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gy density storage memories with very rapid access are

needed at various nodes upstream of more evolved
15 systems such as communication networks, central
computing units or multimedia terminals for the purpose
of video or audio data storage. Increased strategic
demand with regard to high-capacity memories, allowing
for example easy and generalized distribution of
20 multimedia documents in CD formats, has therefore been
strongly expressed. Another major requirement relating
to disk memories relies on the confidentiality and
propriety of rights: digitized data can be easily
duplicated insofar as read/write and encoding/decoding
25 methods and the associated hardware and software are
readily accessible. This is because uncontrolled access
to insufficiently protected information can result in
catastrophic damage in the fields of artistic
production, multimedia distribution or security

30 transactions.

Various types of recordable disks or memories have been
designed and developed at the present time. Magnetic
memories had been most widely used until the
35 introduction of compact discs on a plastic substrate
(CD) which have made the low-cost recording of digital
data widely accessible. Optical CD technology is

currently based on a simple process of etching




‘currehtly based on a sinple process of etching WO 01/50465 - 2 _
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15 physical mechanisms lend themselves to this
application, depending on the nature of the
photosensitive materials: the reorientation of

molecules in a polymer matrix was recognized very early
on, right from the start of the 70s, as a method of

20 holographically storing information using a physical
principle discovered at the start of the century and
called the Weigert effect.

Such a medium consists, for example, of a polymer-based
25 host-film doped by an azobenzene-type guest molecule.
After irradiation within their absorption band, the
molecules can become reoriented after
photoisomerization cycles initiated by absorption of
the incident 1light, this spectrum coinciding with the
30 absorption band of the guest molecules. Irradiation by
a linearly polarized beam causes axial reorientation of
the molecules perpendicular to the polerization
direction of the light. This mechanism induces a linear
birefringence in the film which increases the
35 refractive index perpendicular to the incident
polarization of the pump. The presence or absence of
birefringence can then be used for the binary encoding

of information. It is therefore important to note that
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This effect may be generalized by two-photon pumping
corresponding to irradiation with a wavelength shifted
toward the infrared at mid-height of the absorption
maximum of the photosensitive molecular species.
20 Although a priori less effective than one-photon
absorption, much work is currently being carried out on
the use of two-photon pumping which allows penetration
into the volume of the material, whereas the depth
accessible by one-photon resonant absorption is limited
25 by the depth of penetration (cf. the work by
Paras Prasad et al., at the Suny University at Buffalo

or by J. Perry et al. at the Jet Propulsion Lab. of

Caltech; cf. also the following publication: “B. H.
Cumpston, S. P. Ananthavel, S. Barlow, D. L. Dyer,

30 J. E. Ehrlich, L. L. Erskine, A. A. Heikal,
S. M. Kuebler, I. Y. Sandy Lee, D. McCord-Maughon,
J. Qin, H. Rb6ckel, M. Rumi, X. L. Wu, S. R. Marder and
J. W. Perry, Nature, Vol. 398, 1999, pages 51-54).

35 However, when the medium is irradiated by two mutually
coherent beams at o and 20 respectively, where 20 is in
resonance with the absorption band of the

photosensitive chromophores, under certain conditions



"35 However, when the mediumis irradiated by two nutually coherent beans
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resonance with the UV-visible absorption spectra of the
15 photosensitive chromophore. The simplest case of
irradiation at two wavelengths corresponds to the
degenerate three-photon case with ©; = w; = ® and
®w3 = 20. At the microscopic 1level, such a phenomenon
may be interpreted as quantum interference between
20 1l-photon and 2-photon absorption processes, which
results in a noncentrosymmetric excitation probability
and in breaking of the centrosymmetry by coupling of
the process of de-excitation to a state whose structure
is transiently modified (for example reversible
25 photoisomerization as in the case of photochromic-type
molecules which have an N=N double bond between two
aromatic rings and thereby the possibility of
reversible photoisomerization of the trans-cis-trans
type) .
30
PRI RT

In the <case of a single linearly polarized beam
incident normal to the recording medium, the molecules
35 are thus reoriented axially, perpendicular to the
polarization direction of the pump beam. It is known
that a distinction may then be made between different

polarization directions of the write beam resulting in



“I'n the case of a single linearly polarized beam incident normal to the
recordi ng nmedium the nolecules 35 are thus reoriented axially,

perpendicul ar to the polarization direction of the punp beam It is known
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beforehand by a Weigert effect with  Thorizontal
15 polarization of the pump, so as to result in molecules
oriented indiscriminately wup or downward, after a
second step of irradiation at two wavelengths according
to the polarization conditions defined above, new
states are obtained which correspond to molecules which
20 are then preferentially oriented upward or
preferentially oriented downward. The distinction
between these two new states results from a method of
controlling the phase between the two write beams at o©
and 2 ®.
25
It has been shown, in particular in:
S. Brasselet and J. Zyss, J. Opt. Soc. Am. B,
Vol. 15(1), 257, 1998 - Feature issue on Organic and
Polymeric nonlinear Optical Materials,
30 that these polarization effects may be associated with
various write tensors and especially:
- 1in the case of the one-photon Weigert effect,
with an electromagentic field tensor of rank 2, F%,
which is defined by:
35

F(l) = RGLE‘ ®(EW)‘J (1>

where Re denotes the real part, @ denotes the tensor



‘Various wite tensors and especially: - in the case of the one-photon
Weigert effect, wth an electronagentic field tensor of rank 2, F which
is defined by: 35 F(') = ,ReLE-0 (r)(E")' J (1) where Re denotes the real
-part, (c) dewotoay=dusd ensor WO 01/50465 - 6 PCT/ FROY®0G&H 1rqchcd and *
the conjugate; and - in the case of the one-photon and two-photon
‘degenerate interference effect using an infrared laser beamand its
harmoni ¢ radiatjon, with an 5 el ectronagnetjc field tensor of rank 3, Fc2)
- i oy i g

which is déf9 SR COMTYBRD( Y j (2) 10 It will be noted
that the notations definkd hexee and ithet baer-esiotehn t Ardpreaethdext are
the sane as lgﬁgg-' e i.oned. . icle, to which reference
may advant 3%%%3% y be }rllﬁgeeéﬁ%égﬁﬁée gg%%gﬁeﬁ’t%sﬁ{(# %ﬂe’léllfggtrr(e (c)ingigarlse%]fc field
tensors F(npeagan banéxprebsed i mammmiant feddrichonhe fowhbhi smaoi

