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Early holographic storage media employed inorganic photorefractive crystals, such as
doped or undoped lithium niobate (LiNbQ;3), 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 rc]atively‘poor efficiency, and requires thick crystals to observe

any significant index changes.
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systems may occur during the UV binder cure 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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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 thermally
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 photoactlve 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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unit volume in the direction 6 (per steradian), when a medium is illuminated with a
unit intensity of unpolarized light. The Rayleigh ratio may be obtained by
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 fiom 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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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-dimethy! hexane available from Atofina

Chemicals.
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thiols mxed with olefins, and the |ike. Suitable
epoxi de materials include, but are not intended to be
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PC-1000 from Rol yset Inc. Other suitable epoxide
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céohexane—-9xi de groupings are linked to an

Si-lc> Si grioupi ng. Exanpl es of such material s

I

i nclfude thosg of the Formula ( g o 0 Si / 0\ si
an WD 2006/ 001989 PCT/ USZOOS/ 01 5 wherei n each R4
i's ?ndependently an al kyl group containing | ess than
or equal to about 6 carbon atonms. A variety of tri-
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o SRR b0ty bl e, B BT 0

pro@so Ldmlab%alsﬁ t&ﬂ@bf the groups R are epoxy functional; and n is 3 to 10. A

specific material of this type is 1,3,5,7-tetrakis(2-(3,4-epoxycyclohexyl)ethyl)-1,

3,5,7- tetramethy1cyclotetrasiloxane,
Other suitable photoactive epoxide materials are those of Formula (IV):
RSi(0SI(R*),R?)s av),

wherein R’ is an OSi(R*),R? grouping, or a monovalent substituted or unsubstituted
C.1» alkyl, Cy.12 cycloalkyl, aralkyl or aryl group; each group R® is, independently, a
monovalent substituted or unsubstituted Cy.jz alkyl, Cy.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
roup 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 Fornula (V):

(R'9):S8i0[SiRVR207,[Si(R')2014SI(R %) V),
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i'n which each group RI0 and R 1 is an al kyl group,
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photo-initiator for inducin ol yneri zation of the

Profgocia i i eidr | Where mléxﬁqaci generatag heseg low absorbance at a
pz‘@?&%‘é@@iﬁjaﬁ%,i LRnSlizer 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 phofoacid 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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far ya\{ tb@lovg glgqpt ago0 gm@@pgmbg(qugyﬁgn UV 1ad1at10n 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, jodonium 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(phenylethynylnaphthacene. This sensitizer renders

iodonium saits sensitive to 514 nm radiation from an argon ion laser, and to 532 nm
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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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for specific conponent s and nethods of wuse can
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erinen
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to about 10 percent. by wei ght of the

ab%llt]é){5ocl i #4108t dPO°Caboiter thet Grawothc stp: ﬁ@r Belagrapic storage
me&\%ﬁg% fhe! %&Baldyﬁ! l 9&(%8}% ome 8:c200HE) 10 &R art for

perc otoactlve
holngxtaghucada;a whepe ie. tllmnmsi gﬁthep[ﬁftﬂ:(&mtlse araeariahamdemsed_‘l@ a

.total . nedium |t|on tlonaII th raphi c
S“‘@Pt?ﬁ L6 SOHBER u 02‘%)“1? Y fR@ stor %en*aroﬂl%@ t"t‘iﬁ g?so at may
uscg«@ %uzvo‘?(ﬁﬁ&%f“a Mag@aﬁ%la@ﬁo tn'i‘ﬁm%iz%dc?afa @aisﬁwgé offtfled to

. to about 10 percent by wei ght of
surﬁxeﬂsiorat@els is Ted ih (ﬂlbgnéﬁﬂu’ I rgpeovyagersireld hhmlmmgragyéic storage

for by. ade y supporting.the xtu i.e.,. . .
ropeRs. T 1% CEh L1 EERT ot B quieTHAER S Paftérn” which is
sub@@tﬁieﬁ@%t'oife% 1%&fdl@éraph1@@t@¥@e'rﬁﬁcﬁmﬁt or, and opt ional l'y

t he binder catal yst and/or sensitizer), such that

hol ographic witin gi and readi ng] may occur. Fabrication
Anopxapipie of 6r aableeknlogipbip dathsiIies BOSeSi toi Fgate Hiolographic

