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{54) Title: THREE-DIMENSIONAL. OPTICAL MEMORY

(57) Abstract: The present invention is directed to
a three-dimensional memory apparatus for storing
information in a volume comprising of an active medium.
The active medium is capable of changing from a first
to a second isomeric form as a response to radiation of a
light beam having an energy substantially equal to a first
threshold energy. The concentration ratio between a first
and a second isomeric form in any given volume portion
represents a data unit. The active medium in the memory
apparatus comprises of diarylalkene derivatives, triene
derivatives, polyene derivatives or a mixture thereof. The
invention is further directed to means for reading the data
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units from the isomeric states of the active medium in
different portions of said active medium where the two
isomeric forms have a substantially different absorption
coefficient for absorbing energy of a second threshold
energy. Reading may also be carried ont by measuring the
scattering pattern of the two isomeric forms.
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t hr ee-di nensi onal nenory apparatus for storing information in a volune
conprising of an active nmedium The active nmediumis capable of changing
froma fikadorsBea second isonmeric formas a response to pcadi@idesss of a

| i ght beam having an energy substantially equal to a first threshold
energy. The concentration ratio between-afirst and a second isoneric form
in any given volunme portion represents a data unit. The active nediumin
the menory apparatus conprises of diarylal kene derivatives, triene
derivatives, polyene derivatives or a mxture thereof. The invention is

further directed to rﬂ%HﬂlgﬂE'@IME%IQ@WE(QEEI@AWEMQRXm the isoneric

states of the active nediumin different portions of said active nmedium
where the two isoneric fornms have a substantially different absorption
coefficient for absorbing energy of a second threshold energy. Readi ng may
al so be carried out by neasuring the scattering pattern of the two

i someric forms. 24 Septenber 2004 WO 01/ 73779 A2
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PCT/ | LO1/ 00286éirievai BiREE- DI MENSI ONAL OPTI CAL MEMORY FI ELD OF THE | NVENTI ON
This invention relates to a 3-di nensional optical data storage and

BACKGROUND OF THE INVENTION

The following publications are referred to in the present description:
1) US 5,592,462
2) US 5,268,862

The computerized era has raised the need to provide reliable means for
storing large amounts of data. Ever-growing amounts of information are
nowadays stored in personal and commercial computers, and with progress of
technology, this demand will surely grow. One approach to fulfill such a need
is to use optical methods for the storage of data, since an optical memory
makes it feasible to pack information as binary digits at very‘high density.
Furthermore, the stored information could be maintained undamaged for long
periods of time, with no apparent loss of information.

US 5,592,462 (Beldock) describes a three dimensional system for
optical data storage and retrieval. According to this publication, incorporated
herein as a reference, the data is stored and retrieved by irradiating the storage
medium with two interfering light beams. The use of two light beams allows
the definition of the particular portion of the volume being written or read at
every instance.

US 5,268,862 (Rentzepis) describes an active medium for use in a

system of the kind describe by Beldock. The medium makes use of two forms

SUBSTITUTE SHEET (RULE 26)



retrieval system BACKGROUND OF THE | NVENTI ON The f ol | owidf#gSepiehberas200dns
are referred to in the present description: 1) US 5,592,462 2) US
5,268,862 The conputerized era has raised the need to provide reliable
means for storing |arge anobunts of dat Ever-grow ng anounts of
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with progress.of .technol o this demand wi |l surel, I OW, e approach to
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Sept enber 2004 -2 of a spirobenzopyran derivative to represent the two
bi nary di gi tBossHuligielloss ohgtorashdaty wislenghdingi ned at a tenperature | ower

t han room t enper re, . i cal | -78C. Thus | ting, oring th
written informt ia'ic‘)ﬁergnif &%@d%nae&} ?0 dh O\gfco[sﬁi §t\af"5\/\/a{1grr%t§’rcé%r&pnﬁii si ng

t he tenperatmegldﬁy,l | erase the entire stored information, as the active

i somer is stable at roomtenperature for only 150 seconds. The nai nt enance
of such a nenory is expensive and cannot be used commercially.

Furt her nor e, Hﬁ\fﬁﬁ ; patare ' ciated wwth detecting the

fl uorescence?ﬁa procg‘sgﬁ‘i ﬁvc \i/)lﬁg?‘lﬁrgg@wt hus there is the possibility of

| oss of stored dahacofdihg tbeast agpect, the present invention provides a three-

dimensional memory apparatus for storing information in a volume
comprising an active medium, which is capable of changing from a first to a
second isomeric form as a response to radiation of a light beam having an
energy substantially equal to a first threshold energy, wherein the
concentration ratio between a first and a second isomeric form in any given
volume portion represents a data unit; said memory apparatus being
characterized in that said active medium comprises diarylalkene derivatives
of the general formula Ar;RC=CAr,R,, wherein Ar, and Ar, which could be
the same or different, are independently substituted or non-substituted aryl
wherein the substituted groups have a strong absorption in the IR region and;
R; and R, which are the same or different, are groups having strong
absorption in the IR region.

