WO 2004/ 001733 PCT/ 1 B2003/002358 1 Multi-layer optical storage using
pre-orientation in a glass matrix The present invention relates in general
to opti cavober@gs3idevi ces and in particular to a conp®CanBrwad@dse nmedi um
using pre-orientation in a glass matrix1for optical storage of data and a
met hod to Produce said nedium 5 It is well known in the field of optical
st or age MyHllideses oplical steragedising peg-gaendationiplacglafs @2atiiByi ng a gl ass transition
tenperature. For instance docunent US 5,976,638 concerns an opti cal
recordi ng nmedi um conprising a honeotropically oriented liquid crystalline
polymer filmcontaining liquid crystal nolecules having a glass transition
10 tenperature Tg, and dichroic dye nol ecul es, both being oriented
perpendi cular to the surface of the film In general, the absorption

di pol e monment of a dichroic dye coincides with the the long axis of the
chronmophore and therefore, the absorption of dichroic dye nolecules is
clearly direction@he pﬁeﬂtmn\a:ntimmem&:stm@enérhlmdpheallstarugdjdei'ﬁqeshﬁdlﬂml ecul es
and hence the dichroic dlye | ecul es. are hameotropically or.i ent ed and show
only | oRPHE fﬁt% SRReraab R D Usingire-oripgfaion iy 2 gasstmagx der gyical

i rradi a%ﬂo%e@?dgta am{ a%étﬁ&ﬂo)prg&o@sﬁlﬁmﬁlﬁﬁure above the glass transition
tenperature, Tg, of the liquid crystal nolecules said honeotropically
orientation is converted into an isotropic one. As the irradiated or
heatgd areas are cooled off rapidly (belowthe Tg of 20 the liquid crystal
crystalline polyner), the isotropic orientation is frozen in. As the

dichroic dye wilfti$ W'éﬁ%@ﬁn'i&?tﬂeﬁﬂéld 6!?81;@1@111' Yor@Ed @Ma%jto ﬁs@'h ufd&idIs 1n a
substantlaIIY hi gher absorption of theé incident |ight i sadvant age of
0§

thi s nefmedsuics hewasgaghaps trehsifion teowerature. fr mst@cwoqmnamlﬂf‘eé 976 @38 i ng whi ch

entire I r has be, kept at a
t enper atur ehﬁfsol Q’?E)l%l%':fe%&%é ngegdg‘%? fe%ﬂénﬁl? h?%lﬁ%\%?péfaﬁg’ rfe?bﬁdql n used for
i nf or matiyenlleqohgrer fAnfwhtdmng diysid dvpndl agfledulestiaQingepsladsaransifiball y cool of f
the witten area to a nperature bel ow the glass transition tenperature,

in &Y deﬁemnfr%t\ﬂééfzgealidrﬂlﬁlww desrrelpriden poth bsiganicateddicaangicslanithrsidessl es.
WO 2004/,PRL 733 PCT/ 1 B2003/ 002358 2 A limtation of this method is the need
to utlllze a dichroic dye, in order to

In general, the absorption dipole moment of a dichroic dye coincides with the

the long axis of the chromophore and therefore, the absorption of dichroic dye molecules is
clearly directional.
15 In a non-written film the liquid crystal molecules and hence the dichroic dye
molecules are homeotropically oriented and show only low absorption of the incident light.
By local heating or by irradiating (e.g. by a laser) to a temperature above the glass transition
temperature, Tg, of the liquid crystal molecules said homeotropically orientation is converted
into an isotropic one. As the irradiated or heated areas are cooled off rapidly (below the T, of
20  the liquid crystal crystalline polymer), the isotropic orientation is frozen in. As the dichroic
dye will likewise be isotropically oriented, this results in a substantially higher absorption of
the incident light.
A disadvantage of this method is the long relaxation time of the LC molecules,
during which entire length the trace (or data pit) that is written has to be kept at a temperature
25  above the glass transition temperature (T,), when used for information storage.
A further disadvantage is the need to rapidly cool off the written area to a
temperature below the glass transition temperature, in order to freeze in the isotropically

oriented dichroic dye molecules.



create an absorption contrast for the incident light. It is also known (in
the field of liquid crystal displays) to use a dilute anisotropic liquid
crystal pwbynevoomsBwor k. The ani sotropic LC pol ynmer net ROTHB203@02B54 s 5
typically nmade of crosslinked liquid cr@2stal nolecules in the presence of
an abundant second _type of liquid cr¥stal nmol ecul es,. both types bei ng

aligned in a diredtlimfiatinacfitpis methodds theineed imedizsn dichraicidyariamrdsrdger . The
net wor k r of LC nol ecul es, anchoring them
to the H% a&%b&g%ﬁ@?&nﬁﬂm{ﬁ?I%ﬁ%%@%ﬁﬁéﬁ@ctriC field it is possible to

orient the secondﬁhyakokﬁo&ﬁﬁﬁﬂkﬁ@ﬂﬂeﬁhmndamseddnﬂkﬂﬁweamémdﬂukbmever, upon
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expensive. An Obj ect accordi ng a first aspect of the present invention
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mol ecules in order to forma liquid crystal pol ymer network of the first
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PCT/ | B2003/ 002358 3

