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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

25  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 acetylens. 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-

30 1970°s this material was reacted with jodine vapor, The result was an extreme



increase in the conductivity of the polyner film and
ultimately resulted in a Nobel Prize in Chem stry for

the researchers who discovered it. Although 23 MARCH 2007
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The Bié%d%g ralcﬁ'g:r?e of an g{gﬁé [ srps)loayéi s simi ar% to ga

b nv drtmiaeril cargmsitivh@néthe device structure. For the purpose of this
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.
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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
OLED:s 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



contam nation. Neither of these solutions is adequate,
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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
30  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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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

25 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
30  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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thin layer is disposed between an organic light emitting thin layer and a charge-
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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.
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fa{»rci)cation. 1t is still d?fficult 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
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PCT/ US2003/ 037
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.
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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
25  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
30 Controlled Release, 70(2001) 1-20).
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shortened device lifetime due to ingress of water and oxygen, and delamination,

2007

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.
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the advantages of the OLED phenomenon. The inventive light active fiber

25  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 sermiconductor particulate through the conductive carrier
material. A second contact layer is provided so that on application of an electric

30 field to the second contact layer charge carriers of a second type are injected into

the semiconductor particulate through the conductive carrier material. The
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a conductive 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
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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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The particul ate can be conposed so as to have a first
end having an electrical polarity and a second end
having an opposite electrical polarity. The MARCH 2007
articulate is alignable within the conduct]j 03/037040

g’Qr”P‘?‘é’f‘“”é’b that charge carriers of a first t\pe Bre s
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 invention, a photon receptive |[ight
active device is provided.. A first electrode and a
second el ectrode are 10 rOV|ded di,sposed adj acent

d ef i'Re H@T‘%}%}aﬁa&tﬁé?P@PB%@\ﬂ% ahto have 3 @4«%{) engddayipg awli%tmwé

?Blﬁx\ldycﬁﬁﬁi 2 GEUIRA étﬁﬂﬂwﬁxfg af oﬁﬁl{sfté QEctAB BhlhAly. Q‘Bgﬁﬁ’uculate is

pho on receptive particulate recel vi ng ot on

of Rlignble él‘ﬂ@lﬂbféﬁ GNCHFLHE Camgisr imb@t@harefp cariigph pf 3 ﬁtsbtype are

21 Chlokd &y infRRA o mbMfstlch@lild AGlg Y BBl b U oRPL B are

di sposed within the gap between PIFS

and moreeagicinfedied inse thegewnd end. hat  when | i ght energy |s
recei ved by the 15 photon receptive particul ate,

el ectrical energy is produced that can be derived

frofn @notelhtevct\ariihcaabthctmspwc of thmpm';dnhmvhmoﬁj a shiotoml remsprived e

conLbSeRRERIA, Beroli o rlbigiragd R ENRRE e B
10 r oprovidad dhp@sed; md]a:enmeﬁhmg yatgeﬁ ﬂﬂfbﬂﬁcﬁd&ﬁ Al ghOdBEiFémixture

el enent n be .made. 20 The eceptive

o B iSRboRpy SR e » cBet hete Bl oS B phsteh Rbplige paipute for

photeesiving @phbee bf 1ight ahd\engértihe the PREER of @%h?in‘t’@électﬁé&l e
rial, blocker materi al ectron

t t
{r P8 (TTHaMeB 4oarS matokte BUPE GRPiFewitein Wi ssp herween the firs

et gleétalds and e s&cdhd ElBétrdda o thhmﬁeﬂd@h@éne@%kca{a@d W pén
or ganl C phot on recei ver; an | nor ganl cp hot on recel ver,

1§ ol Bhqipmscesiiive parieulate. glectrisplonrigy i modicedihat ean be derred

tr afs RN ictRicaId

rmt poPan SleGRic8 ohoctiaifiuf el REGRRG BENARGH Bouoge

wi t Bith this sompgsitinatand eenstrpasiof; 4 light-td-enstgyoigwica iscbbtaired from
secuih sl d I elp to

defi ne tﬁgﬁ%%%%ghF%aﬁaﬁnggﬁ%%fg ng%n%ﬁg
characteristics of the inventive deV| ce. The

ddinf | of .an
2§ 1 rhe B o EDEl 1o B o R0 of PR By
hol @ceirfqn&pmptgaﬂ@phmmmcavcr lhﬂm:impomhteﬂalﬂﬂockef BekefigN
tra rt material rformance enhanci .
et Sl el Bof ot U BGRB8 AR g carcer can
ad dintivde st)leasﬂﬁleiliﬁ aM@GHc PRGdan reédvet 0L 4ES fhoton receiver,
$é§%003/ 7040 @5 i cants, have di scovered that the
uI t ASRO Mafsrials Piovker metegial, {1f2g¥pQFt 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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organic light active device results in many

di sadvant ages. These di sadvantages i nclude, but are
not limted to, electrical shorts caused by t
inclusion of small 5 foreign particles, cross ?RCHZOOF]
WRSHY'M78el s in a display array, delaninati orfT8fS2437040
thin film deterioration of the thin filmby the

i ngress of oxygen and water, and other serious

failings. In accordance with the present invention,

t he di sadvantages caused by having an extrenely snmall

gap di stance betmeen el ectrodes is overcone by

expanding this p di stapce. Thus, in accordance \Qlll th

t heAaplé‘ééﬁq#laYer%ﬁw%thatltbe ulira gr Him patpieph g covention

deviGenik ﬂgﬂltta%%e &vf‘ce Eéﬁnﬁh%h{, QR&IVAREsR. TR&RMbadvantages

el ectrode” di sposed adjacent to the flrst el ect rode.

Theinkludetbuhire neidiraifed te clestricalgdoriegansed by thejaplusipreplsmall
pet gﬁag% péflci® R tﬁlkeamoﬁg gM&:ﬁ iRy g&?lhf aityS BASGfatlhnt Jf'tl‘ib

sai overcone t tves, and t
enhthircBim, ldetcpeuaflmr cpfahﬂ:fbmdﬂmb?etht# mgreay mf\nsyge@emd a\@ter,a:»nd

gap &%ﬁs%ﬂgﬁs%hﬁggmﬁ Skdo cé winftng gre? n? BR/grﬁ%n H{ de%ﬁ'ﬂ ge

gap. gap expan ng conp fon s ef
i ncramskbit liasunga:p exiﬂraﬁﬂmmalbﬂp\Mmr:t hﬂwt@mlec&ndbsbm\temme
eI ectrode

e ng By SRR TBE Cheg i OBt B Bl i,
s c M Gigekic 1ight aciFaicgiap ire kNN SOs &NBRORId sefondafectrode

i ncl ude . 20 |l east one additi al ayer or d .
bot tieied Mindint tofrecira Ao ing T B0, BT T E0 degae o
The ggaidertbemabn.| A 6ig8niBBiniskiNe layaids akpdse@ﬁtmla REd @hp.alo
organi ¢ photon _receiver; an_inorganic photon

r ec BYSFeAme the thin film,ississapd trqnbancy fthe nsiipEnaaree pfgheinventive

el egdvi@Na b POPRRLg dHRIBEILIS is alsBWisBbdc@WithiN sﬁfd' g@ﬁ ThlS gap
materi al, and performance enhancing materials. gap

1@ x peandipe egynpasiiop isorifeetiye tp incrasshthe gan dgance @#@ve@f tha tas

des gl fiom dechibdyenger, a conductive material, a
sem conductive material, an insulative mt eri al, a

mechani cal strength enhanci ng material, an adhesive

en h‘r‘H& EE& c%lnpoﬁn&%gf ﬁ@u&{&til&% dﬁ@to?ﬁd @Ll]uat&“ a
el ect r ng mat er| :
bl octkqdnQOnaﬂ@rsemiconmwra’ﬁheegnpwpmﬂugrmbmpwm aamimeiida lat

0 1 | S

280 (8 SRRV ot R B SRUD e i AR TRe 324 8 scoppy

ZOOBk:ctRﬁBZ Wﬁdédmthtﬁﬂlﬁlﬂaﬁﬁﬁilhﬁﬁ@lﬁﬂé 8 3c48dhe Dhen Grg‘mﬁs plveon

particul ate. has a an ele

Do e b podug ahort eshiet 0% i RadPuRite; i materal,

el eelettionatang@iriahitéryal, ridistionantiftiey ategiamt pb@orﬁiah@ﬂ" abl e

t hi

w eﬁhancnng materials. The gap expanding composition can include at least one of a

25  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.

30  The emissive layer can comprise an emissive particulate dispersed within a

carrier.
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t he conductive carrier so that charge carriers of a

first type are nore easily injected into the first

end and charge carriers of a second type are .

easily |nJected into the second end. The em @@ (312007
VaJU S be an organic thin filmlayer. Thg(:érggzooslosmw

expandi ng conposition can include a conducti ve,

i nsul ati ve and/ or sem conductive nmaterial conposition

that reduces the em ssion efficiency of the em ssive

| ayer while 10 increasing the |ight active device

ef fegd én\ﬁ@d‘l%a@rtﬁljﬁla@ém AdirddGnd hevirodm &Bc&toarmntjoatmmnd

the el ectrodes. Wth a careful _sel ection

c o hayieg @n eppRsnelattacal pelpdty. Thepaticype o t@fa#lg%ﬁb&qwm
canpBeoddublideSAn R s Hhal ch 5%@ cABBRIK b fir@ typB¥RANGE BALy he
gap,  distance between the el ectrodes can be obtai ned

wi t iningtedtinge the fiset cad ard ¢charggetiriers of apeqoad Bive gre mage pasily
acc ;&éﬁ‘}ﬁo‘ﬁﬂés@c gehier aspect of the present

I nvention t active device includes a

sem conduct or partl cul ate dispersed within a carri er

on app%lnsmfé lag r%%ay %H%%%glc!&ﬁ}{fﬁm ef? r"lﬁx\é' %Qx Zt{?dlﬂ

havtorgpasitipo kan intlpdaa eondngtive tinshldtive ond Memmmumatonal

particul teth h.the 200 ductl carri ey

. SR OR e ieaiers s fdspon eRagncy of e EBsHg baver il
1on 1naﬂ=a§m§m‘e light aofivet deice bHfedivemess bgeéthaltdingthe gﬁpaﬁﬂmd:e

con act charge carr havi

C o bt B Bl Wfin & At Felechh b ke kb PR Sonérts, his
par fedGatlontigeffidfcBiOdin bB Bimite® RhHel thy/ Bene i lof lpaRdih e ghp
The sem conductor particul ate CO%I ses at | east one

of ﬁtae@dogfwe&némlféﬁosi%wwk&mg ithantitep fuyeh caghin device
sentgepasct or particul ate 25 may conprise an organic
[ight active particulate that includes at |east one
18onj ugat ed pol ymer.” When an electric field is applied
bet neLRodiRe fwlﬂasahoﬂ&das% ?GHH@'%&&BE RAGéntioR YA sht hQivh B&vice
sem conduct or particulate thr he conduct 1 ve
car mctéllde&msegmmuct@mﬂ%b@@pe@m within [aggrsier peletdted first
POS L4414 glj 19%&0‘4{%1@& O thGn aEf)ﬁ’JaPor? O e A cﬁ:ﬂge carrjers
charge ca riefs of opposite polarity are injécted into
t he h@GngseEpolarity dreahjectepmid the sAnzitandudthepanippls theugh the

ol ier LD 4
B on Bt R niBL, X SeSTBAR e s HeVjgedy Wi,
r ad aplicatiinyof siee dideaic field ﬁ&hd\é@&ﬁd cHOMAT 1ayéf) cRtQe L LAET balving
PCTL US200. /Oi 840 r.adi oghls em t.t

?1‘ (3

conf UG ES 5 WWF‘W’ ¢ semicongy °§°I|W’§H]FF \r}'EIOW}QWf

conductive carrier material. The semiconductor particulate comprises at least one

of an organic and an inorganic semiconductor. The semiconductor particulate

25 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

30  semiconductor particulate. The opposite polarity chargé carriers combine to form

in the conjugated polymer charge carrier pairs which decay radiatively so that
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active device acts as a light emtting diode.

I nportantly, the present invention can be used with

smal |l nolecule OLED 5 materials as well as laf%ARCHZOO'?
nmol ecul e OLED materials. It is very difficult

MWHHOSEMBI®2 to dissol ve small ol ecul e OLED nﬁggpg.zgpsénsmm
inaliquid and so the <current state-of-the-art

requires such material to be vacuum deposited as a

very thin filmto forman OLED device, using for

exanple, a process simlar to the fabrication of a

COMHiRfon W SHIBEA f}SﬁstﬁéJc!onﬁJ@htﬁd ﬁ&’fne:b qf ﬁh's?'&sé e igdbennbeNght
are 10 typically nuch |arger ?han chi ps, that

f abrptivgt ﬂﬁemtweeelsghtgmﬁmﬂlwies ively expensive for

formng a | arge display. However, in accordance wth

the present invention, particul at e of the small,

ol dwpéreandy.BiE paesent inxention watbles ysek with wingthmpleeule ©4ED er
t | i

3 BbpBlys SRR Bl hdklnd OERB RGBSR o il o

mat emp@ls@,e t8 dtsbplacssmﬂlgamlmlaﬁﬂEDmmt@mm iv a 1ifuid and so the

char act enhancin s, to cont.rol e

ol oot o Y At R Rerl i GRS 2 very

g nigih fitm o foparat I(Hﬁmtﬂevichmsingqhi cxaﬁsbleyemdeass gitilarfoehe

org ght active particul ate I ncl ude rtlcles
oo SRR D P - Do i T e

1|on Clypfidang ndich 1428 thaaRBipe/t8a fdteic&ntprékesdit fiaddeiveR0

with at |east one of a hole transport material, a

bl o CRPTE VIR APTHRE & Lirge dsplay) SOPPEH, InagioEdiare withhe pregent

The j@fefiddH, Parhaqﬁré oﬁﬁlte'sfﬁﬁll Bﬁret;ms SLEPmABYal cRCbd i ed with the
m crocapsul es having a polyner shell encapsul ati ng an

i Nt SRHST maREalispried Witisthe sap hetisess theplgcgpdest ﬁée s heI |
can gﬁmca%raaﬁ ﬁﬁﬁ'ldggtggr dragker-m% ué%' B %%anfc'ﬂﬁél Hra

organic emtter st one oIe
15r awby@qt@nsnamhamng meatepibls @qumgohhc eegtetal, qhnlmcaln optRsl,
el e ARSH pl ay devi ce,
t he%#ei@%téagont a {@%Eé ég{:cgk%d%lcl)%t act | ayer

can be arranged to form an array of pi xel el ectrodes.

E t

o R AR SR b SRR

mat @blyaier blag)d Eﬂmrpoﬂymsleltblems mhidmgtat leedtymad@mﬁf smimlef £blbyted
riving.volta e fir

20n R e o SRt fetsRe b ot B8leid rd spetecien

23 M%E@Hrtlﬁlﬁ&lal Vﬂ&&@ﬂﬁ@lﬂéﬁ?%v?ﬁﬁh&!ﬁﬁ@ﬁﬁ&%ﬂﬂé%rcmcapsules

her aspect qQf the present invention_provides a
voI Yae g *’S‘QH eP‘faﬁﬁﬂat%‘EtaP ey ghasee Thgintegigl phasp gnd/or
t WO 1 shE b &Qﬂoﬁ{pﬁséﬁf of laip@lyner Bledd Melbdifl eF bigasle ANk a

second
blended with at Ieast one of a hole transport material, a blocking material, and an

25  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.

30  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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el ectrode are di sposed adj acent to each other with a
gap between them A mixture 5 of an organic |ight
active particulate and a conductive carrier

osed within the gap. Because of the ”%h%ﬁ CH 2007
E&’ﬂf’?"&‘ﬁ?ﬁ? e/carrier mixture, the gap between'{HE 2003037040
el ectrodes (or whatever |ayers are sandw ching the
organi c em ssive layer) can be nuch w der than the
t hi ckness of the emi ssive particulate. The particul ate
is dispersed three dinensionally throughout a
conductive carrier. By this 10 construction many of
t he drawbacks, such as electrical short

del Aot psprct ogfhe PfeselitHla‘tenwnaxgméd@swelokwopﬁ?l}r«%’@hmve
fil r@eﬁ@@fdt@ﬁh' f mrwéccﬁﬁﬁ opﬁﬁftcg st eie@tr&&beanﬁ‘als&%ﬂg

controlled nu - col or enbodi nent e organic
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art
B0 SO A ALl Bedcfabdanh D BhEEIHLIE: BERFETH disposca
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f ir L] e el.ectr od e
i :egecﬁéj't{c? l(c%QwhaP Eﬂ%&ri@g a i lCe ,ﬂgtﬂt‘e org?q;rf eémé I%&e%can be
of npieh teades | thanehaihmtmm bEthe ehistiepdrii¢uddte. CTHeqrartionlate is

response ot,her fur n The ni.c |ight
Lot R Sed Bref i iesior il Ribwdiosh b foae E canit Bl | o
19ar tcondueetiOmiaig biltks mgwaac&e&eﬂﬂasce&amglasm@s aelbyiif@fion, etc.,

The nd emttin arti emt a nmber of
phot B Bag%e Ge st g oGt & #llhfsa‘l’%@ﬁ%@sthp e QUL
turn-on voltage and a dlfferent nunber of photons of
the second color .in response to other turn-on

vol tfeyoltags centrolied mydti-coleperghodinast thq erganicoliahd aetivede
or  Qafiehiaiis aaxﬁﬁrﬁsmﬁrg@lﬁ&ag p%aemaﬁ&hgam by the

human eye depending on the applied turn-on vol tage. 25
Hhe elelalnminepegtronivgeted solymere (Thadipst amising peeticlesentitd r d
em GhinBe RPhdtbid F% Acloltdid'Ys nse L5k ke tup-on vpltage applied to

el ectrol um nescent conj ugated pol yner.
e tq eheptredest Toe st emittingpartinlasiadso eofit qcrhff@rclﬁtsmnfoela)f

t hi ﬁ) OI.GQA, %r %qu{ofér of tﬂé ﬁ%%%&lé’rtlh geséﬁ?n Fonﬁlgcé rg%wa vQ tages The

ta e ap
d| f fopgaehtlighumW piaﬁcmgflmmsr oinprike sédond emBOngpirddies

R —
i nc ;mnmberaif ghggmfarsecagd mﬁlop%ad%%sz }ecgi léb%:g:gptahi -6n Adltage and a
TS 3 GBI o< PR TERER 48 o sy

c oI abltagesl, Ttmsslﬁewse:ﬁﬂ dfulglcORPedUcliedr Hidplag @Mt colors
bl ue. The, c tters can be a m x of organic and
i no ﬂ&éﬁ:f&‘@l\ﬁﬁlp gy it map gye 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 tumn-on voltages. A full color display

can be obtained by incorporating an array of pixels, each capable of emitting
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exanpl e, an organi c conjugated polyner emtter can be
used as a red emtter and an inorganic rare earth
netal or netal alloy, or doped inorganic

sermi conductor, 5 can be used as a green emtt&r”Mﬁg{z“m
WORHHAATSDn of organic and inorganic emtt dr/YiRYp037040
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 devi ce can be constructed as a

dis r t
of * Siffeng et e Y SRSETRor 3 s eh Lol FETAAHE i ok
is phet Thé caloyengjttérs caf beedt mixtof epesic althinorganic yraéerigls. die

organi c.light acti | 4
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fir éﬁhegplt@espntaﬂeéma@éélg@ﬁau of FTeRe cgnﬁla‘ﬁtﬂ@ﬁ%ﬁelsplay

10et R 8fs e, Qﬁé‘ﬁr&‘tr echbdR patt B0 Lgtid éﬂ”ﬂlecﬁ@&ds\éﬁd the second
parti cul ate and a conductive carrier material is

di sslestedaib pat of & hrerid aelectiodeso T AVEMIEI0) Hie oagapic/ight active
par g Jﬂ{eeanli ﬁfel W8RG EdtierRRidrafin %Wﬂv&é@h e rist

first electrolum nescent conjugate 1p havi ng a

f i r slectroderandrthesstandgpiectinds makeopdn pmissive p@gpqm@ﬂ af @m@yl af a

secq r

s cc s Gie R BLTE o Biti e FRELHIBEA e bRty MLt
15ur naairix vodit atjee mthigletibe first tum on voI tage is
applied, a first color is emtted by the first

el ectrol um nescent conjugated polyner. Light having a

secdndeaedante with theiptdsat ibyntidre aisegaiclight active display device

R e e R e

el ecA k@ded piidloft dn@tromqpmdpc@b@aﬁdcad@o th8diekt gii® bb¢leqdey and
emtters can be included, including emtiers 30 t

i 1defiRes 0@ Daredsheat & TXUFP ¢za °¥Ea§‘icﬂ’lg taghye B“}mc“?ate and
non- ¥igsiliQe EARGENRENA NEdispdSedAditMVREFa Ofhé ordBic light active
2004/ 046767 PCT/ US2003/ 037040, phot on_radi ati on

s pecartipfateinglgdesi g pavicls l@mdtr@@rfgst@&ﬁuﬂémaﬁﬁﬁsm opieaied
of h ﬁﬁolﬁﬂérglr@gggﬁ?i&t hRRA e«alu‘ge 4R & &Eé C];}%mcle@ IRREH AR Shd

I nventi on, rovi ded for
d ri wlepgrohnmnescent conjugated polymer havmg 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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5 multi-color light emtting device, the nulti-color

light emtting device is capable of emtting two or

nore colors in sequence. Each color is erritteg [

response to a respective different appliedt N\_q%#CHZOM
VOI2PM4H4676Dur i ng an eni ssion cycle, a first tRffAUS2YR037040
voltage is applied having a duration to the |ight

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

duri t he.em ssi on cyecl e, hawvi ; [
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25 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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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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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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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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As the emtters of one color [ose their potency, the

di splay loses its color vibrancy and display

o the 5 i mvention. more than one speci es of o AARCH 2007
8&%@%?487680| or (].Ei:) particul ate can be incl ngas;foﬂsms’mo
the particulate m xture. Each species has a different
tamon voltage at which it nost effectively emts the
colored light. The loss of intensity of, say, the

blue emtter, can be detected and the other blue

e LTRSS E B DY iR L € it} scdlibifddhan
vol tsaré’écfe%%gm}eﬁ' g{:eg}rﬁg ﬁ’c%blg\%% aﬁg@h@& ggllé)ect E;ofl t he

i nvertd anittet, hed aeeocaitsLney Ixve kisersive liferbetvasn dreridier two.

phase include a.c i.tion effect] : i

Dar Frsche HpP el o iR polftef o Bl ToleP uPEAN iy
OL ERndiplag affdtivessa rovkiver &r sveetdance tiththisaspastiof the
fluid. This carrier fluid also.proyi barri.er

S e P 0TS e PR 58 B R SRR e Fen e

t he i§diidd e pafticulatt MEx k= Xabh Syeciealxs ul differera mrhau &oltage at
constituent parts including_at Jé as,t olne %f, hol e

t r arvépel ¥ meatedicptyely coriische alored Mgl S lopsat dntpugity of s, fhe
I eaGeV@nittBt &t detested MiRithe ofiBi iid athitteCspbiids diReRby allering
shell formng material, barrier material, desiccant 20

mat ¢he pixel dsivingaiolfege- nat eri al, and heat meltable

terial. The constituent parts format |east one
I'nternal phase and at |east one shell. The constituent
par tls aggoedanseivis arsthes aspges of gherinveatien. ghermicrogapsule shell and/or

char. SL i :
c1 ochEh L bRkl 8y hithe k Eatditio oo kb il PBIle gainst
mat edeigeadatimcb thiecOEKER otateginl. tThe (¥ FEI microrapsuids ate digpprsedi s
construction h 1.crocapsu behave f e,
as awxémnﬁg'm]nﬁwi 15'0 hlﬁ 6%%“’%%“6‘{’ f%csz% 1’loj'c’)l\r‘q'il‘:J X bagﬁérggéﬁ rical
ot entrigdn éfaubdtcts wisth ddgeaie teddl Elhchatehiel. second

el ectrode. The OLED devi ce can be constructed of

sui tably chosen materials so that the carrier

mat eTheaLED nfi@bedpsuled ofin hescondtiesnt paeia lidcjudirgrd leastione of hole
than the OLED,30 %?rt i cul ate, t.hﬁA @nsur.es t hat t pe ;

OL EC™apart mpferiieeletion fransgors miaferigh Tipld eaciyqipptpyialfoiven

r esi sh@Aecdltanutdig shall fotrfing WRteial, BArrierMerial {de€iccant

electric potential applied to the 25,53 RCH 2007
Yo vagiigqasrersparitzbaodhe meliblematetiplo dig capititueghRasts

throggh of 128t 6R¢ fnteBlal PRALsE il Bt 1calW € bheld2The B Rtituent parts are
el ectrical conducti Vi tﬂi/@h and through the OLED

par t selegtedtse as ttfiarhelprisicat ehagaciepisticp that gasulf 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

25  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
30  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
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el ectrical conductivity. In this way, the preferred
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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
30 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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By mgrating the OLED particulate to the regions of
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25  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

30  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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carrier fluid. They can remain randomy di spersed, or
sinply rotated so that the bipolar particulate, for
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@Pé&W"i"‘i’éT energy conversion. 5 The OLED parfq'éuiz4p@smodo
may conprise a bipolar OLED m crocapsule. The OLED
particulate is forned by the steps of first providing

a first particle conprised of a hole transport
material. The hole transport material has a net first

el ectrical .char A second particle.conpr.ised of a

o o CPPE R i RSP} be By fo PLUER he RprBhlck BY Grigip et e
net aEendideTaeY édinGamakhiaidemly difiRrskd fod bingleotatédsdlthat the
charge is of site olarity fromthe second

el edpipdl @eﬂm’é"ﬂlégg T eXHEPLE: lsrlgrppf;sﬁ{rqr%%b%maew the clegmgpgo
par tiphde %[eeel&&%%thg&@&ﬂighﬁtb eteBtrikAlefit2y bétiveiseg. OLED
particul ate having a hole transport |ayer and an

el ectron transport |ayer formng a heterojunction

bet WRgOLED ?ﬁhcﬁmﬁ xﬁa‘yrcéﬁlﬁﬂéératﬂlﬁdlﬁ OTD fidrbdaBéuld, nﬁ{e%D

a photon-active |ayer I's photon 15 active Iayer
be aparticykute iefrmeil b theajeps of firstmpdding adiest paEclocmpprisgd

a ! 'm%ﬂ% tﬁan%gﬂé Itﬂlc‘ltEQald Eﬁ@e tr3fsplirt Ha&ﬁ&l Ha§ & RRLHrV1doAES

se t orns-a detecti ng
d evi aimgeThese&nElpanaletqoumthmd@f @anle'tt@nftranﬁr@dt rhaterial is provided
cr.oen S n
C RS LA A ShFn e BREE Pl B o
OLEDatatte frnml theamdondealdzchﬁml ¢hargei ﬁh@ﬁmapamdiasm.l the sectuel

shell jnclu d reactiv jal.., T fiel

e S e bRl basfien ] GAE i FrdPLED Bicylihebing ahote

:al eClrin@sdrlayed add)oh élecffﬁ)gmﬁhsp@ﬁﬂiy)ér fohﬁﬁgtalhfmrdjiﬁiceﬁﬂ Btween
n accor ano osition Q e R

i nve g'ﬁ EP%E‘QE) ’h’é"ﬂmﬁt Phex “‘??Héi"sf@yifoﬂ‘ﬁfsipé@ n-

an qeﬁ% R rihS e Bight brﬁissﬁd"ldy&‘irhﬁﬁmﬂ@:tsmm $orfn$ d ¢ight
as an OLED hol'e transport material)_ dispersed in

sol LRTEHSSRtFH O 2 g&%ﬁgmmwaye&rm &fhwcme QLERdorms 3 light
dyesgdi@yin@hisfeebe i ncluded within the internal phase
or shell. The fluid within the internal phase nmay be a
carrier fluid or solvent. In order to provide the

al | JRREBLES g%gmheetcwﬁe témi:ﬂgrl xfﬁc&feﬂ ‘1’” 30 mtgﬂnsel{bgsse

t he I nterna ase or t

2Racwithia askeih 6|H7@nmtem31(pb2® @sue»muﬁcmo@m QABD material and
2004484000 T BT HHIRAPHEARAOAR AR (FRFAEAVE Bl The e

anot her as resen |nven 1'on,
OLEDreactive matenal comprises c1ther or both an electrostatm and a magnetically

reactive material. In accordance with another composition of the inventive
microcapsule, the internal phase comprises an OLED emitter material and other

25  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.

30
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device is provided. The inventive OLED device includes
a first OLED pixel |layer conprised of a first |ayer
el ectrode. A second | ayer electrode is dispos

acent to the first layer electrode. A firgg %ig?12007
Qbmwgufﬂﬁ. ned between the el ectrodes. An 5 R§TEf52003/037040
particulate is dispersed within a carrier and
contained within the first |ayer gap. At |east one
subsequent COLED pi xel layer is fornmed over the first
OLED pixel |ayer. Each subsequent CLED pixel |ayer
i nc ughesrdanck iwithtansthixsapeee of the pigeant inetreioh f oekedOEBDond

bse t I tr.ode. | [ dj
71 r Sevicedt proa AT T 506 PLED i R i RO el e
| ay esmgrad bhefist h@ér\&ﬁﬁ,ﬂodebm £cbuld 1ayled eRaEdde Godiggoeed ddj@ent

carrier _m erl dj ed bet, he el ectrode
To lnhi BUL s rdRetrode o BREfs fﬂpéﬁ §9edt hefiueepiiggiectiodés. An
par oL ew pdutie & AR prbddSbiteh ERurribd 248 kot AW&T wiith it flrbtafer
of a first wavel ength ran%[ in response to a drive

vol 83Ryet least ong supsshvcas OLEDms! fayprds formedoves thedirst QYD
and Bi Qﬁaﬁa@ c m suBéGhent b@EU;Q}E@ lay@ﬁaué'e'é a?ﬂﬁ%@&h‘&féﬁt la eﬁ

pi xel layer emts lig ferent wavel en

r angectiqge. r’-\esgmsﬂﬂbse’:@mhl@y‘wiemr?@ ls/@lﬁmoaqbada@pm te thetfigst
t he l]{b%écl%%ﬁctlh Pe &m& g@ﬁxﬁ gé‘h 5n R éé:gé‘;}]théx% beRden CRLHLED

di splay” can orrre romati1 c pixel

10 ay earticulate frea cmmniatqdql sscieappseﬂ@emgl tha slectsades.equent

20 COLED pi xel layer. The dichromatic pixel |ayer can
be formed froman LCD display-type |ayer or froma
el e@brdpir@radull color GLEDaimplﬂyethel D&EDq;artlcaLﬂmrofaHm(iitgt (DDED
i nes escr| in.t at ent

Jac8BSo Ye‘?ﬂ’i‘éﬂ%*ft@ﬁﬁgﬁ% P é“&ﬁ%éﬂlg‘ﬁ By e?P"“S%%P %%?
rmr be1ﬁg| hpplied er thé first lag&ttldcRodeand tldal s%ﬂind)layiahabctfbﬁa Each

ierberghndglve{ bt stid Peb o eifon) Srreihganed o

con Gdspdm@él fo thE i FiRE Voltagel Bppllic @ firthe SEREEHBtrod it Rb WAl an

| ayers can be provided which emt light in additional
col 8FE colRyslismiayicar befog®ehr and/ or I ght intensity
different fromthe color and/or light intensity of the
ot her OLED pi xel layers. In_ this construction, the

di s prERercahcisemafig Rﬂéqll laypiyan &g Soved adjagsntda therpst yhsequent
I's t 9
2 ORER D0 St TR e O R e B0 g R0
Fur displey-tipgdaenotdmm ¢ elecrapborgtie niasoaapsrldrdispdasfyey aloag the

S0 ﬁﬁ%ftd%s&i%&?ﬁ]t éagmssqagpétﬁmged%] oegoﬁefq@amﬁopm

I'n accor ance w resent 1 nven
t h| pixel layer, as described more fully herein, rcsults in a display that can viewed in

direct bright sunlight as well as with improved contrast in indoor ambient lighting

25 conditions. Purther, 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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case, the COLED particulate of a first COLED pixel |ayer
emts an electrical energy in response to the

reception of photons and applies the electri c 2007
as a 5 detectable signal to the first and secg dﬁl’%
NEVPYYEEE. Further, a full color CCDtype BGHEFRIXD40
be fornmed by tuning the wavel ength range at which
subsequent |ayers of OLED pi xels are photo reactive.

