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DEVI CE° AND METHOD FOR LI GHT MODULATI ON Background of the Invention
(1)*Field of the Invention This invention relates generally to the

field of i g%%ﬂsat i'on for projection and/or display angﬂ‘@%ﬁmos

particularly, to electro-optical devices and nmethods 5 utili

el ectrochromc materials for nodulating light - transm ssion in projection
and/ or backl i ght displ ay devi ces. (2) Description of thé Related Art
Thin:light-nodul ati ng devi DEBICHE AND, METHOD! FOR 1ienT dlopunaviowf refl ected
or the anount of ) Whieds LRt &pknown in the art for the display
of al phanuneri c, cal information. Sone of these

1'i ght - nodul at i on devi Edeld PE; Ebee'f-’é(ﬂqtéeﬁr om c processes  that
reversi bly change col ahier inpehtidn delates b;&néﬁariseeﬁd ahehefielal of

oXi doreduct I on. g@,‘telmggw_?%&gn}%_ &bﬁ' ag &gsst ré:ol ors

or. optical densitl corrpare 0 the es and
reversibl e conveRaIHHdERdEn E?l%}ﬁf"a'ﬁ@tﬁﬁﬁﬁcwiﬁai
acconpl i shed bp appilliiczingoelebteocttanity materiaktstfor modulatmg x:Lglh:

el ectrochromic | |.%$gn§m idhi 8 SRYjdct1dnd ana/BF &I bsebpsed in U S
Pat ent No. 5,080 whi é‘h 5 S |jncorpor§'?ed her el nik%ill r ef eir’eﬁic;e The
.di scl osed devida¥3iG@8-ydes a first el ectricall y conducti ve, optically

transparent el ect(2)de Desperiptiiepost dthen RedatedtArt with one face of an
electrolyte |ayer Comlﬂ:!i%' 'i&lg E-modxﬁﬂhboﬁ@s}%ég ﬁ?&i?waéjfy eﬁtﬁéf
n e ectrolyte

counter electrode 10 | ayer tacts wth™the ot her fac

layer. A "wit@ gpoynt of refilected \pF é’ﬁﬁl frAyny of transmittgd: JEERE ( he t wo

el ectrode | ayer s anet Ikniciwa finr the chxic tfood¢he display of alphanumeric,
graphic, and other optical information. Some of these
light-modulation devices utilize electrochromic processes
that reversibly change color or optical density by
15 electro-chemical oxidoreduction. The electrochromic
materials used have different colors or optical densities
in the oxidized compared to the reduced states and
reversible conversion between oxidized and reduced states
is accomplished by application of an electric current.
~ One such electrochromic light-modulating device and .
process is disclosed in U.S. Patent No. 5,080,470, which
5 is incorporated herein by reference. The disclosed
device includes a first electrically conductiﬁé,
optically transparent electrode layer disposed in contact
with one face of an electrolyte layer containing an
electrochromic material. A second, counter electrode
10 layer contacts with the other face of the electrolyte
layer. A "write" phase is achieved by applying a current
between the two electrode layers with the first electrode
layer serving as a cathode. This produces a reduction

3 and electrocrystallization of the electrochromic material
15 at the interface between the electrolyte layer and the
. first electrode layer to increase the optical density of

the interface region. In the "erase” phase, the current
is reversed such that anodic oxidation produces a



| ayer serving as a cathode. This produces a reduction and

el ectrocrystallization of the electrochronmic material 15 at the i nterface ,
between the electrolyte |ayer and the first el ectrode IFayer to rncreasecHy
t.he optical density of the interface region. In the "erase" phase, the
current  woglsesr sed such that anodi ¢ oxidation producegrasssnsses VO: - 3§
96/-41233 _ PCT/ US96/ 08805 o
2 di ssol ution.of the electrochron1c material to return the interface.3}
region to its optically transparent state. . .Summary of the Invention
The. inventor herein has succeeded in d@vising a 5 novel device and nethod

t hat .nodul at es transnitted "%@g usi'ng. a counter. el ectrode that need not
be transpar &issolution of Sthe WPH"F?Pgi‘br"é%fé?ﬁiq InFenregHen i the | | ght- .
nodul ati ng dsterfacenpegias o it opkiibally abspespavent seheetlr ode serving.
as the worklg%ﬁgggogﬁa Praiyh 10 el ectrode di sposed laterally to the
wor ki ng el eCtro Servi ng as.the count ec rod and an _

el ectrol yte | IPEr Eﬁﬂ?ﬁ%?l?ﬁf%ﬁﬂlythg ﬁﬁ??é%ﬂ)iﬂ aﬁd the .
count er elBeatowsde deviige, an@cmethod cthadl modubdaesstransmm lighthe path. o
the transm tﬁ@ﬂq a0 buneas éﬁcé&a&l&arceaae& n&e%nﬁt a%ﬁGSparent :
The wor ki ng el ect.rode’ agg t£§$electr éte I re ed so t hat
the interf acE® rARRFH e?’feeteé‘%t B??ﬁ 'rf s in the .
desired pattm@dnlﬂtﬂmnedavgne cvmwm#ﬁegna@nopticalbmcttaqﬁnanﬁmsplay

electrode_serving as the working electrode, a second

10 electrode disposed 1ate?ally.to_fhe_working electrode and
serving as the.counter_electrede, and . an electrolyte

. layer contacting both the working electrode and the

counter electrode. Thus, the counter electrode is R
lateral to the path of the trenemittedf;ight, and for ._2;

15 this reason, need not be transparent.  The working -
electrode and the electrolyte layer are arranged so. that : .?ﬁ
the interface region formed by their contacting surfaces
is in the desired pattern of the light 't:ansmissim or
backlight display. o : h

.20 The electrolyte 1ayer comprises (a) water, (b) a
salt of a metal which can be reversible deposited from an
aqueous solution upon applicatian of : ‘an electric current,
(c) a water thickening polymeric resin and (d) a neutral
salt. Upon applying a negative voltage to the working

25 electrode with respect to the counter electrode, a

~ current passes across. the interface region of. the

electrolyte layer and the working electrode to produce an
electrocrystallization.o: the metal ion, thereby
increasing theioptical;density.of.thewinterface region.

