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[ 0001] This application nmakes reference to and clains the priority
date of co-pending U S. Provisional Patent Application No.

60/ 907, 629, entitled "Media for Recording with Blue Laser Di odes”
filed April 11, 2007. The entire disclosure and contents of the above
application is hereby incorporated by reference. BACKGROUND Fi el d of
the Invention [0002] The present invention relates generally to high
per f or mance phot opol yneri zabl e recording materials for use in
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I nternational Synposiumon Optical Menory and Optical Data Storage
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record an array of data that my%ﬁgglﬁﬁensi onal |inear array
(Le., a1 x Narray, where Nis the nunber |linear data bits), or a 2-
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WD 2008/ 125229PCT/ EP2008/ 002677 [ 0012] According to a third broad
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monomers are described in, for example, U.S. Pat. No 5,759,721 (Dhal, et al.}, issued June
2, 1998; U.S. Pat. No 5,874,187 (Colvin, et al.), issued February 23, 1999; U.S. Pat. No
6,103,454 {Dhar, et al.), issued August 15, 2000; U.S. Pat. No 6,482,551 (Dhar, et al.),
issued November 19, 2002; and U.S. Pat. No 6,784,300 (Cetin, ef al), issued August 31,
2004. Such monomers may form photopolymers having a high diffraction efficiency and high

dynamic range.

[0009] There may, however, be other ways to improve the performance of photoactive
monomers that form photopolymers having high diffraction efficiency, high dynamic range,

as well as other desirable properties,

SUMMARY

[0010] According to a first broad aspect of the present invention, there is provided an
article comprising at least one photoactive index-contrasting polymerizable material and a
photoinitiator system incorporated into a polymeric matrix, wherein the photoactive
polymerizable material is of appropriately high molecular weight and the composition has an
optical absorbance between 330 and 490nm.

[0011] According to a second broad aspect of the present invention, the polymeric matrix
of the article is formed through a polymerizing reaction between a component containing a
isocyanate functional group and a component containing a polyol functional group.
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mat eri ?0017] It is advantageous to define several terms before describing the invention. It

should be appreciated that the following definitions are used throughout this application.
Definitions

[0018] Where the definition of terms departs from the commonly used meaning of the
term, applicant intends to utilize the definitions provided below, unless specifically indicated.

[0019] For the purposes of the present invention, the term “light source” refers to any
source of electromagnetic radiation of any wavelength. The light source of the present
invention may be from one or more lasers, one or more light emitting diodes (LEDs), efc. In
some embodiments, the light source may have a wavelength of between about 200 nm and
about 1000 nm.
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[0024] For the purposes of the present invention, the term "holographic storage medium”

refers to a component, material, efc., that is capable of recording and storing, in three
dimensions {i.e., the X, Y and Z dimensions}, one or more holograms (e.g., bit-wise, linear
array-wise or page-wise) as one or more patterns of varying refractive index imprinted into
the medium. The holographic storage medium (which may also be referred fo
interchangeably as a “holographic recording medium” or a “photoimageable system”) at least
comprises a support matrix in which is dispersed at least one photoactive polymerizable

material.

[0025] For the purposes of the present invention, the terms "dynamic range” or “M#’
relate to an intrinsic property of a holographic medium and refer to the total response of that
medium when portioned among the one or more holograms recorded in a common volume
and related to the index change and thickness of that medium. See Shelby, “Media
Requirements for Digital Holographic Data Storage,” Holographic Data Storage, Section 1.3
(Coufal, Psaltis, Sincerbox Eds. 2003). '
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phot opol yners, such oligoners may be the product or products of

y
pol ymer | iop_of nmononmers with abouf.30 or |ess repeatin 1ts, and
ay” coloat o Pt Ing BirPERr< 2L i preRRb Inyaaiony 0% S T i Al Fere"6
cr ossl wnligfor sterirmwisyrapHie datarig adiotdyraptiic sedibiml. i ty of the
phot opol yner because of potential diffusion through or fromthe

suppor ri hot opal I i S, ._be N / .

coval ef&"@ boEﬁreg’et SUFPg’ng??ﬁF}g%t& rti @@'8@3%&%&& h%g%'hgp%%%sreé?rs to
t he pr egning, racengring, or tetenstaraing phlogepbicydata $teeedi io @"halegraptic mediany
pol ymeri zati on reaction caused by exposure to a photoinitiating |ight

> ?E;ge[oaoglgﬁgrkgrg [t}}éngﬁ'f@%l{e?’g %f" Sthé f plleggntp Erﬁraﬁtfgn, i fhye Egnlno “sut;slﬂgte Sfeflrs to

components, materials, etc., such as, for example, glass plates or plastic plates, which are
associated with the holographic medium, and which may provide a supporting structure for
the holographic medium. Substrates may also optionally provide other beneficial properties
for the article, e.g., rendering the holographic medium optically flat, providing a barrier to
water vapor, providing a surface for antireflective coatings, efc.

[0034] For the purposes of the present invention, the term “support matrix” refers to a

polymeric material, medium, substance, efc., which provides both an index contrast in

recording and which also retains the recorded structures (archival stability). The support
6



refers to any polynerization reaction that is initiated by any

mol ecul e WOV BPRY a free radical or radicals. [0038] FEETER008/002677
pur poses of the present invention, the term"cationic polynerization”
refers : I | | | SRt

ol ccarizteOfigy BE o/ FRlhgRbobr £ Bhhfibt ke 2 1h Subiypith A9y pe formec
pur pos esparateiynandobedifatent chemistrips, franh thet photedctive polymepzablesratertl used to
refers rizald | al . LiSed Rl gl .

ol ocuf SorEoBRing L, Gl AllvidtRA! bftbrhe) s iBeorBbl il Abigned u.s.
2008/ 1PaR 29¢CT482R2010 §Di026t7 2l.], dgstel Adeveriter pie; 2008, die ehtirepdiegesure and
I nventi ! L b " fo I :
roani ngoaprE] Pidls BRL @Bl by Rkdtdod, CTho SupBSH SiniPB8Y containg
dyes. bsubsientathal feva shozespniindextentrastinge grodes | cgttaingdi in athed photoactive
pol ymer | L f t erdi.al oGk 1.\ 0 (A .
ot or' SPSREHEbE At CThE: supbf i BBl BORGINEG ROLISTE g Phboacte
t hat aepblymatizable meatptiat toi diffusattinopgh eind te pédaotisciblet widlh/disgetsibightwithin the
source 0l Nt i r Yiih eF t c ' i on e

come. P AT U kb P e it S sBafbrc BLRI e ethe BARRECEY Ser
conbi nahétopolgmerizadipalof thegshoteactivaapoipyenmiblemasterial)i on of a

pol yneri zable material (e.g., a photoactive polynerizable material),
exanpl | el A d il ol |

cart g8 pEbElRepades of e fheluit A, B RAR chbdiEs AR Whqiymer
to a sinhpblemptizsbis materiat aving appsoxime thegpeghunils arygss@r aplasge molecule
phot oi it I L AL | Usiesh
o al | Socr2Biige st RasP IR (Bo dobh S e S H e o e erre

[ 0041] Fissolverk ipua Mingsapdfic tredigme st ie infgeent ilaventiohe V¥hem more than one
"photo ' VB ter il "ap t |

a phot gg’%‘t}q}é@%&%i%@u&?éﬁﬁﬁ%ﬁmﬁéﬁ (;)rlllé&% é?%%? t g!t% po y%krﬁigzgpia_ en b
expos edddiforgliyholigsnters mayi brydendiitic. YWty wéererceyto, phatensiimers, sucrrligomers
ei ther I el TR :

et valis) by P pRAREE Or HioBTE R SelimieBial 8 MroMery sl BoafcoP B8 ess
react i vepepting tunéhapngrioay qomarisangeidyale gnisaripdeiungtianabgroynseand may be
phot O%Fdsglfhkg&! W{M&@Qh@cﬂ@t Sfchidal sqmm? lof e ﬁﬁotb?&iﬁefﬂ@cﬁ}éﬁ hof potential
reactive functiona roup. The photoactive polynerizable material

al so cdifipsipg derough peliem Hecsuppad tattn thhatopplygeg cbagmenstmay b rgehanically
under st,pR8lldnal btk Sipdtoha@gt i ve polynerizable materials that
may al so conprise photoinitiators, such as, for exanple,

N-net hyl mal ei ni de, acrylate derivati zed acetegghenones, etc. I.n such a

case, 14036} uReethemymeser S therresandinyaatian, ey nehqtoralyraerization’j rgfers to
may al ggy B&{:ﬂef?ﬁﬂbﬁir@ééﬁbﬁfcﬁﬂsec{ PdbEGE 16 BHHBIIMRARS light ddufcedr esent

i nvention, the term"photopolyner"” refers to a polynmer formed or
resulting fromthe polynerization of one or nore photoactive

pol ynef§03%h| eFamthe ppasesspfthg Jussant PvsRlero thetre 4§8i reriGALPOIBRHAIPY

and/ or r@tisOeN&yS pollMeAZtioAr reabford tHap S fitiztéd bearyr RoRBllel CBMFHsingNa free
the term "roomtenperature” refers to the comonly accepted nmeani ng

of roofadicahperdicalse, i.e., an anbient tenperature of 20- 25C.
[ 0044] For the purposes of the present invention, the term"thernoset”
r ef er s [6038{ heFor the purposes of the present invention, the term “cationic polymerization™ refers

to any polymerization reaction that is initiated by any molecule comprising a cationic moiety

or moieties.

[0039) For the purposes of the present invention, the term “anionic polymerization” refers
to any polymerization reaction that is initiated by any molecule comprising an anionic moiety

or moieties.



conventional neaning of thernoset, Le., a conposition, conpound,
mat er i al , WRSAPRIIS2¥ubst ance, etc., that is crosslinked BGEEPRIYE0026Y7
does not have a nelting tenperature, and cannot be dissolved in a

I t ' : t .