An object according to a first aspect of the present invention is to provide an
optical memory which combines stability of written and unwritten data with high writing
25  speed and good sensitivity during writing.
According to said aspect this object is achieved by a method for producing a
computer readable medium for optical storage of data, comprising the steps of applying, onto
a substrate, a mixture comprising liquid crystal molecules of a first type and liquid crystal
molecules of a second type, said liquid crystal molecules.of a second type being associated
30  with a glass transition temperature and a clearing temperature, for providing a glassy LC
layer, heating the glassy liquid crystal mixture to a temperature above the glass transition
temperature, providing alignment of the liquid crystal molecules in a first direction,
supplying radiation to the LC layer and thereby the liquid crystal molecules in order to form a
liquid crystal polymer network of the first type of liquid crystal molecules, applying an



el ectric or magnetic field to the LC |layer, causing orientation of the
non-reactive liquid crystal nolecules in a second direction, and cooling
sai d LC Iwgeno#m1m3t enperature bel ow said gl ass transi PCONB2OIPESSE ur e
during the application of said electric3or nagnetic field, so that a

met a-stable state of orientation of liquid crystal nolecules is established
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ani sptropie 1C polyner network. This object is also achieved by a conputer
readabl € nedi'um for optical storage of data conprising, an LC | ayer,
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net wor Kn@geas ding to the first aspect of the present invention, the

probl emof too low a relaxation rate for the orientation of LC nvolecul es,
is overcone. The Thisobjechistaldosichireed kyda compiier roedableimedipm fof opi®abol ecul es

by the _dil ut C pol yner n rk, .forcin i,.d second, t of, LC nol ecul es
Cb 1 eor F2iES B 4L aBRPEE 1Tty P T e BoH SrRPoleRES | gnnrent
layer, hlitgke s 6se dibetiolad Frudie 4 poI§nR ndfrosidiadd 8 86cund tipess Rfuid érgtsthid
crystal nolecules. Since the witten state of a conputer readable nedium
acch? di mglecales peentpd s prcond dieatiopnin whick thetogicatation whsaidh secred b@edhd t ype of
liquid g e axed, this state is consequently a | ower
engrgy g@‘é?%&shag\%o%&g%ﬁlsg’%yaﬁt%bg‘lf'l ity. The stability of theq storgd
informati on is thike pre¢me asedtiotstoigprisee theatibadsfof utilbationvLhduid Brystal

Nevert hel ess oth the 30 written and non-witten bjts are stable as a
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the polynerized first type o rquid c al exerts a strong driving force
on 2he second typPuetfo thequagk afrayding LOpbbmer estwonk hbmirding st the first aspect

of the present invention, the problem of too low a relaxation rate for the orientation of LC

molecules, is overcome. The force that is exerted on the second type of LC molecules by the
dilute LC polymer network, forcing said second type of LC molecules to reorient and adopt a
low energy orientation determined by the alignment layer, increases the relaxation rate of

25  said second type of liquid crystal molecules.

Since the written state of a computer readable medium, according to the
present invention, is a state to which the second type of liquid crystal molecules have relaxed,
this state is consequently a lower energy state, having a high stability. The stability of the
stored information is thus increased using the method of the invention. Nevertheless, both the

30  written and non-written bits are stable as a result of the immobility of the second type of LC
molecules when the medium is kept at a temperature below T,

The LC polymer network made of the polymerized first type of liquid crystal

exerts a strong driving force on the second type of liquid crystal molecules in their meta-

stable state of orientation. Once the temperature of the addressed data bit(s) is increased



stable state of orientation. Once the tenperature of the addressed data
bit(s) is increased WD 2004/ 001733 PCT/1B2003/ 002358 4 above the gl ass
transiti owotzesmerzBur e, using for instance a | aser or bycCraBalo3/beass ng, the
network forces the second type of LC nodecules to reorient into their

rel axed state, thereby increasing _the relaxation rate of said second type

of LC rahose mee@assmngﬁli@a tRperEwIcedsing fir dpstancy pdasghenbilosrldigating thene
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99, 9% respectively, by weight are estimated limts for a proper function
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principles e es an 1 ncrease pt1on cross n readi ng the
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absorption_cross section is .increased three tjpes as coppared with
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thus 25 1n uor escenc sion is realist e conput er readable
medi um mobonks nfjthe dirsthgpciapedatdn forol anetwdrk baiog tiae. Adewerdnde@oappémng to t he

dependent claim 7,. ha advant age, t hat readi n f. .t hi 0 ter
en bl e s 0R8T 950 BPERBNG bistra 5re sty BY FRIPS ¢ ne
chrompﬁﬁ&ﬁ&l@ﬂﬁgc%F%§£@aaménfebﬁnﬁmmwféséﬂtwe%ﬁsﬁnt light. Further

advant ages by using Tluorescent 30 chronophores are described above.
20 The use of oriented anisotropic fluorescent molecules (i.e. fluorophores) in

storage principles enables an increased absorption cross section when reading the storage

medium. With perfectly aligned fluorescent molecules, the absorption cross section is

increased three times as compared with fluorescent molecules being isotropically oriented.

By rotating the aligned fluorescent molecules by 90°, a contrast of 1:7 in absorption and thus
25  in fluorescence emission is realistic.