30 As the metal salt is depgsiteé-on.the t:ansparent working
electrode in a-cathodic}ha;fycell reaction, the
electrochemical reaction needs to be balanced with an
anodic half cell reaction. Thus, the system requires a
species capable of participating in a reversible half

35 cell reaction at the counter electrode. - Suitable anode i
reacting species which'cen be dissolved in the ' _t;' |




20 _ The electrolyte Iayer corrprl Ses (a)

water, (b) a ~ salt of a
metal which can be reversibl e deposi'ted from an aqueous sol ution upon
application of an electric current, (c) a water thickening polyneric

resin and (d) a salt. Upon appl ying a negative voltage to the
wor ki.ng 25 el ectvrgg “v%vhh respect to the-counter electrode, aPclgu

passes across the interface reglon of the electrolyte layer and the
wor ki ng el ectrode to produc g el ectrocrystal l4-zati on of the netal

ion, - thereby i ncreasing. the optical dengty of the interface region.

30 As the netal salt is deposited on the transparent working el ectrode
in a cathodi ¢ hal¢lestinolyiecipyer imdromidel ort todiderasdits.cainoe theds to

be bal anced Wi th e celanedaetidn fof duch’ cmbgeﬂ sal¥s prodacesstre

requires a es c bI rt|C|p n N, a8 evers bl e hal f

cell reaction atqﬁ:ie EFe%? redS Sg?ieo%n%(?éas S ﬁﬁﬂ’?ng
speci es whi ch carPl‘m!iQ}l %ﬂ-véﬂrbw:t FP@‘ the GO“ntBWWMSS

PCT/ US96/ 088055 Alternatively, the anode reacting sﬁecies SanChbaopybeideady er

in bromde or io e Si t ti such hal ogen
salts produces tﬂéesd %%altt‘ing Q§ J}tehlydxjégélr ‘to e%ao%%és adsor bi ng
ianode, e.g. carbon, adn W@bﬂﬁtwm% the presaninipyepyiorhed anode

reacting species m oV pgeducingia dighttnogulerihg devilydr agui none, on

;chgggdsor prod&ﬁ%d%%ot h?ﬁeﬁ%ﬁ&ﬂd g%\#gg :lﬁém gﬂéll O'rll'he process
conprises int aPs ﬁegpr&}yte layer with an optically transparent working
electrode, and interfacing a second counter electrode
with the electrolyte layer, wherein the counter electrode
is disposed laterally to the working electrode.
Among the several advantages found to be achieved by
15 the present invention include the provision of a device
for light modulation which can be fabricated more easily
and at lower cost than previously available devices, the
provision of a device having faster switching between
write and erase modes as a result of the increased
20 conductivity, and the provision of a method for producing
and using such a device. =
Brief Description of . the Drawings
Figure 1 lllustrates the top (A) and side (B) views
of a light—modulating'eell in the “efase“ or "off" mode;
25 Figure 2 illustrates the top (A) and side (B) views
of the light-modulating cell in the "write” or "on" mode
upon the application of an electric current;
Figure 3 illustrates the top (A) and side (B) views
of the light-modulating cell maintaining the "write"
30 mode:
Figure 4 illustrates the top (A) and side (B) views
b ~ of the light-modulating cell in the "erase" mode upon the
application of an electric current in a direction
‘ opposite to that applied during the "write" mode;




10 electrolyte layer with an optically transparent working el ectrode,
and interfacing a second counter el ectrode with the electrolyte | ayer,
wherein the counter el ectrode is disposed laterally to fhe workrng . -
el ectrode. - Among the several advantages found to be achleved by 153
t he preseniyddpugnsi on i ncl ude the provision of a device JoSesbaant -
nmodul ati on which can be fabricated nore easily and atPFgmer cost than -
previ ously avail abl e devi ces, the provi sion of a device having faster:
swi-t chi ng between wite and erase nodes as a result of the increased 2
conductivity, and the prOV|S|on of a méthod for producing and using su

a devi ce. Bri ef Desc lon of t.he Draw ngs ure 1 |IIustrate3*
the top (A and E+gere Bé iTuprateg; a ey ?%mﬁ&ftaf’?ﬁgf in the "eras
or "off" rmchenszﬁucted figureevRral| mtghmmuminupceusauﬂ Thale (B) views

of the |Ighbmggaﬁkaih§@hﬁfgﬂ.ln the "write" or "on" npbde ° upon the :
(R) and si de.(5) F4PURE © CLRATHYRR PHETRIL, F CEPRUREITR o ﬁ?n;“?h?.p

"wite" 38 rowees on a subsigrate 4n fthesprocess tdécmqsmy:tm thele (B) -
Vi ews of dila@1bi08E- g@ﬁh&éﬂgng cell in the "erase" node upon the

ZBB::ggthﬁpuﬁg ?ﬁaelect% f ﬁ%%%?mel n a d| ectlon gggrelge éo t hat
PCT/ US96/ 088aixking and counter electrodes have beenlplaced thereon, | .
10 Figure 8 is a cross sectional view teken”elong_line o
8-8 in Figure 5. | o _ : _ g
iption of ferred Embodiments '
A light-modulating cell 1 constructed in accordance
with the present invention is shown in Figures 1-4. 1In - A
15 the cell an optically transparent working electrode 3 is -3
~  disposed in contact with an electrolyte layer 2 on a top '
side of the electrode. " The bottom side of electrode 3
contacts substrate 5. Disposed laterally to the working R
electrode 3 and in contact with the electrolyte layer 2 i
20 is a counter electrode 4, which on its bottom side, also
contacts substrate 5. Substrate 5 can comprise a rigid
layer, e. g. of glass, or a flexible layer e.g. of
polyester or polyimide film and is provided as a support
structure. However, other suitable nonconductive
25 materials may be used for the substrate, and in some
applications of the present invention, the substrate
might be omitted. - |
The electrolyte 1ayer 2 in certain preferred
embodiments has a thickness in the range of a few microns
30 to a few tens of microns, and is composed of a mixture
| having a relatively solid consistency. 'As disclosed in
U.S. Patent 5,080, 470, the electrolyte mixture comprises
water, and a water-thickening polymeric resin, a water-
soluble salt of a metal which can be cathodically

