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(57) ABSTRACT 

A method for making a light active device, including provid 
ing a mixture of light active material and a monomer in a first 
region and a second region. The light active material includes 
a plurality of electro-statically active microcapsules each 
comprising OLED material encapsulated within a polymer 
shell. Chains of the electro-statically active microcapsules are 
formed in the first region. The monomer is cured to form a 
polymer in the first region and in the second region to lock the 
chains of the electro-statically active microcapsules in the 
first region. 

  



Patent Application Publication Oct. 9, 2008 Sheet 1 of 60 US 2008/0248191 A1 

A.V. 

Fi 5 

F gure 4 

Vother if -. wa. 
w Nitry // x o rs Sco No, NeY Figure 9 
Figure 7 Figure 8 

  

  

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 2 of 60 US 2008/0248191 A1 

&r SS st&S ssessssss XL val &s 
...isaste. Syse's y; SRREN Aww. is 3:...' s siggs'ss f'ssess? $3$$$$3. f is $s sis &W .." so N' f 8. s.S. ss is s: s x Sk a k $8. 's s : f O 

were revukaa 

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 3 of 60 Patent Application Publication 

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 4 of 60 Patent Application Publication 

path of east 

*********~~~~ 

Figure 14 
( etic aiti 

* 

• • • • •{• ** ** 

{· 
* we w • ** * * * 

×+ 
• • • • • • • • • 

  

  

    



Patent Application Publication Oct. 9, 2008 Sheet 5 of 60 US 2008/0248191 A1 

2. 
condu 
-- it is is 8ES&TE 

i 

conductor, reflective 

Figure 16 

  

    



Patent Application Publication Oct. 9, 2008 Sheet 6 of 60 US 2008/0248191 A1 

YY1-as-r--------ex--as-as-------- -N- 
{N (on (on (on Coxon (CON 

- C- arr 

(RN CON f 
s - N -4N-4N-4N & N-. w 

~xs---ss-racts raxster (on Yon Yon Yon Yon CON CON CON CON CONC W --- Y- - V - N- \, 
-i-, -i- SN 

28 Figure 18 

  





US 2008/0248191 A1 Oct. 9, 2008 Sheet 8 of 60 Patent Application Publication 

;---------~--~~~~*~~~~~ ? 

  



Patent Application Publication Oct. 9, 2008 Sheet 9 of 60 US 2008/0248191 A1 

a. YY 

Figure 22 

Figure 24 

  



Patent Application Publication Oct. 9, 2008 Sheet 10 of 60 US 2008/0248191 A1 

S. 

s 

- 

& 
-- Six 

& 'S3 
S. 3.SS S. ()() (8. 
SSS s SS 

  



Patent Application Publication Oct. 9, 2008 Sheet 11 of 60 US 2008/0248191 A1 

' 

(i. Y--.... () AV Mag// 

3ty to SN 
-Is &N 

i5/6 GNA 
f| 

  

  

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 12 of 60 Patent Application Publication 

3. 3 

ure 34 19. 

A 

s 

* 1gure 

w 

- 

*** ** ** • • • • • • • • • • • • • • • 

· ~ ~ ~ ~ ~ ~- - - --- --> --~~~~ ~ ~ ~ ~ ~ 

--. …… • • • • • • • • • • • • • • • • • • • • 

------a-------------- 

  

    

  

  

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 13 of 60 Patent Application Publication 

| Fi 

F 

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 14 of 60 Patent Application Publication 

X 
xf 
2. 

Figure 41 

Figure 40 

  







Patent Application Publication Oct. 9, 2008 Sheet 17 of 60 US 2008/0248191 A1 

wn-mamavarrrrrrrrrrrr. Figure 45 
lawsus-----mvwr 

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 18 of 60 Patent Application Publication 

  



Patent Application Publication Oct. 9, 2008 Sheet 19 of 60 US 2008/0248191 A1 

II". II 
/ (ETDY (ET) (FE) (ETE fit R \ril 
~-s-sur-MSoex-stro- ------------vvvvvulula 

(HTI) Y (TE) ?hri 1r) 
NTL/ G NTL2 VETL) (E) N-2 “ . . . . 

reser -2 re 
(HTE (HTP) HTLA (E) are VETL2"VETL) ETL/ ETL E. 

N .. - , SC4 ch" 
/TNigh . iii. atensity f T. 

&e. N i. 
- as - 

(E) (E) (E) (E) (E) ET/ infrared TL/ (EL) S." SC, SC. F. S.C. SC. & 

OE) Figure 49 display 

-s. Tt TSS-14 ser:Y *ss Y 
ETY (ETI.Y f SY 
HTL/ WHTL WHTL Co-sara.--Na-x--------...-a-...sa.--~~ s 
re-s-s-src reas. Sooyo sets& saw & sews is xx &s 

s & “s. s' systw8 is 8 scs:k is 
& & s $ $ 

S S. s r. S is: S. S. $: S S. Strš. - * St. sex ... sex 's Suss & ** sists 
- - - - - TI. I.I.I.TI.i. 

www.avuvukkaaaaaaa-------a-Ya-Y-w-www.www.www.wawawamurklaauaaaan---w-----------wana-We- alaalaa----------wv-Y--------------- www.wrwrwr. www.www.rawl 

Figure 50 

-- S. . 
ra S y 

  

  

  

  

  

  

  

  

    

  

    

  

      

  

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 20 of 60 US 2008/0248191 A1 

... I hits gayer 
K 

sississ: 

To be layer- T so the elayer-mont m 
w 

ississississis ------L--www.nsw.xx-xx-x-www.www. 

entissive ayer 
-Til-on ----------S-S-S-S 

Sississisiayer 
- II of Tlemi 

high shrine 
test-so 

— — — , 
Figure 51 

  



Patent Application Publication Oct. 9, 2008 Sheet 21 of 60 US 2008/0248191 A1 

Figure 57 

radar systers 
Figure 58 

iR carera 

  



Patent Application Publication Oct. 9, 2008 Sheet 22 of 60 US 2008/0248191 A1 

is . 

l x - - - Figure 60 
estivater 

III III. ... six:8...ay&i. 
------------ 

issista 
i. 

m tississiyei.t 
---was-- --------www.yyxxx w w Y''w-w-w- www.wrwr. www.www.www.www'- 

w s: ...Y r 

> ----- a ----------- 

its todetection isyer (R} 
... iii. T. 

T 

Figure 61 

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 23 of 60 US 2008/0248191 A1 

  



Patent Application Publication Oct. 9, 2008 Sheet 24 of 60 US 2008/0248191 A1 

Fi gure 66A {x 
^ 

- 
\ 

N 

S.Yss ^ ficieophone- - 
irst tries 
tiew&iri, 

  



Patent Application Publication Oct. 9, 2008 Sheet 25 of 60 US 2008/0248191 A1 

-or 

-orA 
isplay area 

------- 

tisstay 
/ 

Figure 67D 

lightweight, flexible solar panels 
else 
en 
(sensors Figure 68B 

muc 
electric rioter 

  

  

  

  

  

  

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 26 of 60 Patent Application Publication 

(, 

Figure 69 

Figure 70   

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 27 of 60 Patent Application Publication 

