Light beam 3210 may take the form of a continuous wave to write a
continuous track, or be pulsed. Where pulsed, the pulse repetition rate determines
how frequently track position can be checked during content writing and/or reading.
Alternatively, or in addition thereto, micro-hologram bursts with varied repetition rates
or numbers of pulses may be used in addition or in lieu of angle dependence, to
encode track position information. However, where pulsing of the micro-hologram
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at the data recording levels in the nedium In
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ser®dr& ARk BRI D8&) thNd&tebE M NBHQted éﬁd&@e& ﬁél{ﬂ; géngv\ég?o and

tracki ng m cro-holograns reflect I ncCi
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[00131] In one embodiment, one or more micro-holograms may include off-axis -
and/or off-center components. Referring now also to Fig. 34A, a holographic
diffraction unit, such as a phase mask or grating, splits an incident light beam into a
main light beam 3410 for writing/reading and at least one off-axis light beam for
tracking 3420. The off-axis light beam’s 3420 propagation angle 8 is in-line with an
off-axis, off-center tracking micro-hologram 3430 in a media 3400, such that the
reflected light beam propagates back along the direction of the incident off-axis light
beam 3420. In this scenario, additional collecting optics other than the objective lens
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focusing a high power laser to locally alternate the
refractive index of the nedium The locally refracted
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ro- hol ogram bursts with varied repetition rates or
[ooﬂﬁﬁ]oer s lophuld des undsrsioed balthientracking aod focusumg lsiygtams and
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Pre-Recorded Media Batch Replication

[00135] Optical replication is well suited for distributing large volumes of digital
information recorded as micro-holograms in a supporting media.  Industrial
processes for optical replication using micro holographic, as opposed to pége-based
holographic, approaches appear desirable. One problem with optical replication
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witing and readi ng process, pre-forned off-axis
m cr o- hol ograns 3230 reflect an incident |aser beam
w@2m6/10a3 nal to the nedia off-axis, to provi dBCT/US2006/009249
i nformati on about the track. O her information, such
as copyright information, may optionally be encoded.
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[00%?] axi ?%ﬁ'{ﬂng Wﬁh Figgain: 56 %ngg’tf irgraarephewe implamentations
of (q;mlbalahepllldalﬁ@n CeRhAigLes "suiabld S0P ARt WAk rHFﬁmear optically

cysed |qu1é:| dent | ight beam by reading a sin
reSPP%%‘K?HE cFig. BB llbistaies atswstam farnraparing agmasmremema,yﬁg 36
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focus/trackl ng system aki OWN
@&Hfﬁﬂaéngt%@ow media, .6 tonalistriketione Resfedirtgofirst to Fig. 35,

e e

emb@fﬁ"ﬁ‘@nb%@ﬁt@bm@dlarﬂﬁﬂ@ takes thpliem obdn apiigallpihbalinear responsive
mafRPrAd& didk! BudiSs qﬁcpstreaﬂ%échg§g’ H‘?&?'Udj\ﬂﬁtﬁ n‘BQkographlc media

one or nore m cro-hol o
35148 recorded by éortréng an @mrap e tricroRelarais 85006 rRl-5Rohe. System

sodt) Fonddln el S SETBROL, S LIS oOR MU 8T 2 B
take rthe farrrraoﬁwal 53thtnnipeado 34O Cvpr sinlethﬁghfdﬁ?éiJrﬁ&iearlﬁtré%awty
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Jipde o Ugiee At IsagatWhsie é}@@nés;@fltﬁeg 3552 takes
the iform ompwahtmgr@ubé beami sv‘pntt@rf ?ar<‘e€<a . Su@%ﬁh@g%puc% 3532, 3542

are gl{w % @BOlnamewa 340
P&f’? QR {aqys|the splitighteans 4520 c36404e womlmrqulhr@es within media
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és scenari o, additional ectin ér tha
m'CEOn 'Bﬁraél%fCPVV@UP@néﬁﬂ&scuaﬁedd@rﬁ@ebw Hovmreg ppt|¢se3532 3542

mayP ke e P bf Mg hubfdficl S50 RBhEM 38! For example. A
shutter 3554 is used to selectively pass light beam 3530 to media 3510, to encode
data and/or facilitate the orderly formation of micro-holograms 3520. Shutter 3554
may take the form of a mechanical, electro-optical or acousto-optical shutter having
an around 2.5 ms window time, for example.

[00137] To enable micro-holograms to be formed in particular target volumes,
focusing optics 3532, 3542 are actuated to selectively focus to different radii from a
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Incorepeateth by referencRduaeite ByVestiidly BapedindRaister 5100 source 3610

L Ty e

interfesm rwitid emsissibns adilentlp gr@ms sbutc@ SATIPEH t foRd fRfke@patterns in
replication usin

corl R s fis Pl e BiogapBEatomsateed meanugate master 3620
are ok gnEeEdlite the P HEREISH10PBEHre %ﬁéé@#ﬁht%ati@ﬁf %?IQ&h?E‘tthere

f vvitAh 0 ic}%le replicationusing |linear materials Ts
oMy Cﬁﬂ%@%ﬁ an Aspeelafitan Prepenh mveptior: antireapastenand conjugate

masiyis B8N0, 3620 pairs may be flash, or batch, exposed at once. Alternatively,
emission 3615 may mechanically scan the master/conjugate master pair, as
indicated by transverse arrow 3618.