35 deposited from an agqueous solution which also contains a
neutral salt. '




Fi g'u.r e Sillustrates a se\'/en'--'segrrent dizsﬂpll ay constructed from sever al
| i ght-nodul ating cells of the present invention; Figure 6
illustrates a plurality of conductive 5 traces on a substrate in the

process of cons ' t he di splay of Figure 5; [
ild{ustrates thei&ug‘g’*l?%te of Figure 6 after wor ki ng and coﬁ%l'@ﬁ’zam

el ectrodes have been pl aced t hereon; and 10 Figure 8 is a cross
sectional view taken al ong L&ne 8-8 in Figure 5.. . Description of
Prefeerred Enbodi nents A l'i ght - modul gting ceII 1 constructed in
‘accor dance with the present invention is shown in Figures 1-4. 1In 15

the cell an opticallyat "en$pel omdevdisk estjabl bshed dy Inducingda spwsesht n
contact with an glge %%yiﬁ FySke 2800 & ;,g?auvéwiﬁ 1@lge! B8 éP4 The

bott om si de of el ectrodg cont C [% g rate 5. ﬁ‘Psed teraIIy to
t he wor ki ng elth& WOFEiRg Al W%&n WLt FREREREE iR IPPoPPIR™yer 2 20
is a counter el estlesdwode 4hiwvhicn induckst eonusrent til Fdow frmntm:ts
SU]EJlst ra% le 5| Syb%o&ﬁéc@éeiaetﬁaa@u ,S&heolbH! féhe elédé&]‘?fl 8. ﬂa;aef 2 ah@ doa
a flexible |ayer, r pQl yi m de fi an ‘provi de
as a support tﬁl’%@t Ekm%%;m%&t ﬁér ?a?ﬂréceﬁ‘(fng’]aﬁ ﬁ’/%
materials may be almrﬂgaltﬂepmfapﬁ thedmetak ansd incrappﬂicmons of

the present |nVe@ﬂt&&a1taén§ﬂb§tdﬁt&e int8réiée DRodgiBd taedetween the The
electrolyte | ayer | n ce;teca% 28 t kness in

°¥ er e 1 n@ é. %
the range of a f &% 4% S P& P@n? BT S ShS ¥ ha“r s © hposed of
a mxture ma\nmz}celr densite|in &he yrivasnode sy mams:adngél atter the

U.S. Patent 5, 08Quitage! 18 PLMEHEd) et shbwhUiR B water, and a
ke g, POl AR brkgsh hodh U3l Shar 1qn H%ﬁ@i‘*&?ﬂ?f%amﬁ% al so
‘contains a nasg ,a;apwya;lp Figure 4. The current flows from working

: electrode 3, through electrolyte layer 2, and to counter

15 electrode 4. Hence, the current in the erase mode flows
in a direction opposite to the direction of the current
in the "write" mode. This is accomplished by applying a
positive voltage on the transparent working electrode 3

. with respect to the'counter_eléctidde 4. As a result,

20 anodic oxidation of the electrodeposited metal causes the
metal to dissolve in the aqueous electrolyte layer,
thereby decreasing the optical density of interface
region 6 which was incressed during the "write" mode.
This cycles the light-modulating cell 1 back to the "off"

25 state shown in Figure 1.° The voltages applied to the
light-modulating cell 1 to produce the "write" and
"erase” modes can range from a fraction of a volt to
several volts, depending upon the overall conductivity of
the cell. Typicallf, however, the preferred voltage is

30 less than three volts. |

Although the éycling'between the "write" and “"erase"
3 modes can be accomplished as represented in Figures 1-4,
the present invention can also be used to produce varying
degrees of light transmission depending upon the amount
35 and direction of current, as well as the length of time
over which the current is applied. Thus, the cell may be
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5 A"wite" node is established by inducing a current as shown
i.n Figure 2B. A negative voltage is applied to t he working electrode. Ef
with respect to the counter el ectrode 4, which induces a curréent to fl o
fromthe $ouwguiser el ectrode 4, through the el ectrol yterbix,y,gg and t
the working electrode-3. This current causes the el ectrical deposition
of the nmetal and increases the optical density of the interface regi-on
bet ween t he wor ki ng el ectrode 3 and the electrolyte |ayer 2. The 10  *
optical density in the wite node is ni ntar ned after t he voltage is '

removed, as shown in Fi "erase" node is established by’ —
i nduci ng a TeRderRd °P%£=as1ﬂ§mﬁrPﬁsk?§%ﬂfe Anstead. of, RFLIFINE fr om wor ki ng A
el ect rode BmeueuMadiambpny bafesifed eﬁraduionooﬁtehelﬁgﬂtectrode 4.

