WD 2004/ 046767 PCT/ US2003/ 037040 ORGANI C AND
I NORGANI C LI GHT ACTI VE DEVI CES AND METHODS FOR MAKI NG

WA ba48AVE7 5 BACKGROUND OF THE | NVENTI ON: The PCEESI003/037040

10

15

20

25

30

i nvention pertains to organic and inorganic |ight
active devices, and hybrids thereof, and nethods of
meki ng the sane. More particularly, the present
i nvention pertains to devices and nethods for
fabricating light active devices that 10 can be used
for applications such as general |ighting, display
backl i ghting, video displays, Internet appliances,
el ectroni ¢ books, digital newspapers and maps,
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advanced vehi Ie wi_ndshi el ds sol ar cells, caneras
and phot odet eAND METHRRS FORMAKENGHAHE IS;MQE l'i ght
active device is disclosed. Also disclosed is a
sequential burst driving schene for a 15 nulti-col or
siBQCd{GRyHﬂNDi@EIHyEINNENTEIONi scl osed are nethods
maki n active material particulate, as well
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polymer film and ultimately resulted in a

A polymer is made up of organic molecules bonded together. For a polymer to be
electrically conductive it must act like a metal with the electrons in the bonds
mobile and not bound to the atoms making up the organic molecules. A
conductive polymer must have alternate single and double bonds, termed
conjugated double bonds. Polyacetylene is a simple conjugated polymer. It is
made by the polymerization of acetylene. In the early 1970’s, a researcher named
Shirakawa was studying the polymerization of acetylene. When too much catalyst
was added, the mixture seemed to have a metallic appearance. But unlike metals,
the resulting polyacetylene film was not an electrical conductor. In the mid-

1970’s this material was reacted with iodine vapor. The result was an extreme
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rapidly in contact with air. This has led to the

devel opnent of nore stable, conjugated polyners, for

exanpl e, polypyrrol, polyaniline and polytiophene.
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disclosure, the term OLAM and OLED can be interchanged. In its basic form, an
OLED is comprised of a layer of hole transport material upon which is formed a
layer of electron transport material. The interface between these layers forms a
heterojunction. These layers are disposed between two electrodes, with the hole
25  transport layer being adjacent to an anode electrode and the electron transport
layer being adjacent to a cathode electrode. Upon application of a voltage to the
electrodes, electrons and holes are injected from the cathode electrode and the
anode electrode. The electron and hole carriers recombine at the heterojunction

forming excitons and emitting light.
30



conj ugated polynmer) is sandw ched between el ectrodes.
Wien an electric field is applied by the el ectrodes,
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phot ons, packets of |ight. Thus, each pixel of the
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of FRwREUS BRiIgveeyiake mawaciied agdelin g rtienlpid T@%@t‘)l%ﬁ%ﬁ’ has
developed an advanced full color OLED display fabrication method. One of the

biggest challenges to the OLED display industry is from contamination by water
25 and oxygen. The materials involved in small molecule and polymer OLEDs are
vulnerable to contamination by oxygen and water vapor, which can trigger early
failure. This issue is exacerbated when non-glass substrates are used. Since
OLEDs offer the promise of a bendable display, attempts have been made to use
plastic substrates in place of glass. Elaborate barrier mechanisms have been
30 proposed to encapsulate the OLED device and protect the organic stack from the

ingress of water and oxygen. Also, desiccants have been used to reduce the
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issues. Figure 111 illustrates a prior art COLED
device. Very basically, 5 an OLED is conprised of
extrenely thin layers of organic material form ng an
organi ¢ stack. These | ayers are sandw ched between an
anode el ectrode and a cathode el ectrode. Wen vol tage
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degradati on by oxygen and water vapor. Figure 11

i EXtesing hinsssolghe ayewraf oQald ™eteiiddetmenaiondadiers talsbresults
raded by the in

i RN RN L KT

{Tgérﬁtriﬂgigygagtesa ?écmb lof €A liRRatd) ¢85 FeaAl S Fdctiltick Kt bEBhilt
and maintained using the conventional OLED thin film fabrication technigues.
Currently, inkjet printing has gained ground as a promising fabrication method for
making OLED displays. However, there are some serious disadvantages to the
adapting of inkjet printing to OLED display fabrication. Inkjet printing does not
adequately overcome the problem of material degradation by oxygen and water
vapor. Figure 113 illustrates a prior art OLED device wherein the thin organic
film stack is degraded by the ingress of oxygen and/or water. Elaborate and

expensive materials and fabrication processes are still required to provide
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el ectrodes and inkjet printed OLED material with the
accuracy needed to effect a high resolution display. 5
Besi des attractive picture quality, an OLED di spl ay

devi ce consunes | ess power than liquid crystal
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There is still a need, for example, for a thin, lightweight, flexible, bright, wireless
display. Such a device would be self-powered, robust, include a built-in user-
input mechanism, and ideally functional as a multipurpose display device for
Internet, entertainment, computer, and communication use. The discovery of the

OLED phenomenon puts this goal within sight.

However, there are still some technical hurdles that remain to be solved before
OLED displays will realize their commercial potential. OLED’s light emitting
materials do not have a long service life. Presently, optimum performance in

commercially viable volume production is achievable only for small screens,
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technol ogy offers the prospect of flexible displays on

pl astic substrates and roll-to-roll manufacturing
processes. One of the biggest challenges to the OLED

di splay industry is from contam nati on by water and
oxygen. The materials involved in small nol ecul e and
pohipird 3 Clikides aqeare vtilesserSibtage litetimmastofiat leadt i5cyeatswe typically
oxygen and wat er vapor, which ca trlg%er early
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emissive material. US Patent No. 5,965,979, issued to Friend, et al., teaches a
method of making a light emitting device by laminating two self-supporting
components, at least one of which has a thin layer of light emitting layer. US
Patent No. 6,087,196, issued to Strum, et al., teaches a fabrication method for
forming organic semiconductor devices using ink jet printing for forming thin
layers of organic light emitting material. US Patent 6,416,885 B1, issued to
Towns et al., teaches an electro-luminescent device wherein a conductive polymer

thin layer is disposed between an organic light emitting thin layer and a charge-
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t he e ' characteristic of the light emtting
dov S BibRk s 0" 6,445,126 B 1, issued to Arai

et al., teaches an organic light emtting device
wherein an aorganic thin |layer is disposed between
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It is known to forma thin OLED | ayer by various
met dagﬂqttvﬁ% ragtpﬂ@l. Ve (g ice can be opera)l/ted wit}g AC voltage or DC

voltage. US Patent No. 6,433,355 B1, issued to Riess et al., teaches an organic
light emitting device wherein a thin organic film region is disposed between an
25  anode electrode and a cathode electrode, at least one of the electrodes comprises a
non-degenerate wide band-gap semiconductor to improve the operating
characteristic of the light emitting device. US Patent No. 6,445,126 B1, issued to
Arai et al., teaches an organic light emitting device wherein an organic thin layer
is disposed between electrodes. An inorganic electrode or hole injecting thin film
30  is provided to improve efficiency, extend effective life and lower the cost of the

light emitting device.



deposi tion, evaporation or spin coating. Thin | ayers
of hole transport material and then el ectron
wo e@nsposT material are formed by these known PEL/OSINS3/037040
over a grid of 5 anode el ectrodes. The anode
el ectrodes are forned on a glass plate. A grid of
cat hode el ectrodes is then placed adjacent to the
el ectron transport material supported by a second
gl ass plate. Thus, the basic OLED organic stack is
sandwi ched between el ectrodes and gl ass pl ate
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d| spI ay elenents to prevent early degradation of the
OLED material due to water and oxygen ingress. As an
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e PR TS (e B e her O SR 56 T ico pncoan be
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PCT/ US2003/ 037040 the mononer is polynerized. thin

| aspane ssfions dishdianiagey @sheadapiing afhidkjet printing to OLED dlsplay

fabrication. It is still difficult to lay down precise layers of material using the

25  spray heads of inkjet printers. Inkjet printing does not adequately overcome the
problem of material degradation by oxygen and water vapor. Elaborate and
expensive materials and fabrication processes are needed to provide adequate
encapsulation of the display elements to prevent early degradation of the OLED
material due to water and oxygen ingress. As an attempt to solve this

30 contamination problem, Vitex Systems, Sunnyvale, CA, has developed a barrier

material in which a monomer vapor is deposited on a polymer substrate, and then



angstrons thick is deposited on the polynerized
surface. This process is repeated a nunber of tines

W 00004676 AN encapsul ati on barrier over an OLECPdI/E1083/037040
This el aborate encapsul ation barrier is an exanple of
the effort taken to prevent water 5 and oxygen from
contam nating the easily degraded OLED filns that form
a conventional OLED display device. Even with this
el aborat e encapsul ati on process, the edges of the
OLfER mbnepdeays sdlyinkrireie dA thin byesefaladinuht oxide afdw hendred
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layers. To limt this serious drawback, the
conventional fabrication processes requires t he use of
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froma single pixel ED devi ce. US Patent
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em¢ttin ev for obtainin l.t age .
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that nmultiple color OLED filns will sonehow

f adatricatigremethed ey fopmingPleED deviges: col or eni ssi ve

di splay screen. 9 WD 2004/ 046767 PCT/ US2003/ 037040

Typically, a full color display is obtained by formng

pi Thk= icalsphinsedifarfa hiltiewlor OLED structure whereby two or more colors

of light can be produced from a single pixel or OLED device. US Patent No.

25 6,117,567, issued to Andersson et al, teaches a light emitting polymer device for
obtaining voltage controlled colors based on a thin polymer film incorporating
more than one electroluminescent conjugated polymer. The polymer thin film is
sandwiched between two electrodes. Upon application of different voltages to the
electrodes, different colors of light are emitted from the conjugated polymers

30  contained in the thin film. It is hoped that multiple color OLED films will

somehow facilitate the formation of a full color emissive display screen.



separately controll abl e subpi xel s. Each subpi xel is
capabl e of controlling the em ssion of a wavel ength

wo@tooane76f the three primary colors |ight, redPCOUSE®N3/037040
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and Dblue. 5 Edwin Land introduced a theory of col or
vi si on based on center/surround retinex (see, An
Alternative Technique for the Conputation of the
Designator in the Retinex Theory of Color Vision,"
Proceedi ngs of the National Acadeny of Science,
VoTypieal B3 a fylp cold0di8plaP B0obtdiadbhy fdrming mikels Icmslpdsddj of three

| isg@ el b Giatiablhsabpik R Earburibanal SacaaRng! Grtoling the
ScL8fR6iBn oY R hHREIef gth dfne éﬁ&e%ﬁ%e 1%1%%% col IS §i B, &dd, BR%n and

concepts are node human c percep I on

Ot blees have shown that a digital imge can be inproved
utilizing the phenomenon of retinex (see, U S. Patent

No. 5,991,456 issued to Rahman et al, the disclosure

of EWRirCDaridSintr&ERER @ ftidoRd 0PYo16:8fi6168 BERJ ATcBhRY surfdi@id ¥8tinex
inventors of the 5,991,456 patent used Land' s retinex

t hesoe, yAIaA&te@@wes’E@phalquﬁépwbg Cemputasion of tHy Bese%rgtqran the
o B leBe) (AR SRiE, billdlasor LERTRERR! Bfadbiny of

di sgikie, VARG 85, . 3@78t-3(i80l POSHNIONE diRlosbdBisTe@k, A&y in
patent,_an i roved dwgtal jmage can then be

di <prlag¥ ttlcslafg@dTW atp Er@eeqdmgé /E theyNafigmakAeasiemy of
eaﬁgeﬁc Eﬁl&c ?% PNt Q9§9 | TRIE ?etfn%fc cgﬁ&gtszage mtodels for
or cdl or ation

posi ti on. I'mEgés,  a nove st or
st bymarsca didgdception (Dmetsttmve sinagethar aidigital-iiage caoboimproved

that ¢l osel y nmat ches hupan obs rv tlon noparticles
L B e BN G PEHBISR (et D O BelegL A D el ssued To
deRhyBin S8V the8iscloShB et %Vhlib'}‘x\’l@ m%'B atEch% re{§eceHBLih). The

polyner-based particl es can de by a 25 variety o
metnventers ofties 3 991t,496 gabmmsccj/Lmaﬁmraimbx teesy amlr@ewsad a
size.fro

o E RS A B e Rt P A s R S tontsdpy

MBdigitdl. daReREBHdNE réftedcREpiRldie Gn Af dis SP AcBbdBIY: to the inventors
nanparticles, nanospheres or nanocapsul es can be

obofhih é&91(4§é@ateet> éd e@pwa@ Higitebimage chcthenbp patayed basd on

o B 150, B el D PO o,
V@éﬁsﬁ)lﬁ)éﬂ FéHI@dr iaReks)I2N3Y dBrGforalRes &i8p kyadded to give the

researchers have denonstrated a process for nmaking a
Cgp,%g@é;upeto -lite color that closely matches human observation.

Nanoparticles are used in unrelated applications, such as drug deliver devices.
Others have shown that very small polymer-based particles can be made by a
variety of methods. These drug delivery nanoparticles vary in size from 10 to
1000 nm. A drug can be dissolved, entrapped, encapsulated or attached to a
nanoparticle matrix. Depending on the method of preparation, nanparticles,
nanospheres or nanocapsules can be obtained. (see, Biodegradable Polymeric
Nanoparticles as Drug Delivery Devices, K.S., Soppimath et al., Journal of
Controlled Release, 70(2001) 1-20).
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mat eri al conprised of polynmer interspersed with
liquid-crystal droplets. The optical response of this

woradoa/ieb7 can be controll ed by applying a vol t BgEUSZN2{037040
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has been used to create photonic crystals that

nodul ate the transm ssion of light. (see, 5

Li qui d- Crystal Hol ograins Forfn Photonic Crystals, by
Graham P. Collins, Scientific American, July, 2003).
A m xture of nononer nol ecules and |iquid- crystal
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t | th

AT T e
ar %Jn@ﬁﬁ?ﬁlﬂ&rgo%lﬂfrﬁmubﬁChﬁ KRSy BeGIatian re\aaﬁonumo gresses,
deposition, screen rlntlng transfer printing
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1qu1 c?g%(aﬁgg o%?eh&ﬂl%e tﬁ{t]ed 18&{1@8&13 Begiddl. ?ﬁbé ?ﬂ?&ulttlg@ solid

e ar As at i1s core ormati on
Of polsedey with dropletsrof ligyieh syedl emtgdasdcinrmgagteinalorredesing to the
thin film nust also be deposited very uniformy and
pr 8a7kgegiens ghibgholpgea F%‘Q@ﬁfe&??? BHE Y difficult to do.
These 25 thin layers of organic material are
susceptible to major problens, such as shortened
deihe eutrblﬁtﬁstdtmf dhe ©OILED fabgicesen tefhnudugyrrequites dlxgy/ipemation of

and de tion, . rtlcu rly when ljed..to. a

fl é(ﬂ}'bth’lglr% fr05gaén£ {I r?\)gat?rm?n}@%[é tf&lpq}_lﬁlé are formed by
| ak%ﬁ@n@échﬁ BObichMBeEduAl ddpREINBE Nschden einitifg, SraakRe printing
results in electrical shorts easily formng due to

ev emd \‘zpmysosm or &p MQ—p@qusugtof@msbnm@phmiﬂmsﬁch apink jet

ause of thi |mt Nye 1COS
f aé’r”ln P8 eE‘ Wsﬁas%zheb%‘}rfetn t% Of (& ar{ ﬂélel}énag gé]ljlén é?oﬁmatmn of
c owmh@ﬁah 14 RRflohganid mhtetihlaPhése aliin giimk mianalq@ BS deposited
2004/ 046767 PCT/ US2003/ 037040 -
very uniformly and precisely, which has proven extremely difficult to do. These
thin layers of organic material are susceptible to major problems, such as
shortened device lifetime due to ingress of water and oxygen, and delamination,
particularly when applied to a flexible substrate. The extreme thinness of the
layers of organic material between conductors also results in electrical shorts

easily forming due to even very small specks of dust or other contaminants.

30  Because of this limitation, costly cleanroom facilities must be built and

maintained using the conventional OLED thin film fabrication techniques.

11



Organic light emtting devices offer trenendous
potential due to the inherent qualities of the

woe@anigemat eri al s, however, the current statePCf/US1063/037040
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art fabrication nethods are limting the delivery of
this potential to the consuner. 5 SUMVARY OF THE
INVENTION: It is an object of the present invention to
overcome the drawbacks of the prior art. It is an

obj ect of the present invention to provide a nethod of
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di spl ay. The inventive O ganic Light Active 20

watfaémcamm( e kot jsoadlows muyiEple gAlogs @@e santiedigondheypyentive
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has the advant ages. of the OLED pheponengn. The. .
| nOEARIPUEMISFIGHE OCHF iniaPHl WeresHen Frrtlngas b perteaHignbb e
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A second contact |ayer is provided so that on
appthics dhe daviestis gpnsgiusiet op & pRofodstedter.t o t he second
contact |ayer charge carriers of a second type are
injected into the sem conductor particul ate through
t het 1 anettieit dbject ©a el presefBihesritivn.to previde?s Nt 2004 S Tt has

PCT/ US2003/ 037040 , o o
the advantages of the OLED phenomenon. The inventive light active fiber

includes an elongated hardened conductive carrier material. A semiconductor
particulate is dispersed within the conductive carrier material. A first contact area
is provided so that on application of an electric field charge carriers of a first type
are injected into the semiconductor particulate through the conductive carrier
material. A second contact layer is provided so that on application of an electric
field to the second contact layer charge carriers of a second type are injected into

the semiconductor particulate through the conductive carrier material. The

12



sem conductor particul ate may conprise at | east one of
an organic and an inorganic sem conductor. The
w@oemdoed7ove carrier material may conprise a bi PABPUS2003/037040
material with one or nore 5 characteristic
controlling additives. The characteristic controlling
additives are a particulate and/or a fluid and may
i nclude a dessicant; a conductive phase, a
sem conducti ve phase, an insulative phase, a
e gdhaboRlctos patitgldic gahamaphg at Masisene cfran adgpmsi amel an
enhanci ng phase, a hole injecting material, an
el BOIBH SIHFUWUEE nmaterial, a low work netal, a
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g iogﬁﬁ%lgmdﬁ& Ui§ 88d Ra§ GRARE LCRBHUGH] & ConbaciFRIPIREe, 2

posed adjacent to the first conductive nenber so
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bnanishon elesin CtEREHEnN S RERRNCghRerEh 4f Het
CORguGingRatBBADE Iove QBR inS@E adlSRUShieMEl, BRd &1 érilssion
conprised of at |least one of a netal and a conductive

10 poleyhpecinginsgeddd in the interior of the 20 el ongated
har dened conductive carrier material; and the second
conductive nenber conprises a conductive materi al

C O ifis@ And theddecb@B&Int @0 Ma9 codptind afirsanchduaticomember ve
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e

| Sirgateddongimidially dvitin el neated dnrdeaed erpdgrtivg carmey maferial.
acqqr dANe 6r WedlsARAlhe 560@1?(?5&{6?0@ gnapr .h:%ﬁ{bﬁ@%eamecond conductive
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active particulate dispersed wthin a hardenaQl e,
e o0k Hrselataneiicipt PrHEUSER SSPRAGE bR eeR TS Gep Rydive and the
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an i norganie sem conductor. The organic light active
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| egst one of hole transport terial, o ic.emtter,

andeist SRR afch o S EPREHaear e s IR Byl Bhe
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2004/ 046767 PCT/ US2003/ 037040 incl uding a pol yner

bl enenbeTicempaibgarrecongheliie maisrial semprieedenf abfegairiing of a metal and
emat cto%(riuctive polymer disposed as a coating on the exterior of the elongated

hardened conductive carrier material.

25  In accordance with another aspect of the present invention, an injection moldable
light active material is provided comprising: a semiconductor light active
particulate dispersed within a hardenable carrier material. The semiconductor
light active particulate may include at least one of an organic and an inorganic
semiconductor. The organic light active particulate can include particles

30  including at least one of hole transport material, organic emitter, and electron

transport material. The organic light active particulate can include particles

13



bl ended with at | east one of a hole transport
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seldieIdBiEhe e‘F B GHSBOH Hlaffr’é‘ @Bﬁ BCH RNEH CRISIEEG e

20 anehaerBild 2, 8RS cHUARGstie o PolRRS 5&&?’&&% the second
color in response to other turn-on voltages. By this

conposi tion and constr uct | on a nulti-colored |ight
P VoBBAFY T s or SRt sPbomw ik e elcelibetetiss
as nfaGeravs e froviged Mherettde REmABn@IGE libk@ctive particulate is
comprised of first emitting particles for emitting a number of photons of a first
25 color in response to a first turn-on voltage applied to the electrodes and emitting a
different number of photons of the first color in response to other turn-on
voltages. The semiconductive light active particulate may further include second
emitting particles. The second emitting particles emit a number of photons of a
second color in response to a second turn-on voltage and a different number of
30  photons of the second color in response to other turn-on voltages. By this

composition and construction, a multi-colored light active material is obtained.
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polarity and a second end having an opposite
el ectrical polarity. The particulate is alignable

waowdohioms7ohe conductive carrier so that charge PEF/UBE03037040
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of afirst type are 5 nore easily injected into the
first end and charge carriers of a second type are
nore easily injected into the second end. In
accordance with another aspect of the present

i nvention, a photon receptive |ight active device is
provided.. A first electrode and a second el ectrode

ol hroRntEe BERELIRROBE P4 BTENE »dyicBiaule BERshrERt

of pdarigirand @rsecomiti@nd abviapdn @pﬁkﬁ},ﬂ% @&cfrﬁ:ﬁ?@lhﬁ? The particulate is
partlculate for receiving a photon of

c Hizapbl Pﬂ‘gthﬂm@eﬁﬁwwvﬁﬁaﬂﬂﬁgm thepghsras) camlerfs @ﬁﬂl fn st type are
P nEbRensibN I AL 1NE o MR RSl G 0PROSSHI WA M

heen t I'rst
elraomereasiiay mgbctddahtowhesacbn@bmd.ener gy is received by the
15 photon receptive particulate, electrical energy is
produced that can be derived froman electrical

C%%@Jrﬂ%e‘%ﬂf‘aﬁoh%r higedt othe plesafl SnRiflod eph%?%or@geptive

electrode hi s conp03|?|on an coﬁgiruc
| ileght awtuwmrcgys ptewdcé i flmehcmmﬁ: dndaneecovil abcta)da @le’if

t od t be made. 20
TR BT BB B ST BF st B el Adbheeihe aurare

orne pffvidsd d@hﬁﬁ@é@oﬂ:ﬁ‘&{rﬁ& mAtBS A %8 phdfon r@&@ﬁ@@ E&tlculate for
photon receiver, hole transport materi al

MeEeIIYIAE 2 phetoaef light zmdamp@tlng thet pdaotcal of I@tjlnto electrical

er he _calrier can
DS T AN O PARH B e 68 i
| redecg@te andihetsedont le2irses so thﬁ@\k/ﬁeri Iﬁ%ﬁ%ﬁ@i"g& 1%%1:&%(%)7 the
blé)%Pker material, electron transport materi al

SNTFRFFDE Ve RptiiREliivg cleeirisnli caprgy IFDI’Oldh@ad thatchan tbc (dnaVed
t
T i RS Pt M Bl 090 RELE SRR e

| @Y &h shib ebppositiatedrdrentthetion Cehlaghtitél-lenelg& g6tibd GaAbtARH from
characteristics of the_ inventive device. The

al
e b el Eh ol et em R en bomad! - an
organi c photon receiver; an inorganic photon receiver,
hoI e transport 30 material, blocker material, electron
SHBQKIH IRGRPENE pirticalnig rpaarlﬁlohlda acleas nhanf:am@“gamc photon

2{3 el Bl i n G G ietsbe ers e sder material,
Aﬁlﬂctr@ﬁl ﬁhﬁsﬂ@&\&ﬁatéﬂlﬁcﬁﬁﬁfe@@rﬁlﬂﬁe ehh@nc&ﬂ% ﬁ)gtehlé‘l's nT J:a??ler can

nature of a conventi onal organi c active eVI
r dagindesatilepsheneyofdn Qagrpimphagersiccdivess en mosgamwcapﬂoage&cewer

hole transport material, blocker material, electron transport material, and
performance enhancing materials. Further, additional layers may be formed
within the gap between the first electrode and the second electrode. These
additional layers help to define the mechanical, electrical and optical
characteristics of the inventive device. The additional layers may include at least
one of an organic photon receiver; an inorganic photon receiver, hole transport
material, blocker material, electron transport material, and performance enhancin g

materials (e.g., the characteristic controlling additives).
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i nclude, but are not limted to, electrical shorts
caused by the inclusion of small 5 foreign particles,

w@e@ss4d7al K anong pixels in a display array, PCT/US2003/037040
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del ami nation of the thin film deterioration of the
thin filmby the ingress of oxygen and water, and

ot her serious failings. In accordance with the present
i nvention, the disadvantages caused by having an
extrenely small gap di stance between el ectrodes is
overconme by expanding this gap distance. Thus, in

T ERONERE Rl Bl RS h QR Py Ly PRV

s e&gilc BhBCAKiOe evich PGl nadhiyaliQavartfsds N héder ddadvantages
el ectrode. The first and second el ectrode define a

gaipcluherbut petngs Eimited o, sleghiniak showts §3qspd by deinciugion of small

di 1 hi . . _ . . . I

O RIBF TIPSR B T P QAT AT e

i nthanfiinv,eletetievition of ehegthin fixpbytherigeresryiesiy génamdi wated, and

di sposed w tt tli n said gap. This gap 15 expandi ng .
co?FE%fs’ieflP% alingss {repqepireneowith dleadssent inycriigy. tiedlissdrantages
be . .
CrSIeSTl Bl oRRALAATLA) SO ARy i grreome
i Nisyutxgtanding shis ggmdisiehcr. Bnd, @ eondemrduidt the prebbe igegntion,

expandi ng..c si t.i gn cap .incl.ude at 20 | east one

ol el SRR Mo BCDERE BT Ehroder B sGreond dtrrode
an@ispdid a&aNE tSihe ¢idt REBtrodd) eTIRAGHSE ANBLod P& DB R¥fine a
include at’ | east one of an or %anl c photon receiver;
angdpribeigaxiveceph dmnorgade einissive lagst & disposepwithinmatdegapalTo
bl ocker terial, . electron transport .materia . :
et S imgsshet abf & R BF prvGe: SLhn mentiy
Medesideah gap HiRngiap camgaﬂqmm AYAYIstd FRhEARAI 9l TS gap
at |east one of a 25 dessicant; a scavenger, a

c otipaeding eomneutiomis effgctivenio demiense tha gaprdistence Retwegn the top
in I%tttioﬁgelga rial, a mechanical strength enhancing
materi al’, an adhesi ve enhancing nmaterial, a hole
injecting material, an electron injecting naterial, a

l o work netal, a blocking material, and_an eni ssion
en'\ﬁféfn%qprﬁpﬁ%f”ég FYRPOSHEPITRAY Wiriudsial lsast ope of aninsuigipsra se
a « I |.

o B A S Db B TR e By R ftiude o
paleastout addtibizd layef farmed balveha thenfiysteledtode tand thelsecond

pol.ar.i t d a.second end hayin n opposite |
o1 D19t P ARATPRY) Tavpria e i e st ok oban gieagigabpion
Wi feBlier; hid 0B QRUSHItMEre6@KEr, Bble HRANSHRL mERALITSIoERY: HhRESa],
of a first type are nore easi

electron transport material, radiation emitting material and performance

enhancing materials. The gap expanding composition can include at least one of a
dessicant; a scavenger, a conductive material, a semiconductive material, an
insulative material, a mechanical strength enhancing material, an adhesive
enhancing material, a hole injecting material, an electron injecting material, a low

work metal, a blocking material, and an emission enhancing material.

The emissive layer can comprise an emissive particulate dispersed within a

carrier.
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injected into the first end and charge carriers of a
second type are nore easily 5 injected into the

wge@and7end. The em ssive | ayer nmay be an or gaP€T/UB19051037040
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filmlayer. The gap expanding conposition can include

a conductive, insulative and/or sem conductive

material conposition that reduces the em ssion
efficiency of the em ssive |ayer while 10 increasing

the light active device effectiveness by expanding the
gaﬂlﬁmnsam partipeleieden atfire ctl devingdeslecicrhpalarityrasg alsecond

sel tion of contlt nts,.this
(SR PEOU et b BERCO Rt St Gl el 5 HE G within

e Xtﬂ@ Bgmmtlb@ EaréidPso tﬂhﬁ&ﬁfgé%aﬁﬁlry\eﬁilﬁish 8pe lagcibRARsiEan

be obtai ned without too much cost in device

ef injestedripip. tha Grst nchandorhasgeccariifrs B aprsond fypaspempregTasily
thl‘ﬁ eg{egshqtg th‘tl; BVERg EI? a light active device includes
“particu

S con | ate dispersed within a carrier
rraterlal A fi rst contact layer is provided so that
on _application of an electric field, charge carriers

habRsgmissiye layer Mgy Be an prgasictthin fili 8yeth ' he &ap espradingor
paé&ﬁﬁﬁé*tﬁ‘ﬁlecah hﬁéi’ﬁf%ha dRQudfeCRRAUGH é’tﬁl/&as[ﬂgx'mg)'hg%ct'{vg é)%atel‘ial

mat erial. A second contact [ayer 1s provi
0 moramsitloanahat(mdm:&s theensisbat erff1c1ehet3ebfcthe omikevedgeo ndile

cont act. r Car ers ha pOSIte

s Etios BT AR R e hencR e rut e PR 2ap iftance

paEétW@éH R R1dchb QI W 8 carefif) @a@&twﬁeof%ﬁmtﬁém EBhE6neats, this
he sem conduct or part|CU|ate Conprlses at | eas one

of redmctmnga nff(r,clemd cam b¢ hioriigdnd thas thei booeiils of expanding the gap

SRS 0 B 5e 2o SBeb oI v

Codffigigated poI ymer. \Wen an electric field is applied
between the first and second contact |layers to the
sem conductor particul ate through the conductive

Caff c%rdgi%eev(l tl%notl%é}%tsie%? ? %f)erggtﬂ(i{x nt%%ﬁ a 1*? St §ctave device

positive rela Ive con

¢ hiaclyéecasanhiessiuofor @mpmﬁiateedlw-@ﬂiwmlﬁa eaﬂrier ﬁﬁte@ﬂl. ARt
the 30 sem conductor particulate. The opposite

potoRtact {pveria eyIdes S0 BRloncpREF ol an slefirici fipld ebarge carriers
O Bl R0 Qo B0 Rl TR D e

P@ndwwwaﬁﬁ@me@erialadi sttomincansacehiyet ie grdvideh solikat on
AT TR PR IELENG N IR
an opposite polarity are injected into the semiconductor particulate through the
conductive carrier material. The semiconductor particulate comprises at least one

of an organic and an inorganic semiconductor. The semiconductor particulate
may comprise an organic light active particulate that includes at least one
conjugated polymer. When an electric field is applied between the first and
second contact layers to the semiconductor particulate through the conductive
carrier material, the second contact layer becomes positive relative to the first
contact layer and charge carriers of opposite polarity are injected into the
semiconductor particulate. The opposite polarity charge carriers combine to form

in the conjugated polymer charge carrier pairs which decay radiatively so that
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I mportantly, the present invention can be used with
small nolecule OLED 5 materials as well as |arge

wordoaoud7¢7 OLED materials. It is very difficul tPOr/US2003/037040
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i npossi ble to dissolve small nolecule OLED material s
inaliquid and so the current state-of-the-art

requi res such material to be vacuum deposited as a

very thin filmto forman COLED device, using for

exanpl e, a process simlar to the fabrication of a

c onptiatiex isrncitted froneths oonjupited pdymeb elnabis €aseh hedneqitiay Sight
are 10 typicall ch l.arger than chips, that
fa@fPlV%g?‘?ig%acﬁ? %gghtiegnﬁ?%rﬁrl%{et ively expensive for
formng a | arge display. However, in accordance with

the present invention, particulate of the small
nmolngroniaetOURDpIesdnt inventiomeandee uses adithveintall melecule HLBLRr

mat eri.al ai sposed within,t ap .be en the.,...
gt d ol WS el bolishet ACRE BRI GER s b frcult or
MBiingfokdable to 1661vasmel gRMIAODEDRRAte@NE f dfquid and so the
characteristic enhancing materials to control the

el @prent Hale;ofdheait sequires prdhaapterialive b Aacuaa) depasited as a very

or S AR SR Wb e nedPLoRB Y R iete Bt B e

cofipfita@d of homPputed Miyidprochdsenchip. The beedugetie didengd are
including at | east one organic emtter blended . 20

wi BYRicaly ek largerdhay chipth d1a fabrigpdqionocasaisamphibitivaly
%léhﬁ‘gc R : dﬁ% aé%gg di¥pla ! eRWe08 I fc@éﬁ%&l ‘B@Ge fie! p%sent

bl

The “organi c fve particulate may inc

m avetapspdrasulatea ithegsnaal obleowle GIRID matsrhpsiibeatixed with the
internal phase. The jnternal phase and/or . the shell
caff e TRYRP?iAwgsT W’églﬁéllrlilﬁé’rbeb‘l"%ﬁ?dg‘? ﬁ%?%deﬁg The

? { %ﬁﬁétﬁat@ Bhed [ lude RIRR AR MMIE, Budas! o?g%ﬁxticl Qfﬁgrr]lglfggﬁich ol e

sport material, a blocking materi al, 25
el duractemistic ansapoing materals &l coniol the electiicdl, shémigald epticd,

the first tact | d.the. d contact |
caectsatal figaiers Bt I B FBICoel ect  odes.

Each pixel includes a portion of the sem conductor
particul ate dispersed within the conductive carrier
malles orapnic gheeggive prstisilafesmapineldp paiticles ¢ampreissbiremiay

CoRt POt Tic BAel DRPLB S \BRE BB T bpgaed
VIOw20 @it 616 6 PEIIcWSARRH AIEA40 2 bAvkiniehatasesid Afclectron

the present invention provides a voltage controlled
| i s maleaial. gEhe exgapislisBhagtive particigtegnayyiiclide gpigjogapsules
of 1 :
havifY polfmbt &l &k .
o B ot e R B o e B R TocSoREl Bl ncor
t hiamshell candieuroeprised of a polymer blend including an organic emitter
blended with at least one of a hole transport material, a blocking material, and an

electron transport material.

To form a display device, the first contact layer and the second contact layer can
be arranged to form an array of pixel electrodes. Each pixel includes a portion of
the semiconductor particulate dispersed within the conductive carrier material.
Each pixel is selectively addressable by applying a driving voltage to the

appropriate first contact electrode and the second contact electrode.
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5 of an organic light active particulate and a

conductive carrier material is disposed wthin the
w@ap4/0Boenuse of the particul ate/ carrier m xtUuP€r/Us1063/037040

gap between the electrodes (or whatever |ayers are

sandw ching the organic em ssive |ayer) can be nuch

wi der than the thickness ofthe em ssive particul ate.

The particulate is dispersed three dinensionally

t hroughout a conductive carrier. By this 10

construction many of the drawbacks, such as

el ectrica rts del am nation,. etc t hat u .

£ hB0gEs Bprftdt s Bt A e ROV F sptseabulI SR active
OV BEGE R eﬂnﬂtlhﬁ‘ Bwy et fn%%?cdl&@ fof Abhedy ik blecG@eOdnd a second
enbodi nent, the organlc ght active particulate is

C onlptptr(y@car@dlsmﬁegta janentie n@:hpélnqrwcthe@,gapmtwwm@em A mixture

511 el 3 Y BTPBRRERE. MR 20 R Do

a fviithBt the ghperug@@mepmfwla@:/d‘am@tmlkuﬁa tRNg M REsh the
applied to the electrodes. The first emtting

paPleptErdes (o whpterer laysrsoire sandanehing i ergasic erpisgvekyer) can be
Z€1 ek (Nlﬁg?rt an tﬁg tﬁlﬁ]ﬁwgé 515&16 gr%s?{v.el A tircﬁlsa?eq Nk ﬂa?ti&tl:gg bs
e organic |£ﬁ¥ active

turn-on vol
p adispﬂ&ld:ﬁh&efdﬂmbﬂs%r}aﬂqnhlrohglﬁmt aeonfidtieatarticN OBy th1s

particles 20 i econd caonj ugat ed pol

ncl.ydi
10 S gonsiipgiian. BN Of GB%W@%%P&C% lecsncsl shies dgimination, etc.,
Phal.0pRo @ the vélgptﬁl}gp(ﬁ%% fiinDfAbBERRR etB@dsaaré ﬁ%}%j{ne

turn- on voltag di fferent nunpber of ot ons of
the second color in response to other turn- on

Th h f - col di od
V%% PSP oo L BB ebodfiSicite arnty Beliyofire

hupgficeyR i5eRtpiicadf MstleRBiMBPatRibsiRiAR 2 YRkt age. 25
The or(%anl c light active layer may al so i1 hclude third

15 entleet gIEsedng rergugated pelymgr. alhet fivist enitting partlcles emit a
I ted I Th
© S@%lﬁer olfnglcr)tﬁ)ﬁg ?g é f%s?nnt)l%gl% %ERPE*O? b Irlrshgllrxg on V8{ta%e applied to
t htlfedalémiodés ard/fast doiit alrﬁclbsﬂalﬁcﬁélﬁ@ Agerférentahuindbet 8f

turn-on voltage applied to the el ectrodes and a
d| PhetpRs @erﬁmmre i thhtitsberlopin respenserforothes (utaginovoltages. The

ﬁ{g‘ﬁfuc 1%? ftﬂ:ufa?esglg ot ﬁecotn‘fpri)stepg coﬁdj%)lgltﬁﬁ%amgcles

ttages. uII col or can

201 numhmm@zt $e|agn<hmrgugea;d pxﬂymbm éThE, se@c&xdl‘bnﬁl&h@hia@tld)és emit a
em tt g 2904/ 042767 PCT/ US2003/ 037040
di PYRPERE BBBIOBS 81 @ S350R 410K MY RPRAISS I o pREHuIT 08 dpkas and a

COolfferdt %ﬁﬁbé’i‘ W Fhotdpis of (eQe@ind Blid#n re-gﬁgnsﬁ b ther turn-on
emtters can be a mx of organic and or gani c
maveltdgas.sThusom thexasepife, mwltl-amicga;hdmde onglispjay, etiffprehycvdors
emtter can t])e Ws %d as a red gm anfi

are pérceivable by theé human eye depending on the applied turn-on voltage.

25
The organic light active layer may also include third emitting particles including a
third electroluminescent conjugated polymer. The third emitting particles emit a
number of photons of a third color and/or intensity in response to a third turn-on
voltage applied to the electrodes and a different number of photons of the third

30  color and/or intensity in response to other turn-on voltages. A full color display

can be obtained by incorporating an array of pixels, each capable of emitting
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an inorganic rare earth netal or netal alloy, or doped
i norgani ¢ sem conductor, 5 can be used as a green
wWe@eioes767 Thi s conbi nation of organi ¢ and i norBEmUs2003/037040
emtters may expand the potential candi dates for
em ssive materials enabling the inventive device to
be tuned for specific applications. The voltage
controlled organic light active device can be
constructed as a display. 10 In this case, the first
el egter eolioss, Pavhtas affirstrcotorged,ch setomel eddrrgpetmsandradhirth eolor
second electrode is part of a y-qgrid of electrodes.
Thilug TheeRlopFMitieEss OgSH BIX @fg%arg% %‘i‘\ﬂé°f%98¥°tm%?ﬁﬁ1§f'eF°f
an LCE ] e , . ot
e e L R B e e R and
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5a SRS 4REd 282 R cRIHT. AuS R RaAR Gl OISR AT NOTERNC
ac cOHARNGSY Wb d RSP REQER BindidMQTol ORissHB nRhGRIN dhabling the
ight acti Y/e di splay device includes a substrate w t%]
a frivestivagddvicedd be mingdrigr speeificrapplécatibas.ned on t he
substrate. A second grid of electrodes is disposed
adjacent to the first grid of electrodes and 20

defrhg 81tabeIdRtrbIES Qgalleligestivadeiied dinebe@onafucBidRm display.
| i ght active particulate and a conductive carrier

10 maiethisngase.shefisp else@ods is B of mexyzig. of Tlestredeyand che segprd

o GO IR e v

polpyitetilatatidihe Sordduttie daier-raatendllit dgezap hatveen oimdfirst
particles including a second el ectrolum nescent .
cofjegiadeerndybe yerepd Riegirede makeghemistive spRYIenbgfer pixel of a
di fd{s?)[a?rlfevi%é H%g%hcﬁxlgm{ {hre%evfch’% '&ﬁ‘re}’t@éaﬁ%%ivm %E‘aggﬁive
firs urn-on voltadge is applied, a first color |

15 eminidtxi obyn ddtvefmatgt detiext r ol uni nescent conj ugat ed
pol ynmer. Light having a second color is emtted by
the second el ectrol um nescent conjugated polyner in

I e3PQRSPddnle Wid (REFRNt iVeRnOn ai %lrgaﬂﬂﬁ(i]gg@ et R didplay dice

first el ectrode and the second.electro . Addi tiona
colimdudasiatstbstmteaith bdirstrasiduefeldivingrad¢amidepfoomed pe the suBsirate.

that em hot ons edom nately in 1 si bl.e.and/ o
o R PRSBSOS e 8 Br s nc

20 PCHe R0/ 088 46etwrhi0t Annikaslt 8f dPdt g&ie tpht¥ivab&@culate and
the color emtters can be coggrlsed of other organic

or 2 qengepiive cavigr Bletaaiabis disposecb withiankegay. tFherasganie ghirpctive

L b B 0 L8 P S

| i golyreetibatingQ filemuaeon Solcagpaht eecond particles including a second
electroluminescent conjugated polymer having a second turn-on voltage different

25  than the first turn-on voltage. When the first turn-on voltage is applied, a first

color is emitted by the first electroluminescent conjugated polymer. Light having
a second color is emitted by the second electroluminescent conjugated polymer in
response to the second turn-on voltage applied to the first electrode and the
second electrode. Additional color emitters can be included, including emitters

30  that emit photons predominately in the visible and/or non-visible range of the
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of emtting two or nore colors in sequence. Each col or
is emtted in response to a respective different

wa@ppkioeet6t ur n-on vol tage. During an em ssi on CRCI/@S52083/037040
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first turn- on voltage is applied having a duration to
the light emtting device so that a first burst of a
predom nant nunber of photons of a first color are
emtted. A second 10 turn-on voltage is then applied
during the em ssion cycle having a duration and at

| egisdto® PRliAfonapEaemh.t M0, MBdoRr BRlieds Ean bl doherised of btaer

a magni tude and polarity of the first turn-on
vobrgagie or farrgaiametsialsa 5 volt turn-on vol tage may

cause a predoninate em ssion of red photons, and a 10
volt turn-on voltage nmay cause a predom nate em ssion

of gireriapbowahshe prosenesonm, b andlivel is poondbdt for dridng a

vol tage 15 durat.ion, a, second_bur t,0£ a predon nant ]
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20 color (the emtted burst colors). In accordance

wi tumamotdiiege sshacappbitd dhdngihe sangsioneyeleiaying aduratiooand at

is.provided for formng a. ayered or i | gh .
ot e T armagti o oty B ES, pRFBifenlshlHnd polciy of
| gkt fi@Etuly-8n RBLt&Fd. Hor BRAThphIE W RY6lt henBhxettayd by thige a
conductive carrier 25 material and di sposed between

t hgreslogynato dméssion dfaedphdiens; prbni? velt firgion VeHRge Ay cause a

devi ces.. To f t rhi at.e i ' | S
PPl SRS B Lo vl
matdardtiah, @ssdond butsséf pedirainaii untber Af plestomscbfra setardecolor are
is formed of. a second or-ganjc Iie(%e ctkﬁggggﬁgonent

macerited. Rribisvayedwies Be pRYBIoNqYG st g pecogd
ge i $ ; o | : )

S i Bpssl P i i B ol e B L Afuan eve
ac tahit gist@npoerentecemirgrthafirst butsemploheasédopd beiss paddedn.iin

the enyironnent. A second .m of the second m x{ure

| < SHEN Do s g RO BT RS B Plap b e Srpond
t N oRRVINE QRTBA bi® ddi@t). @ second particul ate of the
second organic light active conponent material is

tenporarily suspended in the environnent. The first

P2k S e SSRRCRL P SRR WA s

f or} forfniifeS4 1alyane oeghn@y 162 htivel gteri A Ghattical @ TRLY 1aYered
organic light active material particulate is mixed with the conductive carrier
material and disposed between the electrodes to form the inventive light emitting
devices. To form the particulate,a first mixture is formed of a first organic light
active component material and a first carrier fluid. A second mixture is formed of
a second organic light active component material and a second carrier fluid. A

first mist is generated of the first mixture in an environment so that a first

30  particulate of the first organic light active component material is temporarily

suspended in the environment. A second mist of the second mixture is generated
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5 particulate. A charge of opposite polarity can be
applied to the constituents in each mst to pronote
web@ansd7enl attracti on. When the charged partiBCEES2003/087040

together an electrically neutral organic |ight active
particulate is obtained. The |ayered organic |ight
active particulate has a first |layer made up of the

first organic |light active conponent material and a
second | ayer nmade up of the second 10 organic |ight
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desired.particul ate c he con

10 o Creie HRL 1558 EPtoRo Sl b Al ha s SR B e e

angRflaye @aRtize B?T&fﬂlﬁé §notﬁ@i‘ Pnikiee fo arftHed Gfg%nﬁrl ht active
inorganic materials broadens the potential candi dates

of cqnm@pmamgteﬂhlaqnd@aﬂth@eca@wmé dnd ﬁarmﬁr@g yat ehether rmxture ofa

negr%w!gﬁ%’lrg fgrg%e%gg ‘Trfé‘% lal a?lg I11g tc@lﬁé h}?ue[r{all i)gr)}gﬁét? and yet another
paddrii€l fagdf The edshringPapldeatd @RBsndsd ahthdendisifnent as
delivery _vehicles, electrical circuit conponents,

15 b| deﬁ%‘ll%ﬁd ahoye apd Tk ocomminglaand atsct toggsher to form the
n
oG UL Ee st ML RERR el MabERed g

g amultﬁaye&_ﬁim*gama lighiopetide afatepiahpdrticulhte Ehlaivmg e oh ¢H0f sElettable

x l.e, i vant.ageous for the environnent
Pl R P L R DT 1 400 TR G HOBS? o ks, dipending on the

f U(!Ué%hé&)Baﬁ@ul@fe%ﬁ@fa%te%sﬁ&emeCc@hstft%‘f &f8e hﬁltﬂﬁ}(lé‘@& WA Hure

the constituents in the ms S. aracteri s

20 ermanbe nganrcemﬁ:‘remmorgayc tmt Isf a"mmde ofortzhmic fand mixﬂganﬁﬁ
WO 2004/ 046767 S200 7040 ed or
APl B A S 8 HO OGP P P SHals i SmEh bormbiged fo

befo@n tﬁ@ﬁiﬁﬂﬂ@%ﬁé&?z&ﬁ@ﬁhﬁe Phisthé?, GBeRdcaale ﬁk%ﬁfﬁw be a@)phed
grwt energy treatnment to cause, for exanple, Iig

wekag mrlsdayerddmertides far ethel dpplicatidnsgsuch eadmgrﬂehvw
Ot !;]e%mles electrical circuit components, bi-polar electrophoretic microdevices,

25 nanomachines, etc.