In accordance with anot her aspect of the present

i nvention, a rret hod is provided 10 for meking a |ight

active deV|ce rejs rOVId d ntainin
rmnoFﬁ‘—iTFhef’éli‘deY‘f“&H? i.(r dpyich g 0|3 {‘fné ‘%& ?ﬁ}e

mat efmhgigOft fpinel gAild fbﬁeeatin Qc!%Srd@ﬁceamtlﬁH@{,tgééni @vtdteht In this
material for _emtting %Irsélnresponse

I
el ectase.dkg LEH@P@I;?“]&W@ & T QLED Rixel ﬂﬁemx@?sg;giﬁg%ﬂl P'S{'Pfgy
and gepenAllHthesbRphidd &%‘hoﬁﬂ@iﬂ)ﬁp{;l&s tHeRIRA A erbiLy as

i rradi ation. The nononer is selectivel Cr 0Sss- Ilnked

i § adgientabla signabtoxhe fixst andseesoi Javer eleCﬁ@d@Sh &urther, a full color
Cros t

i or D50 Bbher£26 He I B ARRRe wh Moo A which
pat t subsgquertiayiersf tHELr pinels ateiphttedeactremoner (a pol yner)
and the light active material to becone concentrated

in separate regions. The end result is a solid

pol yhmccwvdtrime wiith bothertaspeet ofdahi prasnt iemntidolednéthodais provided

tt res in tothe el ective .Cross:
B3 1 B Mok oTRRORES el A e RBbyided SoRRRine rhkiiher
pr eﬁ etk lighhaine idteriala 'Irhleglght aaftitd me@h&wbm?ns & 1eapmt¢|oded
Li ght acti errater r Qvj in a first i on.
ol ypasrEs o el Boetidos it bt g e ar el oHRpf
i s f edefBthnbY radihiRmilb RdrYy FlaRfish dnll BéieRind eleb@IBS réﬁérg'f/ fem
a m xture contai ni ng&f{]e nmonomner, and the |ight active

mat eFFRfNse pgrradiaiale | ERePRROIEE SeleqtivalyicHRys-Uakrsids a gattern to
CONCRIMna3HolyPRbr Os thd Erobd-BiinAeadivE pf@ﬁc@gek %e ﬁBnontlé?%u rates
first region and a concentration of mer ig
secolgesnepiedn they Sﬁle%rbf@@mérh@@nmpatwnaﬁmsweﬁheﬁfgﬁédmk@ﬁ

the phRSRI A R&yﬁ% Lidthe fﬁgﬁ%%!cﬁ%%é} i f PO GRE corfoBiftrated in
meking a light emtting device e inventive steps

i ncl merarprregma Age sndEsWbis olidprilgneratith light activaregons om

I
"y o PR B A e e S TR, K.
@ ssive layer includes a 30 23 I\/ARCH 2007 WO
2004 Oa%@ rlgaZnﬁF gt[thgﬁc'gtgg'g/ O%t (9493 ?mﬁffl d“}éeglrl:;’ﬁ':a d t?%glve gewce 18
rronoputemde$ hghteactwamhtynmﬂ gtmﬂd:dae@l fizst wegiong Al godynidr D

r ncen
part inr%ynjdg & at 2cond rgg%org l:I%e 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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in em ssive regions and the polynerized nononer to
concentrate in polynerization regions. 5 In

accordance with another aspect of the inventio MARCH 2007
nmethod is provided for making a light emttin
HRAH6787 hot t om substrate is provided and aPHEVRHYL37040
el ectrode provided over the bottom substrate. An

em ssive layer conprising a mxture including an

em ssi ve/ nore-conductive material and a

non-eni ssive/l ess 10 conductive material is disposed
ovel &Jare B9 ”Pssd@ﬁﬁb bicul 108 Tloshithé Auta cﬁﬁére%héve' y
pat {Brhed” &al |ng msswe ol conduct i v

mat eronainet o selewiveky rpb]yateaz&drcamghe @é,mmnumkateam@omd@etrate
non- em ssi ve/l ess ctive materi ncentrate
e e e R s
DRAYb IS iz4tiog wegtonk. i | | ustrat es an enbodi ment of the
inventive thin, |ightweight, flexible, bright

direl ess di spl ay having conponents capabl e of being

Manuf aebtdaged wikh drdther APy Bf fhy envelitsid| @hethabis ;@a\hmrfor
nmet hod, show ng the sjinultaneous display  of ped

hy p&tkibgIadien LRI virBetIR Sihstrae SN ideAgng 2 bottom
br ogfeRsde pfNiddd Refthe BOdnl SiBEeated Ad bHREISSS c@mpnsm ga

particle of CLED material for being dispersed in a
car migure inglyding pmerpisd v/ marscendiictive mplerislapeé p npw amissive/less-

191 SRh@chiAhieah iods Lflsﬁédwp thEb&Ws&s&Até UBe" Ak RiFe RN

I nvent | ve m crocaps l e conpri sed of an 1 nternal phase
of seeEelymetemed cagringihe smissive more-tinducivp oijeriat toshel | ;

o Jdbfiethede WA SRR doll R Hobt o B Rlon A AGAREA B

conprise an 1 nte ase o
enc apsehtaite th nintemiissig rpgidbnsmer shel | ; Figure 5
illustrates an inventive m crocapsul e conprised of a
first mcrocapsule including an internal phase of
IGLE[BRMHDESCDRHHONOMEE DRAWINGS; along with a

ctrol and uncur
one SHut EieS R emba SR prdhe b RS GEhglait, tgeite,
il [bag]ﬁtah&scsﬁﬂlsplﬁyﬁmng\/c&n{pbﬁé’mpm & beRIFRhdng RGuedd Bihe
i nt er nal, ‘P‘ erlal ncapsul ated within a
douBER e Pi%efr*‘?maa%w |Shfrw9$ﬁ158@1 pnepys £007

WO %{h@ﬂé&f‘}@z&ﬁkmwﬁﬁ BQeSbh6R HreaATRA § bida Qs SEV S6daRf

for jnmparting a desi red el ectrical optical, nmgneti ¢
20 g Figure 2 illustrates a particle of OLED material for bemg 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

25  phase of OLED material encapsulated within a polymer shell;
Figure § 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;

30  Figure 6 illustrates an inventive microcapsule comprised of an internal phase of

OLED material encapsulated within a double-wall shell, each wall having a
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mechani cal property to the mcrocapsule; Figure 7
illustrates an inventive m crocapsul e conprised of an
i nternal phase consisting of a mxture of CL 2007
material with other conponents so as to tailo %H
WORHHEET  optical, magnetic and/ or mechaniRGlUS2003/037040
property of the m crocapsul e; Figure 8 illustrates an

i nventive mcrocapsul e conprised of a first

m crocapsul e including an internal phase conprised of

an OLED material, and a corrosion barrier material,

all enca sula ed t,hin a r. shell ure 9

i || (GOmp SRR 3?533'&"518&%{1@1@0&%% ety ang/or

nul tmecﬁﬁhd;ﬁgropéﬁy{ﬂtﬁémpﬂuﬁ structure wherein | ayers

of corrosion barrier materi al are enca sul ated W|th|n

pol yifgie & llisfratenin IveRtve FEGEIGIBTLISAosPEIse of @p fipernal phase

nat %h.‘ﬁitmg of b @Hk@reld? OLEDRhEAL eﬂﬁth%ér BéthSdnehty Q@asocb tailor
ot her nozZl e fabrication nethod for formn a | ayer

&f @ﬂk%@@ﬁp@dﬁ@em angéor swebapicelrepesty|of grstmieroeansvle;
g‘E” re @ﬂi}fsﬁ%f an i &fﬁ%gnﬂ&odh*)gu%oﬁx?gi@ &fa'fﬁé/t%m%apsule

ED ™ crocapsul es | xed wthtn a cur nonomner
bar rindwnding spiotraehl peaseemprised ofpancPlk m@elalan@d acdssionm
el e Eiaur lLgd fabrication
ot ot PoAg Gatrta, i feablrhid Wit BB5BERLT "L
m cridgaps wllhstraluespi sayersﬂ_ve miqnmapﬁilqpmqarmﬁ oflalmigtirvadled an

d
R L A
|'i ghenespisglated v&fnlhﬁ])qj(ﬂ))hﬁer\sherl]eluelﬁan thtarphigpiase b OEBDuhsterl;

il tra ani z cro

st r ot &8 PRl Tt B o e A e A e (% forming
OLER 1afy bf @LEEhﬁjcﬁ)%hpsQI&s B Heeed withinOlight alfta‘ﬂ)lla kﬂéﬁbrﬁ&tcaﬁm,
a chain sisructure of CLED m crocapsul es forned

acc P8R & bl irates Hiaysr of Qﬁ@mczgﬁwla%wwlmﬂp@aql on
15et hashonfel BM¥i6r difpokdd BeShdeAb & dectrdlid afd RiktofAleetrode;

di splay formed in accordance with the 25 i nventive
oL E@la@v i€ Elusiagiey sealed Fbripasion glgtionsifey feaning a parrigrnrpigeted;

a | ayeep Aficropduie hisMgy RtfRcapsul es for formng an
el ectrode layer in atcordance with the inventive

devifdgure 3% ruuefa@tmm ipentivudispRiydfabrécation kine usingmeadabr sthiéons
for qﬁffopﬂmgf m%dé@ f&%@ﬁﬁ%ﬁtﬁ@kg {b éledd Bisfily;

el ectrode Fayer; |gure
For rHigure id dfustm&D Img}dr/ orzapiged GLER aumscdpwlmmwﬂt foemed in

top 2ndafel W dR! R6kOdBLEBYE!Rs rafReafin Mol 2007

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

25  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; |

30  Figure 19 illustrates the formation of OLED microcapsule chains formed between

top and bottom electrode layers;
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WO 2004/ 046767 PCT/ US2003/ 037040 Figure 20 illustrates
the formati on of OLED m crocapsule chains within a
cured carrier for formng a corrosion barri erz3ﬁp&%ﬁ2007

21 illustrates a full color display fornmed in

NQYOHUTE with the inventive OLED device fEBFUEHPIEA0H
nmet hod; 5 Figure 22 illustrates step one of an

enbodi ment of the inventive OLED device fabrication

met hod; Figure 23 illustrates step two of an

enbodi nent of the inventive OLED devi ce fabri cation

met had:; Ejagure 24 il.1ustrat thre

bodeienD Aistefip bRt Bl Hhstdtedfe Gigind Witin 2 cured
fabrdaﬁr@érif@”foﬂﬁhgadarrd%ic@uiaﬁle% illustrates step four of
an enbodi of t i nventive OLED devi.ce , .

F abrhggEomY ?tﬁ%agﬁlﬁogmﬁ@ IE%FCWIF‘E&%?@%“CEW&B the ygengye
an eghbedidewios rabficdde memeant i ve OLED devi ce

fabrication method; 15 Figure 27 illustrates st]g]gdg,‘;ié

of SHEREERdlusEAEs HEP peel PR wbﬂqlm@teﬁﬁelwewtee%

f abr ¢,gadkien iRloRod; Figure 28 shows a magnetically
reactive OLED m crocapsule for forning a capaci t or

OL ECFigite 28 dptrateeston twe of g embodimpm gf f-heemntlm QD geice

Fi QULEidR08 BR A magnetically reactive OLED
mcrgcra‘ipsaﬁ Pﬁ)r formng a 20 capacitor OLED

m crBiguedd idusuiatehsteth@rarmf meethodihéng of thy ifvertive QLEIhdeyice

el ectrolyte m xture; Figure 30 shows
%] V\faBp?anHRﬁéEh%?eact ive OLED m crocapsule for formng

a cﬁgamZﬁmlﬂusﬁhEDstep fonpofpsuibediwietntofitheein wanjine OLED device
aligning.field turned on with cured electrolyte
| xt{ipachiog -

m xt Sre 31 shows a pixel conprised of a

chai Rigode %amw&ﬁieﬁ)ﬂteﬁiﬁibfh& eivgoditmeiit@d the ibyendveOBEDIdBgce
vol t age; ure 32 shows a pixel conprised of a chain
of cHpE@ ’PB?“E’&_OED being triggered for |ight emssion

by aFighile@genusvelet agesix bf fldnthodnenhofvie Eftive OLED device
m crggapsul es randomy dispersed wwthin a fluid but
30 higPUetiepmEthosi 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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23 MARCH 2007 WD 2004/046767 PCT/ US2003/ 037040 Fi gure

34 shows COLED m crocapsul e chains aligned within an
applied aligning field fornmed within unharde RCH 2007
carrier fluid; Figure 35 shows OLED m crocaps

m?%go“éfﬁ"gned within an applied aligning #ST’H%?&%"H’"“O

in alignment within hardened carrier; 5 Figure 36
shows the OLED m crocapsul e structure shown in Fi gure
35 with a drive voltage applied and Iight being
emtted fromthe COLED m crocapsul e chains; Figure 37

il Fighfe B Qhods OBEDGficloRipshie eﬁalﬁsgarj%ﬂeﬂﬂﬁma B Ejghieu hifldthg

havi ng a hole transport |ayer an el ectron

t r afiel @@eﬂw@muﬂh@f@e&&%les@mﬂl | ustrates a met hod for
for f}}gﬂ& ﬁ%h&psc?ﬂﬁﬁl r&Ex%g%:ngQ?é?ﬁsr ;{h & \%lﬁ? p@xH& gll%%lg
i n g a nu

illustrates a first orm ayere
QEﬁﬁléadﬁil@@ﬂﬁmn‘:Wiﬁuglbﬂréermdcaﬂrlbustrat es a second step

41 BT AY TH CadPRL RChER AR Al B QS

ustra esat ormng tr-Tayered
OL Efriyavdthgadpatiet andmggubemgébmscd&wmthmm ngdrosEpstoe

ful Iﬁcol or OLED display constructed in 15 accordance
wi t B4 Re present invention, and having a dichromatic

di sHigye bhiflestrateara méthg forfonging e OUETPpaaycutnntavirgta hole
power effjcie d for providing display viewing in
bri AP %LW rgaf??%nafeﬁtﬁ?netraﬂ% L&fati cal |y shows t he

1§ ul Frgmlaarﬂlﬁuaas d nfeplod YorSb@nig Adenkhiiulatd4A.ED Iﬁarhéhlit&e

dichro (i i xel orlentedfor reflecting._emtte
oL Ebyerreiiilushgtepp Lt step i forpiagamultigleysree B Raﬁt?'-‘late»

f ul RipGRlniintdbles dsehdite ﬁi%ﬂmh%‘a Eﬂuﬁ“faﬁeré@@LEﬁ) c[iﬁte
the relative strength of reflected |i Ieglaarlgn
B

t heFigrEH dhusirpiEs pibug stepdn foasmingta r@H§~la}fere§L9

MBgRRheCR!stanBBEAIMA O EPIL LR
dlspggsee Svat mwz?flwd bél?t!i har Ie carrler f|UId

131 oPgonknde Vd@sth@ prgpant wmtioemnéﬂlevmﬂ 5 dﬂh@umac digplet bayer for
R A s
wi t Miewingtizbughtawdighed carrier fluid; Figure 47 shows
th GF%E%Q@F bbby es‘ilg%g hgn.gpcno%r&g@-fﬁ BRH o %homgx if Figugp 42,
h el mth thermshtrmmam piteldrientet GorheﬂedﬁmmmttaaOLEBrlighB 0

26: ! g | glgps 5F %Fﬂ@tsgp\gg%e%lﬂ %fy(?]?bcl{) dxsglayo'hown in Figure 42,
showmg 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 bardenable carrier fluid along with desiccant particulate;

25  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 chainé aligned
within the applied magnetic aligning field held in position within the hardened
carrier;

30  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 23
MARCH 2007 WD 2004/ 046767 PCT/ US2003/ 037040 Fi gure 49
schematically illustrates a full color OLED di CH 2007

havi n% 'iﬁ?h intensity visible light display_|
SHY2LHO40HF r ar ed di splay | ayer; Figure 50 shoR§VHNSH 40

di splay layer and a liquid crystal display |ayer;
Figure 51 shows an inventive OLED display fabricated
with thin films of organic 5 material wth

phot odet ecti on el enents and [i)hot odet ect.i onsl&vxel
el enBigurs 49 sihgmetically titaies aftllokon QR Senlp: BERE ei n

t he J%D:ﬁ% gb@g%hﬁ il 1855 anf QR SHifakdd\spidyasiel;ne

encapsu ria Figure 53 shows an OLED
mc rﬁgap§ﬂlsmmr@iﬁ]3 tisplaylasey avdrdigiidicrystl display layer;

o ORI 3) Sl B vallitd R BB Fha B o ARANR Gk ganic

I nNne m CfOC&pSU ectri cal
i s uinﬁthrna/lemdhmbtodetsmtgmrebn&ntsahda pbotadttem@l:plmlamai@s ul e

wherein t OLED I
e e SuSHR IEPhe B WG e OB o
s heI tandinitiys Kiem Sk ﬁbﬁpﬁﬁlatehe)lﬂl]iaamﬂr ocapsul es shown in

gure 5 cl udi . net.i c ] al
g Bgreoaahen 1 OH miftagne SBersih R OLES sRORLES 15
mat egdcapsulafedlatg it dnjeldeirdyteand @ maghdsistinmet ﬁﬁcrbdmpsdll.lﬁﬁ)mg
m crocapsul e shown in Figure 54 used for creating a

denepmslequiieaty insglaBye delpi ay back |ighting OLED devi ce;
Fig UF&ur"—é7S4' shd WS LIS ricrobHARO &R thd OERDMher(al Bla the hole

di splay fabricated for use as_ part of a vehicle
wi ndiiseerdmapgalmrgepniaitsg ip soleios| HERD FRGRAT EkBlni ng

t he P@fﬂ%ﬁ%ﬁ@@tﬂ@ @ﬁﬁﬂ)&ucﬁﬁa Ieh Vifown'th BEleR & dodiiaphay
syst em usi ng anO_Ddléng ay, Figure 59 illustrates an

oL EDrnaglgenpalbzmcm metersdl @peenleor dye duthe inger ﬁﬁ&ﬁ/@dthﬁ@t nggligble

Ilggh&\(,1 eshai enment having a conventional |ight
bul b orm actor 25 Figure 61 illustrates an COLED

devi EgufeeﬂﬁrleWEd the OLEP miqybrapsatd shoive én Figyne 54 usgdfor creating

light detectin e rates
st er %5%%653%'{“ uggoé%gfa%b&i&%ﬂ&%@éﬁew \cl’:%é ‘el ement s;
Fi gu F@u%’?l 1llhmten atreﬁspareflﬂ, fAwiibik @L(BEE@s;daysfpbmﬁtekidm usg as
curvaﬂy £ tﬁ? dc,at es
of a vehicle Wil

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

| ens el ements for focusing emtted light at t

a ro%ate physi cal |ocation within a human_e cMARGH 2007
MRERASTS3007 ~ WD 2004/ 046767 PCT/ US2003/ 037848 VR34t

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 splay w ndow, the w ndow being driven so as to be

tra .11 WM ' : icSiga) 8ispl

t hr ol B3 e A WF B o0l it Bal g ity P HERLIE T Bisply
of aaddopsskefsavi ng the inventive OLED display w ndow,

t he wi nd ng .driv a - di . {d

51 e S a0 s Y erithofe et By BT Ol fptay
conmuhideRt the windomtteingekiveredy gagbe @ndpaet elithwiced anside the
program 10 Fjigure 66(c) illustrates the wall of a
h{)us}éo‘ﬁ%W\%&tb’%Eg}fmg’&? °¥e OLED display wi ndow, the

yv: Pdpﬂgu&es'éug ilﬁrs&mhs?aaaf i Rouse baviny t?f)[n\/;ﬁvg mlmmms;ﬂay
illustrates the use, of . an i nventjve flex e large .

f or nEiNdATsBp gndew heingdriVe sois 40 pispley mylible PR video
vehi gle@m ifidledin@didéo pHohé Edtintuniadtien, Hicfiet @ ctrdpl hnd a television
illustrates the canoufl age system shown in Figure

67( apro@iE¥ein the 15 display area has a curved

Yo eWERHreA663 illdstgted e G4l 61 a hous&BAviR 8BS infvBRivE©BY didflay
I nventl ve flexible clothing dlsglay as part of a
=

canowitdayeths yendsm Hegng @thf&%@ﬁ@ R gumes; 67(d) shows the
67 o] 2uts 76 Al GEUR R AR RIGHD sdfhaf il s par
f | exofd eymauflgdetspesem ior sswhigle, prhes s malgary tankn| i ght - t o-

1 PSS R POV ELh 1o B Rlch By iy SRS 6360 Perpin e
5 ety s v sy o oferent s of {1

i ouF s RS EielRty B8 uid PR iRARNE AleRiple FhlEe TRl o of e

| i ghtarasiiflayesydeit foca pdiswnt Ng a 25 seni conduct or

Car  Fihrc bRy spesne PSR Finies SpophisayRenchar e

I nvestyRm dsé;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 eiements 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
inventive light active device showing semco

articul ate and ot her perfornmance enhancing %A%CHZOM
S"é)r%"f"g(lffp%ﬁ’e randomy 30 dispersed within thBCT/US2003/037040
conductive carrier material; 36 23 MARCH 2007 WO
2004/ 046767 PCT/ US2003/ 037040 Figure 72 illustrates an
enbodi nent of the inventive light active device
showing different species of organic |ight active
par t iRtk BilldbtedRR =8 @hbvditnBhibf theGaventifd lighfBiteE daice showing
Figure 73 illustrates an organic |ight actjve particle
f or moY TGS AResiep 8F Orgaiic ekt agtive psmpl@tg?rdéwaed Vithis ¢ Foties
the pedietaer bl end organic light active particulate
di spersed._wi thin a conductive carrier; Figure 75
i |1 udtgus Bhillpsieatasen praspic bightagtive pasinle formerhirom e pplyaer blend,
Dart it . L . 2 e i . ‘
B LT RO A D Bl B, &l el isporsed
par t iwithineg eondesfivagatsief,i el d 10 attractive constituent
for atd . [ i | k.gni field:  Figure
77 1 PRIl S bl Bl 9 0 faicle rh 1
mul t iattiwgesitesd organic |ight active particles, each

havi i fferent 1jght | : i t.urn-.
o ol A LR A B BEDeh 50 BBt T
fcr etapiue constivuenafon alighingithé pdrésie nemh alighingfiglani ¢ | i ght

act i lcles, at |east one having, a field i
ot SEROH G eBlonee oo sorhing matiBxerd prgai

| i ghtightractite pagtidlisCéeh PSR £JiSBRE! 1I8Hit weRlheMRAG R and turn-
havi ng g turn-on vol tage controlled by the internal
phas& é’&‘f’ﬁﬁsiti on and the encapsul ating shell

CoNpBipntd T8 Uluftials afothd chinbokbb hidérBsapaile SsHRRHhS RN IR Ered
gge i nventive voltage controlled |ight 20 active

vi OE2UR GRhtAGtv R Ederpy dasiongibaying a fald atragtiver donsiiteent;
r and@fphe 79 iBRRFaES thredidnb it leSsule'st i
il us{%‘at es1 an aerrbo%li rréentrﬁlot?ngtcrﬁfg{dic Sglr?tsk%(&egs \efé‘?%%lpg"%les
cont PEIREUT-ghvoltage eonfrelieftly the ingdmaliphage Corepasitivnasd the
m cr geanshg td .6 al i gned between el ectrodes;
25 Fi gu?sgl éZgin?clrnudgwgtﬁé@’the retinal response of the
hunmafigateBOtiBusiratee be emybétimerft of thgtventive 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

produci ng a perceived full color imge by the j

and sequential bursts of primary col ored Iigh %A%CHZOM
é‘fﬂ%ﬂ%‘f’@ﬁ?”s? 23 MARCH 2007 WD 2004/ 046767 FCT/US2003/037040
PCT/ US2003/ 037040 Figure 84 illustrates the inventive
retinex burst driving nethod for producing a

percei ved full color inmage by the rapid and sequenti al
bursts of colored light emssion; Figure 85

illu . I.nveat iV ' 1 . Vi

et hoP e MR RELUSHE o nelidd Tor bl

t he peppeidediuntl colog ireapeibalthebrapid tisd shjuentid] brsiteof colvral gt

[ ghtcmflasrqossi on; Figure 86 is a flow chart show ng the

st eps of °I'he inventive method for form ng a

mul t iﬁgl?;eesﬁdiuﬂrm mﬁdjnbéng:ﬂflﬁ acﬂ@stdd\beloﬁﬂmleﬂ’ c'lrﬁdingdmethod for
particul ate; Figur 7 illustrates a layered organic
PR herodufing b prstited Tl Cplar vies bRitE Tt mRLpemyPRR Rt
commiafdigstediehieed Bgitardidsthe of hol e transport nmateri al
wth a particle of enm ssiv | ayer material; Figure 88
i1 udigs @Sﬁﬁ'@% otk AhqVRE he FRBRPLGNS ingntive gethofl &y deradng a

or gamiulilhyedlorgGd fighe a0t E @lateRll RAGdulafl ate froma hole
transport constituent and an eni ssive | ayer

cons gt illusmtesiadaeredpoeanicllight sctiveatarishparticulaieyfemed by
Q0 IR eGohinBRling GF ?wfﬂeﬁt&ﬁ&@hm&?ﬁ léngf&iait tho{ gﬁ&&gopéfmsm

the commngling of "a | ayered pa e of
t r andgyermptendlssi ve | ayer material with a particle of

el ec r.an Gl Fi . i Lustrate he
nven s BITAG TG Einein b Shibids byiitd HLBLE Rgh

| i ghgctivgenaterial paxtiaddte fromarholedtansgioet constituent il ad emissive layer
trangpantLem ssive layer constituent and an 20

el ectron f’lrénsport constituent; Figure 91 illustrates

d5| afeneRoolgsmtes amuiiHayeret oxpeniotigkiracave maedidl goitiadiee

for he comm.ngl jng of . a rticle of blockin

ot oA by PR g SRR oL St Brebl bt S esrepy v ayer
mat emiatekial wittlgapatide of ¢lbdtoh k@bt i@ ranvent i ve net hod

of faorm .ﬁla er.ed organicli ht 25 active material _
part @Bfeg%%é ‘I‘ﬁuﬁ%ﬁs egnvERYRyetherh i Prniam e makilaxered organic light
el echétive natRabp@tidulate 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 trapsport
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

commngling of a particle of em ssive |ayer erij
wth a particle of hole transport material; 3 %%CHZOM

WOROOVHOTS7 WD 2004/ 046767 PCT/ US2003/ 0370401’?‘—‘?@&%"%”@1"4"
illustrates the inventive nethod of formng a | ayered
organic light active material particulate from an

em ssive | ayer constituent and a hole transport

constituent; Figure 95 illustrates a nulti-|ayered
or g igote 94 mmtra@éstthe/ﬁv&mefﬂe%d eﬁo}mﬁg Ia@t{y%reﬁ orShEaLLeY
he comm ngling of a |ayered particle

bI o @RYVEgRateia P’l‘fﬁﬁulﬁtp &egprereissivetlaver ia:tnst;wm apd # bgle frarsport
par LhfliRept em ssive layer/hole transport material;
Figure 96 1'Ilustrates the inventive nethod of form ng

a mifigure SPSabelmt@@ﬁsarrgldml@yetqd@tgamcdxghi acivermgterialgarticulate

B e Bk o oA Retlef SR o SR oo bRNS Rl on ranspor
constatdriabwith a lyeiell partioleS7 emishme; Iayarmsa teankpsopensierial;

?Lg‘%m '“g‘%ééﬁ’gf“ trafhs tfge Igv%n t}/?e {rngﬁgd glfatro;tfr{uglgj 8 %y?@-ﬁa&%xgﬁ 3@%&0 light

mat ectumlma&rimpa'tln&atb ifiohen Wbcke geddctromtraspord 8@iituent and a
illustrates the i nventive nethod

?‘S#?ﬁaﬂsé’ ?éVFgﬁ’ebF‘ﬁ’éWPEnH ight active material

1par Figud Ht itudtraNadaferal cﬂgaatotlfgﬂf:atchvemﬁ@ﬁﬂtpaimme BRskday
el ectron 15 transport constituent; Figure 99

i || dRsrceamiagting od g epdigle of Galdiatraptygtpaterial itk amartislei of electron

par tlafdpbRbhfitdiar,med by the commingling of a particle
of emssive |layer material with a particle of hole

t r abSHET 18 iHatiecs e inpgnge wetbodof formiss p dayersd prganic light
| NV gattve YludERI mgcmte hemffwd gum@ E&uAEAAR iy Lkah, 20

active material particulate froman em ssive |ayer
1§ on&eRspomé penseanty hol e transport constituent; Fi gure