Hence, the g ?&E’E M‘% %%il”‘igetﬂnﬂélﬁttqd i %h@h:%ﬁf%é:?” £Haposi te to .

t he- drrectrono E?‘%u:{réﬂe'% be% write' t@ﬁt I'S 1S accorrplrshed
by applyi ng*& tgansal, I ielggol “‘mefr SYoPXFRRF el ectrode 3

with resp&clappbyihg sdditionall esxxrerdt 4o ﬂsr’dlelesiutqrem tha)dl c oxidation
of the el e%?%deasesaéﬁsieyt@é i‘i?dé‘i:%&céhﬁegiom alox QpprgdagVe in the-

aqueous el ec

rolvte.la reasin theo cal _densjty. of -
‘interface wfﬁﬁi% ﬁ?c@%@%?g\éﬁggﬁoﬁﬁ?% F‘F ﬁ%ﬁ%" Thi s
cycles the Idegllstttmadul ating cell 1 back to the "off" 25 state shown in :
Figure 1. The V%aﬂé%aﬁpﬁreﬂh’& Qnf RBe elecﬁi‘\ﬁlywlla%térnﬂscéné 1to

\r;(r)f)?u;:g tlae Wit e" %Pt Eatﬂ%ié‘?ﬁsﬁﬁfg desigﬁg aggrggl}‘rom a fraction of a

conductivity of - th
cell. Typi caalreptrmm&nllthet#mef @ndedrheol su?gaemraax enodifakly hr ee

volts. oxidized and dissolved. The metal salt is present in the
electrolyte layer in an amount typically from about 1 to
about 50 parts by weight. Suitable metals include, for
15 example, zinc, cadmium, lead silver, copper, iron, ,
cobalt, nickel, tin, indium, bismuth, gallium,_mercury,
and’ alloys thereof. The metal used in the preferred
embodiment is bismuth._ The above list of suitable metals
is exemplary only, and one skilled in the art will
20 eppreciate that ‘other suitable metals, and alloys '
thereof, can be used so long as they satisfy the criteria
set forth above.
The electrolyte layer comprises a water thickening
polymeric resin, e.g. typically a solution or colloidal
25 dispersion. The polymer is present in the electrolyte
typically in an amount from about 1 to about 50 parts by
weight. Suitable polymer resins are water soluble
polyoxyalkenes, polyvinyl pyrolidones polyvinyl
alcohols, cellulosic ethers, and mixtures thereof. The
30 polymer resins typically have a molecular weight between
about 10,000 and about 10 000, 000. in the preferred

embodiment, the water soluble resin is hydroxyethyl
cellulose.

. .
ol B

H
kit i'“"

'Since the half cell reaction at the working
35 electrode is a cathodic reduction of metal, e.g. bismuth
there is a need for a corresponding anodic half cell




Al t hough the cycling between the "wite" -and "erase" =~ nodes can be
acconplished as represented in Figures 1-4, - the present invention can
al sb be used to produce varying degrees of light transm ssion dependi ng
upon t he anount irection of current, as well as the | I me
ver .whi ch the _c‘ﬁ??gﬂ%sids applied. Thus, -the cell may be %M%&
96/ 41233 PCT/ US96/ 08805
p rendered optically trangjucent, instead of optically opaque, such
thatt only a desired fraction ‘bf the | ight 7 ncident upon the cell is
transmtted. Thereafter, the transmitted |ight can be further npdul ated
by either 5 appl Wﬂi?‘#o‘hﬁ? equntem electuedecUsefdrdcanedindhals opti cal
density of interfsaaa regtelofis ﬂlicnﬂé' YheJoRidatioH (cF)briohids Canihins i4cc

directioen to decr he_Qpt S | present in
the electrol yte I%%%ﬁn%é Eﬁg é%?#??ﬁ: cg% E ceT?ﬁF qﬁ r%%Eli{|t'§%')§llted by

el ectrocrystal | i Pelvemiling tapeisFagidiney %%MM#Gatiem@#zed and
di ssol véd. Ths miaibleahiyarequineiito B litnone £/ BT tthel winBolby&it i N an

anount pypicalnyL#ﬁ%éqggquémiﬁé iéﬂ@gu§r§9e9§§%i |gh§ Sui t abl e

met al s i ncl ude, Z1 nc Ver copper i ron,

cobal t, nickel, °rPH69uﬂ?tﬁF%ﬁ&nﬁ?° QIPPEH?nrﬁﬁdﬂFvcm”“tﬁﬁd al | oys
thereof. The net dlemﬂden Iheothexf aased wherebdgaenis methpsadhded tﬂwe
‘above |ist of sw ‘cﬂ:ﬁ aéﬁqgg(e@ggaah&)ﬂ%l@ gsskélﬁed in the
art wll 20 aRBreC|ate t at ot er suitable nmetals, gs

droquinone or polyaniline, can be present a

electrode coating. _

The electrolyte layer can also contain additional
materials that do not react chemically with the other
constituents of the electrolyte layer such as water-

15 soluble dyes. Such dyes can impart any color that is
desired to the transmitted light. ' '

" The working electrbde comprises a materiasl having
the properties of electiical conductivity and substantial
optical transparency. - The working electrode has a

20 suitable thickness for achieving these properties, ‘and
typically has a thickness from esbout one micron to a
about 100 microns. The transparent working electrode can
compfise gold or a conductive metal oxide such as
antimony-doped tin oxide (ATO), fluorine-doped tin oxide
25 (FTO), or tin-doped indium ozide (ITO).

The counter electrode comprises a thin layer or
sheet of electrically conductive material. Suitable
materials for the counter electrode include carbon,
intrinsically conductive polymers such as polyaniline or

30 polypyrrole, metal such as copper, silver, nickel or
alloys or mixtures thereof; such materials can form the
1 ‘counter electrode either as a thin layer or as particles
~ dispersed in a polymeric binder. The material of the
counter electrode should be selected so as to be stable
35 against corrosive effects of the anode reaction. In this



thereof, can be used so long as they satisfy the criteria set forth
above. The el ectrolyte | ayer conprises a water thickening
polymeric resin, e.g. typically a solution or colloidal 25 0TSpE 0 <z
polymer is present in the electrolyte typically in an anount from about
1 to-about ve@odMasiss by wei ght. Suitabl e pol ymer resi 5 3
sol ubl e pol yoxyal kenes, pol yvinyl pyrolidones, pol vas cohol S
cell'ul osic ethers, and m xtures thereof. The 30 poI ymer resins typically ‘z8
have a nol ecul ar wei ght between about 10,000 and about 10, 000, 000: |n g
the preferred embodi nent, the-watd soluble resin is hydroxyethyl -~ i
cel l ul ose. - Si nce the hal f cell reaction at the working 35 L

el ectrode | eP%dat REGEEIFEH COIRNER lRctLPaeE. GOmBrisR IT0, ATOOE e is a . ?
need for a ecarbarspondi ng anodic half cell _ WD 96/ 41233 2