The environment in which the particulate is formed can be an inert gas, reactive

gas, a vacuum, a liquid or other suitable medium. For example, it may be

advantageous for the environment to include elements that perform a catalytic
30  function to promote a chemical reaction in or between the constituents in the

mists. A characteristic enhancing treatment may be performed on the formed
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characteristic enhancing treatnent to inpart desired
attributes to the fornmed 5 particulate. Further, it
worey4loes7beneficial to formthe particul at e undeeT/US2003/037040

controlled conditions such as wei ghtl essness. The
treatnments can be perforned on the constituent

materials and/or the nmultilayered particles to inpart
specific characteristics or inproved qualities. For
exanpl e, a heat treatment may be perforned to drive

OUfay Bl St gHnf: 19¢ht QXY@ atefialHahisul £& T iadirdtdmest thay be a
| ncrease the 10 lifetinme and em ssion efficacy of the

patetiperatere dreaimanbta chegead treetnicahie lighbenoighircatight tggause, for
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particle icl'es can
b r Mmermc feghateaiy tr&{ﬁ%mfto trhpam@éstrea eﬂmlaﬁast torthe fomohed
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51 npatiedets. SurthereH mhebneAtefirialigfame %Be%wontmﬂed
dif
' %ﬁﬁ%&@at eaggs %hfl&%&sﬁ TH ¢ nﬁmsméape%rm onthe

particu racterlstlcs accordance with
pr es@nituehnhmetrtiaandfn tlﬁJEﬂtlbb@fered@artwébdsud @spart fpecific
el ectrode and a sec

ectrode. nd el ectrod
& e S BROnEd SUtRe TR T pDl & Bt JHATEDt Ty,
9 aBeﬂf@mﬁ:ﬁftb HQQG B&t ﬂ‘@%ﬂlr& BEMygbinbt dBert doRtRhih Sits & ﬁlcrebilﬁhe

O“present invention does not require the formation
10 an (cifq:nmmd\mms&mn officaty of the pasicdlpte. AL ipastasicihgpt tygapment

extre surface_ar.ea e

C etk peRgioried 1 ee 1R Bl F AR IAE SRl Eriitlayers
el gpt HadRks chin b 8Afhght L1oRIEEEIN% of e emili Rmpbianirt 286 placed
OLED particul ate dispersed within a conductive

c amnd@rplesm@ in @;a@rp@tmosmrfaﬂéhq lgteéﬁagep@t@/é@l e trpilrlapers can
potsaafrepe S les MRCTay bl BPAERlcepald arth Il EHRD

15apphiéetetifidshe electrodes, the electrical energy
passes through the carrier material raising the
energy state of the OLED particulate, resulting in the

ﬁ ?%&Pd Qe l\xh@lhthe e@erﬂ 11?46%!)1‘? B@L@D WbecOrERdes a first

rlse l"ayer'ed organic particles,
30 eMtxbdepard a Qdcend aletwotien ’he sbaind elactméprdisfoagdadjznedt to the

| ect t, | A h t .
T e s RS R eSOl . e
20! aéﬁésemqvéﬂﬁn s }4@ @Q\Qfﬁl 4 @&ﬁlﬁtl@gﬁdﬁ%%}3z{tﬁﬁ7&4ﬁhn films of
ctron transport ayer Each ayer ed or gani c

par@LED enaterjel atithoexitreolelidwide sufhesoitem@s campared ) Biedim
or.t er ..an

ac BB T D HRE RPN LoBEn B RaR Rl ot ben
or dgVeridH uBiRFRAVERD PJag¥@l%d dispersed within a conductive carrier. The
OLED particulate is dispersed within the carrier material, which is disposed
25  within the gap between the electrodes. When an electric potential is applied to the
electrodes, the electrical energy passes through the carrier material raising the

energy state of the OLED particulate, resulting in the emission of light.

In a simple form, the OLED particulate may comprise layered organic particles,
30 each particle including a hole transport layer and an electron transport layer. A

heterojunction is formed at the interface between the hole transport layer and the
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thereby formng a stacked organic | ayered structure.

The bl ocking layer is 5 provided for facilitating the
WO pgoeotd76n and conbi ni ng of el ectrons and hol eBCT/A@RZN03/037040

the em ssive layer is provided for facilitating the

em ssi on of photons when the energy state of the OLED

particulate is raised. In accordance with an aspect of

the present invention, the OLED particulate 10

conprises m crocapsul es. Each m crocapsul e i ncludes an

i ndlestroml tranlerselagerd Bach $dyetdd. orgdisc paticlenady Péaelvdad/ or

the shell inc t ED material. The inter.na

SR BR B ST RS SRR SEPP G ey TRREVE layer
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od and the desired OLED characteristics,

f i thewtby daroting @ stasleadrarginiedayetsd stinctolee élfhed%@mngslayer is

mat eri.al, .and/l.or . 15 magnetical |,y reagtjve tenial.

5 nopriuct eedeeRlanle o pERERT I R bE 3L it o and
paﬂhte Ieﬁﬂisﬁte%ye@ PR ide@ foraNilileing eld @eibiive of fotemabhdinte
"self heali1ng" capability of the fabricated OLED

deme@:gf. state 9f thei QLERPertiquipse ivirgisesbapsul e i ncl udes a
conposition that causes the mcrocapsule 20 to rupture
or otherw se change shape if electrical energy above a
t hIregbelddndeswitlapphdpeck dfahd presetit aivenidas whecOLEDrparticulate
exanpl e, a particular mcrocapsule may end up

10 poggrpprésee au%recacmlahes danml%‘-‘@pwe m@damnaf‘éwld@asq gnd a

be&%ﬁe 1@ 11?(@1%& Ipaes‘& gﬁcﬁgr fhB %hel? nEfy gé ﬂ'%e@LEﬁh‘ﬁateual. Ellgt

m crocapsu up positione jacent to a
parntern:ﬂ@has'e amiid"nelne ﬂreﬂenwalsmbhnﬂe afficldcreectiviengatstidh a

B e R3S oSt P SRRl COEEE® 1 °

M A LEANRULE 158l Rehctild %a&%@ﬁﬂﬂa? bt Gn BREQHRaiEH lﬁﬁﬂéﬁﬁleﬂld/or a
and di sconnect the short. By this construction, th

15 i oragedivslly eacveametortalt i cal |y renoved fromthe path of
conduction of electrical energy in the event of a
short. Further, a particulate m xture can include

di hkQefitbed l&ﬁﬂie?ﬁer@fn ¥ thicedcapsuld6r shifidudite BémBOEGdEMay be
can each have a particular 30 turn-on voltage. Two or

rmﬁ@ec@fvetf@reengbl@@ﬁ o Sselidisalng capaligatene Bhtraleh OLiEghdevice.
oy e e P e s B8 PHPLERL e microcape

20 20&%%@4@8 6r7otRéFWitdSHANZE Eh3pe AQlechiial bnegy biBleiatRfeshdiais
exanple, a blue emtter may have a shorter service
| i fRplie4n thegniceqpapsnle. t Bor exampleaa GREEH AR P EAPSHE RAY-APE U

g . BELNORR ob tlfxafc dﬁﬁhg‘ﬁ@‘oﬁtﬂ@ Oﬁkﬁﬂa&evﬁc‘f?lta g&Péshae KO Bl FLeh the

one color Tose thelr potency, T0ses 118
coklectradedr &he ynicrocapsule may end up positioned adJacent to a dust particle or

other foreign inclusion, creating such a short. In this case, electrical energy

25  exceeding a predetermined threshold will pass through the microcapsule causing
the capsule to become disrupted and disconnect the short. By this construction,
the microcapsule is automatically removed from the path of conduction of
electrical energy in the event of a short. Further, a particulate mixture can include
different species of emitters. The different species can each have a particular

30  turn-on voltage. Two or more of the species can emit the same color of light, but

have different turn-on voltages. Typically, different color emitters have different
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and di splay effectiveness. However, in accordance with
this aspect of the 5 invention, nore than one species

w@booa/osqeti fic col or COLED particul ate can be PeUSIE3037040
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in the particulate m xture. Each species has a

different turn-on voltage at which it nost

effectively emts the colored Iight. The | oss of
intensity of, say, the blue emtter, can be detected
and the other blue emtter species driven by altering
t e Rletififeh VF&gex\éﬂJpI@Q%lue]ethtBr RaE Rivdahertet delvice life than
anot her aspect of the invention, the m crocapsul e
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CESEE BRSP4 Blage
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fornjin
bablie emitast @nibs detegiediand i By bhis ST SP%@&&‘&N@%PY altering
neltable material. The constituent
artggb?éflgfﬁﬂ ‘Jaﬁééo\st one internal phase and at | east
one shel . The constituent parts are selected so as

to_h | { | h Ll t {
or BY SR Gap i ROt G RREET PEGE TRtRtR o 5gh pffbendor
h oin%erhﬁl%?ﬁ%ﬁ% PR adlonasitibh 8ffedtRettd ProvidePHISREEL against

mat er 1 al IS construction, the m crocapsul e
beh@grwtloﬁ@f t@@hﬁDenatasala Tha 02531? migpeapsulapaie dispersed

cation o ectrical, got ent | h
o Bubio e g v Re Tisanisa T LR Bk Ry A bR Reih e
CafhtR8ica T ShbseaicetwRich Aiadthe @mmtm.eru al's so
that the carrier material is relatively |ess

el ect ri cally conductive than the OLED 30 particul ate,

t hi

of Tig ELB} lorb bl Gt P BRI LA anhAL Rkl of hote
rratxﬁmpalrt. méﬁbxua, elehmnal@eport mapoink fiel ddeactpplmaerial psol veat

25 WD 2004/ 046767 PCT{ gSZQOS/ 03704 el ect ro é’% W
pagaterial. ol materiashell fornpag majesial, bayrieg fafryial. dgigcant

el ?r&ttffﬂal‘l" Aaveh Ettshé(l' b héﬁf‘ﬁﬁeft%l@ ol rfah € Tk Ebhstituent parts
particul’ate, ich hasS relatively higher ‘electrica

c o fichucati laast yne nmrnaﬂ iphaseeangd at leestpme fskelk. Bhepepmbtityent parts are

electri
selecteg SO as tor}l%lxjrg tellegtrlcal characteristics that result in a preferred path of

electrical conduction through the hole transport material and the electron transport
material. By this construction, the microcapsule behaves, for example, as a pn
junction upon application of an electrical potential to the first electrode and the

second electrode.

The OLED device can be constructed of suitably chosen materials so that the
carrier material is relatively less electrically conductive than the OLED
particulate, this ensures that the OLED particulate offers a path of less electrical

resistance than the carrier material. Thus, the electric potential applied to the

25



through the OLED particul ate. Likew se, the shell of
the OLED m crocapsules 5 are relatively |ess

web@atud7énl | y conductive than the OLED nat eri aPCT/USHI03/037040
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so that the OLED material offers a path of |ess

el ectrical resistance than the shell. The typical OLED
i ncl udes an OLED conponent that is a hole transport
material and an OLED conponent that is an el ectron
transport materil. In accordance 10 with a fornul ation

ofeldda@dbWENHAsY ehrbugr the asiel faterial) evisdtehds sﬁmmeldc&&al an
OLED conponent material _that is either th
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optical properties uring use of the OLED device that
are transparent, diffusive, absorptive, and/or
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| NpArRY6d naidiafriat e intdr@hhhiss dAlisombestapalld ﬁfclddhélﬂle OLED
reflected fromthe display to reduce glare. Al so

degrarifingt Baeriddhedniesithar oh therhole 'ﬁ@seaﬁt maggriapandsihe glectron
?‘”t‘?ar%%ﬁéﬁ %‘tﬁgag tsb\%/; ﬂ{glad% g {Iﬁh%@g?ﬁrllqggﬁt?{s%?g% Gfriddled

COOLEDI ddviee, therdtrzt mmtermi cal iecdeldoosal soeharigyas 2ptitdl mmmmes
the volunme between th i xels is

t. In thi
IcoﬁerFI%I 46 0% 115 PREPSKICE gk At ATATRATT Hai T e AoR QIR ve: and/or
b elte‘ﬁ@@tﬁ\/e B9 gglp&f %}ﬁ L ﬁﬂlgotgh ﬁhﬁ%ﬂhg g)g&tegs{ cf(fqﬁ&eg‘arflé% ?clcan be

Thi s nmechani ces cr t ween
pi seddcsivelyioutdueso, thathieis GlEDligltrans midsve¢hnoagh the vnfhms: between

conducti ve than the r mat rlal .The co

o P i e et oot oS 5 Mgk S niseit Sy O hgrbing
el @gdddnaad v&hﬁ&@ﬁ&t% h&ttbeGreedfind élSctﬁQeﬂﬁ@ctﬂﬁfstcbﬁé&@hSn the
includes an electro or magneto rheol ogi cal

¢ heomérastedfi tb@ {ligplay s improvedaind gimbagnt babtrla@b@rbesltra@et than
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anthe@airfA imadtdtial @ﬁd”é}%@térﬁtla BniRPRInigeHateliA Ghdorsahte@in it, the
magnetic field. rating the C]_EDpartlcuIateto

t heelgcdige sagnef thi éar,gyes(gplgl cgu eprigplitieconduction of electrical energy
through it. In this way, the volume between the pixels is controlled to be less

conductive than the volume between the top and bottom electrodes of each pixel.
This mechanism further reduces cross talk between the pixels. Further, the OLED
particulate may be more conductive than the carrier material. The composition of
the OLED particulate can be selected so that the electrical characteristics of the
OLED particulate includes an electro or magneto rheological characteristic. This

rheological characteristic is effective for causing the OLED particulate to move
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particul ate aligning step, the carrier material volune
between the pixels will have a |lower conductivity
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5 This will also reduce cross tal k between the pixels.

I n accordance wi th another conposition of the COLED

m crocapsul e, the internal phase conprises CLED
material and a magnetically reactive material di sposed
within a first shell. An electrolyte and a curable

f | mthmrfhe edirigr ang erigiit Fphreseansd O ananpbad dieagicels magaptic field.

g?atl g?lllé Og a%t%u%t foeg}lgg?%ﬁlﬂssc%f tﬁ’e? ﬁlg(el’s dhgrﬁ% the

eI e cura I'és €to
anpﬁﬂﬂhla@dﬂﬂgﬁ@gatdpc thiei catribr niake@iap 08lutrieWatvaden thé‘l ixbls a1l have
shell is changeable relative to the second shell Upon

cuf i%’gerﬁﬁﬁdwgb than theyvlpmg betwesa tholoptang Boigm elstrodes.
f”i‘ﬁfsv?i %40 Ijég&c%tc'ré@tzgﬁ &%elt?ﬂ&l%g heI [ S | ocked in

escri erein, this
n1crocapsu|e structure can be used to 15 form

capaci tor/ OLED m crocapsul es whi ch be particularly
ef FBACP n?eo\"ltﬁé’é(’t[l?rr?oﬁ‘&‘é’éﬁt’% Oﬁaxer@ﬁﬁ.rglﬁrog%sulerm@nternal

c 0?&455 %Sﬁlgﬁgbsc‘@]%]b ndised aﬁ@a Bﬁ%ﬁét@ah? keacBlERbfePAl &%Asxd

ctive mcrocapsules for formng el ectronic circui
c owptbimemfisst shelHo rAreslestpilgte asépicuhipuibid material are dlSposed
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exanpl e, nermory, processing, transceivers, power

sufhsifiraishel nfdcl@nmbleem@@w forthe sedond shell. ddpércesingithe curable
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anglaee. bas tsams@hlﬁﬁtm deil e tiay higdcdrblertiiguft Gabe wd&d to
there between. Wthin the gap, a field reactive OLED

pafqrwacﬂ@ru%u"é@ SHEOEsPIgh mlslrrﬁwnw bppartigdasly efieqiive for use
f | iH ]t%sﬁ% 2B df@ ggn fq@&kg@o@n aaﬁ vaReLd &&oﬁswﬁ n
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particulate within the fluid carrier. The flu

caf P GRmp ﬁﬁ‘P}CQBQUCéOrﬁ:S‘F%WEHFCé e PLEP-typy pvlénxerﬁ@nd/or
deﬁio?ﬁa%@&bt%ﬂﬁ@cbﬁ’ Bnddle &ﬁﬁls@dreéag)agl%r T8 otHeY Qlegrcﬁpc circuit

particulate i's maintai ned arrier is cured t
f oelemants 4o Bune dor exapply; mestory Progessing, tttansceisers; Ipowsr supplies

ock in S|t|onth QLED particulate. In 27 WO
206%’?%2@7% 56%7’6%57040 some cases it may not
be necessary to align the particles by migration

through the carrier fluid. They can remain randomy
di pracgulanceowith theprgsenbingemipns @ metd fohforming an OLED device

is provided. A top electrode and a bottom electrode are provided defining a gap
there between. Within the gap, a field reactive OLED particulate is disposed
randomly dispersed within a fluid carrier. An aligning field is applied between
the top electrode and the bottom electrode to form a desired orientation of the
field reactive OLED particulate within the fluid carrier. The fluid carrier
comprises a hardenable material. While the desired orientation of the field
reactive OLED particulate is maintained, the carrier is cured to form a hardened

support structure within which is locked in position the OLED particulate. In
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bi pol ar particulate, for exanple, is properly oriented
between the electrodes to inprove the electrical to

wo e@ht4es7 |1 i ght to el ectrical energy conversi oPCT/ESZN&037040
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OLED particul ate may conprise a bi polar OLED

m crocapsule. The OLED particulate is forned by the
steps of first providing a first particle conprised of

a hole transport naterial. The hole transport

material has a net first electrical charge. A second
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Ilg“tlg?i receptive |layer, 1.n which case the ED fornms a

| i drete trapsp@t pategiali eTheole travsportmmiteri hpg 4 neftfisicalertiienl

DA LS ASIRERR 301 9B v

10i ndlavidgs renscChiDeleatrienl chlargan d'he €irdt Rtsctridabchangeis pébpposite
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phase or _the shell ipcludes a field reactive materi al.
Th@ofari fromyths secovd eleaical erico mbeiTssasidland B seron

\ . | . .
ﬁg tpghﬁz?é 4@ Isé}n&\glégtg%%elato%ﬂﬂ ﬁtu'nffﬁld O'LEI% ‘gﬂﬁfch}é@e haﬁ/m g2 hole

rial. dance w th anot her npositio
t hédranspeginipyerend mh clastrap stahsporttler iforteng a hetetudsestion between

conpris n OLED emtier material and other 25 .
B 8 FEy BFPrgle Ty birbe Molide fPURGRIRH Gy /By photon-
di spevSRfer Maytd dliREnABH OlhyerSH HREHIaR0 the BLIED RO Eight
bl end. Color ‘dyes nay al so be included within the

i nteantiiag devige.or@rlighhedceptivereydr] inivhiol ¢4se thet @BEDrfoemnalight

ph he a carrier fluid or solvent. In order to
pr 8%1\5?.{%8@%%%V§%ﬁ~i gnnent capabilities of the

m crocapsul es, either the internal phase or the shell

rm&;encl ude a fjeld reactive component. 30 28 WO
20041 A8 pamicrialszan sy fogmeslley micHocisapsubrbing en iiternal phase

oSSR A RS ST TR n
I nehthetetbe mtérnalsgthaéd &Dhpkhadl intlayiesra field reactive material. The field
reactive material comprises either or both an electrostatic and a magnetically

reactive material. In accordance with another composition of the inventive
microcapsule, the internal phase comprises an OLED emitter material and other
materials (such as an OLED hole transport material) dispersed in solution and/or
suspension, or a polymer blend. Color dyes may also be included within the
internal phase or shell. The fluid within the internal phase may be a carrier fluid

or solvent. In order to provide the alignment capabilities of the microcapsules,

either the internal phase or the shell may include a field reactive component.
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conprised of a first |ayer electrode. A second | ayer
el ectrode is disposed adjacent to the first |ayer

web@ansoee. A first |layer gap is defined betweR€I/UR®03/037040
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el ectrodes. An 5 COLED particulate is dispersed within
a carrier and contained wthin the first |layer gap.

At | east one subsequent OLED pixel |ayer is forned
over the first CLED pixel |ayer. Each subsequent CLED
pi xel layer includes a first subsequent |ayer

ol Boicreidance vk anser sgpase a%fé\ﬁtprqss%m@wee{af%%eﬂ OLED
d' & c%qg ?o?yﬁc?:l G Athe ll?vélﬁ@e?& adev‘fééqﬁaq& ernsE@fED %xel layer

ning a seco yer gap t ere
Ancdﬂx;EBed of péirstilgyet eleetrode. 2A saond Bayeneleeradalis dlsposed adjacent

CoROe BIEBYEN SRS ¢ EEloes) g e s e Crraes. An

OLEPEDR ¥ Gdu1i8 Yeedisimdaswikilig lﬁtcaﬁfer and EdrRdindBwahangd hrst layer
range i'n response to a drive voltage being applied to

t hgart i Atdeast agesubsé@ent QUEDapigeltlaer sssfounet] ¢y e first OLED

el ectr.ode. .Each,15 su ent X l.ayer, em t

1 BRE 1 Ea e e RS TR iR Y S e daver
t hgedlfddél MOse¢ohd s'iﬂﬁecﬂjéﬁ{ 1296k digttlobe is BSHREE ddjfeent to the first
el ectrode pairs sot an RGB col or display can be

f osubseiucE iy dielectigdel fefiningaseenglaysr saaiieie hettedge An OLED
fo | D pi xel

| BB GEMe] falof Lo SRR et Pt o

an LCD display-type | ayer or from a el ectrophoretic

m cr ocapsul e _di spI aﬁ/ | ayer along the |ines described

| " Te pehievespludleplas QLER Y, e (S gasiseiBlsseiibe st OLED

&EH%IG‘&H sﬁigﬁgbf é ﬂ%’s‘? (vavééngﬁ §eﬁ1rg'e k?r?gssﬁa{\ﬁg é& Iﬁ”ﬁh% voltage

el n, resu In a at “can v
d| be&ing albpheghd) tieUinkt Igixdr edactmédz bndathe wedoind |1:Iyrer el¢ertode. Each

t d nbi t 25 t
F AT L .
bergp Rt dethe dPNilf%'\/cﬁﬁ'gé dé[ilﬁﬁtto R Bt eU@ro88 s so that an

range having a col or an light intensity different
f r Bl dndorodis ey eamdyediorthedght i ntensity of the other

OLED pi xel layers. In this construction, the display
can be driven, for exanple, as an infrared display for

st Badiieh, mlgmtomahs, 1 Bt ¢mcel foftfed aPacét (Wehe last subsequent
2004/ 046767 PCT/ 037040 Further, the inventive

OLBbEReRixeldaysin ﬂaé tﬁbmm@tmmzaeléweagart s fgemedt from ghiCD
It ﬂfsgﬁgg%@n QQY‘%VOS E{&?ﬂ a gfekgox{@géﬁqréfacgbecgﬁst‘ﬁg r(ﬂ@}%}%la\%xt :Iﬂong the
patihdsalskaitedaf tte 6,50,687 BIL bhiepi ixsled k@ Jebbsdl Thisaithromatic

¢! S&%lr lla§§| asec&escr?bed more fully herein, results in a display that can viewed in
direct bright sunlight as well as with improved contrast in indoor ambient lighting
conditions. Further, additional subsequent OLED pixel layers can be provided
which emit light in additional color range having a color and/or light intensity
different from the color and/or light intensity of the other OLED pixel layers. In
this construction, the display can be driven, for example, as an infrared display for

stealth night-vision applications.
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in response to the reception of photons and applies
the electrical energy as a 5 detectable signal to the
wo poogt4@ed second | ayer el ectrodes. Further, aP€TiB2003/037040

color CCDtype canera can be fornmed by tuning the

wavel engt h range at which subsequent |ayers of OLED

pi xel s are photo reactive. In accordance w th another
aspect of the present invention, a method is provided

10 for making a light active device. A mxture is

Pr @yiflgd tt&%lﬁ@itil@la o b A0 B be%ﬁfikﬁ&ﬁ"so actd defect light

mat eri al. ht active materi al “contal ns at
onémpinging @nepigyt driot forghd imetcerdande Wioh thermprésennigvéntgint In this

in response_to an applied el rical. energy and a
e PSP EBDgadialHie ok Pt PP S8 eraemig e rberpbsterey
enel pbilke t6 ﬁ%&@éb%lﬁph @f gﬁ&@ﬁ’é #d DPlies'the BRI net sy as a

sel ecther cross-linked in a pattern to 15 forma
5 poldgiretableAsgiiah® the biss-ahd sédong layenelectordepr Bnttes sefill dohe

no r mgrates .in.response.to,the selective .
o1 SRR G R RTE S Pk P e Y SgRet Faneg gt which
NDOREIRGué 1BREYTRIDEB Mk dld e phofdtefeivbve material to
becone ‘concentrated in separate regions. The end

result is a solid polynmer with |ight active regions

emhedded..i pattern carr onding.tao the selective .

cr AL SEERlePr SRERbERR B FIRCAELMRNBIIR AR ffovicea
10as gecinakihg hhighpacise devicey Anhix@ie igprbiidbd catiihing adavidifer

is provided. Light active material is ?(ovide in a

f i ragfl lightachive matgisl.y g light aciyowmpigaal Gontainsss desgigone of a

reqi oy Lyoefei.s. F tivel y o -

Cr anSity R IRERERRT sk SR PR B R ¥R afnlicd lestrical

norenery aadd radietion-ghineagt muerialbindrgeatratiddelddteical energy in

sel ective cross-1linkjng causes concentration of the
| i gAIPOHRS qox}’é“a‘i‘é?‘é‘ﬂ Eﬁle Onoffﬁélsfsg’regtf" %@ﬁoéﬁﬁ}l%}%l 1g a pattern to

15CONGAAL! @Igjn\%!?.t ,§£ tHeRGo RN regétio]b fb?%ggss%eg %éltﬁeﬁ&ﬂer thi¥rates

accor danc anot her aspect of 't presen
i nvemngsponse ta thepteleotivé sropy-bnkidg datterprecansifg thg caodsilghtd
emttin evi.ce. The jnventive ste i ncl ude provi di
o SisBRE o aniepranhe Y3 EBR breeircleavered f
t heepahicQB3isH) STHeANE redY i§ HisSIBd ¥SlymbANRN liht 44O 8S86hs
over the bottom el ectrode. The em ssive | ai(er_ i ncludes
a Zmbaddehinsy wismecrrRSIUNISRON IS aige civssclinkiag pattern.
20di spersed OLED particulate in a nononer fluid carrier.
The nononer is selectively polynerized causing the
OLHp apevrlianes atheanothee aspeeindithé fresdnd irB@hS6, WighegitiaBdevice is

and the cPol,yrreri_zed nmonomer to concentrate in )
provided. Light active material is provided in a first region. A polymer is
provided in a second region. The polymer is formed by selectively cross-linking a
monomer from a mixture containing the monomer and the light active material.
25  The selective cross-linking causes a concentration of the light active material at

the first region and a concentration of the polymer at the second region.

In accordance with another aspect of the present invention, a method is provided
for making a light emitting device. The inventive steps include providing a
30 bottom substrate, with a bottom electrode over the bottom substrate. An emissive

layer is disposed over the bottom electrode. The emissive layer includes a
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pol yneri zation regions. 5 In accordance w th anot her
aspect of the invention, a nmethod is provided for

woraloitoge7ar | i ght emitting device. A bottom subsPCHUS2003037040
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provided and a bottom el ectrode provided over the
bottom substrate. An em ssive |ayer conprising a

m xture including an em ssive/ nore-conductive materi al
and a non-em ssive/less 10 conductive material is

di sposed over the bottom substrate. The m xture is

S ehBeirk b h Yigpaist€ OB patsilng if Beionomer fluid carrier. The
em ssive/ nore-conductive material to concentrate in

erfNQRIme ip seivelynrdymeiized saudng dei QP padiculgirdgconcratrate

o B0l BeighO P AL Erd Do AR B BRI U Ldlngs. 19

I | palghéddagion aggiembodi ment of the i nvent ive thin,
lightweight, flexible, bright wireless display having
conponents capabl e of bei ng manufactured by the

MpeRtdMendi \%5{ motlflé'i‘ Rg Oée%%f e 1%5@&9 a rﬁaﬁ(‘m RPrdAged for

SI mul t aneous mapped hypér| ontent, a
vimdedpp aﬂughtsd:mﬂtamg dﬂvwlcea KAbotawo aststra is provaded ag0 aFFJlogume

2 illustrate art cle of . OLED materi al .for

G et R e BT ety it b eoh s S coRPHRE &

I %ﬁdﬂﬁﬂe\lﬁclﬁ’cﬂlﬁg bR¥miRREIEGE 18R RERVE ﬁ;hterﬁu e @né’n emissive/less-
illustrates an inventive mcrocapsul e conprised of an

i moeidnqweph@ts@am dlspmsabomtb@ beitora sebspraiel diheaniwiurtiisn a
she | lustrates

DR erfat R rmed A i il R B SRk FlleritBeo

pr@ﬁ@e@fatan&auaﬁb@fdgwns QnE e Sidhaingieki i/ lebd-BoriuP@ve/mBterial to

shell; Figure 5 illustrates an inventive m crocapsule

co??@?@fﬁéﬁﬂe Bfnog-gIpissive FigiMScapsul e i ncl udi ng an

i nternal phase of OLED material and nmagnetic material,
along with a mixture of electrolyte and uncured
NOBREEF DIES CREPTEQN OB THIE DRAWING Sr0! ymsr shell; 30
F| ure 6 1l lustrates nlnventlve m cr.ocapsul e

presleilugfatghan ¢p (R dlaseingpntiveyth p gtiteizy, flexible

L g AR b

c onrlpcmlv(el dnspl&seﬂabntzéwnfrmthmdmmmg dheasinieBameeds display of
Slrlglgégr,etd& pgrhtnﬁt%ci ﬁ?f{{?rggagg@gc})pg]%ng Etge{a(r)r{ anc{ne ‘grr(])ggclagta'fV stream,;
Figure 2 illustrates a particle of OLED material for being dispersed in a carrier
fluid in accordance with the inventive display fabrication method;
Figure 3 illustrates an inventive microcapsule comprised of an internal phase of
OLED material encapsulated within a polymer shell;
Figure 4 illustrates an inventive bipolar microcapsule comprised of an internal
phase of OLED material encapsulated within a polymer shell;
Figure 5 illustrates an inventive microcapsule comprised of a first microcapsule
including an internal phase of OLED material and magnetic material, along with a
mixture of electrolyte and uncured monomer, all encapsulated within a polymer
shell;
Figure 6 illustrates an inventive microcapsule comprised of an internal phase of

OLED material encapsulated within a double-wall shell, each wall having a

31



Figure 7 illustrates an inventive m crocapsul e
conprised of an internal phase consisting of a

worzootionegenf COLED material with other conponent BCHUSES3/037040
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to tailor 5 the electrical, optical, magnetic and/or
mechani cal property of the m crocapsule; Figure 8
illustrates an inventive m crocapsul e conprised of a
first mcrocapsule including an internal phase
conprised of an OLED material, and a corrosion
bagf68si ! f R etbcMdall ioptidal PRLYEBE and/
DR 814084 o by FIFRESU AL S LD e PRLUERE o
conumhaﬁdﬂgtqummbth&nuﬂﬁuﬂ$ukio n1crocapsu|e structure
rein_layers of .corr.osion barrier ri.al e
enEigput7 TR i HeBhrS hitoSRaIl SOMPRIFH  iRteiabphase
Phassi @i s e BRI bf OILED hh@HABYHP othb? éb?ﬁﬁ&kﬁt% sa as to tailor
i nkj et - type or other nozzle fabrication nethod
f othrei adeptrieal] epfisal, ofag@itienndior mpchprg el @somrtwéﬂmuwrocapsule

! ikl 8 ittRtes 30 e PR fiE bisBlited Tt Gmigrdeapae

a Gadl@fn dg’lén Imélﬁm%hab@édﬂn]ﬁ[sed bf mw@%ﬁmw aid h @frrosion
el ectrode and a bottom el ectrode; ure 12

|b | bewicr arateyiad.cdl engagsakpiedouithin g wiml@ré ellifor fornmng a
Ff‘g‘ﬁugé ggﬁllﬁ’ﬁ‘trl%%‘s%ﬁ e HGH& ?nﬁé %@pﬂéq%pdf%ym@hf%{é A

USET at 65 an 1 Ave spla rica
| i ReEcloshprgicmaictuas wﬁémtn layess of mrrcfswnrﬁalﬂ@er\tﬁite@al&re
stratumof a thin, ghtwei ght, flexible wreless

di §prapyulated vty pglyanfr shalky é"tlﬂlaetn&teé_‘lﬁﬂl phrew! S magsgial;
e SORRERALS Bp MSHSNY G QIR gL RrREROY RHG8 4 foining
15 ailhyew sf OAEES nacrobepisules tispartadreitiah aClghPeurblele ocapaitk esrier;

for din accord nce the inve e OLED device
e | TaRh Gan e ol L e SRb e ST reviegh or

(l %Qn%hi%? ba¥ick AlspB& bRt AeE At8R BB rdel MdtaBtiodPelectrode;

i nventive COLED device fabrication nmethod; Figure 17

i | Figue a2 eﬂéusérat&ay@decwabn@amucstatwes fﬂrcfmma@s bheier patected
for ' in accordance with the

(A p RO aERElE Fiiey wh Mot roar Croc o' 18

I I IRisiré 38 @sustiages bh ﬁmhn@@d@ﬁlaﬂa%ﬁcm&ﬂmmgl 1Bo@ll& Bstions
formed on an  electrode |ayer; 30 Fi glure

i | Ifersformingevarines steatwtor @rhias Lightweighi, Slexiblepxinelesschislass

20! OFIRA. BELIRE o< LIRAN A MOLLOTH BPS8dG s RYE Hire et in

accordance with the inventive OLED device fabrication method;

Figure 15 illustrates a chain structure of OLED microcapsules formed in
accordance with the inventive OLED device fabrication method;

Figure 16 illustrates a full color OLED display formed in accordance with the
inventive OLED device fabrication method;

Figure 17 illustrates a layer of conductive microcapsules for forming an electrode
layer in accordance with the inventive device fabrication method;

Figure 18 illustrates the formation of OLED microcapsule chains formed on an
electrode layer;

Figure 19 illustrates the formation of OLED microcapsule chains formed between

top and bottom electrode layers;
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Figure 20 illustrates the formation of CLED
m crocapsul e chains within a cured carrier for

wo eooriomge6rn corrosion barrier; Figure 21 ill ustPer/@s2083/037040
full color display formed in accordance with the
i nventive OLED device fabrication nethod; 5 Figure 22
illustrates step one of an enbodi nent of the inventive
OLED device fabrication nethod; Figure 23 illustrates
step two of an enbodi nent of the inventive OLED device

f apfgu et PRsHRENDE formBieh ©f &LED hitibEpkels cﬁilﬁ@w‘ithfnaﬁcured
of an enbodi mrent of the inventive OLED device

f agariienlor rrmring h@@ll‘romlgbﬁféeIZS i |1 ust rat es step four of

anenho nt _.of nt| . .
F A BRI RSBt e GO K5 IFeq wit prejuveppive
anOemEpdividntabatationendthwint i ve OLED devi ce

fabrication nmethod; 15 Figure 27 illustrates step siXx

5 of Figniree2ibiblystieiag step ongel qnrppehadiment of Hrs igusptive OLED device
fa%%&&ﬁdr&ggghh()d Figure 28 shows a magnetically
rve

reac nM crocapsul e for formng a capacitor

QE@ut’e 23 iluapated seprividiof dneenabddinemt@f theeinderitive rGIcED Hévice
ure 29 sh%\f/;rs a magnetically reactive COLED
icalpuPethedy forming a 20 capacitor OLED

m F\féﬂ&ﬁ@@ﬂh@tr%é ﬁell() AR SR dfthé R B ihi&liSe ULET? Hevice
on t

uncur ed ectrolyte mxture; Figure 30 shows
10 a febgretioncakibpdy eacti ve OLED mi crocapsul e for form ng

a1 FReS HRialer bt GEBRPhSaitish el 6 BUPROIG EED device

M xdovciort@efiogur e 31 shows a pixel conprised of a
chai n of capaci tor OLED bei ng charged by a charging

voFI@lgfe% Rluguates g2p §iMowsamepboditeriophe kwentbfe QLERaevice
Ci tort OaED being triggered for |ight em ssion

byfagmtc%l%ng@F ol tage; Figure 33 shows CLED

15 M Eideaps Uleatkand Bixyofdh pBosigtnybt the invenfile OUBEDdevice
Sofall%%rcgggnaglegmgar rier fluid; 33

Figure 28 shows a magnetically reactive OLED microcapsule for forming a
capacitor OLED microcapsule with the aligning field turned off;
Figure 29 shows a magnetically reactive OLED microcapsule for forming a

20  capacitor OLED microcapsule with the magnetic aligning field turned on with
uncured electrolyte mixture;
Figure 30 shows a magnetically reactive OLED microcapsule for forming a
capacitor OLED microcapsule with the magnetic aligning field turned on with
cured electrolyte mixture;

25  Figure 31 shows a pixel comprised of a chain of capacitor OLED being charged
by a charging voltage;
Figure 32 shows a pixel comprised of a chain of capacitor OLED being triggered
for light emission by a trigger voltage;
Figure 33 shows OLED microcapsules randomly dispersed within a fluid but

30  hardenable carrier fluid;
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WD 2004/ 046767 PCT/ US2003/ 037040 Figure 34 shows OLED
m crocapsul e chains aligned within an applied aligning

wo c@ka4d76T med wi t hi n unhardened carrier fl uid; PE/Y8I083/037040
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35 shows OLED mi crocapsul e chains aligned within an
applied aligning field held in alignment within
hardened carrier; 5 Figure 36 shows the OLED

m crocapsul e structure shown in Figure 35 with a

drive voltage applied and |ight being emtted fromthe
OFigdrev34 slorefSLEP michavapsstle Ehagnsrig8@d vithinsanr applisd aligning

fo rm ED i cul ate having a hole
?Elﬁﬁsfgf}??& Wé‘@’é’rufﬁlﬁb‘%%“c]‘éﬁﬂé@f@‘aﬁ transport |ayer; 10
ISP e3 $Shdvd OBEDAhRSoRApsiS BRshs Bionb® (withMarPdpplied aligning
ence(lfsul ated OLED parti cuI ate, Figure 39 illustrates

afieldrhed gy @mHMHf withinfyrdenad catriet;ayer ed OLED

P ot Shin pF 2 pilerobanstd® e Bad B8 Mt 7 i o

i Idhu&bémg@&p lidchadddi thft 8ping Rufi@ddfir i@ tide OLED micdy@bade
CLED particu at e; Igure 42 schematically shows a

f h#ingol or OLED di splay constructed in 15 accordance
W 15181]1116@9 iRh&SERt, m@%&‘h&r‘%&mlﬂg% '&%‘ﬁ]ﬂ ?al"?icgl'a&l}fagﬂ:%td Kole

I"ayer for inmprovin contra
pmmspoen‘lﬁyexlaedcay elmdoni tmn@ba\layﬂ:lmg d| spl ay viewing in

F Gigre 3 gfuskene anesBiLr Giaive srenerpm oL B parce
gll_ﬁl':%{ T Bl S QNS OE nf '1?%@&(1&914&51 dhbfshac:

20 Figure 4 tical shows
f Wigwre 40 dius@rEDa decpd atepsh dwminga ﬁ\@m-ﬂ@etkﬁ, OLEqurtmglate;

t rel e tr h of ref]ecte dn

{ W e S SR e by B Pt PR ES DBt
MRGARRE Ug adHeaBiehily éhoWs BRI CGIR CAREY gy glary%aﬂgmcyed in
di spersed wthin a fluid but hardenabl é carrier fluid

alaéwjdamw withelbe present ipeentipendhaying 3 dighgometiadisslapeyer for

e ac ED..m croca
=R BRpleY <R R F ERET ot R i e oty
V\Avﬁetwlﬁghh@mgmlga;ﬁldgemed carrier fluid;, Figure 47 shows
t he magnetl cal | y active OLED mcr ocapsul e chain

alfiighed’ seiemmtinalinehosysihe 8- ff?é@r@éﬁ@ dasnlwmgmfm Slighre 42,
h
LR 0 gRRRh R L L o N S8 8 G 1

mEigure a4 scHeenasicaliycthowe the fulll- ddl@’rIDLED display shown in Figure 42,
showing the relative strength of reflected light depending on the dichromatic pixel
orientations;

Figure 45 shows magnetically-active OLED microcapsules randomly dispersed
within a fluid but hardenable carrier fluid along with desiccant particulate;
Figure 46 shows the magnetically-active OLED microcapsule chains aligned
within an applied magnetic aligning field within the unhardened carrier fluid,;
Figure 47 shows the magnetically-active OLED microcapsule chains aligned
within the applied magnetic aligning field held in position within the hardened
carrier;