2008, 100336 B BRatS et U™ pERe inferniEny B, term BFBlof iy, s o0 e
cr ossl terventigpal pleangheites Jemcphadsinitiatos dng @lop(retary kaserssitizecs sy Hyask eld
Phe”t oPsiefdlr b piPiGinuialh calic we EnE WiRRSF pofimchIdioR 558 Mhafb BRI o8 o
subst r pitadeaative t padymedlizsglen pateriate sdvhem theat peofoinitipbs siss exposeX tantight of a
Vi . ) It j _ q ; gt '

di mono VLG W3 Hen il Ve O o iEich 287 ARfatd RGht 305rcll, The
di mensphniginitialonmaysrefesrig arcofibirationtdf eoiipdnenis sioore) ofamichvirdtividually ere not

he t ol ROt yol i SHelRloh 3o BEbAG SPnRhud BollnERElon T K zatie

t he | i materiablievgnsd gholoactilier polyinerizakds peateliat) lexamptest bie wkick mbhariegiudend

is typi ¥ ref . 2r ej n.a ' ' ' K :

i cpeizerifign§ RpbBler Sudifis Buca o RaE, SPR R B Eor may
"i ndexalse edfer to a singie hbetgwiiatoy ardo tahepribioiationaff twefar aseregrhoteinitiators.  For
refracty | " f i Welp

the e erPEey S PRGOS ol PSR B o bR TRk ARERE Ml Hirerent
and i swadfiéngis efdighhe anplitude of the sinusoidal variations in the
refractive index of a material in which a plane-wave, volune hol ogram
has be It T, r LVE ol Vak Vi w = :
cos(K) EE.]ta\?\/;!l‘re r e?ﬁntr? f waégé;shng{shg a;friegcf}ﬁ?/ ﬁ\\’/{ﬁg?’ntgé rtgﬁﬁ a ﬁétégédﬁ’ﬁ (P ;b)%ﬁbxr IZ?tsﬂe
t he pomgteriah refecs tra pRofogcliieemgremen @ Riwleadlive pigomerrer ¢antirgtione thereof
basel i o | f ke . P - . .
Opt | cop LT URERd Wfer Rien to o ORI, IGRCsofed o o PRI i ither i
Canbr i hgerreprngerasi absepeeof 2 mntwiritiaige that 9as,begy . adliyated Hy batphotoinitiating
The. Anohy Saittl, RRRIGENG Bind gl RrSio Py PRRIGRHPIGRS, PlyieHEiRR e
ef fi ci Rigachive epiimsriaallp gvatgfialacosmpifes ay draghene Gluely redatiye functional group.
mul ti e Shis&dive ol RlengEn18 A 8K Fsof @RIidedal 1Badt dHRIhdER-cdrit3diHo Gbup.
the purposes of the“present invention, the term"index contrast

ref er sitti® aﬁﬁ’e“%ﬂﬂfﬁpﬁ‘? that &‘e_fﬁale_é‘ﬁt ahopgctwee@ﬂiﬁngwbleamatertﬁl%ﬁhaﬁdﬂay also
vol UesrilicB! BRStbinaidrg6dcnl BEll & Sexdmdi! LakhARaidiAlue®ERARAE derVatked

hi gher 1 ndex-contrasting nononer polynerized ) )

i ndex- @iARNEEeNey aieppdsUCHEt pase. Byis uaidatpiend that der Bhetpaelivpolngiizable
gener ahadrBymay 98884 d Fafdintia@ht . the pattern of the polymerized
nmonomer mmcs this interference pattern and thus creates vol unes of
materi al that_have a higher refractive index (where |ight intensit

i s hi gi9848] ankPr/BeWRHIROSS PfalherrrasentHayentan.clng tPHU\eP“?"@P?'&'B?'T"\féf%ébi‘
(wher epdijrBdt fhieNSdrt YeduRingOWRim OtheZ bRineriddtion! @f I 8d | o€ rhétdephotoactive
contrast may allow gne to control the direction that |ight travels by
r ef r acRYBREHFRDIE Mptesgls; 3ffl PIsTRbheRRIPHBRteadSHiopAldNpRIRs s ANPIR) BFFmsTS-

t he average index contrast between the photoactive polynerizable

mat er i @o4dnd kdrethe popsises BRtHd ¥ro¥Bit iBeerlion Ahe tetnh aidomdRuipelatlne” réfers to
exanpl g, cgr eat er than about, 0.?, nor e tg/gl cal,ly, greater than abo% o
0.3 TRHE commonly accepted meaning of room temperature, /.e:, an-ambient temperature o 0°-

25°C.

[0044] For the purposes of the present invention, the term “thermoset’ refers to the
conventional meaning of thermoset, ie., a composition, compound, material, medium,
substance, efc., that is crosslinked such that it does not have a melting temperature, and
cannot be dissolved in a solvent, but which may be swelled by a solvent. Examples of



WO 2008/ 125229PCT/ EP2008/ 002677 average i ndex contrast my be
measur ed WY WP¥REneasur ement of the refractive index, PRBIERR008/002677
refractive i ndex cal cul ations, sol uti on ref racti ve i ndex nethods,

10100 30 By ol SRR el o, SR e,

i nvent icorssliked poy(styréneflefc. cont rasti ng gr oup" refers to those parts

of the photoactive polynerizable material which may | end t hensel ves
to Creghd a t

andt n0ofR3, o £of HrEbinbes SH1GE prelehl Adkndsh HEErh 2%\ UERE" BBl efers to
phot oi e plane dgfi nadgm ths@ubsteatempr memoagaanbizcemedsanoﬂwdt rglopypaasas. the X gnd
refrac . fgs : .

| ndex. doleh felofic B bATnd Y, 39e3t B ¥k UPRcABRs b Bimensiops are typically
hi gher yefeeéd &Ehea\em iresizacticaint asatie dmengiens kieviphs tangdi ireer the eédinteinaign)
fromt QﬁdW&ﬁ?ﬁeCtth?ﬁ’ cﬂmeﬁgﬁﬁ} zable material and the support matri x.

| ndex- EOAtTas i ng groups havi'ng a higher refractive index may be
conprised of polarizable atonms and groups of atoms. For exanple,

sui t abl[@046hdexxoccherpiposes @f dhpspraasnti ingenive. dhe temwd‘isiir@ﬁtim"omméz-
chl ori t, SIdH 4,5}@5'} :
trityl Iagp%'ﬁsk)ﬁsn HJ%‘FF ﬁtbg I s%%gH’?tu at @gggﬁiﬂs&gr&nk@%é@ &?@?ﬁ or fo the X
enbodi h’epialge,@hdnmfppaibs'@fﬁrradioéﬁrelroﬁs theHimeandimensionknaen aadhiginesp may
often refer to the collection of index-contrasting groups that

provi d?tlJ ”%Pfﬂetﬁ/urﬁéséshﬁ thé‘g@éeﬁtqmrér@%ﬁ {h@rteﬁ‘rh‘?ncmi@?éfé%t:ht\é?changeabiy

pol yme le material. For exa rom nat ed benzene ring
attaché@tﬁedﬂ%ﬁwtﬁéf(ﬂﬂﬂ@ﬁ@ﬁ@ﬂf?&ﬂ‘@@d%y be attached to a |inker moiety
and then to an acrylate noiety would contain one index-contrasting

group ¢ouHy| | S'FBStHéodd?pésﬂa% d?&@br@@éﬁdm%ﬂé@ﬂﬁe Pé?ﬁ'\ i’éf%ch@é‘ﬁ@@k‘@&ﬂfb%t (An)’

group. I n Certain enbodi nents, the onetry he i ndex-contrasting

gr oup |'ssa%€R!We{’t!P¢i‘Ea”¥ H@%@Wﬁ%ﬁ%ﬁn&é (ﬁ?ﬁﬁ?l éﬂ‘P&t”Q% ﬁ‘fﬁhﬁﬁ'}ﬁo'ﬂﬁb"a"ahons in the

I ndex- ¢arHcias ided dIT witta=t it Wd}ﬁé | ¥arlc0g ke dolinkeh hblb@l‘@rrﬂﬁaﬁﬂb'e@ﬁ iviten.
or reactive groups extending )é fromthe index-contrasting
S

[ 0051] Hée refrastive rdex xvorary ﬁé ﬁ SRorit AN FPEMHG), siveraimB(y & the sBatially Varying

| ndex epduité bR & %ttﬁé'%bbih@ﬁ vedbr, Kt@ﬁlﬁ@??&iﬂﬁ@ wale &%ctsE, réh@tridf'§ﬂ18 bHsellne
"index structures" or "index reglons er. col ectlvec%(tot

vol unesefrastive index qfdhetmediumay 888 8igrnf2r BRtiharan. Qetical & %Wyc@ﬁ‘ﬁﬁ‘P@a

to ot h%cwm&;wm ApplidHbes,| GAmbirid}eShiversity Peeddy rdé?ﬁﬁﬁig@f 199 . eseie
i nventi on, he term "reactive functi onal groufg}{a@fi ers to a

funct i &Rt ‘B?Q‘Rﬁﬁ‘r? 889 GRatept0k Which &t Darepy Jngor TS AR allts P8 of
pol yme ek ehdyet EdlablatedOffor {ReTBIfPaction icffRitdney lof @ffdeneics WIE sifglalvolume

groups npy include the follo ethylenic u turation (Le., one or
mor e dBAREERT, BHY BUtipiRxRd g8t A Wﬁ'ﬁ‘% BQloOiREISHEE gﬁgt%meg&w ani des,

met hacryl am des, styrenes, substituted styrenes such as nethyl

styr en@ouﬂq C. Fo¥ tHeypurpasdy drathe rpe@sens u&vshmdnﬂr@temrmden aphtrm’i &S to the

ot her v pol i Vi n hexene, Vi cycl ohe

G oxi agbMYio ARG pisals smaily BT NRIReS of BBYr SYGye B RET S relsipp:
car bachbESexaﬁtpln?rmvtanwghdermm::ormmr@/cﬂmﬁim@naaymemid in ef hewsr index-
f::r gon &P @stlggépw Oy dé‘xéa%tlgq?r{g(gr? | l%rte gré%c'awgrpe%fed%y crc)JSSe8¥é:slelr ?lght,
2008/ 1&@§&E§Eﬂh /oElﬂﬁ)Q&&ﬁﬁaﬁeW moBomat hamick hBlspntbﬁGaSBaSe @httéinearpy thee rteates
i nventlo t mary cti rau {,Q

or oun. valimgs f matea) h e HERS' tfSelernde, ifiect fofdoBrRi S Highen ane
convenwbmn@bloy madethl that Gbhesa aiwar: reﬂFmiltlvexmml(wherbUbh{ inGaIsiy stlavalatsoraero)
primary acr et yatelsa ate
ot D R ife sty i Ak A8 L B e PR cioRheE ) s by
may be rgfefction edditieactsn. atwmmmeatb Ioetre pr{aﬁé}ﬁﬁvﬁﬂfort, e w@@esmaemomtmt
Pr esen%ew enQrtula Bﬂotoaaﬁetp%rlyn:%enza e matenz?l an thé %Lgprosrt rtngtnx MJ‘ l():e grea?er than

about 0.1, for example, greater than about 0.2, more typically, greater than about 0.3. The
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kinetic chain length, or the average degree of polynerization.
[ 0056] ForwoOre083s38ses of the present invention, the tePGI/EP2008/002677
"Kraners-Kronig relationship" refers to mat hemati cal properti es Wni ch

connect the r an r art I ex 0 t| C
o e eyAe i e o BeBSid i B nREect AT T, lreR kS
th]f: Kr &mrsf&ga:uﬁvg inekat c@lnulaﬁqnsbesuamh trefrdetber iifoext hﬁethncsr ezmslbgramh:c
refractive i nde sor t|o Qac 057] For the
pur posg‘?aﬁwem@?ﬁa&@qgwﬂ &if: Eﬁg‘r‘f)\gp 8ﬁ§¥lﬁ?%r‘tt8€’ taters to
the energy required to generate a nmeasured anmount of index contrast
[ 0058] Fms0] hermthmspaEpoeés tofidh@ rpeesmt invention,i the, tetrhindexmottastial egroty’

