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FI ELD AND BACKGROUND OF THE | NVENTI ON The present invention relates to an
clectro-optical light nodulating device 5 and to nethods of its
fabrication. Mire particularly, the present invention relates .to an

el ect r o- OpPi0#/a1238evi ce which can be used to display an i mad& TS00/07088
controllably <changing its optical behavior at selected |ocations under the
i nfluence of a magnetic or electric flux or field. As used herein

t hroughout "t he t eBHECTRQOPTEIAL LIGH TaMODPULATING DEVI@Rhi ¢ 10 and/ or

al phanunmeric information. As used herein throughout the verb "display" .
refers to a visual presentation of any type and in any context.

El ectra-o éL@M@KCE%@Nﬂ]@F% SRV ENBON uct‘ures_ desi gned to change
their optTcal benavior tn response to an appired electric or magnetic fl ux
or field, 15 ®hepresehtdatentonpelaaitio an, clvatd-ageabligitunsduistingAdedoeh,

el ectro-optjcal |ight _podul ating devices, ipclude an el ectro-optically
active suid Qe Rﬂ%? ehits g"‘%@ﬁﬁ%ﬂﬂ eMogs Pf“é’\?@ﬁé‘b’b‘}? REFSSRIGIN IS TELMEs cal
behavi or phen.isihi ' | ' and an
el ectric or ma{gnet%%ﬁcﬁfgiﬂ%%ﬁ;gﬁghygﬁlgrg(ﬁattooggﬂgg%g%%\%% ?é\%&‘%lﬁag flux or
field. AscHangingeits deitmal dehdveoreinhsoldeied cebomsf uhdaiethe gmflRénachif evved by
“hi gh precision me} hods' egrggl ﬁs the application of an electric or
magnet i ¢ PREREUGOTF Jex 9elilifleg spatial Iocations, so as to formimages.
As used hereinag lilEéHJ_E&E‘Mtthrcﬁxﬁﬁoﬁt%ﬁéﬁéfﬁiu%ta?@%i‘aré & ﬁ&%)i’&t@ﬁﬁﬂ)gréiﬁimound,
conposition, dispersion, suspension or mxture in a solid, gel “or fluid

st at el0 Emsifonaplypuinsakligfonvatiore subst ances can be broken into

el ectrochrom c,light, 25. npdul ati ng. subst.ances d.electrophoretic Iight.

modul ati ng subSs neibherdininiaieRa e i8R At e RYALHBSTIAAS | ol ude
a variet yopjnng@mg@insmy%gteﬂgl yners bei ng capabl e of reversibly changing
their color and/or their optical density as a response to el ectrochemn cal

oxi dat i on- r eduElergn-aptigaltlight snodainting davpics arpstruchsesdesigiieddn cbprgs r ochr onmi ¢
| i ght nmodyl

~device is gﬁtsoi@ ﬂggg#ﬂ?ﬁ%ﬁ?@;ésg%@ t&o%e%tpégg%gfgg%t ‘i’/\r/((:ﬂ%lé%llelhg r}'}uxn&dﬁ'élﬁ,t ing.

15 e.g., clectric potential, voltage or current. As such, electro-optical light
modulating devices include an electro-optically active substance which is capable
of reversibly changing its optical behavior when subjected to an electri¢ or

- magnetic flux or field and an electric or magnetic flux or field generator for
generating the flux or field. As further detailed hereinunder, a careful design

20  achieved by "high precision methods" enables the appiication of an electric or
magnetic flux or field at desired spatial locations, so as to form images.

As used herein throughout, the term "substance” refers to any compound,
composition, dispéi'sion, suspension or mixture in a solid, gel or flmd state.

Electro-optically active substances can be broken into electrochromic light

25  meodulating substances and electrophoretic hight modulating substances.

Electrochromic light modulating substances include a variety of chemicals
and polymers being capable of reversibly changing their color and/or their optical
density as a response to electrochemical oxidation-reduction reactions. An
example for the use of an electrochromic light modulating substance in an electro-

30 optical light modulating device is disclosed in U.S. Pat. No. 5,585,958, which is

incorporated by reference as if fully set forth herein.



i ncorporated by reference as if fully set forth herein. W 00/57238

PCT/ US0O0/ 07088 2 El ectrophoretic |ight nodul ati ng substances are
suspensions including colored or opaque particles (e.g., beads) carrying a
magnetic or electric charge and a fluid for suspending these particles.
Bei ng chaMRB5%#% particles:-are capable of reversibly andPEEﬁFWBPF@B{y- |
.changing their disposition as a response to an applied 5 nagnetic or
electric flux or field by executing a nbvement s, e.g., a linear and/or

rot at i onal -novefgetropiisestip| lght froedulitngu sebstinces et rsupprmsions cinchglmg

nodul ating_.sulstances in.electraq-optical.light dul at i evi ces, are
di scl osed THO §F°BQE*‘?°P§{B§?S@;%3’F33§%§?‘TX{“§139 2gBE or slpelTeharagand Lt
are i ncor pofaiefbrRusperliaicane msticlés Béihk ¥h&gbd fiRé pAtidREkd capdble of

t hese-cases, magnetically or electrostatically charged 1o particles

suspended reneritdy ané sopireliabiy,changing theie dispositian @s eapsisnee bf arlapplitdhg t he

opti cal, behavi or of :the spensi pn under. the influence of ,a magnetic or an
oFectrite Prgdts S sikife HERFIRLE By BPaTHPb A mo o ediecs s o pAGER RETPT ght
nodul at i ngrotatimhBAfA chrnt d Exghpiet for ORhise af ditidbhoRdy 1atht Modigxine, all
el ectro-optical light nodulating 15 devices include a nmagnetic or electric

flux or fi®ibglagesseimatlsetio-ppiicallight modulatipgidevices aerdisclozed o Ulpakat. a pair

of electr , ; W t-do 5. JL00 .as_a se ttern (e.g.,
Set of 1§ nigs 5,047, 10 odePARE 3 3883k ML b BoriHRERBLNEC
substrate #yfully cetofoltbt dreinhdgnagBtasedlah@ically o€ eRettoftaticliynéh@gedy any

ot her techni que of hi gh precision. A second electrode enployed is typically
20 t r afs pap@teles suspeadedhiiea drelegtrionfivid age ssad grdorre sepable of chingieg theal | y

d ited ' ' - . ™ I {i
the ol cot r ke Bt ERERR; BBberkfth k) B0 HITLE BE F o BERELF B eleoRgPer @11 10
posi ti onedflmsonfitldyer in between the electrodes. As a result, prior art

el ectro-optical _Ii. h{ nodul at i ng devip&les arelimted in 25 their
di nensi ons, in BRaF Eleckasiramis ey elgeirppharaticdight megulating substanpe based ¢ on,

the ”a”UfQEEt%&Bﬂ@ca_‘PrHgﬁs%qﬁhlaﬁﬂghdé"fi%zaﬁréle&kﬁ%ﬂi&l OREAC Fhodu1 S

nodul ating devices'is ~conplicatéd an ost-inefrective. There |sgthus a
wi del y15r ecdaymies eiticlndedh fnmgnpetandr ietecwipuflox e field rdeperatmty afhageemgsatorn have,

an el ectr Ot&gﬁ:%ilg ?rllclllcilc%h:}t Ierragtdzy IlJaallt E)P gegl%\{iieg,eofd welylc% gt 19:£st torr]zg is formed as a
dense pattern (e.g., a set of lines or a grid) applied to a rigid, planar and
contmuous substrate by microphotolithography, muItilayer"screen printing or by
any other technique of high precision. A second electrode employed is typically

20  transparent and isfmade of a thin electroconductive film, typically deposited over a
transparent insulating substrate electrically separating the electrodes. The electro-

) optical light modulating substance is positioned as a layer in between the
electrodes. _

As a result, prior art electro-optical light modulating devices are limited in

25 their dimensions, in their flexibility and i their foldability. In addition, the

manufacturing process of such prior art electro-optical light modulating devices is
complicated and cost-ineffective.

