" WD 00/ 49465 PCT/ AUOO/ 00117 ERASABLE/ REWRI TABLE OPTI CAL DATA STORAGE W TH
PHOTOREFRACTI VE POLYMERS.: This invention relates to optical data storage and
nore particularly to erasable/rewitabl e three-dinensional ogt i cal data

st or age W pbr4phot orefractive 5 pol ymers. Ml ti-1ayered (diCT/AU00/00117 __ -

t hree-di nensi onal ) optical nenories hayve increasingly becone a field of

I nterest in the devel opnent of high-denSity optical data storage devices.

Systens that utilise nmultiple |ayer recordi ng can achi eve _recordi ng
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data storage devices. T f -photo ' Lan in three-di nensi onal
(3D) bit optical data ?%b?g%ﬁn%@%% ] }é[}:ﬁﬁyl&ﬁ?{gbl lity to increase the
density in a girgNinvBRGSH rdlatddy tJ SPHEAINataGotieUnRd Thotdatt®aRidpdobi t .
The probability of two- photon excitation is proportional to the squared
i.nt ensi t yerabalilbRewritiblie threbidiensibaat bpecaf dae tstgragdueeh phatoreftdctiveon! y
within a small region of the focus spot. As a result there is |l ess cross
tal k Bet V\E‘élh'm?éii-ghbouri ng data | ayers. Another advantage of two-photon
excitation is '-r?fﬂ!'f i i | Ler 1@@3‘3?5‘@@ freddiso]
uti.lisation of Mahgt] i1 u%qug{]’fl%%e ggg%’%?ﬁgz%?ﬁkga@gj%ve eng% ,cso "yhat

nmore | ayengcemd Pidigcst fnerest gnohehdevddpprient off highudensivgt epiied]. dddaer t he
years different material s have been _used for 3D bit data storage, . under

t wo- phot ostoragei deitirem. Jystemshotheh wibisei maltirle olayes TeROTHASt eBbIRFRSIEZabl e
d phot obl hi t i al t -1 -d] it
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are quj ei#a3Rir8ze dbvdeesat ent No. 5,289, 407 assigned to Cornell 25 Research
a

Foundation, I'nc. discloses a nmethod of 3D optical data storage in, which a
beam of coher eTibe usgjlof two-plhetdnt exaitation invibrghdtmansiphak 6H8) pieepiieali on of
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material by reducing the volume of the recorded bit. The probability of two-

photon excitation is proportional to the squared intensity of the incident light;
15  this effect produces excitation only within a small region of the focus spot. Asa
result there is less cross talk between neighbouring data layers. Another
advantage of two-photon excitation is the reduction of muitiple scattering
because of the utilisation of an illumination beam of an infrared wavelength, so

that more layers can be recorded along the depth of a volume material. |
20 | Over the years different materials have been used for 3D bit data storage
) under two-photon excitation. Two-photon 3D bits recorded 1in
photopolymerizable and photobleaching materials have demonstrated -that
recording densities could reach terabits per cubic centimeter; unfortunately both
materials are not‘ erasable. U.S. Patent No. 5,289,407 assigned to Comell
25 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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gel 'material. However, this change is irreversible, and so the data bits
are not 30 erasable. WO 00/49465 PCT/ AU00O/ 00117 Photochrom c nmaterials

t hat undergo a change in isonmer states and photochrom c polyners that _
produce WHHW4AHE i n refractive-i ndex upon two- photon exch A Y08HE photh
erasable materials. Another type of material that is of considerable
interest is photorefractive material. The photorefractive effect 5 results
in a nodul atio oﬂﬁ%?e refractive-index at the point, of focus induced by
the spatial di Bhelastromic sRaterials fhat BRAGT§Rs 2 UHBREE| iTuiFomRET ditates tanshs been
di scovere h | r ef LVe | . LN hotorefractive
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the recorded information. However, this has previously only been achieved
in a photensideraklei interest 43 photorefigetive tmatemahi obhe eplm_tbrﬁti)t/a?;)nvevmffcht are

expensd ve_t manuf agtur.e. 1t..is therefore desjrabl.e t rovi de a,nethod of
wr iR aates HCA 0N BRaf ts e ARt Feade &) (e Rikpeh £5UB ThePerd D5, 15
Accor di notheQpaRs cﬁ§ﬁﬂﬁiti_dﬂfoﬂél@ct&-i&V&ﬂEgé%ﬂ;péﬂ‘ﬁl'i&igéti@ﬁ.ov' ded a nethod of
writing and erasing optical data conprising: producing a beam of focusabl e,

coherent |ightlt hascbsen ndjsedverdd dhatosueh ghohangef imche wefiaotiyeeindex nmt er i al

to cause twg- phot.on exci.tation of the r{g,t.?ri al at the fqcal pojint_ of the
beam t horRHOTOIGCHYA ST IAGTPN 6 Tor PERer e piBAtRg thenmeftem 2288 Witht o
record dat.gi; | ) [ < ' ' radi.ati he
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phot orefractive pal ynmeric materj.al rising: 25 focussing a beam of
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t wo- phot qﬁaﬁi‘f%ﬁﬁé.i on of the material at the focal point of the

It 1s therefore desirable to provide a method of -writing and erasing
optical data in relatively inexpensive materials.

15 According to one aspect of the invention, there is provided a method of
writing and erasing optical data comprising:

producing 2 beam of focusable, coherent light;
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 -

) lluminating 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 coﬁerent light on the photorefractive material

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



* beamt hereby nodul ating the refractive index at the focal point to wite
data; illumnating the material with radiation to erase the recorded data,

f ocussi ng anot her beam of coherent |ight on the photorefractive materi al

30 to caygrimsphoton excitation of the material at the pepavomosmt of..the
beam WO 00/ 49465 PCT/ AU0O0/ 00117 thereby nodul ating the refractive index at
the focal point to re-wite data in tkhé& - photorefractive material. In the
nmet hod of the present invention, the two-photon excitation produces a

change i n 48bs RachAhtist B FIRCHRR iAfied BEtR! BT p&int RFASFIBIdatdth facal 5
poi nt, thereby nodulatinhg the refractive index of the material at the focal
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method is such_that ill m'na%i%g with electrop-magnetic radiation _in the
S
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15 A | asef I'n a purse I"NnuouS Wave F Ser’ may be

used to Wiidisledpbatrv préfubbdh iR fedistdhutidn of BwésHcdlr distibugionedLr i al .
An ultrashort pul sed 1aser beamis typically used for two-photon exitation

because the chastpecharges frrming the date-hitsotwoerasectheardcordadedatar es Thee use
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denonstrated that two-photon excitation under continuous wave (CW
i 11 um nat Coeatirng possionw ebsetptionveand: Wél davrersm)thepmatariale susatptibilitg\to
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from sunlight).