I k " f '
oo SR ESL s P e o SR b ARl o Bl
ot her bneaﬁfag g oblyative Ccindéxa scontrato betwaeel- thennumummmri:etamrdr khe photoactive
Fer or o Poymanead RRHE oty e A & sl S Mehisibfin 8 Ry pRdinbi. s
t rian5| hologlgrrson‘rmslrpﬁrm‘uwe ah:IC?ac contrast mbytbe qmeehtymby hahoty thlblmdex—contrasting

olynmeriza : |
G ke e P o Y falie” el TEen (s RL R REA AR Hefype e
about ﬂahm/cobmlwael%esamdg limn'eti'lethommmye belymeszatle avateriband tie iupp@rtunanx

rr(;y haé’ﬁ’r&%ecﬁ%%é? ‘I‘IS%% Hidhep rot Lol iR 63{@@ ﬁbﬁgﬂ%@oé@?ﬁamaﬁ%

pur pos etonef ammﬁrqmpesné rdtornsv dot iemampleh eumahiefnndhmcnnu'aﬂlns fgeotpsr i inciyde
I nterr up t t l. .
LT URS RIS A0, Bk AR, Ao coRE AR, Haphr A s,

nuCIeus
nol eculrdyl grdnaisn b:pﬁbaylsn, tcanjugstest emasyorclaicrest k. D embodiments of the present

2008/ 1252 9PCT.1EP 1002 f | ghe (o)

e PR I CRRTSANRAIN IR el ey D PRSIBERROA NGO, e

occur Ig/rdubeuhatcmldetmansﬁ]enty Ghtienindenmonteast fay thel sbotosdtive palyrherizable

cationic,an oni I '

pr esenf“ainﬂ g F EH& ql%%\%'gﬁdaé%i %ﬁ%%ng&??%?tla&%rd t{)er S&#BBI?&%%e%métp%ay
be attached to a linker moiety and then to an acrylate moiety would contain one index-
contrasting group comprising both the brominated benzene and the benzophenone group.
In certain embodiments, the geometry for the index-contrasting group is such that the
individual components comprising the index-contrasting group are centrally located with
linking moieties or reactive groups extending away from the index-contrasting group.

[0051] For the purposes of the present invention, the terms “index-contrasting structures”
or “refractive index structures” or “index structures” or “index regions” refer collectively to
those volumes in a material that have a different refractive index compared to other volumes

in a material.

[0052] For the purposes of the present invention, the term “reactive functional group”
refers to a functional group responsible for polymerization of the photoactive polymerizable
material. For example, suitable reactive functional groups may include the following:
ethylenic unsaturation (i.e., one or more double bonds, such as acrylates, methacrylates,
acrylamides, methacrylamides, styrenes, substituted styrenes such as methyl styrene, elc.,
vinyl naphthalenes, substituted vinyl naphthalenes, other vinyl polyaromatics,
vinylcyclohexene, vinylcyclohexene dioxide, vinylcyclohexene monoxide, vinyl esters, vinyl
ethers, vinyl carbazoles, other vinyl derivatives, cycloalkenes, cyclic ethers (e.g., epoxide,
glycidy! ether, allyi glycidyl ether, efc.), cyclic carbonates, cyclic esters, dioxalanes, efc.
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article conprising a hol ographi c medi um and ot her opti onal
struct ur €80 20e8M36328nt s, el enents, materials, etc., suchPE¥EPRWHB/002677
exanpl e, substrates, antireflective and/or scrat ch resi st ant

arti of Sosthy Pk PavReebrn et el i R - Flody 8PblE Ry rter

filtersga b&mmysgrea;ﬁ eisajlslmcdiacﬂmeebmﬁry aptertiagl grcopl.pslsahs teret . conventionally

Descri A. Recor es and Recor

Too6o] Bl Refbany i Pl byl hiield s A SR S s hpervate
i nvent isoa primyryaaethacnyla@b shuntbutyhm’etﬁaofytage sph secondaty aligerteo whitel butybaliryigte
fromthe tj? a gosm bl e, Ik br| cation of the hol ographic stor age
medi unm ) erﬁ 6r|e °§ Bc?é'f‘{a\r%a 3 %onbi nation, blend, mxture, etc., of
t he support matrix, photoactive polyneri zabl e materi al ,

phot oi ma54;1t oFpr éec purposes of Uipp erésest invettione the deim Seaativubity’ rrafess toa
nore t | S e 0, S .
ona us 58 6rB RS 8 BEoBERIRS o i BRlabicP naleia ot o< Bétaton
al so beitherelny bledindemsfeneorshyb photatieavdge due it &hen recoddisg dight (e, chasesdy a

the |1 BOPERREG RS T, b oI oy hEREbI TReRRor 8, 2 FbSERe

cur i ng pblynedzabhemaisiat habhals phmjemdlahmg)flmdﬁdmhwpt Thateattiv sittgpapéiso he a
articl . f eful to place the
hol ogr §g?,'ﬁ§raé§f§ %ef&rr%@?rﬁ% EE%t\f\%‘edn}egg%%ts %gt“@ in an apparatus

cont ai ni ng nounts, e.g., vacuum chucks, capable of being adjusted in
r espon§@0&5h c ﬁang‘espmmom ai ﬂ‘@l mreaeranuvwwepthe itagn “ehairs lrngthirrefers to the

appar a allelismin real-tine
by usew(])l‘ t'%%'ﬁla\'/en oha10 ero % f?%#eﬁ%gga "and to nake any

necessary adjustnents to the heat i ng/ cool IR‘% pr ocess. During

f or mat {H1H6] t hEonthedyregres©f dhe pragenhiBnignnig torn slﬂrgﬁerq-léwrilgwretﬁtﬁémp

vways othefs t%: P@éﬂ\éﬁ(atk':éﬁ r@Eer‘i‘ia§%%hr&hﬁe&ﬁhéﬁgﬁéﬁ@ﬁ%né}@b%s of any complex

conventlona ymer roceSS|n I's al so envi sioned . | oséd nol d

f or mat funsfiors ne@lvttcem ﬂ@smner F@dfcplame stFoaenbodinents of the p@Sanfsvoventlon the

conte N % 0 netdsBOR r@?rgbt%‘ héé()@é§

di spo%@gm}ggﬁ rrggggtﬁ@eb%u%%grlgtAeés&ﬁ?%(%%]l Enbodi ment s of l an

hol ogr apsaretigneeandds appresehied. of t he present invention that are for med

may be capabl e of being used in a hol ographic storage system for

Ex grml ?ooswkb ebe tr%ﬂgmlpdses R Ghe lpré&m)t dﬁ%hb@eﬁel 2R OEERMiVtya $SfeBN R the
Pat

2008/ 1252@9mw@2@9@7%@@@8?%@6amavtsrefmexmntr@%}o2 the entire
di scl osure and contents of which is hereby |ncorporated by

referepmmss) Ther Wéoé&% dfﬂi@bf&éh@ﬁvéhﬂ@ﬁhh@ tesrfn ‘l%evélgnt@ttﬁéﬁﬁnkéd aefers
holographlc stora ortional to t roduc

ot ¢ O e contstog meaniid And b R R LB Bl r B PLGoneaT Bplymarghains

t hi cknagseovdienty bbitednb @t @664rdiohgndrichaii & foratL3-difehsiihal Setwork.
associ at ed vmth a nedi um before witing, but may be observed by a

nmeasur rmed after cordin Adv eousl odj,

o ho T P For e skt ot s Prasarl, G e i s Ees rebos e
of abOldbcréxéeDﬁh \Qitunlile mhorrﬁ@@%bbmmaddé tﬁeomartsmohcﬂcmg palpimietizatti® reggerial to
nmedi a, odlmetso %h a articles of the .. ¢
presenPoFH\gE ca)tnalhﬂgymegp & alhA pr86g r:r}lﬁapem or Hgg%%rpg%qug?gs,
or | def baﬂm@gé ,ma%plbe ek tbfruab@.ﬁtSS velume %Sfoe ,examgle,, ldss thar ggmt avolame %,
Vol unme r Vol u tin Academ ¢ Press 1981).. -
315- 27f" Sﬁq@lﬁ@&ﬁmﬁ%ﬂ%ﬂ% 3 6@ q%f VA eﬁB?'%e%‘i)'PH‘ay also

i ncor p@b&ir@ds&]ﬁe eabediarees (.4 demayhapper wittepanatieg opanihg pblyaerizations).
incident |aser beamthat is traveling along a particular angle from

tr anemiQth, Aot B MecBES st oFE préasrd IBvTR) B EREC ok yesdt et v

interrupting the growth of a kinetic chain by formation of a new radical that may react as a

new nucleus for forming a new polymeric molecular chain. Chain transfer may cause the
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WD 2008/ 125229PCT/ EP2008/ 002677 exposed in this manner to provide the
wavegui dewpaesam29and additional |ayers may. be added POTESRGBEI2677
t he claddlng t hereby conpl eting the wavegui de. This process is