The computer readable medium according to the dependent claim 5, and the
method according to the dependent claim 7, have the advantage that reading of the computer
readable medium can be done by fluorescence, i.e. by excitation of the chromophores and
detection of the emitted fluorescent light. Further advantages by using fluorescent

30 chromophores are described above.

In the case of writing information in the homeotropically oriented liquid
crystalline polymer film as described in the prior art above, said film needs to be kept at a
temperature above the glass transition temperature during the entire relaxation from the

homeotropical orientation to the isotropical orientation. As this relaxation time is relatively



In the case of witing information in the honeotropically oriented liquid
crystalline polynmer filmas described in the prior art above, said film
needs to WO 2kepto1z8 a tenperature above the gl ass tran®CTIBIOs/@0PEH at ur e
during the entire relaxation fromthe Honeotropical orientation to the
isotropical orientation. As this relaxation time is relatively WO

2004/ 00'PP83 memerEhoed rn tisteghnique wHhconseqrerBy jecpivs adelgivelilaw paimgi que
will COﬂj%g((tﬂuent ly receive a relatively low witing speed. An object
accordirg to a second aspect of the invention, is directed towards

provi ding a net hOAn(glbjeMeichmlglg' ﬂlﬁfaweamid aspedmfﬂ@ihiéewbd, i@rd(jjt&ttedl ﬁ),wamdri]ﬁ ch
overcones the 5 problemof too lowa witing speed. According to this
second a@&sﬁlﬂg ? Hiethogipf geitingdntogmaigen W%ah‘ilﬁég oAt “Wq?nqvwon@a#& into a
conpyt ﬁgro[)%ggpgog lwqimngfn edhich heat is applied during a short duration
in tinme, e.g. by using a"heat pulse, to the area of the LC | ayer where the
bit is to be witAecoriing tothiesecomd aspactdhid abpechistsolved bgaahetiiod efivpetiag ure, T,

for whi T .is above Tg,, .such that the 10 te I re of .said area stays
above. t A G1ta8 cOmpAfrs FEHENE FEADhdY e Trgt SRR e %O B at | on
of the ggeong ﬁyy&%% h%@f)ﬁieéﬁs WeBBea bf the LAURI DI HREHE WitliS B B REDR

net a-stable “state ow energy state of orientation. Due to a poor heat
conduct prder forstidtdata hiblepgeachra tempdmabire, Trdoli which &' is abowsske sucli-thaige heat pul se
IS fficient to.allow an entire swtch in.orientation during. a time 15
st nteEE P S Aoy dhints g Elavt PR S i BEEEIBE A Ui ng
heat puleigatibavf the sdcdndgddofi INC hivkecllcdSile. dOfindh @GR6R Rds tht MeetiMEiableng
process, i.e. storage of data, receives an excellent rate perfornmance. The
above ddsgiertp Bdew waensyataby ofigrientatighdata will thus benefit fromsaid rate 20
performance. Thes r - Of el ] i . pparent from
and el uci dat ed V\,iﬁ%1 g@%ﬁ%@%ﬁ%ﬁ%ﬁg&{tﬁé&gﬁ%}% |°llr}§)¥l?é§% éﬁggigl%%déﬂﬁéa?ei nafter. 25
These anghostdvmd-loeghest palsaipdudfitian taglisy ah eiitire switels dridntatAtduding Witlnke be
betiqer under StOOd]if?(y reference to the follow ng detail ed description when
con5t defR P ACYHPLAHANICESCCHRdSh t he acconpanyi ng drawi ngs wherein: Fig. 1

shows an upper, a%r{?&@%a%ne@db@c%fd%%&e, B@iﬂﬁlge%t fses EMH%%.II%I%&{% qlé bigi rate

different states t are passe uring t rmati on ayer
cont ai npfigano&avniis ¢thd wEting process, i.e. storage of data, receives an excellent rate

performance.
The above described method of writing data will thus benefit from said rate
20  performance.
These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafier.

25 These and other features and advantages of the present invention will be better
understood by reference to the following detailed description when considered in conjunction
with the accompanying drawings wherein:

Fig. 1 shows an upper, a middle, and a lower panel that schematically illustrate
different states that are passed during the formation of an L.C layer containing I.C molecules

30  in ameta-stable orientation, tapped in a dilute oriented liquid crystal polymer network.

Fig. 2 shows a flow-chart of a preferred embodiment method to manufacture a
computer readable medium for optical storage of data.
Fig. 3 depicts the construction of a multi-layered computer readable medium

for optical storage of data.



30 in a neta-stable orientation, tapped in a dilute oriented liquid crystal
pol ymer network. Fig. 2 shows a flowchart of a preferred enbodi nent nethod
t o manuf awouper/@1736onput er readabl e nmedi um for optical PCoNBRY®3/06235kt a.