The active medium of the present invention may be embedded in a
supporting matrix, which may be a polymer, and the active medium is
chemically bound thereto. Alternatively the supporting matrix may be a wax or
a micelle and the active medium is homogeneously distributed therein.

The information stored by the apparatus of the present invention may

be stored as a series of data units.



There is thus a need for a |owcost, stable and effici ent2%peRteaber #dory .
SUMMARY OF THE | NVENTI ON Accordi ng to one aspect, the present invention
provi des a three- dinensional nmenory apparatus for storing information in a
volume conprising an active nmedium whigxh is capable of changing froma
first to a second isoneric formas a response to radiation of a |ight beam
havi ng an energy &%@g Y, HES T A e ay, erein
the concentrati oﬁ%lr:'lat | O E%?J J\llge%lﬁgg@hin?’ ?%H%ﬁs%%ﬁn%%@gggf?gl% a%wlnn any
gi ven vol uneaghosdrtiom of dp sivetmediutedamprised; inthé Solmioreyrapmarasd vs abei ng
characterized in that said active nedi um conprises diaryl al kene derivatives

of the gener & I dhifhnage.Afhere o-6¢r 2 fogh wraeantration ragiodthsesholdhiasd adewd be
the sane or different re independent |y substituted or non-substituted
byt wier ei ot Bralba et bl ERBHCPMR oS H¥he S drpR tigAaE |k
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i nventi on magotveneativedokio hbalow ths lgwontio tigrested]d irgpresdnit dlife othyer dézia Roel yner,
and the active nediumis cheni callll y boug}i thereto., Alternatively the
supporting nefdmplengyvalame periog, having 708 |ax lgs acthee madiva olhefirsts

honogeneousl |.Si.rgd but 1.1 | L.on: stpre of he appar at us
of the pres e%réf) Hileﬁlf/cefr??lﬂ olﬁg%:srl%ﬁ%géeﬂsot’ g{}g}]e gg&y@%bﬁ@ﬁ“{)&%ﬂ% gblﬁﬁ Pt §10r5,

Sept enber 208ivednégiagi of M@ seBo BoBiRRAoMYhay Féfteskdka, units are binary
digits, and each portion of the active medi um conprised in the vol une

represents a 0 orAlernpfively, thei date aemesantation is singleg, andiieath commafriatiahi on
ratio threshold and a | ow c¢once (ﬁﬂration rati o, and vol ume portions having
a concent r at 1349 FCRIGSBMS BRTE Efﬁ‘i‘F‘é{ BN %Hat i 0 threshold represent | digit,

whi | e portions hayi . ' | 0, 0o i eshol d
represent the ot hé?l FlgF tn(f &gglﬁrg}%ﬁgdng?g? a‘é*@éﬂﬁ%?e%%ﬁ?ﬂ%n&h‘%@eﬁgk%% or
less active geidieutoms 6he pbiyisdr consias® withid ardiverayolugier thsest ddpadibidfe a
vol ume portion having 80%or nore _active nmedium of the second isoneric
formmy r ep@l’@]@mg their states from one isomeric form to another.

The first threshold energy may correspond to the energy required to
photochemically convert a molecule of the active medium from the first
1someric form to the second one.

Diarylalkene derivatives according to the present invention are of the
general formula AnRC=CArR,, wherein Ar; and Ar, which could be the
same or different, are independently substituted or non-substituted aryl
wherein the substituted groups have a strong absorption in the IR region or
may display effective Raman scattering and; R, and R, which are the same or
different are groups having strong absorptions in the IR region.

Polyene derivatives according to the present invention may be
polyenes having up to 11 double bonds, wherein the substituted groups have
strong absorption in the IR region or may display effective Raman scattering.

Prcferably, the apparatus according to the invention further comprises
means for reading the data units from the isomeric forms of the active medium

in different portions of said active medium.



Alternatively, the data representation is anal og, and eadif 2enierebentton
rati o represents a predefined data unit. An active nedi um shoul d be
understood as a plurality of nolecules or active groups of a polyner
confined within a given vol une that are_AicapabI e of changing their states
fromone isoneric formto another. The first threshold energy may

correspond to the_ener required fo  photochem cally convert a no] ecul e of
the active medi unPrieibIRcing] FSomerics SR of FoFPRARC (PRITISBCahdbe mELive
resent of . the