di scus le a o] Qo0t h SUPLa

and 6 Srgieh b Mager“broBRRR 4% ci ShofiRe! Snaifi ool Bfiprdation
di scl osesctiorns thahocdur mathbwtr afriayn iransrﬁerpcﬁrwlrebiamgferrméyeaisnmcud Wifr6 64tioniccamel
enbodi mep Ic??g %ber’zét? raphi c storage nmedi um conventional nol ding

t echni 8[]8 >}’ 3 to nmold the conbi nation, blend, m xture, etc.,
of the support matrix, photoactive polyneri zabl e mat eri al ,

phot oi [0Q6tht oFpr ﬁtecpurpbsﬁsoofathea:reary infentitragbe tgm toptical drticlghtdfen tofan
the ar e i g r 0 e

corbi nalen OpEARe ' 8hdiBBRE, IBBRE Y Sk UpuBAATRIrFeulest compopents
pol ymeelerwpte mateaalsakic., p$unhoa$ufpr @campleetsubstram m:mbtml ahefpo scratch
ridge [ I i i : ]

ray 1 i B Tnash WHeihd uRUUGE ryb, b ERpBE, of SpBHBHAR, bl Fiuce
possi brecording awsidiay Wa)negwdes ulzam es optic fitlersBbegy sJeererangs defiuites, optical
featur gﬁé{ |&8rease the breadth of applications in which such

pol ynmert ¢ wavégui des woul d be useful. [0067]In another enbodi ment of
a hol ographi c storage nedium the support matrix nmay be thernoplastic
and al Desctiptiomol ogr aphi c storage nediumto behave as if it is
entirely a thernoplastic. That is, the support matrix allows the

hol ogr aphi c pst or meofmﬁgmé,ambg QrﬁHl%Sﬁa%cé}d?hé Woléﬁ‘ ahf}e way that a
t her nopl astl cCis ape orm bl own

into afilm deposited in liquid formon a substrate or between a

pai r ofo@abst Eﬁtbég'm%fﬁ% plithedholegrpplig stqiaga giedia aflie Arazent inventien Mgy be

mat er i gdome8t §uoh &2 ﬁd]&ﬁ'aﬁl’lub ]gt % hgdfshdRly FrBRMIRE MedighUaR bBssible.
take on a stabl e shape form The support matrix nay conprise one

or  rror EabiRAAB I WHIOWGranis FIaFde TRRNRUAEISVING dsRAPINGc grRrabination, blend,

pol y(Virithred e&! 2dfhe sQPﬂ)dﬂ sriatrie rp«hbtoaem}a/wmwsﬂ&@ makQay, (ﬂ%ﬁiﬁiheﬂ&ebm
pol y(et hyl ene oxi i near nylons, |inear pol %esters l'i nea

pol ycaPBéngpeart ﬂtﬁuﬁeé‘éﬁr %'Ghﬁr%ﬁ‘l‘%ﬁ‘f'@ie Op FIGFE WYRiSA Y@HP@PF%?B“’”’EG" a pair of

pol Y(V(tr&'twét SHARbteE0aNd nyh%%ﬁéﬁérﬁate £h8sket QQ@?H:@U@WN&% Spacers may
embodi nent he amount of ernmopl asti¢c used in hol ogr.a

st or ag@lsaekf Hﬁ?qré’?t"tﬁe“emuﬁ‘l‘?st"ﬁﬁs fonBagRin (% dﬁ%f%?‘éﬁhﬁ'ﬁés §?'pP1§g@00fdm9

medi umyRlfupet 11M edpplicdiods %q@inh#‘%pﬂ@éﬂf%%és@ Y liq@E tmiRILPE 984} BBrink during
pur poses. The support natri x

he hol ogr a ¢ stora . um.ma
ke oG8 BT GRRIE) 804U KSTPoss R s aGe dve SoteH Mates o
nor e piRf giieRl Y TaSrelUsd sash debls, R0HapTbet heefliobogiaa® thé Holoyradfe storage
medi um by vol ume. The anpunt of anélﬂr%Hven %H_P&;)rt matrix in the

hol ogr BN SEBHSge SHRRIARR Iy PRI SPNBIIED SROUTVS: ©rr VRSLHTe chucks,

i ndeX, capabld Abdifragisted irtresponsecRl cHangdd fanarra!léﬁﬁﬁ%dlo&%bu&lhél trysuch an
etc. of t he thernoplastic or therno tgr)1last|thha t he

k
G omonERRETSAGICH (IR PSS SRG DB PAHEIE Spts TRLtDl 454 of Qauertional

hol ogr afdHFombBEagEthBBEli 4H8 KR Ynaker an ascstsary adj@stmehisCloetie hédtml/cooling
form whether_it |sa50|d flexible film, or an adhesi

|
2008] 1 PEESHPEYIIIBORAIE HF RO GIRTAgS TeRum indy s SURPOES P rrs
of thetofrfélr t%rnaWu@e of @rswetrfa@dcbrtt&nbehletéel w@retdtmﬁv?mmbl Fayﬁn@r pRGesdife
SUp or matri x ycon al n | oOna rou a copo r.ze
oL PR\ BisB epsnEae - Bloats MU ATReloh eSOy s aﬁafeelﬁ.%o
used t gohtemplatdt /RNOA OfGIaYyE6F h&@g fpﬁld:p@l@ﬁ:tge”ﬁkﬁlum Myers epakedrajebastn
e

may all ow for increased archival of the recorded hol ograns.
Sui t ablSPEHVERYRETaeS st ens for used herein are disclosed in to U S.
Pat. No. 6,482,551 (Dhar et at), issued Novenber 19, 2002, the entire

di scl ogwaa] anﬁnmEM%Dﬂhe\Mmaglfaprﬁc haebe!mg me@aropd'reﬁ;bredel’ftaﬁ\mnﬂmb;hat are
r ef ereP [nQO?O | n ot er enb(a } 91 hal o R}hl c stor ?gﬁ_l
ormed may b capa eing used ina ho ographzc storage s ste for exampie; the one

shown in FIG. 1 and described in commonly assigned U.S. Pat. No 6,482,551 (Dhar, et al.),
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WO 2008/ 125229PCT/ EP2008/ 002677 pol ymeri zable materials to forma

hol ogr aphWe 288426139 upon exposure to a photoinitiating PCEHEP9¥DIEY

I ncl ude ol i gonmers such as oligoneric (ethylene sulfide) dithiol,

oligo ( d | o] r S

ol i go%r P%d (rg%ﬂ?\geno Al)éb(fcjl2 a?%e l%'g%.t?g %li °{°§!6'Jr‘?e%H§ %@]é@% hgt{@ri:]géhw' hereby
pendenincoipeydtedtiyerefenecces, '61&: ampliet pﬁ@mfomatmecqnabjerr@f i beixigl etored in a

t I

o o PbisBlph i3 a ARl B AARRATB T BE (D BOIARGS [RBR comres
| east dneofrihepbatotacoeinpmmmial Habihickmessed; efithe phetoacprcttmgamatampr e nTghe
t he hol e
phot o e Hegodadh URCE SHESHIEE N bk MBI BbHS LS méSSirement
r ecor dpadoririegleiter oetwndlngzl A;ivaniageoansbrsemhminpehg%m the holpgrapbit stchege media

hot tRri th d f di t
POt 26} By FREA AT K& Phuoh BBl Lhe need for direc
of fer a source of species that ini t | ate pol ynerization of the
parti c{0G8d] phit edditiow do pullggrephic ativrageranestia,abxareplgs ,of pnoastinoents eof other

. | t

rononebetch AL of tnd ATy o AR Ghycal LIE Bl et o
to t hodefleskdrs| epticah cotgersr etandSes.ae. gatﬂ egaimmet: abl Mplumee Hologragihy eand
f
use a gRuhs By JACAIINE bRl 1080TRS STs;dn, B BSNEL B8 Aticklre
avai | abf which owhembvemqrmratedl Iaeeafergom k&% beamdilter smarblegaaaatrm‘ aly ieigent
l'ines ?“I Ffoﬁélam @S tré ng%}o%g@}raﬂeﬂa%h &hé ré;ﬂ%? tﬁH‘Beantv h@p@élf?@a?y

| d

Hlenﬁeo lﬁ%gggrgglzmwtglléégé!mgk {reasmigsian bylegrE) is a@iﬁjto\ﬁ@!ecw@y élff@@é R&%@@g

E).Zg?nt 3 p%g% : J%’%’ﬁt‘ aga\é%é «m@q@h{ 51BRg bidt 5RO BRI DhadmERE thdugh the

[2, 6- dhﬁibgmy@e(sgqglJpﬁr @dman 9t§!he\ﬁw]thr¢it aglpgraphigyansraiatfiltering of laser
|

comrer ggé’xjnéy (%{1:99 Q:Qlt??cgtﬁlgr B?Wﬁéﬁcﬁl g JfBr e%bh&rséﬂ Sthig &m{e contents and

free-radi cal torn s aco-initiator) is

5, 7- dodisglopuresy pwhghfis ngrebmencocmm@d@yaewr@eal Adspm stegrpf isrelcalegram that
G oup g?ﬁgciseﬁbh?ﬁmﬁ'eNFaﬂzQ Brgg?’g?Sn#I@d iAnd &E%Qﬂaigi ﬁlﬁgtb‘éragcé?ﬁbmatlon of beam

dye- hydr ogen ‘donor systens a SO po | es of suitable
dyes i deflagiss dioati steerr ght finengasoures Ya liri6xaehe, Thasa arbeles| whieh mrayealsarke
suitab f

i et hara RIS obfie) SR e, M RN Sh P £ pARbIN optica
descri béeffarenag, sattepatwitiin raoreccsarchag rﬁ.emur(lTaérﬁwfénss herein. Medigelgr these
August pgd ra?gfa‘l ﬁc%? e?é"rﬁérft@ ﬂé?%é)%iﬁ?edaﬂffi tﬁ@%@ﬁﬁlauég didEuded ﬁerem for
her eby |n% pora? ref erence, be useful. In the case of

cat i onresgrding m@ﬁ*ﬁrﬁéw‘-{aﬂa@ﬂ”éﬁmt eri aI s a cati onic photoi nitiator may
be used, such as a sulfoniumsalt or an iodoniumsalt. These cationic

phot oi rydesht O'Thé%étérlélb?m&&)léé %&%M”héﬁézd Bre Eﬁpli&bl&ohéﬂ 8Alyab fdlégram
spectrum and are therefore typically sensitized a sensitizer. or

dye t ofampben yad @Jﬁomefqym@m é’prﬂt'Pﬁ'oHa%?m’Pﬂ%n s‘ffé’éﬁersuﬁ‘fc ARS ekaypgLides.