101Fi§u¥et9$3t1ﬂé‘sfu%ﬁes%1 e O%aﬁ%jfggfjac@?]agﬁ%ﬁallp'aﬂ ulag%é ed by

mat er al partlculate e conmi‘ng
| ay tresdmpunglinglofa pﬁruﬁk@f em@tive b.pﬁrlmm‘rml with & particle of hole

tra |aI with a layered particle of em ssive
| ayer ﬁﬁ[lft Erahsport material; 25 Figure 102

i || Gegureali08silustrates the dmtentne methdaast farinifgod Wayered Sganic light
8“' Béthe %?en%ﬁpa?ﬁgﬁate 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 Jayered particle of emissive layer/hole transport material;
25  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
30 blocking layer,;
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l'ight active material particulate froma field
attractivelelectron transport constituent and a hole

transportl em ssive |ayer constituent; Figure ‘?JZM&(%H 2007
a
U

cross section of a coated cathode fiber havin
BYOURYH7 ayer fornmed on the cathode fiber BRHUZ;{03/037040
el ectron transport |ayer forned on the 30 bl ocking

| ayer; 39 23 MARCH 2007 WD 2004/ 046767

PCT/ US2003/ 037040 Figure 104 is a cross section of a
coat ed anode fiber having a hole transport |ayer

f or rRighro D04 e cenzosketibn bibr coated avmle dibbdmiving alholegransmrtiayer

on the hole transport . layer: Figure 105 illust

©he Budas s anE0Y e o ey et i on st b
twi gkt 5 together to forman em ssive fiber; Figure
106 shows_a _net hod for coating.an e] ectrode wir 1 t.h
or QIS 9 HESHAR e Sont s pad R MRS CoefgapBis Bpet glgd
SChaggdiies /folWaR bmsivabbécat i on line utilizing the
inventive OLED particul atel conductive carrier

mi xtiiguse 1Q@shepvg g methaddoserating anflectpdsyvist Wish PrEaRis fshtpetive

el ecdefRdBaRabt ern on a pol ymer sheet substrate;
Figure 109 1llustrates the expanded ga{g di stance
ifi

bet Wiigite 0 bisersehpmatic eacef grfdhisation ligeprlizing thg inssative OLED

I nv EOT2; ; j .rates a single |ayered
%%:cg}yﬁge/ p%@e dekfler thixhid

mul ti - r I'n accordance with the 15 present

ithv drigiro A08 shogs the steplofiphihtingtanzlestsode pattéro on arpolyoleEEheet

devisﬁg&;’m@gure 112 illustrates a prior art OLED device

showng a’dust particle creating an electrical short

bet viéigure é0®instontesshe dxpguied gifd dstatde bstweat elscterdps inaccaddnce

OLED deyi ce show t he degradation of the 20 organic

thin' |'¥'F‘r1p‘éetged%t‘fw8§/ Phe i ngress of oxygen and wat er

t hr aEigire t b@ilstesdsranine laydrédymnlé-cblof pixsl ia acdopdu@ice with the

f ctional. schematic viewillustrating the extrusion of
gHESSSAARYSPEO® ber having al i gned OLED parti cul at e;

Fi guFigurd 191 {iBsteatdelHioe &l OVEDSRIRERt i ¢ Vi ew

A uFSithrgtl |12n glutstrr]a&eseaxptrirog g.rit %rI]JE(I))fdelviicg Eﬁowair?é Eil t\i/uest pz[ri;iglg rcr;eatingg; an
electrical short between electrodes;
Figure 113 illustrates a prior art OLED device showing the degradation of the

20  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;

25  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

vi ew of the segnent of extruded Iight active fi

driven by a voltage applied between el ectrodé?l.gféwf‘hw}l2007

WOFIHLIGB is a cross sectional schematic vilhd/US2003/037040

illustrating an extruded |light active fiber having a

conductive el ectrode core and a transparent el ectrode

coating; 40 23 MARCH 2007 WD 2004/ 046767

PCT/ US2003/ 037040 Figure 119 is a perspective

SC 1160 W afirdpbd e bltRidaROviEY nRirhiitiShOf Rbioh bemb Tight
PRk g i

act | aving a conductive el ectrode core an

t r aavtipafibarthawing e consiyetiveclpstrpdeporeng @r@ngpamnt ¢IpgiEde at es
an cq;é{i%%ded l'ight active fiber having a conductive

el ectrotle 5 core and a transparent el ectrode coating
conFigared @0 Wlustiates ancixtradyd ligblactvs filfer havieg 4 ondieliva electoerde
ectional_ schematic view illustrathng,the extrusion of

" oS Aa FORSPRL e Yoap PR, M R o o

Fi gEigere 12 P isl ascrass pedtiopa Gtlicwatis ek eiihistrating tee\extrusion of light

illustraging the extrusi of Light active ribbon; 10
Fi girPse 1Bbpn; V‘Q%ﬁ%’t‘?@ﬁ@%&’é&“}‘%%ed light active

ri biigie 1B2 Gl ershedive SclRmatio giswShGtrhtaipahe sitRdion bf light active
segnent of extruded |ight active ribbon having wre

el erénl?q"Bdes i ncorporated within the ribbon and driven

10y Bigiel1b3aa sepRbitiopektRRENBER atlveebbees; Figure 125
illustrates a light active fiber extrusion_ and

chopgrid 2hriscrraprssaitions! viepsofitas seEmentph exiided fighigetive iibon

OL BlvidpOfibe &dlod& ifiddedrated ivikih ShekBoh hbd@iveabs 8 vEkd&P

l'ight active fiber randonmly dispersed between two

el etrphedieatweqn glgsiredesp7 i | | ustrated the OLED |ight

acty; fqh j ) :

7 e 15p S AR a2 ARGl B ch GhrfE HER om0
1y anfgoning vdiferpelengiils (fdbdie lightaetivedibetst r odes having a

7 beape e ei 0 I S P SREbePieed Wiy

f i bedegrodeés; gned bet ween the two el ectrodes having a

7, Dbl 20 B Ul o Py AP bRt B e

wovedectiodésy car peti ng;

20  Figuore 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 ilustrated 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;

25  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;

30 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
di splay fornmed in accordance with the presen
invention by tiling length of display sectionésh&AR(H{2007
PO7P4ME83 | | ustrates a nethod of formi ng tHol/PSRIE37040
ultra-thin nultilayered OLED fiber by drawi ng and
thinning; 30 Figure 134 illustrates a nmethod of
formng four layer ultra-thin nmultilayered OLED fi bei
by draw ng and thinning; 41 23 MARCH 2007 WO
200FRAET5 s RCrbsd £2206h3 1w Qdvifty § Wire hdvikg arbeléctiOf @88sport
sectignal view showing a wire having an el ectron
t r afiBEdaY Boat i ng | ayer; Figure 136 is a cross
SeCFARA1 36Ms & \toS{RMiHEl AeWihdyipy Witd hivifPh Rolb (ARBAPT ¢
coating layer; 5 Figure 137 illustrates coated wire
i nt 8PXBELIEY el ectrodes for fornming light enmitting
e ' : P . <
e B o 2 BB uDR sy ol Bk
m x EFEDS pigelaal the averfestionsei ng formabl e i nto usef ul
pr o [We j . ' 2s: 10
Bl gaateiBURal, Blekiehfud T 8 Bt ro GESMAER catly gy
| i gFermibaddifor Beingiovnabid intvalseful prgthtctsairoogl plasvicimdding ;
Fi 9#{0}? la.uéleg illustrates a step of spray painting a
ref l'ect FVe conductive | ayer of an OLED device; Figure
10 41 FiguteukSOriAustrates axsineﬁdnti@é Of BDaylif) Qﬂa&tligﬂ@aﬁﬁlgﬁrﬂoﬁﬁnﬂ&m
| ayer, of ED 15 device; Figure 142 illustrates a
ﬁglg?:ugbgtgggfa}g%rh

step | darnting a transparent el ectrode of an
OL EBigurteMOdRystrbdeg bl step dfprayl paintih @ tetRodveThiductive 18kr of an
|nv§ﬁﬁ %g nmet hod for making a [1ght active device
sho E "IFyht active mixture disposed between an x
andFiguel \g timaeerds step of splhy/padbih Sanlddisdild 15 LALESLED
nother step in the inventive nethod for making a
i ght"'&et i ve device, showing a
pol yigerel A2 LINQARAEE HEBES b Ghtind A | !
anogfgr step in theaﬁﬁeﬁﬁﬁﬁbe HgtE%%E?éﬁiﬁgkbﬁgkgﬁtﬁjﬂ)
lig vice,

1

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;
20  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
25  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
30 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
making a light 25 active device, showi ng a CQWMXHC%ZOM
i xel ated |ight em ssion; Figure 147 illustrates

g’@e’ﬁ““l"ﬁ“ﬁﬁ i nventive method for making a I i g]r’l(t‘T’E%,zP?:’{Pém‘m
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
maki ng a |ight 30 active device, show ng a |ight
act ipyRurd 49tilhRraths %H&%qt ?in the iﬂv@ﬁﬂveé‘ﬁétﬁd&%ﬁ ﬂéﬂ&ﬁ g PN
t he bottom el ectrode ern; MARCH 2
2002¢ty86tPH9e, P@Wl@sﬂmﬁ%maxef)thﬁ':uhghrraénwlqur |bv arsﬂaalpés
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[i gﬁ?%ggﬁlﬁ%e devi ce, showi ng the patterning of the
| i gfiguzectS0ibusteates andsber istep &the iniventive miwtieddbr malkisglight

ig I N ti.ve
ot AafyopRtcr shiiTib Blcigffes Blarphee didolo Bk
thererglcglsatl on of light active material into |ight
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oG T Stes HebhRadid drcottBhGRS 7Y 2 b frootorigpt sctve
actlnu:eturemxture Flgure 152 illustrates astepin an
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showigng: 193a1iS8aRE b s B [nREdvE the@od %}em&fm d J‘)ﬁuﬁl‘-ﬂom'r light
light active regions; 15 Figure 154 il|ustrates

st efCtivR deviee. showeng thgaclaeive paiterning efcatiewfthe celor hght@eti\@r
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Figure 156 illustrates a step in an inventive method for making a pixilated light
20 active device; showing a mixture of light active material disposed over a patierned
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
25  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

light active device, show ng sel ective patterabﬂﬁAR(312007
through a pixel grid mask; Figure 158 |IIus# %
gﬁﬁ?ﬁgy 6%fep in the inventive method for mak %@ﬁ 03/037040
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

in alight active device having pixels and conductive

pat f‘i@ﬁésld ﬁ[ﬂgﬁﬁcsbéﬁoﬁle? &b mIRSIRTRYe &E@ls@ﬁﬁmald:d fgglllfgﬁt

ustrates a st eF I'n an 1 nventive nethod
Y,

nakaqmge devigegintseli@ssewbly, showing:thh ssjectiye paterning ofithe conductive

a3 AR AR S SRR/ 6 " el Usoo0a) bavodo

Fi gE:gme]l@Z illustratet anmttes stepintthesinventivp method Fa makingatlighe

d f.or evi
ol Fois 08t Seltofhmnl Mo Bl e B sl maths 1

C OnHigaiel 168 ilhpaitevapthebstep inrtkedinadntion mletmbd ﬂghna&mgmsught

Fi gure 2162 |IIutrat ? ?}?Otheél 1e tnemlro ngive
et ABYC POHC erhé’kﬁ‘" RO REOVIRE 1R £F "88 CEMY P region
sel by rfaRbh throughawha’; t he patterned conductive

pat hways; . Figure 163 illustrates ano st

P nvERHIO64 s ﬁ“eﬁﬂﬁl? Hdﬁ%mr'?n&ﬂ'fm 13185 éﬂ%ﬁ\ﬁa@&t‘l
16¢€l herive IO By seEIRWNIbY, biAviselhe EitteY&dﬁ)@lel RglonB gndof

pi xel reglons by irradiation through a mask; Figure
164c9ndpgtepgihgaysinot her st ep in the inventive nethod

f or ripRle 189 séheldaBbtily ihbudel & Mﬁltane%w@y ma&d by RESSHRILYy,
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DETAILED DESCRIPTION OF THE INVENTION:

For purposes of promoting an understanding of the principles of the invention,
25  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

30  disclosed herein, as would normally occur to one skilled in the art to which the

invention pertains.




DETAI LED DESCRI PTI ON OF THE | NVENTI ON: For pur poses of
pronoti ng an understandi ng of the principles of the
invention, 25 reference will now be nade to ’E (312007
embodi ments illustrated in the drawi ngs and
WRYUAYES%i | | be used to describe the same. T§ @quwmnmm
neverthel ess be wunderstood that no limtation of the
scope of the invention is thereby intended, there
bei ng contenpl ated such alterations and nodifications

of the illustrated device, and such further
applications of the principles of the invention as 30

di scl osed herein, as would normally occur to one
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| gikpey ghdal. The @@ﬂeb:k@dlsplﬁyutgh&sa ¥)&Imﬁltﬁﬁéoawer Ithas a
showi,ng the sinultaneous dlggCP three received
di sb‘PSﬂF 1§1ﬂ§%¢éaatter:‘ﬁeww supply Pﬂ% ‘-5'? PRy meshanism. g npl e

1PSP and transceiver. It has a wunique printed battery
power supply and {])rl nted user-input nmechanism_ 10 The

" v S Ryt hin, lightytetahie flgrible, brighyvredess étﬁplgmcludes a
Wi I gLests selisa b ?a/,%rbgtﬁ% ﬁgﬁ%a& stricn@ bt lﬁ hsmg &in be

provi de a su re upon IC ents can
be mapitedteaed Y@ﬁabbyat@nmmqicdtsudewnh@t rhél@b Commw]?m
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10 BU AP IRRRN G TRR S0 £ B B 180, bl aiiORis.
13Bri Bright, meb@éspliy”s Plealjstlosirbef whisk isdseormoraiéd yhietdherics
i nc r ren erein
of { BBl Bk *” "% %ﬁ‘gﬂ? E SAneTig “§§1‘58 Vi “%ﬁ&?"‘\’i’ﬁ??
t o angls bﬂghhphrmsplﬂyt BIﬂbEs stichlisplays @n@bhas tGhok substantial
have. t o hav substantlgﬁégonboard

St oPER sl otad S nORRipk BN o RAfOBRG YiEhibis SECHOLHS <
as pméntmﬁ thé energymammmn welgh€ arRi Rk orEl B d3sochdivith such

t and associ ated with suych 20,
2oy foise? P GRS a%@‘hngﬁfag@%m&mwepw s e
of Fithet]ias Powh scBenhdiiciIBAS Pebure Flfmﬁmé streBSs S1GH) %?r
schematically in Figure 1, nmultiple streans of display
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, petsonalized video content, such as a videophone
25  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
30  perform these functions thus allowing the opportunity for the inventive display to

have tremendous mobility and convenience.
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i nformati on can be sinmultaneously received and
di spl ayed. For exanple, broadcast video content such

as a television program may be shown at a fir

ortion of the display, personalized video co )
04404677 vi deophone 25 conversation may be BRBYpROLY03Z40

second portion and a web page, including mpped

hyperlink content, may be shown at a third portion.
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di spl'ay iNEor Mat TOR TH e~ con I gur P& fornats.
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circuit si.ng, f.or.examl €. a. digi I i I .
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Icgstmwmn_ IcSCircﬁﬁs(ailﬂ Iﬁlﬁpla3|©( flﬁfcﬁ]pthted By:lfefdgﬂﬁs _h(lsrein_) enables the
nnecti.cut, en S e video and .sti I e
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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 stratuin receives
30 user input and generates the user input signals. A battery stratum provides

electrical encrgy to the electronic circuit stratum, the user input stratum and
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fabrication nmethod. A display stratumincludes I|ight
emtting pixels for displaying information. The Iight
emtting pixels are fornmed, by printing or ot %ﬁ 2007
formn pi xel layer(s) of light-emtting con i ve
Pa% ‘mﬁn el ectronic circuit stratumincl %%52""3’037“4"
signal transmtting conponents for transmtting 25

user input signals to a display signal generating

device for controlling display information

transmtted fromthe display signal generating device.
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si mu neou r|V|n
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1§|gdahaﬁor S|nultaneously di splaying the first display
10 information at a first | ocation on the display
stratum and the second display information at a
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onents in the batter i spl ay,. user inpu
PR Bl R O ooCR R G Bresonbinying amigipespsil
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nt BBTFES, frties GpRoseRetwesp e plecieadey 14. Kpngrally.deasterm
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oner carrier
when a voltage is applied. Holding the voltage to keep the chains formed, the

25 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

30 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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20 injected or otherw se di sposed between two

el ectrodes 14. Cenerally, the term particul ate can

refer herein to particles of material or mcr 2007
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em tted and anbi ent ener I mpi nges on the

sol dight} &5l 4ngbla fiefl- g@ﬁmﬁ%"eeil@@tdﬁP@D’t y. This, along with
the inventions described herein and the sheet battery
descri bed in the above-referenced co-owned Patent 10
18pp [Figvan? illestrited sephrtidly ¢fRIED matrinkfonbring digpersed in a carrier
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| ay Qfc8¢ @hiSsibrPio"BeEurWithin the OLED particulate. In accordance with the

present invention, the OLED phenomenon can be used to create general or
25  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 (“OLAMT™") 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
30 thelike. In this application, where appropriate, the term OLED can mean a light

emissive or a light detective material configuration.
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Spi n coating, vacuum deposition or inkjet printing. In
accordance with the present 20 invention, the OLED
material is provided as particul ate di spersed ﬂl IRCA 2007
carrier 12 material. The carrier 12 material W &
KO YEY particul ate is disposed between ePEEUPEHEE™
14. Electrical potential applied to the el ectrodes 14
causes light emi ssion to occur within the OLED

particul ate. In accordance with the present

i nvention, the OLED phenonenon can be used to create
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Fi guragpiftdieleetiiziffeftt €S an inventive el ectro-statically
active mcrocapsule 10 conprised of an internal phase
of (]_ED rraterl al encapsulated within a polynmer shell.
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el ectrolyte and uncured nononer, all encapsul ated

thin a polyner shell. The nmagnetic properties of the

nmagnetigige 6 iMhiseitesdn iavakivemidieapsuty Waappribedof 4 iftand phase

o LR St eptreda VIR a3 Bp bl S egch Sl yegine o

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

QOLED characteristics, the field reactive material may be an electrostatic material
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20 Figure 6 illustrates an inventive m crocapsule 10
conprised of an internal phase of OLED nateri al

encapsul ated within a double-wall shell, each ARCH 2007
having a conposition selected for inparting. g S
é‘f%{ﬂ@?‘?‘*&%ﬂt optical, magnetic and/or mechanftHP52003/037040
property to the mcrocapsule. In accordance with the
present 25 invention, the OLED particul ate conprises

m crocapsul es 10. For exanple, the mcrocapsule 10

i ncludes an internal phase and a shell that is

conposed of nmterial  selected. accordi ns% tQ a desj.red
Compalare ghesficallsieartve aterith c Fisricsgeapstis i Ompogigp tmay
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ni cr Besipet prergin the eyentef@shot o a dust particle or

@ther foreign inclusion, creating 10 such a short,

when_an el ectric potential is applied between the

el ecFisaresillugrates ap ivgytiveeiewespage A0 peraprised phyniaigmal phase
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ability to burst or otherwise change shape or electrical characteristic in response to

an electrical short to disconnect the microcapsule 10 and overcome the electrical
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 nechani ca
property of the m crocapsule. The other conponents
can be field reactive, such as nagnetic or v otT,
el ectro-statically 20 reactive materials for |npaAF£ﬁ12mw
orientation and aligning properties. Heat expandable
materials can be included to provide the m crocapsul e
10 with the ability to burst or otherw se change
shape or electrical characteristic in response to an
el ectrical short to disconnect the m crocapsule 10 and
overconme the electrical short. Colorants, such as
dyes and col ored particles can be included to tune the
25 light emtted fromthe m crocapsul e. Desiccant
and/ or scavenger material can be included to provide
protection agai nst contam nation of the OLED nateri al .
Figure 8 illustrates an inventive mcrocapsule 10
conprised of a first mcrocapsule 10 including an

i nternal phase conprised of an OLED nmaterial, and 30 a
corrosion barrier material, all encapsulated within a
polymer shell. In accordance with this aspect of the
i nvention, the mcrocapsule shell and/or 50 23 MARCH
2007 23 MARCH 2007 WD 2004/ 046767 PCTI US2003/ 037040

i nternal phase may include a conposition effective to
provide a barrier against degradation of the OLED
material. The OLED m crocapsul es 10 are di spersed
within a carrier fluid 12. This carrier fluid 12 al so
provides a barrier against the intrusion of

subst ances which degrade the OLED naterial. 5 Figure 9
illustrates an inventive m crocapsule 10 conprised of
a multi-walled mcrocapsule 10 structure wherein

| ayers of barrier material are encapsulated wthin
pol ymer shells with an internal phase of CLED
material. As in the mcrocapsule 10 shown in Figure
7, within the shell of the m crocapsule 10 other 10
conponents can be included that are field reactive,
such as magnetic or electro- statically reactive
materials for inparting orientation and aligning
properties. Heat expandable materials can be included
to provide the mcrocapsule 10 with the ability to
burst in response to an electrical short to di sconnect
the mcrocapsule 10 and overcone the electrica

short. Col orants, such as dyes and 15 col ored
particles can be included to tune the light emtted
fromthe m crocapsul e.



Desi ccant, getter and scavenger material can be
included to provide protection against contam nation

of the OLED material. Figure 10 illustrates a

i nkj et-t7y e or other nozzle 36 fabrication ngt &\gAF{(%HZOM
9O 08YUf ﬁg a layer of OLED microcapsul es 10 5?%%29‘?3] 7040
within a light curable nononer carrier 12. OLED

m crocapsul es 10 di spersed in an uncured nonomer

carrier fluid 12 can be utilized with inkjet printing
technology to create a filmof OLED m crocapsules 10
contain with £l exibl [NaV =YY e
or B P e el P SHRARRRS profied sbllicPiplied
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carrier 12 to enhance the protection of the OLED
faterial. Figure 11 illustrates a layer of OLED
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25  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
30  monomer barrier disposed between & 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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chai ns between the el ectrodes 14 when an aligning

field is applied. Holding the aligning field to keep
the chains formed, the carrier fluid 12 is pol N

and the OLED m crocapsul e chains are | ocked |2§{ﬁmmm
HAYAHYAT bet ween the el ectrodes 14. 20 ThePPPBRAMEHE74
of contam nation of the CLED material is the major
factor limting the display life span, and thus far

has been a bar to commerci al success. The inventive
fabrication nmethod results in the noisture and oxygen

se nsbdritamniﬂoﬁlfromatelr vagbr d;ndiomggepr dhe OLED dsyice han be
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sol ar | housi n WO 2004/ 046767

PCT/ USE0GBEUSRA bEDm@ﬂt@@l 1t$eifgmﬂ1@téhee@LBE snatesaheffeas a path
Vi sl 8&?%' eﬁ’e%@i ﬁﬁ%oﬁ ol PR Weﬁda%@icglréjl?ﬂc?&q%suiég 0
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m crocaps ar e | sSperse arrler ul
e B teldio lgnains phasaiomg. s darier TEfd fpobmirized i

the #R GUHD AtdrbQAPsliOMRIE aRNE/KRE ifehlVERaTRnt 6w deh e dMcBrodes
substrate 24 and sheet electrode 14.  Seals 18 keep

out Water and air, usi ng a vacuum airl ock. The curing
spation 20 cures the carrier fluid 12 into a flexible

wat er and oxygen barrier. The _mcrocapsules 10 can be
for e ohlgmeaticontamipationeatdas QLED masariabis sheanajet fagspy limiting

Ci I Cijlely Oﬁpﬁgﬁfgﬁﬁa@ Tl B3 B %Qe%aﬁ*b& tb/dEmMBlchli GRE&Y. The

CcO- owne I catio
1nvent1ve fabr1cat10n method results in the moisture and oxygen sensitive OLED

material being 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 {2 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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15 m crocapsules 10 nay al so be for addi ng ot her

mechani cal (structure, expansive, neltable,

desiccant, etc.), optical (reflective, diffusi

}&P % colorant, etc.), electrical (conducti zé ARCH 2007
Q3044146767 seni - conductive, insul ative, et c.BCT/§§7003/037040
upper and |lower plate 16s are controlled to vary the

attractive and/or aligning field and create

controll ed accurul ati ons and al i gnnents of the

m crocapsul es 10. The 20 viscosity of the fluid can
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of I ter el ectronic
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eﬁcl i nvention, zﬁﬂl cation stations 22 fo

for Fﬁp ?1‘& & deRCEPERIC); Qptical dreflectivediiesives epaque, ﬁ?lewlaé@ b A
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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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OLED particulate within the hardened carrier 12. The

CLED particulate may 15 conprise a bipolar OLED

m crocapsul e 10 or other OLED based structure .éH2007
able of form ng chai ns between the el ectrodés

B@g@ 7on the quality of the barrier crealEHUEROYHZA0

i nvent i ve fabrication nethod, there may be no need

for additional barrier layers 30 other than substrates

20 24 since cured carrier 12 and mcrocapsul e shells

protect CLED material from water vapor and oxygen.
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ener the .a i ed vol tage can be used to cure

t he %%ﬁ%ﬁg? %%ﬁﬁ@%ﬂ&“ﬁh %F@E%b%ules 10. Thus,

t he voltage applied to the el ectrodes 14 during

devi brication are utilized to foamthe pixe

ori ?ﬁP%&d? "&ﬁ i e RAGHRE eipated by theraventiye ﬁg@ﬁwtion
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or sem conduct or sh Creates a preferred
t he be pwitondle previous by fabncanon method. The conductors 26 that make up
25  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
30 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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novenent. By controlling the conductivity of the cured

carrier fluid 12, the 15 preferred path can be nore

pronounced t hrough the OLED material. Figure 1p 2007

illustrates a chain structure of OLED m crocapsSu

PR AU accordance with the inventive OLE HE%’Q’@”M"

fabrication nethod. Chains of mcrocapsules 10 can be

formed encased in a sonewhat opaque cured carrier 12,
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25  properties during use of the OLED device that are transparent, diffusive,
absorptive, and/for 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 Jess 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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i ncl udes an OLED conponent that is a hole transport
material and an OLED conponent that is an electron
transport nmaterial. In accordance with a 15 231}4[ARCH2007
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At Ieagspt one subsequent pi xel lTayer is forned
ov e rOLEIR corpapent OheEdiah tbaéis ﬂneay@r of fhie bple Sapsper deatarialprithye
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25  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 controlied 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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wavel ength range in response to a drive voltage being
applied to the first layer electrode 14 and the

second | ayer el ectrode 14. Each subsequent OL [

| ayer emits light of a different wavel ength rgﬁ ﬁ H 2007
P‘@gﬁ'ﬁﬂ%"@“f’o the driving voltage 15 applied tBCT/H&L03/037040
respective electrode 14 pairs so that an RGB col or

di splay can be fornmed. Figure 17 illustrates a |ayer

of conductive mcrocapsules 10 for formng an
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m i e‘é’f‘ﬁ"‘"&&ﬂcﬂd? @é&ﬁsﬂg‘?et‘ﬁ‘%ﬂﬁ sleciredss 14 slpaehiews adull seionFLED
epox&isplﬁy,wmgﬁﬁcﬂ&%?ﬁxe fiad OURE O]%x @%/éleé}ﬁis- light o st
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i || uYEYERDE TR 11 BEpRISe By dive wpltame hriog apndisd it e Ervlayes
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be etched into optomagnetic or optoelectric coa
to i RYRTGS hightef adiftarent wevelength reegein cysparse tavbe diixing voltage

fat 54 i i.ght ,.or | aser

i cagrhed BURCSIERAARLOR: EOMS R kB ROR sk o AR

can fsanedired to a desired depth to capture the

m crocapsul es 10 that have been attracted, and thus

lock in, for exanple, a m crocapsule chain having a

desi Figere 1@ fifpsiratess pueref tehduttvestitatasulth ) opfommingan of
rmed between. . 10 .t

L PRSI LTS B R SR me

10or nedidipofmexicapssie @by hoeddcnin Sicegsive BbdicARN sRPs. The

attracte a chani sm ot her than the nmechani sm

t hat COB?‘]“%‘H% ng @gﬁ&r&&pspﬁaéﬁ, o Just a field attractive material. For
example, a ferrous metal powder can be magnetically attracted to form one or
more of the conductors. The OLED microcapsule 10 can be electrostatic or
magnetically attractive. The carrier substrate 24 has to pass the applied field, and

25  asecond, 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

30  and a hardener,
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Figure 20 illustrates the formation of CLED

m crocapsul e chains within a cured 15 carrier 12 for
form ng a corrosion and/ or contam nation barrigyr
substrate 24 upon which the mcrocapsul es 102%MAH€H2007
BYQ WP€M6T8Ay be a multi-| ayered conmposition BfTUS2003/037040
pol yner, cured nononer, ceram c and fiber, such as

gl ass, creating a dur abl e, flexible substrate 24 that

is also a barrier to corrosion for the OLED (as is the

m crocapsul e shell and the cured carrier fluid 12).
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PCT/P%QB 6’§ the pi xel el ectrodes 14 can
al so be used to fabrl cate the OLED m crocapsul e

str turgO Hg thIE tg)ase substrate 24 and pi xel
ol edi lostptes s RSB migFacapsyle chags W&hiﬁlaéflﬁﬁé

16L ERagRY 12 for {dikifingdd @Ffokiof ahd/6H dnteinfiakiSitibarkt. EHBQ Eﬁiﬂsﬁ e 24

volta e to the electrodes 14 can be used to align
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\e\;{g%m tf&ﬂLﬁﬁ?ﬂl@&?)ﬁ@E the OLED 10 particul ate

e carrrer or alternatively,
magnetic nmaterial can be used vvlth a magnetic field

e i PLURIS oD domin shahoreBh v vmuive
ap PICIEED deviioei falgricdtidri A@Rod. Depending on the quality of the barrier created

25 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

30  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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can be used to cure the nonomer surrounding the

m crocapsul es 10. Thus, the voltage applied to the

el ectrodes 14 during device fabrication can b

utilized to 15 formthe pixel orientation and ez3MARCH2007
YA UFBdusl y cure the barrier material. Fi Bu/B%2003/037040
22-27 illustrate the steps for form ng an COLED device

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

enbodi mnent of the inventive OLED device fabrication
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25 toorganize 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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conductive shell, form ng an OLED/ Mag i nternal core.

The OLED/ Mag internal core is mcroencapsul ated al ong
with a mxture of electrolyte and Iight CurablzﬁﬂﬁRCHzom
nmononer 1iquid phase within a second electrica

NPHRPTE shel |. The nicrocapsul e shell rraf'@T’Pé‘mImgm”
sel ected to have the appropriate breakdown voltage at

whi ch charge conduction occurs. The m crocapsul es 10

act as capacitor elements that are, for exanple,

charged up with a charging voltage. A trigger voltage

is then applied when the OLED pixel is to emt |ight.

20 Figures 28-30 illustrate the formation of an
OLEDHGCAR3GIsh Qs Thia, %ﬁ@ﬁ@%a%tive &:EB rﬁﬁltoﬁ@sﬁ% 19?&1‘ ff)ﬁrﬁhga
attractive materiaf, such as nagnetic terial, are

m creeadp OLER mitrevapsuie Oavithethe eligningfidld/ frem md el gringtield
shel ] . _core. e OLED/Mag core is
i orsuse el 88 AChilhinSGhR OB otk is § ol
e} ectapabilitye AanCGLEDrteralimedln af pliase isroacapbiuliared dithinatist shell.