15 A laser may bé used in a pulsed mode or a continuous wave laser may be
‘used to write data by two-photon excitation of a photorefractive material. An
ultrashort pulsed laser beam is typically used for two-photon exitation because
the cooperative nature of two-photon excitation requires the use of a high peak
‘power laser to produce efficient excitation. However, the use of an ultrashort

20 .pulsc laser increases the cost of a recording device and makes it difficult to
pfoduce a compact system. We have aiso demonstrated that two-photon
excitation under continuous wave (CW) illumination is possible. Although the
average power needed for CW excitation is increased by approximately two
orders of magnitﬁde 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 métcrial 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



" 25 continuous wave illunination can enable a fast', | ow cost, conpact
erasabl e two- photon 3D bit optical data storage systemto be achieved. The

phot or ef r\@Btthﬁﬁémt erial preferably includes a chronophorei,éam,%b/c?m.pw des

absorption in e W to visible region. The polynmer nmay al'so be oped-
a photosensitive material which provides_absorption in the U/ to 30 visi bI e
region of the el ectronagnetic spectrum In one enbodi nent, the polyner
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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 bité 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 glgss 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 pcfcentage of the total weight of the photorefractive polymeric material:



may include a chronophore which provides absorption in,the P%/%PQP@%W
regi on of the el ectromagnetic spectrum Optionally, t e%“ié%é}r opEmber 2009 e
doped with a photosensitive material which provides absorption in the U/ to
25 visible region of the el ectromagnetic spectrum and a plasticiser my be
added to reduce the glass transition ﬁerrperature of the material.
Preferably, a new photorefractive polyneric material in accordance with the
second aspect 5% -he9.5fvenh polymedckucteas BVK enBMMdne of the fol | ow ng
materials in quantities falling substantially within the follow ng ranges
by 30 percent 8980 of0fnef & shepmopheps: sush QS@K’HHB‘?*&;ef ractive pol ymeric

material : PCT/ 117 ej e r 21(%919 %o - 99.5% of a
pol ymer, such ngg\&ooqflﬁmﬁsge%?ﬁ&ﬁéﬁ%bﬂg Eléhron‘op ore, such as DWNPAA;
0.5% 5% of a phot aoRNS 4 plaSticBésEiet as EOZN as TNF, and 0% - 40%of a
pl asticiser, such as ECZ." 5 Preferred enbodi nents of the present invention

usi ngScheap pHoferred r gottiodémpotsy nefr sthes presentdiingendtirer i abseng ocheap
rewitabl e/ erasable 3D bit optical, data stqrage under . two-phot .

e t a1 ORTBISITStE PO REEh SIH P BB doh oo iRl it wi 1)
now be de ' XD I r r &) D
accorrpany‘|§1r§1tg§gdé§?%\I;\EAp %tgg?ééi ﬁﬁc\lﬁl %ﬂ})b I% R% %}hcrdgh?ﬁitg @Bglrugé;)ﬁqg g\ﬂhﬁgq r?e

absor pt i ooptiesal dataoftomgp kysterne fviHaiow be dpsdribedrbycwaptod ekamplopnlys evitn t he
present invention; Figure 2 is a schematic diagramof a two-photon

exci t at i oFfIEHERERD L BIsACCOIPanYnE TABIEYAR ¥R in a photorefractive

v, B5' phot onf IBHES it aran nfik P AbbdiefioR i) b gotorbtreb f407 75, ™

t wo- hot on Citatio efractrve po upon Its first
readi ng; pdlygiere Matetial fortuse inahepreaghpmvahtier; readi ng 500 times; Figure
3(c) is a 24 x 24 bit pattern of the letter "A"; Figure 3(d) .is the sane
regi on as Fi guFigusy &)isar seiemptiondiagragpsadda fwotphoton excitation microscope
used to record data bits in a photorefractive polymer;
Figure 3(a) is a 24 x 24 bit pattern of the letter “C” recorded by two-
15  photon excitation in a photorefractive polymer PVK upon its first reading;
Figure 3(b) is the same region after reading 500 times;
Figure 3(c) is a 24 x 24 bit pattern of the letter “A”;
Figure 3(d) is the same region as Figure 3(c) after being exposed to UV
illumination showing complete erasure of the recorded information;
20 Figure 4 shows recorded 24 x 24 bit patterns at different depths in the
photorefractive polymer PVK using two-photon excitation;
Figure 4(a) shows a first layer including letter “A”,;
Figure 4(b) shows a second layer including letter “B” and
Figure 4(c) shows a third layer including letter “C”;
25 Figure 5 (a) is a bit pattern of the letter “E” recorded by two-photon
excitation in another photorefractive polymer (PMMA).
Figure 5 (b) is the same region as Figure 5(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;
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i1l um nati on showi ng conpl ete erasure of the recorded information; 20 .
Figure 4 shows recorded 24 x 24 bit patterns at different depths in the
phot oref racti-ve pol yner PVK using two-photon excitation; Fi&grure 4§aé shows
a first MRWHHc| uding letter "A'; Figure 4(b) shows a FESHNHPIORN, -
including letter "B" and Figure 4(c) _sf?gws a third layer including letter
"C'; 25 Figure 5 (a) is a bit pattern of the letter "E" recorded by