Fig. 3 depicts the construction of a nubti-Ilayered conputer readabl e nmedi um
for optical storage of data. WO 2004/001733 PCT/1B2003/ 002358 6 Fi 4
shows a f | ow charkigof skowiea Aow-chprtwi popatepdritvariting drtainio apompyter e

medi um m%d;[liﬁ? present invention relates to the provision of optical

conput er Teadable nmediums and in particular to optical nmenories using

ani sotropi c polymer networks. Reference will now be given to the upper,

m ddl e and | ower panels of Fig. 1 illustrating the different states that
are passed during the fornmation of a dilute liquid crystal (LO) layer

contgi ning LC nol I si on of
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is pre-coated wit n ali Thi s ure . i.s pre
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rat ed lnth anel ture
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nol ecul BBtairR By TR HARPE £hdatiethtd £FRREBkYRR 19ﬂﬁre1d%§te8®ﬂﬁ1 zEHDle%%HI the
first and second type of liquid crystal nolecules align t hensel ves in a

di r ect i yerdihisaiktury is prepyad by disselyinga fegmersent o8/ Brst type oBliqwdioyyséali zat i on
of the t I I r 1
al i gnedku,g Rﬂ Sy g’féthllt% orﬁ'tcatg c?osshré%% ea@h Bt% ng “h%MB%dﬁlgF % ‘I"%‘? Of_L. The

orient aﬂidhfbl@ﬂu&&!;dﬂmﬁﬂy'egﬁeﬂecﬁlbi 906§ atidex @Eoﬂﬁyﬁ@bﬁh‘dﬂh&&rysﬁb@iholéc&leﬁalimt ai ned
in the for rred ani sotraopi ¢ polyner._network, 108, and defines_the

p
or i &ht ain dpelyentt Hs stateds pehemsiirallysllystrasetyindhe moner Rgnd of figel dapraisingpe of
LC nol e | IS thus
obt ai neg*ga I(Sﬁl ?]% %?l%oglﬁttﬂf%%% t?)éﬁlts t’%ﬂ tﬁ'&p&%ﬁ%fﬁgés Xév%n%fi? %tﬁn@ﬁlﬁgléﬂcggﬁtaelr m ned
by the molmlaat amirbebjw theec]dafing ddryperatured ivhe kamd MBlechley,ahé fiedt esdsecumdier
external Ids electrig fields or . magnetjc s still
possi bl &/RE S?ﬂén%@l%ﬂ glign sheraselues iy ’(rﬁ%Ioé‘r‘{%ﬁPngggﬂFhreé@@S‘ilylﬁg ofile)
of the §ﬁgl9ﬁ§htt1y}@§ of LC nol ecules, 104, and the

20 By polymerization of the first type of LC molecules, 102 , a polymer network,
108 , of aligned LC molecules is formed, as shown in the middle panel of fig. 1. The
orientation of said aligned first type of LC molecules, 102, is maintained in the formed
anisotropic polymer network, 108, and defines the orientation of the same network.

A strong anchoring of the second type of LC molecules, 104, to the anisotropic

25  LC polymer network, 108, is thus obtained and the orientation of the LC molecules will thus
be determined by the orientation of the LC polymer network, 108. Nevertheless, under
external fields (e.g. electric fields or magnetic fields) it is still possible to change the overall
orientation (deform the director profile) of the second type of LC molecules, 104, and the
dichroic fluorescent dye molecules, 106, to achieve a second overall orientation, different

30  from first orientation of these molecules, which is shown in the lower panel of fig. 1. The
orientation of the anisotropic L.C polymer network, 108, itself is not changed by the
application of this field. Due to the strong anchoring of the LC molecules, 104, to the LC
polymer network, 108, thus obtained, the deformation of the director profile will result in a

substantial increase of the deformation energy. Upon switching off the applied external field,



di chroic fluorescent dye nol ecules, 106, to achieve a second overall

orientation, different 30 fromfirst orientation of these nolecules, which
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ori ent abjiematn. this bit, return to their original orientation, whereas the
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m nim zed at  the production stage of the conputer readable nedium 25 Thus

a cdhpueBentationdabl e medi um according to a preferred enbodi nent has
Due to the different orientation of the liquid crystal molecules in the written

and non-written bits, these show slightly different refractive index. For a reason that will
become obvious later on in the description, in this embodiment this difference is however
minimized at the production stage of the computer readable medium.
25 Thus a computer readable medium according to a preferred embodiment has
been described.
A preferred method of producing an optical storage medium according to the
invention will now be described in relation to fig. 2.
Onto a provided substrate, step 202, an alignment layer is applied, step 204, to
30  align molecules to be applied onto said substrate. A mixture comprising two different types
of liquid crystal molecules, one of which has the ability to form a network upon irradiation
with for instance ultra-violet (UV) light, and the other has not, is subsequently applied on top
of the alignment layer on the substrate in order to form an LC layer, step 206. Said mixture

also comprises fluorescent dye molecules and photoinitiator molecules, (not shown).
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depicted in fig. 3, showing a side-
20  oriented preferably perpendicular to the direction of the anisotropic LC polymer network, is

thus obtained, step 220, as is schematically illustrated in the lower panel of fig, 1.

This thus provided medium is schematically depicted in fig. 3, showing a side-
view of the different layers of the structure, in which the substrate, 302, is covered by an
alignment layer, 304, onto which the polymer enforced glassy LC layer, 306, containing the

25  anisotropic LC polymer network, the second type of liquid crystal molecules in a meta-stable
state of orientation and the dichroic fluorescent molecules, are provided. If more than one
polymer enforced glassy LC layer is to be applied, an inert passive layer, 308, is provided
onto the glassy LC layer, 306, followed by an alignment layer, 310, and another glassy LC
layer, 312, as indicated in fig. 3 by broken lines. The steps corresponding to the application

30 ofthese three layers can be repeated until the desired number of layers has been obtained.

