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Early holographic storage media employed inorganic photorefractive crystals, such as
doped or undoped lithium niobate (LiNbO3), in which incident light creates refractive
index changes. These index changes are due to the photo-induced creation and
subsequent trapping of electrons leading to an induced internal electric field that
ultimately modifies the index through a linear electro-optic effect. However, LiNbO;
is expensive, exhibits relatively'poor efficiency, and requires thick crystals to observe

any significant index changes.
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stability to the medium. Problems similar to those described for single-chemistry
systems may occur during the UV binder cﬁre step. The medium, prior to data
storage, has a uniform refractive index based on the weight fraction of each
component and their individual refractive indices. Polymerization of the photoactive
monomers (or oligomers) leads to the formation of a polymer that has a refractive
index different from that of the binder. Photoactive monomer molecules diffuse into’
the region of polymerization, while binder material diffuses out because it does not

participate in the polymerization. Spatial separation of the photopolymer, formed

from the monomer, and the binder provides the refractive index modulation required
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t he photoacti ve material has
concentrat1on that remains about the same before and after a thermal cure process to

form the thermally crosslinked polysiloxane binder.

A method for producing a holographic storage medium comprises forming a mixture
comprising a thermally polymerizable siloxane binder material, a photoactive
material, and a photo-initiator; heating the mixture effective to cure the thermaily
polymerizable siloxane binder material, wherein the photoactive material has a
concentration that remains about the same before and after heating the mixture; and

writing data into the medium with an information-carrying light pattern at a
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The above described and other features are exemplified by the following figures and

detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the figures, which are exemplary embodiments and wherein like.

elements are numbered alike:
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photoactivation of the photoactive material) , the photoactive material is preserved for
data storage instead of being consumed during media formation (i.e., binder cure).
Moreover, polymerization of the binder material can more easily be controlled by the
thermal curing process resulting in consistent and reproducible levels of
polymerization between media samples. Consequently, with controllable, predictable
rigidity to the binder and photoactive material concentration, the media disclosed
herein offers significant advantageous over the prior art. For example, modulation is

significantly improved relative to the prior art UV curing processes.

In one embodiment, the holographic storage medium, prior to data storage and after a
thermal curing step, comprises a thermally cured polysiloxane binder, a photoactive

material, and the photo-initiator. The thermally cured polysiloxane binder is formed
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hydrocarbon radical, X a divalent hydrocarbon radical and a is a whole number
having a value between 0 and 8, inclusive. The terms "monovalent hydrocarbon
radical" and “divalent hydrocarbon radical” as used herein are intended to designate

straight chain alkyl, branched alkyl, aralkyl, cycloalkyl, and bicycloalkyl radicals.

The silicone hydride monomers and/or oligomers are hydrosiloxanes having hydrogen
directly bonded to one or more of the silicon atoms, and therefore contain at least one.

reactive Si-H functional group.

In the storage medium, prior to data storage and after the thermal curing step, the

photoactive material can be selectively photopolymerized by exposure to light causing
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comparison to the energy scatter of a reference material having a known Rayleigh
ratio. The compatibility of the binder material with other components, such as the
photoactive material, may be increased by appending to the binder material groups
that resemble such other components (e.g., a functional group from a photoactive
material), or by appending to the binder material a group that displays a favorable

enthalpic interaction, such as hydrogen bonding, with such other components.
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rmed froma thermally curable siloxane naterial |
suiablersilekangs wilbeepmarent 6o thyserslilledbin the e i vieat ¢idhis disclosure.

conpri.sing Q or_nore of the f{. [ .at ar | :
CRAPE L B0 PR a6 GERL AR S g e
fdbGoraYieled €8 Hebedih@Rbi@gestdneli scussed above. The

physi cal, optical, and chem cal properties of the

cured pol ysil oxane binder, for exanple, can all be
Theiopepnal binger epely iR OF FI5Fdih indtat, O REolE aﬁw@ cure of the

RN LGl U o ??éshat’r?aﬁ.nggg@‘ﬁrgig ORARRY Cark 9L homogeneous

recording sensi y ity,” level of 11ight
caggtttsach ag, foapchmpit aa hidtaicomplexSwiniminhé ipal opsidragantesich as

alleglglgsq?d qq}gg }ﬁlﬁ‘ﬁgglﬂ?‘g@ﬁ}%gg 29@%} \E}floﬂgl?q%glpg;p }.ggdw{f% mgt%i—gomplex
cGhb AL SSIud L HuB QRS HIREE S, platiilin Fbvikyl®tBmethyl disiloxane,
platinum carbonyl cyclovinylmethyl siloxane, platinum cyclovinylmethyl siloxane,
platinum octanaldehyde, titanium di-n-butoxide (bis-2,4-pentanedionate), titanium di-
isopropoxide (bis-2,4-pentanedionate), titanium diisopropoxide bis(ethylacetoacetate),
titanium 2-ethylhexoxide tetraoctyltitanate, and the like. Another binder catalyst,
which may be employed is chloroplatinic acid (also referred to as “Speier’s catalyst”).
Other catalysts include, but are not intended to be limited to, radical hydrosilylation
catalysts, such as tributyltin hydride, benzoyl peroxide, and Lupersol 101, the
tradename for 2,5,-bis(tert-butylperoxy)-2,5-dimethyl hexane available from Atofina

Chemicals.



trimethyl -1, 1, 3,5, 5-pentaphenyltrisiloxane; and

pol y(acryl oxypropyl ) methyl siloxane, and conbi nati ons
woanpriosismg at | east one of the foregoing PCT/US2005/019855

pol ysi | oxanes. Ot her suitable siloxanes will be

apparent to those skilled in the art in viewof this
Th plaltestive maGoimranay etnhyisgveainioaginer, o ridigemsT,s9vd? epmbination

ol i goners havj ng al kenyl and hydrjde functionaljties...
coguriing oot a1 e e earelhtls; ebirral SifaRaR mblRjtaed
poFh&i24fbn FRIrRe: piiflef al Ristd refigotile i ferehh@6#Ethat of the

cure of the thermally curable siloxane material. The

bitrlerd dFor exdraplyseationisalie pelymsnisgae sytieme sitchl aps for siamples Vinyl

f | e, tal, in. i
et RO s, R HOTES Ryre ARl ity S0 Rlifible for use
inQUE bt Geti AYdISdukOX DTRE - sufipsie iphbabieaateaiaRl i@xiude those which

conpounds include, but are not limted to, platinum |
podymeénigd betar Eretadidal dpagtionxase aspifet xRl amplsayles containing
cl.ovi n hyl . s | at | oy
ST BARLRY ol L 305 ML AL S TRk,
Vamidedt exdteiRr{lbingtes, 4typary asubdiitatedt e)yrerich,t auixiyd maphthalene,
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thtod ouixadlveitt slefingandithedlkeo referred to as "Speier's :
catalyst"). O her catalysts include, but are not

intended . to he.limte 0, radical -hydrosilylatian
Swifiblh ponide Teqianals b it AiaertE SEimgsflo. Hetohexene
oﬂ@%%@?ent%@o%ﬂ&%—sﬁhy@ JohdxBee bkidgeaivBtiv&l such as silylethyl
, < bi