W t hi,n second el ectri.call onductiyve shell.. The_

i or S0 BeREe HPiot e o kel o Brabte aleT BOHpagpvet g s

app <r:| shplliand thelBleeabIg@WThY OII_EBgﬁazg tﬁ’liqaj whdredl paina ﬁmdef a field

conduction occurs. Figure, shows a nmagnetica

r eactPIR® &%5“1#1 'Ekl‘eo{ez;‘g%eﬁ‘ft‘é(e Tterigh CW‘ﬁ‘?‘sﬁ’g ﬂ“’é‘“@&ﬁ ﬁilc'ﬁyt or

OL EDmagrtioannsatioe HateMillaid bil6ledBEHNG iddetivd matofid @rikdot &

turned on with uncured 30 el ectrolyte m xture. Figure
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Typically, a passive matrix display is
microencapsulated within an electrically conductive shell, forming an OLED/Mag

core. The OLED/Mag core is microencapsulated along with a mixture of

25  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 uncured

30 electrolyte mixture. Figure 30 shows a magnetically reactive OLED microcapstule
10 for forming a capacitor OLED microcapsule 10 with the magnetic aligning
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driven with a relatively high driving energy so that

the em ssion of light by a driven pixel is intense.

This intensity overcones the short driving ti g Aﬁ@ﬁzom
i xel (as conpared with the nore controllable active
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consunption and | ower display quality. Wen a charging

voltage is applied (such as during a charging scan of

a passive matrix COLED display grid), the capacitor
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the charging voltage may just result in the
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pr ef GRHEHENS P 15sRonP the toeees yeltpeg andyinggranner dependent on the
Al t estaat ichaby , Wath eheQirop® bdlectibh 88mRfocapsule 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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10 el ectrodes 14 can be prefornmed on a flexible

carrier 12 enabling roll-to-roll manufacturing. The
inventive fabrication technol ogy overcones th(=2 I ARCH 2007
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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

30 the display pixels.
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10 polyner by applying ultraviolet light. The

formati on and preservation of ultra- thin |ayers of

organi c material is not necessary. The gap bet Rﬂéﬁzom
el ectrodes is nuch wi der, so nany of

X
HKUWW@W%“Bf the current state-of-the-art Cnggnmumymnmm
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shown in Figure 35 with a drive voltage applied and
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f abr OI:«EDI fdmcpnm'mﬂsthodsslrﬂ' mdieﬂ y Thechaptivdy display sBOcture is

roII [ ol ] | exi bl e plastic substrates

usi ng ’% He SOI& %ﬁ’gg]g’ &%‘1 { - established polyner film

tﬁbrlcatlon nethods 63 23 NARCH 2007 WD 2004/ 046767
S20Q3/ 037040 ure 37 i strates, a nethod f

for n%y 3R st BHe okl L ruciurs ghawn e BoF Vith a

| ay ennmn@ge BpBattano mlghtftiéﬂfgléﬁﬁ‘&edf&)ﬁ@fhe dﬂﬂlﬁnﬁ&&ﬁﬁﬁw t
mat er.i al nd electron ranﬁggrt mat eri al are conbi ned

to fOPRHSsASPE Vaiaseiitppted tojthg slectrgdesdt4; e QLED¢hain qnplles
f or nmlé Qtﬂi Mctrdf nfhERbh %fsing kg enE%B/ State’ RARRSIED MRleRibd Al
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between the electrodes greatly reduces the problem of dust and particle
contamination. If 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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particulate is forned by providing a first particle,
conprised of a hole transport 10 material that has a

net positive electrical charge. A second partiﬂﬁAi H 2007
rovi ded. _conprised of an el ectron transport nﬁ% [
RARYEAet negative el ectrical charge. ThE® 52803’ 37040
transport particle and the electron transport particle
are brought together in a liquid and conbined to form

a unified OLED particulate having a hole transport

| ayer and an electron transport |ayer formng a
heterojunction 15 between them Figure 38 illustrates

a nethod . formn n, encapsul at OLED particul ate.
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negatj e ' r
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el ectdmm@e.sTBéﬁhdlﬁ&‘zrbﬁorpp@ﬁTldﬁdi th@élﬁctfﬁnrtﬁﬁsﬁoﬁ@%i@& are brought
respective.char articles_so that t conbj ne .

F ogeHRAn it 1 B i UL forB PR LD AS g
par t itplerandfint oy aPiéotion Grafipes: ldyetREmi8s a WeérofineGon
be useful for attracting and renoving fromthe

donbi Pt cl e stream the 64 23 MARCH 2007 WD

2004/ 046767 PCT1US2003/ 037040 charged particles that
do not conbine in the dual |ayer particle. In a

si mi Fagure A% Hivetrates rgethed fop {aemingan eneapsiaetbPLER partishlateo
act i VelhBSfankdhitrhaibes affile DER) b1 | i
char geé3 and agi&r%_gct ed to co%‘%l ﬁgdnﬁﬁ?gﬂg n%% lf@%E&SQbmed
par t ilgiod singha partinlanlgy ejedting Helcenstituentprdiclesfewards <ach ather. The
A PR, S BRBel BRSO, L Bl b
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towards each other where they conbine to formthe
conpleted nulti |ayered OLED particul ate. The anobunt

of clEgwe Inddicahdwithe sty forfarmhing b amiltcBRperb® OTEDPagldee dn this

to ag st mBendh HANTEE! indli Rl aakles O GO Hat 0t SaateraLare
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

64



nunber of layers and their order can al so be
controll ed as needed. 10 The OLED particul ate

conprises |layered organic particles, which i nt#%ﬁc 2007
hole transport |ayer and an electron emtter Tayer. %
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a hﬁdg t ranspor.t r.mﬁeri al . The hol e transport

mat er FAP PARSUAE 3¢y st el ectrical charge. A second
particle conprised of an electron transport nateri al
IS provi %d havi ng a net second el ectrical charge.
The FigneA0dilustptes & sconhsienga forming a Hpiidayere! OLED particulate.

The amount of charge induced in particles can be controlled to adjust alignment of

attracted constituents. Figure 41 illustrates a third step in forming a multi-layered
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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polarity fromthe second electrical charge. The first
particle and the second 10 particle are brought
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%4; C%?%@gg&e% to create mcrocapsules that 66 23

MARCH 2007 WD 2004/ 046767 PCT/ US2003/ 037040 can be
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be praYddfdies 40 can be electrophoretic and oriented using an applied electrical

25  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.,

30 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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which emt light in additional color range having a
color and/or light intensity different fromthe col or

and/or light intensity of the other OLED pi xel
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I spl ay) exanpl es of how the dichromatic
| ayer Fkﬁ-ﬁlpc@wtlc 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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the inventive display, under normal anbient |ight
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carrier fluid 12 along with desiccant particul ate. The

carr F%ﬁlréd?vlbbﬁélﬂa%cﬂ%hbﬁ}@{h'é@lﬁl @ol@rCtDEE[D HisEl@y g{cﬁnﬁﬁwigure 42,

car bon or%CEOMere iron, for nB e carrier

f1 ui Fithshedichupmatiseiedy Fined forgershyes eSS BIFbyiahh: When tre

el echichffatic 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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properties so that the path of |east electrica
resistance in the conpleted display device is through
the OLED material, and not through the carrier
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The desiccant can be for exanple, a finely powdered
silica based particul ate, and specific oxygen

scavenger material can also be included to further
enhagfisatatigas. pFhstasientation qffeaqmresp@ﬂmmpm stegificdichramatic pixel

consty !:r‘h ’| negﬁrbugkéﬁ‘ 'cSﬁtr rz.ltn Entoakﬁ}igﬁﬁheﬁql%ﬁﬁ@ﬂ&hv:ty

materi a [ rret propanol am ne,
di et'hyl am noet hanol , cycl ohexyl am ne, n-n-

g' Z%ﬁ%lél@y@rsgﬁ E%nréﬁ?aélg%c’_@e OL‘%‘%e 1cro%]p%ué%s 10 randon{l%dlspersed
sti t withia alfhﬁcébutalardemabmamrier finid 1Zhabong psettu desmcascwmm@m The
TS Bl by 5l LSRR Ao AR AR B on o

ef f ectampban el ca?iar flal | |t1|ﬁ gl;c:utd (03 semntsd dﬁia&é tmmpﬁlapﬁm slectrical
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unha’fﬂéﬂiﬂ‘éﬂd’feta?tﬂnélgmﬂ apRfamipationt e dpsitcppicrandbg frs example, a
fiel ﬂnaﬁﬁoxp&r%ma%&d*ﬁ)@@ﬁﬁﬁ%@@%ﬁ%@%& Jasﬁﬂgé}ﬁnatenal

into posi tion relative to th ectrod

el ec@ammdqéren@udeﬁm fugther eghance &elpweqngn ofiibp OJ-AM, and other

IR ShlfrucaeE! ExBBIASEIE G n NSl REHBRAIER,

MAROE%HM@PproWE@MI maﬁﬂsmnﬁaﬁmz@aahmm Fingure 47
h hai

o T oty Rl TS S dntfo e I SR BEARR Sy SeSTS:

hel dother soablé inaterial dai'npmmidle Tha spteifiticavengsr neerihPis selleged

carrier ‘LI uid,12 can i ncl Udeéﬁ? ond ctive ele

C o bifpendipg o th e smadentt h af Sike S opias 1t SHBRUYSRSS
3¢ avan@g??to ﬂ&[sg-dgﬁﬁueﬁ fabidresuch hsﬂﬁb tlléi@di opBcal didetrival dn@

carri er to | rove, pr ectl on agaln

cont %%FMM%%% nﬁs gﬁi@gﬁm}?%@‘fﬁ&b?@ eelaq?wd incthe shell
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fromthe OLED m crocapsule chains 1n response to a
dr i vinifgocapsule composition.

25  Pigure 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 caunse the desired microcapsule alignrment

30 and orientation.
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vol tage applied to the electrodes. Figure 49
schematically illustrates a full color 10 OLED di spl ay

having high intensity visible |light display | r
an infrared display |ayer. Figure 50 shows a§%§E§B&H§2007

HOHPY6T6ayer and a Iiquid crystal |ight nodBEPFARp/037040
| ayer 44. The liquid crystal light nodulating | ayer 44
can be used as the 15 dichromatic display |ayer

descri bed above. The liquid crystal l|ight nodul ating

| ayer 44 can al so provide the inventive display wth
the capability of being selectively reflective. Wth
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i nventive OLED display fabricated with thin filnms of
organic material with photodetection el ements.

Phot pideieai8tsaswelhe iaphaicalBiackiee GEEDﬂmefopq:rs@IE etudtint ovith light
each i xel, s ?ck, og gtﬁﬁosed in a. differen

r esoPitg GRitigd frgm thnQLED myerarapsylr ghins | inFRSPeTE? oMt |

| anpld1@Bé agplied td 18 El8étkoded. G RIrY 89lsdB¥mbdiRlly ﬂlustratcs a full color
@Eotodetectors is used to_control .the op

ar SEER displaychavige highdnteysity)visiblelight d'aglébiaw%rﬁ arf 4 ipfrared
eachgphe} Aggt ector. This construction can be used with
m crocapsul e- based fabrication or any other display
constructions. This enables 30 features such as
vv| nd I r Jat

D T i 03P QLR iy iR ol e B nodulating
s unshyereld. Ghe tieid drystal kaght mogmiatsng lgyer 4% Qarpi®: usrdRGH2 007
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Y ora aroAG Sk b R PRAAR B (DS hps
| ay elagercidirab elso gedide the'inentivd displihweitiethe ng;abﬂm d:ftbeullgby

t he ED em tters. .

i npi ?%eégv“gﬁ reeleEi, it s GF‘%abé}ﬂ%r ‘gﬁh@?%’éi“f‘g fdshics

al ondesuditield veitbere gard eﬂﬁlgm’ESSMﬂ(Smeﬁﬁiadﬂ&T durtha@ngwindew can be
sheef battery described in the 5 ef erenced,

co- oliFBE B3k I HESRATS ittt A B S P SR
bor dlbpwtwetma fien BbtBQF 619§ bfie $idd) Gl bdlSctifglfl liPhtHMRINg, and
can enabl e llgmgMEIth rel atively inexpensive,

di chfashgt i-<a ‘b‘ﬁﬁ%‘r“é’e fisdle¥iescri bed herein in Figure

1) that recharge in sunlight (or even indoor anbient

ght) to enable full-color
Figure 51 shows an inventive OLED display fabricated with thin films of organic

material with photodetection elemnents. 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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em ssive video or still inmages. 10 Figure 52 shows an
CLED m crocapsul e 10 wherein the shell is slightly

| ess conductive than the encapsul ated OLED '
The shell is slightly nore resistive than tg?3%]é%{CH2007

WRXRIYU76Z0 t hat current does not flow ar ounBCHHE003037040
shell, but instead flows through OLED 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 described herein with
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par t iemissive videBDr stilhisiagesient material. Thus,

i crocapsul es 10 can be formul ated based on the

giﬁ]pi rically or otherw se determ ned characteristics of
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(e isAuiene Bk e sososy e OHEPmiia e hel gy e

or adgadive ehahm@: GOED atdral soBit@hirédt do@rnot NSV wdarkd s shell,
ot her m crocapsules 10 within the carrier 12 For

ex arrphuémstaacbﬂ%‘gﬁaqhmug% OLED myerislihepatigplatgcan &%)Orﬁﬂyc or

r 80U ih&osHid fvﬁfhedﬂips of BRD-mafekial SortifdHnd Qﬁgntem necessary, with
2004/ 04% PCT/ US2003/ 037040 i nduci ng_a
X&d@@?’%t h,

el ectqihes anateéﬁbrag}s depgripnd hespinyithgegard o Q

for exanple infrared, can trigger the OLED em ssion
at other wavelengths. In this case, OLAM or other
rrat erFigire §3 stowsraniQldilymidrecapslr Wowkpmein ghe, OLED materiglded

B R T

020 ot sheli, anda elh@lnagcmiw MAGIit glmlatw te keep @LeErmagupmematenal from

2 g SRSl o PR S PR . oo

phos plgteed ¢esvintapied Matanhe ele&hﬂ}&e m;tmm the elgctraleasiers in the

possi géc?rogztenéaag '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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for exanple, that can be read with an infrared
flashlight (keeping the stealth advantage, while

avoi ding the need for the map reader to have nj
vision, as is 10 the case when the map is thg:ﬁglgARCHmw

WA 1004 ur e 54 shows an OLED mi crocapsul e BGVHREPA5TH0
the OLED material 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 parti cul ate Is 15 fornmed by m croencapsul ati ng an

i nternal pha th| a shel] e internal .phas or

t he dpicmgg gtng[ CBFIEH Lg{l%(,ﬂh articiigr \gﬂell‘%g%r ﬁ()é exXample
i nt efnn%d:edotﬁﬁa Qafr theBLED @hlissioh a@ém@a&vaeﬁgtw dn tieaekd,ve
material. The field reactive materi al n})rls glther

or  K8AMegr ot Biefesiak sueh an imapanic ﬁ‘*d@‘ﬁ%‘tq“  [{EINCRG Py o

Mat efglAlrae Ll@ctﬂﬁﬁpi'hq@é%ﬁse% ﬁi‘h%tﬁn?ﬁ@géheﬁ&%%&rkit?ﬂ uBéd to
the inventive m crocap sul e e i nternal &E ase

cSnprhusegn p0isainn et@berémwkegthmftlght byl the REER P BpRI§0l €

. 31 S0 H6q Bl RER SRl AFbY PG it Saving

sol v efhtcscemayr phesphofdscantphengmencn. Joiswapebility makesdepsiblea map,

provi, L

Capsureabfle b ABE el U A e gt (BB AEL soqn

may iadedntage, wehifei asbmngrthmnﬁed Y tlmrrmm&ﬂet to R2%e Righuvisiorn s is
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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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of the mcrocapsule 10 format |east one internal

phase and at | east one shell. The constituent parts

are selected so as to have el ectrical charact ei:h%iﬁéﬂzom
that result in a preferred path of electrical

WU BR (or el ectron and hole nobility) tRFGUGHOVIM0
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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

73
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formfactor. OLED |light can be fabricated into the

same formfactor as a conventional light bulb so that
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cut kbmiricted frok sheeth ofiCGiFIS enganii triaterialagtacks 46, and can be formed
on glass or plastic substrates 24 and cut to size. The electrode leads can be fixed
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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Figure 62 illustrates stereoscopic goggles having OLED display device elements
25 48. The photodetection pixels can be formed so as to effect a camera incorporated
within the OLED display device clements 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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phot odet ect ors which may be incorporated in or
adj acent to the OLED display 10 Figure 64 illustrates
a flexible OLED di splay having mcrol ens el ene
for focusing emtted |light at the approprlatefgﬁh£E&312007
PR AU ocation within a human eye. An opffUEF2PER40
can be used to focus light onto CCD-type elenents to
create mcrolens elenents 52 that focus the pixel

light source 54 at the focus spot in the human eye.
The optical properties of the mcrolens el enent 52 can
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can HRPeBEPEhEE AROIEUIENAHGhE Fréns fndedsiesting the rediepiton by
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applications for the inventive OLED technol ogy, the
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20044,046757 FRTLYSI003L00100R. Lrom boLl ot 0Ly, oner,.,

121 | for @lsmin,problethd i - col or, nDnochrone or reflective
di splay. Figure 66(b) illustrates the wall 60 of a
house having the inventive OLED display 5 w ndow 62,

t he Wgﬁﬂ(ﬁﬂlﬁi&nbﬁb BYraatonfMviser 58hatifg dicePbd Ylekbld OLER
S|nult%neo eg ﬁgreans 66 i ncl udi ng vi deophone
corm@R %%"E Hodr yENIYE é@fé’"%‘?&“’é’ isiqueAid s g

pr ogfe@dlhudmbt,mldes Ry SRIBLED dtbpRp liPdhapdafs6 HRMR FERIT GRion is
can be S|nultaneous y received and displayed. For

&% anffBll apprgetifahst vi deo content such as a teIeV|S|on
program may be shown at a first portion of the

di spl ay, 10 personalized video content, such as a
vi deBighisf6(x} Shsantena Walh6hela hoesedtasing an inventive OLED display

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
25  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

30  transparent when needed, can be switched to being an emissive display (viewable
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second portion and a web page, including napped

hyperlink content, may be shown at a third portion.
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25  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

30 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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67(b) in use. The clothing nay be fabricated in the
manner described herein. Figure 68(a) shows the use
of flexible, Iightweight solar panels as a
sunlight-to- energy system for powering an alr%;gﬁﬁR(112007
WO i | i tary observation drone. 15 Fi gRFEUBAPEpTos0
is a block diagramillustrating sone system el enents
of the mlitary observation drone shown in Figure
68(a). The flexible, Iightweight solar panels
fabricated in accordance with the present invention
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To lay device, the first contact |ayer and

t he %m@nmd@tm p@r@ﬁulatay@ﬁomhfrﬂlmﬁgﬁ withig @gonductive 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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to forman array of pixel electrodes. Each pixel

i ncludes a portion of the sem conductor particul ate
di spersed within the conductive carrier maten% @ﬁ 2007
pi xel is selectively addressable by applying a M

VP 2094R46743 t he appropriate 15 first contact EFEUPFEHET040
and the second contact el ectrode. The sem conduct or
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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, indinum and magnesium,

alloys such as magnesium-silver, conducting fibers such as carbon fibers, and
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recei ving a photon of |ight and converting the photon

of light into electrical energy. The light active
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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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boundary provided by the cured carrier material. In
this case, the m xture disposed within the gap between
the top and bottom 15 el ectrodes includes a fi H 2007
reactive OLED particulate that is randomy dis
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25  While the desired orientation of the field reactive OLED particnlate 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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charactistics of the light active device, the
conductive carrier material can be a binder materi al
with one or nore characteristic controlling adgdi{,i

For exanple, the binder material may be a c¥§ﬁd&ﬁfﬁ12007
MWLk abl e nononer, or an epoxy, or 15 oPREPS2003/037040
material into which the sem conductor particul ate can

be di spersed. The characteristic controlling

additives may be in a particulate and/or a fluid state
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and other electrical, mechanical and optical characteristics. Color absorbing dyes

25  can be included to control the output color from the device. Florescent and
phosphorescent components can be incorporated. Reflective material or diffusive
material 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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Figure 72 illustrates an enbodi nent of the inventive
light active device showing different species of
organic light active particulate dispersed w t 2007
carrier material. The tumon voltage for eac
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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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10 carrier additives can be incorporated to enhance
the characteristics of the OLED device. Figure 75
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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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10 can be dissolved, entrapped, encapsul ated or

attached to a nanoparticle matrix. Depending on the

net hod of preparation, nanparticles, nanospher 'RCH 2007

nanocapsul es can be obtianed. (see, Blodegrad
® Nanoparticles as Drug Delivery De¥

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 invention, an OLED
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23 Mikesmalb pticipe ze offars o aember openvamsg@oipoames fhie gliineate
76 '!régaﬁﬁlsﬁta 1aBle RPh ¥ Ygllaﬁggld %ﬂ{&néhé &9(%11.[,1,% b the

particulate having a att |ve constituen
al i gridldiP particlpsrThive IOéJBDmaanpaaﬂlqle;nmhgpdfm etcdydahee wik the
c as e, I d reag tive
1nJeF;§ve théaglgllfl g‘%ﬁg%‘g eﬂ%ﬁ? ex tl’}l % %tboélcq%smayh N
r?@g nelevicesl 1Alsa, d&ubry\mﬁlgﬁcﬁd) paﬁclb gizé wﬂl ¢relBld midie ligie point

partlculat hrou an_a e encapsul atjan, .

P HOeE Gt A BV volBe AREY R AriroCRaRE tr 25R8y pixel A
il uSﬁrgﬁﬁlﬁﬁbeE oﬂnglﬁlpbmt muﬁweaapssulte@nﬁﬂfﬁnﬁbﬂm Bigel
nultl-la ered $§%?qi ht actlve B@rtlcles each

havi ﬁaafa efisiES f’l"{j’ﬁﬂ'f IeEE POyYPT SPRFUMBHPR In

accordance with the present mventlon 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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10 on voltage. The conposite m crocapsul es or

different species of particulate can be used to forma
single layer voltage controlled |ight active d v'

for emtting two or nore colors of light. Ins q%gHZOWT
NERWOHY6 W separ at e set of el ectrodes and a §€H§F’aﬂ'{’:¥é"37°4°

| ayer of the sem conductor and carrier nmaterial

m xture, the present invention enables a single

| ayered device with a single pair of electrodes to 15
controllably emt two or nore colors of light. Figure

78 illustrates another conposite m crocapsul e

containing multi-layered organic |light active
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different emtter species so that the

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 veltage control enabled by the

shell/internal phase electrical characteristics, the photons emitted by each species
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10 appropriate nunber of photons is emtted from each

point |ight source for each applied turn-on voltage.

Figure 80 illustrates an enbodi nent of the inv [ V.
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g M%7mi crocapsul e particul ate random y &FS{HEFE¥RF7040

15 within a carrier. The internal phase may be a

pol ymer bl end contai ning two or nore conjugated

pol yners, each with a specific turn-on voltage for the

controll ed enission of color light. In an enbodi ment
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secappiied prePp@ltagearticles enmit a nunber of photons of
a second color in response to a second turn- on
vol tage and a different nunber of photons of the
s ec Gigtiredl iustiates pe spberisentof 0 imwehteve voltage-contrelskiiighes .
Thu t j |
ai P B HEE SRR e ot bickRuALE bafleBRR cBhooll 7RI sca
18e pwntl:imrag:auwrt e infzolal plths¢ manbe 8ﬁol§2ﬁe11\m&@doﬁﬁﬁﬂng tWhor
2004/ 046767 [,US2003/ 037040 0 vo ta T rga
1 g R e RO e R g & ol i i egi ey B fftofed
par tinihies of ¢dberl ligﬂt rig aﬂemhd)diﬁeﬁloéﬁbﬁltﬂgbl gbmeded fiulti~colored
con ate ird e articles emt
fipd i h b p ot s mo e e P e e y
| n ﬂﬁmems@adeﬁt todt dnflidefihifgld PapQBery-CHebR@e. Qﬂﬁixhﬁ@ioﬁéh t he
{?l ectrqd s, and a dl‘{“ﬁﬂ%ﬁgt nunber of  phot ons he
hi P élFt A R |at°§)“4“ﬁ“1‘ee°§ﬁf&ﬁ’i§@tetﬁél ’éfiﬁé?sed
t ur g swial gbﬁgfﬁe orfarisli %ht aétfk Qhrtighi8iR iPdonfRRed ST first emitting
obt ai ned b aving the first color red, the second
col Bwtléﬁ%@ﬁludlaa & s leptlumingssenconjb gased pokEnero Mokt e
M CEQRARSIARI&HMiCLMIMeP of fHoRfRs SR PRdriif fe8SonSe to a first

m crocapsul es,
turn-on voltagc apphed to the electrodes. The first emitting particles also emit a

25  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
pasticles 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

30  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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or it may be made from conjugated pol yners and ot her
material, such as non 10 conjugated pol yners, organic
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light enters the eye, it first passes through the
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25  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

30  hardened support structure within which is locked in position the aligned OLED
particulate.
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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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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 voitage 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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Because of the very fast turn-on times of the emitting particles, and the burst
emission driving scheme, a passive matrix can be used while still obtaining
superior video images. Each individual scan cycle of an electrode pair can have a

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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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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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 voitage.

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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duration and at | east one of a magnitude and a

polarity different than the 10 magnitude and polarity

of the other turn-on voltages. A third burst o
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in accordance with the present invention, the successive burst emission results in
the perception of a predetermined color in the visible spectrum.

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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f
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u t he ue ursts o
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PCT/ biS20334 02FQ40 sﬂicﬁhltbaﬁd ‘aberdmcd Rih &@&qu\a&orpﬂasmn the

te Lor each |t ion in each spectral band
o bt B Bieoist bt o st B BReSiria uredio aprae
| s agymisdspebt bothg anRRhRLRAg £8.g , AfhAdaL Pﬂgé Ehﬂngqe ;tésjlsltgé b ue

in accordance, wth a predeterm ned mat

equatfnEHIcYF AR Behest wadition. dhe adjystwﬂamt@esnysrame|fmaae@cfsmon
eachinkQsy {-ihQPecifal ﬂm@ iR L't:h %ﬁﬁ&&ﬂmﬂl%&%@n‘g 10 the

vol t ages are control I em Ssi
phot Bwentess 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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each color is based on the adjusted intensity val ue

for each filtered spectral for each position. Figure

86 is a flow chart showi ng the steps of the iny [

nmethod for forming a 10 nulti-layered organi 2231 CH 2007
WOt erial particulate. Figure 87 il ustGHYRE03437040

| ayered organic |light active material particul ate

formed by the commngling of a particle of hole

transport material with a particle of emi ssive |ayer
material. In this exanple, a first m st conprises a

hol e,.t. r.t .. real. A Lk e

cec RPN uERNE ok B it BNEh PRI Pl Spechal bapd

and Trerintewsity oFegphipesiBan iheadh dpecttal bindds adiestadriv genterajean

met hqd of, .formng a. | ayered otganic |igh ive.
e ingdty i Y Vil R ety fithéntfiica
Consdquidtiven Thaadjused meensisi wateligffiesredfonesdch postidn with a common

Referrin Fi gures, 86-88, a first. mxtur.e. (( and
o st e Blah Vohass # puftoli Sul S et eho Bt of
CONRAREAdlor TR bkl ah tRdjusted intenbityailie f6f eakh Biteted Speemal for
one). A second mixture ((EL) and carrier) is formed
of £akRFiPlor gani ¢ |ight active 20 conponent materi al
and a second carrier fluid (step two). Afirst mst or

very fine droplets is generated of the first mxture
i n aFigEn e isordem ehasiehpwig the stapp ef the Fyentivemesiad fa¥ foppiae 2

A e L . o
BB A B ROAARGAL B i s
t hr dejeredrorgaiolight pitive mfteriahpardendaimfprmedbythe commingling of a

gene it Wdloleler=Te ; -
B
conpibiseramypie, acfinsarhist contpeisgsorhate thapspoatspaeniid dITrendlverrier, and
envi fonnment. (step. four). . Th | . | Gyl

e LRIt R PIfe R TRLL S e
Bt t rifigdtrates getihemtiviimibthed effermiog atayeret organic iight dctivesmaterial

| ayered organic.ljght activ terial .particul at

( L n @ poletnssti cot e BT ing o Piskig lavFt poftscuent.
act i Rﬁerrilﬁg tc; Figtilef 86 88|afirst nhik fusel (M RY:id clﬁfrief)gﬁfogﬂlEchf a first
organit c .1 J. t active co onent eri al, a

e i s D e oL RAOuA Gas o taatier T2t (ipg one). A

C ONMPRBSHAmifRES{(ER) and 3ied)3s ML bfAGedond \Wg a2 RAEh OGS 7
PCTI US2003/ 037040 Figure 89 illustrates_ a ) ,
I t sompapet Siesiaband aserqngrrmisicind Btapdvey A first mist or very fine

partg Et@gs?gen&‘afe%ﬁ tHR¥irdt BExiGRT bHvirbSm&Ht s& tHady ﬁi‘sﬁ?iJI

particle hol e transport/em ssive |ayer nmateria

wi t hpagtiqytate pfchetitst ongrnie Hight Activie sprsprnent efeRal isFmPIRGIYr
90 i éul_s#){aggéec?iégﬁe édqvﬁomhé}l\f ?%%?It e RLDQM d Aistio? Fh@ SSQ&nﬁ‘ mixture is

mul ti organi c active materia .
par t geoetatetian the@nvisonmehtsottha a sgrond pastivdale okthe sarend organic

&% nsfié.hﬁ LGRE cgﬂlgon%ﬂt I%!ltgﬁgl risoJf:]mporariIy 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 Jayered 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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transport constituent. An organic |light active

material particulate can be formed having mltiple

Iayers Athird mxture is fornmed of a third 05 4) AﬁCHZOOT

(? 5 346%|7ve conponent material (ET) and a tp?:{r 2003/037040

PIO&P45797ui d. A fourth mixture is formed of

first layered organic light active nmateri al

particulate ((HT)(EL)) and a fourth 10 carrier fluid.