PCT/ US96/ 08805 qne electrolyte leyer can be repaer or dgidldaOByat the
counter el ectrode. Q gm reactions 1 nclude”the . --._
oxi dati on of™%rmi e g m“r?@ ?‘PH@“ PIERe AT the eneral di ne -
formof 5 potlading rﬁ-lﬂvospceengngnlaimgapanueﬂ.ﬁeabxwﬂae|11mr,of a 5 sol ubl L3
hyd][ oquhlnontﬁci-apér qumsmhn &he mmcgir&ntl Ap iﬁaaeibﬂgc&f% e A S ;
el e e e BRI ronabaont T iR nd S ogEeme BaET SoLe
reacti on, thg exm#%abn% gstilesmateriall0 Wl hynénterfagingni | i ne, can .
be present &hedBubstrate and electrolyte layer to the transparent L
10 working electrode and the counter electrode. ' . o "
Alternatively, the transparent working electrode and ;
counter electrode can first be deposited on a substrate -
and the electrolyte layer applied thereto. When -
utilized, the transparent substrate serves as the back
15 surface of the 1ight—modulating device.

The transparent working electrode can be deposited
onto a substrate by any technique known in the art
including, for example, by printing onto the substrate.
Alternatively, the working electrode can be applied by

20 chemical or physical vapor deposition. The transp_arent _ o _-
working electrode is in the shape of a desired pattern s
for light transmission. ‘The pattern can be produced by 3
any method known in the art, such as, for example, by !
deposition of a single continuous surface on the -

25 substrate of the device, followed by_selectiye.etching to -?E

" produced the desired pattern, or by utilizing a masking
device so that the desired pattern of the working -

electrode can be applied to the substrate in a s:.ngle
step.

",
0
5‘
p:>

30 The counter electrode can be deposited on the
substrate by any of the thick film techniques known in
the art, i_ncluding silk screen:_.ngl,_ air ga_p, heJ_.i_cal wire
bar, scraper, extrusion, and immersion. Alternatively,
the counter electrode can comprise a 'thin sheet of metal

35 or graphite, or a plastic material filled with carbon or

' SUBSTITUTE SHEET (RULE 26)




eI ect rode coat i ng. The el ectrol yte | ayer' can al so contain
addi ti onal materials that do not react chemcally with the other
constituents of the electrolyte |ayer such as water- 15 sol ubl e dyes. Such

dyes can inpart pgyesRiPr that is desired to the transmtted |ight.
The working el ectrode conprises a material having t he prope‘?ql'l"égﬁfm5

el ectrical conductivity and substanti al optical transparency. The
wor ki ng el ectrode has a 20 sugt-abl e thickness for achieving these
properties, and typi cal |y has a thicknesg from about one micron to a
about 100 microns. The transparent working el ectrode can conprise gold
or a conductive metal partiéchesh and be direcbly-ahpided: ta the de (ATO,

fl uori ne- doped tigRpetrde25 (FTO, or tin-doped indium oxi de (ITO.

The counmter el ectrode co rises_a thin er of shee electrically
conductive naterial. SHi F | prefexn ﬁ&? Pé PRt ﬁ'ﬁ‘%&’ﬁ’ﬁi‘@ e?'é‘gt‘?‘f}ﬂ}?er
i ncl ude carbon, eleckrodesiace leiectmdgellyeccpupladro suvbliagpadyani li ne or

30 polypyrrol es Rir#entUsBudde qu@e&nteal &Sﬁauati%eltz%es f&m@a%
m Xt ures thereof; suc

h d h
as a thin |ayer a§“8g§f?%?és 3F§ﬂ5r§£ﬁ°?ﬂ°%espo %éﬂ‘cme%%roeﬁ %Fth o
material of the a M&M-ef-‘ MMecsnohedpb@%Iw&e@dtbe werkinde stable

35 agai nst corrogéeteblect &s GleliN@s2tader’ €86 lddihte ellBbtrode, to VO
96/ 41233 provide an even cd%%Tlgsg sgggggkion through the
10 electrodes.
Additionally, the light-modulating device of the
present invention can be used in conjunction with an
opaque mask for covering the counter electrode and
masking everything in the light path except the
15 tfansparent working electrodes. Preferably, when such a
mask is used, the mask will also cover the‘opeque printed
traces used for electrically coupling the counter and
working electrodes to a voltage or current source.
" While the present invention has been described
20 generally above, the following example of a preferred
embodiment is provided to illustrate one of the many
applications of the present invention.
Example of a Preferred Embodiment
The following example'is for a seven-segment display

W -

25 constructed from several light-modulating devices _
according to the present invention. As shown in Figure
5, the panel 10 can selectively show one of the ten
numerals from zero to nine by the transmission of light
through a particular combination of the seven segments

30 12A-12G. As further described below, each segment 12A-
12G constitutes a light—modulating cell for controlling

- the transmission of light therethrough. Thus, for

example, if each cell associlated with segments 12D-12G is
in its "write" mode, thereby rendering those segments

35 optically opaque, and each cell associated with segments
12A-12C is in its “erase“ or "off" mode, thereby
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regard, preferred counter el ectrodes conprise I TO ATO or car bon.