Figure 48 shows the magnetically-active OLED microcapsule structure with light

being emitted from the OLED microcapsule chains;
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being emtted fromthe OLED m crocapsul e chains; 34 WO

2004/ 046767 PCT/ US2003/ 037040 Figure 49 schematically
WO bdoussg7ar es a full col or OLED di spl ay havi ng PCTIS2003/037040

intensity visible light display |layers and an infrared

di splay layer; Figure 50 shows an OLED displ ay | ayer

and a liquid crystal display |ayer; Figure 51 shows an

i nventive CLED di splay fabricated with thin filns of

; d
R Lo R R i R
m aliaiap Sike Ry diplayt hages hed bn ﬁrﬁfrﬁéd dibply ldyes S
conductive than the encapsul ated OLED nat er gygure

53 Fighiong0 ghiovoLamd ERdwipsiaye apf el mga
rmg?gyreajjl UfwsSRGAPSHINVE RSB ldﬁgﬁpr‘e‘f’ht?{ﬁafé'& vﬁltl‘gfgﬁrg ﬁ 14 & organic

netic inner mcroca avi ng
5el egkdriat aﬂlﬂh)phbfdﬁlﬂﬂeaﬂicbrvﬁembﬁb Iand Ehcgude&ecﬁén :plivmhsle&rmn@. ED

m crocapsul e wherein the CLED npnteri and tp {1
t r AP E SHATYSHY %LEQrfélcE‘?fﬁP%ﬂl%ggeﬁeW @BP %e&t Yﬁf’?‘? a
c o@QMﬁfchV@ 1Sh %elhen\%gf)sgli‘e{tﬁi OPEPNRNE ikihe O-ED

m cr ocapsu es s Figure 54 including a
ma fixetre 63 lshqwsant @ILEDITHiCECanBWI@WﬁCI@m tbe Qi-ﬁ) matelrhbls

I nner heat material in

shenrarbn abnee i n AEsttal Sn A sERHT i BirabitpidPrate having
105h%%1écﬁlcﬁl§m{sﬁla§<}es&¢1d for creating a general

lighting or display back Iighting OLED device; Figure

57 Higdrei§# nslauvessaraOLEErmmc@mule wheseirbthe Q&@)ﬂdﬁiﬁgm a@d the hole

fzgt%rg_alpg;%):rtg%%tgn?l ar%lc%r}%%lgﬁcﬁ) ar 1:1,)[51% thH a%ogcthwt 0%?1{&119' d;
COmAREess Sh@fs @B GIHD %ﬁcro\b&p’&dﬁ:@ lsl@dwdn th l’i@hl&)é%iﬁ&h&lﬁg a
using an OLED display; Figure 59 illustrates an OLED

| i ghagnetsallyiagvemaiesit andmolindye o therenes Phase aer Bent meffable

em havi ng a conventional |ight bulb
15 Zﬁé%egtngkh%@gﬁ’ﬁ gure 61 illustrates an OLED device

f abﬁgﬁaﬁedllmmg tﬁd QhEDenicssiapsuld shosvmsindiighre 54 ghd for creating
det ecti r;g | ayers; Figure 62 i llé:“ﬂéi{tibaé es stereoscopic
goggpcasrah gt Qydisp!ayehack gkt FiGure 63

| 'Fig&ré ah qﬁus@ratés Otk S HRAGH 18 1D DAY FatRicahtt B Weis

t hat “conpensa

partof a Vehlcle w1ndsh1eld

20  Figure 58 is a block diagram showing the basic components of an active
windshield display system using an OLED display;
Figure 59 illustrates an OLED light emissive element;
Figufe 60 shows the OLED light emissive element having a conventional light
bulb form factor;

25  Figure 61 illustrates an OLED device fabricated using light emissive layers and
light detecting layers;
Figure 62 illustrates stereoscopic goggles having OLED device elements;
Figure 63 illustrates a flexible OLED display having a curvature that compensates
for the human eye’s range of motion;

30  Figure 64 illustrates a flexible OLED display having optical lens elements for

focusing emitted light at the appropriate physical location within a human eye;
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for the human eye's range of notion; 30 Figure 64
illustrates a flexible OLED display having optical
wo esvg/oed7errent s for focusing emitted |ight at PEEUS2003/037040
appropriate physical location within a human eye; 35
WO 2004/ 046767 PCT/ US2003/ 037040 Figure 65
illustrates a waparound visor having a curved,
flexi ble OLED di splay and speakers; Figure 66(a)
illustrates a wall of a house having an inventive CLED
di SRuay6s5 WiukEees a igpavdundanoddbvigg dicivend, Bexitts QIEbdisplay
transparent with trees outside the 5 house visible
t heedigpteakei& wi ndow, Figure 66(b) illustrates the wall
of
nETRe A PR 4 B LPY BB AR Pl SR EILEE) S5y
Si mithdcan ehnm1ndlod/elm1n§drrmmolanm biliragpaieoewitip treeseoutside the
conmuni ¢at i on, él ernet web page and a television

5 pr BgpseHisialg ﬂFiPE;}&IF °FHPEIVi | | ustrates the wall of a
CMQ R rd) @éf(‘bﬂﬁluts{}%eé RS SR o8, }gﬂ@ﬂh@{h@{nve\ﬁ‘uog OVED 8iSplay

ow bei driven so as to be a mrror; Figure 67(a)
il hmsdcrvatthcswiﬂdewm&can@n soras éndisplay frivdtiply Ismmliangels video

Lgrﬁﬁrg%a:r% gr{cil.@&r?g ggg%}elmnle cpg{xglu%%ﬁigo UI{Q eé%eg Seés.j)t(agg ancP ! tefevision

il St es t he canoufl age system shown in Figure
67(a) wherein the 15 display area has a curved

10 vi &mg 6k Hiustatguihe Vel ) hupybavieg e inveative OLED display
'nen fle becl th art of a
;:a\r{?ﬁﬁ 3@‘3%% rr?efl%%’ %Véﬁl(rekr%sagrtf%g ?éﬁ?ér’gﬂd) shows the

ré 6%(al lIRishegthe ar® uf hingeemiietfXiBd tinge foPmbl AJsplgy as part
67(b) in use; 20 Figure 68(a) shows fhe use of

f | okpispmouilagsrysiemdhs 2 ¥ehigle, Syshap 3 militagy @ehl i ght -t o-
en%rl e %V@g At fes BR Hoﬁﬂa bl i e a‘f(b?Wh rein the
( 8) s a ocﬁ

ary servatlon rone; I gure
15d| alggpaaynarédlumtarcmlrvadgummg aggast em el enents of the
militar

Fl G B9 ROLH Ea eSS AT BB e A UG JSEY gepar of a
A et °9§$§‘§.9%“p2952d W thin & conduct i ve
carfiguwe 67@) ghowes 10 invehtive clathing camailopel Systame slgfwit indrigure
i nv&%)iix%sé;i ght active device show ng
20  Figure 68(a) shows the use of flexible, lightweight solar panels as a sunlight-to-
energy system for powering an aircraft, such as a military observation drone;
Figure 68(b) is a block diagram illustrating some system elements of the military
observation drone shown in Figure 68(a);
Figure 69 illustrates an embodiment of the inventive light active device showing a
25  semiconductor particulate randomly dispersed within a conductive carrier;
Figure 70 illustrates an embodiment of the inventive light active device showing
the semiconductor particulate aligned between electrodes;
Figure 71 illustrates an embodiment of the inventive light active device showing

semiconductor particulate and other performance enhancing particulate randomly

30  dispersed within the conductive carrier material;
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the sem conductor particul ate aligned between
el ectrodes; Figure 71 illustrates an enbodi nent of the
w0 noogfosd76e | i ght active device show ng sem copdYOBI03/037040
particul ate and ot her performance enhanci ng
particul ate randomy 30 dispersed within the
conductive carrier material; 36 WD 2004/ 046767
PCT/ US2003/ 037040 Figure 72 illustrates an enbodi nent
of the inventive |light active device show ng
di fFigpent? dpsioitessangimbndimentof theghvenive ilight paive devitashowing
dis S within a canrier . material: . Fiqure .73 .
| T OEEREF wleles OB p el f i ERaiy Bl inetisevifip psrrier
fr omw@riple! ymer blend; 5 Figure 74 illustrates the
pol ymer bl end organic |ight active particul ate
di s%‘é\df@e@ illppteaigsrnpreghiel gghti agave partifle forn@iddame a pslymer blend;

T AR P O

i || wighihat@adactpelcgirist; bl end organic |ight active
particulate having a field 10 attractive constituent
f orFigiegisi iHYstaes thapelveesblend arsaaici light Agjiveinartiple shogimaplight
77 jdilbuskLat es conposite mcrocapsul es containing
multilayeréd organic |ight active particles, each
haviggred/ 6dilfiftentesret pdlymbit blewd edgenig tigheadtiss paticalaw Hasing-a field
on voltage; Figure 78 i)l ustrates. another cqmnposite

107 HHRIBE RSt i?rrﬁ%ﬁamﬁﬁﬁq Pagle i ean aligiing Gelii ¢ 1 ght
act : s ! - .
o o R o OB B R avorpd anganic
| i glight eetitet panticles, cadcaying diffprent Bght vervelengthemisson and turn-
hayéng)%’purn-on vol tage controlled by the interna
phagé éoﬁﬁbsition and the encapsul ating shel

C onpi@iet 780 M st it @Lin6tiBP cdthpdsst At @SRRI AR HultRhyered
the inventive voltage controlled light 20 active

15devoreanis Hehi a4 ve Rartislsyié dasteoneihavingapfiald ettipetitd conbtittient;

ra ' ithin.a carrier; Figure 81 .
iU FZPS@%%%?E%&W%&Q%IH%‘?H& Ricrocisyle F%Sle%‘?af‘éé%e‘“es
cortiavirlg airh-oghbltagecdoniellcedyi ©e ixbawl pithsé BANFRIRASINdShe
nicrocapiyje Barticulate al i gned between el’ectrodes;
25 ACARAEAIAE Shell RPN t he retinal response of the

hunBgu:2%9 il18stHRMEISRBJATn&: of tNhventive voltage controlled light

20 active device showing the composite microcapsule particulate randomly dispersed
within a carrier;
Figure 81 illustrates an embodiment of the inventive voltage controlled light
active device showing the composite microcapsule particulate aligned between
electrodes;

25 Figure 82 illustrates the retinal response of the human eye to wavelengths of light
in the visible spectrum;
Figure 83 illustrates the inventive primary color burst driving method for
producing a perceived full color image by the rapid and sequential bursts of

primary colored light emission;
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in the visible spectrum Figure 83 illustrates the
i nventive primary color burst driving nmethod for
w@e@doei7ey a percei ved full col or i nage by thePeBpPsZIN3/037040
and sequential bursts of primary colored Iight
em ssion; 37 WD 2004/ 046767 PCT/ US2003/ 037040 Figure
84 illustrates the inventive retinex burst driving
nmet hod for producing a perceived full color inage by
the rapid and sequential bursts of colored Iight
em Biginerds ifugtite 88 invehtind re@hSShirfiQirivineenbth¥ e fadiro@icatt a
color burst driving nmethod for 5 producing a perceive
f ulRergesyegrfull palps imgee bethe spnid andhsequentird huisty ofsolosedslight
adjaﬁﬁﬁﬁwcolored light emi ssion; Figure 86 is a flow
chart "showi ng the steps of the inventive method for
f orfFigmg 84 illmsttatés| thy Grvenkiver giusted] dol@urad dtiving i@hed foal
artiguLate; FLgurf 87 illustrates a | ayered organic
i ghpdudng ¥ eetheived | coberimage by the mpid aad seqpenty hupgss of
CONYiNGd (Moredl 1:8hPahisdiGh,e of hole transport materi al
with a particle”of emssSive |ayer material; Figure 88
i | | Eigureddoas afloe ¢havieshbwing theestapdofahe froventivegmethbay@rfetning a

organi.c light active materjal. particulate froma hole
o r ansere sttt e kiumai hReuryae] ayer
CONikhile WTNHlustAresk 1846:8d 8ahicl116Rt 58 SnAeridl bﬁl‘tfcbﬁggaelfoﬁged by
organic light active material "particulate "forned by

16 hethe eeminirglingpl efpastidiagidiadel trpaspoit ohagertel Wi separticle of emissive
trqgggor&/e 1ssive layer material with a particle of
el eC{F oY hsport material; Figure 90 illustrates the

| NVEIRGe\88 ilTedthiet tbé irveritie8etBod bt fomlidethfste@ bARARQight
light. active material particulate froma hol e

t r ATEpOMAeEiH Batigelatefyan abeledranspsheonsidienirand2@ emissive layer
el eehk@ledir @nsport constituent; Figure 91 illustrates
a layered bdrganic light active material particulate

15f orfigute 8 illohmtasermiltiglayergd ofganichipht hdive niftedd] akiclite
na%gria wi.th a particle of electron transport
mat ‘@FRed by Begqrunigsling of isleyered gartiple of holedtangeorifemissige layer

of HALFANGitR, §1¥i%feecg RcHBR kndpbofHhatéayact i ve materi al
particulate ffoma blocking constituent and an
el dageroPOtilestspsrtbe inventive method of forming a multi-layered organic light
active material particulate from a hole transport/emissive layer constituent and an
20  electron transport constituent;
Figure 91 illustrates a layered organic light active material particulate formed by
the commingling of a particle of blocking material with a particle of electron
transport material;
Figure 92 illustrates the inventive method of forming a layered organic light
25  active material particulate from a blocking constituent and an electron transport
constituent;
Figure 93 illustrates a layered organic light active material particulate formed by
the commingling of a particle of emissive layer material with a particle of hole

transport material;
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constituent; Figure 93 illustrates a | ayered organic
light active material particulate forned by the

waeeowmiomgbt ng of a particle of emissive | ayer nBCEUSEN3/037040
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with a particle of hole transport material; 38 WO
2004/ 046767 PCT/ US2003/ 037040 Figure 94 illustrates
the inventive nethod of formng a | ayered organic
light active material particulate froman em ssive

| ayer constituent and a hole transport constituent;
FilGarre 995llpgtratpstthainyentivermethod difpening adeyrrnd organigHight

act j.ve terial. particulate.5 formed by th

c Rl PRl Y o b e TR PO ieR T ang el s
t reanspesdt; material with a |ayered particle of

em ssive | ayer/hole transport material; Figure 96

i |Higwe Pqtibestiafes o rﬁvlélnhayqr@c? pEgehiedight adtiye maateriad particulate

L —

c anatiidlweittt a Bydred pahidleof eraies ROTak éAN61S hivpoltayRérial;
constit eqt; 10 Figure 97 illustrates a | ayered o
orig&He Q0 1ilytates the ipventhtednstipd plfiorming aanultirlgyerad opganic light

theucomatergl | ﬁﬂcﬁgteefrd?ﬁﬁﬂ&kﬁﬁg%ﬁec@ljoﬁ ltgngﬂ)trtr AfkdithEnt and a
I I sport

material wth a particle of eFectron tran
metode ralspofBlegusseved8ydriconsitvant;es t he i nventive met hod

f_.f ] | d ic. |ight ti mt eri al
o ettt oy afte S T arpEpaani it e mitrral PuteHeUAEmaby
elggtsBinglnglof ApaRRd o948 Elﬂtltalblt%fét matEHAUW #h ﬁé%rgrc}eacif electron

illustrates a |ayered organic |light active
pdranpast meteritr med by the conmingling of a particle

of ..em_$si. I nmaterial wth article of hole,

¢ s B8 et (RRR oot ok PrBlieufuded prettic Tion

| nieand mueriehdracuiad ok B Arhde tetktRiamhEarl 8ktkor20
active material particulate froman em ssive | ayer

cOFEsPAULieNstiigata hol e transport constituent; Figure

104 ill i - J iC. hi t
A P RSBl b
| aecatmpaylingof @ paftidié 6f dnigdive BOéd @bl QG @Particle of hole

transport material with a layered particle of em ssive
| fASsPRbPeteifrinsport material; 25 Figure 102

Irrljfl*lg‘lﬁ{a Irl g?/ g;ﬁlggrla%rs g%xiﬁgéﬂt% A0S 18imihe récht}%gedaorganic light
active material particulate from an emissive layer constituent and a hole transport
constituent;

Figure 101 illustrates a multi-layered organic light active material particulate
formed by the commingling of a layered particle of field attractive/electron
transport material with a layered particle of emissive layer/hole transport material;
Figure 102 illustrates the inventive method of forming a multi-layered organic
light active material particulate from a field attractive/electron transport
constituent and a hole transport/emissive layer constituent;

Figure 103 is a cross section of a coated cathode fiber having a blocking layer

formed on the cathode fiber and an electron transport layer formed on the

blocking layer;
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l'ight active material particulate froma field
attractive/electron transport constituent and a hole

WO e@asposT / em ssive | ayer constituent; Figure RBOBUSE03037040
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cross section of a coated cathode fiber having a

bl ocking | ayer formed on the cathode fiber and an

el ectron transport |ayer forned on the 30 bl ocking

| ayer; 39 WO 2004/046767 PCT/ US2003/ 037040 Figure 104

is_a crogss section of coat her ving a
hoFiGute A £10% SR of B RE0T BHPLEH PR ABORE £ Pty e hyer
eNtormbd Bn Itlﬁzya%'bdé BHERLIOH dnhiSsitOlaferlfoARSPS the hoRMEAnsport
Figure 105 illustrated the coated cathode fiber and

t hieyemwat ed anode fiber twisted 5 together to form an

e fiper: Fi 0 t hod o
PR s e e PRiec ey Gnd Tiscprod 2hogdeg Wisea
Ma{REhal to foird dh 8mlddfvel fiheg SChematic view of a
fabrication line utilizing the inventive OLED

paanurml%t@pwe aduehod for captitigean elgokode wire MittFpiganie ligbgactive
ws the step of printing an el ectrode pattern on a

po ?/Vllr%e mgfeHa substrate; Figure 109 illustrates the
ex paigerd 78R sthdtaioge of wetnicefi@ClideadiinigthagoentanORED
with the present invention;, Figure 110 illustrates a

si ﬁ@?lé‘llﬁﬁﬁfﬁé’ﬁ@‘éﬁlr‘fﬂlcﬁ‘iﬂeéa}lﬁufepl xel in accordance with

th 5

o Pt R QY5 b Sodd U Rl B
arkuk@:ﬁ@ deV| ce show ng a dust parti cI e cr eating an
el ect r| short tgetv\/ee | ectrodes;

il thélfq. elélusatraé?q P expan E@ ét@p@ebeé\ﬁ %ctr[og}gs in accordance

qe%@q@g%ﬁg&mm@ggg@o organic thin filmstack by the
i ngress of oxygen and water through the substrates;

Fi ffiguee 1illustratesca single dayctddonualti-coddrepiie] i ascoedgnce with the
il ustrtatl nﬁ t he extrusion of light active fiber
haViig"at{gh8% OLED particul ate; Figure 115 is a

PEFRREC! | VRluSee Bhii6r At OWEDI dewidel ati ng the extrusion

of Iight active fiber;
Figure 112 illustrates a prior art OLED device showing a dust particle creating an
electrical short between electrodes;
Figare 113 illustrates a prior art OLED device showing the degradation of the
organic thin film stack by the ingress of oxygen and water through the substrates;
Figure 114 is a cross sectional schematic view illustrating the extrusion of light
active fiber having aligned OLED particulate;
Figure 115 is a perspective schematic view illustrating the extrusion of light active
fiber;
Figure 116 is a cross section of a segment of extruded light active fiber
Figure 117 is a schematic view of the segment of extruded light active fiber driven
by a voltage applied between electrodes;

Figure 118 is a cross sectional schematic view illustrating an extruded light active

fiber having a conductive electrode core and a transparent electrode coating;
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25 Figure 116 is a cross section of a segnent of
extruded light active fiber Figure 117 is a schematic

wo 2@wod761 he segnent of extruded |ight active PECD®E82003/037040
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driven by a voltage applied between el ectrodes;

Figure 118 is a cross sectional schematic view
illustrating an extruded |light active fiber having a
conductive el ectrode core and a transparent el ectrode
coating; 40 WD 2004/ 046767 PCT/ US2003/ 037040 Figure

1 Fgure 149 per pperriiveschemetiaview iligwting thestxtamsion! theelight
extrusjon . of. the |ight ctiye fibe avin

c Rtk b dayingdreenitetis e Clni eort P P oRfoEreciadsae
Ceahtifg; Figure 120 illustrates an extruded |ight
active fiber having a conductive electrode 5 core and
a Higurad pailémstraies ew extoeteddight aatige dibanleayingia eendictave electrode
vol tage source: Figure 121.is a cross..sectjona

o S £ OTERen S o P e Sl T B Ob e Sy
aqtibue 121 RoDerobRdeighat k@rpec daDlpst dtingUh@baiuskdndofMght
122 is a perspective schematic view illustrating the

exchsTibppigfavingmignad OLED patipHaie; 10 Figure 123 is a
15, AR LG 080 A8 v

| irgddonacti ve ri bbon having wre el ectrodes
incorporated within the ribbon and driven by a voltage

appeyed2p &t weseeat elgxtiyded lightiaghiyeritos i | | ustrates a
| i ive fi XTI S i hani s, .
¢ CBro 3031/ FelobORIriBKd VS OB BCbriRBP AU HIAAUATE ribbon
f ihagmg Wirgeleetrdi2§ iricotpostted vebinGhERbbomintd drttein\by af vddiage
randlgn;wl di Slfﬁlr sed, between two electrodes; Figure 127
i 19PBEEG BREET HECEI98B 1 i ght active fibers aligned
?ﬁ%@?% ustaRs a?ilfgﬁé?:idtﬁ}g eber SQrukiofWhe cAabihg st andine for

|

i ght active bers randomy di spersed between

tvfo;mi@gel@ifpmﬁ@gﬁmﬂf@;lﬂ%@aw aglise fibore cl oseI Ito t he
i fibers: ., Fi 129 i
¢ i@ Rp fiheS opriZ i Ehde cpfe gyl Alsotined R B oo

eledshiodeles having a gap di stance close to the uniform

length of the fibers, Figure 130 illustrates |ight
adtigwie 127 b]@%sgra(gg\y}@enOLﬁpohéé peféte fhgrs aligned between the two

electrodes;

Figure 128 illustrates OLED light active fibers randomly dispersed between two
electrodes having a gap distance close to the uniform length of the fibers;
Figure 129 illustrated the OLED light active fibers aligned between the two
electrodes having a gap distance close to the uniform length of the fibers;
Figure 130 illustrates light active fibers woven into carpeting;

Figure 131 illustrates a light active cloth weave;

Figure 132 illustrates a curved large format surround display formed in
accordance with the present invention by tiling length of display sections;
Figure 133 illustrates a method of forming two layer ultra-thin multilayered
OLED fiber by drawing and thinning;

Figure 134 illustrates a method of forming four layer ultra-thin multilayered

OLED fiber by drawing and thinning;
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25 Figure 131 illustrates a light active cloth weave;
Figure 132 illustrates a curved |l arge format surround

wale@ploasyet or med in  accordance with the presenPCT/US2003/037040
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invention by tiling |l ength of display sections;

Figure 133 illustrates a nethod of formng two | ayer
ultra-thin nultilayered OLED fiber by drawi ng and
thinning; 30 Figure 134 illustrates a nmethod of

formng four layer ultra-thin nultilayered OLED fiber
byFlﬁk‘r&\?ﬁﬁgS A EPst PRCHiaNlyiew shop@ng @ GvireORps tg:7an electron transport

qua%%pc&y.%?MO Figure 135 is a cross sectional
view showmig a wire having an el ectron transport

C déitued 6dy e kroskb@tioal WGy bifovng b G fe IR bl DRGIE trihsPBit
show Eg@%’ wire having a hole transport coating |ayer;

5‘}935 47 illustrates coated wire intersecting
o bty LIS e S LR A

(]_@ﬁittﬁr@pikdslaatﬂleﬁmmmdmmhh;ve carrier mxture
R A TR N Tk —
| orhlaRdSSr Béing fﬁfﬁf%le\{ﬁto%@ ﬁ;}%}klh&s ﬁ{r@&@l ﬂlhﬁﬁtnfag?ﬂgng

a conventional “light bulb actor; gure
i Iteelwiqueses a step of spray painting a reflective

conduct.i,ue,.l r of. an. devi.ce; Figure 141 )
TEYE 128 un B of nhuye DL Bpbalier e lef Bivimiaenvaryiona
oflighn bedoEbrm Ftelevi ce; Figure 142 illustrates a step
of spray painting a transparent el ectrode of an CLED

deigwe; 14fifuptiates 43tap afspray pringing agefigtive camivctivehyénef an

2@5 making a light active device showi ng a
ImiE% e(l%tglfc\?’e m xture di sposed between an x and y

ellgiredde iljustdtes a2€pfofgpia@ phiding bh BifidsaleqayeRBOLNOLED
sté@g in the inventive nethod for making a light active
déf'€€&; showi ng a pol ynerization/ mgration step;

ﬁgtg %\grg 1 fllg ?lh!rlrsjgll%{l:éﬁ ;arsgetpﬁ)l? gsﬁt{i? LOfking B%%ngﬂ)c\rénlg Sl MG MOLED
device;
Figure 143 illustrates a step in an inventive method for making a light active
device showing a light active mixture disposed between an x and y electrode grid;
Figure 144 illustrates another step in the inventive method for making a light
active device, showing a polymerization/migration step;
Figure 145 illustrates another step in the inventive method for making a light
active device, showing an aligning step;
Figure 146 illustrates another step in the inventive method for making a light
active device, showing a controlled pixelated light emission;
Figure 147 illustrates a step in an inventive method for making a light active
device, showing a bottom substrate having a bottom electrode pattern formed
thereon;
Figure 148 illustrates another step in the inventive method for making a light
active device, showing a light active mixture disposed at a light active layer over

the bottom electrode pattern;
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active device, showing an aligning step; Figure 146
illustrates another step in the inventive nethod for

woradodfoge7ar | i ght 25 active device, showi ng a cpOr/UsStoo®as7040
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pi xel ated |ight em ssion; Figure 147 illustrates a
step in an inventive nmethod for making a |light active
devi ce, showi ng a bottom substrate having a bottom
el ectrode pattern fornmed thereon; Figure 148
illustrates another step in the inventive nethod for
mekigng 149l illgditatStnather step thethe d:ezenﬁ#mnﬂeth@d éoﬂ I'ng}tih g alight
atvemxtuedsosedata h ver
© e AP ehEninie e ppterioe Af ndEnR 0 fs BY Gradtitfon
PGhfdd2BQ0RAR37040 Figure 149 illustrates another step
in the inventive nmethod for making a light active
d ek”rlgul@ 1591 Bustragest dnethenste mthe gnvehti vemmethiod fior raglting e light
Jrradiation
e vt BB oveplion i o oot i e
megekid@sa | ight 5 active device, show ng the m gration
of l'ight active material into light active %'OUS; _
Fi Jauald@ 14 illpstratestthe e@BPesHEonc wpBg i tegnshings mgbh o1t light petive
lti-color Iight active mxture; Figure 152
|Iﬁnustré1tes a step in an inventive nethod for nmeking a
rruFlgufeC](ﬂZQHustﬂdﬂesl d it inaat iiv@ntleyinethod $BOWhIIEg @ multi-color
muj.ti - col or Eg active m xture disposed over a

patEE AR %ﬂ% @18 & Bt clor Hehtrche e disposed over a
i léﬁiﬂéh{ﬁatb%ﬁOﬁl ﬁwdhﬁrnﬁhe inventive method for making

['ti-color active device, showi ng the
s eFlguIei A3 lﬁaﬁtmsm sm(g) mfth@mevemfvetrhah@d)fcm imdkiiighd matii-toler light
|on ﬁ‘-@F ure IIustratesast{flinthe .
FRT buC e hRB I eaF Solsativh g AU I OF B0 PpieIcpighficht active
acltegl\bﬁsdew ce, showi ng the patterned color Iight
actrve regions; Figure 155 illustrates a full-color
i @lﬁﬂrealéﬂllﬂest@@ﬁl mema\thmgwmtd'e nyeteehfca mmhlduingemultl color light

R L M T N T

f OFlgﬁﬁKIISISgllﬂstﬁJtéél d Red]drilght actie A6¥ity BaiRY faie greélli‘ ANl fide

a mxture of light active material di sposed ovVer

patifiepyrsigle patterned color light active regions;
Figure 156 illustrates a step in an inventive method for making a pixilated light
active device; showing a mixture of light active material disposed over a patterned
bottom electrode grid;
Figure 157 illustrates another step in the inventive method for making a pixilated
light active device, showing selective patterning through a pixel grid mask;
Figure 158 illustrates another step in the inventive method for making a pixilated
light active device, showing the migration of light active material to pixel regions;
Figure 159 illustrates the composition of constituents in a light active device
having pixels and conductive pathways formed by a self-assembly process;

Figure 160 illustrates a step in an inventive method for making a light active

device having pixels and conductive pathways formed by a self-assembly process;
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bottom el ectrode grid; Figure 157 illustrates another
step in the inventive nmethod for making a pixilated

wo c@ht4@et i ve devi ce, showi ng sel ective patterpPtTgS2003/037040
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t hrough a pixel grid mask; Figure 158 illustrates
another step in the inventive nethod for making a

pi xilated 25 |light active device, show ng the

m gration of light active material to pixel regions;
Figure 159 illustrates the conposition of constituents
| IFigurk i1ghﬂlmtmtiew encdhem' step in Inha/mnmpziemmochfw nuakmgmlifghte
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DETAILED DESCRIPTION OF THE INVENTION:

For purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and
specific langnage will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended,
there being contemplated such alterations and modifications of the illustrated
device, and such further applications of the principles of the invention as
disclosed herein, as would normally occur to one skilled in the art to which the

invention pertains.
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information can be simultaneously received and displayed. For example,
broadcast video content such as a television program may be shown at a first
portion of the display, personalized video content, such as a videophone
conversation may be shown at a second portion and a web page, including
mapped hyperlink content, may be shown at a third portion. Most of the
processing, networking, signal tuning, data storage, etc., etc., that it takes to create
such a set of displayed content streams is not performed by the inventive wireless
display. Other devices, such as a centralized computer, A/V or gateway device
perform these functions thus allowing the opportunity for the inventive display to

have tremendous mobility and convenience.
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electronic circuit stratum includes signal transmitting components for transmitting
25  user input signals to a display signal generating device for controlling display
information transmitted from the display signal generating device. Signal
receiving components receive the display information transmitted from the
display signal- generating device. Display driving components drive the display
layer according to the received display information. A user input stratum receives
30 user input and generates the user input signals. A battery stratum provides

electrical energy to the electronic circuit stratum, the user input stratum and
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form ng a pixel layer(s) of light-emtting conductive
pol ynmer. An electronic circuit stratumincludes

signal transmtting conponents for transmtting 25

user input signals to a display signal generating
device for controlling display information
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ITD[BIQﬁa[c fapértied. THelhftrdedpdut10 Brm chains between the electrodes 14

when a voltage is applied. Holding the voltage to keep the chains formed, the
carrier fluid 12 is polymerized and the OLAM microcapsule chains locked into
alignment between the electrodes 14. The thus formed OLAM pixels emit light
(or detect or convert light into electricity). The problem of contamination of the
OLAM material is the major factor limiting the display life span, and thus far has
been a bar to commercial success. The inventive fabrication method results in the
moisture sensitive OLAM material being protected by the microcapsule shell and

the cured carrier 12. The pixel alignment is automatic, since the microcapsule
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light emission to occur within the OLED particulate. In accordance with the
present invention, the OLED phenomenon can be used to create general or
specialty lighting devices, monochrome or color displays, stereoscopic vision
aids, digital maps and newspapers, advanced vehicle windshields and the like.
Also, the particulate can be organic light active material (“OLAM™”) that is
capable of generating a flow of electrons in response to impinging light energy.
This phenomenon can be used to create photodetectors, cameras, solar cells and
the like. In this application, where appropriate, the term OLED can mean a light

emissive or a light detective material configuration.
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14. Electrical potential applied to the el ectrodes 14
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composition selected for imparting a desired electrical, optical, magnetic and/or
mechanical property to the microcapsule. In accordance with the present

25  invention, the OLED particulate comprises microcapsules 10. For example, the
microcapsule 10 includes an internal phase and a shell that is composed of
material selected according to a desired combination of electrical, mechanical,
optical and magnetic properties. The internal phase and/or the shell may include
the OLED material. The internal phase and/or the shell may also include a field

30 reactive material. Depending on the OLED fabrication method and the desire

OLED characteristics, the field reactive material may be an electrostatic material
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short. Colorants, such as dyes and colored particles can be included to tune the
25  light emitted from the microcapsule. Desiccant and/or scavenger material can be

included to provide protection against contamination of the OLED material.

Figure 8 illustrates an inventive microcapsule 10 comprised of a first
microcapsule 10 including an internal phase comprised of an OLED material, and
30  acorrosion barrier material, all encapsulated within a polymer shell. In

accordance with this aspect of the invention, the microcapsule shell and/or
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the electrical, optical, magnetic and/or nmechani cal
property of the m crocapsule. The other conponents

w@amv4loes767 el d reactive, such as magnetic or PCT/US2003/037040

10

15

20

25

30
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OLED microcapsules 10 contained with flexible cured monomer. The inkjet-type
or other nozzle fabrication technique, such as slot-die, can be utilized to form
controlled OLED deposition, with the OLED contained within a curable carrier
12. As is described elsewhere herein, desiccant particulate can be included within

the carrier 12 to enhance the protection of the OLED material.

Figure 11 illustrates a layer of OLED microcapsules 10 fixed within a cured
monomer barrier disposed between a top electrode 14 and a bottom electrode 14.

The cured monomer and the shell of the microcapsules 10 provide a barrier to
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agai nst contam nation of the CLED material. Figure 10
illustrates an inkjet-type or other nozzle 36
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m cidocapsul es 10 containing OLED material randomy

di spersed within a nmononer carrier fluid 12 are
20|nJected or otherw se di sposed between two el ectrodes
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Hol ghB8altashg protected by the microcapsule shell and the cured carrier 12, and
25  the pixel alignment is automatic, since the microcapsule chains are formed only
between the electrodes 14 or where the aligning field is applied. This pixel array
structure also greatly limits cross talk between pixels and the optical properties of
the cured carrier 12 can be controlled to improve contrast, display brightness,
transparency, etc. The OLED particulate in a carrier 12 disposed between two or
30 more electrodes 14 can be utilized to create roll-to-roll sheets of displays or lights,

used as “filament” in a light bulb, used to form solar cells, solar cell housing
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aligning field to keep the chains forned, the carrier
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There can be, for example, two simultaneously applied aligning fields, magnetic
and electrostatic. A mix of microcapsules 10 can be dispersed, (e.g., magnetically
25  and conductive OLED microcapsules 10 and electro-statically conductive

insulators for creating a more controllable path of least resistance).

Figure 13 illustrates an inventive display fabrication line using modular printers
for forming various stratum of a thin, lightweight, flexible wireless display.
30  Display fabrication line uses mix of different fabrication stations 22. Examples

of fabrication stations 22 can be found in co-owned US Patent Application Serial
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the top electrode 14 and the bottomelectrode 1
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light-curable |iquid noponer, .The carctier 12 is cured

t 6Bt B Beiinte I R Feieh oG PRt HeA g frerocture

deg feedediol 26eat tho OLEHD fberihl @b# oRAGIAMBN. FabiPeqlor layer can

particulate within the hardened carrier 12. The OLED

paba puilioattee pgyious by fabrication method. The conductors 26 that make up
the pixel electrodes 14 can also be used to fabricate the OLED microcapsule 10
structure. In this case the substrate 24 and pixel electrode 14 grid become integral
parts of the completed OLED device. Further, the electric field created by
applying voltage to the electrodes 14 can be used to align the OLED
microcapsules 10 in chains as shown elsewhere herein. The mechanism for this
alignment is similar to the phenomenon that causes electro-rheological fluids to

form chains within a carrier fluid 12. In this case, the OLED microcapsule 10 or
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fabricated OLED device, the carrier material can be selected so that it has optical

25  properties during use of the OLED device that are transparent, diffusive,
absorptive, and/or reflective to light energy. During the hardening process of the
carrier, it can be selectively cured so that it is more light transmissive through the
volume between the top and bottom electrodes and less light transmissive or more
light absorbing through the volume that is not between the electrodes. With this

30  construction, the contrast of the display is improved and ambient light is absorbed

rather than reflected from the display to reduce glare. Also, depending on the
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Figure 16 illustrates a full color OLED display formed in accordance with the
inventive OLED device fabrication method. The inventive
microcapsule/particulate fabrication is used to create a full color emissive display.
Pixels can be controlled down to the microcapsule/particulate size, spaced apart as

needed. The conductive shell can have a semi-conductive, conductive or an

30 insulative over shell. The composition creates a preferred path for the electron

movement. By controlling the conductivity of the cured carrier fluid 12, the
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parti cul I's dispers arrier
andoroedt ai ned wi t hin the first layer gap. At |east one
subsequent COLED pixel layer is formed over the first
OLED pi xel layer. Each subsequent OLED pixel |ayer
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second subsequent “|ayer electrode 14 Is dispose
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magnetlcally attractive. The carrier substrate 24 has to pass the applied field, and
a second, more robust substrate may be added later, or barrier layers may be
formed as needed. The carrier fluid 12 is heat or light hardenable by energy
emitted from a curing source 28 to lock the microcapsules 10 in place.
Alternatively, the carrier fluid 12 can be a plastic material capable of being
injection molded, or a multi-part mixture such as an epoxy, a conductive powder

and a hardener.
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el ectrode 14 and the second | ayer el ectrode 14. Each
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vol tage 15 applied to the respective el ectrode 14

pairs so that an RG col or display can be forned.

Figure 17 illustrates a | ayer of conductive
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accordance with the inventive device fabrication
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resolution. O the location of the pixel that is
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: m crocapsul e charns wt
fabricate the OLED microcapsule structure.

Figure 21 illustrates a full color display formed in accordance with the inventive
OLED device fabrication method. Depending on the quality of the barrier created
by the inventive fabrication method, there may be no need for additional barrier
layers 30 other than substrates 24 since cured carrier 12 and microcapsule shells
protect the OLED material from water vapor and oxygen. Alternatively,
additional barrier layers 30, including monomer, polymer, ceramic, fiber,
desiccant, getter, scavenger and/or thin metal layers can be included in the
structure as needed to protect the OLED material from contamination. Each color

layer can be built on the previous, by a fabrication station. The conductors 26 that
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15 carrier 12 for form ng a corrosion and/or
contam nation barrier. The substrate 24 upon which

wo b@4mispcapsul es 10 are printed may be a PCT/US2003/037040
mul ti-layered conposition of polynmer, cured nononer
cerami c and fiber, such as glass, creating a durable,
flexi ble substrate 24 that is also a barrier to
corrosion for the OLED (as is the mcrocapsul e shel
and t e ed c rrier f The cgnductors 26

|
¢ harmske? 155 P elesTasiex & & 854 protd 19 Iskeahe oL 4w
Use%ltcfbcﬁﬁﬁl'lé’ sthi2@u8l Irgt'ﬁisrlﬁsé e Sibkied ok ‘ﬁxécifyfl'%lg d16aL e rid

the OLED m crocapsul e structure. Figure ustrat
a f lletome indegreli Bplsaf tﬁemongﬁbtemomdm & heieldetrddield created

i t dev t t hod.. De
o B fins v Rf B the ClePpiese AidaB e ded Deligy th @LED”
snv Qﬁktdég?iu@é%rllm%lkhﬁﬁs AEIRGA el MBER HERN. b?g@ Hleeﬁa%(iisng Rr this

addi tional barrier |ayers 30 other than substrates
si neigemerids siarikar & the Pherngnamion thet apeses elesthetlievlogical particulate

pro t mat eri al, f .er vapor axygen.