A mst of the third mxture is generated in the

environnent so that a third particul ate of the third

o, B ML RO Bl B s
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pres ecQﬁJ 6IQH %ﬁépgﬂdedaA tdbelole Xﬁ{r Rt s Hﬂle%tgd so that the first
optal nin

structur 12 be obt al ned

el ec timagﬂdcisgmm kight egtive @La@amrtiquw iattﬂnpoﬁirgyj mp@mcd 28he
illu S i act 1t:)

part %‘ci:lu %[Pzen?' o*l?reyetgﬁggarﬁﬁgﬁg%rr&%h%g{q laéer 0‘ §25% L éveof
bl5o c knaieriaiparéculate ami adlowed papmindhgle afd eeﬂrmtogether in the

t t

o o orndlP o SobR p socsp e Sretmit Ml B vl e
act i VEhinmtard lajéer@ﬂfrga;rﬁdmgat sctifve ﬁﬁteﬂa]@aﬁﬁﬂﬁlaﬁgmcludes the first
constit n an el ectron cons |tuent

i QurE s Hgtf FF Qrireia P S ot AT QR i CTERpg HERLRERYC, o
mat erdoftipoiddt fatekinic thas e ﬁ'&ﬁlﬂﬁgi oingE: llght‘?a@ﬁ‘m &tkslid] gaxﬁﬁulﬁcc

rticle o ive |ayer particle
o &aéaﬂﬂimﬁapjsﬁ Sthscpuse gt inclp ﬁjfléhrw’ﬁ the ergaatight agtive

I NVendn SnenQKla%ﬁaINWéeaﬂlQJdesx\‘@ o ).
PCTI US2003/ 037040 net hod of form ngztgﬂllﬁbgglgr@e ‘or gani ¢

light active nmaterial particulate froman enissive
| ayery, GoRedant @Il tlﬂ[f:fjes@ntlﬁﬁle{?m ?ﬂﬁﬁﬁ’z{ re‘&?;gﬁitchltafé%ﬂ'ﬁﬂure can
Figure 95 illustrates a ayer gani c
act i \bs obginef ife obﬁﬂamng dmt@[’@sphﬂmﬁé@m LR hparidentats. n@gm‘n g1
a f
onjast o r1#hgs[¥1§{e %e{?ygfefl g1ghtqc?'94;t:n£e}g1/1a§ lp%EﬁIQQ f&&r%ﬁ %9 ﬁ{e
commmghng ofa partlc]e of blockmg 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
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5 of em ssive |ayer/hole transport material. Figure 96

illustrates the inventive nethod of formng a

mul ti-layered organic light active nmateri al

gl articulate froma bl ocking/electron transpor’l3 MARCH 2007
MY HERt and a hol e transportlenissive | affel/Us2003/037040

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
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the. PPrageEdiol Habsrtll BlfuBhiaih R smblook ARl ed

c onp&netitherBAC shoain mﬂ)gmw%%npnmkelawed pratidle candephriliup
holet[an ort . material . em ssion | ayer Lal

an chbiE B S G TR P Ces ety e s Tt ayered
It epdradle isGaREFEctie gaimt Sondetligheemiaatponent naterial can
include at | east one of a magnetic material, an

el ectrostatic material, a desiccant, hole injecting

mat ek yditionad e Ba@b@fdd&@ﬁ the ﬁihl@iclhjrd?é]i dit@rd B forcdifg Snotifer
sel ection of "constituents can be nmade so that a nult]

25 | myvieQf prother oTRRBIC Sigkartira (OFwoReh MBETIRIGINASRCRICARGT
desi fd 284 ngl?]zg{g%k ano%? he@hre of EB&%H% fdrmed la@&:@d orgamc light

attractive chem cal propertles e number of

51y e resiva materighpsacticulnteiend yahanothensasdsrifluih Thgacsyling particles are
contg E‘J:n%gd g@gce %ﬁﬁrﬁgmglﬂ ab BT% citRdiab&it ahildwed t86mmingle and
Igure 97 111

attribtutes ustrates a |l ayered organic

| i ghtttragttogetheretforn die mpati-ldyet paticylae sErlg.  t he
commngling of a particle of field attractive nmateri al
with a particle of electron 98 23 MARCH 2007 WD
2004 AD 165t @rie BXIhE GIBL,GEM0 WMsdquam STgenic aptiteepingpnent material

houre 98 illu tes ' t
b Pty 8gmblop R eh'ofS of {oid QUAER fiellB 1 Qhond it
fr ormﬂeléettﬁindraat;tortaﬂitem and abtackmg niateginkl Odmr oxzhmc tacrcnrn
trans ort consti tuent re 99 Jf.| | ust éat ef i | ayer ed

or gaﬁ RpqneRfipate) FW“CIHQ? aﬁtlonﬁg ? PeRISAE B0 el by

the eREMdstik el adepedatd, Hdl€1|1j€ct1@g‘ﬁnsﬁnmeaﬂda1yx®iecﬁon
material with a artlcle of hole transﬂl%obema ter.i

Fi guiiectiop maferigk t'[&ngg,élsse}cp@n of constituents ¢ & 50 that a multi-
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 matexial particulate formed by

the commingling of a particle of field attractive material with a particle of electron

98



inventive nmethod of formng a |ayered organic |ight
active material particulate froman em ssive |ayer
constituent and a hole transport constituent '
101 illustrates a nmulti-layered organic Ii ghtﬁ H 2007
W 24U 75Par ti cul ate formed by the conmmi ngl PhREURH3437040

| ayered particle of field attractive/electron

transport material 10 with a |layered particle of

em ssive layerl hole transport material. Figure 102
illustrates the inventive nethod of forrri ng a

mul ti -l ayered, organi ght actjve
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obt aomafndiing af s lalytmdb particla efrﬂdd hattraetieteleotron mapwrd mntgriain

t he cC onenf materjal. and the .sol vent
e actifunayg P%&%mﬁs“ﬁ ajfeF@Olgg’aﬁpo% Haagﬁnglngfggl I a
t he iB@dudich 0@ iBehive hahed ofdbingiig 4 Mumi-Rgeréd\ergarit Hht aérme
e carrier

chem cal reaction na

mat dpitenal pirigylae ﬁsm%fgfgi Ptﬁacw@lﬂct¥%’r“aewﬂpcpaﬁ1%nf ad afiple
mat Qfdnéﬂort!’%ss% 18eh E8nMi®Ent 2 R sh&eh WFRTidsvg-108 Ohelbbigh

is in the mst form The environment can_be gaseous,

| i quPEcpkight eqpifiing particylate gan berfieldattiactive by the ipclpsion of a

15l oW, Qkridl gl as%agn&tﬁbaﬂ? FdaliiR WM erBY, 3B Ofi ARk SRbitadiks of the
and/or to nore thé very fine dropl ets and the
commapigulae. parti cul ate. 99 23 MARCH 2007 WO

2004/ 046767 PCT/ US2003/ 037040 The first, second and
subsequent organic |ight active conponent naterial nmay
a fAﬂeasp@netdf thel fastand theskesnt end subsdquent cepeciluidemdy bsa |
secon I

Subsequent X g%‘nﬂ:l“i?%ﬂi q&x?@ o\?gxfltrg}gelrt Sﬁ@ esQllvErﬂré’(ﬂgved
el tbydvagoeatmd or Bthenvgmto ¢ealve g:htpammlaw euspambd urailhe enwronment

par t t whi ch, na t ent .
e By IR ATPY ety T e hbitad R Khcion
o r mpmdﬁfgrmt thé ¢ogmporent nﬁiteexal indahﬁolvmg ril&hlchermt:alrraacnbmmay

of tQAeDcal?src aﬁ&ﬂgltl 0% rlfllgtgltizicl to e s&uuon prior 1% £ Gr a}ter 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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formng a nulti-layered organic |ight active materi al
particul ate. The organic light active nmateri al
particul ate formed in accordance with the inveptjyv,
net hod 10 may al so be encapsul ated in a shell ARCH 2007
WRHPYMEREM cal , magnetic, electrical or opFfFEER003037040
attributes to the parti cuI ate. For exanple, in the

case of a voltage controlled emtter, the

m crocapsul e shell can be conposed of a nateri al

selected to prevent unwanted photon em ssion fromthe

i nternal phase emtter, and/qr_to pronote wanted

phot S 155, secophand sybseayrnt engraie Hght aa%\ﬁéﬁaﬁpﬂfgenbwafpﬂé may a
appl figdpdriidulre hSolPhle ¥ths RGSective s BBELACHIRAbselydibny Erkdt
t he ar iculate is forned can be an inert gas,

r eacHpige gas, a vacuum a liquid or other suitable

medi ¢ 178 "an@éﬁ%ﬁ@;b?nt lrgtan h@’a"chv@ﬂa‘f@éﬁiz@&ﬁ%& 4 At Afered

environnent to inc msnts t erforma
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In O t
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t he ¢lestriedr mhgnpte ettaaioy aﬁtvco dringdnt cmumms rmabthen mdans for

Fr cal TN il PR L RN Paftl R, fpS orgunc

t r ealighe mttiveonateriss partidudate foemadrinl aecortiangé tvith del inadnt ek method
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£ o5 e APS bE oA selth BRPE s, BRORAS, dighwical o
f or negticalditribGies fiths lemrEdrlekamm Sn thb&hsc@fhﬁlaﬁdge and
formthegg rt| cuI ate rra%’f?é g2 iven a charge

encof"4g Tl FATHEOF <l cap e ﬁg?ﬂqsﬂﬂféltlgater% selected

exangy @evehh@hwahfed phétbs bmi¥BYn foM tBe iv@Mal pheieédiel) aYPorto
polarity and the second m st given a charge having an

30 oPPEYIe wars) phetoppmissiop fomuRe emitter, dgpanding op the gpplied turn-
thus,epha gged between the first organic |light active
particul ale and the second organic light active
particulate. 100 23 MARCH 2007 WD 2004/ 046767

PCT/ 83200 3bR3& :
coat ed cat h&g rﬁ’éﬁ? gﬁbﬂﬁ%@mﬁ%ﬁg&? ﬂ&l&{r%§l bgsgye&ggér) Eee uve
on t ks, ¢Hchveea liquider ol suitablel metivnpnFerexamplorit meyber

for | G C
Sec??@%ﬁ% oEEEOSQ{e%gkﬁ%&n}gndénﬁ%ﬁ@ducﬁ ‘ﬂﬁe%ts’tf?ﬁﬁ&? rﬁtaéa%ﬁﬁm
20 anfotidn to gymmoté mchmﬂcab reattive mnobbewéanhm coastifueuts in the

em ssij. on t he ort | r.
e o istS o Bk B ahel et ity bt RARRRL g (¥ R
t he mgatédrgamo dightfamlmrmiwﬁas pmiculite gEhdedatrhent fnay e an

em ssive fiber. Ina%crdncevm hith sastp of the
femperature treatment, a chemical treatment, a light energy eatment to cause, for

example, light activated cross-linking, or other characteristic enhancing treatment

25  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
30  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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10 invention, a conductive fiber is coated wth the
organic light emtting material. A single conductive

fi ber can be coated with all or any nunber of i CH 2007
lavers of the organic stack, including a bI
I‘%‘i@f"'m“éfﬁéctron transport |ayer, enissive | a R0
transport |layer, etc. A second conductor can then be
formed over the organic stack, such as I TO, so that
light generated in the organic stack is emtted

t hrough 15 the transparent I TO | ayer. Alternatively, a
conductive wire can be coiled around the organic

stack to act as the second conductor. As shown in

Fi guFigsre 363 Brubr@6 sectias obmatated cathbdediibea having a lheking layer

cat hode and. anode, fij bers ca t tive
| ay eﬁogm OW}EC%E@Q I%b r"’é’? an l%fe]:c:tro a%g%o%jla rtf%mreﬁﬁpﬁg

Fi gupleckif}Blaydr\Wigire do4 Bgaidie section of oroated anaieifiber having 2 hole
fiber. 20 Fig 06 sho nmet hod f.or_coati.n

e by e o i oo R e e e Bnthe
mat eﬁdlg{mnsg&elaggtectrode f| ber can be spray coated,

spin coated, dip coated and/or plated with the

appropriate | ayers of the organic stack.
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IS a schematic view of "a fabrication
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partlcul ate/c [r C 6
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carr !FI?FJ e fb‘ﬁ@hﬁ_\k@é ngthB@fkqeGQtﬂlg dh §]B§ifo?1% #ib&LAt orgamc hght active

partl ate he top substrafe is placed over
fi| mdevivegnajeniad. The elecrtg)deﬁbwen bm@rw@peﬁ SpiA; cpétpiindlp coated

thic léﬁlc%’rsplﬁgd 5 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
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10 particul ate/carrier m xture between the substrates.
At an aligning stage, an aligning field is applied to
the OLED particulate. This applied field caus

articulate to orient and align within the stleﬁ eRC 2007
g"éﬂop‘l—f“?“““Wt h the applied field maintaining ?T\’ESZOM’O”M”
position of the aligned particulate, the carrier is
hardened at the curing stage. The aligned particul ate
is locked in position between the top and 15 bottom
el ectrode grids within the now solid-state carri er A
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bright, flexible display a near-term practi cal

real by get s te
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aV|n printed on It an e
ﬁg)ﬁtfaéfrsn@mi Ieﬁté@trolbﬂemllqmwetsmgfmgy) nfurther, our OLED
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a conductive printable ink that include, for exanple,
a conductive polymer in solution. After printing the

10 eUsiog the dievepiiiel GLED nishiabempB ot hRATMRhESn hedyd, e
%ehl nd, t he Psiﬁﬁrd? fl conduct j ve
problems o splay 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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el ectrode. El ectrochem cally prepared

pol yt hi eno[ 3, 4-b] t hi ophene is highly transparent and

ggﬂgﬂg: : x:. This material, or other suitable %3 AbRCH2007
pol ynmer, nmetal, or other material <€a

P46 Re conduct i ve pre-patterned electroﬂgpuﬁgmﬁﬁguo

of the biggest challenges to the COLED display industry

is fromcontam nation by water and oxygen. The

materials involved in small nol ecul e and pol yner

OLEDs are vul nerable to contam nati on by oxygen and

wat er, [ c tri r, early failure. This

oo uds PRl R e iy FpeRonl i i cxpey as
38 ed and Bhaterid efidkDs, hanﬂ fvsﬁlll) makethp dmﬂh' fRaguefof an bleilqséaﬁkz@, thin,
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nmechani sms have been proposed to encapsul ate the COLED
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desi et STHRHE pREATEIERRHodek Qarl l?eci’dﬁ)SBd,tdﬁQhe substraéeetaslijné a drum

cont am nati on. ither of these solutions Is a
addi RYRHNS mesked, sqsesn pRimENS SprY.offsetyinkjet drother sujtable pOnGR

devi eRhnifde. 6 eRBEodelE B&fc%%ﬁ&ﬁ of 2US AR @?&E‘?ﬂk that

i ngress of water and oxygen to the organic

cont nslvde.tfer yempleseeondueiivepetymer mablutiss ubBer pRintog e 111
16| UsSkERIGE Dttt l.ee, Very basical | :
an OLED | sigon'p’ rtflleg%é‘%{éﬁev&{?%%g%ﬁﬁﬁhhﬁlt%ey%aﬁgm&?cor}amm
or gafiFeiradat Blertsdchémicailnprepared pulghishaf3 gthaiophdieaskighly

| aye ' t ween. an_anode, el ect rode and a
car nomerePu AP CHEAGE, ARG Y ARG iR o tRe b
el ectoelespthirohasrizingh i wed 4s0hs caddu@ive prepabieingd elesttdde.

the organi c stack. The hol es and el ectrons conbine to
from unstable excitons. Wen the excitons decay,

I$ ghOné sf therbippatchalle? B MABCHD2Tay iVRs@PRHMEASnination
PCT/DéJSZOOS/ 37040 e current state of evquJXp( avai | abl e
OLED"¥ BRFT W0x¥ern: SR HBtesal ipvalyed insynallyaolequls apdinobmenf

ver yOLBDB afeivli€raBfe 6 E&tsthiat dn®tox§@ntahil Rat Lol
Thesge, thin filnms _are forn%dng?og?%ggri etyeo k%gﬁdﬁc"hm

t ec hfieEH ety {ipres Ihigdesye i sagseinted;vdnn neeglassrsubstrates are used.
pri n$inBOOLED RS ehe bR | ' | r

(ge rle- ur posi na‘%rp Qtzjfﬁgi;li{%to P%B%?bgg fﬁ@?%gg&gﬂgﬁa\fa%sbe?ynﬁ?ade to
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oy el SPosfd to cobbs Bt The OB U HEE el Brbor MEH b ek frofhe
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or gapi GuhRiLEn.) .are susceptible to. major, probl ens,
such as uosgshg géﬁ%ﬂn%?nh tﬁ%’?’?&f,theﬁ%?‘{hf”@m }érafivf“ﬁfﬁe*’r?‘d% to the
ap IpI qostchntl @Omplf:kiq?@ﬂfbﬁniﬁglhlSOLBngcyiEé. Gnithe edd, 2he problems caused
ﬁ Wtﬂeafngﬁassao v&a{te%rangl E))tcyg% tEo[%he gélancig 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  areinjected into the organic stack. The holes and electrons combine to from

unstable excitons. When the excitons decay, light is emitted.
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wherein a dust spec creates an electrical short
bet ween the el ectrodes. The extrene thinness of the

| ayers of organic material between conductorsdﬁ
results in electrical shorts easily formn eﬁ?‘(}lCHZOM
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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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10 inventive OLED device structure translates into
many advantages over the thin film OLED device

structures. Anong the advantages are the reducﬂ 2007
elimnation of cross talk between pixels, nuch /8]?@%\}?

P PPUMEE f or i ncl usi ons of foreign particl BETUFE/037040
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det egisersatd é?é'éw@lgrethiafenf 'ctﬂdrbtlrei' L% Qﬁéﬁqﬂg :Q:ra%ﬁyt Qi umerated.

oxygen and water, and 105 23
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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

105



expandi ng conposition is effective to increase the gap
di stance between the top 10 and bottom el ectrode. The

gap expandi ng conposition may include at | east
an insulator, a conductor and a sem conductorzwénmm

WAL20844676di ng composi tion can include at | eBSTUSEs037040
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el ectrode and the 15 second el ectrode. The additiona
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el ectri cal polarity a second end having_ an
oppo&ineadipg @mqsg@n 1sgﬁffeﬁ?"1’f’tt9 incyogee thegan dginee betwvapn e fop

qbl IR R diddde. t he conductive carrier so that
charge carriers of a first type are nore easily

injected into the first end and charge carriers of a

secont iRl b sy BOulgu GkheloEb Sipilfior o
PCTI 4820087 08204 micPhductari The gep ekpapdingreeypbriticnean ingludeat
thin, gét ok b dﬂ 2] 139& which rﬁ?ﬁ%rfgﬂn&% ﬁg%’ﬁ’&%'fmét%{éa&&{é apd the

i ncl ude "a” con I nsul’ative an I Sem con
riﬁt esdcahd ele:mmdas’rha aiditionaltlayesduayssclodeat kmtsme ofian orgamc
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work metal, a blocking material, and an emission enhancing material.

The emissive layer can comprise 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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present invention. In accordance with one of the

enbodi nents of the present invention, a nulticolor

OLED device is forned that includes particul at aﬁCHZOO’!
i S abl e of emtting photons correspondin

W%%"B‘V‘g”(‘ar i nvi si bl e) spectrumof radiati OECT’USZOM’””M"
dependi ng on an applied voltage or other em ssion
triggering 15 mechanism Figure 114 is a cross

sectional schematic viewillustrating the extrusion of
light active fiber having aligned OLED particul ate.

Figure 115 is a perspective schematic view
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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
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10 carrier material) the second contact |ayer becones
positive relative to the first contact |ayer and

charge carriers of said first and second type CH 2007
injected into the sem conductor particulate.
Wﬂ}%’&‘t"é&”&harge carriers combine to formin FREUS2003/037040
conj ugat ed pol ynmer charge carrier pairs which decay
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el ectron transport_ material and a bl ocking materi al .
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addi tives he characterls ic control ditives
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used emfsglbn EXRBFIN tolah a%plﬁh tblRge. thegdslfgaﬂl@hgm QB particulate
devi ces, displ ays (as escrl bed bel ow) or other uses.
For %ﬁﬁqngnsctqqéropqpé glyding a polymer shell encapsulating an internal

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
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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be an active conponent in a light fiber data
transm ssion line. A section of the light active

fi ber which converts light to energy can be pr.oyvi
for receiving a 10 |light signal and convertin %elg?gzom

HEWPHEHI energy. This el ectrical energy caRCHES2003/037040
anplified and used as a signal to drive another

section of light active fiber which is enmissive. In
this way, along the pathway of the light fiber data
transm ssion line, the inventive light active fiber

can be. us t lify.the signal.and inprove .
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el ongat eiygardened con tive carrier material; and
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PCT/ 3500k U348 cddfeiS L AR doRaNE S ﬁ%g&@ﬂ%%rh%ee

carrier material. Further, the conposition of
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on tcﬁlﬁtr?@é&fr@%d%ﬁ@spa%ﬁél@ﬁoﬁ% E&:t:iig Eonrt]lgﬂ?d gr?.ﬁ Ek/&ﬂ%%t ©
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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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si ngl e conponent of organic and inorganic emtter(s),

hol e transport, blocker, electron transport and

per f or mance enhanci ng materials. Addition .| |

can be forned between the el ectrodes and the £YMARCH 2007
P 0P446%T e/ carrier |ayer. These additional PEHY#HE/037040
can include a m xture or single conponent of organic

and inorganic 10 emtter(s), hole transport, bl ocker,

el ectron transport, and performance enhanci ng

materials. Figure 121 is a cross secti onal schemati c
V|eW|IIustrat|ngthe extrusi on of active

ri b8 elpasitedharfengd sendepte camier W&i‘?ﬂé‘t ur&tﬂ&@tﬁf@memprsof
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of t c ur e 5|IIustr -
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25 dinsfedsised within a carrier and becone the
particulate in the particulate/carrier mxture

di scl osed herein. Figure 126 illustrates OLED | i ght

act i Fgufei10g 'is ar @DEQBYonalissRalHE dtemilﬂﬁﬁﬁn&m extrusion of light
el ectrodes. gure 127 illustrated the I ght

act i ¥8ive FlB@@aatne@mewmw tFigure (g2 ewmspwerg
5 gUEcBeh g Jidd ﬂﬁk&ﬁfn%%ﬂxﬁ@mbﬂ Sﬁﬂgh@&tu'vé’ fbBdnPPiefire 123 is a

random y di spersed between two_electrodes dhaV| ng a gap
di st ®aEentf gxteuded lighfcactivei ithomn Figue 124 is\gxmaisse@ivhial ey of

200
200442451y O B/ o B
al i gwkin theonibhen and drven iy aablage rappimd bhamamglearogaqo The
d t f
A0 B g b B8 AR
B@ e ségpendimyemdésoed chasiesigticy of tha lightaotivt fibeeli sper sed

within a carrier can be used to forman organic |ight
5 active device. In accordance with this enbodi nent,

t he BiguedR§ #lpantts chghahaive fiber elilﬁ‘u@d)tﬁzﬂﬂ&uh@ﬂnﬁg #€dhanism for

ggxla L gglmg 1%) f?a%gtks gtn Ol% ﬁght actweq'%ere ! Ig th1;r Qa%c 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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the el ongated particulate can be the formation of

i ght channels within the carrier. These |ight

channel s may be effective for increasing the

efficiency and/or the display or device quwl% %%MR9820U7
AQOUOKHG i | | ustrates |ight active fibers \/\BGE’HS?"H:T’Q?"“""
carpeting. Figure 131 illustrates a |ight active

cloth weave. The light active fiber described herein

can be spun into thread then woven into yarn. These

l'ight active threads and yarn can be fornmed into
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roll-to-roll fabricated displays together, large format, surround displays can be

obtained.

25  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

111



Figure 135 is a cross sectional view showing a wire

having an electron transport coating layer. Figure

136 is a cross sectional view showing a wire h@/' H 2007
hol e transport coating layer. Figure 137 illu
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the coated wires, the OLED | ayered stack can be

obtained at the wire intersection. These wires can
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a  particulate may include at least one of an organic and an inorganic semiconductor.,

25  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.

30 Additional organic emitters can be included within the polymer blend. The
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sem conducti ve phase, an insulative phase, a
nmechani cal strength enhanci ng phase, an adhesive
enhanci ng phase, a hole injecting material, an
el ectron 10 injecting material, a | ow work mat%? M‘%RCHZUM
BYQU#P4§76Tat eri al , and an emi ssion enhanci n§CT/US2003/037040
material. The partl culate may include at | east one of
an organic emtter, an inorganic emtter, hole
transport material, blocker material, electron
transport material, and performance enhancing
rmt e
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al i gﬁl r%faﬁ\km htl[lﬁalaﬁac eggthco“[%%?léfgg 3%‘1?? @r so that charge
carriers of a first type are 113 23 MARCH 2007 WO
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emitting partlcles The 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 materia] 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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wor | dwi de 10% by 2025. The inventive COLED solid state
light can include a self 10 contai ned vol tage

converter so that a conventional l|ight bulb f RCH 2007
factor can be wused, and the OLED solid state Il
WALIP4M8T80st i tuted for the convention, i nef F?E’Fgw{”’“m““
light bulb. Figure 140 illustrates a step of spray
painting a reflective conductive |ayer of an 15 OLED
device. Figure 141 illustrates a step of spray

pai nti ng an enissive |ayer of an OLED device. Figure
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gr i dused} andibe OF HBrokd siate lightvesihyonbstidpetfor thfe coinention,
presg{é}ﬁdl&y iQf. @ method is provided for making a
l'i ght activedevice. A mxture is provided containing
a rmnorrer 30 and light active material. The Iight
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material. The sélective cross-li1nking causes a
conc @mlpwdgtp/@m@f mixire. Appropriate contact lands and insulative components

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  and light active material. 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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light active material at the first region and a

concentration of the polyner at the 10 second region.

A first electrode and a second el ectrode nay

Mw ded having the polyner and the |ight actbeMARCHZ(lﬂ'T
WPYU7%i sposed there between. The |ight aBFTAa2003/037040

material nmay be organic light emtting diode nateri al

for emtting |ight when a voltage is applied to the

first electrode and the second el ectrode. The 15

light active material may conprise inorganic |ight

emtting diode material for tting Iig when a |
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SeCOMporﬁé geitadidesn. The |ight active material may

conprise a radiation-to-energy material for

generating an electrical current in response to
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the I'ighit active naterl arge carriers are
into hgﬂtac:ﬂuregmtelmi i the ﬁ&sregmnemii atomgemtratiombf the polgmf:mt nhe

R 0B ST
t he demplygek etdi the ligettive midieridl dighdsedithetetRewiheri al may

conprise an organi c and/ or an inorganic
sem conductor. The light active material may conprise

Or gamhelig abtivelriserial Bl belbiganiali@eleyiang &b@@ﬂlxateﬂﬂefor emitting
pol yﬁgt{ ti@end can be an orgeagl c.emtter bl ended

WI t h1gRt g avoliage ipgpried ot trlHeis anddbeterand d%ﬁfode The
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mol ecul es synt hesi zed havi ng Const 1t uent parts
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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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al so include characteristic controlling additives. The
characteristic controlling 10 additives may include,

for exanple, a dessicant; a conductive phase, £ MARCH 2007
sem conducti ve phase, an insulative phase, a

RELHEAHIMELT strength enhancing phase, an adhB§TER003/037040
enhanci ng phase, a hole injecting material, an

el ectron injecting material, a low work netal, a

bl ocki ng material, an em ssion enhancing material and

a liquid crystal. 15 Figure 144 illustrates another

step in the inventive, nethod, faor nakin light

ot Esispe. SRR g BrrEes SRbeSha eyl Fogtiment pacs
St ep .thaf b vivediffee¢nt fivctisedlig b ithealayiostuata®: Fonds@ehple)a Higuid
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et ePryidersglegivedyislening aahmigattion propesispar at e r egi ons.
Figure 145 illustrates another step in the inventive

met hod for making a |ight active device, show ng an
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HRvVenkk: 0 [ |t ght Lve device,
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m xt sersicomipctine phaies pomedatbetphesena medhiatisdl setrdt srhaecignd

a secpnd electrode, which may, formthe electrode grid
o ° o B, e il et U otk il 4 ot

act i urgecting efatetibl, ARyw FOrkCAET 4 BloclaliRRtkal| AnGiiissst dnhhitshg
di ode ge&tﬁrial.fo emtting Iight when a voltage is

appl MeFtebardadigpidarystaly ot rode and the second

gbectrode. The light active material 116 23 MARCH
2007 _. WO 2004/ 046767 PCT/ US2003/ 037040 may conpri se

i nor Girecl AiEratshinotiher step inghe inventive merhod Sor rasking 3 light

| i ghbetivd@Bvige, shiRbihag ﬁol'y&eﬁﬁﬁbﬁ/ﬁﬂgrﬁtﬁmtshﬁg. r[?lé ﬁh{onomer. is

el ectrode and the second electrode. T ght "active
mat efsletively grosyhpledde a patfesnitofeinon pelpmen s e oness-dinkiak

for i I ' '

adi So an BB (Rl R Pl P} b BERIARE bR,
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SUCh nAR¥T th B¥eontd doh@k@le§ tn s%f;aratje ?Jg'io%.el‘qglfrg P42 es another

step in the inventive method for making a light active device, showing an aligning

step. The end result is a solid polymer with light active regions embedded in a
pattern corresponding to the selective cross-linking pattern.
25
Figure 146 illustrates another step in the inventive methed 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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Figure 147 illustrates a step in an inventive nethod
for making a light active device, showi ng a bottom

substrate having a bottom el ectrode pattern fo%ﬁg&
t hereon. I n accordance w th anot her aspect of { ﬂ@HZOO']

BYQUEH6T%vent i on, a method is provided for PREKPHE R0
light-emtting deV| ce. The inventive steps include

provi ding a bottom substrate, with a bottom el ectrode
over the bottom substrate. Figure 148 illustrates
another step in the inventive nethod for making a
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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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each having a specific polynerization paraneter such
as a wavelength or 10 radiation, a catalyst, a
tenperature, or the like. The |ight active nmatgs]

may conprise first emtting particles emttin akﬂkR(312007
Hﬂ%ﬁ@ﬂmmaﬁ photons of a first color in respoRSEUPHIFHIIT040
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 may

further conprise second emtting particles. The
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second color in response to other turn-on voltages.
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color in response to other turn-on voltages.

