, €3eNL"6TNxY WD 00149465 PCT/ AUOO/ 0 - 1ITERASABLE/ REVWRI TABLE OPTI CAL DATA
STORAGE W TH PHOTOREFRACTI VE PO.YNEM"@ mwm,”mmenu on relates to optical
data storage and nore particularly rewritabl e three-di mensional
optical datwogbRésgoe W th photorefracti*é®od* pol yners. Ml per/hepmond (ar

t hree-di nensi onal ) optical nenories have increasingly becone a field of
interest in the devel opnent of high-dendity optical data storage devices,
Systens that utilise nmultiple layer recording can achi eve recording
densities from ERASABIE/REWRITABILE @RTICABDATAVSTORNEGE WITH al ' 10
data storage devices. The f fwWo- i | i n three-di mensi onal
(3D) bit optical data storﬁﬁoﬁQ&%ﬁBM§§i’?ﬁ%§| ity to increase the
density in a giveryPGehtiin Riatb 4 Ophcalt dfa CRIAEEaRd mdl8 RSP pit. The
probability of twophoton excitation i's proportional to the squared
intensity of erdseblefiewdtable threghdimenSionhl gptidal data sfenageceith phetorefractive onl y
within a small,region of the focus spot. As a result there is |l ess cross
talk betwdenh %%Bburi ng data | ayers. Another advantage of two-photon
excitation is theMsdusyerah(sfthreegldimphdorat poptisal Agni@iUmee dicrédsgly

utilisation of an illum natjon beam of an_ infrared wavel ength), so. that nore
| ayers can beb?c@WrHéihjeq]%I(&n’@tquﬁé Befhendeyelopmest pfehighdens: .°Pé®ﬁ(§33é‘% t he
years differ 4ad S : j : dupder

t wo- phot on e)%gt?r ? %fdgﬁlb@%v\og%@%ﬁﬁgﬁlﬁg sﬁlﬁlrgg(;yracli@g}iﬁ@%ﬁoﬁg%?gﬁglrg?gabl e
and phot obl eaeturdiggrdensities fromh 0@ teld 1906 ttinaeschightrathan evvveiitopabeptiiat | es
coul d reach tde abits Eer. cubic centineter; unfortunately both nmaterials are
not erasabl e. %3 LREAIEHTNo. 5, 289, 407 assi gned to Cornell 25 Research
Foundation, Inc. dhsasesfawa-phdtdioexdatidh iphiesalimdadionalt(@Dadst bpticahi ch a
beam of coherent light is used to cause ;wo-photon photopal ynerization of a
speci men gel dat? plogagschasagnewa des 1o dtsyahilitystoqmergass ithe dersibha geivehi ch has
a different t i j g tiad, . ever,

t hi s change i@it?@e%%gugﬁg?&hgﬁgmgg@?ﬁgw gtegﬂagﬂbgt a(rﬁée otlﬁggﬁgrogzgglee.

ui i ~mo~noi  PhotdOExEa6E RCopLOMNED the squared iftsnsite bf the ncidentlightt s t hat

under go ch esn isoner st.ates and otochr,om ¢ po rs . that produce a
change i 15 oA emeguPAtE: <TBioR BRnu R SamiReiof LA it PRl ALL1s
materi al s. Anesitethéry i 16ds bEsertaikl betwakn i weighboRfingi dtes dayé@si nA@obthet i S
photorefractive material. The photorefractive effect 5 results in a

modul ati on ofadvariageof dorRhatpm gagitation pe thipireduction ek muliipley satterye t he
spatial distry I i : : i | i i s.been

o scbyer ed ¢ fepisk 3 o /a0 b off PR AP BEhn) b WTiERR Syexblenfh? o9 220
mat eri al may that meredayeesicambs lebonded alongghe deptimefla woluagamatewnt. h radi ation to

pr oduce uni formyedi,stribut.i.on of the.el ect,ric ch d, erase 10 the
recordeda%Onf or mat i(%vﬁ.r %Ve‘ﬁlft%f%?g’a&e&?lsp g bse Wecﬁfﬁ}iﬁ%ggr@a Cﬁ?rgs%d ina
phot or ef r act iwe£r ¥@b3hdtone. @xcitdtiohi UM rMivadph&oh Li 03dits Wiesdrd&d € in

expensive to manufacture, It i s therefqre desirable to provide a nethod of
writing and eMenelyressizeblel apd: Bhotableaching \aptprinlse haws damonstrated; dat. 15

According to ﬁs&d&g%ﬁsmeg bl rédth b Iper ABICednBinh ) L fufta BB M Of
writing and erasing optical data conprising: producing a beam of tocusabl e,
coherent |i ghhatefigs umsi my ¢dasabbe abhSnPateqthdloore28%447 \aesigndd terCanetht er i al

t'o cause £5V\,0

Research Foundation, Inc. discloses a method of 3D optical data storage in
which a beam of coherent light is used to cause two-photon
photopolymerization of a specimen gel to produce a bead of polymerised
material in the gel which has a different refractive index from the surrounding
gel material. However, this change is irreversible, and so the data bits are not

30 erasable.
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photon excitation of the material at the focal point of the beamthereby 20
nodul ating the refractive index at the focal point to record data; and ]
illumnating the material with radiation to erase the recorded dat a.
Accordi ng t vigdRb4aer aspect of the invention there is proyegadoconiet hGd of
witing and re-witing optical data in a photorefractive polynmeric nmateri al
conprising: 25 focussing a beam of cohelent |ight on the photorefractive
polynmeric material to cause two-photon excitation of the nmaterial at the
focal point of thPhdtechrotrie medtyrialo dbitatndsygd hee chaigeadt iisemeémestiates aand he
focal point to wite.data; illymnating the material wth radiation to
crace Lhe r o@BPEToR PoOier ST RIOLHE RSP AED I SHTIENETRIRY FRgh PG ¢ he
phot or ef r act ipherolBkEitdtRin 230 bbh efRHBIS nhateridl5OAABtHeK Bipe JFf intiterfd] thdl§s st er i al
at the focal point of the beam WO 00/49465 PCT/ AUO0/00117 _ _ -3 thereby
modul ating t lkensidgrabletintesest rig hotarefrartive guateripbi rkher photarsffactiee effeet i n t he
phot or ef r 8¢t by Gy &' Rhulaion! 8 th Fo P10l ditic BBR B8 Fodud ififideAy LN
t wo- phot on exC€itation produces a change in the spacial distributiond of the
el ectri c chatigespatid] difteibhtiandf deqiric bharg¢shgrontijiumirditioat i ng the refractive
index of the material at the foc oint. Preferably, the photorefractive
pol yneric materi aft ﬁi@e il .ﬁ%"eﬁf‘a H%& SP%‘? & ehangg Jn ?fﬁ EE‘?%&Y‘? i 1
el ect r o- magnghbordfRdtioé hidferial nfa?%ell‘%\tet&%\ﬂ'w iflhmié¥ngQhe Wediudh BgAR YA UM

e

produces a uniformredistribution of the sSpacial distribution of the

el ectri c charigdistipnteriprefuch@ wafosmpedistritytion o5 dhe glectriccehaggas angk eraseThe 10
phot or ef r,act ive ﬁrEE;- ef ¢ . ¢ i.at | in only
a narrow1 an ?rr?g‘gljﬁé otrgat\%néi%‘%@%&e(’gtl (§r¥123 g% ?%ﬁ%\%{lf g@? rb(%ﬁlgg%kel?‘lgé(ﬁ gﬁ‘ectrum
Creating a nahowrefedesioe ptyistals, lkan dithiunt ntbbates@sNbORe wintleaieadxpensive to
susceptibility tgo deterioration fromthe readi ng process or fromincidental
ul t ravi ol et @H‘?acf‘g?'g fromsunlight). 15 A laser may be used in a pul sed
nmode or a contiNURUR WarMSoreddQirabRYtobproviRdat Retolt 6F daitmgbind \WPisifpot on
excitation of a photorefractive material. An ultrashort pul sed |aser beam
i s typical | yoptieal datgringrelatiyaly insipensiveanpterialsecause t he cooperative nature
of two-phQton exci J1§ equli t : i to
produce 2? fici entArggézljld?%ttlrooﬁl.% 4%%\%\?2?1’1&’?%8&&%@ t@%rgg%Bﬁ(ﬁ’F(}%:%ettﬁ%g%ul se

| aser i ncr easaftinghmdeossingbptical datocathprsidgvi ce and nakes it difficult to

) h I . h - ph
produce a compact sysLem, W Sie. kiR, SHIMITEAL o0 (hat two-photon

focussing the beam on a photorefractive polymeric material to cause two-
photon excitation of the material at the focal point of the beam thereby

20 modulating the refractive index at the focal point to record data; and

illuminating the material with radiation to erase the recorded data.

According to another aspect of the invention there is provided a method
of writing and re-writing optical data in a photorefractive polymeric material
comprising:

25 focussing a beam of coherent light on the photorefractive polymeric
material to cause two-photon excitation of the material at the focal point of the
beam thereby modulating the refractive index at the focal point to write data;

illuminating the material with radiation to erase the recorded data;
focussing another beam of coherent light on the photorefractive material