There is thus a \;videly recogmzed need for, and it would be highly

advantageous to have, an electro-optical light modulating device devoid of the

30 above limitations, which device is (i) readily fabricated in any desired dimensions;

(ii) flexible; (iii) foldable/collapsible; (iv) simple to manufacture; and therefore (v)

cost-effective. -



30 above limtations, which device is (1) readily fabricated in any desired
dimensions; (ii) flexible; (iii) foldable/collapsible; (iv) sinple to

manuf acture; and therefore (v) cost-effective. W 00/57238 PCT/ USCO /07088
SUMVARY O&,JF‘E M/ENTI ON Thus, it is an object of the pr ese%’ﬁd@éﬁ’/ﬂﬂsﬁ” to

provi de an e TEPo- optical [|ight nodul ating device which overcones
“aforenentioned limtations associ at ed m?th prior art clectro-optical |ight
nodul ating devices. It is another object of the present invention to.
provi de an electro-optical lit nodulating device which is flexible. It is

yet anot hegyRpi@aiy e The jynvention to provide an electro optical
i ght nod %at‘r‘n‘g_d'év—“wﬁ@g@%l ce | dabl e/ col | apsi ble. 10 It is yet another
obj ect of the pThagrit is :m/eb]ed:to:rf the ppesenti ideerdion telpeatide an edctroadpticahht

> nmodul ati ng Vi ce I.Ch s Si t o manuf ac ure. and whic ObVI at es 210
T ed t or HEh % Pch SPuatien e HPETGINGCGH | b or

mul ti | ay el a3b¢iated vm}i ﬁﬁbr%t elbﬁfﬂlgptlc?a¢ﬁ?ﬁﬁh8&lﬁtﬂagmﬁx&§peCt of t he pr esent
“invention there is provided I'i ght nodul ating device conprising a

first set of flheussamﬂnbra»bﬁetoﬁdlesmesm iivesps to peivade am redastrecbntivsal or m a
two di rrenshé}?q ngrl al}/&%‘é” n@% nrixl% ween fibers of the first set of

fibers and fibers. Each of the fibers of the

first and secong rey& Qfotﬁdr%ré:tlditihed;%se@t liphatibn db Nbvigengueletis- el ement,
whereas fibers of at | east one of the first and second sets of fibers, at

| east at tomtidalilight mpdulathey dayicehehichngefoldpbledcadiopsiblsf an el ectro- opt i cal | y
acti ve, subst anc bel fEevVers! n S .opt behavi or
when s{?bj ected ftolsa?ﬂe e?ré()gti)err |°(PJ%C? %&ﬁe@rﬂsenp IEYJ‘;(GHE?H f?éﬁahdicago?fgl ﬁ%

anot her asgdal Aight hRoRiiRERN tdehiteeRhichNid bidigle i B MafifadREe andMRihigd of
manufacturing a |ight nodul ating device, the nethod co Ising the 25
steps of (evipesihediard for fechmguesce! igh prosisien sied aa'%réﬁg)%et%homphy bers,

each of th t set of fibers and the second set of fi bers
I ncl udi ng gr%'gﬁg%feﬁg%rﬁg?ﬁnﬁ“ uctive element, whereas fibers of at |east

one of the firsHeaes] asending t6 0hs agfect Mtheqasesémrlh\tmtnonnhéradepmvmﬁta of an
el ectro-optically active substance being i n | nti mate conf act \QA th the
conductsi velght lating, devigmgorpprising adirglcset 8f §pers @ag pypecond set of fibers

being arranged to form a two dimensional array of junctions between fibers of the

first set of fibers and fibers of the second set of fibers.” Each of the fibers of the

first and second sets of fibers includes a longitudinal condli:c_:tive'element, whereas
fibers of at least one of the first and second sets of fibers, at least at the junctions,

20  further include a coat of an electro-optically active substance being capable of
reversibly changing its optical behavior when subjected to an electric or magnetic

; flux or field.

According to another aspect of the present invention there is providcd a

method of manufacturing a light modulating device, the method comprising the

25  steps of (a) providing a first set of fibers and a second set of fibers, each of the
fibers of the first set of fibers and the second set of fibers including a longitudinal
conductive element, whereas fibers of at least one of the first and second sets of
fibers further include a coat of an electro-optically active substance being in
intimate contact with the conductive element, the coat of the electro-optically

30  active substance being capable of reversibly changing its optical behavior when
subjected to an electric or magnetic flux or field; and (b) arranging the fibers of

- the first and second sets of fibers- to form a two dimensional close array of



30 active substance being capable of reversibly changing its optical
behavi or when subjected to an electric or magrnetic flux or field; and
(b) arranging the fibers of the- first and second sets of fiber- to forma

two di nensj onal ose array of WO 00/57238 PCT/ US00/ 07088 ons
t here bet S%‘gﬂ&]s’ég%ti ng the conductive elenents with the el eEF?ﬁ’S%@B?‘?Sém |y
. active substance according to this aspect of the present invention can be

effected by, for exa extrusi on, deposition fromvapor phase,
deposi t i onJnciens ghe eﬂw:@rn oEopijng ribe monévctwﬁu eJemgpis waidh theypdeaiened f or

coat i ng 11 Bpfical AGRTHhA 8Bl ANS NS ATPEF e Ched P RERASHLah O | o1

there is pr ari'ng a ng deV|ce t he

met hod conpfiesicd Gy} fe exshpigsedfusion) depoRitici fign dapdrpiass alepoditibh s and a
'second set of fibers, each of the fibers of the first set of fibers and
the second agelutiop oriby@ny othee priek arhteshmigneseddpieaating §hhct i ve el enent: (b)

arrangi pg the flx‘?&%ogdelg téﬁ‘?aﬂ#tﬁ a%%l:‘?ons - ereg&%ﬁ onth@x%r ?vxhé’d%orma

two di nensi onal rray o t ween,; coating the
fibers wt Innahocbbémanofaemhngai hghtacbalu&etusgmmemabe hﬁ:tﬁm casmpﬁsmgtthaat e
contact with nge con ac i emits, the elect oopptlcally actjve

subst ance BEPR é%)p%’l?i"%l“tﬁaﬁif%\ﬁéFgf Bbsrs and fgichend s&t A dibers casBipfther when
subj ected e ofbf £ FirdtisEt AR Hhe sedont$et®f e ﬁ&cm ifiQi F anged

fibers with t el ectro-optically active 15 substance cor gtothis
aspect of t:bmdlmtlee elﬁnmn\(bmangmgahe Bbemfoff et firdt dmy, setmd seeexaﬁﬁbers to

i npregnat i soaki g, ing, lampating, printin an e ectro-
opticaltfy %’?’F@éwP e’Eﬁ“’"&E‘:l&F&a‘Bﬁﬁ JURGHRA ¢ %Etfﬁtn‘f"ﬁ%b hg%?‘?ﬁ ® further
features I gpRESKRA raﬁca&ﬁg%gge?w §ctﬁrfe SuB&ah @B bi An 1981%% d &ﬁﬁaéigwﬁ"ct the

optical behavior is select rromthe group consisting o 20 r ance,
t r anspar en¢hs canictis clepeiisniheAetroiraiopgedlly ativk Isubsiandedreifig atpabds of n t he

Accor ding OSSP DCRGRERA SPREA hebor LIS ol SHIFER SPeBRBba: ront s

fibers of Rkhot TRId.i I Shatdipd ife GRARb R BeRS wﬁthbﬁ‘ksel'e&?d)-‘é?ﬁcélr}e afgt of the
el ectro- 25 optically active substance. According to sti further features

i n t he l8es snhdtangepeedrdingdel thigbentchehths pr¢suebfemseritml Qadlibeettastedoptionf t he

el ectro- Optekz?r%;':lle n%gltegna 0 “%Sék"’}x?gc,em%ﬁ%g? a%liglat}n%, printing with an electro-

optically active ink, or by any other known technique.
According to further features in preferred embodiments of the invention
described below, the optical behavior is selected from the group consisting of
20 reflectance, transjiarency, and absorption.
According to still further features in the described preferred embodiments
; _ the optical behavior is color change.
According to still further features in the described preferred embodiments
fibers of both the first and second sets of fibers include the coat of the electro-
25  optically active substance.
According to still further features in the described preferred embodiments
fibers including the coat of the electro-optically active substance are about 10
micrometers to about 2 centimeters in width. |
According to still further features in the described preferred embodiments
30 the conductive element includes a material selected from the group consisting of a

metal, a metal oxide, an alloy and a conductive polymer.