tensor repres g ddfedect bhe cw e 0, ropations bly
i ndexed coeff?gtgﬁtrﬂs dee!nt(r)ltcgdyIAC':llrani])J,i t%hntes?gﬁ 8,5111%{2,33 (()IEp fo%?lﬁg%r glg{ of the
t ensor, t hatfefgned tkﬁ"say 2 in the case of FWand 3 in the case of F(21)
and -J<_m<i. J. It has also been shown in the aforenmentioned article by
Brassel et and Zyss that the |inear and nonlinear 25 photoi nduced

e P thew o e e e O S T g
J=0.2 x=2y m- A(,")F() mwith J = 1.3 30 (3)
10 It will be noted that the notations defined here and in
the rest of the present text are the same as those used
in the aforementioned article, to which reference may
advantageously be made.

15 The components of the electromagnetic field tensors F®
can be expressed in invariant form in the formalism of
tensor representations irreducible with respect to
rotations as doubly indexed coefficients denoted F,’,
where J = 0,1,2,3 (up to the rank of the tensor, that

20 is to say 2 in the case of F*® and 3 in the case of
F?) and -3 < m < J.

It has also been shown in the aforementioned article by
Brasselet and Zyss that the linear and nonlinear
25 photoinduced susceptibilities can be expressed, to a
first-order approximation with respect to the write

tensor, by the expressions:

1) o .
2V m=20FY 0 ith =02 (3)
2y’ o .
X m=2RF m with J =13 )
30
where the coefficients A7’ and A? depend on the
effectiveness of the write process, which itself

depends on molecular parameters comprising inter alia



"('4) where the coefficients 2J and ?J depend on the effectiveness of the
wite process, which itself depends on nol ecul ar paranmeters conprising
inter alia WD 01/50465 - 7 PCT/FR01/ 00016 the imaginary parts (at
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the coupling with structurally nodified states coupled to the excited
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by case badi'€ in VPEEIBAITYhe PitiUre of (Bhe ndAIHEHCEbhot 8Sensithse

chr onpphor e elleserzaldill {fhe tenBv¥E, )& Oahdr qﬁoahaortaie t ﬁfiflﬂei@ﬂbfyeséﬁn
trace) corr, 0 he .l sotraopi ¢ contributiop.tq the |inear

MaCr 0Scopi c tp(%[)a%géz%%??%t%lt i Isetxﬁhcgt rearrin%g( " dﬁﬁfegoﬁ}:&“:&?na%mf%l?%e

bi refri ngend®, Wieheklé tieddi steste mard0 peort iddgatiliongin héher ansverse

bi refri ngen i 15yt I t i » L1 kew e j.cients ,r
2" 'm vmgt hq\?l :‘p}#ég zkit(r?1 ee0 t %@ggg%oﬁ%rﬁlséﬁl%es%gg?gt&?c Icéglﬁa[s%%%h ility
with the i ndUSs 3n $ePCREeRe8pEAdiLAgSt 60 thfe db9RwPsedePRi @ €IRSE by t he

pl ane of theddd NMba2Q sPRESENFAL ONOF tHAE hAVENE! ObE AN 98] acdi V&t he
invention is 1o propose a t chnickﬂ%a allowing data to be stored in a
phot osensi t R/& ﬁgsr%f’syl i U R X Yr @2 FS7 i ncreased density. 25
According to the invention, this objective is achieved by encoding the
data acegr dinh@ { Loyar i pUsPORSLBLE,c 9hALES Jo (fle ¥ariols.gorponenfs of a
nonlinear susceptibilTty tensor of the photosensitive redl um an 0 by
si mul t aneouSIGFISSRANGH ity Blte | dagtrenécpsPRETiRutdand teediiem binewt t e
beans, the pRlaidsrridian OofboMdGhadisl iaant r giiad i nerder c£of a g“\f%ﬁ'
nonl i near susce th?H ity tenshor Lbo, be "optically recaorded in thg
photosensitﬁﬂgr S ‘to the irefringence, with the indices

m # 0 for describing the transverse birefringence in

15 the plane of the film. Likewise, the coefficients zJ”Jm
with J = 1, 3 are the components of the gquadratic
susceptibility with the indices m # 0 corresponding to

the tensor coefficients in the plane of the film.

20 PRESENTATION OF THE INVENTION

An objective of the invention is to propose a technique
allowing data to be stored in a photosensitive memory
medium with a greatly increased density.

25
According to the invention, this objective is achieved
by encoding the data according to various possible
states for the various components of a nonlinear
susceptibility tensor of the photosensitive medium and

30 by simultaneously irradiating at least one point in
said medium by write beams, the polarization of which
is controlled in oxrder for a given nonlinear
susceptibility tensor to be optically recorded in the
photosensitive medium.

35
For example, for binary data, the 0 level is associated
with a zero component and the 1 level is associated

with a nonzero component.



"35 For exanple, for binary data, the O level is associated with a zero
component and the 1 |level is associated wth a nonzero conponent. WO
01/50465 - 8 PCIT/FRO1/00016 It is then possible to read the states of the

-various temsorolcisggents of the nonlipear suscepti bidddrrd1E50y14 ecor ded
at said point in the support by 5 irradiating said point wth one or nore
read beans, the polarization of which is controlled, and by nmeasuring the
intensity of the response beam which results therefromfor the various

pol arization directions of its electric field which, in combination with
that of 10 tlle % echenc pbiselitblef tderesadcheamtnsd espordiet 6,4 uyvari ous
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n
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wi | | be understood that us exploitin t ensori h&PatE of the
nonl i near sU@EéEHSbquWneSGSL ﬁélalqwfld? et e deedity xéxd.it is possible to
record at the same point in a photosensitive nediumis increased.

Mor eover, a%%or di ng to an t.her .advant ageous asgect of 35 the invention,

the write bedm ar G MOVearkample again, the intensity of
the response beam is zero, for a given polarization

15 direction of the read beam electric field and a given
polarization direction of the response beam electric
field, when the tensor component of the nonlinear
susceptibility is zero; reading then makes it possible
to deduce that the optically recorded binary

20 information for this tensor component is the wvalue
zero. When, for this polarization direction of the read
beam electric field and this polarization direction of
the response beam electric field, the intensity of the
response beam is not zero, it is deduced that the

25 optically recorded binary information for this tensor

component is the value 1.