2, (ter-butyl peroxy)-2, 5-di met hyl hexane )
deaiwatiVesb| @pitlomofit btirg Chiepriredal Somhed-pivolcyglohpxane oxide; 4-

terial . i ,
e SRS RO PR AR er Rl poene
prépRed | fRond U-MAdar Bt mdc RidHeRen B %)bl@ﬁ&ldti@idl ypexideatidinas 3,4-

to forma polyner that has a refractive jndex

ey exsiaheryliredivl it  of e Cht Alrsrneqgoxyleigip| e, 1,3-Dis(2-(3,4-

cat i opi.cal | ek i .such as, for . 4-
CREZARD %ﬁeleb‘%gﬁ?étlﬁ? st',‘zt?ggl%fghe}?l&{yiﬁfogt érs, all ene%?li%?/sl,’zﬁ’
tekeeli RienapBkRhs; ardhdorapioxiiaesconreisty dahbenfooe ofiske foregoing

the present disclosure. O her sul%ﬁ%ﬂ e phat %act ive
epeaidermalesalsndy HiiblerrostmsiRialK i fapffemoxidieyy bis-epoxy monomer

ufdef il LGt PRAEI Mo Yolls@Bincf OF _exanpl e, mol ecul es
contai ni ng ethyl enic unsaturation such as acryl ates,

met hacryl ates, nethyl methacrylates,
Other suitable epoxide materials include those in which one or more cyclohexene

oxide groupings are linked to an Si--O--Si grouping. Examples of such materials

include those of the Formula (II):
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acryl am des, nethacryl am des, styrene, substituted
styrenes, vinyl naphthal ene, substituted vinyl
woapistdoadsenes, and ot her vinyl derivatives. PCT/US2005/019855
Free-radi cal copolynerizable pair systens are al so
suitable, e.g., vinyl ethers m xed wth nal eates,
whdiialeachRx ednwépehdatlg fanradkyl granpt dostainike lessiian abEgual to about
epoxi de materials include, but are not intended to be
6 ¢4rhen @@MBo, cycl ohexene oxi de; cycl opentene oxi de; 4-
vinyl cycl ohexene oxi de; derivatives such as silylethyl
A%Hat FtYleSte aPakl BgRdr f&&ﬁb@x?ﬁl@)ﬁé‘ﬁd@dﬂ&}f 8180 be employed as the
ylcycl o exene Oxi al koxymet hyl cycl ohexene
phmmadase epasiflomptasichy Doy @m&%ﬁ@hmmgxﬁ&%@% ag the cyclic

copprapanEL R ama® UIBi des such ag 34" e

epoxycycl ohexyl et hyl - 3, 4-
ecar boxyl ate; 1, 3-bis(2-(3, 4-
epox%cyclohexyl)ethyl)-l , 1,3, 3-tetranet hydi si | oxane;

epoxy-1 ,273,/4 tetrahydronaphthalene and
ionb nati s}c nprising one or nore of the foregoing
poxide ma eqlals A suitable comercially avail abl e
poxlde 'S bl% epoxy nononer under the trade nane
PC- 1000 from Pol yset Inc. Other suitable epoxide

mat eRi al s i ncl ude those in which ofi.or nore
cycl ohexene OXIde grouplngs are linked to an Si-O-S

BRI o eI B! MM 0B
cgﬁ AL, Qrc%l@alksilntaﬁlll{yl g aﬂyEgﬁ)uphmhcgrmqufais mdemalnderttly,

arbon atonms. A variety of tri-, terr

op el pepasaast | HEN é:gnqt{l@yalag@gp H@V&Epﬁo% ggr atm%s with the
P gostg(%ﬁ%tte{t\f SiERPH &ethgrg‘f %{EE @b arﬁelgm%r RHRi B %Hgl?l is3t010. A

xyS| oxanes ar e cyc ompounds of Fornul a
sieciflc) madRérid] | bf )thls wiype eis n1 8¢ Triagrabis(2-E64-epgxycyclohexyl)ethyl)-1,
i ndependent |y, Povalent substituted or
3&%@%&1}1@%@@@@@ FPRY1, G -1 cycloal kyl, aralkyl or

aryl group; each group R6 is, independently, R5 or a
o@%?%ﬁéb?@%hcﬁe&we tawssaé QB8 RAhoBeM MEmalA VO

car bon at

R7Si(0Si(R*),R)3 av),

wherein R is an OSi(R8)2R9 grouping, or a monovalent substituted or unsubstituted
Cy.12 alkyl, Cy.12 cycloalkyl, aralkyl or aryl group; each group R® is, independently, a
monovalent substituted or unsubstituted Cy.;2 alkyl, Ci.12 cycloalkyl, aralkyl or aryl
group; and each group R’ is, independently, a monovalent epoxy functional group
having 2 to 10 carbon atoms. One specific material is that in which R” is a methyl
group or an 0Si(R*),R’ grouping; each group R® is a methyl group, and each group R’
is a 2- (3,4-epoxycyclohexyl)ethyl grouping. '

Another group of photoactive epoxide materials are those of Formula (V):

(R'));SiO[SiR 'R 2071,[Si(R)20]Si(R %3 V),
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proviso that at |east three of the groups R5 are epoxy

functional; and nis 3 to 10. A specific material of
Wt)hb(ﬁ;/m)yqse i's PCT/US2005/019855

l,3,5, 7-tetraki s(2-(3, 4-epoxycycl ohexyl )ethyl)-1,
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(V),wherein each group R10 is, independently, a
nmonoval ent substituted or unsubst ituted C -J2 al kyl,

Top - hodogpphigastRipge BedigRealsp grraRipses e dhol-thifptet fqr inglucing

P EERETELbLthe P DRRYE PR It B Dhood polpspiagion of

tler photgaivp; mewdhl By otself R&whi &, by nﬂpmmlemtligw rraay be difficult,
functional group havin

nonoval ent
Pé%‘FB]éﬁya%So‘ilFﬁ t%ﬁfaeﬁﬁ Antiorges meedin fnsgees g%}feelpqt? nitiator, upon
%&sﬁ;‘é &l §e19{1vé19'1§wt KREls a&fethtehfé%&d'lﬁ%‘(‘!%hf: rhf}l%&?&llgrﬁ?{gates the

1 1s an al kyl group, or ex
pt)]ya’leruzmtlmtwﬁ:ihe Rhatonstive atérdgldavoidiog yioymded ffev«jalreoeliglyﬂ-induced

oupi ng and p and gq are about equal. Conbi nations
pg{éﬁﬁ?‘?‘? one or nore of the foregoing photoactive

materials may al so be enpl oyed. The hol ographic

OneOfyp8 @ f PRt 1M 1t S0isCH PREOEES RnBBR GhathistdahiflE, $0Fontains a
I nduci ng_ pol yneri zation of the photoactive material .

npigtEcthat] jsgeapabled wé ev@scprbmgrmmdza& fasiption gtheonph O\tﬂ@d@ﬂgﬁbe and,
OB bl S5l ST B, ERBRILE, 8! O pe TPl
preeidi &id, e reade acillh ewmbt@teophdtd)atdlcatga’(e,ratupﬁﬁb a low absorbance at a
preferred radiation, a sensitizer may optionally be used. Sensitizers absorb, or contain
a moiety that absorbs, the incident radiation at the wavelength of interest, and transfer
the energy to the photoacid generator (e.g., by way of Forster transfer, electron
transfer, or chemical reaction) thereby inducing reaction of the photoacid generator.
For example, many photoacid generators respond to UV light, whereas visible light
(e.g., 400 to 700 nm) is typically used for recording holograms. Thus, sensitizers that
absorb at such visible wavelengths and transfer energy to photo-initiators may be
used. Rubrene and 5,12-bis(phenylethynyl) napthacene, are such sensitizers that

absorbs at visible wavelengths.
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exposure to relatively low | evels of the recording

light, chemcally initiates the polynerization of the
wohoispacisbve material, avoiding the need for dPCEAIS2005/019855

l'i ght-induced pol ynerization. One type of

photo-initiator is a photoacid generator that is
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T hat abso

for recording hol ograné. Thus, sensitizers t
paenydigdpniyins hpxadlugensatimegaths diolyliodemshetetrekiefpgytafloorophenyl)