m croneters to about 2 centineters in wdth. According to still further
features in the described preferred enbodi nents 30 the conductive el enent
i ncludes a material selected fromthe group consisting of a netal, a netal

oxi de, an @b'loﬁ’/%('fz??d a conductive polynmer. WO 00/57238 PCT/ yé%%e%gﬁ’l%ﬁgnts

According 10 s further features in the described preferre |

"the material is selected fromthe group.consisting of alumnum tin oxide,
gold, nmmgnesiunysilyer alloy, indiumoXide and_ conbinations thereof. -
According to sti qeordfg eIk Biher featues b El%%’E‘PP‘gé’BefﬁFé‘i embedimasiddi nent s

5 the cond | f i [ Lng:.f hee0 of the
ol eorr oo ol miferl SRIe &5fle Mol CorklsfifE BlalGhiiinn 4t BRI

~ thickness oiagnhaumisdeersallopcindiuh oxjde and torhbinftiorisiberebfat ures in the
* described preferyed enbodi t he fibers.of the first set Qf fibers and
the fibers of ¢ HECTEEtA Lk Ngher leglres Bias dghepbr s eupl ERboRmeys
_ per pends cukigd bynduetidBleARAL BEachl O ARCALAL REL1h@ngttht |cobt!bE e cfeggbures in
“ the described preferred enbodinments the fibers of the first set of fibers

and the fi bptieallyfactinesubstanertissboutdio-99 Yerfdhatotal thickeessof Medfibersa woven
arrangenment. Accordiqng to.still further. features in the described, preferred
rbod nent's ¢ heeiRor T Ehe PR G diFeEPet ProfEeet CREBNEEE T | ux or
field genetipd gberk OF thel Bry8BEEREDES ahBQh& FBEdfCthe seBREN St oF fibdiX ot fi el d
at the junctions formed between crossing fibers of the first and second

sets of fi barrgedsubyantiaHy pewendichlarly 4o pheanothest ures in the descri bed

preferted enbodi ] electric or . netic. flux or field.has . a ‘
di rect ﬁtgn sel ec ggg%?nﬁﬁ%ﬁlg %Pﬁﬁrpfea%l&?‘?slggﬁff ﬁﬁsche%pﬁeéﬁg?%ﬁ?llbafi%egﬁ on and
an al t er nathievfibéts o€ akd Akt s@0oPEBQE A ghd Aibersidfl the BEEART sdt 5Tt fibeRS aten t he
described preferred enbodi nents the conductive elenment of fibers of the

first set éﬁtelT!‘quéﬁli@ﬁ?YQV@ Begegent he second set of fibers independently
have a cross SeAld O SHRLOMADS HIRYEEA05) Piife ShoBabRig oross

¢ 1
section, an elliptical® cross section Cr 0SS Sec

pol ygonal dfeodsicefirthancompiisitg ae etdcaiSosmagnatic fund o et gaigioffolCr 0SS
section. 25 According,to.still further features |n the described preferred

enbodi kent SNHINEBRECHI Y BRermistles oF figd el thy Jangons farmeddietyeen | per s
and fibers RfssihBeibeRSPRL first and second sets of fibers.

According to still further features in the described Breferred embodiments
the electric or magnetic flux or field has a direction selected from the group
- consisting of a constant direction and an alternative direction,
20 According to still further features in the described preferred embodiments
the conductive element of fibers of the first set of fibers and fibers of the second
) set of fibers independently have a cross section selected from the group consisting
of a round cross section, an elliptical cross. sectioﬁ, a triangular cross section, a
polygonal cross section, a square cross section and a rectanguiar cross section.

25 According to still further features in the described preferred embodiments
the conductive element of fibers of the first set of fibers and fibers of the second

set of fibers independently have a thick to width ratio from abont 1:1 to 1:2,000.
According to still further features in the described preferred embodiments
the conductive element of fibers of the first set of fibers and fibers of the second
30 set of fibers 1s further coated with a second coat selected from the group

consisting of an insulating coat, a poor conducting coat and an anti-corrosive coat.



set of fibers independently have a thick to wdth ratio fromabout 1:1 to
1:2,000. According to still further features in the described preferred
enbodi ments- the conductive el enent of fibers of the first set of fibers
and fiberg of the second 30 set of fibers is further coated wth a second
coat sel e%‘f%&”"‘?’?‘@m the group consisting of an insul ati ng coXCT/UoRBHss
conducting coat and an anti-corrosive coat WO 00/57238 PCTI USO0/ 07088 6
According to still further features in Phe described preferred enbodi nents
the devi ce furtAegordmgppissillngrthexpamrehiouibe Wgsarthedfprpierred ombodumdrits st set

of fibers ;and fihers of the.second set of fihers. cording to.still
Curther £ LB dRRse RFBerctopl Bt oK ar PR e ists AEREI kSRR i s a
| east part i@ fierd 6BRSRAERAset HCTWMrsli Ng to still further features in the
descri bed preferred enbodi nents the cover is flexible. According to still

further feat uredcsardingdodtidlcfurthenfepiuessciythe desayhgid meefeed embodiments

el ectraq- opgical tiye stance is an electrochromc |ight nodul ating
to sub%t ant?:"ea,co‘é%p%lgﬁclgﬁs\é?aﬁ}ei\agrsaf]ﬁ?a§61§hangi ng its optical behavior when

subj ected to anAetwdingaeh€ilintuahér RYhske inGhe desiHbeld QRefeat EmBBdinmehtced by
the electric or "i ICflux or field. According to still further features in

t he descri@é@o}fﬁ*& gf’*iblf-enbodi nents the el ectro-optically active substance
Is an el ectr Ophﬂ{:&}rhﬁlrg' @i ATRAY %Eiu‘?& inltﬁe %E%%fb%g‘b?efeﬁgc?' }ﬁ%bﬁg%&?{ tiches
carrying a magnetic oOrF electric charge and a ft1ul suspenalng €

particl es, thehele@es-bpidally actéveclsabstamephiy ani eletirychomirodichi anediletivghen
subjected to the el ectrig or magnetic flux or field, According to still
anot hel? aspwetness ceprblp rbsaisrsiblyvdangias iisetical behavinrivaen subjeqted & nat i on
display fo i ronLg info -LOon; i S

conpri si ngénatq;i f‘céﬁgllg%é}g%g] F‘%"gﬁ“"ﬁm %‘f%@lﬁlnég%telél?cléﬂgg&ggﬁ 1? g? t%é‘ﬁ{é?]e?rn.
Accor di ng tsegaticdbbtidrifeddl aspect of the present invention there is

BRI T CIRTEE P P R
the shortcqgi AeGrRbphidiily active subsiance is an' electrophoretic light modulating
15  substance, including particles carrying a magnetic or electric charge and a fluid
suspending the particles, the particles are electrophoretiéa]ly dispositionable-when
subjected to the electric or magnetic flux or field.
According to still another aspect of the presenf invention there is provided
an information display for use with an electronic information processing system,
20  comprising at least one light modulating device as set forth herein. .
According to an additional aspect of the present invention there is
) provided a decorative screen, comprising at least one light modu]ating device as
set forth herein. |
The present invention successfully addresses the shortcomings of the
25  presently known configurations by providing an electro-optical light modulating
device which is (i) readily fabricated in any desired dimensions; (ii) flexible; (iii)

foldable/collapsible; (iv) simple to manufacture; and therefore (v) cost-effective.



25 presently known configurations by providing an el ectro-optical light .
nmodul ating device which is (i) readily fabricated in any desired

di nensions; (ii) flexible; fol dable/collapsible; (iv) sinple to .

manuf acture; and therefore (v) cost-effective. WO 00/57238 PCT/ US00/ 07088
BRI EF DESYROPFIBR:OF THE DRAW NGS The invention herein descR¢HEE0/UT988vay Of
exanples only, with reference to the.acconpanying draw ngs, wherein: FlGs.