30 to cause two-photon excitation of the material at the focal point of the beam



excitation under continuous wave (CW illum nation is possible. Although

t he average power needed for CWexcitation is increased by approxi mately
two orders of magnitude conpared with ultrashort pulsed illumnation, the
use of 25 cwdlehaddedls wave il lumination can enable a fast,pdOXun®siiy conpact
erasable two photon 3D bit optical data storage systemto be achieved. The
photorefractive material preferably incBudes a chromophore which provides
absorption in the U/ to visible region. The polynmer may al so be doped with
a phot osensi therebymmbduliatihg Wi refraguvevindes ataths dogl ipoint ito re-meitéMatadn 3ke vi si bl e
region of the el eciramagnetic spectrum In one enbodi nent, the polynmer may
conpri se pol Ph?ﬁqf‘%%@mg}ageﬁag'l e) (PVK). In another preferred WO 00l 49465
PCTI AU00100117 — In -tHe GRBREH "BNthe tPescRO|idVEiofBXhE ORRY-pifctol Od¢itati®t hy|

nmet hacryl ate) (PMMA). Each of these polyners may be doped with a

phot osensi t i PEodvaees changesindhe spacial distribution; of; the elestric charggs astbhval (TNF) |
One preferre r .Sine i VAR - = 1N :370)

ani sol o (VBRI Srea) Hitulding ncreBalRlcier of i fleral M SRBEEATY) o
effect in the UV Preferablyhlle plegorefractiveepgiphgrie materim tused & theamethbd as | ncl ude

a plasticises, ,sych,.as .N-et hyl carbazol e, (.ECZ). to reduce th
et on”t Shereitat iRniatempith Sleeftpamadnetic Faiation o Wraraner 6795 Pecor ded

bi ts of data vigple RBedtRa! Pizaaueegoé aifieh Fediibifcl ofthe Eﬁ&ﬁﬂ&_ﬁstri@uﬁ'bﬁ berenti al

interference contrast (DIC) m croscope 10 and/or a phase ni croscope

utilising a dhreleetrisi chaspges Earming ghet defp Bitswtoy etasedhe: reperdese datage ‘e or

out si de t.he sprnti o] .t or.efr LV I I ial .
Accor di nd0; o PRORPHeRYe JAE iy PERENTL DRk b BsBR, WARLCH, HEHRY' £

phot or ef r act indgropobatide in theT\eno alisibler regiom bf the elctrothagfieter sysatrim, opt i cal

data 15 storage,.the photorefractive,polyieric terial, providin

absor pti on | AIFHIERBOY BeepEoh BET R ot e e RS AU FEO e £9 um
wherein the egeioPition r&@nte %ad‘ixgge?ﬂ%la%s%ﬁﬁéﬁthMSnﬁPhﬁfa'vﬁﬂcﬂ I$gltyelg. as to
enabl e the recording of bits of data by two photon excitation, the reading
of the bits dtomisurdighf). a source of coherent |ight on the edge of or outside
t he absorpti on band, e er.asi it i 1 hation
Weh o aaB on bn A tasd iy Q%%%FS? a1 ol obd %%%’He&% AR gy 8"

pr e}‘ e(r]I ably ﬁ@i@&i 'tcﬁasitadml b;yTavh o-plsc(ajtﬁiil eRGitdMdE ¢fta meﬂereg?ahﬁvmwﬁal tﬁmy

i ncl ude a chronophore iC rovi des .ahsorption in e UV tQ visible region
of the el ect r"gtﬁgégﬁ’étﬂués\ggdéﬁ &’Gﬂf‘ lwmﬁﬂti]a‘(l ‘I‘S;‘Fd fPﬁéW?fBF‘?‘i‘?BrexH&?o‘hh’g‘@“% doped
wi th a phot 9%6@%66ﬂe¥aﬁiv'%ﬁ{a%{rb%'f t0BIphBtoR X¢itaEch %&ﬁﬁ&@ﬂie%e'd?_atlﬁlgh \Wak 0 25

vi si bl e region of 'the el ectrorrgf?n tic spectrum ‘and a plasticises nay be

added to redpower flaseytmprduce nificiens excitativar atlowevess thenesenefi ary phirashort
Pref er abl.y, i ' i al i ith th
et erablap, ol RRCHEREIEARE s BPLUTEGLGTRIGE] Bla WMAE SORAABAE Y L1 the

second as I nventli on 1 nc es a east sone OW ng
materi al s i n piodueki 4 i @Bngaat |siystgms ubWeahdveablsy wérhbnstratede thad| twasplgon anges

by 30 percentage of the total weight the photorefractive, pol i C
material :  \RECGRSIONQMEIST continons Wf@@‘iﬁ&\f) lﬁ“%!‘%ﬂ?é‘r‘? @&%Weas‘“l%\ﬂ{égﬁﬁ@w;

average power needed for CW excitation is increased by approximately two

orders of magnitude compared with ultrashort pulsed illumination, the use of
25  continuous wave illumination can enable a fast, low cost, compact erasable two-
photon 3D bit optical data storage system to be achieved.

The photorefractive material preferably includes a chromophore which
provides absorption in the UV to visible region. The polymer may also be
doped with a photosensitive material which provides absorption in the UV to

30 visible region of the electromagnetic spectrum. In one embodiment, the

polymer may comprise poly (N-vinylcarbazole) (PVK). In another preferred



0% - 60% of a chronopphore, such as DMNPAA; - 0% - 5% of a photosensitive
material, such as TNF; and 0% - 40% of a plasticiser, such as ECZ

PCT/ AUO0/ 00117 5 Preferred enbodi ments of the ‘present invention using
cheap phot oggf joAsdes ve pol ymers as recording materials forpcr/auo000117
rewitabl e/erasable 3D bit optical data storage under two-photon excitation
to produce a high-density 3D optical datde storage systemw || now be

descri bed by way of exanple only, with reference to the acconpanying

drawi ngs, in em’dodhnerﬂtothsipgotw'eer]ma)sc@nguimpls foethyy metisacayiste) fkMdbALur ve of

a photorefra mat eri al se nthe e n

Fi gure 2 1s ?agﬁﬁgﬂﬁsg m&wgfa@dgp?%ltgﬁ&l'}%osgg%n Pfag?{wf":%l\léggégpe used
to record dat4Q 7ittfinitd a%hM&éxﬁfrfea(atNFl)e oﬁé)pﬂﬁbne&logwrﬂoﬁ{oaé id8, 824 x 24
bit pattern of the letter "C’ corde hoton .excjtation in a
phot or ef r act idjmethyl yrbr (PVKanﬂP eﬁle%Z‘Jflqnésto %@&MN\‘&AP@U? Epmroylglest he same
regi on af er 0] | r C tt of the
I e? ter t5 éb?@rgh&g 32‘)9 arf e &0- rrlgylr gfg;‘ig‘(g)tnl)ha{s}§ ?g‘ﬁ#%x‘g%g ebg %@? bgliwng
exposed to V\/polykmenmatatml aimy/va}sg inclup¢ et plasticaseny ssucmf as INe ethyoartadzale,

I nformati on; ure 4. shows record d 24 x 2 erns at different
depths in thééglélt‘gfeélfl?%%g&’é s Gransrhen W”ﬂgﬁeﬁ’gt ‘'on excitation;
Figure 4(a) shows RtHe prédent fivestiod) etdodddaobitsedfi®ra mA bcE'békUbﬁ e%l&yx@ows a
second |l ayer including letter "B' and, Figure 4(c) ovvs a third layer

i ncl udi ng | etat gonfogal - MiEgosEPPRy % dg”fe(ra}tlaﬂ gm&rfsrrepcwpﬂﬁaﬁﬁ ere H@lcr@pm "E"

recor ded f
(PMVR) . | gur e é’? ?‘8‘% 'S tﬁggeg%rbm%rhé %gﬁ%?g%?% 1@3% \é(raw@%? ngﬁ{exposed
to W illunm rmtmercdghoﬁmngutsrdastha: abm‘rptﬂdtebmdcmﬁﬂiedahmdreﬁrmqmlyrﬁér@mr e 5(c)

is a bit pattern.of the letter "F' witten into the sanme area as 30 Figures
1 and 2; WOWB7%l9465 PCTI AUDO/ 00117 -6Figure 6 shows recorded bit

patterns at di ffem%&rdﬂﬁgowsﬁ ifirtkdpCaspBet OF &hé aavéntRnPReyeaE fRMMAedsd Ng
tvvo phot on excitation; Figure 6(a) shows a first layer including letter
A photorefractive polymenc material for use in a method of erasable optical data
15  storage, the photorefractive polymeric material providing absorption in the UV
to visible region of the electromagnetic spectrum, wherein the absorption band
of the photorefractive material is such as to enable the recording of bits of data
by two photon excitation, the reading of the bits of data by a source of coherent
light on the edge of or outside the absorption band, and the erasing of the bits of
20 data by illumination with radiation within the absorption band. The polymeric
material preferably comprises a polymer, such as PVK or PMMA. The material
may include a chromophore which provides absorption in the UV to visible
region of the electromagnetic spectrum. Optionally, the polymer may also be
doped with a photosensitive material which provides absorption in the UV to
25 visible region of the electromagnetic spectrum, and a plasticiser may be added
to reduce the glass transition temperature of the material.
Preferably, a new photorefractive polymeric material in accordance with
the second aspect of the invention includes at least some of the following
materials in quantities falling substantially within the following ranges by

30 percentage of the total weight of the photorefractive polymeric material:



Figure 6 (b) shows a second |ayer including letter "B" and 5 Figure 6(c)
shows a third layer including letter "C'. One exanple of a new
photorefractive polynetric material that has been used to denonstrate_
rewitabl e/woasadake 3D bit optical data storage is the pobgrevoopolly (N

vi nyl carbazol e (PVK) doped with the photosensitive material 2, 4,
?-trinitro-9-fluorenone (TNF) which prO\ﬁi‘des absorption in the UV to 10
visible region of the spectrum_ The photorefractive material also included,

as a chronophor e, 25% -5L0§7net npolymer, such ey BYKeoniMMAani sol e ( DMNPAA) whi ch
al so provides abswng@gokgchgﬁ#ﬁoﬁ s‘YéhSa{sab Eghon. In this experiment
conpared with previous experinents e randonly oriented chronophores were
not aligned by -app¥y 5% odia phbtsensittvef materlal, padhi asgiNBuanidng pol yneri sati on
and 15 operation. (Poli({;;/g ?f ihe mat er i al Lﬁ uires the creation of a
magnetic fiel d acP@s*HRET & RIFHEST ichas C%I ymer. Such a uniform nagnetic
field is difficul préf@ré®i &hBoIMREKOSST Uthe prEsEMC EnPéntidnl ar QSRgP UK
sanple, increasing the conplexity in fabricating the new photorefractive

pol yner . Fi n@hpiprefrasting pebimess 65 seqording materialg feri rewritable(prasablee3 gl kit s

transition t f | . r e n { on of
the mat er1 al SPORA Bofiee ki BhEEh Pxoipkthh B4 0B0d S nERRSGRIGAD OF T
toral wei ght opficdl ataptaiage efstan wwill @aoweliceddsatibel bihaug b fiekamplel onbg with
appreciated that different proportions of. the constituent nmaterials nmay be
used within THESHHY e?ﬁ‘éﬁgﬁq PeBBVEeSURi YRS films of thickness 100pm

were fabrpcat ed byiphse GO BraBH shblvirgd)thes8fptRScurPe dflph@Bref@sfiyd hen
polynerising the PVK at a tenperature of 90C over 2 days. The requtl ng
pol yrer bl ocpolyrericumatgrial fgppiesindbie presgi daNeptionhe sanpl e used in the
experiments. Anot I refractiyv - i terial
t hat has 30 been E%Eelcrfe ?ggges%%é?t?ca?%&%aw ?? atg'{o @&%%gﬁ%i%lt%geréilcgosggﬁ cal
dat a st or age us&d fohrecqrd|dgtabitsfinlayphotoeefiradtivepblyassry| at e) (PMVA) doped with