Soll A, AL U S8 S0 PR B,

the GaRdAiFont Béasel ki lirdyideh @ntpltart)eﬁluﬂﬂyeaﬂne bglbasa,sphittér 20. One
other materials transparent to t f iation_used to
beapp,the sigaplpeaw, 49, 1s prfeaépnél feyip 9 agat ﬁl&fdp%ﬂétf)é(%[rm or

deBPMITRERY 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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nmet hacryl ate) may be used. Spacers may be pl aced
between the plates to maintain a desired thickness
WQG HWepHEShol ogr aphi ¢ st orage nmedi um The hol otCIpU§2005/019855
storage nedium also nay be supported in other ways.
For exa the m xture may_ be disposed in the pores
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inAPRONAG pefud PRLTPL Y (SRS bight B R T Mt ren L Baern,
efizboutly 26&itoa ghdng irlHe GorafetreedivthéObi nder cure step,
t he hol ographi c storage nedi um rray be subjected to

rocesses known, t 0 ski n.the a
PR e o et Bgaeit 1B, B gifine S cffated in storage
m&EHehGRGE Isiﬁepmkﬁdsb@lto AGeRRERS @ tBe aBbithbabf Sphdl®RAm 40
source . Hol ographic data storage is one of sevéra

byt blonking usgnal heamntly withse shinéerf &l pnd, Sheudtacs racaysbpeigd in 2
i mze data density (as opposed to

recgesl;tfa%ggnglbg@g?é as is used in CD and DVD type

systens). In the hol ographic storage process, the

Indatdri & usedilico chanaeaitsanf ofgti aalerialt ar Hdfracbte efficiency
pattern, which is subsequently stored in the
mff?évr@gwabﬁ% bepiegdagd HEEPIsYSIERT & tﬁﬁ@efﬂ&?sué@%?ﬂt% pfhewn in

FiRL 99" R t@%g%.yh%ﬂ&etonﬂeﬁgagm BicSEREHRY, A8 A | fere

orage e resent osure
is ho SIBI\@ or ®NBR, bhtninsthids acswcﬁndgmra;trl loa, Th:eHesem dﬂpmsplitrmm two

a | r 10 is. divided inta t ual beans
begiph T Do) rere B et Ty A S BTG, O Greating a plane
wavecgg% o aeglaéeﬂnl&fmgﬁ@tgbalonlalcg%e "B?:Qx% a& Qher %Md BEF or
defornmebl e mrror device (DK/D) whi | mposes t
blatked with Heittet 80 edd ithe shourd|of Itgéamfﬂ@ctedrhwéh@ evitiog ln §t01age

GRREATS: Sea A SEh AR SRR pover

dxﬁ*aﬁ&@'b‘éamﬁ@@hmf&h% fle ®Bfint 6PIORE §BlveRinkidenOdn SoR@k tnadfum 60.
a bit (a single bit may consune nore than one pixel of

MergecgumtesneIMDIBOLE 1oFy d8a ke inte apeoust losie in Fieeagsupgslivm 60

redi e e a8 s RO R Bt DTGB,

transmtted all the way to storage nedium 60 by
Alregfdtaely, arhodddrafhic ﬁland&ﬁwrawe chaBcteditdtiom seéteml may be used to test

distortion. The t beans oi.nci dent on t
theFlasadieridics Ph medvanFasciatly mlﬁ?lé?}éiﬁ‘t holpgprs. *gpﬁ,g apggtem
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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14 WO 2006/ 001989 PCT/ US2005/ 019855 result is that

the two beans create an interference pattern at their
WORA60E88t i on in the storage medi um 60. The PCT/US2005/019855

interference pattern is a unique function of the data
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colfe@tedtlh‘@se ﬁmaﬂstncenréﬁt)s The sshowhbgam ISHi’ag&ﬁdethzalgh%thyd half-

snmlartoth | o c S a
wadEbiah: 3 b T hhuRfizd o' @R oREF BBRiPnah A RE: bogn end
thed thRGSNd thHird rsﬂlﬁttelms tbRgotias en/o0cdnsrob BT tHe deBé] beh. The
beans 110 and 120 that are then interfered in storage

secirpdibeamh 60hen seftacivg odf pif fometh miasps 287 and igncidentpagnediag 60.