[00139] Fig. 37 shows a system 3700. Like system 3600, system 3700
includes a light source 3710. Source 3710 may take the form of a 532 nm, 90 W, 1
kHz repetition rate pulsed Nd:YAG laser, such as the commercially available
Coherent Evolution model 90, for example. Source 3710 illuminates conjugate
master 3620 through distribution media 3720. In the illustrated embodiment, media
3720, like master media 3510 and conjugate master media 3620, takes the form of
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durlicating Mnasar 3% B9s alistaputioacmediand?20. ndbe entine dopjugstEOmaster
d Qg ohl : [ LAa,.3210 takes
and QiskiiStioh el 0, S7R0 allS thay BEEEh, BF Hhfn08idoded G once.
Alterpativsly ermissiges 3di & oraysigen thes conjugate dessteridistdbitionemadia pair,

as Mafda®dd B}Q{r?,ggm 5r&F 393510 is recorded by forning

an array of mcro-holograns 3520, one-by-one. System
3500 includes a | aser 3550 optically coupled to
[004481n spilf shauld deoandersioed tEB5Ystens 8500: 3606, Bind 18700 are only

. sinal ' i pal -.nnd
e P P W BRI EAT TS fospits e, the
maptgs efonjygade enastenmangd|the distrilBEi6A mediem ddeof need & ba made of
iz Litt far. le. F ' .
P81 485 UEE 5P LA o BRIP4l P
maigsigles AlB0atIEDY Ghey naynatbive Yornedest amHrddhaldRbanSed Praterial,

for% ot hey counter-propagate, interfere and form
ri nge' patterns, inducing mcro-hol ogramformation, as

di scussed herei nabove. Focusing optics 3532, 3542 nay
[0014Ue t h&eferring sovhalgh totigerds; ah aagiffetent enpleplatation 3800, the

€056y SRR b iR 48 15565 e o o
of 2 taped dasingaapettites, drawlés, taxtat 16he subdRmtixlyf ©4m8MakeHt Bfions.
AR ST R i syt roedia G dimgeheate ereated
mays taket Bre fomwvi ofga spatial light modulator, having a two-dimensional array of
pixels or apertures. Either way, system 3800 inciudes a laser 3820, that may take
the form of a 532 nm, Q-switched, high power (e.9., 90 W, 1 kHz repetition rate
pulsed) Nd:YAG laser, such as the commercially available Coherent Evolution model
- 90, for example. Laser 3820 is optically coupled to a beam-splitter 3830, which may
take the form of a polarizing cube beam splitter, for example. Beam-splitter 3830
thus produces first and second light beams 3830, 3840, that counter-propagate
within particular volumes of media 3810 in a manner suitable for forming an array of
micro-holograms 3815 indicative of stored data as discussed herein. More
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[00144] In either case, one layer of data is recorded at a time and only in one
area of the recording medium. Medium 3810 may be advanced or rotated a fow
times to record a full layer, using a positioning stage 3870, for example. The

medium may be moved up or down, to record other layers, using positing stage 3870
as well, for example.

[00145] Thus, flood illumination of a master medium to record an intermediate
or conjugate master may be used. Flood illumination of a master or conjugate
master to record data in a distribution media may also be used. A tape or spatial
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[00139] Fig. 37 shows a system 3700. Like system 3600,
system 3700 includes a |ight source 3710. Source 3710
woreapotianges t he formof a 532 nm 90 W 1 kHz r epet/$10061009249
rate pul sed Nd. UAG | aser, such as the commercially
avai | abl e Coherent Evol ution nodel 90, for exanple.
" Source 3710 illum nates conjugate nmaster 3620 through
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such as those described herein. Mre particularly,
source 3710 emits em ssions 3715 through distribution
medi a 3720 and into conjugate master nedia 3620. The
refractive i ndex changes therein, which correspond to
refl ections from mi cr%’ﬁf@f'ﬁ@ffﬁfﬁ/fadﬂay 3520 (Figs. 35,
36), generate reflections. These reflections again
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Slnéllea@!ﬂons ng%tg\h%@}( ot}ﬁui; eﬁ%%?u@%r@egr ﬂ%t vc\)/ltem%/e of the micro-
holoarater dhivet thdauhreshohietébﬁdlﬂ@hregﬁ,s heaflhg afoedppBibach Tg of a
cor{ 'ﬂ{é?ﬁﬁ é’?ﬁ‘ﬁ? w 3718. [00140] It shoul d be understood

N § 8b, 3600, and 3700 are only exanpl es,
and several variations in setup would lead to simlar
[00A4ELI t Mcﬁ*arrtdnhnularlyheecmd;lhgraf denintwatre-fdriiated rAddlum (e.g.,

on _nedi,u to be made of the
an Bty Y el R e i SinoTe; et e icoralbf's or all s
withii r&mopmmdy mon- linealeaéspﬁﬁéﬁé inddt&rialf rhay Bétédéﬁhﬁbhsﬁéb%y either
e forned athresholdres onsi ve materi al

era?ﬁﬁ Ax B%Féas"[goéi'ﬁiﬁ opgs of rth?\gorﬂzﬂv&BOJﬂ% @loPre-fgrmatted,; micro-
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ternatively, the master
the trgshold senditiph ima ke {heasasne needastito be satisfied to form the targeted

micro-hologram in the first place. The light beam may emanate from a conventional
diode laser, similar to those conventionally used in CD and DVD technologies. Fig.
39 shows a system 3900 where data is recorded by a single laser beam, by focusing
on pre-provided micro-holograms in a pre-formatted array and selectively erasing
those micro-holograms corresponding to a bit to be written.

[00148] More particularly, laser beam 3910 is focused by focusing optics 3920
to a target volume 3940 in a media 3930 containing a pre-formed micro-hologram
(not shown). The actual mechanism that erases the targeted hologram may be
analogous to that used to form it in the first place. For example, pre-formatted
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may take the formof a spatial |ight nodul ator, having

a two-di nensional array of pixels or apertures. Either
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recpatEd NG WRINNBE D RRIIAE G phYal 'HRYé BN théreBE dirRe isBridilrhber may
eniyégllh increnents that the exposures generate an _
be opticdlly Jegerdgd in predetaimingdolacaiipnéitin dee BBAR pPrEgss, suhstantially

infuRte HEOENPWItE GriIF@PaRRS | ' i jpto
> a tWo-l‘flljsfwrrensiGc;rnzﬁé p,arra;&%géﬁﬁ\ﬁﬁé‘g@?ﬁﬁ&v&rﬁﬁ(ﬁﬁafgﬂ.
Ooﬁh@]gl e | r of media 3810. According to an astpect of