The usage of the computer readable medium for optical storage of data will
now be explained:

Information is stored by focusing a laser (or by local heating) onto a glassy LC

layer, containing the meta-stable state of orientation. In focus, the light beam causes the local
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nurber %, ?ssstet %a)r( @Irl,b éttelg 40%,%@ laser beam is moved to another area, or alternatively the
heating device is arranged, to heat another area, whereby steps 404 and 406 will be repeated.
For the bits requiring heating, the temperature, T, to which the addressed data area is heated,
is adjusted such that the relaxation of the second type of liquid crystal molecule is
25  substantially accomplished in the time span during which the temperature of the addressed
area decreases to the glass transition temperature, Tg. Due to the poor heat conductivity of the
computer readable medium, a heat pulse with a length in the order of nanoseconds is
sufficient to allow a substantially complete switch in orientation (relaxation) within a time
span in the order of micro seconds. Hence, by using nanosecond-long heat pulses, a high data
30 rate for writing is enabled.
Reading of the written and non-written data bits can be done on the bases of
differences in refractive indices, absorption or fluorescence. In the case of fluorescence,

reading is e.g. performed by excitation of dichroic fluorescent molecules, and subsequently

detection of the emitted fluorescent light. Fluorescent molecules are excited according to



20 nethod is ended, step 410. If all data bits have not been witten, step
406, the counter's value, X 1is set to X +1, step 408, the | aser beamis
noved t o woanhwwi1zsea, or alternatively the heating depCctaBi®3/eossnged, to
heat anot her area, whereby steps 404 ant) 406 wil|l be repeated. For the
bits requiring heating, the tenperature, T, to which the addressed data

ar ea i stheizabeaption eroasifeation dflenredsentaolecies orgdntodanidpfifereft direstionscwitldhey pe of

l'i qui d | . ml.ecul e i b i ally. Lished in.the:ti
dur ng BRPRHeE AL BERL Pxrdtadtl R B Pt B BB AR Bl TS P e
transi t i1Re chesPpehdhy i@ difftent Bpes bPinfditaHen kiokaRloneLiduktded).t y of the

conmput er readable nedium a heat pulse with a length in the order of
nanoseconds is sdfbreviewsty indicatef e refraciystindax batweendaaspaesintiitenandy

ori ent atj | .1 hd ' i . ' onds.
el YA RBHREN N 1o T ABD e s g T Ayt
wWr i ti ngmiedivenab} diderdieabétigewthetrbactive iider cdmditeannivhohtwaitteddita willt s can be
done on the bases _of differences in refractive jndices, absorption or

f I uor estsHeetheiqyalityofdheheapy for fhedmdedwing dayers addhsergtorg algo ghe neeiorpmaeipy
exci tat| | ' I .- detection
of tho U UaPLySiaElhfinl 1HERERARAY JRAGS f:&ins BEPI SHBRAAERR YD T o

accor di ngractivéNDd20 04 A0pTisa betSideh BAIR:3/a00 2808vritled Hitscisreqaddlyonyibblon cr oss
sectjon. Fluorescent nol ecul.es oriented in different. directions will thus
bo. ol PPHE G PRFHTCE R trcass VEASHREHEBotH HE crBri et AIERBRY RS | () of
the em bi&datelydicked bhid2aBP5thes RAB dinAtdoRotl tbifihRibe INPRTrafivd inbigr Mati on
stored (ones and zeroes). As previously indicated the refractive index

bet ween diffsrensel Bertunately one embakientm{itlis inventioremvbiving deliroar ludresgentl y. | f

th | LC | ' t in the data. st di
Tt £ er oREsopen it Rt & sl stode TR o M grien P RinizR SR So 4R R o
Wil 1 afagendehad aual dpeis & f&%o?@%ﬁg%fetrﬁ@iim%@ﬁhg laRBu iR Srcditdcture.

therefore also the performance of _tfF ata storage nedium In single |ayer
sysi&ns, readi ng Bhséuvention ¢pa b veried Enmany ways, driagtendge | ndex or absorption
between witten a = W | | ' A | t to

fl uorescence. In @ﬂg@%c&g@%%k{)ﬁﬁge@béﬁftgf bgqsglgglséléféOE IBHaesrg%gc} 1Poa g&gq%ﬁ{&ﬁtﬂ%nt

| ayers campetenfdadible slediting Gtaoking ieperformict & applyirdgsanadiganicagiagers appbyingni m ze
this refractive index, difference. Fort unatel% one enbodi nent of this

i nvent i g PRYGEvGaRPTERRHRS LE plsetles oBIf the sbsyRisphetias tasanmiied mHX g t8f ul
choi ce Qi iBLGhtditbve %@Sélo{é/;{c%ﬂh i??aaﬁtiﬁg'ct}%usr 1A W@ﬁ%tgﬁéﬁﬁsﬁgf ference

and thus opens up for &n opti st orage m havi'ng a yer
ar cR0t epblyneerizatidn, phier torapphtingm mart passivealay@dThereafenytheateps infthis | nst ance:

In a second epbodi nment of .th resent i tion the method for producin
t he paragrapﬂbare repeated until a cﬁasflr)ecie numnber o?f%nlayers has been o ta?ncd, creat[?ng a g

multi-layer optical storage medium. In this embodiment the sample is preferably cooled to a

temperature, T, below T, just before applying the inert passive layer.