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 28 of 60 Patent Application Publication 

~~~~, 

Figure 75 

  



Patent Application Publication Oct. 9, 2008 Sheet 29 of 60 US 2008/0248191 A1 

Magnetic 
--- --ross 

Figure 76 / El Y r organic 
effitter 

Figure 77 NHTLV 
--arra 

fmagnetN - 
Y Anage Qganic if ET - *- 

R 2E) t GS: / E. 
\ HT M \, efitter f a saaaaaa-sers. organic fB organic 

efinitter BSE i 
N HTL/ 

s---w s Y: 

/ETN 

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 30 of 60 US 2008/0248191 A1 

xxxaaaaaa. 

33& 
S. &fits 

surrear----------arrrrrrrrrrrrrrrrrrrr 

Figure 80 

$38. S$8 

ii) N 
Efes. SiS 

ssific S$: 

  

  

  

  

  

  

  

  

  

  

    

    

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 31 of 60 US 2008/0248191 A1 

Estie Cotes seen cines Red Cotes 
GO 

SO 

R 8 

388 45 in 8:30 : SS is $38 : SSQ ; ; ; if S if, 

Figure 82 
Appiy storiving Woitage 
X is of photons Red 
Yi is of photons Greer 
2 it of photors Bius 

- Red Birst 

Appiyard Rivig Woitage 
X2 is of pictorsfied 
Y3 ii of photors Green 
22 it of photois Blue 

-assor- Greer Sist 

Apply 3rd Driving vioitage 
X3 it of photons Red &- 
Y3 # of photons Green --- Riis Burst Figu re 83 
23 it of photons Sue 

  

  



Patent Application Publication Oct. 9, 2008 Sheet 32 of 60 US 2008/0248191 A1 

Apply ist Driving Voitage 
X if of photons Reti 
Y is of photons Ret2 -- Rett Burst 
2. it of photons N 

Apply 2nd Driving Voitage 
X2 it of photons Reti 
Y2# of photons Reta 
22 if of photos RetN 

e-- $3e3 Burs 

Apply Ni triving Woitage 
X3 is of photosis ficti" 
Y3 it of photons Reta were e\ SfSt 
23 i of photons Rethi 

Apply ist Diving Voitage 
rewriterrrrrrrrrrrrrrawers---wire Xi of photors set 
Yi i of photors Reta 
2 it of photoris N 

W-Mer Si Sist 

Apply 2nd civing Voitage 
Xx is of photons Reti" 
Y2 it of photons ret2 ox ErrisN Burst 
X2 is of photoss Retin 

Figure 85 

  

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 33 of 60 US 2008/0248191 A1 

wereworx warrararerwarowawarwoovorosarrukywarriorows r 

Form a first mixture of a first organic light active 
: fateria Cof perett and a first carrier it aid 

Step One 

Form a second mixture of a second organic light 
active material component and a second carrier 

Step wo 

Generate a first charged mist of the first mixture in 
at attosphere Step Thies. 

Generate a second oppositely mist of the first 
fixture is an atmosphere Step Four 

For a first mixture of a first organic tight active 
imaterial Component and a first carrier fluid Step Five 

r Aow the first particulate and the second 
particulate to commingle and attract together in the Step Six 
atmosphere to for in a first layered organic light 
active raaterial particulate 

  

    

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 34 of 60 US 2008/0248191 A1 

mist of Hole Transport and carrier fist of Emission layef aid easier 

inert valve 
Q&S t-w -Y 

\\ 

wa. ^ 

o f -- - w - 

Figure 87 

a rr? . 

apattite \ &gature 
... “R, : “y. 
(Ht) 2. } occes 

olam" {{} & You & / Tolam 
solution 8? f solution | (HT) charges - charge (EL) 

- Y.-- gia 
X iii-particulate 

charged i 
particies 
collector i 

olam" - 
particulate is 

  

  

  



Patent Application Publication 

( 
mist of Eiji and carrier 
k Ozzie 

wave apatie 
gaS sia . gas L. r mE 

&airfief 

pattices 

d s 

Oct. 9, 2008 Sheet 35 of 60 US 2008/0248191 A1 

Figure 89 

mist of Electron Transport and carrier. 
s says, 

carrie, yapor / Ozzie linert 
\, f f roof apature valve iner ...yr "Yi -- yes. gaS 

s {SE} frig -------------- - - - - - - - - -ful 38 
& six assis-lyssey-say-cases 

carrier 
(ET) 
c 

Collecto: 

ca 
particulate c 

oian is 

- particulate 

charged 
particles 
Collector 

  

  



Patent Application Publication Oct. 9, 2008 Sheet 36 of 60 US 2008/0248191 A1 

/ /1 
i- www. -i- t -- F (tal 

v 

Figure 91 

mist of Electron Blocker and carrier mist of Electron Transport solution 
Ozzie v. r &XXie s Sovets apof iirar inert valve apature \ . . . . A apature wave inert gaS res -v Yij-, -- ~ tif gas 

www-as-s-www.wrwr."T" i? (Bl is r r ---, % C3& \ \ a 
(BL) : \ 

... -Ns 
8.----...-- - - - - - - - - - - - - - - - - -h charge 

inducer a 
- inert Yi, i is fi ax Y & gri oia 

gaS &f as - ari?, 3. fi- particulate 

chaged 
particles 
coector 

olam" 
particulate 

  



Patent Application Publication Oct. 9, 2008 Sheet 37 of 60 US 2008/0248191 A1 

ra. irs 
^ +1 =ll t + 1) = |a| / / 

Figure 93 --a 

mist of Hole Transport and carrier mist of Emissision Layer and carrier 
d y nozzle \ Carrieryapor / nozzle | inert valve apature \ f apature valve ineft v. yer, fry. rt sy 

gas titor- len? at sk r “Nóirí.98S 
it a "fe," i. T . . . . . . . . . . . . . arrass, arrass-Yar " ---- % &Y S- & , , YYYYYYYYYYYYYYrasaaaa---------------- 

carrier {3}S i carrier 
x. &x 

\ {i} ^ f 

". self &f (EL) W. S X: ar --, i 
chai ge , , Ns. charge 
isducer sis. & is t indice 

y “. . Ciary 
3 in- particulate 

3 charged 
sis iii particles 
is r st - t Colecios 
R. i. 
i: 

charged 
particles 
Collector 

olam" - 
particulate 

Figure 94 

  

  



Patent Application Publication Oct. 9, 2008 Sheet 38 of 60 US 2008/0248191 A1 

inist of HIE and carrier finist of Bift and carrier 

liner 
i. 

a \ s i rt incxze \ Carrier yago A i:{XXie 
fe valve apature \ . 
gaS VVVVV Yess VVV aca. r s gaS 

apatute 

I 

\ \ charges 
inducer w 

inert sia 

charged 
particles 
Collector i. 

waxx 

  



Patent Application Publication Oct. 9, 2008 Sheet 39 of 60 US 2008/0248191 A1 

= 1. | = |s| 
s 

s 

Figure 97 
( w 

mist of magnetic particie, in carrier mist of E oia' softii, 
- A '... r 

ifert a nozzle \ Solvertsyapor / iO2Xie is eit 
inert valve apature y-r 11 A apature valve ref 
aS Yss .x "--- fra. s: 3S 
-it- f a iii) sa {Ef É -- 

------------arra ry so 8. s f S. it is & ?i. fwww. i.www.www.www.w YYYYYYYr 
carrier \ \ 0 \ is is f of" 
(M) i \ V s of a 3 ? solution 

a- w - f o - charges-Y-charge (ET) 

k inert Yi i is - 2 S. Magloian" 
3S s s -- - St * Si- particulate 

charged s is charged 
pattices particles 
Collect of collector 

Maglolam" 
particulate sis 

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 40 of 60 US 2008/0248191 A1 

crew. 

ii. a + i) = 
^ 

Figure 99. 

fist of it carrier rist of HT olam“ solution 
O32ie s'w f Ozzie 

s Solvents vapor f , , , 
inert valve apature - apature valve inert 
gaS yers rr s ----' as-* ^ riTax & & gaS 

Carlier \ \ a, e?. (; ; \* f olam" 
(EL) \ . o) S solution 

(HT) 
s' 

- Y - charge rr re 
't is S. S. idice; | | $ isdice 

-tra 
s * \'s E. 

inert - l is Y 8 is gian 
gas is - -Y f £3 - particulate 

t - 

charged . gi s charged 
particies air afficies 
Collector in coiector 

- 
-- is E; 

Qafi 
particulate 3 

  



Patent Application Publication Oct. 9, 2008 Sheet 41 of 60 US 2008/0248191 A1 

inist of it and casier 
o foXgie \ catter w 

a. 
apor / nozzle 

valve apate y; / apatue 
. ..a --" - f *Ás ^A. &S sy ^ --- “Yes s ----------------“. . . . .38 stres 

carrier \ \ {i,\s S 1 carrier (HT) \ &'s Sf (M) 
arge first- Nix charge (ET) (E) charges- charge (E) at SS s s it ce; 

s Mag/olam" 
gas Siss -- particulate 

inducer {} 

charged 
particles 
Collector 

s 

Magolan" 
particulate 

Eigst 9525 gst 
Figure 102 

  



Patent Application Publication Oct. 9, 2008 Sheet 42 of 60 US 2008/0248191 A1 

- 

E. 

Figure 103 || Figure 104 

Figure 105 

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 43 of 60 US 2008/0248191 A1 

  



Patent Application Publication Oct. 9, 2008 Sheet 44 of 60 US 2008/0248191 A1 

r-* 

? N siggy Fisii isf 
: -N testistiate 

A 
take pree: $8 g-texties Exi (D cr:}pieied sisay 

y-ei&ississy 
sit-is 
Rains 

4. Swat R.E. S. prissuese signing Egg 838: 
sepatiered ifiers stse if S$3g: 
X-&icycies (Y R&s:- ', 

&isines gastrusias it 
iris (3ssier 

Figure 107 

-- tilting 'uni 
- eiextode: patten 

tipattered siststrate: 

SayState 
Take-up 
Reet y 

Substrate Skippy 
ciruin printed etectodes - transparent paymer Ro: 

Figure 108 

  

  

    

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 45 of 60 US 2008/0248191 A1 

traitsgate: 
sistrate 
iaissa exit 

ES 

Prior Art Figure 111 
--NM)\ 
sistiate 

assaxa 

transparest 
O C3ffe O 

&tiškis. 
St. 

sists thin itie? 
tiecisexie 

Sixsitate 

^^^^^ 

Prior Art Figure 112 
ir&isparest 
sistate 

w8te: foxygen 

Sisitate 

&iectrod --- syrosion 

eiectoxic 

S8iStrate 

^YV/N-MY 

Prior Art Figure 113 

    

    

  

  

  

    

    

  

  

  

  

  

  

    

    

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 46 of 60 US 2008/0248191 A1 

ls 

  



Patent Application Publication Oct. 9, 2008 Sheet 47 of 60 US 2008/0248191 A1 

Figure 11 

f f Y - - - a-y 

pessite vesse: | i 
t i 

& v. f rry wriss-as-usas-r 

W 

N N / 
n N - 

Figure 119 
a Hill 

- 

Yoo- ro-o-o-Sa 

ar 
Figure 120 

  



Patent Application Publication Oct. 9, 2008 Sheet 48 of 60 US 2008/0248191 A1 

() (S2S. G) 
Figure 121 

S) () (c. 

Y 

gress 3 8 yes&e ( 
- A 

a- - - - - - - - - - - - - a -------- - - - - - - - - - - - - - - - - ---------- 

Figure 124 

  

    

    

    

  

  

  

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 49 of 60 US 2008/0248191 A1 

s2 Figure 126 
------ 

N a. 

Figure 127 

SS SN-2S, , Š3 Figure 128 to solioso- losio 

Figure 129 

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 50 of 60 US 2008/0248191 A1 

Figure 132 

  



Patent Application Publication Oct. 9, 2008 Sheet 51 of 60 US 2008/0248191 A1 

$ois fasport hateria 

hole transport - - - - 

socke 

emitter 
electro- transport 

Figure 137 

  



Patent Application Publication Oct. 9, 2008 Sheet 52 of 60 US 2008/0248191 A1 

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 53 of 60 Patent Application Publication 

Figure 140 

  



Patent Application Publication Oct. 9, 2008 Sheet 54 of 60 US 2008/0248191 A1 

class. *if iter 
'...w: 

signerises : (Yigaerger&Y a - - Elias (Yo?e Figure 143 m w 

six ES s 
... v. - S&R EE3 

i.e. SSSN FREE none 
TE S X S. s& 88: 888 
R& ES onyms: Se: FES 

b?ocked raciatior biogke raciation 
cirig fadition 

arrera-re-re 

sixts: 

Figure 144 
S iSixfief -risis: 
Saraxx morates 3. 

arra's arrassasselaaraaaaaaaaasalesee-ee 

&tigig fisk aligning field 
"I TTTT 
Eid xxiyas: syster s scity:Y&F. Keys: 

agister 3. 

E. :y: . ad gx:y:538: Xys: ex r e 
ER says: s 

is xy ine ississississist is RSE 
Er {xyffix: 88878, al r it. r wou yerer fSE E. cisive: 88 yar&f 3----------------- $8. 

3:FF: x&iyas: a -- firi eye ** Rey: is is 

wa psys: Xiyas: 

r syses xasyats Egy3&F sy 
isiyas: 2.83&t s aciyesia $) is the 'ears 

St. Rye & site perse: 
'ssiysis polyte t Figure 146 
fixis is: is 

s $ntitat is sins: - Kiyi'ite 

  

    

    

  

  

  

  

  

  

  

  

    

  

      

  

  

  

  

  



Patent Application Publication Oct. 9, 2008 Sheet 55 of 60 US 2008/0248191 A1 

  



Patent Application Publication Oct. 9, 2008 Sheet 56 of 60 US 2008/0248191 A1 

*S ... 3-&fitts: 8:8;&;3 6-efitte - (B) =E (B) = "E" (G)="ISC Figure 151 
ra- are are - Man was 

29,533 (SS-20,0696, 
' 5.5E% EgSEY ^ 

re -65.5355365% Figure 152 

irradiation source O 
Saaaweewan www.r-maxaamahawarenrunw IZX-Zre 

ifadiati: SoisC& O   



Patent Application Publication Oct. 9, 2008 Sheet 57 of 60 US 2008/0248191 A1 

- an as ----- ser earm or a r. wrw a M. 1 

igure 156 

irradiation source O-y - 
irradiation source - O - 

réséréfect?: 65% 
resistspie -St. SE-21? s - 66.5%5C3G (5G GS SigZ Figure 157 Arrawa-Arrrrrrrrrrrrrrrranaane 

  

  



Patent Application Publication Oct. 9, 2008 Sheet 58 of 60 US 2008/0248191 A1 

contietof (e. &ntier articis () incorner F ig Ue s 9 

'a-'-----w-w-w-www.w - - - - - - - - - - - - -,-,----v-x-x-xx----------- www.w----...-- a- - - - - - - - - - - - - - wavva-ra-'sa-v- www.r-rw-ww. 

3tsot: Soti Q& 

Y. .2×3× 
2 Figure 161 

  

    

  

  



Patent Application Publication Oct. 9, 2008 Sheet 59 of 60 US 2008/0248191 A1 

irradiation source 
irradiation source 

exces (2. zy/ty riverself cases, or 43.2%. 227 . risis fig-loss 27 Figure 163 

  



US 2008/0248191 A1 Oct. 9, 2008 Sheet 60 of 60 Patent Application Publication 

{{C} ••• GX **** T; 3) L 

aser Syster lase 

  

  



US 2008/0248191 A1 

ORGANIC AND NORGANIC LIGHT ACTIVE 
DEVICES AND METHODS FOR MAKING 

THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation application of U.S. Ser. No. 
10/716,794, filed Nov. 19, 2003, which is a utility application 
of provisional application Ser. No. 60/469,667, filed May 12, 
2003. U.S. Ser. No. 10/716,794 is a continuation-in-part of 
U.S. Utility patent application Ser. No. 10/375,161, filed Feb. 
26, 2003, which is a continuation-in-part of U.S. Utility 
patent application Ser. No. 10/321,161, filed Dec. 17, 2002 
which is the U.S. Utility patent application of a Provisional 
Patent Application Ser. No. 60/427,333, filed Nov. 19, 2002. 
This application is related to co-pending patent application 
Ser. No. 1 1/453,627 filed Jun. 14, 2006; co-pending U.S. 
patent application Ser. No. 10/234.301 filed Sep. 4, 2002; and 
U.S. Pat. No. 7,161,590, dated Jan. 9, 2007. The subject 
matter of the above mentioned patent documents is incorpo 
rated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

0002 The present invention pertains to organic and inor 
ganic light active devices, and hybrids thereof, and methods 
of making the same. More particularly, the present invention 
pertains to devices and methods for fabricating light active 
devices that can be used for applications such as general 
lighting, display backlighting, video displays, Internet appli 
ances, electronic books, digital newspapers and maps, stereo 
scopic vision aides, head mounted displays, advanced vehicle 
windshields, Solar cells, cameras and photodetectors. A 
multi-color single layer light active device is disclosed. Also 
disclosed is a sequential burst driving scheme for a multi 
color single layer display. Further disclosed are methods for 
making light active material particulate, as well as an organic 
light active fiber. Still further disclosed are methods for fab 
ricating injection and other plastic molded organic light 
active devices. Further still there are disclosed compositions 
for light active material. 
0003) A polymer is made up of organic molecules bonded 
together. For a polymer to be electrically conductive it must 
act like a metal with the electrons in the bonds mobile and not 
bound to the atoms making up the organic molecules. A 
conductive polymer must have alternate single and double 
bonds, termed conjugated double bonds. 
0004 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 polymeriza 
tion of acetylene. When too much catalyst was added, the 
mixture seemed to have a metallic appearance. But unlike 
metals, the resulting polyacetylene film was not an electrical 
conductor. In the mid-1970's this material was reacted with 
iodine vapor. The result was an extreme increase in the con 
ductivity of the polymer film, and ultimately resulted in a 
Nobel Prize in Chemistry for the researchers who discovered 
it 
0005. Although polyacetylene can be made as conductive 
as Some metals, its conductivity drops rapidly in contact with 
air. This has led to the development of more stable, conju 
gated polymers, for example, polypyrrol, polyaniline and 
polytiophene. 
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0006. There is now intensive development working with 
conjugated polymers in theirun-doped, semiconductive state. 
It was found that some conjugated polymers exhibit electrolu 
minescence whena Voltage is applied. Further, the absorption 
oflight by the semiconductive polymer results in positive and 
negative charges that produce an electric current. Thus, con 
jugated polymers can be used to make Solar cells and light 
detectors. 

0007 Organic light active material (“OLAMTM) makes 
use of the relatively recent discovery that polymers can be 
made to be conductors. Organic light emitting diodes 
(“OLED") convert electrical energy into light, behaving as a 
forward biased pnjunction. OLAMs can be light emitters or 
light detectors, depending on the material composition and 
the 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 hetero 
junction. These layers are disposed between two electrodes, 
with the hole transport layer being adjacent to an anode elec 
trode and the electron transport layer being adjacent to a 
cathode electrode. Upon application of a Voltage to the elec 
trodes, 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. 
0008. The basic structure of an OLED display is similar to 
a conventional LCD, where the reactive material (in the LCD 
case, a liquid crystal, in the OLED case, a conjugated poly 
mer) is sandwiched between electrodes. When an electric 
field is applied by the electrodes, the OLED material is 
brought into an excited energy state, this energy state drops 
down by the emission of photons, packets of light. Thus, each 
pixel of the OLED display can be controlled to emit light as 
needed to create a displayed image. 
0009 OLEDs used as pixels in flat panel displays have 
significant advantages over backlit active-matrix LCD dis 
plays. OLED displays have a greater viewing angle, lighter 
weight, and quicker response. Since only the part of the 
display that is actually lit up consumes power, OLEDS use 
less power. Based on these advantages, OLEDs have been 
proposed for a wide range of display applications including 
computer monitors, televisions, magnified microdisplays, 
wearable, head-mounted computers, digital cameras, per 
Sonal digital assistants, Smart pagers, virtual reality games, 
and mobile phones as well as medical, automotive, and other 
industrial applications. The unstoppable march oftechnology 
often changes the way we see the world. Now, the way we see 
the world is about to be transformed by a new kind of display 
technology. The discovery of organic light emitting polymer 
technology (OLED) is creating a new class of flat panel 
displays that are set to change not only the nature of the 
display products that are all around us, but how they are 
manufactured as well. Articulated Technologies, has devel 
oped an advanced full color OLED display fabrication 
method. One of the biggest challenges to the OLED display 
industry is from contamination by water and oxygen. The 
materials involved in small molecule and polymer OLEDs are 
Vulnerable to contamination by oxygen and water vapor, 
which can trigger early failure. This issue is exacerbated 
when non-glass substrates are used. Since OLEDs offer the 
promise of a bendable display, attempts have been made to 
use plastic Substrates in place of glass. Elaborate barrier 
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mechanisms have been 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 
contamination. Neither of these solutions is adequate, adding 
to the cost and complexity of forming an OLED device. In the 
end, the problems caused by the ingress of water and oxygen 
to the organic Stack continue to pose serious technical issues. 
FIG. 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 sand 
wiched between an anode electrode and a cathode electrode. 
When voltage is applied to the electrodes, holes and electrons 
are injected into the organic Stack. The holes and electrons 
combine to form unstable excitons. When the excitons decay, 
light is emitted. 
0010. The current state of every available OLED fabrica 
tion technology requires the formation of very thin films of 
organic light emitting material. These thin films are formed 
by a variety of known techniques such as vacuum deposition, 
screen printing, transfer printing and spin coating, or by the 
re-purposing of existing technology Such as inkjet printing. 
In any case, the current state of the art has at its core the 
formation of very thin film layers of organic material. These 
thin films must be deposited uniformly and precisely. Such 
thin layers of organic material are susceptible to major prob 
lems, such as loss of film integrity, particularly when applied 
to a flexible substrate. FIG. 112 illustrates a prior art OLED 
device wherein a dust spec creates an electrical short between 
the electrodes. 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. Because of this limitation, costly cleanroom 
facilities must be built and maintained using the conventional 
OLED thin film fabrication techniques. Currently, inkjet 
printing has gained ground as a promising fabrication method 
for making OLED displays. However, there are some serious 
disadvantages to the adapting of inkjet printing to OLED 
display fabrication. Inkjet printing does not adequately over 
come the problem of material degradation by oxygen and 
water vapor. FIG. 113 illustrates a prior art OLED device 
wherein the thin organic film stack is degraded by the ingress 
of oxygen and/or water. Elaborate and expensive materials 
and fabrication processes are still required to provide 
adequate encapsulation to protect and preserve the thin 
organic films. It is difficult to align display pixel-sized elec 
trodes and inkjet printed OLED material with the accuracy 
needed to effect a high resolution display. 
0011 Besides attractive picture quality, an OLED display 
device consumes less power than liquid crystal display tech 
nologies because it emits its own light and does not need 
backlighting. OLED displays are thin, lightweight, and may 
be able to be manufactured on flexible materials such as 
plastic. 
0012 Unlike liquid-crystal displays, OLEDs emit light 
that can be viewed from any angle, similar to a television 
screen. As compared to LCDs, OLEDs are expected to be 
much less expensive to manufacture, use less power to oper 
ate, emit brighter and sharper images, and “Switch’ images 
faster, meaning that videos or animation run more Smoothly. 
0013 Recently, an effort has been made to create equip 
ment and provide services for manufacturing OLED screens. 
The potential OLED display market includes a wide range of 
electronic products such as mobile phones, personal digital 
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assistants, digital cameras, camcorders, micro-displays, per 
Sonal computers, Internet appliances and other consumer and 
military products. 
0014. There is still a need, for example, for a thin, light 
weight, flexible, bright, wireless display. Such a device would 
be self-powered, robust, include a built-in user-input mecha 
nism, and ideally functional as a multipurpose display device 
for Internet, entertainment, computer, and communication 
use. The discovery of the OLED phenomenon puts this goal 
within sight. 
0015. However, there are still some technical hurdles that 
remain to be solved before OLED displays will realize their 
commercial potential. OLED's light emitting materials do not 
have a long service life. Presently, optimum performance in 
commercially viable volume production is achievable only 
for Small screens, around 3.5 inches Square or less. Storage 
lifetimes of at least 5 years are typically required by most 
consumer and business products, and operating lifetimes of 
>20,000 hours are relevant for most applications. 
0016 Organic light emitting diode technology offers the 
prospect of flexible displays on plastic substrates and roll-to 
roll manufacturing processes. One of the biggest challenges 
to the OLED display industry is from contamination by water 
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. As an 
example of an OLED device, U.S. Pat. No. 5,247,190 issued 
to Friend et al., teaches an electroluminescent device com 
prising a semiconductor layer in the form of a thin dense 
polymer film comprising at least one conjugated polymer 
sandwiched between two contact layers that inject holes and 
electrons into the thin polymer film. The injected holes and 
electrons result in the emission of light from the thin polymer 
film. 

0017. There has been recent activity in developing thin, 
flexible displays that utilize pixels of electro-luminescent 
materials, such as OLEDS. Such displays do not require any 
back lighting since each pixel element generates its own light. 
Typically, the organic materials are deposited by Solution 
processing Such as spin-coating, by vacuum deposition or 
evaporation. As examples, U.S. Pat. No. 6,395,328, issued to 
May, teaches an organic light emitting color display wherein 
a multi-color device is formed by depositing and patterning 
thin layers of light emissive material. U.S. Pat. No. 5,965,979, 
issued to Friend, et al., teaches a method of making a light 
emitting device by laminating two self-supporting compo 
nents, at least one of which has a thin layer of light emitting 
layer. U.S. Pat. No. 6,087,196, issued to Strum, et al., teaches 
a fabrication method for forming organic semiconductor 
devices using inkjet printing for forming thin layers of 
organic light emitting material. U.S. Pat. No. 6,416,885 B1, 
issued to Towns et al., teaches an electro-luminescent device 
wherein a conductive polymer thin layer is disposed between 
an organic light emitting thin layer and a charge-injecting thin 
layer that resists lateral spreading of charge carriers to 
improve the display characteristics. U.S. Pat. No. 6,420,200 
B1, issued to Yamazaki et al., teaches a method of manufac 
turing an electro-optical device using a relief printing or 
screen printing method for printing thin layers of electro 
optical material. U.S. Pat. No. 6,402,579 B1, issued to Pichler 
et al., teaches an organic light-emitting device in which a 
multi-layer structure is formed by DC magnetron Sputtering 
to form multiple thin layers of organic light emitting material. 
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00.18 Electrophoretic displays are another type of display 
that has recently been the subject of research. U.S. Pat. No. 
6,422,687 B1 issued to Jacobson, teaches an electronically 
addressable microencapsulated ink and display. In accor 
dance with the teachings of this reference, microcapsules are 
formed with a reflective side and a light absorbing side. The 
microcapsules act as pixels that can be flipped between the 
two states, and then keep that state without any additional 
power. In accordance with the teaching of this reference, a 
reflective display is produced where the pixels reflect or 
absorb ambient light depending on the orientation of the 
microcapsules. 
0019. Other examples of OLED-type displays include 
U.S. Pat. No. 5,858,561, issued to Epsteinet al. This reference 
teaches a light emitting bipolar device consisting of a thin 
layer of organic light emitting material sandwiched between 
two layers of insulating material. The device can be operated 
with AC voltage or DC voltage. U.S. Pat. No. 6,433,355 B1, 
issued to Riess et al., teaches an organic light emitting device 
wherein a thin organic film region is disposed between an 
anode electrode and a cathode electrode, at least one of the 
electrodes comprises a non-degenerate wide band-gap semi 
conductor to improve the operating characteristic of the light 
emitting device. U.S. Pat. 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 inor 
ganic electrode or hole injecting thin film is provided to 
improve efficiency, extend effective life and lower the cost of 
the light emitting device. 
0020. It is known to form a thin OLED layer by various 
methods including vacuum deposition, evaporation or spin 
coating. Thin layers of hole transport material and then elec 
tron transport material are formed by these known methods 
over a grid of anode electrodes. The anode electrodes are 
formed on a glass plate. A grid of cathode electrodes is then 
placed adjacent to the electron transport material Supported 
by a second glass plate. Thus, the basic OLED organic stack 
is Sandwiched between electrodes and glass plate Substrates. 
It is generally very difficult to form the electrodes with the 
precise alignment needed for forming a pixilated display. 
This task is made even more difficult in a multicolor display, 
where the OLED pixels emitting, for example, red, green and 
blue, are formed side-by-side to fabricate a full color display. 
Because the OLED material and electrodes can be made 
transparent, it is possible to stack the color OLED pixels on 
top of each other, allowing for a higher pixel packing density 
and thus the potential for a higher resolution display. How 
ever, the electrode alignment issue still poses a problem. 
Typically, the well-known use of shadow masks are employed 
to fabricate the pixel components. Aligning the shadow 
masks is difficult, and requires extreme precision. 
0021 Currently, inkjet printing has gained ground as a 
promising fabrication method for making OLED displayS. 
The core of this technology is very mature, and can be found 
in millions of computer printers around the world. However, 
there are some serious disadvantages to the adapting of inkjet 
printing to OLED display fabrication. It is still difficult to lay 
downprecise layers of material using the 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 
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contamination problem, Vitex Systems, Sunnyvale, Calif., 
has developed a barrier material in which a monomer vapor is 
deposited on a polymer Substrate, and then the monomer is 
polymerized. A thin layer of aluminum oxide a few hundred 
angstroms thick is deposited on the polymerized surface. This 
process is repeated a number of times to form an encapsula 
tion barrier over an OLED display. This elaborate encapsula 
tion barrier is an example of the effort taken to prevent water 
and oxygen from contaminating the easily degraded OLED 
films that form a conventional OLED display device. Even 
with this elaborate encapsulation process, the edges of the 
OLED display still need to be sealed. 
0022. It is difficult to align display pixel-sized electrodes 
and inkjet printed OLED material with the accuracy needed to 
effect a high resolution display. All of the known fabrication 
methods for manufacturing an OLED device require the for 
mation and preservation of verythin layers of reactive organic 
material. These ultra thin layers are disposed between oppo 
sitely charged electrodes. Electrical shorts and the destruction 
of pixels result from the inclusion of even miniscule foreign 
particles when forming the organic thin film layers. To limit 
this serious drawback, the conventional fabrication processes 
requires the use of expensive clean room or vacuum manu 
facturing facilities. Even with a gh clean room or vacuum 
chamber, the typical OLED display device either has to use 
glass Substrates or an elaborate encapsulation system to over 
come the problems of water and oxygen ingress. Accordingly 
there is an urgent need for an improved fabrication method for 
forming OLED devices. 
0023 There is also a need for a multi-color OLED struc 
ture whereby two or more colors of light can be produced 
from a single pixel or OLED device. U.S. Pat. No. 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 electrolumines 
cent conjugated polymer. The polymer thin film is sand 
wiched between two electrodes. Upon application of different 
voltages to the electrodes, different colors of light are emitted 
from the conjugated polymers contained in the thin film. It is 
hoped that multiple color OLED films will somehow facili 
tate the formation of a full color emissive display screen. 
Typically, a full color display is obtained by forming pixels 
comprised of three separately controllable subpixels. Each 
Subpixel is capable of controlling the emission of a wave 
length of one of the three primary colors light, red, green and 
blue. 

0024. Edwin Land introduced a theory of color vision 
based on center/surround retinex (see, An Alternative Tech 
nique for the Computation of the Designator in the Retinex 
Theory of Color Vision.” Proceedings of the National Acad 
emy of Science, Volume 83, pp. 3078-3080, 1986). Land 
disclosed his retinex theory in “Color Vision and The Natural 
Image.” Proceedings of the National Academy of Science, 
Volume 45, pp. 115-129, 1959. These retinex concepts are 
models for human color perception. Others have shown that a 
digital image can be improved utilizing the phenomenon of 
retinex (see, U.S. Pat. No. 5,991,456 issued to Rahman et al. 
the disclosure of which is incorporated by reference herein). 
The inventors of the U.S. Pat. No. 5,991,456 patent used 
Land's retinex theory and devised a method of improving a 
digital image where the image is initially represented by 
digital data indexed to represent positions on a display. 
According to the inventors of the U.S. Pat. No. 5,991,456 
patent, an improved digital image can then be displayed based 
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on the adjusted intensity value for each i-th spectral band 
So-filtered for each position. For color images, a novel color 
restoration step is added to give the image true-to-life color 
that closely matches human observation. 
0025 Nanoparticles are used in unrelated applications, 
such as drug delivery devices. Others have shown that very 
Small polymer-based particles can be made by a variety of 
methods. These drug delivery nanoparticles vary in size from 
10 to 1000 nm. A drug can be dissolved, entrapped, encapsu 
lated or attached to a nanoparticle matrix. Depending on the 
method of preparation, nanoparticles, nanospheres or nano 
capsules can be obtained. (see, Biodegradable Polymeric 
Nanoparticles as Drug Delivery Devices, K. S., Soppimathet 
al., Journal of Controlled Release, 70 (2001) 1-20). 
0026 Recently, researchers have demonstrated a process 
for making a composite material comprised of polymer inter 
spersed with liquid-crystal droplets. The optical response of 
this material can be controlled by applying a Voltage, and has 
been used to create photonic crystals that modulate the trans 
mission of light. (see, Liquid-Crystal Holograms Form Pho 
tonic Crystals, by Graham P. Collins, Scientific American, 
July, 2003). A mixture of monomer molecules and liquid 
crystal molecules are disposed between two sheets of a sub 
strate. The Substrate can be, for example, glass plated with a 
thin layer of conducting material. The mixture is irradiated 
with two or more laser beams. The laser beams are aligned 
and polarized to generate a specific holographic interference 
pattern having alternating dark and light areas. At the bright 
regions in the pattern, the monomers undergo polymeriza 
tion. As the polymerization reaction progresses, the monomer 
migrates from the dark regions to the bright regions, causing 
the liquid crystal to become concentrated in the dark regions. 
The end result is a solid polymer with droplets of liquid 
crystal embedded in a pattern corresponding to the dark 
regions of the holographic interference pattern. 
0027. The current state of the OLED fabrication technol 
ogy requires the formation of verythin films of organic light 
emitting material. These thin films are formed by known 
techniques such as vacuum deposition, screen printing, trans 
fer printing and spin coating, or by the re-purposing of exist 
ing technology Such as inkjet printing. In any case, the 
current state of the art has at its core the formation of verythin 
film layers of organic material. These thin films must also be 
deposited very uniformly and precisely, which has proven 
extremely difficult to do. These thin layers of organic material 
are Susceptible to major problems, such as shortened device 
lifetime due to ingress of water and oxygen, and delamina 
tion, 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. 
Because of this limitation, costly cleanroom facilities must be 
built and maintained using the conventional OLED thin film 
fabrication techniques. Organic light emitting devices offer 
tremendous potential due to the inherent qualities of the 
organic materials, however, the current state of the art fabri 
cation methods are limiting the delivery of this potential to the 
COSU. 

SUMMARY OF THE INVENTION 

0028. It is an object of the present invention to overcome 
the drawbacks of the prior art. It is an object of the present 
invention to provide a method of fabricating a light active 
device by dispersing three dimensionally a semiconductor 
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particulate within a carrier material. The resulting structure 
has individual point sources of light emission dispersed 
within a protective barrier material. The barrier material pro 
vides strength to the device and adhesion to the electrodes 
and/or other films and prevents contamination of the semi 