A & Rt ol g eiish a2 PR € s gt mlerbdigsae 10
| nclowdiengLBDRRRIe itff YibRHes tBE hFTberiath MPRrial com?onent that
desi ccant etter, scavenger an or thin nmetal 1ayers

can eBlesbe gigpl Phﬁhggtl%‘tffm fier, éhemoneedtﬁd)ftthn OLED

10" g R T TR 2h LA 0 A3 B b macrialca
fabbeu&td with atnatgnetic fidld®eim@ny pl@écms&ha@hgrh@g fiela8 T’ﬂ@hght
2004/ 046767 PCT/ US2003/ 037040 nmke up the pi xel
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and pi xel electro econe

c onpbbﬁ@dlppilﬁbtodhv BkcetrodEbleM elhﬁﬁ% dévdcd fabhdatiéih&ﬁh @g utifi¥ed to
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el sevvhere her ein. The nechanismfor this alignnent is

simlar to the phenonenon that causes
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ac qu 2. In this .cas

i b B r A proshy eBb DS Fienta 2 Mot e gden
t heciappdiafpnt &f tBe EtﬁieﬁﬁVead)LEDrﬂ%Qﬂ:% rf&bridaasn nfefRAl e
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canP BRI AP £ BQ?@ntm@t%ﬁ betith< Wk EBumidiqegpsulies 10 dispersed in
M ChReARPUES hild 17 S urel 36 Step Five: Apply potential to electrodes 14

25 to organize OLED microcapsules and/or particulate 10 into chains (Figure 26).
Step Six: Cure carrier 12 to lock OLED microcapsule chains between the
electrodes 14 to form pixels (Figure 27). The composition of the OLED
particulate can be selected so that the characteristics of the OLED particulate
includes an electro or magneto rheological or phoretic characteristic. This

30 rheological or phoretic characteristic is effective for causing the OLED particulate

to orient and/or migrate in an applied aligning field.
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vol tage applied to the el ectrodes 14 during device
fabrication can be utilized to 15 formthe pixe

w@eoogias? on and simul t aneously cure the barriBE€T/US2003/037040

material. Figures 22-27 illustrate the steps for
form ng an OLED device in accordance wth an

enbodi nent of the present invention. Figure 22
illustrates step one of an enbodi nent of the

i nventive COLED device fabrication nethod. Step One: 20
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source 32. By this construction, OLED terl a
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B SRR B eB B el s ap LD g

Theosel BRe MIgE DM £F &ﬁf’: is microencapsulated along with a mixture of
electrolyte and light curable monomer liquid phase within a second electrically
conductive shell. The microcapsule shell material is selected to have the
appropriate breakdown voltage at which charge conduction occurs. Figure 29
shows a magnetically reactive OLED microcapsule 10 for forming a capacitor
OLED microcapsule 10 with the magnetic aligning field turned on with uncure(d

electrolyte mixture. Figure 30 shows a magnetically reactive OLED microcapsule

10 for forming a capacitor OLED microcapsule 10 with the magnetic aligning
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m crocapsul e shell material is selected to have the

appropriate breakdown voltage at which charge

conduction occurs. The m crocapsules 10 act as

capacitor elenents that are, for exanple, charged up

with a charging voltage. Atrigger voltage is then
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20, 3 RFksh PRFAS 1 GPR IR ot Pl T e SEeY U6 Ol aterial
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driven wth a relatively high driving energy }S),o t hat

t hetased duirgm With|theypropenysekection of microcapsule 10 materials, an RC

circuit is formed giving the OLED pixel an increased and more controlled light
emission time and intensity.
25
Figure 31 shows a pixel comprised of a chain of capacitor OLED microcapsules
being charged by a charging voltage. Figure 32 shows a pixel comprised of a
chain of capacitor OLED microcapsules being triggered for light emission by a
trigger voltage. The microcapsules 10 act as capacitor elements that are charged
30  up with a charging voltage. A trigger voltage is then applied when the OLED

pixel is to emit light. Alternatively, the charging voltage may just result in the
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driven pixel is intense. This intensity overcones the
short driving tinme of the pixel (as conpared with the
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a second electrode 14 are provided defining a gap
there between. Wthin the gap, field reactive OLED |
paFigheutdathews OLED, @amoyampgﬁga@é éhﬁ%@fim’liihlﬁ ap ppplipd aligning

0 Sl Sl oaF SRR il DBPLSIRATRLON dening

25

30
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fl \?vi(tlhfr)ll tﬁe gt?l{ Irclluledrca:rlr%erelgaPalnlalrc])%ogsotlole_letc?ro rrk?flsolloglcal fluid mechanics).
The next step is to apply an aligning field selectively to the volume between the x-
and y-electrodes. The randomly dispersed particulate orient and migrate under the
influence of the aligning field to form pixels of aligned OLED particulate.
PreferOrably, the spaces between the pixels are devoid of any particulate. The
composition of the carrier and the particulate are selected so that the preferred
path of electrical conductivity is through the aligned particulate. This structure
makes most efficient use of the OLED material and eliminates cross talk between

the display pixels.
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manuf acturing. The inventive fabrication technol ogy
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15w thin an applled aligning field held in alignnent
wi thin hardened carrier 12. Wth the aligning field
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ul tqogtarmnatxon I a short between the electrodes does occur, the structure is self-
25  healing by automatically disconnecting the short without losing a pixel. During
fabrication, pixel electrode alignment occurs automatically and precisely.
Extremely high resolution, full color, large-sized video displays are obtainable.
Cross talk between pixels is eliminated, and there is no need for any elaborate
device encapsulation. The inventive fabrication process is readily adaptable to

30  roll-to-roll processing on flexible plastic substrates using the adaptation of well-

established polymer film fabrication methods.
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thin |l ayers of organic material is not necessary. The

gap between the x- and y- electrodes is nmuch wi der, so
woraeny/0ed761 he probl ens of the current state-of - PEEUSIIN3/037040

OLED fabrication nmethods are avoi ded. The resulting

di splay structure is flexible, solid-state and highly

robust. 15 Figure 36 shows the OLED m crocapsul e 10

structure shown in Figure 35 with a drive voltage

applied and |ight being emtted fromthe OLED

m crocapsul e chains. Wen a voltage is applied to the

el e
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Wi deet ppajpive lobarge end tlharad temspmﬂ entayiabhiiyg a eclueestitehrharge

probl em of dust and.particle contan1n [.on a .
Do Pl Th e her BT C1iB80 50 el the fB0 TG Aotatifrkotebs Bhuticles

IS 8@hfes &R aﬂ@@hwﬂ)r&vresaﬂﬁ@g@tdl&@ﬂlémy@ta%wwﬁaeg nthd GEED

short without losing a pixel. During fabrication,
pi xpértieletetis ﬁumedlhygmmdumg@cfcrslrwrm]@ eowiprised ofya kel transport

@RS g TR SRR Kbt RS s
bet we@PrifiddFlaf elettreh tdhdpaiteaterdd) tal A8 a@et ﬁeg@ﬁvé‘@l@é’cr&&lr
any el aborate device encapsul ation. The inventive

f abeharee.i Bee hele éré%@ortsoaft@éwnq/thakatrgtbtr@nsport Bearticle are brought

r Ol &E&hf 84 Ah(gl.[lg ?ﬁ& §6 nc%] filo?lﬁlatmngﬁl ﬁ%bc (ﬁ’tycllrliate etuielﬁg a

ron o

f abholeatan sporniaydrend. an@&cﬂ‘&l 2efkpoti4fyeh Tormmg a heterojunction
PCT/ USZOOS/ 037040 Figure 37 illustrates a nmethod for

13 or RetHgemMe®LED particul ate having a hole transport
| ayer and an electron transport |layer. Hole transport
material and electron transport nmaterial are conbi ned
t o Figure 33 dhiseatpsa tietiodsor féirmmgean&aﬁcﬁpshlaltanB(DLEDq&rttduﬁte.

for of an OLED part Hol e trans r terial,
naviT G BST® SRS RS ECREBet ROl Sapopmbined
Mat @fib alsin3RVpdGcid by %}ec @&E'c\ﬂﬁstﬁﬁ@ft G8rticRS %%r&@gach other. The

together in‘a liquid hat the opposing polarities
20f  pomitiyrasnd nsigeve @ra@;s adll atiragt torfaun jan eletwicekdy neutral bipolar

e T o M
conprised of a hole transport
Figures 39 — 41 show the steps for forming a multi-layered OLED particle. In this
case, as shown in Figure 39, individual particles of electron transport material are
25  imparted with a net negative electrical charge by a charge source 34 and ejected
from a nozzle 36. Particles of a blocking material are imparted with a net positive
charge and ejected from a second nozzle 36 towards the stream of electron
transport material particles. Field applying electrodes 38 may be provided for
directing the respective charged particles so that they combine together to form an
30 electrically neutral dual layer particle. The field applying electrodes 38 may also

be useful for attracting and removing from the combined particle stream the
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10 material that has a net positive electrical charge.

A second particle is provided conprised of an
we@bk@ansen7 t ransport material having a net negaP¢TmES2003/037040

el ectrical charge. The hole transport particle and

the electron transport particle are brought together

inaliquid and conbined to forma unified OLED

particul ate having a hole transport |ayer and an

el ectron transport |layer formng a heterojunction 15

bet t hel Ei 8 il.lustrat t h f -

{ o HRES BTES AR 0P BEEP e B TF A e aF Sortn doporailer
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in _Fi 4000y el : .
7 RO A AN oBAELLE, SR hES LRl gy e
el gattidesalan bhapgieollyd ta adjust the abgimene oBditractdd epretitiedts. The
froma nozzle 36. Particles of a blocking material are
i mPAPoSEOMWAY #Fs 40 Beinfgdsticay also bp spyelied s dpedefled from

102 second nozzle 36 towards the stream of electron
transport material particles. Field applying
el ddierQideld paBicutaye banmisy lagectd fopganidparedes, mthi¢hi@clude a hole

respecti ve char.ged rticles.so that they conbi.ne

t o QRN BYSH AR £l C RO STUIa ARYEE PrRRIEREOTd S Sped b phe
partihtefh® betReerf the helcaRpkydrNEy&! B8 UROHES T3 nlRYr l%k’él‘p Each
be useful for attracting and renoving fromthe

c ontyerecbongaRic peftislesmpyy ale inglide 4 kDAY @ 4870t to the electron

PCT/ US2| 037040 .charged particles.that do not
15ConBRG PR o S RRY pBEars o BR et Bver, mereby

nMerfoeiing @ stidRbd bUeic 1Rkl stiudiied) OTHe WBEkiRORYOr 8 ptdwded for

| ayer &artl cles can be ejected wth induced charges

andadiiveting ehe rrepedlesy pleeleqitons andiele, angdyes cipissive dver is
e ‘ ! X
ctrgUiiidy R e RAN o BERE Vh BN H e

| ay@rEIp patticalagsisanieed. nparted with opposite el ectri cal
charge and ejected fromnozzle 36 towards each other
where they conbine to formthe conpleted nulti
| aygsd A0HRRARS bi el fep i RSP Y Hul@flaye el OFE]

in t%e particles Scan bSe pc:lont rof{?egﬁut 0 %}B@st tlggﬁH&%gate'
al ilgermmunbddf chtargediotentd o paticlesient ise cohtrelleditondokust alignment of

layers and their order can also be controlled as
ne)é{lgtéa&te constituents. {Jlgure £ Nudtrates athird step in formcling a multi-layered

20

OLED particulate. Relatively weak attractive field keeps layered particles

25  properly aligned, without causing attachment of particles to electrodes 14. The
relatively more negatively attractive ETL side attracted to a positive attractive
force. More positive towards one end, with an overall net positive charge on
HTL/EML layered particle and more negative towards another end, with an
overall net negative charge on ETL/BL layered particle. With the proper selection

30 of constituent materials, the electrical properties of the HTL and ETL material
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10 The OLED particul ate conprises |ayered organic
particles, which include a hole transport |ayer and

w@rooelogsT on emtter |ayer. A heterojunction iBCT/UORI088037040
at the interface between the hole transport |ayer and
the electron emtter layer. Each |ayered organic

particle nmay al so include a bl ocking | ayer adjacent to

the electron 15 enmitter |ayer and an em ssive | ayer
adj acent to the hole transport |ayer, thereby formng

a

| a%é&%h%deéﬁrs ?%f‘é)gcalug & ?Bgf g’r%e#x%e%? ?ndu%&?cfﬁlr | J38ur at the

i'I1Tfating the proper flow of

el @t bpas 1andedpdlicleand the emissive |ayer is
provided for facilitating the em ssion of photons when

the energy state of the OLED particulate is raised.
20 Fi 40, 99 hiBrob AsfeNariR OLED
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10 gggﬁrxrgbl\é%ré %E?%%&Feﬁﬁ GornV'h bk fiad ODED phrticiiite HOBgtd hode

t owanspertamer hed aepkictron trinsgort laygefaamingehetprognc

e on HI ayered particle and nore ne?ative
1

Qe between

charge .qn ETLBL .l ayere ar.ti,che (1 1.k pgt.: .
cottiedt i O 0t oroeRisor LuBRUbHENEs pIYLR-ofi 187@EEhis phoron
pr Qaﬁwetlhg& n®fy BeelighlenantvHTjer imtvidhatase 6 OMED forms a light
2004/ 046767 IX

CT/ US2003/ 037040 shoul d be ef ive to,.
caumdting deviee guie lighhresertor lpyeaie Sty e gD s light

t
5
5p

h ends,of the |ayered particles. The COLED
aﬁ?‘ie%tmga‘%eéncr?ay conprise a bipolar OLED mi crocapsul e.

The OLED 5 particulate is fornmed by the steps of

first providing a first particl rised of a ol e
nons Voen 2y LSt PR Sy R RE hfnl ©
n etacédrfla;%e glfiﬁlgt%@ Z)F%Entq{?@énﬁgn, Hav@GachrBavatit 8isBlay layer for

conpris

ctron transport material is

pr ampriethg thadisptpyaontastspoendifatiency and r peovdge. disphy

first electrical char i,s,of o [ it
20, he et berBaRfEn 1oRAFEEm R I g b torbbg o
t NexSGFRMsing a conventional LCD pixilated light modulator layer. Further, the

25

30

dichromatic display layer can be comprised of dichromatic microcapsules that can
be oriented to reflect or absorb impinging light using an aligning field. The
microcapsules 40 can be electrophoretic and oriented using an applied electrical
field. In this case, the electrophoretic microcapsules 40 are electrically reactive.
Alternatively, in accordance with the present invention, the dichromatic
microcapsules may be magnetically reactive. In this case, the microcapsule can
be constructed having a north magnetic pole and a south magnetic pole, each pole
being associated with a respective color of a bi-color microcapsule (e.g.,
reflective/absorbtive). A construction similar to the capacitor/OLED

microcapsule shown in Figures 28 — 32 can be used to create microcapsules that
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10 particle are brought together to forma unified
CLED particul ate having a hole transport |ayer and an
we@bk@ansen7 t ransport |ayer form ng a heteroj unce€DOS2003/037040

between them The first particle may further include

a photon-active layer. This photon- active |ayer nmay

be a light em ssive layer in which case the OLED forns
alight emtting device, or a light receptive |ayer,

in which case the OLED forns a |ight- 15 detecting
deveaebe ¢ingrolably 2risutied imean applieg mAgoetdc feld.ulThe disheomatic

OLED di spl a constructed in cgordance. with, the.

or cdishiey TrBL RV BRS wiishl ileivs ARFBHEFE i gy Miighnd other
for a;f,p'r AY hinBichhBotdicoRUAYNSE A5 WeB %S othBPWBHla P EAMMCRIFG ¥ fects.
and for’ ﬁr ovi di ng di spl ay 20 vi ewing in bright
sunThegfichrompsicdiixdh daiea cancbaliospedigdircoptio thajasbaibsetuepdQLED

or_.e | &, .USi a..conventional, LCD pixilated |ight .
QBPEL Y i eRgpig B e i 8 ASt Pl g e YiEwed in
| ay airedt & ghtesu@ B pirds el Bfwith Biroved doatrbit G BridpSathB®nt lighting
that can be oriented to reflect or absorb inpinging .
| i gRendiisonsg Farhen, pdditiprpl splsequentREER pixeldaysss Fasbyprovided

can : .0 i i i .
ol e PR rRE kYRR AL RBL, OblgE Bl LI aftoP Bk sty
el ediffepph diroat the color mad/aptpihtasteddtyast eheedttet OLEDBI giyel layers.
eactive. Alternatively, in accordance with the
@resent invention, the dichromatic mcrocapsul es may
be_MBYBREIGHL If1cbRAFH HE embifbdlibh? 6ASRe OLED RGB pixels in
m crocapsul e can be construct aving a north
magagbimatip olode aredOBEBDduightneagmet the rgfleceon/atmolptipnl dchromatic
bei ng assocj ated with.a respective calor of a bi-color
m cPaeapaate e ghtomspalyrRBEScAP sbBpts v copuinpton and
CoNgispla§ iguMitys PRblodkteb@ort 18mERP Ak vs& {odekdPmine the level of
m crocapsul e"shown in Figures 28 - 32 can be used to
1Zr eambicnt Bgld @ag adivsisthe heftectiggabrormioo4maasdisplaying capabilities of
PCT/,US2003/ 037040 be contr.ol oriented in.an
ool Ta shian APy FERe e HinEfe e it Gt Fong 3 so
pr oud edetdtt lipgiinpifin 6 b pelgsPloed @f adésRlahee With ¥ present
sunlight and other appropriate anbient [ight _
coniiveniers, Indhis\gasa, tf&s&eEﬁéaart@ubam ey @ﬁh@hgﬂm@xel layer emits
ef f . ' td i - .
) bl SOy AR ORE b dn Mk liopdf Bhos g EHR ctectica
20°hi snatpy hs adetétablpisipahl toalyefirst esldetend layer elécsqoldesy14. Bdrther, a
i.ght sunlight as well

ot e EREUBHe BBHoF BUECT o7 GCTddte TR U5 lgHDsh gy tning he

oy L e oD PR a e iggetive

col ®hotodetggotsaré ngddo deteominamdenito hseglithrombeandispiny elements.
If the dichromatic pixels (e.g., dichromatic microcapsules 40) are turned to the

25  reflection side, OLED emission will be reflected and more light emitted from the

display. If turned to the absorption side, better display contrast may be obtained.
If the OLED layers are turned off, the dichromatic pixels become a reflective (or
two color) display for use in bright light or energy saving conditions. This driving
scheme requires very low power - only have to apply power to the pixels to

30 change orientation, then the state remains until power is applied again. For

applications such as cell phones, the ability to see a display in bright light is an
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different fromthe color and/or light intensity of the
ot her CLED pi xel layers. 10 To control the reflection
wotooles7emi tted |ight fromthe OLED RGB pi xel SPCTUS2003/037040

automati c node the OLED brightness and the
reflection/absorption dichromatic mcrocapsule 40 is
automatically controlled to optimze power consunption
and display quality. Photodetection elenents are used

to determne the |evel of 15 anmbient |ight and adj ust

c gglglrgg{tl %tggscf@eér S or% g{,]itprﬁggee %ﬂc’ﬁ{sl %Blgﬁtyguﬁﬂgt%thtgre dic 0mat1c

\d@iﬂztw&erﬁhﬁpaﬁé&t\éb@ end @i CHQE]D:O:!&E Ioﬁlﬂ’nddraﬁsparm (ﬁhe dlsplay is
detect l'ight inpinging on a pixel grid f
ac aeflessine andvrahmppREhEITES (ng-» 2 blaclepd white ﬁhﬁplflm ¥ feggeloﬂ
t heW ‘ﬁoﬁé félflllcﬂ)to?s gxf 1nefo&lé1r a bl%‘t ’i__lghp 'tﬁ(eeéml,sﬁ)i@g]fx@m drSused
el ec rlca energy 1 n response h& receptl on
5phatunsolandisal IAQ%xfai‘m@Iee log b withadicROnarie dgplaydayer improves

detectabl e signal to the flrst and s nd | ayer. . .
ol ¢Be IygReyodiSpIRy P gynorigal gmbjent lighfi( Gngrorethitalighting) the

€Ol G EHE RGO CATRESAG b REANIRY bt HTeNIE DL ambient
wavel ength range at whi ch subsequent | ayers of
pi Xedhs teaimeproviothe comeast Olibe disPlagt odet ect ors are used to
determ ne when to use dichromatic display elenents. |If
the dichromatic pixels (e.g., dichromatic

1om % @&@ ARk héﬁ’r)(aﬁf)ﬁné léEun edskb Qhé Jﬁehro%éu& afsbe9teuaﬁents can be
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emttltned oﬁcntnﬂ thesflecti thp D@)ED ¢rhission e that thetQleER bismlqa’c glements

si de tter display contrast opt.ai ned.
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bright [ight or_ene savi ‘rl%lscondl tions. This driving

s cHEWEO YeepuiAEs meil?qeewnéé ide kel caEREaMGd Ay e display
15POVEL LD o a%%%fé 011 4 vé&’y 8@?0%9%8&1‘6& llﬂdo&&ertet}r%ﬂe}s@ﬁd

state rendal ns

appderevadrk emsmsmbammdee td cipite nmlsmmerna;bx thattgantonlysieeread
di s Iay in bright i is.an 67 WO 2004/ 046767
pcwu'sg @bByiewnadss- pﬁ%ﬁmsg}ﬁy RogHBiliges Heiudn Wingdieldyidat

ph oa{?ﬁoﬂl&m'aﬁ% BidcqBht £ gﬁ |11§Hpstovurcte§ fike e IRE bﬁcon‘ﬁhg Rt beams;

el enents are use OLEDs are off and

t r amslEogeles that hnilanpes pisay, povideafight oisions amhvhchualn telescopic and

nonochrone & a black and white display) or ful
ol%??o“”Hﬁ ﬁpgﬂ%“ﬁhone is indoors or in |ower anbient

light, the em ssive pixels are used 5 (full color

di splay). As exanples of how the dichromatic display

| ayléigurerddrsohematiqaly showsihe ifvie-colios PILE digplae shavor welfigure 42,

anb With ttheI d181r0m(a{1cn S&Qt’s orglgeld & Jehgcr%}nig%%}ittE:& SLED light. When the
dichromatic picture elements are reflective (oriented so that the reflective side of
25  the sphere is facing toward the emissive side of the display), then the light emitted
from the OLED elements is reflected for use in forming the display image. The
orientation of the dichromatic picture elements can be automatically controlled

depending on the ambient light detected by a photodetector.

30  Figure 44 schematically shows the full-color OLED display shown in Figure 42,

showing the relative strength of reflected light depending on the dichromatic pixel
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di chromati ¢ m crocapsul es 40 can be oriented to absorb

the reflection of anbient |light to inprove the
waeomoass7 of the display. 10 In | ow anbi ent | iPBEI/US2003/037040

(airplane, car, dusk) the dichromatic display elenents

can be turned oriented to reflect the OLED em ssion

so that the OLED display elenents can be driven with

| oner energy consunption. The dichromatic display

elenents can be automatically oriented and controlled

to AN d
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¢ hamafoof et it SR AP Crne Sic 8l P hE -2, o
c orftnebl p@dderetepBerbangd partitulate partai otificioghiendebesizedmi¢rial
phot odet ector. 30 Figure 44 schematically shows the
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25  Figure 46 shows the magnetically-active OLED microcapsule chains aligned
within an applied magnetic aligning field within the unhardened carrier fluid 12,
The applied magnetic field can be obtained by permanent magnets brought into
position relative to the display electrodes, or electromagnets that are controlled to
apply the magnetic field as needed to cause the desired microcapsule alignment

30 and orientation.
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device is through the OLED material, and not through
the carrier 12. 10 Accordingly, the carrier fluid 12
worey4l0#0767 a sem - conducti ve conposition. Desi BCHOB2003/037040

and/ or scavenger particles 42 are included within the
carrier fluid 12 to inprove protection agai nst

contam nation. The desiccant can be for exanple, a
finely powdered silica based particulate, and specific
oxygen scavenger material can also be included to
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.anm h A L.
o0de b AU Ry AP oo e RS R laBEbg
fr%tb@%@e@[grmr%m@ﬁp@@lls}?ayhal ns in response to a
driving voltage applied to the el ectrodes. Figure 49

schematically illustrates a full color
Figure 51 shows an inventive OLED display fabricated with thin films of organic

material with photodetection elements. Photodetector elements can be
25  incorporated into each pixel stack, or disposed in a different resolution grid. The
ambient light, whether sunlight, lamplight or firelight, received by the
photodetectors is used to control the optical characteristics of the OLED pixels
associated with each photodetector. This construction can be used with
microcapsule-based fabrication or any other display constructions. This enables
30 features such as windshields that block out (using, for example, LCD-type

shutters) high light sources, such as bright sunshine, overhead streetlights, or
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10 OLED di splay having high intensity visible |ight

di splay layers and an infrared display |ayer. Figure
wGoogloens7 an OLED di splay | ayer and a |iquid cPgBUS81003/037040

l'ight nodul ating |ayer 44. The liquid crystal [|ight

nodul ating | ayer 44 can be used as the 15 dichromatic

di spl ay | ayer described above. The liquid crystal

I ight nodul ating |ayer 44 can al so provide the

inventive display with the capability of being
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1@ach phot odetector. This construction can be used with
m crocapsul e- based fabrjcation or any other dis
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wi nd
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emtters. Sone of the emtted |ight energy inpinges
on biher swletinlssslis desaribedjeanein atith tegghito OTHIN matetiadhg
with the inventions described herein and the sheet

battery described in the 5 above-referenced co-owned

Pat gqurdfpPhiceanin @DEDihRebcap¥uld I ®whéeth e OIED fdferial is
Manuf acturing Electronic G rcuits and Di splays", can
enalPePpylgnd alonghvith an epgiralyie ¢ hokeliprspertyeaterial comprises the

o) UL £ ARERECENS AR BSSAE Syt i rom
|'i ghtying aneasbd énffughte sftheelecteiohldshadonvifdaioranapsilé.| OLED
! na%?a?érial is contained within the electrolyte solution, the electron carriers in the
electrolyte can be controlled depending on the needed specification of the
microcapsules 10. For example, the microcapsules 10 charge- carrying
25  requirements of the electrolyte can be tailored to match the electrical flow for a
particular OLED constituent material. Thus, microcapsules 10 can be formulated
based on the empirically or otherwise determined characteristics of a particular
formula, or even a particular batch, of OLAM. Other additional material can be
included in the internal phase or the shell of the microcapsule, or added to the

30  carrier material, or included as other microcapsules 10 within the carrier 12. For

example, a phosphorescent OLED microcapsule 10 may require different light-
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10 Figure 52 shows an OLED m crocapsul e 10 wherein the
shell is slightly less conductive than the

werwapsathat ed OLED material. The shell is slightT/yS1008/@37040
resistive than the OLED material so that current does
not flow around the shell, but instead flows through
CLED material. The particul ate can be organic or 15
inorganic, with chips of LED material conbined and
oriented, as necessary, with other materials as is
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Light of a particular wavel ength, for exanple

i nf pathedheltmaludes gg@LE&ma@uEDr@mltbsﬂ tbn ingerngk Iﬂ@se or the shell
wavel

SUC chilﬁg iltﬁgilarﬁ'rlctwg é%&%réﬁd a‘g‘ éltlg\a/id re%ct Ve é‘[flat%{gg ci)lgpnses either or

geneb@it flcaoltali€ hid/a Magh@rpONsRctiee diketitlgTh acddi@ance with
generated electricity is used to 5 cause an eni ssion

of 88eiBer cREPSFIEABOR ﬁledfwemtlgﬁfnlﬁrycmﬁélecﬂlsmsmﬂbphase comprises
b ay %%%LE% él’ﬁft{%?gda\é& ol an% atl ﬂhbeﬁolg\ﬂgﬁp?ﬂgﬁﬂéﬂaqfd gp&%@& in

€ generate par es havi ng orescent
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possi bl.e a map for exanple, that can be read with

i nf Mavde affIIUdg Hrgaﬁﬁ;t soé\ke@g r@dqrﬁg prqvady the alignment capablhtpes of

the microcapsules 10, either the internal phase or the shell may include a field
reactive component.
25
Figure 55 shows the OLED microcapsules 10 shown in Figure 54 including a
magnetically active material. The magnetic material is included as a separate
microcapsule 10 with an electrically insulative shell contained within the internal
phase of a second conductive shell that also encapsulates a solution of the OLED
30 material (electron transport material and hole transport material). The electrically

insulated magnetic material enables microcapsule alignment within a magnetic
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advant age, while avoiding the need for the map reader
to have night vision, as is 10 the case when the nap

w0 200tl0es7dR emi tt. Figure 54 shows an OLED m crPCEPS2008037040
10 wherein the OLED nmaterial and the hole transport
material are contained in solution within a conductive
shell. This construction may be driven with AC or DC
current. The OLED particulate is 15 formed by
m croencapsul ating an internal phase within a shell.
Thdieldp tvathonall it bm@eng air elebigicglbioit within the@riceasapsuien The OLED
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electrically Insulative s con wthint
i ntpetemtial to picalnst dﬁcthbdé(ﬂmd thosedond ¢legraledi] that aI SO
encapsul ates a solution of the OLED 30 materi al
(el ectron transport material and hole transport

metpggirabd illukhetes HRCOLEDahicYocapdtdd | RERAK B IEIE 64 used for
mat eri al enabl es m crocapsul e alignment within a
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Figure 57 illustrates a transparent, flexible OLED display fabricated for use as
part of a vehicle windshield. A liquid crystal (or other) light- modulating grid

25  may also be included. The light- modulating grid is used to provide a shutter for
blocking a high intensity light source 28, such as the sun or oncoming headlights.
Photodetector elements (which may be included in grid form within the
windshield and/or in another arrangement such as an array) detects when a light
source 28 is at a higher intensity than the ambient light. At the location of the

30 detected high intensity light source 28, the light is shuttered (e.g., liquid crystal

within certain pixels is oriented so that the incoming light is blocked). A radar
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constituent parts are selected so as to have

el ectrical characteristics that result in a preferred
w@aioh/0ed76El ect ri cal conduction (or el ectron aneCToB®03/037040

nmobility) through the 10 hole transport material and

the electron transport material. By this construction,

the m crocapsul e 10 behaves as a pn junction upon

application of an electrical potential to the first

el ectrode 14 and the second el ectrode 14. Figure 56

' g gﬁérﬁaﬂ@&rﬁé}@ ofbihE} §Bi6d AeRBEM §/skth S ustdtddGerieine when

sed for 15 creating a general Ilghtlng or display.

bacak Objeghlsmm the@p®Eb sudvascedechqedessiian aF a dpg.gHispefyan object is

t
i SPRaRa e 2enonig G aRRLRoRhiLb A AR B oLED
10 gaypeayr A ROt atichi shBE $esisWelditdirespariiiiotwheee theaibjdcewould
12 material, for exarTPI e a conductlve epoxy m Xt ur
0

5Théerievesdape deyer. dntosmation sm w@@fai ShQm ek icoming
pl an a
cap @Wo 6zlcgéfdtsln g@grr’ %’%é&lﬁg? 8}% {Hegﬁf oﬁgclarp lag s aheads up
el elidpldyCialags hBbi sn Hewkeof 4 féver piramafm checléght cloleer, 1.
Flgure 57 illustrates atra@igarent flexible CL

wcmmra%%ﬁné%w slesdrigpd Poigaligl bgpwegn up Flepodes 14. That
m)&?ﬁ%lﬂ-{l gotgeir%:lleg (&ggﬁfﬁ% ¥ ﬁ%@ssa&ﬂr is foQ&fv)e th bQRE Structures

so b€ 1 ncluded. The Iight-
10noditoddcufeg og ciystalssorusalecular ghaims) weorgntsauhatdight orselectively

SurPIgkon Thih P RRa R 50 DG er ron e e s SYem
QU cﬁ’ﬁaﬂuﬂ& fHAR ALl Ry G a@ef:é}{féﬂ 1¥¢H: Mhflsd g an essentially

Wi ndShlg? in anot%er arrangenent such as an
ar rfm}))pdmlemnmhen a light source 28 is at a higher
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the 30 detected high intensity light source 28, the
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to the cut OLED stack 46 and disposed within an evacuated or inert gas filled
25  bulb. The bulb can be solid and transparent or light diffusive, forming a robust,
solid state, light bulb for flashlights or other applications where a conventional

LED may otherwise be employed.

Figure 60 shows the OLED light emissive element having a conventional light
30  bulb form factor. OLED light can be fabricated into the same form factor as a

conventional light bulb so that it can be easily installed into existing light sockets.
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phot oactive grid generates an electrical potentia
between two el ectrodes 14. That electrical potentia
w@ amploid7oed i f necessary) is effective to causeCT/US2003/037040
structures 10 (nol ecul es or crystals or nol ecul ar
chains) to orient so that light is selectively
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Figure 62 illustrates stereoscopic goggles having OLED display device elements
25 43. The photodetection pixels can be formed so as to effect a camera incorporated
within the OLED display device elements 48. The camera optics can include
lenses that change shape and/or focal point depending on whether the image is
focusing on the human eye or the camera pixel elements. Alternatively, or in

addition, CCD-type cameras 50 can be provided adjacent to the OLED display

30 device elements 48.
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ac to dc converting circuit so that the conventi onal
sockets, |anpshades, etc., already in the hone or

wotduoes7are still usable. Alternatively, anotheeT/U82003/037040

5

10 he Fignrarodi ilBstrass adlestiec@LER

15

20

25

30

factor, 10 such as holiday Iighting, rope lighting,

etc., can be used. The cut OLED |light stack can be
shaped as desired, square, long and thin, etc. Al so,

the same basic structure can be used to nake OLED

light in a conventional LED package. Figure 61
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window 62, the window 62 being driven so as to be transparent with trees 64

outside the house visible through the window 62. The inventive window 62 can be
constructed along the lines of the OLED displays described herein. As with all of
the applications for the inventive OLED technology, the various elements
comprising the various versions of the invention described herein can be mixed
and matched depending on the intended use for a particular OLED display or
device. Thus, in this case, the inventive window 62 can be driven so that it is

transparent when needed, can be switched to being an emissive display (viewable
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10 Figure 64 illustrates a flexible OLED display
having mcrolens elenents 52 for focusing emtted
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human eye. An optical |lens can be used to focus |ight
onto CCD-type elenents to create mcrolens elenments

52 that focus the pixel light source 54 at the focus
spot in the human eye. The optical properties of the
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f opeBopdized eldeacotieDsulinsp |aa)ydamphoﬁéewmﬁsat'ﬂmuﬁay bérshown at a

this case, the inventive w ndow 62 n be driven so
t hagcopd ppEiosdnd asmepagenincliding rﬂ@@aé 3ypq;gﬁk prntenti Pay by

2084%12%767 rg?rft%élzW%§704oﬁg¢t%ot"§ag¥e\pgﬁf T

si diplayed os dledoventpleOILEIY disphilyockdow 62amd can be a
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ho %%ﬁlufh@ﬂ’l\%rv m%/zgk B&h bEWARHIIYE s HpBRNE leﬁﬂdt&l\/dlsp‘iawlgm% @g blocked

t he w ndo bei ng driven so as to display nultiple
si g wewdoem owtsgedhe hewans 66 i ncl udi ng vi deophone
comuni cation, Internet web page and a television
program Ml ti ple streans of display information 66
calFifife 66@) {1fuaneey Sle)iv AIPOEHV-LEbuIE Ha\dh% Head@ehtivE@LED display
exanpl e, broadcast video content such as a television
pr SRS Ayihe wirdpynheing deven soss tobe # NBHObF Intthis case, the LCD
di [

E%h?%lgd‘hgmgﬁﬁf 2?12% ibgﬁcgrrlrt&/ﬂje@QO% I((ﬁ%h fréllﬂqﬁlr%st aglsmltted

po rdtlnough the dviadoveb Fpalye, as sholvadn Egulm‘ﬁm eclatiyqde highriktensity

content, may. be
light (such as from sun beaming onto the window) can be selectively blocked to

prevent glare within the house and to keep the house cooler in the summer.

Figure 67(a) illustrates the use of an inventive flexible large format display as part
of a camouflage system for a vehicle, such as a military tank. In accordance with
this aspect of the present invention, a camouflage system is provided that includes
a video camera system that captures a field of view in a direction away from the
object to be camouflaged, such as a military tank. On the opposite side of the tank
relative to the field of view, a flexible large format display is used to display to an

external viewer the captured image of the field of view. Figure 67(b) illustrates
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shown at a third portion. Wth an LCD |ight nodul ating

| ayer, the content displayed on the inventive COLED
wale@plogsy6ti ndow 62 can be vi ewabl e from out si deBCT/H82003/037040

house (from pool side, for exanple), or LCD light 15

nodul ati ng | ayer can be controlled so that the emtted

di splay light can be bl ocked fromview from outside

the house. Figure 66(c) illustrates the wall 60 of a

house having the inventive CLED di splay w ndow 62,
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agkerpINg $08%% ymrer . 25 Figure 67(a) illustrates the

U S & Qifre BM(d) ML BhieY trefuset bh erventigefldxaplanlotidng displayas part ofa
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\é: gégl'(@ nfs€Xrhd gl)c()thglﬁ%ﬁn]agf B PricHed P BY ridhndS&Gctibed herein.

to an viewer the captured i nage of
the field of view Figure 67(b) illustrates 77 WD
2004/ 046767 S2003/.037.040 uf | age
s holgusePSE) gsgpgs (ngz 8’?@ e hglﬁgelcﬁ?ngg(ﬁ%rypagr g‘é%{'ﬂ% aght—to—

CUr YfeloWdodd Y pbier SRR, subh I §iRad//dRprvatiBedrone.
effec?g%fy%dl sprgyl ngn%%n capt ured field of view on

13 heFizluexi8ib)eis dibiqekalagramtiBusiiaing someeysfan plemsAtsiod they mitary

I h bl
e SBRlty S4Re shBEAFFAIL A T AL Yt Gor vt

Fi OpbEicREd G adcbiddbdd @Itl@ﬁletﬂi&seﬁﬁmvaftloamnam anhirg@ft, such as an
flexible clothing display as part_ of a canpufl a)l(g
sy s blserfagon drqyer t@mnumsov@@sﬂsf Vheebeipgppelet fprsgmple, by a

ISBS’S tmeo?f) e jfngeﬁ By %P] s o?rﬂ&for VTI?é"élﬁéEﬁb ot Rt bABGHE

e wearer so that an
20 | | glBt@iall @st@ﬂleaédedletﬂmater ﬁhectlyefmmrtha:ﬁ@amaeds@rifmrma battery
t he background scene. gure 67(d) shows the
i nv &t isvechargadmyrge ol %Ef'fn?iége system shown in Figure
67(b) in use. The clothing nay be fabricated in the
manner descri bed herein.
Figure 69 illustrates an embodiment of the inventive light active device showing a

semiconductor particulate randomly dispersed within a conductive carrier. A light
25  active device includes a semiconductor particulate dispersed within a carrier
material. The carrier material may be conductive, insulative or semiconductive
and allows charges to move through it to the semiconductor particulate. The
charges of opposite polarity moving into the semiconductive material combine to
form charge carrier pairs. The charge carrier pairs decay with the emission of
30  photons, so that light radiation is emitted from the semiconductor material.

Alternatively, the semiconductor material and other components of the inventive
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Fi gure 68(a) shows the use of flexible, |ightweight

sol ar panels as a sunlight-to- energy systemfor
wW@owenidqTg7 an aircraft, such as a mlitary obseP@UHUSZING/037040

drone. 15 Figure 68(b) is a block diagramillustrating

some systemelenents of the mlitary observation

drone shown in Figure 68(a). The flexible, |ightweight

sol ar panels fabricated in accordance with the

present invention enable an aircraft, such as an

obsighvative dedicomeay be scledied smthatibghi rédeivegdhin the sealigegductor

propel |l ed, for ex | e, by a ropel l er, dr.iven.b ]
A R A R R g R R
20 a8 h @Ghi depddr. Syst ems recei ve power directly fromthe

sol ar panels, or froma battery that is recharged by
the solar panels. Figure 69 illustrates an enbodi nent

of the. inventive |jght, actjwv ' ' .
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particul ate generates a flow'of electrons. In this

15cadisst qoneact ¢legirodgand the sgeandeeontast electsadea | i ght sensor.
5 Afirst contact layer or first electrode is provided
so that on application of an electric field charge

CarTHeaemidvndidir FarPQI1&E cbMpese at Njasicin@ bf laf begahlteand an
sem conductor particulate through the conductive
carppiganifEeBicopductor. Jde spmicoBAIANPAFtRPkHte 63N bes drgrigmple, a

el %ﬁ)&? ﬂﬁ){%ﬂéﬂ&éﬁ?ﬁélg a7 9s %&i&ﬁ‘veao%m;joﬁ@ﬁti 27 Bhvdri®nal LED.

el ectric 0 the second contact | ayer charge
20c arThessemidtadiictgr partiapjpo sai be,fot @rottiey eaampledreapadc lighto

10 the, sem conduct o articulate through th :

corfd¥Et] O%ali_‘%rﬁlé?- {FB‘?%?F’PIS\W uglor PS"r“ﬁPfé% Iaﬁ%glﬁ%ﬁompnse a
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efficiency, and the like.

25

The electrodes can be made from any suitable conductive material including
electrode materials that may be metals, degenerate semiconductors, and
conducting polymers. Examples of such materials include a wide variety of
conducting materials including, but not limited to, indium-tin-oxide ("ITO"),

30  metals such as gold, aluminum, calcium, silver, copper, indium and magnesium,

alloys such as magnesium-silver, conducting fibers such as carbon fibers, and
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sem conductor particul ate dispersed within the
conductive carrier material. Each pixel is

w@eddoti7éel y addressabl e by applying a drivi ngpe@DUSZGE037040
to the appropriate 15 first contact el ectrode and the
second contact el ectrode. The sem conduct or
particul ate conprises at |east one of an organic and
an inorgani c senm conductor. The sem conductor
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, alum cium
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drvide compesetaf 96t aFomsHel BT DRsholmsLonveAsiculate for
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hi ghl y-conducti ng doped pol yani |

hi efterrgy. ¢ Biradlightt iapigy eropéute poing plwppsddewnlmn theogapetreiwéanehe first
S a%lgctg cfécarﬂdglf s%conﬁ'%&yf@ﬁép %aé @ﬁg kht éﬁergy is received by the

rogen-contal ni ng

15 pophyduyi redyptisierpati@iigate, Qddgical @i@@?is%odﬁ%}éd HRELHOAR derived
materials that would allow the devices to be

c ol aiclesdricpd connepiien With &he ferésd@cﬁmiognd th«aesegml aéctrode.

e WA Y SuBR L8 b oo RS R By GRBRCBinyt Eaineq from
acwmcti arsolar \¢ell, Iphatvdtfeetor as@etdra efenfehﬁcdhﬁﬁﬁﬁﬁe

i nvention, a photon receptive |ight active device is
provided. A first electrode and a second el ectrode are

20 1OTIE€ ﬂiﬂt&?@c%tﬁ@%ﬁ%u@a@é AG z GO Ml Ma8% iR og %g o%%ﬁai{c photon

between. A light "active mXxture 1S provi
of reeeiver; pin morgmmephcmd)n @ndver, hhlettmnspcﬁaﬁp)ﬁetwleblockm material,
parti cul at a photagn ht _and

P AR FRrSpiEmsteeb and oo SieBes srBneng gt The carrier can

include at least one of an organic photon receiver; an inorganic photon receiver,
hole transport material, blocker material, electron transport material, and

25  performance enhancing materials. Further, additional layers may be formed
within the gap between the first electrode and the second electrode. These
additional layers help to define the mechanical, electrical and optical
characteristics of the inventive device. The additional layers may include at least
one of an organic photon receiver, an inorganic photon receiver, hole transport

30  material, blocker material, electron transport material, and performance enhancing

materials (e.g., the characteristic controlling additives).
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energy. The light active m xture being disposed within
the gap between the first electrode and the second
web@anseere so that when |ight energy is recei vEdI/D§2005€37040
15 photon receptive particulate, electrical energy is
produced that can be derived froman electrica
connection with the first electrode and the second
el ectrode. Wth this conmposition and construction, a
i ght-to-energy device is obtained from which a solar
cell, photodetector or canera el enment can be nmade. 20
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transport material, and perfornance enhanci ng

matbernddry pravided bitthe cwkd casieematsriak control | i ng
additives). 80 WD 2004/ 046767 PCT/ US2003/ 037040 As
shown in Figure 70, an enbodi nent of the inventive

| i ghthigcdseVe axigedidposed hame thbgas between tieab bnd bottom
partl cul ate aligned between_el ectrodes. The em ssive

15 pareiqcereﬂ%?tléclaé%%a Held serchive PLGI pastielate shajis 1andombyedispersed
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jected and reconbi ne tons. he e
d e ctm/bcmtdﬂn elettln@dee Mitediedd retaétl\rea(dLEDI particubase moas vdlﬂhghthe carrier
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20t heheine betmsde the( dectmdesfsinoflardd dmtpaade@ate m an edecztptayb)

This ma t output fro

or dzagtyts Bisaleicel fukn b PRopBdiempliGBp) s fiperviSe becomes

Cr efef&dan E}feoili%ﬁfn%(he@dn B Mﬁgnﬁtgrﬁ&& W Hphed B drhR™esired

wat er, oxygen and “contami hation boun ary provi ded by

t h@rxemagdn obtheifwld reacteve QLED particulate within the fluid carrier. The
fluid carrier comprises a hardenable material. It can be organic or inorganic.

25  While the desired orientation of the field reactive OLED particulate is maintained

by the aligning field, the carrier is cured to form a hardened support structure

within which is locked in position the aligned OLED particulate.

Figure 71 illustrates an embodiment of the inventive light active device showing
30  semiconductor particulate and other performance enhancing particulate randomly

dispersed within the conductive carrier material. The semiconductor particulate
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In this case, the m xture disposed within the gap
between the top and bottom 15 el ectrodes includes a

wo p@ua4a76nct i ve OLED particul ate that is randopdT/US2003/037040
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dispersed wthin a fluid carrier. An aligning field
Is applied between the top electrode and the bottom
el ectrode. The field reactive COLED particul ate nove
within the carrier material under the influence of
the aligning field. Depending on the particul ate
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the | nvent ive |ight active device showing 30

uct or te ot her perfo

RS pare B BeriaRisahcy il sERGil secartnek ne
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particulate 81 2004/ 046767 PCT/ US2003/ 037040 may
comprdes mateniabwighene of mgke chacadtaristip afpntmmuhaa@lm‘rmt For
in Il eas ne; <o at e
ot HHEEA" SR bR iR B 4R R FRyoms, o an epoxy, or
C O RN nfaledriad ht® vheoh! the B&hieosNRIE PagRuTate2daB beAispersed. The
electric field applied between the first and second
coshaastefigiceontreingad ditypemay he it patiewats apd/ope fluid state
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t he ‘conductive carrier

s emmpkepmﬂmncahtay et:aviaﬁgmmewmnsm\td p.lﬁse’ alsaltniooadﬁ@wb bBase, an

first cont a ge carriers of ogpposite
r?’nPéE{‘

pou%%utattvea &e ﬁfefal it rhagcing ghergcatbrdhesive enhancing
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conductive carrier material can
and other electrical, mechanical and optical characterlstlcs. Color absorbing dyes
can be included to control the output color from the device. Florescent and
phosphorescent components can be incorporated. Reflective material or diffusive
materijal can be included to enhance the absorption of received light (in the case,
for example, of a display or photodetector) or enhance the emitted light qualities.

In the case of a solar collector, the random dispersal orientation of the particulate

30  may be preferred because it will enable a solar cell to have light receiving

particulate that are randomly oriented and the cell can receive light from the sun
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bi nder material with one or nore characteristic
controlling additives. For exanple, the binder
woraioe/ieb’ may be a cross-1linkabl e nononer, or BOT/ERRY)37040
or 15 other material into which the sem conductor
particul ate can be dispersed. The <characteristic
controlling additives nmay be in a particulate and/or a
fluid state wthin the binder. The characteristic
controlling additives may include, for exanple, a
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' 5 u%ﬁla%trs? %eﬁﬁoﬁﬁ%&ﬁ%%ﬂﬁuc%rsf 08 thOUROT AV deb@¥ed herein, a

multi-layered organic light active particulate can be formed so that its optical,
25  chemical, mechanical and electrical properties are controlled by the various

particle constituents.