In yet another embodiment, stacking is obtained by processing thin transparent

25  substrates individually with alignment, active and passive layers, prior to stacking the
processed substrates together to achieve a multi-layer optical storage medium.

In a different embodiment of the present invention, the computer readable
medium having several LC layers, i.e. a multi-layer computer readable medium, contains pre-
written data in at least one of said LC layers.

30 In a yet another embodiment of the present invention, a method to produce a
multi-layer computer readable medium having at least one pre-written LC layer, comprises
the application of a hot stamp, having a writing bit pattern corresponding to the data that is to
be written, onto the polymer enforced LC layer containing LC molecules of the second type

in a meta-stable orientation state. Upon applying this pre-patterned stamp, the data areas
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Alignment of LC molecules contained in the LC mixture can furthermore
alternatively be achieved by applying an external electric or magnetic field over the sample.
The active mixture is applied to the substrate by using any suitable technique
25  for coating, such as printing, spin-coating, doctor blade coating, dipping, casting, or another
industrially controllable coating method.
In another embodiment of the present invention the fluorescent dye molecules
comprised in said mixture are substituted by a different type of fluorescent molecules, e.g.
fluorescent liquid crystal molecules.
30 In yet another embodiment of the present invention any storage mechanism
that is based on a change in orientation of anisotropic molecules is applicable.
It is also possible to read information stored in the computer readable medium,
based on the small refractive index difference between the written and non-written data bits,

which in this case is not fully minimized.
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beal r adndthearrlicdeernaldldt o cause said first type of liquid crystal

mol ecul es to crosghidimatiof BJ36k dMbe ARILSAESRb dn-g‘% rk. Wthin
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techniques are such as spin-coating, doctor blade coating or printing techniques.

20 The meta-stable state is enabled by the combination of a first type of LC
molecules that can form a dilute polymer network, e.g. LC molecules with reactive groups
such as diacrylates, diepoxides, or alike, and a second type of LC molecules that form a glass
at room temperature and posses a nematic or a smectic liquid crystal phase at elevated
temperatures. This second type of liquid crystal molecule is typically a low molecular weight

25  LC side-chain oligomer, a low molecular weight LC main-chain oligomer or a highly
branched LC molecule. The combination of these two types of LC molecules should be
optimized to obtain the meta-stable state, enabling writing at a high rate. The dichroic
absorbing or fluorescent dyes can be optimized independently as long as they dissolve in the
solvent used for the polymer enforced glassy LC layer (LC gel) formed.

30 With the present invention has thus been described a memory with the
following advantages:

The written state is a state to which the second type of liquid crystal molecules
have relaxed, and consequently this state is a lower energy state, having a high stability. The

stability of the stored information is thus increased using the method of the invention. As



by the application of said external electric field may be different from
the preferred substantially perpendicular orientation conpared to the

di rect i orwof20e4m®1mai sotropic LC pol ynmer network of thePCirnB200syassof LC
nol ecul es. The effective orientation oflXhe second type of LC nolecules is
determ ned by the relative orientation of the LC polynmer network 15 and the
appl i ed msptietied gboys, both thapwriien apd aen-waitles dateibitspre sieblaes pswuk 6f ther oduci ng a

ot poul EBEARREGhe KR Bredr piEboleBRe S AR IR HedthmriCopt B luBEARRE, (o

m xt ur ebeibwlTHui d crystal nol ecules onto the substrate. These techniques

are such as spin-coating, doctor blade cgating or prjnting techniques. 20
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vvriﬁ' ng @t a high rate. The dichroic absorbing or fluorescent dyes can be
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20  storage principles enables an increased absorption cross section when reading the storage
medium. With perfectly aligned fluorescent molecules, the absorption cross section is
increased three times as compared with fluorescent molecules being isotropically oriented.
By rotating the aligned fluorescent molecules by 90°, a contrast of 1:7 in absorption and thus
in fluorescence emission is realistic.

25 The use of oriented anisotropic fluorescent molecules further enables
anisotropic emission of fluorescent light. As compared with isotropically oriented fluorescent
molecules, a factor of three, or realistically speaking a factor of two, is gained in the emission
of said light, which can be utilized to improve the collection efficiency, leading to higher data
rates.

30 Because of the aligned orientation of the fluorescent dye molecules, the
emission of light is anisotropic which increases the fluorescent signal intensity in one
direction.

As a consequence of the alignment of the fluorescent molecules an increased

cross section is further made possible.



second type of LC nolecules to reorient into their relaxed state, thereby
increasing the relaxation rate of said second type of LC nolecules. This
t hus enabWe=oa/tiph rate data 10 storage. It is further rorgB2ios/oo2pssssi bl e
to heat the active layer upon witing tbla tenperature above Tg by for
instance a short |aser pulse. Wien witing the witing beamthen noves on
to wite other bifstlyghfliaseschat dye mpdeanesrobarge theis ofipRigEOHIRONSYIENRE, above Tg

for ac ' a . ' t t ol V] of
e oo TRty bR Dath R b BAGh £88LCSEPAILYY,
adj ust etheHack$atind, Beusiy atddactidnf inBivehinghackgonal Agre of the witten
area is above Tg is sufficiently long to allow a full relaxation of the