conductor particulate. The inventive fabrication method also 
allows multiple colors to be emitted from the inventive mix 
ture between a single pair of electrodes forming a pixel or 
device. In an inventive display driving scheme, an array of 
Such pixels is driven so that bursts of color emissions occur in 
rapid Succession resulting in the perception by the human eye 
of a range of colors in the visible spectrum. Thus, in accor 
dance with this aspect of the invention, a single emissive layer 
and pair of electrodes can be used to create a full color video 
display. The inventive Organic Light Active Material 
(OLAMTM) structure can also be used to detect a spectrum of 
colors when the device is constructed as a photodetector. 
0029. It is another object of the present invention to pro 
vide a light active fiber that has the advantages of the OLED 
phenomenon. The inventive light active fiber includes an 
elongated hardened conductive carrier material. A semicon 
ductor particulate is dispersed within the conductive carrier 
material. A first contact area is provided so that on application 
of an electric field charge carriers of a first type are injected 
into the semiconductor particulate through the conductive 
carrier material. A second contact layer is provided so that on 
application of an electric field to the second contact layer 
charge carriers of a second type are injected into the semi 
conductor particulate through the conductive carrier material. 
The semiconductor particulate may comprise at least one of 
an organic and an inorganic semiconductor. 
0030 The conductive carrier material may comprise a 
binder material with one or more characteristic controlling 
additives. The characteristic controlling additives are a par 
ticulate and/or a fluid and may include a desiccant; a conduc 
tive phase, a semiconductive phase, an insulative phase, a 
mechanical strength enhancing phase, an adhesive enhancing 
phase, a hole injecting material, an electron injecting mate 
rial, a low work metal, a blocking material, and an emission 
enhancing material. 
0031. The first and the second contact may comprise a first 
conductive member disposed longitudinally within the elon 
gated hardened conductive carrier material. The other of the 
first and the second contact may comprises a second conduc 
tive 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 conduc 
tive member. 

0032. The first conductive member comprises a conduc 
tive material comprised of at least one of a metal and a 
conductive polymer disposed in the interior of the elongated 
hardened conductive carrier material; and the second conduc 
tive member comprises a conductive material comprised of at 
least one of a metal and a conductive polymer disposed as a 
coating on the exterior of the elongated hardened conductive 
carrier material. 

0033. In accordance with another aspect of the present 
invention, an injection moldable light active material is pro 
vided comprising: a semiconductor light active particulate 
dispersed within a hardenable carrier material. The semicon 
ductor light active particulate may include at least one of an 
organic and an inorganic semiconductor. The organic light 
active particulate can include particles including at least one 
of hole transport material, organic emitter, and electron trans 
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port 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 block 
ing material. Additional organic emitters can be included 
within the polymer blend. The organic light active particulate 
can comprise microcapsules including a polymer shell encap 
Sulating an internal phase comprised of a polymer blend. 
0034. The carrier material can be a hardenable binder 
material with one or more characteristic controlling additives. 
The characteristic controlling additives may include at least 
one of a particulate and a fluid. The characteristic controlling 
additives may include a desiccant, a Scavenger, 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 mate 
rial, a low work metal, a blocking material, and an emission 
enhancing material. The particulate 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 carrier may include at 
least one of an organic emitter, an inorganic emitter, hole 
transport material, blocker material, electron transport mate 
rial, and performance enhancing materials (e.g., the charac 
teristic controlling additives). 
0035. In accordance with the present invention, the injec 
tion moldable light active material can be provided wherein 
the semiconductive light active particulate is comprised of 
first emitting particles for emitting a number of photons of a 
first 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 semicon 
ductive light active particulate may further include second 
emitting particles. The second emitting particles emit a num 
ber of photons of a second color in response to a second 
turn-on voltage and a different number of photons of the 
second color in response to other turn-on Voltages. By this 
composition and construction, a multi-colored light active 
material is obtained. 
0036. The particulate can be composed so as to have a first 
end having an electrical 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 more easily injected into the first end and charge 
carriers of a second type are more easily injected into the 
second end. 

0037. In accordance with another aspect of the present 
invention, a photon receptive light active device is provided. 
A first electrode and a second electrode are provided disposed 
adjacent defining a gap there between. A light active mixture 
is provided comprised of a carrier material and a photon 
receptive particulate for receiving a photon of light and con 
Verting the photon of light into electrical energy. The light 
active mixture being disposed within the gap between the first 
electrode and the second electrode so that when light energy 
is received by the photon receptive particulate, electrical 
energy is produced that can be derived from an electrical 
connection with the first electrode and the second electrode. 
With this composition and construction, a light-to-energy 
device is obtained from which a solar cell, photodetector or 
camera element can be made. 
0038. The photon receptive particulate may include at 
least one of an organic photon receiver; an inorganic photon 
receiver, hole transport material, blocker material, electron 
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transport material, and performance enhancing materials. 
The carrier can include at least one of an organic photon 
receiver; an inorganic photon receiver, hole transport mate 
rial, blocker material, electron transport material, and perfor 
mance 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 inven 
tive device. The additional layers may include at least one of 
an organic photon receiver, an inorganic photon receiver, hole 
transport material, blocker material, electron transport mate 
rial, and performance enhancing materials (e.g., the charac 
teristic controlling additives). 
0039. 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 
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 other serious failings. In 
accordance with the present invention, the disadvantages 
caused by having an extremely small gap distance between 
electrodes is overcome by expanding this gap distance. Thus, 
in accordance with the present invention, an organic light 
active device includes a first electrode and a second electrode 
disposed adjacent to the first electrode. The first and second 
electrode define a gap there between. An organic emissive 
layer is disposed within said gap. To overcome the thin film 
issues, and to enhance the performance of the inventive 
device, a gap expanding composition is also disposed within 
said gap. This gap expanding composition is effective to 
increase the gap distance between the top and bottom elec 
trode. 
0040. The gap expanding composition may include at 
least one of an insulator, a conductor and a semiconductor. 
The gap expanding composition can include at least one 
additional layer formed between the first electrode and the 
second electrode. The additional layers may include at least 
one of an organic photon receiver, an inorganic photon 
receiver, hole transport material, blocker material, electron 
transport material, radiation emitting material and perfor 
mance enhancing materials. The gap expanding composition 
can include at least one of a desiccant; a scavenger, a conduc 
tive material, a semiconductive material, an insulative mate 
rial, 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. 
0041. The emissive layer can comprise an emissive par 
ticulate dispersed within a carrier. 
0042. The emissive particulate has a first end having an 
electrical polarity and a second end having an opposite elec 
trical 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 injected into the second end. 
0043. The emissive layer may be an organic thin film layer. 
The gap expanding composition can include a conductive, 
insulative and/or semiconductive material composition that 
reduces the emission efficiency of the emissive layer while 
increasing the light active device effectiveness by expanding 
the gap distance between the electrodes. With a careful selec 
tion of constituent components, this reduction in efficiency 
can be limited so that the benefits of expanding the gap 
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distance between the electrodes can be obtained without too 
much cost in device efficiency. 
0044. In accordance with another aspect of the present 
invention, a light active device includes a semiconductor par 
ticulate dispersed within a carrier material. A first contact 
layer is provided so that on application of an electric field, 
charge carriers having a polarity are injected into the semi 
conductor particulate through the conductive carrier material. 
A second contact layer is provided so that on application of 
the electric field to the second contact layer, charge carriers 
having an opposite polarity are injected into the semiconduc 
tor particulate through the conductive carrier material. The 
semiconductor particulate comprises at least one of an 
organic and an inorganic semiconductor. The semiconductor 
particulate may comprise an organic light active particulate 
that includes at least one conjugated polymer. When an elec 
tric field is applied between the first and second contact layers 
to the semiconductor particulate through the conductive car 
rier material, the second contact layer becomes positive rela 
tive to the first contact layer and charge carriers of opposite 
polarity are injected into the semiconductor particulate. The 
opposite polarity charge carriers combine to form in the con 
jugated polymer charge carrier pairs which decay radiatively 
so that radiation is emitted from the conjugated polymer. In 
this case, the inventive light active device acts as a light 
emitting diode. 
0045. The present invention can be used with small mol 
ecule OLED materials as well as large molecule OLED mate 
rials. It is very difficult or impossible to dissolve small mol 
ecule OLED materials in a liquid and so the current state-of 
the-art requires such material to be vacuum deposited as a 
very thin film to form an OLED device, using for example, a 
process similar to the fabrication of a computer microproces 
Sor chip. But because the displays are typically much larger 
than chips, that fabrication process is prohibitively expensive 
for forming a large display. However, in accordance with the 
present invention, particulate of the small molecule OLED 
material can be mixed with the carrier material and disposed 
within the gap between the electrodes. The particulate can 
include other materials, such as organic and inorganic char 
acteristic enhancing materials to control the electrical, chemi 
cal, optical, mechanical and magnetic properties of the light 
active device. 
0046. The organic light active particulate may include par 

ticles comprised from a polymer blend. The polymer blend 
including at least one organic emitter blended with at least 
one of a hole transport material, a blocking material, and an 
electron transport material. The organic light active particu 
late may include microcapsules having a polymer shell 
encapsulating an internal phase. The internal phase and/or the 
shell can be comprised of a polymer blend including an 
organic emitter blended with at least one of a hole transport 
material, a blocking material, and an electron transport mate 
rial. 

0047. 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 semi 
conductor particulate dispersed within the conductive carrier 
material. Each pixel is selectively addressable by applying a 
driving Voltage to the appropriate first contact electrode and 
the second contact electrode. 
0048. Another aspect of the present invention provides a 
Voltage controlled light active device for emitting two or more 
colors of light. A first electrode and a second electrode are 
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disposed adjacent to each other with a gap between them. A 
mixture of an organic light active particulate and a conductive 
carrier material is disposed within the gap. Because of the 
particulate/carrier mixture, the gap between the electrodes (or 
whatever layers are sandwiching the organic emissive layer) 
can be much wider than the thickness of the emissive particu 
late. The particulate is dispersed three dimensionally 
throughout a conductive carrier. By this construction, many 
of the drawbacks, such as electrical shorts, delamination, etc., 
that plague the verythin polymer film fabrication methods are 
OVCCO. 

0049. In the voltage controlled multi-color embodiment, 
the organic light active particulate is comprised of first emit 
ting particles including a first electroluminescent conjugated 
polymer. The first emitting particles emit a number of photons 
of a first color in response to a first turn-on Voltage applied to 
the electrodes. The first emitting particles also emit a different 
number of photons, Zero or more, of the first color in response 
to other turn-on Voltages. The organic light active particulate 
further comprises second emitting particles including a sec 
ond conjugated polymer. The second emitting particles emita 
number of photons of a second color in response to a second 
turn-on voltage and a different number of photons of the 
second color in response to other turn-on Voltages. Thus, in 
the case of a multi-colored diode or display, different colors 
are perceivable by the human eye depending on the applied 
turn-on Voltage. 
0050. The organic light active layer may also include third 
emitting particles including a third electroluminescent con 
jugated 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 color and/or intensity in 
response to other turn-on Voltages. A full color display can be 
obtained by incorporating an array of pixels, each capable of 
emitting different colors, such as a first color red, a second 
color green and a third color blue. The color emitters can be a 
mix of organic and inorganic materials. For example, an 
organic conjugated polymer emitter can be used as a red 
emitter and an inorganic rare earth metal or metal alloy, or 
doped inorganic semiconductor, can be used as a green emit 
ter. This combination of organic and inorganic emitters may 
expand the potential candidates for emissive materials 
enabling the inventive device to be tuned for specific appli 
cations. 

0051. 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 ay-grid of electrodes. The mixture of the organic light 
active particulate and the conductive carrier material in the 
gap between the first electrode and the second electrode make 
up an emissive component of a pixel of a display device. 
Depending on the device structure it can be driven as a passive 
matrix or an active matrix device. 

0052. In accordance with the present invention, an organic 
light active display device includes a Substrate with a first grid 
of driving electrodes formed on the Substrate. A second grid 
of electrodes is disposed adjacent to the first grid of electrodes 
and defines a gap there-between. A mixture of an organic light 
active particulate and a conductive carrier material is dis 
posed within the gap. The organic light active particulate 
includes first particles including a first electroluminescent 
conjugated polymer having a first turn-on Voltage and second 
particles including a second electroluminescent conjugated 
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polymer having a second turn-on voltage different than the 
first turn-on voltage. When the first turn-on voltage is applied, 
a first color is emitted by the first electroluminescent conju 
gated 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 that emit photons predominately 
in the visible and/or non-visible range of the photon radiation 
spectrum. Also, the color emitters can be comprised of other 
organic or inorganic materials. 
0053. In accordance with the present invention, a method 

is provided for driving a multi-color light emitting device, the 
multi-color light emitting device is capable of emitting two or 
more colors in sequence. Each color is emitted in response to 
a respective different applied turn-on Voltage. During an 
emission cycle, a first turn-on voltage is applied having a 
duration to the light emitting device so that a first burst of a 
predominant number of photons of a first 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 different than a magnitude and polarity of the first 
turn-on Voltage. For example, a 5 volt turn-on Voltage may 
cause a predominate emission of red photons, and a 10 volt 
turn-on Voltage may cause a predominate emission of green 
photons. In response to the second turn-on voltage duration, a 
second burst of a predominant number of photons of a second 
color are emitted. In this way, during the emission cycle the 
first burst and the second burst, (and possibly third or more 
burst), occur in rapid succession. A human eye and vision 
system receiving the first burst and the second burst, and so 
on, is stimulated to perceive a color that is different than the 
first color and the second color (the emitted burst colors). 
0054. In accordance with another aspect of the present 
invention, a method is provided for forming a layered organic 
light active material particulate. This layered organic light 
active material particulate is mixed with the conductive car 
rier 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 compo 
nent 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 particulate of the first 
organic light active component material is temporarily Sus 
pended in the environment. A second mist of the second 
mixture is generated in the environment so that a second 
particulate of the second organic light active component 
material is temporarily Suspended in the environment. The 
first particulate and the second particulate are allowed to 
commingle and attract together in the environment to form a 
first layered organic light active material particulate. A charge 
of opposite polarity can be applied to the constituents in each 
mist to promote electrical attraction. When the charged par 
ticles join together an electrically neutral organic light active 
particulate is obtained. The layered organic light active par 
ticulate has a first layer made up of the first organic light 
active component material and a second layer made up of the 
second organic light active component material. Additional 
layers can be added to the multilayered structure by forming 
another mixture of another organic light active component 
material and another carrier fluid and forming yet another 
mixture of a previously formed layered organic light active 
material particulate and yet another carrier fluid. The result 
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ing particles are suspended in the environment as described 
above and allowed to commingle and attract together to form 
the multilayered particulate structure. This method can be 
repeated to buildup multilayered organic light active material 
particulate having a range of selectable electrical, optical, 
mechanical and chemical attributes. Further, depending on 
the desired particulate characteristics, the constituents of the 
multilayered structure may be organic and/or inorganic mate 
rials. The use of organic and inorganic materials broadens the 
potential candidates of materials that can be combined to 
form the multilayered particulate. Further, the inventive 
method may be applied for making multilayered particles for 
other applications, such as drug delivery vehicles, electrical 
circuit components, bi-polar electrophoretic microdevices, 
nanomachines, etc. 
0055. 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 
function to promote a chemical reaction in or between the 
constituents in the mists. A characteristic enhancing treat 
ment may be performed on the formed layered organic light 
active material particulate. The treatment may be a tempera 
ture treatment, a chemical treatment, a light energy treatment 
to cause, for example, light activated cross-linking, a shell 
forming treatment, or other characteristic enhancing treat 
ment to impart desired attributes to the formed particulate. 
Further, it may be beneficial to form the particulate under 
controlled conditions such as weightlessness. The treatments 
can be performed on the constituent materials and/or the 
multilayered particles to impart specific characteristics or 
improved qualities. For example, a heat treatment may be 
performed to drive out moisture or oxygen or other contami 
nants to increase the lifetime and emission efficacy of the 
particulate. A hot isostatic heat treatment can be performed to 
enhance the interface between the constituent particle layers. 
The particles can be brought up to about 80% of the melt 
temperature and placed under pressure in an inert atmo 
sphere. The interface between the multilayers can then 
become diffused which may result in enhancements of the 
particulate characteristics. 
0056. In accordance with the present invention, an OLED 
device includes a first electrode and a second electrode. The 
second electrode is disposed adjacent to the first electrode so 
that a gap is defined between them. Unlike the prior art, the 
present invention does not require the formation and preser 
vation of thin films of OLED material with extremely wide 
Surface area (as compared to the film thickness) and very little 
material between the electrodes. Instead, the present inven 
tion utilizes OLED particulate dispersed within a conductive 
carrier. The OLED particulate is dispersed within the carrier 
material, which is disposed within the gap between the elec 
trodes. When an electric potential is applied to the electrodes, 
the electrical energy passes through the carrier material rais 
ing the energy state of the OLED particulate, resulting in the 
emission of light. 
0057. In a simple form, the OLED particulate may com 
prise layered organic particles, each particle including a hole 
transport layer and an electron transport layer. A heterojunc 
tion is formed at the interface between the hole transport layer 
and the electron transport layer. Each layered organic particle 
may also include a blocking layer adjacent to the electron 
transport layer and an emissive layer adjacent to the hole 
transport layer (or other stack order and component layers), 
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thereby forming a stacked organic layered structure. The 
blocking layer is provided for facilitating the injection and 
combining of electrons and holes, and the emissive layer is 
provided for facilitating the emission of photons when the 
energy state of the OLED particulate is raised. 
0058. In accordance with an aspect of the present inven 

tion, the OLED particulate comprises microcapsules. Each 
microcapsule includes an internal phase and a shell. 
0059. The internal phase and/or the shell include the 
OLED material. The internal phase and/or the shell may also 
include a field reactive material. Depending on the OLED 
fabrication method and the desired OLED characteristics, the 
field reactive material may be an electrostatic material and/or 
a magnetically reactive material. 
0060. As described further herein, the microcapsule or 
particulate composition may be effective for enabling a “self 
healing capability of the fabricated OLED device. In this 
case, the microcapsule includes a composition that causes the 
microcapsule to rupture or otherwise change shape if electri 
cal energy above a threshold is applied to the microcapsule. 
For example, a particular microcapsule may end up posi 
tioned so that during use of the OLED device, it becomes a 
short between the electrodes. The microcapsule may end up 
positioned adjacent to a dust particle or other foreign inclu 
Sion, creating Such a short. In this case, electrical energy 
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 elec 
trical energy in the event of a short. Further, a particulate 
mixture can include different species of emitters. The differ 
ent species can each have a particular 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 service lifetimes. For example, a blue emitter 
may have a shorter service life than a red emitter, and a green 
emitter may have a service life between the other two. As the 
emitters of one color lose their potency, the display loses its 
color vibrancy and display effectiveness. However, in accor 
dance with this aspect of the invention, more than one species 
of a specific color OLED particulate can be included in the 
particulate mixture. Each species has a different turn-on volt 
age at which it most effectively emits the colored light. The 
loss of intensity of, say, the blue emitter, can be detected and 
the other blue emitter species driven by altering the pixel 
driving Voltage. 
0061. In accordance with another aspect of the invention, 
the microcapsule shell and/or internal phase may include a 
composition effective to provide a barrier against degradation 
of the OLED material. The OLED microcapsules are dis 
persed within a carrier fluid. This carrier fluid also provides a 
barrier against the intrusion of Substances which degrade the 
OLED material. 

0062. The OLED microcapsules can have constituent 
parts including at least one of hole transport material, electron 
transport material, field reactive material, Solvent material, 
color material, shell forming material, barrier material, des 
iccant material, Scavenger material, and heat meltable mate 
rial. The constituent parts form at least one internal phase and 
at least one shell. The constituent parts are selected so as to 
have electrical characteristics that result in a preferred path of 
electrical conduction through the hole transport material and 
the electron transport material. By this construction, the 
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microcapsule behaves, for example, as a pn junction upon 
application of an electrical potential to the first electrode and 
the second electrode. 

0063. The OLED device can be constructed of suitably 
chosen materials so that the carrier material is relatively less 
electrically conductive than the OLED particulate, this 
ensures that the OLED particulate offers a path of less elec 
trical resistance than the carrier material. Thus, the electric 
potential applied to the electrodes will pass through the car 
rier material, which has some electrical conductivity, and 
through the OLED particulate, which has relatively higher 
electrical conductivity. In this way, the preferred path of elec 
trical conduction is through the OLED particulate. Likewise, 
the shell of the OLED microcapsules are relatively less elec 
trically conductive than the OLED material itself, so that the 
OLED material offers a path of less electrical resistance than 
the shell. 

0064. The typical OLED includes an OLED component 
that is a hole transport material and an OLED component that 
is an electron transport material. In accordance with a formu 
lation of the inventive microcapsules, the shell comprises an 
OLED component material that is either the hole transport 
material or the electron transport material, and the internal 
phase of the microcapsule includes the OLED component 
material that is the other of the hole transport material and the 
electron transport material. Depending on the desired optical 
qualities of the fabricated OLED device, the carrier material 
can be selected so that it has optical properties during use of 
the OLED device that are transparent, diffusive, absorptive, 
and/or reflective to lightenergy. During the hardening process 
of the carrier, it can be selectively cured so that it is more light 
transmissive through the volume between the top and bottom 
electrodes and less light transmissive or more light absorbing 
through the volume that is not between the electrodes. With 
this construction, the contrast of the display is improved and 
ambient light is absorbed rather than reflected from the dis 
play to reduce glare. Also, depending on the composition of 
the carrier material and characteristic enhancing material 
incorporated in it, the selective curing of the carrier fluid can 
control the conduction of electrical energy through it. In this 
way, the volume between the pixels is controlled to be less 
conductive than the volume between the top and bottom elec 
trodes of each pixel. This mechanism further reduces cross 
talk between the pixels. Further, the OLED particulate may be 
more conductive than the carrier material. The composition of 
the OLED particulate can be selected so that the electrical 
characteristics of the OLED particulate includes an electro or 
magneto rheological characteristic. This rheological charac 
teristic is effective for causing the OLED particulate to move 
within the carrier and orient in response to an applied electri 
cal or magnetic field. By migrating the OLED particulate to 
the regions of the pixels during the particulate aligning step, 
the carrier material volume between the pixels will have a 
lower conductivity than the volume between the top and 
bottom electrodes. This will also reduce cross talk between 
the pixels. 
0065. In accordance with another composition of the 
OLED microcapsule, the internal phase comprises OLED 
material and a magnetically reactive material disposed within 
a first shell. An electrolyte and a curable fluid material are 
disposed Surrounding the shell. A second shell encapsulates 
the first shell, the electrolyte and the curable material. In 
response to an applied magnetic field, the position of the first 
shell is changeable relative to the second shell. Upon curing 
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the curable material, the position of the first shell relative to 
the second shell is locked in place. As is described in detail 
herein, this microcapsule structure can be used to form 
capacitor/OLED microcapsules which may be particularly 
effective for use in passive matrix displays. This construction 
can be used to form other electronically active microcapsules 
for forming electronic circuit components. For example, 
semiconductor characteristics of the OLED-type polymers 
and/or inorganic materials can enable transistor, capacitor 
and other electronic circuit elements to form, for example, 
memory, processing, transceivers, power Supplies and other 
electronic circuit devices. 

0066. In accordance with the present invention, a method 
for forming an OLED device is provided. A top electrode and 
a bottom electrode are provided defining a gap there between. 
Within the gap, a field reactive OLED particulate is disposed 
randomly dispersed within a fluid carrier. An aligning field is 
applied between the top electrode and the bottom electrode to 
form a desired orientation of the field reactive OLED particu 
late within the fluid carrier. The fluid carrier comprises a 
hardenable material. While the desired orientation of the field 
reactive OLED particulate is maintained, the carrier is cured 
to form a hardened support structure within which is locked in 
position the OLED particulate. In some cases it may not be 
necessary to align the particles by migration through the 
carrier fluid. They can remain randomly dispersed, or simply 
rotated so that the bipolar particulate, for example, is properly 
oriented between the electrodes to improve the electrical to 
light or light to electrical energy conversion. 
0067. The OLED particulate may comprise a bipolar 
OLED microcapsule. The OLED particulate is formed by the 
steps of first providing a first particle comprised of a hole 
transport material. The hole transport material has a net first 
electrical charge. A second particle comprised of an electron 
transport material is provided having a net second electrical 
charge. The first electrical charge is of opposite polarity from 
the second electrical charge. The first particle and the second 
particle are brought together to form a unified OLED particu 
late having a hole transport layer and an electron transport 
layer forming a heterojunction between them. The first par 
ticle may further include a photon-active layer. This photon 
active layer may be a light emissive layer in which case the 
OLED forms a light emitting device, or a light receptive layer, 
in which case the OLED forms a light detecting device. 
0068. The OLED particulate can be formed by microen 
capsulating an internal phase within a shell. The internal 
phase or the shell includes an OLED material and either the 
internal phase or the shell includes a field reactive material. 
The field reactive material comprises either or both an elec 
trostatic and a magnetically reactive material. In accordance 
with another composition of the inventive microcapsule, the 
internal phase comprises an OLED emitter material and other 
materials (such as an OLED hole transport material) dis 
persed 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. 
0069. In accordance with another aspect of the present 
invention, a stacked OLED device is provided. The inventive 
OLED device includes a first OLED pixel layer comprised of 
a first layer electrode. A second layer electrode is disposed 
adjacent to the first layer electrode. A first layer gap is defined 
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between the electrodes. An OLED particulate is dispersed 
within a carrier and contained within the first layer gap. At 
least one subsequent OLED pixel layer is formed over the first 
OLED pixel layer. 
0070. Each subsequent OLED pixel layer includes a first 
Subsequent layer electrode. A second Subsequent layer elec 
trode is disposed adjacent to the first Subsequent layer elec 
trode defining a second layer gap there between. An OLED 
particulate in a carrier material is disposed between the elec 
trodes. 

(0071. To achieve a full color OLED display, the OLED 
particulate of the first OLED pixel layer emits light of a first 
wavelength range in response to a drive Voltage being applied 
to the first layer electrode and the second layer electrode. 
Each subsequent OLED pixel layer emits light of a different 
wavelength range in response to the driving Voltage applied to 
the respective electrode pairs so that an RGB color display 
can be formed. 

0072 Further, a dichromatic pixel layer can be formed 
adjacent to the last subsequent OLED pixel layer. The dichro 
matic pixel layer can be formed from an LCD display-type 
layer or from a electrophoretic microcapsule display layer 
along the lines described in the 6,422,687 B1 patent issued to 
Jacobson. This dichromatic pixel layer, as described more 
fully herein, results in a display that can viewed in direct 
bright Sunlight as well as with improved contrast in indoor 
ambient lighting conditions. Further, additional Subsequent 
OLED pixel layers can be provided which emit light in addi 
tional color range having a color and/or light intensity differ 
ent 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 appli 
cations. 

(0073. Further, the inventive OLED device can be config 
ured so as to detect light impinging on a pixel grid formed in 
accordance with the present invention. In this case, the OLED 
particulate of a first OLED pixel layer emits an electrical 
energy in response to the reception of photons and applies the 
electrical energy as a detectable signal to the first and second 