Foxl %(uglgéeth%%l-mﬁpﬁi{ amtggh%mg% htiete}rirl% Endl%‘?tgn&gﬁgf é PEecond

las@il 21‘0 acpasedshrélph grsatdndgwionlesd aiagepe MEYinufledié b of fifth
nmeasured. The diffractjion efficiency is neasured as

miggfel Hoakd then siihipiiget 9. Bk 130 corridsar phanedipn 0 #tthe
sanb @I RhtiBPYCHel £161 ARNLecBAd %Egﬁ@g?h%%ﬁ%@%eamwp'ﬁ?en collected

accurate neasurenments may al so take into account
intd seeped detnctst 2¥Sage nmedi um 60 resulting from
refl ecti ons at its surfaces and/or absorpti on within

its me.. Alternativel r.aphi c ane ve
Th, fIET siariesn b mivahe seTEEEa R el Sl rocess
whe@By Hehe bt shé GavelknghensBd 1By BSRBGE@kd WiitdIkid @At@md the
hol'ograms. Such a system can provide the M# for

holggraphic sierpie magamn@,hwhée tight pbthy sanys et at Gifetent a@velpmﬁt is
t
uttlézgega%i %a)c/l t@?ﬁ?tﬂ 2585‘{1}6% ﬁ%ﬁ%ﬁng Etoraga ?1{)@5/5?& étﬁtge ﬁae)(%{;%%fﬁ,closme,

e sanp neasu

a réRHEHOE iraRe cBhddeCh emhyeddty narhg b phtikedadip bageienBthshanadices
in the medium A suitable systemfor, these

selopiiyg thetapabangrizaloo Wl the phpipaptevesmajegial hj lhugethgpwardength

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
16



output fromfirst |aser 10 is passed through a first

shutter 140 for read/wite control, a conbination of
WOLOPE/EP8I | f - wave plate 150, and a first pol RCTAISAYPS/019855

beam splitter 160 for power control. The light is

t hen passed through a first two-lens tel escope 170 to
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waviglepgt forr sritinet e o abB0t 49henrs elponimbudeHih ns. paEisedeading

h [ hal f- wa plate 260 ta rotate it
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enfiodiménighe tAADEARd avitghve b ihe hredBS sRe.Pr Ovi de _

on/of f control of the second beam The second beami s
t hen reflecteddﬁff of fourth mrror 235 and is
In jspe fuphodgnene dha rrasing wewelenmh sod itheg Wriviagi wavslangth may be
' i e | ] e r cond
oA 5 AOE S50 P R OB, S By PO Raa ST5ERR e

fort wtitisg opebd At Hed hectoedouf $50afm,fanfltthe reatiingoravkBhgndhn be
n coi nci dent on

then sixth mr 195, and is th (
bl GORTbts sout A gy xebwlv%ﬁ@gélﬂwt,fq Vatelegegh of 532 nm
lighe&aN BRI wit Qfdfvfraﬁ@%%ﬂiis beamd-$38 ﬂﬁﬁorcé%d rﬁrﬁthﬁﬁit can be

into second detector 255. The hol ographic storage
useielor oendingy dlerostivaly, edhd mdownijeunoielengthainhdy be P3Do@sHd 405

whereby Jight of one wavelength froma laser is
mnﬂ%el%ﬁgcgpéjgiyto wite the data into the hol ographic

storage nedium while [ight of the same or a different
Thepreete idclosife is Uhistrhe@ dy i bRafinbhRndahRinglkRhmphae

hol ogr aphi ¢ storage nedia of the present gl scl osure,

a refractive index change is created by using a
Exgippleilng .1 aser wavel ength that induces sel ective

phot opol yneri zati on of the photoactive material. Thus,
MibascoMaVeghisn et B 4 f It the.d | S

lfluncdtﬁ?on of &?(ﬂgu%z"gc?ﬁlg Xpﬁ'{)%n\ég(}:{til \E}gm ’mgltg leﬁr‘?stéaﬁ A&stgg.suppm’
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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Once all data has been witten onto the hol ographic
storage nedium a larger, broad area of the storage
WOEH/M%ay be exposed to a wavel ength of | i gRET/US2005/019855
suitable to react wth the remaining unreacted
photo-initiatqgr and then poJynerize any remaini ,
A pintpimy watel sk BHeR Sae T e Prep P Ia PR AIEY |
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dmgi Ellé'f}a%‘gﬁt }férhz\ﬁtn re1 st o?yagemnec?i u%&m?ﬁ{ S p)ﬁot ocuring b
meBiyGhetdpiloxanai m ze novenent of the conponents of the
storage nedium The nethod may thus further conprise