second type of LEhelaatipetime aviiching dmgleiibe seoond typsod malecsitgsan fheove on
whileg t . ient-at i r i i.n t | i ong as
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(i.e. frlesoienttion Gmk dfihe Gdesdfanidigpecqudsninithe siserdeadfl adsC polynree nemoeld
absorption cross section wh readi,ng the storage nediym Wth perfectly
al i gned®¥arties Sichain e Bueh Sency he Havgega?lbquaﬁe@%a%@wwc FEFPYLSES o 5 eased
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oriented. By rotating the allgneg fluorescent nol ecules by 90, a contrast
of 1:7 reduadsbartpe tiore damiggtviuch the tenfipananesddhe eddeerissd dadabitsn fosab pari c. 25
The_ uyse of. orjented anisotropic, flyorescent, nol.ecul es, further enables

ant 407 1 SEEEH IS K S0PV a GRS R (RPOeRE dOTHAFEK Wi th | sot ropi cal |y
oriented fluorescent nolecules, a factor of three, or realistically
speaking a factor of two, is gained in the emssion of said |ight, which
can be utilized to inprove the collection efficiency, |eading to higher
data rates. 30 Because of the aligned orientation of the fluorescent dye
nol ecul es, the emssion of light is anisotropic which increases the
fluorescent signal intensity in one direction. As a consequence of the
alignment of the fluorescent nolecules an increased cross section is
further nmade possible. WO 2004/001733 PCT/1B2003/ 002358 14 As the
fluorescent dye nol ecul es change their orientation upon witing,
fluorescence is practically switched on. Therefore the non-witten areas do
not contribute to the background, causing a reduction of intervening
background light. The relaxation time (switching tine) of the second type
of nolecules in the




5 storing process is reduced to the order of m croseconds, to be conpared
with the standard reorientation tine of the order of mlliseconds, in the
absence ovoa0@opBBYyMer network exerting such a drivi n@CiraBze3/otdassce t he
invention requires |l ess energy (laser pldses of the order of nanoseconds)
to wite data. The probability of thermal cross talk is furthernore

reduced 3 tinme during which the tenperature of the addressed data bit
in focus upon 10 witing, has to stay above the glass transition
tenperature, is reduced. WO 2004/001733 PCT/1B2003/002358 15 CLAIMS: 1. A
conput er readable medium for optical storage of data conprising, an LC

| ayer, including a first type of liquid crystal nolecules aligned in one
direction and formng a polynmer network, and 5 a second type of |iquid
crystal nolecules oriented in a second direction, in which the orientation
of saidlsecond typecafiputérgedddblemysdian fondiedl @srapsof@itfcahplding, 2. A
conput er readable nedjum according to claim1, in which the LC |ayer
contains 0, 1- 10% BY Léelpysie mefuding g first type of Iiquid crystal nol ecul es,

and 80 - 99, 9% by ' ' : HellIB

nol ecules. 3. A c%rrﬁ%%ttﬁgé cggggg{ﬁrg&%ﬂ&éﬁgnﬁgg%@gg %lrg&%éod]%eg?nm&i, ﬁ)%%kn afSi ng
sever al pblymer agtswosk, ahd 4. A conputer readabl e nmedi um according to claim 3,
in which at least one LC lagyer.js pre-witten.with data. 5, A.conputer
Feadabl 6 medi am aé ot pad ohid sy At o6 SEndtiCi At ns

f1 uor esGaidh WY 8riBRhESHbLRId 0o tyNebhRghill CFysPi AHGUR idmeRHEr readabl e

medi um for optical storage of data, conpri'sing the steps of: applying,
onto a substrate, a m xture conprising a first type of liquid crystal

| ecul d d t |i gqui d |, mol.ecul.es, . saj d dt
of 11 qud crystar A oumiEabl s SetBhfb e it inif b LERERET | oh
t enper atoiit@ins DAr— PORW YOk EghtdFBhiATEY: thfe of IR cryB@PdhbRBulefinti i8aUiod, 9vf yst al

| ayer to a tenperature above the glass transition tenperature,
10  weight of said second type of liquid crystal molecules.

3. A computer readable medium according to claim 1, comprising several LC
layers.
15 4. A computer readable medium according to claim 3, in which at least one LC

layer is pre-written with data.

5. A computer readable medium according to claim 1, in which the LC layer
contains fluorescent dye molecules.
20
6. Method for producing a computer readable medium for optical storage of data,
comprising the steps of:
applying, onto a substrate, a mixture comprising a first type of liquid crystal
molecules and a second type of liquid crystal molecules, said second type of liquid crystal
25  molecules being associated with a glass transition temperature, for providing a glassy LC
layer,
heating the liquid crystal layer to a temperature above the glass transition

temperature,

providing alignment of the liquid crystal molecules in a first direction,



providing alignment of the liquid crystal nolecules in a first direction,
WO 2004/ 001733 PCT/ 1 B2003/ 002358 16 supplying radiation to the LC layer in
order to worz4olii3qui d crystal polymer network of the PcraB2mypesss |iquid
crystal nol ecul es, applying an electrici@r magnetic field to the LC | ayer
causing orientation of the second type of liquid crystal nolecules in a
second direct i on, supplyi®e wdisition ¢ tﬂ@é‘i%}’bral}l@rdetr@ formembiquid cuyistal pelyswr sai d

gl ass transi.ti erature.. duri.ng the application of said electric or
magnet i B&F’loélf ftﬂggﬁqﬁ%}eo : {daqrgﬁtjﬁlﬁ'ﬁ%le_lﬁgﬁ’e of orientation of liquid
crystal mol ecul esgpgiyias b blebgiten ndinsid HelieslinemC Byeiubiad ofientaffo@dfici ng a
conput er readabl e nmedium for optical storage of data 10 according to claim

6, for isiseeondizpedidiqnicrapisl melecelespr 2 sasend digestioncaMt dye nol ecul es. 8.
Met hod for producing: r.read e i . i_ng. j , for
whi ch sai d conput &F0 P é%%@gé}%étl %Fr”g%r%?]{gg)gig@ea\lfgg%?g%@gﬁ%@g?@)@f@g.