D aryl al kene derivatives accorfli ng t theh[? invention.ar
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wherein t he canu nBEeR) By Siecting fabardsthE RoRiosL R afoitight Beafithatyi on or

may di splay gffectivg ;FarRb gredihering and; Rl and R2 which are the same or
di fferent are groups having strong absorptions in the IR region. Polyene

derivatives accor Acfgding fohhoMie@SsiMis Aspren! henv@itioReroPiey 8NBSthBa\drg up
to | 1 double bonds, whérein the substituted groups have strong absorption

in the IR regiodaciag anthyeeddisgdnaionel patedrn \of di¥forent soseiptéon ogffifleskdoabl y, the
apparatus according to the invention further conprises neans for reading
t he data unig¥enccopigyHbreshokdbin a volommscampripiagaast dofivempedium, said agtiveer ent

portions of said active pmedium 24 Septenber, 2004 Preferabl t he isomeric
formof a spBEARR SEFIIGRS o T Gellene Ve ea Ao he Benebht fornda (in
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nmet hod of producing a three-dinensional pattern erent absorption

coef fi ci ent sgifoaps hav@h ¥aOng ABS@Ptibhie sk rdgdior and] RPEnC RYWHiIcH B the active
medi um said active nedium conprises diarylal kene derivatives of the

gener al f or nifimae opdiffereriCaro@m@upsihavisigrstvang absdrption iwthe ARgegiod dnd ishe same
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energy; the method comprising:

directing a light beam having a first energy different from the first
threshold energy, to a selected portion of the active medium; and

directing at least one other light beam having at least one other energy
different from the first threshold energy, to the same selected portion of the
active medium,;

wherein the combined energy of the first light beam and that of the at
least one additional light beam are substantially equal to the first threshold
energy level. |

In this method of the invention, the transfer from one set of isomeric
form to the other sets of isomeric forms may be a result of multiphoton
absorption.

According to another aspect, the invention provides a method for
reading data from a three-dimensional pattern of different absorption
coefficients for a given energy threshold, comprising: directing a first light

beam having a first energy, different from the second energy threshold, to a



capabl e of being in either a first or second isomeric for4fSeMemaedii@h
being sensitive to radiation of an energy substantially equal to a first
threshold energy; the method conprising: directing a |light beam having a
first energy different fromthe first ahreshold energy, to a selected
portion of the active medium and di reét?hg at | east one other |ight beam

havi t | th dj £ f t f the first t | d
oner g9, to t il Bolletots R hYe niguR BReriGA B A i Kind dRETANES e
conbi ned enepBthetenthg fhinhisla MIRW?lea‘ERg%érgﬁtAﬂf add&rAfvhidhearld 8Be
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different absorption  coefficients for a given energy threshold,
conpri si ng: #seaRiomip ther 1k segipngard dbeeims at lesgt ang additiosaklight bepmf er ent

fromthe sec r 04 - | ect ed

portion of t%&ﬁnﬁ%{é ?\i/%’é%é@% 5%@%%%% %Ig%gyéﬁ ﬂgleegliE E@ﬁ éﬁl‘fggﬁgﬂ&o&a%\?g&y\?g‘é of

the general therseldctedApdRE-GAIRR:tiveheedium;Avheid tHy ombimd enugd ofe the
are independently substituted or non-substituted aryl

3}2‘2‘? e?:l ? Lfef’g@gﬁ;sl’f tight begibapd thal et dhe @t derst amsorgstitionali ighthbearm aregi on
and; R1 a”%lﬁ%ha‘gﬂ%@e L8l %Qﬁeﬂ%ggmqa eﬂ%%,erent, are groups having strong

absorption int region; an I Tec "at | east one additional |ight

beam having at |ﬁaédrdﬁic'{p,et@dﬂbﬂh'b@Q@lbe@,nﬁfegm\f@hﬁf)ﬁr_ Btides amidierd iseghol d
energy, to the selected portion of the active nmedium wherein the conbi ned

energy of tihece-flinsensionghtmpmany apgaraies fof storimgainfbenstionnie adwiumenal
ECRSEEAE M A T N R RN A I
), A SO 1 ST PSR Yo 1 e
energy substantially equal to a first threshold energy, wherein the
concentration ratio between a first and a second isomeric form in any given
volume portion represents a data unit; the memory apparatus being
characterized in that the active medium comprises diarylalkene derivatives,
triene derivatives, polyene derivatives or a mixture thereof, chemically bound
to a polymer.
According to one embodiment of the present invention, the “at least
one additional light beam” is a single additional light beam, and the transfer
from one isomeric form to the other is a result of biphoton absorption.

The combined energy may be either the sum or the difference of the

energies of the various light beams directed to the selected portion volume.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out in

practice, a preferred embodiment will now be described, by way of



second isoneric formas a response to radiation of a |igH4 $erdembendddd an
energy substantially equal to a first threshold energy, wherein the
concentration ratio between a first and a second isoneric formin any given
vol ume porwoaen7yzepresents a data unit; the nenory appar at BSTA®i/NGELS6
characterized in that the active nedium conprises diaryl al kene derivatives,
triene derivatives, polyene derivatives sor a m xture thereof, chemcally
bound to a polyner. According to one enbodi nent of the present invention,
the "at | east ne. addj tj | ¢l | : Lisapal. | i ght
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bi phot on absg@prighi on. The conbi ned energy may be either the sumor the
difference of the energies of the various |ight beans directed to the