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-celor 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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active device, showi ng the patterned col or |ight
active regions. As shown, when the mxture is
irradi ated through the patterned nask, at the '

ions in the pattern, the nononerl undergo€ KEHK(HIZOO7
ﬂﬂ??ﬁﬂ?ﬁ?ﬁtlon. As the pol ynerization reacti 8RT/52003/037048
progresses, nononerl and the red conponent m grates
fromthe dark regions to the bright regions, causing
t he ot her conponents, green and blue, to becone
concentrated in the dark regions The end result is a

solid oI r co nin em ssi ve conponent

T or e RPRGER LG afa B PGB Vih A TgaeY GG ETaREL sach as a

il usﬁqh(ﬁ@ﬁstﬂ full-color light active device having

red, green and blue side-by-side patterned color
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di spowiduthe vedrenzisspatcompneuit. bott om el ectrode grid. A
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active device, show ng selective patternin t hrough a
pi xelgpright FREA00S, CFH@%WF QPR QOMDERANY STeEmANdIUS; &1 hpseme

i Nt 0 doRclinhidd & the dk ¥&lichs S thd QNEGH ; {’X thh olymer containing the
pol ymerization regions. Figure 158 | ust at'es anot% f
st ep TPhemiseve eareppnprtdommediioie sdectivaRitien.a pi xi | at ed
light active device, showing the mgration of |ight

active material to pixel regions. The patterned mask
i Wc| Jaguse 485 ﬂleletsettesarfell@olot hght basive devied lm'tngqfdia geenol amd blue
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i N a rhixgie in@channer &imlarde 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

119




havi ng pi xel s and conductive pat hways fornmed by a
sel f-assenbly process. The |Ilight active nmaterials,

such as em ssive conponents (ep) can be associ H 2007
with a nonomer or hardenable nmaterial, each %

WOUW946763 | yirer i zat i on paraneter 15 such asPQI/US2003/037040
wavel ength or radiation, a catalyst, a tenperature, or
the like. O, the Iight active material can be
associated with a mgration facilitating material,

such as a liquid crystal, nmagnetic, paranagnetic or

el ectrostatic _material. A conductlve material, (C) can
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condgute/S59 iltralefhe coMposidoAdt BérsAfichtt | t active AkvicA
non- conducti ve nongner (not shown) 30 can
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conduc nents C ter ned into
C hoC Bt By Rt RR R, bt 209 abeele BBin AT pafbhiRer
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material can include a
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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second nononer capabl e of being polynerized under a

second pol yneri zation condition, such as a second

irradi ati on wave- |ength, tenperature or other

pol ynmeri zati on causi ng paraneter. Figure 164 23 MARCH 2007
Y9 eO#P4IEs another step in the 15 inventi ve PRBUSYG3/037040
for making a light active device by self-assenbly,

showi ng the patterned pixel regions and conductive

pat hways. The emi ssive particulate and the conductive
materi al can be patterned in the conductive pathways

by sedletdotiy edid ofpodistia®r dexicaglte e xmenehn darthepinghitie o ceridnctive

causi ng .t he I SSive rticul ate 0,.con £

Rl T s L B R R e T e

C ONCElttFadsanotherdtplin thednteafivafetheiop Amking b ightractitredevice by
em ssive pixels. An_aligning field can be | i.ed.

dur | i EHEESEIs i ERE SR v BREFSe) FEE pictve
esn S&ngRindits tb9hhd ACH bMmdadth elloRdiRtilSpal st 0
mgrate. The aligning field can be magnetic or
electric, and the patterned el ectrodes can be used to
def i ﬁ%ufeh%S Ads@atkd YhofHePLiElSim RSnFerByE fethB® for making a light
schematically illustrates a |ight active device nade,
by sedtive devdeerityl splf-assemblyl. shpvang de pelective patcadngiofaize) eegions
zZoneg,, : ey ssi el I : :
mon- - REREELEEN S ok e Ak 4 of RS heri A AL« f
p@r t palpinerizatiomenndition gukh aa alfirsy dirafliation sas¢lengtin senpegasire or

The SuSTSARRARE SAHAL biidhn st FAREHR B flnae

PCTI 4482008610300 4fpablei of beéiug pdlgmenized nhéer kogroed polymedztion

can be patterned into .an,electrode iid so that Lhe
dov O EE S 5P EPUR uRerb iR b chEt o
| e aspolsamsnzgebﬂ cius@p 9&ﬁmeﬁh Fimkap4l éﬂl}s&ﬁtcé El!litl:jae h!ﬁ}rt]\ﬁ‘rb thean
rovi ded hetween the hottom suhstrate and. the .
05 Dlvousie Sydioa ToTaliich PEk ARE AU g s the
i ncl pglemell PixeEpivhd £hd canductil@ibithpdyS.0THE digisdive particulate and
reflecting | ayer, ,a charge injection inhibiting_or
faci fecgrdusge magral cambrpaipmed Bdht FaBAuqiyg gty ays by
pr ev giidckivdy bE§meRAMLES cOhduchiRf mAX @I afsing M Shaléki®s Particulate
oxygen. In acCordance with the invention, a .
| i ghteonfeniTpigdn eraigsivepizelp amkihe pendustiye mipteaig! igsopggnirate in
| f-as ' u i
38 o SR B RO R Bt SRS PSS MR A panbo
bot t epplisdButingthepolymerisrtion stefeor iljes Hme (vhew Apissiye Alight active
m xt g{lrﬁcdlﬁ’ce g nﬁ;}]a%'ﬁﬁé 1Y, il{gﬁe?d GA H‘x‘fa’ghérftﬁ d8lebikit And
and non- em ssiverless-conductive materirral 1s
di spisgditousteltdroddsann benmsdisdafmt e afipang fields.ure i s
sel ectively patterned causing the
em ssi ve/ nore-conductive material to
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 electrede over the
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concentrate in em ssive regions and the

non- em ssi ve/l ess-conductive material to concentrate

in non-em ssive regions. 15 Figure 166 illustr

cubic vol ume of a randomly dispersed |ight act RCH 2007

nEQ 2WHA16767 n a i ght pol ymeri zabl e nonomer ¢ &CT{USFO03/A7040

m xture of a light active material and a |ight

pol ynmeri zabl e nononer fill a volune. The mxture is

irradiated with two or nore |aser beanms. The | aser

beans are aligned and polarized to generate a 20

Spec EHS&VQB.&'%Q{I’@&HJI e@ecl:rﬂ&@éaﬁ% %E!ﬁe@nd@%tb% Bleb@oteragid so that the
a

alternatin rk and ght areas. lgure 167
1 1 udevieetag® 5 neixdated élsnléy omkehs FraeeT- Ahlepst gug Rerfpggance

Showt Hndibeia bl shéd b@@%@fdb@bat@% ROBOIRS duBifhte and

carrrer ho ogra h|c tterni ng usin
i nt etteenmssive lpat. t'ﬁnmpag@nem enhanymg @rcabmi@e fng exapple, a

bri regians ing
%| 3&.@1}1 ag%tﬂiugﬁ or %ectlﬁg Pag -8 rrer e i {%?%%P ?ﬁeig}c?thg oyﬁgﬂi{agﬁg
pr ogra9sis exsd/oﬂdiﬁnma tuyafor plegenting ﬁleﬁugrms oh éommeetgoms: or

to the bri ons c.ausi.n
ot cprin B et an s iRratiag nit s GHL LS be
The nfRefa&eed hbing Sclftasscrhblyl taabukigueer Avuotthmcmhqniaenspmﬁxded and

liquid crystal enbed atte corresoon ing to
the akpion elsrenis P e Hon AR AR ALt eyt P ERE e

RL t 84k, r1§ﬁ% alktds iy aﬁ@&?ssw%o%l&ﬁdﬁékﬁﬁ@ﬂatenal and a non-
PCT/ USZ%OS/ 037040 Thus, 1in, accordance th th ggjnt

i nveRmissiye/logs-pordustive mpariabisghispase v ‘Pfé'rP Lo fyBs

to seligatd 1¥ §l1dcaRay gﬁfe?nchQﬁua‘iﬂg’ﬁ;ﬁélélﬁls51%/fn8femoﬁdﬁcﬁﬁr@ﬁlatenal to
di mensi onal arrangenent of I ght and dark regions

cor r espsshigitnin s NegeHON- aafhegiopenyissiyieders cepyoy yegnaterial to
em S%bﬁclf%?@até ﬁigdoﬂ%fmssm?eélm see-di mensi onal pattern can
e

used to selectivel y pattern the mixture to forma
ﬂﬁree di mensi onal structure contalnlng the 1ight

acti %ﬁg&r iLl atef gg%‘tﬁc i k’ a ﬂlln& @d I%hb chtwe material

conpo e con uctor
showin a hgkipngrmndﬂm menbnmt:tracm Aofnxmmdﬁﬁd!ghv ecmammlsaﬂd

and e 1
em s& :Hgéfc' ]Foi%ﬁlm lgrréon?rg? r@Pa v01§ gtfj.%.lﬁlﬂ't Hﬁgtfid )?g Gwo
surr Qﬁi i’rd;&dlakvy béahns Tthe 1sen tesiny e rahgled rasd pd[hmzedt«gdmcmte a

n rls a_hon-enissi vel nor.e-
TR e spiiic R R e R ErTR R PR bl freas
t he Mgre WEHuMSldBiccubie valigie shéwiit ’igural 66; amovbeg the light
patterned intqQ conductiv Ergt h&/ﬁvayﬁ bet v%een th
non- %1@@@141@@4 Ymerizgd carrier atte olographic pattemmg using an

interference pattern generated by laser beams. At the 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 pattem.

30
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em ssi ve/ nore-conductive material and/or the
non-em ssi ve/ nor e-conductive 15 nmaterial can include a

liquid crystal constituent. Wth respect to th
description, it is realized that the optinmm ﬁ@&oﬂﬁnzom

AN rel ationships for parts of the PAFEREIORTOH0
i ncluding variations in size, materials, shape, form
function, and manner of operation, asserrbly and use,

are deened 20 readily apparent and obvi ous to one
skilled in the art. Al equivalent relationships to
those illustrated in the drawi ngs and descri bed in the
specification are intended to be enconpassed by the

pr es €ftus, invewidance witlnthe efessre ,mvbinmmi olaegyditaxdererse pattern can be

consi Jef beRR N SRLEIL S 00l of s the. BEERSLR S @fment of

modi filghadridotagk ﬁgﬂnﬁhﬂﬂ&&ﬁﬁhdtﬂg ltd the ﬁandblmssm@ fedlons &l thb@BBsive
skilled in redtollmtth

h not de
efErgR. (1P HES Slmstional BT R UL ElERsR A pPUARD the

showm#fisde oA b BR6b difefaumdl sHaikbtire cdhtainthp th@BEIR active material
nodi fi cations and equi val ents % be resorted to

f al | i ®Ry- FhHRliHacludker gpmponen 1wvlémtilwnds@ox1@gexz@ (©)
NARCIﬂOZQ{van, M&ﬁg%é&%@ﬁﬁlﬁ&%h@%ﬁ@éﬁ @é é?laﬁi
Sl ve evi ce

1) A method for Tormng an I'ight” em

char gaatenigl ihinghe miygure yelaps. dhe mvmtcg@naam épymed into
loect; -

S et pacRud ik AACLA by BE RERISRL Il PaoBRLEl

C]_ ED fpesher |cgmpmeet noamv;ivyb/mhrspmwem&tdmah "Fhef dmibsilve/more-

o B NI AR RS, L
d eS| retieroed mivt mﬂunnive)ﬁath\lmwsfomweeln the @aat-einikeivetepidns. The

partlculat Wit hi | ui.d i er be.tvventhe

el ectoc évearrﬁ%fe'cf”?@ %oetrfl BrRal % Frecn-erpssiye ﬁo'ﬁﬁf’ﬂ‘gﬁ‘fgve
f16r fmaiailga:ancmmdlmcgmstar&nﬁﬁimeﬁt.deVI ce according to
claim1; wherein the carrier conprises a hardenable
material; and further conprising the steps of curing

the oWtk tﬁﬁect £ thosiova denstMeR iscadlizb@thaf tAE offinih ainﬂelnﬁlgnal
t he desired 9v‘?rlentatlon of the field reactive OLE

par t iTEAHORsRIPHAr RS Qfkle invsntiemderivding yasitions {msize, matenals

shape, form, function, and manner of operation, assembly and use, are deemed

20  readily apparent and obvious to one skilled in the art. All equivalent relationships
to those illustrated in the drawings and described in the specification are intended

to be encompassed by the present invention.

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
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3) A nmethod for form ng an OLED |ighem ssive device
according to claim1l; wherein the OLED particul ate

conprises a dielectric OLED m crocapsul e. 4) g_
m crocapsul e conprising: an CLED material i ntéﬁw ARCH 2007

PHR3WMMIEin a 20 first shell; an el ectrol ytPET/U§HY3/37040
second shell encapsulating the first shell and the

el ectrolyte. 5) An OLED m crocapsul e according to
claim4; wherein the OLED material internal phase
further includes a field reactive material. 25 6) An
CLED ﬂhﬁﬁgpapsule according to claimb5; wherein the

field reactive material conprises at |east one of a
magnetically reactive material and an electrically

reactj ve_naterial eff [ : ' .he :

i or Oc ARRAE i e Orntr R cls0BlielaS yilipibageg by he

MARC R0/ providlin 2000 /B4 6FE anPEhH B2 CIS (I8 Aetitng 3 gaprthere-
ED device, characterized_ by: a.fi el ect,rode:

S5 oV EC CEPOTE VS s st reedidtn PP BECH B0ty

el eCﬁi@pﬁi}&daﬂﬁizdsﬂﬁiﬂ ichgied agdappliey ﬁll dighing ﬁntddbameeﬂtﬁ%p

particul ate; ,and a carrier terial dispose it hi

Do qelgetds b B Rotm Alsrode f Frroeersd PR Sediel

AN Okt v YIRS pa6i6:04te widlintthe Bhidlcifids berkieh Shetop BlecttddEbhd

particul ate conprises organic-layered particles; each

or gaiedoteR) & *don%arti cle including a hole transport

llgyer and a hole emtter |layer having a

hetero-junction there between. 10 9) An OLED device

accofdifrmgethed for forming; an/(lFL2 light cmissive deien accordipg teelaim 1;

part | . er, I ne . '

oy eVl BB ool 168 Bl A8k R oy Bl

ac c ostepsg ctongthe carids tovidrer shandeppdcapli€doparintanin gthedesired

an | VSR of HRTARSHAEe OFBE R RRARRAIE NN
i1fit ernal phase and the shell including an OLED

terjal and,at .l east .t he 1nter.nal d ..
o 283 8 P P oS 8l P R B
CoNnpihsieiighaOLERgatticae @inpéies alddédisOBED enicrtapsilal
and a magnetically reactive material.

4y 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.
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20 11) An OLED device according to claim7; wherein
the COLED particulate conprises mcrocapsules, each

m crocapsul e i ncluding an i nternal phase and a
at | east one of the internal phase and the sheF?RBﬂ{hme

iR PUHPH4%7an OLED material, and at |east on&CHUSERRH037040
i nternal phase and the shell including a conposition
that causes the microcapsule to rupture if electrical
energy above a threshold is applied 25 to the

m crocapsule. 12) An OLED device according to claim7,

wh in th ED ticul ' I
ech ek OCERQ61IEE HRFITAY oiir AU aTe: AHACRT SRarode

shel lgispded la@jaédnt @NBe fifst £16&rodd e RAhinRRABSE thRRCbeti@n; an
shel | |ncI uding an OLED material, 30 and at. | east one

of t KB paticrdte; @ﬁ%@aralﬁﬂm@tﬁ@a@wapacd iwihin i@id gyp gnd containing
COMPQgliigID pAfiduesti ve to provide a barrier against
degr adat i on of the OLED material. 125 23 MARCH 2007
W® 2004/ 046767 PCTI US2003/ 037040 13) An OLED devi ce
acCor! AFOLAD U Dhcbordih Blit b\ RRANMD GitiBhe
conprises m crocapsu avi ng tonstrtuent rts
i ncl wdmprsea prgaigdtyeomepagicleasodach ongmac@yoweﬂ palm't:brililcﬂlld,ing a hole
el ectr r v ternial
ol Ven?%g}t n%’éé ?n%a ho@érﬁl e Y n%etrfhg\g régaﬁ&%ﬁlj?ncgglme%gbe?ween.
material, barrier material, desiccant material, and

at t mat er i al the copst. t uent partsfor ng.
157 S GREB R EisRions B 8aR R ieretF B PREhE offert Bihice
t he corigt included at faakt dhe AY blogkifg Redrrand ah emissive layer.
characteristics that result in a preferred path of
el ectrical conduction through the hole transport

nat eroflAndCED Gevied £ebrdRS té EIAASP WHerdiRihe OIED ﬁé?txéulh%é
the m crocapsul e 10 behaves as a pn juncti on upon

app| iCERPTLEH TBFOCARSTH P 30k mpigiocapsile Hicluding ag nttpréalmha@tand a
alsectshade pad oh@ 6 86 GREIHa1 BhRE hh RS sheh%clﬂmgaﬁ@mg\ﬂlﬁ&m

according to claim /7; wherein the carrier naterial is
r el at2pd allsast euef dhedpiepnakphaps/and Shasbell ingluding afieldsactiveD
parting:g 1@0 h@% t

pat h of essfﬁﬁei:1 E}ef:a%all%nr esl se%%ﬁ%dgﬂ{ct%#%ﬂﬁgeﬁc%? eﬁcaﬁ‘ly
mat eneaglive m@prighn OLED devi ce according to claim 7,

wherein the OLED particulate conprises m crocapsul es,
each m crocapsul e including an internal phase and

el 111) tAneOLED devied acpdna‘mg to de:huﬁiwhgreﬁntha}{[ﬂmmmaaé
and erei n_the sh is 20 relativ

ol ec DRl o ferbites ot phntenit it Biheaf Berus rbiyende

t he GhdHDat lpaat driecofltled intenfal phase sndpiad sheld inchd@fy 2a|CIHD inartal,

resi st e than th
ang atcleast one of theemternai 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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16) An OLED device according to claim?7; wherein the
CLED particulate conprises mcrocapsules, each

m crocapsul e i ncluding an internal phase and

shell, the shell including an OLED conponent néf%?? H 2007
Y9 P9YeA6870f a hol e transport material and aﬁCEF%EPWEHWW
transport material, and the internal phase conprising
an OLED conponent material bei ng the other of a hole
transport material and an el ectron transport

material. 126 23 MARCH 2007 WD 2004/ 046767

PCTI US2003/ 037040 17) An OLED device according to
claim?7; wherein the carrier nmaterial has optical

Pr opgyyt WRDIFD ddiade Adedriting td élﬁnilﬁ hefeit theommaﬁmme
the carrier material is one_of transp

d| f f ePIpyises I’é\lﬁ@émﬁtlk% Bawwnptgpqnégqrys\péclqcﬁng at éfﬁalst s é,r B?)e
mat erﬁﬁ%ﬁ&ﬁ%&ﬁn%ﬁ@eg nfberfa? ﬁeide}emlva m¥B84lSidvent

aracteristics o OLED parti cul at e
i fcl matesalaaoldrmfznab ﬁbelbforrammﬁ@lﬁb bpmietnagiial gfesiccant

Char QGETH! 3o AP QR ARRLBLE Rrming o et one
ori emternamplmse aeidt femst (Eieebﬁﬂlr ﬂlc&bnstlmhltparts_bavim elmﬁrlf@i_ ED
devi ge % e é‘@ﬁ{?ﬂﬁs@l AL fod éﬂ@ 1&&5:!3&095&%011 through the

part f s mcroc
m cr hslapsishart mmehaﬂchndgheaalectmn Erambrt piamael S0 ctlmmeimiem:msule

SpOsTRtFegr £ AP AP VR sbfigpyon J(A8 ek FBGRRAG,  fm

cur a&h@roﬂah&rmahecométearoae.cond shel | encapsul ati ng
the first shell, the electrolyte and the curable
material, wherein response to an 15 applied magnetic

fiel gy Aﬂ@mﬁﬁde&icerac&;rdlh @ did.ulhsﬁ whbeinlthd @n«mmﬁbjse
rel atlve to the second and upon curing of

cur afsiasivelgdesp Plgq:trwa}yéoB@@m 54 Be QLD paricaiatcypdfpt the OLED
il a% M&l&t@oﬁf&? a%@tﬁ%@ fhsSOeltlical festsAfdeqBar (Re DIrAGSnatdfll. A
nmethod for formng an CLED device, characterized by

the steps of: 20 providing a first electrode and a

secop _

o 5pog S LI ARl R Be IR, WABER RPOPER bartcuate

part bamlprabmrcmwdpﬂuley @icls minrgapsulennelhding an nfeghal phase and
carrj h ] .
cccor e Pty e sy o e bR AR L

o] amﬂnyelnygesa aleetkicallyi umgdlidtxeds tdhatp e\ D inbreridlisp ghat the OLED

or | CRERRBAORF ¢ BT Sor g 1Rt Bl L g o™

within the fluid carrier between the first el ectrode

n h n
and t1 6)eA?1 eOCI..%IQdewce 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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el ectrode. 30 22) A nethod for form ng an OLED device
according to claim20; wherein the <carrier conprises

a hardenable material; and further conprising

steps of 127 23 MARCH 2007 WD 2004/ 046767 H'Frarc 2007
POIAGT83/ 037040 curing the carrier to fornPgI/US2003/037040
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; wherein the 5
OLED'PartlcuIate is formed by the steps of providing a
first?)pamQlhR devienncrerdime 63 claim P orherein tha s Hpn mpaRal by
havi ng;& a}ﬂ@é rtFés IS that éh&?s% of:m@'iﬂ%[ﬁﬁ?ﬁlc@ kiVdaftie hatbrial is
seco e conpris l'ectron transport

mat e@neaif tiansparegt, diffusive.sbswpiive, mdereﬂqcnwﬂo lightangegy- t he
first electrical charge being opposite polarity from
the second electrical charge; bringing the first

par t 18| An ORED devics ammﬂng)wrcﬂa;iml7ewh€remagpmrhéchataﬁt6&ieﬁmoé

uni fje articu avin hol e S er,.
and & OLEERTRanes i R SRt DR RIS bharkt o
het efmj anmwctrMhdmﬁigmam&daamthéb casing the @LBEDpparfiaiate tg

an OLED devi ce or d| {1& @o claim 23; wherein the

fi rs?“eﬁlélr“ﬁ“calpgh §% udes at |east one of an

em ssive or recept [ ve photon-active 15 |layer. 25) A

th for rmng an QLED devi_ce. accor dj to clalm
8 " el ao B vied e iSe i to Ay Bheteiniis GHLED particulat
i cr&ﬁmamc?ac eanedcﬁhﬁ&aédpsmﬁ@mwgtamhﬁeraal pﬁﬁ‘s%l >

at | east one of ]%me I nternal phase and the shel

i ncl ermmigehef @D meterial and) mageet&ﬁwy ®actjve a@ter@h@swrsect Yiithin a
i nt eﬁﬁ%heﬂ%%?ecﬁﬂﬂtet 418 cH3Blk mdte@fai lalgd Dkchnd éh@? gncapsula.ung

reactive nmateri al onpri si ng | east one o

el ecthe bt shelle thn&betmlaqc apththe amiﬁhlg meatdrigh Wherein wmﬂsv ko an

t e t . ' ‘ Vi
g%c 0£ ﬂlsd mc?igr)etlﬁfigﬁ tgg ?oé\}ﬁ élr(g‘ %}Jﬁrﬁ%hggg %@E)ﬁfe fefafive to the
part seemdadlell,lasd fipomnading pf thi cureldn owmissial, tieipngjtiamof the first shell
inte shel |,, the internal phase
conp{el[hg}iﬁgqg?sgﬁc%é{ﬁ @hﬁoc dghpiéi_ED emtter materi al
and an OLED hol e transport naterlal in a solution.

ol ui 10 2B oS =S ED, depiot bl ey Hiealapge”

PhasgroeidihgtaltRsieietrbde 4nd lagelRad aletiotk defiBBEA papehere between;

co nen 28
rrpc%sposmg w1t1‘un the gap field reactive 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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23 MARCH 2007 WD 2004/ 046767 PCTI US2003/ 037040 28) A

nmet hod for form ng an OLED device according to claim

20; wherein at I|east one of the first electro? H 2007
the second el ectrode conpri ses an el ectrode I

M HOHYSW ED pi xel s between the first eIectrSgEm5W@MB"“"
the second electrode. 5 29) A nethod for formng an
OLED device according to claim 20; wherein the first

el ectrode and the second el ectrode conprise sheet

el ectrodes so as to forma general |ighting OLED

devi : 30). OLED device, .characterize :
v o it Sibed B iqperbading Fuu i Aahilhe fief
el ecoriemtetjoneofsigciiuidirdactire OIHIEpdrticuliRe Githip dsectehrdededeatiidr.
to the first electrode and defining a first [ayer gap
there between, an OLED particulate, and a carrier
nat ezBplA deapdfe toriting UnrOISED devide sdtorliinY & cl8ai2 (2 Merein the
cgnt | ng said OLED particulate, and at |east one
bs 23&%?1 argguiipe jsifQromed by yhe steps Rhprowidipg itirg pejticlprcomprised of

S ubs a@uRHanAYShate GAViRE Laet Brst SRANLA SHRSCAHIGRviliAY 8"
el ectrode di%pos%d adj alllgégnltle {o the fi rs?‘eel g:gl(tgvrlog%

and S¥PPHPHECIS campiéted of aydlectign franspent eatsainlkseing amet eeam
par t bebkied1Rhardl IS AdidduRlal SRER e ﬁgbo%ﬁega@%%m fle

sai d second | ayer gap and contain sal
par t Feandelectricad clyarge; Aringingibe dies particla eodtheisergnd partitlai m

: . . _ ) . ED
o o[ RF0D G SRR DPRD e Batlng s bR bdeSfr o m
I es polasteont transpordayer forgingyd lietgejuineion etappl thed. t o t he

first layer electrode and the second | ayer el ectrode;
and each said OLED particul ate of each said subsequent
OLED24)i Aehethédfpeformingtan OLiBThdevivk ascofdifif ®cBiin 23; wherein the
wav el. th range in response to.the driving voltage 25,
ot nbR ol A ol e Su Bt inistvei s Jentbr sbttppagive
ahd kgeh second subsequent |ayer el ectrode. 32) An

OLED devi ce according to claim 31, wherein said OLED
particulate of the first COLED pixel |layer emts |ight

i N a25)ed reddhdd fof RAERE a8 ST BT AR ﬁ@e"ohiiﬁglﬂol%_iaﬁaﬁtzﬁpvﬁﬁéeiﬂ the
I ght 1

firs bsequent. OLED pi xel |ayer emts
gre eth Hﬁ‘F“%Pjﬁf’Fdé forgsd) Elé BGioengapgulating\anpaternalygase wighin a
20044Ho# Gaf Gchistfnd b BE AR APAAAAnd the shell including an OLED material

20 and at least one of the internal phase and the shell including a field reactive

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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OLED particul ate of a second subsequent O LED pi xel
| ayer emts light in a blue color range. 33) An OLED

devi ce according to claim31; further conprisi
dichromatic 5 pixel layer disposed adjacent tggaﬁ\%ﬂm‘”

S PO4$E8quent  OLED pi xel |ayer, the di chr ShAfUSEN/037040
pi xel layer conprising a first dichromatic el ectrode,

a second dichromatic el ectrode di sposed adjacent to

the first dichromatic el ectrode and defining a

di chromatic pixel gap there between, and a di chromati c

el ement disposed in said di chrormt |qcﬂl£ p.. 10
34) A omethoider foeming @a QIER devise apcer ePRerEiR &t

secopdstlaY 61 ihe kit L Qi aﬁtpﬂ‘i@ EdcORSelbdiRDIS ac'iﬂii%lﬁleﬁﬂﬁ fledidde
as the first subsequent |ayer el ectrode An CLED

devi g:@d foc o rinagLER pixels befvaen thgtfisstsleqtrads apd @_eeswnd
particulate of 15 the first CLED pixel layer emts
light Thared color range; said OLED particul ate of
asfirst subsequent OLED pixel layer emts light in a

gr eeRgCcQl : i

S B R P Byl ol QIR chly et 2 BEG8Ahe
col ofirst elagmde anddthsaéqdmd)z]Eﬁm'qda comprise almt clectended @aeestto fommp a
addi tion u OLED pi xel layer emt light in
at |§%{’§fﬂ?!}ﬁ® Wﬁﬁ‘ﬁ?tl onal col or range or having 20
a coI or and/or light i ntenS| ty different fromthe

and/ i nt ensi
38, ¢ ot A e Ve, arerieding n ok DEER s et sommpeato =
wher €ifslaged dllectdoBd) aRadond tybedleutde dispoeed ddjatnt - R fiitx el
Iayer emts electrlca energy_ | n response to receptlon

olsctins apthdefiyngs first layer gag, Bre pgtYser- A GU-EANBRrHE s o8d 2

t he edrA&t il d%?@Jeﬂ)M@ﬁl SRiddRbteseARpPandicBitAhinkQaili ML ED
first layer el ecirode and the second | ayer el ectrode;

and PEHEHB:ARg ablepshopRyubsean et OLESY pléfaéweé@nwnsed of a first
gybs ?nﬂiéé‘cﬁ(snt QhfePeREt e, 4@}5&}{(1 sﬁﬂ@e went ﬁ&&%icfctrsc élii?n@éd%ﬂjacent

In response to receptlon of ons

wave Fcethg first eleeirngle anhdefmpng a se@pndﬁ@eeg@dmrp bawe@m én GJ-EBRs
a de €0

o) coPEauRRk iyl OhRher ufF RopdsbPhindld spHEEAL L, YRS
130 2®tMR§Bh1QMED MO0 / 046767 PCT/ US2003/ 037040

37) An OLED device according to claim30; wherein said
OLED particul ate of at |east one said subsequent CLED
R0xeB1) Ay@LEDril¢dcealcemting tadlaisr )y gherein snid SYIETS 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 a first subsequent OLED pixel layer emits light in a green color range; and said
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recepti on of photons and applies the electrical energy

as a detectable signal to said first subsequent |ayer

el ectrode and sai d second subsequent |ayer ele

of said 5 at |east one said subsequent COLED ? 'Eﬁcnzom
Y 204048857 A | i ght active device characteri zé%TW.“"mé(”sm““
sem conduct or particulate dispersed wthin a

conductive carrier material; a first contact |ayer

which is selected so that on application of an

electric field to the first contact |ayer charge

carriers of a first 10 type are ected into the,

sen PLEDuBHisH s aiecamdsibeaentighEl pieBiarrsetts Jightin a blze
carriférraft €rial; and a second contact layer which is
selected so that on application of an electric field
to the second contact |ayer charge carriers of a

secogs) {\M BR Y Gevidekb &AL D (Mif 31D RrBE BorPAGHE b Alchromatic
parti cul ate through the conductive carrier naterial.

1% 3pixeldayer disposad edigeentiiowlest said ebpagueny QLEL: pixellpysg;the
wher e gl : y .

o ey TSRO UG e ARG/ SIBLR OIS Sl
seni diomumetioelectrodd dispodeil gdisceattvithecfirstadi¢theematicedactiodegando
cl ai X L n.th ] tor Lcul

b i At B MDD B

i ncl didposed atsaidedictiroroati: pixdpgipugat ed pol yner, said at
llﬁaSt one conjugat ed polyner having a sufficiently

Fow concentration of extrinsic charge carriers so that
on appl yh VLEDIRiRekEdrding toedlfdm 0etvhaein thdwcdndlsfer alactrode
second cont&gt Iaéers to tﬁihf semi condyct or éoarti cul ate
t hr oERJAPTISFYthE S3ak cleqtipde asthe Fiest sybsqappRtayer Hlect®deond
contact |ayer becones positive 25 relative to the

first _contact |ayer and charge carriers of said first
and 39cHRPIERdYICeeeording taqlam I0nwherpiRsaid QLR Rticutds of
RAr t ieulr-aict A HixBI0 R Bt BeHt B el BolbPRingd: 941l WA FPShrticulate
pol ymer charge carrier paifs which decay radiatively,
so t kB firskaibeagnen OLED pinelideyss ehitoligh incs greati aplpitage; said

pol y . / T s
PCT) LSBT SATB0 r A T i, G0 TR emis gt g e

t o crelprmangy; awhaaidcOhEDpartionlgiaref et 1bdstone additiona subsequent

part | . ' tyl ' ' |

b hSLETHE SARPIE SRR kel 83 of B Bl il br Ve
€0 ech cdor amdamdight intensityalififerént fiomitie codor apdpatipght thtemgity of other

acti Kﬁ_@%evi ce accor ding to claim40; wherein the
or gafii Iﬁﬁéqlﬂ active particulate conprises particles

i ncluding a polyner blend, the pol yner

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

25 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.