layer electrodes. Further, a full color CCD-type camera can 
be formed by tuning the wavelength range at which Subse 
quent layers of OLED pixels are photo reactive. 
0074. 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 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 energy and a radiation-to-energy mate 
rial and generating electrical energy in response to irradia 
tion. The monomer is selectively cross-linked in a pattern to 
form a polymer. As the cross-linking reaction progresses, the 
monomer migrates in response to the selective cross-linking 
pattern, causing the cross-linked monomer (a polymer) and 
the light active material to become concentrated in separate 
regions. The end result is a Solid polymer with light active 
regions embedded in a pattern corresponding to the selective 
cross-linking pattern. 
0075. In accordance with another aspect of the present 
invention, a light active device is provided. Light active mate 
rial is provided in a first region. A polymer is provided in a 
second region. The polymer is formed by selectively cross 
linking a monomer from a mixture containing the monomer 
and the light active material. The selective cross-linking 
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causes a concentration of the light active material at the first 
region and a concentration of the polymer at the second 
region. 
0076. 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 bottom sub 
strate, with a bottom electrode over the bottom substrate. An 
emissive layer is disposed over the bottom electrode. The 
emissive layer includes a mixture of a dispersed OLED par 
ticulate in a monomer fluid carrier. The monomer is selec 
tively polymerized causing the OLED particulate to concen 
trate in emissive regions and the polymerized monomer to 
concentrate in polymerization regions. 
0077. In accordance with another aspect of the invention, 
a method is provided for making a light emitting device. A 
bottom substrate is provided and a bottom electrode provided 
over the bottom Substrate. An emissive layer comprising a 
mixture including an emissive/more-conductive material and 
a non-emissive/less-conductive material is disposed over the 
bottom substrate. The mixture is selectively patterned caus 
ing the emissive/more-conductive material to concentrate in 
emissive regions and the non-emissive/less-conductive mate 
rial to concentrate in non-emissive regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0078 FIG. 1 illustrates an embodiment of the inventive 
thin, lightweight, flexible, bright wireless display having 
components capable of being manufactured by the inventive 
display fabrication method, showing the simultaneous dis 
play of mapped hyperlinked content, a videophone stream 
and a broadcast TV stream; 
0079 FIG. 2 illustrates a particle of OLED material for 
being dispersed in a carrier fluid in accordance with the inven 
tive display fabrication method; 
0080 FIG. 3 illustrates an inventive microcapsule com 
prised of an internal phase of OLED material encapsulated 
within a polymer shell; 
0081 FIG. 4 illustrates an inventive bipolar microcapsule 
comprised of an internal phase of OLED material encapsu 
lated within a polymer shell; 
0082 FIG. 5 illustrates an inventive microcapsule com 
prised 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; 
0083 FIG. 6 illustrates an inventive microcapsule com 
prised of an internal phase of OLED material encapsulated 
within a double-wall shell, each wall having a composition 
selected for imparting a desired electrical, optical, magnetic 
and/or mechanical property to the microcapsule: 
0084 FIG. 7 illustrates an inventive microcapsule com 
prised of an internal phase consisting of a mixture of OLED 
material with other components so as to tailor the electrical, 
optical, magnetic and/or mechanical property of the micro 
capsule; 
0085 FIG. 8 illustrates an inventive microcapsule com 
prised of a first microcapsule including an internal phase 
comprised of an OLED material, and a corrosion barrier 
material, all encapsulated within a polymer shell; 
I0086 FIG. 9 illustrates an inventive microcapsule com 
prised of a multi-walled microcapsule structure wherein lay 
ers of corrosion barrier material are encapsulated within poly 
mer shells with an internal phase of OLED material; 
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I0087 FIG. 10 illustrates an inkjet-type or other nozzle 
fabrication method for forming a layer of OLED microcap 
Sules dispersed within a light curable monomer carrier; 
I0088 FIG. 11 illustrates a layer of OLED microcapsules 
fixed within a cured monomer barrier disposed between a top 
electrode and a bottom electrode: 
0089 FIG. 12 illustrates sealed fabrication stations for 
forming a barrier protected OLED microcapsule display stra 
tum; 
(0090 FIG. 13 illustrates an inventive display fabrication 
line using modular stations for forming various stratum of a 
thin, lightweight, flexible wireless display; 
0091 FIG. 14 illustrates a highly organized OLED micro 
capsule structure formed in accordance with the inventive 
OLED device fabrication method; 
0092 FIG. 15 illustrates a chainstructure of OLED micro 
capsules formed in accordance with the inventive OLED 
device fabrication method; 
(0093 FIG. 16 illustrates a full color OLED display formed 
in accordance with the inventive OLED device fabrication 
method; 
0094 FIG. 17 illustrates a layer of conductive microcap 
Sules for forming an electrode layer in accordance with the 
inventive device fabrication method; 
0095 FIG. 18 illustrates the formation of OLED micro 
capsule chains formed on an electrode layer; 
0096 FIG. 19 illustrates the formation of OLED micro 
capsule chains formed between top and bottom electrode 
layers; 
0097 FIG. 20 illustrates the formation of OLED micro 
capsule chains within a cured carrier for forming a corrosion 
barrier; 
(0098 FIG. 21 illustrates a full color display formed in 
accordance with the inventive OLED device fabrication 
method; 
(0099 FIG.22 illustrates step one of an embodiment of the 
inventive OLED device fabrication method; 
0100 FIG. 23 illustrates step two of an embodiment of the 
inventive OLED device fabrication method; 
0101 FIG. 24 illustrates step three of an embodiment of 
the inventive OLED device fabrication method; 
0102 FIG.25 illustrates step four of an embodiment of the 
inventive OLED device fabrication method; 
(0103 FIG. 26 illustrates step five of an embodiment of the 
inventive OLED device fabrication method; 
0104 FIG. 27 illustrates step six of an embodiment of the 
inventive OLED device fabrication method; 
0105 FIG. 28 shows a magnetically reactive OLED 
microcapsule for forming a capacitor OLED microcapsule 
with the aligning field turned off; 
0106 FIG. 29 shows a magnetically reactive OLED 
microcapsule for forming a capacitor OLED microcapsule 
with the magnetic aligning field turned on with uncured elec 
trolyte mixture; 
0107 FIG. 30 shows a magnetically reactive OLED 
microcapsule for forming a capacitor OLED microcapsule 
with the magnetic aligning field turned on with cured elec 
trolyte mixture; 
0.108 FIG. 31 shows a pixel comprised of a chain of 
capacitor OLED being charged by a charging Voltage; 
0109 FIG. 32 shows a pixel comprised of a chain of 
capacitor OLED being triggered for light emission by a trig 
ger Voltage; 
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0110 FIG.33 shows OLED microcapsules randomly dis 
persed within a fluid but hardenable carrier fluid; 
0111 FIG. 34 shows OLED microcapsule chains aligned 
within an applied aligning field formed within unhardened 
carrier fluid; 
0112 FIG. 35 shows OLED microcapsule chains aligned 
within an applied aligning field held in alignment within 
hardened carrier; 
0113 FIG. 36 shows the OLED microcapsule structure 
shown in FIG. 35 with a drive voltage applied and light being 
emitted from the OLED microcapsule chains; 
0114 FIG. 37 illustrates a method for forming an OLED 
particulate having a hole transport layer and an electron trans 
port layer; 
0115 FIG. 38 illustrates a method for forming an encap 
sulated OLED particulate: 
0116 FIG. 39 illustrates a first step in forming a multi 
layered OLED particulate: 
0117 FIG. 40 illustrates a second step in forming a multi 
layered OLED particulate: 
0118 FIG. 41 illustrates a third step in forming a multi 
layered OLED particulate: 
0119 FIG. 42 schematically shows a full-color OLED 
display constructed in accordance with the present invention, 
and having a dichromatic display layer for improving the 
display contrast, power efficiency and for providing display 
viewing in bright Sunlight; 
0120 FIG. 43 schematically shows the full-color OLED 
display shown in FIG. 42, with the dichromatic pixels ori 
ented for reflecting emitted OLED light; 
0121 FIG. 44 schematically shows the full-color OLED 
display shown in FIG. 42, showing the relative strength of 
reflected light depending on the dichromatic pixel orienta 
tions; 
0122 FIG. 45 shows magnetically-active OLED micro 
capsules randomly dispersed within a fluid but hardenable 
carrier fluid along with desiccant particulate; 
0123 FIG. 46 shows the magnetically-active OLED 
microcapsule chains aligned within an applied magnetic 
aligning field within the unhardened carrier fluid; 
0.124 FIG. 47 shows the magnetically-active OLED 
microcapsule chains aligned within the applied magnetic 
aligning field held in position within the hardened carrier, 
0125 FIG. 48 shows the magnetically-active OLED 
microcapsule structure with light being emitted from the 
OLED microcapsule chains: 
0126 FIG. 49 schematically illustrates a full color OLED 
display having high intensity visible light display layers and 
an infrared display layer; 
0127 FIG.50 shows an OLED display layer and a liquid 
crystal display layer, 
0128 FIG. 51 shows an inventive OLED display fabri 
cated with thin films of organic material with photodetection 
elements and photodetection pixel elements; 
0129 FIG. 52 shows an OLED microcapsule wherein the 
shell is slightly less conductive than the encapsulated OLED 
material; 
0130 FIG. 53 shows an OLED microcapsule wherein the 
OLED material is encapsulated along with an electrolyte and 
a magnetic inner microcapsule having an electrically insula 
tive shell; 
0131 FIG. 54 shows an OLED microcapsule wherein the 
OLED material and the hole transport material are contained 
in solution within a conductive shell; 
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(0132 FIG.55 shows the OLED microcapsules shown in 
FIG. 54 including a magnetically active material and color 
dye in the inner phase and heat meltable material in the shell; 
(0.133 FIG. 56 illustrates the OLED microcapsule shown 
in FIG. 54 used for creating a general lighting or display back 
lighting OLED device: 
I0134 FIG. 57 illustrates a transparent, flexible OLED dis 
play fabricated for use as part of a vehicle windshield; 
0.135 FIG. 58 is a block diagram showing the basic com 
ponents of an active windshield display system using an 
OLED display: 
(0.136 FIG.59 illustrates an OLED light emissive element: 
I0137 FIG. 60 shows the OLED light emissive element 
having a conventional light bulb form factor, 
I0138 FIG. 61 illustrates an OLED device fabricated using 
light emissive layers and light detecting layers; 
0.139 FIG. 62 illustrates stereoscopic goggles having 
OLED device elements; 
(O140 FIG. 63 illustrates a flexible OLED display having a 
curvature that compensates for the human eye's range of 
motion; 
0141 FIG. 64 illustrates a flexible OLED display having 
optical lens elements for focusing emitted light at the appro 
priate physical location within a human eye; 
0.142 FIG. 65 illustrates a wraparound visor having a 
curved, flexible OLED display and speakers; 
0.143 FIG. 66(a) illustrates a wall of a house having an 
inventive OLED display window, the window being driven so 
as to be transparent with trees outside the house visible 
through the window; 
014.4 FIG. 66(b) illustrates the wall of a house having the 
inventive OLED display window, the window being driven so 
as to display multiple simultaneous video stream including 
Video phone communication, Internet web page and a televi 
Sion program; 
0145 FIG. 66(c) illustrates the wall of a house having the 
inventive OLED display window, the window being driven so 
as to be a mirror, 
0146 FIG. 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; 
0147 FIG. 67(b) illustrates the camouflage system shown 
in FIG. 67(a) wherein the display area has a curved viewing 
area, 
0148 FIG. 67(c) illustrates the use of an inventive flexible 
clothing display as part of a camouflage system for a person; 
014.9 FIG. 67(d) shows the inventive clothing camouflage 
system shown in FIG. 67(b) in use: 
(O150 FIG. 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; 
0151 FIG. 68(b) is a block diagram illustrating some sys 
tem elements of the military observation drone shown in FIG. 
68(a): 
0152 FIG. 69 illustrates an embodiment of the inventive 
light active device showing a semiconductor particulate ran 
domly dispersed within a conductive carrier, 
0153 FIG. 70 illustrates an embodiment of the inventive 
light active device showing the semiconductor particulate 
aligned between electrodes; 
0154 FIG. 71 illustrates an embodiment of the inventive 
light active device showing semiconductor particulate and 
other performance enhancing particulate randomly dispersed 
within the conductive carrier material; 
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O155 FIG.72 illustrates an embodiment of the inventive 
light active device showing different species of organic light 
active particulate dispersed within a carrier material; 
0156 FIG. 73 illustrates an organic light active particle 
formed from a polymer blend: 
0157 FIG. 74 illustrates the polymer blend organic light 
active particulate dispersed within a conductive carrier; 
0158 FIG. 75 illustrates the polymer blend organic light 
active particle showing light active sites; 
0159 FIG. 76 illustrates a polymer blend organic light 
active particulate having a field attractive constituent for 
aligning the particle in an aligning field; 
0160 FIG. 77 illustrates composite microcapsules con 
taining multilayered organic light active particles, each hav 
ing a different light wavelength emission and turn-on Voltage; 
0161 FIG. 78 illustrates another composite microcapsule 
containing multilayered organic light active particles, at least 
one having a field attractive constituent; 
0162 FIG. 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; 
(0163 FIG.80 illustrates an embodiment of the inventive 
Voltage controlled light active device showing the composite 
microcapsule particulaterandomly dispersed within a carrier, 
0164 FIG. 81 illustrates an embodiment of the inventive 
Voltage controlled light active device showing the composite 
microcapsule particulate aligned between electrodes; 
(0165 FIG.82 illustrates the retinal response of the human 
eye to wavelengths of light in the visible spectrum; 
0166 FIG. 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 emis 
sion; 
0167 FIG. 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; 
(0168 FIG.85 illustrates the inventive adjusted color burst 
driving method for producing a perceived full color image by 
the rapid and sequential bursts of adjusted colored light emis 
S1On, 
0169 FIG. 86 is a flow chart showing the steps of the 
inventive method for forming a multilayered organic light 
active material particulate; 
0170 FIG. 87 illustrates a layered organic light active 
material particulate formed by the commingling of a particle 
of hole transport material with a particle of emissive layer 
material; 
(0171 FIG. 88 illustrates the inventive method of forming 
a layered organic light active material particulate from a hole 
transport constituent and an emissive layer constituent; 
0172 FIG. 89 illustrates a multi-layered organic light 
active material particulate formed by the commingling of a 
layered particle of hole transport/emissive layer material with 
a particle of electron transport material; 
(0173 FIG.90 illustrates the inventive method of forming 
a multi-layered organic light active material particulate from 
a hole transport/emissive layer constituent and an electron 
transport constituent; 
0.174 FIG. 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; 
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(0175 FIG. 92 illustrates the inventive method of forming 
a layered organic light active material particulate from a 
blocking constituent and an electron transport constituent; 
0176 FIG. 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; 
(0177 FIG. 94 illustrates the inventive method of forming 
a layered organic light active material particulate from an 
emissive layer constituent and a hole transport constituent; 
0.178 FIG. 95 illustrates a multi-layered organic light 
active material particulate formed by the commingling of a 
layered particle of blocking/electron transport material with a 
layered particle of emissive layer/hole transport material; 
(0179 FIG. 96 illustrates the inventive method of forming 
a multi-layered organic light active material particulate from 
a blocking/electron transport constituent and a hole transport/ 
emissive layer constituent; 
0180 FIG. 97 illustrates a layered organic light active 
material particulate formed by the commingling of a particle 
offield attractive material with a particle of electron transport 
material; 
0181 FIG. 98 illustrates the inventive method of forming 
a layered organic light active material particulate from a field 
attractive constituent and an electron transport constituent; 
0182 FIG. 99 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; 
0183 FIG.100 illustrates the inventive method of forming 
a layered organic light active material particulate from an 
emissive layer constituent and a hole transport constituent; 
0.184 FIG. 101 illustrates a multi-layered organic light 
active material particulate formed by the commingling of a 
layered particle of field attractive/electron transport material 
with a layered particle of emissive layer/hole transport mate 
rial; 
0185 FIG. 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; 
0186 FIG. 103 is a cross section of a coated cathode fiber 
having a blocking layer formed on the cathode fiber and an 
electron transport layer formed on the blocking layer; 
0187 FIG. 104 is a cross section of a coated anode fiber 
having a hole transport layer formed on the anode fiberand an 
emissive layer formed on the hole transport layer; 
0188 FIG. 105 illustrated the coated cathode fiber and the 
coated anode fibertwisted together to forman emissive fiber; 
0189 FIG. 106 shows a method for coating an electrode 
wire with organic light active device material; 
0.190 FIG. 107 is a schematic view of a fabrication line 
utilizing the inventive OLED particulate/conductive carrier 
mixture; 
0191 FIG. 108 shows the step of printing an electrode 
pattern on a polymer sheet Substrate; 
0.192 FIG. 1 illustrates the expanded gap distance 
between electrodes in accordance with the present invention; 
0193 FIG. 110 illustrates a single layered multi-color 
pixel in accordance with the present invention; 
(0194 FIG. 111 illustrates a prior art OLED device; 
(0195 FIG. 112 illustrates a prior art OLED device show 
ing a dust particle creating an electrical short between elec 
trodes; 
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(0196. FIG. 113 illustrates a prior art OLED device show 
ing the degradation of the organic thin film stack by the 
ingress of oxygen and water through the Substrates; 
0197 FIG. 114 is a cross sectional schematic view illus 
trating the extrusion of light active fiber having aligned 
OLED particulate: 
0198 FIG. 115 is a perspective schematic view illustrating 
the extrusion of light active fiber; 
0199 FIG. 7 is a cross section of a segment of extruded 
light active fiber FIG. 117 is a schematic view of the segment 
of extruded light active fiber driven by a voltage applied 
between electrodes; 
0200 FIG. 118 is a cross sectional schematic view illus 
trating an extruded light active fiber having a conductive 
electrode core and a transparent electrode coating: 
0201 FIG. 119 is a perspective schematic view illustrating 
the extrusion of the light active fiber having a conductive 
electrode core and a transparent electrode coating: 
(0202 FIG. 120 illustrates an extruded light active fiber 
having a conductive electrode core and a transparent elec 
trode coating connected with a Voltage source; 
0203 FIG. 121 is a cross sectional schematic view illus 
trating the extrusion of light active ribbon having aligned 
OLED particulate: 
0204 FIG. 122 is a perspective schematic view illustrating 
the extrusion of light active ribbon; 
0205 FIG. 123 is a segment of extruded light active rib 
bon; 
0206 FIG. 124 is a cross-sectional view of the segment of 
extruded light active ribbon having wire electrodes incorpo 
rated within the ribbon and driven by a voltage applied 
between electrodes; 
0207 FIG. 125 illustrates a light active fiber extrusion and 
chopping mechanism for forming uniform lengths of OLED 
light active fiber; 
0208 FIG. 126 illustrates OLED light active fiber ran 
domly dispersed between two electrodes: 
0209 FIG. 127 illustrated the OLED light active fibers 
aligned between the two electrodes: 
0210 FIG. 128 illustrates OLED light active fibers ran 
domly dispersed between two electrodes having a gap dis 
tance close to the uniform length of the fibers: 
0211 FIG. 129 illustrated the OLED light active fibers 
aligned between the two electrodes having a gap distance 
close to the uniform length of the fibers; 
0212 FIG. 130 illustrates light active fibers woven into 
carpeting: 
0213 FIG. 131 illustrates a light active cloth weave; 
0214 FIG. 132 illustrates a curved large format surround 
display formed in accordance with the present invention by 
tiling length of display sections; 
0215 FIG. 133 illustrates a method of forming two layer 
ultra-thin multilayered OLED fiber by drawing and thinning: 
0216 FIG. 134 illustrates a method of forming four layer 

ultra-thin multilayered OLED fiber by drawing and thinning: 
0217 FIG. 135 is a cross sectional view showing a wire 
having an electron transport coating layer; 
0218 FIG. 136 is a cross sectional view showing a wire 
having a hole transport coating layer, 
0219 FIG. 137 illustrates coated wire intersecting elec 
trodes for forming light emitting pixels at the intersections; 
0220 FIG. 138 illustrates the inventive OLED particulate/ 
conductive carrier mixture formulated for being formable 
into useful products through plastic molding techniques; 
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0221 FIG. 139 illustrates an inventive OLED solid state 
light having a conventional light bulb form factor, 
0222 FIG. 140 illustrates a step of spray painting a reflec 
tive conductive layer of an OLED device; 
0223 FIG. 141 illustrates a step of spray painting an emis 
sive layer of an OLED device; 
0224 FIG. 142 illustrates a step of spray painting a trans 
parent electrode of an OLED device; 
0225 FIG. 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; 
0226 FIG. 144 illustrates another step in the inventive 
method for making a light active device, showing a polymer 
ization/migration step; 
0227 FIG. 145 illustrates another step in the inventive 
method for making a light active device, showing an aligning 
step; 
0228 FIG. 146 illustrates another step in the inventive 
method for making a light active device, showing a controlled 
pixelated light emission; 
0229 FIG. 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; 
0230 FIG. 148 illustrates another step in the inventive 
method for making a light active device, showing a light 
active mixture disposed at a light active layer over the bottom 
electrode pattern; 
0231 FIG. 149 illustrates another step in the inventive 
method for making a light active device, showing the pattern 
ing of the light active layer by irradiation through a mask; 
0232 FIG. 150 illustrates another step in the inventive 
method for making a light active device, showing the migra 
tion of light active material into light active regions; 
0233 FIG. 151 illustrates the composition of constituents 
in a multi-color light active mixture; 
0234 FIG. 152 illustrates a step in an inventive method for 
making a multi-color light active device, showing a multi 
color light active mixture disposed over a patterned bottom 
electrode grid; 
0235 FIG. 153 illustrates a step in the inventive method 
for making a multi-color light active device, showing the 
selective patterning of one of the color light active regions; 
0236 FIG. 154 illustrates a step in the inventive method 
for making a multi-color light active device, showing the 
patterned color light active regions; 
0237 FIG. 155 illustrates a full-color light active device 
having red, green and blue side-by-side patterned color light 
active regions; 
0238 FIG. 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 elec 
trode grid; 
0239 FIG. 157 illustrates another step in the inventive 
method for making a pixilated light active device, showing 
selective patterning through a pixel grid mask: 
0240 FIG. 158 illustrates another step in the inventive 
method for making a pixilated light active device, showing 
the migration of light active material to pixel regions; 
0241 FIG. 159 illustrates the composition of constituents 
in a light active device having pixels and conductive pathways 
formed by a self-assembly process; 
0242 FIG. 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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0243 FIG. 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: 
0244 FIG. 162 illustrates another step in the inventive 
method for making a light active device by self-assembly, 
showing the patterned conductive pathways: 
0245 FIG. 163 illustrates another step in the inventive 
method for making a light active device by self-assembly, 
showing the selective patterning of pixel regions by irradia 
tion through a mask, 
0246 FIG. 164 illustrates another step in the inventive 
method for making a light active device by self-assembly, 
showing the patterned pixel regions and conductive path 
ways: 
0247 FIG. 165 schematically illustrates a light active 
device made by self-assembly, showing emissive/more con 
ductive Zones, non-emissive/more conductive Zones and non 
emissive/lass conductive Zones; 
0248 FIG. 166 illustrates a cubic volume of a randomly 
dispersed light active material in a light polymerizable mono 
mercarrier, and 
0249 FIG.167 illustrates the cubic volume shown in FIG. 
166, showing the light active material and polymerized car 
rier after holographic patterning using an interference pattern 
generated by laser beams. 

DETAILED DESCRIPTION OF THE INVENTION 

0250 For purposes of promoting an understanding of the 
principles of the invention, reference will now be made to the 
embodiments illustrated in the drawings and specific lan 
guage 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 alter 
ations and modifications of the illustrated device, and Such 
further applications of the principles of the invention as dis 
closed herein, as would normally occur to one skilled in the 
art to which the invention pertains. 
0251 FIG. 1 illustrates an embodiment of the inventive 
thin, lightweight, flexible, bright wireless display having 
components capable of being manufactured by the inventive 
display fabrication method, showing the simultaneous dis 
play of mapped hyperlinked content, a videophone stream 
and abroadcast TV stream. FIG. 1 illustrates an embodiment 
of an inventive thin, lightweight, flexible, bright, wireless 
display showing the simultaneous display of three received 
display signal. The wireless display utilizes a simple DSP and 
transceiver. It has a unique printed battery power Supply and 
printed user-input mechanism. 
0252. The inventive thin, lightweight, flexible, bright, 
wireless display includes a flexible substrate to provide a 
Support structure upon which components can be manufac 
tured by a fabrication method. As described in the co-owned 
U.S. patent application Ser. No. 10/234,302, entitled "A Thin, 
Lightweight, Flexible, Bright, Wireless Display', the disclo 
Sure of which is incorporated by reference herein, a unique 
and effective method for transmitting display information to 
a single or multiple displays enables such displays to not have 
to have substantial onboard storage or processing power. In 
accordance with this aspect of the invention, the energy drain, 
bulk, weight and cost normally associated with Such devices 
is avoided, and the durability and convenience of the display 
is increased. Further, as shown schematically in FIG. 1, mul 
tiple streams of display information can be simultaneously 
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received and displayed. For example, broadcast video content 
Such as a television program may be shown at a first portion of 
the display, personalized video content, Such as a videophone 
conversation may be shown at a second portion and a web 
page, including mapped hyperlink content, may be shown at 
a third portion. Most of the processing, networking, signal 
tuning, data storage, etc., etc., that it takes to create such a set 
of displayed content streams is not performed by the inventive 
wireless display. Other devices, such as a centralized com 
puter, A/V or gateway device perform these functions thus 
allowing the opportunity for the inventive display to have 
tremendous mobility and convenience. 
0253 FIG. 1 illustrates an embodiment of the inventive 
thin, lightweight, flexible, bright wireless display having 
components capable of being manufactured by the inventive 
fabrication method, showing the simultaneous display of 
mapped hyperlinked content, a videophone stream and a 
broadcast TV stream. In accordance with the present inven 
tion, a thin, lightweight, flexible, bright wireless display is 
obtained having components capable of being manufactured 
by the inventive fabrication method. The present invention 
enables a low cost, flexible, robust, full color video display to 
be obtained. This wireless display is capable of receiving 
multiple display information signals and displaying the 
simultaneous screens of the received display information in 
re-configurable formats. A relatively simple signal receiving 
and processing circuit, using, for example, a digital signal 
processor Such as those available from Texas Instruments, 
Texas or Oxford Microdevices, Connecticut, enables mul 
tiple video and still image screens to be displayed. An inven 
tive manufacturing method described herein and in the co 
owned patent application Ser. No. 10/234,301, filed Sep. 4, 
2002 entitled “Printer and Method for Manufacturing Elec 
tronic Circuits and Displays (incorporated by reference 
herein) enables the inventive wireless display to be fabricated 
at low cost and with the advantageous features described 
herein. As will be described in more detail, a flexible substrate 
provides a Support structure upon which components can be 
manufactured by a fabrication method. A display stratum 
includes light emitting pixels for displaying information. The 
light emitting pixels are formed, by printing or otherwise 
formingapixel layer(s) of light-emitting conductive polymer. 
An electronic circuit stratum includes signal transmitting 
components for transmitting 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 trans 
mitted from the display signal-generating device. Display 
driving components drive the display layer according to the 
received display information. A user input stratum receives 
user input and generates the user input signals. A battery 
stratum provides electrical energy to the electronic circuit 
stratum, the user input stratum and display stratum compo 
nents. The signal receiving components may include first 
radio frequency receiving components for receiving a first 
display signal having first display information carried on a 
first radio frequency and second radio frequency receiving 
components for receiving a second display signal having 
second display information carried on a second radio fre 
quency. In this manner, two or more simultaneously transmit 
ted video displays can be simultaneously displayed. The dis 
play driving components may include signal processor 
components for receiving the first display signal and the 
second display signal and generating a display driving signal 
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for simultaneously displaying the first display information at 
a first location on the display stratum and the second display 
information at a second location on the display stratum. At 
least some of the components in the battery, display, user 
input and electronic circuit stratums can be formed by print 
ing electrically active material to form circuit elements 
including resistors, capacitors, inductors, antennas, conduc 
tors and semiconductor devices. 
0254 The inventive thin, lightweight, wireless display 
includes OLAM fabrication, such as that described herein. In 
accordance with the present invention, microcapsule 10 or 
particulate are randomly dispersed within a monomer carrier 
fluid 12 that is injected or otherwise disposed between two 
electrodes 14. Generally, the term particulate can refer herein 
to particles of material or microcapsules 10, and Vice-versa. 
The microcapsules 10 may include additives that impart rheo 
logical and/or phoretic properties. The microcapsules 10 
form chains between the electrodes 14 when a voltage is 
applied. Holding the Voltage to keep the chains formed, the 
carrier fluid 12 is polymerized and the OLAM microcapsule 
chains locked into alignment between the electrodes 14. The 
thus formed OLAM pixels emit light (or detect or convert 
light into electricity). The problem of contamination of the 
OLAM material is the major factor limiting the display life 
span, and thus far has been a bar to commercial Success. The 
inventive fabrication method results in the moisture sensitive 
OLAM material being protected by the microcapsule shell 
and the cured carrier 12. The pixel alignment is automatic, 
since the microcapsule chains are formed only between the 
electrodes 14. This pixel array structure also greatly limits 
cross talk between pixels and the optical properties of the 
cured monomer can be controlled to improve contrast, dis 
play brightness, transparency, etc. 
0255 Solar cell components or layers can be used to 
“recycle the energy emitted by the OLED emitters. Some of 
the emitted and ambient light energy impinges on the Solar 
cells and generate electricity. This, along with the inventions 
described herein and the sheet battery described in the above 
referenced co-owned patent application Ser. No. 10/234,301, 
filed Sep. 4, 2002 entitled “Printer and Method for Manufac 
turing Electronic Circuits and Displays', can enable light 
weight, relatively inexpensive, dichromatic newspapers (as 
described herein in FIG. 1) that recharge in sunlight (or even 
indoor ambient light) to enable full-color emissive video dis 
play. 
0256 FIG. 2 illustrates a particle of OLED material for 
being dispersed in a carrier fluid 12 in accordance with the 
inventive display fabrication method. A typical OLED 
organic stack consists of a layer of hole transport material and 
a layer of electron transport material. In the conventional art, 
these layers are formed by spin coating, vacuum deposition or 
inkjet printing. In accordance with the present invention, the 
OLED material is provided as particulate dispersed within a 
carrier 12 material. The carrier 12 material with the dispersed 
particulate is disposed between electrodes 14. 
0257 Electrical potential applied to the electrodes 14 
causes light emission to occur within the OLED particulate. 
In accordance with the present invention, the OLED phenom 
enon can be used to create general or specialty lighting 
devices, monochrome or color displays, Stereoscopic vision 
aids, digital maps and newspapers, advanced vehicle wind 
shields and the like. Also, the particulate can be organic light 
active material (“OLAMTM) that is capable of generating a 
flow of electrons in response to impinging light energy. This 
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phenomenon can be used to create photodetectors, cameras, 
Solar cells and the like. In this application, where appropriate, 