The el ectrol yte | ayer can be prepared or applied by any of the thick-"
fil.mtechniques known in the art, 5 including silk screening,—arT gap, &
helical wre bar, scraper, extrusion, and inmersion. Application can w

to any swob&fihs transparent substrate such as a gl assp%g%m
' and

sheet of plastic material, followed by interfacing t he

el ectrolyte layer to the transparent 10 worki ng el ectrode and the counter-
el ect.r ode. Al ternatively, the transparent working el ectrode and
counter electrode can first be deposi 88d on a substrate and the

el ectrolyte | ayer. applied thereto., Wen .utilized, the transparent -
substrate se?v%%t%iéfqprté‘%%ﬁnﬂisﬁt%&e‘- &F’gpﬁett‘?ﬁ‘ﬁfh’rﬂ}m'attf‘ﬁg devi ce.,
The transpanem¢rabrseven aiiddt bedéisplayesd.deposited onto a substrate by
any techni gue knfgndrbtrifeithe aibPrdy febil L7 of 8RBl dorkihgP! I NtiNg ont o
the substrate. Al ternatiVv rKr ng.el ectr appl I ed by 2
cheni cal oreﬁﬁvgt'%ala\%ﬁﬁﬁald%ﬁy rft uctﬁyg FrRreHatl 'fff(g ‘b@rkr ng .
el.ect r ode5i 36An16B caxs qurindfeda ottepositiqned @ema glass oF ghylaw ansmi Ssi on.
The patternsﬁsstbstarwu@ Shovm 1ANF1gERdI Q] KagwipbBitien asé . such as, f or
exanpl e, gg:gsr t\{éon of %éggl e contin uz:Ps%f‘f ac on the 25 .
substrate 0F°P TaqeH | yCLET AT fig® oduced t he
desired pat pdesgement p9f (worRinio@lectuedes ROA-2086vaDd sbetmitm desij red

pattern of id¥e csnatitbive tra&ies:tlrs@tdzssa@oﬂss}s&tdse%ot enkhe substrate in a
singl e

Ch ot 30, PiRoayBRr g ecand B LBnELE LMo DoadREC 480 07 e
i ncl udi ng sishowacieeFigyre al ¢ W%#-V%atrWQ% 14A-146r an@cl%'érﬁB
extrusi on, a¥k ICHEBLERORLth Ab tedritrichree! ¥4 by atﬂjﬁ;@lli beel ectrode can
compr i se a thin sheel L EL3s. Al of AL ddnaideibeP BbbE 4 ° 1 2 f}
the connector 24 will be utilized to electrically couple .ﬁ¥
15 the working and counter electrodes to a voltage or 5
current source. The printing or placement of the
conductive traces can be accomplished by any of the
various methods known in the art. B O

Once the conductive traces have been printed on’ H;}
20 substrate 18, a dielectric seal, e. g. any non-conducting ’
polymer or resin, can be applied over the conductive
traces 26, if necessary to prevent corrosive contact with -
the electrolyte. Thereafter, the working electrodes 20A- : ?j
20F and counter electrodes 22A-22B can be applied or : .f;?
25 deposited onto their asSociated conductive traces, as
shown in Figure 7. ' ' o '

As shown in Figures 7 and 8, a thin, nonconductive
sealing layer 28 is then applied around the sides of the o
- working and counter electrodes such that a top surface of ﬁt
30 sealing layer 28 is flush with the topisurfaces of the |

electrodes. Thereafter;'an electrolyte layer 30 is
applied over the top surfaces of the electrodes by any of 'if

~ the thick f£ilm techniques. The prcvision of sealing

layer 28 prevents the electrolyte layer 30 from a
35 contacting the sides of the electrodes and, as a result, ;_35
prevents the metal in the electrolyte layer from
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WD 96/ 41233 ' - PCT/'US96/ 08805 met al
particles, and be directly applied to the substrate. In the
preferred enbodi nent, the working and counter el ectrodes are
electrically cou@bgghﬁﬁ]a voltage or 5 current source by printed conductive
traces provided on e substrate. For large el ectrodes, a tHffUSH880%r k
of a netallic conductor can be placed under the working el ectrode, as
wel | " as under the counter ‘el ggfrode, to provi de an even current

di stribution through the 10 ‘el"ctrodes. 11 Additionally, the

1i ght-nodul ati ng devi.ce of the present invention can be used in
conjunction w t hdepositipggom theslsifies ofvthe wpukiagecelietctrodes cluxdag and
maski ng everythi pgehp {Berdifddedlat h except the 15 transparent working

el ectrodes. Preferably, . uch a mask i s ed, the mask will al so
cover the opaque pri n%@dg‘@‘?ﬂf%}?@s sﬁ?éﬁ“?oﬁ%?’ég% g‘éaitp‘?“cﬁéjﬁé T™E

count er and wihiei ajectrelytridayey 30vol Seqing leyered? insulates the
Wii | e the presgnieleb¥eBiyed Naferd 80N £d6fCany b ta@chBich  nay Wiifsadthe

foll owi ng exanpl e, of ,a preferyed segbodiLnent | royided to.illustrate
one of the many ethea SPi %ﬁ{:%#?sr osf‘!rfﬁggpgtrs%?é B8 n#bngnd px[‘_&% % of a
Preferred Enbodi frgt aqueous saintipn contained difplthe elegrrolyis deysagment
di spl ay 25 const ieghedvaperatfl aFihbliYy; @ Wdicad1geypsfse masdE®gy di ng

el ectively Show SE=oP; FES (50, SPLtRATbYRE e, 1o, pUEEBSTIGR e e
transmi ssi on @ 10gko mask hihe peurtsyr electredas A2AnZER oand fcanduatdyven
segnents 30 12A- k2@celSsblés hed diiknael befly behd\d11cd¢NtheJtRdanlidrea 12G
constitutes a |1 gQtsiodl 3Ll bdilentbC1 259094 O 13 eranly, mask
: segments 12A-12C are slightly smaller than working
electrodes 20A-20G so as to mask out any effect on the
15 transmitted light by the conductive traces 14A-14G.