Figure 73 illustrates an organic light active particle formed from a polymer blend
and Figure 74 illustrates the polymer blend organic light active particulate
30 dispersed within a conductive carrier. The organic light active particulate may

include particles comprised from a polymer blend, including at least one organic
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di fferent species of organic light active particul ate
di spersed within a carrier material. The turn-on

wao odosageaet or each species can be different in POI/aR2003037040
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¢ ha\rwaa\%lgl{ét S And Scagfalstol%e usecFBr light-to-energy devices, such as solar cell

25  and photodetectors. These structures and compositions can also be used for bio-

sensors and other organic light active applications.

One way to make the polymer blend particulate is to precipitate out the particles
from a solution comprised of the OLED constituents in a common solvent.
30  Applicant has experimentally formed a polymer blend particulate from the

constituents Poly[2-Methoxy-5-(2"-ethylhexyloxy)-1,4-phenylenevinylene]; N,N-
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device. Figure 75 illustrates the pol yner bl end
organic light active particle showng light active

W@ Ra0e®4676Jpon t he application of electrical fiePdI/us2008@37040
el ectrodes, sites within the polynmer blend particle
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characteristics, longer device lifetimes and more efficient power consumption. In
accordance with the present invention, various methods can be employed to form

25  the OLED nanoparticles. The various methods disclosed in this reference for the
formation of drug delivery nanoparticles can be adapted for the formation of
OLED nanoparticles. These methods include the solvent evaporation method,
spontaneous emulsification, solvent diffusion method, salting out/emulsification-
diffusion method, production of OLED nanoparticles using supercritical fluid

30  technology, the polymerization of monomers, and nanoparticles prepared from

hydrophilic polymers.
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Dependi ng on the nethod of preparation, nanparticles,

nanospheres or nanocapsul es can be obtianed. (see,
w®r@dagiratabl e Pol yneri c Nanoparticles as Dr upCT/US2003/037040

Del i very Devices, K S., Soppimath et al., Journal of

Controll ed Rel ease, 70(2001) 1-20, incorporated by

reference herein). In accordance with the present 15

i nvention, an OLED particulate can be formed having a

very small particle size. The small particle size

of fers a nunber of advantages. For exanple, the

ultimate resolution avail able of a display may be
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illustrateS a polyner blend organic |ight active
particulate having a field attractive constituent for

al i gni nog-4 he rticle in an.ali.qgnin ield. ln thi
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25  Figure 79 illustrates three light emitting microcapsule species, each species
having a turn-on voltage controlled by the internal phase composition and the
encapsulating shell composition. The shell may be formed of a polymer having a
conductivity based on thickness and/or composition so that the specific turn-on
voltage of the encapsulated conjugated polymer particulate is of a desired

30 magnitude. By this additional turn-on voltage control enabled by the

shell/internal phase electrical characteristics, the photons emitted by each species
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be used to forma single | ayer voltage controlled
light active device for emtting two or nore colors
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el ectrodes and a separate |ayer of the sem conductor
and carrier material mxture, the present invention
enabl es a single |layered device with a single pair of
el ectrodes to 15 controllably emt two or nore colors
of light. Figure 78 illustrates another conposite
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turn on voltage applied to the electrodes The first emitting particles also emit a
different number of photons, zero or more, of the first color in response to other
turn-on voltages. The organic light active particulate further comprises second
emitting particles including a second conjugated polymer. The second emitting
particles emit a number of photons of a second color in response to a second turn-
on voltage and a different number of photons of the second color in response to
other turn-on voltages. Thus, in the case of a multi-colored diode or display,

different colors are perceivable by the human eye depending on the applied turn-
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applied turn-on voltage. Figure 80 illustrates an
enbodi nent of the inventive voltage controlled |ight
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particul ate randomy dispersed 15 within a carrier.
The internal phase may be a pol yner bl end contai ni ng
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Thus, t case ore i'ode “or
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dependi ng, o e appl.ied turn- 87 WD 2004/ 046767
pc%%m)@ E@ﬁgwﬁwa V%H%@ &0 SR> B ATEbici genic or
aCt1ﬁd%gaﬂ1é‘YI?a'Eerf£F3he§d 5t QighPElrHst8 nidhohdr 8l kid g, par ticl es

including a third el ectrolum nescent conj ugat ed
poI ynmer. The third enmitting particles emt a nunber of
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(similar to the particulate in an electrical or magnetic rheological fluid when an
electrical or magnetic field is applied), or otherwise becomes oriented in the
aligning field. The aligning field is applied to form a desired orientation of the
field reactive OLED particulate within the fluid carrier. The fluid carrier may
comprise a hardenable material. While the desired orientation of the field reactive
OLED particulate is maintained by the aligning field, the carrier is cured to form a
hardened support structure within which is locked in position the aligned OLED

particulate.
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10 conjugated polyners, organic |light active
materials, field attractive materials, inorganic

wo p@h4e6ti ve material, etc.. Each emtter em PGI/USPE/037040
of a specific color range, R, G or B. Each color
particle is fornulated so that it emts [ight when a
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the electrodes. A plurality of conposite
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reactive partic carri
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15 al pigmessht OLED particul ate. 88 WO 2004/046767

P S2003/ 037040 82 illustrates
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anBaed BfP abyorghien a3t akd blyp absoghing seres haveapeakt ype

re e
e it QU ARL e chie ByRRee beS o8 G RlosPleshdlive to
codffezalt Ipsrtams $R@3,B) obthp véstble bgsttronl, b€ bégdimesit of
responsiveness overlap. Light of a given wavelength (color), for example 500 nm
25  (green), stimulates all three types of cones, but the green-absorbing cones will be

stimulated most strongly.

Typically, a full color display has side by side RGB pixels and generates three
simultaneous emissions of RGB colored light, producing a mixture of
30  wavelengths of light. Color is perceived by the eye through the simultaneous

stimulation of the three types of cones by the color light mixture. In accordance
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10 The chem cal that is formed (activated rhodopsin)

creates electrical inpulses in the optic nerve. The
whe@in4d7ot er prets these el ectrical inpul ses i nP€ES2003/037040

vi sual cortex. The color-responsive chemcals in the

cones are called cone pignents and are very simlar

to the chemcals in the rods. There are three kinds of

col or-sensitive pignents, red-sensitive pignent,

green-sensitive pignent and bl ue-sensitive 15 pignent
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is ap Pl ied so that an appropriate nunber of phaqtans
shell structure selected so that when a high turn-on voltage is applied, the
electrons move too slowly through the lower voltage shell and/or internal phase to
cause complete or partial turn-on (i.e., reduced number of emitted photons) of the

25  encapsulated emitter.

Each color emitter can be formulated so that it has a different threshold turn-on

voltage and/or a different threshold turn-on pulse width and/or a different

threshold turn-on polarity. As an example, since more electrons and holes move
30 at higher voltage potential, the higher voltage emitter made to have a lower pulse

width would emit the same number of photons as the lower voltage, longer pulse
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Lh

25  large number of burst cycles. With each burst cycle, a particular predominant
color is emitted. Thus, in each scan cycle, the eye see separate colored light
bursts but the cones and rods are stimulated in such quick succession that a mix of
the primary colors (or, if preferable other two or more colors) is perceived by the
brain from the optic nerve.

30
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10 A variable DC/ AC vol tage/ current source applies
el ectrical energy to the electrodes. In response to
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emtted. Thus, in each scan cycle, the eye see
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polarity and the second turn-on voltage having an

turn-on voltage can be put into service to maintain the effectiveness of the total

display. The photons emitted by the emitting particles may also be outside the
range of the visible spectrum. For example, infra-red photons can be controllably
emitted to enable stealth military application of the inventive display.

25
The voltage controlled organic light active device can be constructed as a display.
In this case, the first electrode is part of an x-grid of electrodes and the second
electrode is part of a y-grid of electrodes. The mixture of the organic light active
particulate and the conductive carrier material in the gap between the first

30 electrode and the second electrode make up an emissive component of a pixel of a

display device.
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opposite polarity. The different turn-on vol tages can
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conprise at |l east one additional emtting particles
cont ai ni ng anot her el ectrol um nescent conjugated
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al kyl phenyl ene, and al koxyphenyl ene vi nyl ene. An
organic light active display device includes a

subygtiake ifdsthted td ih¥&ntBeiptinky color burst driving method for

producing a perceived full color image by the rapid and sequential bursts of
primary colored light emission. In accordance with the present invention, a

25  method is provided for driving a multi-color light emitting device, the multi-color
light emitting device capable of emitting two or more colors in sequence. Each
color is emitted in response to a respective different applied turn-on voltage.
During an emission cycle, a first turn-on voltage is applied having a duration to
the light emitting device so that a first burst of a predominant number of photons

30  of afirst color are emitted. A second turn-on voltage is then applied during the

emission cycle having a duration and at least one of a magnitude and a polarity
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10 driving electrodes forned on the substrate. A
second grid of electrodes is disposed adjacent to the
wo poog4ggp1 d of el ectrodes and defining a gap PCT/US2003/037040

t here-between. A mxture of an organic |ight active
particul ate and a conductive carrier material 1is
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25
Figure 84 illustrates the inventive retinex burst driving method for producing a
perceived full color image by the rapid and sequential bursts of colored light
emission. In accordance with another aspect of the present invention, the
intensity, duration and color emitted by the multi-color light emitting device is

30  adjusted according to a retinex display operation. Edwin Land introduced a theory

of color vision based on center/surround retinex (see, An Alternative Technique
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second color and the third color. 15 In accordance
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in each i-th spectral band is filtered with a common function. According to the
inventors of the 5,991,456 patent, an improved digital image can then be
25  displayed based on the adjusted intensity value for each i-th spectral band so-

filtered for each position.

Figure 85 illustrates the inventive adjusted color burst driving method for
producing a perceived full color image by the rapid and sequential bursts of
30 adjusted colored light emission. The retinex display operation may include the

steps of providing digital data indexed to represent positions on a display. The
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for
generated in the environment so that a second particulate of the second organic

25  light active component material is temporarily suspended in the environment (step
four). The first particulate and the second particulate are allowed to commingle
and attract together in the environment to form a first layered organic light active
material particulate ((HT)(EL)) (step six). The layered organic light active
particulate has a first layer of the first organic light active component material and

30 asecond layer of the second organic light active component material.
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each position. Figure 86 is a flow chart show ng the

steps of the inventive nethod for formng a 10
worioio4d7ayer ed organic |light active material PCT/US2003/037040

particulate. Figure 87 illustrates a |ayered organic

light active material particulate fornmed by the

comm ngling of a particle of hole transport materi al

with a particle of emi ssive |ayer material. In this

exanple, a first mst conprises a hole transport

mat Bigh Rl SN ithh3trA8th malt-]a96red @ngnlﬁlg‘h@ aeed ht8iial particulate

conprises an emssion |ayer material (EL) and carrier.
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10 hecagmner ﬂtud v mist( o ttlexpthird meisjure i geperated mﬂet en@fronfnent so that a

second m xture erated jn he envi ronnent, so

¢ hong ol ol e R Geanic et bl SR o p A b

| ol inpaedeily SuspenRaN & his S RE f&kth'&x&&@@%&éﬂa’téﬂ so. that the first
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parltay«trgd arganigrlesht hetiveanyel particibd iatiempererilyl suspeaded i the
néH\ﬂ%bSlentta nfLqu r&lculo\%eatng e fi ¢]1ist %%/elie g>\r/éa]ryl‘;gc( tgftw%

orma organlc Ty

15parma1eﬂhlqsaemﬁ(ldcﬂ€ )afe&ll])o)ave(isé egmsiingle and@trh@)6FeBibr @ GRNI C
light active fpartlcul ate has a first layer of the

fi r QIVIIgREERY 1@ friny Asecondlayeredrpaie Hehtagtive materlah@are@ﬂ@te
DN kM thed 1A BOY OISRl BTt e v

PCTérg&70 GighOR:1i04 thatdriad) panﬁmﬂQtel anb vist thati@sgamic light active

multi-layered arganic |i tlactlve eri al ) .
par‘t‘qn&RﬂnﬁP‘ernatFH? uphe I%@l @Eﬁﬁ\"lgﬁ%‘Fl ét Htivg matgrial pgyticulate

aParfdsGl Iﬁul‘i’itla?&‘e@ sl RS RIS il PUHeR 311 Visred BY B or@?@l’i hbctive
with a particle of electron transport mater I gure

90 ¢dnpezenianetsrialy @rrangedentidesiraderdeod (BT)ED)EINY a
mul ti-layered organic light active material 5
particul ate froma hole transport/em ssive |ayer

CONBit dcko@Rhiceanith &k pRéeEt inGhtioh! fASRAAYeréPPRtiEdIME Riructi¥? can

organic light active materi al part i cul ate can be

f or peeebtained for obtaining electrophosphorescent OLED particulate. Figure 91

25  illustrates a layered organic light active material particulate formed by the

commingling of a particle of blocking material with a particle of electron transport
material. Figure 92 illustrates the inventive method of forming a layered organic
light active material particulate from a blocking constituent and an electron
transport constituent. Figure 93 illustrates a layered organic light active material

30  particulate formed by the commingling of a particle of emissive layer material

with a particle of hole transport material. Figure 94 illustrates the inventive

97



having nultiple layers. Athird mxture is forned of a

third organic light active conponent material (ET)
wa@pa4a4d7bi rd carrier fluid. A fourth m xture iBCT/OR2088037040

of the first |layered organic light active materia

particulate ((HT)(EL)) and a fourth 10 carrier fluid.

A mst of the third mxture is generated in the

environnent so that a third particulate of the third

organic |light active conponent material is

t e npoicar ofl fyrnsing pdaybeet] onamic dightdctive matesiat PHrtigplte fram jag

e rmy e ot e B9 oSN RO Pl Bpgortes o
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L e

seGAREod GHeFAEcQr Bali-Bydrbd bigaaktligheadpeendtatal particulate from a
particul ate incl udes tKe first or%ani c light active
mathdedking/gegtrondiAnsPert aprstifugat and; a kple HansRPE/enyigiye layer
actijve. ial.. | Lod '
R e R L T o
MUl Halvidgahecagtinienyetrisroeddréhin 4 dusired emnedrisotthat e whltt-lagered
organic |ight_ active conpqnent materials arranged in

105 qesidets aFredisrtiyq R SO CREN CUST-accor dance with the
present invention, a nultilayered particul ate
structure can be obtained for obtaining
el esdditpiud dyboras berntld€l @Iheautti-tybwtstrugiprefogmingzgother

illTustrates a |ayered.orgapic |ight activ terial .
par BPGHF &1 8t A UENIC Ty F e RG Tt PR eaer
bl ofishRAg FRhBRd Ft MblhBr AiREdeldf &lpeevabus®) REInE@Myered organic light

transport material. Figure 92 illustrates the . .
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active erjal_particyl . I ' inole and
corPerEn R ERU Gt ef B kpLMRELAE A to commingle an

Fi gatfBctQSedthdr 46 farat B8 naulli dyyeredchatiqdné stridtght acti ve
material 30 particulate forned by the conmi ngling of a
particle of em ssive layer material wth a particle

of b, r | ' ik b EM8naterial
O BE 2D R B TR st St e

200f  foay cbmgrise dtdyat ek off Gare U’amsipgmmmialm aveissipn byyer material,
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mul £ lifclhiOftle REbhVS IMb@lckidmaterial, an

par {f(;’rg (?rbaétﬁgﬁgtgr %g%ablydt he c%mn’ ngling gh;fl a |l ayered

par tlectrastaic hiteili mdésdcant, hole injectingpoaterismand arg¢lectionh

at EHFRE Bl 156 rrERst s e B G Tphd VR d muti-

25  layered particulate structure can be formed having desired electrical, optical,

mechanical, field attractive and chemical properties. The number of layers and
their order and composition can be controlled depending on the desired particulate

attributes.

30  Figure 97 illustrates a layered organic light active material particulate formed by

the commingling of a particle of field attractive material with a particle of electron
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met hod of formng a nmulti-layered organic |ight active
material particulate froma bl ocking/electron

WO e@asposT constituent and a hol e transport/ enPGEUSI03/037040
| ayer constituent. As shown in Figures 89-96, a
mul ti-layered particle can be built up having the
constituent parts ordered in a desired manner so that
the nulti-layered 10 particle is an effective point
source light emtter. Additional |ayers can be added
to [ =k & ]
P e R B e o8 ming a layered
mabgehialliganattian otakeial particilete fréth aiftbldattiadtoierdongjityett and an

anot her m xture of. a previousl.y forned | ayered .or i C.
11 AtirorTanspory EonsttuEny ase P S i YL AN AR active
Paﬁfaﬁﬁﬁl ditibfate THShdaasiuhe b&,ﬁn@?linlgcaf apaitich: ofSiRaNEIRger
in the environment as described above and al|owed to

5 comatenigl withmopartimle ofdwte tramppotienaterialf Higwre HY illustrates the

mul ti-| ayered ticulate structure. At.] - 0
e &mege Bfeae Sl e toRg Ao JiRh g RinRlac
C OFBRNANImiRBElayél cond@ubiYand QMHNd Gspért t&RStueAN EFighreal01
hol e transport material, an em ssion |ayer materi al

anilbiswates amulti-dayspdrarzanie Bghtactivamatesiahpastgylag formed by the

materi al ... &t hen_or e I '

R e
10 el egthraasyatd partieleef ealissive 1agsihorardnspdrohateria). Eodura 02

material, and an el ectron injecting nat?{ialn Th S, a

S ollbisiralsh hsfinsaHye etk Fomping & TRAAYSESd g lighi doive

25 . [ . i

oI RLBY B RpL R ARl i ot B e o
at taaglotikeniasivk kahamndoastitugito pershoes in Figeras (b2, die point

Cobensy o cabBiaeris e SH-CRP ATkt s 0ol B lifgion o a

15at &%&t&fﬁﬁf‘sﬁch 20, Fia@htiRaly rdablitShbh@REES aorl PR ELRE BRAL Gf the
light active material particulate formed by the

comaiticglaimmg of a particle of field attractive materi al
with a particle of electron 98 WO 2004/ 046767
PCT/ US2003/ 037040 transport material. Figure 98

I 1| gt dspdRsoftthefitsh ¥@Dihe \secotana duiseqlieit barfigr Auldayelyed a
organic light active material particulate froma field
at tsplvent oféheengnir digbinactiyp gomponeaf Bgicrigh apd fesybient removed

constituent. Fi . ' r . '

20, 7 Bl dr B Fis o vt Bl b ftn e WAUSERR i R fronmen.
COMTidgHtively, @ breipd@ation chrebeodbigifedBY ¥ euikabjeechemica tenctian
with a particle of hole transport material . Fi 9u e 100
i | Idgpendingen the eompane majaiakand g sghverio rﬁier‘@el& qaLVé?téQil may

O gaN, Gseh Y the Aftfitiotfor TAEHAIRD RAGIIRHAIRHOR to or after forming the
mist. The chemical reaction may be caused by the carrier material of the
25  opposing mist, or the precipitating material may be otherwise applied when the
solution is in the mist form. The environment can be gaseous, liquid or a vacuum.
It may have a flow, such as a flow of inert gas, to carry away evaporated solvent

and/or to more the very fine droplets and the commingled particulate.
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froman em ssive |ayer constituent and a hole
transport constituent. Figure 101 illustrates a

worioio4d7ayer ed organic |light active material PCT/US2003/037040
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particul ate formed by the conmngling of a | ayered
particle of field attractive/electron transport

material 10 with a | ayered particle of em ssive

| ayer/hole transport material. Figure 102 illustrates
the inventive nmethod of forming a nulti-layered

or leC ool t par Ll

L e S R L e R L
holfime phnanmmmsdlamless iheaedpmyve fisy stdondend subAsqshoparrier
in_Figures 97-102, the point source light emtting
palﬂPF ulate can be field attractive by the inclusion

of e %ﬁr&ﬁiﬁu’b@éque%%aﬁﬁ hght%ﬁ{?@ﬁérﬁé\hhﬁé Iﬁ%%t 4 M8lti-layered
material, as one of e constituents of

palotganui laghs active hatagal partecuddte, tiiech inay be écbrdletlﬂn@r tbemvagtive

and equent carrier fl ui sol vent of the
et R csb Rt ghsbisenecin el hp of Bt qapelent
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| eave the particul ate suspended in the environnent.
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prior to or after formng the mst. The chemni cal
r eQBHFH RltHAYiehH tBapnaigulsly. thve cxarplerdn thegase Phi voltagehe

25
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f onorprevingt meantedrptmmh enamd&efrgmsh@ummﬂlpmugwbrmﬂeﬂ and/or to
vacuum have a flgvv, Euch as da fl ow of .inert
gafrorfl%tee%ﬁnr%a Iﬁwﬁi}’ cIYSHOR HPRihe sttt depgpding po thy apghed turn-
t hgpueled | Nne droplets and the conm ngl ed particul ate.

99 WO 20%4/ 046767 PCT/ US2003/ 037040 The first, second

and subsequent organic Ilght actlve conponent naterim
ubI n,the res tive

aenfJ ne rtl % qat or dc fr)lg S, 1eact1ve

i Jp enyirorgpapt i Which JReRiiEey 245 foriaed ofif b guince e

t higagl aawadu@ﬁ szE et omeg@nﬂaslelmamma%f YA, lid By B €
Y

may be a multi- ered 5 organic |ight active
matdvanddgepas for ¢he @tve“onwtdh mﬁébydekrécrﬂ@rtmt pgrfqrmea catalytic

' n‘f&r{&:‘ﬂo}ﬁo P{B%(HQ g lrcheq}l% gg‘c‘ﬁ%{ﬂs# o?gc%tgzeen c cg{ls(ﬁ%enés in the

Iron o nore cons uen

magnieds e\ cﬁiaterc&fﬁstlo SniRicingOreatimdiid ity &8 Hetfbinkl rSthe Brmed
other means for farmng a nulti-layered organic |ight
act#veecdRrigans LightagHye mafesiabpartigidatgy éﬁﬁ freatment may be a

temperature treatment, a chemical treatment, a light energy treatment to cause, for
example, light activated cross-linking, or other characteristic enhancing treatment

to impart desired attributes to the formed particulate.

The constituents that attract and form the particulate may be given a charge to
encourage the commingling into the particulate. For example, the first mist may
be given a charge have a polarity and the second mist given a charge having an
opposite polarity. The electrical attraction is thus enhanced between the first

organic light active particulate and the second organic light active particulate.
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l'ight active material particulate forned in accordance
with the inventive nmethod 10 nay al so be encapsul at ed
WO p0oa/0sd1et | to i npart chem cal, magnetic, el ecP€T/T81008037040
optical attributes to the particulate. For exanple, in
the case of a voltage controlled emtter, the
m crocapsul e shell can be conposed of a materi al
selected to prevent unwanted photon em ssion fromthe
i nternal phase emtter, and/or to pronote wanted
photon em ssion fromthe enmtter, depending on the
applied turn- 15 on voltage. The environnent in which
t hEigpar 103cisharessissctioprafegoaia cibodmiibadpying adlocking layer

r eg}ct e}g 6}? %%E%?Q& %ygna anl elle%cpolﬁ' tg%lggor? glg% fggllﬂ 16 tlﬁ
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5] | ntremsm@@;ttlw@é formed %ldh%ﬁm dibes anchan ¢paissiyg Lyer fogmed on the

[ enhanC| ng treatment may be perfornmed on
g li%g‘iaﬁe%f’%éq gyer ed organic light active materi al

partl culate. The treatnment nmay be a terrper at ure

treatnment, a chemcal trea . .
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npart desired attributes to the
10f ofinvedtiga raIdondhcaive ﬁbEhs coatnd withtbe brganicdighhemiting matesial. A

f h 1 h
e BB ORH e R AL AT Eibar Rty &f e ggps of the
ex%?g’c\lnﬁv stidiCidcidd®lg AbREKINR YayeP Rlc@tr¥ R Frafspohtai @, diﬁ\jﬁvéilayer

pol a and the second nist given a charg(g havi ng
30 hohapmsp@t blyblaletct YA sephed ednsleeior ean then be medr@vrﬂsthe orgamc

thus e firs

parsfalc Lﬁuﬁ glhcg S(O ﬁglegk‘g%edl i gc{algﬁ1 |t§£ ?I%q#ﬁ]t% ?men%%ﬁ tiffough
15palikd ﬁéﬁsgﬁﬁnt ITORYMO X@&ﬂdt%@?ﬁzoﬁﬁ&ﬂz@%@%ﬁ) 8¢ 0dilkd around

Figure 1 IS a cross section of a coated cathode

fi By organic ipch thre @k thsgeranfeiondyeetnd sBawn Hekiguten dagnd 36,
L: %g[% &ngl ;ﬁ{ér%u%gtflg Qathﬁ%;}ﬁlﬁ%‘hbdé AYES cgrpﬁé@ﬂt r(}?/ﬁﬁ‘fespectlve

ayer 'S a Cross section
CoadhyRes @ﬂ‘tﬁd ergalnbﬂtadkaamdmlgbnaadﬁsﬂowﬁmfhms pog, twistadetogether to
formed on the anode fiber and an em ssive | ayer forned
on fore an gessivefd8&port | ayer. Figure 105 illustrates
t he coated cathode fiber and the coated anode fi ber
twi sted together to forman em ssive fiber. In
acdogutan 06 siwwha trteﬂs)ddspmatm pfn eleetrdde fitrey @nthl q@ganiglight active

g%nc?egfc%@/%gggé? ﬁép efcé 8& er catg e gpr}gy Qo spm cogtea dip coated
and/or plated with the appropriate layers of the organic stack. Alternatively, the
electrode fiber can be vacuum coated, evaporation coated, etc. These emissive
25  fibers can be used for making items, such as lights, clothing, wall hangings and

carpeting that emit light.

Figure 107 is a schematic view of a fabrication line utilizing the inventive OLED
particulate/conductive carrier mixture. In accordance with the present inveniton,
30 traditional polymer film fabrication techniques can be applied to the formation of

a solid state, flexible, high resolution display. These fabrication techniques can

101



singl e conductive fiber can be coated with all or any

nunber of the layers of the organic stack, including
w@2koecsng | ayer, el ectron transport |ayer, ePCBEEB03/037040

| ayer, hole transport |ayer, etc. A second conductor

can then be fornmed over the organic stack, such as

ITO so that light generated in the organic stack is

emtted through 15 the transparent |TO | ayer.

Al ternatively, a conductive wire can be coiled around

t he

Shoun L ot B8 8% R SRR N engdS

t hecageptonerfe aneh solanpaelsf i bers can be coated with

respective layers of the organic stack and then, as

shown in Figure 105, twi sted together to forman

em &8 ex@nple BEthe iRGertive WRicAOS SBAVE ifa Hﬁf fboﬁﬂlfﬁf)cess begins

coatl ng an el ectrode fiber with organic
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A tmrmg st)al@ Mtroﬂﬁtﬁ:s ofitoaé b@@(ﬁnfsh&%fatecaaﬂnpgf & BGid D rier
coat ed, evaporation coated, etc. These em ssive 25

f| tFé’nnEa“B%fa@éoﬁ%%@lsp%rﬁe%@kEﬁg)artt@&ﬁée Tlrctopabytiatehis placed

i ghit O 02 PrggRPLOIR Atk ERRRulFh e R ectreon

101 | m;lrlmuﬂdtﬂ:/zamgr hivetuierbeendenvke Slbsiates. At an aligning sta Oge an

ar i cul conductive carrier mXxtu | n ‘accor dance
\?v. t gPW&%?i@@HPP?C{ﬁ%h? PAED P%t)mtliitad ffbis@\@allecbﬁﬂyl iweuses the

fil . . 4 edyt. he .. ..
IS S S BB i e
di gpalalylnlﬂ'g1éls@oﬁlabn io€ titei abign¢cepdrticudate sthe asried 8 had@ned at the
2004/.046767 JE 1USZ 03/037040 | sp be used to form

ot KAFNg Sags) The, pEEAefl ghiticalafy i docied Mmepsitincietween the top and

150 i Wtbﬂl%le&@ﬂ@?ﬁ&@ ethAele ﬁ%%ﬁll@ 3R Srriddn %@éﬁﬁ%ﬁ s?ige can

the inventive tabrication nethod In a rol
pr degs dsavidedy iaﬁ gecessaytth perferpphgat oo ptesoire tredttnem, or other

untr St B e AR el oo SRy B R B35 reet

el ectrode patterns. A slot-die coating stage
|nt uces onto the bottom substrate a filmof a fluid
L}I‘

gbrication miethaddhas dhecrsivpytags efpsilicing @Lﬁ@g polymer film
20 parsﬁbs‘fﬂéte@t £1d s ’ﬁ B4R y&%%tu#etea}ngg dﬁlr&%ﬁ, h{l]l‘ SLED

I'm Pressure ro ers ensure

t hlpakmeklse/m‘rrmrhéud Gompodsiticnital e/ rad i Ghelfakilidhii®n processes,

ep the substrates. At an aligning stage, an
1r\1M?u g screen and htﬁographlc printing, 1njgct10n%1oldm%, and resin casting.

Using the inventive OLED material composition and fabrication method, the
25  problems of OLED display encapsulation are overcome by the combination of the
barrier properties of our cured carrier, desiccant and scavenger protective
particulate (if necessary), and the well-known water/oxygen polymer film barriers
used in other applications, like pharmaceuticals. Delicate organic thin films are
replaced by robust OLED particulate or microcapsules that are protected within a
30 solid-state matrix. Display contrast is enhanced by selecting the appropriate

optical qualities of the cured carrier, avoiding the need for costly alternatives such
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aligning field is applied to the OLED particul ate.

This applied field causes the particulate to orient
war@4@hd7gn within the still fluid carrier. W tPCT/H82003/037040

applied field maintaining the position of the aligned

particul ate, the carrier is hardened at the curing

stage. The aligned particulate is | ocked in position

between the top and 15 bottom el ectrode grids wthi n

the now solid-state carrier. A treatnment stage can
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cured carrier, avoiding the need for costly

alternatives such 102 WD 2004/ 046767
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conductive electrode. El ectrochem ca
pok9it ané pehpledity pt formptpeancOLEDRegltk yin the end, the problems caused

25 by the ingress of water and oxygen to the organic stack continue to pose serious

¥

technical issues. Figure 111 illustrates a prior art OLED device. Very basically,

an OLED is comprised of extremely thin layers of organic material forming an

organic stack. These layers are sandwiched between an anode electrode and a

cathode electrode. When voltage is applied to the electrodes, holes and electrons
30  are injected into the organic stack. The holes and electrons combine to from

unstable excitons. When the excitons decay, light is emitted.
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transparent and conductive. This material, or other

sui tabl e conductive polyner, netal, or other nmaterial
wa@aw4l0es765ed as the conductive pre-patterned ePEmUSIIE037040
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industry is fromcontam nation by water and oxygen.
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el e en ectrodes.
to align display pixel-sized electrodes and inkjet printed OLED material with the

25  accuracy needed to affect a high-resolution display.

Figure 109 illustrates the expanded gap distance between electrodes in accordance
with the present invention. For illustrative purposes, the difference between the
gap distance of the electrodes in a thin film organic stack is shown in prior art

30 Figure 111, as compared with the much greater gap distance between the

electrodes in accordance with the present invention as shown in Figure 109. In
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extreme thinness of the layers of organic materi al

bet ween conductors also results in electrical shorts
wea®iloye76r m ng due to even very small specks PET/USEN3/037040

or other contam nants. Because of this limtation,

costly cleanroomfacilities nmust be built 15 and

mai nt ai ned using the conventional OLED thin film

fabrication techniques. Currently, inkjet printing

has gai ned ground as a pronising fabrication nethod

for b
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25  transport, and performance enhancing materials.

Applicants have discovered that the ultra thin film nature of a conventional

organic light active device results in many disadvantages. These disadvantages

include, but are not limited to, electrical shorts caused by the inclusion of small
30 foreign particles, cross talk among pixels in a display array, delamination of the

thin film, deterioration of the thin film by the ingress of oxygen and water, and
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film CLED device structures. Anpong the advantages are

the reduction or elimnation of cross tal k between
w@rooalogg76Truch greater tol erance for inclusi onsPOF/US2003/037040

foreign particles, the additional of performance

enhancing materials into the matrix structure, as

wel | as the many nechanical, electrical and opti cal

advant ages 15 di scussed el sewhere herein and ot her,
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thin filmnature of a conventional organic |ight
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di spRvapleapatiing csrhptdRionlitdy iAtRdO O lehst Bhé 8Fart Psulator, a
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conposition is also disposed within said gap. This gap
expandi ng conposition is effective to increase the gap

di stherreisyiee yenhcanrempaise an emissive particulate dispersed within a

25  carrier.
The emissive particulate has a first end having an electrical polarity and a second
end having an opposite electrical polarity. The particulate can be alignable within
the conductive carrier so that charge carriers of a first type are more easily
injected into the first end and charge carriers of a second type are more easily

30 injected into the second end.
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10 and bottom el ectrode. The gap expandi ng conposition

may i nclude at | east one of an insulator, a conductor
war@4@4eem conduct or. The gap expandi ng conposPCT/OR2003087040
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em ssive particul ate avi ng an
eleﬁmmmnal polarity and a second end haV|ng an
opposite electrical polarity. The particul ate can be
alignable within the conductive carrier so that

10¢ha% gfe 120 fhRkAieoh sﬁlgié Ja$dred Mﬂﬁl—@él@t PREEInSRSdridnce w1th the
injected into the first end and charge carriers of

sequesgnt ippentmne Inmecaordanse with @@ of tHieembedirernts of the present
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ef fectiveness by expandi ng the gap distance 5 between
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constituent conponents, this . dugtl on. in_efficienc

carfiBwrel 11 & grosoechardl SHERER AT lugirating{ha gx igpiemes light
ga ctife BbANRS: 11 O@&‘ dgivﬁﬁléte% £an588a ﬁggﬁécﬂ@g

out too nu ice C|ency Figure
1 1 Oschdnhwn view eﬁusaaras’lhg] giee%xltraylen efilightlactivelibar Figiseel 1618 a cross

Osmc Cq%Etgcﬁgo gggh}%ﬂé%ﬁ%ﬁéiﬁéhtgﬁtw#g I Ogggél llaﬁ%%rs%ﬁematw view
of the segment of extruded light active fiber driven by a voltage applied between
electrodes. The inventive light active fiber includes an elongated hardened
conductive carrier material. A semiconductor particulate is dispersed within the
conductive carrier material. As shown in Figure 117, a first contact area is

25  provided so that on application of an electric field charge carriers of a first type
are injected into the semiconductor particulate through the conductive carrier
material. A second contact layer is provided so that on application of an electric
field to the second contact layer charge carriers of a second type are injected into
the semiconductor particulate through the conductive carrier material. As shown

30 in Figures 114 and 115, the randomly dispersed particulate within a carrier is

contained within a vessel and may be extruded to form an emissive fiber. The

107



invention, a nulticolor OLED device is fornmed that

i ncludes particulate that is capable of emtting
w@b@wonseTor responding to a visible (or invisibkCEYS2003/037040

spectrum of radiation depending on an applied voltage

or other em ssion triggering 15 nechanism Figure 114

is a cross sectional schematic viewillustrating the

extrusion of light active fiber having aligned CLED

particulate. Figure 115 is a perspective schenatic
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phase. The internal phase may comprise, for example, a polymer blend including
25  an organic emitter blended with at least one of a hole transport material, an
electron transport material and a blocking material. The conductive carrier
material may comprise a binder material with one or more characteristic
controlling additives. The characteristic controlling additives are a particulate
and/or a fluid and may include a dessicant; a conductive phase, a semiconductive
30 phase, an insulative phase, a mechanical strength enhancing phase, an adhesive

enhancing phase, a hole injecting material, an electron injecting material, a low
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contact |ayer and charge carriers of said first and

second types are injected into the sem conductor
w@artioeatbat e. The injected charge carriers comptTES1003/037040

formin the conjugated polyner charge carrier pairs
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The other of the first and the second contact may comprise a second conductive

25  member disposed adjacent to the first conductive member so that at least a portion

of the semiconductor particulate is disposed between the first conductive and the
second conductive member. The first conductive member may be a conductive
material comprised of at least one of a metal and a conductive polymer disposed
in the interior of the elongated hardened conductive carrier material; and the

30  second conductive member comprises a conductive material comprised of at least

one of a metal and a conductive polymer disposed as a coating on the exterior of
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light active fiber which converts light to energy can

be provided for receiving a 10 |light signal and
w@eowneid7smg it into electrical energy. This el BCT/USIA3/037040

energy can be anplified and used as a signal to drive

anot her section of light active fiber which is

em ssive. In this way, along the pathway of the |ight

fiber data transmission line, the inventive |ight

active fiber can be used to anplify the signal and
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c Og I’lell’lgl% a%’ll t 81[ Si ygle COILX oenent QF%I‘ g%[gﬁ 81’1(? 1n0rgan}c

e secon con Ise

10c onghuietti(¥)eh e tﬁﬁﬁ@ﬁb@ﬂ’ b@cﬁﬁ@@éﬁr@dﬁﬁl@@@ﬁ ah@ pEH@rnﬁdn(ﬁ Enhancmg
conductive nenber so that at |east a portion of

serfp¢erdsct or particul ate i s di sposed between the
first conductive and the second conductive nenber.
The first conductive nenber may be a conductive
matKigurel12¢ dsmpeiosestedbna tsceamsic visveilbktratinpathakxustorof light
conducti.ve mer. . di d i.nthe interior of the
el Givg¥e BRD %ﬁhé}y alistBR G Dutigupic; EieHml ef s pergpsgtive

15t hecRGnsRennd 1H19§%1‘£Hﬁ% 'tﬁéeexffﬁﬂ'eﬁ bf ﬁ%me?&?ﬁbﬁm NAUEIIVE a

mat eri al conpri sed | east netal Tand a
corsdgueitvg eptrigerelighd ms@m@ﬂ)oas Fguco d24 13q aosstshetional view of

t f 04/.046767 PCT/ US2003/ 037040 th
exotﬁé I(Sﬁogrérbecﬁl’i g %H@&V@é‘gﬁ Asive b having W%Féptr%cies 1ncorpor§ted

Fur/ {86 thd fiBbdi0MAQEIvEh 89 aQbltagd ¥pphad béGMbRLIB R s trﬁe
carrier can be tail ored dependi ng on the desired OLE
®

chaxéeded shapp @sd omferdatinar afiteedligned pantichlaty @uéaeatomrqltetqlr e
0o r cfelp Ig % ?19 ggﬁféﬁllhar%gterlgticg %E Fhe I%ehg aétpv%r ae? Io(r:l

e transpor
transport and 5 perfor mance enhanC| ng materi al s.

Al'so, the carrier can include a m xture or single

corfiwEreS SHussiaes ilighh AdiVE SberatiTisicamnd chpgRing meghagism for
U AR 5R RN iR G&SRkhs of OLED light active fiber. In this case, the extruded

fiber can be formed and chopped into uniform lengths. These lengths can be
25  dispersed within a carrier and become the particulate in the particulate/carrier

mixture disclosed herein.

Figure 126 illustrates OLED light active fiber randomly dispersed between two
electrodes. Figure 127 illustrated the OLED light active fibers aligned between
30  the two electrodes. Figure 128 illustrates OLED light active fibers randomly

dispersed between two electrodes having a gap distance close to the uniform
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el ectron transport, and performance enhancing
materials. Additional |ayers can be forned between

W b@4mpiae1 r odes and the particul ate/ carrier | ap&r/US2003/037040

10

15

20

25

These additional layers can include a m xture or

si ngl e component of organic and inorganic 10

emtter(s), hole transport, blocker, electron

transport, and performance enhancing materials.

Figure 121 is a cross sectional schematic view, i

i | lengthroathenigbarheFigrre 129) 18ﬁst@f68|th@ﬁPEDalesht@eﬂYqv%m%ahgned
hayl ' L tstarfck QsE td # unfFofn length of
pe?‘gstg]g%ﬂh\%/g&}gglegg er?aq% @g\%ilgé%oﬁ ? ucst r gt i ng tuheO e
extheyienn A shoivphdseadietelereinbibancorfinga mathli8 presert invention,
segnent of extru ht .active ribbon. .Figure 124
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a_ emissye PRICHIISRArs WHhin £ RAmER TR UGH (R L Eanic Light

i Qafve%%{liic&SIr{ é&? n t?gitﬂ %iﬁ’bﬁlﬁocﬁhﬁﬁﬂ kR4S issive particulate can

i ncorporate w thin e ribbon and driven bﬁ/ a
vobt elgegappfibahabmgwbe compeiionattegibetherein x Thegb@ntages of

shape. and qrientation of the al.ign articul ate n__.
b QESheEaIen B 50 e Bt i o tiet PF LR el Epfio R gerrier
of Thie HohPanAsls nY Hel diRttivefod iticeeabihp thd ffisichay &fd/ér the
l'ight active fiber extrusion and choppi ng nechani sm

f odispfagoridegcaugudlidiesn | engt hs of OLED |i ght active

fiber. In this case, the extruded fiber can be forned
and chopped into uniform |l engths. These | engths can be

25 Flivsd e3G B sivdtb i ght AcHw fithepd wansh ipecepetinge Figure 131
particulate in the particulate/carrier _mxture

di sldustretesia Highedchive Flofuweavep 6 hellighsqtiye éeryigseripgdfparein can

actl fibe is :

L5 Y S MBSy i o
ac bk Yenfedbstosasibngmneidlehdholeding caPetitg walldaepiags,robatking and
Figure 128 i]lustrates OLED |ight active fibers

r anthsilie Bitisl58r sed bet ween two el ectrodes having a gap

di st j 7
L HRESEIRELS: ool a0 i,

i | laosirdaice vithibe GteBEt|inggntiomby iiling fengdref dagplaghsegtions. One of

between the two el ectrodes. havi.ng a di._st.anc I
R e R
el spgT R ahRsREOmokdIcAfiok dmneesiv WithinhtBe BispRSRbntent. In

i nventi'on, = emi ssive particulate dispersed within a_
carctadansavithethe peagentdnyestian.dhe knghnidisplayrbatsag be ifyhgicated

devi ce. | i ES . i . - .
o PR A e g v
t hgoB@oRsIBidbliested aiplybadether, ¢irpe foHneat, savaunidadigsayafcan be

the el ongated particulate can be the formation of
| i gibtaigdslannel s within the carrier.

Figure 133 illustrates a method of forming a two layer ultra-thin multi-layered
OLED fiber by drawing and thinning. Figure 134 illustrates a method of forming
four layer ultra-thin multi-layered OLED fiber by drawing and thinning. By
pulling the constituent OLED materials into fibers through a die (if necessary) and

adjacent to each other a multi-layer thin fiber can be formed. Electrode layers can

30 be simultaneously formed, later coated or otherwise applied, or the multi-layered

fiber can be particlized to form the particulate of the inventive particle/carrier
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These |ight channels nmay be effective for increasing
the efficiency and/or the display or device

waee@kiotd7es. 10 Figure 130 illustrates |ight acPCwmes2003/037040

fibers woven into carpeting. Figure 131 illustrates a
light active cloth weave. The |ight active fiber

descri bed herein can be spun into thread then woven
into yarn. These light active threads and yarn can be
formed into various articles, including carpeting,

velhixae9diTRe Partl@l'lihttlah Ren ﬁf?:ﬁldeléw @érlri'lgérathfekt@ iRbldveliS > process.