sel ect ed porti on Kigi landg® dsieteorspertivalyr UTHspertare n&s hulk sf der to

understand the inventio d to.see how.t r Il ut | practi ce,
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PREFERRED EMBODI NENTS.., Accordibng to _a. prefer I ment of the present
I nvention the act 'gef'%ﬁﬁaﬁ%??"‘g’r% Eder'nr%r?%tﬁee‘qs %%H{%fj

a supporting matrix. The
supporting matrix

=+

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

According to a preferred embodiment of the present invention the
active medium is embedded in a supporting matrix. The supporting matrix
may be a polymer, where the active medium is chemically bound thereto,
preferably through substituents of the aryl groups of the diarylalkene
derivatives. Alternatively, the active medium may be homogeneously
distributed within an inert medium such as wax, or micelles containing
medium forming cubic phases such as cubosom.

According to a preferred embodiment of the present invention, the
memory apparatus according to the invention comprises: means for directing
light beam having a first energy, different from that of the first threshold
energy to a selected portion of the active medium, and means for directing
additional light beams having additional energies different from the first
threshold energy, to the same selected portion of the active medium. The
combined energy of the first light beam and the additional light beams are
substantially equal to the first threshold energy. A system suitable for this



may be a polyner, where the active mediumis chemcally bBBupebtembercilfs
preferably through substituents of the aryl groups of the diaryl al kene
derivatives. Alternatively, the active nedium may be honogeneously

di stri but edlowirrdiran an i nert nedi um such as wax, or m cel | psTmant@ni ng

medi um form ng cubi ¢ phases such as cubosom According to a preferred
enbodi nent of the present invention, theg_nmenory apparatus according to the
i nvention conprises: means for directing |ight beamhaving a first energy,
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sel ected portion of the active medium The conbjned energy of the first

li ght beam and t hén agmfereshembodigient piethadnvention, didbiserstir £pmgs effbal to the

first threshol.d. ener.qy. yst b habl ' re 2004 WO
01/ 73779 Pﬁk‘ﬁﬁfﬁg@%’a h-é\éé SRS Qﬁ%‘%‘gﬁr %@Sgptf‘% ?g?&&%‘?aﬁﬁ’g inref 1,
for the casehbi®ifl sheieof Atkstiohd eabhdld ehérghaBi® dlfowingdhe tdrigvabiogf erred
enbodi rent of the invention, the isoneric fornms of the active nmedium have

a subst ant i dh¢ yinfiirmpdererin aeaNgr isonilaodd fils cpreferreflomanagys of byiiingener gy of a
second thrersﬁ]ol dbeﬁgaeﬁc% thus allowing the retrieval of the information in
a manner si fi% © preferred manner of witing, described below The

writing of the i nfioeRRitifof the HTEAhAIONAS GOy 280@Hplished Gt BEdadERe W th the
present invention by irradiating the active nmediumwth light in the
vi si bl e or with 8w prasent whienton by irredidiing theyastive medium jwithy ight ingh¢ in the IR

regi on, or may, pe d cted by aguring. the Rapan scatt.erin h a

readi ng pr oc‘@é?ﬁa‘i’r _6%18%r‘_§|§r}%d§?sr 81[nghlé(81[caﬁﬁél@§%s[ bﬁf“aﬁgﬂlfggg not

di stract theeRhoednkher AREeN by Héasurifaethel R8mas dcierimei SiiBhageor ding to
the invention conprises diarylalKkene derivatives of the general formula

Ar 1R1 C=CAr 2B2ding psocBSs atadowRaegyldoes noeimas thefsysthmsmddioss pobdikzans
derivatives or the substituents on the aryl rings determne the IR

spect rum or RECFEIIRIPTERLIPRer i ng pattern of the two

Thus, when the active medium according to the invention comprises
diarylalkene derivatives of the general formula ArR;C=CAnR;, the Ry and
R; substituents of these diarylalkene derivatives or the substituents on the aryl
rings determine the IR spectrum or the Raman scattering pattern of the two
isomeric forms of the active medium. The substituents on the aryl rings and
the R; and R, substituents which may be the same or different are chosen
from groups having strong absorption in the IR region or display Raman
scattering. The ILR. spectra of the aryl substituents and the R; and R;
substituents, or their Raman scattering pattern will be significantly different in
each of the different isomeric forms of the diarylalkene derivative.