0. Nni ti.ator.s e used. Rubrene.an . )
oBRR g BB B SRR R anRe S 18 olviphenytiodonium
tétfalkﬁs'(ﬁdnmwrdﬁhaﬁyla e4ths cahyNo1§H 8l iva Ve ekt Ror8fkenyl)

enbodi nent, the photoacid generator may have a
begsis janfl xombiedtiony copprising onglasaners ¢f biedaragoingcplwtoritiators

i Qi . i t sitize ar._exanpl e .
o T e SRS s GRpols B sV aey of e
spevrder anGuchtharetare geaditily sapeitined phatl@Rabdlof the visible portion of
ﬂ%}gner ator/sensitizer, however, would be extrenely

BT e 6Nt RETRRARI 2t R oYiSiRlSs GRliREC lyhothBIadnsiiy i(Ref . -2,4-
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o Qo BES ETEN S PARL 3R ) BB ALRh A v
cpioteoaaty ienmdiiba ial Irgdexanpb s whichs wiayald enfpietedaglose or in
enerators_.include, but are not intended to be |imted
oHEBRAGET it A5Gt db ibreeding: Bratert g8t AZGHIRErAuIIble Photo-
ifiHAtbONI U P ) ' ot i -3-1H- 1-
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Ifg@%ﬁg%é% §f Iggiaxgsﬁztﬁ% icr)éol%iiﬁc’n(l Fs)e%?st aellﬂfe lt}lflp%a?lelhs%qyijti?/e E)orra%tag(’)n in the
far UV, below about 300 nm, and the use of far UV radiation is inconvenient for the
production of holograms because, for a given level of performance, UV lasers are
substantially more expensive than visible lasers. However, it is well known that, by
the addition of various sensitizers, iodonium salts can be made sensitive to various
wavelengths of radiation to which the salts are not substantially sensitive in the
absence of the sensitizer. In particular, iodonium salts can be sensitized to visible’
radiation with sensitizers using certain aromatic hydrocarbons, a specific sensitizer of

this type being 5,12- bis(phenylethynyl)naphthacene.  This sensitizer renders

iodonium salts sensitive to 514 nm radiation from an argon ion laser, and to 532 nm

12



t et raki s(pent afl uorophenyl ) borate, cunyltolyliodoni um
tetraki s(pent af | uorophenyl) borate, and conbi nati ons
woanpriosismg one or nore of the foregoing PCT/US2005/019855
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bi s( phenyl et hynyl ) napht hacene. This sensitizer renders
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' ' : .532. diation froma ..
S0 0 LRSS 5o R DB L BB, 4008 Bociom may vy
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S N N SN T
wRAgH: bf HedfhbdoaBlivaRNRLEN HHRi MRV @RS el deRfY are based on the total
comrerci all'y avail able’l aser
medium composition. Optionally, the holographic storage medium may further
comprise about 0.01 to about 2 percent by weight of the binder catalyst and about 0.1

to about 10 percent by weight of the sensitizer.

The holographic storage medium may be formed by adequately supporting the
mixture (i.e., the thermally curable siloxane binder material, photoactive material,
photo-initiator, and optionally the binder catalyst and/or sensitizer), such that
holographic writing and reading may occur. Fabrication of the storage medium may

involve depositing the mixture between two plates using, for example, a gasket to
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sources, e.g., the blue and green lines of Ar + (458,
488, 514 ran), He-Cd l|lasers (442 nm, the green line
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Aa plaagilé of sskitabke holbyaahioodat etaragep ptogéssetohyleate holographic

oo ALE) o B st Sacel < IR Bt BLARed usgption
thtse[kgl;qgggﬂﬂﬁ 3RINEL 16 §L8i30%d TRE W eqhieo Bl BTRBA Glitter 20. One
beam, the signal beam 40, is incident on a form of spatial light modulator (SLM) or
deformable mirror device (DMD) 30, which imposes the data to be stored in signal
beam 40. This device is composed of a number of pixels that can block or transmit
the light based upon input electrical signals. Each pixel can represent a bit or a part of
a bit (a single bit ‘may consume more than one pixel of the SLM or DMD 30) of data.
to be stored. The output of SLM or DMD 30 is then incident on the storage medium
60. The second beam, the reference beam 50, is transmitted all the way to storage
medium 60 by reflection off first mirror 70 with minimal distortion. The two beams
are coincident on the same area of storage medium 60 at different angles. The net
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medi um al so may be supported in other ways. For
exanple, the m xture may be di sposed in the pores of a
weuppmoiggoe. g., a nano- porous gl ass material SBCH/UB2005/019855
Vycor, prior to binder cure. A stratified medium
i.e., a mediumcontaining nmultiple supports, e.g.,
r@hla?,ss thaniliehtwoalyens aéats hoistgedenrntepittem di Spodetrsection in the

18526 AP 000 AR SN GG Rm I G farci LBy HhSarted
td & g ghk‘leﬁ%ll'% sUrg Mhg bvroeso. medterehal a pbRRIPLNURS photoactive

cure s ep may occur at a terrperature of about
mZﬁG‘mBD uabogtes ROOMriZAfiber whikk 1¢ddader wodiél cgtg@pof thgaefractive

L OB BE i 98, T e P U Gprence ot

e}‘feét%r Blifg daag%ﬁtn% rAYQordge Gredi@®@6OI ons of the
p otoactlve mat erial are exposed to a suitable Iight

source . Hol ographic data storage is one of several
Folemhdﬂina tessdatinaas depigtedde Figvee 1y the grstinger pattosn sieated g storage

Hgng} g@ llss%ugnlp exp'gsgftodr%{"e? %8%%‘@%3’50( gstle)%%ﬁ)s%ﬁceedoft s‘?gnal beam 40

ge-as 1S USG

b§ YSbEBY sighfl béen ROl @gh ad Blndites t30r agk ther d)aieas redohetrata¢dain a
Is used to generate an optical interference pattern,
regrgatad signatbearedflent |y stored in the hol ographic

storage nedium An exanple of a suitable hol ographic

1§ a%l%els Lgr ?%’? AL OERRFotd tl%f egt anbohagriaphhc dﬁfrﬁ’&ﬁ‘)ﬁe efficiency

present disclosure is set forth in Figure
nleasurbmetthiam lomnéadg uAaduitable styhtelmfurribcsefmmummeassels shown in
|s divided intoQ two e
Fie® BRahSSREDas YT o A T QBRI Sty Peyf epy there

15519@§L§/i ot DM‘D mqﬂit@é{doﬁ sl mPfor d@bormmbhRr M0 kg Q4lit into two

device (DVD) 30, which i nposes the data to be stored
beams il gerahd ﬁéérthzﬂtoare Thﬂrslrqur@cb in stogagapoeEuUndi0 erepfifgaplane
pi xel s tha

GBrE s A1 SHArLd T ERaPs TERR gt 48 fher RERA off or

bIRREE SB1M shatthd 80 @hd ehePahdur@fof dight H1ffractsd b9 Itl@e Qﬂatlngr&ly storage
consune nore than oneé{ol xel of the SLM or DWVD 30
nepdiem (69 semeporask. THRCBiRcHoR cHicigiom §rmempyegoas et lPﬂéYFr in

cid 0 h
BB VT SHRIEY R B TSR BEE o 0.
Mdrefaaggateridadinef@ntiyndedlenke aro taécfouht fosges i stoorge Ahedium 60
with minimal distortion. The two bea

resulting from reflections at its surfaces and/or absorptlon within its volume.