[00ARAr o ihIRTPERAttadhinndineay kscopstngtiormat for a micro-

hol6@abRRPEAES stofa c@ﬁﬁ%ﬁaﬁlfn e 'féﬁilit&?eSL?ﬂf cdstSmith Rlographic
recor ded throug out the entire layer. us, by
recgeking, gY$tRES| tesBe reghred. a Wily epties oal @ sitigié tside of shemedium,

o oqn : ' inal i 1
SmTSHGT 1R 5008 B0 S ] s e
lasgyt may deolsesl fog reaesding dets. nAlsThsisceranlyte sinfleplight ibeammais used,
; t ' st he. f f_an apticall

w58 R RS Sy LR i Bt i by s oo
realigaslcr i bed herein. [00143] According to an aspect of

the present invention, tape or spatial |ight nodul ator

00880 Ay BRoMs ' A bl %ﬁ bel
[ rggorded ina ?I% ngﬁgg{sgdg? ﬁ"o Oth%dé% fg'[éﬁ% S‘%g soq?nongnethods
desgribed erein ghe nablimitad do veBE® i@ ptoragd syteras sl l@sthotls using
norfg‘liﬁe% a.gg/é)??ﬁrrééﬁgrlrcggesp%siog lmea%éria-ll-sh,eblﬁ) Instead eav%rbrggc? Sgglﬁ:ability
to volumetric storage systems and methods in general, including those using linearly
_ responsive materials, such as that described United States Patent Publicatior

20050136333, the entire disclosure of which is hereby incorporated by reference.

Recovering Micro-hologram Stored Data

[00152] Fig. 40 shows a system 4000. System 4000 is suitable for detecting
the presence or absence of a micro-hologram at a particular location within a
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correspond to the digital state of correspondi ng

digital data. That is, areas |acking apertures
w@edoeaoisvel y bl ock |ight beam 3840 dependi ng UPOIUS2006/009249

whet her a m crohologramis to be recorded or not,

dependi ng upon a correspondi ng data state. [00144] In

ei ther case, one layer of data is recorded at a tine
megdigmoglgh aa apinaingadies media. r Systedi AGOGTetiyUDe twgdieumo select

v [R5 005 oL el WIES59, SRR 1
illustratedl embddiment; di lazsen’agammmmnecﬂoausedrbyd@mmstng d;ﬂi@@rztmzo to
mGhRE"s B Sy RO, A5 B0 el olblpoter

40ﬁ&d| Light bearac401d aayi émelﬁaiféd‘rcﬁﬁ% e6N\EMbHE AL BBHE! such as
be .u on of a master or

FI i1 um
"ho&‘?y §S5gall 8&%‘9&3\9 '569'?3@6& taa'aﬁ?r maytake thedermawf a GaAs or
Gamadaeedraiodal |§§erb¢o~§>eainplé t@é@ﬁn-@bmf&aﬁds@' r‘nbghéke the form of a
ul at e used as a nmaster to record
'é'ﬂ"ﬂ |°&§?|Q?ﬁ¥fh%%hﬂ§r fahexargples Foeusing optics 4920hmay take the form
of b@hrrﬁmﬁrf&al 8bertLiE 6 Rhg W Q%N@ménéwg}’ f&eeidﬁﬁirﬁ@e@ﬁ%%rse other

fromthe ratio of the recording |aser beam powe
copfigyéatiqnsare ppasiblgr nat t ed Medi a [ 00146] As set forth
hol ographi c nedia di scs nay be recorded with arrays of

[007%58] O- hqia@gura@ésldﬂothéqidrf{&uéfé FheR! 8 MicR-f |o'9er$ﬁf?s esent in
may be spread throughout substantiall (5)1I

tar@ﬂevqylwve 3¢ 'Ight rb@arruﬁQ%@ere&ctadm bepk thealghyoptios 4020 éabeam-

splftfer 4056'S Y- %6&&?%%%8"0%58{ qh@%f@%{t ?F\ el détgct8{]$?60 which

enbodi ment, parti cul
def@f:tsda@ Resanee os absenas ofra ltelﬁectmne Detedtat 4@@0 ma;htakdaghe form of

a ﬁl}ﬁ%ré'od’kﬁd%)osm&{d@% g ec{Ja@Fé}bO@ee[ Eft %‘é&bfsume gogmercnally

avajlahls! léamagﬁtsw%ld?mwhbtmdmdeugbdél S6I98foraramylet 0 bri ng
the vol une of the m crohol ogram above the threshold

t
L e
degcgibetl dierigin gire et dimiitet! do avoumestfio simrage dyﬂemsuamo( me@nods using

norﬁ"‘ﬁn%{rra"f% d?fthr@sﬁ&f] rgﬁ} ?% g'ﬁg?t gll'ls Ct‘iﬁt'gr\l/ ?@@c{ haye lg\rlqu applicability
to \(gmmefalblsyoragasystamrandemp'shods Vregevedrel ln@lu)d:ngmws@asmg linearly

res@ﬁ@%%ﬁ}rh?t%@gl& esuphf:%g Ltg%ir S%c?rgjlegr pgﬁé&%t&?sn gatent Publlcatlon
20060486833, diye antire disoibsire ohwhieh isNereBY i rirated by teleYence.
erased by focusing one or nore

Revenue Protection

[00155] Pirating, and even casual copying, of pre-recorded optical media
represents a significant source of economic loss for the entertainment and software
industries. The availability of recordable media with high-speed (such as up to 177
Mbps) data transfer rates makes it reasonably easy to copy CDs or DVDs containing
copyrighted music or feature films. In the software industry, content providers often
use product activation codes to attempt to curtail the pirating of software. However,
product activation codes and the data on the disc are not uniquely connected and
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| aser beans there-upon. Wiere the |ight beam delivered
energy exceeds the witing threshold intensity, as
waele®enesesl her ei n- above, the m cro-hol ogram i SPEr/ES®A6/009249
Thus, the threshold condition nay be the sane needed
to be satisfied to formthe targeted m cro-hologramin
the first place. The |ight beam nay emanate from a
seyeial ePRies i thelseftare nserhe iistalledontuntérose machines with litile or

nol ogi es. Fig.
o Rt s Rt Te R e S ECRR PGSy
|l e aser beam by focusing on pre-provided
[09715@? o- holnogeruastiphalaprerrecordeceentiedl aradisy egd CD or DVD, pre-

re&ﬁbé‘d?'bbﬁt%hi/ |sefz&§}e'ﬂﬂ%ﬁ{l@sr%p a‘féoo b ééagrgﬁﬁgocﬂﬁsp%qlgg data into

correspon
they smedia lﬂbﬁmgyan linjeetiorb eanidifg ];ﬁocessf oThiegrdeesé apapibedused to