Accordingly, the aryl substituents and the Rl and Ra, which may be
similar or different, and preferably are the same, are selected from the group
of C).sB-carboxylic acids or their esters, 2-hydroxyCi.salkyl, 2-fluoroxyC,.g
alkyl, 2-nitroC;_salkyl, 2-cyanoC;.galkyl or a nitro group. Alternatively, one of
Ry or Ry may bé as defined above and the other group may be a polar group,
such as a halide or cyano group. Most preferably the aryl substituents and the

R; and R; are chosen from ethanol or propanol.



i soneric fornms of the active medium The substituents on dheenieryberrdlfds and
the R, and R2 substituents which may be the sane or different are chosen
from groups having strong absorption in the IR region or display Raman
scatteri ngvo®ties7t9. R spectra of the aryl substituents andethBoBRyozend R2
substituents, or their Raman scattering pattern will be significantly
different in each of the different iseeric forns of the diarylal kene
derivative. Accordingly, the aryl substituents and the RI and R2, which may

be simlar or dif €4 $88E ok gkacyed from
the group of C1.8 _%rg?%eo)e(lé i CH{aeg{u s%g%&%lﬁl itr0 g%t ers, %?ﬁélal?o%%c, _8al kyl,

2- f | uor oxy Clpddyeneldeyivating; thetpolyene eah kyve uRtcchladmble Baddsyanddrmay bet ro group.
Al ternativelcél,p one_ of R3 or R may be as defjned above and the other group
may be a poldosgy dign cagimoids PigHENts JBIcH, ag yiROPSIE0Gh. B19BenS &F er abl y t he

24" sept envertiogpefaiepiis, T ARbGEnT of o Rty Rk SeRE duein RPN
according tahé hﬂ{is]pwﬁirﬂmm 0o RunBe Scalterifng lpptan o eachabl Wee pbisiblpol yene can

have up to 11 double bonds and it may be_ chosen from carotenojd pignments
such as | ycopemeriofomms ©irthe eﬂ@év%rmed\;@ma@ied$wsb‘i“§ﬁtén%f§.ChFﬁ%n JtRtituents

on the various double b ] ne. e ctru t man

scattering p%'f"tl%sr Elagpgeggﬁﬁ%%%%%%lgslg [ %}fke I.R.?(’)e%goﬁ S g?rs ﬁ%yo?%in e active
medi um The gy TRBTR. @?&uﬁfw&l@dmﬁmmc%ﬂﬂ@%fﬂﬁvsiuﬂstit&éﬂt@ﬂljﬂ Bbsor pti on
inthe .R region or display Raman scattering. The T.R spectra or the

Raman scat t efigmgcattiy diéferanbin pacheoft the Wiff¢repieisomeiie formsaof thy nelsener ent in

Soattaring. rKBEvE e R B SbREA Bl e e WEE Bherils ARt 0o To
(CARS), by Rasmsh BP%%%%?(@AEST,%R@H@PH@&@@K&re ERb#ESecabsadpyari ati on

thereof. The use of such 'diarylal kéene, triene, polyene derivatives or
m xtures t h@IEES)ar hoadationghemsabry apparatus of the invention to be fully

of thei 1 i somer | ¢ et sy ppi et e BpER R ERes B Bk ene are’
stable for |@pgop&MdWsthe memory apparatus of the invention to be fully operative in

room temperature, due to the great thermal stability of each of their isomeric

forms. The two isomeric states of the diarylalkene are stable for long periods

of time, and no spontaneous thermally induced inter-conversion of one

isomeric form to the other occurs. This stability further enables the memory

apparatus to be of a kind that may be written and read many times,

Examples

Example 1: Pure trans-4-bromostilbene diethylacetate was dissolved in
acetonitrile and irradiated with a mercury lamp having a Hg filter. The U.V.
spectrum displayed in Fig. 1A illustrates the spectrum of the pure frans
isomer (designated 9401). The cis isomer has a strong absorption at 254 nm,
and thus also shown are the resulting spectrum of the formed mixture of frans
and cis isomersAaﬁer 5 minutes of irradiation (designated 9601), the resulting
spectrum of the formed mixture of frans and cis isomers after 8 minutes of

irradiation (designated 9801) and the resulting spectrum of the formed



of time, and no spontaneous thermally induced inter-conveisPenicrnberciigs
isoneric formto the other occurs. This stability further enables the
menory apparatus to be of a kind that may be witten and read many tines,
Exanpl es Wwoawpi7es 1. Pure trans-4-bronostil bene di et hyl aceceiieo®ss

di ssolved in acetonitrile and irradiated with a nercury |anp having a Hg
filter. The U V. spectrumdisplayed ingdig. 1A illustrates the spectrum of
the pure trans isoner (designated 9401). The cis isonmer has a strong

absorption %iﬁf;ée&g&aqs%% SRR gﬁémmiaﬁts? pg@@ﬁa&ﬂ& {d@ggﬁ@@&t rum of

the formed m X rans and CIS I sSOners a m nutes-of Irradiation

(desi gnat ed ®8Q3) .FighelB eslilstrateg tlpegiectiomofoft ke f ofsrebromostitiege of trans
and cis isonmers after 8 mnutes of  irradiation (designated 9801) and the
resul ting spdiethylagetate afisel8 brsafdmadiatiibt ember 2004 WO 01/ 73779
PCTI 1 LO /00286 -8 m xture of trans and cis isoners after 15 m nutes of
irradiation (designated 0301). Fig. IBillustrates the spectrum of the