t he photosensitive, Ql 49465 / AUOOJ00117 x materjal 2, 4,
7-trinitro-9-fl uo?@%m&ag ?N@)Zmi?ghcgwavme%fl 'ilssls%ft i Zr‘?‘??rfqﬁfegb\‘?“’?'o

vi si bl e negi %ﬁot% ek BRatRAGA W Phtord St PoBTd PR upbn MR ifeétiréddiag;SO | ncl uded,
as a chronophore, 2, 5-dinethyl-4-(p-nitrophenyl azo)anisole ( PAA) whi ch

al so provi des absbigyrg 3(h) isthe hamenegion afterirpading 890 times) n this 5 experi ment
the randomy orie r e Lgped by applying an
electric field (pg{%%?\eg cg&ra?%ﬂéggg:bﬁkft?@a?ﬂgéle?% %p’erati on. Such a poling
feI ectric L ield LsF'rgtnrt]g B(ﬁk)éesﬂﬁrs)mbael gimaelstﬂiguriegf(a)l afedreselng ?_(ﬁdsed fdelV t hfe
ocus produced by a high nunerical apertyre objective is five orders o
magni t ude gr é‘i‘fla%atlﬂ%ﬁhwas cgmp q‘Fe"‘F‘?RfFB fhe fB%%ﬁ‘F‘i)U@P“’EWé’%bj ective

aperturegoThi s | oeghrd @ sBb@sirbddzdéd 24 & 24 bt faRieehsCROMUHRrenP dePBY GR tie
detectabl e el ectro-optic effect. Finally N ethyl carbazole ( ) was added

to reduce thohglozefeactive pelymes®Vikensing werpbotoh exbidatims eri al . One preferred

concentration of 4. al s - PIVVA: - INF mused was 10: 73:16: 1 by
R TR BT

per cent age wei ght wel ght otorefractive materi al

al though it will BRuepsibdshavessddond layeSindhidies Rabr BOped ti ons of the
constituent materials be used within the ranges, specified above.
Uniformfilms of lfﬁ“&‘?dr\réi@%&ﬂ?@rfl%w@&ﬂ%?b? combi ning all the

materi 2l agin 2 teEldR 536) if hewi Bakuime HenRubh PRy byl SISIAT o O

65C over 2 days. The resulting p r ock was cut and poli
produce the <agitationisetother plindorefrpetivernolymer BdMiAgure 1 illustrates the

absorption band Oi’ig%ré}g Qbﬂsttﬁé akrneS 9er£?o|neasolt7ig{nt%:65(a) after being exposed to UV
illumination showing erasure of the recorded information;
Figure 5(c) is a bit pattern of the letter “F” written into the same area as

30 Figures 1 and 2;



new photorefractive polyneric materials based on PVK as detected in an
Oiel UWV-Vis spectrophotoneter using a Xenon arc | anp source. The
absorbtion band of the photorefractive polyneri'c naterial based on PMWA is
al nost i dendyicfidlseased It is seen fromFigure 1 that the napcRNGIo@b11y he .
absorption band of the new materials is within 380-600 nm Therefore a

| aser beam of an infrared wavel ength at 6800 nm can be used in the recording
process to produce twophoton excitation at 400 nm The wavel ength for
recordi ng may f al Figaudbst asttoval [rgcordedhibit tpattemange diffsrandbdepiths750 the t o
about 1200 n Since .the 30 a tion pand cuts off. approxi mately at a
wavel engt h OE’}‘B@@" “VaPPé’H&é%M%%ﬁmﬂ Otf’?Sﬁ?lg?ﬁl(?B? 630 nmto about
1200 nm can be chpgfife 6@) sk Pfifst 1dyer incMi@idpAed&4ef, PCT/ AU00100117 _g_
recorded photorefractive data bits wthout suffering from single-or

t wo- phot on exci t aFigure 6 (hsbpws gisrernddaxes indeding FsErnB @84 be used provi ded
t he power .of the | | 8. f1.Cl . «@8 Nnot to cause single or
tvvo-photor% exci taFﬁ%gé.g@) gg(ﬁggrérﬁwgq%%ér fgﬂ‘?‘égﬁ%t% hgr'e is illustrated an
optical system f oOntwramplet afin neve photorsfractivd polynetricl atateriah thdtdas been
photorefractive polyneric materials, The recordi ng. system conprises a | aser
020y Ca mociirt 08 dedmmstal” rerrso it £ h sl i SEro0R s ( 1o,
13), a pin h%b@rﬁ’&%fdly' (F-vinyliéarba RMOLINK ) dopdd With the pRdtosa@idetivanmeRktigict i ve
lens ( 18). For reading wth confocal geonetry, the systemalso 10 includes
a beam spl i t 2e14, (RtinitrerSfflparenane| @AF)( which preyidesrabsemptinglia HeeVutce (26)

and a detact Qk_. . i o] . ! si onal
acanni ng 15t ag s E0eiPh 3P s AEEEh PRSP ive bl A iR TR

phot or ef r act icheonnapherd, a2, G3#methiihd-(@emtropheyykizapaisoBO ) (DMNEAVbMhichn t he X,
y and z directions upder, the contr.ol t he . uter (20).. 15 In the
recording préd QSBfOVéf{éép%EP ‘-OPhﬂ?sFll?ngIsﬁﬂa‘ﬂf‘gl%nP%ﬂbhi this SXPEIRH a5 .
focused into chbRParRBGHEK ik ffukieXSerRREMET®e raRIGRNE dridtited HIEmbpRGEs Wege used in
a pul sed node to record the bit” patterns of Figures 3 and 4 in the PVK

phot or ef r act in@k alignednby japplyang an flectrie, fiekd épalingk i dvgingprelwmedsationhand aser

can prodyge fra i e AN ] nd an
aver age 39 poReiitinh BEAE PR IRk e b ohite 1 W0l 2
(CW node t o thecmfates hef thiet pglpmerer rBnchfa Bndforme magmenid foeld nis t diffidaliVd
phot orefractive :‘30' yneric,material ..l n each case, the E/avel ength f the
| aser was t ufney %@Sﬁrﬁhevﬁﬁr_ € aBbrioPTeas dIQYET (AL g LTS INgG the
wavel engt h ofsompfexifi th AABHEHngOthdoaRd Photohéirfive! Bolytep™m tHiRaIBP IR Pt i ON
curve in Figure 1, we can 25 see that there will be no, single-photon
absor ption atthyleaghazolenGGLorageddadhio wdnge theeglastotrpnsitiah tempesstprel @ can
occur at el e f 40 gi . t r.ecor .
i nf or mat i2gnwal¥/aes ngg{elrﬁlglf?l ed gglﬂ%nhé) Qnggj%gni g%lfc%%%f@%r ‘%‘elltﬁ? Ilq% g(?lsto t he
conput er ( 20)DMNPAA:PVE:BOZGTNEL isr 5&B3:182) byaperoentagee sveigimnofa thdekdrals Gri ot

conmputer-control.led.3D translati.on sta 0)..For recording, a.30 Zeiss

o ob; oot INFERtFoS - ehaibis irelife esedel eiishor il bapeymtsield Be”™” vo

0D/ 49465 PCT/uf¥edentGRégortions 6f the constituent materials may be used within the ranges
specified above. Uniforms films of thickness 100pm were fabricated by

25 combining all the materials in a teflon cast then polymerising the PVK at a
temperature of 90°C over 2 days. The resulting polymer block was cut and

polished to produce the sample used in the experiments.

Another example of a new photorefractive polymeric material that has
30 been used to demonstrate rewritable/erasable 3D bit optical data storage is the

polymer poly (methyl methacrylate) (PMMA) doped with the photosensitive



(Figures 5 and 6) (18) with nunerical apertures of 0.75 and 0.70
respectlvely and magni fication factors of 20 were used. - For reading the
change in refractive-index caused by the two-photon photorefractive effect
an O ynpus wh4euMk£w m croscope was enpl oyed and 5 used ipcpadicfodbar enti al
interference contrast (DI C) node. A He-Ne |aser of wavel ength 632.8 nm was
coupled into the Fluo View for reading-¥he recorded information, as the
wavel ength of G32.8 nmis on the edge of the absorption band and causes

m ni mal  damagaterial 2hd, ﬂaﬁnitnbeﬁl-ﬂunfanmnat(ifblﬁ?) (velgeh Iﬁrgvidds pbsofptiar asthet he
recorded inf tlon he re i nt er est.was. i he 10 W

1
line of a rre 9 Y'§ rergl? FThﬁo SR#C Hiss Phpte rt Farft'HStWa{gﬁ‘é{]ra di ng and

erasing an qrﬁéméﬁ URy aBApéﬂr&ﬂbﬁfdré ve ( 1&)dnﬁemabpn-(wxﬁtliloﬁldﬂymeb)aﬁﬁbleapert ure
of 07andarr§&1|f|cat|onfactor of O(FlgureSB 4) or wth a

nuneri cal apEPMINRAS) which alspipravidss Absorptan imrhe ABY & V@fblqoeg(m glixtis 5 and

6 gd. t

) change Fn ehjtrin? oiSRARHE GenblletnrbtEplites vk A6t diEfed By bBpGHE ) O] S
3(b) show t hen reieetiv feldc(paling) dunngepaslantenmwnnamk operatiorc e Guah a palinfgocus

ts. | d f dt
Tocord the | REMIREGnis Kot ALGESRRY (Herdie otPeloct) CREm SEIhat dhe J8%u 54 bi s
was recor dedpifubdie by aarmigﬁ n&QenUaﬁ apérturé %?:écﬁ% 98 fWRSorderPofMmaghfudene

exposure ti rre for eath bit was e readi ng process a_ |l aser beam
of power | esgrepteath@nihahvat tlse;mm@at hefmsayet Hhe ebinglive apsriyrodddes losel DI C

i mage. Figur ) i.0 ( formation
after ha\llllgngg]tgg@r% %e?ﬁgﬁsneghggﬁg%he(o lg&%tﬁ %(t)%{ta%%?leét?&%ﬁﬂ@?téﬁ%%r ded bit in

Fi gure 3(b) is 90Binally Naamy]carblﬁz@al(ECZ{) Fjas alded td ealuoe ehe2flasd trarsitiont es t hat

there is a slight erasing of th i on, due t bso on of heI| ht
used for realfiMRFTaHEe Of (1iQ Matesialn ?%}?OP'EP ?fr‘?dncﬁ‘%%éta ﬁ‘é:eﬂ’afq’i'é‘ Ssane °

pover and expagNPR A:PNEMASECZANE fisdd way £0:33:2b; laWpEﬂch'ége Fefht oFgur e 3(d)
shows the sanme region as seen in Figure 3(c) after being exposed to the W

i 11 uni nat i ontdtalrwaight eethermhetorafiactivesuaterialalthoughdt wilhbe eppreciatedithat of the