t wo- phot on exci.tation i,n anot her. phatorefractive pglymer (PNMA).. Figure 5
'(|b|) s t P'e sand 1B dh oV gFer ;)bléfP%tFeer_%i Ab &%&@d %ﬁm 1n5(thf)= _
iIlum na g @%‘1{;‘ . ( oL on; Figure 5(c) is a
bit patte ?}5850?@?%%@?%?? r %MM%‘BFS é%ﬁ%g)ﬁ%ﬁ%méﬁée%gdrnéa as 30 Figures 1
and 2; AVENDEDFsgiieTs(a) o b (€ 1898 HBRIiRE TéAWAQI90117 Figure 6 shows

recorded bit patterns at different depths in the photorefractive polyner
PMVA usi ng t wotpgiredh(hebiotsta sgond leyeyuneluding lesteswB and r st | ayer

i ncl uding | . A" 6 h L, i ncl uding |
"Bl s Fi odre ) A S i e B R B e et cer O et
exanpl e of a newephaimpe 6P hewpRAbiRidivE gHRetd nidldtal Bt RaCheertised to

denonstrate rew i tabl.e/erasabl e 3D bit optical” data storage is the polyner
poly (N-vhssd dar BernonsirgtpVvegwiitapblemgisablet BP hotoptienkidaty stomgerisathe 2, 4,

R g MR VAT
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also provides absorption in the UV to visible region. In this experiment
compared with previous experiments the randomly oriented chromophores were
not aligned by applying an electric field (poling) during polymerisation and
15 operation. Poling of the material requires the creation of a magnetic field across
the surfaces of the polymer. Such a uniform magnetic field is difficult to
maintain across the surface of a larege polymer sample, increasing the
complexity in fabricating the new photorefractive polymer. Finally N-
ethylcarbazole (ECZ) was added to reduce the glass transition temperature of
20 the material. One preferred concentration of the materialns
j DMNPAA:PVK.:ECZ;TNP is 50:33:16:1 by percentage weight of the toral
weight of the photorefractive material although it will be appreciated that
different proportions of 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 pﬁotorcfractive 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



15 operation. Poling of the material requires the creation of a magnetic
field across the surfaces of the polyner. Such a uniformmagnetic field is
difficult too maintain across the surface of a |arege polyner sanple, .

i ncreasi W§ 40(48465conpl exity in fabricating the new phot or ePEHAUPVRMPD| yrer .
Finally N ethylcarbazole (ECZ) was added to reduce the glass transition
tenperature of 20 the nmaterial. One préfierred concentration of the
materials DMNPAA: PVK: ECZ: TNF_ i s 50:33;16:1 by percentage wei ght of the
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was added to reduce the glass transition tenperature of” the material. One
pr ef er r edotadveaght of thenplstordfeactiveemiatdrial although it will be appreciated that

15  different proportions of the constituent materials may be used within the ranges

specified above. Uniform films of thickness 100um were fabricated by
combining all the materials in a teflon cast then polymerising the PMMA at a
temperature of 65°C over 2 days. The resulting polymer block was cut and
polished to produce the sample used in the experiments.
20 Figure 1 illustrates the absorption band of 2 100um thick sample of thé
; . 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



" DVNPAA: PMVA: ECZ: TNF used was 10: 73: 16: 1 by percentage wei ght of the total
wei ght of the photorefractive material although it wll be appreciated that

15 diffe proportions of the constituent materials nmay i_t hin
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fabricated by conbining all the materkals in a teflon cast then

polynerising the PMVA at a tenperature of 65C over 2 days. The resulting
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detected in an Oriel UV-Vis spectrophotoneter using Xenon ar anp
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based on PMVA is alnost identical. 25 It is seen fromFigure 1 that the
maxi mum ofX§¥¥%hsor pti on band of the new materials is wthin 380-600 nm
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per Avoo S0 Rter d20 JBIReS o Fub PRRRA sReRtss {14k el SEREFRAGH r om
si ngl e- or andven PHRICONe 1EXC( 118! IFOR redlie WETHEAK BN RORY thé2Ystem GRB be

used provided the power of the reading beamis sufficiently low as not to

causdOsi nigictudss a bramsptigar (B)c atfarthenlens (R}, emoitreg pio Halgapertare (A6re is
LUt o 20 0BG L, RO rpa 9000l Bt ol dote T
3527 (1 oot S0 b 680) o Kb OIS s, drones
obj ect i vephatnef(ac@ve Materiab {32 )ng The tscanminbatade (ROnist mpyvableeimsitet gnyal so
and z directions under the control of the computer (20).
15 In the recording process, a Spectra-Physics Tsunami Ti:sapphire laser
(10}, was focused into the photorefractive polymer sample (32). The laser was
used in a pulsed mode to record the bit patterns of Figures 3 and 4 in the PVK
photorefractive polymeric material. In mode-locking operation, the laser can
produce an ultrashort pulsed beam with a pulse width of 80 fs and an average
20 power of 800 mW. The laser was operated in 2 continuous 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
absormption band of the sample. From the absorption curve in Figure 1, we can
25  see that there will be no single-photon absorptidn 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)
limked 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



10 includes a beamsplitter (22), a further lens (24), another pin hole
aperture (26) and a detector (28) also linked to the conputer (20). A

t hr ee-di nensi onal scanning stage (30) is provided for the nounting of _the
sanpl e of"O WM} 6Er efracti ve material (32). The scanni ng stRgeAPeyos __ -
-nmovable in the x, y and z di rections_sél[lder the control of the conputer
(20). 15 In the recordi ng process, a Spectra-Physics Tsunam Ti:sapphire

| aser (10)., was_focused into the photorefractive polyner sanple (32). The
| aser was!T'IGUES $ﬁm§ %uﬁ@d”%&émce@cﬁ epsiureh il Vo pitd Brifsrespestiveives 3

and 4 in mfﬁﬁéﬁiﬁ@ﬂ%%@{o"ré&f '(yglep@bg -ri ¢ material. In node-|ocking
, e

operation aser can produce an ultrashort pul sed beamw th a pul se

wi dth of 80_f sFandeadingviteagiang® ipomeractive 3R@exbauiéte tyasey tWaspleiighat ed in
a continuous wave (CW node to record the bit patterns of Figures 5 and 6

in the PwVRRetgrRSTastivereféeqtvan Obonpue fileo Maiewr mikroscopeards capdoyechend