It will be understood that, by thus exploiting the
tensorial character of the nonlinear susceptibility,
30 the information density that it is possible to record
at the same point 1in a photosensitive medium is

increased.

Moreover, according to another advantageous aspect of
35 the invention, the write beams are two coherent beams,
the phase of which is controlled so as to control the

sign of the components of the nonlinear susceptibility
tensor.



t'he phase of which is controlled so as to control the sign of the
components of the nonlinear susceptibility tensor. WO 01/50465 - 9

PCT/ FRO1/ 00016 This is because, as will be understood on reading the

- descri pti onWghiolY §0ld5ws, it turns outsthat it is passifdeoioeengrol the
Ssign of the conponents of a 5 nonlinear susceptibility tensor by _
controlling the phase shift between the wite beans. Control of the sign
of the tensor conponents that it is thus possible to achieve nakes it
‘possible to further 10 increase the information storage density at the
optical reddridi ngs pbeasusEhe aretholl pbeposeth tyt ddie bﬁVQ'IétaldGJihg Sthe

further mrede%@%rgtai%pu%xc@pn%g%aged e vario uregI 15 whi ch

t
foll ow, taken by thensel ves or J?%e ot ecki caI pod
conbi nat i on®OSEHE opPi é‘é?ntrré@or éiﬂﬁg %ifgra cifnetne s somEtripits t pf teensor

whi ch cosr emrld:heta?r a §d§§ép@il§9ﬂi@§3 | e¥gkori Sp U%ﬂt%cisi%nqagon {ie

opti cal recordl Jg of dc‘ﬁc '};0 i hear 0 susceptl bilify tensor

corresponds o °% Seddnd Penesdt NePIHAF ch” does not appear on
reading the first encoding |level; - the wite beans are two in nunber and

have cocir L-can QU € c' C o] i.zations, r ctive - the
opti cal rnerm@ré;lr/ﬁ i S)n?cont aé nirg (% %hgh!:%ﬁsor Cgﬂ‘pgfl(%’ ﬁzgﬁgﬁd erfi v’a%ll ve, -
t he nedi um &S rkel atleke wteh E\F&Jfllet){s wekesofit \woseilhbams owhiwdt lomr r espond

to diffeyentnepllacdl trR0 1ecOFEH toNayebeRglhdensit a%e@qgnégggégfs a dye

whi ch has orientation nproperties at the various wavel engt
correspond TE§H %ﬁ%? of wite beans used; and - the nedi um contains

several dyes. 35
The method proposed by the invention is furthermore
advantageously complemented by the various features
15 which follow, taken by themselves or in any of their
technically possible combinations:

- the optical recording of a linear susceptibility
tensor, which corresponds to a first encoding level, is
superimposed on the optical recording of a nonlinear

20 susceptibility tensor, which corresponds to a second
encoding level and which does not appear on reading the
first encoding level;

- the write beams are two in number and have
cocircular and countercircular polarizations,

25 respectively;

- the optical memory medium contains a dye which
is an azobenzene derivative;

- the medium is irradiated with various sets of
write beams which correspond to different optical

30 recording wavelengths;

- the medium contains a dye which has orientation
properties at the various wavelengths which correspond
to various sets of write beams used; and

- the medium contains several dyes.

35
PR T E

Further features and advantages of the invention will



" PRESENTATI ON OF THE FI GURES Further features and advantages of the
invention wll WD 01/50465 - 10 PCIT/FR01/00016 becone nore apparent from

the description which follows. This description is purely illustrative and
-nonlimtingwand Medede read in conjuncgion wth the pEPRSIFEL 66 26M NS
in which: 5 - figure 1 illustrates schematically one possible setup for
carrying out optical recording according to the invention; - figure 2 is a

graph on which the variation with tinme of the intensity measured by the
phot odet ect EGNE 10M3T et APRAL$Hgur EXPdurtify ofESCERPELRSr diviieh a
tensor conpdwitowris ker phettedptrand -id i gureldy i Lluakeatesvechanatically
one possible re%%jﬁﬁtup.alg QES%RIPTI%Q SF.PCSSIBLE YS COF . H:NENTING
THE | NVENTIARGTHE § D nBRPofoftorae PRt s or OF o1 AF b SBoddd by P e

i nvention i srathratedgbousings nplemeinteld: i n the case of 20 optical media in
which itgis possible{Q,0ptica [ d 1-¢al.8f by
2nd- order tensors (fﬁglusual #?ﬁ%%rsggéesgg%?ggggﬁgfﬁgq%ga5%%i§§é§$ t he

di el ectric t&idtt §obj seetyity t Plet r oPtdcaily erefresingid accondiag to

bi ref ri ngencg)e omwdr-igrler tensors (the case of 25 the quadratic nonlinear
optic) or even higher-order_ tensors. Jo take .an anpl e,, usj ng on

parallel |inear Tpol qeﬁﬁi%n%saﬁd95ﬁ952880P§H€PLEﬁ&aW%ﬁiﬁ?ﬁ?@ Webitum 30
t he four nolteod avf ot hentiattieors istyatmesa showd by takl phbtaiettdur@nnex of t he
descri pt jon ar iopl y-obtained. Jt - js possihl.e _t;0 f four -states to
seven s%gteéﬁb%e%gggiﬁg, %g§¥ﬁg é%nf?g§¥gfioh§1§FQEagycg g%%gino§ab e 1,

t hr ee ot her t@NfFIgyERRNE draedpesii PEotbedsi #edbeans 35 at Co and 2w,

and these being pol afigec "Horizantabbys s2REmA@ ilRNASy Y Ypyssibheal ly,

and a one-photqf beam
read setup.

15

INVENTION

The information storage in tensor form proposed by the
invention is advantageously implemented in the case of

20 optical media in which it is possible to optically
record physical effects expressed by 2nd-order tensors
(the usual linear case corresponding to rank 2 of the
dielectric tensor subjacent to the refractive index and
to the birefringence) or 3rd-order tensors (the case of

25 the quadratic nonlinear optic) or even higher-order
tensors.