30 previqusl y.4£ecqorded nfor t|on o) 9465 1

Fi gure 4?Sen§}¢e{?§tpégpq I t°§’/n%'f‘“‘%“h |msa9esré/2§ qg@é@ g{l % 17an§e§— c hanges
in refracti vepdoifita abbvéruUnuﬂohﬁ Gbyier of mlfmkmfs@r mumnwcirdqrfabn¢agcbrtgz of

i nformation wer ecorded wth a la separation of ,10 =, h | ayer
consi sts of SOIBSF‘E%E All ghe pistepialsing %/“gfonﬂ?ét fhep sl’toﬁf‘ﬁ?}é?“,‘g Mg Hear the
surface cont gifiSergture BRAGSE rbv@xf 2tdags| eteCesutting ﬁ@]ﬁm&eﬁl&ﬂ Wi cithidad | ayers
consist of the letters "B" "C'"respectively, us the achieved 3D data
density was apb‘ﬂmﬂlt@atfduyeﬂ@mpiesus@dﬁn therexperimentsonpar abl e to t hat

previ oushy achi evedht AR REH6eothoHTBER: of'a ROGHA' BAAGHNE of ot @l and

new photorefractive polymeric materials based on PVK as detected in an Oriel
UV-Vis spectrophotometer using a Xenon arc lamp source. The absorbtion
band of the photorefractive polymeric material based on PMMA is almost
identical.

25 It is seen from Figure 1 that the maximum of the absorption band of the
new materials is within 380-600 nm. Therefore a laser beam of an infrared
wavelength at 800 nm can be used in the recording process to produce two-
photon excitation at 400 nm. The wavelength for recording may fall
substantially within the range from about 750 nm to about 1200 nm. Since the

30 absorption band cuts off approximately at a wavelength of 630 nm, a range of

wavelengths from about 630 nm to about 1200 nm can be chosen to read out the



Figure 5(a) shows the ability to record information as a change in 10 _
refractive-index using continuous wave two-photon excitation. In recording
an average power of 75 nWat the focus spot - was used to record the

i nformati onywdgaldsern (the letter E) consisting of 24 x gérAuvbdeoyd@s "
recorded in the sanple. The bit separation was 5.6 Vim and the exposure
time for each bit was 2 ns. In the readi8rg process a | aser beam of power

| ess than 5 mMWwas scanned across 15 the sanple to produce the DI C inage.
Fi gure 5(b) stmuSed pleoterfiactivgdan bits withent suffdrirgufremS{ingleadrtten-fimiteig
exposed to the WV.illum nation for 2 onds. The resulf shows the

conpl et e er aSEFEALSD- twgvgf"égfﬁ%ﬁ@‘g‘? %@Hb?g(iami ?ﬁ’b‘?%ﬁqdd?f.‘)vﬁdﬁalfﬁ@a?@%(c), a
new pattern, drhige h@ddiy bedm i %uﬂciénil?rlownésonéthﬁ) SRISE siigie oi‘stw'ésﬁfhdﬂ”' _
Figures 5(a) and 5(b).” Two artifacts are marked with citcles 17and 2 in 20
Fi gures 5(a) ex¢igtioand (c) showi ng that the sane area was used to erase and
rewwite ipformati ] €r: e strate h bility of this.systemto
record and read c%gﬁegrg{ég :{(IEI Iﬁlg\" rgag’?%éé-’ ilénd@'ffttr(?fedﬁﬁvt?pﬁé 8PIS§§;%rPsf°5f Wo

i nformati on. phbtoaaetdyitigofbits 0Nl Natthophotbicfrat eOpclgferit hintéridlayFie o
separation of 25 pm Each |ayer 25 consists of a pattern o 4 x 24 bits.
The first | afefordingsystawd et Adese(Fice wﬁwﬂsshaﬂﬁaﬁtléfﬁm@ﬂ Prfe |etter

"A". The secepghpaRdl (26), Idhsto0! $3)CQPHh RbleXpetthife |(B4) GhotheBapedfite (16); |
respectively. It wll ‘be seen fromthe above that the present |nvention
provi des an ehdenwobiestivelensl®f Foereadingnyith cerfdial geometry thg systamralser i t i ng

bol yrrer i dOnm e el ity (27 yeBiek 1P ERR ARk BRVAE Bpb ) ohot on
excitation tendecdedcdnd28ealebiliked WAhOUchARE 0)/ AWOr&dditdensional 11 t he

data, and illumnating with radiation in the UV or, visible region of the
el ect r omagnetsFANLE); {88 {3Pb r REiduk foecHicdapowring, of the \§ample| el be

appr eci at ed. glordfRickioy SndlBil (BHR TRESearilieoSidhd o115 i80bvaBRY fvFaLs my be

made to the preferred enbodi ment” describeda ut departi from
t he scope and@ndpgiditectiasts under the gortrel dof theeamipier @0xh nodi fi cati ons or

i nprovenepts that ' 1o in el e, SHor apaci.ty, of the
system |mr311(@: | ude t hIeﬂa?lg F%\}/é\nhﬁg%%ce%hea §é§%§ﬁl§g{§}°3ﬁfsoug3§ﬁa llsg%é:rhﬁﬁé/n%agerof Cross
tal k between (10} wayfrasedsian the phowreffacdue pblynsdplsemptea{3 230 e Rséromad r om t he

refractive-indeyx, 10 mj spatch betwe the recordjing material (n = 1.75) and
the i mersi ofs H}%ﬁ?ﬂf@ﬁ"fe)@’ rqq?éfﬂ@f‘?‘hl%ﬁ%? E’@(‘f"fﬁ-’sﬂ%féﬂn MBYKS in an
increase in : ; SBRL; 0

recordi ng m?ﬁﬁt&%%ﬁggﬂ&gﬁ?eﬁ-@?a{?&%ﬁegﬁ ﬁ%ﬁlﬁgﬂuagfd eiﬁggkzheglca\éﬂjr bgegileong t he
dept h of t he preboe dnnygtrashditumisedthesny withlat pulse wndtbraf B9 fsadnd deeverage

nei ghb ouhpng pg%tcffio% 80w lIrhe TR vt‘)/gs 8&%&&9 li]%a atcgntinuous wave (CW) mode to

record the bit patterns of Figures 5 and 6 in the PMMA photorefractive

polymeric material. In each case, the wavelength of the laser was tuned to 800
nm, which approximately corresponds to twice the wavelength of the main
absorption band of the sample. From the absorption curve in Figure 1, we can
25 see that there will be no single-photon absorption at a wavelength of 800 nm;
only the two-photon absorption can occur at a wavelength of 400 nm. The logic
state of the recorded information was controlled by the mechanical shutter (11)
linked to the computer (20). The recording material (32) was mounted upon a
Melles Griot computer-controlled 3D translation stage (30). For recording, a

30  Zeiss Fluar objective (Figures 3 and 4) and an Olympus UPlanAPO objective



15 overcone this problemthereby increasing the density of data by using a
vari abl e 'tube I ength nethod. 2. Instead of the Tiaapphire | aser operated in
CW nodc, other types of continuous wave (CW |aser beans may be used to
produce thewoww4gabsot on excitation. For exanple, w th the wavauwooarl. 2 WCW
| aser di ode, operated at a 20 near-infrgred wavel ength, a fast, |ow cost,
conpact, erasable two-photon 3D bit opfrcal data storage system can be

achieved. 3. Different photorefractive polyners may be used and the

cheni cal prof8gwees gy g)n(e‘ B)avigh numsrieal yapgiuses @f Q. 63 and 0L Bhrespertivalyi ner ease
in the stabibjia iﬁtcgl@omg{ogsrgﬁ@@g&}e\%e@_ol ynmer. By tailoring the
absorption spectrtimwe can 2 etermne the wavel ength of light that wll

af fect the mat eriBdr. re@dimgt thegchmngann aefradtberipteocatseddby rthe eo\photonvi si bl e
region will decrease.the terial s susgepiibility to deteriorati,on due to
irradi ati on P ?}ﬂ’fe?ﬁgtweeﬁg?%ga%bi?@%s gﬁ’oﬁl o Wﬁ%&‘é?ﬂcawawmnﬁw ad e,
sunlight)s 4ysedl Ehh@tfefential MREFAShED coitfasHEDICT n&e. t D HedRePRGLOsF dat a 30
storage systemby utilising a recording nethod may be based on the

pol ari sat i onwaveleegth 632 Benmawas efiuplpdyatonthe Fiine Viiese Hor rpading| theweconddd: i pl e

bits to be r o 0 P 091 - f me
position w tﬁﬁﬁﬁ%%%nhg%/\?ﬁ g‘)laéglglfP g ogr ésptlaér) ggﬁ %p%ﬁzélﬁ g%%ei éﬁ t}get %‘%Je&gptio% t he
recordi ng beband mttbcansepminitahdamgge tnthy redvedéd irfomhationaBeapiy. dpr Tat e

ol aFi sation state are detegcted,. 5.. A nethod. for seleciive bit erasure in
Phe Lwo. phot GRS e o Esmeles e ool Ie Grs HImRRed rdn st ¢« he

recor di ngoangrv 6agond REREH lafd e Flb FhiewintictRboRe HED&R tRE r@aRtheer ased
by changing the polarisation state of the recorded bit, so that it "has an
appropri ate ped grastng porOlympus YRlaaAPEOapbisctive (1 He eidkarewithda mumesicaldet ect ed

opt 1 cal - dat A RARE etk M maE S A hror SR (R Yl 0 Pl 501 6

coherent |i ghtmeficsl spsiting 6fh@4mdra aiagaifiehiiém ftsrast 10 e(Rigirgsrerdnd 6yt eri al
to cause two 5 phoifon excitation of the material at the focal point of the
beam t her eby M#®8#%t i ng the refractive index at the focal point to record

data; angsilluni natiaenid¥RtabRicAr 6Bthe Wbility 1696 AMfohRadaea lchingeemor ded
data. 2. A nmethod of witing and re-witing optical data Iin a

phot or ef r act rafeactive-insley sing: twerpbeton| exsation, Higeres 3geluard Atp)ashosatheof

coherent lig t.] I rl ial. . to ¢ .
fwo-phot on ebisefiled ffd?h RERGREL R BRAHTE 4 GhEREE s PeifiSing.,
t her eby nodubativerggd peweraifrsanW wethe foeis spot Wheudedaalreqord e inforwfatibe. dat a;

illumnating the material with radiatiqgn t ase the recorded dat a;
g A pattern (&e letter C) cons?s%ng of %4 X 84 %{ts was recorded 1n the sample.