the term OLED can mean a light emissive or a light detective 
material configuration. 
0258 FIG.3 illustrates an inventive microcapsule 10 com 
prised of an internal phase of OLAM material encapsulated 
within a polymer shell. To create a path of least resistance 
through the OLED material, the shell composition is selected 
to be less conductive than the OLED material. 
0259 FIG. 4 illustrates an inventive electrostatically 
active microcapsule 10 comprised of an internal phase of 
OLED material encapsulated within a polymer shell. The 
shell is composed of a material that can be oriented by the 
application of an electric field. The electrical properties of the 
shell enable the microcapsules 10 to be aligned into a desired 
formation within a fluid carrier 12 in response to an applied 
electric field. 
0260 FIG. 5 illustrates an inventive microcapsule 10 com 
prised of a first microcapsule 10 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. The magnetic properties of the magnetic 
material enable the microcapsules 10 to be aligned into a 
desired formation within a fluid carrier 12 in response to an 
applied magnetic field. 
0261 FIG. 6 illustrates an inventive microcapsule 10 com 
prised of an internal phase of OLED material encapsulated 
within a double-wall shell, each wall having a composition 
selected for imparting a desired electrical, optical, magnetic 
and/or mechanical property to the microcapsule. In accor 
dance with the present invention, the OLED particulate com 
prises 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 elec 
trical, mechanical, optical and magnetic properties. The inter 
nal phase and/or the shell may include the OLED material. 
The internal phase and/or the shell may also include a field 
reactive material. Depending on the OLED fabrication 
method and the desire OLED characteristics, the field reac 
tive material may be an electrostatic material and/or a mag 
netically reactive material. The microcapsule 10 composition 
may be effective for enabling a “selfhealing capability of the 
fabricated OLED device. In this case, the microcapsule 10 
includes a composition that causes the microcapsule 10 to 
rupture if electrical energy above a threshold is applied to the 
microcapsule. A heat meltable material that heats up when 
electrical energy above a threshold is applied can be incorpo 
rated as the microcapsule shell. For example, if a particular 
microcapsule 10 ends up positioned so that during use of the 
OLED device it becomes a short between the electrodes 14, or 
if the microcapsule 10 is adjacent to a dust particle or other 
foreign inclusion, creating Such a short, when an electric 
potential is applied between the electrodes 14, energy exceed 
ing a predetermined threshold will pass through the micro 
capsule 10 causing the capsule to rupture and disconnect the 
short. By this construction, the microcapsule 10 is automati 
cally removed from the path of conduction of electrical 
energy in the event of a short. 
0262 FIG. 7 illustrates an inventive microcapsule 10 com 
prised of an internal phase consisting of a mixture of OLED 
material with other components so as to tailor the electrical, 
optical, magnetic and/or mechanical property of the micro 
capsule. The other components can be field reactive, such as 
magnetic or electrostatically reactive materials for imparting 
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orientation and aligning properties. Heat expandable materi 
als can be included to provide the microcapsule 10 with the 
ability to burst or otherwise change shape or electrical char 
acteristic in response to an electrical short to disconnect the 
microcapsule 10 and overcome the electrical short. Colo 
rants, such as dyes and colored particles can be included to 
tune the light emitted from the microcapsule. Desiccant and/ 
or Scavenger material can be included to provide protection 
against contamination of the OLED material. 
0263 FIG. 8 illustrates an inventive microcapsule 10 com 
prised of a first microcapsule 10 including an internal phase 
comprised of an OLED material, and a corrosion barrier 
material, all encapsulated within a polymer shell. In accor 
dance with this aspect of the invention, the microcapsule shell 
and/or internal phase may include a composition effective to 
provide a barrier against degradation of the OLED material. 
The OLED microcapsules 10 are dispersed within a carrier 
fluid 12. This carrier fluid 12 also provides a barrier against 
the intrusion of substances which degrade the OLED mate 
rial. 

0264 FIG. 9 illustrates an inventive microcapsule 10 com 
prised of a multi-walled microcapsule 10 structure wherein 
layers of barrier material are encapsulated within polymer 
shells with an internal phase of OLED material. As in the 
microcapsule 10 shown in FIG. 7, within the shell of the 
microcapsule 10 other components can be included that are 
field reactive, Such as magnetic or electrostatically reactive 
materials for imparting orientation and aligning properties. 
Heat expandable materials can be included to provide the 
microcapsule 10 with the ability to burst in response to an 
electrical short to disconnect the microcapsule 10 and over 
come the electrical short. Colorants, such as dyes and colored 
particles can be included to tune the light emitted from the 
microcapsule. Desiccant, getter and scavenger material can 
be included to provide protection against contamination of 
the OLED material. 

0265 FIG. 10 illustrates an inkjet-type or other nozzle 36 
fabrication method for forming a layer of OLED microcap 
sules 10 dispersed within a light curable monomer carrier 12. 
OLED microcapsules 10 dispersed in an uncured monomer 
carrier fluid 12 can be utilized withinkjet printing technology 
to create a film of OLED microcapsules 10 contained with 
flexible cured monomer. The inkjet-type or other nozzle fab 
rication technique. Such as slot-die, can be utilized to form 
controlled OLED deposition, with the OLED contained 
within a curable carrier 12. As is described elsewhere herein, 
desiccant particulate can be included within the carrier 12 to 
enhance the protection of the OLED material. 
0266 FIG. 11 illustrates a layer of OLED microcapsules 
10 fixed within a cured monomer barrier disposed between a 
top electrode 14 and a bottom electrode 14. The cured mono 
mer and the shell of the microcapsules 10 provide a barrier to 
contamination from water vapor and oxygen. The OLED 
device can be constructed of suitably chosen materials so that 
the carrier material 12 is relatively less electrically conductive 
than the OLED particulate, this ensures that the OLED par 
ticulate offers a path of less electrical resistance than the 
carrier material 12. Thus, the electric potential applied to the 
electrodes 14 will pass through the carrier material 12, which 
has some electrical conductivity, and through the OLED par 
ticulate, which has relatively higher electrical conductivity. In 
this way, the preferred path of electrical conduction is through 
the OLED particulate. Likewise, the shell of the OLED 
microcapsules 10 is relatively less electrically conductive 
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than the OLED material itself, so that the OLED material 
offers a path of less electrical resistance than the shell. Field 
attractive microcapsules 10 containing OLED material ran 
domly dispersed within a monomer carrier fluid 12 are 
injected or otherwise disposed between two electrodes 14. 
The microcapsules 10 may include additives that impart elec 
tro or magneto rheological-type properties. When used for a 
pixilated display layer, the microcapsules 10 form chains 
between the electrodes 14 when an aligning field is applied. 
Holding the aligning field to keep the chains formed, the 
carrier fluid 12 is polymerized and the OLED microcapsule 
chains are locked into alignment between the electrodes 14. 
0267. The problem of contamination of the OLED mate 
rial is the major factor limiting the display life span, and thus 
far has been a bar to commercial success. The inventive fab 
rication method results in the moisture and oxygen sensitive 
OLED material being protected by the microcapsule shell and 
the cured carrier 12, and the pixel alignment is automatic, 
since the microcapsule chains are formed only between the 
electrodes 14 or where the aligning field is applied. This pixel 
array structure also greatly limits cross talk between pixels 
and the optical properties of the cured carrier 12 can be 
controlled to improve contrast, display brightness, transpar 
ency, etc. The OLED particulate in a carrier 12 disposed 
between two or more electrodes 14 can be utilized to create 
roll-to-roll sheets of displays or lights, used as “filament' in a 
lightbulb, used to form Solar cells, Solarcell housing shingles, 
light detectors, cameras, vision aides, heads-up display wind 
shields and the like. This OLAM construction can even be 
formed as fibers for light emitting flooring, wall coverings, 
specialty lighting, clothing, shoes, building materials, furni 
ture, etc. The OLAM material can be injection molded, or 
otherwise formed using known polymer fabrication methods. 
0268 FIG. 12 illustrates sealed fabrication stations 22 for 
forming a barrier protected OLED microcapsule display stra 
tum. The microcapsules 10 are dispersed in a carrier fluid 12. 
The upper and lower plates 16 control the intensity of the 
attraction toward and/or between the flexible substrate 24 and 
sheet electrode 14. Seals 18 keep out water and air, using a 
vacuum airlock. The curing station 20 cures the carrier fluid 
12 into a flexible water and oxygen barrier. The microcap 
sules 10 can be for forming emitters, detectors, various elec 
tronic circuit elements (as described in the referenced co 
owned patent application). The microcapsules 10 may also be 
for adding other mechanical (structure, expansive, meltable, 
desiccant, etc.), optical (reflective, diffusive, opaque, colo 
rant, etc.), electrical (conductive, resistive, semi-conductive, 
insulative, etc.). The upper and lower plate 16s are controlled 
to vary the attractive and/or aligning field and create con 
trolled accumulations and alignments of the microcapsules 
10. The viscosity of the fluid can also be controlled to control 
the accumulations of microcapsules 10 (for three-dimen 
sional buildup, control spread of pixels, etc.). As an example, 
lower viscosity carrier fluid 12 with an agitator may be pre 
ferred. There can be, for example, two simultaneously 
applied aligning fields, magnetic and electrostatic. A mix of 
microcapsules 10 can be dispersed, (e.g., magnetically and 
conductive OLED microcapsules 10 and electro-statically 
conductive insulators for creating a more controllable path of 
least resistance). 
0269 FIG. 13 illustrates an inventive display fabrication 
line using modular printers for forming various stratum of a 
thin, lightweight, flexible wireless display. Display fabrica 
tion line uses mix of different fabrication stations 22. 
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Examples of fabrication stations 22 can be found in co-owned 
U.S. patent application Ser. No. 10/234,301, filed Sep. 2, 
2002 entitled “Printer and Method for Manufacturing Elec 
tronic Circuits and Displays”. The various layers of a display 
include battery, electronic circuit, user input and display Stra 
tums are formed at different fabrication stations 22. In accor 
dance with the present invention, fabrication stations 22 for 
forming an OLED light emissive device is provided. A top 
electrode 14 and a bottom electrode 14 define a gap there 
between. Disposed within the gap, field reactive OLED par 
ticulates are randomly dispersed within a fluid carrier 12. 
Depending on the device being fabricated, an aligning field 
may be applied between the top electrode 14 and the bottom 
electrode 14 to form a desired orientation of the field reactive 
OLED particulate within the fluid carrier 12 between the top 
electrode 14 and the bottom electrode 14. The carrier 12 
comprises a hardenable material. Such as a light-curable liq 
uid monomer. The carrier 12 is cured to form a hardened 
carrier 12 for maintaining the desired orientation of the field 
reactive OLED particulate within the hardened carrier 12. 
The OLED particulate may comprise a bipolar OLED micro 
capsule 10 or other OLED-based structure that is capable of 
forming chains between the electrodes 14. 
0270. Depending on the quality of the barrier created by 
the inventive fabrication method, there may be no need for 
additional barrier layers 30 other than substrates 24 since 
cured carrier 12 and microcapsule shells protect OLED mate 
rial from water vapor and oxygen. Alternatively, additional 
barrier layers 30, including monomer, polymer, ceramic or 
thin metal layers can be included in the structure as needed to 
protect the OLED material from contamination. Each color 
layer can be built on the previous by fabrication method. The 
conductors 26 that makeup the pixel electrodes 14 can also be 
used to fabricate the OLED microcapsule 10 structure. In this 
case the substrate 24 and pixel electrode 14 grid become 
integral parts of the completed OLED device. Further, the 
electric field created by applying voltage to the electrodes 14 
can be used to align the OLED microcapsules 10 in chains as 
shown elsewhere herein. The mechanism for this alignment is 
similar to the phenomenon that causes electro-rheological 
fluids to form chains within a carrier fluid 12. In this case, the 
OLED microcapsule 10 or the OLED particle itself includes 
the appropriate material component that enables the electro 
rheological effect. In addition, or alternatively, magnetic 
material can be employed with a magnetic field being applied 
as the aligning field. The light emitted from the OLED mate 
rial when energized by the applied Voltage can be used to cure 
the monomer Surrounding the microcapsules 10. Thus, the 
voltage applied to the electrodes 14 during device fabrication 
are utilized to form the pixel orientation and simultaneously 
cure the barrier material. 

0271 FIG. 14 illustrates a highly organized OLED micro 
capsule 10 structure formed in accordance with the inventive 
OLED device fabrication method. Pixels can be controlled 
downto the microcapsule 10 size, spaced apartas needed. The 
conductive shell having a semi-insulative or semi-conductive 
electrical property. The insulative or semiconductor shell cre 
ates a preferred path for the electron movement. By control 
ling the conductivity of the cured carrier fluid 12, the pre 
ferred path can be more pronounced through the OLED 
material. 

0272 FIG. 15 illustrates a chainstructure of OLED micro 
capsules 10 formed in accordance with the inventive OLED 
device fabrication method. Chains of microcapsules 10 can 
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be formed encased in a somewhat opaque cured carrier 12, 
creating more intense columns of light and defined pixels, or 
the carrier 12 can be an optical diffusion layer to create a 
mixing of light from adjacent pixels (with electrical cross talk 
between the pixels reduced or eliminated by the inventive 
OLED device structure). Depending on the desired optical 
qualities of the fabricated OLED device, the carrier material 
can be selected so that it has optical properties during use of 
the OLED device that are transparent, diffusive, absorptive, 
and/or reflective to lightenergy. During the hardening process 
of the carrier, it can be selectively cured so that it is more light 
transmissive through the volume between the top and bottom 
electrodes and less light transmissive or more light absorbing 
through the volume that is not between the electrodes. With 
this construction, the contrast of the display is improved and 
ambient light is absorbed rather than reflected from the dis 
play to reduce glare. Also, depending on the composition of 
the carrier material and characteristic enhancing material 
incorporated in it, the selective curing of the carrier fluid can 
control the conduction of electrical energy through it. In this 
way, the volume between the pixels is controlled to be less 
conductive than the volume between the top and bottom elec 
trodes of each pixel. This mechanism further reduces cross 
talk between the pixels. In accordance with the present inven 
tion, an OLED device includes a first electrode 14 and a 
second electrode 14. The second electrode 14 is disposed 
adjacent to the first electrode 14 So that a gap is defined 
between them. 

(0273. An OLED particulate is dispersed within a carrier 
material 12, which is disposed within the gap. When an elec 
tric potential is applied to the electrodes 14, the electrical 
energy passes through the carrier material 12 raising the 
energy state of the OLED particulate, resulting in the emis 
sion of light. The typical OLED includes an OLED compo 
nent that is a hole transport material and an OLED component 
that is an electron transport material. In accordance with a 
formulation of the inventive microcapsules 10, the shell com 
prises an OLED component material that is either the hole 
transport material or the electron transport material, and the 
internal phase of the microcapsule 10 includes the OLED 
component material that is the other of the hole transport 
material or the electron transport material. Depending on the 
desired optical qualities of the fabricated OLED device, the 
carrier 12 material can be selected so that it has optical prop 
erties during use of the OLED device that are transparent, 
diffusive, absorptive, and/or reflective to light energy, and/or 
have such optical properties tuned for specific wavelengths of 
light. 
(0274 FIG. 16 illustrates a full color OLED display formed 
in accordance with the inventive OLED device fabrication 
method. The inventive microcapsule/particulate fabrication is 
used to create a full color emissive display. Pixels can be 
controlled down to the microcapsule/particulate size, spaced 
apart as needed. The conductive shell can have a semi-con 
ductive, conductive oran insulative over shell. The composi 
tion creates a preferred path for the electron movement. By 
controlling the conductivity of the cured carrier fluid 12, the 
preferred path can be more pronounced. The inventive OLED 
device includes a first OLED pixel layer comprised of a first 
layer electrode 14. A second layer electrode 14 is disposed 
adjacent to the first layer electrode 14. A first layer gap is 
defined between the electrodes 14. An OLED particulate is 
dispersed within a carrier 12 and contained within the first 
layer gap. At least one Subsequent OLED pixel layer is 
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formed over the first OLED pixel layer. Each subsequent 
OLED pixel layer includes a first subsequent layer electrode 
14. A second Subsequent layer electrode 14 is disposed adja 
cent to the first Subsequent layer electrode 14 defining a 
second layer gap there between. An OLED particulate in a 
carrier material 12 is disposed between the electrodes 14. To 
achieve a full color OLED display, the OLED particulate of 
the first OLED pixel layer emits light of a first wavelength 
range in response to a drive Voltage being applied to the first 
layer electrode 14 and the second layer electrode 14. Each 
subsequent OLED pixel layer emits light of a different wave 
length range in response to the driving Voltage applied to the 
respective electrode 14 pairs so that an RGB color display can 
be formed. 
0275 FIG. 17 illustrates a layer of conductive microcap 
sules 10 for forming an electrode layer in accordance with the 
inventive device fabrication method. The buildup of micro 
capsule layers may occur in Successive fabrication steps. The 
conductor 26 may be microencapsulated, or just a field attrac 
tive 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 magneti 
cally attractive. The carrier substrate 24 has to pass the 
applied field, and a second, more robust Substrate may be 
added later, or barrier layers may be formed as needed. The 
carrier fluid 12 is heat or light hardenable by energy emitted 
from a curing source 28 to lock the microcapsules 10 in place. 
Alternatively, the carrier fluid 12 can be a plastic material 
capable of being injection molded, or a multi-part mixture 
Such as an epoxy, a conductive powder and a hardener. 
0276 FIG. 18 illustrates the formation of OLED micro 
capsule chains formed on an electrode layer. Conductive pix 
els can be etched into optomagnetic or optoelectric coating to 
improve resolution. Or the location of the pixel that is ener 
gized can be controlled by light or laser pulse or other mecha 
nism. The light curable polymer can be cured to a desired 
depth to capture the microcapsules 10 that have been 
attracted, and thus lock in, for example, a microcapsule chain 
having a desired length. 
(0277 FIG. 19 illustrates the formation of OLED micro 
capsule chains formed between top and bottom electrode 
layers. The electrodes 14 can be formed in previous fabrica 
tion steps, and may be attracted by a mechanism other than the 
mechanism that orients the OLED particulate. 
0278 FIG. 20 illustrates the formation of OLED micro 
capsule chains within a cured carrier 12 for forming a corro 
sion and/or contamination barrier. The Substrate 24 upon 
which the microcapsules 10 are printed may be a multi 
layered composition of polymer, cured monomer, ceramic 
and fiber, such as glass, creating a durable, flexible Substrate 
24 that is also a barrier to corrosion for the OLED (as is the 
microcapsule shell and the cured carrier fluid 12). The con 
ductors 26 that make up the pixel electrodes 14 can also be 
used to apply the aligning field used to fabricate the OLED 
microcapsule structure. 
(0279 FIG. 21 illustrates a full color display formed in 
accordance with the inventive OLED device fabrication 
method. Depending on the quality of the barrier created by the 
inventive fabrication method, there may be no need for addi 
tional 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 bar 
rier layers 30, including monomer, polymer, ceramic, fiber, 
desiccant, getter, Scavenger and/or thin metal layers can be 
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included in the structure as needed to protect the OLED 
material from contamination. Each color layer can be built on 
the previous, by a fabrication station. The conductors 26 that 
make up the pixel electrodes 14 can also be used to fabricate 
the OLED microcapsule structure. In this case, the substrate 
24 and pixel electrode grid become integral parts of the com 
pleted OLED device. The electric field created by applying 
voltage to the electrodes 14 can be used to align the OLED 
microcapsules 10 in chains as shown elsewhere herein. The 
mechanism for this alignment is similar to the phenomenon 
that causes electro-rheological particulate to form chains 
within a carrier fluid 12. In this case, the OLED microcapsule 
10 or the OLED particle itself includes the appropriate mate 
rial component that enables the rheological or phoretic effect 
(i.e., the movement of the OLED particulate within the car 
rier). In addition, or alternatively, magnetic material can be 
used with a magnetic field being applied as the aligning field. 
The light emitted from the OLED material when energized by 
the applied driving Voltage can be used to cure the monomer 
Surrounding the microcapsules 10. Thus, the Voltage applied 
to the electrodes 14 during device fabrication can be utilized 
to form the pixel orientation and simultaneously cure the 
barrier material. 

(0280 FIGS. 22-27 illustrate the steps for forming an 
OLED device in accordance with an embodiment of the 
present invention. FIG. 22 illustrates step one of an embodi 
ment of the inventive OLED device fabrication method. Step 
One: Provide Top and Bottom Flexible Substrates. Step Two: 
Form Barrier layers 30 on Top and Bottom Flexible Sub 
strates 24 (FIG. 23). Step Three: Form Top and Bottom Elec 
trodes 14 on Barrier layer 30 (FIG. 24). Step Four: Fill Void 
between Top and Bottom Electrode 14 with OLED microcap 
sules 10 dispersed in uncured carrier fluid 12 (FIG.25). Step 
Five: Apply potential to electrodes 14 to organize OLED 
microcapsules and/or particulate 10 into chains (FIG. 26). 
Step Six: Cure carrier 12 to lock OLED microcapsule chains 
between the electrodes 14 to form pixels (FIG. 27). The 
composition of the OLED particulate can be selected so that 
the characteristics of the OLED particulate includes an elec 
tro or magneto rheological or phoretic characteristic. This 
rheological or phoretic characteristic is effective for causing 
the OLED particulate to orient and/or migrate in an applied 
aligning field. 
0281 FIG. 28 shows a magnetically reactive OLED 
microcapsule 10 for forming a capacitor OLED microcapsule 
10 with the aligning field from an aligning field source 32 
turned off. An OLED microcapsule 10 is formed having a 
capacitor capability. 
0282 An OLED material internal phase is encapsulated 
within a first shell. An electrolyte surrounds the first shell and 
a second shell encapsulates the first shell and the electrolyte. 
The OLED material internal phase includes a field reactive 
material. The field reactive material comprises at least one of 
a magnetically reactive material and an electrically reactive 
material effective to orient the OLED microcapsule 10 within 
an aligning field applied from the aligning field source 32. By 
this construction, OLED material and field attractive mate 
rial. Such as magnetic material, are microencapsulated within 
an electrically conductive shell, forming an OLED/Mag 
internal core. The OLED/Mag internal core is microencapsu 
lated along with a mixture of electrolyte and light curable 
monomer liquid phase within a second electrically conduc 
tive shell. The microcapsule shell material is selected to have 
the appropriate breakdown Voltage at which charge conduc 
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tion occurs. The microcapsules 10 act as capacitor elements 
that are, for example, charged up with a charging Voltage. A 
trigger voltage is then applied when the OLED pixel is to emit 
light. 
0283 FIGS. 28-30 illustrate the formation of an OLED/ 
Capacitor microcapsule. OLED material and field attractive 
material. Such as magnetic material, are microencapsulated 
within an electrically conductive shell, forming an OLED/ 
Mag core. The OLED/Mag core is microencapsulated along 
with a mixture of electrolyte and light curable monomer 
liquid phase within a second electrically conductive shell. 
The microcapsule shell material is selected to have the appro 
priate breakdown Voltage at which charge conduction occurs. 
FIG. 29 shows a magnetically reactive OLED microcapsule 
10 for forming a capacitor OLED microcapsule 10 with the 
magnetic aligning field turned on with uncured electrolyte 
mixture. FIG.30 shows a magnetically reactive OLED micro 
capsule 10 for forming a capacitor OLED microcapsule 10 
with the magnetic aligning field turned on with cured elec 
trolyte mixture. In accordance with this composition of the 
OLED microcapsule, the internal phase comprises OLED 
material and a magnetically reactive material disposed within 
a first shell. An electrolyte and a curable fluid material sur 
round the first shell. A second shell encapsulates the first 
shell, the electrolyte and the curable material. In response to 
an applied magnetic field, the position of the first shell is 
changeable relative to the second shell. Upon curing the cur 
able material, the position of the first shell relative to the 
second shell is locked in place. This microcapsule 10 struc 
ture can be used to form capacitors/OLED microcapsules 10 
which may be particularly effective for use in passive matrix 
displays. Typically, a passive matrix display is driven with a 
relatively high driving energy so that the emission of light by 
a driven pixel is intense. This intensity overcomes the short 
driving time of the pixel (as compared with the more control 
lable active matrix backplane). This passive matrix driving 
scheme results in shorter display life, higher power consump 
tion and lower display quality. When a charging Voltage is 
applied (such as during a charging scan of a passive matrix 
OLED display grid), the capacitor elements of the microcap 
Sule 10 store applied electrical energy. The charging Voltage 
can be controllably applied to selected pixels and in multiple 
scans to vary the stored charge in the microcapsules 10 asso 
ciated with each pixel. When a trigger Voltage is applied 
(during the display writing scan), the OLED material emits 
light in response to the trigger Voltage and in a manner depen 
dent on the stored charge. With the proper selection of micro 
capsule 10 materials, an RC circuit is formed giving the 
OLED pixel an increased and more controlled light emission 
time and intensity. 
0284 FIG. 31 shows a pixel comprised of a chain of 
capacitor OLED microcapsules being charged by a charging 
Voltage. FIG.32 shows a pixel comprised of a chain of capaci 
tor OLED microcapsules being triggered for light emission 
by a trigger Voltage. The microcapsules 10 act as capacitor 
elements that are charged 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 
emission of light, but the RC circuit nature of the OLED 
microcapsule creates a longer light emission pulse than the 
Voltage charging pulse, resulting in a higher quality passive 
matrix displayed image. 
0285 FIG. 33 shows OLED microcapsules 10 randomly 
dispersed within a fluid but hardenable carrier fluid 12. A first 
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electrode 14 and a second electrode 14 are provided defining 
a gap there between. Within the gap, field reactive OLED 
particulate is randomly dispersed within a fluid carrier 12. 
The electrodes 14 can be preformed on a substrate, such as 
glass. Alternatively, one or both grids of electrodes 14 can be 
preformed on a flexible carrier 12 enabling roll-to-roll manu 
facturing. The inventive fabrication technology overcomes 
the last hurdles to widespread commercialization of OLED 
devices. In the first step of the inventive fabrication method, a 
mixture of randomly dispersed OLED particulate in a fluid 
conductive carrier is disposed between a grid of X and y 
electrodes. The electrodes are pre-patterned on a top and 
bottom substrate (shown, for example, in FIGS. 13, 107 and 
108). The substrates are a flexible polymer. Because of the 
barrier qualities of the carrier, elaborate encapsulation layers 
are not required. 
0286 FIG. 34 shows OLED microcapsule chains aligned 
within an applied aligning field formed within unhardened 
carrier fluid 12. Upon application of an aligning field, the 
OLED field-reactive material orient along the field lines and 
form chains within the still-fluid carrier 12 (analogous to 
electro rheological fluid mechanics). The next step is to apply 
an aligning field selectively to the volume between the x- and 
y-electrodes. 
0287. The randomly dispersed particulate orient and 
migrate under the influence of the aligningfield to form pixels 
of aligned OLED particulate. 
0288 Preferably, the spaces between the pixels are devoid 
of any particulate. The composition of the carrier and the 
particulate are selected so that the preferred path of electrical 
conductivity is through the aligned particulate. This structure 
makes most efficient use of the OLED material and eliminates 
cross talk between the display pixels. 
(0289 FIG. 35 shows OLED microcapsule chains aligned 
within an applied aligning field held in alignment within 
hardened carrier 12. With the aligning field still applied, the 
carrier 12 is cured (for example, using light or heat) to form a 
solid phase to lock the chains of OLED field-reactive material 
into position. With the proper selection of carrier 12 material, 
the OLEDs can be energized to create the curing light to 
simplify the fabrication process. Alternatively, a light Source 
28 such as a laser or other light emitter, can be used to 
controllably apply the curing light. The aligning field main 
tains the position of the particulate while the carrier is cured. 
The carrier changes from a fluid monomer to a hardened 
cross-linked polymer by applying ultraviolet light. The for 
mation and preservation of ultra-thin layers of organic mate 
rial is not necessary. The gap between the X- and y-electrodes 
is much wider, so many of the problems of the current state 
of-the-art OLED fabrication methods are avoided. The result 
ing display structure is flexible, Solid-state and highly robust. 
0290 FIG. 36 shows the OLED microcapsule 10 structure 
shown in FIG. 35 with a drive voltage applied and light being 
emitted from the OLED microcapsule chains. 
0291. When a voltage is applied to the electrodes 14, the 
OLED chain enables hole and electron movement, raising the 
energy state of the OLED material and generating light. The 
completed display consists of point Sources of light emission 
(aligned particulate) in a Solid-state protective matrix (hard 
ened carrier). The resulting device structure is impervious to 
water and oxygen. The much wider gap between the elec 
trodes greatly reduces the problem of dust and particle con 
tamination. If a short between the electrodes does occur, the 
structure is self-healing by automatically disconnecting the 
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short without losing a pixel. During fabrication, pixel elec 
trode alignment occurs automatically and precisely. 
Extremely high resolution, full color, large-sized video dis 
plays 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 roll 
to-roll processing on flexible plastic Substrates using the 
adaptation of well-established polymer film fabrication meth 
ods. 

0292 FIG. 37 illustrates a method for forming an OLED 
particulate having a hole transport layer and an electron trans 
port layer. Hole transport material and electron transport 
material are combined to form stable particles. FIG. 37 illus 
trates the formation of an OLED particle. Hole transport 
material having a net positive charge and electron transport 
material having a net negative charge are mixed together in a 
liquid so that the opposing polarities of the particles creates an 
attractive force resulting in electrically stable particles. The 
OLED particulate is formed by providing a first particle, 
comprised of a hole transport material that has a net positive 
electrical charge. A second particle is provided comprised of 
an electron transport material having a net negative electrical 
charge. The hole transport particle and the electron transport 
particle are brought together in a liquid and combined to form 
a unified OLED particulate having a hole transport layer and 
an electron transport layer forming a heterojunction between 
them. 

0293 FIG. 38 illustrates a method for forming an encap 
sulated OLED particulate. The hole transport material and the 
electron transport material can be combined into a single 
particle by ejecting the constituent particles towards each 
other. The positive and negative charges will attract to forman 
electrically neutral bipolar particle. This particle may be 
coated with an encapsulating shell or left uncoated. 
0294 FIGS. 39-41 show the steps for forming a multi 
layered OLED particle. In this case, as shown in FIG. 39. 
individual particles of electron transport material are 
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 trans 
port material particles. Field applying electrodes 38 may be 
provided for directing the respective charged particles so that 
they combine together to form an electrically neutral dual 
layer particle. The field applying electrodes 38 may also be 
useful for attracting and removing from the combined particle 
stream the charged particles that do not combine in the dual 
layer particle. In a similar manner, a dual layer hole transport 
and photo active layer particles can be ejected with induced 
charges and directed to combine into a dual layer particle 
containing the hole transport material and the photo active 
material. As shown in FIG. 41, the two dual layer particles are 
imparted with opposite electrical charge and ejected from 
nozzle 36 towards each other where they combine to form the 
completed multilayered OLED particulate. The amount of 
charge induced in the particles can be controlled to adjust the 
alignment of attracted constituents. The number of layers and 
their order can also be controlled as needed. 