SR IE SR R .
sildsxﬁécger than the hol ggstamnt 0 acwamel engédu@dn, | i gt drops

icient to react any unreacted photo-initiator and

dinteshyploydrosiox aee:mpthyiphpatlsitaxene wpphisiebasnd e dreiseld GP380C

As one skilled.in t rt aw.ll ciate . diff .
PP RRuREe ORRL ety irieSl g el GRRENtor 20
mift&f inl £%oi( RroRRArglasianslowWBbprogigatgly (MIsL bhehis mixture was

wavel engths, utilized for witing and reading the .
sandutichgd dystivveets ther BieropRonE asliges BIBE e SEATicHtRaEPS Sigr maintain

RN epen l4 g t -
oo, RGO Y9, e DSBS A% Rt gpponimatcty 0
°oC T8t eMhihtes YoV sieMUtise Sékhalbé@irfed thewaiiplasgwetatvenet avith a

the hol ographic storage nedia may vary, and can be
sheabollfoil 37 Brevenitegpapiseito 830 nm | n anot her enbodi nent

the wavelength for witing data is about 400 nmto

about 550. np - ' .

A 0P G on FF HED M ARurel N SRR APpIDS SOHR and

deAbetinn®btion th Figeadingndldl  Whe tiangnuwaviéfiengehsffaiacy was
the sane. I n sone enbodi nents, the reading wavel ength

39%nd the witing wavel ength may be about 375 nmto

about 830 nm In other enbodinents, the wavel ength of

| i : ik ' ROUl, HOY RNy diRxaRkObihder, a
HO%%F%J éegggto‘ti% Iﬁggicggp&g\%ﬁgﬁg h Can beﬂﬂgbout 600
photnadtive abaitle #OGomrer, alpholceinitiater heensiirsbdndabindes catalyst has

wavel e h of 532 nm light can.b ed fo |t
et HEREDE- oright AT BFE ThiP euSoiry oPitest o i E deperate
chd¥ficaluiBebsbQl tHeQR kM tivAniaBirRATY Mebetved RadatNdorape idstead of
wavel'engths may be 532 nm and 405 nm respectively.
beifiperopsusseshduriigs bindsu pare; avhiqh isseasty eanyiiadnyy ﬁmpf%«maq jeat

z‘atﬁgrnt_hlaril riiigthit,n%s&)t(i%gqlneconsE%(e%m!e@elsl 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.

18



M croscope slides (Corning), 50 mMmmx 75 mm x | nmm

were used as the support. Plastic spacers, which were
WOLRIBHM3%mi nt ai n and control media thi ckness PORAFBORS(H8SS

from0.26 mn nylon shlnstock (Nthhster Can). A stock

sol ution of sensi %1 ar ed é addi 10 bodiment,
Winia e gieeviERg) DR s S PR R an S SRR P
it WQﬁ%td?ﬂ&%ﬁ%}l bgr%ésg sRtlehiih 'tﬁeeal'rﬁth(ﬂr%hoﬁi ciRpddHEy bl and

ution was stored in the dark for 24
eqlh%‘élﬂs ang Hel dubeited tir dergenty Freeseof »wh@ut dﬁpﬁ?élflfgl frematheiscope

o R e DA, FHEL 50Ot E0 s Rl b pi
smP% %2.391%9111%8@% teﬁhﬁig@tdmmc@ﬁ@,{m@swﬁ@ltLttap@nmgaﬁ:om the

epared prior to nedia preparation di ng dr.op
esspﬂxtaeﬂ ispepre theiBofl| Wharyﬁonenfr aretendad thaishe ds&aWéurequf be fimited to

to 4
AT e Bl s RE R LR ARl o e on
tmms@l%wle N v pleMmydlosisé bl antudeQiliBentBodphexits lfalhng within the
catal yst solution, 4 drops

an@ﬁ@ﬁﬁh%Wh@ﬂk@Sﬂ&@Wane.nethylphenyIS|onane copol yner,
and 2 drops UV-9380C photo-acid generator (Cenera
El ectric Silicones) was nechanically mxed for 20
mnutes in a foil wapped glass vial. Approxinmately
0.25 nmL of this mixture was sandw ched between the
m croscope slides using the plastic spacers to -
mai ntain thickness. The nedia sanples were thermally
cured on a hotplate at approximately 70 C 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
Wi th a hol ographic test bed as shown and described in
relation to Figures 2a and 2b. The maxi mum diffraction
efficiency was 39% Hol ographic data storage nedi a
conprising a thermally cured pol ysil oxane binder, a
phot oacti ve epoxi de nononer, 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 materi al
is preserved for data storage instead of
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bei ng consuned during binder cure, which is easily
control |l ed by enploying heat rather than |ight,
resulting in consistent |evels of polynerization
bet ween nedia sanples. As used herein, the terns
"first," "second," and the |i ke do not denote any
order or inportance, but rather are used to
plstlngU|sh one el enent from another, and the terns
4™ME", "a" and "an" do not denote a limtation of