[ u 940 i
ARG O 8 SN i i A i, v
thh@tb{dtmuta theeaﬂnhiwts onlduely ideasosart ingividuap afsed é@)e%]raﬂf@mpts

| ogous. t ormit in the first
nalif el B BNk hdsEnel S iem8anatd prosnsskssi erk sach diso
sulmmmedt 1bythesmcrlgmg pocEske Howavee ﬁﬁeé@@ﬁbé&e%%@ang%quwe one

VI ousl unaf fected portion of the volume el
to F‘%C%é é TRt S sCTRRE atauem, ehmokstadgdlisato fmarkdhe diss For

exampler amﬂﬁts&mvbrbé@}ﬁ rRARRUIES High! ot qubstep?o énark” the disc in a
truct;f)on of the fringe pattern - thus produc

WaYZ P Ce7fl i ibe griver H’MQV@E—; thadlaka oRthe Ielisc, |stdm3|derably
smbRgraham @RIs R th&&hs 'Ia{!;%'r% ﬂoelﬁ‘%dtt‘dd%@ fhgpﬁil%S% l?rgaﬁ'géj are Qpically

interference is require readi n
'argeé'é%"i"éj’["\‘?gdqt%%ﬁ§Obea%|ymterp®ethdlbwgh@phve: data device
advant ageously sinple and potentially relatively

[oonazypenswmer[Q&Mﬂilor%?tdp%éi' Hé(tg Qtoﬁ%%a G!avu!?é’é'b?‘if WY PVD's,

qg ti.cally recorded In IS serra
“3%39 %tf'%f@oor?zfew@leqt 09hfénbum@a&hh@/mufﬁmmtrmacmfmr eat most,

two Bl Ach@thl #&dtliet Eﬁiﬁs CORYfféng h&orﬂ%r‘?ﬁt Sdviddle chié)gr tﬁ ggpacny to

The serrial nunber be optica recor de
accopKpRgate otV\Paélﬂemrﬁt \élewpilgl fmﬂnatiaebéca isamet. bemtent, . foﬂ'hﬁ(ample a

e R R T T ——

of telgyisioant i al |y si nul taneously with, or after, data
replication usi ng a spatial |ight nodul ator. [00150]

[ooPsEh a Brrggﬁ BLI 3 R)dhcﬂ8 Obh@e%&g{?ﬁcg[’%@%ﬁé’ Lg@t tﬁteorpresent

m cr ohol ogr ap ata S age
invgndion| magtke lused do saffari roultipleolsagh ashine to anoredimg 50 individual

oSSR § S ERLLAE oo ok BARAE"To e B st v
marked dvithFan tibdividuallynoniqaé ndgreifitatiopi kudbaralor B8 stantially unique
_identification number, that is embedded in the data and readable b by the holographic
drive. This is facilitated by the fact that the holographic data may be replicated in an
optical manner. The ability to uniquely identify each large capacity disc enables a
new business model for delivering content, in which each disc can contain numerous
feature films grouped by various categories (such as genre, director, lead actor or
actress), for example.
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| aser may be used for recording data. Also, since only
a single light beamis used, vibration tolerant

w0 ewonaisny systens for m cro-hol ographi c syst ePET/IER006/009249
al so be realized. [00151] It should be understood that
the pre-format systens and net hods described herein

&Lﬁe not |imted to volunmetric storage systens and
[00#3%0ds lisisghnan- embedimeahdd ovorshmes hoky aeqpi@nssuh as by
ufeda8lrgak j d -hav applicability to _

P vol et riﬁjéeg?%c}rg%kiﬁggét@%ﬁﬁgﬁ@%@@h‘%@@m?'ﬁsﬁgﬁ%‘%m conventional
mediz fhadipry idesoster @stess toianeanonient ésstores bueh aRbAS Fedltsre film, for

. i ited States.Patent
oxBB. 251 CRing 954 BEAel Ut B RALSE (L RLAH v apneumer may
subgrasiently lah@t?é@)ﬁtichcas(rjbgepz:fbh&i%g{ éddfti@héﬂ@éerﬁﬁ%éé Additional
o A BB i Firo gy s 1O b ee fhscomeligmc y 4 resntent

system 40

prayides ésstingan dtidoos dvbess bbdd BsdilAed Wiﬂﬁaén fentification number
a spi nni ng

ticular lLocatjon within amedium such as
engﬁeg %aip&m%ﬁ?ﬁé}d&ﬁ’ Rbdiscragy splofi disase t Whereotheadisa serial number
is natlcoppables itgaddedsicoas id | : '
: desg??@g@herzi s 088 Kt I ERABE RN RY B content
N PRLRIET nhaveralizeddiseed by a focusing optics 4020
[ooglgai)rrpi nge aht arget vol umme 4030 within a nedia disc
, tHwihgh eohsumnersphiayt ' BERMARLO0
rec .emgnat e froo a conver??i gﬁaéﬁ(%g%ééaé?%de, Sl?é‘ﬁ%%age'g" by
Eﬁ%ré’kgnﬁkeeﬂa%a reraPIOVECIRg 4 8 @notbge mnalagase rmedis disc) and
reckivisethelire olvdr Btedssa cGadds d.di I ., for
f ex& | e. oBe msg?lsi tcter Eg%%%ygteg enp"ﬁ]gg%ore%%getddgd on pre-
orhg é\&)irfpﬂ@ag@bé“%éarfﬂ%pﬂxﬁm@n, froithiexwapl esefFdouaserg content
dis®Blties rm.af high nunerical
e At & e Dok IS e Ml A il streen for the

a&grt ure focusin |
contenfio¥der.ot her configurati ons are possible. [00153]
Regardl ess of the particulars, where a m cro-hol ogram

00161]Jpr esgnt of I 10230, .l 1 40 IS

: ref]}oegt ed ggﬁkgﬂ?gag?]é‘g’ptl cgslél%gmfn 'k: t?glg"l)elggﬁggﬁ?ﬁ tc{lagq may be
repipsiEed Eranaspistribution dyOnjectiani metding blaek ridseatd subsequently
trard O i ! resenc r absence .
o L i PO D roplf Rk a-g Bt PR 2o i
disquise® haredteSevaratlocatived onythe disoanyaé intieritionblly leftsiek during

the BRI SpEATRE the el B elbficaTtBese bsatione fre syhsanuenty
recqsdedinvire additiodalt draticat brpaiates tereyRNIngY®t RERtRAHoN numbers,
whe'F@tJé%ﬂsnumber is unique to each disc or set of discs using a spatial light
modulator, for example. These locations can also be used for identifying numbers
on blank, pre-formatted discs.