1 -2 are perspective views of an electro-optical |ight nodul ating device
accordi ng EF N OFEE WINGESCS. 3- 6 are .cross sectional. views
of individual. fihers..used.for panufacturi the el ectro-optical |ight-
modul ati ng devi -IQE%P&?‘W&IM%WB&-B%&&Y 0{1‘%?81??‘?50‘??‘3)’-’1811% ¢ ON OF
THE PREFERRER 4 NN &a sPivRseRt invention is of an electro-optical

| i ght nodul ating devi'ce which can be used to display an image by
control | ably .chad&igi he? arespagpdctiat vibehafi an chkictreepticilelghtosmtliiatiag under t he
i nfl'uepce ;of. a'.rragiet-itc. ar_electri c.,f'l_uxdor ~field. Specifically, the -
present i ACaRe o Can %3‘“&%“8“&%\“%}!‘%8@ such an electro 15 optical |ight
modul ati ng- deviRt@sWB-§ hareS cfdsy  §c@BEhA1Y vieWy | dratiRlilina1ampere Sstd dror

di mensions; (ii) flexible; (iii) foldable/collapsible, (iv) sinple to

manuf act uF@nuEsHIingdhe elseteo-eplical dight miodelatingalevith acqordingitp ksspraswit oper at i on
of an ele%feﬁt’i%?t ical |ight nodulating device according to the present
~invention nmay D€ better understood with reference to.the 20 draw ngs and
acconpanyi ng descriiptions. Beforeée explaining at |east one .enbodi nent of the
invention_.i-n detail, it is to bée understood that, the invention is not -
limt &Y | REXRIEAAONQYIHE PR R Rdilp EMBOMIMENESt r uction and t he

arrangenment of. 4 he S set rth.i.n the tql kow ng. descri.ption or
11 et ated 1 n PR ERARIRERELE" of B clebtb-bdfeal TP dh Bflugfid ke ' °

enmbodi mentvhichr caf Heeustd fr displagesh dmagartyi edntedliabiyn cHaAigiRySts\aysoal Al SO, it
is to be understood the iq(;tahe phr aseol ogy and- t er mi nol ogy enpl oyed herein is
for the PENYHEA!selepted lorpensorndsn thesinlipaca pfta Wagnetigor sdastrae ik of t i ng.

Ref erri ngppRW &80 g I QLLE s B L t : ral ferred
enbodi mentls of %ﬁeﬁ%ﬂ]gbt_rﬁ%%ﬁ @é’?“‘f“.ﬁ’;ﬁ%“ ﬁ%é‘%ﬁ a ié]rg{" 8\%’?‘%@%5&%& ing to the
15 optical light modulating device which is (i) readily fabricated in any desired '

dimenstons; (ii) flexible; (iii) foldable/collapsible; (iv) simple to manufacture; and
therefore (v) cost-effective. . | ,
The: principles andopérati’on of an e]ectfmo’ptica] light modulating device
according to the present invention may be better understood with reference to the
20 drawings and accompanying descriptions. |
Before explaining at least one embodiment of the invention in detail, it is
to be understood that therinventibn is not limited in its applicatioh to the details of
construction and-the arraﬁgement of the components set forth in the following
description- or illustrated in-the drawings. “ The invention. is capable of other
25  embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.
Referring now to the ‘drawings, Figures 1-5 illustrate several preferred
embodiments of the eléctro-optical hght modulating device according to the
30  present invention, which is referred to hereinbelow as device 20.
Device 20 includes a first set of fibers 22 and a second set of fibers 24.

Fibers 22 and 24 are arranged to=form a two dimensional array of junctions



30 present invention, which is referred to hereinbel ow as device 20. Device
20 includes a first set of fibers 22 and a second set of fibers 24. Fibers
22 and 24 are arranged to -forrn a two dinmensional array of junctions WO
00/ 57238 PCT/(%JS 0] 07088 there between , preferably such that an individual
fiber 22 HAV¥IE forns a junction with) an individual fibBFTABOYATES0NCe,
~and vice versa. According to a preferred enbodi nent of the present

i nvention, and as 'specifically exenpl ified in Fi gures 1-2, fibers 22 of

t he first thaebdween,mueksrabhtisuchieatsnindigiduahfbgd2onessse(fonns B jindims ar e

i nterl ock I ven, aLl enent . This.woven arrgngengnt is resently.
preferred ‘é@%&?gwf&&%@?@ “@Z\‘?P%eea V\ﬁefﬁrsgtreng\cgoﬁbgseltp guﬁporti%g
on one hangefepted cimodindn Sf tHeSpresc@x ibiehiiby, aadisTspéaiadillyl dxenipiiddansi bility,
on the other hand._ However, it will be appreciated by one ordinarily

skill ed i Aigwes rd; fieag 22 of Her fivsk peirrfclihont and fibers 3di efaedecandyset ofn whi ch
fibers .22 tangi ndi.cul arly to one anot her, and
adherea toiﬂ%psf f%fehx?lfat l.el8 I gliglc{l r‘lgé:‘lz%uﬁ%%]ré% %{eﬁgcﬁr%l? ‘?{)‘f)eér %H?ﬁgegﬁ%{ﬂzﬁ :
accor di ng presehiie prefesahbecamednproniiet elicd 20 vith suengthtandiseHsuppordingt i ve
clenment 26. Fihers of at |east one of the first and second sets of fibers

22, 24, afd oBe hppdoyet maintpips jig flexibgiy apd foldebibityboliapabidisy, onrthewotleer i ncl ude
a coat 28 anss r -0t 1 Acti . jgh._is C e of 15
eversi bl i HOVER B0 b Shpko el P ot BRUARAT sKllcl b o BP RS, O

ref | ect another atrangrapante ac\envishsal, pigl,an wiiicicibas 22 bad ge arovibitigfallgct ed to
an electric or a_constant direction or an

. etic flux or field of ejither ; _
al terdti ﬁﬁrﬁﬁ’ii’@gg?@ﬁ? OPFI?]PﬂEefe tiheEss to I¢ diefsclig @ppertand 3-5, coat
28 is a solid t 1 IOt af i ) oating
fibers 22 (Fi g%ﬂ?f fib %?%e%‘gcﬂzg‘%‘%dglﬁg@ﬂ%%ﬂi éﬁ;%ﬁ&@%%ﬁﬁﬁ% a ong
t hei r | enderngitu@inaé comidetive slenteat 26.0 Fitexaniitdcashbies ef thedaki shdoxiond8 i s

present onl t he jupctions formed, anpon fi.ber 2, 24, are envisaged.
The ol ect PEVHTTHEES PR ARG THidth 6T TG (EBSELAES [red SAFSBPEheR FEUSF o1 by
changi ng iddudPhiat 28ebexmi elechbpisaiBl aeiRIsnitRiAfE wWiliarS Qﬁ;gcﬁi% %‘?'25 F1ux

i
oxi dation-reduction reaction induced By the electric or nag
or fiafd. revessiblyathiapgiigets ondishl behayidrj st aspbut peti ligitedibs tr@feetaficn, use in

he |igh dul ati ' di [ ' 1 b | d
From o RISy RSB FRB e anBeE G Berled RO G BRPBE 1 gt

modul at i ngnagnetic flux or field of either a constant direction or an alternating direction.

In the embodiment shown in Figures 1 and 3-5, coat 28 is a solid coat of

electrochromic light modulating substance coating fibers 22 (Figure 4) or fibers
20 22 and 24 (Figur;as 1, 3 and 5) along their length. Other embodiments, for
example, wherein solid coat 28 is present only at the junctions formed among
/ fibers 22, 24, are envisaged. The electrochromic light modulating substance is
capable of reversibly changing its optical behavior when subjected to an
electrochemical oxidation-reduction reaction induced by the electric or magnetic

25 flux or field.