of an P’b&%ﬂét opticay Wabé@i@é’é | gial CdigHuasey nﬂoF' ak&thpleS in B. Booth, “Optical
(n6-2, 4-Cycl opent adi en- 1- Céy6 I sop rop | benzene) -iron(

hexaf | Hﬁ@rsmﬂmfglyml nratfr eyEfer igh agvefc’r*rtﬂd sz{afegsop&fg‘?aJﬁF@nofogy
261. VY 20k 22 PAT. /@R&@%&O@@%& bR ine. Fragm ewsopatmw %, 202,620

the hol h t nedi t t
Comsi s (50t Bt 44 PtHAC S S804 50 U Rt oh 249770 U3keish B isskechine
t o aboys 15080iBrAisdI S Ehammﬂlaﬁrr@@ébwm&é@bm bR Geferensay Eés‘éﬁt:ally the

i ncl ude additives such a Iast|C|zersfor aterlngtheﬁg J ?

t her eofePrNLMARYI W@Yn%q’ t“ﬁfbatﬁél’?‘nta degirgd; wavegride Rasiehh e refractive
di T usidaiek ichitra¥t HebifediOMNRaVeg tefn aﬁ@w §ur’$¢dddﬁﬁg&’?cla@kjﬁ}g) easml.e st
of suitable plasticizers i ncI ude | butyl phthal ate, po

may also be possible for exposure to be performed for example, by a focused Yaser light, by
use of a mask with a non-focused light source, efc. Generally, a single layer may be
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pol ynmeri zabl e material conprises |ess than about 20 volune % In
ot her enb®RiZA¥2E22%t he phot oactive pol yreri zabl e mat er i BET/EPZ005(@02677
hol ogr aphi ¢ storage nedi um nay be | ess than about 10 volunme % or

even I p
ot oagtieredn Piaitboe @' nidhas g laveRyls BaRbGPBrRCRIRY ARSs hoE ve
vol urreaﬁ/ded:m:toorrs)ieaéfthetmla@lmmetmmnwmlew jheamazra@hlee c onbiergrocess is
needed | ont rast r
i nikdgaresa S dEprES 459 R b e R D 3L ishiRay o
(if it52021620) ,su;aad theo entirg ctmtems aotl etisdissiesd obwhidmeusplaerebsc idcarporated by
appli c?éféga [0078] I n one enbodi ment, the hol ographi c storage nedi um
may be USe C?'o store volatile holograns. Due to the ability to
control the photopol yner chain Iength in the hol ographic storage
medi uni0G@6bar i cokaemhodiment ofregy holograpiné stomagﬂamcalm,eucyn@etiemail molding
lifeti . 1 r ol i ;
the. holtshnet By EEIREOT i) #E AMRbinelBt e Ml WlkuulS P8 A REIER ke
week, ahdétesctive mdignenzabies material, pledoinitigtor, hetchohtmgaa\gﬂnuety st shapps prior to
rredl u ' S [

| uaFGicH, 36 1 GHERS By MG EAGE SamBlralpl OUARARRA H6L | Bbinaton,
r ent aI biepd.i mixturg.ezfar ot thei ams::pomrmatm phommmwmmmemteﬁmommomew

ticket
B
hol ogr &ylyitoers be vatfienneigi then m@lslecbetnu@w@a dt mey dhetepy bamossibleHol aagiyafasm

e L G T S R R

t he supwp@htsunlmpolvmeuhwvegusdmwwldbaetsafvt achment of the resulting
phot opol yner to the support matrix during cure. The attachment groups

nmay beFdﬁG‘? ! Wé?&tﬁ’ér?e hSEtime W'théﬂﬁﬁﬁl@%to?éﬁ eﬁrzlled@Fn YL Eybort matrix may

pol ymefi zation retar as a ere efivative

Ot her whe dherfoplastic ped adew dhe hpl@arapgtcasjmagwn%ﬁum de dehae ﬁ%)l'fdblsaﬁﬂiife’ha

mul ti fkf-@%b&&éllc p?ﬂitoéciﬁevgu;ﬂﬂrb’ AR Z AW t’ﬁ’étrﬁﬂ L}fﬂapm%té?sgélﬁ?é& iRiS e
allows for crosslin of hot op oly I ncreasl n

ent angD@Wﬁdcﬁlmtlaféorihéﬁ’tﬁyomﬁh@ﬁhﬁfmophé @W@ﬁ@ssﬁﬁt 23 xmoquFddW@ a shaped

enbodi prgt bqiwrfmte@é Fh Qopbabatn REA #fin BRLA GoBtibl SuBECERA pair of

photoactlve neriza material and a support matri x-attached

chai n Wbﬂfgfeér eﬁg@ﬁﬂ refled, psesped| made jnio asheetioh malerinl.tale., anthinAg afigygd to
are CaHér‘ag? &ﬁt@ﬁbﬁﬁ%réztatté@‘oﬁ%t %Q@rsr@be%%ﬁnt rmesmbo@fmﬁx Ay
not cause | oss of archival i f l@gn optical article of

presen@omﬂr\b@r\f’ﬂ%rprnﬁ‘?%éh@?“%ﬁﬁt'%| cRuisdle meémeafasm rr@%aﬁﬁweﬁw(wnyl
articl godtRns) %lﬁ(&wénfe?rde(éﬂ%l@Mei;%wréaneqrpélg(temyzé‘naroﬁtﬁé)mlarﬁm%ﬁs

For data stora e a? for exa
about lingas palygsi@r81 Beﬂﬁﬁqlwafqﬂﬂéléﬁeg%eafé’ﬁﬁuf?é@ar@é PRIy F'B‘Pﬁ'ﬁeduf Ply(vinyl

film ogcshgieb-vlyl Q@gt%?fg}gl c storage nedi um between two substrates

with at |east one of the substrates having an antireflective coating

and mai/ be seal ed agai nst poisture an An artjicle of the Blreseplt
holo ic

i nvent [4998hay N paethek erbedingiti s onvmta?fr thesmenfesticopseshin 4 holographi

pr oces §@fageSHENURASTAY Be Bh@@@ﬁﬁaﬂ%@dtni@ﬁolb%abh@ stdtage m&euu@emu&ﬁas
(Campbel | et at), |ssued ust e entire di scldgsur

Cont Bne Soeu#sticoh E1shPrAcRETiG SHERGSHS. byl NecTPPRHBAU K (B3] RRIOGTaphic

opt i caktopddel ;ﬁbmu@.fmw%atkreaﬁﬁaé mu&%%taMt 8%/ dﬁﬁe#&ﬁﬁasﬁ AiucH e bt 56 %,
purposes. For exa he artjcle my or |

Wi ndowAe$ M%Eﬂf%’ng% a,§rfav¢iues apeti%n afr wglofoafqnmﬁ ?tﬁ&l%rms%ﬂ&éy Yoftgme.

The arthe hﬁmﬂﬁb’of%yw édﬂ;pﬁmnﬂﬂﬁk Pané hoRbrapHlca®RLE Afeditr Yitay vary based
furniture pliances, etc. provi de decorative effects, An arti

of 1 heOFEEAENaRYG RSN 'ﬂ%l?"%%%%”’i?s dol OBrrhifelingenge.slodite efc. of the
devi cegephopladticous tidrRplaaiics aRANRSKke ap WebbiAgdr BdmpBieit ahddfiorRdly, the

amount of the support matrix in the holographic storage medium may vary based on the
article's final form, whether it is a solid, a flexible film, or an adhesive.
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WD 2008/ 125229PCT/ EP2008/ 002677 | east one hol ogram may conpri se the
f ol | owi ngVO128486125328) provi ding an article conprising t hBCHEPHYBPBPEIRTTC
storage nedium (with or wthout a phot oi ni t lator for the photoactive

Phot of MoBRE: ;U dusifcerp BBy ReRCRL BY diekrfiih & eds wlo prgrei @
phot oatiteresqidd fomped zthblseppert evatad map cgntalntfynamal/@mupg theah gopolymerize or
Pt of BioLhALOLoPIIERE bohd vifeB! Mfddtid BolyRicRaBIBLARGH YIBY (d form the

thereby one h gram-i ographic ne
Enbodi pestopolghemeShad supdort matrpchhmenhmemodsrmai)oallaveﬁurrtmragsed archival

hol ogr f%’&{ﬁ{; qu{ého i’é}ﬂs eéﬁ?ﬁl %g\e%héét\%g B%{%e‘&gﬁe@&ﬁ aﬁ? gﬁglgséed in

pol yt oprc, e & hi
code, phdske Rabr Nel 6u#B3A51 dDban) et a9, uselléd alsvemﬁmr‘la ei0a| thwemtii'@disclosure

the.ar RO eiet o PHERTS tileRE bESRB CndBR ARaMs! o, “inci uding

mul tipl exi ng techni ques, are disclosed in, for exanple, U S. Pat. No.
5, 703, {830] Cuint iasotBEr ampodinsest ed tDedm!ﬂmaptm) star@gy madiBn, et theNooplastic

£ BT Sy e
, 1] 4 ysangta am orla e icphly ] P atrixlo .Examples
0191 B Sl Pt o ok B BB R, G PRl e ot

u. S Ph@ndirlg).ar@nﬁﬁzmlswkmg, &l son et at), issued February 24, 2004,
US Pat. No. 6,798,547 (WIlson at at), issued Septenber 28, 2004,