[00162] Based upon anticipated storage requirements and storage capacities, a
content-containing micro-holographic disc the size of a conventional CD may contain
up to 50 standard definition full-length feature films, or 10 high definition (HD) full-
length films, by way of non-limiting example only. The content may be grouped in
any number of ways. For example, the content provider might place films in a given
series on a disc, or films with a specific leading actor or actress, or films that fall
within the same genre. The serial number of the disc may be indicated on or in the
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descri bed herein are not limted to volunetric storage
systens and net hods using non-1linear and/or threshold
WO e®possiyye materials, but instead have broad PCT/US2006/009249
applicability to volunetric storage systens and
met hods in general, including those using linearly
responsive nmaterials, such as that described United
pagfaging obitedisc miteni rapaied frooBail s@e3Wheha esrisumer purchases

hscl i ehi i r,at ed b
e R atidle, Mol s ATpadte B ARRTR! Bl prompige to enter
whegdnayiag dhe disopyThey gccﬁssmoelermrmsgentlwm ’tl*@ada?smse@itefii serialized
: r t ficant squrce of econonic |oss for
oo 3B L VSR, AL R S i 5 00 ot o
feadure) abi thet disof Alecoativaly, @ plgérion ths mé@@épsé%qﬁﬁdp% with
rates nakes. |

7. N data transfer Lt .
nafticbBisbBudrelo &bl B gpriimtnnicruticn Ganeuinarhi that provides an
actoapyn i glbeid thesplayer rdspansivaly ftb the -selifl hl¥abeOTdnéRpSssibly the

Ia ndus(irrﬁi. Fsont t %reZV{ ders often use product _
playeks JAgER edeyvel pt aGRses curenttrarmitiade pirating of
software. However, product activation codes and the

[00d68h on Réuardliess; ths @rivdtor %Bomgabaviéé’mag%aad@ﬂ%ﬁ&g! &lch as
l e u

sol@g%i ﬁ%s of the,. softvvarg can be 1 nstal on nuner ou
Aie¥smappetiq TEMCE BRVIERS: IRpiore threpecasstaederanceiiphas been
entergel K5sWiseRLEMENEWIRG of tHEHLLRRSAHISHOY ?‘%?uir[qu-]e?@.riri@ghe number.
conventional pre-recorded optical nedia, e.g., or
1 pr-g recorded content is conventionally )
foog: i cat-@& Lb%?rgfi?é{nﬁﬂ’\?@?tt@& PRSP RIPYigeraat BS pEe, vina computer
netweck, sudhibs nige #Meingl, & vidPPhdARl @rskaRiiE %S tollfe® pho call) to
he data on tens gfe

I OCESS be used to reproduce t
Obts't'?cﬂ@lﬂﬂ‘g‘? %‘F’“V&F'% §°$’¢Soﬂhabg%ﬁf efgpoad e other featuiesteontained on the
dis¢.niAgteaidtivglyl tHE b O, i I i
Wliandi vi dual deJ(sécF)@giﬂ\j@re‘ gﬁ’f%'é"fﬁéﬁ%t% ggedi’ebltéérédﬁﬁerem%gﬁgéﬁﬂe user

eoia Berchase theoadditieralicontent. sucll asruppasattempted mefeiction of the
digied Fontbirt bySHBSREHEW/nd Fﬁehﬁséroérﬁé@gar%[tﬁecreﬁsciiggﬁlf%mﬁ(\é [ "or that

t hese processes typically require one to
codgdf Preyided by @ uereadthpetyffoo sxampleptheeplagérsmay ahoek et ember

i t 1. v de t se.a ..
eoefel e ol AR 81 1RSI o}l B RS e Tl Yo arpiie 1 the
codg@nd.esmlabyumher mrrewonﬁm/amﬁassdcmdj ﬁAaccimingP,ead la86edsScode
AT RNoNRL Lot DA VPR b0 B o e
data mmrespml:cmg ﬁo antatoe emsi bmslci B e l@é;géd,bé!n (dBesY c¥fe that
peripfi 52bbs LYY ! a0 SiSha to dhericigingh diss and wil ot enable
copimser ather dieck WY slayed.ypi cal |y have suffici ent

capacity for, at nost,

- [00165] - According to an aspect of the present invention, the content jtealf may -
be reproduced onto a preformatted, blank media disc, for example. The content
provider may even encourage consumers to provide copies of the disc to other
consumers, to permit the downstream copy users to limited access to the content of
the disc. Each disc (preformatted and prerecorded) may be brovided with a unique,
or substantially unique, identifier. The serial number will not transfer during copying.
A user of the copy of the original media may contact the content provider or agent,
analogously to the user of the original media, and request access codes
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two full length feature filnms. Often, content
provi ders use the capacity to accomopdate two
walrdobaesns viewi ng formats of a sane .content, PEDUS2006/009249
exanple a traditional 4:3 format conbined with the
16:9 format popul ar on nore recent nodels of
tel evisions. [00158] Single-bit mcro-holographic
CO@”?%@W%’&Q; or defiged somh thepsasiab number efithe mopyrayedi@ dissedn this

sPuEsal L Poectrhyls e nd e 8P ot e

exarrpl e. In one enbodinent, each disc is marked with
[00466] ndi viereatiing tardrgespdctief the ipossenbinventidrera microzholographic

g S S O

sedrlizeecacthidisci is 4 avanerahetisbyeadablef By tthé haitrd-helographic drive.