20  The bit separation was 3.2um, and the exposure time for each bit was 25 ms. In
the reading process a laser beam of power less than SmW was scanned across
the sample to produce the DIC image. Figure 3(b) shows the deterioration of
the recorded information after having been scanned 500 times. The contrast of
the recorded bit in Figure 3(b) is 90% of that in Figure 3(a). This feature

25  illustrates that there is a slight erasing of the information due to absorption of
the light used for reading. The information recorded in Figure 3(c) used the
same power and exposure time as used in Figure 3(a) and Figure 3(b). Figure
3(d) shows the same region as seen in Figure 3(c) after being exposed to the UV
illumination for 1-2 seconds. The result shows the complete erasure of the

30 previously recorded information.



15 focussi ng anot her beam of coherent |ight on the photore;fractive
polymeric material to cause two-photon excitation of the material at the
focal point of the beamthereby nodul ating the refractive index at the
focal pointwh@ekfzavwite data in the photorefractive pol yngim uos@dier i al-. 20
3. A nmethod according to claim1 or claim2 wherein the photorefractive
material is illunminated with el ectro-rmealdhetic radiation having a wavel ength
inthe ultraviolet (W or visible spectrumto produce a redisiribution of

t he spaci al di st rFigutd énd@ﬁoﬁskmteelthetabhlatychﬁrtlgesyﬁkannitmgebdrﬂsam r&dde dat a

to erase the corded dat.a. .2 od ac elnthe
phot or ef r act Ff‘/@gﬁﬁ)l“ﬁ/ acHVEr Fl%lm?lé‘pteuméﬁertg tmg’l"“ng%r gljé“‘?ea Sﬁsl

only a narr owBaRdion wérd e d&dédt»oltwn fke!r Qeﬂai*ﬁidﬂfbquo ﬁrheEsémyépéagia@tl c
spectrum WO 00/ 49465 PCT/ AU00/ 0 . A nmethod according to

claim 3 or cbhihpatteratod 26ix24 bigs. r?éb@ifr‘mhiaaf:r ﬁmr%mpthwrﬁsﬁaomﬂmsne
phot or ef r act e I egrange
from abou h%tglenrﬁ%(lg Mtg IGT%% 'i“héllsgé gh §d§m?‘l§|ﬁ%}3{é§c€d§|rs |ng o‘r‘l‘glﬁ‘g one of
clains 3 to smdher ed:speéthel)phhnhmhefabhmt/ed/erdﬂtg/demsmy mmprammmely déh t hat
i s absorbs sg;gs ngi alhf%l no rad| |on ﬁlbove a aﬂ of, about 630 nm
7. A et hod BFEY oD B ToEAn o RTINS 8| iR AR AP P at a 10
recorded in Ql?fnmfa%%fdréﬁédti\(@cﬂfé{aygﬁdbﬁotﬁ%ﬁéﬂlﬁ‘é miaferfaf@d by illuminating
the photorefra tivé polymeric material wth coherent Iight of a wavel ength
falling substantiEBighie \ﬁ,(E’t)hsh@“tShﬁler ahngef to gacad omforgBoionnas @ elrmge 1200 nm

8. A net ar.di one. of t wher ei.n the 15
beam of ?@cuge © V%E}g@(g‘ﬁﬁgy 5% u?}lsge‘ﬁ e@boq‘é'pgyé‘?g%oﬁstlﬂée%%glflgragf ractive
mat eri al has a@ermgs/pdmgiﬂvsfmw aﬂQGSfU@fsts@Bt was hsedwotrbedrdithe infafgationt om about
750nm t o aboyt 1200 mto usetwo gpﬁ % C|tat|on 9.. A net hod

&i

according to chtfq‘i (FoBRERE EP%F?ﬁ’OédeﬁdI“stEE samPieaser beam
is used to r?ﬁ@bﬁ s@ﬁéxﬁhérﬂw‘h@g GHhﬁtzﬁ{detBé%ﬁﬁés\i?e fRLYBREACh HiRhas ks, ThO. A
met hod according to any one of clains 8 wherein a continuous wave

| aser beam i ﬁleuswng Procgena dlasmab%am of phweplm thaafy mWiwas ssenyedesdress
material 4525 h]e I EPO% ?&}ﬁgrﬂi@q ta&: a };%89%1(63 oh% @1%%8&‘10{3 hofil 1 T

wherein a po arls Scusab ren i S UsS€ O record
pol ari sed bi f&ndh Rﬂglra 5(4) atfﬂeebahgtcﬁp@feda@thevwvmhmmuon forl <y sedbnds. WO

00/ 49465 -15 PCT1A 001 12, A net hod accordi 11 wherein
di ff erent pol-ﬁ’rel@%l{llD%W“é“tt ¢ semplete ergsure of the W@V‘l?@glghrﬁ?cé' E@Hl?ofnéatloé‘cor d

mul tiple bitg ploupd ?%név@ﬁat?éi‘ﬁﬁh@%‘%ﬂc} "'P'nlsh%\{ttélﬁm% f}feesraﬁ{étareé)!a@ﬁéeaat Ion
states in the otorefractive polyrrerlc mat eri al .. A nmethod according

to claim 11 or Figusgsnd@) ande¥(®).n Tove artifhcts @@@Mlﬂecﬂ&tlﬁl gireles dagndh g i9si ng a
readi ng BEaMEAAVLNG 36 PRIOR 'sBEGiROHA! ERALARY afda?kSs used to erase and

rewrite information.

Figure 6 demonstrates the ability of this system to record and read
changes in refractive-index of multiple layers of information. Three layers of
information were recorded with a layer separation of 25 pm. Each layer

25  consists of a pattern of 24 x 24 bits. The first layer, recorded near the surface
contains a pattern of the letter “A”. The second and third layers consist of the
letters “B” and “C”, respectively.

It will be seen from the above that the present invention provides an
effective method of recording, reading, erasing and rewriting three dimensional

30 data in relatively inexpensive photorefractive polymeric materials using either

pulsed or continuous wave (CW) two-photon excitation to record and re-write



14. A nmethod according to any one of clains 11 to 13 wherein individual
bit's of data are erasable by changing the polarisation state of the

i ndi vidual bits. 10 15. A nethod according to any one of the preceding

cl ai 8 wherwbokidags phot orefractive pol ymeric material inchexlesooabinleast
about 25% of a polyner by percentage weight of the total weight of the
photorefractive material. 15 16. A nethbH-according to any one of the
precedi ng clains, wherein the photorefractive polyneric material includes a
chr onophor e e datapiaodiillemiratisg ryith sadiation fre the/UNO ori sibleeragign off thé t he

el ectromagnetic spectrum .17. A nethod according to any one of the
preceding cl 5}%0&%5?%?%3{1}?5%5) Eﬁ%ﬁ‘_@‘Fé&%&?ﬁ@%m ymeric material includes
a photosensitive pakaliado BbiapPrediabd €R$ vakisos Rhddificdtibnk N altéNibss ¥hsi bl e
region of the electromagnetjc spectrum 18, A nmethod according,to any one

of the precedMREPVEMENs Mebeimadento o prriered cmbpdirpenty describedrabers al

I ncl uds acpl | Cl Q.r t ST : at of the
mat eri al . 519%%0%'?%%#%%0%%%8 S’? gp%flalg&%R%ﬁo(%F ?ﬁebxtgkr;éel{gelg?ér%ﬁ% a?{ﬁgh wherein
t he phot or ef madifivaiomat @r impravementd ethatitaré emyisagedreo oinctdase fthe | sbovage

materials in quantities fallin ubs tiially within the follow ng ranges
| ay percentad p*lfﬁtytorféﬁ%ﬁ'sfeé‘f He itgfhfoq@?m?ﬁre photorefractive material: WD

00/ 49465 -16 25% 1, 1009h@fcompedaiBR of: srift @B%uffs 8f eFusoRINBERiecen the 5% of
a photosensitive material; and 0%- 40% of a plasticiser. 5 PCT/AU00/ 00117
~ 20. A net hexersadessr Higwge 199 dueatanspherinel @besratiorn fige rthe rrefraetiveoinderer
conpri ses ,pol y: i][g# r ; : o :ﬂe‘; c | | ai m 15
or clai mSlJ(.)Q lgl&lgltc\ré eg%otpgﬁ%ro ﬁ%llﬂé (E:%n@brﬁlg%s YS\Z) y ? (r?gff‘ %f/m%%sgéﬂglgpy at e)
(PMWR) . 22. AnrethoThacafoctiverinder mismiatchrésudts iarap increasf incthaidiffrat@on o 21

wherein the chronophore conprises 2, .5- dinethyl -.4 - -ni t.ro- phenyl azo
ol & DANSRR SR8 e ponition b -3 bane Fearainy medivin, A5 o, Sfeeny | 22
claims 19 to #Z2h1ekide Npdals R ArmiaStilel MeptiRé HicA ke ORI | MBiud, thus

7-trinitro-9-fluorenone (TNF). 24. A nethod according to any one of clains
19 to 23 wherresultinghin grossstaik betwieerp oeigbbeuringedatalayersy | Kandyabopessiiery . 25. A

phot or ef ract i rl terial . | . . ptical
data st or1§ge,°\<’§ W@glp%tgﬁc}!rré?lrg%ct {éﬂ\?g'lr b%c%aﬁgl%ﬁ}éé ﬁ% ét%gm%r&?sﬁggegﬁ%ﬁpt i on
in the UV to tubsiehgth methbdn of the el ectronmagnetic spectrum wherein 25 the

absorption band Of2. ' heIrgpeta torftfc:r ’?i?stalpgﬁirmsgrrcl)paelratgg in EW n?(;sch other l:;))lese the

of continuous wave (CW) laser beams may be used to produce the two-photon
excitation. For example, with the help of a 1.2 W CW laser diode, operated at a

20 near-infrared wavelength, a fast, low cost, compact, erasable two-photon 3D bit
optical data storage system can be achieved.

3. Different photorefractive polymers may be used and the chemical
properties of the materials may be modified to lead to an increase in the stability
of the photorefractive polymer. By tailoring the absorption spectrum we can

25 determine the wavelength of light that will affect the material. Creating a
narrow absorption band in the UV or visible region will decrease the materials
susceptibility to deterioration due to irradiation from the reading process or
from incidental UV light (i.e. sunlight).