quantity, but rather denote the presence of at |east
one of the referenced item Furthernore, all ranges
Lr eci4 ihplggemiec steragempiyei walprisingperty are incl usive of

ndependently conbi nabl e.
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t he teac osure W th
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orls B & PES e S ity et ey et et Py BB nsloarpoly
(a@ Ok EIBH AT REthl Ddilok @A th&ngHé ph&t&cﬁvé‘jhﬁ&h@lsdé ns&%%‘ﬁ epoxide
that the disclosure will include all enbodi me

comariping gyslphenene axide; cxdersatene oxides Aawpﬂnm@%m me 49
alkgx%%r ;Jiohe&elgﬁp g&g?%roqx?/h% hg%gcfgﬁ‘%x n% OXlggs’pl‘l sing: a

her ma Cros er
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tct&hp&oﬁmﬂ&ﬁﬁeﬁe Lderil es LHRb bRk IbYepafed T MK %j regoing
ysi | oxane binder, and wherein the thermally

ep‘?:’?“é)@s?“l GREINAHNS cAMIB s HIEEONB OA Herolegoing ppasdticsr om a
conpl etely |inear

2. A holographic storage medium comprising:

a thermally crosslinked polysiloxane binder;

a photoactive material; and

a photo-initiator, wherein the photoactive material has a concentration that remains about
the same before and after a thermal cure process to form the thermally crosslinked
polysiloxane binder, and

~ wherein the thermally crosslinked polysiloxanc binder is formed from a completely linear
monomer, oligomer, or combination of monomer and oligomer that consists of at least
one of a poly (methyl methyl siloxane); a poly (methy! phenyl siloxane); or poly
(acryloxpropyl) methyl siloxane, wherein the photoactive material comprises an epoxide

compound represented by:
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nmononer, oligoner, or conbination of nononmer and

ol i goner that consists of at |east one of a poly

(et hyl methyl siloxane); a poly (methyl phenyl

siloxane); or poly (acryl oxypropyl) nethyl siloxane,

wherei n the photoactive material conprises an epoxide

conprising cycl ohexene oxi de; cycl opentene oxi de;

4-vi nyl cycl ohexene oxi de; 4- al koxymet hyl cycl ohexene

oxi des; acyl oxynet hyl cycl ohexene oxi des;

3, 4- epoxycyclobexylnethyl 3, 4- epoxycycl ohexanecar boxyl
diosi | oxanc;

ate:; 1,3-bis ,
-thyI)
. oerlvatlves

epoxycycl @ lf
2-epoxy-1, 2, 8.4
capabl e of belng prepar ed from the foregoing
epoxi des; or conblnatloﬁs cogpri sing one of the
foregoi ng epoxi des. 2. A hol ographi c storage nedi um
conprising: a thermally crosslinked polysil oxane
bi nder; a photoactive material; and a photo-initiator,
wherein the photoactive material has a concentration
wherain epenidd issnéepondently he akzhgotredcotaning safhte or equal to about 6
c&iﬁ ﬂ@.scure process to formthe thermally crosslinked
ysiI'0xane bi nder, and wherein the thermally
crossllnked ponS|onanc bi nder is forned from a
d%ﬁtel% %lnear nmononer, oligoner, or conblnatlon
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bn‘iﬂex - Wdﬁcﬁ\'f@%g\;}énal“m b%ho%d | BkRAGe WherBinRAL %(h(ftgg:é%b%’ Inaterial has
phenyl sil oxane or poly (acryloxpropyl) nethy
a apinpentaten thahemelng abus tlpﬂﬂaméz@quwdﬁteep itermelonpr preess to

S TR S L S T R T

comphitas adyalic tpsiletdompontd regmaintdddoyabout 6 carbon
atons. 3. A hol ographi c storage nedi um conprising: a
thermal Iy crosslinked pol ysil oxane binder; a
phot oactive material; a o-initiator, wherein
the photoactive material has ajconcentration that
remai ns about the sane efore and after a thermal cure
process to

‘1,3r3-tetrg
drr%n% p

wherein each group RS is, independently, a monovalent substituted or unsubstituted C1
12 alkyl, C1-12 cycloalkyl, aralkyl or aryl group; each group R6 is, independently, RS or
a monovalent epoxy functional group having 2 to 10 carbon atoms, with the proviso that

at least three of the groups R6 are epoxy functional; and n is 3 to 10.