| b i tical .
ViSRG RCC el Bt Teoffed 0, EBSNER chelS) ShCHE mega disc by
interfring two, dicamternmbpagatiag naverbbsHnmes sr BREMbld 0Media discs may

coflBIL UL STTrE! tsuchaat apiee Tipsver ot eatemorthak can be

ac¢emsed, axhgibyepurdhading, Mdivil@ag. actor or actress), for
exanpl e. [00159F]D I'n such an embodi nent a consumer may

ire, ch as chasin pre-recorded disc.
10d33H' . o HEHP RS ot b ST B P HSbi  ERmpaiesRCoReaIcades and

seridtamrrwew Iodetﬁeld‘i@s RESES F théey OBIFespBAY T nTe%rv ay F&%Bed to
one fe for exanple. Accordi ng

i
St°5% pecgss Cb{‘%%féﬁ'dewlﬁg @ﬁth%wnt%iém@érmurmwrﬁﬂy-entry of the
codd) bAeWIédSYmééél' iHalifich PG codes BanPBy P ARLEEH to pain access to

ditional content, such as additional feature
addifienaljceatens on: Adlisg mey beEnPEovitieq. bBreasesiatiped $$\®atdaigleadlscs on

whféﬂnécﬁﬂéntpééﬁ’ 'b@eéo :&?%@8% QVHI ¥y dy esgccg)ﬁég dﬁ g)ﬁ ysed to

assocl at ed ntification nu
acwﬁﬁh%mmedeo@@ntmay@em\e@ed set of discs. Wiere the
di sc serial nunber is not copy-able, the access code

[ooH88 ot %lﬁ@gl@ch@h&B?&lnig¥ﬁt§WH§)g%Jgé aRb" Q%cggq@g?é Hith unique

on anot her,” di fferent di'sc.
seria, PURBers arh §lhﬁ§rn§3ﬁmodﬁé enalingreagtaht tobe ppychdised subsequent

to the- é&qwrfﬂé A 'n{r% Oﬁrﬁ@ 88 %te@el%\quva%é%f%eogﬁg%% reVenue

anot her O ous SC) an
maﬁ@@@@e@id@ by mma{tu‘@the @uircklase @ﬁbédlaomrbed@eﬂalmdy contained

on 81 SkPL T Sl SEA Y By AEOEVRSAER G b i Grpeern
of Iecptbommﬂqﬁdconbﬂning anick sedovdatde aliges VAt preHibiBRTchbeying 8 serial
numbers. Avenues of content distribution via user copying of content-containing
discs and the subsequent authorization of these discs may be provided. Multiple
features films, albums, or other content may be provided, and independsntly

activate-able on a single disc.

[00169] It should be understood that the revenue model described herein are
not limited to volumetric storage systems and methods using non-linear and/or
threshold responsive materials, but instead have broad applicability to volumetric
storage systems and methods in general, including those using linearly responsive
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content owner. [00161] In one enbodi nent, single-bit
m cr o- hol ographi c data may be reproduced for
WOore@sAais3: ri buti on by injection nolding bl ank BPECBUS20861009249
subsequently transferring the data to discs through
optical replication, e.g., flash exposure, as is
di scussed herein. Several |ocations on the disc may be
matafidpt SUsShAS) thal dgscribechbiritetiBtates Patent Rublicatiore 20080136333, the
1 : ations are
en@%ﬁ?%ﬁ%ﬂﬁ%?ik@g%g?Qgg%gﬂgﬁggﬁ?%ggﬁgph%%?$%aJ exposures
corresponding to identification nunbers, where each
[001/@ber i l§ withibguappaseataton thiisecskilledsiat thef aithats mosiifiegtions and

i i [ e The | ocati pn .
Ve v 2 I, B e Rl BT i O g, P Hvention
witheet denariing andthecspiri] 00863k &athedinu@ttionanttiisiiteh@st that the

O d stora capacities, . a . . i
PreS SRt BYEAdANeF R ToRsafumAREA ARG ot T Ventian. anotuding
all gquivaleststthereaf. CD may contain up to 50 standard
definition full-length feature filns, or 10 high
definition (HD) fulllength filnms, by way of
non-limting exanple only. The content may be grouped
i n any nunber of ways. For exanple, the content
provider m ght place filns in a given series on a
disc, or filnms with a specific |eading actor or
actress, or films that fall within the sane genre. The
serial nunber of the disc may be indicated on or in
t hepackagi ng of the disc when prepared for retai
sal e. When a consuner purchases the disc, the package
may i nclude an access code that the user is pronpted
to enter when playing the disc. The access code
corresponds to the associated serialized disc to
enabl e the user to view one, and only one specific
feature (or discrete set of features) on the disc.
Al ternatively, a player for the disc may be equi pped
wi th hardware/software to enable it to communi cate
with a use authority, that provides an activation code
to the player responsively to the serial nunber, and
possibly the player's, identifiers and the |evel of
access currently permtted. [00163] Regardless, the
drive or reading device may include nenory, such as
solid-state or magnetic nenory devices, to store the
access code once it has been entered so subsequent
viewi ng of the feature will not require re-entering
the nunber. [00164] The user may contact the content
provider, or its agent, via a conputer
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networ k, such as the Internet, or via phone (for
exanple via a toll-free phone call) to obtain
w@dwstiosmal activati on codes that correspond tPCDUR®NG6/009249
features contained on the disc. Alternatively, the
pl ayer may pronpt the user to determ ne whether the
user wi shes to purchase the additional content, such
WER& isBRImad jenpt ed sel ection of the digital content by
the user. \Wen the user enters another activation
code, or that code is provided by a use authority for
exanpl e, the player may check the nunber against the
serial number of the disc and only enables the feature

1.to0 be plAayeeh &tbr %@Qﬁ%oﬁ{misﬁﬁfiw nunber correspond
or are associ ated. Accordingly, an access code is