To take an example, wusing only parallel 1linear
polarizations and an azopolymer-type recording medium,
30 the four molecular orientation states shown in table 1
of the annex of the description are simply obtained. It
is possible to go from four states to seven states by
adding, to the configurations already shown in table 1,
three other configurations corresponding to write beams
35 at o and 20, and these being polarized “horizontally”
and no longer only vertically, and a one-photon beam

(simple Weigert effect) polarized “vertically”.



“(sinple Wigert effect) polarized "vertically”. WO 01/50465 - 11

PCT/ FRO1/ 00016 The various conponents of the corresponding wite tensor
are detailed in the appended table 2. To identify the various alignnment
-di rections ®or0agpoddisng to the vari-ous wite tensor PoTyHREIYovdid tl e
nore 5 difficult to represent than in the previous case corresponding to
table 1. Furthernore, the nunber of possible encoding states may be

further inc se | o ti S_propos by the 10 vention,, the
tensori al cﬁglr%acslggyloq‘?(sto éo“éé}%%ee%? bi?ft ygggnSSPrrﬁSP %0 e GScr eased
even nore byesgiorablare colttralledig ihe phaseaphehtielet wadlet he .w ite beans
and 15 al SOl'@i@%%%flyt t@féssxygfouéo l% ﬁméﬁdeQFgE’J. tQ | g:gr :Eﬁ:gonélrh

encodi ng states correspondi ng er ent ecu y Val’%ll ng the
conponents &P thBS AGHI I W§G§@epF?EEPF§y Jt%néi(hen 2@ I?fl‘\?\‘fel%ormmnter

i nci dents w g€ fheans p@@flﬂ@r&éé}@@f'ﬁhaﬁn the sage @irdRGldn anddreking
an angle cp _wt reference frame associated with the
support in \?ﬁlr(?ﬁpc?&q(l@ﬁ troectc?r%%gl‘takes pl ace, the following expressions
are then obtained for the nonzero Cartesian 25 conponents of the wite

tensor for Ehechasaddle e i IOl OTLP 968855 CODaBaTE ok aces (RN VK

aye = '2 cos 9) sini expressi on e sp%rl cal
formalism FPEl )falriehelEzlnq:ﬁ@a&ed Er eB@)l@lflzldﬁzﬁ erPQ‘de by the2e-71p

(s) Likew sevehltednol | owithg equaldreRs-igie obtaified.dF the s Cartiggd an
conponents of the %L_Le tensors corresponding to the case of t he
CHRG

one- phot on/ f#8 YR O%ef f ect s:

It may also be increased even more by suitably
controlling the phase shift between the write beams and

15 also makes it possible, for the same point, to increase
the encoding states corresponding to different
molecular orders by varying the components of the
nonlinear susceptibility tensor.

20 If we consider incident write beams polarized linearly
in the same direction and making an angle ¢ with an
x-axis of a reference frame associated with the support
in which optical recording takes place, the following
expressions are then obtained for the nonzero Cartesian

25 components of the write tensor for the case of the

l-photon process:

FQ =B’ cos® g, F =E*sin’ ¢, FP = E* cospsinp (5)

or the equivalent expressions in the spherical
formalism:
Fmo =___ﬁEz JF®3 =__}6__E2’Fu)§ =%Ezez:¢,Fu>i2 u_lz_Eze—z:., (6)

30
Likewise, the following equations are obtained for the

Cartesian components of the write tensors corresponding
to the <case of the one-photon/two-photon combined
effects:



"WD 01750465 - 12 PCT/ FR01/00016 F = E3 cos3 (p cos(00, F, = E3 cos' p sin
7 cos(i B) F.IYlIY) =E 3 cos 9sin2gqg, cos(b g$), F,~~22,) = E 3 sin3 VP

cog(AO and their counterparts in spherical formalism Fcz~, = OE3e",
-COS(A O, FWd oxr/svzdsrar (AO F(2)34 . 3,43 E3erv coech)TE/IFé@]_SICfomg 3e-"
i'0 cos(dc) (8) 10 . ' F(2)3 2 E3e2ip cos(dq), F(2)-3 e 31' cos(L 6)

with the followi ng notations for the incident electric 5 field products:
Al being the pha} e shift between the various wite beans and bei ng equal
to 24> - 42(0. % :L-%ﬁ:ﬂn%ﬂﬁ trecer{a)s Fn=+ Edswost ysingsias(ag) one maj or
di fference betwa one-photon or t pho on _ processes and the

one- phot on/ t wo* pho’f BB TR P P OME T = FldinbmoortAd) on, sp@dific to

this latter afSheid GERARILY PGSR S INEL FaEheT bgtween the 15 beans
at ci and 2I’?1 resuletli ng fromthe di sbe?%?o% gdf. t he :rLactlve index in the

medi um By con ding3this, phas shi.fit fa or _g_he or| entation direction
of the nol ecul eé% ‘@£ 2‘0» I Pee eesfAddpt i cal recording
y

may be carried out |naf|Imof polyrreth thacryl ate substituted wth
t he dye convent*. IInynovyn,by t he na(qe DR1f3 ( d| sperse red one). 25 The
tutio

degree of subst £ Or Caskanbiie EeifhooAdd t heB)pol ymer .
This material is dissO ved inal,1l,?2- trlc oet hyl ene 30 sol vent (vmhth a
concentration of.@k0% f byl ) and S/ 50465 - 3,3 PCT/ FR01/ 00016 t hen
the | ayers of the pﬁot@,gg )X%aT ALETS -J_ * cos(Ag)

with the following notations for the incident electric
5 field products:

2 =HEQE‘""’ES =“.EQE"(.E_2‘D).[[

A being the phase shift between the various write
beams and being equal to 2¢° - ¢%°.

10 As may be seen from these expressions, one major
difference between the one-photon or two-photon
processes and the one-photon/two-photon combined
process 1is the contribution, specific to this latter
case, of a propagative phase shift factor between the

15 beams at ® and 20 resulting from the dispersion of the

refractive index in the medium.

By controlling this phase shift factor, the orientation

direction of the molecules is controlled.

20
As an example, such optical recording may be carried
out in a film of polymethyl methacrylate substituted
with the dye conventionally known by the name DR1
(disperse red one).