F| re 132 illustrates a curved |l a format surro
g"plr@lyr fapptheigmethod é(lfdnﬁldag]d@ pmttdhestlhm formdayets of the

|nventto of di s ectio
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nmore conplete i mersion within the display content

520 ngeessMyaniedartiolss oribersk esent i nvention, the length

of display that can be fabricated is extrerrely | ong
due to the roll-to-roll fabrication processing. By

t i IHifge 488 iiPscrobs sec@dral kizw Hokvid dg’ibﬁvh&%hﬁﬂg@h%ﬁjcﬁ%ﬁ transport
t oget her, Iarfgg format, surround displays can b
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ot her aomjjL tel -al ayer thi néeil‘rclﬁ erﬁ%gﬁ@@%e@%%é}gé%e%ﬁ%@n to form a
El eldsplaydw Ughyers can 30 be sinul taneously formed,
| ater coated or otherw se applied, or the
multi-layered fiber can be particlized to formthe
parfigGel138 gdhfratelithel itvRRlE OLEIRpAtiELIRK fc%ﬁ&uc%
D DAL O} IR UGB e odribr Hfkture
parfeingylpted fordwingafermatde irde usasn nr eﬁm darcmgb pﬂacstlc nuiding

par v EE o GG e BI BEpoP R Gn LY R e lego sems

rramermga:bﬁvmoﬁalqﬂasnb efoldiag tdohbRues whdh @SnRctidf drQAcuum
sur f 8 or a snpoth surface, such as glass, and then
‘a e

scry Ting particulairraarhspliened, ok remsin rrgdoms whie the carrier is
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25

30

cross sectional view showng a wire I'ng an &
t r anggdarice with this aspect of the present invention, an injection moldable 11ght

active material is provided comprising: a semiconductor light active particulate
dispersed within a hardenable carrier material. The semiconductor light active
particulate may include at least one of an organic and an inorganic semiconductor.
The organic light active particulate can include particles including at least one of
hole transport material, organic emitter, and electron transport material. The
organic light active particulate can include particles including a polymer blend.
The polymer blend may include an organic emitter blended with at least one of a
hole transport material, an electron transport material and a blocking material.

Additional organic emitters can be included within the polymer blend. The
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coating layer. Figure 136 is a cross sectional view

showing a wire having a hole transport coating |ayer.
WO-2@ues7887 il lustrates coated wire intersectiPQI/US2003/037040

el ectrodes 10 for formng light emtting pixels at the

i ntersections. By coating appropriate electrode

wires, and then intersecting the coated wires, the

OLED | ayered stack can be obtained at the wire

i ntersection. These wires can then be driven to forma

di srgaaic light hétgletparticuldts gur @niiBe mlitrosapsalee tncliting a polymer

i nventive ED parti cul at e/ conduct.i rri xture
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t hrough plastic nolding techniques. The carrier
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suc as | n ect cuu The rticulate
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t he nol ded devi ce. accordance with this aspect of

th edcbrlé@ermy mﬁh@mmdswwaah 2 A eeBEPio A cmﬂmm phaseght

act | v

S ERREL) B PR ESRTRPGrpp sppncne
W phass, #n zi&hé@i@a aﬂiaﬁcmgrpha@[ a iBledhjedling thherial, an electron
sem conductor |ight active particulate may include at
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S€ @h}?a%@&%ééﬁérlalz %hg ggrtﬁﬁﬁfé}g&% g{a*e ai"f‘eta t'one BF Euﬁ bx"%ihﬁt €

can'inc particles inc Ieas one
t r amsipar dn matgamc&lrmttext g@laltmnqmrt meerialabibcldrandténal, electron
transg{qrt mat.erial . The et%nlc light, active
palEPPrFpacH nandRarioRancs, terialti dye sapisr gy include
bl eptast o EQ 8f ROLMARE i@ dadBYrd AR éfﬁii@tela'ﬂoﬁrt% drt rnatenal
emtter blended Wth at [east one of hol e transport
15 mabackal matarialetlecitoromantspan gpitnrtal reatl @cnfaﬂmaaand eghancing
bl ocki n terial. 30.Addit. anic emtters can
e T EEane ety RE AR 112 o
2004/ 046767 PCT/ US2003/ 037040 organic light active
particulate can conprise mcrocapsul es including a
pothy aeordaghe Mithdhepriosant atvlenfgora ithe injestipmmoplabledight active
arté{ic’a? aéngé PI’OQ%{IG% nglrerem ﬁin %emllc%%dltlcﬁlrvrelhglt ac 1::¥Ie) Iri)a&l uﬁl?e 1S
20¢C h aomptisdd ¢ftfiret ep@ifingQlaktiolgs facleinitiivg s nuhber of photons of a first
characteristic controlling additives may _include at
| e&8Y0T HhEespaANSE tcpzaflfst Bin-2naolage appiied ;qjthe'p}qzétrodes and emitting a

8 hatRGLS Husifef oP@{Ht&%' Js! 'tﬁlagflrs@ b{ ﬁl\fgﬁvoﬁ?eyto | G-
essicant, a sca conduct’i ve “phase, a
sevobltagedL The ‘ﬁﬁnﬁbmtlvﬁﬁ ghtrmuvapirﬁeﬂatbaﬁ@ fugether include second

nmechanj cal SE r erg[%t h enhanci ng
emitting particles e second emitting particles emit a number of photons of a
25  second color in response to a second turn-on voltage and a different number of
photons of the second color in response to other turn-on voltages. By this

composition and construction, a multi-colored light active material is obtained.

The particulate can be composed so as to have a first end having an electrical
30 polarity and a second end having an opposite electrical polarity. The particulate is

alignable within the conductive carrier so that charge carriers of a first type are
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phase, an adhesive enhanci ng phase, a hole injecting

material, an electron 10 injecting material, a | ow
wowook/omasal , a bl ocking nmaterial, and an em sSPONUS2003/037040

enhancing material. The particulate may include at

| east one of an organic emtter, an inorganic

emtter, hole transport material, blocker material,

el ectron transport nmaterial, and perfornance

enhancing materials. The carrier may include at |east

oneméfe ARIPIGRMCin®the Fitst en@hind S EAHIGers BT A k&®ond Bere

transport material, 15 blocker material, electron

t r ansigeesilyigestaddnto thmeecpad fat-nance enhanci ng

materials (e.g., the characteristic controlling

additives). In accordance wth the present invention,
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particles. The second emtting particles enTt a nun%er
10of quinttimmisvadfaga c@b egecwriblatcolonventipnakElsght bsk foom dactor can be

second turn- ol and a djfferent nunber of |

ph o‘fsfi&’sangftﬂ? {}E‘E\sbe%?gﬁ%%é%ﬁgl?t eiﬁ‘?‘}iyr sé‘gﬁtbtﬁgeg r%?lgzﬁﬁfﬂ%‘fenmn’

t urife@Ricne|1iedgBsb. By this conposition and
construction, a nulti-colored Iight active material is

obtai ned. The particulate can be conposed so as to

h g 0 TS B G Sl s PRl g

15TheOpBDtdevideatFegurs 14 Bllivgthabd £step bhipray panGRnsiiehis¥ie layer of
carrier _so that charge carriers of a first type are
11308 Bbgleviree Fenrpdi? Unsousy o3vpabspranpanieasi frgnsparent

| nj §6L8Ae io@taf? dLlf'Fﬁ) IléJic?é. AD e%ﬁge &Q@Rgﬁ.c?i@%i ﬁ[geﬁed%fr sﬁr yed
second type are nore easily I njected into the second
endontéb guufaeceld Jornt b isdt eRt@sdean panienlate/@r@rhixaet t4h next be

state |ight Qﬂ%vi ng a conyentional 5 light bulb form

f actPEryed@r spliad qveniheithief lestiots fagnk | Thegamier spp pe gpmposed of a
2000l dofent MetHmbleYial MRl dBiBsi '

billion a year. The U S. ﬁ%ﬁ%@“@%ﬁ%"yﬁéf‘g&“ﬁ’?ﬁ i a

L EBcnvenitidnabsprayupaint. ok s084 elfectadde dahlbedomaedi cver thy

2010, . | ash _ener gy, use Oo/%géuZOZS. The
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are also applied to drive the electrodes so that the light active particulate emits
radiation, and/or converts light to energy.

25
Figure 143 illustrates a step in an inventive method for making a light active
device showing a light active mixture disposed between an x and y electrode grid.
In accordance with another aspect of the present invention, a method is provided
for making a light active device. A mixture is provided containing a monomer
30  andlight active materjal. The light active material contains at least one of an

energy-to-light material for emitting light in response to an applied electrical
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10 contai ned voltage converter so that a conventiona
light bulb formfactor can be wused, and the OLED
waoela4esat e | i ght easily substituted for the PCT/US2003/037040
convention, inefficient, |ight bulb. Figure 140
illustrates a step of spray painting a reflective
conductive layer of an 15 COLED device. Figure 141
illustrates a step of spray painting an em ssive |ayer
of an OLED device. Figure 142 illustrates a step of
spr. [
dovi b g oo L AAEPR BRlera PR S e nttay in
sprregpedse toritradiatieur f ace to forma first el ect rode. A
particul ate/carrier mxture can next be sprayed or
roll ed over the first electrode |ayer. The carrier can
be 15 apRRESRe QJlthathg Qre‘é@ﬁt\{%tl@fﬂ o 103H; GEthR! deN Y i haRiFactured
adhesive quality sO that the mixture acts |ike a
5comsmgta &@tfaassgpglayecmmqw Lighs ectivednaboaltis pubeidsdn bdirst
rt ate/carrier
nogPERH A PRI B def i gt i e Sl v ot by
ar eeRbe 1R BRks-BHking adhbéntendr ineh afktiRd&NtS8ink AR mbitner and
light active particulate enmts radiation, and/or
coribelight actiynmatesiabnblieyplective mogflinking gauspy  eencanigation of the
st t
ngg't feRl d ﬂlaﬁéﬁfﬂi a{t Yh%hfﬂE gl.%\r} afid )E{?#Aeﬂﬁ SA éggcgé pg@{m}’ §t the
10an s&ccﬁialdegloﬁl ecilfsodleCtgcsdedmd alslccﬂﬂ@ﬂﬁcd@ﬂé ﬁla\yfﬂbélpr@ﬁﬂﬁd‘lﬁfvmg
aspect of the present invention, a method is provided
f ortheBlymgr and &@Hltg hprqtive arsiAl dispossdihste betavers
provi ded containing a nononer 30 and |ight active
material. The light active material contains at |east
onéF heflighh acteveangyridlondyi lgémrgal[ﬁt &phtadmiftorg dodd mategal fogemitting

[ nse to an applied e ctr|cal WO
OOITEE8 5 VPR e aB 09 0t gy a8 fredeeond electrode. The
157 a%gﬁ h@eliRatSRATEYy B RIsk Rhorgdifc Eﬁﬁ%ﬁﬁ&in@gh@de‘%ﬁﬁtfehﬁ%r
energy in responsé to irradiation. In accordance wth
th eenpttmelrﬁht ivher atvobiage ia appligatto dtﬁtful\?teeldrémdc @nd the second
f-assenb 80 hni

oStttk £Ps ipht 4 P uBiel oA R8P f SR Bienect) Halerial

pol fpfBEnekAing 2@\oldl@ikal Burdent &€ RBELrSE & Abiatibh iePOMINE b te
formed b sel ectively cross-Iinking a nononmer froma

m xbigneedwnst e Ardigtiamhinayybe ohile visiHde andfer invigibde speeiryia.
terial. The selective cross-1|linking causes a

concentration of the Iight active material at the

f i r'Bife lighg ectiveanstedalanncemprise ian dr@inid light petdive@iteadl ihdleding

at least one conjugated polymer. The conjugated polymer having a sufficiently
low concentration of extrinsic charge carriers so that on applying an electric
energy to the light active material charge carriers are injected into the light active
25  material and combine to form in the conjugated polymer charge carrier pairs
which decay radiatively so that radiation is emitted from the conjugated polymer.
The light active material may comprise an organic and/or an inorganic
semiconductor. The light active material may comprise organic particles
including a polymer blend. The polymer blend can be an organic emitter blended
30  with at least one of a hole transport material, an electron transport material; a

blocking material and a liquid crystal. The light active material can be provided as
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10 second region. A first electrode and a second
el ectrode nmay be provided having the polynmer and the

wo p@h4ee6t i ve materi al di sposed there between. PATES2003/037040
light active material nmay be organic light emtting
di ode material for emtting |ight when a voltage is
applied to the first el ectrode and the second
el ectrode. The 15 light active material may conprise
inorganic light emtting diode material for emtting
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spectrum 20 The |light active naterial may conprise an
Sor ggmlvn:ieIsﬁlgmveat@rdanmgmdernlgaathnrp:bp@dnlemg at | east one
conj ugat ed pol ynmer. The conjugated pol ynmer having a
sufficiently |ow concentration of extrinsic charge
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the light active material charge carriers are injected
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deca |on I's em

1a headd@tmeu mtyadclpcbé Yorgxampld)@ debsidunt; accbn&Le:tﬂvatpﬁasJeah may
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Pirﬁﬁ%

senfeRusNduEYe anlwatgz@tnh@s@, ﬁﬁteélaanéﬂal siasnetoeeneiag

pol ier B nghnghls il Rl Bl Pl Gon

Wi tinjegtting emsdriab melowfwm‘khn)étd 4 blbaking miateril el ehissidmenhancing

electro ra ort na erial; a blocking material and
a I’ina (e aé\dfglf%‘gcrfﬁ@ ‘light active material can be

1provided as 115 WO 2004/ 046767 PCT/ US2003/ 037040
nanostructures, and coul d include nol ecul es
sy nkigersi HddIndnatasgnothes st'r:p 'weuht: ipantie methad formskioga light
di ff |a fun tionali 2/ e/ nanqast ruct :fge. For .
exatfe eer it B s Ymep -G B EoR S5 o bE mpaOmer s
al | greveRElysks NinBE@1n OpatREPREOkHL @olEndhAS EH%FUB@Js%nkmg
nmol ecul e can provide |1 ght em ssion properties, and

cr osactiqniKagesseRrho onomsnmEped i geposet eche selective cross—
adar ﬁﬁ&h?gat%?ﬁi cgﬁﬂﬁ?me%osg NORES H 8rner ﬁjﬂ jdlqcprg afd {he\flght active

materi a se mcr ocapsu

pol mawrialsio Ekiebome oemestthtad im@parntd Iﬁgleﬁn Higipb as®illustrates another
including an organic enitter. The m xture may al so

i ncHERIE e HyaRE s Methd fergneking piight astwe deWiess shoppiag an aligning
chaggetehd Sld EsfiCR%"s8lill pBYmer with light active regions embedded in a

pattern corresponding to the selective cross-linking pattern.
25
Figure 146 illustrates another step in the inventive method for making a light
active device, showing a controlled pixelated light emission. The mixture may be
disposed between a first electrode and a second electrode, which may form the
electrode grid of a pixilated display or light sensor. The light active material may
30  comprise organic light emitting diode material for emitting light when a voltage is

applied to the first electrode and the second electrode. The light active material
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10 additives may include, for exanple, a dessicant; a
conducti ve phase, a sem conductive phase, an

w0 padloai7sve phase, a nechani cal strength enhane¢TysS2003/037040
phase, an adhesive enhanci ng phase, a hole injecting
material, an electron injecting material, a | ow work
nmetal, a blocking naterial, an em ssion enhancing
material and a liquid crystal. 15 Figure 144
illustrates another step in the inventive nethod for
Malhaygcomprisg Miorg@até liyig eaaitingliodaNeRE f8r emitting light when a
pol ynmeri zation/ mgration step. The nononer is _
selvelingaigrppliadye dhq firskelgetradeand dha weond gedtenden Ehe light active

e iRk s <ol A3 MRl end TR LhPRLRR B eectrica

cr esseR0n résplnsego padidtisnnin teavisiblspedteurs,f @dfor lid Mkese
mononer .(a polyner) and the |light active material to
S bedBRENE¥HIA R ! th IRdyhlespectiuay isBesas wrayunkrayiplt or
i st E@bRSRpot her  step in the inventive method for
making a |1 ght active device, showi ng an aligning
step. The end result is a solid polyner with |ight
acti.ve I.ons enbedded in a ,pattern_correspondi ng to
t he '&8f WP oe P iy Hye ‘Fetré‘?tﬁﬁ’d bor mpling lighfgictive
|| ldu5ice b6 iaNObIRN SitRBat hab AE alBHERILEHEHIR flined

making a light active device, 'showng a contr
10 pi #edreane dnlacehdansaiveth anotheThspent oftthe presay ibentiok, apnsidd is

bet wee first electrode and .a second e| ectrode

whiPE V@%@f"% BRerde 165’&@‘85’8“5‘?4 hepventpyie,siqps fdude

di pphvading@h botteitsub RS withdBotldng BleciBddel 0481 ﬂ‘i@tbgft&l%l s}yB?cYate.
or

30 conprise organic light emtting diode materia
emtting Iight when a voltage is applied to the first

e GrE RS Bt BB R D6 Th B is g9 Rt ot
AT e i L e
ol e holgm elfgiradk @ateao i eTissts et 1 %E@Oﬁdgwr thetbottem

MeleREh8le. P SRS theﬂnﬂﬁg & fn%&ﬁ&%if%ﬁ%g%em%ﬂ ﬁ!%rticulate

for generating an electrical —current i n‘response
r adh aniconmienfitideauies| Kigeresidddtustrates ancther stép inrthy inventive

respansjive to. radiation in the inyisible spectrum_. _
SRR F piaBinei L ortbiealbvist ShoRhe @ H Rtk Ui light active
20 Fi aiyefbil fivadidtod $hiodbe s nthsR IR thonddier iVEM VS JORHea
for making a |light active
causing the OLED particulate to concentrate in emissive regions and the

polymerized monomer to concentrate in polymerization regions.

Figure 150 illustrates another step in the inventive method for making a light

25  active device, showing the migration of light active material into light active
regions. The light active material may include at least one of an organic emitter,
an inorganic emitter, hole transport material, blocker material, electron transport
material, and performance enhancing materials. The particles of the light active
material may have a first end having an electrical polarity and a second end

30  having an opposite electrical polarity. The particulate may be alignable within the

carrier so that charge carriers of a first type are more easily injected into the first
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devi ce, showi ng a bottom substrate having a bottom
el ectrode pattern fornmed 10 thereon. |In accordance
Wowaok/0a4761 her aspect of the present invention, PEI/IE100deB7040

is provided for making a light-emtting device. The

i nventive steps include providing a bottom substrate,
with a bottom el ectrode over the bottom substrate.

Figure 148 illustrates another step in the inventive

met hod for nmaking a |ight 15 active device, showi ng a

¥ , L : S .

vt i i Bkl @ £1800A5He e rort Ky 1RELLY fotp Befecond
i s edidsposed over the bottom electrode. The em ssive

| ayer includes a mxture of a dispersed OLED

particulate in a nononmer fluid carrier. Figure 149

| |Fi%ﬁr€qt5?§lh?s@1%¥é§ he SInffositidntof BondMRits i@ miBLAIRS HBE active
maki Aig a |ight active device, show ng the patterning
5of hix¢urki fhéccactanoewib theayresenbinventicud eaergypto-tighto agylhgha-to-

mask. The mononer is selectivel ol ryzed caysi

¢ heP e HERE OIPE oD Gt bt PP IR i & ey Tk ible
r eghoRsm@NHatbif. AAChYWETH ERUrd DII0RE, stcen GRNBREHAiEyd N
pol yneri zation regions. Figure 150 illustrates another

St eq®TpenERe cih heptspeatefratiigastest vawmrnergera or hggdenabjsmaterial,

e R R T A

10matadiafibn,Edatdlyse) Adepatatireasttheoniee, of an or ganic
emtter, an inorganic emtter, hole transport
material, blocker material, electron transport

mat-gyr | : o [ | :
par oo B A AP i A SR Al b o number
f i reftphetuths lofiwifing calor éd sporise & a fiedt arrhion veltdgaamsicanitthg a
end. 30 having a pposi lectyical polarity. The
par‘il?féi?lné’tl@nﬁ%?f%’go'gﬁ‘?’ @éw B l_éSt\R/P{% iThIeepse &%?%Fretfmsen

15t NafolGOAL IR b Bltedl by SuthyRO B Re WD SR
injected intothe tirst 117°WD 2004/046767

PCTpausd e Ihe 37@ad envtiilg adictds &nyeing armuineies obphaonsedf arsdcond
type.ar.e nore easily injected . jnto the,.second end.

7 oM 1BaeoPoTeE 2 st o TS A i FreRbmupber QL pbgons
i N & thdlkddong @bIRF il te§itns@ ) dtH& tuf-6¥ *Jlthp8s. THE light active
accordance with the present invention,

enemgipriplompy ghther mmpliis]gﬁhi-rd lemittin@ piickent Ehe tiirdeanitthg a
T T L R e R R

wn 1 h
andoibl sleage applsd e theclsRdenisl « dififekeart a63b6i @tphdtonk bhthe third
respective nononers or hardenable material, each

haveHef 18 repeRse o Otss YR PAeESn par anet er such as a
wavel engt h or

As shown in Figures 152-155, the inventive method can be used to form a full
25  color light active device. As shown in Figure 152, the inventive method for
making a multi-color light active device includes disposing a multi-color light
active mixture disposed over a patterned bottom electrode grid. Red, green and
blue emissive components can be associated with respective monomers or
hardenable material, each having a specific polymerization parameter such as a

30 wavelength or radiation, a catalyst, a temperature, or the like. The emissive
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10 radiation, a catalyst, a tenperature, or the I|ike.

The Iight active material nmay conprise first emtting
w@aooioed7es emitting a nunber of photons of a PCT/E82003/037040

color in response to a first turn-on voltage and

emtting a different nunber of photons of the first

color in response to other turn-on 15 voltages. The

light active material nmay further conprise second

emtting particles. The second enmtting particles

em LdhRthefits RUNARD b@fas%ﬁ%&i%ttpgnﬁ BR6054; t1ﬁgg?a?e {dl such as a

response to a second turn-on vol tage and ferent

nunbdgrid ofysighot ons of the second color in response to

ot her turn-on voltages. The light active material may

further conprise third emtting particles. The third

emtting 20 particles emtting a number of photons of

athird color in response to a third turn- on voltage
SappFigets 158 itlngrasgsectiemidebe myvantivednéthed émtmakimge mudsi-color light

p h ogic%% dQIuF{; t@ﬁo{vm g Atge g%clgcl\kﬁ/[a Ipa{1 cEFuS%P gn %c_% ggﬁaf ggpor{hﬁgt active

n-'on vo
| nVﬁ,gIdny ehmhlishmée abdrddeniissdet dodnfoREdts aniftatd mtoZr%wté QbOinto
light active devi.ce. As shown in Figure 152, the
i nVRIREISVRY thesrlsativeoraticrning #gl rolymenization ob monpeie] associated
act i (Sposing a multi-color Iight
ctw¥gd%$§t%?ggﬂﬁépgg%gggver a patterned bottom
Kblectrode grid. Red, green and blue em ssive

onen an be a3300|ﬁted wth res ectlve nononer
d]eﬁ%dﬁll%r%ﬁf‘étaeﬁi%ﬁnt f‘e%ﬁnthvmﬁbo o peakig g multi- 0010r light

p 0| a\ﬂ‘ﬁ% 4@k, QRoRA, ﬁH@b%ferﬁé&%l&§1 ofit §&1\)é@¥ §hlgsn %%:Seh%(@h when

radi ation, a catalyst, a tenperature,
e mi ths mueturelmsrmﬁa@d@mboglﬁme pamﬁédmﬁlaat 018 20i48t regions in the

rré)agnen s can _ al e asso i ated w tt&é (gr ati.on,

o TPRRRR I EPRe el SRRt oy As Ryl etifation reaction

1571 gptogredes, mbhothid Qltn&fﬁh@re& tc@ﬁ%nbﬂ’bniz A raft¥ @hd 8 JARE ReMns to
for making a multi-color Ii active device, showng

t hethg éright rpg@nmatl@ngwth«?g)thﬁr compoRsnts, lgecen ahdbluei wHtecome

ST TR S SO KL ——

sel Iedtehmnmatoﬁ@dnemgfoﬁﬁ@ﬂ Rahy seddtizabh@sin of nmonomer |
associated wth the red em ssive conponent. 10 Figure

154 |IIustrates a step in the inventive nethod for
kofs: | Ol t 0
nggt 1:::"1 ?rrf]::l Pétra‘ff i %1 dgﬁ}lh\glel@%tgg?é gﬁ?gé/ hé\ﬁn%%a Efe vﬁ ahid'Slue

side—by-31de patterned color light active regions. By patterning and irradiating the
mixture in a manner similar to the patterning of the red component, the green and
blue components are formed into rows. A fourth monomer (not shown), having
yet another polymerization parameter can also be included which is then

25  polymerized between the emissive rows.

Figure 156 illustrates a step in an inventive method for making a pixilated light
active device; showing a mixture of light active material disposed over a patterned
bottom electrode grid. A mixture containing a light active material, such as an

30  emissive particulate (ep) dispersed in a monomer carrier. The monomer may be

selectively polymerized using a radiation source transmitted through a patterned
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the m xture is irradiated through the patterned mask,

at the bright regions in the pattern, the nononerl
wanaenngoes pol ynmerization. As the pol yneri zat i PET/US2003/037040

reacti on 15 progresses, nononerl and the red conponent

mgrates fromthe dark regions to the bright regions,

causi ng the ot her conponents, green and blue, to

beconme concentrated in the dark regions. The end

result is a solid polyner containing the red em ssive

APk PR b PR S5 AL b5 Lo e Biogions
hawinn glef @tlissige Epioran Figilrel €57 Bludigatby arwiticte sﬁ:@hﬁ dferiadentive
col or ?ht active regions. By patterning

T b 9 ghaking 2 plaid dehtrc Ve drvies: SRovE aflestiveprgerning
pattfn%{lgl'}] ?gu%f} gﬁ %JsEdTﬁg%ﬁgrpV@tregu}&ﬂecag e 8 dntolh %1dual

compon orned Into rows fourth nmononer
5shoxels sureouinterd by e mivohdrémtipotegivesi Fegum) hsa)ﬂluannﬁeSaanother

can also be include ich_is then 25 polynerize
bet$PeR t%léw@?ﬁ@swg akp}ﬁgawéﬂats@ lighy dedve Q%\@%e ghowing

St ecﬁ Iaﬁoﬂ OGSt a8y TRARAR b Bixe RN, ﬁléapaﬁe!r@h%!ask

ctlve evi ce; showing a m xture of
actmdeden;alt hastabnechfstlp@ls@d)rmvleur@emad adom eldctrdwtnrowded over the
el ect.rode grid. A mxture containing a |light active
matPFsiye 1a gffch as an 30 enissive particulate (ep)
10di spersed in a nononer carrier. The nononer may be

sel ectively polynerized using a radiation source
t r drigwretlO8 dllustiates de eompposition 9é gonstifupnisdn 20kt ateaipvice

Egt{,aggsr%gﬁ)gél% 37 40 dﬁgﬁ&e&éﬁh%g g(g? ed%fgfta s%ﬁdasggt{lglx a)?%lh gp She

r'egi ons

em [k ‘&(@Ne&ﬁateﬁé‘ls slﬁblgblsr &nib&?e bcbrhpb‘ﬂehﬁ;t(ep) A GeheJockaidwith a
in the inventive nethod for making a pixilated I|.ight

actiPOROTERA\Ar bardeapioumariob cach W@l%meéxfm Rodymerag gy Rargmeter
15P1 X@kn 9L ) 0,088 gtEB?? onS ¥all &9k §9ataﬂrep& $O1iEd0r, the

i nto 1 ndividua s Surrounde
pol lygte a¢tm:tma1|ar1a1&gn dn :assoE' Tagpdrvathld i grhtmsfacﬂitﬂmgamalbhﬂr such

step i.n the |n entive nethod for kin

i e ik G et wamnet%%nfﬁcgpgﬁ%ﬁla@rla | Sfpnductive
act b¥e s Ehﬁ"hls@) Be Efdﬂ/‘?dedr Gk 85ducti P ARl EE RSt ;ﬂ@&}fated with
i ncludes at least o the bottom el ectrode and
topmmﬂembrbddmpmbvmdedabvamlmhegzemmgﬁp@ehmayeaumnmumnamf

o T A SR bRl T e
pat F@R@M&l\f&hﬂf@ﬁalmén%efaﬁdoﬁmﬂﬂsﬁﬂbh Yhi @6 &Rilitdiif material, such

as a liquid crystal, magnetic, paramagnetic or electrostatic material.

Figure 160 illustrates a step in an inventive method for making a light active
25  device having pixels and conductive pathways formed by a self-assembly process.
A light active mixture is disposed over a bottom electrode formed on a substrate.
Figure 161 illustrates another step in the inventive method for making a light
active device by self-assembly, showing the selective patterning of the conductive
pathways by irradiation through a mask. A non-conductive monomer (not shown)
30  can be selectively patterned into the emissive regions to form conductive

pathways between the polymerization regions. The conductive pathways can form
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light active materials, such as em ssive conmponents

(ep) can be associated with a nononmer or hardenabl e
woradoeieb7 each having a specific pol yneri zat i PET/US2003/037040

paraneter 15 such as a wavel ength or radiation, a

catal yst, a tenperature, or the like. O, the |ight

active material can be associated with a mgration

facilitating material, such as a liquid crystal,

magneti c, paranagnetic _or, e|lectrostatic teri.a

xh i

. A )
coprigleetrade eriayqisplay @sVl(tEa %\Flgﬁtuf?ecaﬁ‘rf% qéaqluém%conductlve

o Pé?faki‘!% aPRLA 'BEﬁ‘l}g RASBE RS ﬁfé@oﬁ&ﬂiv@‘p?ﬂhga?ﬁ FHARE 162

hardena mat eri al’,” each having a specific. . _
poiljmseatez adtioer seprinntet eveR¥esuthodfor makinge! leghynptivrdevice by
radiation, a catalyst, at erature, or t like. O,
{ neeIE piogRpLAs B i s PreS SRR B VEBbBRYR el fostVe
sm Qéﬁg?&ﬂtsf(@) lahd at) PeicsBt e fidthe SHEELivEpaBwabgui d
crystal, nagnétic, paramagnetic or electrostatic
material. Figure 160 illustrates a step in an

i nyent i methad for, making.a.light act.iv evi ge
nagienge R iR P RO i ity gt Tt mpf g <ifen
sehfiasaenlby sBrosesihly, showingithe sédtive paiterhingeripsxel regions
di sposed over a bottom el ectrode fornmed on a )
subyfiradietion thiqygh & m&k. The menemercean e pohisperized pnder afist
i nventiv t .far ' L ' devi

10 g PRDeL AR sl o B 3 L el ALl ey bt o
CORehee bolymerip@idmaysing paiatieadi allicwdnddutios gintaidreskinchde a
non- conducti ve nononer (not shown) 30 can be ..
s ePeoniyInpmes £aRapleerf hereg ol yaerged sgdee seegdprlymgrization

for ' / | ' '

IR 1 A8
2041 HEGTBHORGTAEPAOBIDS7Big0re ke iwctascdethgr step of the

15 PRSI B e Ak NG At wCSF CBLPREY -RSFRED Aprgne the
taﬂz)?ﬁ%?g&‘@&él‘ﬁ%gﬁﬁ& BM@Yshdubt @884, The emfidsdle§Rrticulate and

step in the inventive nethod for meking a
| i gt candbitive gwiideanpe psitdrhedimgberpenduciyeopatingassty

D A, RS PN B IEE e it
COngU&ider@atB &t BVMRYve phleliking tASSordubtinet maksl tarohdeirate in
step in the inventive nethod for makin '

. ! | for g a light
20actiopemissiyeciegiops beiecn decmppsjve Rikeli Ag aligaingdiekteanke
at . ._Qf.. Di .eqi i r.r.adi ion..: ; .
e A Sl SRS, WA b 0l v
polpareRsui t@tsiable 0 onighdté. oThesalighirgsficdd Eanr sd mhgmeaidioaeleotric, and

wavel engt h, tenperature or other polyneri i on
caube pefiospdaieatiodes oamdedsedindsiing ﬂ?‘Fa"fléPi% ffeﬁéﬁﬂ i ncl ude

a second nononer capabl e of being polynerized under a
second pol yneri zati on
25

Figure 165 schematically illustrates a light active device made by self-assembly,
showing emissive/more conductive zones, non-emissive/more conductive zones
30 and non-emissive/less conductive zones. The light active particulate can include a

liquid crystal constituent and a chromophore constituent. A top electrode over the
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condition, such as a second irradiati on wave- |ength,
tenperature or other polynerization causing paraneter.
wo2@uies7864 il | ustrates another step in the 15PCT/US2003/037040
i nventive nmethod for making a |ight active device by
sel f-assenbly, showing the patterned pixel regions
and conductive pathways. The em ssive particul ate and
the conductive material can be patterned in the
conductive pat hways by selectively polynerizing the
coBfhissivielsyemphetdpalectode simbe piered st aneleraode iid 59 ghat the
to concentrate i.n 1 ssive.pjxels and. the ¢ j
NPT & CORLBAT PapBY. ey 1Bb ot o lobihon® PRLMGHLE
be%i&ﬁh%gmgh&ye? Mot Shoen Rk Ve Sprovile Bbdt @BéBe bordrd sabsirabeand
applie uring the polynerization step or other tine
whére emississ lagernrThis phrformen¢aenhapeing layar eandnelyde fpiee¥agiple, a
mgrate. The aligning.field.,can.be o Ticats
5 o1 Jeft Fisorbinst G Parsh e SatdBEr FRRRRL Tl flipipg
defiiae bRy alvhk Ngef for pesenidds the ddressIhSor example, moisture or
schematically illustrates a |ight active device de
by osggdn. ds seemsflance vathghp Hycanems 4ilizh}-AB#tENE BRterctan

zones, .non-emn. . Vv :
NSNS AL ELIBE R O BARRF ke e
partiotiehadl€ctfd providaddaentheibgttbnh subststtal Anemsdsivielayer
and a chronophore constituent. A top el ect.rode over
10 heomprising DY BETAIE PTTISEeFo STt emasSialgnd a non-
| ayerl: . g t y 2R i '
Sl LSRR B B ey, T
di gpixaye ovseldcghdly pemsoed calsingéasemissize/pord-opurmtee material to
enhanci ng | ayer, §not shomqi can be.grOﬁided Hetweent ol t
t h&OBBVIIR 18 7HLtS KrTEeiaRtiand g NgfeBUTS e Iryrap dudiednatenial fo
pe&fﬁF EinGlhaRGLHE fa¥as. can include, for exanple,
a 8 I ght absorbing or reflecting | ayer, a charge
15injection inhibiting or facilitating | ayer, and/or a

DR AL o2 RSt oA it i

I NVi@nti R polgnlekigitle SihbintNehrHey AGRix0@s obe light active material and
manuf act ured usi ng sel f-assenbly technj ques., A,botto.gtWO

subslighitpelyineerizello neragmen §1l 2oy Bepe-oheapstie Sderafied;

over the.bat SRSt i SSavVEa R YEized B t

c on%rrrfl%ﬁer%seg {)?nagé(st. %% 1%1%%: ﬁ%%flﬁﬂeg@ glﬁg‘rﬁ%d dnd'pB¥tized to generate a
20em gebve/holyeapbiniducictanee patten having alleraatimgndark and light areas.

em ssi ve/ | ess-conductive mater L s_di spQ eslover

: . | al t he
bot ]E]@ersllﬁgsl}lpsé{faée_s thq]glblqﬁ/ pﬁlpéh?\gn aLFigase; P owing theqlght
pat | ef D et Gau ﬁhﬁ‘golgﬁx%ri%ﬁ éa?ﬂié&ea(fﬁpﬁ&bgﬁgﬁliﬁ%ﬁé/ﬁmg using an
material to concentrate In emssive regions and the
noningsfesqice httean Lenaawd by ilaser beaes: iAtlthe bright regions in the pattern,
the monomers undergo polymerization. As the polymerization reaction
25  progresses, the monomer migrates from the dark regions to the bright regions,
causing the light active material to become concentrated in the dark regions. The
end result is a solid polymer with droplets of liquid crystal embedded in a pattern

corresponding to the dark regions of the holographic interference pattern.
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concentrate in non-em ssive regions. 15 Figure 166
illustrates a cubic volune of a randomy dispersed

wo p@hn4eeti ve material in a light pol ymeri zabP@r/us2003/037040
nononer carrier. A mxture of a light active materi al
and a light polynerizable nononmer fill a volune. The

mxture is irradiated wwth two or nore | aser beans.
The | aser beans are aligned and polarized to generate
a 20 specific holographic interference pattern having
alternating dark and light areas. Figure 167

illustrates the cubi ¢ vol une shown in Figure 16

s hoblitglmt areo1dpgts Wit teinyesepigingsntion, %}?aerﬁategfﬁ@mez%tem can be
carfgio edidively Cﬂaﬁglrnatﬂg' hfix QR ¢ g?%ﬁ]ﬁ P%rgec'ﬂ n8{dnal arrapngement of
interference p atter generate aser beans. Al The
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¢ haM PR dntkine R rsiip ga ?H‘é’& Vs ptky Canisstve
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Thus, in accordance with the present invention,
10] agiadividwebpixels swgeunsiad b@ ithe ramerbissive segionso The Inextum/@ny

pat xture to. m at

b LA ooy X h S SR PG e e BEminsivg/more-

to dohducft%-rﬁifhﬁﬁlaﬁﬁ tHe&Gin%iﬁmﬂVdnfoP@c&fﬂu@ﬁ‘#é’ﬁateﬂal can be

regi ons. The three-di nensional pattern can be used to

sel I@ét?m‘?éll%lo sandustine prBwaysdagvecn e m@wmaswwre@ons The

di r@?lﬂ§§19a ré{:&ﬂﬂ%&g\;eem&t%ﬂ%laa{nm&glf 12) H\/e/%:otre L&nductive

mat er i al may al so 1 nc er conponenfg
15suahatagaltdae iodudbuctiqrid opket calsti{uSht. not shown, naki ng

a desired pattern of conductive pathways and erri ssive

material within the m xture volunme. The em ssive

re dBR [ - -

G o AR O ripith WS A AUEln Pl By dimensionst

C arrelatlgn&mmfoc parpr dfdlee mventine nichslingyarationcianiies ategials,

rial m ssive/ nore.conducti ve terial and

t heS A 3%‘?‘3‘8}’%1‘1&“@5’#‘?8 OL Ry P tssFnaly 0dsgere deemed

20patregdiiethpaith ParitPEHisis ity Bnd S B Shd &k WRBE gV &lent relationships
non-em ssive regions. The em ssive/ nore-conductive

matteithase usratsd 1n He diowingsrpnd deseribast a-thospgaifichtien are intended

to be encompassed by the present invention.

U‘l

Therefore, the foregoing is considered as illustrative only of the principles of the

25  invention. Further, since numerous modifications and changes will readily occur
to those skilled in the art, it is not desired to limit the invention to the exact
construction and operation shown and described. Accordingly, all suitable
modifications and equivalents may be resorted to, falling within the scope of the
invention.

30

123



15 material can include a liquid crystal constituent.
Wth respect to the above description, it is realized

WO bat/08d167 opt i mum di nensi onal rel ati onshi ps fBCT/pPS20DF037040
of the invention, including variations in size,
materials, shape, form function, and manner of
operation, assenbly and use, are deened 20 readily
apparent and obvious to one skilled in the art. Al
equi valent relationships to those illustrated in the
dr a@iuAIES: and described in the specification are
intended to be enconpassed by the present invention.

Therefore, the foregoing is considered as illustrative
onhy Ofhetnda rBf fo?l‘ﬁir%] HSOLEDURABt erdRsivD MBVIES, @Rarabtdfikddety: the
since nunerous modifications and changes will readily

ocstaps oft providotee wkieldcerddé and hbotton elegtrodeqlefipingcregaprtbere-
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suiglspis&d witami £ flgiaichans; Madppyuigval eﬂighﬁlfgfﬁﬂd Béween the top
resorted to, falling within the sco

i nelentrodsmandabe bogomelepody 04676 7 dP@FﬁLﬂS@@@BP@ o7 thedield
, f
aeiEave OREPERLASe Rl fBige Bl APl AR fna

el g s éBétralebot t om el ectrode defining a gap there-

5 between; disposing within the gap field reactive
100LED particul ate randondy di spersed within a fluid

cany 'Igfnecrfo;agfggpoghn%@%eega ;)%a e,lml@ssf\»e g%@%amﬁﬁg gmaim 1

top ectrode to
desvhegdin dfel cantdtcomprieds & Hmdénab]ednatem&aipﬁndvfertﬁ};r[:'dbmprising the

particul ate mnthln the fluid carrier, between .the top .
o1 6lsps BGTHIRIe EHBSbOY PBRAGREED bt ﬁﬁal%alﬁié&gﬁ@a&ﬂred

for lfel%ﬂblm gr A8 kBt @b LEN paRicuRtORUhBahR A6 HINGrieL.
cl al m 1 wherein the carrier conprises a hardenable

15nater|al and further conprising the steps of curlng

f f
t o SR e fop ForEint £ ORELFIGRmS Rl vics ool Hn o i
parv&ﬂe?éih HLoNEDaRtidulte Bath sfé@d deédttie 0LED1—151103&>caﬁsule
met hod for formng an OLED |i ghem ssive device

according to claim1,
4) An OLED microcapsule comprising: an OLED material internal phase within a

20 . first shell; an electrolyte; and a second shell encapsulating the first shell and the

electrolyte.

5) An OLED microcapsule according to claim 4; wherein the OLED material

internal phase further includes a field reactive material.

25
6) An OLED microcapsule according to claim 5; wherein the field reactive
material comprises at least one of a magnetically reactive material and an
electrically reactive material effective to orient the OLED microcapsule within an
aligning field.

30
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wherein the OLED particul ate conprises a dielectric

CLED m crocapsule. 4) An OLED m crocapsul e conpri sing:
waroodoEDeTat eri al i nternal phase within a 20 PCT/EB2003/037040

shell; an electrolyte; and a second shel

encapsul ating the first shell and the electrolyte. 5)

An OLED m crocapsul e according to claim4; wherein the

OLED naterial internal phase further includes a field

reactive material. 25 6) An COLED m crocapsul e

aceqr gy LA d&iad, 'Ehg’pact\éﬁ%cpéw o3& eldcible; raes%%ﬂd’&ectrode
mat éri al conpri sés at |east ‘oné of a nagnetically

r eahtpos@ argacent talthaficst awctr@deea;ﬂrdeﬁainw gapdlre between; an
T B L B a5 e ! 5 B RABuA SEBAH Feonaiing

PCTJaH%QQ@/@aY&{l@e. 7) An CLED device, characterized

by: a first electrode; a second el ectrode disposed
Sadj acent to the first electrode and defining a gap

B T

OL Efanipritsés @rghﬂb&ayeﬁecﬁbarﬁaege&m sHeiiceayReiqyaaidlgiricuding a hole
claim?7; wherein the OLED particulate conprises
or gERRYT Ryerad ahale pritiss layshhaving yhsipie: Jrua%metaere between.
particle including a hole transport |ayer and a hole
emtter |layer having a hetero-junction there between.
1010 9) AAOIEIFRevey aaerding ar daing8;twhettiaicactBorgudied &fered particle
each or ga ered particle furth i n¢l ydes at
afgfth%ﬁgaagesarﬂt a8l aibé?ﬁéﬁmgalﬁ}ﬁefé‘ﬁsé RHeBYTSHE Ingsfer .
10) An COLED device according to claim7; wherein the
OLED particul ate conprises mcrocapsules, each
rri CKDCAJ{DQMED ilendteiaticnglimgtol aldier ' avhepdia she @hBDgpartichlate
hel m | east one of the i nter nal HEihase and 8ghg d
s he‘f"l H”ﬁ%si T AGPIHCOCRD RITAEPIHIC Pislidine qndgiena) phasgrand a
15t heshent 8Bak oRO3SBe dMernbEh-868Ad the @Hélllﬁllbl’ﬂlﬁn% dnl @LED material

reactive nmateri al conpri sing at | east one of an
el exdraplepsftane ofgheeinfegnal @h@ﬁeamdﬂ@rﬁémll ézdlyding p Skt egasive

mnzéflétleﬁzlﬂﬁgglp&ﬁg aégrag‘ g efe%trgs%gt?crrglatggalt a%dca na}agnet71éally

reactive material.

20  11) An OLED device according to claim 7; wherein the OLED particulate
comprises microcapsules, each microcapsule including an internal phase and a
shell, at least one of the internal phase and the shell including an OLED material,
and at least one of the internal phase and the shell including a composition that
causes the microcapsule to rupture if electrical energy above a threshold is applied

25  to the microcapsule.