keyed for T‘ %)ecbfi C gi?s_c serial_ nunber, which is not
r epr oduc? BIASIC SHesirale haviRgia alusdibofowivreep arienges along tracks
in & paaiitgoPvortcdlly Sadkel, BRrEIRRbEshdIfI966esRy code t hat
permts access to that feature Is Specific’to the
original_djsc. ang wi |l not enable copies on other
discs tf Bh‘"ﬂ't\é)? m'crf)m%?mﬁcﬁ?&hcﬁ‘)ﬁg?"ﬂ@ na gepesponsiing one
of $die vpluarnt i nvention, the content itself may be
reproduced onto a Preformatted, blank nedia disc, for
exanpl e. hThe. cqnt ent rovie%jer may _even encour age _
consumery ¢ 8 IR PIGECSHPIeROSENCE BE adnisto-pejoghianein each of said
volowies igtidtiative o P& e6irésgoRdind PURESH SBLE SRBYed!SErS to
limted access to the content of the disc. Each disc
(preformatted and prerecorded) may be provided with a
uni que, or substantially unique, identifier. The
serial nunmber will not transfer during copying. A user
2. of the ddpydelicd bé Gligi n@hersitlisaidBybst@fd &Cbntdut 120 mm
diaﬁ%fgr%%apr ovider or agent, analogously to the user of
e original media, and request access
codescorresponding to, or derived from the serial
nunber of the copy nedia disc. In this manner, the
content is propagated while nmanagi ng the correspondi ng
di gi tal g o] 00166]. Acgcording.to,an aspect of the
> present qhﬁvge?fcgn,&aﬁélﬁ o-?ho‘fvhag’gbhﬁhg r%%s ralg; j @prises  a
thegyenlasticnray thus provide the ability to (at |east
substantially) uniquely serialize each disc in a
manner that is readable by the m cro-hol ographic
drive. Mcro-hol ograns may be recorded in reserved
area(s)_of the nedia disc by interfering two,
4. count er TP oif¥ing Ph&laias 8r Wheseis , the dheemapiadtie. haddi aon-linear

fundlioh&BcHERYctER&cal N mul tiple content, such as feature
films or other content, that can be accessed, such as

by purchasi ng, individually.

5. The device of Claim 4, wherein the non-linear functional characteristic
is a threshold functional characteristic.

6. The device of Claim 3, wherein the substrate further comprises a
thermal catalyst.
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[00167] Hardware and/or software may be used to
conpare access codes and serial nunbers on the discs,
wao o00see1s7d t hey correspond. A nenory may be usBCI/US2006/009249
store access codes, so future view ng of the content
does not require re-entry of the code. A business
nodel in which new codes can be purchased to gain
access to additional content on a disc may be
provi ded. Pre-serialized recordable discs on which

cont ent j n r i e\ a codes
7 ey be ulBapgegBrERln T BnsRin tEIn Rle RRREeT AR
provi ded. [00168] Using a m cro-hol ogram cont ai ni ng
di sc and reading drive with unique serial nunbers and
a busi ness nodel enabling content to be purchased
8. subsequeﬂtlde L@ idee of‘c(]‘ﬂ_Hinﬁ "f‘gwEPr%ir{ms%'ioa dg@yispéoﬁév@?se saturable
several advantages. For eXanple, revenue may be
abgerver dyed by facilitating the purchase of additiona
content already contained on a user's disc. Dgital
right protection may be enhanced via the seria
nunberi ng of both content containing and recordable
di scs and prohibiting copying of serial nunbers. .
9. Avenues Bhe cefyient ofii Staimbut.i ovherein deer subsitategcemprises a
A ST ' qué subsequent
po?ﬁ?ﬁ%??%g?@%gbgyafﬁggzﬁaisc Oh@ﬁ”be provided. Miltiple
features filns, al bunms, or other content nmay be
provi ded, and independently activate-able on a single
disc. [00169] It should be understood that the revenue

1omodel  depid | Bodcdebri Olafth € 1NOWhbidh t 85idt QUBGAHEE Lhprises a
st orage systens and mnet hods using non-Ilinear and/or

polygrbeRaiedrqlvasieyipckeoapalvereral s, but instead have broad
applicability to volunetric storage systens and
nmet hods in general, including those using linearly
responsi vematerials, such as that described United
States Patent Publigation 20050136333 he entire
4i scl osuft® gPV\‘Rﬁi%fh(%%ér"h r‘@B?felrhé%'ap?}eré%r@@ gymprises an ortho-
nitrostilbenacentai iyl gdymet. Wi || be apparent to those
skilled in the art that nodifications and vari ations
may be made in the apparatus and process of the
present invention w thout departing fromthe spirit or
scope of the invention. It is intended that the
12pr esent They eddvicen of o¥laim stic vherin f $aict $ubsgandomprises ortho-

kbG48 eSbmiatedmelkEtie e  alred i o 1. A data

storage devi ce conpri sing:

13. The device of Claim 1, wherein said substrate comprises
polycarbonate.

14. The device of Claim 1, wherein said micro-holograms are substantially
circular.
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a plastic substrate having a plurality of vol unes

arranged along tracks in a plurality of vertically
wet@meched73 | ateral |y extendi ng |ayers; and, a pPCF/EE100§009249

of m cro-hol ograns each contained in a correspondi ng

one of said volunes; wherein, the presence or absence

of a mcro-hologramin each of said volunes is
151 ndi cat i Tige @évice 60TREE NORHER{N $uld mico-telogitaing asé obledg.

2 . The device of Caim1, wherein said substrate is

an about 120 mm di ameter disc. 3. The device of Claim

1, wherein the substrate conprises a thernoplastic. 4.

The device of Claim3, wherein the thernoplastic has a
16non- | i nedine Henvicd oDORIM dhehaxsiresaid substrdie isTh disddnaiving aofenter,

ajm4, .wherein the nqn-linear functional
at (a5} b of FAE Bets Rl Bvpl 79 giati il Bha et least one other of
saiglayers spirals ilotn sdid disthentievi ce of Claim 3, wherein the
substrate further conprises a thermal catalyst.7. The
device of Cdaim1l, wherein said substrate conprises a
dye. 8. The device of Claim7, wherein said dye is a
reverse saturabl e absorber dye. 9. The device of Caim
171, wher eTie tibdcs obSlaiot & witerpini saxh of gaid layetshiydseastarting and

xi de) [.pol rene bl.ock |y . ._deyi] :
or BRI S0BF EET rEh SORRG Bl Pl Yoo ctnec
withadt Yzt bnaaf edig @ndiegtpintdl ock copol yner. 11. The
device of Claim1l, wherein said substrate conprises an
orthonitrostil bene containing polyner. 12. The device
of Caiml, wherein said substrate conpri ses
orthonitrostil bene and pol ynet hyl net hacryl ate. 13. The
18devi ce .oThedavine df Gléigr & furtbar dorsptising at secovdmiurglfy of micro-

ho%%lré’rﬁgfrpgzﬂgtsﬁbstrate and indicative of tracking information.

19. The device of Claim 18, wherein each of said data indicative and
second plurality of micro-holograms has an axis, and the axis of said data indicative

micro-holograms is distinct from the axis of said second plurality of micro-holograms.