A suitable electrochromic light modulating substance for use in the light
modulating device according to present invertion can be selected from a wide
variety of known inorganic and organic electrochromic light modulating
substances, such as, for example, electrochromic light modﬁ}ating substances

30 containing oxides of transition metals, e.g., W03, MoO3, TiOy, V505, Bis03,

Ni(OH)j, IrO9, as well as, viologen, Prussian blue, electroactive polymers, such



. for exanple, University of” Florida, on-

substances, such as, for exanple, electrochromc light nodulating
‘substances 30 contai ning oxi des of tranS|t|on netals, e.g., W33, I\/b03
- Ti02, V205, Bi203, N (OH)2, Ir07, as well - vi ol ogen, Prussian bl ue,
el ectroac mers, such WO 00/ 57238 PCT/ USOO' 07088 9
exanpl e, é&‘}qga{rl flirie , polypyrrole, pol yt hi ophene, or: otﬁ@mgg)@gwsﬁ
‘materials and conbi nations thereof. As specifically showai - in Figure 3
- coat 28 can he externally coated with an addi.tional coat 40..0f an .
~el ect 1 ol yt'as, freexaapley pahasiling, mohgmrmétf,emmlw}@nemrc ptherc OFgINET es | an:

el ectrocheq I n the pair of fibers 22, 24, ‘wher ei n at
|.east one rn’raF als Zﬁidbcging @g%%ﬁ%??wth coat 28.. Such €l ectrol yt es are " wel |

~ known and descrmeﬁedxﬁcdllbr&hmmF@ute3 Semzﬁcnnlm)ﬁmhe}lybbﬁed Rdth afNo. -
% 5.,446,577, which is incorporated by reference :as if y:set forth '
her ei n |na<hilaal?q .ceaw?o@awlﬁcﬁeh@e drreferpbly prsglid e gwi?ﬁtrlom«e Bhechof the.

set s- r 0 Ga cally - |
- colori ng %&Bé{egﬁca} efﬁ:g%[o%}yaﬁ?r{pa? %ﬁ%g{é ?\?}ee&o?ﬁpg%ist [ op afv\zgreas the
ot her set whefeitbatrisast smeoflie ﬁbersm:ctaadﬁswﬂoadszs 283 Suith alkecaolydéscat wellcol or i ng
subst ance, , f or -ex | e, a de i vative car a gel
el ectrol yt’é“%‘%%?"‘igg B‘E':dnmat & BROT ARt iP6F 1% %aécg ﬁjaﬁﬁsﬁoﬁgﬁg’fé% and fast
swi t chi ng. %bﬁﬁuﬁ&%@fﬁ?ﬂt@dﬁyrc?éreﬁ’&rdsqpﬁﬂl?%f)foﬁh WERdin.f urther ~15- detail s see,
ne publication; dat.ed- ‘August - 5,

1996, at http: J Invawipactieiar idribosiitment] of ther kst mentioi, oxhﬁeof dhe esetsewibodi ment
of the-pre |nv nt i ers oat .28 :of an electrochromc
nat er i 510 ﬁg%fﬁ’l B o ?g’r ’Inéié'geﬁ 80%%p§ror}sa[ %qgoclacf Hn‘éql??%s'd 1@t ocheni cal
oxi dat i on, eS8 asdérivaars o%olﬂﬁbyﬁi& ylfcPdis 18E oftfer 2Rt VIFERbdrOChy0n A C '

mat eri al capable of colorless to color state-transition by el éct riocheni cai
reduct i on. inglisles peate?d af an m@lmlcomﬁubﬁmmefMWMMa demvatifeseft | bed,

for exanple 18 6 6 S . |n or at e
reference BY yF?rb?z[?% O%%q fwgr‘gteﬁE= dof’%% %gldé { %W&ﬂfp%fi‘ Fi gs.
2&6, coat Ri%hl@n&a:fﬂaﬂtid‘asﬁ(%&ﬁbchm@ ﬂ&tmmlsrﬂ%fa@hbué cbREs  Frqudngd and,
bei ng a fluid, is also present.in the gaps fornmed between the fibers:

In=thi ¥ cadetailyess &g exemplg UﬁéferfrIWC‘Pflﬂégd% %lgvﬁp%ménmgoiat@ﬂ August
5, 1996, at http://www.chem.ufl.edu.

- In arefinement of the latter embodiment of the.presg_::nti invention; fibers ‘22 :

include a coat 28 of an éléctrbchromirc material capable of colorless to-color 'gt:afé
transition by electrochemical oxidation, whereas ﬁbers 24 include a coat of an -

20 electrochromic material capable of colorléss to- éo]'orr‘ ‘state transition’ by

electrochemical reduction. Such maieriais are weil known in the art, and. are

described, for example, in U.S. Pat. No. 5,818,636, which is 1r_1'corporated'_by _
" réference as if fully set forth herein. - | |
| In the embodiment shown in Figs. 2&6, coat 28 s a fluid .‘Coat;ﬁhich-«c-'oa't&'j.f -

-25 . both fibers 22 and 24 and, being a fluid, is also present in the. gdps formed
between the fibers. Inthis case, de\.(ice 20 further includes a tight cover 30 for
housing fibers 21, 24 and fluid coat 28. Cover 30 is at least partially tra‘nsparcﬁt
and 15 preferably flexible, so as to maintain the inherent flexibility of the fibers
anaﬁgement of device 20. Thus, according to a preferred embodiment of the
30  present invention, at least one side of cover 30 is transparent, whereas the other
side is transparent, opaque, colored in contrast to the electrophoretically active

sﬁbstance, or light reflective.



housing fibers 22, 24 and fluid coat 28. Cover 30 is at |east partially

transparent and is preferably flexible, so as to naintain the inherent

flexibility of the fibers arrangenent of device 20. Thus, according to a

preferred enbodi ment of the 30 present invention, at Ieast on

cover VO W5Z8par ent, whereas the other side is transpaﬁ%& %@ﬁﬁe

' coIored In contrast to the electrophorgaically active substance or light
reflective. WO 00/57238 PCT/ USQU /0708 10 It will be apprecijated by one

ordi narily ski |t adllibe appseciated biaanei Mrnammkﬂledpattbe@rt hat individual

fl d I d
ne.ar r angBind §114 Phdlr anE5Rb iR, TRk IRk Ay ShANE Suo B 00 1€ o

al so be enghenado ﬂ@aﬁe@fg&ﬂcﬂ&)f&i%@ a4 ﬂumkztsjuﬁait&hl’s féSnednheaiamasnight
otherwise 5 performsimlar to the above. Fluid coat 28 can be either an

el ect r ochresnialsoegmplordiAndiservg aspiseontiavogscayer 28 vhich gl otherapse

el ect r?phorerfrm_rci mﬁi}tto[rﬂ)e a%o%l ng substance with opaque or colored
partic pcarry a magnet1 ¢ or electric charge and a fluid suspending the

particles- The }pﬁirdtctdht @8 cafi ebe@hthelt mo pherethroalit fighthwdokitihg snbithscenhen
subjected to 1o an el ectric or magnetic flux aor field to there hange t he
optical bénakhgud e gpan EECH‘PIPPOFW& Hghlowewiating sulstange qvish OE%ﬂ’rérR,‘t ive

el enent s / Nl £ gfdesq)s &d;.l.,

i nsul ati ng‘:%(‘:‘%g? B@gfé C%lﬁgq eaétogl%%pngce%lt\éﬁe% con uctr%\é %rrents 26
t hereof . AagidlesonBhe partieles afmelémmq:lmmi@]ly ehsposltmnphﬂe rwheh subjﬁ;ttmi fong coat
or an anti-cqQrrQsive coat can npl oy I.n var.i ous. dJ ments of the
i nventi®on, a“aféc%%f"r’é‘dg“%cf&"oq rfg"'ﬁéo &“15 ange the Fieahk 583ty esent
dnvention4d bers 22 or 24 which are coated by coat 28 are about 10

mcroneters to about 2 centinmeters in width. The thickness of the fibers
depends to a ngeahe embedimentel Eigeredhsjonéubt@@ aiqsptﬂtcaG io fibenst22nateddorf or

devi ce 20. Th| |ber are sel.ec n es of.very - large devices

T owed 11 qabe pbrESEe i an invging el 33840 Hsertel® FEOrEL " ner o
hi gher re%ehaﬁdtag LigmeRE W flreofhURdditifhal @6 UilicBshtiveS@aty, ie08), R pydded by
the junctions fornmed anong fibers 22 and 24 depends to a great extent on

t he spéci faondegingi caali 1 @h ahié-cdgoive. coat can be employed in various
embodiments of the invention, as desired.
According to a preferred embodiment of the present invention ﬁbers' 22 or
24 which are coated by coat 28 are about 10 micrometers to about 2 centimeters in
width. The thickness of the fibers depends to a great extent on the desired
20  application intended for device 20. Thicker fibers are selected in cases of very
large devices viewed from far, whereas thinner fibers are used in smaller devices
) where higher resolution is required.
Thus, the required resolution provided by the junctions formed among
. fibers 22 and 24 depends to a great extent on the specific application of the device.
25  For example, a junction every 30-100 micrometers is adequate for fine resolution
in computer.or TV screen applications, whereas for larger screens, e.g., street
advertisement boards, decorative panels, etc., which are viewed.from further
away, a lower resolution of, say, a junction every few millimeters or few
centimeters, is adequate. This implies that for some high rcsolution applications
30  the width of fibers 22, 24 1s selected sinall, e.g., 10-100 micrometers, whereas for
other applications which employ larger screens, the width of fibers 22, 24 is

selected larger, e.g., from 100 micrometers to 2 centimeters.