| engt h_of . t he 4l was .tuned to SO0 whi i ey el ds t
Pt ce 3 nesed, i dn gieRSiERat i RdiEed SopberorDReh dhote s h EErF olaSEE o the
absor pt i ofa¢sledEthi 6BFB Gitk Gvak, cotBledeiito 2 FAB WAk fobSEiiNk the l?@ccﬁ'ﬁﬁd

si ngl e- phot on absorption at a wavel ength of 800 nm only tThe two-photon
absor pt i omfcrmtigg as e wavelengthnaft G328 mBlisnon tHhedgegfcthesabdoeptibnt he

o the. Pk 81 (oEEs THIIDALUBRAENLP fil BPHY SapRRNORGEHA BIE- diorTa .
Mel | G : : i : di ng,
N Zerss e, RO TbRed BbRAINGE 5 kigiB e Aol N A M Rpigh afie” O 19
obj edbi veUVding bf a4fbrdacy /14p Gh GBd FTug Migwr escroseost. 6In bbl) tié réndmmgrer i cal

apertures of 0.75 and Q.70 r ectively. and nmgnifjcation factors of 20
wer e usecﬁndFSFaS?‘IE’a&PnQ?YtﬁBu%méﬁAk)@ roiﬂ‘?“éi}’tei (EB)i ez sviths @d npypericel

t wo- phot rehract | . . | ' SCO was

enpl oyed r?gap%tg(gs(gz a?)%l %ﬁ?ﬁ{é?ﬁ?tn?gic%ynﬁgr er%#greéécg\r%nr@agi ( [vagf’ fode. A
He- Ne | asmimeicalaipettargoli 0683nd anmapgaificativnl fadtdrnifo1 0 heFiuess Yiad bpr
reading the recorded information, as the wavel ength of 632.8 nmis on the

edge of tWS ¥3§der ption _
15 As a demonstaration of the ability to record information as a change in

refractive-index using two-photon excitation, Figures. 3(a) and 3(b) show the
measured change in refractive-index produced at the focus spots. In recording

an average power of 5 mW at the focus spot was used to record the information.

A pattern (the letter C) consisting of 24 x 24 bits was recorded in 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 5mW 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  1liustrates that there is a slight erasing of the information due to absorption of
the hight 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 S(b). Figﬁre

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.



band’and causes m ni nal damage to the recorded information (see Fig. 1). To
erase the recorded information the region of interest was illum.nated with
the 10 Wline of a nmercury lanp in the Fluo View mcroscope. In both the
readi ng Vah¥®48#%3si ng an O ynpus UPI anAPO obj ective (18) ePCHAVW®H ;- - -
nunmerical aperture of 0.7 and a magni Eld')gation factor of 20 (Figures 3 and
4) or with a nunerical aperture of 0.4 and a magnification factor of 10

(Figures 5 and s,used. 15 a . denponst gration of the ahility to
record infor rrarp%we\gg deTpAnsiaics er%tflﬁ’é)’ctqf{/ 15 RYSET s{0n GEIORR - pbiread

exci tati ORhafig3UneRdkave- ﬂ&’e)g’ﬁ?)n?lglgl%‘é\é izggetrss %?QEfgrﬁgathgx@nQ’ﬁréenla ers of

refractive-index produced at the S I'n"recording  an average

pover of Snfevhation lneré oenmdepetithnaiayes sdpirationastt ) he Baehds @t ddiRists A
pattern (t?e | etter g%) conﬁj sting of 24 x 24 bits was_recorded in the
sanpl e. 206t #matism ofdh X2t Pun A& frsbigyenmecoriedangrsshe sutfheecontpinsach bi t

was 25: s r | d1g)» PIHACE, | a . m_of power S han.5mV was
scanned agzri{(gés}g &{l@ee lgg%lplg t (;I% %ﬁ;‘%ﬂ%g @ﬁg&ﬂ%ﬁ%yﬁggggn%gqfrtgegfﬁﬁms ws the
det er i or akh@"C ofespddiivelgahul ekt hethietsRBIPAanS B@ﬂsi@awaélgngﬁﬁﬁnfa?él?“ﬁﬂ 500

times. The contrast of the recorded bit in Figure 3(b) I's 90%of that in
Fi gure 3(9pits’om’s Whighus ecorsparables to dbasspravaousiyexchidvedains phgtichesmii ng of

the information dug to sorptio f .the Light.used for reading. The
i nf or mat i BR yp%eg&radélaotpﬁeat%cgwgecr%%}éfa%Bﬂo}oh?lgacix%%%qls.and exposure time
as used in Fi gp{gurs(5th) apdws e b)) 10 H : 0 . egion
as seen in Fi g_urgg_!r3(%:())_af t erS bei ng e@pé%eﬂga?f)&tlﬂg{r%vhtﬁﬁ }é%n’% n%;ta?lggﬁlfd(’)r 1-2
seconts. TEimchesuhdexshang conéinuonpivetve sraphommoéxditution3Olmpreevtding | an

recorded infornmation. 0Q/ 49465,_PCT/ AUCO 00117 - 10 Figure _4 denonstrates
the abili¥YFTB8c PRAVET 9§§\?éﬂ1% gt ﬁb’t@?cals SRAt Pesdisedadgeerd thedaformatiope- i ndex