U.S.  Paigrq]No. i ag&prerogrﬁbédﬂn%@e g%%grdgg@%ggra@@ "thédidrd: m4Y P?@a“e%t

Publ i shed Pat ent Appl 1 cation 517 Ander son,
publ i shesl Ihaieadtiver palgmedzaile materieht thee Q@nséanahuin@ogmmScdmt@ﬁt sepiting

whi ch ?r:i ;EEfN]rﬁQly whaf 8{(;9&"&:@%6% BiotbiRitafi t s@ufé@% 5d ‘éq ser beam that is

pol yme e materia Havi ng | nprove erf ormahce [ 0083] Enbodi nent s
of thef%hﬁhlmd@fﬁv@qgéltsmm|h@@§r@hiﬁa§téfﬁgﬁl rgedipm; hEhe) pasieaetivierrabinergable

g%oﬁ;&\éiﬁﬁls' mr%go\‘tﬁﬂfi %Pﬁ?}tﬁ&tlv@dﬁﬁn&ﬁ&t FtoatG JNGSHEAT ¥sbination

reater than 500 are present (e.g.
di sper theteof.dhaving V@dpaféﬂwiﬁii %JUﬁBﬁb@%ﬁféEEd oalowe it is cppablejah Yneergoing

SUPPOT b dihi tt'a?&i poT;I?}ﬁerri%ﬁ&?réfﬁﬂﬁﬁcﬁ’fin%ﬁmaﬁgﬁ‘hﬁthc’tﬁe tsk]?p&hﬁ’éa%ﬁﬂﬂéé@s the

pol ymeri za e mat er | resent Invention in or exa
i ndex ewnpativiity sepiireawnicons tfsetj@resggt iryentgnapiuwtablgt ah%tﬁ@?tugéxméﬂqlzable

hol ogr gEidifa %O&égr?ﬂéludehmdggr@%ﬁ %o%érﬁ@l geé ?Fé%%&cal“‘%‘é%ﬁﬁli de§,; molecules

phot ol I t hogr aphy, etc npr oved i ncl udi ng one or nore of
t he fowfﬁﬁmlﬁg ylgnist !é?sgﬁurettgn t("rfé Bﬁ%t@a@@fﬁvé‘l’%ﬁo‘?@dsﬂ ssuch as acrylates,

mul ti fhﬁ?ﬂ'{a s, & Iahﬁ@esOhﬂE%E \aHSded, 0 re‘ﬁ@@t LPKiLRBd 28ehas e such as
group; t'he phot dactive multifuncti on nmonomer cont ai ns bi sphenol

der i vatiethyk  stgaae.( £fc-¢ W@th?ﬂﬁkﬁ'&lz’ﬂt‘@f\ﬁé rybstitpigdc Vingh D1aPhiwalsmes. eierpuny!

chosenp by 48ahss, f GhlieydidiexeND RIRYdS32RAECdibkES 09fyYBHdxene fohbxide,
cl d
vinyl esters, vinyl ethers, vinyl carbazoles, other vinyl derivatives, cycloalkenes, cyclic ethers

{e.g., epoxide, glycidyl ether, allyl glycidyl ether, efc.), cyciic carbonates, cyclic esters,
dioxalanes, etc. Free-radical copolymerizable pair systems such as vinyl ether/maleimide,
vinyl ether/thiol, acrylate/thiol, vinyl ether/hydroxy, etc., may also be suitable. It may also be
possible to use cationically polymerizable systems; a few examples of which include vinyl
ethers, alkeny] ethers, allene ethers, ketene acetals, epoxides, efc. Furthermore, anionic
polymerizable systems may alsc be suitable herein. It may also be possible for a single
photoactive polymerizable molecule to contain more than one polymerizable functional
group. Other suitable photoactive polymerizable materials may also include cyclic disulfides
and cyclic esters. Photoactive oligomers that may be included in the photoactive
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[ 0084] Enbodi nents of the polyner matrix of the present invention may
cont ai n cURPENERERcont ai ni ng i socyanate, NCO, groups aR8TEBMISALATS
contai ning polyol, OH groups. These conponents can provide

manar a@PUrienEeSt MaaR B0 Aol QBT uRIEL RREEE SRR idiRg g
of 20 ché?ﬁdeZﬁi@Q@E@ﬁtEﬁMigOm%GVetbﬁmqmdﬁdmaithimé opgdperir (phamfiene
o 1 caPas i, RgS B, (FroP Ay, Siadrilnes b0l W) (il ofgémerc
r ﬁc or Iol ipoigpthyleot eghaehdentoptyl ethler gloeperafs, Thapkgoadive jpolymerizable material of
Fati o Oie LSRN sfefoe mEBtiay BRHREPRRIoraS dffiiahat ahdey ARl iRLsHal

i socyanate functionality of the NCO conponent is 0.5 to 1.5.

[ 0085] EMFali mémtagdidibn tthethphalt asi thatpiwotoattiveh polymesezhle imaterali ére adigle
cont ai 0l 0t ; | SLAG: ' i de |
corer. SPRBGHES Heidobons SihidRBuA AT KRS B MENRHLE T THE pAOpRLE
phot oacpovesxposyraeto relblivelnwdowriewdls off theheeqording: dight, nehamically iniatgsothe

exanpl ' . COnt . cati . '
Ceoar PRSBEACrE (68 ThoBRIG Bl BTt hafthal AP ARG S heod FF A%6:
pﬂot ol iig!htgjlgdlapﬂ_ynolmeﬂzaﬁmy The rhotsinitiator 9gneraliyrshobld offefambeurce of species
ot oi | . : ISt :
IV et PlegBnRrahar ) P pARiglleP hdibRiile | ddifindlizaok a0 0.
photoactive monomer. Typically, from about 0.1 to about 20 vol. % photoinitiator provides
desirable results.

[0073] A variety of photoinitiators known to those skilled in the art and available
commercially are suitable for use in the holographic storage medium. it may be
advantageous to use a photoinitiator that is sensitive to light at wavelengths available from
conventional laser sources, e.g., the blue and green lines of Ar” (458, 488, 514 nm) and He-
Cd lasers {442 nm), the green line of frequency doubled YAG lasers (532 nm), and the red
lines of He-Ne (633 nm), Kr” lasers (647 and 676 nm), and various diode lasers (280 to 900
nm). One advantageous free radical photoinitiator is bis(n-5-2,4-cyclopentadien-1-yl)bis
[2,6-difluoro-3-(1H-pyrrol-1-yl)phenylititanium, available commercially from Ciba as Irgacure
784™  Another visible free-radical photoinitiator (which requires a co-initiator) is 5,7-diiodo-
3-butoxy-6-fluorone, commercially available from Spectra Group Limited as H-Nu 470. Free-
radical photoinitiators of dye-hydrogen donor systems are also possible. Examples of
suitable dyes include eosin, rose bengal, erythrosine, and methylene blue, and suitable
hydrogen donors include tertiary amines such as n-methyl diethanol amine. For blue
wavelengths, any of the photoinitiators described in U.S. Patent No. 6,780,546 (Trentler ef
al), issued August 24, 2004, the entire disclosure and contents of which is hereby
incorporated by reference, may be useful. In the case of cationically polymerizable
materials, a cationic photoinitiator may be used, such as a sulfonium salt or an iodonium
salt. These cationic photoinitiator salts absorb predominantly in the UV portion of the
spectrum, and are therefore typically sensitized with a sensitizer or dye to allow use of the
visible portion of the spectrum. An example of an alternative visible cationic photoinitiator is
(ns-2,4-cyclopentadien-1-yl} (ns-isopropylbenzene}-iron(ll) hexafluorophosphate, available
commercially from Ciba as Irgacure 261.
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and conbi nati ons thereof. [0086] Enbodi ments of the polyner matrix of
t he preseWO 2008/8622%n may contain free radi cal retarder SCAXRREWB/002677
pl asticizers to i rrprove performance. WO 2008/ 125229PCT1EP2008/ 002677

EXANPLE@I-@]:‘”B{ @.ﬁ E&ﬁdnﬁ%’n Lahd h{itoBr%gB%ngé}%ggee o umt SAJ& RlElEs ysed

f or mul ative nononer
t he ot hersensttive & lhitrgholabhmtwslhte rwdlagdm ofrfomo about- EOQmm t:xnhmat &eno rTrhe
wei ght percents of the phot oactive nononers are adj usted so that

conpar f&ﬂg@] ? rho@) c,e§topar e Emﬂmﬂgf LisHSRGudd RARERE dich o8 plasticizers

Monone npone ar ane
for alterlng the properties thereof mcludmg the melting point, flexibility, toughness, diffusibility

of the monomers, ease of processibililty, efc. Examples of suitable plasticizers include
dibutyl phthalate, poly{ethylene oxide) methyl ether, N,N-dimethylfformamide, efc.
Plasticizers differ from solvents in that solvents are typically evaporated whereas plasticizers
are meant to remain in the holographic storage medium.

[0076] Other types of additives that may be used in the liquid mixture of the holographic
storage medium are inert difiusing agents having relatively high or low refractive indices.
Inert diffusing agents typically diffuse away from the hologram being formed, and can be of
high or low refractive index but are typically low. Thus, when the photoactive polymerizable
material is of high refractive index, the inert diffusing agent would be of low refractive index,
and ideally the inert diffusing agent diffuses to the nulls in an interference pattemn. Overall,
the contrast of the hologram may be increased. Other additives that may be used in the
mixture comprising the holographic storage medium include: pigments, fillers,
nonphotoinitiating dyes, antioxidants, bleaching agents, mold releasing agents, antifoaming
agents, infrared/microwave absorbers, surfactants, adhesion promoters, efc.

[0077] In one embodiment of the holographic storage medium, the photoactive
polymerizable material comprises less than about 20 volume %. In other embodiments, the
photoactive polymerizable material of the holographic storage medium may be less than
about 10 volume %, or even less than about 5 volume %. For data storage applications, the
photoactive polymerizable material is typically present at about 5 volume %. Factors
affecting the amount of polymerizable content needed are generally the desired index
contrast and effects from shrinkage of the photoactive polymerizable material upon recording
(if it occurs), and so may be selected based on the particular application.