25

The degree of substitution is, for example, 0.3 per

monomer of the polymer.

This material is dissolved in a 1,1,2-trichloroethylene

30 solvent (with a concentration of 10% by weight) and



" deposited by the spin-on technique, at 2000 revolutions/mnute, on a glass
substrate until a film thickness of the order of 1 mhas been obtained. 5
Optical recording then takes place by means of a setup of the type shown
-infigure 1worhilys=mtdp includes a | asars source 1 whi ¢glrripFrROVIS A 10 s
a pulsed YAG | aser, with pulse widths of the order of a picosecond, at a
frequency of 10 Hz and an energy of a few mJ. The beam output by this

source 1 is dnjected into a KDP. 15 doubling crystal 2. The t beans

out put by t K% ndotutbe’l nga¥F§§t aPt2 tfslﬁ n@h%gﬁ%?/%}téﬁj‘? h"3fctar @T%n  t he

one hand, 1dpsiteydnetlsys (floe t hepbeammof térequeney coltand,2cmo t he

ot her hand, ,53 %1’?19'@1*%/&1%@3,93%0‘: f%gﬁé@”%ﬁ‘é’)rat@h%frﬁ%]}mab%]% are
ans ol''abl e” po

injected 20 into polarization ‘contro a controll erizer)
and then, thdrdmest idhalthfearden of nk gum Heas speen nebt & vegdich bears the
phot osensitive film Sinmultaneously with this recording, an infrared read

25 beam IR is injected ontp that point in the specinen where the optical
recor di ng t(?@gl;ﬁa;ce?egl%éjo%ﬁ @Pe e§ﬁ%ﬁ§epé€§ﬁﬁ % eRRsS f PEmd S&fétkect ed,

after. bei ngff itheertaeystawr nifir afigghide [T er 5, by 30 photodetecti on neans
6. The optical recording process is interrupted when the intensity of the
signal detected by the neans 6 becones stable, as shown in the graph in
figure 2. 39MBy watumgindladrs ot i kase¢onsotrchelwhtiehbdang hiist dase

possi bl got 0 jguccessi ¥eky YrA%quadse%t,atﬁJ?tﬁhB%%@ef o1 dhiey effl_f itmés el

conmponents of_the ponlinear WO 01/50465 - susceptibrlity.

PCT/ FRO1/ 006f6 3T FRF ST PRt oftt Rud *6oiedaY \oi ek®ridedand p@aenRrIvreans of
a setup likeftBatfeshaan in figure 3, which

The beam output by this source 1 is injected into a KDP
15 doubling crystal 2. The two beams. output by this
doubling crystal 2 then have wavelengths which are, on
the one hand, 1.064 micrometers (for the beam of
frequency ) and, on the other hand, 532 nm (for the
beam of frequency 2w). These two beams are injected
20 into polarization control means 3 (a controllable
polerizer) and then, through optical means 4, into the

specimen E which bears the photosensitive film.

Simultaneously with this recording, an infrared read
25 beam IR is injected onto that point in the specimen

where the optical recording toock place.

The output response beam from the film is detected,
after Dbeing filtered by an infrared filter 5, by
30 photodetection means 6.

The optical recording process is interrupted when the
intensity of the signal detected by the means 6 becomes
stable, as shown in the graph in figure 2.

35
By varying the polarization of the write beams, it is
possible to successively record states chosen for the

various tensor components of the nonlinear



"5 includes a source 7 for enmitting a read beam in this case an infrared
beam toward a specinmen E. This setup furthernore includes photodetection
means 6 placed on the opposite side of the speci men fromthe source 7,

-filtering ngansH/4ddéd posed between thg specinen E ar\ﬂcﬂps'ﬁé‘f /00016
phot odet ecti on neans 6, and neans 8 for controlling the 'polarization

directions of the electric field of the wite beamand of the response
beamtransmtted to _ the detection nmeans. 15 Moreover, if it is desired to
carry out optusegrtieblieng by controlling the sign of the tensor
conponents, optical nmeans are used during vvr| ting which conprise a

di chroi c pl e far | i tt. t he beam af requenc fromthe _beam of
frequency 2 é$r aotlﬁgl MM SduEeta Frldse & P%/fdlcﬁ on& ofetfles®Y t wo
beans with m@mcbft @t Iaetuphe]rlkél'hehaltgrsmcﬁwm hetnt efm@nreorxporne}miehl s read

by usi ndsa Ozfr?%ﬁ[c?cﬂ& ”%'o%rx’c%' ’7tf'8r gl%t?.fl];‘léhea V?ééé?“ eb&N1S O 2Pn5

conponen nown, onto ence erlal 1'% Sent the
same read sﬂg?ﬁ%lsa@nﬂ—@ftfﬁéedph@taﬁw|qudra@eﬁpablm¢neﬁe§ﬁvrse8©ém

out put by theyrdWO-Eter Haks ude SHHEESdedEE RS HeHRPONSAL ARl yZed is

of one sign t he ot her dependi ng whet her the 30 phot ode tected
intensity i stqb‘% eGPBRPSFE e%léfﬁ hah t':ﬁ'l? PRESHEFRY LR obiBEeSRFGe The case

of the referfiioeerims enéahs ab onat eAgvantiagedusley, tHwe spwnﬁexonE naydbe
appl i ed,to 1%ﬁ é£5€@é%9 ot N0 JBLLEN 6l N o Al dlun] %Eﬂilé?gco and

because; i n ase recording a rml’ecu ar eanfsder Ust n
2w havi ng cddig cﬁpéﬁraﬁ@tmwldSDGf@SlOHQS o PCThEROLY 90006 c duirmtler cofcul ar

pol ari zat| onsnd 69PEEL | Y8LM: ACIEr Cole PESBBBL! gl it i poane of
the filmsi nce the beans are circularly polarize Readi ng, using a

"convent i ondtle FHEHHot O PeIREss for exanpl e at normal 5 incidence between
pol ari zers crossed at 45 with

15 Moreover, if it is desired to carry out optical
recording by controlling the sign of the tensor
components, optical means are used during writing which
comprise a dichroic plate for splitting the beam of
frequency ® from the beam of frequency 20 in order to

20 introduce a phase shift in one of these two beams with

respect to the other.