130



bl end including an organic emtter blended wth at

| east one of a hole transport material, an electron
transport material and a bl ocking material. 10,4

or&ani c light active device according to cl ai n;%ﬁ.{Aﬁ‘EHZOO'I
WHRRWMM6ItTe organic |ight active particul at &CT/US2003/037040
conprises m crocapsul es including a polyner shell
encapsul ating an internal phase conprised of a pol yner
blend including an organic emtter blended with at

| east one of a hole transport material, an electron

t rangpor,t erial and.a bl ocki terial Iﬁé

orga %c (YD devige psc Ry oeéigglcég)? i nrﬁmts%)l%cq Arnt %ﬁmﬂﬁ@ of at
wher @dakt cnb eaid sutdetpehvV@LEIR aixel leyer amiteelbatical ompgy Basspanse to
bi nder material wth one qr e characteristi . .
cont FSPPIRGT BERIPRS wggl?ﬁ%a%@‘%ﬂﬁar&ﬁ A ot sgne) o said
devi gigst feRefueht8yek Blebitalie dhdtdeid WBGTdauBsel it layer electrode of said
characteristic controlling additives are at | east one

of aablgist presaiskswbseapeny Rixel{ayel- ude a dessicant; a

conducti ve phase, a sem conductive phase, an

insul ative phase, a mechanical strength enhanci ngi

phas88. A Heliariwi desice phasartariser B asemicandupier parfiylase dispeysed

mat egidln 5 %ﬂd@dﬁ%ﬁ E4rQ8r thdlbBfld 6k SRS 1hyRE whith iOWIeRE Ko that

metal, a 25 blocking material, and an’em ssion .

enhane aplicatiancfian electdig fieldfo thedlsticonthdt dgyer chardecarrigepdf @dirst
cocrdi . i T i : i t . .

185 oyt hfRofl Bl Ve RO Pof ol B gl B Bt canies

f or momterial; kad a efcomnd oomtast lagaethichps seddetedse thadomgppdication of an

portipon .of. the sem cqonduct or rticul.ate.di spersed

ot iR e} ot Aohia Bt s £ SRR B e

bei ngnjeeddeiatol thedeynictdicdaahicelatethdpg gie behdactivdrcanieng

voltage tpo the first contact |ayer and the second

cont #&t"fayer. 132 23 MARCH 2007 WO 2004/ 046767

RET/ US2003/ 037040 47. A voltage controlled Iight

actiy evice for emtting t .or_ nore col ors  of

[ ght gﬁhahg\m? oy aﬁ?ﬂfd‘gg 19 i 35 ¥ PP dRe Sepicameeter

el eCthPeEladicoRPERE atlBdsRGRIYS ah OrgahiB@nd hd Bbrg8hi€ Séiieéifiuctor.

and defining a gap there-between; a |ight active |ayer

conprised 5 of a mxture of a light active particulate

and a9 C ANGUELdIVE a&Ade do8rdif bl kiR 38; Shbidin the seh#EcRdReh g

di sposed within said gap, said |ight active

BAr t Paticelate cewnpies s arganic lightragtiveaarticilalegniluding affleast one

i ncl udi- [ | um ' -

pol y SO BB ey, Gle It oL AR pof AR MR oticienty

nunbdew odncprtoion of extrimmicfdhpge cardem 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.
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response to a first turn-on voltage applied to the
el ectrodes and emtting a. 10 different nunber of
photons of the first color in response to othe
turn-on voltages, said |ight active particula?w?—,‘l\/l“"‘RC]12007
9 2NEPISESpri sed of second enitting parti clP&I/USPqa037040
second emtting particles emtting a nunber of photons

of a second color in response to a second turn-on

vol tage and a different nunber of photons of the

second color in response to other turn-on voltages. 1

5
48. vol.tage . coptroll ed.organk i . i j ;
acc oﬁd i E;‘gli‘t%"f&'ea 11! ?‘,’Cor%tgg P’Hﬁ ¢ h’e‘gﬁs%%g F}H& o\é%“% tq %lg:l% 5& ve
par t heli@Saté Esthpittespanicldsamdidinga lebt ae oEbalmttanspoyt ugteriel
pol ymer .and_an i norganic enittip% material. 20 49. A
vol t garie sRiEE: F‘@CPI%FB%HF‘FPPH{ gRETakt i ve devi ce

according to claim47; wherein the |light active |ayer

further conprises third emtting particles, the third

it .niyh prERip BEBEo YA devich gooardiRiB 4151 A SRISEGR B gre'e

thi rﬂ%kg%tWe pallichRRRBADRsds P '(cj;leE BicfudinlgaPoBney Bleh@dke polymer
a

appl I to the electrodes an di fferent nunmber of
phot biesd ingfuding@n prganpig ewdies plepdedrveigias frast ong ot gl transport

It :Jsrgﬂ%n%@:rlxpgﬁ A88%m tanspol maAr4PAlBAR &R hakh#d Or gani c

actrve device according to claim49; wherein
the first color is red; the second color is green and

ﬁ& © 515' Ia%.? f)%;e%@ gi\ghtsacmreu&vica ?.%cgordﬁ%@’ fg: cg@?hg%gﬂﬁgréiﬁ ltﬁc%i{ganic

I ght I'cCe accor ; wherein the
30 | lighttacthatpantizulateyemptissstniietocapewlpy inglading & pblymet sheHe
addi ti on ittt

al emtting,particle. talnin :
ol o PGP AR eb b BRfsh sindeef S RuPBEbiAOh i ding an
em t bianic chdfer BRndJARGH 2 (A5t ont\Gf 20614 (riebpd haterial, an electron
PCT/ US2003/ 037040 s%iléj at | east one additi onal

eni t ARG atsrigl wd A% unber of photons of a

gel or in response to a turn-on voltage and a different
nunber of photons in response . to other, turn-on .
vol t &edn oa8is Light 4y e %Fdé“"é‘&??ﬁ“?l% foe r@aﬁpirelpiﬂbemonduawe
act i g ideVihieBal R6&PHRE BBin6r Rdteialwith one WhiB6Richarhdi€ristic
color is within the visible spectrum 53. A voltage

cont eontTablineAddiiNee | i ght active device according to
claim51l; wherein the color is not within the visible

spectrum 10 ) _
20  45. An organic light active device according to claim 44; wherein the

characteristic controlling additives are at least one of a particulate and a fluid
include a dessicant; 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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54. A voltage controlled organic |ight active device
according to claimb51; wherein the color is

infra-red. 55. A voltage controlled organic | MCHZOM
active device according to claim47; 15 wher

MG WPHYUsEEt rode is part of an x-grid of el ecPFHYRLOHRF40
the second electrode is part of a y-grid of

el ectrodes and the m xture of the organic |ight

active particul ate and the conductive carrier materi al
in the gap between the first electrode and the second
el ectrode nake up an em ssive conponent of a pixel of

a display device. 20 56. A voltage controlled organic
|'i ghly7 agLbMBreBHirAIR HERUHHd Wbvice f6t ediifting Ko omAere b10rsaf

| east one electrol um nescent conjugated pol yner

i ncl liglsscharagtetiped byt ¢ fiot electendper s clecireds GisRoRed adiacent to
gr OUR RIS e%&bn#gangfde a%(a‘j E%Jgﬁ&@—r&%een; a li%ht active layer comprised

pol y(paraphenyl enes), _ y(paraphenyl ene . )
v§ ny bbmmjxturgof b Eghytacemartishlateaangd azendvstitreqanion mafenigl, said

o1 Ry it epGiSfund OfF ) IBHPARORBLAAIAG chorised of
al ky Fipsh emitiegeartidesdneidingy fitseelpdtmhuninescent kenjegates polyayer,
organi ¢. |.ight. acti. displ a | Ge, G ' by:
o 9 Ble i cBihin? Bt HBRRGIRH GnofREIATE Gl i ™Y
f or megpane thefistisi-srmtdtagaappiiebiodhgeledrodés antl entittingle s

' d adjacent to the first grid of electrodes and
db? PAfeB R o e clons O gis 0 calhin s omes SOBO TS
200464 £aiREEh oA 3 EEAArtBer Rbonbrided obSecamt anigaRi C
light active parti culate and a conductive carrier
mat e PRAFLes, theseeondiertitting PHBrlRL e S ATRERbST 9fbptoaspig second

gap, c8l8t & redpBRdRit6 a kdcBhd tuAfb V@ tap@idd Lalffaieft nubMaPstiph6@ns of
of first particles including a first

el ecthesremmil SRIOE BTESDOBT 0 GRESHD-HLYO8ESS: having a fi rst
tigrn-on vol tage and second particles including a

second 5 el ectrol um nescent conjugated pol yner having

a seddnd volipgecontrollsdiosgppicdight astivmdeviqegerrding tof dlaimd7;
turns er o] i ViR [ Y

err 1 At 6 A el AR e Mol of £kl Gl gited
pol ypelymenandempuorgani¢ emitting nfdtered. t urn-on  vol t age
applied to the first el ectrode and the second

el ectrode and |ight having a second color is entted

B9 t KR Acolingt whedledorgaiciigbcetive davigelngatrdidg wodlained7; i n

10 response. g, he, Sgaond, Luron voll age, ApRLLeR. e wi
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 biue.

51. A voltage controlled light active device according to claim 49; wherein the
30  light active layer further comprises at Jeast one additional emitting particle

containing another electroluminescent conjugated polymer or inorganic emitter,
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second el ectrode. 58. A nethod of formng a | ayered
organic light active material particulate, conprising
the steps of: formng a first mxture of a firgt

organi c light active 15 conmponent materi al andﬁa}wﬁggfnom
WA PPLMSTSf i d: forming a second nixture of aPSEEEH|EP/37040
organic |light active conponent nmaterial and a second
carrier fluid; generating a first mst of the first
m xture'in an environnment so that a first particul ate
of the first organic |light active conponent nmateri al
st b f ded .t nyironnent ;

gency Ffrigist bl SHRREHEY ol es TR MR of poprr =
envi copmamespBesoa tirabn Joltage ambla giffistencatlngtiee obyphotdae in
second aorgani.c |Light active conponent material is

t enpOY Ar |S?§/}) ‘)stﬁcgﬁé‘ﬂboé'dlo *®he environnent; and al |l owi ng
the first particulate and the second particulate to
comm. ngle and attragt together .in the environnent to

£ r o2 P e kRS opp g el vt ar et g a1
par t inhetefitthe OOTIE wWthidGhevibiblespectrtumyer of the first
organic light active conponent nmaterial and a second

| ayer of the 25 second organic |ight active conponent
Mat e63.aA voike cOntidifcl QebaRlc 1pRY 4 iROdeRick AY QTR R HARIsG:
l'ight active material particulate according to clalm
58; PhFERdRe ¢doRds netiwilun he visthlsspeestum.f orning a third
pfyxture of a third organic |ight active conmponent
material and a third carrier fluid; formng a 30

f our §h Hrivekiagesonttolled erganic dight agtjer deslico rgraming toiclpin 51;
acti pRbES dls iculate and a fourth carrier

£1 ui ;ergenera"?‘%”ﬁgﬂ‘g‘tatrﬁﬂyrd mist of the third mxture in
an environnment 135 23 MARCH 2007 WD 2004/ 046767

PCT/ LIS2 hat .a. .thi.rd, particul.ate of the
b 13 oh G PR UBA oleh B st o P cfm o7
tenpwhereinithe fstsplamddslisipart bhan e pid 6fuletablds 28 tRlsadondd a
four m.st. of the faourt 1 xture in the_environnent
ot HokeBEls i ok 155t et indis e S pganic Nt
Mat eadtia¢ parpiatlite ant tht Cordactive FR@E RNkt Mal SH R YA 8&whkdh thd'Brst

envi rlonmﬁnt' nd a‘lafl wing the third 5 particulate and
t he FFHLpe § 8650 %gqﬁqo e akeiD aRcamitsivepamppneat of a pixel of a

par t digpldyede®ick0 commi ngl e and attract together in the
vironment to forma second | ayered organic |ight
tive material particulate conprising a |layer of the
firsi6. | RYSHEBE corftfollabigalit Bhk sk JRL6! i :
particul at eagand a | aylgr Togjé]% ﬁe tr‘#ﬁa org@@éo Fllalé]ﬁfw’
act i yeereip éﬁﬁ@ﬁ@mﬁ elegirobmingscent @onjugated 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,

cycloalky], 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;

b
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60. A nethod of formng a |layered organic |Iight active
material particulate according to claim59; further
conprising the steps of: form ng another m xt f
anot her organic |ight active conponent materi %’WCHZOM
HOIPEMTErrier fluid; forming yet another REKUHIE/HOHO
a previously forned | ayered organic |light active
material 15 particulate and yet another carrier fluid;
generating another mst of said another mxture in an
environnent so that another particulate of said
anot her ni c t

et F B gessaiccan 1% ikl BFRANE A ELk Rl kel
y et s&ﬁ@ﬁ;ﬁﬁ&e Uﬁrﬁgtd@bsﬂaﬂlﬂuy efid ycposdlriaorgmw( tight ective P@ﬂ’é“late

envi ronnment t hat er.ed.

act |°\9§1Pﬁ§eldé’|f ?:fgflﬁ ’é‘ﬁllegllng a%%Stf' %ﬁ%?}\’ug ogmogjpgét

20 iga1nle nevivg 4 SRORAL-on aafigahﬂmm piﬂicﬂ:s archidingra second
particul ate and the previous formed | a eredlor igt
G ete bimgasseRlh S ugbieg RPUTBLAG 15 4 G i g B S tn

at t ragf the ERORLAEK vélfhtgé ReheRAYiigtR REBAE a fildt E6T emBed by the
| ayered organic |light active material particulate

conpbisiesgolmingyesnt gmiueaied PPIYBIEr INAAPPRY i by St urpiog n¢
act %?tai%aatpggédqb theRSd didcebad &d@ﬁ@seﬁoﬂd@f&fro&g anH'Ii%htt Having a

organi c t active component materi al

rret hsechndfcofooisimiitedbyl the escent %@C@ramnqsv@hfonmﬂar%ié’olymﬂ n
te I n
(" ey psR e sptRftp RIERIL B % R bR odt e e

orgagacmdadmtwdge.corrponent materi al conprises at | east

one of a hole transport nmaterial, an em ssion |ayer

material, an electron transport material, and a

bl oci8. g method obfoarhingla.layksd cﬁg’hni‘dﬁ@@t—hﬁ@@ﬂmteﬂﬂ particulate,

2004/ 046,767 .PCT/ US, 03/ 037040 6 I g
S R s shapt o R Pt 8§ el St b Ay

85 C Odopdferit ehatekial dﬁﬂﬁlﬁrst\/&ﬁﬁfeﬁﬂﬁidﬁmrmﬁgakec@ﬂm t'dilﬂure@ﬂ e sabnd
the first, second and subseaque t or'?daml C E]Ptda "
conpYEwne light aeive sPmpepep patgdal apd p seee generating
Mag N GishB RS fildl mixdite &1 SCnFPGInMnt So thExtaFirktaarticalate of the
desi ccant, hole injecting material 5 and an Iectron

i nj ebist ogaiGlE petive componentBRtE IFmPerARLY SYsPanded,jn e

or gatfﬂ\'ﬁoﬁ:h&ﬂt gefibdingSa SEBSRN thidd of Ry s*ebcmdlrﬁmre ﬁQHéHnQir&Gnent
claim®6 Wherein at | east one of the first and the

%Qe c ovrcthatrichecond persigulate ol Sespaond ofganip dight astive qommpepent material
sol ventn, e@o?ﬂﬂ# E.{asﬁérﬁﬁﬁ@ ﬁ]‘:t?]:é YvidohfSit; and GAGRE rliopamculate and

subsequ t ‘active conponent material Is
sol uthk eedond p.h'Bcw}ajb meqwnmmgle and attract together in the environment to

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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64. A nethod of formng a |layered organic |Iight active
material particulate according to claim®63; wherein
at least one of the first, second and subsequent

anic |ight active conponent material is a f nlgARCHZOM
B‘éf??qo‘tfﬁﬂﬁﬁe insoluble in the 15 respective fFFES2003/037040
second and subsequent carrier fluids. 65. A nethod of
formng a |layered organic light active materi al
particul ate according to claim60; wherein the third
organic light active particulate conprises a

mul t s tlh?t ASTRT) E%ﬁ%@ﬂé 2{ thb HHd RS MEEIRIHSE b&}ﬁ nent material is

particul a od of formng a ayered

org atempoi'alrlgl‘ﬁusmﬂcdﬂa tlummrmaneqéaemr@tmgaﬁ fourttpmiss plcth e fpurth
to ¢ lm‘rilalctlrlrr]e ?n the \éﬁr}%g)%n{éng slgﬁha% ‘i%' ﬂr&qgﬁ% 08 1%%? 298 ﬁlaﬁs‘i‘lal
a gas m X vacuum

67. pameﬂita ck terhpdrmnlmsu@ewdsﬂ aaymp eniwmngum (amﬂ pligving e m@

ter| a ul.a cord| m r
S R R S T
e n h aB@‘rﬂfli}lgIde@atamﬂﬁtogdﬂhe& hethé emrmdmbmye fcem mqmﬂllawcrcd
light active materi articul ate.
W0, D GRBaRe MR R AP G Bentof g Ty 162G
f or Myp@nie iR RIMAEGA phtichla@hhd 8RiveVdf tigRthied bighnic light active
particulate according to claim59; further conprising
t he SPBPPISR M3elidbencapsul ating the organic |ight
agtive material particulate. 5 69. A nethod of formng
a layered organic |light active nmaterial particul ate

accoffi Agnatlpdaf derminmda layered prganie Hahs artéieqepierind Patigpde of
for mynoy £l ang;'lf?lﬁtw%ﬁher%ﬁlﬁnﬁng B ePSo RYRG afother mixture of

polarity; ormng the second mst with a charge

havi agotber orgspisdight @tnp@manpomyntmtqrhhmdtanetheﬂ cagier gk formmg
attr

" oSS0 R DRE) ] B i BB
asti \pmtlpwlatbmndl yettapothdr@arfBr ﬂmdngtntmting‘ folotb@r Tnisi plpsaid another

mul ti -.col ar ht em tti.ng dev

i ghﬂthé"fﬁ ip ta?ﬁ na)gy%e%t S0 é‘hﬂg%‘bﬂ%% g?emm}lﬁ? prst z{noﬁn%l‘ gxrgamc hght
col om&wen:oﬁ;pqmmnmetpnﬂashmpoiaﬁty sukpendngl mmeteherdonment
response fo a re ect v i f li.ed tumon

vol ItO Aguraing st 35‘8?‘ Pk ‘661 Fh “’éB’% fF - %‘u BT HEpngIgnt so that
e s Shedfitstiyfek@ 3 paRlic/ligh® aclive nfatdrial paiticulite it fenykdridg ﬁlspended

havi ng a dyration tg he |i 51 emtti.n devc{%e S0,
gOfl r“é{ e FpyIumsHt; gnd a owing sdid another particilate an eprevmusy

formed layered organic light active material particulate to commingle and attract
together in 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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predom nant nunber of photons of a first color are
emtted; during the emssion cycle applying a second
turn-on voltage having a duration and at Ieast 2007
a nitude and a polarity different than a @
éﬁaz%%@ﬁY?ﬁy of the first turn- on voltage SJ 52004037040
second burst of a predom nant nunber of photons of a
second 20 color are entted, whereby during the

em ssion cycle the first burst and the second burst

occur in rapid succession and a human eye receiving

the f4 C . 4
per oo o T or ABoE ey R ARICHEP jo € ple el
t he aseerding t@dlamr 61; 28iein at deantesmbthelr @ife of thie i rstgseaond and
nultr I mttin ce_accordin

(R oLt a0 e B M Phdey it el o
CyC| emagoplis/inatgrial, ldnltcdroktalﬂimateﬂalva:)dldsﬁg@t halelifljgcihg material,
d atr gn% d_at. | east one of a magnitude and a
pal art GrFPLPeR e Haf dhe nagnitude and pol arity of
t he other turn on voItages so that a third burst of a

predg ant hot ons of a third color are
enitt s @Hyma& PRt onenicHekisactive mypterial nafiiculate

fir stacrsumlag to &1hieh 605 WhBinud ekt oAB A thb Girst Bid e sdRbPind
occur_jn rapid succession and the human eye receiving

t he plUpauen; garrierdluds i/ festsolvpayand iy eresli (4G ¥6 econd and
B@T/ @%@@n@&%@ﬂ@]lﬁﬁﬂaﬂy\tﬁ% oﬁéi’nt Eﬁfeﬁﬁ'lé’?ollg)l&ﬁ] L solve t.

different than the first co he secon or

the third color. 72. A method of driving a nmulti -coI or

|'i ghtgqe in
Lhe o oy mEPBorRIhiE a el Sighthe o Clc Bl Bedd plOFhE
s pec taEepring freclaioein whelsmlaoleartsne of thé rsgyserend pot ubssquadt

t he hird color

bl ue\Gﬁ%&P?:: 1%11?&?‘%{3 %&gﬁ@%&ls%ec tdner%aﬁ]ﬁﬂlatteﬁ'ego “ibzﬁttl the
dai t tréspective firt secad aod subséduent canier filids. t he nunber of
photons of each color emtted during each burst of the
em ssion cycle results in a predeterm ned col or

Wi t hi6h. tﬁrmethodsofrfbmuﬂpedztyém&bt@ﬂﬁ: light d0@te ﬂ&elﬁﬁ@ﬁ‘ﬁéﬂﬁtb' y

red, od of driving

il ot o PR whitein e Thod et ighrach vecpatisulafeompriss

72; \anmﬁmmyem orgahRNpht dectivélb@RtibiPartROdECOl or emtted

g%/) the nulti-color light emtting device is adjusted
cording to a retinex display operation. 15 74. A

met hae. Afm&hdad/éﬂfﬂmﬁnﬁfy lalyéred BgBfic hib@tAb R il GartlEMAE ©

according to claim
according to claim 59; wherein the environment comprises one of a gas mixture,

an inert gas, a liquid or a vacuum.

25 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.




73; wherein the retinex display operation conprises
the steps of providing digital data indexed to

represent positions on a display, said digi taI
bei n% i ndicative of an intensity for each Ffﬁfﬁl{ﬂiﬂﬂm

FO4PAeYr al band; adjusting the intensity 6’FT@§2°@%{W"““
p03|t| on in each spectral band to generate an adjusted
intensity value in accordance with a predetermn ned
mat hemati cal equation, filtering the adjusted
intensity value for each position with a common
function; and controlljing turn-on _ voltag esgjgo thalt

BarBeplat e

the 6% 4dneahpdf forminmmlayered eraanic lght rtivednater

adj ugdcBfling tBtc?aE‘xﬁ'Sb}’qutﬂérlé‘émkﬁ mg%% bref of MREGAcapPEGHTRhe

for each position. 25 75. ight active fiber,

char awewdr lighicheiye matarid|paviigeleled har dened conduct i ve
carrier material; and a sem conductor particul ate

di spersed within the conductive carrier material; a

f Br s69.cAmethad of feming vlayetediorganic hight agiiveapseriat parfienate f

an ele I

carri %o%}scﬁﬁéto ciérug 59 fu?thé F’h&ﬁ%ﬂ% g@%mfoﬁxgﬁg q’ig% b8 with a
sen clughicivorg qqmﬂatrlmmhdzfcemtdgﬂh&mhortdlmstwﬂdmdtargodxmng an

carrier terial; a a, Sec contact | aye rovi.ded

o ¢ RtosBRRIRP o P B ApPRE mah BapsBSlnsBl e 88

S ecobfEanit Jght2adti MARDItuPAOFnd 2 &M fabic/ght active particulate.

PCT/ US2003/ 037040 contact |ayer charge carriers of a
cond type are injected into the sem conductor

par t i7g.uk3h@hddtoP@ing HuRDalk¢iz) w@nmrgrdeﬁ&e, et ittt @blor light
76. A light active fiber according tq claim75;

wher émml%‘éevscér??l&?#o?f@%ﬁ““%t%?fﬂ?%ﬁ polprs iR SapeTIce sechygolor
| east,.igp @mR{ede‘re%cH@@!oca BdpctiR diffdnd ﬁ%ﬁlféd turn-on voltage
sem conduct or ght active fi accord to
cl ai sharmterigadppihe stepeols é‘lﬂi“t&ﬁﬁ@ﬂ%&st?ﬁ cyeja ppnlying aflést 1M-0n
G9nmp 3151‘%%% h ?5 g@alién fo tﬁ@ﬁghﬁsﬁﬂtt rg c?%@fc& LS tib frst burst tof a

i ncl east one conj mer, said

| eas mredmr@muagnt @fcphptpmynfearﬁm*amm greapngtwd“ detingthe gmisgion

e e R e

secomchgtitnt aod a palynt_fyshﬂfweltt Iﬂmnaemgnmldfbwud polalptarof theirsithen-

t hrou Votthe cgﬁguct Y ucgrfl erdcr,mt er g {s]etconq, d
cont 8 Fags 87 Tieha e Bdiof p g ‘P%‘F‘%t“l“{?@"’ft" PPARRF 9t ASpeon
Qont aclor érayﬂltteﬂndh&”rbw dyeing d‘feretr&sfsBm@fycls diedirdtibust amiithle second
oo B L5 B £ B e e THE B s e

pol y R&ond BRETS stediiliiee fo mem awbloe bifdesabthar fdifiadtcvef hd the
so that radiation is emtted fromthe conjugated

pol y ﬁ%o_nd 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

138



78. A light active fiber according to claim 77,
wherein the organic light active particulate

conprises particles including at |east one of %o@gﬁ 2007
transport material, 20 organic emtters, and

WO2eF 67 mat erial . 79. A light fiber accor dPﬁE{UW":"O"’"““
claim77; wherein the organic light active

particul ate conprises particles including a polymer

bl end, the polynmer blend including an organic emtter
bl ended with at | east one of a hole transport

5 an.el ectron.tr |
b1 o SkiAgtedE BERere £ Guor BRI oot Bt s 2B Blor and
t 0 chadhif édlor.Wherein the organic i ght active

particul ate conprises m crocapsul es including a
pol ymer shel | encapsulating an internal phase

CONphi 9eHeRbd 8f RRiDEERulalRNE lisRGhiidihg gevice anccg&mgmo claim
emtter blended 30 with at | east one of

t5r aﬁépwhtrelﬁélteeﬁmsfaqolorawﬂé’ll%@t‘ PEFHion PEAS iﬁ’é‘rb? %ﬁ‘ﬁ‘ftE’Fi‘ dhe sgrRpd
a t?:lofb‘flfs'lﬂ%e% Hogtlon ok & vsdbl 14 @8 the Wit color is in the
20041046767 1U820031037040 1. A light actjve fiber
acc o pegtianoof dheayisiblp ppecimarant! erlisht g cevigRis cantqlief so
mat &f ki 3e r&?tﬂ%f b §toﬁs Q{ &gﬁﬁol%ﬁftéc?&urfﬁg%&h%%t Gf thETQﬁﬁ%smn
char act eristi nt rollTing additives.
act ioyelefrésply maiqtmied:rmgwcl oolot within ge; visilie FI@F‘Fiuftl H@I s not

ling additives are at |east one
&P a%%%a’;?{rﬂi}eldcltﬂuggn%g% fluid include a dessicant; a
conducti ve phase, a sem conductive phase, an

i nsulatjve th enh [

pnact: AfteuBEEoat s FERCRRY B ULAR S CRYARE ctaim
i nj ek wn&eﬁmleﬁtbﬁty, ditatRin@6d telor snmte:ttty thgmmhi—enlmaight a
| ow work net al mat eri al em ssi on
enhafifHg dRyifRisi &lusmggcc"ﬂ%fﬁ 19 AEegEt F\?%mf ?Q?é?‘ %8¢ cor di ng
ip claim75; wherein one of the first and the second
contact conprises . a first ond ctive nber di spos gl

| ongf4 uhmREIPd of deving ¢ muR-ealer lghtmyime devis dreprdlie 0
CONCHEG tyhiRinGAE fetifidx ABIISS drRtatioR BSIMMAES Bk Bepd & padvidifig digftal

the first and the second contact conprises_a second

condipa md@(eﬂrmétesena pesifinns gn adj SBlapspidigiahaty pefag indicative
condycl| rYt@ns FRRLcHstdRtin Sch SRREA band A8l tﬁ’ef 1nEeHﬁty of

k
sSem con UCt (0] part | CUF ate 1Is OII%SDOSG bet ween
20 r stack positicatin eachzperttahland e gandratesgrpdivsted méert%hﬁ@ve in

accordance with a predetermined mathematical equation, filtering the adjusted

intensity value for each position with a common function; and controlling 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 84. A light active fiber according to claim 83,

wherein the first conductive nenber conprises a
conductive material conprised of at |east one gf

netal and a conductive polymer disposed in tt%?hfiR(ﬂlznO7
VER289403876Df t he el ongat ed hardened conduct i ¥eT/E2PE3{087040
material; and the second conductive nenber conprises a

25 conductive material conprised of at |east one of a
nmetal and a conductive polyner disposed as a coating

on the exterior of the el ongated hardened conductive

carrier material. 85. Alight active f] r.accordi
to EPRiRFhlapsE ChaFgscafris i@ 55993@ PG PEg RICF R ‘Lﬁnff’dt@% Sefploongéor
| eashrRMGteQirofsh 05 BeHAuE VR FhiremateAdl, | NOr gani ¢ emitter,
hol e transport material, blocker material, electron
transport material, and performnce enhanC| ng 141 23
E4Qconductor
ARGH! 0l sdi0: BROALCARE - SGH HURRSAOR Atoonsucor
Sne pofticalatespygrises akleast prg of anvrganisand aineTeapic seraicondysios
transport material, bl acker material, electron
transport materi aI and performnce enhanci ng
mat &7i @l light astive fiberagiarding o ¢laigtits; wbeieinshd jepaondneior

f h | ud ddi

Rl R 38 BB end AU RED LSRRy B
addicbhjugatd palyiaerssaidnatieti ong cadjugataigiolymmee hmfmgan sufficjemtlyc
it P abneoBr R f St aee Sairisfiop gt OF PRRGb# clectric field

Mt ejetviden tHRTEsRAE fkbiBEGcERPER R tﬂgserMcmﬂucadnqaan&ﬁlateA
light active fjber accordin o claim rei

m 75;. wh
par tthronghsthe cepductivercarrier mategaldhgserond Gegtaghlas E%‘PFF’& a?sm‘fe

p0| ablufide DAk ﬁ‘st&%ﬁ@&qaﬁﬂ aind vt g8 GardiBrs &P BAG fifs€and second types
electrical polarity, and wherein the particulate is

al | gerelaiegicd iite thesemicapdngtor pyEcHate F‘Ii‘de‘f°“§’éi‘e tp form ip

har [
B SRBRE bl hplal Skt s WS BT (RBGC A2 o racicion
of tihemitied &rom thy pajupesd polymerasi |y injected into the
second end. 15 87. An injection noldable |light active
characterized by, conprising: a sem conductor |ight
act i%8e Aplght rativediber aicapimgdedaini Thivberginthe okgaribfight active

car r]gar iculate co%lzﬁ'lgés él%lr% (fé %‘icll{%ghg(ﬁ? 1e§.&t bgigf l‘ﬁé tga%?#oq't Jnhtgﬁgﬂ

act1've na
20  organic emitters, and electron transport rnaterlal

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,

25  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 polyraer 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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the sem conductor |ight active particulate conprises

at | east one of an organic and an inorganic

sem conductor. 89. An injection noldable |ight

material according to claim87; wherein the fg%Aﬁz312007
HYUAUST6 ght active particul ate conprises ngTfPE%“@%{m“‘“
i ncluding at | east one of hole transport material,
organic emtter, and electron transport naterial . 90.