[0078] In one embodiment, the holographic storage medium may be used to store volatile
holograms. Due to the ability to control the photopolymer chain length in the holographic
storage medium, a particular mixture may be tuned to have a very general lifetime for the
recorded holograms. Thus, after hologram recording, the holograms may be readable for a
defined time period such as a week, a few months, years, efc. Heating the holographic
storage medium may also increase such a process of hologram destruction. Examples of
applications for using volatile holograms may include: rental movies, security information,
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Formul ation 1 According to the Invention Fornmulation 2 - conparative
Exanpl es,WR@p084c623Pdi ng to the invention A glycerol e pr BEGEYIABEI2GTIT h
an average of WMh 1500 65.73 w % 61.47 wt % Baytech WE 180 30.31 wt %

0 0
28. 34 %kéiswgroggéso% %ags%sw t{?errwgp?n%?orrylsdetector, time stamp, temporary personal
records, efc,

[0079] In one embodiment, the holographic storage medium may be used to record
permanent holograms. There are several methods to increase the permanency of recorded
holograms. Many of these methods involve placing functional groups on the support matrix
that allow for the attachment of the resulting photopolymer to the support matrix during cure.
The attachment groups may be vinyl unsaturations, chain transfer sites, or even a
polymerization retarder such as a hindered phenol derivative. Otherwise, for increased
archival stability of recorded holograms, a multifunctional photoactive polymerizable material
may be used which allows for crosslinking of the photopolymer, thus increasing the
entanglement of the photopolymer in the support matrix. in one embodiment of holographic
storage medium, both a multifunctional photoactive polymerizable material and a support
matrix-attached chain transfer agent are used. In this way, the shorter chains that are
caused by the polymerization retarder or chain transfer agent do not cause loss of archival
life.

[0080] An optical article of the present invention may be of any thickness needed. For
example the article may be thin for display holography or thick for data storage. For data
storage applications, the article may be, for example, from about 1 to about 1.5 mm in
thickness, and may be in the form of a film or sheet of holographic storage medium between
two substrates with at least one of the substrates having an antireflective coating and may
be sealed against moisture and air. An article of the present invention may also be made
optically flat via the appropriate processes, such as the process described in U.S. Pat. No.
5,932,045 (Campbell et al}, issued August 3, 1999, the entire disclosure and contents of

which is hereby incorporated by reference.

[0081] An optical article of the present invention may be used for decorative purposes.
For example, the article may be used in gift wrap or in window treatments to provide special
artistic tinting or 3D designs. The article may be used in molded parts of automobiles, toys,
furniture, appliances, efc. to provide decorative effects. An article of the present invention
may also be used to make data storage devices of various sizes and shapes, as a block of
material or as part of a coating that is coated on a substrate.

[0082] Embodiments of the holographic storage media and arlicles of the present
invention may be used in various methods for recording one or more holograms {i.e., at least
one hologram), including any method known to those skilled in the art for recording
holograms in other holographic storage media. An embodiment of a method for recording at
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8.95 wt % I ni acure OXEO1l 0.30 W% 0.30 wt% Di butyltin Dilaurate -
Cat al yst WOQ008/t29829. 94 wt % M # per 200 um 11. 27 5. 3 Ref PEEEPIHBH0MGEX
adj usted photosensitivity 5.3x10-6 2. 1x10-6

least one hologram may comprise the following steps: (a) providing an article comprising the
holographic storage medium (with or without a photoinitiator for the photoactive
polymerizable material), and (b) exposing the article to a photoinitiating light source {e.g.,
recording light) to cause the photoactive polymerizable material (e.g., by activating any
photoinitiator present in the article) to form a photopolymer to thereby record at least one
hologram in the holographic medium. Embodiments of methods of the present invention for
recording holograms may include, for example, multiplexing holograms (e.g., polytopic,
angular, phase shift, varying wavelength, varying phase code, phase correlation, efc.), as
well as other techniques for recording of holograms in holographic media known to those
skilled in the art. Some suitable methods for recording holograms, including multiplexing
technigues, are disclosed in, for example, U.S. Pat. No. 5,703,705 (Curlis et al.), issued
December 30, 1997; U.S. Pat. No. 5,719,691 (Curtis et al.), issued February 17, 1988; U.S.
Pat. No. 5,892,601 (Curtis et al.), issued April 6, 1999; U.S. Pat. No. 5,943,145 (Curtis et
al.), issued August 24, 1999; U.S. Pat. No. 6,191,875 (Curtis et al.), issued February 20,
2001; U.S. Pat. No. 6,614,566 (Curtis et al.}, issued September 2, 2003; commonly assigned
U.S. Pat. No. 6,697,180 to Wilson et al.), issued February 24, 2004; U.S. Pat. No. 6,798,547
(Wilson et al.), issued September 28, 2004; U.S. Pat. No. 6,721,076 (King ef al.), issued
April 13, 2004; and U.S. Published Patent Application No. 2004-0179251 Anderson, et al.),
published September 16, 2004, the entire disclosure and contents of which are hereby

incorporated by reference.
B. Photoactive polymerizable materials Having Improved Performance

[0083] Embodiments of the photoactive polymerizable materials of the present invention
may provide improved refractive index contrast when photoactive monomers with molecular
weights greater than 500 are present (e.g., dispersed, dissolved, dispersed, embedded,
enclosed, efc., in the support matrix). The performance of embodiments of the photoactive
polymerizable materials of the present invention in, for example, index contrast applications
such as holographic data storage (e.g., hologram recording), holographic optical elements,
waveguides, photolithography, etc., may be improved by including one or more of the
following parameters: (1) the photoactive monomer is multifunctional; (2) the photoactive
group contains an acrylate group; (3} the photoactive multifunctional monomer contains bis-
phenol derivatives, and (4) the photoactive multifunctional monomer may be chosen from the

following
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Baytech WE 180 is a Di phenyl net handi i socyanat e based

Pol ypr opyWer898/138338| yet her prepol yner with a NCO Gehal t PET/ERI08/082577
avai |l abl e form Bayer Materi al Sci ence LLC, Pittsburgh, PA, USA

| rgacure OXEO1l is a photoinitiator, available from G ba Speciality
Chem cal s Th npl e denonstrates the benefit of usi i gher

nol ecul ar wel ghit nononer s y| ng ,igher performancelin both M# and
phot osensi ti vi Ty : g |@w ' > nce of

formul ations with varyi 3

formul ati ons cont ai ned: Pnul ation 1. VaogEdg anounts vvt % Dar ocur
TPO 5. 00 wt % Mono s % Benzhydr
Hydr oxypr opyl a 7 Desnod
Pol ycaprol acton ( p-—750) Darocur
2,4,6-Trinmethyl -benzo i phenyl phosphi noxi
Speciality Chem cals. Desnodur XP2410 is a Hexanediisocyanate-1,6
based pol yi socyanate widgh an NCO content of 23,5% containing a high
content of oxadi azi nedi one structures, avail able from Bayer

Mat eri al Sci ence AG Leverkusen, Cermany. Figure 1 shows the
dependence of t M# on the optical density of the nedia. The above

exanpl e dem)ﬁgtffat es the adBgnt ages of ntrolling Ph?/‘&bsorbance of
the nedia to ao\@Qe el aw at
(¢

[0084]) Embodiments of the polymer matrix of the present invention may contain

components containing isocyanate, NCO, groups and components containing polyol, OH,

groups. These components can provide compatibility with the photoactive monomers and

speed and ease in manufacturing of the optical article. The performance of embodiments of
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Bl ockcopol ymer 1: A 1 liter three neck flask was charged with 0,25 g
st annous WOt28e% 2522872 29 g oCaprol acton and 327,46 g of PET/EP2008/002677
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storage (e.g., hologram recording), holographic optical elements, waveguides,
photolithography, efc., may be improved wherein the organic photoinitiator is selected from

the group consisting of
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and combinations thereof.

[0086] Embodiments of the polymer matrix of the present invention may contain free
radical retarders and/or plasticizers to improve performance.
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Example 1:

10% excess 20% excess 30% excess Desnodur
8 wt % 8 viveh2808im2822TPO phot oi ni ti at or

EXAMPLES

XP2410
(10Prn) 1500 1500 PCT/EP2008/002677

Mononer A 8 w %

The holographic performances of two different formulations — one with a relatively low
molecular weight monomer and the other with a high molecular weight monomer - are
compared. The weight percents of the photoactive monomers are adjusted so that

comparable number of moles of the monomer used.

Monomer A:

N My

N
©

Ci

Monomer B:
0

Br O==

O1O~

A
s

Table 1.

Component/Parameter

Formulation
1

According to
the Invention

Formulation
2
comparative
Examples,
not
according to
the invention

A glycerole propoxylate | 65.73 wt% 61.47 wit%
with an average of Mn
1500
Baytech WE 180 30.31 wi% 28.34 wt%
Monomer A 2.66 wi%
Monomer B 8.95 wt%

| Irgacure OXEO1 0.30 wt% 0.30 wt%
Dibutyitin Dilaurate — 1.00 wt% 0.94 wt%
Catalyst
M/# per 200 um 11.27 53
Refractive index 5.3x10° 2.1x10°
adjusted
photosensitivity

Baytech WE 180 is a Diphenylmethandiisocyanate based Polypropylenoxidepolyether
prepolymer with a NCO-Gehalt of 18,6 %; available form Bayer MaterialScience LLC,

Pittsburgh, PA, USA.

Irgacure OXEQ1 is a photoinitiator, available from Ciba Speciality Chemicals

The example demonstrates the benefit of using higher molecular weight monomers yielding
higher performance in both M/# and photosensitivity.
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1500 1500 Benzhydrol (ppn) 5000 5000 5000 5000 Di butyltin Dilaurate
Cat al yst WQZ0S335228 4x10- 3 Wt % 4x10-3 wt % 4x10- 3 wt % M #POEEPROY W6 TY
10.2 10.6 10.2

Example 2:

The holographic performance of formulations with varying optical densities are compared.
The formulations contained:

Formulation 1:

Varying amounts wt% Darocur TPO

5.00 wt% Monomer A

0.11 wt% Benzhydrol

0.03 wt% Hydroxypropylacrylate

29.4 wt% Desmodur XP2410

25.7 wt% Polycaprolacton {(Mw of app. 750)

Darocur TPO is 2,4,6-Trimethyl-benzoyl-diphenylphosphinoxid, available from Ciba
Speciality Chemicals.

Desmodur XP2410 is a Hexanediisocyanate-1,6 based polyisocyanate with an NCO content

of 23,5%, containing a high content of oxadiazinedione structures, available from Bayer
MaterialScience AG, Leverkusen, Germany.

Figure 1 shows the dependence of the M/# on the optical density of the media.

Dynamic Range vs. Absorbance

3.0 4

2.1+

Dynamic Range
[M## / 200um]

1.8 4

1.5 s e
0.0 0.5 1.0 1.5 2.0 25 3.0 35

Absorbance [@ 405nm]

The above example demonstrates the advantages of controlling the absorbance of the
media to a value below at least 1.0.