12) An OLED device according to claim 7; wherein the OLED particulate

comprises microcapsules, each microcapsule including an internal phase and a

shell, at least one of the internal phase and the shell including an OLED material,
30  and at least one of the internal phase and the shell including a composition

effective to provide a barrier against degradation of the OLED material.
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conpri ses m crocapsul es, each m crocapsul e i ncl udi ng
an internal phase and a shell, at |east one of the
WO ndoafomeb7 phase and the shell including an OLBECT/US2003/037040
material, and at |east one of the internal phase and
the shell including a conposition that causes the
m crocapsule to rupture if electrical energy above a
threshold is applied 25 to the m crocapsule. 12) An
OLED device according to claim7; wherein the CLED
particul ate conprises mcrocapsul es, each
m crocapsul e i ncluding an internal phase and a shell,
at 13)eaat ObEP defvidelrecondingrtnalaipVasdemirthe KELIER ppiticulate

i ncluding an OLE terial, .30 and at .l east.an f
| i BRASESA PRBnG fei R P hee g EaS ot of Blte
ef &&%& Eniidl QiR t@an?%f inBferiaD B RiSbadiios nadatdl apleht
t he material. 125 2004/ 046767 . .
5 PCiiatd®&20 08100 87204011, shel] foxmigy mBtediel bewicaaatarial. nigsiceant

claimy7; rein ED .particul at 0 | se

i vbiah i Be ik iR 1moe Rkt Bf puf IS togor one
| ea8dmANa®f a0l Geast S1RIHBN/ the 0Bst el parghacing@fectrical
transport material, field reactive material, solvent 5

matlearhcitristienihat ravalt éF ¢ Arclersgdaath pixlentrienl parductign through the

barrier material. ' ' :

2 SaR ek ARSLEERRLy PO Bl PSPl micocapse
10| easitavess a pjudttiad updragpliastibnadf ah ekstricahpoterdtel kq the Higst

constituent parts having electrical characteristics

t halectredngnd theysegopd glegltpdsd path of el ectri cal

conduction through the hole transport material and

the electron transport material so that the

m ¢4peapdLED diRideehardmgas chipfY; whaetn the canpinmaterial is

application of an electrical K potenti to the first

ol Bt uns aeles e DeGaicEtaift o O LEA pR U aees il OLED
152C oL &f?er§5@hﬂﬁ‘ of1edR&cR1cA1 febBtafied thin theBakrRdr inddterig.

refatively less electrically conductive than the OLED

particulate so that the OLED 15 particulate offers a

pat h._ of | ectrical resjstance tha arrie
e pan OERE) xS ptingl et et e e IgpE B e
WhepRipRsdshBickdeBRubal tichuhRiRapliAtiuaRg afliigkaRRpE4k asd
each m crocapsul e i ncluding an internal phase and

sheh¢ll, theniateirmal ehasel inpladiog ap KALER mvéperish 20d phermp ghe shell is

and wher.ein th I L [
203" SeAFTAZHs MRSRERRY boldhedh B BLIQIEY mafaR so that the, OLED
t hgafdldaRite st b puthadfdesideiicabrasitancothah éesshellect ri cal

resi stance than the shell. 16) An OLED device
according to claim?7; wherein the OLED particul ate

16) An OLED device according to claim 7; wherein the OLED particulate
comprises microcapsules, each microcapsule including an internal phase and
25  shell, the shell including an OLED component material being one of a hole
transport material and an electron transport material, and the internal phase
comprising an OLED component material being the other of a hole transport

material and an electron transport material.
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conpri ses m crocapsul es, each m crocapsul e i ncl udi ng
an internal phase and 25 shell, the shell including
waroodEDeTtonponent material bei ng one of a hol BCT/US2003/037040
transport material and an electron transport material,
and the internal phase conprising an OLED conponent
materi al being the other of a hole transport materi al
and an electron transport material. 126 WO 2004/ 046767
PCT/U82003/037040 17) An OLED devi ce according to
cl e :
or by An I Befhat Wrhdthl I 1atiEl hRip cartg Bl s
t heptiedl prepertimtsethaldutisg thense of therGINED albﬂnd: the carrier material is
di ffusive, absorptive, and reflective, t ht energy
5 P8F oﬁxﬁaleyeenaéksfﬁ@éveaé'ewetwﬁga%re@?%ﬂ% 9 ig
material characteristics of the OLED partl cul at e
i ncludes at | east one of a magneto-rheol ogi cal
5 c hdgaAeOLED devienmtcandirg toclain-T; ndotaiy meterial characteristics of

i sti.c for sing the ED partl ul.at.e
o T DLER St indiles ab Batecle SF FBBRe o feisg Bpueperistc
d e\h @ @n 3EERHFh&odilal chalaBleristioae Ezﬁisﬁl gihe OgEﬁ%artlculate to
particulate conprises mcrocapsules , each
m erieokipswl appliettleciiing fiehd.i nt ernal phase conprised of
CLED material and magnetically reactive nateri al
di sposed within a first shell; an electrolyte and
1ocu rl@?'@n ORIBE ddlice a%ﬁé‘rdﬂlgst@(b@diﬂl E Rgletei fe aPISEID hititglate
the tirst shell, the electrolyte and the curable
MAtCeRIPAISes MIFEQEPHIlesesaein BUCTogADSHe lqeucapga P BYETRRlgHEss c

fi “?Joﬁ‘lprlé&f OP?%EH Iﬁgﬂtcl% atnﬁ%ﬁglnéﬁgadﬁ |'11§ c 1Vé ﬁlaﬁali]ﬂp%gﬂ?%%g within a

rela e secon pon curi
curfakd sheltpdnegleatolyte hrd ﬁﬁﬁblbll‘ﬁmeﬁlﬁ ztnldel det it shSH! ehtapsulating
relative to the second shell is |locked in place. 20) A

metthoHTst ghelh Hiarfilsrirobiic epEDe qriAPlaDaEHaly HEPIEH 5SRO o an
15t he, 8@%&9@@:&@&@& b gl &F thd fis} iR lngl‘Ia\%g@a‘tﬁ@fHeﬁwe to the

sec |ng a gap t ere ;
di sposidrshelli dndiupon hen@pf the elidbleenateiial sth©pBfixion of the first shell

partjcul ate rand I, sper.se within a fluid

P rtlege f5fs S e aGREASE et b BLED dov ce
according to claim20; further 25 conprising the step
of applying an aligning field between the first

el &8 rdaeethosdfor fhrmirgapRUER) dayigeoetmracterized by shedweisradtl
orlent tlo Id r eag artic

2057 Pt Rl bk LR ShERTkFoititn B Bt Rl aveen:
andii§gaeing eeienifl theglaplel @ective OLED particulate randomly dispersed

within a fluid carrier.

21) A method for forming an OLED device according to claim 20; further

25  comprising the step of applying an aligning field between the first electrode and
the second electrode to form a desired orientation of the field reactive OLED
particulate within the fluid carrier between the first electrode and the second

electrode.

30 22) A method for forming an OLED device according to claim 20; wherein the

carrier comprises a hardenable material; and further comprising the steps of
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30 22) A nethod for form ng an OLED devi ce according

to claim 20; wherein the <carrier conprises a
wharodenebt e material ; and further conprising tPET/F8MP3037040

of 127 WD 2004/ 046767 PCT/ US2003/ 037040 curing the

carrier to forma hardened carrier for maintaining the

desired orientation of the field reactive OLED

particul ate within the hardened carrier. 23) A nethod

for form ng an OLED device according to claim 20;

whesugind tﬁé"@arﬁe@e E& P 8 hhddehe BlaridrFof ﬁﬁfﬁ@ﬂmﬁg tﬁerlfesfr&@ ps

of provi di irst particle conprised of  a

t r aniepintion r@gﬂ@'fﬂféd répativengLEDrmsrtidulate witineibe rhatt;hned carrier.
charge and providing a second particle conprised of

an electron transport material having a net second

el ex3h r A eg@dthehfr GamihHen OUES deki@Cdctbrdalg t6 RBiRe0behe@in the
opposite polarity fromthe second electrical charge;

Sbr | YgER@articalate isforped by testeanafl piovidiagafitst paticlesomprived of
t ogaeﬁ&g [raﬁ%oft%{[bﬁalLhﬁbf‘né%qlepﬁfs?eﬁ 12510%%' %ﬁ“ anH av'vrf@mgr

hole tran

f orsetagl plarlhkﬂb ebmpnmdtof&n chetroe eandpoarmatedsl hé\v1 tah@d second
for form.n FD devi ce according to claim 23;
wheatcal § arg?,. thesirss akeftﬁleﬁlech@wahﬁg\g QnpesitscRalarity frosathe

ON&eQfn Al &Rt %h%rgeo&u{ ﬁ%‘gﬁﬁé kY& Bl P %_Q@qu% %/el\égréd Baticle

| ayer. 25) A net orm ng
10ac dogajhafrgo tfornc b anified @LEI]DI palﬁbuﬂatd’rmvir@.aﬁ[al@aaﬁdpon [lastee and an

is forme roe sulating an internal phase
Wi tq%«?crtlrog(%ragﬁ%q ayeh OFIB tahSF?éoJ FCt{Or’i‘é“ﬁt‘ﬁ?eé‘rt &P phase
and the shell includi ng an OLED naterial 20 and at

| east one of the internal phase and the shel

i nG4ndd lﬁI@Fﬂ@d‘ fios fefmiegan OLED dtam@racwrdmrrp K:lasmriﬁ wherein the

l e rQ teri

g hevRo1P s Saedsh A e PPASp 5 R WBeptiug photon-active
15f orlayerg an CLED device according to claim20; wherein

the 25 OLED particulate is forned by

m croencapsul ating an internal phase W thin a shel

th n (=Y

e 2 Ay ORGP0 SN s L0800 AR o
in (?;\LEDIpat‘tlcmlIate &'/ﬁ)rtﬂedffe;t immﬂoefmﬁpsﬁtmmg af ifernel fHasel evthiita
accgiﬂi to cI : wherein at | east one of the

i ntS oAtk tﬂFFén%l papse %nﬁélp%@& inclyding an PAED mpterial
20CONRANE Rast on%%@ G P04 HAAE 484 1RGhE ﬁj‘ﬁ?c%ﬂé)g’ i@t Qeactive

material comprising at least one of an electrostatic material and a magnetically

reactive material.

26) A method for forming an OLED device according to claim 20; wherein the
25  OLED particulate is formed by microencapsulating an internal phase within a
shell, the internal phase comprising at least one of an OLED emitter material and

an OLED hole transport material in a solution.

27) A method for forming an OLED device according to claim 20; wherein at

30  least one of the internal phase and the shell includes a field reactive component.
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28) A nethod for form ng an OLED device according to

claim20; wherein at |east one of the first el ectrode
war@4igesecond el ectrode conprises an el ectr OPET/U§I0081037040

for form ng OLED pi xel s between the first el ectrode

and the second electrode. 5 29) A nethod for form ng

an CLED device according to claim20; wherein the

first electrode and the second el ectrode conpri se

sheet el ectrodes so as to forma general |ighting

o " . L )

& Pr} o e 5 Tortng OHED AP, aorHEIABY b6 Rlin a

el satrodef thke Kmscelacirédryead tled econdelectdids pospdsesdinaadentitode

to the fjirst tr.ode, and defi.nin firsg . layer ga
t nerd oo SLED gy haPert e e eehadg i $9ha 0P
matRLi-gde. di sposed within said first layer gap and

containing said OLED particulate; and at |east one
5subsequent OLED pi xel |ayer conprised of a first 15

I l ect d,. | .
o1 a3t omeingy Rfelost e abhp BrREEReN R SAE e, wlSh e
andi-gdefdchbddamt 68 GedHhdlefitabdOeiniritesBedd8le0REdbs sMs @-Fan a
particul ate; and a carrier material disposed within

saiganeraldighiing D dayicand cont ai ni ng said OLED
particulate. 20 31) An OLED device according to claim
30; wherein said OLED particulate of the first CLED

10pi 86} Am@EEDedsvice, thaghdterdded dyf a fisst OMBIEpixBlaberrcongeisediof a
response to a _driving voltage being applied to the

fi i3t lpyey slecupda @sgernddayer elestradecdisnpsediydipcentiodBe fisde;
i . j t f i t
?{%B%ﬁsge i (Fjefgnlr:gDa ARk gygg%@ttﬁe@ bgﬁ%l%Pf SPOPEPHRS GG tand a

pI xe ayer® em 0 er ent
wa\catrien gtatertah digposed widdpeaid éirdt dayehgapdaridsiontpiniof sa@d ©O1FD
bei ng. applied to each first s uent. | ayer el ectrogde
o ddisate eed At et ns atksrtent Uy BD Bradeyd rempsos s b
a . : ; _ . i _
1S e G CRERARY bR Mt M Gl ol cent
i n tatheditstdédrodeand defisiag d s@obD 1qysr gam tleret ketwdm, of OLED

o GBITCOHS Ao ROt a e WD o0a e efp and
PCTHMS20034 03 194D psXiERaRar ticul ate of a second

subsequent OLED pi xel layer emits light in a blue
col or range.

20  31) An OLED device according to claim 30; wherein said OLED particulate of

the first OLED pixel layer emits light of a first wavelength range in response to a
driving voltage being applied to the first layer electrode and the second layer
electrode; and each said OLED particulate of each said subsequent OLED pixel
layer emits light of a different wavelength range in response to the driving voltage
25  being applied to each first subsequent layer electrode and each second subsequent

layer electrode.
32) An OLED device according to claim 31; wherein said OLED particulate of

the first OLED pixel layer emits light in a red color range; said OLED particulate

30  of afirst subsequent OLED pixel layer emits light in a green color range; and said
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33) An OLED device according to claim31; further
conprising a dichromatic 5 pixel |ayer disposed

wW@ajoaoeits7 to a | ast said subsequent OLED pi xel PCHYS82003/037040

5

10

15

25

the dichromatic pixel layer conprising a first

di chromatic el ectrode, a second dichromatic el ectrode
di sposed adjacent to the first dichromatic el ectrode
and defining a dichromatic pixel gap there between,
and a dichromatic elenent disposed in said

d I
O BRI RLEEs 90 ARl 9 R gl e

coambtfaﬁgethe same el ectrode as the first subsequent
| ayer el ectrode. 35) An OLED device according to claim
30 wherein said OLED particulate of 15 the first

oai @ %?ﬁEb@éefce %Héc;rémg'ft(g Blairh B18ufBer CRRIsin, g@i‘&@hmmaﬂc

ED particul ate first subsequent
pi pidel lagsrefisposed sdjhdeghto d lastesaglrsabwqu@mt@LElamg@,l lasfar, d¢he

CL art C I e of a secon bse

- Fenbartegird i bata g e 8 g dRar s inds ML R
Q Eﬁhﬂﬁﬁéticce%o@ﬂbﬁe afspaded! aﬁﬁh@&nt@@ ﬁleffﬁﬁIﬂ dit1a0alatie @Iéﬁt@@ﬂbeaﬂfd
OLED pi xel | ayer emt in at | east one of an

addefiniogaldichadroatia mg@a@ rtheﬁabetmgem@nd aclithgpmalieiglement
t.ensi,t %/(ﬂldl fferent omthe color and/or |ight

et cfl i §iid & é?matéﬁ_%elp%I’u cul ate. 36) An OLED

devi ce according to cl ai m 30; mherein said OLED
particulate of the first CLED pi xel %er emts
eI 34} A@LEWW aepordig o faem 88; wb%rém ®pecend laysr electrode

th
AR R Sy e S e S T
| ayer el ectrode and t he second | ayer electrode and
each said OLED parti cul at h t
CEEB oS A 88 Bl SR B DR B e o
to tﬁeeﬁﬁngggb p}?lguélggfgr%ﬁﬁtsq hein® Ifeﬁ 8618PFane V@l COBED particulate

range an he el eCtrical energy as a
detof atfimilsebsquerd OLLED pachlafyer anit3ighs irbs gm@m nolot &}lgb, said

eIe de an ec subse I rode
S Do Bl arspot vsguar B pix g Y engingf R IR a blue
de‘ébﬁ)@ rﬁfg‘éo'&rﬂf A OLEY FrfRtudile oMRaERt BnSaiditiddaERibsequent

particulate of at |east one said subsequent OLED
pi XALED pixet layeri emit dightinrat teabt capef gy additiprad goles gange or having

0] S5 AR AR DR Ph A GE Sg  oer

el @E}ED@@H@GM@S&I d second subsequent | ayer el ectrode

of said
36) An OLED device according to claim 30; wherein said OLED particulate of
the first OLED pixel layer emits electrical energy in response to reception of
photons of a first wavelength range and applies the electrical energy as a
detectable signal to the first layer electrode and the second layer electrode; and
each said OLED particulate of each said subsequent OLED pixel layer emits
electrical energy in response to reception of photons of a different wavelength

range and applied the electrical energy as a detectable signal to each first

30  subsequent layer electrode and each second subsequent layer electrode.
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5 at | east one said subsequent COLED pixel layer. 38. A
i ght active device characterized by: a sem conductor
w@artioearbat e di spersed w thin a conductive caP€T/€62003/037040

material; a first contact layer which is selected so

that on application of an electric field to the first
contact |ayer charge carriers of a first 10 type are
injected into the sem conductor particul ate through

the conductive carrier material; and a second contact

| agey MOLED &vael8edreithg36 claiaBoowhappl JakPOLED miiticulate of at
electric field to the second contact |ayer charge

caledsierns sefd wbsagueniOkEB@ixal dayer ‘?mﬁ%?lé%{rlpﬁteae&gﬁ dn response to
Se?g:c% DSHGE otcpn la'ild %ﬁ]!)lgeg%hé 8 QHE{I ehgg?/\% glgf\;eugﬁﬁ signal to said
ac @@ftdhb@qﬁéht ¢zly@t BlbatBQdevdmdrsendrseaﬁdml sabseqaentdaset electrode of said
particul ate conprises at_|east. one of an organic and

5 an o lsavtgansaid subseawsid (LR pixeljgyera | i ght active device
according to claim38; wherein the sem conductor 20
particul ate conpr ises an organic |light active
par38i Auight ectivedeuide nipradtedizzddty: ms@rﬁconﬂqcugqxaﬂhtulate dispersed

pol yner, sajd.at | east one canju ol r
D O PYREE & GERJPCtiF g RERD Ra i B COR G o U tSEleg B 56 tht
C arOEll Eﬁca‘éi%nto? 3h cRBrRARIY toNle Bifst 8bR&dtNAver bhAYE carriers of a first
the first and second contact |adyers to the
10 se rtypmamd uuccmd m&r thc@qmmoeduqtmpmgmlath throughdbe p@mblctlve carrier
carrier .materi al econe

pogtal 5 efond OB R FORE P e est A oA PPggyon of an

ChAQEiCREIA k@IS sedonddobiabi 1a§dr cBRGe $RERACIYRESNd §HE are
injected into the sem conductor particul ate and

corijeefed irdo thersemigpndhetor payHFuyatiugugbihpeenductize garrier
carr| &k lpal rs which decay radiatively so that
radi4ti%n is emtted fromthe conj ugat ed pol ynmer. 131

15WD 2004/ 046767 PCT/ US2003/ 037040 41. A light active
devi ce according to claim40; wherein the organic

| i % Anbightastivedeisecasranding g fimsiSs wheret Epgmiconductor
aJaHFéumae asm 8RS bt A% ¢ ﬁé oPM ErehhiRRAR I inoggatne“ iconductor.

anic emtters, ectron transport
42 An organic Ilght actlve devi ce accord| ng to cl a| m

40: wher.ei n t.he or.ganic ac cu ate

oo S lighhelivs A e Craing By iotst FheRA fng SR ductor
20p0|1}éﬁﬁfulat$’l:§rﬁﬁr1de§ &h @Pgangz l?g'ht Q&ta@rﬁa&m@mté in%rudhig]end@e@t one

wi th at | east” one of hol e transport materi a

el eonjugatet palyopwess saldmﬂ@erst aile conitigated|potynerharimgarsusficiently
low concentration of extrinsic charge carriers so that on applying an electric field
between the first and second contact layers to the semiconductor particulate
through the conductive carrier material the second contact layer becomes positive
25  relative to the first contact layer and charge carriers of said first and second types
are injected into the semiconductor particulate and combine to form in the
conjugated polymer charge carrier pairs which decay radiatively so that radiation

is emitted from the conjugated polymer.

131



10 43. An organic light active device according to

claim42; wherein the organic |ight active
w@asouioearbat e conpri ses m crocapsul es i ncl udi ngPEI/US2003/037040
pol ymer shell encapsulating an internal phase

conprised of a polyner blend including an organic
emtter blended with at | east one of a hole transport
material, an electron transport material and a

bl ocking material. 15 44. An organic light active

dey] Cg& 185 AilieNRvice atdoddify fclaite0;avtieréinehcorganie ligheactive
carrier material conprises a binder materjal wth one

or particdatcivanpeises pastdles inglodingat lsepiPnadd beleyeasparhmaigrial,

An organic light acti Vi ording to cl aim44;
\/\h%’igélﬁ‘r‘f IHECTS HIEYS %:%Ijgﬁrsa?%@rtg@%tt@fraglrl ing additives are
at |l east one of a particulate and a fluid include a

dessi cant; a conductive phase, a sem conductiyve_ phase,

5 an42.n ol caganieligigiratie deyisrerchaingdP ciméy PRoreHNER Or ey c
phase,_ _an lLve -ancl ; : I H) 1d\b1
o a5 ROl RN R AR o g e b RE by mer
nMebRind igcl@ding hw ofganig endtiarblaided avith adeasnomsifarhole transport

enhancing material. 46. An.orggni.c |ight actjive device
ac BT ah e CHIOR  iFpapeIt ‘Rﬁ@?‘g‘i qg‘ata‘réocflﬁ“?%lf‘m{%ﬁ act
| ayer and the second contact |ayer are arranged to
forman array of pixels, each pixel including a .
10 porBi dm @fatibbghbtentivodaict amcoyging focldim42; aihepsen B @rganic
within the SO_Cfnductive carrierlnale hal, ethm&Qéﬁ
beillght &&IVe PATUFRIAP COFH S &-apg" gSpISF(}‘, Hig PO |hng
vol inkdrhStphe @oAGrisb@¥L4 pelthet BRnS @&Ming an
coﬁ%a ?“%§3%9$“%%g§d%§2004/046767 BC?/USZOOB/OS?OE%
47 organioéthdigebleodtd with atdeast ghe obtholo apwpricBatersl, an electron
emtting t Nolg r ol o f. light, characterized
by:traﬁsﬁqq?@?vgggle%}%?aobjg? x élétceglﬁld el ect rode di sposed
15adj acent to the first electrode and defining a gap
t here-between; a |ight active |ayer conprised.5 of a .
m Ydurdn erizanic lighhactiye dpviee preprdingiiolamy Wherdp theqonguctive
carrier [ .sai. g i
oo A R o R ahindk Iy KA O BRRE G el ie
fi reohtréMingtadigivearticl es including a first
el ectrol um nescent conjugated polyner, the first
emtting particles emtting a nunber of photons of a
fir i ihg & clhiwd 14;0heréth tigge
Zoappﬁ' elgﬁ)%)%ra?;ﬁglgglf g%??ggggé g%%r&eﬂrlngtti ng a. 10 different
nundheracefisph otmsrdlingf additives aresat lessl @e dip nestigyinie and »fluid
ot her

urn-o . . . . .
mcluge a I&ess?cant; a conductive phase, a semiconductive phase, an insulative
phase, a mechanical strength enhancing phase, an adhesive enhancing phase, a
hole injecting material, an electron injecting material, a low work metal, a

25  blocking material, and an emission enhancing material.

46. An organic light active device according to claim 38; wherein the first contact
layer and the second contact layer are arranged to form an array of pixels, each
pixel including a portion of the semiconductor particulate dispersed within the

30 conductive carrier material, each pixel being selectively addressable by applying a

driving voltage to the first contact layer and the second contact layer.
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vol tages, said |light active particulate further
conprised of second emtting particles, the second
wWe@ioia1g7 particles emtting a nunber of phot oPGT/U82083/037040
second color in response to a second turn-on voltage
and a different nunber of photons of the second col or
in response to other turn-on voltages. 15 48. A
vol tage controlled organic |ight active device
according to claim47; wherein the second emtting
particles includes at | east one of a second conjugated
pol ymer and an inorganic emtting material. 20 49. A
vold7age valtagercohireltbddigi aétivel degiet ferodmivtingoiewpi arenore colors of

accor di to.claim4y: _wherein the Light active |ayer

F untee e pela el done: miyep e rars Heoni st o

emhd FRY cRedALARNERIstd 9 tRerBbBRRIenOA liPNACANRS129Er Rdmprised

third color in response to a third turn-on voltage
Sappifiaguixtuse pfie lighteastivo darticelalg aad dicohdudsive cauisharatesial, said

photons .of the third .cal.gr in_r nse to other .

P ehge pee et bkt ol b el R v ey gamprised of
LT ot é}ﬁf&diﬁgeﬁ,a@lﬁmb§ﬁcmaﬁ@rm1@ge1éard1ﬁﬁiﬂascfbﬂ; conyWRikadl polymer,
the first color is red; the second color is green and

t hethe fitst gmieing pastisles legnatting g numker; of phedens o i) qokq in
[igh tive. ' [ im 49: s he
50 Pimgfe L BEENESnI6RRIoBfed © e Blelhradhs ISR b
10addiiffeenehursibertof iphetopsiot the fiest coloniraiesponge enathéreurn-on
el ectrol un_nescent, conjugﬁted ol ymer_ or |norganic
o

e Yaliagss. said Hhiacsigenrbigsiz Aupsecy/COBPHOS OFPOrD! CTaMne
at |.ea5ts aGeRol éﬂé}?ﬁﬂ? pagf(iﬁléstr drtgid}ed b Ab&Sf ?Hb&)hé 88 &cond

nunber of "photons I'n response to a turn-on
v 0l dohgen asspomsedd fafseccdt tumuorbenltagé aph e tidfeseritmumbesgigphetons of

to Et her turn-on vol tang/s 5 52. Alvol tage controlled
or AR FEOPH GRIET FLEePRANSH IR PRY Ut WIHESt0 cl ai m 51;
i1swherein the color is within the visible spectrum 53.
A vol tage controlled organic light active device
ac oy oh vgltage asingrioledbdrganigfightedctive Hevieophasording tpotlaim 47;
withint visible.spectrum .1 4. ol t age .
corvhpindie 5t PEiFRE REHER: i agtes o Rnt P fssgny goniusated
cl aydiyds andMEh6iganic Rehig@k @atdreali Nfra-red.

20  49. A voltage controlled organic light active device according to claim 47;
wherein the light active layer further comprises third emitting particles, the third
emitting particles emitting a number of photons of a third color in response to a
third turn-on voltage applied to the electrodes and a different number of photons
of the third color in response to other turn-on voltages.

25
50. A voltage controlled organic light active device according to claim 49;

wherein the first color is red; the second color is green and the third color is blue.

51. A voltage controlled light active device according to claim 49; wherein the
30 light active layer further comprises at least one additional emitting particle

containing another electroluminescent conjugated polymer or inorganic emitter,
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55. A voltage controlled organic |ight active device
according to claim47; 15 wherein the first el ectrode
wo goopand76df an x-grid of el ectrodes and the sePCHUS2003/037040
el ectrode is part of a y-grid of electrodes and the
m xture of the organic light active particulate and
the conductive carrier material in the gap between the
first electrode and the second el ectrode make up an
em ssi ve conponent of a pixel of a display device. 20

56. safl atGtdsage alitioral braflios gattlss it 26t¥er FPHbERs of a
according to claim47; wherein at |east one

el RAG'dN IFPRARE LR A YReeaboHiffesentnnebatielphgtons in
pl %gjohgé/toogﬂ%er {FP&L?OI Lected fromthe group
pol yt

consi'sting o | opfienes, pol y(paraphenyl enes),
and pol y(paraphenyl ene vinyl ene), at |east sone of

ig, 25 menbers having substituents selected fromth
o ot R STLFEBP o0 ARRJF e R ovics edcomimg o am 51
CY ohRabilian colbd Rufiftih IielvisiBlkylopgNY! ene, - and

w

al koxyphenyl ene vinylene. 57. An organic light active
di spl ay device, characterized by: a substrate; a first

30 i f drivjn | ect.rades f.orned on the substrate;
50 8, & yBliaed pobl:Blle ot DRt 86 Bt Hapibnsio Ay Ha

fi rekerginitee &dloek @6t WaBRshaddiniteddeping. a gap

t her e- bet ween; 134 WO 2004/ 046767 PCI/ US2003/ 037040 a

10ni xt ure of an organic light active particulate and a

i <o &b 5 Goel ARt B TS P a6 Bt Bt ot

parwheteih ahecoleiRifrsad. of first particles including a
first electrolum nescent conjugated polyner having a
first turn-on voltage and second particles including a

secyn ' ; | .ed mer havi

2 ononacFuF KoRaoNa AESRE o ARRL A LR BIFD I 47

15t urwhepein vied fimgelectvdiieriepart bf ght-ghidof Blgct@odes 288 tHeQe&nd S
emtted by the firs |.ectrol um nescent conjugated.
pol SREPAE Ty Raéfs‘ﬁéwé'%ﬂ{‘ o tlFirades 3nd e s oL bF pEgfeic light
appctigdpdr@cilie h i cRbiegt i i i
el e((::tlr o%é %nd Iai ght Chavi ng‘;egqglseg%g‘ﬁ%ﬁ&f%rg%lg]gb%tr\%vie?? tehg fist
by dldsgrode swhithe stemdreddctmilnenkent ar emjssiyatceshppmny 024 pixal of a
10 c{ie?,tfo&pse to the second turn-on voltage applied to
t h& P Pst®V&PCect rode and the second el ectrode. 58. A

20met hod of formng a |ayered organic |ight active

material particulate,
voltage controlled organic light active device according to claim 47;

wherein at least one electroluminescent conjugated polymer includes a plurality of
members selected from the group consisting of polythiophenes,
poly(paraphenylenes), and poly(paraphenylene vinylene), at least some of said
25 members having substituents selected from the group consisting of alkyl, alkoxy,
cycloalkyl, cycloalkoxy, flouroalkyl, alkylphenylene, and alkoxyphenylene

vinylene.

57. An organic light active display device, characterized by: a substrate; a first
30 grid of driving electrodes formed on the substrate; a second grid of electrodes

disposed adjacent to the first grid of electrodes and defining a gap there-between;
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conprising the steps of: formng a first mxture of a
first organic light active 15 conponent material and a
wo eeos4arrier fluid;, formng a second m xtur ePOf/US2003/037040

second organic light active conponent material and a
second carrier fluid; generating a first mst of the
first mxture in an environnment so that a first
particul ate of the first organic light active
conponent material is tenporarily suspended in the

eny i QNREtan cBLRe RiNtRGtive SeGaNgte Ahé b cofductiee sz&nenniatenal
m xture in the environnent 20 so that a se

pasaid mmktmeebegfg dlmpsg@ wathin S@}:Kbgﬂﬂ gaigl p@@p&.{gﬁ(‘h‘t gg;we particulate
ol Bg pyelerofe A SIP R Rl SUTRRREEH colubhed

thgol ?&epn@bmgaa Fiks® tﬂrﬁtcﬁi \to@tagcomﬁ mbm pm’dcla.‘t mcbzdtng a second
t oget h in the environment to formaélrst ?/ cgff ¢
5 or glasirQuiningheenk eenj ygaterhp Ay gy hadé!%& 3 tegpad B GRYPIagSgHigen
) dl dr¥€emitted by th
colpb i farEon yPfare, VbRl BA vk ATy Al Comitied 0y e
Or gadd eectrbl@hiinedcdrit ¢onjogarpd pellymerrat vespcmlse toptBe fl,l‘st g

of formng_a |ayered organic |jght acti e
o it baNEhes s R o el PP i
t h @ec%hﬁ Q?IOPLS erﬁlﬁécﬂ"bﬁ @hcasehliﬂcf éicdﬂc%ﬁrﬁﬁlﬁsc@ﬁt co@JdéatddCbolymer in

actlve conponent material and a third
10c alrdSslpeﬁseftb ﬂleds;ecérm}rmrmgn solzaze fappredhiorth firpt elegiroderpmd the
first e organic light active materi al
pals?qoééleilﬁc d a fourth carrier fluid; generating a
third mst of the third mxture in an environnent 135
WO 2004/ 046767 PCT/ US2003/ 037040 so that a third
parsi duinathed of farming & layeredrogganielight galveampteyial particulate,

conponent rial s £
em?PF’@Hﬁ‘é‘ﬁtrﬁ?e SS%Pr?e‘?fa onﬁngn gaa{rﬁ l%tnﬁh%éﬁ Ogté Sfogﬂg g&ln ﬂ%ﬁthaﬁtwe

15N XbHpBnédl nidi&i2aNd b iRgiRBiries fuid) &drndigea Sdcosd nlistyer @fth second
organic |light active material particulate i

t erpuganag light a@@%qo@menhm@tﬁ@a@%arss rrieg Ahpid; gepGiRling 2
t he. t hi r . regt bEth
g B o{lee Bttt B AR PGB g MRS ARG the

at tireCdrghdgapledctive ccbrhpomt/mamnabm terbporéuglysuspesdebinghe

| ayered organic ]Jight acti ve%{r%t eri al Part c;ﬂlat e. ¢

corfavirenmentaseneiAine Srseeons inist gl e Ssropd FUXYGRPE Y HpREmen
0aC t §c>\ltf‘:fatr%as%§<§1 artﬁ’&flﬁtb eEliRtsEcHAbrBari@N &t abfive élﬁnﬂdﬁbﬁtdnaterlal

ani c act1ve conponent material. 10 A
metlb anﬁrarﬁlgrsmmgdal indthepedronmgatiand pileing dks fméparuculate and

T S S 3 o g1 AL ks b

form a first layered organic light active material particulate comprising a first

layer of the first organic light active component material and a second layer of the

25  second organic light active component material.

59. A method of forming a layered organic light active material particulate

according to claim 58; further comprising the steps of: forming a third mixture of

a third organic light active component material and a third carrier fluid; forming a
30  fourth mixture of the first layered organic light active material particulate and a

fourth carrier fluid; generating a third mist of the third mixture in an environment
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anot her organic |ight active conponent material and
another carrier fluid; formng yet another m xture of
wa2revizousl y formed | ayered organic |ight actP@BUS2003/037040
material 15 particulate and yet another carrier fluid;
generating another m st of said another mxture in an
envi ronnent so that another particulate of said
anot her organic light active conponent nmaterial is
tenporarily suspended in the environnent; generating
yetso dnot lidrd pargéulat of diecthiré brganistlight activetcormponent tohpgerial is

environnent so that .the first | ayered organic. |ight
ac LR P BRI e av\af%nfegt;tgsﬁfﬁa?%%?F@W@J&lﬁ%ﬁ%@‘a fourth
20 rﬁiﬁtu‘ﬁ?fﬁ B YAV INIRAL so BACH8!HraWhREBeHshia ﬂgﬁtgh%ﬁve material

particulate and the previously formed |ayered organic,
| i ghtticalatd 1 ¢emparerilyasuspeaded inuhe eevirannessnindgllowangithe third

attract., together in the envifonnenpt to. f.orm cond
S| aperistlat Gare bt derearEgie figaritts miedal g™
CONBinSh QY afld bl toRéthég thd EffirohM¥RT ©doRk §88doad Nayghid
active nateri al particulate and a |layer of the third
or gagrnic lighy lactivcmptealqpmtioas comptigng alayepf the firg layered

hod.of .form .| : ' ' ' . .
e Ty PR HERGTP TRl L B gt e
at Cjoﬁ@ghermﬂ@t@ial.t he first, second and subsequent

organi c active conponent nmaterial conprises at | east
10one of a hole transport material, an enission |ayer

mat ey | I . : i .
oA St FUFEHAERIE AR TS put i
PClctidh@36 R 40; fubther dompridingithe fstepo ofrifogniag hmytberadixture of
organic light active material particulate accordi )
to S PRI JE] R C SPPRRY rrgafr‘ata%e? %I}?ét}eéf:aft"ﬁéﬂu{ag forming
firgd anq%ﬁé}%%ﬁ\@ gt a gﬁék}ﬁﬁgl'ﬂr%ﬁm&{ S981E offhic2hE RTRRARAL ol

mat’er i al conpri ses | eaSt one o magnet ¢
15matpertiaillate amd pdt @pothestaati¢rdluidit generating anafesyimisteftsaidasiogher

injecting material, 5 and ap electron i.nj.ecti o

T UBPAF I ServoRieRtt et wgihey RO IR Eout ap Gperganic ieht

| i ofativeedihyéhebinatetial is RahpdratilyauspendsE I e Bvifodn@nai M

60; wherein at |east one of the first and the second

andzensiabisg yeiempthenmist of s#ifl iypiganother miktupssin theoenpdionmgagso that

B e e

2050l e envidAmeht; ntiRtdwi{g dadt dHofgr pattryRiccthdahgpiRividbusly
light active material particulate according to claim
63; fofed yered orgaaiedight agiwrmatpralmaptiqulate foqomymingle and attract

su bt%&&H&% the environment to form a second layered organic light active material

particulate comprising a layer of the first layered organic light active material
particulate and a layer of the third organic light active component material.

25
61. A method of forming a layered organic light active material particulate
according to claim 60; wherein at least one of the first, second and subsequent
organic active component material comprises at least one of a hole transport
material, an emission layer material, an electron transport material, and a blocking

30 material.
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organic light active conponent material is a fine
particul ate insoluble in the 15 respective first,

wa@ewandb7and subsequent carrier fluids. 65. A neCTv82003/037040
formng a layered organic |ight active nateri al

particul ate according to claim60; wherein the third
organic light active particulate conprises a

mul ti-layered organic |ight active nmateri al

particul ate. 20 66. A nethod of formng a | ayered

or g&hi A nhétlgdid ofofotmhing ataysred atgapidilight vt ehat@ Gt phGichidie

to claim59; wherein the environnment conprises one of

a 2reonding fQredaim Gl Wheesin aiggast apotheriiedf dhe firsy seaonfang s
67. : | LS . ight, acti ve
ot Db gl bV thrnc AR S SRR o I anBRE LY
conpagreitin gnatéréal stnegle afostadc oneriahg desichan Aallemijsting material,

Sengaﬁ][aci (r}? treatnment to the formed | ayered organic
| i AT

ConiReehgPateyal t j cul ate. 137 WD 2004/ 046767
PCT/ US2003/ 037040 68. A nethod of formng a | ayered
organic light active material particulate according
t o @ oA meigd éfifotrhiee adeymed sigagictligbt attiep neferial particulate

. EEERFART bR i FERRDNE, bt S fp o
Or gaBdeubhtiQatrialuidkss AT sbRentAdithS HspdcBive fitg UelbdiGand
to claimb59; further conprising the steps of form ng

10 hesupsqagentArganiight agtiveermppanenbmpaterjalis polibleiin the sahant.

formng the second m st with a charge having an
opposite polarity so that the electrical attraction is
enhiinck thetteddefeorming aflayesdd orghgiaMight 4otig8 nakial ¥&ticulate
particul ate and the second organic |ight active
pardSFuGrng: ta clajp 62 whareirsatienst prg ofthe {irstgseeonsiandisubssiqoent

| %&aﬁ@ii%@t’bﬁgvgf&gﬁ]&ﬁlf %gteggf i i(a)l;fﬁfél %fticlui hltnsollxelﬁlietirtl ithr;:g

devi Ce ca WO re colors

15s equspeceye faceamdand shissequene thrkieefluids. r esponse to a

respective different applied turn-on voltage,
characterized by the steps of: during an em ssion

cydse RARRMWSI farrhih b 3llayetd\5:8hid & i AR
duration to the Iilg t Eé}tﬁi ttir%g lde\%ytgﬂ{ghg%ﬁltaﬁglt\él gﬁpﬁ}lgtte
buraseordinggo caimddrivharsin the tiiet orghnip highoavtive pamiclilatesdomprises

I | Ltted, duyri th 1 SS| I lyi
o SooBR P OBy A gt e oS o and at

20l east one of a

25

66. A method of forming a layered organic light active material particulate
according to claim 59; wherein the environment comprises one of a gas mixture

2

an inert gas, a liquid or a vacuum.

67. A method of forming a layered organic light active material particulate
according to claim 66; further comprising the step of performing a characteristic
enhancing treatment to the formed layered organic light active material

particulate.
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magni tude and a polarity different than a magnitude

and polarity of the first turn- on voltage so that a
w@e@ang7bur st of a predom nant nunber of phot oPGT/082083/037040

second 20 color are emtted, whereby during the

em ssion cycle the first burst and the second burst

occur in rapid succession and a human eye receivVving

the first burst and the second burst is stinmulated to

perceive a color different than the first color and

th e [

muth; FaPaDd ek ming 2 abhred SpERC R A it Puticulte
70;acdondinpes claanpei fnirnhg1 ctdr@r&hgcthefste;i of migrotivapaitigi tha
cycle applying a third turn- on vol tage having a
durcEsanEligi gctite patsdpl paFdcUlAe-a nagnit ude and a
polarity different than the magnitude and polarity of
the other turn-on voltages so that a third burst of a
5pr édori mathiod rod fitrering h lzpdemdmngarmt lighttahiiveimeistiek pagtieulate

£ Rty ol aDs tsite Bl e A8 SBRb oL e Tof, Pl mist with o
oc Ccﬁar & Raviap Ia%oﬁfﬁ%aﬁﬁlf@ﬁnﬁg thel REHIUARD WK S dh@pfgélhwmg an

the bursts s 138 2004/ 046767 PCT/ US2003/ 037040
st ioppbteawlarty pe thoe theeelestiasl aitragfidgof is eaianced betweere the first

;E%%%%%ﬁg &C%he S?l%lﬁ%t agg rpl%lr | g < qr%g}ﬁ? gllrlltta%tl%){)%[wulate

10devi ce according to claim5 71; wherein the first

color is in the red portion of the visible spectru
t he/Os demwthodder diivipg ampltiteelog Hghteipding dsicss he ralti-color Tight

Vi S|
e
debe@ig drsitted it reopdrsd tcswrespdmlt/e diféerent mbpllledlﬁlmhmt/@lﬁgepf
each color emtted duripng each burst o si on

cyahéraﬁ@giaﬂ QY the siens OEFIIBE A1 FEYSSIH F e\,app e %ﬁ@t turn-on
15V! Sx}olpclage ﬁ%gé 4 HHPaEiBﬁ‘Eo t'.h§ 11%9@ erditid gedégfﬁ:%%ﬁ'tllla% alfRst: bul?it lé? a

or green. 737 A nethod driving a nmulti-color |ight

em predqmginam\ziuné)ea of:mqﬂonsgoftadlreﬂ @ﬂqnarﬁemltmﬂedlemg theremission

|nten duration and color emtted by the

I D EEPIE § SiroR0 AP RS ERAVELE ¢ Quraior, St least one of a

ac Crﬁﬁéﬂlﬂﬁge hid & pbRkity\@feftin® aA Y nRRATtAdd S poldity f thd first turn-

met hod of driving a nulti-color I'ight emtting device

ac cor diliage sothef aiserond Bursivbies predominent mimibes of ghefphegf a second

eperation ¢ t he. st rQvi.din
d at® ?r&a%%gggow %rsp ur1 tglgé IS%)O?I]SC?] eqhe grsgb?l {%d the aecond
di ghir@locehatia riail g l@cdemﬂcbrﬁﬁtdl M@iman eye receiving the f1rst burst and the

second burst is stimulated to perceive a color different than the first color and the

second color.