4. A method for increasing the density of the two-photon data

30 storage system by utilising a recording method may be based on the polarisation

state of the recording beam. This technique allows multiple bits to be recorded



recording of bits of data by two photon exciation, the reading of the bits
of data by a source of coherent |ight on the edge of or outside the '
absorption band, and the erasing of the bits of data by illumnation with
radi ati on WidyoRedshe absorption band. 30 WO 001 49465 PGI¢HAOM0QELL17 - _
-17 26. A photorefractive polyneric material according to claim25 wherein
t he maxi num of the absorption band of 4+ke photorefractive material falls
substantially within the range fromabout 380 nmto about 600 nm 5 27. A
phot or ef r act avthesaingpesition wathen thel matenalndinpydifierent polari2sti@r states bfithi26

wherein the upper. end of the absorptian band of the phatorefractive
ol yrer i ¢ et GPINE | Bealhotricis 3D 13N ACH o s chifa TR, Ao AP BBFHE
mat eri al acc?ﬁgﬁgﬁmtagyrmc@gd.cl aims 25 10 to 27 wherein the materi al

i ncl udes at [east about 25% of a gol_yrre‘r by percentage wei ght of the total
wei ght of the phoforefs arathadeforseleeiieg bit zosum ipbe swefphaton data plorageer i ¢

material @cc i o) J-Y LD enl al

el udes 5 cAPa sy ae el SicaBolf e the heomfind G0 Tidd Bt "B | .
regi on of théndividadlriitegnbt sclectpéand erase@By chapgiagahe boleisatum staleysfer i C
material accqgrding to.claim?29. wherein the chronophore is present by an
amount fal | 1 At CEHSES Rt <h ot ihan AT SpBrapHale HRlaFaNe ate WhCh &R SthHOL 60%
by per cent agge WBicsiel oPhott difectt @onWeading, of the 20 material. 31. A
photorefractive polynmeric material according to any one of clains 25 to 30
wherein the material includes a photosensitive material which provides
absorption in the IV to visible region of the el ectromagnetic spectrum 25
32. A photorefractive polynmeric material according to claim31 wherein the
phot osensitive material is present by an anount falling substantially
within the range from about 0.5%to about 5% by percentage wei ght of the
total weight of the photosensitive material. 30 WO 00/ 49465

PCTI AUO0O/ 00117 _ _ --18 33. A photorefractive polyneric material according
to any one of clainms 25 to 32 wherein the material includes a plasticises
to reduce the glass transition tenperature of the material. 5 34. A

phot orefractive polyneric material according to claim33 wherein the

pl asticizes is present by an amount falling substantially within the range
fromO%to about 40% by percentage wei ght of the total weight of the
photorefractive polyneric material. 10 35. A photorefractive polyneric
material for use in a nethod of optical data storage, wherein the nmaterial
i ncludes at |east sone of the following nmaterials in



quantities falling substantially within the foll ow ng ranges by percentage
of the total weight of the photorefractive polyneric material; 15 25% -

99. 5% of a polyner; 0%- 60% of a chronophore; 0%- 5% of a photosensitive
mat eri al ; amolodd¥aes 40% of a plasticises. 20 36. A phot or eloTaadeEIpol yeri c
material according to claim28 or claim35 wherein the polymer conprises
poly (N vinyl carbazole) (PVK). 37. A pﬂét'oref ractive polyneric nmateri al
according to claim28 or claim 35 wherein the polynmer conprises poly

(nmet hyl met heBAIMS e) (PMVA). 25 38. A photorefractive polymeric materi al

accordi ng to%any R?’ﬁeﬁéd&‘%gﬁ%ﬁdﬂégﬁgﬁgtz%ltdgta%% eFSE .n the chronophore

conprises 2,5-dine 4-(p-nitro phe ani so PAA) . WO
001 49465 PCT/ AJOQrodicing a bed® o8 focusabdyabhereht léghtj ve pol yneric materi al

according to any pne of ¢lainms 31, 32, or 35 tpo 38.wherein the
phot osensi tive na@%‘r‘%sﬁ’lg tg% sg¢ Pél,"ml?f?aﬁ-“t"F PR xm%l%mﬁﬁeuaf@n%%e MF) . 5

40. A phoj or gldtas tdxéRatif] YIethe CmBRHET ia@'th@%@éld}é&% l6F Y beslf ﬂiceréBlyai s 33
to 39 whereih the plasticiser conprises N ethylcarbazole (ECZ). 417 A

phot or ef r act mpdulgting therrefractimedndex atthe fagskpdint ta reesrd datapandpt i cal dat a
storage conprisin he.follow na. rlals: 10 paoly(N vinw garbazol e)
(i 2 5 i mecHyrisatng bR thdlsdon b b o Siqbudtt ol

2,4, 7-trinitro-9-fluorenone (TNF); and N ethyl carbazole (ECZ). 15 42. A

phot orefractjve terial according to claimAdl rein the PVK_ DVNPAA; TNF
and ECZ are fres thﬁli‘ngf%r WF‘H&taé‘FiyrerWE‘“P%Iqpékﬁfvwngatéo‘ﬁc%rﬂ R EALVEy

percent agg V‘g&lgﬂkﬁefmétél?altc@ﬁn?ﬁsmg? ght of the photorefractive nateri al
33:50:1:16. 20"43. A photorefractive polyneric material for use in a nethod

of optical data sfoousstg edreem of regherient dight oni thg photencfra¢téve polyefiset hy|
th | at P 2.5 dimethyl-4-(psnitrophenyl i.s0l DVNPAA) ;
a7t i Pt T el e P R AR Re AP RS Bl PoidbpP

phot or ef r act baten fekebyanodulaiigetht aéfrativointerat the fobalipvintIo white data; t he PMVA:
DWNPAA; TNF and ECZ are, present in agpr‘i),xi_ mately the fol] ow ng
concentrations byllpevpating themaisrighwithradigtion torexpseths Errordsd dafh

photorefjactive 3Q.pQingenbfhelPb&nt 2 C3hdlnd ‘Hfht on the photorefractive

polymeric material to cause two-photon excitation of the material at the focal
point of the beam thereby modulating the refractive index at the focal point to

re-write data in the photorefractive polymeric material.

20 3. A method according to claim 1 or claim 2 wherein the photorefractive
material is illuminated with electro-magnetic radiation having a wavelength in
the ultraviolet (UV) or visible spectrum to produce a redistribution of the spacial
distribution of the electric charges forming bits of the data to erase the recorded
data.

25
4. A method according to claim 3 wherein the photorefractive polymeric
material is such that it absorbs radiation in only a narrow band in the UV to

visible region of the electromagnetic spectrum.



WO 00149465 _2~_ PCT/ AUOO/ 00117 AMENDED CLAI MS [received by the ,

I nternational Bureau on 23 June 2000 (23.06.00); original clains 1 - 44
repl aced by new clains 1 - 45 (8 pages)] 1. A nethod of witing and erasing
optical datgg@mpdessi ng: focussing |ight on a photoref r ackewmaummopmer i-c
material to cause twophoton excitation of the material at the focal point

t hereby nodul ating the 5 refractive indé-at the focal point to record
data; and illumnating the naterial with radiation to erase the recorded
data. 2. A nethod Afmethod aexgrding to elain i3t armngaiops ivdekeid db@maringum of the

phot orefractiye pal ri,c terial conprisi.ng: .10 focussing light. .on the
phot or ef r act iazf’éo'gﬂf’ %Pfl Cof;:&pepl}oéqreﬁgcqgfgug@y B%?%Hgéi”é{;t %Hblsgﬂg?)lfy t he
material at tdighih WefanpOFBin Mout FEOnRERAHORES@PYmDduUl ating the refractive
index at the focal point to wite data; illumnating the material wth
radiation to erase the recorded data; focussing light on the

phot orefractiye p IyF@i' Jal, t a > phet 1 i of the
mat eri al Zsf tq\"{le f(%‘ca pglgn?&t%ﬁ@rjébtf (r%% uPrg?ei&n%Q §1-gg)rgf ?J;cfix‘\%ér?%dg% at the
focal point tphotorefrsdtive palymerio mieriph ot endf thatt isvabsodbsy sebstantially end al . 3.
A met hod according to claiml or, clai erein the nodul ation of the 20
refractive i nAERIMLARQYE ab‘ya‘feieé‘gfmﬁt{%‘?m%ci tation is a refractive index
i nhonogeneity resulting froma non-uniform space-charge distribution within

the region of excitation within the photorefractive polyneric material. 4.
A met hod accdkdi ng methodyacsardieg te pay ese the pregeding radaimst wherem the data

H f . e . ) . i : P
v ng . (avabenieh i b pistorelptlORipnelt mhofuid 3 rps BY b aAE AR 0 .
a redi stri butghotoréfradtive popwnerdd ndiesiai witht ¢aderent lighe of hexdvelangdh fulljres

formng bits of the data .to erase_the recorded daja. NDED Shl EET

( ARTI CLE 19) S“{’WWW%B %FPATJ@GWT"?&{_O rlm-t?%{’@:“ é Mod according to
claim4 wherein the photorefractive polynmeric material is such that it
absorbs radiation in only a narrow band in the UV to visjble region of the
el ect romagnet8-c spedtathod agogding, taeamyoone oF dheiprrgedingctlaims wherein thg m 5
wherein t j A n h e J Dol yneric
mat er i ol Pal 1ol BE sl BRERRPIER ORNts ookt SRR e BhABHASENRE Y500
nm 7. A et hastedgichasda ngavieiengtly falling ghibsthmtially within thewtangeifiorh haboihO

phot orefracti ol yperi g terial is such that. is absorbs substantially no
radi ati on abcjlﬁgng”ﬁégg‘ll IO CaY8R PV SBRCHARFX AR YRt hod according to any

one the preceding clainms wherein the data recorded in the photorefractive
polyneric material is read by illumnating the 15 photorefractive polyneric
mat eri al wi t IP-cohéy methodiagperding ta ang vae ef rerpreeadingeladupwhensin aplgedyi t hi n

th f . . di t
one of TS prbeESesh iV A R PRRuln e Mol v oD AR D, D

photorefractive material has a wavelength falling 20 substantially within

t he range from about 750nm to,.about 1200 t 0 causg two-.photon. excitation.
10. A ot hod QecorMRAdACSATAIR 0 85 PRG O BN &IWHARDHEPHIION pul sed

| aser beam i sysm%ethstO beRa0fsduskdt ® irBcdr@ed AhotHRl pRsibtefficRot YWBlhéric
material. 25 11. A method according to any one of clains 1 to 9 wherein a

conti nuous wdvdetiglser beamis used to record data in the photorefractive
pol yneri Cys
11. A method according to any one of the preceding claims wherein a
polarised beam of focusable, coherent light is used to record polarised bits of

data in the photorefractive polymeric material.