Ci s-4- br onDsExdnaee: Pdtel-hys-aglbems ippdgagdl Was dissolotd in hesdodtriioand Exanpl e 2:
Pure trans-stil bene di propanol was dissolved in acetonitrile and

i rradi at ed virtafiatedmvidupymerowy Hampnbavingig flg fidter. The WM/ spsgaserum

di spl d in.Fi,g. 2A il.lust h t h t i

(debi gnat ed GSIged i Fipat el Bt SHeRb, AL themEH Fekt Bobeb? °rr ans
and cis is dféig?a(t@@llﬁ@g, theSbEMeL ReRLRL dfQRe FrmeAdiduraldfeFand afili Ut es  of

irradiation gnated "4401), the resulting spectrumof the formed m xture
of trans andscdsemesotevingat strong abswptéon ¢f 3xnuni afisrod mimesywit ed 4501).

The spectrumqf the acetonitrlie is signated 4201.. Fig. 2B ill.ustrates
the spectruff ’fatlpﬂzd%f@ﬁtegt%ﬁoht & IB%SPI?ﬁ%”gkoﬁztﬁe I’—ﬁi)rér.‘e%z‘ﬂl,"%ﬁ&%v_er after
the abstrackjanapf %%ﬁé}%&@f b rhinBteS REGEh @RtioE X\ nfted 4501 RNThEt i | bene

di et hyl acet ate was ssolved in acetonitrile and irradiated with a nercury
| anp havi ng speblyuthi bf ehe dEb@niilEplisayesighated 420pedtig.udBi lillustaicatthe t he

spectrum of the pure_ trans isoner (desigpated 530]1),. and the resulting
spect rum of sneetram, pletheceis F%lg?&er dépﬁ%ﬁﬂngg a3 ‘%th%n » however alter the

abstraction of the acetonitrile spectrum.

Example 3: trans-stilbene diethylacetate was dissolved in acetonitrile and
irradiated with a mercury lamp having a Hg filter. The displayed U.V.
spectrum illustrates the spectrum of the pure trans isomer (designated 5301),
and the resulting spectrum of the formed cis isomer (having a strong

absorption at 254nm) after 22 hrs of irradiation (designated 5501)

Example 4: cis-stilbene dipropanol was irradiated and the resulting Raman
scattering spectrum is illustrated showing the characteristic absorption of the

hydroxyls.



absorption at 254nm) after 22 hrs of irradiation (desi gna4eEr5H0BA9r 28R4l e
4. cis-stilbene dipropanol was irradiated and the resulting Raman
scattering spectrumis illustrated showing the characteristic absorption of
the hydroxyls. 24 Septenber 2004 9 CLAIMS: 1. A three-dinmensional nenory
apparatus for storing information in a “vol une conprising an active nedi um
which is capagl ?&ﬁ changing froma first to a second isoneric formas a
response to é -on of a |light beam having an energy substantially equal

to a first thresh It(rjhgen r .wherein the conceptrati.on .ratio between a
(rrst and a becor Sapigisch TGRSy i %ﬂgngdp?ir&wtwapﬁegen;s .
redt um compr 1L 0utE SRR A e Biiton VBAh RebfBH S it apElng gk 811 e
Ar 1IR1C=CAr 2Rg WG & SLdbnfl {0 gigffo?m"‘@é ﬁr}egﬁ’%s‘tge%eracﬁ%}?mﬁﬁ% ﬂ%ht?héeeflﬁ'r ent,

are independently substitute non-subs _ ary erel
substituted BLGHPINERErReMsIARMI aPtd QYirsD tHrBShdIfR chER)yOWIRREN thE and

R2 which are the same of different, are groups having strong absorption in
the 1R regi ogoncéntrAtite patio/ baixahal figsteRIol Sédiehd! Rofleficfoim wWhaTeERepal d
data units are binary digits. 3. A nenory apparatus accordingto claima1,
wher ei n sai dvelatiev gortiedi teprésensniaedied init;a ssidopoehbng apparitis Weingd menory
apparatus according to claim3, wherein said supporting matrix is a

pol ymer, andchmaadderseeti methateshidi activee miediving abimypribeudidrlalkene dediyatives of. A
menory apparatus according to claim3, wherein the supporting nmatrix is a
wax or a ni cielgeneodnonguls AdREThABR,, ahgreiai Araand Ve, mduchireoukd be
honogeneously distributed therein.. 6. A nenory,apparatus according to claim
1, conpri si né.e SR8 6T er&m,e@@ilﬁ@e@mdﬁgﬁ syBatuERl, PR gor-substauted, ardy |

different from sai first threshold energy, to a selecte ortion pof the
St ve medt ottty the dnns bt d Brhe e A e AR oA e IBRREY HHE o

havi ng at Ieﬁlst

and'R, which are the same or different, are groups having strong

absorption in the IR region.

2. A memory apparatus according to claim 1, wherein said data units are
binary digits.
3. A memory apparatus according to claim 1, wherein said active

medium is embedded in a supporting matrix.