0295 The OLED particulate comprises layered organic 
particles, which include a hole transport layer and an electron 
emitter layer. A heterojunction is formed at the interface 
between the hole transport layer and the electron emitter 
layer. Each layered organic particle may also include a block 
ing layer adjacent to the electron emitter layer and an emis 
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sive layer adjacent to the hole transport layer, thereby forming 
a stacked organic layered structure. The blocking layer is 
provided for facilitating the proper flow of electrons and hole, 
and the emissive layer is provided for facilitating the emission 
of photons when the energy state of the OLED particulate is 
raised. 

0296 FIG. 40 illustrates a second step in forming a multi 
layered OLED particulate. The amount of charge induced in 
particles can be controlled to adjust alignment of attracted 
constituents. FIG. 41 illustrates a third step in forming a 
multi-layered OLED particulate. Relatively weak attractive 
field keeps layered particles properly aligned, without caus 
ing 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 over 
all net positive charge on HTL/EML layered particle and 
more negative towards another end, with an overall net nega 
tive charge on ETL/BL layered particle. With the proper 
selection of constituent materials, the electrical properties of 
the HTL and ETL material should be effective to cause the 
larger degree of induced charge to occur at the ends of the 
layered particles. 
0297. The OLED particulate may comprise a bipolar 
OLED microcapsule. The OLED particulate is formed by the 
steps of first providing a first particle comprised of a hole 
transport material. The hole transport material has a net first 
electrical charge. A second particle comprised of an electron 
transport material is provided having a net second electrical 
charge. The first electrical charge is of opposite polarity from 
the second electrical charge. The first particle and the second 
particle are brought together to form a unified OLED particu 
late having a hole transport layer and an electron transport 
layer forming a heterojunction between them. The first par 
ticle may further include a photon-active layer. This photon 
active layer may be a light emissive layer in which case the 
OLED forms a light emitting device, or a light receptive layer, 
in which case the OLED forms a light-detecting device. 
0298 FIG. 42 schematically shows a full-color OLED 
display, constructed in accordance with the present invention, 
having a dichromatic display layer for improving the display 
contrast, power efficiency and for providing display viewing 
in bright Sunlight. The dichromatic display layer may be 
formed, for example, using a conventional LCD pixilated 
light modulator layer. Further, the dichromatic display layer 
can be comprised of dichromatic microcapsules that can be 
oriented to reflector absorb impinging light using an aligning 
field. The microcapsules 40 can be electrophoretic and ori 
ented using an applied electrical field. In this case, the elec 
trophoretic microcapsules 40 are electrically reactive. Alter 
natively, in accordance with the present invention, the 
dichromatic microcapsules may be magnetically reactive. In 
this case, the microcapsule can be constructed having a north 
magnetic pole and a South magnetic pole, each pole being 
associated with a respective color of a bi-color microcapsule 
(e.g., reflective/absorbtive). A construction similar to the 
capacitor/OLED microcapsule shown in FIGS. 28-32 can be 
used to create microcapsules that can be controllably oriented 
in an applied magnetic field. The dichromatic display layer 
provides a light reflective display for use in bright Sunlight 
and other appropriate ambient light conditions, as well as 
other display enhancing effects. The dichromatic pixel layer 
can be formed adjacent to the last subsequent OLED pixel 
layer. This dichromatic pixel layer results in a display that can 
be viewed in direct bright sunlight as well as with improved 
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contrast in indoor ambient lighting conditions. Further, addi 
tional 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. 
0299 To control the reflection of the emitted light from the 
OLED RGB pixels in automatic mode the OLED brightness 
and the reflection/absorption dichromatic microcapsule 40 is 
automatically controlled to optimize power consumption and 
display quality. Photodetection elements are used to deter 
mine the level of ambient light and adjust the reflection/ 
absorption/image displaying capabilities of the inventive dis 
play. Further, the inventive OLED device can be configured 
So as to detect light impinging on a pixel grid formed in 
accordance with the present invention. In this case, the OLED 
particulate of a first OLED pixel layer emits electrical energy 
in response to the reception of photons and applies the elec 
trical energy as a detectable signal to the first and second layer 
electrodes 14. Further, a black and white and/or full color 
CCD-type camera can be formed, by tuning the wavelength 
range at which subsequent layers of OLED pixels are photo 
reactive. Photodetectors are used to determine when to use 
dichromatic display elements. If the dichromatic pixels (e.g., 
dichromatic microcapsules 40) are turned to the reflection 
side, OLED emission will be reflected and more light emitted 
from the display. If turned to the absorption side, better dis 
play 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 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 
important consideration. When the phone is in bright Sun 
light, the dichromatic display elements are used and the 
OLEDs are off and transparent (the display is reflective and 
can monochrome (e.g., a black and white display) or full 
color). When the phone is indoors or in lower ambient light, 
the emissive pixels are used (full color display). As examples 
of how the dichromatic display layer improves the inventive 
display, under normal ambient light (indoor, office lighting) 
the dichromatic microcapsules 40 can be oriented to absorb 
the reflection of ambient light to improve the contrast of the 
display. 
0300. In low ambient light (airplane, car, dusk) the dichro 
matic display elements can be turned oriented to reflect the 
OLED emission so that the OLED display elements can be 
driven with lower energy consumption. The dichromatic dis 
play elements can be automatically oriented and controlled to 
provide power savings and improve contrast. Light filters and 
side/side pixels can be mixed with the display stack to create 
a variety of display options. Further, IRand other emitters and 
detectors can also be included to create “invisible' maps that 
can only be read with night vision aides. Other display pos 
sibilities include windshields that automatically block out 
highlight Sources like the Sun and oncoming high beams; and 
goggles that enhance vision, provide night vision, and include 
telescopic and Stereoscopic capabilities. 
0301 FIG. 43 schematically shows the full-color OLED 
display shown in FIG. 42, with the dichromatic pixels ori 
ented for reflecting emitted OLED light. When the dichro 
matic picture elements are reflective (oriented so that the 
reflective side of the sphere is facing toward the emissive side 
of the display), then the light emitted from the OLED ele 
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ments is reflected for use in forming the display image. The 
orientation of the dichromatic picture elements can be auto 
matically controlled depending on the ambient light detected 
by a photodetector. 
(0302 FIG. 44 schematically shows the full-color OLED 
display shown in FIG. 42, showing the relative strength of 
reflected light depending on the dichromatic pixel orienta 
tions. The orientation of each respective pixel stack's dichro 
matic pixel element, determines the contrast, ambient and 
emitted light reflectivity. 
0303 FIG. 45 shows magnetically-active OLED micro 
capsules 10 randomly dispersed within a fluid but hardenable 
carrier fluid 12 along with desiccant particulate. The carrier 
fluid 12 can include a conductive element, carbon or pow 
dered iron for example. The carrier fluid 12 should be selected 
to have the appropriate electrical properties so that the path of 
least electrical resistance in the completed display device is 
through the OLED material, and not through the carrier 12. 
Accordingly, the carrier fluid 12 may have a semi-conductive 
composition. Desiccant and/or scavenger particles 42 are 
included within the carrier fluid 12 to improve protection 
against contamination. The desiccant can be for example, a 
finely powdered silica based particulate, and specific oxygen 
Scavenger material can also be included to further enhance the 
protection of the OLAM and other constituents. Examples of 
the oxygen Scavenger material include dimethylpropanola 
mine, diethylaminoethanol, cyclohexylamine, n-n-diethylhy 
droxylamine (DEHA), 2-amino-2-methyl-1-prop-anol, other 
amines, or other suitable material composition. The specific 
Scavenger material is selected depending on the other com 
ponents in the device to optimize its effectiveness, taking into 
consideration factors such as the device optical, electrical and 
mechanical characteristics. This desiccant/scavenger can be 
included in the shell and/or the internal phase of the OLAM 
microcapsules, depending on the microcapsule composition. 
0304 FIG. 46 shows the magnetically-active OLED 
microcapsule chains aligned within an applied magnetic 
aligning field within the unhardened carrier fluid 12. The 
applied magnetic field can be obtained by permanent magnets 
brought into position relative to the display electrodes, or 
electromagnets that are controlled to apply the magnetic field 
as needed to cause the desired microcapsule alignment and 
orientation. 
(0305 FIG. 47 shows the magnetically-active OLED 
microcapsule chains aligned within the applied magnetic 
aligning field held in position within the hardened carrier 12. 
The carrier fluid 12 can include a conductive element—car 
bon, for example. Desiccant (water and/or oxygen scavenger) 
particles 42 are included within the carrier fluid 12 to improve 
protection against contamination. 
(0306 FIG. 48 shows the magnetically-active OLED 
microcapsule structure with light being emitted from the 
OLED microcapsule chains in response to a driving Voltage 
applied to the electrodes. FIG. 49 schematically illustrates a 
full color OLED display having high intensity visible light 
display layers and an infrared display layer. 
(0307 FIG. 50 shows an OLED display layer and a liquid 
crystal light modulating layer 44. The liquid crystal light 
modulating layer 44 can be used as the dichromatic display 
layer described above. The liquid crystal light modulating 
layer 44 can also provide the inventive display with the capa 
bility of being selectively reflective. With this capability, the 
light-blocking windshield described with regard to FIGS. 57 
and 58 is obtained. Further, a window can be formed that is 
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transparent when needed, can be switched to being an emis 
sive display (viewable from both or only one side), is selec 
tively light blocking, and can be a bi-color or reflective dis 
play. 
0308 FIG. 51 shows an inventive OLED display fabri 
cated with thin films of organic material with photodetection 
elements. Photodetector elements can be 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 pho 
todetector. This construction can be used with microcapsule 
based fabrication or any other display constructions. This 
enables features such as windshields that block out (using, for 
example, LCD-type shutters) high light sources, such as 
bright Sunshine, overhead streetlights, or headlights beaming 
from another car. OLED solar cell components or pixel layers 
can be used to “recycle the energy emitted by the OLED 
emitters. Some of the emitted light energy impinges on the 
Solar cells and generate light. This, along with the inventions 
described herein and the sheet battery described in the above 
referenced co-owned patent application Ser. No. 10/234,301, 
filed Sep. 4, 2002 entitled “Printer and Method for Manufac 
turing Electronic Circuits and Displays', can enable light 
weight, relatively inexpensive, dichromatic newspapers (as 
described herein in FIG. 1) that recharge in sunlight (or even 
indoor ambient light) to enable full-color emissive video or 
still images. 
0309 FIG. 52 shows an OLED microcapsule 10 wherein 
the shell is slightly less conductive than the encapsulated 
OLED material. The shell is slightly more resistive than the 
OLED materialso that current does not flow around the shell, 
but instead flows through OLED material. The particulate can 
be organic or inorganic, with chips of LED material combined 
and oriented, as necessary, with other materials as is 
described herein with regard to OLAM materials. 
0310 FIG. 53 shows an OLED microcapsule 10 wherein 
the OLED material is encapsulated along with an electrolyte. 
A hole transport material comprises the shell, and a shell 
around MAG is insulative to keep the magnetic material from 
having unwanted influence of the electrical behavior of 
microcapsule. OLED material is contained within the elec 
trolyte solution, the electron carriers in the electrolyte can be 
controlled depending on the needed specification of the 
microcapsules 10. For example, the microcapsules 10 charge 
carrying 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 carrier 
material, or included as other microcapsules 10 within the 
carrier 12. For example, a phosphorescent OLED microcap 
Sule 10 may require different light-inducing applied electrical 
energy. Light of a particular wavelength, for example infra 
red, can trigger the OLED emission at other wavelengths. In 
this case, OLAM, or other material Such an inorganic semi 
conductor, is included to generate electricity in response to IR 
light. The generated electricity is used to cause an emission of 
other wavelengths of light by the OLED pixel layers. Alter 
natively, the other wavelengths of light can be generated by 
particles having florescent or phosphorescent phenomenon. 
This capability makes possible a map, for example, that can 
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be read with an infrared flashlight (keeping the stealth advan 
tage, while avoiding the need for the map reader to have night 
vision, as is the case when the map is the IR emitter). 
0311 FIG. 54 shows an OLED microcapsule 10 wherein 
the OLED material and the hole transport material are con 
tained in solution within a conductive shell. This construction 
may be driven with AC or DC current. The OLED particulate 
is formed by microencapsulating an internal phase within a 
shell. The internal phase or the shell includes an OLED mate 
rial and either the internal phase or the shell includes a field 
reactive material. The field reactive material comprises either 
or both an electrostatic and a magnetically reactive material. 
In accordance with another composition of the inventive 
microcapsule, the internal phase comprises an OLED emitter 
material and an OLED hole transport material dispersed in 
solution. Color dyes may also be included within the internal 
phase. The solvent may be a fluid organic solvent. In order to 
provide the alignment capabilities of the microcapsules 10, 
either the internal phase or the shell may include a field 
reactive component. 
0312 FIG.55 shows the OLED microcapsules 10 shown 
in FIG. 54 including a magnetically active material. The 
magnetic material is included as a separate microcapsule 10 
with an electrically insulative shell contained within the inter 
nal phase of a second conductive shell that also encapsulates 
a solution of the OLED material (electron transport material 
and hole transport material). The electrically insulated mag 
netic material enables microcapsule alignment within a mag 
netic field, without it becoming an electrical short within the 
microcapsule. The OLED microcapsules 10 can have con 
stituent parts including at least one of hole transport material, 
electron transport material, field reactive material, Solvent 
material, color material, shell forming material, barrier mate 
rial, desiccant material, Scavenger material, colorant mate 
rial, light curable, heat expandable, heat contracting, heat 
curable and heat meltable material. The constituent parts of 
the microcapsule 10 form at least one internal phase and at 
least one shell. The constituent parts are selected so as to have 
electrical characteristics that result in a preferred path of 
electrical conduction (or electron and hole mobility) through 
the hole transport material and the electron transport material. 
By this construction, the microcapsule 10 behaves as a pn 
junction upon application of an electrical potential to the first 
electrode 14 and the second electrode 14. 

0313 FIG. 56 illustrates the OLED microcapsule 10 
shown in FIG. 54 used for creating a general lighting or 
display back lighting OLED device. For general lighting pur 
poses, OLED and hole transport material can be microencap 
sulated in solvent form. The microcapsules 10 are randomly 
dispersed within a conductive carrier 12 material, for example 
a conductive epoxy mixture. The microcapsules 10 can be 
disposed between two planer electrodes 14. The “self-heal 
ing capabilities described herein are used to correct electri 
cal shorts between the planar electrodes 14. 
0314 FIG. 57 illustrates a transparent, flexible OLED dis 
play fabricated for use as part of a vehicle windshield. A 
liquid crystal (or other) light-modulating grid may also be 
included. The light-modulating grid is used to provide a shut 
ter 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 detected high intensity light source 28, the 
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light is shuttered (e.g., liquid crystal within certain pixels is 
oriented so that the incoming light is blocked). A radar sys 
tem, IR camera of other object detecting system can be used 
to determine when an object is in the road, Such as a deer, 
pedestrian, or a dog. If such an object is detected, its image of 
that object or some indication is produced in the OLED dis 
play at the location on the windshield corresponding to where 
the object would be viewed by the driver. Information, such as 
speed, radio channel, incoming cell phone call number, etc., 
can be displayed by the OLED display as a heads up display 
image. For an example of a driver circuit for the light shutter, 
a photoactive grid generates an electrical potential between 
two electrodes 14. That electrical potential (amplified if nec 
essary) is effective to cause structures (molecules or crystals 
or molecular chains) to orient so that light is selectively 
blocked. This mechanism may also be used to create a fresnel 
type lens system (creating a curvature (focus ability) of a 
received light image using an essentially flat optical element. 
0315 FIG. 58 is a block diagram showing the basic com 
ponents of a driver display system using an OLED display. A 
controller controls a display grid and receives input from a 
photodetector grid. A display driver drives the display grid, 
under the control of the controller, in response to the photo 
detector grid, an IR camera and/or other detection system 
Such as a radar, Sonar, ultrasonic, or the like. 
0316 FIG.59 illustrates an OLED light emissive element. 
The OLED element can be constructed from sheets of OLED 
organic material stacks 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 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 con 
ventional LED may otherwise be employed. 
0317 FIG. 60 shows the OLED light emissive element 
having a conventional lightbulb 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 sock 
ets. The orientation of the organic stack 46, reflective elec 
trode and transparent electrode enables the light to be pro 
jected outward from the bulb. An array of devices can be 
configured so that the light is emitted in an omni-directional 
or directional manner. The OLED element can be constructed 
from sheets of OLED light stacks 46, and can be formed on 
glass or plastic Substrates 24 and cut to size. The electrode 
leads can be fixed to the cut light Stack and disposed within an 
evacuated or inert gas filled bulb. The threaded portion of the 
bulb can include an ac to dc converting circuit so that the 
conventional Sockets, lampshades, etc., already in the home 
or office are still usable. Alternatively, another form factor, 
Such as holiday lighting, rope lighting, etc., can be used. The 
cut OLED light stack can be shaped as desired, square, long 
and thin, etc. Also, the same basic structure can be used to 
make OLED light in a conventional LED package. 
0318 FIG. 61 illustrates an OLED device fabricated using 
light emissive layers and light detecting layers. The OLED 
display device can include layers of light emission pixels and 
layers of light detection pixels. The light detection pixels can 
be used to detect ambient light and control the intensity of the 
light emission pixels. As with some of the other device con 
structions described herein, the formation of the OLED pixel 
layers can be done using the inventive microcapsule fabrica 
tion method and/or a combination with other fabrication 
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methods such as inkjet, spin coating, vacuum deposition, 
evaporation, etc. for forming an OLED organic stack 46. 
0319 FIG. 62 illustrates stereoscopic goggles having 
OLED display device elements 48. The photodetection pixels 
can beformed so as to effect a camera incorporated within the 
OLED display device elements 48. The camera optics can 
include lenses that change shape and/or focal point depending 
on whether the image is focusing on the human eye or the 
camera pixel elements. Alternatively, or in addition, CCD 
type cameras 50 can be provided adjacent to the OLED dis 
play device elements 48. 
0320 FIG. 63 illustrates a flexible OLED display having a 
curvature that compensates for the human eye's range of 
motion. The image displayed on the curved wraparound 
OLED display is refreshed so that the eye movement as well 
as the head movement of the user is accounted for. With this 
Stereoscopic vision aide, the user's head movement can be 
determined by accelerometers and gyroscopic circuits. The 
eye movement is determined by reflecting IR (or some wave 
length depending on the ambient light) off the retina and 
detecting the reflection by photodetectors which may be 
incorporated in or adjacent to the OLED display. 
0321 FIG. 64 illustrates a flexible OLED display having 
microlens elements 52 for focusing emitted light at the appro 
priate physical location within a human eye. An optical lens 
can be used to focus light onto CCD-type elements to create 
microlens elements 52 that focus the pixel light source 54 at 
the focus spot in the human eye. The optical properties of the 
microlens element 52 can compensate for vision problems. 
0322 FIG. 65 illustrates a wraparound visor 56 having a 
curved, flexible OLED display and speakers 58. The inventive 
Stereoscopic vision aid has a high resolution OLED display. 
The OLED display is shaped so that field of vision is as full as 
practical. 
0323 FIG. 66(a) illustrates a wall 60 of a house having 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 constructed along the lines of the OLED displays 
described herein. As with all of the applications for the inven 
tive OLED technology, the various elements comprising the 
various versions of the invention described herein can be 
mixed and matched depending on the intended use for a 
particular OLED display or device. Thus, in this case, the 
inventive window 62 can be driven so that it is transparent 
when needed, can be switched to being an emissive display 
(viewable from both or only one side), is selectively light 
blocking, and can be a full color, multi-color, monochrome or 
reflective display. 
0324 FIG. 66(b) illustrates the wall 60 of a house having 
the inventive OLED display window 62, the window 62 being 
driven so as to display multiple simultaneous video streams 
66 including videophone communication, Internet web page 
and a television program. Multiple streams of display infor 
mation 66 can be simultaneously received and displayed. For 
example, broadcast video content Such as a television pro 
gram may be shown at a first portion of the display, person 
alized video content, such as a videophone conversation may 
be shown at a second portion and a web page, including 
mapped hyperlink content, may be shown at a third portion. 
With an LCD light modulating layer, the content displayed on 
the inventive OLED display window 62 can be viewable from 
outside the house (from poolside, for example), or LCD light 
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modulating layer can be controlled so that the emitted display 
light can be blocked from view from outside the house. 
0325 FIG. 66(c) illustrates the wall 60 of a house having 
the inventive OLED display window 62, the window being 
driven so as to be a mirror. In this case, the LCD light modu 
lating layer can be controlled to block light from being trans 
mitted through the window. Further, as shown in FIG. 57. 
relatively high intensity light (such as from Sunbeaming onto 
the window) can be selectively blocked to prevent glare 
within the house and to keep the house cooler in the summer. 
0326 FIG. 67(a) illustrates the use of an inventive flexible 
large format display as part of a camouflage system for a 
vehicle. Such as a military tank. In accordance with this aspect 
of the present invention, a camouflage system is provided that 
includes a video camera system that captures a field of view in 
a direction away from the object to be camouflaged, such as a 
military tank. On the opposite side of the tank relative to the 
field of view, a flexible large format display is used to display 
to an external viewer the captured image of the field of view. 
FIG. 67(b) illustrates the camouflage system shown in FIG. 
67(a) wherein the display area has a curved viewing area. As 
shown in FIG. 67(b), the effect of displaying the captured 
field of view on the flexible display is to create the illusion for 
the external viewer that enables the military tank to effec 
tively disappear into the background Scene. 
0327 FIG. 67(c) illustrates the use of an inventive flexible 
clothing display as part of a camouflage system for a person. 
As described above, a camera system captures a field of view. 
This captured image is displayed on the clothing of the wearer 
so that an illusion is created that the wearer disappears into the 
background scene. 
0328 FIG. 67(d) shows the inventive clothing camouflage 
system shown in FIG. 67(b) in use. The clothing may be 
fabricated in the manner described herein. 
0329 FIG. 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. FIG. 68(b) is a 
block diagram illustrating some system elements of the mili 
tary observation drone shown in FIG. 68(a). The flexible, 
lightweight Solar panels fabricated in accordance with the 
present invention enable an aircraft, such as an observation 
drone, to continuously fly while being propelled, for example, 
by a propeller driven by an electric motor. The electric motor 
and other onboard electrical systems receive power directly 
from the Solar panels, or from a battery that is recharged by 
the Solar panels. 
0330 FIG. 69 illustrates an embodiment of the inventive 
light active device showing a semiconductor particulate ran 
domly dispersed within a conductive carrier. A light active 
device includes a semiconductor particulate dispersed within 
a carrier material. 

0331. The carrier material may be conductive, insulative 
or semiconductive and allows charges to move through it to 
the semiconductor particulate. The charges of opposite polar 
ity moving into the semiconductive material combine to form 
charge carrier pairs. The charge carrier pairs decay with the 
emission of photons, so that light radiation is emitted from the 
semiconductor material. Alternatively, the semiconductor 
material and other components of the inventive light active 
device may be selected so that light received in the semicon 
ductor particulate generates a flow of electrons. In this case, 
the light active device acts as a light sensor. 
0332 A first contact layer or first electrode is provided so 
that on application of an electric field charge carriers having 
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a polarity are injected into the semiconductor particulate 
through the conductive carrier material. A second contact 
layer or second electrode is provided so that on application of 
the electric field to the second contact layer charge carriers 
having an opposite polarity are injected into the semiconduc 
tor particulate through the conductive carrier material. To 
form a display device, the first contact layer and the second 
contact layer can be arranged to form an array of pixel elec 
trodes. Each pixel includes a portion of the semiconductor 
particulate dispersed within the conductive carrier material. 
Each pixel is selectively addressable by applying a driving 
Voltage to the appropriate first contact electrode and the sec 
ond contact electrode. 

0333. The semiconductor particulate comprises at least 
one of an organic and an inorganic semiconductor. The semi 
conductor particulate can be, for example, a doped inorganic 
particle. Such as the emissive component of a conventional 
LED. The semiconductor particulate can be, for another 
example, an organic light emitting diode particle. The semi 
conductor particulate may also comprise a combination of 
organic and inorganic materials to impart characteristics Such 
as Voltage control emission, aligning field attractiveness, 
emission color, emission efficiency, and the like. 
0334. The electrodes can be made from any suitable con 
ductive material including electrode materials that may be 
metals, degenerate semiconductors, and conducting poly 
mers. Examples of Such materials include a wide variety of 
conducting materials including, but not limited to, indium 
tin-oxide (ITO), metals such as gold, aluminum, calcium, 
silver, copper, indium and magnesium, alloys Such as mag 
nesium-silver, conducting fibers such as carbon fibers, and 
highly-conducting organic polymers such as highly-conduct 
ing doped polyaniline, highly-conducting doped polypyrrole, 
or polyaniline salt (such as PAN-CSA) or other pyridyl nitro 
gen-containing polymer. Such as polypyridylvinylene. Other 
examples may include materials that would allow the devices 
to be constructed as hybrid devices through the use of semi 
conductive materials, such as n-doped silicon, n-doped poly 
acetylene or n-doped polyparaphenylene. 
0335. In accordance with another aspect of the present 
invention, a photon receptive light active device is provided. 
A first electrode and a second electrode are provided disposed 
adjacent defining a gap there between. A light active mixture 
is provided comprised of a carrier material and a photon 
receptive particulate for receiving a photon of light and con 
Verting the photon of light into electrical energy. The light 
active mixture being disposed within the gap between the first 
electrode and the second electrode so that when light energy 
is received by the photon receptive particulate, electrical 
energy is produced that can be derived from an electrical 
connection with the first electrode and the second electrode. 
With this composition and construction, a light-to-energy 
device is obtained from which a solar cell, photodetector or 
camera element can be made. 
0336. The photon receptive particulate may include at 
least one of an organic photon receiver; an inorganic photon 
receiver, hole transport material, blocker material, electron 
transport material, and performance enhancing materials. 
The carrier can include at least one of an organic photon 
receiver; an inorganic photon receiver, hole transport mate 
rial, blocker material, electron transport material, and perfor 
mance 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 
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mechanical, electrical and optical characteristics of the inven 
tive device. The additional layers may include at least one of 
an organic photon receiver, an inorganic photon receiver, hole 
transport material, blocker material, electron transport mate 
rial, and performance enhancing materials (e.g., the charac 
teristic controlling additives). 
0337. As shown in FIG. 70, an embodiment of the inven 

tive light active device may have the semiconductor particu 
late aligned between electrodes. The emissive particulate acts 
as point light sources within the carrier material when holes 
and electrons are injected and recombine forming excitons. 
The excitons decay with the emission of radiation, such as 
light energy. In accordance with the present invention, the 
emissive particulate can be automatically aligned so that a 
significant majority of the point light Sources are properly 
oriented and disposed between the electrodes (or array of 
electrodes in a display). This maximizes the light output from 
the device, greatly reduces cross-talk between pixels, and 
creates a protected emissive structure within the water, oxy 
gen and contamination boundary provided by the cured car 
rier material. 

0338. In this case, the mixture disposed within the gap 
between the top and bottom electrodes includes a field reac 
tive OLED particulate that is randomly dispersed within a 
fluid carrier. An aligning field is applied between the top 
electrode and the bottom electrode. The field reactive OLED 
particulate move within the carrier material under the influ 
ence of the aligning field. Depending on the particulate com 
position, carrier material and aligning field, the OLED par 
ticulates form chains between the electrodes (similar to the 
particulate in an electrical or magnetic rheological fluid in an 
electric or magnetic field), 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 comprises a harden 
able material. It can be organic or inorganic. While the desired 
orientation of the field reactive OLED particulate is main 
tained by the aligning field, the carrier is cured to form a 
hardened support structure within which is locked in position 
the aligned OLED particulate. 
0339 FIG. 71 illustrates an embodiment of the inventive 
light active device showing semiconductor particulate and 
other performance enhancing particulate randomly dispersed 
within the conductive carrier material. The semiconductor 
particulate may comprise an organic light active particulate 
that includes at least one conjugated polymer. The conjugated 
polymers having a sufficiently low concentration of extrinsic 
charge carriers. An electric field applied between the first and 
second contact layers causes holes and electrons to be 
injected into the semiconductor particulate through the con 
ductive carrier material. For example, the second contact 
layer becomes positive relative to the first contact layer and 
charge carriers of opposite polarity are injected into the semi 
conductor particulate. The opposite polarity charge carriers 
combine to form in the conjugated polymer charge carrier 
pairs or excitons, which emit radiation in the form of light 
energy. 

0340 Depending on the desired mechanical, chemical, 
electrical and optical characteristics of the light active device, 
the conductive carrier material can be a binder material with 
one or more characteristic controlling additives. For example, 
the binder material may be a cross-linkable monomer, or an 
epoxy, or other material into which the semiconductor par 
ticulate can be dispersed. The characteristic controlling addi 
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tives may be in a particulate and/or a fluid state within the 
binder. The characteristic controlling additives may include, 
for example, a desiccant, a scavenger, 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 blocking material, and an emission enhancing 
material. A particulate, such an ITO particulate, or a conduc 
tive metal, semiconductor, doped inorganic, doped organic, 
conjugated polymer, or the like can be added to control the 
conductivity and other electrical, mechanical and optical 