mat eri al . AMENDED SHEET ( ARTI CLE 19) WD 00/ 49465 -22 PCTI AU00O/ 00117 _ _
12. A nethod according to any one of the preceding clains wherein polarised
coherent light is used to record polarised bits of data in the _

ghot or ef r aGé ¥gaodgd! yneric material. 5 13. A nethod accor diargsuearomlizmi m-12
wherein different polarisation states of the recording beamare used to
record nmultiple bits of data at the sanme position having different

pol arisation states in the photorefracti e polymeric material. 14. A method
according to claim12 or claim 13 wherein bits of recorded 10 data are read

by usi ing b i ng,. i ate .palarisati tate. 15. A
et hod aceor dihg ¢ ¢ RIRGAEBRITH 10 R bl cgheceih FFArEn pPY RATVRIGRG 5 of
data are erasgRlRcding o a¢ sbetdPrkard maltipkbitd of Qatdfat tHeesakdpasitihsal

bits. 15 16. A nethod according to any one_of the preceding clains wherein
t he phot or ef r heYing diffsestiolarisatien gateam the photsefraptive pabtmerisonatedsl. o, of a
pol ymer by percentage wei ght of the total weight of the photorefractive
material. 17. A nmethod according to any one of the preceding clains,

wherei n thg 203 phoAamethodcccondingotoyclein d | nat dainall 2i wherenebits of hecondgzhor e
whi ch provideg absorption in the.UV.to visible region of .the.,.

el ect r omagnet ﬁ (a @ga :H%US%.a 15adipg heain é&?&géﬂﬁap’g’é’“&}ﬁp%ﬁésaBP" fiate-

precedi ng clains wherein the photorefractive polyneric nmaterial includes a
phot osensitive material which 25 provides absorption in the UV to visible
regi on of theldl ecfroethgadcrerdigeter mynenelof claimedide bt sderimdndividaaly one
of the precedi I %% i : .act iV erial
i ncluds a pl ag{{??:fésagbr‘ g%o reéﬁeclg’ %ﬁ%@?%’%@%@%ﬁo isﬁaﬁ@?éﬁ%@#@? hd;glt%#' t he
mat eri al . 180 AMENDED SHEET ( ARTI CLE 19) WO 001 49465 PCT/ AUOOI 00117 _

-23 20. A nethod accordi to any one of th r ecedi.n |.ai ms, wherein the
phot or ef ract i t\];g rrage‘inF g?"rﬁ??‘iﬁé% to, ANy Qng; Ofggﬁep@peélﬂg Cﬁ%}msoW‘FF@mrrgieeri al s
i n quantiti esph@bldffagtita!pslyaRrtic FhdwyriaMihdlidest 4 QedsPhh W 239, bﬁaQJl%gmgaf 2bg(y

b -

percentage of the total weight of the photorefractive material:
100% of a pol persentagawepbyebhe fotehweighbeighe photorefractive material.

15 16. A method according to any one of the preceding claims, wherein the
photorefractive polymeric material includes a chromophore which provides

absorption in the UV to visible region of the electromagnetic spectrum.

17. A method according to any one of the preceding claims wherein the
20 photorefractive polymeric material includes a photosensitive material which

provides absorption in the UV to visible region of the electromagnetic spectrum.

18. A method according to any one of the preceding claims wherein the
photorefractive polymeric material includs a plasticiser to reduce the glass

25  transition temperature of the material.

19. A method according to any one of the preceding claims wherein the
photorefractive material includes at least some of the following materials in
quantities falling substantially within the following ranges by percentage of the

30 total weight of the photorefractive material:



0% 5% of a photosensitive material; and 0% - 40% of a plasticises. 10 21. A
nmet hod according to claim 16 or claim20 wherein the polyner conprises poly
(N vi nyl carbazole) (PVK). 22. A nethod according to claim 16 or claim 20
wherei n t hewpQbMsgs 15 conprises poly (nethyl nethacryl atmym w7 23. A
met hod according to claim 17 or any one of clainms 20 to 22 wherein the
chronophore conprises 2, 5- dinethyl --4- (p-nitro-phenylazo) anisole
(DWNPAA) . 20 24. A nmethod according to claim 18 or any one of clainms 20 to
22 wherein the ph2f%seldP4 ofiepolginer | al conprises 2, 4)

7-trinitro-9-fluoren TNF). 25. A method according to any one of clains
20 to 24 wherein b%g@?’é’g?icﬁ%@?@?’comri ses N ethyl carbazole (ECZ). 26. A

phot or ef ract i ve_ podys%rdfa pratabhsitivd MateHaE ahd a net hod of erasabl e opti cal
data storage, the photorefractive polynmeric material providing absorption

in the W to visi BVe 4Q3gioba piastieises. el ect romagnetic spectrum wherein 30 the
absorption band of the phtotrefractive material is such as to enable the

recording of bits of data by two photon exciation, the reading of the bits
of data AVENRED SHEmEtlodRitdirding Xp claitd [/of 9daim QT vk Ghd Ipblymer - 24 by

a source of coherent light.on the or outside the absorption band,
and t he erasicﬁﬁlpB‘FestHfgy%p’tvé“y ?afg%gggﬁvﬁ-l um nation with radiation within
t he absorption band. 5 27. A photorefractive polyneric material according

to claim26 wherein the maxi mum of the absorption band of the
phot or ef r act i2te nét aretlad pegardingtoselaimi B 1oy ddpinhil? whereinfbe Holymembout

380 nm tqgab%ﬁlgﬁg%#@(@%mQMEﬁhﬁér@%ﬂg%§ polynmeric material according

to claimZ6 or rern end of the absorption band of
t he photorefractive polyneric material is about 630 nm 29. A

photorefractiyye polyneyic material accqrding to any,one aof ai 26 to 28
Rherei n ¢ he. et er iAothee axraicing & GG 181Gy S95E IRy Rl Bered

per cent age wehegmroﬁi‘olphb& lcefpliséei2g Bt dpthethhe— RNOYpItfké-pREAVLzI BINAGIA .  30.
A photorefractive polyneric material according to any one of clains 26 to
29 wherein t (EMMPAA)al includes a chronpphore which provides absorption in
the UV tqgvisible region of the el ectromagnetic spectrum 20 31. A

phot oref ractive polyneric material according to claim 30 wherein the
chr onophor e 28. pr e& etdthdil/actording tontlainall 7iongng wns todreldims |19 toi X2hwherelne r ange

from about 0.5%.to abaut 60% by percentage i.ght of the t wei ght of
the _ materidf¢ pl%"@??‘g)&e B"r%etr@il% ‘F‘H’H@F\t;egp%’%ﬁgéﬂmﬁ?qea cording to
any one of clainms 26 to 31 wherein the material includes a photosensitive

mat eri al which provides absorption in the UV to visible region of the
el ect r omagnei2te speapethadrcauding to anypag of deimscty te23pwheresy the plastieizera|

accordi ng,t o gl ai 3 i otosensitive material is present by an
amount a0l | r?gl@bgésst aﬁ’t"?ﬁfﬁ&&’h i ’t he AVENDED SHEET ( ARTI CLE 19)

25. A photorefractive polymeric material for use in a method of erasable
optical data storage, the photorefractive polymeric material providing
absorption in the UV to visible region of the electromagnetic spectrum, wherein

25  the absorption band of the phtotrefractive material is such as to enable the
recording of bits of data by two photon exciation, the reading of the bits of data
by a source of coherent light on the edge of or outside the absorption band, and
the erasing of the bits of data by illumination with radiation within the
absorption band.

30



WD 00/ 49465 PCT/ AU00/ 00117 _ _ -25 range fromabout 0.5 %to about 5 % by
percent age wei ght of the total weight of the photosensitive material. 34. A
phot orefractive polyneric material according to any one of clainms 26 5 to
33 wherein wwoeoonmdseri al i ncludes a plasticiser to reduce POwAYDU®SL7 __ -
transition tenperature of the material. 35. A photorefractive polyneric

mat eri al according to claim 33 wherei n-tlHe pl asticizer is present by an
amount falling substantially within the range from 10 0% to about 40% by
per cent age wet@yht ‘pheteeetrastiye palymemic materipleacspustieg tg elatmi2pewhereimibei ¢
material . 36. : ofef g acki I [ erd yse_j od of
er asabl e/ rew?@gg‘{hgﬁ o%)iteit(f:lgl ab \g?péﬂ) g‘t %qugge?f mtér gpﬁgo{%%cﬁ%gféeﬁagﬁr@ %t“gdes at

| east 15 sonesubbtantialyf withinvthe tange from abaait 380 quatotaboue60d @bl i ng
substantially within the foll owi ng ranges by percentage of the total weight
of the photorefractive polyneric material; 25%- 100% of a polyner; 20 0% -
60% of a pﬁrozrpphqxghot@%ﬁacﬁ% @blymeRiahRARSACOMEng B Ehid! 25 éndlafi¥me 40% of
a plasticiser. 37, photorefractive polynmeric material according to claim
29 or cl ai m 3shersingheupper entohibe\abserptionbend ef theophotenafrartivg pelyhsriol e)
(PVK). 38. A o' g td olymeric material according to claim29 or
claim 36 Mer@?%h?{]lgfaéglﬁydr%éﬁmg’onpri ses poly (nmethyl nethacrylate) (PMA).
AVENDED SHEET ( ARTI CLE 19) WO 00/ 49465 PCT/ AU00100117 _ _ -26 39. A

hot or ef ract i | i terial di.ng t f claj , 31
5t o 38 wherdhn' thEnERIGIIBHG PRD TS et o uRb ghy ang B plgmn3s. ° '
phenyl azojg anis et eyhdobiiPAR) maibrﬂlq)-inﬁu&é@hgg@{sg%BhNQSW@fn@?o@yrﬁ&t gy! al

according to any one of clainms 32, 34 or 39 wherein the

phot osensi t i vRerermtagei vadighiorfihe todd weight of the phaigrefraciivermatsriehone (TNF). 41.
A photorefractive polyneric material according to any one of clains 34 10
to 40 wherein the plasticiser conprises N ethylcarbazole (ECZ). 42. A
phot or ef ract i2% poAyphetdrefractiverpodyméric maseial Accarding hodnpbne of claims 25

erasable/rewjtgble optjical data stqrage co i sing.the follow ng,

et ori al s: pdOyANBrRA B nusRHap Bk hipgiophate Which provides absorfrion

di met hyl - fs ( pmARhdé USPREAYIbRZASE oA I 81 QedtfdMiigNélic dpetirtnd ri ni tro-9-fl uorenone
(TNF); and N ethyl carbazole (ECZ). 43. A photorefractive material according

to claim42 wherein the 20 PVK; DMNPAA; TNF and ECZ are present in

oDpr o 1V 1 QS OBERLIA BB BRGEFTY G Ay Wk

total weight t he rve material

phot or ef r act i sleomophure id Preset by iaalanfount fatléng substafBalodithin piramge! frelat a 25
t isi he fall ow terials:
storage corrprellbsoul % %eto gbou(tjvgog/g br;apgrrcérilatagse weight of the total weight of the

20  material.