4. A holographic storage medium comprising: a thermally crosslinked polysiloxane
binder; a photoactive material; and a photo-initiator, wherein the photoactive material has
a concentration that remains about the same before and after a thermal cure process to
form the thermally crosslinked polysiloxane binder, wherein the photoactive material
comprises a compound represented by:

(R'%Si0[SiR R 01pISi(R 1)20]qSi(R %)
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formthe thermally crosslinked pol ysil oxane bi nder,
wherei n the photoactive material conprises a cyclic
epoxi de conpound represented by: RS si-0 R6 wherein
each group R5 is, independently, a nonoval ent
substituted or unsubstituted CI| 12 alkyl, C-12
cycloal kyl, aral kyl or aryl group; each group R6 is,

[ ndependent |l¥ R5 or a nonoval ent epoxy functi onal
W) §a¢hes) 10 isoindepeagdeibyna moaenglenpbubliiuted opnosubsiguted C1-
!
‘MJnét?EA%k R R N ST

morsdtalgnt wbﬂputn@ Dnglsuhstttilted @a 2yallod, d¥s 12 cﬂcﬁﬂ[kyl aralkyl or aryl

S|ona hot oactive materi
i R TSI, Pifhefuby pEpfalterry Snedobn Bioragne
tod0¢amee pomaf dndp dnldaf ark @fBIeRs about the same before and
after a thermal cure process to formthe thermally

crosslinked pol ysil oxane bi nder, wherein the

5 phot 19 r a conmpound represent ed
‘?Eet&ogrs@ %rfq%&l%b %lffcﬁm F%ﬁ‘%@%fgzq gSi (R10)3 21
athh‘@m@m@@dmlke@p@wloﬁilaﬂb bisderj ndependent | y, a nonoval ent
nsubstituted Cl - 12 al kyl, Cl-12

ashuEst tut e“

RS LY henyl group; each group R ] is,

a phﬁdﬁﬁ&&ﬁﬁﬁ@h@tem @he prOMGICEYEMbiteSMNRE b EoHcBEt®ion that remains about
unsubstituted Cl-12 al kyl, Cl1-12 cycloal kyl, aral ky

thegame; Before gidoaijss aé‘%ﬁ’ab‘f’l’é‘a PrORass 19 @tmuthﬁdé@@iwémqswmkad

polRNGMAL 8lereRRXY functional group having 2 to 10
c¢arbon atons, and p and q are integers. 5. A

whgotin @leélpﬂnm@l hscmsséugéedm@ yailoxarenpndes isrfgrmedaidar e complesely linear
bi nder hot oac,

mo%r e§|o|11nk 2%16231)6%”0 ongmer dl‘ldv%lg?lg?r tﬁ%tﬁ;gnsasts of at least
onebm pc&lgi(mmeyfrﬂiétﬁyll dllox g, ?&p@ﬂ@m@a&wmdﬂam) 616508 NS
about %ﬂ grre before and after a thermal cure
(aqByIgRUR PNy IsilpRane; whetsr the Phatesgdiatencomprises p-
oe@mx)j/ﬁ[hén?}’(ﬁ}ﬁﬁylmdegﬁlh h%ﬁu%%{tﬁﬂdﬁa{eh@t&lﬂ éi by
croSslinked pol ysil oxane binder 1s forne roma *
tet@dswﬁ?eetaéuwplimeﬁﬂaoraﬁ@ rd@n’@nylradbmgmrtetqul&ﬁpermﬂmbiqpae:ixb)lbo:ate,
tetrocﬁ(lsfﬂ%ﬁfaﬁﬁgro&%{ yB boga? rl%ru mtynce)lltyl 1ga%gfcﬂmstte§i akrs(pentafll uorophenyl)
borate, n 6-2,4-cyclopentadien-1-yl) (m 6- isopropylbenzene )-iron(1)
hexafluorophosphate, bis(n-5-2,4- cyciopentadien-1-yl) bis(2,6-difluoro-3-(1H-pyrrol-1-
yl)phenyDtitanium, 5,7,diido-3-butoxy-6- fluorone, or a combination comprising at least

one of the foregoing photoinitiators.