The sign of the tensor components is read by using a
reference material, the sign of the wvarious tensor
25 components of which is known, onto which reference
material is sent the same read sign as onto the
photowritten material. The response beams output by the
two materials are summed. The tensor component analyzed
is of one sign or the other depending on whether the
30 photodetected intensity 1is greater or 1less than the
intensity photodetected in the case of the reference

material alone.

Advantageously, the invention may be applied to

35 concealing information in an optical medium.

This is because, in the case of recording a molecular

order using beams at ® and 20 having cocircular and



‘respect to the polarization direction of a single presumed wite beamis
then i ncapabl e of detecting the information recorded by the nonlinear
process. 10 It will be understood that such a configuration can be used

-for the purmesex /fosemiceal ing an optical - recordi ng WpHseksaydeoide
current user. Another exanple of inplenentation may al so be the 15

followi ng. Consider a linear birefringence wite configuration wth

linearly polarized |.ight and N_specifi.c wite polarization orientations.
Addi ng a f uFEREE SFEIMC DR T o RELEHE ZRCLR T She Y BEPSELANE LY nebREYE pataRt i zed,
al l ows thebeunkerbbfestahgsnte he dihe gadindyoFathengitlhe siphase:1sdi ft
bet ween two . Jhis r |ts_kn 3N .states. assgciated with.the
birefri ngengle%%?r{%zi nagP% 8??%3?8? vy p(;Iﬂoe:lLrairzlez(?dt)'eanluge‘i’1 1€/ podEithi%e tD
gener at e 25 OB estiantadt’i oree - Bheltes, pragesy tnr esempde @tstratmnalpl us

four (cogirgulaneid COYLGESHT cgb%r‘i%!%'snatdx%ss)ed?'gES AL (fv?{tﬁ/ar' ous
phase shift) states. This thus results in 3N+9 possible states tor

encodi ng eadfSPSStel £30 thfe Rodarizaddqrs SH9GE i Qhable iFipFketice
and correspaerdsiniedl oitfd abeans ief dHwe poledpaslé 08r dieteetdions @ngul arly
separ at ed b)_nggLS, m\g/q:i.ch i.Ss not acg adverse requirenent for reading between
pol ari zers. CFfied 1A SERATS Bh PP AR GRE BYQEPSSThi s neans  t hat
this technique allows the storage density to be increased by at |east a

factor of 18¢ W0:01/504006a, 160 BCTHEROLNPIO SURREpIpasiag QL. nformation
encoded linearly further Information encoded nonlinearly has a great
advant age WEeR i t£¢%5 déSeEr ey eaPfi nfasmraaoing f ornexamiiica¥ or t he

purpose of aelchedtneatinke KRAHTRIY Sy &oFrdhe SepHr pose of hiding
information. What is therefore obtained is in fact a nethod simlar to

that of writing
Another example of implementation may also be the

15 following.

Consider a linear birefringence write configuration
with linearly polarized 1light and N specific write
polarization orientations. Adding a further beam,
20 coherent with the first and linearly polarized, allows
the number of states to be divided, by varying the
phase shift between two beams. This results in 3N
states associated with the birefringence. Using a
circularly polarized beam, it is possible to generate
25 nine orientational states, namely one isotropic state
prlus four (cocircular and countercircular combinations)
times two (for various phase shift) states. This thus
results in 3N+9 possible states for encoding each
pixel.
30
The N = 4 case is easily achievable in practice and
corresponds to orientations of the polarization
directions angularly separated by 45°, which is not an
adverse requirement for reading between polarizers.
35 This then results in 21 states per pixel. This means
that this technique allows the storage density to be

increased by at least a factor of 10.



by neans of a sympathetic ink. At a first access level, the user will have
access only 10 to the information encoded in a conventional |inear manner.
The information stored by nonlinear witing - which then corresponds to a

restricted areamsy/3me8 - is then absolygely invisibl edg/#di /ddoPEcomes
accessible only to those having the equi pnent for 15 nonlinear reading.
The access tinmes for recording or reading the physical effects that have

just been described depend great on ,the polyner host matrix, the _
{/i scosity o%%&ﬁrﬁrclﬁ“fﬁfjjlﬂ/epﬂ‘s,“% BRRL PRt &F5I%EcuI Ainparévaci B he tine

to reorient irfemtatiasenshtbdednandn nassachy okaphas e_grEEie gb,t!{\?’ézﬁ@é?g@f ht hte
pul ses al so Ssan, | rt.ant; role. in the,orientationa nam cs, short
dur ati ons bé"?lnegyZJStaoﬁ%irr‘r%%rgggl%fiattloon%or[’%%?| céPfBSi“F‘%OBr gfdgo‘c?éa%%‘%d thin
fil musing &P1lthea-Bhvpespubde duddmmt iCatkingoflagumdnt §i prT.fdvt tishyu and
K. Hiraos Alﬁﬂr-pc%%ys-oﬁet h-iding}5( Z.i)nfc(xjngagcgj)qn pagﬁﬁat]ﬁ?l'il%glglthépe cpfée

access times may be shortened further by using a para write/read
confi gurati té)r/?ﬁleéyllr% thefaglosii 'B?H"Piie§161ﬂ%ﬁﬁet@pttil'@éil &y stk irgt er ns

of parall eldysmeadfs M epwgmpdtieet 1% rimsi c properties of the material
itself are also inportant. The nature of the tensor coupling between the
optical wite tensor and the nolecule depends on the nonlinear properties
of the WO OBA5(465 rstl 7acqRGTs FROM¢ DP0tBenokeculve 1anthave idcceasqrecoriie

tensoriph charagheristd T84S o ssi.pi Lit f bting information
having characteristics o att:lensor.el a sé;&mrétnr ‘L’Ica ?lg%lé%%%?%pql ) ne?li: esp.
"di polar") Spirety Hepedddogmations pesedcdyofnemhiboernt yricfinghe- sane

nature in th;elidmltﬂicéﬂlabﬁ'ﬁr@%@bna%d ﬁ?eélerr%rsf‘cﬁ%tfegﬁté%éég%Url%v%zlht_he o of

nol ecul e (for, e e, _the.s nYEtry of, a its supstituents in e cas

an aronatiClFinéﬁﬁgl absoluge Y 1dnvisible to him. It Dbecomes
accessible only to those having the equipment for

15 nonlinear reading.