Alternatively, a holographic plane-wave characterization system may be used to test
the characteristics of the medium, especially multiplexed holograms. Such a system
can provide the M/# for a given sample, which is the metric used to characterize the
ultimate dynamic range or information storage capacity of the sample as measured by
the maximum number and efficiency of multiplexed holograms stored in the medium.
A suitable system for these measurements is shown in Figure 3. In this setup the
output from first laser 10 is passed through a first shutter 140 for read/write control, a

combination of a first half-wave plate 150, and a first polarizing beam splitter 160 for

power control. The light is then passed through a first two-lens telescope 170 to
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are coincident on the sane area of storage nedi um 60

at different angles. The netresult is that the two
woeawmocaseat e an i nterference pattern at their PCT/US2005/019855

intersection in the storage nedi um 60. The

interference pattern is a unique function of the data
adjmaht bearh cizsiagd atfldoeedmffl Orsb yuiSoM 3} fdblvwyed by sacoridemistor 190

t f th
tqﬁsmi’ﬁ%e%?g%ﬁm TgRbeirorastn G nEi PRTaY SR hapscdrouh o
&f i ﬁ%ﬁ‘ L& Qleﬁ‘:XZ(‘)(ﬁ ahd'8 eE@IdOPo18HAAS MamOspliier DBF @S split the

t and fiXes the interference Eattern effectively
beamam tw.cg amd Gy earitrog therpavres i perhagfetherbep bramwo. Thobeam reflected

o1 she] L P earen ot 8PS Gh hich enables

uﬁieﬁ?éﬂcﬁénﬁéﬂ’@ﬁeébntn%] e gy gdsw@f {aemmfﬁ@t béant. hermbﬁ@nsean@ﬁs then
signal beam 40 by bl ocking nal beam 40 wit

rcsﬂmtedexff &n tird miveor 330 and B m@g@ﬁwmﬂl@a Gonwalcha}s mounted on
a%ﬁc glg %tgg? Z{l(? n?iae Pgﬁ 509119 the ﬁ]rspf)ga% trgr?%n%l?t&ﬁ }Hgﬁgh medium 60 is

erla rac

cSlidckedl ROCY AFRaBECRITEIN0. CEi fteomubBehm A passédatirenghys therd half-
for these neasurenents is shown in Figure 2a. This

weie miste 30Ut iptale i Paleripdianhelibr ogPa ﬁiﬁfeeﬁ@t wrihg dist beam and
AR R H%Vﬁ}/rﬁrsilaﬁaeflzﬁ ﬂosprggid(?%g{yol‘ﬂ; c@g{&ll tol?l’ﬂﬂe E&ﬁﬁ@ 86am 2 The

Secon m rror I"aser nto
s@ead®edhQs drd rdR&tddelt ofiferthhenrdriBérane naedlc:lden’sd)mmgmm 60.

nedlun160 reating a pl ane wave _grat As depi cted
Fph rrmawfn@ {35 I gifR el Rgn 18 SieE Hu R B cof second

I%L‘l??r g g%sfsgc%/ $hehLies RPoRNAd-NEs 30RBbe qf75| f&l@&ted off of fifth

thegrating in storage ned ium 60 is
nnHalSl]IBEdnd'ﬂ]Km siixftf marcan B15, ehd iis nlmncgolmcde@gunediums@ at the

t he power di.ffracted am13 e anp of
SBE ARAohEr PHETHERT SGHPLoraGe THET U, ey B hen llected
nﬁgg&kgg%cﬁgﬁ§gg§nents may al so take into account
[ osses in storage nedium 60 resulting fromreflections

at its surfaces and/or absorption within its vol une.
T,hletlmlmplve|$orage mesdayn aphy Eephtiized vigveonjunction with a process

SRR PN BB B Gl M o e

hBQJg@@ihﬁfTEtora%HQhecﬁuﬁyS\ﬂﬁlm 10 of rthy iselee tdrea Mfférémrwzafelength is
gi ven sa is the netric used to _characteri

Utlhéedﬂotrﬁgthé i fanehe hrlg@ B sk egeraedip AT degrasat disclosure,
Yin& r

RGPl e LA R S e RO e

sblﬂcti\h:ep]ﬂf&dpolpmenzatlon of the photoactive material. Thus, the wavelength

employed for writing the data is a function of the specific photoactive material used.

Once all data has been written onto the holographic storage medium, a larger, broad
area of the storage medium may be exposed to a wavelength of light suitable to react
with the remaining unreacted photo-initiator and then polymerize any remaining
unpolymerized photoactive material. The broad area may be larger than the size of
stored holograms to the size of the entire storage medium. This photocuring step can
minimize movement of the components of the storage medium. The method may thus
further comprise exposing at least a portion of the storage medium having an area
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A suitable systemfor these neasurenents is shown in

Figure 3. In this setup the output fromfirst |aser 10
wo0@awsmd t hrough a first shutter 140 for rea@8CWuUSR®S/019855

control, a conmbination of a first half-wave plate 150,

and a first polarizing beamsplitter 160 for power

lexgat thah .thdheldgrayhtto iaswhvedengiass &idht fuffitight & fdattSdny unreacted

wo-] ens telescope 170 toadjust the beam size and
Friodtadey B0 PPYEIErize ARYLENPPRGNGIHIH Pheleasiyvesaeiend.
mrror 190 to transport the beaminto the neasurenent

R 6R skill2@ ih :t}Qeert Wil 51515%&:1aaﬁﬁﬁ&ehﬂﬁeﬁéeﬁleéwﬁgﬁag{e&%dely differing

al f-wave ate 200 and a 'second polarizin
abpirptiere profiles loroggri matrhweezer).i ltuap thn avavelengths rusilized for
t he power in egch,of the two beans. The, beamref] ected .
e e Pl bilowsplici Longg ingilia S2dhe iroieh digclosure will
d=p&Rn dF§Ih Uhé eligh? 28burdd)i 58 R BSatd dﬁﬂeﬂﬁe%ecﬁ’ﬁ‘é Hhbtoactive

control of the power in the first beam The first beam
majenidhe NV pedlenathseshitable fof veriting dada trite rthe hold@raphid sterage media

LNNE ' which i t tatj.
APELAS s e B b5 e ot PR Pl PR B Bidone, e
wdvelHgh fordivkiting0ddts igalbbercued fmt® @duir$90 48t ecHiRY reading

250. The second beamis passed through a third
yelepgthanpy he dho sane as.rastdifferent oo the writing gyavielengtht hle one

TR ifc kpisBanl e e SRR ARG REPe "of “The

second beam The second beamis then refl ected off of
Ifi some femiodiment® 3he aeadling wand el tand nherediting Woeldn@th may be

oBeti1g B ot V30 ek B P Bt i G slsmeh o ight used
f%ﬁ_ \?ﬁﬁl‘i’g‘é’arﬁ MOaHRN206 BHeBGBBE: S50m,f£idlRE ?&Qin%fxif%\glfeggth can be

ifth mrror 185 and then sixth mrror 195, ~Yan
abougro08 winm tsi ahemit 706 nme dinyiet adtladr enfredsaent, 4 vawdlength af532 nm

the first d second .beans. The_.diffrgcted beamis.
e s R SR alt BEer$38 g o0 am ight can be
ubed RYreERIL AkehaGRITBIALMIRM DRl dnlotiZHay Be 532 nm and 405
conjunction with a process whereby |ight of one

N iesPedigely- from a laser is utilized to wite the data
into the hol ographic storage nmedium while |ight of

: I f el an ' ut i.]ized to read
TSGR gty 1 BUAL ML ABBD A L
present disclosure, a refractive index change is
Egnmpledd by using a witing |aser wavel ength that
i nduces sel ective photopol ymerization of the
]\Ellgr%tsgoa}l)%tslli\égs ct)r%nlg?,l 50 H]rrllj Sx’ 7§ E]l%n\%a erLr%? tepe used as the support.
Plastic spacers, which were used to maintain and control media thickness, were cut

from 0.26 mm nylon shimstock (McMaster-Carr).