6. The holographic storage medium of claim 5, further comprising a sensitizer for

the photo-initiator.
7. A method for producing a holographic storage medium, comprising:

forming a mixture comprising a thermally polymerizable siloxane binder material, a

photoactive material, and a photo-initiator;
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one of a poly (nethyl nethyl siloxane); a poly (nethyl

phenyl siloxane); or poly (acryl oxypropyl) nethyl

sil oxane, wherein the photo-initiator conprises p-

oet yl oxyphenyl phenyli odoni um hexafl uor oanti nonat e,

di tol yli odoni um tetraki s(pentafl uorophenyl) borate,

diphenyliodoniun1tetrakis(pentaf|uorophenyl)borate

tetraki s(pent af | uor ophenyl ) borate, | tolyliodonium
hqaging Higi [g]@b}é%@fgqcpmﬁodquhy plyeimqu/r@tl)gnmfaa le siloxane binder

I

mgt:elzxfglgnf\?!ﬂnq}?ﬁgli@ﬁcﬁg? rgrlz; Sgl pl as gonc@ntré(ti%%ggaqgéﬁhalgﬂb ot e
Sacyidietﬁpeam(haﬁeehedmwﬂ)e mixture; and

B3 B FRPOA o S

efERIPE to&icﬂ%t@lhe |pﬁ@t%tm1t1@fb$ aff tolddBnfcike 809 a BBAIA of the
initiators. hol ogr aphi ¢ storage nedi um of claim

photoactiye Iﬁé‘?“%‘o\%‘?‘ Pl@uthfgtharnéaélwptyw@?abl@ polysilpxane binder comprises
rﬁtb‘?tn‘}bré E‘r‘ogé KR8 or golyxﬁ‘ezg;ehgﬂgoﬁe%oﬁn?eqy%d)% (ﬁlrﬁomers wherein
ol ographic stor ormng a
therowe orrreore GrYss iiskeldg)l aolyherizel shlycope; hgormmmzsabtl@r sligaoxan @rior
bi nder ot oact.i ve terial, and.a
to S SEHAE bkt iSRG S S P Grtie Rl Prpb pgp and
hydtide rdabievctthgdtizabil glogo! ymer i zabl e si | oxane bi nder
material, wherein the photoactive material has a
concentration that remains about the same before and
g.aft ei"hehﬁtﬁ‘l'iddrlﬂ’ oG 7”%51%[11%!16 BLr ML i gﬂQO%ﬁ%@ﬂdl’HéiQaJ&
medi um w th an | nformati on-carrying attern a
oligametsengtamingthé elseiyw duntctiosad gronpempthises yaffomwla ofiti at or
and to polynerize at |east a portion of the
phot oactive material, wherein the thermally
pol yneri zabl e pol ysil oxane bi nder conprises one or
nore cross |inked or polxnerlged silicone nobnoners
and/ or ol igomers, Wherein the one or nore cross
li nked or pol ynmer+giettXst-Ceqne nononers and/ or
ol igoners, prior /to cross |knking and/ or
pol ymeri zation, contain an al kenyl reactive functiona
group and a hydride reactive functional group. 8. The
met hod of claim7, wherein the one or nore silicone
whrengio ReJ R2,and Roreactoinigemeesly compaidtiydepgehor alnkayalent

function u rises a fo la of: | /RZ [si-xa
hy@;_oc %on ra 1cap I’Xoa cﬁ)w lemydrocarbon :adlrcrqJ and a 1s a whole number having a

value between 0 and 8, inclusive.

9, A method for storing data in a holographic storage medium comprising:

forming a holographic storage medium comprising a thermally cured polysiloxane
binder, a photoactive material, and a photo-initiator, wherein the thermally cured
palysiloxane 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,
contain an alkenyl reactive functional group and a hydride reactive functional group, and

wherein the photoactive material has a concentration that remains about the same before
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R3 wherein Rl, R2, and R3 each i ndependently conprise

hydr ogen or a nonoval ent hydrocarbon radical, X a

di val ent hydrocarbon radical, and a is a whol e nunber

having a value between 0 and 8, inclusive. 9. A

met hod for storing data in a hol ographi c storage

medi um conprising: formng a hol ographic storage

medi um conprising a thermally cured pol ysil oxane
andiafieier themmab hoe paasessvte foem theitlrmalinatosslipkest padyisilotanabioder;

erein the thermally cured palysiloxane binder
conprises one or nore cross |inked or polynerized