Fecor ded T he Koo Eobar o SAB ot i s A rseo R R B ot e
of 24 x ZEhdbitsepafadohiwas 5I6ayml and ekoedpskure aimé fier savhi Bie vag il Ms a
the reading process a laser beam of power less than 5 mW was scanned across
15  the sample to produce the DIC image. Figure 5(b) shows the same region as
seen in Figﬁre 5(a) after being exposed to the UV illumination for 1-2 seconds.
The result shows the complete erasure of the previously recorded information.
In Figure 5(c), 2 new pattern, the letter "F" is written into the same area as used
in Figures 5(a) and 5(b). Two artifacts are marked with circles 1 and 2 in
20  Figures 5(a), (b) and (c) showing that the same area was 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
contans 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 contmuous wave (CW) two-photon excitation to record and re-write



pattern of the letter "A". The second and third | ayers consist of the
letters "B" and "C' respectively, thus the achieved 3D data density was
approximately 10 Goits/cm, which is conparable to that previously .
achi evedv@8¥/#H6% ochr omi ¢ pol yners, a photorefractive crySt@/AHRYO0117 __ --
phot obl eaching materials. Figure 5(a) 1slhows the ability to record
information as a change in 10 refracti've-index using continuous wave
t wo- photon excitation. I.n recording an average power of 75 nmWat the focus

spot was thsedate apdcidluminaiing vigh fadiasien imathsalbéror visihklel wgien &) the
consi stin 24 x 24 hits s recorded in.t sanple. The bit separation
was 5.6 ¢ egﬁﬂﬁégﬂ%n%%%éast{ﬂn \é\%ﬁrﬁseeﬁ% rr-e‘é%rgﬁdﬁgfa'was 2 ms. In the reading

process a | aseft WeiRMISS bROMRIretiatdl tRANVRIJIY WRiseanaed Atdadond ankhe
sanple to produce the DIC i rrage. Figure 5(b) shows the sane region as seen
es

i n Fi gur eimBpryenients niyyi hg mrgested the profemed binbodmmenbrdesoribad 2ateseonds.
The result .sho t he. coppl et.e erasure  of .the _previously.recorded

i nf or mat i EiF oui}l\ﬁeg? e 1(1(:%13«3 SCORS2RY SR ,OfttF?E PrepeRdy invventiodl. ySuchen i nt o
t he sane aHsed: i | da o 1) Lfac ir ked

Wi th of rcroamcations 2%6@?%%?%%@ %E) elg\ﬁga%eg) \e{ghg{vﬁ}%‘(’%t e b’ 10
area was capadity of traswtandncludovtic foliowiapnmati on. Figure 6 denonstrates the

ability of this sys,i_em to record and read changes in refractive-index of
mil tiple |ayerk of TRt sPrpepsaonTef senalhyaapeurds of; arassnialk dietwweer thecor ded

with al S r i f 25..C | f tiern of 24
X 24 bi t??i?%'lﬁ;e&??rstglu?%ﬁrqggg?o?ﬁgylﬁgg%ﬁ%ﬁﬁéggurrggézzth%cgerﬁ%‘itﬁgm %S)étter n
of the | enisfattiNbetwWidm the ceduddapdmiatirial (hay £75) aAA$he imdlerkith medhugr s " B"
and "C', respectively. It wll be seen fromthe above that the present

i nventi or(RpT Vi dé TAracEYe-gedaxmusBRIshdeatlts wcan anergase suthediffiactionng and
R SN——
(CW two-gihekiah spdeigeaks Gechp d1660" e a8Eptheoitht relOr A48 um, thus
PCT/ AU0O0O/ 00117 11
resulting 1n cross talk between neighbouring data layers. It may be possible to
I5  overcome this problem thereby increasing the density of data by using a variable
tube length method. |

2. Instead of the Ti:sapphire laser operated in CW mode, other types
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
j . optical data storage system can be achieved.

3. Different photorefractive polymers may be used and the chemical
properties of the matérials 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.c. 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



"the data, and illuminating with radiation in the UV or visible region of
the electromagnetic radiation to erase the recorded data. - It wll also
be appreciated that various nodifications, alterations and__inprovenments
may be nud&Y ¥ he preferred enmbodi ment described above BCQF&R@@W]7——f"
departing fromthe scope and spirit Qﬁzphe present invention. Such
nodi fi cations or inprovenents that are“envi saged to increase the storage
capacity qf,the systeminclude the follow ng:. 1. The conpensation_ of small
Crunt s it the SEuR s Ph T e i aR ey SEETrnhrlaray e St Qe | cal
aberrati t ef I ¥Bah N ol 0 oM chibetnge i ng
mat eri al q?%&r:d%g% 7@‘%”%&’0 lt%r\% ?ﬂ?r?rfér g%ghnﬁgﬁlﬁn@%ll)&@me r 2%¢ z:hgﬁrvé&hgdex

m smat ch podsmddtoni statarare deteetesle in the diffracti on spot size at a deep
position of a volune recording nedium, As a result, a series of axial side
peaks occur al®dng t%@@éﬁ@#"éfgekﬁgvﬁ dibesue ietheufyo-phaton deteidtedagg i n

tal ' ing-data | Lt ible to, 15
over come REE RFETPE LRI B e ERIcR bENS, Feeordindin! Belial benfouctbo o
vari abl e individud] &igtin Wetdedebte® ank r&h@éz\ﬂbpfchh{é%ng {HRapPIatis R b 384t GpEr at ed

in CWnode, other types of continuous wave ( aser beans may be used to
produce ttheresgsdehbitose thatdt hag awapprapriats popdrsatinn tskate hehioh| qanodithar 1. 2 W
CW | aser ,di pde era t .a 20 near-infrared wavel ength, a fast, |ow
cost, coﬁfé@%?ﬁgfggggf@gF%SgﬁﬁﬁPdﬁa 8hit optical data storage system can
be achieved. 3. Different photorefractive polynmers nmay be used and the

chem cal properties.of the materials may be nodified to lead to an
increase in the stability of the photorefractive polyner. By tailoring the
absorption spectrumwe can 25 determ ne the wavel ength of light that wll
affect the material. Creating a narrow absorption band in the UV or
visible region will decrease the materials susceptibility to deterioration
due to irradiation fromthe reading process or fromincidental UN' |ight

(i.e. sunlight). 4. A nmethod for increasing the density of the two-photon
dat a ‘