A stock solution of sensitizer was prepared by adding 10 milligrams (mg) rubrene
(5,12-bis(phenylethynyl) naphthacene) to 10 milliliters (mL) of PC-1000. After
mixing, the solution was stored in the dark for 24 hours and filtered through glass
wool. The filtered stock solution was stored in the dark in a foil wrapped vial until

needed.
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enpl oyed for witing the data is a function of the

speci fic photoactive naterial used. Once all data has
woeers/omasbt en onto the hol ographi ¢ storage nmedPamusa005/019855

| arger, broad area of the storage nedi um may be

exposed to a wavel ength of light suitable to react
AWlhtindnh eatayembolitign was eacraed piot to- nadit | remratznd by Haslding 1

o M b S R BT S BREL O i ol
m?}{éja,ﬁ%rgﬁq}qgéh&%ggr ams to the size of the entire storage

I'S photocuring step can mnim ze novenent of
the conponents of the storage medium The nethod may
At ilznusturfeucctri’uzamngol‘rpnlq seogkx pasitizgr selufiemse.Sampopelydgpetyiphenyl
Jhe stor medi ,um hayi.ng _an ar rger_t t he
Sltﬁ’éﬁ%f‘gr ama}gg a W&vel eﬁ&tﬁ‘%gjf | i 8%?13’%”“%({112% ‘to r4eact drops
diﬁ{b)(h}lﬂw&@sﬁfo%’nd@xh@ﬂu?lph&bﬁkiﬁix@ﬁe ajdgolymep Ol drel | drepsaniv-9380C
unpol ymeri zed photoactive material. As one skilled i
phdte-agidt ganieratoraffpeneeal alectrigi Fitieenenk Wigh|rBeqrBically Mgy 20
w dely di.f.ferin rpt, o ' d s
Do L B W RGBS 55 ATEE s e v
se%ﬁﬁkév‘idhr@gsl%ﬁ?e%r@ﬂﬂil Agcrbl@ph lcsllh'dgs‘ apini cths t gasige spreelis atoomaintain
en I sclos [
t}g@@p%e Thepaedihspngnr! urerevvl aﬂepen A the_ | I‘f:lggqrtoxima’cely 70
, Eniveseabemally qeref 18 Fieiad
o toactive nat.eri . v n [ i tiing '
EIRLEHRS P b ot DRSS, B AR Sk dbidinn o

slERNoDBi13H Bévest Bxpbstré @ lgiout 830 ran. I n anot her
enbodi nent, the wavelength for witing data i s about

400 t bout 550 [
A ST £56T6P TGS SRR P APFRR e Ded B2 shovm and
dgﬁ}/ig%c?ﬂxg{epaﬁoh No SRS &TROd BNt ThE RExIIRGH] dirRH6h WHicidndg was
wavel'engths are the sanme. In sone enbodi nents, the

3p®adi ng wavel ength and the witing wavel ength nmay be
about 375 nmto about 830 nm hi other enbodi nents,

t he wavel ength of |i.ght d f bt

HlobHG SEiARHE BB A e e PR O o SR RC Hinder. o
pR&0EQRMEpSLEe MBnbRieRQIHotol HidIeR, a kéhsiteder,aR0talider catalyst has
enbodi nent, a wavel ength of 532 nmli g&g can be used

bear desciibehy Amaddveniedeesigiliis spfersi if Hbat BEIMMIRAGRES 650 SEATate
D el RED Bl e P00, b BL el s6eRd iARha o

bEREPRRbUNE] MuridfSiddeesar vdidcisosasile dotrollddiby reatpdalyityy heat
the follow ng non-limting exanpl

e.
rather than light, resulting in consw?ent levels of polymerization between media

samples.

As used herein, the terms “first,” “second,” and the like do not denote any order or
importance, but rather are used to distinguish one element from another, and the terms
“the”, “a” and “an” do not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced item. Furthermore, all ranges reciting the-
same physical property are inclusive of the recited endpoints and independently

combinable.
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Exanple 1 M croscope slides (Corning), 50 mmx 75 nm x

1 mm were used as the support. Plastic spacers, which
woeoe/oossd to maintain and control nedi a thi ckRre$aIS2005/019855

were cut fromO0.26 mm nyl on shinstock (McMaster-Carr).

A stock solution of sensitizer was prepared by addin
whle fiid dib@oaims hfsitpen daforibaé with, wrdics (@ ke ayéraplhphgmbodiment,
_naphthacene) to 10 m.lliliters .0of PC-1000, r
i i Phgeeassby dirse kit i bgpa byl GipAyigpy B e and

L ltsdiaed R Qudheri @sfeof@hout depattinktftsmethe scope
eiﬁ%ﬁﬁ%“@%?ﬁ%kéﬁ%&ggestéred in the dark iﬁﬂg fo?l o
oftha dizelbswiealln additibn,meaeaodifishtzansmog bamafs tn adapt ppgigular

.was prepared prior to, nedi repasati.on, Iy o
sigat g dRateiiih1a. e draohingr L ibe Sie OﬁWed“.V‘s"]i“ﬁ%x%ﬂg’*‘?g fom the
eSUtRDESbe tRerbofMTIRbfBR] B iR ant!thé Hisyanae nbt be limited to

m xture contai hing 2 ml stock sensitizer solutjon, 0.5
thelpapisujer reetboylinpdng mdclosed ex threebespmmderconiprplatighior carrying out

cat.al.yst solutign, ..4.drops.m: : : s
i HaR P et itk EREERYT st el odiments g within the
m@FgoﬁﬂﬂQ@%§@QWbﬁ§§QC phot o-aci d generat or (General -

El ectric Silicones) was nechanically mxed for 20

mnutes in a foil wapped glass vial. Approximtely

0.25 nL of this m xture was sandw ched between the

m croscope slides using the plastic spacers to

mai ntai n thi ckness. The nmedi a sanples were thermally

cured on a hotplate at approximtely 70 OC for 2

m nutes per side. During thermal curing, the sanples

were covered with a sheet of foil to prevent exposure

to light. A maxinmumdiffraction efficiency neasured
with a hol ographic test bed as shown and described in
relation to Figures 2a and 2b. The maxi nrum diffraction

ef ficiency was 39% Hol ographi c data storage nedi a

conprising a thermally cured pol ysil oxane binder, a

phot oacti ve epoxi de nononmer, a photo-initiator, a

sensitizer, and a binder catal yst has been descri bed.