1llﬁﬂnlr1aﬂmg1ﬂie hﬂbg@ﬁﬁk&t(ﬁtﬂgﬂ xﬁédlmhl\?@@lﬂﬁflﬁa siyi b&inf cdriisini@@data and
ked or, pol ynerized silicone nononers

C r OSS
a 15%69 y orrﬁmg&ui}l%il@pgggiaphiﬁl,g}qﬁqﬁem/w an interference

paR@njn}’Wﬁ&b%@ﬁé [Hdto- 1r§t‘?ﬂ&alhﬁla?é§ pBlERAY ok 826Gl kYL port:orl'n of the
functi onal ?roup and a hydridé reactive functiona
a

phgroacipe naaserial vihigsrsinge toribe pigoal baon awkrefraense ibadm halseren the

I t.re out the same befo
tnGRARE PHIL AL e LRI 1R R i DS S orB BB il o
podiy‘m&k(ﬂ nkemhe prednpsieksoanaline olngmdafs wheadigl thel dne 161 matd oagsstiinRed

o ra c st orage nedi th both a sig beam

Ofes %ﬁ“ﬁ ligpRe Horpgersand @ LSS, pESRio CF‘P?ér“éL‘gﬁgﬁWﬂ‘i ng

pownsémzahdnh@od?@h QWRRRIYIGeRLOL ABSIMRALYM AN 4 MNBIE fLeM%e
pattern, wherein the photo-initiator initiates

fupmiopaherdupat i on of at | east a portion of the
phot oactive material in response to the signal beam
and reference beam wherein the thermally

10pol ywmaethad il atopiak sial m)xanne)gkuphmroragenwdummmp\esm:y
ross l.inked or @ nerlzed silicone no

forgﬁa%ﬁoiaglagfa&é&%agem SRS e 1 Cared ROB S PRk e

birler, AQhY IR VS Bieht&ial 'a%elﬁ%hmbﬂi@ﬁﬁfo‘i »ane@é:mheqhérg@n%&ed
g ior to cross Ilnklng and/ or gﬁnerlzatlon contain
podyileNare higHerce BREIPSAEONE P EIArOPIAsS !gyk o rodmerizeg diticens

h d
mc%lgtﬁxgsi aﬁglén %lgébg%érr égﬂ'ler@ﬁ Wane%pmo cngsts %Qed‘ 8I o%n?eﬁ 109

phic staorage ne un1co
silfcomemhmganaaex haldbgrodighinerss pasrag eromehhhmg amir‘qn lpblsmregzalon

cured pol ysil oxane nder, a .photoact
coURR AR P G FRSHIOMA H P A MRHENBRHCE AsCR el Hannd
whetdiethe pREbYSivE QMaNRI mmﬁnc&@mm thetreRABs @Bomeesaﬁzé B8fre
| i nked or Polynerlzed licone nononers and

angpitgy @i eal e Peress thor BibC Brermieres bed |ppb/wé@<am binder;

andpol yneri zed

illuminating the holographic storage medium with both a signal beam containing data and
a reference beam, thereby forming within the holographic storage medium an interference
pattern, wherein the photo-initiator initiates polymerization of at least a portion of the
photoactive material in response to the signal beam and reference beam, wherein the one
or more silicone monomers and/or oligomers containing the alkenyl functional group

comprises a formula of:
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silicone nononmers and/or oligoners, prior to cross

i nking and/ or polynerization, contain an al kenyl
reactive functional group and a hydride reactive
functional group, and wherein the photoactive
material has a concentration that remai ns about the
sane before and after a thermal cure process to form
the thermally crosslinked pol ysil oxane binder; and
i1lum nating the hol ographic storage nediumw th both
a signal beam containing data and a reference beam
thereby formng within the holographlc st orage nedi um
an interference pattfern, Wrere¥n t he photo-initiator
initiates polynerlzeugimmyafuag | east a portion of the
phot oactive material/in respoﬁSe to the signal beam
and reference beam wherein thé one or nore silicone
nmononers and/ or ol igomers containing the al kenyl
functional group conprises a formula of: 24 /Rz

| and each
W 0 2 Pl e P PR By gt
hykipmtadxoarrhb@l radidoalent })S/daocdrbbalraﬁctal hyidaacamhoRr nuateCidving a
q1 g@ole nunber having a val ue between 0 and
eH@Fﬂ§“W #4lUS¥fie nethod of claim 10, wherein the

S|gnal beam has a wavel ength of about 375 nmto about
830 nm 25
11. The method of claim 10, wherein the signal beam has a wavelength of about 375

nm to about 830 nm.
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