25 For exanple, a junction every 30-100 mcroneters is adequate for fine
resolution in conputer, or TV screen applications, whereas for |arger
screens, e.g., Street advertisenent boards, decorative panels, etc., which
care viewed fromfurther away, a |lower resolution of, say, a junction every
fewmlli MOMVE2H few centineters, is adequate. This inpl F%’t’utsﬂ%?"“%r
~sonme high resolution applications 30 the width of fibers 22, 24 is selected
small, e.g., 10-100 microneters, wheredd for ~other applications which

enpl oy | arger sC€perdursivetdianentsi2h off fiiardd2 sng224 24n be ofseimetdled theteer

e.g., from 180 m crf)rreters to,2 centinmeters. 00/ 572?18 PCTc/l US%O?OBB 11
Conduct i ve®8fendht410¥s 9512 (GoPAYIVELPUXTCS 4 €18 APRNTHM, Th 94, B9 5

. oxide, an ﬁiakﬂéﬁitﬂﬁlsﬁv&oﬂ%&?ih&iﬁnpﬂkwé%ﬁd CodtbinaBbHE &ML, t ICbrélke 9ol d,
=~ magnesi um si'ver all oy, indium oxide and conbi nati ons thereof. Conductive

el enent s 2@&emants 2bsen plsorhgdradsiofa dspspuen pba metalaa metaljoxidg, awalloy oxi de, - an
alloy or 5 a conductivye polyner. in a suitable trix referabl y_a
- Lranspat ent SRERFIYS Pyt o Sl BB (REETHY B/ LEkBRFR, Pl n b
conduct i Vi gdhcesibdiducCthiy ellee prize Rhdu@péty. oCohbectivebaeteds 28Nl or 24
coated by coat 28 are preferably selected about 50- 99 %of the total _
t hi ckness edchtoféher fibrss 32 apdr @¢ coged by cpadr28 are prefemblinsedciad dbout &9- magnet i ¢
flux or fi .1l e0.. a power source). Generator 32 serves
for gener a?él'%’ggﬁﬁgEog%@f@{c%ﬂhgss%%ﬂ{er%%ﬁ%tic flux or field at the junctions

formed between Dewigsi200fufthbeinsludes aR4leefric dMmafhetit ld0dr Sekbfshcrds Of
fibers, respectively. In fact, each pair of crossing fibers 22, 24 serves
as a pHir 3t (eBecd POYEKS SOWRYr e Cenertarnk2 69188 ifory 2pRATatingo thy gleetric oot

1 her ebet wegn. | Gl l.ectri e | kX fed ' ner at ed
to activat %gﬁ%“?hﬁe&eﬁtgt@ lﬁdogotgﬁ%ﬂg ‘P§£ g&gﬁ%@?ﬁ%ﬂ geréljggﬁ% cf)i b?ts\%if 34b y change
i ts opti calhelfritawd @econd sets@ftfibets| ssspativelyo Tmindtcedchpgirwifictostinpdibers??2, 24
and generator_ 32 is prefer,agéy t?flgiso provided and i-.s used to confrol the
active juny’i@n?r&‘?ﬁjaﬁﬁé?aéﬁ‘ glegtrrdes iy Em"bﬁte%fré’as%% PRUY i JUDRI0R:  any

i ven i Mey,efibeRidhdubfioi | RRod AERlei b6 RIAISBdANEN idfatethen &

pair of 20 crossing rs 24, connecte enerator 32, electric
currents fihewlectrbaptichily active sabstander tougversihly eiange iis opticali tehhvight A
modul at | ngcosnl#?)?lgra gg,ecc?rkm%glecating with fibers 22, 24 and generator 32 is preferably
also provided and is used to control the active junctions and therefore the image
presented by device 20 at any given time. _ i
Accordihg to one embodiment of the present invention, when a pair of
20  crossing fibers 24, 22 are conmnected to generator 32, electric currents flow
therethrough and through the electrochromic light modulating substance at the
) junction formed therebetween. According to another embodimenf, when a pair of
crossing fibers 24, 22 are comnected to generator. 32, electric currents flow
therethrough and a magnetic or electric flux or field is experiehced by the
25  electrophoretic light modulating substance at the junction formed therebetween.
- In both cases, as a result, an optical change is evident at the junction.
Fibers 22 and/or 24 can have any desired cross section, e.g,, a round cross
section, an elliptical cross section, a triangular cross section, a polygonal cross
section, a square cross section and a rectangular cross section. Each of conductive

30 elements 26 of fibers 22 and/or 24 preferably has a thickness to width ratio of
from about 1:1 to about 1:2,000.



junction fornmed therebetween. According to another enbodi nent, when a pair
of crossing fibers 24, 22 are connected to generator 32, electric currents
flow therethrough *and a magnetic or electric flux or field is experienced
by the 25 el ectrophoretic |ight nodul ati ng substance at the junction
fornmed th&¥y@PB&si@®8Nn. In both cases, .as a result, an opti caPCTAENGO798S
"evident at the junction. Fibers 22 and/or 24 can have any desired cross
section, e.g., a round cross section, @n elliptical cross section, a
triangul ar crospesRet2@Ran decMatcgBARRIn VA6 syBaMEd @, didpRYingl Bndgedss |
section and a rectangul ar cross section. Each of conductive 30 elenments 26
of fibers Bxargplgsr gnchudenbut armmioy Tnpideds to.nplertipaie inforojation precesing  from
about 1:1 - . . 7 : ' 20 can
be integr a@gﬁ?ﬁﬂ&\}g#ﬁ%gﬁ%@ ear?goq# %rzﬁ %Fépcﬂ%}%ﬁcén%gog’g]éiénn@ gést%?%cl ude,
but ar e- nodevitead sd foah heteqis; tdeotdativé (¥0) sdertising)rsoness invfudiny at tuust _
har bori ng an information display including at |east one |ight nodul ating
devi ce ‘as ¥ light mpdplatiog devigscey aiti foBh (Rergin; etgdy dnbs. SHIRRIPYS c1oaesms.

i ncl udi ng ask Welc Pg%g l.ng: ' : t ,f.0. | n; etc.
Thus, di spl?‘gril-&s{,g’ 2@}‘5’6"%’% ?lekdrﬁgéﬁeo S, W%%\%écd%gjéﬁf gs'? ie\%'g’ %‘fé"nﬂf ? f%‘r?\éam c

wal | paper swhizhcwill @n@yatle propeities of théietdrtrotdplticain)ight trodujatiapeddvies of t he
el ectro-optical. light nodulating device according to the present

i nvent i on. 2SRCEBPRI IhYEPEESSAIPEEI%Bs pect of the present invention there is

provided a 10 K%&&iaﬂlﬁofo SR AEh &Y IR GhE }esantinvaﬁﬁah%yagisqﬁgb%d athe

met hod according to this aspect of the anentlon I's effecte lby

i npl enent | mgthickdef hdnudavturg greeti gio dnsiubgiing device.Wwhhemethod acbiding tosthep, a
first set of fiti. s.and.a second . set, o[ fiher ﬂ tovi ded,, ~each of the
fibers i nclRAELIANT SHERUCRIFELRCEd e lepeentnt e loning maBofstiiSeitor ot

lleast one Whichhfh § frstist@Nd HOCKRSS FBES a2l o dBEIPsdt WridREs &@CﬂrHG‘i%eé, coat of
an electro 15 optically  active substance being in intimate contact with the

conduct i vecashefhg fiberShacludesta lohgituiinad cenductve pleinept, atheyeasdiioveof albst ance
I s capabl e of reversibly changi [ optd cal .behavi or when subjected to
an ol ot 1 GRSt PEt A RGP g of SO AR JBORG 8 cap! B AEHHER hod
accor disng $flically aca6d eatist@ite bbRgih emanite i cOMROE WAR thé Benduktibe efenddrg, ar r anged
to forma two dinmensional close array of functions 20 t herebetween.