23



10.4 Refractive index adjusted photosensitivity 17.80x10-6 28. 30x10-6
32. 6x10- BVOI0IBHRIZII6 The above exanpl e denonstrates thBCEAPHISOGET
of using an excess anount of the polyol conponent to inprove the

phot osgﬁm ti VI é%'rof the material. An upper limt on the anount of
excess "]f determned to optim ze the machani cal robustness
of theAm?dh@r t@é@ ﬂf& fask W %ﬂae,gaanmw cP ‘E OfctbREMil72bhogs
‘é‘ﬂom‘a agl? &6 28" oars GRRAbR4 Vetherpolyols

38/ i@Hé?z'n
0. 50 % vk Do e kool
Blockcopo ynmer

Blockcopolymer 2:

g
{00 r° cl %& Wy SROBR unfh
HFOCC?QP géé is &;g?c:%j Pwas otﬁf?nizdf the

A 1 liter three neck flask was charged with 0,18 g stannous octoate, 374,81 g
OCaprolacton and 374,81 g of a difunctional Polytetrahydrofuranpolyetherpolyols
(Equivalentweight 500 g/Mol OH) and heated to 120 °C. The temperature was kept until

the solids contents was above 99,5 Gew.-%. After cooling a waxy product was obtained.

Example 3:

The holographic performances of four different formulations with differing ratios of the

hydroxyi functionality of the polyol component to the isocyanate functionality of the NCO-
terminated pre-polymer component. The formulations and performance characteristics of
the different recording media are shown in Table2..

Table 2

Component/Parameter | Formulation | Formulation | Formulation | Formulation
1 2 3 4

Blockcopolymer 2 10% excess 20% excess 30% excess

Desmodur XP2410

Monomer A 8 wi% 8 wt% 8 wit% 8 wi%

TPQ photoinitiator 1500 1500 1500 1500

(ppm)

Benzhydrol {(ppm) 5000 5000 5000 5000

Dibutyltin Dilaurate 4x10™ wt% 4x10° wt% 4x10° wit% 4x10™ wi%

Catalyst

M per 200 um 10.2 10.6 10.2 10.4

Refractive index 17.80x10-6 28.30x10-6 32.6x10-6 39.20x10-6

adjusted :

photosensitivity

The above example demonstrates the advantages of using an excess amount of the polyol
component to improve the photosensitivity of the material. An upper limit on the amount of
excess is typically determined to optimize the mechanical robustness of the media.

Example 4:

The holographic performance of formulations with and with out plasticizer are compared.
The formulations contained:

Formulation 1:

0.15 wt% Darocur TPO

8.00 wt% Monomer A

0.50 wt% Benzhydrol

25.13 wt% Desmodur XP2410
66.19 wi% Blockcopolymer 1
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WD 2008/ 125229PCT/ EP2008/ 002677 0. 05 wt % Fonrez UL 28 Fornul ation 2:
0. 15 w %Wer20eim2szePO 8. 00 wt % Mononer A 0. 50 wt % Benzhy@8COEP2R8/BE6W %
Desnodur XP2410 58. 87 wt % Bl ockcopol yner 1 0.05 wt % Fonrez UL 28 10.0

wt % Di ??gisy\b%khal at@aﬁ nrez UL 28, a urethane catal yst of GE
Silico AR §e (M#/0.2m) Sensitivity (cn2/ mJ) Fornul ation
1 Formulation 2:

0.15 wt% Darocur TPO

8.00 wt% Monomer A

0.50 wt% Benzhydrol

22.35 wt% Desmodur XP2410

58.87 wt% Blockcopolymer 1

0.05 wt% Fomrez UL 28
10.0 wt% Dibutylphthalate

Fomrez UL 28, a urethane catalyst of GE Silicones

Dynamic Range Sensitivity

(M/#/0.2mm) (cm%mJ)
Formulation 1 10.7 4.3E-06
Formulation 2 (with Plasticizer) 10.8 9.2E-06

The above example demonstrates the advantages of using a plasticizer material yielding
higher photosensitivity media.
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10. 7 4. 3E—06 Formulation 2 (with Plasticizer) 10.8 9.2E-06 The above
exarrpl e denonstrates the advantages of using a plasticizer materi al

yi el di ng hi gher photosensitivity nmedia. WHAT IS CLAIMED IS: 1. An
optical article conprising a photoactive nononer with nol ecul ar

wei ght greater than 500 and a photoinitiator incorporated in a

pol ymer matrix, wherein the optical article has an initial absorbance
bet ween 330 and 490nm and V\here\&ﬂ trt'lg Cﬁ%*l matrix is formed by a
pol ymeri zing reaction of a mate ATIRS 1'5’ conponent 1 and
conponent 2, said component 1 conprises an NCO functional conponent
and said conponent 2 conprises a polyol and wherein an excess anount

of pol yol i$. usedn optieal agiciccaimmisingd ghotdactilamandmeaheitie mdldcbiar @pighcal
article has a re§mratarihen 500dex xpndtsiagibtogineatperatédimm BaiBedmatdix, Wigein
optical article the apfiealmrticlehes & initahabsopiancalbe@ydend3e dhdsioanm and wherein
refractive i ndexthequitynss matdy isSoretedsmns pblymetizing feagti@rabfer matedial domprising
10- 6An/ ml/ cnR. A4coriipenedpt aodlcompbhait @, edid ebraponeht 1wWoapeises 4MRCO functional
phot oi ni ti at or cesppéreesardsad gbphositRrenpxiseea polyairandxitigteis Sh@kcdds
conbi nati ons t heamodint dbpolfhids apéd.cal article of claim1, wherein the
phot oacti ve. nononer is nmultifunctional.

2. The optical article of claim 1 wherein the optical article has a refractive index con-
trast greater than 3x10™.

3. The optical article of claim 1 wherein the optical article has a refractive index con-
trast adjusted sensitivity of greater than 1 x 10® An/mJfcm?

4, The optical article of claim 1, wherein the photoinitiator comprises an acyl-
phosphine oxide or an oxime ester or combinations thereof.

5. The optical article of claim 1, wherein the photoactive monomer is multifunctional.

6. The optical article of claim 5 wherein the photoactive multifunctional monomer
comprises an acrylate group.

7. The optical article of claim 6 wherein the photoactive multifunctional monomer is
derived from a bisphenol derivatives.

8. The optical article of claim 7, wherein the photoactive monomer is an acrylate
monomer comprised of one or more of the following:

0

/\(

/

e Oy

O
~O-{-0

Cl Cl
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6. The optical article of claim5 wherein the photoactive

mul tifunctional nonomer conprises an acrylate group. 7. The optical
article of claim6 wherein the photoactive nultifunctional nononer is
derived from a bisphenol derivatives. 8. The optical article of claim
7, wherein the photoactive nononer is an acryl ate nononer conprised
of one or nore of the following: ttoOy% 00 )O nci / ci CdC Cl C
or hi gher nol ecul ar pght anal ogs gf the abovenenti oned rs.

oA OO e

@ ©

Ors @O{ }O©\©
@

@

or higher molecular weight analogs of the above mentioned monomers.

@;ﬁf

9. The optical article of claim 1, wherein the optical article has a writing induced
shrinkage of less than 0.25 percent.

10. The optical article of claim 1, wherein the photoinitiator is substantially free of a
transition metal complex.

11. The optical article of claim 1, wherein the polymerizing reaction is promoted by a
catalyst.

12. The optical article of claim 11, wherein said catalyst is a Lewis acid catalyst
based on metal complexes containing metals such as zinc, manganese, iron, tin,
and zirconium.

27



9. The optical article of claim1, wherein the optical article has a
witing induced shrinkage of [ess than 0.25 percent. 10. The opti cal
article of claiml, wherein the photoinitiator is substantially free
of a transition netal conplex. 11. The optical article of claiml1,

wherein the polyrrerizi ng reaction is prormt ed by a cat aI yst. 12. The

chtal yst " baded on- BV T W%@e@ﬁdﬂﬁm il chitpg Lewfns aﬁosmg the
nmanganese, |ron C{pq??gl a&}‘f H;I? otg rﬁ‘BH’”ft it © pﬁf arw%?:t:fl
h

21r6tci0(rzlle_ntgol bl ue | @4 m W ° aﬂl‘ilpé‘ e P?f qdd Ppé’ meé”?é‘”’x
e ol cou or &ff thipein il L P?%%“g]i;y :
i ncorporated in §r ?r @f‘ WpﬁrléG{"b ?'E{’f'é feyed

absor bance | ess SRl : nt2,
has a refractive océ)Wpc?Bﬁ'P 'Wge '?r?é\/f:? %?’f r%@%%?@? C’P'P?H?ine”t
3 % 10-6 An/ mil cRERRASGRAPEVR 2 WEPYASEXHETS TROYE Of BRI ¥3PYa

pol yneri zing reaction of a material conprising conponent 1 and
conponent 2,f4sai oh methpdfi@ntariufasumrg sresptianl IR Eompiidion pdlyra OMEMNE Riaterial
and sai d conponerbmprisiogpoinpesent 1ok \ohmpancht B ideomiag tRXaRissl A e op-
of polyol is usedicalb#icldcormpieity 4 anltifartibea bhotongivemainie alithandleslie
conpri si ng pol yneveight geeaterthdreS0akncanpigasic pgoiResantordorated in a polymer
conponent 2 and fraatrix, whetdie trepdpiticall artilé had an abdiebakiles! that 056k ave-
conprising a nul tergthectidteesad 4Qhatd4ea mmanmagﬁeéfrwﬂfé intiek ecntrat adjusted
wei ght greater tsansib@f cdgrbasar tiarggril0® phghdemt dhdivbereintbe bpemat eatrixis
a pol ymer matri x fomfeeirtsi anpdlyraertghtd @akticar dfiachatehalsoatpriging @bbpoeent [ emd
than 0.5 at wavelcemgbhent!2etaid eom$OferandtoddisesamNG Ciasctionabdonainesieand
i ndex contrast adpidsdoetbosentsd tanvprisgs afpolyiobatcwhéemnardexcedOaBount of polyol is
An/ mJ/ cn2 and whesed.n the polymer nmatrix is forned by a pol ynerizing
reaction of a material conprising conponent 1 and conponent 2, said
conponent 1 conprises an NCO functional conponent and said corrponent

2 conprises a polyol and wherein an excess anmount of polyol is used.
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