4, A memory apparatus according to claim 3, wherein said supporting
matrix is a polymer, and said active medium is chemically bound to a
polymer.

5. A memory apparatus according to claim 3, wherein the supporting
matrix is a wax or a micelle forming a cubic phase, and said active medium is
homogeneously distributed therein.

6. A memory apparatus according to claim I, comprising:

means for directing a light beam having a first energy, different from said
first threshold energy, to a selected portion of the active medium; and

means for directing at least one additional light beam having at least one
additional energy, also different from said first threshold energy, to said

selected portion of the active medium;



addi tional energy, also different fromsaid first threshd4Senienhs, 2004 sai d
sel ected portion of the active nedium 24 Septenber 2004 -10- wherein the
conbi ned energies of the first Iight beamand that of the at |east one
additional 1ight beam are substantiallyjgqual to the first threshold
energy. 7. The apparatus according to any of clainms 1 to 6 further

conprising hafsn Y 4158 .eﬁgente%leéj aF ﬁléng;‘stt Sight Bgﬁx%dctﬂ??gpﬁ{aaﬁti 1Qhratio

of the isoneric states of the tive medi uman ferent portions of said

active nmedi Uphe §ddifibRalaRRA bRAMSIre GEBS i1y éhl%:l‘}/? e ﬁﬂst”‘g‘ggsﬂola Bnépgyher ei n

the two isoneric forns Eﬁave a substantially er ent orption

coefficient Jor Theepphmtisca®Iodding! torameefnrthihyl PIHY GueRg’ Binpdsinghe
apparatus according to claim8, whérein said substantially di fI?erent

absor pti on cmefifis foremeading the dabeudiR fregi e colRentfiorapiy of the i8sweridi Ng to
any one of clains 1 to 7, wherein the two isoneric forns have a

subst ant i al | stafghs fof ¢reeattiveonediem mydiffererdrpornéns ofsaiéactéve mediuyy.. 11. The
appar at us accor di nlgl; to claim10, wherein said substantially different
scattering p&tter ofappaaiuse aecorémgr iy ahy dlaelaims data & iwlagrein2 theatwo
apparatus according.to any of clains 8 to 9, wherein said neans for

readi ng t he WOMRTIGnfQrEns dignp g ﬁ@smaﬁﬂwélrffedﬁme@bmgﬁanfweéﬁcmngrﬁor beam

det i“?magr e?ﬁ%é@%ﬁ%&%%%#e@a?%%aﬁ@ﬁ?e@%r%vﬁ‘_i Eé[‘?'n:é at | ﬁésgf)?ﬁese' ot :d
Sai d second fr sty Prntidy, Kby Cotaifcl WhRRImAA YheeatEige
medi um 13. &ffa%ﬁ%ﬁ[aﬁg&&??’%ﬂcégﬁi‘%&%%%ﬁ?f‘%i@ﬁ-m 1, wherein the aryl

substituents groups are sefected from Cl -8p-carboxylic

aci ds or thejg, eﬁﬁ@agparzm@%&@y%f&ahﬂhe &cﬁéiﬁﬁrpﬁy@%zfﬁegémnéﬁn%m

2-nitroCl_8al kyl, 2-cyanoCl_ or~a nitro group. ry
appar at us acigefm@tipolas Gage &fosm@ihﬁyruifﬂapex@rs%uém@sga&aﬁr@fsincmc& he R,

and R2 groups are selected fromethanol or propanol.” 24 Septenber 2004
energy.
11.  The apparatus according to claim 10, wherein said substantially
different scattering pattern of incidence energy is Raman scattering.
12.  An apparatus according to any of claims 8 to 9, wherein said means
for reading the data units, comprises means for directing a first light beam
having an energy different than said second threshold energy to a selected
portion of the active medium; and
means for directing at least one additional light beam having at least one
additional energy different than said second threshold energy, to said selected
portion of the active medium.
13. A memory apparatus according to claim 1, wherein the aryl substituents
and the R, and R, groups are selected from C,sB-carboxylic acids or their
esters, 2-hydroxyC,.salkyl, 2-fluoroxyC,.s alkyl, 2-nitroC, galkyl, 2-cyanoC.
salkyl or a nitro group.
14. A memory apparatus according to claim 13 wherein the aryl substituents

and the R, and R; groups are selected from ethanol or propanol.