The coat of the electro-optically active substance is capable of reversibly changing

“its optical behavior when subjected to an electric or magnetic flux or field. Ina

second step of the method according to this aspect of the present invention, the

fibers are arranged to form a two dimensional close array of junctions

20  therebetween.

Coating the conductive elements with the electro-opticatly active

substance according to this aspect of the present invention can be effected by, for

example, extrusion, deposition from vapor phase, deposition from a solution or by

| any other prior art technique used for coating fibers. It will be appreciated that

25  these techniques are all not categorized as "high precision techniques" as they are

used to apply a uniform coating layer, as opposed to a precisely localized
application.

According to yet another aspect of the present invention there is provided a .

method of manufacturing a light modulating device. The method according to this

- 30  aspect of the present invention is effected by implementing the following method

steps, in which, in a first step a first set of fibers and a second set of fibers are

prc_)vided, each of the fibers includes a longitudinal conductive element. In a



Coating the conductive elements with the electro-optically active

subst ance according to this aspect of the present invention can be effected
by, for exanple, extrusi.on, deposition fromvapor phase, deposition froma
solution or by. any other prior art technique used for coating fibers. It
w1 be apoews@ased that 25 these techniques are all nhot caPeDEISO2/OTHZES
~"high precision techniques" as they are wused to apply a uniformcoating

| ayer, as opposed to a precisely |ocalilzed application. According to yet
anot her asgéid efept SethBBRRM, the MR ONtHeNBIsE ahd stopMi stedof fibeR! Brd of
manufacturing a |ight nodul ating device. The nethod according to this 30
aspect of arfragpd.eioeform gy ibmensonsl f deoseedmby dfnpinetiens itheyelhdferetnl | owi ng

thod st I nwhi ch, irst st irst. set fibers. and d
set of 11 capapt Bhbdord e winf an R DLt st D IRER R nal
conduct i vengimare tontabn wath\@eD Q6o a3: RIG&EID PO &fecld-optRaNpdagivp of the

met hod, the fibers of the first and second sets of fibers are arranged to
> f or m a StwoFubbtaBeRsissanble poreaersibly ghapein g it entisakbebauios ptensuhiected toal [y, t he

fibers are_c R , - ORLi: . i eqtq forman
intimte c%n@g%tﬁgﬁ%&%% %@%,ﬁﬁ%%‘?@%bﬁﬁ@ﬁ’@%@g%?ﬁ ?Igﬂlgep?]%ééé?'l y active
S subst ancapticaliy apil eibsiindecuet Rty ¥ thixanped @f ilespregint é@lentiohdhde When
subjected to an electric or magnetic flux, or field. Cogating the arranged
fibers witaflacifd by &t PmplUmpasgnptiont SaAkINgy WEPiHE 2BERBINE RIINBIE hi s
aspect of [Lh I nt k=0, QR : G 6f _ foor. exan

I npr egnat i\%ﬁ}? aggg%?lﬂg?phg%dgg%dﬁg? lﬁﬁgn%‘lr %gtz}nﬁé)ﬁl%gtrlﬂﬁ%gﬁadﬁj? %h %%Blaﬁjm’ _

el ect rio- ot iveidll by appreciated gt thesebyechniued her alf newncdtephizedue: "Aizhbef or e,
1o it will be ,agpr eﬁ]ihiat eqd that these techniques are all not categorized as
"hi gh pr edTEH8RN: KERRAYTe s they 1 Heyussd ooy QALY 13 uBioNy coaing t1g¥sh RSat i ng

| ayer, as opggg&ﬁ@,d%ﬁrgc@eégq&gji% a\bgkieéi%ni; zed application. The light

nodul ati ng "devi ce has advantages~over prior art |ight nodul ating devices
because it is (The helitdnédnldtgrdegmtdds advantagesieair pedr dit hight inodajatihigi )
flexible, .15 (iii) fol.dable/collapsihle; (iv) sinple.to. facture; and
ther ef or & deViFeE BEFEF Rt (3 Ge T BALA ey Kyt FBsEHaS: BBLHoRLEr | bed | n
conj ungt i qRj)WS18asIRREIDsble; (PP ULt h8haRslre;| ind Sh&¥iofe(l) tdwat- many
al ternati veﬁ§, t'ITDdI fications and

Tertecnve. - .

Although the invention has been described in conjunction with specific
embodiments thereof; it is evident that many alternatives, modifications and

20  variations will be apparent to those skilled in the art. Accordingly, it is intended
to embrace all such alternatives, modifications and variations that fall within the

spirit and broad scope of the appended claims.



20 variations will be apparent to those skilled in the art. Accordingly, it
is intended to enbrace all such alternatives, nodifications and variations
that fall within the spiriit and broad scope of the appended clains. WO
00/ 57238 PCTI USOQ' 07088 WHAT IS CLAIMED I'S: 14 1. A light nodul ating
device compronstalg a first set of fibers and a second set ofctiuseswsrobei ng
arranged to forma two dinensional array of junctions between fibers of
said first set of fibers and fibers of 1said second set of fibers, wherein
each of saytiAT pecpadkaRigl first and second sets of fibers includes a

| ongi t udi nal conductive el enent, whereas fibers of at |east one of said
first and second sets of fibers, at |least at said junctions, further

i nclude a coat ,of an, el ectro- tical.ly acti.ve suhstance i ng capabl e of
averat by cnarai ng ittt Sicd s opHERe BB D41 FPoEn 28 darr | ¢ or

magnet i c fshabhdQdet Bf-ﬁb@rs_b%ing-rﬂ}?an?&gm foRR b i eAS¥IANRY & _ﬁ.‘in]giigns wher ei n

said optical behavior is selected fromthe group consisfting o

r ef | ect anbetwaenailgpno€say, firahett offsearpand fibess oftbrid Isegind savcefl fibémmg devi ce

of claim 1, wherei i.d tic .hepayi or, is cpl ar e.. 4.. The device
of ol af m IneliE R ot BB seid Rl S e o BRES inelied s ber <
incl ude sadipindiial @bnditide leffthf, Onibhs Abby TG 1Yt SHEUTAALE first anfine devi ce
of claim1, wherein fibers including said coat of said electro-optically

active subetoadsstspfdibsrost leash ahsaid pinstiens fudheroeudea ceattdfram deetro n wi dt h.

6. The devi wherei i sai d, conducti el.enent i.ncl udes a
mat eri al \ségﬁgaé e&g{‘l‘?éom%%%aenv%r éﬂgg.cg%%aﬁiaﬁ i gregprs\gbq%flan,gx% r’rgst aﬂp%Séi de, an
al | oy andbekaviemeikiai subfecrdlty BB electfic dNBagiRvic PRix@r i@ m 6, wherein said

material is selected fromthe group consisting of alum num tin oxide,
gol d, magnesi uni silver alloy, indium oxide and conbinations thereof WO

00757238 PCT/ Ug00/ 07191%8]@1151 modulating device of claim 1, wherein said optical

behavior is selected from the group consisting of reflectance, transparency, and

absorption.

3. - The light modulating device of claim 1, wherein said optical

behavior is color change.

4, The. device of claim 1, wherein fibers of both said first and éecond

sets of fibers include said coat of said electro-optically active substance.

5. The device of claim 1, wherein fibers including said coat of said
electro-optically active substance are about 10 micrometers to about 2 centimeters

in width.

6. The device of claim 1, wherein said conductive element includes a
material selected from the group consisting of a metal, a metal oxide, an alloy and

a conductive polymer.