Upon applying an appropriate current through
selected working electrodes, corresponding segments of
the panel are switched from the "off" or transparent mode
to the "on" or opague mode to display a desired

20 alphanumeric character. . '

In view of the above, it should be understood that
the several objects of the present invention are
adhieved, and that other advantageoﬁs results are
attained. As various changes could be made in the above

25 described methods and constructions without departing
from the scope of the invention, it is intended that all
matter contained in the above description be interﬁreted

as illustrative, and not in a limiting sense.
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the transm ssion of |ight therethrough. Thus, for exanple, if each cell

associ ated with segnents 12D-12G i s inits "wite" node, thereby
rrenderi ng those segnments 35 optically opaque, and each cel " assocla
segnent s 12A-12Cis in its "erase" or "off" node, thereby '
96/41233 wo PCT/ US96/ 0

10 per mwg[vtoisﬁan?she transm ssion of |ight therethrough, 8?‘(()1l2l"£"9ﬁ’ﬂfi;ﬂ%raI _
seven will be displ ayed. To construct the display panel 10 of the
wor ki ng exanple, a plurality of conductive traces 14A-14G and 5 16A-16
are printed or positioned on a glass a2 nyl ar substrate 18, as shown in
Figure 6. The position of . "~conductive traces 14A-14G corresponds to the

subsequent UWhak igcClaimed I8 king el ectrodes 20A-20G and the position.
of conductive tracesalﬁﬂgﬁﬁ-&oﬂnmmpgndevioetdsnmp‘nﬁssuigsequent pl acenent of

counter el ectrod 2 ndu races
14A- 14G and . 16A- 22% &t %%gc%ou wﬁ E g&ggir‘mecr?gorz'afz?%yga&% u‘ra% ity of.

conduct i ve t& B@&alyyhich ‘Fa’bqu @W&B&?I@@‘??M AP an agueeRMnect or 243
will be utilscamtion epentappkidationupifeafdbelaetmix: kiuxrent]y aount er 3

el ot 00og MacheXahi@iEnbhy potHdAL £8AIhC Send 16 Wil Gas P acenent of
met-hods known i n (e 3 Ppti"auy trgnsparpat gl %%ngl%‘ﬂ"&@% iR8ve been .. %
pr| nted on Zhes Wisotxodyt8, layerel ectric seal, e.g. any non-conducting- -
(3) a second electrode contacting the electrolyte
layer and disposed 1aterally to the optically transparent
10 electrode, and
(4) an anodically oxidizahle species in contact with '
said second electrode. '
2. A light-modulating device eccording to claim 1
wherein the metal is selected from the group consisting S
of zinc, cadmium, lead, silver, copper, iron, cobalt, R
nickel, tin, indium, bismuth gallium, iercury and '

5 mixtures thereof. T ' %
3. A light-modulating device according to claim 2 E
wherein the water-thickening polymeric res:i.n is selecteﬂ '_

from the group consisting of polyoxyalkenes, ' ‘
polyvinylpyrrolidones, polyvinylalcohols, cellulosics and ‘
5 mixtures thereof. | '
| 4. A light-modulating device accord:i.ng to claim 3 . g
wherein said water-thickening polymer:l.c Tesin is .03
hydroxyethylcellulose.

5. A light-modulating device according to claim & E
wherein said optically transparent electrode comprises v
tin-doped indium oxide, f£fluorine-doped tin oxide or
antimony-doped tin oxide.

6. A light modulating device according to claim 5 k-
wherein the second electrode comprises carbon or a metal £
oxide. .

7. A method for modulating light comprising the
steps of:

(a) providing on a transparent substrate
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pol'ymer or resin, can be applied over the conductive traces 26, . if
necessary to prevent corrosive contact with the el ectrol yte.
Theteafter, the working el ectrodes 20A- 20F and counter el ectrodes
22A- 22B can be a‘ﬁﬁj ied or 25 deposited onto their associated conductive
traces, as ORI Fi gure 7. As shown in Fi gur esPCI/BS96/0880S 5
thin, nonconductive sealing layer 28 is then applied around the sides
of the wor ki ng and count.gr.. el ectrodes such that. a top surface of 30
sealing layer 28 is flush with®the top surfgges of "the el ectrodes.
Thereafter, an electrolyte layer 30 is applied over the top surfaces of

the el ectrodes by any of (1)t8s éptxdaliy Fraeparantelectiroae ansaon of
seal i | 28 . | 0 tacti
The sides of tHo wchr 8iEHiehl afiiiudd lrerb PG vobad BResddaipl 7! D

resu eve al in the’
el ectrol yte | ayertitangparent electygdes/ 41233
PCT/ US96/ 08805 (2) an electrolyte layerlin contiiRfositithngadd t he

sides of the workj s ' thelr_ wite . An
additional sealin i%t?eor 2 1S ?%i%%ﬁ iaendq'gl\'%?%&t#e&gltec% rgleyf e T ayer
30, Sealing | ayerWiﬁﬁ%tﬂ%El?ﬁF"w daves FeBPrigRs wakem,om &ﬁ}toﬂ%{ect s
whi ch may contiacta metidle whighesarrbe rrextsrsdtd eoiepbei fuh eirokD anaagueoesent s

evaporating. P nal Tl EaH oﬁﬁt RospPLicfnf UF SV BEeLBUEE curlfT e |

appl i ed over the ¥&%® ?gtgé;Xﬂékﬁc:F?siﬁ'tB“ﬂd%ﬁ*?ﬁ@mﬁoﬁﬁéﬁf and

el ectrodes 22A-22B and cond@)t anecanodically oxidizable species in contact
with said second electrode: '

15 (b) passing a current from said second electrode
through said electrolyte layer to said opticaily
transparent electrode to increase the optical density in
the interfacial region between said transparent electrode
and said electrolyte. '

' 8. A method according to claim 7 further
comprising the step of passing a current from said
optically transparent electrode through said electrolyte
layer to said second electrode to decrease the optical

5 density of said interfacial region.