- 11 15. A nenory apparatus according to clainms 11, 13 or243esptevneersdli4t he
aryl substituents and the RL and R2 groups are the sane. 16. A nenory
apparatus according to claim 13, wherein the aryl substituents and the Rl
and R2 groups are different, wherein one ,is chosen from Cl_8(3-carboxylic
acids or their esters, 2-hydroxyCl_Sal kgl,' 2-fluoroxyd _8 al kyl,

2-nitroC _8al kyl, 2-cyanoCt_8al kyl or_a nitro group and the other froma
hal i de or a &yanoAgRemery maratuﬁ@ﬁwr@%mlmm&lhdgmrdi%ng@thc a6
wherein the aryl, substifuents nd the R, and R2 groups are selected from
et hanol or pPYFHAKNL 4 &’& %@8&3?8’2% €888%rding to claim 1 capabl e of

T AT T T T
O v AN RSP, PO PR o0 10

Ar 1R1C=CAr 2Rz, i whi j ,

A IRICSON 256 PSERAIY e B o ey e Rl o

substi t ut ed gﬁ}g@snﬁ@@_salk%weﬁarﬁ)@l%ﬂéﬂ 8P alrfitrb B0 n;gaﬁa?%é)ﬂﬂﬁf‘%om Rl and

R2 which are e sanme or drfferent, ‘are’groups havi strong absorption in
the IR regi oRalafedor Scaipagtbgpof being in either a first or a second
isoneric form said nedium being sensitive to radiation of an energy

subst anti al | ¥7.equalmemosy dppasdtud fecesdiag to elaandy, whiéreinnbt hod sabsgtuestisng:
directing a |light beam having a first energy different fromsaid first

t hreshol d enmtggh,e Rjend Ryedreupearemstdciahirom ¢thenaloiriprepamadi um and directing
at | east one other |ight beam having at |east one other energy different
fromsaid fit&t tAr ehaNy amays aceorhng toetlebmel gapableonf avriting andcti ve
medi um 24 Septenber 2004 -12- wherein the conbined energy of the first

li ght beam aff@diggmany tHNes- ot | east one additional |ight beam are

oSt O g P okt TS DR, e B Bl o
coefficients for a given energy threshold in a volume comprising an active
medium, said active medium comprises diarylalkene derivatives of the
general formula ArR;C=CAr,R,, wherein Ar; and Ar, which could be the
same or different, are independently substituted or non-substituted aryl
wherein the substituted groups have a strong absorption in the IR region and;
R; and R, which are the same or different, are groups having strong
absorption in the IR region and is capable of being in either a first or a
second isomeric form, said medium being sensitive to radiation of an energy
substantially equal to a first threshold energy; the method comprising:

directing a light beam having a first energy different from said first
threshold energy, to a selected portion of the active medium; and
directing at least one other light beam having at least one other energy
different from said first threshold energy, to said selected portion of the

active medium;



different absorption coefficients for a given energy thrednsgriemeerid®itsi ng:
directing a first light beam having a first energy, different fromsaid
second energy threshold, to a selected portion of the active nmedi um
conprised of a diarylal kene derivativei of the general formula
Ar1R1C=CAr 2R2, wherein Arl and Are whi Ai-coul d be the same or di fferent,
are |ndependently substituted or non-substituted aryl wherein the
substituted yheise theyeembingd enmgsy M$be irstolightnbeane andath@fg%ﬂleaatdeam and
R2 which are the sane or different are roups hayi ong bsorption in
the IR regi oﬁne adritignellight hyam avecinbstaatieliy saiieh f@ﬁﬁp'}%ﬂg wargyng at

| east one dltlonal energy different fromsaid threshold energy to said
selected po n of the active nmedium wherein the conbined energy of the

Substant Pal 195 oAl BB o FOBHE om0 rRPRbnnt BbeRORE " °
medi um - RO HCAnRF AT b RIS PR, bl ok ey TieeEROR cbitRiRik: T

formas ar e&]@é&iﬁ% & <ﬁr§tal‘i‘$lﬁt6éaﬁ1 %vfﬁ |4 gindt é‘ﬂ%?@ difrétddd A5 SART ¢ond
substantial ly equa aftirst thres oId ener g wherein the concentration

rati o betweeghergy ithibhaldd tia Sekefsdll GO dCtheQichve inéiMnOEMaPrisaPbE HE
portion represents a data unit: said menory apparatus being “characterized

in that sai ddmlaM@naﬂdnummmfrﬂls generiab forinall & @0gR de+CAadR,y edhereihrAgne
derivatives, polyene derivatives or a mxture thereof, chemcally bound to
a pol ymer. and Ar, which could be the same or different, are mdependently substituted
or non-substituted aryl wherein the substituted groups have a strong
absorption in the IR region and; R, and R, which are the same or different,
are groups having strong absorption in the IR region; and
directing at least one additional light beam having at least one
additional energy different from said threshold energy, to said selected
portion of the active medium,;
wherein the combined energy of the first light beam and that of the at
least one additional light beam are substantially equal to the threshold
energy.
21. A three-dimensional memory apparatus for storing information in a
volume comprising an active medium, which is capable of changing from a
first to a second isomeric form as a response to radiation of a light beam
having an energy substantially equal to a first threshold energy, wherein the
concentration ratio between a first and a second isomeric form in any given
volume portion represents a data unit; said memory apparatus being
characterized in that said active medium comprises diarylalkene derivatives,

triene derivatives, polyene derivatives or a mixture thereof, chemically bound

to a polymer.