The access times for recording or reading the physical
effects that have just been described depend greatly on
the polymer host matrix, the viscosity of which
20 governs, through intermolecular interaction, the time

to reorient the photosensitive nonlinear chromophore.

The duration of the pulses also plays an important role
in the orientational dynamics, short durations being

25 optimal durations [Optical poling of azo-dye doped thin
film using an ultra-short pulse laser, K. Kitaoka,
J. Si, T. Mitsuyu and K. Hirao, Appl. Phys. Lett.,
75(2), (1999), pages 157-159].

30 These access times may be shortened further by using a
parallel write/read configuration employing the
possibilities of the optical system in terms of

parallelism.

35 Moreover, the intrinsic properties of the material
itself are also important. The nature of the tensor
coupling between the optical write tensor and the

molecule depends on the nonlinear properties of the



"substituted laterally with charge transfer groups). 10 Cctupol ar nol ecul es
are di stinguished by a clear absence of a permanent dipole at the
mol ecul ar level, while still being noncentrosymetric. Tetrahedral

-mol-ecul es am® parigo4dsmrly useful in this regard si ”Cq:éﬁ/rf}{fifoddfﬁar
a

pol arizability (the tensor a) is furthernore characterize y an sence
of anisotropy (e.g. Sa =0, and it is this tensor 8(x which is the
m croscopic origin of the birefringence and of the orientation caused by
the optical MREEEYS 219 . °R01RBnPPREAL ientenperiicd hatnratemistics.

li near. bi r effhuigenede cpbskheiefiere Be rREofded SOHASrh& 188U/ Kadihg Medi um
cont ai ni ng enc:{ygaot ed .ngnl i near n‘%}gf ormation ,arELd. having a |inear | evctial bl ank

of any recordifgC S8 WiotFer i rtarftSHPEA i s t G e ofci‘]r?ee
phot osensi t i'vetvaierde! dmdspt s ‘phiselochensgametelyardependst ons. tiixe

particularl yrelgvant Samlyisidhat of dyes dsea(rj\é/ed%a(‘{@{% azpbenzenes,
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architectur@molecules are particularly useful in this regard since
15 their linear polarizability (the tensor o) is
furthermore characterized by an absence of anisotropy

(e.g. 6o = 0, and it is this tensor 8o which is the
microscopic origin of the birefringence and of the
orientation caused by the optical Kerr effect).

20 Nonlinear information without any linear birefringence

can therefore be recorded so as to result in a medium
containing encrypted nonlinear information and having a

linear level blank of any recording.

25 Another important aspect is the nature of the
photosensitive material and its physicochemical
characteristics. One particularly relevant family is
that of dyes derived from azobenzenes, these dyes being
known for their molecular reorientability and their

30 functionalizability in the case of quadratic ONL by the
grafting of electron-donating and electron-accepting
groups.

Materials that can be used are, for example, in the
35 form of a host film receiving guest molecules, or else
in the form of optionally crosslinkable side-chain or
main-chain grafted polymers. As matrices, liquid

crystals or 1liquid-crystalline polymers may also be



“each fayer exhibiting a specific property. An optically nonlinear |ayer
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width and to nultj the nunber of recordable states per spectrum (using
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15 per write/read spectrum (in this case a wavelength
doublet). However, it 1is possible to generalize the
principle of the technique that has just been described
to several molecular entities having absorption bands
with separate spectral media so as to benefit from the

20 advantages of wavelength multiplexing and/or several
sets of write/read wavelengths. This is because the
effectiveness of the recording/writing in nonlinear
optical mode is sensitive to the resonance between the
UV-visible molecular transitions and the wavelength of

25 the beam of higher energy among the three (or the two

in the degenerate case), the yield exhibiting a more or
less pronounced maximum under quasiresonance
conditions.

30 The following configurations may therefore be combined:
- a single species of functional molecules with a

broad spectrum (inhomogeneous broadening possibly
amounting to several om? at room temperature and
corresponding to the random dispersion of the relative

35 configurations of the functional molecule with respect
to the host matrix), wvarious spectral properties,
corresponding to reorientations photowritten at several

wavelengths, of which are used;
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m ni mize the spectral 10 interval s between peaks so as to ensure
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10 intervals between peaks so as to ensure quasicontinuous

spectral coverage over a broad band and thus ensure the

most independent possible write/read mode for the
write/read wavelength (e.g. broadband, spectrally
noncritical or “hole-burning” character. Consequently,

15 the one-photon and two-photon write wavelengths will be

simultaneously quasiresonant for a given molecular

species. Reading at a

nonresonant fundamental

wavelength is valid for any molecular species.

20 Table 1: Simple configurations that can be observed by
using linearly polarized beams with control of their

relative phase.

State
(molecular
orienta-
tion in
the plane
Axial and Axial and
Nature of ) ,
the order Isotropic Axial noncent;o— noncent%o-
symmetric symmetric
Polariza-
tion of None or One Two Two
the write circular linearly linearly linearly
beams and |polarizati polarized polarized peolarized
phase on beam beams beams
shift
Bire-
fringence None Yes Yes Yes
ONL tensor None None Yes, > 0 Yes, < O




5 Cartesian representation: each conponent of the table bel ow nust be
multiplied by a factor of magnitude E 12V . FxxxFxFnFm Eo(Q+) E

(a+) cos(, &) -si n(4+)cos(04)-sin(S4) E(a-)E

-m(~-) cos( A MIAB 6T d4) sin(e$) EW-a FH)E (cr-)cos(d-DerAsrod/d)oBsos( &)
:sin(e4) cos(__)3sin(&4) T3cos(o4)sin(d4) 10 Spherical representation: each
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1 3e +d a--r 3 +0 E((Y-}E( }2 5 +024 e 4 584e 4 5 V 3 -r0 3e e 3 3e+~
-'~ E(af }Ez&akleg g: Cartesian and spherical tensor components of

the optical write tensor in the case of cocircular and
coutercircular polarizations with coherent beams;
5 Cartesian representation: each component of the table

below must be multiplied by a factor of magnitude

E’/2v2 .