L



30 storage systemby utilising a recording nethod may be basedcomitduoo: 17
‘pol arisation state of the recording beam This technique gkdef8 28Wide 2006
bits to be recorded WO 00/ 49465 - 12 PCT/ AUO0/ 00117 at the same position
within the material using different polarisation states of the recording
beam where upon reading, only the bit&w th an appropriate polarisation
state are detected. 5. A nethod for selective bit erasure in the two-photon
dat a stor@gAlﬁrﬁstem may be based on pol arisation of the recording and
readi ng beans. An individual bit can be selected and erased by changi ng

t he pol arilsat i of nsdtiadd obfvritigeamdemresidg@pice] date comepristeghas an appropri ate
pol ari sation state which can either _be . det e(it ed .or n t'aﬁ]g[ ected upon '
readi ng. PCT' / Aoposowgl light onpa ghoirgirastiye MOIYHEHC 1MAAREC PR Bod of
witing an ' [ d rinsl fgkqrf ' [ uRfing t :
phot or ef rf@?%‘g%%gl?%;@ ioga'!rlrlgt g}tra?eart{:ﬂtrmé) ﬂ(:l%ugtg:atl v%ﬁ Hiﬁ%ﬁ?\y e[ggiat ati gn hc’f:f t he--
materi gl géfrhdreve a8k apdenfochhssiabiw modid datangnd he refractive index at the

focal point to record data; and ill|um nati ngg the npterial- wi,th radiation to
erase the recorbeatinping the maeriak WEh raqha&wnt?ﬁaasgﬁge FREORAS CW #3- optical data
in a photorefractive polyneric material conprising: 10 focussing |light on
the photorefractive polyneric material to cause two- photon excitation of

the materijl ata thembacsf weiint @l thedieamoptiesletiyta mduphttongradive
refractive index at the focal point to wite data; illumnating the

mat eri al otymeadisténal compnsisg t he recorded data: focussing light on the

hot or e v i ' - _
P 10f racti Vefo L?s.ls}/nréefllgﬁt ggtt é'p%i)tc}rgfrgc YeE pE)Wrnenc 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 is illuminated with eléctro-rnagnetic 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.

AMENDED SHEET
IPEA/AU



15 photon excitation of the material at the focal point therepyrmudaloating
the refractive index at the focal point to re-wite data i fedeli8d 23 June 2000
photorefractive polynmeric material. 3. A nethod according to claim1 or
claim2 wherein the nodul ation of the 20 refractive index caused by the

t wo- photon excitation is a refractive.jigndex i nhonogeneity resulting froma
non-uni f orm space-charge distribution within the regi on of excitation

wi thin the photyr i r acco rding to any
one of cl gl ns H?Jt 8&\/\;?5?81-&8% ﬁg‘a&é@n %ﬁ})‘&'gkée}#] tht!? %g{aggwglpo yrmer c

i 11 unm nat adltwmlhlseduehttlhat eghsirbs riicﬁdtlaﬁh@rbrﬂ'y?l\é' ﬂﬂr@w“@é’rﬁi e UW thhe
ultraviolet (UV) or visible spectrumto produce a redistribution of the

spaci al dvisiblesegioapidhe elestioinagnelie speetrjas forning bits of the data to
erase the recorded data. AMENDED SHEET | PEA/ AU PCT/ AUOQO 00117 Received
23 June 2000 -14 5. A nethod according to claim4 wherein the

phot oref rgct | veAnﬁémsﬁra‘cﬁordfﬂ%% ic®lim & o?‘éfzﬂn{ Babhdrk rﬁt@x%orﬁl ﬁﬂicﬁtth?n In

only a narrow band in the vi si bl e regi on o orragne
spect r um absorptibn dbaadcof dhﬂg)ltomomtﬁactrvd mlymest nmatestadrfails dubetafexilgum of
t he absorg,tlon band of the égéefrac |ve olymeric material falls

subst ant i Fwt%@ﬁgﬁff% B AP 3BOYE 6HBEmM t 0 about 600 nm 7. A

met hod according to any one of claims 4 to 6 wherein the O photorefractive
polymeric material is such that is absorbs substantially no radiation

above a wavel eAgtmethbdaloutrdid wmany. okemefhethimgcar dong twheibn ane the
preCﬁl'(g)lr ng cl al wher ei & the data . recorded in the photorefractive
ol ynih i cPRRICES %HUVPSP? FRETy Mplegial dacsuel thie B5absasber wbstatialle p@l ymeric

material M ddPRSgve s walSithefl ofatiii @R8N N fal ling

8. A method according to any one the preceding claims wherein the data
recorded in the photorefractive polymeric material is read by illuminating the
I5  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
20 ‘substaatially 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.
25 |
I1. 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.

AMENDED SHEET
\PEA/AU



substantially within the range from about 630 rimto about 12@@TMwodd0iA7
‘met hod according to any one of the preceding clai ns wherei pedcii@d s giHe 2086 €d
to record data in the photorefractive material has a wavel ength falling 20
substantially within the range from about 750nm to about 1200 nmto cause

t wo- photon excitation. 10. A nethod act®rding to any one of the preceding
clains wherein a pulsed |Iaser beamis used to record data in the

phot or ef r aet i vea PRleYE! | focBREiRE | ous \%\20% ofs ﬁp{@t R caffO dAiR% Whéen one of

clains 1 to 9 wherein a contin | aser amis used to record data
in the phqmbir@ﬁeﬁaebhvmnpohgmerls cusednter reabrd mm SHEEDE dPENAL BCETi A
U00/ 001 17 Received 23 June 2000 12 A met hod according to any one of the
pr ecedi ngMﬁﬁaCtW%@b’@Ffﬁlc paftdialsed coherent light is used to record
pol ari sed bits of data in the photorefractive polyneric material. 13. A
met hod according to claim 12 wherein different polarisation states of the

recor disng 1geam ar petisRbad@rdiRgaoctlamh tizphBeteir diftdrettapolasisatihie ssibe¥eof
position having different polarisation states in the photorefractive

pol yneri ¢ tharerdrding beam Ararasdgol @@@tﬂr aigpledits of data 2t ghe EQIQ.G rﬂ,OﬁltB)W\her ein
bi t f d 10 da d d
alppfogrl aS‘éor e‘?{‘ﬁ St g%%%’t%@rs‘%%§ ﬂf?zéh?g%re @%gyéﬁﬁ&}) rﬁ%”% of cl ai ms