An advantage of this systemis that by enploying two

separate chem cal processes, the photoactive naterial

Is preserved for data storage instead of
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bei ng consuned during binder cure, which is easily

controll ed by enploying heat rather than |ight,
woeswsligsg i n consi stent | evels of pol yneri zat POW/US2005/019855

bet ween nedi a sanples. As used herein, the terns

"first," "second," and the |i ke do not denote any
coaders: or i nportance, but rather are used to

di stingui sh one el enent from another, and the terns

“the", " an" not denate a limtation of
lquanﬁl}%‘ylogrﬂg}{wﬁtﬁ’c%%im B EUIPHYENE esence of at | east

one of the referenced item Furthernore, all ranges

Wkeh&Bind@r operty are inclusive of

}Egn%ﬂg{r:llgrtog%ﬁlgﬁ%gglﬁlﬁts and mdependently

conbi nabl e. Whi l e the di scl osure has been descri bed
aphothactbfeenaand; atsl an exenpl ary enbodiment, it will be
understood by those skilled in the art that various

chan t

For rmRRitinEr Rl s BN ALER Pl HE: B oRbiidlBH that
rédfaihidigbotit gl asiertefort anddflét d termatanye prodessite ftrnotis thayally
be made to adapt_a particular situation or material to
crondinked eAlYRGExaBF DIHET- di scl osure wi thout departing from

t he essential scope thereof. Therefore, it is intended
2t hat gﬁ@ Sofd R:Séﬂ&% OffedRn l)f 0ldRd, heldi® apféﬁiﬂa%ﬂrﬁén of the
enbodi nent “di'scl ose as the best node contenplated f
phatvagtivegnaterfal ihpaynesaidadier data bioragehat t he di scl osure
will include all enbodinments falling vvithin the scope

of t appended. cl ai ns. CLAL VS: gr or

3rredi gﬁl&g{agﬁlﬁgs%éagehgge@wa yogréls‘?g i zke‘g%%lﬁ T A Fnally
cﬁ@élﬁﬁdeh 0¥aIRSildXang hindd REM ﬂ@é@t laV @olerhethiyBl methpid siloxane); a
photo-initiator, wherein t &wotoactlve mat er 1 al has

palyGoetbehphenyi ofoxanal hafuitigedbhs [ She>-saniaphsayeisdlozaes; or
pglryg) °§Y18¥,}t@’3§1§%§fletﬁ rfRLacess to formthe thermally

IS0%Aane bi nder. 2. The hol ogr aphi c
storage nediumof Claim1, wherein at |east a portion
40f t Maephologeaphicy etom@ee maa@hurh s op oClairer i1z e\dh@(éilne rthed ahamally
storage. 3. The hal raglhlc st or age rredlun}l%I rp
cwg@lgr&qeﬁ nobsilpxaie iap & comprises one Or more cross i ed o1 polymérized
silicone monomers and/or oligomers, wherein the one or more cross linked or
polymerized silicone monomers and/or oligomers, prior to cross linking and/or
polymerization, contain an alkenyl reactive functional group and a hydride reactive

functional group.

5. The holographic storage medium of Claim 4, wherein the one or more silicone
monomers and/or oligomers containing the alkenyl functional group comprises a

formula of:
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crosslinked pol ysil oxane bi nder conprises a
pol y(net hyl nethyl siloxane); a poly(nethyl phenyl s
woxers@)198d, 3, 5- trinmethyl- PCT/US2005/019855
1, 3,5, 5-pentaphenyl trisil oxane; or poly(acryl oxy
rroryl)methyl siloxane. 4. The hol ographi c storage
wirectinuR'ofR*Claadl rR°1 gachhiadepandently chmprred hydroges oi i nkedovalent
| ysj | oxane binder. co ses _aone or..npbre crass |inked
W ob bR s o Al SR WOTOHERD SADy Sl f R e olE Humber
h¥¥18% & vAlukBeHARE (UndDIRIERSS | i nked or pol ynerized
silicone nononers and/or oligonmers, prior to cross,
l'i nki ng and/ or pol ynerization, contain an al kenyl )
61 eacilhe oflegraptiiomidrage wepivah@f Llpipa rli dertheraeqammpresing a binder
f.unctional qr ., The 0 ' e ned; f
3B bRl Retelye Han 8! BB ThRRARSURTL) U BiEimaly
caiablletloRdnegparerid t6 Gsthaihe tegmblite crakdiyd pblysitixandBinder.
group conprises a formula of:wherein Rl, R2, and R3

each_i ndependent|ly conprise hydrogen_or, a nonoval ent )
Thydr 888 nhﬁ’gﬂf AR Lorrge Kedivg) Qfa&éﬁ? %hyyaﬁr@%ﬁhs BRotogetiveapaterial

c Hﬁ&sia%i@é&ﬂéSa Tﬂm leﬁl%}’,iaﬂga.ll%né’ alhe aq{%?éﬁgiedg%glé?ﬂ%oxide,

,inclus ographi ¢ storage ne
afChaiyitd, ,a hethbdrelate; anpethgimethacrpliated en aciytambiista mathacrylamide,
amount effective to initiate or, pronote.thernal cur
a g reiey paRaR SeasI vy R a Rl OS] oY prblGelene, a

Vi) aaR kiYe O RafhieNk @foR 8h ¥RIANOSAARNLh AR cofpriding at least one
hol ographic storage nediumof Claim1l, wherein the

opthetfomgoing phomuetiveahatenalpri ses a vinyl ether, an
al kenyl ether, an allene ether, a ketene acetal, an

epoxi.de n acrylate, a.nethacrylate, a.methyl . .
Snot reltr yp R Hlel Gl TR TG T Saeiie Mbrogotve materia
cShpfi&RE an Aeoxddd | dotipgidingt ¥y@6lgaxede Voxiid; BAbhdmBdneNBxida; 4-

substituted vinyl naphthal ene, a vinyl derivative, a
viglyslobexeget hi ol , O¥ifeol ef i nA-adfoxysielivhatclabgsene oxides;

| Si t one qf i the foregqoi Y
aﬁg{ gr i %*@gytgéh#ﬁgéhol ogr%g‘%sé st or ag%_%é%}%]ﬁog?g%hael o34
efoxyehdoigdxanédacbapitegact i vel,rbisc2-(BH-cpoxquytlohexydyethyl)-1,1,3,3-
SIS RTL 00, oxel SheKene 81 0% B1E! RRSR NS pabte o

bénd KDY ¥ FHRBEKE 10 AUEL S8 combinations comprising one of the

foregoing epoxides.

9. The holographic storage medium of Claim 1, wherein the photoactive material

comprises an epoxide compound represented by:

rR* R*
0 ‘ o } 0
i PN i
1 1
R* R?

wherein each R? is independently an alkyl group containing less than or equal to about

6 carbon atoms.
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acyl oxynet hyl cycl ohexene oxi des;
3, 4- epoxycycl ohexyl net hyl - 3, 4-
wepweyoysb ohexanecar boxyl at e; PCT/US2005/019855
1, 3-bi s(2-(3, 4-epoxycycl ohexyl )ethyl)- 1,1, 3, 3-
t et ramet hydi si | oxane;
12 epdbhe-Hol&rayhe stotaga myadiiom ap bidual lo ndierae thevigtotosedve material

capabl e of bein repared fromt f oregoi ng epoxi des;
GRRES At Ghe LS R Tohe T or qai ng

epoxi des. 9. The hol ographi c storage nmedi umof Caim
+—wherern—the—phot oacti ve material conprises an
epoxikde conpound represented by: wherein each R4 is

i pdependent | yjan al kyl group containing | ess than or
eBuaI.to a oﬁl 6 carbon atons.10. The hol ographic
igorg e nediumof Caim1, wherein the photoactive

terfal conp Ases a cyclic epoxide conpound
represented by: R6 wherein each group Ris,
i nde@éndent |y, a nonoval ent substituted or .
unsubstituted G -12 al kyl, Cl1-J2 cycl oal kyl, aral kyl

ReAac [ ' B2 Q5 .

er B PR R OB AR AHETY d Bpab BB SAS Y or gssttutea
Gyas bikyl, & 9neycloailtyl, driiky! orpid\drewp; ehdt gratip RE4as indebeRRntly, R’
of the s RS re,ep?xy functional; and n

oFct POV SO BHITE LGS e, tinlDfCaeban fioms, ith the
e . A
e MR P So RO Pyl S 10

wherein Ris an GSi (R )2R grouping, or a nonoval ent
14 ubs tlibe bpkgraphiasienals tiedinnedf Claim 2, aihksein the€iphd®active material

cycl.oal kyl,. aral.kyl or aryl group; each group R is,
FBESR sty SR ondtpai oSG8 byt ed or "
unsubstituted G -12 alkyl, C-12 cycloal kyl, aral kyl
rIsi(@syR*gRYyp; and each group RO is, independently, a
nonoval ent epoxy functional group having 2 to 10

carhon,atons, 12. The hol ographic storage nedi umof
WHCEIRNR] 1S G &1S(E )aFh ST PIHIRS A6 ta enowalea isrbstideap or sasibatituted

Cﬁﬁ%iﬂ?f%]’ gﬁ’%{l(&}%ﬁ)a ) ﬁ?glg?l( %ﬁ;@@%ﬁ}g;e&c?%fox&%%&qsgnﬁieﬁndenﬂy, a

(R1
monovalent substituted or unsubstituted C;.1» alkyl, C;.12 cycloalkyl, aralkyl or aryl

group; and each group R’ is, independently, a monovalent epoxy functional group

having 2 to 10 carbon atoms.