20. The device of Claim 19, wherein an angle associated with the axis of a
given one of said second plurality of micro-holograms is indicative the position
thereof in the substrate.

21. A method for storing data comprising:

providing a plastic substrate having a plurality of volumes arranged
along tracks in a plurality of vertically stacked, laterally extending layers; and,

forming a plurality of micro-holograms in said substrate;
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14. The device of Caiml1l, wherein said

m cr o- hol ograns are substantially circular.15. The
waleawsaelsad Cl ai m 1, wherein said mcro-hol ogr anGI/HS06/009249

obl ong. 16. The device of Caim1l, wherein said

substrate is a disc having a center, at |east one of

said |layers spirals toward said disc center, and at

| east onghedehrereach cfaaltl higreswiogpamalis stibsiamtiedly dodtaied in a

center, 17. Thfe d,%viée of Clrgﬂi m 1, wherein each of .
coggsrPndings ogengls sg1ds ylHMes gatth dhe i TRy CFoPh@bsehfe §f a micro-
hologfsih iPBACHT Seid dolGinak tid iMBlicRtNebiSa b6 ﬁamgtdo&kdnyof the data.

vertically aligned with at | east one of said ending

poi nts. 18. The device of Claim1l, further conprising

a second plurality of mcroholograns in said substrate

and indicative of tracking information. 19. The device
220f O ai nTHSmete ef Qlafa@h, whein daid abiaro-malogratisvare aetectively

second pluralit f mcro-hol ograns has an axis, and
formgd %ﬂegdg?tﬁ’s%?% tggtdg’h'ndi cative mcro-holograns is
distinct fromthe axis of said second plurality of

m cro-hol ograns. 20. The device of C aim19, wherein
an angl e associated with the axis of a given one of

sai d se | of ,.m - J V€
23 e post LIoN AT B Pl 3 St aRr MG s Scth Bl Gy soloct
onés pf feanicrnphdag@ntodeparsienty uporothediatey a pl astic

substrate having a plurality of volunes arranged al ong

tracks in a plurality of vertically stacked, laterally

extending | ayers; and, formng a plurality of

m cro-hol ograns in said substrate; wherein, each of _
24sai d i cTlee mentoet aClaim 2lbwharsin gpidyfosingasararrises igterfering

andi ; kd vol unes and the presence or

twgag{s)@ﬁ%g&g) aggtrln@gfgoqggﬁég‘rlsam in each of said volunes is

i ndicative of a corresponding portion of the data. 22.

The nmethod of Claim2 1, wherein said mcro-hol ogramns

are selectively forned dependently upon the data. 23.
25The et hpge aletbdRbMilm J41FLAKST @PiPRsing BEuSIRY ®REIof&ald light

erasi ng sel ect ones of the micro-hol ograns dependently
begisn the data. 24. The nethod of laim2 1, wherein

said formng conprises interfering two

count er-propagating |ight beans.

26. The method of Claim 25, wherein one of said beams is divergent.

27. The method of Claim 25, further comprising reflecting one of said light

|||||||

28. The method of Claim 24, further comprising selectively obscuring at
least one of the light beams dependently upon the data.
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25. The nethod of C aim 24, further conprising
focusing one of said |ight beans. 26. The nethod of
W@L@bmB33 wherein one of said beans is di ver geeit/US286/009249
The nmethod of C aim 25, further conprising reflecting
one of said |ight beans to provide Lhe oiher of said
iight beans. 28. The nethod of Caim 24, further
29conpri siTwe ﬁ%lthﬁd d)ﬂ/@lbyn QbeLmlmien gombrising $ornome acn‘ecbh@ plurality

light be en dat 29 The met.h
of %Qr%mﬁ] ving f%uquf%@ |o%6ﬂr%p tingt Hbtl:éat - 5aid plurahty of
hoRgkdmAs.i ty of holograms having a reflection direction
distinct fromthat of said plurality of hol ograns. 30.
The nethod of C aim 29, wherein said second plurality
of hol ograns define said tracks. 3 1. The nethod of
Caim2 1, further conprising formng a second
30pl urali t'yhe)fneﬂhcm of Didieg2@nBherkinasajd \seoorsp pairalily of holograms
d&her t e spacing is indicative of the position
(g Hid rlaﬁ ‘substrate thereof. 32. The method of Caim
2 1, further conprising formng a second plurality of
m cro- hol ograns, wherein at | east one of said second
plurality of mcro-hologranms is co-located in a comon

one of t 0l |
317 ot SRR VR g 25 R hoBPR R Mg bbbty
of MBntohmlo@errm asiangivéh cxpdacmbl whengih i thg spmicthg is mdnca’uve of the
ol throu a second plastic substrate.
p°§h°“\°‘i45 niBE saRStEte &‘%ﬂg ¥ 33, wherein said illumnating
i nduces a pattern of refractive index changes in said

second pl astic substrate. 35. The nethod of C aim 34,
further conprising flood illum nating said second

021351, LR Fof SN, Al B i o s puraty

of midrotioleyramg, wherirsaidoast quieas tsaid sacosd phtrality lof Uurgh hwlograms
o ROl B BB R R2 ol n Bgy o

mico-Hdlegreni36, wherein said flood illum nations use
| aser beans.

33. The method of Claim 21, further comprising flood illuminating said

micro-holograms through a second plastic substrate.

34. The method of Claim 33, wherein said illuminating induces a pattern of
refractive index changes in said second plastic substrate.
35. The method of Claim 34, further comprising flood illuminating said

second plastic substrate through a third plastic substrate.
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38. The nethod of Caim 37, wherein said | aser beans

have a central wavel ength corresponding to said
wore@eaetsas ograns. 39. The nethod of C ai m 38, PMIEUSI006/009249

said central wavel ength is about 532 nm

36. The method of Claim 35, wherein said illuminating said second plastic
substrate through a third plastic substrate duplicates said plurality of micro-

holograms in said third substrate.

37. The method of Claim 36, wherein said flood illuminations use laser
beams.
38. The method of Claim 37, wherein said laser beams have a central

wavelength corresponding to said micro-holograms.

39. The method of Claim 38, wherein said central wavelength is about 532
nm.
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