Fyoox Fxxy Fyyx " Fyvy
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E®(c-)E®(g-) cos(A) sin(Ag) cos(Ad) sin(Ad)
E®(c+)E®(c-) cos(Ad) -3sin(Ad) 3cos{Ad) -sin(Ad)
E*(c)E*®(5+) cos(A}) 3sin(Ad) 3cos(Ad) sin(A¢)

10 Spherical representation: each component of the table
below must be multiplied by a factor of magnitude E3.
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01/ 50465 - 21 - PCT/ FRO1/ 00016 Table 3: Various possible |evels of

i nf or mati on

protection by hybrid |inear

node/ nonl i near

node

Appl i cati onlWhek{50e8P NL readi ngNL wri2ing readi ngw i PCIgFRe2A000LY

conceal ed nonl i near YesNoNoNo | ayer;
| ayer; YesYesNoNo "synpat hetic ink"

ink"™, authentica- tion Very high- densityYesYesYesYes read/wite

Read NL | ayer;

"synpat heti c i nk" Conceal ed nonli near
"synpat heti cYesYesYesNo

Table 3: Various possible levels of information

protection by hybrid linear mode/nonlinear mode

encoding.

Application

Linear

reading

Linear

writing

NL reading

NL writing

Read only
concealed
nonlinear
layer;
“sympathetic

ink”

Yes

No

No

No

Concealed
nonlinear
layer;
“sympathetic

ink”

Yes

Yes

No

No

Read NL
layer;
“sympathetic
ink”,
authentica-

tion

Yes

Yes

Yes

No

Very high-
density
read/write

NL layer

Yes

Yes

Yes

Yes

encodi ng.




'NL | ayer 5 WO 01/50465 - 22 CLAIMS PCT/ FRO1/00016 1. A method for opti cal
recordi ng of data on a photosensitive nenory nmedium characterized in that
the 5 data are encoded according to various possible states for the

various conmnent/smfesa nonlinear susceptibility tens@rAirdio01s
photosensitive nediumand in that at |east one point in said nediumis
sinmul taneously irradiated by wite beans, the 10 polarization of which is
controlled in order for a given nonljnear susceptibility tensor to be
optically recorded in the photosensi dium 2. The nethod as clai ned
inclaiml, characterized in 15 that, to read the states of the various

t ensor conpgnents, of_ t ord i.near .susceptibility tensor .recorded at said
point in thé'md%ummés%% pgdnli] ;%sptJi%rsa(r:ladirla“;tcegcr%%n%r)eo%r fin%trae read Deans,
t he pol ari z@HasPsagfsiihith nemeontnefiied, ghdrapnseraredsiiy tdfatt HEh@0

responses begphi gher @sldlde d NeE&EF @GS t@%ﬁ%%ﬁbog%@%léaré%s

pol ari zation directjons of its electric fie , I'n conmbination with
that of thel@%ctrile i d3Fifua he FRBACBERET cordfespoAd t AAHElRRAT ous

conponent s tdualcddt iitsi dast reénéorr edd.c12b BhotbeenBl bode asedidinmeghd n

ei ther of the prteé:étdi n% cl,ai g, characteri zed jin that .the \gr.lte beans are
two coherent’ be=ie. t RS pHESE of WAT chPPdEontdi | 84180 F€9HY colfrol the
si gn of the sdompddrrercisify t helmomdiamead 3Bysuseeptiebi | ideantsensorthel. The
method £ ClRANTEG Jdt e Ol R1BReCEH! Mbn Tl Bq GBAT BEEL) Zed, i Ny L hat
the optical ‘recording of a Ilinear susceptibility tensor, i ch corresponds
to a 35 firSEVERcodPRYINGRE| Suscanipdr hivos efepaorhe @pbec Pt ¥exb¥yli ng of

a nonl i near resaeRdd bid idne NSO sendl €1ve medium.

2. The method as claimed in claim 1, characterized in

15 that, to read the states of the various tensor
components of the nonlinear susceptibility tensor
recorded at said point 1in the medium, said point is
irradiated by one or more read beams, the polarization
of which is controlled, and the intensity of the

20 response beam which results therefrom is measured for
the wvarious polarization directions of its electric
field which, in combination with that of the electric
field of the read beam, correspond to the various
components that it is desired to read.

25
3. The method as claimed in either of the preceding
claims, characterized in that the write beamg are two
coherent beams, the phase of which is controlled so as
to control the sign of the components of the nonlinear

30 susceptibility tensor.

4. The method as claimed in one of the preceding
claims, characterized in that the optical recording of
a linear susceptibility tensor, which corresponds to a
35 first encoding level, is superimposed on the optical
recording of a nonlinear susceptibility tensor, which
corresponds to a second encoding level and which does

not appear on reading the first encoding level.



‘Corresponds to a second encodi ng | evel and which does not appear on
reading the first encoding level. WO 01/50465 - 23 PCT/FR01/00016 5. The
met hod as clained in one of the preceding clains, characterized in that

‘the wite bemoB/spdiew in nunber and Jwave COCiFCMiﬂPéﬁybﬂﬁivﬁﬁﬁf'rcular
5 polarizations, respectively. 6. The nethod as clained in one of the

preceding clains, characterized in that the optical nenory nedi um
contains a dye which is an azobenzene derivative. 10 7. The nethod as
claimed in one of the preceding clains, characterized in that the nedium
is irradiated wiTHe varitoiesl saks ofawnése heamnawhbeh eper aspansing

di fferent thkg%h;reggggggg \/\/zj%velen%':nr;t_gli.l 15 g. Thetgethod as claimed in
claim7, characrerizedofAC Ehafthe it E6ft At S BFR™RNiRE hage

ori ent ati on irpr operkées andt hbavar i cosiwaudkengtamsl whiain toorae spohalr t o

vari ous §et§x§fagygggﬁlgggnsré%?gkt£¥% , The nethod as clainmed in claim?7,
characterizéd in that the medi umcontains several dyes.

6. The method as claimed in one of the preceding
claims, characterized in that the optical memory medium
contains a dye which is an azobenzene derivative.

10
7. The method as claimed in one of the preceding
claims, characterized in that the medium is irradiated
with various sets of write beams which correspond to
different optical recording wavelengths.

15
8. The method as claimed in claim 7, characterized in
that the medium contains a dye which has orientation
properties at the various wavelengths which correspond
to various sets of write beams used.

20
9. The method as claimed in claim 7, characterized in

that the medium contains several dyes.-