12. The holographic storage medium of Claim 1, wherein the photoactive material

comprises a cyclic epoxide compound represented by:
(R'*);Si0[SiR''R"*07,[Si(R"),0],Si(R%)3

wherein each group R'" i, independently, a monovalent substituted or unsubstituted
Cii2 alkyl, Cy.qz cycloalkyl, or phenyl group; each group R'' is, independently, a
monovalent substituted or unsubstituted Ci.j2 alkyl, Ci.12 cycloalkyl, aralkyl or aryl
group; each group R' is, independently, a monovalent epoxy functional group having

2 to 10 carbon atoms, and p and q are integers.
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wherein each group R10 is, independently, a nonoval ent
substituted or unsubstituted C-12 alkyl, G-12

woyaleopaidsyl , or phenyl group; each group RL 1 PET/US2005/019855
i ndependent|ly, a nonoval ent substituted or
unsubstituted C 2 al kyl, G -12 cycloal kyl, aral kyl or

13ar yI Tigy hbﬂl@graphfchstgragapmaimns of iGlaiepdndeareip, thg photo-initiator

. mnog%;g&%%%ﬁ%affl un! %l%glo,éwg{ ﬁw{?agg\g}r/oggtg@onaltﬁ, di Qolyhodomum

te{}%l ?(géﬁQﬁﬁ&o]?ﬁ tgge medi um ofhofdi@i m 1, wher eidipHelifiiodonium
niti onprlses p- octyloxyphenyl

teﬁﬂﬁ@hmtaﬂmophnnhbmmteu or oant i monattefraldsentefineaphanyhporate,

c%&]{oiyﬁiozlé eﬂ{ gtrllaﬁa{pgﬁ{%iﬁﬁ%o%% tgxea’te, CH 8 h—S QYA}JCR)%QHHaHI% 1-yl)
@t {sgéf ggﬂ%@}eﬁéj (0 RexuluoRphatshates bisy 59,4 dyoidpeitadien-1-

et r pent af’l uor ophenyl ) bor at e, 6
yl) 2, 4b1$[\§2;6| dlﬂemoaﬂ(ﬁﬁrpblrryl } -yiphenyl]titanium,  5,7,diiodo-3-butoxy-6-

{ﬁc}g ‘ﬁ 0 %Qril 58’% 8I ! onsg ét 1'3%5)’5 8n+ ﬂﬁ'@tﬁg @&gécﬁﬂgﬁﬁotoinitiators.

bi s[ 2, 6-di fl uoro- 3- (I H pyrrol -1 -yI)phenyI]tltanl um

15, 7, ¢hi aelegdphiet Boered meliuo b6 Mginot, Arthentimprisinga sensitizer
conprising at |east one of the foregoing
fOphhﬁIdiqﬁﬂ-tmfaQt@frs 14. The hol ographi c storage nedi um of
Caim1, further conprising a sensitizer for the

ﬁhOtAo 'ettﬂﬂa gt Rbduc % ﬁ&ﬁ%ﬁ?ﬂg sfo?z[geﬁﬁ&ﬂﬁiﬁ &findising:

1ol ographi torag conpri si ng: form ng a

m xture conprising a thermally polynerizable sil oxane
fdpinhietes niiRtues ccahprmng)hdh@‘amﬂy\mlm@ablﬁl silogang inder material, a

photo-initiator he m xture effective to cure
P}P(H@a‘"ihl’fép??ﬁ?r} Sla)ﬂ%é? %r si | oxane bi nder materi al,

wherei n the photoactive material has a concentration

hidid heMRixRfe aERulivd ie cerMmehbbonalyapdymbtiedbl eﬂcbxang binder
the m xture; and witing data into the pmediumw th

niateriat, rmhar@n ﬂ@@phqtoavgwp mmﬂabaﬁ% @ epnoepiratiopathal N about the
eff ive a h 0|n|t|ator and to
SBY 6??8{' da g[fs eaitaﬁs4 g&tulgb% of the photoactive
material. 16. The mst hod of Caim 15, wherein the
whtlut&afl wtd hee medipm sdth anbinﬁ«zimatioa{catrymg light, pesn at a

met hod_ of Cl aim 15, wher th érefur t.her
“@Uﬁlﬁ’ﬂg@ gfegiivedn qutwaiee‘iheﬂ) pto-ini 1ator an polymenze at least a portion

of the photoactive material.

16. The method of Claim 15, wherein the mixture further comprises a binder

catalyst.

17.  The method of Claim 15, wherein the mixture further comprises a sensitizer for

the photo-initiator.

18.  The method of Claim 15, wherein the heating is performed at a temperature

from about 25°C to about 100°C.

19.  The method of Claim 15, wherein the wavelength of light employed to activate

the photo-initiator is about 375 nanometers to about 830 nanometers.
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the photo-initiator. 18. The nmethod of C aim 15,

wherein the heating is perfornmed at a tenperature from
wahostooBB8C t o about 1000C. 19. The nethod of Ceairmsids/0198ss

wherei n the wavel ength of |ight enployed to activate

the photo-initiator is about 375 nanoneters to about

230 nahemettked oQ@]aiﬁihéS mehdreid e \ﬂwlamgﬂ:Sefthli&e aob ractitvgte the

e o N A A O T

Hrh ltﬁezfﬁﬂozéfﬁ’p}fl@ﬁgra%@‘hﬁedfdrﬂm t he hol ographi c storage
medi um The net hod of C aim 15, wherein the

wavel ength effective to activate the photo-initiator

Als t héhe mﬁéhtulsO%CIeéWlel Brighdiciofthe Wavg}mglbe@frﬁaqtitve |tp zetivate the
AR Tl D e SRR R BB R Bt o

thdBolb@laphic 3Rage BédEmge medi umto a wavel ength to
react any renalnlng photoi nitiator and photoactive

mat eri al he nmet hod of C aim 15, wherein the

Zher ﬁ%lewetb@fi 9?@1«% dB Biriher %npww@cmsméhe bolapiaphiestorage
rﬁ’&ﬁmﬁrtongr@é\%l lihniked Qr mﬁgajnéﬁﬁﬁ‘{g[ éﬁcﬂoﬁ’l a't& Ql?d 1 photoactive

nononers an ol i goners, e one
matesAd. | i nked or pol ynerized silicone nDnoners and/or
oligoners prior to cross |inking and/or

I t I I t funpcti onal '
B o arite R PR | baebis® f8Atemafsroha Ao biexne
biRieh @6mpisdsl Ak By %?bre WhRE ehRed &epcﬁﬁﬁeﬁiedrg?ﬁ(%né 'nllc?&%?s and/or

nmononers and/ or oligoners contalning the al
OIIQQmﬁSOWaBregr d@mmmpnome@m lirdqeﬁwlr QDOb}fmerizedQElthne ¥aonomers

dent |
YR AR aPBBEH o8 b ST L PRy B0 fonae o plkenyl

réfclivelfunrtieml ghotir-0e ankandé adteal funé‘tﬁtglaﬁgﬂoﬁF a whol e
nunber having a val ue bet ween and 8, r1nclusive.