31. A photorefractive polymeric material according to any one of claims 25
to 30 wherein the material includes a photosensitive material which provides
absorption in the UV to visible region of the electromagnetic spectrum.

25
32. A photorefractive polymeric material according to claim 31 wherein the
photosensitive material is present by an amount falling substantially within the
range from about 0.5% to about 5% by percentage weight of the total weight of
the photosensitive material.

30



poly (methyl methacrylate) (PMMA); 2, 5, dinmethyl-4-(p-nitrophenylazo)

ani sole (DMNPAA); 2,4,7-trinitro-9- fI uorenone (TNF): and N-ethyl carbazol e’
(ECZ). 30 AMENDED SHEET (ARTI CLE 19) WO 001 49465 _27_ PCTI AUOO/ 00117

45. A phot oy@fdoasdes Ve pol yneric material according to cl apd/Adoobar ei n. the
PMVA: DMNPAA; TNF and ECZ are present in approxinmately the follow ng
concentrations by percentage wei ght of the-total weight of the
photorefractive polyneric material 73:10:1:16. AMENDED SHEEN ( ARTI CLE 19)
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37. A photorefractive polymeric material according to claim 28 or claim 35

wherein the polymer comprises poly (methyl methacrylate) (PMMA).

25 '
38. A photorefractive polymeric material according to any one of claims 29,
30 or 35 to 37 wherein the chromophore comprises 2,5-dimethyl-4-(p-nitro
phenylazo) anisole (DMNPAA).
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5 40. A photorefractive polymeric material according to any one of claims 33

to 39 wherein the plasticiser comprises N-ethylcarbazole (ECZ).

41. A photorefractive polymeric material for use in a method of optical data
storage comprising the following materials:
10 poly(N-vinylcarbazole) (PVK);
2,5, dimethyl-4-(p-nitrophenylazo) anisole (DMNPAA)
2,4,7-trinitro-9-fluorenone (TNF); and
N-ethylcarbazole (ECZ).

15 42. A photorefractive material according to claim 41 wherein the
PVK;DMNPAA;TNF and ECZ are present in approximately the following
concentrations by percentage weight of the total weight of the photorefractive
material 33:50:1:16.

20 43. A photorefractive polymeric material for use in a method of optical data
storage comprising the following materials:
poly (methyl methacrylate) (PMMA);
2, 5, dimethyl-4-(p-nitrophenylazo) anisole (DMNPAA);
2,4,7-trinitro-9-fluorenone (TNF); and
25 N-ethylcarbazole (ECZ).

44. A photorefractive polymeric material according to claim 43 wherein the

PMMA: DMNPAA; TNF and ECZ are present in approximately the following

concentrations by percentage weight of the total weight of the photorefractive
30 polymeric material 73:10:1:16
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illuminating the material with radiation to erase the recorded data.

2. A method of writing and re-writing optical data in a photorefractive
polymeric material comprising:

10 focussing light on the photorefractive polymeric material to cause two-
photon excitation of the material at the focal point of the beam thereby
modulating the refractive index at the focal point to write data;

illuminating the material with radiation to erase the recorded data;
focussing light on the photorefractive polymeric material to cause two-

15 photon excitation of the material at the focal point thereby modulating the
refractive index at the focal point to re-write data in the photorefractive

polymeric material.

3. A method according to claim 1 or claim 2 wherein the modulation of the
20 refractive index caused by the two-photon excitation is a refractive index
inhomogeneity resulting from a non-uniform space-charge distribution within

the region of excitation within the photorefractive polymeric material.

4. A method according to any one of claims 1 to 3 wherein the
25 photorefractive material 1s illuminated with electro-magnetic radiation having a
wavelength in the ultraviolet (UV) or visible spectrum to produce a
redistribution of the spacial distribution of the electric charges forming bits of

the data to erase the recorded data.
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within the range from about 380nm to about 600 nm.

7. A method according to any one of claims 4 to 6 wherein the
photorefractive polymeric material is such that is absorbs substantially no

radiation above a wavelength of about 630 nm.

8. A method according to any one the preceding claims wherein the data
recorded in the photorefractive polymeric material is read by illuminating the
photorefractive polymeric material with coherent light of a wavelength falling

substantially within the range from about 630 nm to about 1200 nm.

9. A method according to any one of the preceding claims wherein the light
used to record data in the photorefractive material has a wavelength falling
substantially within the range from about 750nm to about 1200 nm to cause

two-photon excitation.

10. A method according to any one of the preceding claims wherein a pulsed

laser beam is used to record data in the photorefractive polymeric material.
11. A method according to any one of claims 1 to 9 wherein a continuous

wave laser beam is used to record data in the photorefractive polymeric

material.
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the recording beam are used to record multiple bits of data at the same position

having different polarisation states in the photorefractive polymeric material.

14. A method according to claim 12 or claim 13 wherein bits of recorded

10  data are read by using a reading beam having an appropriate polarisation state.

15. A method according to any one of claims 12 to 14 wherein individual

bits of data are erasable by changing the polarisation state of the individual bits.

15 16. A method according to any one of the preceding claims wherein the
photorefractive polymeric material includes at least about 25% of a polymer by

percentage weight of the total weight of the photorefractive material.

17. A method according to any one of the preceding claims, wherein the
20 photorefractive polymeric material includes a chromophore which provides

absorption in the UV to visible region of the electromagnetic spectrum.

18. A method according to any one of the preceding claims wherein the
photorefractive polymeric material includes a photosensitive material which

25  provides absorption in the UV to visible region of the electromagnetic spectrum.

19. A method according to any one of the preceding claims wherein the
photorefractive polymeric material includs a plasticiser to reduce the glass
transition temperature of the material.

30
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0%-60% of a chromophore;

0%-5% of a photosensitive material; and
0% - 40% of a plasticiser.
10
21. A method according to claim 16 or claim 20 wherein the polymer

compriscs poly (N-vinylcarbazole) (PVK).

22. A method according to claim 16 or claim 20 wherein the polymer

15 comprises poly (methyl methacrylate) (PMMA).

23. A method according to claim 17 or any one of claims 20 to 22 wherein
the chromophore comprises 2, 5- dimethyl — 4 — (p-nitro-phenylazo) anisole
(DMNPAA).

20
24. A method according to claim 18 or any one of claims 20 to 22 wherein

the photosensitive material comprises 2, 4, 7-trinitro-9-fluorenone (TNF),

25. A method according to any one of claims 20 to 24 wherein the plasticizer
25 comprises N-ethylcarbazole (ECZ).

26. A photorefractive polymeric material for use in a method of erasablc
optical data storage, the photorefractive polymeric material providing
absorption in the UV to visible region of the electromagnetic spectrum, wherein
30 the absorption band of the phtotrefractive material is such as to enable the

recording of bits of data by two photon exciation, the reading of the bits of data
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maximum of the absorption band of the photorefractive material falls

substantially within the range from about 380 nm to about 600 nm.

28. A photorefractive polymeric material according to claim 26 or claim 27
10  wherein the upper end of the absorption band of the photorefractive polymeric

material is about 630 nm.

29. A photorefractive polymeric material according to any one of claims 26
to 28 wherein the material includes at least about 25% of a polymer by

15 percentage weight of the total weight of the photorefractive material.

30. A photorefractive polymeric material according to any one of claims 26
to 29 wherein the material includes a chromophore which provides absorption

in the UV to visible region of the electromagnetic spectrum.

20
31. A photorefractive polymeric material according to claim 30 wherein the
chromophore is present by an amount falling substantially within the range from
about 0.5% to about 60% by percentage weight of the total weight of the _
material.

25

32. A photorefractive polymeric material according to any one of claims 26
to 31 wherein the material includes a photosensitive material which provides

absorption in the UV to visible region of the electromagnetic spectrum.

30 33. A photorefractive polymeric material according to claim 32 wherein the

photosensitive material is present by an amount falling substantially within the
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temperature of the material.

35. A photorefractive polymeric material according to claim 33 wherein the
plasticizer is present by an amount falling substantially within the range from
10 0% to about 40% by percentage weight of the total weight of the photorefractive

polymeric material.

36. A photorefractive polymeric material for use in a method of
erasable/rewritable optical data storage, wherein the material includes at least
15 some of the following materials in quantities falling substantially within the
following ranges by percentage of the total weight of the photorefractive

polymeric material;

25% - 100% of a polymer;
20 0% - 60% of a chromophore;
0% - 5% of a photosensitive material; and

0% - 40% of a plasticiser.

37. A photorefractive polymeric material according to claim 29 or claim 36

25  wherein the polymer comprises poly (N-vinylcarbazole) (PVK).

38. A photorefractive polymeric material according to claim 29 or claim 36

wherein the polymer comprises poly (methyl methacrylate) (PMMA).
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5 40. A photorefractive polymeric material according to any one of claims 32,

34 or 36 to 39 wherein the photosensitive material comprises 2, 4, 7-trinitro—9-
fluorenone (TNF).

41. A photorefractive polymeric material according to any one of claims 34

10  to 40 wherein the plasticiser comprises N-ethylcarbazole (ECZ).

42. A photorefractive polymeric material for use in a method of
erasable/rewritable optical data storage comprising the following materials:
poly(N-vinylcarbazole) (PVK);
15 2,5, dimethyl-4-(p-nitrophenylazo) anisole (DMNPAA)
2,4, 7-trinitro-9-fluorenone (TNF); and
N-ethylcarbazole (ECZ).

43. A photorefractive material according to claim 42 wherein the

20 PVK;DMNPAA;TNF and ECZ are present in approximately the following
concentrations by percentage weight of the total weight of the photorefractive
material 33:50:1:16.

44. A photorefractive polymeric material for use in a method of optical data
25  storage comprising the following materials:
poly (methyl methacrylate) (PMMA);
2, 5, dimethyl-4-(p-nitrophenylazo) anisole (DMNPAA);
2.4, 7-trinitro-9-fluorenone (TNF); and
N-ethylcarbazole (ECZ).
30
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