12 to 14 vvherel n individual bits of data are erasabl e by changl ng the-
pol arisation state of the individual bits. 15 16. A nmethod according to any
one of thel4pr ecﬁedmslagodlm:cnndm@emealalmrﬂé oplatmm &5 ralosereire bgs| ofneecbodarht er i al

i ncl udes t east out . 25% of,.a ercent e weight of the total
wei ghtlOof F?earﬁﬁﬁﬁ‘ggéf‘%sé}ﬁ?ﬁ@mg ‘érﬁ%‘ﬁ“}ga% Hﬁaﬁg&lapﬁ%ﬁﬁl ¥8any one
of the preceding clainms, wherein the -

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 electfomagnetic 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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20 photorefractive polyneric material includes a chro 9264 ’éHO /%\A ées
-absorption in the W to visible region of the electro PEPeFI MU0
A met hod according to any one of the preceding clains vvherel n the
photorefractive polyneric material includes a photosensitive material which
25 provides absorption in the W to vildible region of the el ectronmagnetic
spectrum 19. A nethod according to any one of the preceding clains wherein
the phot @0ef r dActethedpaicpnding co aay @nealf thepracdding qhhiast whereet tiieo reduce the
gI ass transition tenperature of the material. 30 AVENDED E~ PCT/ AU00/ 001
Rec ePR@Igrefiaciye ehpfsriabmindes ap faast someof dee Ellosriae maatedalsiy one of t he

S LﬁéeS% ORGSR e Rang SR GHE AP Wi b pbibELHERD B , "Wt i n

t he folIowmgmélgngeﬁtmypmmmbag@n@efteltdme total weight of the

photorefractive material: 25%- 99.5% of a polyner ; 0S% 60% of a

chr onsphor e; 0 5% 5% of a phot osenS|t|ve material; and 0% - 40% of a

pl asti ci ser. 1. ordlngto claim 16 or claim 20 wherein the
pol ymer corrpr #ﬁ% %ra’r bazole) (PVK). 22. A nethod according to

claim 16 or clgg%_g@qy\ggéghfbrhgﬁg%@lyner 15 conprises poly (nethyl

nmet hacryl ate) (PMVA). 23. A net according to claim17 or any one of
clains 20 to 225@w&febha phbtsehsianephaiedakangdri ses 2, 5- dinmethyl - 4 -
(it ro-pheny) 320l 25l g, SAIPAN)

10
; 21. A method according to claim 16 or claim 20 wherein the polymer

comprises 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 optical data storage material for use in a
method of erasable/rewritable optical data storage, the photorefractive
polymeric material providing absorption in the UV to visible region of the
30  electromagnetic spectrum, wherein the absorption band of the photorefractive

material is such as to enable the recording of bits of data by two photon
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20 24. A nethod according to claim18 or any one of clains 20P€d/2Q004001 g7 n
‘the photosensitive material conprises 2, 4, 7-trinitrRSeivedadddoranber Mg
25. A nmethod according to any one of clainms 20 to 24 wherein the
pl asticizer 25 conprises N-ethylcarbazole (ECZ). 26. A photorefractive
pol ynmeric optical data storage material’ for use in a nethod of
erasable/rewitable optical data storage, the photorefractive polyneric
mat eri al px@tdting gheabsading obrthe bitshef dMathy wissubdecof egharanofighthen 3he
el ectromagneti ¢ spect.rum erei.n the absqrption band of the
phot or ef r§@$q QL or pufside the \?qgs@ﬁgﬁnal%a“ﬂo aeaaigr- €Ta§ae rqc‘glﬁd?lﬁg‘)%fia@i PX of
data by twp . ﬁhﬁg@ﬁ,—g . 001 17 Received 24
Novenber %ldigiﬁ%}fegxm at|o1n, %‘%Q@%@%@ﬁ%@ Jits of data by a source of
coherent light on the edge of or outside the absorption band, and the

of the bits of data illumnation wth radiation within the -

erasin b

absor pig i oA/-band. photorefrastive m%ymd@ imetepal gerarilingniat elpimi26awberedi nbe t o

cl aim 26 ot max .of the,absorption band of t-he phqgtarefractive
mat eri al *@ﬁ@h&s sthht ?Eﬁ%’%thﬂdtﬁi {'h%n _q{‘?li?ﬁﬁaﬁﬁlﬁﬁt H?éég‘aﬂm%?_sabout
600 rim dfhstatia9twAEEh BS FAR ROyt G80RNEES 8bo@® fhng to claim 26 or
claim27 10 wherein the upper end of the absorption band of the

photorefractive polyneric nmaterial is about 630 nm 29. A photorefractive

pol ymeri c terial .accordin o0 _any one .of claihs 26 (o028 erein the

mat eri al ?g‘gl_uﬁe@m&?refr@ﬁgi’e g’@iﬂf‘e‘?é%ﬂf’né FAgdEe 9 claim 290l wei ght

of t t ' [ teL i active
he t okRérelte !tl@h% r di€oP Y %Sﬁ{gﬁ% 'b\éﬁd s tﬁ%ﬁ%&or@?gctg\éeoaﬁ%?ﬁ&{é

pol ymeric material according to a cl al el n the
mat eri al mateiad ésatouc BBOmophor e whi ch provi des absorption

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 photesensitive 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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in the U to visible region of the el ectromagnetic sp Zii%rﬁUOOIOOIU
‘phot orefractive polyneric material according to clai mﬁg‘%q‘;v{aﬁierel n %fﬁ?aer 2000
chronmophore is present by an anmount falling substantially within the range
from about 0.5%to about 60% by percentage wei ght of the total weight of
the material. 25 32. A photorefractil® -polymeric material according to any
one of clains 26 to 31 wherein the material includes a photosensitive

mat eri al rifgectropr avowtd® 5 %atisasqull i56h biyrperbenthh weightsiftthe tomwenghafoft he

el ectromagnetic spectrum 3() 33. A photorefractive polyneric materi al

accor di nghe phetosensidye We@iln the photosensitive material is present by an
anount falling substantially within the AMENDED SHEET PCT/ AUOCO' 00 1 1 7
Recei ved 24 Novenber 2000 8 range from about 0.5%to about 5% by percentage