24. The method of Claim 23, wherein the one or more silicone monomers and/or
oligomers containing the alkenyl functional group comprises a formula of:
1
| R
—/sl—x-a——c—c\R3
wherein R!, R?, and R? each independently comprise hydrogen or a monovalent
hydrocarbon radical, X a divalent hydrocarbon radical, and a is a whole number

having a value between 0 and 8, inclusive.
25. A method for storing data in a holographic storage medium comprising:

forming a holographic storage medium coniprising a thermally cured polysiloxane
binder, a photoactive material, and a photo-initiator, wherein the thermally cured
polysiloxane binder comprises one or more cross linked or polymerized silicone
monomers and/or oligomers, wherein the one or more cross linked or polymerized

silicone monomers and/or oligomers, prior to cross linking and/or polymerization,
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25. A nethod for storing data in a hol ographic storage

medi um conpri sing: formng a hol ographi c storage
wordicomasenpri sing a thermally cured pol ysi | ox®Q®/US2005/019855

bi nder, a photoactive material, and a photo-initiator,

wherein the thermally cured pol ysil oxane bi nder

cootapr a5 elkenyl @eativadumctionadsgolp Ak hgdriq]mfe,actarei fhectional group,

S|I|cone nononer s and/ or, pli goners, ein the one or
anf rdersin dhe p %?@@HV%maﬁ&abﬁ@ g %ﬁe%tr%tﬁoeaﬁaé IEpAGHaPut the same

R Ghd ShérIOMBISa] cBfel REcdsPidlfoffithd hekhAY @h&ifked polysiloxane
pol yneri zation, contain an al kenyl reactive functlonﬁ
bgedeuendnd a hydri de reactive functional group, and
wherei n the photoactive material has a concentration

s.abo t t.he sa befo d after a th
i Rinali RledI 83 0ithc bePfask MRRR bR § bk g SottiitiR data
an@ | &y FIfbrox@NBedt Wﬂ@lfeb% goehning [Wikkinahé MeldshphitosiedtaRhédum an
st or age mediumwith both a signal beamcontaining data

inigefergneqpalicamcehdseiarthe Ph@tpéwlaf%rlmtlﬁ‘@s molmemzah@n of at least a
paﬁko%%ﬁﬂ‘?hﬁoté%c%@%%t ?' 4 paorﬁsé {Ht% gnpo AL efdélﬁe beam.

)t 61N I i ynerlfe
of at least a portion of the phot oactive material in
26es pdisantthod bEChiig Qﬁl fibtenvanprisied ex@iing d0¢as a gértion of the

E§§ thod of C al furthjr conpr|3|n exposi ng at
hologgaphic Hgraes giedgm ﬁ‘én%élll 8ige apRricthan Ogrgite mwavelength
age toqa

b ERBRER, balcpShy kool pGE AR oo polymerize any
1mh@®nmnlwiwnt@mﬁaﬂdwkmmbolynerlze any unpol yneri zed
phot oactive material. 27. The method of C ai m 25,

er t 0 f or med
Peast ™8 Fed SheaFtie SRGEb e RR R BFre| Bhagvaiatization of
ah Q9104 poftios Afthd ?h&ﬂ&‘dﬁv@fmaﬂ&ndl 98§t RIMpHO eﬂﬁ[éﬁ@fi‘tof at least
28. The nmet hod of Claim 25, wherein the thermally

apentylPenereeabl e pol ysi | oxane bi nder conprises one or
nore cross |inked or polynerized silicone nononers

§nd/ qrhe%étggﬁnéf %1‘1?1}941.% e\!vf?ergllﬁethg Qﬁer&r lgspr gin%r&ﬁl’?le 5ﬂo'i‘yks?lgxane

e nononers

blm’deﬁ bomprlsm @38 ok intee D satidker mﬂﬁdlylﬁaﬁzalaﬁlk@)ﬂe n@@dikNand/or
?n alken reactive functional group.and a hydride
18ORETSy ¥ fn@mﬁ EHE| OT JRFGFIOSIInkTA OF PRt RIIZEE s@camwsomers

HRF %'11@0151@1%, OR6r & o3k %nﬁldg‘ &6 PRYREELRi08D @5Rhin an alkenyl

reactive functional group and a hydride reactive functional group.

29. The method of Claim 25, wherein the one or more silicone monomers and/or

oligomers containing the alkenyl functional group comprises a formula of:

2

]
S

—Si-X7—C=C]

/ R

wherein R', R?, and R* each independently comprise hydrogen or a monovalent

hydrocarbon radical, X a divalent hydrocarbon radical, and a is a whole number

having a value between 0 and 8, inclusive.
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ol i goners contai ning the al kenyl functional group
conprises a formula of: | R 2 -Si-X5T-C=C, / R3
woheremioresiRl, R2, and R3 each i ndependent|ly conpCiTAm®2005/019855
hydrogen or a nonoval ent hydrocarbon radical, X a
di val ent hydrocarbon radical, and is a whol e nunber
3tavi Ag optiva lremlitemethed cOmpnsing, i ncl usi ve. 30. An
opti cal reading nethod conprising: formng a

hol ogr i c storage nedi.um conpri.sin t her nal .
o OGS, Seces MR Soov Bk Atn S, dBtd boivgilgane
bRdAN Q! BrdtbadivatBhterih @h@ianphdis-ihifietoRBivhyrefiu ftRdthermally cured

pol ysi 1l oxane binder conprises one or. nore cross |inked
palysipakperbiidee dosiprisesonee wbriaeRsr eogndnked o ingbmegriyed silicone

wherei n the gne or re.crps [ ri :
mOpPIELs AL nog}gé)%ersan 86?8 (3[%”' égéng? Eﬁ ‘qﬁ %lg%s? Ci[r%(%% roclg 33 g) Bmerized
silibdHel RBnaME/sOindR®! Rieza tiirion, to Cc@odsalinking aalioe pplymerization,

reactive functional group and a hydrjde reactive .
céniziotanclleanyhresaiive Bmationsb greiun andel pitbidsaeactiye fonetianglgroup;

has, a conc | [
o e FEPE PR arhand () Hef TRoRCaR el RnRATroR! (o Same
beforsEId afieed tiRehybédroyanresstb foket theithérumlp atdssignketi @olysiloxane

hol ographi c storage nediumw th both a signal beam

At ai ni ng data and a reference beam thereby formng

wi t hi n the hol ographi c storage nedium an interference
Rak; ' afud Bttt 4 HichdlaleB® containing data
IRAHHELE ERGICRHplCoRRshRall d bR 4 Behia N
aphatefctice e, ¢hérelhy forgsng wiithip ihe hapguphisrsterpge medium an

.hol.ogramin the hal ogr ic.stora nmedi u .and
A T B P e A Gk Bl e fion,of at Jeost a
pBERM &f HRCPhNSadReBALANQedittind GOMEAIAMEH dTya hologram in the
diffracted light fromthe hologram 31. The nmethod of

h@ographB®Istoragemedipmy; hed si gnal beam has a wavel engt h of
about 375 nmto about 830 nm and wherein the read

il?u%?irrpatlﬁ?gsth% h\gﬁ)\é?e{p%]@sttgragé mB0QWit3d Peall Pehfl 28 e B30ad ¥k data

contained by diffracted light from the hologram.

31.  The method of Claim 31, wherein the signal beam has a wavelength of about
375 nm to about 830 nm, and wherein the read beam has a wavelength of about 375

nm to about 830 nm.
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