7. The device of claim 6, wherein said material is selected from the
group consisting of aluminum, tin oxide, gold, magnesium/silver alloy, indium

oxide and combinations thereof.



8. The device of claim1l, wherein said conductive el enment of each of said
fibers including said coat of said electro-optically active substance is
about 50-99 % of the total thickness of said fibers. 9. The device of
claim1l, wherein said fibers.of said first set of fibers d said fibers of
sai d secowd ®&7238f fibers are arranged substantially per penB¢EUF¥I798% 0 one

" another. 10. The device of claim1l, wherein said fibers of said first set

of fibers and said fibers of said secdhd set of fibers are interlocked in
a woven arrangenent.-11. The device:of claiml, further conprising an

el ectric or magnetic flux or field generator for enerating said electric
or magnetic fluk or Thedeyicerofselaian 1; Whereosadd condnelive slemeah oL £3689fhg fi bers
of said firs . : t f.eflLhe : i | ai 1,

wher ei n sas'laldjt g ée}gtu?cﬁg&gg S%Qg‘%’éi iog : %auég%trrolggtllcgpg aﬁ'g\éé ggbcﬁ? EEnecgtl?(E)ﬂrglenilsteI ected
from the @EoPYemEt sdtalnbickiicsa ofemidtfitiets. di rection and an alternative
direction. 13. The device of claim1, wherein said conductive el enent of
fibers of said first set of fibers and fibers of said second set of fibers
| ndependent |y have apeiQie sidhind, SALER Sl RbadMaiaiaui cPRBEat I ng of a
round cross section, an elliptical” cross section, a triangular cross

secti on, ardolsgigorfberscrofssaidectcaml sat cfiies cressmreegeddi cnbstantiadly
rectangul ar cross_section. 14. The device of claiml1l, wherein said
conduct i vePsEpidisylarlytoonp apQther  said first set of fibers and fibers of

-sai d second set of fibers independently have a thick to width ratio from

about 1:1 to 1:2,000. 15. The device of claim1, wherein said conductive
el ement of fibel® of Thadeids ofstlaimetl, whereinsid fibery ofishigl frsbset odifilersecond set

of fib i f her ¢ d wth .00/ 57238 CT/ USO0Q/ 07088 16 d
Shat el ecndsar s kg sand bkt AerTe PIGIocked i ANONE SaatEt el or O

conducting coat and an anti-corrosive coat.. 16. The device of claiml,
further conprising a cover housing said fibers of said first set of fibers
and fibers of sHi.d sBeoderierof claimi hdughericpmprising an electric or magnetic

flux or field generator for generating said electric or magnetic flux or field at said

junctions formed between crossing fibers of said first and second sets of fibers.

12. . The device of claim 11, wherein said electric or magnétic‘ flux or
field has a direction sélécted from the group consisting of a constant direction and

an alternative direction.

13.  The device of claim 1, wherein said conductive element of fibers of
said first se'trof fibers and fibers of said second set of fibers independently have a
Cross sectio"n-'selected from the group consisting of a round cross section, an.
elliptical cross section, a trianigular cross section, a polygonal cross section, a

square cross section and a rectangular cross section.

14.  The device of claim 1, ‘wherein said conductive element of fibers of
said first set of fibers and fibers of said second set of fibers independently have a

thick to width ratio from about 1:1 to 1:2,000.

15.  The device of claim 1, wherein said conductive element of fibers of

sa—id first set of fibers and fibers of g’aid second set of fibers is further coated with a



The device of claim 16, wherein said cover is at |least partially
transparent. 18. The device of claim 16, wherein said cover is flexible.

19. The device of claim1l, wherein said electro-opticaiiy active substance
is an electrochrom c |ight nodul ati ng substance, capable of reversibly
changi ng iWQWpiB8al behavi or when subjected to an el ectr ocF&HEHN0/07088

- oxi dation- reduction reaction induced by said electric or magnetic flux or
field. 20. The device of claim1, whereth said electro-optically active
subst ance becoad alatcteleoptiofremi thel gghp cmdistiag i ofgars idzslating ecoat,ne |podi ng

~particles carrving a neti.c or electric charge and a fluid suspendi ng
said parti E?%(éfc}/@&r%aat agag‘f‘iaﬁl‘é’é’“é’?’éfeé’%tct rophoretical ly dispositionable

when subj ected to said electric or magnetic flux or field. 21. An
information display for use with an electronic information processing
system conpri silfg  atTHeedssticeonf claimht, fuptheal abinpgsidgw ceveashomeingf@idh i n

claim1. 2 A decgrativ reen, risi. at | east_one |ight nodul ating
devi ce as égFrsfog'rs:[uﬁ ?rﬁtsffgf ofs %%g?éﬁéﬁﬂagc dsghRffiRefiri ng a 1i ght
nodul ati ng device, the nethod conprising the steps of: WO 00/57238
PCr/ USCO /07088 %a) (b) 17 providing a first set of fibers and a second
set of fibers,  ddch dfhesddvicef phHetaimol6,suheteini said cover f atf lehsdr partialily sai d
second set ofS f iéb rs including a |ongitudinal conductive el enent, whereas
fibers of HP™PPERLt one of said first and second sets of fibers further
include a coat of ‘an el ectro-optically active substance being in intimte
contact with said conductive elenment, said coat of said electro-optically
active subst ancd8bei fdeslapiab ot claimrléywheicin spitemusyisfiexible. optical behavi or
when subjected to an electric or -magnetic flux or field; and '
19.  The device of claim 1, wherein said eleciro-opticaily active
substance is an electrochromic light modulating substance, capable of reversibly
changing its optical behavior when subjected to an electrochemical oxidation-

reduction reaction induced by said electric or magnetic flux or field.

20. ‘The device of claim 1, wherein said _@lectro-optically active
substance is an electrophoretic light modulating substaﬁ;:e, including particles
carrying a magnetic or electric charge and a fluid suspending said ﬁarticlc_s, said
particles are elecf.rophdi'eticaliy dispositionable when subjected to said electric or

magnetic flux or field.

21. - An information display for use with an electronic information
processing system, comprising at least one light modulating device as set forth in

claim I.

22. A decorative screen, comprising at least one light modulating

device as set forth in claim 1.

23. A method of manufacturing a light modulating device, the method

comprising the steps of:



arranging said fibers of said first and second sets of fibers to forma
two di nensional close array of junctions therebetween. 24. A nethod of
manuf acturing a light nodul ating device, the nmethod . conprising the steps

of : (a) Vi di a first set of fibers and a second set of, {i ch of
B ErEE, reSRpodf

said (b) s of said first set of fibers and said secon
fibers including a |ongitudinal condu?.} Ive elenent; arranging said fibers

of said first and second.sets of fibers to forma two di nensi onal cl ose
array of juncti®hs tHeYEB®BiaREhset of ibersand ggecond et olahas, frelhofhifaid -

el ectro-optical |y agcye FGCsdiOor HBEM A SAl FRbAa GenRChpdkth sai d

conductive el enents, sal c?%uslc?:i ectro-opti capr active su]gst ance belng capabl e
of reversibly changnelgdingsa hpiitadinalbedmvctive vhments witieeedseftbaro ofimtel ectri c
or nagne'; e flux Orlez];sit ghg of said first and second sets of fibers further include a cdat

of an electro-optically active substance being in intimate contact

with said conductive element, said coat of said electro-optically

active substance being capable of reversibly changing its optical

behavior when subjected to an electric or magnetic flux or field;

~and - '

(b) arranging said fibers of said first and second sets of fibers to form a

two dimensional close array of junctions therebetween.

24. A method of manufacturing a light modulating device, the method .

comprising the steps of:

(a) providing a first set of fibers and a second set of fibers, each of said
fibers of said first set of fibers and said second set of fibers
including a longitudinal conductive element;

b) arranging said fibers of said first and second sets of fibers to form a
two dimensional close array of junctions therebetween; and n

(c) coafing said fibers with an electro-optically active substance to
form an intimate contact with said conductive elements, said

) electro-optically active substance being capable of lreversibly
-changing its optical behavior when subjected to an electric or

magnetic flux or field.