25  71. A method of driving a multi-color light emitting device according to claim
70; further comprising the step of during the emission cycle applying a third turn-
on voltage having a duration and at least one of a magnitude and a polarity
different than the magnitude and polarity of the other turn-on voltages so that a
third burst of a predominant number of photons of a third color are emitted,

30  whereby during the emission cycle the first burst, the second burst and the third

burst occur in rapid succession and the human eye receiving the bursts is
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of an intensity for each position in each spectral
band; adjusting the intensity of 20 each position in
weawh/ospertral band to generate an adjusted i nPENEE1093/037040
value in accordance with a predeterm ned mat hemati ca
equation, filtering the adjusted intensity value for
each position with a common function; and controlling
turn-on voltages so that the em ssion of photons of
each color is based on the adjusted intensity val ue
f ogtiRAGRd td haesiee a SORE Uiftdrert GianeBie Firgp @6lot, itisec@d @8or #nd
Iight active fiber, characterized by: an el ongated
hathdémedicdonducti ve carrier material; and a
sem conductor particul ate dispersed within the
conductive carrier material; a first contact area
proyi degetbéd bh@ivieg a apiliicort light efittarg devizetaccardingite tlhim
to the first contact | ayer charge carriers of a fiﬁst
5ty velasein theslitsbeplphisdn thieaedporioniot Bisdiisblg spectrum, the second
par.t,icul. QaGE L [ ot 26 d.ak ;
eI R R A0 ploh BPEIRARIC shotFuPAd 5 L I0r3h in the
applue@atticdrofahe visibdd getirim ahd dledigho emitting dedemlis co89olKO so
2004/ 046767 PCT/ US2003/ 037040 contact |ayer charge . .
cathet tedqugioen okphatons qlypaeh %fﬁ%r ?fﬂ‘jttéé 3@% ?%E R ot the emission
sem GONAHRL Bl pP@tlinGHE REStol DIRMTRE §ikiB]CPpBEHGEH It is not
cartier material. 76. A light active fiber according
10t onedeasanilyfed, blneoegreenhe sem conductor 5 particul ate
conprises at | east one of an organic and an inorganic
sem conductor. 77. A light active fiber according to

cl g5 MA7Rethh f 8fiink REn S8 HER MIUES AT tind@videtebaddtng to claim
conprises an organic |light active particul ate ‘

i n@Ruetherginan ihteasity, dneatios eng oejar ewitisd by Wy mulppejopkight

| east, . .one conj ugat al yirer A .cl.ently 10
| oAruRE Grr Pl oG BTG AR el CaeEUER, Y,
150n applying an electric field between the first and

second contact |ayers to the sem conductor partlcula&e
t hdughmethed o6 AduBgiA/BUlATdIShhEEIR S IfeA SISO clam
co . . i . . .
ConpEEbbB/EE AR INAMLINS col Bk e o gBlusa
seclandndaxpe so reprentrpositioas on atdispldyesse digtalntitcbaing indicative

particul ate and conbine to formin the 15 conj ugated.
boIo) B MIENHHY 66 P PPEHOR $45b AFTACH! agd?psmgjgb‘?mrwy of
SO i@ iflel | | Ot ABuSONindgRte Yalue i
zopolegér?éﬁgsqtggi. lﬂt&bﬁpsgpﬁlf§gl§cﬁn§g@ il%ga? acgkglrldi ng to tgl aiu(ranln
77 :acwdrédaree iwithhepedetfarmined ngHtematicahequatisms filteningthe adjusted

f ?gﬁ%bg&fvaﬁg IF %ﬂ%’spcjspcﬁ)lnl{vqi(hngcgrﬁmlor? ?usntctigrrll;eanafcogt(r)cl)l?lng turn-on
voltages so that the emission of photons of each color is based on the adjusted
intensity value for each filtered spectral for each position.

25
75. A light active fiber, characterized by: an elongated hardened conductive
carrier material; and a semiconductor particulate dispersed within the conductive
carrier material; a first contact area provided so that on application of an electric
field to the first contact layer charge carriers of a first type are injected into the
30  semiconductor particulate through the conductive carrier material; and a second

contact layer provided so that on application of an electric field to the second
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20 organic emtters, and electron transport material.
79. Alight fiber according to claim77; wherein the

wore@anieet i ght active particulate conprises peeT/U81083037040
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i ncluding a polyner blend, the polyner blend

including an organic emtter blended with at |east one
of a hole transport material, 25 an electron transport
material and a blocking nmaterial. 80. A light active
fiber according to claim77; wherein the organic |ight
acl NSt laB%f i (fgé SrfeS QPR LR tipeCdr® dd 8% 1hBeémtboRductor
a poq ymer s el encapsul ating an 1 nternal phase
coppticsled thfough fhel opmducthyeeadier nekardi.ng an or gani c
emtter blended 30 with at | east one of a hole

transport material, an electron transport material and
aC‘7I'?'| gqgglrt] SetiRt el 8tcordifi® 10/ PaidP 9%/ Wihdif the semiconductor

PCT/ US2003/ 037040 81. A'light active fiber according

t opattiailateTdomprisey dilenst biee efomduganic endcalr inprganicrigrigongpctor.
conprises a binder material with one or nore
characteristic controlling additives. 5 82. A light
actyve [idHp Gk o dedvidih @ t6 tlaini 7 §Lvhepkiaried sentibenductor
characteristic controlling additives are at |east one
of partisalats eompaises 2mersani (lightadtive pagieulate indyding shieastpone

conducti.v hase, .. L.C [ .
BB EoTHERE R  RELCAREhLHE, BOGRRr g a uipiency
phase cosen@atiesdi\eatranitahai gegapivas o that drodpplifg an electric field

[ n{bgcti ng material, an el ec}ron injecting material, a
| oReiseR teelizs andsseponscganingt 1aygisde g semigoddugiopArieigh

en ' i i i i oTop
DGR TSRl BB kit nk s secadl e
comn¢laitte toandfiiss esntact layes tnd ciradgrcdarnias nEsadd first asp ssedd types

longitudinally 15 withjn the el ongated hardened .
co ﬁEﬂﬁé‘iqCWg 1RQrthe %Eimlﬁ%‘fdé’lcfoé PartigHtS g cempie g ?8]?1?1 i the o

theohi COMsARticlE QSRR kralsivalsRMRAdadiation
coﬁgﬁg%%%ﬁﬁg%gr@hﬁ%?gﬂgggedlagjmé%}gnt ?o t he fyisr st

c ongleroitied drome theeongigated golyater] east a portion of the

sem conductor particulate is di sposed between the

first conductive and the second conductive nenber. 20

84.78A A hghtacﬁ% fiv® akbdraingas epidiTIgwheretl the B¥eB8ic light active
wherein the first conductive .
particulate comprises particles including at least one of hole transport material,

organic emitters, and electron transport material.

79. A light fiber according to claim 77; wherein the organic light active
particulate comprises particles including a polymer blend, the polymer blend
including an organic emitter blended with at least one of a hole transport material,

an electron transport material and a blocking material.

80. A light active fiber according to claim 77; wherein the organic light active
particulate comprises microcapsules including a polymer shell encapsulating an

internal phase comprised of a polymer blend including an organic emitter blended

30  with at least one of a hole transport material, an electron transport material and a

blocking material.
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menber conprises a conductive material conprised of at
| east one of a netal and a conductive pol yner

wale@posaa’in the interior of the el ongated harPenes2003/037040
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conductive carrier material; and the second conductive
menber conprises a 25 conductive material conprised of
at |l east one of a netal and a conductive pol yner

di sposed as a coating on the exterior of the el ongated
har dened conductive carrier material. 85. A light
active fiber according to claim75; wherein the
particul ate includes at 30 | east one of an organic
enBlt arlighnctiveofitgantording té elaim Ao] whdreianispemductive carrier
material, bl ocker, terial, .electron transport. .
TS COMRESSS G B B e 76 0 SRS oy Gamseling
PC%?&%@QQS/03704O materials; and wherein the carrier

i ncludes at |east one of an organic emtter; an
inorganic emtter, hole transport material, blocker

material.,. electron transport. . erial. .an -

p e&? 0 K*ﬁlléé}“&é‘“&ﬁq%‘he& i aﬁ%’or%g 3? Flgflg;%tl a%%erméﬁ%?lhar%%%lﬁtlf ght
ac thivolfih P 8AditiV&Yaré Wi b bné BCA padEcasidiahd @fRlid inaleae 2
formed between the el ectrodes and the 5

paudessiaant oo diqtive Phpsgy @ pemicprAugtne Phaspaan ipgyleive phase, a

i ncl udi ng.,at._| i ] :

g e bR Bhn iRt el s LR enfilfcrleifasd d pote
miﬁ]?éd':tﬁig, mekaslt apslectisrpingotng masdiatl,iadbw veorkl metal, a blocking
performance enhancing materials, 86. A light active

f i meateriad candcnrgnishor PrliaRsing malglei n t he particul ate
has a first 10 end having an electrical polarity and

a second end having an opposite electrical polarity,
an@3wkelighiractihefiparaccadinatte clasm &5] whedinvarichuf mhet st and the
conductive carrier so_ that the charge. carriers.of. the
{1 PetonthrgateGr OIS ST L FEROPT fp R el Gyingy
andyiihif ehabgaialard RS cOidukhite SREQNHatbNNEaRT ®hdffnGhe other
easily injected into the second end. 15 87. An

i njof ¢hid forst sl thals¢cont icgtactaompyiseschsecad eqnidueldvegypember

conprising;. a . semeonductor |light active particul.ate

i <Bwcselitiadtar 6 AR Gutidugfies SPr D hifdy Bt SOtsBh Br e
88.seMicondi&6t pAAcuTNe dadiksoskd Bétiveas tHe\fEstiheiidtdk and the second
according to claim87, erein the sem conductor

| i glondemdtvievieett i cul ate conprises at | east one of an
organi ¢ and an inorganic sem conductor.

84. A light active fiber according to claim 83; wherein the first conductive
member comprises a conductive material comprised of at least one of a metal and
a conductive polymer disposed in the interior of the elongated hardened
conductive carrier material; and the second conductive member comprises a
conductive material comprised of at least one of a metal and a conductive polymer
disposed as a coating on the exterior of the elongated hardened conductive carrier

material.

85. A light active fiber according to claim 75; wherein the particulate includes at

30 least one of an organic emitter; an inorganic emitter, hole transport material,

blocker material, electron transport material, and performance enhancing
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89. An injection noldable Iight active materia

according to claim87; wherein the 25 organic |ight
w@edwes7parti cul ate conpri ses particl es i ncl udp@mu§1003/037040

| east one of hole transport material, organic

emtter, and electron transport material. 90. An

injection noldable |Iight active material according to

claim87; wherein the organic Iight active

particul ate conprises particles including a polyner

bl efgteriall CandBOhGOINMAR EarB ke uEAC: Yeis0hASY aﬂroggzﬂﬁccemitter' an

emtter blended with at |east one ofS a hole transport’

mat18pIZANIC eanttel, Belertsmsparbmeiorall blvak@mhatbridneearon transport

bl ' kal. 142 WD 2004/ 04676 . . o

per 8ot BT ranea SR Pteieb vt ightactive fiber
actmuwefurtieeirichldeadaiobdingydrofoshnad B éen MRENKIHRIE S the
organi.c_light active particul ate conprises

mi G ECHyEeCasier Fyen dierriditional layiss inshisling atdeast psaudfeni arganic

' .nalk ' f I | end .
R I ARE AR A Ne y Bpof Bl Yot Rtorishlectron

onerapfpart inatezial,raad ppdotmamae efliaating amieiLEt ron

transport material and a blocking material. 92. An

i njection noldable |ight active material according to

cl agn B I q =T tef | 1S a

P donanE s o gare REordhl o cRlim™3, Eheflin B2 RhARR fs o in
10c h#nd beeing enietectiinat pahtityragd addédridead hadidg aAophoyiLEldcaital

nmol dabl e |i.ght active paterial. according to claim92;

LB Wi S GG TE | AePRE M g ha e gua caier so

at th@ald cHRge Qrrids RAHe! Hi (PhSar@Mthrd eggifg' igjecﬂea € gfﬁe kst end

dessi cant; a conductive phase, a sem conductive p asg,

an aPA dhe ehargeecanderp e seeonddyiiesare omire s4silgigjedted into the second

enhgpci ng phase, an adhesive enhancing phase, a hole

injecting material, an electron injecting material, a
15l ow work netal, a blocking nmaterial, and an em ssion

en ancing,naterial. 94. An _injection noldable organic

| | 3 t Acifjesdonsroldablg light aefivei chgracistieedibyncamprisiag: a

wh i o ] s.at least, one of an,

or & Elcdnlilto M WS Yt AL MBS v N5l i

mateatéradl, bl ocker material, electron transport

material, and perfornmance enhancing materials; and

wherein the carrier includes at |east one of an

200r 88NiAG Bf8ctib® ol @Bld 11 nge%ﬁéﬁjﬁh%@&ryﬁgkg Bfg'l;rﬁ RSP rein

wn

mat erial ,” bl ocker material, electron

matls Seaticonsidiop Bghtorctinnpatier iacompgsevait dyastedie.of 2B oBunic and
Anahrrﬁioect i.on ol d e light active material according
tocha

b
TeAO Seridondheior, 1,

89. An injection moldable light active material according to claim 87; wherein the
25  organic light active particulate comprises particles including at least one of hole

transport material, organic emitter, and electron transport material.

90. An injection moldable light active material according to claim 87; wherein the
organic light active particulate comprises particles including a polymer blend, the
30  polymer blend including an organic emitter blended with at least one of a hole

transport material, an electron transport material and a blocking material.
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sem conductive light active particulate is conprised
of first emtting particles including a first

W@eiouig1g7 particles, the first emtting parti cPEBUS2003/037040
emtting a nunber of photons of a first color in
response to a first turn-on voltage applied to the 30
el ectrodes and emtting a different nunber of photons
of the first color in response to other turn-on
vol t ages, said semi conductive |ight active particul ate
further 143 WD 2004/ 046767 PCT/ US2003/ 037040
conprised of second emtting particles, the second
e m9t1t Anénjpriion; rapldsble hight dctige matemmhmmordmg phdaion87;0fheaein the

n.re se to.a second t n.vol t

e Bticalad ol FGRERF Sabiifte PORC treulhn SHER 8 bRy shel
I N ehePpPaases &0in@rhArphbsy ddmitised 6f 4 ?ﬁrer BleR mdﬁﬁlmg an
injection noldable I'ight active material according to

Scl @rgﬁnwml\nﬁ%blénqiﬁd Wﬁ}é atgist Preidz keolp trengpofti magerigngh electron

ha%hﬂ%bgﬂngﬁ gﬁhoﬁg%%#a&x?cnd a second end havi ng

an o r ca ari and wherein the
particulate is allgnable within the conductive
r.so that charge carriers of a first type are

(r:rglg)é I g‘é%?‘ipoinﬁ}l‘éléﬁlélﬁ %g@t acHyemaisaiaf aocerding @ dditn $havhgeein the
C a%ﬁx‘ri%f ﬁla%fna?coﬁ‘gﬁ[‘gé%g ath)égi% %\fl@hﬁﬁéﬁn%@ﬁﬁﬂ Witk B 8{] rﬁ?re

into the seco ot on receptlve

10 ac charectemisticoonbling etiditives d by a first electrode; a
second el ectrode di sposed adjacent to the first
el ectrode and defining a gap there 15 between; a

|| 9Bt ARG EMRNThHABIE h@ﬁ’t‘%ﬁb@ﬁﬁteﬁﬁl eﬁtcSﬁ'ﬁﬁé &' c141RL & 'vmerem the

and a photon receptive particulate for receiving
phebasecteristicioghtrolding additives 4t ngleast enphbs partiofilatel anghntﬂmd

in r| cal.. ener t ht ac ive xt ur e, bei ng
o MBS TRT G e armieREtic e phiteat instiatve

15 anghissea srRemitag begistioghatdng Pidse Mﬁeﬂhkm%&mﬁ‘aﬂ%g Yhhs, a
recej ved by the photon receptive particul ate,

el é@llerlﬁlJE‘étlmgerﬁétP§91 PR clspisRiuiBingtinhanatesigh adowiyeor enditaleal
fr £ he,first el ectrode
angmcﬁlegg]!éc%ﬁn ﬁ@l ecfi%gsggﬁ érgj% &ké n},?get 3}1 receptive
Iight active device according to cla|n197 wherein the
on recept i veh{)s%t iculate includes at |east one of
éaﬁwecf%rwe g Ligh pctivesmatetiplpgaerdingtio chyim 87,
20 r e%bl\éﬁ{ the PattRuld AN RAEL at'l?is%ﬂeadf’ an frgﬁ}f@émﬂg“ Sl 1%r'gamc
el ectron transport materia pertormance enhanci°ng
mateitieal wle tambpattenasennl Hleckeamaiegial, electron transport material, and
performance enhancing materials; and wherein the carrier includes at least one of
an organic emitter; an inorganic emitter, hole transport material, blocker material,
electron transport material, and performance enhancing materials.
25
95. An injection moldable light active material according to claim 87; wherein the
semiconductive light active particulate is comprised of first emitting particles
including a first emitting particles, the first emitting particles emitting a number of
photons of a first color in response to a first turn-on voltage applied to the

30  electrodes and emitting a different number of photons of the first color in response

to other turn-on voltages, said semiconductive light active particulate further
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particul ate includes at |east one of an organic photon
recei ver; an inorganic photon receiver, hole
wo e@asposT material, bl ocker material, el ectroPCT/US2003/037040
transport material, and performance enhancing
materials. 30 144 WO 2004/ 046767 PCT/ US2003/ 037040
99. A photon receptive light active device according
to claim98; further conprising additional |ayers
formed within the gap between the first el ectrode and

t hgo 355N GT S0l ERGtEing pRRicRITHE k&voal chiviep @aﬂtmtds ediittigg a
at | east one of an organic phot on receiver;

i nomrglamef pheloneaf 2 ecend eplor HOFEDONPAIPTHFPNTE fépn apltage and a
ﬁﬁ%‘f{%ﬁgﬁ% [ btonS o8 e85 drc.%fbitgg?ésxﬁﬁs%‘?ﬁ btler nAf%n

ncrng m ST als ght active
devmg%escharacterlzed by: a first electrode; a second
el ectrode disposed adjacent to the first el ectrode
5and defining a gap there between; an organic em ssive

| aygr Aﬂ'lﬁ]@&ﬁ%gmgfd%ﬂl'e 'ngf"éﬁvg Bt BT cc%r(ﬂﬂg tcg&‘lgi?? 95.NBherein

conposi t in sal ective
t otherparikabee hisea ijﬂpenﬂ lsztvmgz&l dedtriesd lpotahley artdopseanoid end having

bottom el ectrode. 101. A |ight I ve devi.c or di.n
{ 0% PBRGH!S S TERLRARHY Y ‘ﬁlgﬁﬁeléi P?d?lﬂga ee%ﬁtﬁ&@l&ﬁ%ﬂng the
co du% Ve @er&es%sthat‘?:'ﬁﬁrg@fcaﬁféré MH%E 8he aft HORUEPjected

an sem conduct or.” 102. 1 ght "active device
10 ac oo tienfiyst endcindicharge @arrmmecvfa secorvetypapreangra sdsihginjected into
co S|t|on conprises at | east one additional |ayer
Wen the first electrode and the second
eI ect rode. 20 103. A light active device according to
claim102; wherein the additional |ayers include at
| 43t Aoptetaf reggptiyedight @Ctpfh devige ehasedtgriged bana fird elgatipds; a
B G L R

15 eMbtdweag; MBdtR at@ve @ndulaebﬁ@nm @Bﬂ*kﬁﬂﬁatél@alniaﬂ arphatos.
25 104. A light active device according to claim 100;
\m E9CEPHVe Pratigie dxTarraYing 2 nhgtopd lighban ¢1figg hegghoton of

@%flt 191Fbeelggtr1@a1 %ﬁéﬁg CRRiohPacBGAURRER bei @19#9& Withth the gap
mat rial, a sem cofductive materi a n nsul ati ve
mabetwesh theafinzedbarodealind stier &en@tdlelectrode so that when light energy is
received by the photon receptive particulate, electrical energy is produced that can
20  be derived from an electrical connection with the first electrode and the second

electrode.

98. A photon receptive light active device according to claim 97; wherein the
photon receptive particulate includes at least one of an organic photon receiver; an

25  inorganic photon receiver, hole transport material, blocker material, electron
transport material, and performance enhancing materials; and wherein the carrier
particulate includes at least one of an organic photon receiver; an inorganic
photon receiver, hole transport material, blocker material, electron transport
material, and performance enhancing materials.

30
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enhanci ng material, an adhesive enhancing material, a
hole injecting material, an 30 electron injecting

woradoaioserb7 a | ow work nmetal, a bl ocking mat er i BCT/U82003/037040
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an emnission enhancing material. 145 WO 2004/ 046767
PCT/ US2003/ 037040 105. A light active device
according to claim100; wherein the em ssive |ayer
conprises an enissive particulate dispersed within a
carrier. 5 106. A light active device according to

clgy M é&gb %&_@g@&e‘hgﬁa GBIl ®SIcKAccdding ite tlaih 08 hasther
first Bhd havi g an electrical polarity and a_ second
engnipeisinggdditionaldpyrss fermefl aithin thelzap beiveen jhe figgelectrode and

wherein the particulate is alignabi. il oot :
conreonyeiecknie tF ReBinafiafirs R 1L S dim orgenic
t YRR BcdPeCatddtdanid pliokst Reeivémhéle tfagspoktrraatesaigdblanker
charge carriers of a second type are nore easil

i npetetigldelectran trargperh aiesiabriad adormagpe ewalnF’élﬁtm%%ft‘arl%e
devi ce according to claim100; wherein the em ssive

| ayer conprises an organic thin filmlayer. 15 108. A
li gt RGbhvRtdeUsGE:, naasteiing Hyoa thstielact0ds; awhenne eectrode

the gap expandi ng conposition conprises conduct i ve,

| ndapased odacantlicoie SETHelRSRERR MAACT TS 4R tﬁef&%ﬁ%?ﬁ bn
that r.edu t i.ssianaef fi:gi f i SSd osition
| g erGA Tt BpPRAAIEh il oRD AR prb Rp RIS 0y

ef figpdstd anbassay gaxpardieadvd trengramsedbs gamdistandsehenuesn the
the el ectrodes. 20 109. A nethod for making a |ight
actopvad pelipmelecing-act eri zed by the steps of :

Providing a m xture contai ning a nononer and |ight

active material, the light active material containing

at 10 eaAtlighhactivt davice aaogling to ¢lpighi 00raxhereimtherggp expanding

emtting. light.in response.tao an_applie ect.rical
enEPPROSHHRP cao%qugp%@ti 18*??? P %ﬁ%‘r@?}ﬁﬁtﬁ{) & rcf)gﬁgucgé a%%l&
geg&gigglilcﬁgt&_l ectrical energy in response to
irradiation; and selectively cross- linking the

nmononer to forma polyner and to cause a concentration
of e light .active ' A : j

conlenrtsht asr GV SRR o Fod idheif B2 B AP fne
WO 80P4di 046 ditprived aiIS2R 08¢ ABIAHI layer formed between the first

electrode and the second electrode.

103. A light active device according to claim 102; wherein the additional layers
include at least one of an organic photon receiver; an inorganic photon receiver,
hole transport material, blocker material, electron transport material, radiation

emitting material and performance enhancing materials.

104. A light active device according to claim 100; wherein the gap expanding
composition comprises at least one of a dessicant; a scavenger, a conductive
material, a semiconductive material, an insulative material, a mechanical strength

enhancing material, an adhesive enhancing material, a hole injecting material, an

30 electron injecting material, a low work metal, a blocking material, and an

emission enhancing material.
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110. A nethod for making a light active device
according to claim109; further conprising the step
w@boodiosqresi ng the m xture between a first el eceeDus20a31087040
a second electrode. 5 111. A nethod for making a
light active device according to claim 110; wherein
the light active material conprises organic |ight
emtting diode material for emtting |ight when a
voltage is applied to the first electrode and the
second electrode. 10 112. A nethod for nmaking a |ight
active device according to claim110; wherein to
| i §0f. Adightastivadeyicapccoopg fsdain HYY, gderan thegmrisydyg layer
tting diode material.. 15 Ld i ght.when a
o PR &F s Reas e opRrted Ui Rahitang he
second electrode. 15 113. A nethod for neking a |ight
active device according to claim 110; wherein the

51i &b Adishtectivadeyica rcsdipe fadaing 103 avherein e nisHes gy
mat er.ial . f Ny ' r [ .
T8 Sl 0SSP ] LR RIGRY (U aving
| i gpposire tlevicalepol ety parciowlibireig theopaatiailae 1sl8ignablervatitin the
20 the radiation is in the yig&&{e spectrum 115, A,
e EPRSBICH G CamiRn Rghat dhrrgRcaricr e et ivee adRge dRHY Tiscted
cl aj , [ ieatd | Snd Bt Tv i :
o M ot AOSE cflarst S5 fBNY ROM T Bertiie ey nfocted into
10 chédreaset@ndiendd by: a |ight active material provided in
a first region; and a polyner provided in a second
regi on, the polyner being formed by selectively
Cr @5~ APkt Adivd dBPRE ABEording 1o Slalh XOM eheF QR URI dHhiREvE RSer
nmononmer and the |light active material causing a
conewptiseaten orgagic thirefiln iyer.acti ve material at the
first region and a concentration of the polyner at the
second region. 30 147 WO 2004/ 046767 PCT/ US2003/ 037040
15 11708 AAllighbhctBetdeviRe destir€i g &€ €laimdl il 0 Wierélh #heablépanding
further conprising a first electrode and a secaond .
el 6RBPRUEOTERIpIEFes R EORBIc)iNe dnwive gRA/or gampicerductige material
nm .o - A .
et b RPRIEEs 1P R Sh Ui ncd of 4 enfh PR HOgH LA
wh éfoedaRingttheelightgbti vadéviseeefaatiesread bycenpandiag sheogapatistence

light emtting diode material for
%etween the elec%rodes.

20
109. A method for making a light active device, characterized by the steps of:
Providing a mixture containing a monomer and light active material, the light
active material containing at least one of an energy-to-light material for emitting
light in response to an applied electrical energy and a radiation-to-energy material

25  and generating electrical energy in response to irradiation; and selectively cross-
linking the monomer to form a polymer and to cause a concentration of the light
active material at a first region and a concentration of the polymer at a second

region.
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emtting Iight when a voltage is applied to the first
el ectrode and the second electrode. 10 119. A nethod
wo oro4t0edgbng a | i ght active device accordi ng toPCI/aB2003/037040
117; wherein the light active material conprises
inorganic light emtting diode material for emtting
I ight when a voltage is applied to the first el ectrode
and the second electrode. 15 120. A nethod for making
a light active device according to claim117; wherein
t he1d.iQhicttrdtformakinierlight agdrpkel e scdvrding to claim 109; further
radi ati gon-t o-ener C%/ material . for generatjng_an
el EUPPIIHEE tb&ﬁerpéﬁ? 15pesing dsombdure beivegn atfirshplecitade apd a
me ing a light active device according to
cl g%&%fi(i%%&r%r ein 20 the radiation is in the visible
spectrum 122. A nethod for nmeking a |ight active
deyj ce accordi n 0 claim120; wherein_ the radiation .
51V % Aol el Bed IighL i deviss aqopsding o elpiip d 1 gsgtherein
MakieNbhadtivaHhat&G41i b pHied &Earﬂ@ﬁ%&t%ﬂ&in Qti&deAth Rerhidior
wherein the light active naterial conpfises an
or ganiffing lighttwheact voltageris applied to the firddietegtrade ardethe seconé
co 'ﬁga& ed pol yner, said at |east one conjugated
po% °having a sufficiently | ow concentration of
extrinsic charge carriers so that on applying an
electric energy to the light active material charge
10 cad 13.¢¥ Bedfodsfpy miaking @ light aitvetdgpies 2@@rding ta ¢lpioe  £¢) wherein
[ n[eo,the sem conductor particul ate and c:on;gi ne tp .fptrm
i n"tlight agtines mgengceruEBTsRoRETcUshbesy JEHgdc material for
coajnitgag BghipohanrevolalgaiOppad fd thE fipdielestrvdl 418 e s@vnd
radi atively so that radiation is emtted fromthe
coBietiRideed pol ymer. 124. A nethod for maeking a I|ight
active device according to claim116; wherein 5 the
light active material conprises at |east one of an
15 or g&hiAmetichdefor inakingaright aeeidevine sadopding P8 ainf\1 T twWirgkin
fo ing.a light active deyjce according to ¢claim
1 S TR M DRSS et ok s resey BRifgil G generating an
Or gRBkiCaIRAkchCing8sgonsd t6dhdigtigh. pol ymer bl end, 10 the
pol ynmer bl end incl'uding an organic emtter blended
with at |east one of a hole transport material, an

! 514 (e RSP Rking 315l Ririve Be AR RAnBS G218 Whelein

20  the radiation is in the visible spectrum.

115. A method for making a light active device according to claim 113; wherein

the radiation is in the non-visible spectrum.

25  116. Alight active device characterized by: a light active material provided in a
first region; and a polymer provided in a second region, the polymer being formed
by selectively cross-linking a monomer from a mixture containing the monomer
and the light active material causing a concentration of the light active material at
the first region and a concentration of the polymer at the second region.

30
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126. A nethod for making a light active device

according to claim116; wherein 15 the |ight active
wWoraoe/iehb7 conpri ses m crocapsul es i ncludi ng a pCI/yamE03/037040

shel | encapsul ating an internal phase including an

organic emtter. 127. A nmethod for making a |ight

active device according to claim116; wherein the

m xture further conprises characteristic controlling

addi tives, the 20 characteristic controlling additives

ar e 19t Al182¢ hetPR&le9fce AcdREDL ¢4 Blajm ‘i‘l@'cfﬁlqﬁ&tcbﬁﬁ)risf?@%sﬁrst

a sem conductive phase, an insul ative phase, "a

me chentiode knd & seoogd kleceodealnoingghp palyejer amd thehizhi ¥@ive material

enhancin h a hole injecting material, an

el e@?pro(%% Ehﬁfeg%t%\k’ﬁedl material, a low work netal, a

bl ocking material, an em ssion enhancing material and

aljiquid crystal. 25 128. A nethod for neking a |ight
5act1i13eAdé@Ih%fcamaé<mﬁ plightaciyvadevicel@cordingrte ichimtI1@; wherein

[ AGt terial c rises. first.emttin .
pagg‘lg d esac/éeiﬁ‘l3 {E%.eﬁaf %mrpd %ﬁng?r ggyic hygh{)?%ﬁ%n%‘%loge gﬁa@‘fﬂ for
colemitting light phes & vblage if hpitedtisl tHe-RE IR0 8@ second

em gci ng a different nunber of photons of the first
col®iCPHe-r esponse to other turn-on 30 vol tages, said
light active material further conprised of second
emtting particles, the second enmtting particles
10eniltl®i Agneahorifvb erakofg plight atsveadeviteSEERR O LRIMI117; WhHSein
V\Dﬁo /t046767 PCT?T(]CUSZOOS/QS?MQ .response to a second
t ur i BT gtk LOMRYISES WprRpicight emittng giede sreterid for
t hemifiag M3d GaLPE vbity TRIIRA 3
vol tageg. Tg129. A net r%d mak(ls %nga%?egc&?&g%%p@g second
delestodgcording to claim128; wherein 5 the |ight
active material further conprises third emtting
particles, the third emtting particles emtting a
15 nurtherA efetididiop Rfak g AidhhEttheCRVRE abdhy i‘ﬁg Py E}%ﬁn 497 8vherein
third turn-on voltage applied to the electrodes and a
di fhedighs ectivgipaerigicopiposesmradiptionfieetdrgy chacaiabfori ganerating an
reg rn-on,.veltages. 10 130. A nethod
of %gﬁlﬁﬁlgé@reﬁIgﬁt;elrtesﬁé)(&:&ts%\?era%%@?%e according to claim
116; wherein the light active material includes at
l e one of an organic emtter; an inorganic
emﬁl?i - meghgddor Pakias Grlighhagtivieidgyice Beoseding taveltion 1120;, wherein
20 el aeth@atbk &Ns Y JisiBRISEL and perfornmance
enhanci né mat er | a‘flglgglsg%tgdﬂ A nmet hod of making a
i ght active device according to claim116; wherein

122. A method for making a light active device according to claim 120; wherein

the radiation is in the non-visible spectrum.

25  123. A method for making a light active device according to claim 116; wherein
the light active material comprises an organic light active material including at
least one conjugated polymer, said at least one conjugated polymer having a
sufficiently low concentration of extrinsic charge carriers so that on applying an
electric energy to the light active material charge carriers of first and second types

30  are injected into the semiconductor particulate and combine to form in the
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particles of the light active material have a first
end having an electrical polarity and a second end

whanwigp7an opposite electrical polarity, and WheT/@52003/037040
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the particulate is alignable within the conductive
carrier so that charge carriers of a first type are
nore easily injected into the first end and charge
carriers of a second 20 type are nore easily injected
into the second end. 132. A nethod for making a |ight
e”&dnﬁlgg%ﬂedqﬁﬂ 166 chahRI & gk&@@hmﬁ deBS 2HRAFeI9ko that radiation
provi di ng ‘a bottom substrate; providi'ng a boftom

el e errielbiromdhe corgugitad mlymebst rat e; di sposi ng an

em ssive layer conprising a mxture including a

di spersed 25 COLED particulate in a nononer fluid

carzd. eA nitiedd fob ehaRBletaiehs Wit RV REe ac&RiBStd ¥RIY 116; wherein
pol yneri zi ng the nononer causing the OLED particul ate

t othe dighteatitve aateriah cappyssswelepgiging 9 2m Argapiseand an inorganic

po, ' nononmer to concentrate in polynerization
regge%&gﬁ@dﬁgg)rl%. A nmethod for making a light emtting
devi ce according to claim 132; wherein the step of
setgftively pol ynmeri zi ng the nonomer conpri ses usin%
| a

Aqmetiogh lorypaging s HEM 256ty devievaconiy claim 116; wherein
| aser e .
| e TR RAGE Rl E@mblgsoelfs gggﬁkd Zga!talacl@mcﬁﬁ{ 4 S A blend,

correSponding to the on régl ofs an
enths piolyenar dipndriscludi8g an Argmeichemaittef blemdeidrvgittaatllegghbne of a hole

em tting device according to clai.m 132; wherein_ 5 the .
o 1sB Y St AP LB AP IOr G & DG KMt gnd adiuid
usiriigta@ radi ation source transmtted through a
patterned mask to formlight and dark regions
corresponding to the polynerization regions and the

enj.ssi,ve regqi.ons,,.135.. t hqd .of makj.ng a,l.i ght .
oI Al TR ane s e RLOF uRt s TRt ndiaint Yoy grherein
t hie Pight &5tive that@ e complised dsicRbapsaRS inditEn®h pbeheb hdiom
el ectrode and a hgg el ectrode provi ded over fhe

er§nsapspdatingpaintenabphase folustiiel f ongakic eguitiert i ght

emtting device according to claim 135; wherein the

em ssive regions are fornmed into individual pixels
sur27owethob ort thakiiHa fightyweine desticcosrcoriin Osclaiddifl6; Aherein
met hod for making a, li gﬁ]t emtting device according to

cl '@F M He Tuher efmpTisehehaspeieristic coprelling pddifives, the

POl ARRAdr D S0 A P RAUR TERESnPR S fls LA i

em ssi vé r eg?ons 11{1'% or rﬁsc%uct Fve pa%(ﬁer\ﬁggﬁﬁ’bée mgg%tlve

t hehape | ayseeri¢andtictove phase, an insulative phase, a mechanical strength
enhancing phase, an adhesive enhancing phase, a hole injecting material, an
electron injecting material, a low work metal, a blocking material, an emission

enhancing material and a liquid crystal.

128. A method for making a light active device according to claim 116; wherein
the light active material comprises first emitting particles emitting a number of
photons of a first color in response to a first turn-on voltage and emitting a
different number of photons of the first color in response to other turn-on
voltages, said light active material further comprised of second emitting particles,

the second emitting particles emitting a number of photons of a second color in
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20 regions. 138. A nethod for making a light-emtting
devi ce according to claim137; wherein the conductive
w@aiohineors7 f orm an el ectrode grid of a display BPEWUSE3/037040
25 139. A nethod of nmaking a |light emtting device
according to claim137; wherein the mxture further
i ncl udes a conductive material capable of being
patterned into the conductive pathways; and further
conprising the step of patterning the conductive
mat gL | Nt
ot T e e Dl B R 3 el 8 pons of the
cl aseconti3®]onih egspomse to bmermnmmarvoitsgqaol ymeri zed under a
first polynerization condition; the 151 WO 2004/ 046767
PCT/ US2003/ 037040 conductive material includes a
seciood ATRRAREof GRRHR! £1i 8t 2BPI\EVRR! alé&?rﬁin?%’ cla998; Wherein
second pol yneri zati on condition; and f
Scorthe llghtragtlvmmawlebfumler cpnmpramthmgl enniging@laicles, the third
partl ul at e e conduc
e ottt sl O e o) EndRhS b sSmyHap o2 Fsseange to
COnBE tirkdnVRlt8d #plie@ tSihe @1dcheddaldal aiifferehi Mithtd: 8f pRotons
concentrate in em ssive pixels and the conductive
matd thepthird golog dihesspansa teothar womor wpkagese regi ons
bet ween the em ssive pixels. 141. A nethod for naking
a light emtting device according to claim132;

10f uriBerA mehoprof idkhgtiésts hefveddevaRplydratgad cRlth M6 NGherein
field can he ap I|ed durlna the 10 pol ynerization step
€

or tht Heht act sAl iogldeynat LRl CsEarabFRBter; an inorganic
al i.gniag ggl'e%laﬂs a@ﬁal”ﬁ%@ﬁér' Iﬁzgg{la(t_)l,eo%:}gc?tlfdr’%let?a.’ngﬁ(gpglta[é%al, and

patterne l'ectrodes cah be use

14 2erfarmmtchedhdmeingmaiterigisa |11 ght emitting device
according to claim 132; wherein 15 a perfornmance
enhancing |l ayer is provided between the bottom

15subsyr Atlﬁetﬁ&fioit ﬁﬁkm? Q‘h%ﬁi HRivk A¥GEe a g?thnfto"@&ﬁg ; %g'lfrein

making a light emtting device according to c
whenaeiiakes Qfﬁi]@e lmE[acqo‘mmatcuhlahaee arfbtiedddagingian laledtrlcal polarity

cryst al c9 sti.tuent and a 20 c itue

TR e Dip S AL Rl b e the

ac garttulge fsaligh&blenviBai tht UbhdiRfive QMBI do&hﬁtg:hbﬂ'g@ cBEcRIs of a
of pr oviding a top el ectrode over the em ssive |ayer.

25 fragyppargmnere gasibyrnigai mio she firghendeandiohpigg camicicef,a second
20Ch ng?ec&rg L& gas@!’ ntugaeﬁ’ §iftRthe sfeCOnd end.

132. A method for making a light emitting device, characterized by the steps of:
providing a bottom substrate; providing a bottom electrode over the bottom
substrate; disposing an emissive layer comprising a mixture including a dispersed
25  OLED particulate in a monomer fluid carrier over the bottom substrate;
selectively polymerizing the monomer causing the OLED particulate to
concentrate in emissive regions and the polymerized monomer to concentrate in

polymerization regions.

30  133. A method for making a light emitting device according to claim 132; wherein

the step of selectively polymerizing the monomer comprises using a laser
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providing a bottom substrate; providing a bottom

el ectrode over the bottom substrate; disposing an
w@niogdiere7 | ayer conprising a m xture includi ngP@muUS2003/037040

em ssi ve/ nore-conductive nmaterial and a

non- em ssi ve/l ess-conductive material over the bottom

substrate; selectively patterning the m xture causing

the 30 em ssive/ nore-conductive naterial to

concentrate in em ssive regions and the

e e g B SiAD L i 3 RpEDh S ot tRGRDAE et ©
PCHONaRP0 M S3reg1as addihe eiisiidregiohar making a |ight

em tting device according to claim 145; wherein the
step of selectively patterning conprises using a |aser

I ntepte rmeeglgo% %tht%'}i%a inlght iR de9fek 2B EK al%?ﬂg??ﬁsl,swherein

correéspondi ng to n-em ssive regi ons-an

5 eniggsitaeoft Ripctndy pdiyheridingehb avnofenedoiprizenudinghradiation
o e e i DS b
radipati : It L : mask
SRR S AR R s

non 10 em ssive regions and the em ssive regions. 148.
devi ce accordj

A methad o king.a light emttin .

{0 T5bahmaied Sharisg 4 i emitg Btk Srads REraRCL wherein
10! eqpd %é%ﬂ%ﬁleﬁfmisﬂ%aﬁ’&és MRk P 4R bl de @h&atspde

provided over the em ssive ayer. 15 149. A nethod of

malelaetyode pioyhied omert the ngisssgilaxeraccording to cl ai m 148;
wherein the em ssive regions are forned into
i ndi vi dual pixels surrounded by the non- em ssive

r egizgNA - metRod &0maldngeligRterhidtind@idegiceortlinghd chiftiBENgherein
devi ce according to claim145; wherein the m xture
f urthtemissiyrpedienssra formed app dadividn sl v omeauagsd oy the
mat eri al t step of selectively patterning
15i néqoli %fizﬁgwéer#"ﬁlﬁg t he em ssive/ nore-conductive
mat eri al and the non-em ssive/ nore-conductive nmateri al

into _conductive path s between the non-em ssive,,. .
" oghnd metBod by makingA NG PRI IE S NPBRIC AT (7 Figvherein
dey 1R85 1 Fh&ihd e mondARE 8bMplifs patterning the
emtgélgt\? %r?rgér e-co#oﬁl?c%ajinve rr%ternimgal correrses pan OLED
pardmissivVategions to form conductive pathways between the polymerization

20  regions.

138. A method for making a light-emitting device according to claim 137;

wherein the conductive pathways form an electrode grid of a display device.

25  139. A method of making a light emitting device according to claim 137; wherein
the mixture further includes a conductive material capable of being patterned into
the conductive pathways; and further comprising the step of patterning the

conductive material into the conductive pathways.

30  140. A method of making a light emitting device according to claim 139; wherein

the monomer is polymerized under a first polymerization condition; the
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includes a liquid crystal constituent and a
chronophore constituent. 153
WO 2004/046767

PCT/US2003/037040

x

conductive material includes a second monomer capable of being polymerized
under a second polymerization condition; and further comprising the step of
patterning the OLED particulate and the conductive material in the conductive
pathways by selectively polymerizing the conductive material causing the OLED
particulate to concentrate in emissive pixels and the conductive material to

concentrate in non-emissive regions between the emissive pixels.

141. A method for making a light emitting device according to claim 132; further
comprising the step of applying an aligning field can be applied during the
polymerization step or other time when OLED particulate is mobile; aligning field

can be magnetic or electric, and the patterned electrodes can be used to define
field.

142. A method for making a light emitting device according to claim 132; wherein
a performance enhancing layer is provided between the bottom substrate and the

emissive layer.

143. A method for making a light emitting device according to claim 132; wherein
the OLED particulate includes a liquid crystal constituent and a chromophoe

constituent.

144. A method for making a light emitting device according to claim 132; further

comprising the step of providing a top electrode over the emissive layer.

145. A method for making a light emitting device, characterized by the steps of:
providing a bottom substrate; providing a bottom electrode over the bottom
substrate; disposing an emissive layer comprising a mixture including an
emissive/more-conductive material and a non-emissive/less-conductive material
over the bottom substrate; selectively patterning the mixture causing the
emissive/more-conductive material to concentrate in emissive regions and the

non-emissive/less-conductive material to concentrate in non-emissive regions.
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146. A method for making a light emitting device according to claim 145; wherein
the step of selectively patterning comprises using a laser interference pattern to
form light and dark regions corresponding to the non-emissive regions and the

emissive regions.

147. A method of making a light emitting device according to claim 145; wherein
the step of selectively patterning comprises using a radiation source transmitted
through a patterned mask to form light and dark regions corresponding to the non-

emissive regions and the emissive regions.

148. A method of making a light emitting device according to claim 147; wherein
the patterned mask includes at least one of the bottom electrode and a top

electrode provided over the emissive ayer.

149. A method of making a light emitting device according to claim 148; wherein
the emissive regions are formed into individual pixels surrounded by the non-

emissive regions.

150. A method for making a light emitting device according to claim 145; wherein
the mixture further comprises a non-emissive/more-conductive material; and the
step of selectively patterning includes patterning the emissive/more-conductive
material and the non-emissive/more-conductive material into conductive

pathways between the non-emissive regions.
151. A method for making a light-emitting device according to claim 145;

wherein the emissive/more-conductive material comprises an OLED particulate

includes a liquid crystal constituent and a chromophore constituent.
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