characteristics. Color absorbing dyes can be included to con 
trol the output color from the device. Florescent and phos 
phorescent components can be incorporated. Reflective mate 
rial 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 quali 
ties. In the case of a solar collector, the random dispersal 
orientation of the particulate 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 
efficiently as it passes over head. The orientation of the par 
ticulate may also be controlled in a solar cell to provide a bias 
for preferred direction of capture light. 
0341 The characteristic controlling additives may also 
include materials that act as heat sinks to improve the thermal 
stability of the OLED materials. The low work metal addi 
tives can be used so that more efficient materials can be used 
as the electrodes. The characteristic controlling additives can 
also be used to improve the mobility of the carriers in the 
organic materials and help improve the light efficiency of the 
light-emitting device. 
0342 FIG. 72 illustrates an embodiment of the inventive 
light active device showing different species of organic light 
active particulate dispersed within a carrier material. The 
turn-on Voltage for each species can be different in polarity 
and/or magnitude. Emissions of different wavelengths or col 
ors can be obtained from a single layer of the mixture of the 
organic light active particulate and carrier material. The color, 
duration and intensity of the emission is thus dependent on the 
controlled application of an electric field to the electrodes. 
This structure has significant advantages over other full color 
or multicolor light devices, and can also be configured as a 
wide spectrum photodetector for applications such as cam 
eras. The organic light active particulate can include organic 
and inorganic particle constituents including at least one of 
hole transport material, organic emitters, electron transport 
material, magnetic and electrostatic material, insulators, 
semiconductors, conductors, and the like. As is described 
herein, a multi-layered organic light active particulate can be 
formed so that its optical, chemical, mechanical and electrical 
properties are controlled by the various particle constituents. 
0343 FIG. 73 illustrates an organic light active particle 
formed from a polymer blend and FIG. 74 illustrates the 
polymer blend organic light active particulate dispersed 
within a conductive carrier. The organic light active particu 
late may include particles comprised from a polymer blend, 
including at least one organic emitter blended with at least 
one of a hole transport material, an electron transport material 
and a blocking material. The polymer blend may be com 
prised of emitters that respond to different turn-on voltages to 
effect a multicolor device. The polymer blend particulate can 
be dispersed within a carrier that includes at least one of the 
hole transport, electron transport, hole blocker, or other 
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OLED constituent. The carrier may also include other perfor 
mance enhancing materials, such as lithium, calcium, low 
work metals, charge injection facilitators, light-to-light emit 
ters (similar to the coating on a florescent light tube) to obtain 
the desired light emission. As described elsewhere herein, 
other particulate and carrier additives can be incorporated to 
enhance the characteristics of the OLED device. FIG. 75 
illustrates the polymer blend organic light active particle 
showing light active sites. Upon the application of electrical 
field to the electrodes, sites within the polymer blend particle 
will act as point Sources of light emissions. These light active 
sights are located where the appropriate constituents of the 
polymer blend meet so that electrons and holes injected into 
the semiconductor material combine into excitons and decay 
with the release of photons. The organic light active particu 
late may include microcapsules having a polymer shell 
encapsulating an internal phase. The internal phase and/or the 
shell can be comprised of the polymer blend including an 
organic emitter blended with at least one of a hole transport 
material, an electron transport material and a blocking mate 
rial. As with the other constructions of the inventive OLAM 
devices and material compositions, depending on the material 
compositions and the device structure, this polymer blend can 
be used to emit radiation of different wavelengths and can 
also be used for light-to-energy devices, such as Solar cell and 
photodetectors. These structures and compositions can also 
be used for bio-sensors and other organic light active appli 
cations. 

0344 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. Applicant has 
experimentally formed a polymer blend particulate from the 
constituents PolyI2-Methoxy-5-(2?-ethylhexyloxy)-1,4- 
-phenylenevinylene: N,N-Di-(napthalen-a-yl)-N,N-diphe 
nyl-benzidine; and 2.9-Dimethyl-4,7-diphenyl-1,1-phenan 
throline. These OLED materials were obtained from H. W., 
Sands Corp, Jupiter, Fla. The three OLED constituents were 
first dissolved in a common solvent, chloroform, and then a 
non-solvent was added to form a precipitant of the blended 
polymers. 
0345 Nanoparticles are used in applications, such as drug 
deliver devices. Others have shown that very small polymer 
based particles can be made by a variety of methods. 
0346. These nanoparticles vary in size, typically from 10 
to 1000 nm. A drug can be dissolved, entrapped, encapsulated 
or attached to a nanoparticle matrix. Depending on the 
method of preparation, nanoparticles, nanospheres or nano 
capsules can be obtained. (see, Biodegradable Polymeric 
Nanoparticles as Drug Delivery Devices, K. S., Soppimathet 
al., Journal of Controlled Release, 70 (2001) 1-20, incorpo 
rated by reference herein). In accordance with the present 
invention, an OLED particulate can be formed having a very 
small particle size. The small particle size offers a number of 
advantages. For example, the ultimate resolution available of 
a display may be dependent on the size limitation of the 
OLED particles. Thus OLED nanoparticles utilized in accor 
dance with the inventive fabrication methods will enable 
extremely high resolution display devices. Also, the very 
small OLED particle size will enable more light point sources 
within a given Volume. Such as the Volume making up a 
display pixel. A large number of light point sources can result 
in more uniform pixel characteristics, longer device lifetimes 
and more efficient power consumption. In accordance with 
the present invention, various methods can be employed to 
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form the OLED nanoparticles. The various methods dis 
closed 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, pro 
duction of OLED nanoparticles using supercritical fluid tech 
nology, the polymerization of monomers, and nanoparticles 
prepared from hydrophilic polymers. 
0347 FIG. 76 illustrates a polymer blend organic light 
active particulate having a field attractive constituent for 
aligning the particle in an aligning field. In this case, the 
particulate includes a field reactive material. Such as a mag 
netically reactive speck. 
0348. The magnetically reactive speck can be included in 
the particulate through an appropriate encapsulation, mixing, 
blending or coating technique. 
0349 FIG. 77 illustrates composite microcapsules con 
taining multi-layered organic light active particles, each hav 
ing a different light wavelength emission and turn-on Voltage. 
The composite microcapsules or different species of particu 
late can be used to form a single layer Voltage controlled light 
active device for emitting two or more colors of light. Instead 
of needing a separate set of electrodes and a separate layer of 
the semiconductor and carrier material mixture, the present 
invention enables a single layered device with a single pair of 
electrodes to controllably emit two or more colors of light. 
0350 FIG. 78 illustrates another composite microcapsule 
containing multi-layered organic light active particles, at 
least one having a field attractive constituent. The field attrac 
tive constituent may be required to enable alignment of the 
particles between the driving electrodes. When an aligning 
field is applied, the field reactive OLED particulate moves 
within the carrier material under the influence of the aligning 
field. The aligning field is applied to form a desired orienta 
tion of the field reactive OLED particulate within the fluid 
carrier. 
0351 FIG. 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 magnitude. By this addi 
tional turn-on voltage control enabled by the shell/internal 
phase electrical characteristics, the photons emitted by each 
species of conjugated polymer in response to an applied Volt 
age can be tailored as required. The carrier fluid can be for 
mulated so that it is more of an insulator prior to curing, and 
has the proper degree of conductivity after curing. In this 
case, the carrier fluid can act, more or less, like the oil in an 
oil/particulate electrical rheological fluid. The high voltage 
required to align the particulate between the electrodes can be 
applied without too much current passing through the par 
ticulate and burning them out. Once aligned, the electrical 
field can be reduced or eliminated as the carrier fluid cures. 
The carrierfluid can also have additives that affect the turn-on 
voltages of the different emitter species so that the appropri 
ate number of photons is emitted from each point light source 
for each applied turn-on voltage. 
0352 FIG.80 illustrates an embodiment of the inventive 
Voltage controlled light active device showing the composite 
microcapsule particulate randomly dispersed within a carrier. 
The internal phase may be a polymer blend containing two or 
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more conjugated polymers, each with a specific turn-on volt 
age for the controlled emission of color light. In an embodi 
ment of a Voltage controlled multi-colored light emitting 
device, a first electrode is provided with a second electrode 
disposed adjacent to it and defining a gap there-between. A 
mixture of an organic light active particulate and a conductive 
carrier material is disposed within said gap. The organic light 
active particulate is comprised of first emitting particles 
including a first electroluminescent conjugated polymer. The 
first emitting particles emit a number of photons of a first 
color in response to a first turn-on Voltage applied to the 
electrodes. The first emitting particles also emit a different 
number of photons, Zero or more, of the first color in response 
to other turn-on Voltages. The organic light active particulate 
further comprises second emitting particles including a sec 
ond conjugated polymer. The second emitting particles emita 
number of photons of a second color in response to a second 
turn-on voltage and a different number of photons of the 
second color in response to other turn-on Voltages. Thus, in 
the case of a multi-colored diode or display, different colors 
are perceivable by the human eye depending on the applied 
turn-on Voltage. The organic light active layer may also 
include third emitting particles including a third electrolumi 
nescent 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 color and/or 
intensity in response to other turn-on Voltages. A full color 
display can be obtained by having the first color red, the 
second color green and the third color blue. 
0353. The composite microcapsule can contain three 
OLED particles or microcapsules, or it may be made from 
conjugated polymers and other material. Such as non-conju 
gated polymers, organic light active materials, field attractive 
materials, inorganic light active material, etc. Each emitter 
emits light of a specific color range, R, G or B. Each color 
particle is formulated so that it emits light when a Voltage in 
a specific Voltage range is applied between the electrodes. A 
plurality of composite microcapsules are dispersed within a 
carrier fluid. The carrier fluid may be a hardenable material, 
Such as an epoxy, resin, curable organic or inorganic material, 
heat or light curable monomer, and the like. 
0354 FIG. 81 illustrates an embodiment of the inventive 
Voltage controlled light active device showing the composite 
microcapsule particulate aligned between electrodes. An 
aligning field applied between the top electrode and the bot 
tom electrode causes the field reactive OLED particulate to 
move under the influence of the aligning field. Depending on 
the particulate composition, carrier material and aligning 
field, the OLED particulate forms chains between the elec 
trodes (similar to the particulate in an electrical or magnetic 
rheological fluid when an electrical or magnetic field is 
applied), or otherwise becomes oriented in the aligning field. 
The aligning field is applied to form a desired orientation of 
the field reactive OLED particulate within the fluid carrier. 
The fluid carrier may comprise a hardenable material. While 
the desired orientation of the field reactive OLED particulate 
is maintained by the aligningfield, the carrier is cured to form 
a hardened Support structure within which is locked in posi 
tion the aligned OLED particulate. 
0355 FIG.82 illustrates the retinal response of the human 
eye to wavelengths of light in the visible spectrum. When 
light enters the eye, it first passes through the cornea at the 
front of the eye and ultimately reaches the retina at the back of 
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the eye. The retina is the light-sensing structure of the eye. 
The retina includes two types of cells, called rods and cones. 
Rods are responsible for vision in low light, and cones respon 
sible for color vision and detail. There are three types of 
cones, each type responsive primarily to a specific segment of 
the visual spectrum. The light received by these rod and cone 
cells sets off complex chemical reactions. The chemical that 
is formed (activated rhodopsin) creates electrical impulses in 
the optic nerve. The brain interprets these electrical impulses 
in the visual cortex. The color-responsive chemicals in the 
cones are called cone pigments and are very similar to the 
chemicals in the rods. There are three kinds of color-sensitive 
pigments, red-sensitive pigment, green-sensitive pigment and 
blue-sensitive pigment. 
0356. Each cone cell has one of these pigments so that it is 
sensitive to that color. The human eye can sense almost any 
gradation of color when red, green and blue are mixed. 
Humans are able to perceive color throughout the visual spec 
trum because of the responsiveness of the three types of 
cones. Red absorbing cones absorb best at the relatively long 
wavelengths peaking at 565 nm. Green absorbing cones have 
a peak absorption at 535 nm and blue absorbing cones have a 
peak absorption at 440 nm. 
0357 The three types of cones are each most responsive to 
different portions 
0358 (R,G,B) of the visible spectrum, but the segment of 
responsiveness overlap. Light of a given wavelength (color), 
for example 500 nm (green), stimulates all three types of 
cones, but the green-absorbing cones will be stimulated most 
strongly. 
0359 Typically, a full color display has side by side RGB 
pixels and generates three simultaneous emissions of RGB 
colored light, producing a mixture of wavelengths of light. 
Color is perceived by the eye through the simultaneous stimu 
lation of the three types of cones by the color light mixture. In 
accordance with the present invention, a color is obtained by 
driving a multi-color producing light active device with an 
emission cycle during which the appropriate number of pho 
tons of different colors are produced in successive bursts of 
light emissions. A predominance of photons of a color is 
produced during a burst of emission in response to the appli 
cation of a turn-on Voltage. Another burst of a predominance 
of photons of another color is produced in response to the 
application of a different turn-on voltage. A fraction of the 
emission cycle is determined during which each turn-on Volt 
age is applied so that an appropriate number of photons for 
each color is produced for each burst. The eye perceives the 
desired color by the Successive predominate stimulation of 
each type of cone cell. Color is obtained by the combination 
of Xd it of photons of Red+Yd it of photons of Green+Zd it of 
photons of Blue. It may turn out experimentally that other 
wavelengths of light can be used to stimulate the vision sys 
tem to perceive variable colors from the burst emission of 
photons, in which case the number and wavelength of the 
different colors along the emissive spectrum can be 
employed. 
0360. The shell of each particle may be a controlling effect 
on the turn-on voltage of the encapsulated OLED. The com 
position of the encapsulated OLED controls the color of the 
light emitted. The shell thickness and composition can be 
controlled so that the turn-on voltage of each primary color 
particulate is distinct from the turn-on voltage of the others. 
For example, each RGB particle can have a specific shell 
structure selected so that when a high turn-on voltage is 
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applied, the electrons move too slowly through the lower 
Voltage shell and/or internal phase to cause complete or par 
tial turn-on (i.e., reduced number of emitted photons) of the 
encapsulated emitter. 
0361 Each color emitter can be formulated so that it has a 
different threshold turn-on voltage and/or a different thresh 
old turn-on pulse width and/or a different threshold turn-on 
polarity. As an example, since more electrons and holes move 
at higher Voltage potential, the higher Voltage emitter made to 
have a lower pulse width would emit the same number of 
photons as the lower Voltage, longer pulse width emitters. 
But, even though the voltage threshold for lower voltage 
emitters is exceeded when the higher Voltage emitter is 
driven, the pulse width of the higher voltage is too short to 
turn-on the lower Voltage emitter. As an example, the hole 
and/or electron transport material can be formulated to slow 
down the progress of the electrons and holes in the lower 
Voltage material so that even though more electrons and holes 
are injected at the higher Voltage, are notable to cross through 
the material and recombine in the lower voltage emitter (the 
recombination of the holes and electrons results in a photon). 
0362. A variable DC/AC voltage/current source applies 
electrical energy to the electrodes. In response to the applied 
energy, light is emitted from the particulate through the top 
electrode. In an AC Voltage application, each cycle has a 
predetermined Voltage. With each cycle, a predominant color 
of light (for example, R,G,B) is emitted in response to the 
predetermined voltage (or no color is emitted). The color 
emitted depends on the turn-on voltage of the R, G or B 
particles. Dual color particles or tricolor particles (or 4 col 
ors, including IR, for example) are obtainable by the various 
known particulate construction techniques and those 
described herein. The burst emission cycles are fast enough 
that the eye perceives the desired color of the visible spectra. 
For example, rods and cones of the eye are stimulated by the 
three primary colors separately but in quick Succession so that 
each frame of a video, for example, is perceived in full color. 
Because of the very fast turn-on times of the emitting par 
ticles, 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 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 lightbursts 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. 
0363. By selecting the appropriate formula of the conduc 

tive carrier, it can be a hole transport vehicle and an electron 
transport vehicle. The organic emitter may not have to be a 
multi-layered particulate, but rather, it may be just particles of 
pure organic emitter. 
0364 Depending on the configuration and composition of 
the various components, the inventive Voltage controlled light 
active device can be AC driven, with the first turn-on voltage 
having a polarity and the second turn-on Voltage having an 
opposite polarity. The different turn-on voltages can be a mix 
of Voltages of different polarities and magnitudes. 
0365. The organic light active layer may also comprise at 
least one additional emitting particles containing another 
electroluminescent conjugated polymer. The additional emit 
ting particles emitting a number of photons in response to a 
turn-on Voltage and a different number of photons in response 
to other turn-on voltages. The photons emitted by the addi 
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tional emitting particles can have a color that is within the 
visible spectrum. In this case, the additional emitting particles 
can enhance the visible display capabilities. For example, the 
intensity of the light emitted by one of the primary color 
emitters may become diminished because of the emitter ser 
vice lifetime. Other emitters having the same color, but dif 
ferent turn-on Voltage can be put into service to maintain the 
effectiveness of the total display. The photons emitted by the 
emitting particles may also be outside the range of the visible 
spectrum. For example, infra-red photons can be controllably 
emitted to enable stealth military application of the inventive 
display. 
0366. 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 ay-grid of electrodes. The mixture of the organic light 
active particulate and the conductive carrier material in the 
gap between the first electrode and the second electrode make 
up an emissive component of a pixel of a display device. 
0367. As an example of voltage controlled emitter, the first 
and the second electroluminescent conjugated polymers may 
include a plurality of members selected from the group con 
sisting of polythiophenes, poly(paraphenylenes), and poly 
(paraphenylene vinylene), at least some of said members 
having Substituents selected from the group consisting of 
alkyl, alkoxy, cycloalkyl, cycloalkoxy, fluoroalkyl, alkylphe 
nylene, and alkoxyphenylene vinylene. 
0368. An organic light active display device includes a 
substrate with a first grid of driving electrodes formed on the 
Substrate. A second grid of electrodes is disposed adjacent to 
the first grid of electrodes and defining a gap there-between. 
A mixture of an organic light active particulate and a conduc 
tive carrier material is disposed within the gap. The organic 
light active particulate comprising first particles including a 
first electroluminescent conjugated polymer having a first 
turn-on Voltage and second particles including a second elec 
troluminescent conjugated polymer having a second turn-on 
voltage different 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 sec 
ond color is emitted by the second electroluminescent conju 
gated polymer in response to the second turn-on Voltage 
applied to the first electrode and the second electrode. 
0369 FIG. 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 emis 
Sion. In accordance with the present invention, a method is 
provided for driving a multi-color light emitting device, the 
multi-color light emitting device capable of emitting two or 
more colors in sequence. Each color is emitted in response to 
a respective different applied turn-on Voltage. During an 
emission cycle, a first turn-on voltage is applied having a 
duration to the light emitting device so that a first burst of a 
predominant number of photons of a first 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 different than a magnitude and polarity of the first 
turn-on Voltage. For the second turn-on Voltage duration, a 
second burst of a predominant number of photons of a second 
color are emitted. In this way, during the emission cycle the 
first burst and the second burst occur in rapid succession. A 
human eye receiving the first burst and the second burst is 
stimulated to perceive a color that is different than the first 
color and the second color. 
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0370. During the emission cycle, a third turn-on voltage 
can be applied having a duration and at least one of a magni 
tude and a polarity different than the magnitude and polarity 
of the other turn-on voltages. A third burst of a predominant 
number of photons of a third color are emitted. 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 stimulated to perceive a color different than the 
first color, the second color and the third color. 
0371. In accordance with the present invention, the first 
color is in the red portion of the visible spectrum, the second 
color is in the green portion of the visible spectrum and the 
third color is in the blue portion of the visible spectrum. The 
light-emitting device is controlled so that the number of pho 
tons of each color emitted during each burst of the emission 
cycle results in a predetermined color within the visible spec 
trum being perceivable by the human eye. Even though there 
is not the three simultaneous emissions of R,G,B emitted by 
a typical full color display, in accordance with the present 
invention, the Successive burst emission results in the percep 
tion of a predetermined color in the visible spectrum. 
0372 FIG.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 adjusted according to a retineX display 
operation. Edwin Land introduced a theory of color vision 
based on center/surround retinex (see, An Alternative Tech 
nique for the Computation of the Designator in the Retinex 
Theory of Color Vision.” Proceedings of the National Acad 
emy of Science, Volume 83, pp. 3078-3080, 1986). Land 
disclosed his retinex theory in “Color Vision and The Natural 
Image. Proceedings of the National Academy of Science, 
Volume 45, pp. 115-129, 1959. These retinex concepts are 
models for human color perception. The earlier retineX con 
cepts involved the computations based on when color bound 
aries were crossed in the light emitted from an image. Land's 
retineX concept of human vision has a center/surround spatial 
computation with a center having 2-4 arc-minutes in diameter 
and a surround that is an inverse square function with a 
diameter of about 200-250 times that of the center. Others 
have shown that a digital image can be improved utilizing the 
phenomenon of retinex (see, U.S. Pat. No. 5,991,456 issued 
to Rahman et al., the disclosure of which is incorporated by 
reference herein). The inventors of the U.S. Pat. No. 5,991, 
456 patent used Land's retinex theory and devised a method 
of improving a digital image where the image is initially 
represented by digital data indexed to represent positions on 
a display. The digital data is indicative of an intensity value 
I. Sub.i (x,y) for each position (x,y) in each i-th spectral band. 
The intensity value for each position in eachi-th spectral band 
is adjusted to generate an adjusted intensity value for each 
position in each i-th spectral band in accordance with an 
equation based on the total number of unique spectral bands. 
A Surround function is used to improve Some aspect of the 
digital image, e.g., dynamic range compression, color con 
stancy, and lightness rendition. The adjusted intensity value 
for each position in each i-th spectral band is filtered with a 
common function. According to the inventors of the U.S. Pat. 
No. 5,991,456 patent, an improved digital image can then be 
displayed based on the adjusted intensity value for each i-th 
spectral band so-filtered for each position. 
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0373 FIG. 85 illustrates the inventive adjusted color burst 
driving method for producing a perceived full color image by 
the rapid and sequential bursts of adjusted colored light emis 
Sion. The retineX display operation may include the steps of 
providing digital data indexed to represent positions on a 
display. The digital data is indicative of an intensity for each 
position in each spectral band. The intensity of each position 
in each spectral band is adjusted to generate an adjusted 
intensity value in accordance with a predetermined math 
ematical equation. The adjusted intensity value is filtered for 
each position with a common function. The turn-on Voltages 
are controlled so that the emission of photons of each color is 
based on the adjusted intensity value for each filtered spectral 
for each position. 
0374 FIG. 86 is a flow chart showing the steps of the 
inventive method for forming a multi-layered organic light 
active material particulate. FIG. 87 illustrates a layered 
organic light active material particulate formed by the com 
mingling of aparticle of hole transport material with a particle 
of emissive layer material. In this example, a first mist com 
prises a hole transport material (HT) and carrier, and a second 
mist comprises an emission layer material (EL) and carrier. 
FIG. 88 illustrates the inventive method of forming a layered 
organic light active material particulate from a hole transport 
constituent and an emissive layer constituent. Referring to 
FIGS. 86-88, a first mixture ((HT) and carrier) is formed of a 
first organic light active component material and a first carrier 
fluid (step one). A second mixture ((EL) and carrier) is 
formed of a second organic light active component material 
and a second carrier fluid (step two). A first mist or very fine 
droplets is generated of the first mixture in an environment so 
that a first particulate of the first organic light active compo 
nent material is temporarily Suspended in the environment 
(step three). A second mist of the second mixture is generated 
in the environment so that a second particulate of the second 
organic light active component material is temporarily Sus 
pended in the environment (step four). The first particulate 
and the second particulate are allowed to commingle and 
attract together in the environment to form a first layered 
organic light active material particulate ((HT)(EL)) (step six). 
The layered organic light active particulate has a first layer of 
the first organic light active component material and a second 
layer of the second organic light active component material. 
0375 FIG. 89 illustrates a multi-layered organic light 
active material particulate formed by the commingling of a 
layered particle of hole transport/emissive layer material with 
a particle of electron transport material. FIG.90 illustrates the 
inventive method of forming a multi-layered organic light 
active material particulate from a hole transport/emissive 
layer constituent and an electron transport constituent. An 
organic light active material particulate can beformed having 
multiple layers. A third mixture is formed of a third organic 
light active component material (ET) and a third carrier fluid. 
A fourth mixture is formed of the first layered organic light 
active material particulate ((HT)(EL)) and a fourth carrier 
fluid. A mist of the third mixture is generated in the environ 
ment so that a third particulate of the third organic light active 
component material is temporarily Suspended. A mist of the 
fourth mixture is generated so that the first layered organic 
light active material particulate is temporarily Suspended in 
the environment. The third particulate and the first layered 
organic light active material particulate are allowed to com 
mingle and attract together in the environment to form a 
second layered organic light active material particulate. This 
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second layered organic light active material particulate 
includes the first organic light active material particulate and 
the third organic light active component material. Thus the 
resulting organic light active material particulate has a multi 
layered structure that includes all three of the organic light 
active component materials arranged in a desired order ((HT) 
(EL)(ET)). 
0376. In accordance with the present invention, a multi 
layered particulate structure can be obtained for obtaining 
electrophosphorescent OLED particulate. FIG.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. FIG. 92 illustrates the 
inventive method of forming a layered organic light active 
material particulate from a blocking constituent and an elec 
tron transport constituent. FIG. 93 illustrates a layered 
organic light active material particulate formed by the com 
mingling of a particle of emissive layer material with a par 
ticle of hole transport material. FIG. 94 illustrates the inven 
tive method of forming a layered organic light active material 
particulate from an emissive layer constituent and a hole 
transport constituent. FIG. 95 illustrates a multi-layered 
organic light active material particulate formed by the com 
mingling of a layered particle of blocking/electron transport 
material with a layered particle of emissive layer/hole trans 
port material. FIG. 96 illustrates the inventive method of 
forming a multi-layered organic light active material particu 
late from a blocking/electron transport constituent and a hole 
transport/emissive layer constituent. As shown in FIGS. 
89-96, a multi-layered particle can be built up having the 
constituent parts ordered in a desired manner so that the 
multi-layered particle is an effective point Source light emit 
ter. 

0377 Additional layers can be added to the multi-layered 
structure by forming another mixture of another organic light 
active component material and another carrier fluid and form 
ing yet another mixture of a previously formed layered 
organic light active material particulate and yet another car 
rier fluid. The resulting particles are suspended in the envi 
ronment as described above and allowed to commingle and 
attract together to form the multi-layered particulate struc 
ture 

0378. At least one of the first, second and subsequent 
organic active component material may comprise at least one 
of a hole transport material, an emission layer material, an 
electron transport material, and a blocking material. Other 
organic active component material can include at least one of 
a magnetic material, an electrostatic material, a desiccant, 
hole injecting material, and an electron injecting material. 
Thus, a selection of constituents can be made so that a multi 
layered particulate structure can be formed having desired 
electrical, optical, mechanical, field attractive and chemical 
properties. The number of layers and their order and compo 
sition can be controlled depending on the desired particulate 
attributes. 

0379 FIG. 97 illustrates a layered organic light active 
material particulate formed by the commingling of a particle 
offield attractive material with a particle of electron transport 
material. FIG. 98 illustrates the inventive method of forming 
a layered organic light active material particulate from a field 
attractive constituent and an electron transport constituent. 
FIG. 99 illustrates a layered organic light active material 
particulate formed by the commingling of a particle of emis 
sive layer material with a particle of hole transport material. 
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FIG.100 illustrates the inventive method of forming a layered 
organic light active material particulate from an emissive 
layer constituent and a hole transport constituent. FIG. 101 
illustrates a multi-layered organic light active material par 
ticulate formed by the commingling of a layered particle of 
field attractive/electron transport material with a layered par 
ticle of emissive layer/hole transport material. FIG. 102 illus 
trates 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. As shown in FIGS. 97-102, the point source 
light emitting particulate can be field attractive by the inclu 
sion of a material. Such as a magnetically reactive material, as 
one of the constituents of the particulate. 
0380. At least one of the first and the second and subse 
quent carrier fluids may be a solvent of the organic light active 
component material, and the solvent removed by evaporation 
or otherwise to leave the particulate suspended in the envi 
ronment. Alternatively, a precipitation can be obtained by a 
Suitable chemical reaction depending on the component 
material and the solvent. The chemical reaction may be 
caused by the addition of material to the solution prior to or 