9. In an electrochromic light-modulating device,
the improvement wherein said device comprises an-
electrode layer comprising at least one transparent
electrode and at least one counter electrode adjacent

5 theréto and an electrolyte layer in contact with said
electrode layer wherein said electrolyte layer contains
an electrodepositable metal in solution, wherein on the
application of an electric current between said
electrodes the optical density over said transparent

10 electrode changes. '
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traces so as to channel

t han wor ki ng

any and all
segnents 12A-12G Preferably, mask

of the transmtted
segnents 12A-12G are slightly smaller
el ectrodes 20A-20G so as to mask out any effect on the 15

transmtted |ight by the conductive traces 14A-14G
an appropriate current through

correspondi ng of

transparent node

to the "on

t he

sel ect ed worki ng*el ectrode
are swtched fromthe
" or opaque node to display a desired 20

panel

l'i ght through

Upon appl yi ng
FEpEssogs

al phanumeric character. In view of the above, it should be
under st ood t hat the several objects of the present invention are
achi eved, and that other advantageou¥/Z esults are attained. As various

changes coul d be nade in the above 25 described nethods and constructions
wi t hout departing 3 'fron1thé scope of the invention, it is intended that

al | , matter g d.in ve description be |nterpreted 2as
illustrative, pot fin a |n11 g sgense. WO 96/ 41233

PCT/ US96/ 08805T / ! L What 1S rmed is:
1. A Might-nDdJ|'t ﬂb ijch % ' g: —H)1 eﬂdtTTt¢y1e | ayer
conpri sing matarF Tall O a whi ch caﬁ=ue-ﬁe¥e+e¥bk§,dsp05|ted
from an aqueoup sol utionfupon _gpplication of an electric current, a 5

wat er - t hi ckeni ng pol yneric resisy, and a neutral

optically transpFE.erj: _Pc-;:ct'r oie Knt acting lI; G . .]. (B) o

6 .r"* . 5
ICIL (e = T
~ 20 M
| k__l.__j & 3 L. s
5

™ . .
Ci e ==rne
[u ETENIIA
l ' v lj 30 3) s

FIG.3B

s - 1
- Sj 2
Il ' lI \“l ll _i T Hl|Il =
A : i l i -
I | -—J g ka 4) \/5
. . N— '

FIG. 4B



the electrolyte | ayer;

el ectrol yte

(3) a second el ectrode contacting the

| ayer and di sposed laterally to the optically transparent 10

el ectrode; and (4) an anodically oxidizable species in contact with

sai d second el ectrode, 2. A light-nodul ati ng device %SQ& o]

claim1l wheEPH4%¥E netal is selected fromthe gr oup Consfg??%% of
~zinc, cadmium |ead, silver, copper, iron, cobalt, ni ckel, tin, indium
~bismuth, gallium nmercury and 5 mxtures thereof. 3. A

| i ght - nodul ati ng device according to claim 2 wherein the

wat er -t hi ckeni ng polyneric resin is sgfected

of pol yoxyal kenes,

cand 5 m xtur
to claim 3
hydr oxyet hyl ¢
claim4
tin-doped ind
oxi de. 12F
wherei n the
7. A nethod
provi di ng gn
PCT/ US96/ 0880
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13« (1) an optically transparent electrode an%ﬁﬁ)sgﬁ d'o

el ectrode disposed laterally to the optically transparent el eciro
(2) an electrolyte layer in contact with said el ectrodes and p#eyi di
an interface area therebetween, wherein said electrol yte [
water, a salt of 1p@Tretal \/\hlvmhlmmmhem e@a&dnemlmm ted fré§
aqueous sol uti on upon application of ™ Heey ic current, a
wat er - t hi ck e BNEEBNABIONA ARPLIGASIION PHBHSHBBMHMATM@OPERATION TREATY ((BGT)

an ahodi cqﬁ;wﬂm&{@mes I n coft act(u”aMMde el ecvvl‘(pjﬂ4]\9y
15 (p) Vi'? sgurrent from sai figgqcond el ectrode t hrough said
electrolyte l'ayer 1o said optically °|trdepaemsaonatPubliction Oge: t 39 Dieanbe 4296 (19.12.96)
the opticgt—densrty 11T Thetmrerfactal T Egrom between sard transpar ent

el ect r odef (21 wmmmmmb-yt e. PCT/USY6/08805 Sm)nedbnawm AR AT mb&dggﬁmﬁ;

7 further he stepof a cufdt
optically (P?ansparen e %'ct rode%t'ﬁ"oWj el egdlx %m, R &G Ay

second el pctrode to decrease the opt | caI 5} denss&Bgic sz;amm.m,e'r.m;mm UZ, VN,

regi on. (30)1’““1‘! e N an Ie?%“a.%g gt - moARFaEE: et w Dsz'rg Pﬂzn":

i nprovenent WHerarn said device co es a1 Teh PR G L

at | east pne transparent el ectro and a Ieam,mner sz)mmm au.rw,em CI,CM.

adj acent @)% EF%!‘FF‘eI ectrolyte |ayef in CtflNat M Y SHIPJE)-

el ect rode e d el ectog@hYds@edngler contains an

el ectrodeposi tmgloe netal in sol UBnos EHvesse| Pablishedt he application of an

el ectric fcurrent between said el ectrodesjthe Bftipappionseaqrsheriover said

transpar efvn) Afpudht o6 ol Aelgraid WAROELS US): MONSANTO
gygﬁmrmnmmws;uuis,m
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(54) Title: DEVICE AND METHOD FOR LIGHT MODULATION

(57) Abstract

A light-modulating device and method are disclosed. The
device comprises an optically transparent working electrode (14)
in contact with an electrolyte layer, and a counter electrode (16)
contacting the electrolyte layer. The counter electrode is dis-
posed laterally to the working electrode and the path of transmit-
ted light. The method comprises reversible electrocrystallization
of a metal from the electrode layer that increases optical density 14F
and decreases light transmission. .
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