Met hod Haefingthedpplicigion of Suif vleetiicloe athghtitc figld) sorthataqoetadiabie stateofai m 8, in
which witing of data is perforned in_at |east one |layer. 10. Method for
produci Ageaineflicaud ?@%ﬁ‘ﬁp@c%ﬂ}sﬁﬁﬁabhﬁﬁéﬁ‘%i?%%n’ceéwé‘!-ai m9, wherein nore
than one bit area is heated sinultaneously by applying a pre-patterned hot
20 stanp. 11. Method for producing a conputer readable nediumfor optical
storage7of data Mutlorddionprotdociag aicomfuter readiile metiiven fireptiod] sprage afidatp
alignment, i.ncludes application of an | i gnment l.ayer onto sajd substrate
or i 80"t ARG g awn oo PBial B BRI e FaRTieS ABPEtPLLYe HOSOHBS. Vet hod
for producing a conputer readable nmediumfor optical storage of data

according to claim6, in which the step of providing alignnment, includes
the usafe of an dtlerdfal peidecing acompeted readghle extdivon,taheordidgltaplaim 636r1 3.

Met hod fqr .producing a ¢ ut er. readabl e nmedi or optical storage of data
accor di R 1@'@5% %qrmug?rr%({)a%rgﬁ lk‘ffi‘ec%{l’&ﬁeso%evﬁfﬁg’% W al i gnment, i ncl udes

t he usage of an external magnetic field applied to the LC |layer. WO
2004/ 001733 PCT/1B2003/002358 17 14. Method for producing a conputer
r ead@bl € medi um f Metlagst for prodyeipe agempptey seadable medruan. fgeerding taickyi® 8, ith whi ch

the 1 adi,fisof;SHPR 88 e BHAS in' 8 108 Mehydreast one T quid

10. Method for producing a computer readable medium, according to claim 9,
wherein more than one bit area is heated simultaneously by applying a pre-patterned hot

20  stamp.

11. Method for producing a computer readable medium for optical storage of data
according to claim 6, in which the step of providing alignment, includes application of an

alignment layer onto said substrate prior to applying said mixture of liquid crystal molecules.

25
12. Method for producing a computer readable medium for optical storage of data
according to claim 6, in which the step of providing alignment, includes the usage of an
external electric field applied to the LC layer.

30 13 Method for producing a computer readable medium for optical storage of data

according to claim 6, in which the step of providing alignment, includes the usage of an

external magnetic field applied to the LC layer.



crystal polyner network, is electromagnetic radiation and one of UV-1ight,
X-ray or gamma rays. 5 15. Method according to claim6, in which the

radi at i orweupplioem3i s an el ectron beamradiation. 16. Werhezhoze@dssdi ng to
claim6, wherein the first type of liquld crystal nolecules 10 are
reactive and the second type are non-reactive liquid crystal nolecules. 17.
Met hod &décor di ng Msthaddorp®duging mpmmutehéeaéz@té@rr@gwmﬁzrioagcalﬁtqrm datdat i ng

toa t - r g .abpv. I L u bel ow t he
ol car i i PCie i APRe R lch BT Rad aPRBbhRR RS bl icdeasl e 20s 5 PO

r eadabl erygRtlpolyinet aevdilt)ds électEdngiietlc radtmioh bhé bigof UV -light) Xwhygr gdn@pa f or
every bit area in a LC |layer to be witten, applying a heat pulse to said
bit are®¥n the LC | ayer, such that the 20 tenperature, T, of said area
becoges higher than the glass transition tenperature, Tg, of the second
type of LC nolecules in said bit area. 19. Method of witing data according
to clai 18, wher Mathddwcayling oaldiars, ad waichheatadiatibs suppdicdieabelecteorea i s

erformed by focussing a short |laser pulse in said bit area.
P mﬁeam¥a 1atfon. 9 P

16. Method according to claim 6, wherein the first type of liquid crystal molecules

10  arereactive and the second type are non-reactive liquid crystal molecules.

17. Method according to claim 6, in which the step of heating includes heating to a
temperature above the glass transition temperature, Ty, and below the clearing temperature,
T..
15
18. Method of writing data into a computer readable medium according to claim 1,
comprising the following step,
for every bit area in a LC layer to be written,
applying a heat pulse to said bit area in the LC layer, such that the
20  temperature, T, of said area becomes higher than the glass transition temperature, T, of the

second type of LC molecules in said bit area.

19. Method of writing data according to claim 18, wherein the application of a

heat pulse to the bit area is performed by focussing a short laser pulse in said bit area.