wei ght  of34t he A ghalor¥fhsiive BolykgidPRRtRRA NRtbidiRe MG aYi e of3dlaifs 26
photorefractive polyneric material according to any one of clains 26 to 33
wher efn th&3nwherdinmithe moatedek inglydes st plastieiser ¢o redugsethehglagd saasiioansi ti on
tenperature of the terial. 35. A photorefractive polyneric materi al

accor di ndFPBeRIUE Af48C MAUFHEn the plasticizer is present by an ampunt
falling substantially within the range from 10 0% to about 40% by

percent age wei ght of the total weight of the photorefractive polyneric

mat eri al 3536. A phwomfedctive tpolymert ntatrialaacosdiogagelaedBiwhaeinute in a

t hod of ) bl e/ it abl ti . dat to in, ich light i
oo hlseeer s ostsest o nhidling 3 Bemonald eidine Bes ek Jmhse at
the gecabcpg&; Htg%&emfdg)pf&g V&aﬁn}gérﬂageewgmtome ttREREIght bR ehd BEbBR NG vades at

| east sone 0O
Y . .
i polymeric material.

36. A‘ photorefractive optical data storage medium for use in a method of
erasable/rewritable optical data storage in which light is focussed on the data
15 storage medium to modulate the refractive index at the focal point by two-
photon excitation, wherein the medium includes at least some of the following
materials in quantities falling substantially within the following ranges by
percentage of the total weight of the photorefractive data storage medium.
25% - 99.5% of a polymer;
20 0.5% - 60% of a chromophore;
0.5% - 5% of a photosensitive material; and

0% - 40% of a plasticiser.

37. A photorefractive optical data storage medium according to claim 29 or

25  claim 36 wherein the polymer comprises poly (N-vinylecarbazole) (PVK).

38. A photorefractive optical data storage medium according to claim 29 or

claim 36 wherein the polymer comprises poly (methyl methacrylate) (PMMA).
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materials in quantities falling substantially within the fol | @@T4UDBRYE S
by percentage of the total weight of the photorefractReenddt2a Sé@nage 2000
medium 20 25% - 99.5% of a polynmer; 0.5%-- 60% of a chronophore; 0.5% -
5% of a photosensitive material; and 0%- 40%of a plasticiser. 37. A

phot orefractive optical data storage f€dium according to claim?29 or 25
claim 36 wherein the polyner conprises poly (N-vinylcarbazole) (PVK). 38. A

phot or ef rikt i va piptoeftactiataopical dge steeigenadicern Gcberdivs e anP a: 8f claim
36 wherein the l5)ol mer_conprises poly (methyl nethacrylate) (PMVA). AMENDED
SHEET  r PEgyy_30.pHToAG6Ce08 whereinRbie eihyemophoreNeamphisss 2060imghgiod- A

phot or ef ract.ive ,optical dat di um according to any one of clains
30, 31 or(%élg&f)é)h?gngb épﬁoﬁ%@ﬁmore conprises 2, 5-di net hyl - 4-
(p-nitro phenyl azo) anisol e (DVNPAA). 40. A photorefractive optical data

storage medi um according to any one of clainms 32, 34 or 36 to 39 wherein..
t he phot eéensi A photoatfeadtale optqalidnes sPrage, médiumiaccodrding % hhyamenehe

(TNF). 41- A photorefractiye optical data storage medi um.according to any
one o 16WiMs -?25 34.0% %3%5%@?3@#% ﬂ@%tggqqsmwa%pp@@gses 2,4,77-

N-et hyl caihazPlenb &St photorefractive optical data storage nedi um
adapt ed folir:I usgetl.lg a Ir%g:tﬁg{ﬁbf erasable/rewitable optical data storage in

which light is focused on the data storage nediumto nodul ate the
refractive index at the focal point by 15 two photon excitation, wherein

the medi d i nchuphegoraieactiviel Qiiaah daiat Serage gnedipel yacrowding e anbiansi @)  ( PVK) ;
10 claims 34 to 40 wherein the plasticiser comprises N-ethylcarbazole (ECZ).

42. A photorefractive optical data storage medium adapted for use in a
method of erasable/rewritable optical data storage in which light is focused on
the data storage medium to modulate the refractive index at the focal point by
15 two photon excitation, wherein the medium includes the following materials:
poly(N-vinylcarbazole) (PVK);
2,5, dimethyl-4-(p-nitrophenylazo) anisole (DMNPAA)
2,4, 7-trinitro-9-fluorenone (TNF); and

N-ethylcarbazole (ECZ).
20
) 43. A photorefractive optical data storage medium according to cIa_im 42
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.
25
44. 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-nitropheﬁylazo) anisole (DMNPAA);
30 2,4, 7-trinitro-9-fluorenone (TNF): and

N-ethylcarbazole (ECZ).
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2,5, dinethyl-4-(p-nitrophenyl azo) ani sol e ( DMNPAA) PCT/AU0C0/00117
2,4, 7-trinitro-9-fluorenone (TNF); and N- et hyl car bazolBeceiwed 24 Nayeahes000
43. A photorefractive optical data storage nedium according to claim42
wherei n the PVK, DUWPAA; TNF and ECZ are present in approximtely the

foll owi ng concentrations by percentage2wei ght of the total weight of the
photorefractive material 33:50:1:16. 44. A photorefractive polyneric

material f4gr usg pﬂbt@remtcﬂoé p@flyrﬁ@ht Qﬁéteﬁﬂtaﬂzcoﬁdlﬁ%a@@mﬁmm»ﬁmaglﬂﬂe@
following materials: poly (methyl nethacrylate

di met hyl - PNIMAi DMNRédy; NG alaiuBQZ GI€( MEWA])IL appr0x1mately the following
2,4, 7-trinitro-9-fl ugrenone TNF et car ha VENDED
SreEr || PR PP AGIOPgeTgS Veighhrt ch SNSRI Begd Oibtetacnve

phot or ef r i 4 al according to claim44 wherein the PMVA:
DIVNPAA, T%&h’aﬁrﬁ-1 Yééf?fé ?rggﬁltd in approximtely the foll ow ng

concentrations by percentage weight of the total weight of the
photorefractive polynmeric material 73: 10- 1: 16. AMENDED SHEET f PEA/ AU

—
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