An injection noldable light active material according
to claim87, wherein the organic Iight active
particul ate conprises particles including a polyner

bl end, the 30 polymer blend including an organic

e ters RLRNEREL Miet Rocididgtd SlairR 7, vHerdin fhelconduc@vsqaater

naterlal an el ectron transport materi al and. a

bl oclenterialieamprisesa bindermmatpral withame opmore ohgsestaisiic GawTAne
PCT1LhprR93/ 037040 91. An injection nol dable |ight
active material according to claim87; wherein the
ofganic |light active partlculate conpri ses

m crefa ) NE ' : ating
an | 5 o B iRpditer bty QQIoHTRY, (I e SPERRSGE

i ncl coitmoting Iadrﬁtimsgtaﬁrntéeaalenb vba pmmemd/a fltid include ast

f h
Cr angebear e B B Eohdenvhals BEfusOfsve pise. o
i nj emtadzlﬁﬁmak?dudﬁ@h enHahgjhg plaasds jaxr edhem&e enl'ahcmgplmsej iarhglet o

F7 oIS E BRI Cap FAFCRE PR DG i WPy & lofing

char pgfegl, 8id £ SOidnnhinehgakiérial.ves. 93. An injection
nol dabl e |ight active naterial according to claim92;

wherein the characteristic controlling additives are

at | gash h%ﬁteacﬁ(ze Boe @bdokding RlcRIMNY; Whdrdibl bk of tRCTitdbighdahe
dessi cant; a conductive phase, a sem conductive ghas
1

an | FRSORheqn{ASt ompsisesseirstoopdichynmemberdispesrddopaitudinally
gah a@/ﬁhﬂqmpa&ﬁ%wd%d@%%h&ﬁﬁn%m e rial 388 whétein iR &her

I Nj ectln? mat eri al an el ectron |nJect|ng naterlm
| ow obth firse erg the secopd eREkACHEPTIABIS e sapondaﬁ@ﬂuahveelm@%qro n

e n h a?ﬁg&gd %E&H @the f?lét coftfrct Ué ﬁgltnb&@fn Rt quis@a gcfrgérpbﬁhe

materi al accor |ng to claim8
vvher sdmiceriscionparialdiaisdispresh betmsemthe lfiesésqndaﬁé/e@ﬁd ghg second

organ%PgﬂLgﬁe ber. N inorganic emtter, hole transport
mat ef 1 8 Sitocker material, electron transport

gaterial, and performance enhanC| ng materials; and

wher gj,n, the carrier inclu east .0

or gafit-cAiE £t B e Ree o oG oo Blenes

mat e fdegdber & &' a dontistivamaterisll oeﬁi]ﬂﬂﬂ of Eﬂlz&pmet of a metal and

material, an erformanﬁ %nhancl n ter
a conductive polymer disposed in the interior o ongate hardened
conductive carrier material; and the second conductive member comprises a

25  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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25 95. An injection noldable |light active materi al
according to claim87; wherein the sem conductive

light active particulate is conprised of first

emttin articles including a first emttin 23 MARCH 2007
ﬁﬂ??WﬂP& 7 the first enitting particles enit?%ﬁ@mﬂmy“”mm
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 voltages, said

senm ¢ N i ght. active rticulate further 143 23
VRO D5 bt st e sintins oh herseuinpmitstan
of sds@pthieermitter, hglepandpottin®ferial, BRCER GRdHa€ BlebirbSansport
particles.emtting a nunber of photons of a second
ol or HiFiiah 28 BELeThace SnERRE AR HAlE 670 Wesrein dhe Lightpckive fiber
di f f ewayrftrtin ilideQidibe] ®srs Birmicd ﬁet%%f)ﬂgg eﬁ%nlraa@s bl the

response to,other turn-qn  voltages, & .

i ) e CETUSHIAREIES fayen, theaddigenal [ayerminclnding) at leest onel phap arganic
cl ai @ufkter; ai86:@htc elliRr, oleltiafidpoR hEad S bﬁ)cgérrlr?agerﬁf Dectron
having an el ectrical polarity and a second en aving
an oﬁgBWftémé?r@btaﬁﬂ peforpencgephapcing mutesialsr ei n t he
particulate is alignable within the conductive

carrier so that charge carriers of a first type are

nor e 368a4ilight agtive Eibercicamding tooelaie? 5t whertinelcipantioh]ndieds @ irst

rrj e re si.ly injecte .

20 B e B SRR A R R o, Dl
act i peladiey insewhdnein detparticlett ibslignad ithiatthedopdikotoe Sarrigr so
Seco .di spesed . adjacent to. the first :

o et eSO G BPAS Ty BEb RS 4y Bt e i ond
| i ghenditbe chezgewartiers of the seordIgpe @€ mdrLakily Bfec®BIRS HRlsecond
and hoton receptive particulate for receiving a
photon of |ight and converting the photon of |[|ight

ilft o el ectrical energy, the light active m xture being
di sp between the first el ectrode

and ?ﬁ':‘gg \gﬂ%ﬁ%g 5‘%02@31%2’%@ acHive sharacigrizad by epmprisigr gy i s

r ecestgiconamctbhp Botve PafiBRas tisk G sdaayiti '
electricgl ené?%y is groducedS#ﬁatqggﬁggbﬁggmggfﬁ§gﬁ~
e

fr on?4" 8t ectri cal connection with the first el ectrode
and the second electrode. 98. A photon receptive

(hgh active device according to claim97; wherein the
k ot 8 MREdgstipy mokiablelight astive aterial decording toelum 80 wehaéin

an o 3thicoeloP gtht GEHIe\Hakicul comprises at least one of an organic and

an inorganic semiconductor.

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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25 inorgani c photon receiver, hole transport material,

bl ocker material, electron transport material, and
per f ormance enhancing naterials; and wherein t ARCH 2007
carrier articulate includes at |east one of

MU T8hot on receiver; an inorganic phot oRCT/US2003/637040
receiver, hole transport material, blocker material,

el ectron transport naterial, and perfornance

enhancing materials. 30 144 23 MARCH 2007 WD

2004/ 046767 PCTI US2003/ 037040 99. A photon receptive

i ght active device according to claim98; further
conprising additional layers formed within the gap

bet v@k Antilectionimdldlchiit ade afatkrial 26ordRE Welalt £ Wheieh the
the addi.tj.qnal .| ayers including_at |east aone of

an
or gaARuC igh Agye Pagtst iplsycomprises ﬁBﬁ‘rﬁ%ﬁﬁ’F‘{‘lesdH@P@ﬁg a polymer shell
I ecedné@isulalifd & fofedd® PRMst comirREd @ﬂ a p&?}rﬂ&lbféhd RS Aol

electron transport materjal, and performance enhanci ng
mat e?fﬁ%l%mite@leweﬂ that lgast Ppeofpdiplecteanspartmaterials snedestron
by: M%d&%a@ﬁﬁ%aggﬁmmﬁ g RARA d el ectrode disposed
adjacent to the first el&ctrode and defining a gap
there between; an organic enissive |layer disposed
Wit N A5 e B | 0 ;
di sposed \len thin Oslgal@ ﬁF ggogir‘{gﬁlg@gglca{ago\;%ﬂ?‘g @%‘Eg{rg‘agég?ﬁjeme
gap sy matssiabeomypsises 4 hvedenahipbladﬂi niptdriabwitk bectrrmate .

1. according to cl aim2100;
1]\/\fﬁ rcé&%%ﬁﬂcc@ﬁ& pgagﬂgﬁ thes conposition conprises at
| east one of an insul ator a conductor and a 15

semni ht acti,ve de i ce in

il e AL TR R TR R

c 0 n’pﬂm&asnatc coresllinpaitaeslit brsat oleaifapafitRRGnRaEMEEN
Ti.r el.ectrode,and the second el ectrode. 20 103.

A R AR O R R B B G RBOTP SR PhOE, A REHERS

Ishe phddd 4 ineciainichPytRfifth ehHﬁﬁélﬂgjﬁlaﬁé ah 8@Rkive BfhaBEingPhase, a
or gjjnkerlgﬁhot on recelver; an. 1 nor ganl Cc phot on recelver,

hol St patrRale elgetronynjseting matarial, 4 low wark enstalan

tra”ﬂwlltgr%rﬁﬂ'aﬂhanEﬁQh@ﬁé@Bnmﬁ%StEﬁﬂg material and
performance enhancing materials.” 25 104. A |ight

active device according to claim100; wherein the gap
expadisddnjection moldable organic light active material according to claim 87;

20 wherein the particulate includes at least one of an organic emitter; an inorganic
emitter, hole transport material, blocker material, 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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conposition conprises at | east one of a dessicant; a
scavenger, a conductive material, a sem conductive
material, an insulative material, a mechani cal CH 2007
strength enhancing material, an adhesive enhdhc

W 8P¥UF767 3 hol e injecting material, an 30 ePebFixyH/037040
injecting material, a low work netal, a bl ocking

material, and an em ssion enhancing material. 145 23
MARCH 2007 WD 2004/ 046767 PCTI US2003/ 037040 105. A

ight active device according to claim 100; wherein

th i Ssi | . i i Ssi i
i < SOTEREPAR ForPYE it  End o B St R Sleth
devimabacsehoiongoftasecdndicolol Baspoherte i secohd tuenrds Soitage and a

partjcul ate has a first. end havipg.an electrjca
Do) et Sheab o SRS W AF G oni SRRpap Pl tum-on
el eGlolthdzal pol arity, and wherein the particulate is

alignable wthin the conductive carrier so that
Sharge carriers of a first type are nore easily

i Nj aRt o) infetidd thél@atid Kk a1V ndialCRA6AMgCAEIRINEDS, wheretn
second type are nore easily injected into 10 the .
sec dheipastienlate lnas a fixstond heviagan slectriral polerity avh? sceryl and having

cl ai amoi,gﬁtf Eﬁ?&i@h%ofaaegr, sﬁa'lgﬁe'{%lg _tﬂezo\sﬁ{cula&qmgnaa% wadlin the

or gani Hml ’ I ght active device
accowddustjve cartidrab that Cirsawtawicss of atfhes typepresprerrasiygnjected
P RAR!hd A &3R4 %ﬁa‘f %%ngﬁo\ﬁﬁgl{#er}ﬁ%%'e leﬁﬁﬁgétgcf into
Sem conductive matertal ~conpositi that reduces the
em sth¢ smomfdndci ency of the emi ssive |ayer while
increasing the light active device effectiveness by
expandi ng the gap di stance between the el ectrodes. 20
109, 97A Arplidisicketsptiveriglit agive devigdthaseeterize ey fiese lectrode; a
characterized by the steps of: . Providin m xt ure
cont AP SDHGET e st S AT S IRnE 4 g there
13 ghdetwerg! ali Hg\rt] aatvemhia:.!urmn{l f péibddi 1@ carriet mlatfﬁﬁahlaﬁ_& a@hotam
energy-to-Il1gnht teria or em¢tfin I gnht, |

r es 5PV 2l {or Feseivingepbpiop aof e 3%9}3“3%%916 photon of

r adi @nt o S1QERL B ey BHeQzhPdcti vdmdidite 96AL HidpdsB@within the gap
el ectri cal eng&gy in res&gnse to irradiation;

d
Sel CRerVeFBItle RIPAREIToit CiPRoSeePR SRsHBARO a5 sk fight energy is

pol YRBS v thpHofhSBeepti {2 Ele@RcA endrB@is préked that can
active matérial at a I rs regil on and a concentration

W thecdepied fem ageleetrisd corngctignayiitpthe 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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146 23 MARCH 2007 WD 2004/ 046767 PCT/ US2003/ 037040
110. A nethod for nmeking a |ight active device
according to claim109; further conprisingt 2007

of diﬁ@pSlng the m xture between a first elect
XOYtYhtt el ectrode. 5 111. A nmethod for rrakf’ﬁﬂUﬁz‘m’“?""“"“

i ght active device according to claim110; wherein
the light active material conprises organic |ight
emtting diode material for emtting |light when a
voltage is applied to the first el ectrode and the

second el ectrode n i ght

act PeeAdbotor éecﬁﬂtt‘:"&h@gtrﬁ ?)deé’fcg |aﬁ‘ﬁ:°f%5é %vﬁll er ? 8hﬂlrtﬂelj

| 9REmAG: dgV Rdfiiehaayats EMEAryiges the gop bﬁmcem the fjist elegriode and

tting diode material for .emtt L gt e{)} organic

Vol Soksecnd cisgppdeetic aitonat fvers focDing oS BEEH fhoue

S ec ?H&on RleBiGEd %gﬁorglﬁic phcton AcéRéragde frﬁfspcﬁ‘ainmbgalablbclght
devi ce according to claim 110; e\(ggerel n

|5| gmatea@l plpetrwfett@ﬁpoa& malgiglr 404 PEITRMAREH ?‘HW&TBE“%WZ% gy
material for generating an electrical current i n
response to radiation. 114. A nmethod for naking

| i ghoo. aﬁﬂlgheadeﬂﬂyecea@@rw@nmjl hyoa &fshelasiods;a W&lwmdﬂ
20 Sl AL hortsLel ey bl BSing S LD bekidtn; 4

active accordi ng to
cl amngaim:&mlmmendlspdsed wahimamd(gmp, jagd # gapt ¢xpanding composition

(AR areet T b S Bt Qrednlite B8 b SARYIER e

a ftop &ld Hoegmetectraded a pol ynmer provided in a second
region, the polyner being forned by selectively
cross-linking a nononer froma m xture containing the

NONOMRE! A laiheladiie ddvighicc@ting weclaini K0; hereia tisi gag eapanding
concentration of, the_ light tIV? materi.al at ., the

fi r compagjiieshcominaises at lrastone PLA IBSHIATT § FRIRIPLAPEA at t he
secangidofGican. 30 147 23 MARCH 2007 WO 2004/ 046767
PCT/ US2003/ 037040 117. A light active device according
to claim116; further conprising a first electrode

and gysac ]9%91 da8ive ﬁ&héhda%cm%g ROc1hiRe1 (RO wHEreih tiR EhpteRFanding
i ght act mat eri al
composition comprises at least one additional layer formed between the first
electrode and the second electrode.
20
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.
25
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, 2 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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di sposed there-between. 5 118. A nethod for making a
i ght active device according to claim117; wherein

the light active material conprises organic Ii
em'tting_{ﬁdl ode material for emtting |ight wh WRCHZGM

W& 108408762 applied to the first el ectrode anBCTHE003/037040
second electrode. 10 119. A nethod for neking a |ight
active device according to claim117; wherein the
light active material conprises inorganic |ight
emtting diode material for emtting |ight when a
voltage is applied to the first el ectrode and the
second electrode. 15 120. A nmethod for making a |ight
act i 8. dayhesctiae doneh Rgorting e ekim 1007 whevkiartied emisg vedayer
light active materi al radi at.i on-to-energy
mat SRS SR CHLNE Q?ﬁuﬁéatgﬁ“?%rf*élc"i”mnb APATEEr rent in
response to radiation. 121. A nethod for making a

| ight active device according to claim120; wherein

20" 1106, peliBhhngtis CPdes HPHRED AR 1055 RePR i CTHISSYE A

et Kie hd dotriéRl Rt ﬁ]daa%@frﬂleﬂg hhven
cl ar@ﬁﬂﬁz%&ﬂv%ﬁerlg}gﬁédt ﬁg{%agdl at i onﬁl S fn g

non-appesitsletecisisalaolaity, apd whersin the pReicRing is ehg%hkm@mhthe
i gh{ol bl Earl G eh Gifhe @i‘fa?%eir s §6% fﬁétq%ﬂr? a}é-ﬁore%lﬁ{ﬁ gﬁcted

t active nmateril conpri ses organi c .
act e tl’rahmt grglland pledrgeitamipraef 2 seendtypsriee WOu| eagbftleﬁcted into

le YilBleco Iﬁaé at | east one conjugated polyner having a
sufficiently | ow concentration of extrinsic charge

carriers so that on applying an electric energy to

t he g tive .material, char reiers f first, and
secolfh A iBEbE Rt b IE e B bk B el et
partdomphaésemwg‘hnmamhlmmiiyerform in the 148 23 MARCH
2007 WD 2004/ 046767 PCTI US2003/ 037040 conj ugat ed

pol ymer charge carrier pairs which decay radiatively

BD U108t Akghk adtive devitSacedidinges clhindI07 hﬁcﬁﬁﬂhﬂ@tﬁﬁandmg
polymer. 124. A nethod for maklz\n% alig ﬂ%ﬁ
devi CEPLHHeR ARyt cqngyetive.ypsul %?@/‘?"f SC@CP CPY"g‘H?te“al

act i dhpdRtiSH ihed reGREPIHe Shdssh clfRanty OMBe ahisale Ry&aMie
and an morg;m ¢ semnmiconductor. 125. A nethod for

naki Agreesing llgtﬁe@t;w@eatewfé@nm&ﬁrbmeﬁ@ﬂﬂéﬁlgéheas%dﬂ@pe
\/\her@t‘pwnmﬁe&l&ugggs active material conprises organic
Oartl cles 1 ncluding a polyner blend,

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 generafing 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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10 the polyner blend including an organic emtter

bl ended with at | east one of a hole transport

material, an electron transport material; a bl [
material and a liquid crystal. 126. A nethod ARCH 2007
WRRPHYIEST i ght active device according to clZHTHY3E44§H37040
wherein 15 the light active material conprises

m crocapsul es including a polymer shell encapsul ating
an internal phase including an organic emtter. 127. A
met hod for making a |ight active device according to

cl ai : L 1L e . '
Chartd e Brddhing Vbbb Ruc el dig £ IR R urter

c harampesingthe step ofdismdsing g mmictdine beresenar fistaiectredsandane

of a degﬁican ; a conductive phase, a sem conductive
phaS& M ARHRES ati ve phase, a mechanical strength
enhanci ng phase, an adhesi ve enhanci ng phase, a hole

i_nj i rial, an, electron injecting material, a
Sow Lbrk O8O TR e AP R SEHse AP LordRE BRFIBE Lig: Wnereld
enhaClighPadtivt Qiatedial thrides| drginicdight dfftalg. dictle nladdial for

net hoq f 0{_ magi ng a light active device according to

cl aittEagLe B oltagg ds ppHe to dhe firdteelaetipds gng)the second

conplekg&e. first emtting particles emtting a nunber
of photons of a first color in response to a first
turn-on voltage and enmtting a different nunber of

180t @9Ss R thbl forlrhdidle aclféhgﬁclu:vg ﬁéﬁ&%&ﬁﬁn t QhiBeT10; wherein

turn-on 30 vol tages, sali t active material

fur ﬁmlatght GATVE el &fmlﬁlﬁsslﬂ&gm fitit Bfhi Same diodeamaterial fiar
sec e It . e t.ons
of STl i RbieE oGl by s gHER e the BB
20040usBiE67 PCTI US2003/ 037040 response to a second
turn-on voltage and a different nunber of photons of

the second color in response to other turn-on
5ol t1aYe’smethdd forAnakiighedibhodctivelevikg aacdrdighto @aiin M@; wherein

devi,ce. di 1 | ai m 128;  wh ' 5 the [ight .
A e e

par eleetriesl cuirbi@ it fespehse Rithdifitiong particles emtting a
nunber of photons of a third color in response to a
third turn-on voltage applied to the el ectrodes and a

di f fie4.e0meMyd BR makingd 10hOfSive @évidefaecdrmh%ﬂ) QRO 3l Vherein
resE%r}g(ﬁ to other turn-on voltages. 10 130. A nethod

28+ gfion i inghe visibls SPECt@BYi ce according to claim
116; wherein the light active material includes at

| east one of an organic emtter; an inorganic.
1135. 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 menomer 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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emtter, hole transport material, blocker material,

el ectron transport material, and perfornmance

enhancing materials. 15 131. A nethod of makin

l'ight active device according to claim 116; \/\hg}]g“ahRCHmm
PR 2046 70f the |ight active material have BCTURWP3/037040
end having an electrical polarity and a second end
havi ng an opposite electrical polarity, and wherein

the particulate is alignable within the conductive
carrier so that charge carriers of a first type are

nor e i??‘hghl niected into the first end and charge.
carril&f: tacitedsrige 2oserdingda claine 1 g furtheneqmprising;adisste d

| Nt O eleBfoddAia 8 decBdlledide hviNEid Blyfef arlt fight fetlve Hlberial
emtting device, characterized by e steps of.

pr ovidEPAEd thepobetueansubst rat e; provi ding a bottom

el ectrode over the bottom substrate; disposing an

em ssive layer conprising a mxture including a

dPs péﬂ%-e%imzélodi%mkmwligm wtize flevie apwmdingto didimi Id7; wherein

carr gl 1] t : te; selectively .

ol y e kit MR oA Seh L B col ook Fialeri
to ewitienlightden avaltags Siapplisdag thefisstakdirédeand the second
pol ypRLiL&ed monomer to concentrate in polynerization

regi ons. 30 133. A nethod for nmaking a |ight emtting
devi ce according to claim 132; wherein the step of

l ectd viel nerj zi ng. t he npner c rises using a
T8, 714 YR LR g Rl G 1) e
PCT| tH52{30CicA 85 Adidrialtbrbfiek aivegnRatgh &hittdnd df dde Makdr@ior
and %ﬁg# rﬁg#o S corres ondlng to the polynerization
r egi SHEURERES WY iy is applisd d e figsy slectrodemnd Be seond
maki ggeteodel ght em tting device according to claim132;
wherein 5 the step of selectively polynerizing the
nonomer conprises using a radiation source
15 angx0. W Rehéd¥oP HEking » BBk LE SR L gtand
dark regi ons gbrne?%%n_%ﬁgﬁto Fﬁgggﬁ#@"gffé ﬂ%ﬂ“mmﬁm
r egi bR dighirngtivematerial semprses e gidintison-ta-8BreyAnated 4 dek gefierating an
maki Q&tded b9t B l.ce according to claim 134,
wherein 10 theﬁ%%%%ggﬂggﬁﬁgéé i ncludes at |east one
of the bottomelectrode and a top electrode provided
over44h LS4 - : : et hod,. of King.a. .
1 gni e ol ekl € lgnciclie PR SCIREIE o SR T e
¥he tbaradidtion ivieheondblasgcfrmnned i nto i ndi vi dual pixel s
surrounded by the 15 pol ynerization regions.

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 areinjected into the semiconductor particulate and combine to form in the
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137. A nethod for nmaking a light emtting device
according to claim 132; wherein the step of

sel ectively polynerizing the nonomer conprise

atterning the enissive regions to forn1cond3%&Wk%§(112007
B@tzﬂ%é{%"“ et ween the pol ynerization 20 regi offsT/US24E/037040
nmet hod for making a light-emtting device according to
claim137; wherein the conductive pathways form an

el ectrode grid of a display device. 25 139. A nethod

of making a light emtting device according to claim
137; wherejn, the m xture further includes a -
confiorits R?éﬁfﬂé%ricaﬁwg%%?ﬁ%méﬂwﬂls% AorgY FRatatieriy &g taniagiation
t he ixcamided frbmehdadinfietyd polgmek. f urt her conprising the
step of patterning the conductive material into the
conducti ve pat hways. 30 140. A nethod of making a

i gmn4.emrﬁamdaqoﬁl§mhﬁ§a agfﬁg&we(rjaeviwm?b@i%@ta 3im M Wkfiin

the nmonomer is polynerized under a first ) .
pol (hediaht aative FF%#%WNP@PES af Jgast pue of 2D ougRRICHINg @0 norgApjc
20044 Q8R4 oFCT/ US2003/ 037040 conductive materi al

i ncl udes a second nononer capabl e of being polynerized
under a second pol ynerization condition; and further

co ”T?ﬁ!i.a Bginbd ?odﬂa%gig%fnﬁg%%@ﬁéviJ%%cécl}&flgmﬁc??iﬁ;el 16; wherein

particulate an corrducti ve nateria
c onthedighv ectivp ataterialenipyises ek gaoici pasicles freludivera ol ymer blead,

' ial.. ing. th [
T SRSl SR O 5 G e

mat embspbrt neateriah an eletirantteanportamertill atdockingregériad and a liquid
bet@een the em ssive pixels. 141. A nethod for naking
a Ilaﬁ "em tting device according to claim 132;

further conprising the step of applying an aligning
field can bhe plied during the 10 pol ynerization step
or 6?% m@%?lﬁé? D@@%@Elwﬁw fayicgraecqrdngiorsilqias, 126; wherein
181 i @it {09k thatefialtoROrSBINGLLMsREs BLIBGHE b 901?%%1&11' e
patterned el ectrodes can be used to define i el d.

142 SNSAPTHALING 30 eI pRASE dncludingpan orgamia sikeF. devi ce
according to claim132; wherein 15 a performance

enhanci ng Iaéer i's provided between the bottom _
subd?t dt methad for meaking milighi aptive dayice acanading Iy qismHdE; Wienrein

whor g ey B uplid i S8e BAEON B Maliferr b ™ 5%

201 y shagpcteristie eoningling additives achat daastomo of @dessioantta donduttive
phase, a semiconductive phase, an insulative phase, a mechanical strength
enhancing phase, an adhesive enhancing phase, a hole injecting materiat, an
electron injecting material, a low work metal, a blocking material, an emission
enhancing material and a liquid crystal.

25
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

30  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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144. A nethod for nmaking a light emtting device
according to claim 132; further conprising the step

of providing a top el ectrode over the em ssiv WS CH 2007
25 145. A nmethod for making a light emtting
WRHUMEST zed by the steps of:  providing a_gﬁﬁqqﬂwymnww
substrate; providing a bottom el ectrode over the

bottom substrate; disposing an enissive |ayer

conprising a mxture including an

em ssi ve/ nore-conductive material and a

non-em ssi ve/ | ess- conduc ive over .t he bo m
IR B L AR At S g g
t he gRomIdolsiil RspanEEtocAns uihod om@eeri al to
concentrate in enissive regions and the

non-em ssi ve/ |l ess-conductive material to concentrate

i N NOKY. e fiod OF SEth aﬁ t ad@v dedic é/&%%l?%gt%mﬂ{@zs wherein
2004/ 046767 PCT/ US2003/ 037040 146. A nethod for maki ng

& | i BRdigrctivy rﬁgte@@tw@r ernaggisen thisd ewitingpagiiclespthe third
WNer eihfiing! iftics RRhidhe &b oY Blotofd 2 b Bfif d3fbr ﬁpggf{oh&etg

using a |nterference pattern to orm
dar kthird girores vebiageapplipddo thg etegtrochae ancbmdlﬁmemstmrdner efigihotoms

and Ef*tﬁeénrﬁ%l%ﬂ r s&ﬁ&'t%&mtﬁﬁq HE shod of ‘making a

light emtting devirce “accordi ng ai m 145; wherein
the step of seI ectlvely patter ni ng corrprl ses using a

di transm tted rou
19" B B ST Moy ot VRSBl DT ot
non thﬁ lighi E?Svanﬁatm@@ hl&lltslcﬁitdeatshﬁ)eéw hif Srigitic ERfieq) RS anoléﬂ%;c
A et maki n i mtt evice accordin
Fo crats Bos Toiineil aptemal Hloofetoiaseal lehten o e and
Ieaspermma@%eﬁmmhgtﬂaml ectrode and a top electrode

provi ded over the em ssive ayer. 15 149. A nethod of
making a light emtting device according to claim 148;

yher e A hétBoddinsakings 1{@9&&% déVi& aﬁ:QJr&iﬁg' td 84ifh 116; wherein
i ndi vi dual pixels surrounded by the non- em ssive

r egi Bfclesxd thedight aetive matselakhanve prdiket prd kevinegh eleaticalmokagity
devi £ ASEHILhd Bavlifl £ Hglé%ﬁmw;t%%y ahd\@ndtbituy ©

further conprises a no “em ssi ve/ rfor e-"¢onduct i ve
mat epartgulates@lignable withipthe fcorpuriévetdaurisr go attchenga ictrgers of a

| Nl HUPSpPRE LRI AT Titied Hed HR6TRE S BRAMENALR of a second
mat er i al”~ and - mSSIV nor e- Con ve nate

2tht otypoard mentr sasily pusctedants tieseommdrnd.he non- eni ssi ve

regi ons.

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
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.

133. A methed 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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25 151. A nmethod for making a light-emtting device
according to claim 145, wherein the
em ssi ve/ nore-conductive nmaterial conprises an, LCH 2007

articulate includes a liquid crystal constituent an
%%me'ﬁﬁore constituent. 153 PCT/US2003/057040

7

interference pattern to form light and dark regions corresponding to the

polymerization regions and the emissive regions.

134. A method of making a light emitting device according to claim 132; wherein
5  the step of selectively polymerizing the monomer comprises using a radiation
source transmitted through a patterned mask to form light and dark regions

corresponding to the polymerization regions and the emissive regions.

135. A method of making a light emitting device according to claim 134; wherein
10 the patterned mask includes at least one of the bottom electrode and a top

electrode provided over the emissive layer.

136. A method of making a light emitting device according to claim 135; wherein
the emissive regions are formed into individual pixels surrounded by the

15  polymerization regions.

137. A method for making a light emitting device according to claim 132; wherein
the step of selectively polymerizing the monomer comprises patterning the
emissive regions 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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conductive matetial includes a second monomer capable of being polymerized
under 2 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 js 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

constifuent.

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 glectrode 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 nop-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 143;

wherein the emissive/more-conductive material comprises an OLED particulate

includes a liquid crystal constituent and a chromophore constituent.
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