after forming the mist. The chemical reaction may be caused 
by the carrier material of the opposing mist, or the precipitat 
ing 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. 
0381. The first, second and subsequent organic light active 
component material may a fine particulate insoluble in the 
respective first, second and Subsequent carrier fluids. The 
third and Subsequent organic light active particulate may be a 
multi-layered organic light active material particulate, which 
may beformed by the inventive method, microencapsulation, 
chemical reaction of two or more constituents, electric or 
magnetic attraction of two or more constituents, or other 
means for forming a multi-layered organic light active mate 
rial particulate. The organic light active material particulate 
formed in accordance with the inventive method may also be 
encapsulated in a shell to impart chemical, magnetic, electri 
cal or optical attributes to the particulate. For example, in the 
case of a Voltage controlled emitter, the microcapsule shell 
can be composed of a material selected to prevent unwanted 
photon emission from the internal phase emitter, and/or to 
promote wanted photon emission from the emitter, depending 
on the applied turn-on voltage. 
0382. 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 
function to promote a chemical reaction in or between the 
constituents in the mists. A characteristic enhancing treat 
ment may be performed on the formed layered organic light 
active material particulate. The treatment may be a tempera 
ture treatment, a chemical treatment, a light energy treatment 
to cause, for example, light activated cross-linking, or other 
characteristic enhancing treatment to impart desired 
attributes to the formed particulate. 
0383. The constituents that attract and form the particulate 
may be given a charge to encourage the commingling into the 
particulate. For example, the first mist may be given a charge 
have a polarity and the second mist given a charge having an 
opposite polarity. The electrical attraction is thus enhanced 
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between the first organic light active particulate and the sec 
ond organic light active particulate. 
0384 FIG. 103 is a cross section of a coated cathode fiber 
having a blocking layer formed on the cathode fiber and an 
electron transport layer formed on the blocking layer. 
0385 FIG. 104 is a cross section of a coated anode fiber 
having a hole transport layer formed on the anode fiberand an 
emissive layer formed on the hole transport layer. 
0386 FIG. 105 illustrates the coated cathode fiber and the 
coated anode fibertwisted together to form an emissive fiber. 
In accordance with this aspect of the invention, a conductive 
fiber is coated with the organic light emitting material. A 
single conductive fiber can be coated with all or any number 
of the layers of the organic stack, including a blocking layer, 
electron transport layer, emissive layer, hole transport layer, 
etc. A second conductor can then be formed over the organic 
stack, such as ITO, so that light generated in the organic stack 
is emitted through the transparent ITO layer. Alternatively, a 
conductive wire can be coiled around the organic stack to act 
as the second conductor. As shown in FIGS. 35 and 36, as 
another alternative, the cathode and anode fibers can be 
coated with respective layers of the organic Stack and then, as 
shown in FIG. 105, twisted together to form an emissive fiber. 
0387 FIG. 106 shows a method for coating an electrode 
fiber with organic light active device material. The electrode 
fiber can be spray coated, spin coated, dip coated and/or 
plated with the appropriate layers of the organic stack. Alter 
natively, the electrode fiber can be vacuum coated, evapora 
tion coated, etc. These emissive fibers can be used for making 
items, such as lights, clothing, wall hangings and carpeting 
that emit light. 
0388 FIG. 107 is a schematic view of a fabrication line 

utilizing the inventive OLED particulate/conductive carrier 
mixture. In accordance with the present invention, traditional 
polymer film fabrication techniques can be applied to the 
formation of a solid state, flexible, high resolution display. 
These fabrication techniques can also be used to form other 
Solid state light active devices Such as lighting components 
and Solar panels. 
0389. An example of the inventive fabrication method in a 
roll-to-roll process begins with a supply roll of bottom sub 
strate and a supply roll of top substrate. The substrates have 
preformed on them transparent electrode patterns. A slot-die 
coating stage introduces onto the bottom Substrate a film of a 
fluid carrier containing randomly dispersed OLED particu 
late. The top substrate is placed over this film. Pressure rollers 
ensure the proper uniform thickness of the particulate/carrier 
mixture between the Substrates. At an aligning stage, an align 
ing field is applied to the OLED particulate. This applied field 
causes the particulate to orient and align within the still fluid 
carrier. With the applied field maintaining the position of the 
aligned particulate, the carrier is hardened at the curing stage. 
The aligned particulate is locked in position between the top 
and bottom electrode grids within the now solid-state carrier. 
A treatment stage can be provided, as necessary, to perform a 
heat or pressure treatment, or other process, on the completed 
display before it is rolled up by the take-up reel. 
0390 Our fabrication method has the advantage of utiliz 
ing existing polymer film Substrates, and mature roll-to-roll 
processing technology. Further, our OLED particulate/carrier 
fluid composition can be used in other fabrication processes, 
including screen and lithographic printing, injection mold 
ing, and resin casting. 
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0391) Using the inventive OLED material composition 
and fabrication method, the problems of OLED display 
encapsulation are overcome by the combination of the barrier 
properties of our cured carrier, desiccant and scavenger pro 
tective 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 solid-state matrix. Display contrast is enhanced by 
selecting the appropriate optical qualities of the cured carrier, 
avoiding the need for costly alternatives such as anti-reflec 
tion layers. The inventive fabrication method will be 
extremely fast and material efficient, and will make the manu 
facture of an inexpensive, thin, lightweight, bright, flexible 
display a near-term practical reality. 
0392 FIG. 108 shows a polymer sheet substrate having 
printed on it an electrode pattern. The pre-patterned elec 
trodes can be formed on the Substrate using a drum printing 
method, Screen printing, spray, offset, inkjet or other Suitable 
printing technique. The electrode may be comprised of a 
conductive printable ink that include, for example, a conduc 
tive polymer in solution. After printing the electrode pattern, 
the solvent evaporates leaving behind the patterned conduc 
tive electrode. Electrochemically prepared polythieno 3,4-b 
thiophene is highly transparent and conductive. This material, 
or other suitable conductive polymer, metal, or other material 
can be used as the conductive pre-patterned electrode. 
0393) One of the biggest challenges to the OLED display 
industry is from contamination by water and oxygen. The 
materials involved in small molecule and polymer OLEDs are 
Vulnerable to contamination by oxygen and water vapor, 
which can trigger early failure. This issue is exacerbated 
when non-glass substrates are used. Since OLEDs offer the 
promise of a bendable display, attempts have been made to 
use plastic Substrates in place of glass. Elaborate barrier 
mechanisms have been proposed to encapsulate the OLED 
device and protect the organic stack from the ingress of water 
and oxygen. Also, externally applied desiccants have been 
used to reduce the contamination. Neither of these solutions is 
adequate, adding to the cost and complexity of forming an 
OLED device. In the end, the problems caused by the ingress 
of water and oxygen to the organic stack continue to pose 
serious technical issues. FIG. 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 elec 
trodes, holes and electrons are injected into the organic stack. 
The holes and electrons combine to form unstable excitons. 
When the excitons decay, light is emitted. 
0394. The current state of every available OLED fabrica 
tion technology requires the formation of very thin films of 
organic light emitting material. These thin films are formed 
by a variety of known techniques such as vacuum deposition, 
screen printing, transfer printing and spin coating, or by the 
re-purposing of existing technology Such as inkjet printing. 
In any case, the current state of the art has at its core the 
formation of very thin film layers of organic material. These 
thin films must be deposited uniformly and precisely. Such 
thin layers of organic material are susceptible to major prob 
lems, such as loss of film integrity, particularly when applied 
to a flexible substrate. FIG. 112 illustrates a prior art OLED 
device whereina dust spec creates an electrical short between 
the electrodes. The extreme thinness of the layers of organic 
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material between conductors also results in electrical shorts 
easily forming due to even very Small specks of dust or other 
contaminants. Because of this limitation, costly cleanroom 
facilities must be built and maintained using the conventional 
OLED thin film fabrication techniques. Currently, inkjet 
printing has gained ground as a promising fabrication method 
for making OLED displays. However, there are some serious 
disadvantages to the adaptation of inkjet printing to OLED 
display fabrication. Inkjet printing does not adequately over 
come the problem of material degradation by oxygen and 
water vapor. FIG. 113 illustrates a prior art OLED device 
wherein the thin organic film stack is degraded by the ingress 
of oxygen and/or water. Elaborate and expensive materials 
and fabrication processes are still required to provide 
adequate encapsulation to protect and preserve the thin 
organic films. It is difficult to align display pixel-sized elec 
trodes and inkjet printed OLED material with the accuracy 
needed to affect a high-resolution display. 
0395 FIG. 1 illustrates the expanded gap distance 
between electrodes in accordance with the present invention. 
For illustrative purposes, the difference between the gap dis 
tance of the electrodes in a thin film organic stack is shown in 
prior art FIG. 111, as compared with the much greater gap 
distance between the electrodes in accordance with the 
present invention as shown in FIG.1. In fact, the gap distance 
difference can be much greater than even that illustrated, 
depending on the composition of the particle? carrier matrix 
and the applied voltage. A thin film OLED device typically 
has organic stacklayers that are deposited with a thickness on 
the order of about 100 nm. Some layers are less, some are 
more depending on the material, the desired structure and the 
thin film forming method. However, in any case all the con 
ventional methods for forming thin film OLED devices result 
in extremely thin amounts of material disposed between elec 
trodes that are spaced very close apart. One of the salient 
points is that the greatly expanded gap distance between 
electrodes enabled by the inventive OLED device structure 
translates into many advantages over the thin film OLED 
device structures. Among the advantages are the reduction or 
elimination of cross talk between pixels, much greater toler 
ance for inclusions of foreign particles, the additional of 
performance enhancing materials into the matrix structure, as 
well as the many mechanical, electrical and optical advan 
tages discussed elsewhere herein and other Such advantages 
that are not enumerated. Further, the composition of the par 
ticulate and the carrier can be tailored depending on the 
desired OLED characteristics. The particulate can include a 
mixture or single component of organic and inorganic emitter 
(s), hole transport, blocker, electron transport, and perfor 
mance enhancing materials. Also, the carrier can include a 
mixture or single component of organic and inorganic emitter 
(s), hole transport, blocker, electron transport, and perfor 
mance enhancing materials. Additional layers can be formed 
between the electrodes and the particulate/carrier layer. These 
additional layers can include a mixture or single component 
of organic and inorganic emitter(s), hole transport, blocker, 
electron transport, and performance enhancing materials. 
0396. 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 
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 other serious failings. In 
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accordance with the present invention, the disadvantages 
caused by having an extremely small gap distance between 
electrodes is overcome by expanding this gap distance. Thus, 
in accordance with the present invention, an organic light 
active device includes a first electrode and a second electrode 
disposed adjacent to the first electrode. The first and second 
electrode define a gap there between. An organic emissive 
layer is disposed within said gap. To overcome the thin film 
issues, and to enhance the performance of the inventive 
device, a gap expanding composition is also disposed within 
said gap. This gap expanding composition is effective to 
increase the gap distance between the top and bottom elec 
trode. 
0397. The gap expanding composition may include at 
least one of an insulator, a conductor and a semiconductor. 
The gap expanding composition can include at least one 
additional layer which may be formed between the first elec 
trode and the second electrode. The additional layers may 
include at least one of an organic photon receiver, an inor 
ganic photon receiver, hole transport material, blocker mate 
rial, electron transport material, radiation emitting material 
and performance enhancing materials. The gap expanding 
composition can include at least one of a desiccant; a scav 
enger, a conductive material, a semiconductive material, an 
insulative material, a mechanical strength enhancing mate 
rial, an adhesive enhancing material, a hole injecting mate 
rial, an electron injecting material, a low work metal, a block 
ing material, and an emission enhancing material. 
0398. The emissive layer can comprise an emissive par 
ticulate dispersed within a 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 injected into 
the second end. 
0399. The emissive layer may be an organic thin film layer. 
The gap expanding composition can include a conductive, 
insulative and/or semiconductive material composition that 
reduces the emission efficiency of the emissive layer while 
increasing the light active device effectiveness by expanding 
the gap distance between the electrodes. With a careful selec 
tion of constituent components, this reduction in efficiency 
can be limited so that the benefits of expanding the gap 
distance between the electrodes can be obtained without too 
much cost in device efficiency. 
0400 FIG. 110 illustrates a single layered multi-color 
pixel in accordance with the present invention. In accordance 
with one of the embodiments of the present invention, a 
multicolor OLED device is formed that includes particulate 
that is capable of emitting photons corresponding to a visible 
(or invisible) spectrum of radiation depending on an applied 
Voltage or other emission triggering mechanism. 
0401 FIG. 114 is a cross sectional schematic view illus 
trating the extrusion of light active fiber having aligned 
OLED particulate. FIG. 115 is a perspective schematic view 
illustrating the extrusion of light active fiber. FIG. 7 is a cross 
section of a segment of extruded light active fiber. FIG. 117 is 
a schematic view of the segment of extruded light active fiber 
driven by a voltage applied between electrodes. The inventive 
light active fiber includes an elongated hardened conductive 
carrier material. A semiconductor particulate is dispersed 
within the conductive carrier material. As shown in FIG. 117, 
a first contact area is provided so that on application of an 
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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 appli 
cation 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 
in FIGS. 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 fiber is formed, for 
example, in a manner similar to the formation of monofila 
ment fishing line. The particulate/carrier mixture exits the 
vessel through an exit port and, may then be subjected to an 
aligning field so that the particulate is aligned prior to the 
carrier being hardened. The semiconductor particulate may 
comprise at least one of an organic and an inorganic semi 
conductor. The particulate can include an organic light active 
particulate including at least one conjugated polymer. The 
conjugated polymer has a sufficiently low concentration of 
extrinsic charge carriers so that on applying an electric field 
between the first and second contact layers to the semicon 
ductor particulate (through the conductive carrier material) 
the second contact layer becomes positive relative to the first 
contact layer and charge carriers of said first and second types 
are injected into the semiconductor particulate. The injected 
charge carriers combine to form in the conjugated polymer 
charge carrier pairs which decay radiatively so that radiation 
is emitted from the conjugated polymer. The organic light 
active particulate can include particles including at least one 
of hole transport material, organic emitters, and electron 
transport material. The organic light active particulate can 
include particles including a polymer blend. The polymer 
blend includes an organic emitter blended with at least one of 
a hole transport material, an electron transport material and a 
blocking material. Depending on the phrasing, the emitter can 
be considered an electron transport material and/or a blocking 
material, etc. The salient point being the formation of a par 
ticulate that is capable of photon emission in response to an 
applied Voltage. The organic light active particulate may 
comprise microcapsules including a polymer shell encapsu 
lating an internal phase. The internal phase may comprise, for 
example, a polymer blend including an organic emitter 
blended with at least one of a hole transport material, an 
electron transport material and a blocking material. The con 
ductive carrier material may comprise a binder material with 
one or more characteristic controlling additives. The charac 
teristic controlling additives are a particulate and/or a fluid 
and may include a desiccant; a conductive phase, a semicon 
ductive phase, an insulative phase, a mechanical strength 
enhancing phase, an adhesive enhancing phase, a hole inject 
ing material, an electron injecting material, a low work metal, 
a blocking material, and an emission enhancing material. For 
example, a low work function metal particulate can be 
included as a characteristic controlling material within the 
carrier material and/or as a constituent of the emissive par 
ticulate. 

0402. The light active fiber can be used, for example, in 
lighting, light-to energy devices, displays (as described 
below) or other uses. For example, the fiber can be an active 
component in a light fiber data transmission line. A section of 
the light active fiber which converts light to energy can be 
provided for receiving a light signal and converting it into 
electrical energy. This electrical energy can be amplified and 
used as a signal to drive another section of light active fiber 
which is emissive. In this way, along the pathway of the light 
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fiber data transmission line, the inventive light active fiber can 
be used to amplify the signal and improve transmission qual 
ity and distance. 
0403 FIG. 118 is a cross sectional schematic view illus 
trating an extruded light active fiber having a conductive 
electrode core and a transparent electrode coating. FIG. 119 is 
a perspective schematic view illustrating the extrusion of the 
light active fiber having a conductive electrode core and a 
transparent electrode coating. FIG. 120 illustrates an 
extruded light active fiber having a conductive electrode core 
and a transparent electrode coating connected with a Voltage 
Source. The first and the second contact may comprise a first 
conductive member disposed longitudinally within the elon 
gated hardened conductive carrier material. The other of the 
first and the second contact may comprise a second conduc 
tive 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 conduc 
tive member. The first conductive member may be a conduc 
tive material comprised of at least one of a metal and a 
conductive polymer disposed in the interior of the elongated 
hardened conductive carrier material; and the second conduc 
tive member comprises a conductive material comprised of at 
least one of a metal and a conductive polymer disposed as a 
coating on the exterior of the elongated hardened conductive 
carrier material. Further, the composition of the particulate 
and the carrier can be tailored depending on the desired 
OLED characteristics. The particulate can include a mixture 
or single component of organic and inorganic emitter(s), hole 
transport, blocker, electron transport, and performance 
enhancing materials. Also, the carrier can include a mixture 
or single component of organic and inorganic emitter(s), hole 
transport, blocker, electron transport, and performance 
enhancing materials. Additional layers can be formed 
between the electrodes and the particulate/carrier layer. These 
additional layers can include a mixture or single component 
of organic and inorganic emitter(s), hole transport, blocker, 
electron transport, and performance enhancing materials. 
0404 FIG. 121 is a cross sectional schematic view illus 
trating the extrusion of light active ribbon having aligned 
OLED particulate. FIG. 122 is a perspective schematic view 
illustrating the extrusion of light active ribbon. FIG. 123 is a 
segment of extruded light active ribbon. FIG. 124 is a cross 
sectional view of the segment of extruded light active ribbon 
having wire electrodes incorporated within the ribbon and 
driven by a voltage applied between electrodes. The extruded 
shape and orientation of the aligned particulate can be con 
trolled depending on desired characteristics of the light active 
fiber. 

04.05 FIG. 125 illustrates a light active fiber extrusion and 
chopping mechanism for forming uniform lengths of OLED 
light active fiber. In this case, the extruded fiber can beformed 
and chopped into uniform lengths. These lengths can be dis 
persed within a carrier and become the particulate in the 
particulate/carrier mixture disclosed herein. 
(0406 FIG. 126 illustrates OLED light active fiber ran 
domly dispersed between two electrodes. FIG. 127 illustrated 
the OLED light active fibers aligned between the two elec 
trodes. FIG. 128 illustrates OLED lit active fibers randomly 
dispersed between two electrodes having a gap distance close 
to the uniform length of the fibers. FIG. 129 illustrates the 
OLED light active fibers aligned between the two electrodes 
having a gap distance close to the uniform length of the fibers. 
As shown elsewhere herein, in accordance with the present 



US 2008/0248191 A1 

invention, emissive particulate dispersed within a carrier can 
be used to form an organic light active device. In accordance 
with this embodiment, the emissive particulate can be elon 
gated fiber having the composition described herein. The 
advantages of the elongated particulate can be the formation 
of light channels within the carrier. These light channels may 
be effective for increasing the efficiency and/or the display or 
device qualities. 
04.07 FIG. 130 illustrates light active fibers woven into 
carpeting. FIG. 131 illustrates a light active cloth weave. The 
light active fiber described herein can be spun into thread then 
woven into yarn. These light active threads and yarn can be 
formed into various articles, including carpeting, wall hang 
ings, clothing and other like articles. 
0408 FIG. 132 illustrates a curved large format surround 
display formed in accordance with the present invention by 
tiling length of display sections. One of the many advantages 
of a flexible display is the ability to create a wrap around 
display and provide more complete immersion within the 
display content. In accordance with the present invention, the 
length of display that can be fabricated is extremely long due 
to the roll-to-roll fabrication processing. By tiling strips of 
roll-to-roll fabricated displays together, large format, Sur 
round displays can be obtained. 
04.09 FIG. 133 illustrates a method of forming a two layer 
ultra-thin multi-layered OLED fiber by drawing and thinning. 
FIG. 134 illustrates a method of forming four layer ultra-thin 
multi-layered OLED fiber by drawing and thinning. By pull 
ing 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 be simultaneously 
formed, later coated or otherwise applied, or the multi-lay 
ered fiber can be particlized to form the particulate of the 
inventive particle/carrier mixture. The particalization can 
include low temperature to improve the process. Further, 
another method for making the particles is to form layers of 
the constituent OLED materials on a slippery Surface, such as 
a teflon Surface, or a smooth Surface. Such as glass, and then 
scrap the layers and chop the scrapping, as necessary into 
particles or fibers. 
0410 FIG. 135 is a cross sectional view showing a wire 
having an electron transport coating layer. FIG. 136 is a cross 
sectional view showing a wire having a hole transport coating 
layer. FIG. 137 illustrates coated wire intersecting electrodes 
for forming light emitting pixels at the intersections. By coat 
ing appropriate electrode wires, and then intersecting the 
coated wires, the OLED layered stack can be obtained at the 
wire intersection. These wires can then be driven to form a 
display or light. 
0411 FIG. 138 illustrates the inventive OLED particulate/ 
conductive carrier mixture formulated for being formable 
into useful products through plastic molding techniques. The 
carrier material can be composed so that it is formable into 
items using conventional plastic molding techniques, such as 
injection or vacuum molding. The particulate can be aligned, 
or remain random, while the carrier is fluid, depending on the 
desired characteristics of the molded device. In accordance 
with this aspect of the present invention, an injection mold 
able light active material is provided comprising: a semicon 
ductor light active particulate dispersed within a hardenable 
carrier material. The semiconductor light active particulate 
may include at least one of an organic and an inorganic 
semiconductor. The organic light active particulate can 
include particles including at least one of hole transport mate 
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rial, 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. Addi 
tional organic emitters can be included within the polymer 
blend. The organic light active particulate can comprise 
microcapsules including a polymer shell encapsulating an 
internal phase comprised of a polymer blend. 
0412. The carrier material can be a hardenable binder 
material with one or more characteristic controlling additives. 
The characteristic controlling additives may include at least 
one of a particulate and a fluid. The characteristic controlling 
additives may include a desiccant, a Scavenger, 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 mate 
rial, a low work metal, a blocking material, and an emission 
enhancing material. The particulate 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 carrier may include at 
least one of an organic emitter, an inorganic emitter, hole 
transport material, blocker material, electron transport mate 
rial, and performance enhancing materials (e.g., the charac 
teristic controlling additives). 
0413. In accordance with the present invention, the injec 
tion moldable light active material can be provided wherein 
the semiconductive light active particulate is comprised of 
first emitting particles for emitting a number of photons of a 
first 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 semicon 
ductive light active particulate may further include second 
emitting particles. The second emitting particles emit a num 
ber of photons of a second color in response to a second 
turn-on voltage and a different number of photons of the 
second color in response to other turn-on Voltages. By this 
composition and construction, a multi-colored light active 
material is obtained. 
0414. The particulate can be composed so as to have a first 
end having an electrical 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 more easily injected into the first end and charge 
carriers of a second type are more easily injected into the 
second end. 

0415 FIG. 139 illustrates an inventive OLED solid state 
light having a conventional light bulb form factor. Global 
lighting is currently a 40 billion dollar industry world-wide, 
posting sales of over 12 billion a year. The U.S. Dept. of 
Energy predicts that LED's will account for 20% of all illu 
mination by 2010, and slash energy use worldwide 10% by 
2025. The inventive OLED solid state light can include a 
self-contained Voltage converter so that a conventional light 
bulb form factor can be used, and the OLED solid state light 
easily substituted for the convention, inefficient, lightbulb. 
0416 FIG. 140 illustrates a step of spray painting a reflec 
tive conductive layer of an OLED device. FIG. 141 illustrates 
a step of spray painting an emissive layer of an OLED device. 
FIG. 142 illustrates a step of spray painting a transparent 
electrode of an OLED device. A reflective electrode can be 
applied or sprayed onto a surface to form a first electrode. A 
particulate/carrier mixture can next be sprayed or rolled over 
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the first electrode layer. The carrier can be composed of a 
Solvent and material having an adhesive quality So that the 
mixture acts like a conventional spray paint. A second elec 
trode can be formed over the particulate/carrier mixture. 
Appropriate contact lands and insulative components are also 
applied to drive the electrodes so that the light active particu 
late emits radiation, and/or converts light to energy. 
0417 FIG. 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 pro 
vided containing a monomer 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 
energy and a radiation-to-energy material and generating 
electrical energy in response to irradiation. 
0418. In accordance with the present invention, a light 
active device is manufactured using a self-assembly tech 
nique. Light active material is provided in a first region. A 
polymer is provided in a second region. The polymer is 
formed by selectively cross-linking a monomer from a mix 
ture containing the monomer and the light active material. 
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. A first electrode and a second 
electrode may be provided having the polymer and the light 
active material disposed there between. 
0419. The light active material may be organic light emit 
ting diode material for emitting light when a Voltage is 
applied to the first electrode and the second electrode. The 
light active material may comprise inorganic light emitting 
diode material for emitting light when a Voltage is applied to 
the first electrode and the second electrode. The light active 
material may comprise a radiation-to-energy material for 
generating an electrical current in response to radiation, 
depending on the intended use, the radiation may be in the 
visible and/or invisible spectrum. 
0420. The light active material may comprise an organic 
light active material including at least one conjugated poly 
mer. The conjugated polymer having a sufficiently low con 
centration of extrinsic charge carriers so that on applying an 
electric energy to the light active material charge carriers are 
injected into the light active 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 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 nanostructures, and could 
include molecules synthesized having constituent parts that 
provide different functionality to the nanostructure. For 
example, a liquid crystal molecule can provide alignment and 
migration properties, a chromophore molecule can provide 
light emission properties, and a cross-linkable monomer can 
provide selective hardening and migration properties. 
0421. The light active material may comprise microcap 
Sules including a polymer shell encapsulating an internal 
phase including an organic emitter. The mixture may also 
include characteristic controlling additives. The characteris 
tic controlling additives may include, for example, a desic 
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cant; a conductive phase, a semiconductive phase, an insula 
tive phase, a mechanical strength enhancing phase, an 
adhesive enhancing phase, a hole injecting material, an elec 
tron injecting material, a low work metal, a blocking material, 
an emission enhancing material and a liquid crystal. 
0422 FIG. 144 illustrates another step in the inventive 
method for making a light active device, showing a polymer 
ization/migration step. The monomer is selectively cross 
linked in a pattern to form a polymer. As the cross-linking 
reaction progresses, the monomer migrates in response to the 
selective cross-linking pattern, causing the cross-linked 
monomer (a polymer) and the light active material to become 
concentrated in separate regions. FIG. 145 illustrates 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. 
0423 FIG. 146 illustrates another step in the inventive 
method for making a light active device, showing a controlled 
pixelated light emission. The mixture may be disposed 
between a first electrode and a second electrode, which may 
form the electrode grid of a pixilated display or light sensor. 
The light active material may 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 may comprise inorganic light emitting diode mate 
rial for emitting light when a Voltage is applied to the first 
electrode and the second electrode. The light active material 
may comprise a radiation-to-energy material for generating 
an electrical current in response to radiation in the visible 
spectrum, and/or it may be responsive to radiation in the 
invisible spectrum, Such as X-ray, ultraviolet or infrared radia 
tion. 

0424 FIG. 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. In accor 
dance with another aspect of the present invention, a method 
is provided for making a light-emitting device. The inventive 
steps include providing a bottom Substrate, with a bottom 
electrode over the bottom substrate. 

0425 FIG. 148 illustrates another step in the inventive 
method for making a light active device, showing a light 
active mixture disposed at a light active layer over the bottom 
electrode pattern. An emissive layer is disposed over the 
bottom electrode. The emissive layer includes a mixture of a 
dispersed OLED particulate in a monomer fluid carrier. FIG. 
149 illustrates another step in the inventive method for mak 
ing a light active device, showing the patterning of the light 
active layer by irradiation through a mask. The monomer is 
selectively polymerized causing the OLED particulate to con 
centrate in emissive regions and the polymerized monomerto 
concentrate in polymerization regions. 
0426 FIG. 150 illustrates another step in the inventive 
method for making a light active device, showing the migra 
tion 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 mate 
rial, 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 
having an opposite electrical polarity. The particulate may be 
alignable within the carrier so that charge carriers of a first 
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type are more easily injected into the first end and charge 
carriers of a second type are more easily injected into the 
second end. 
0427 FIG. 151 illustrates the composition of constituents 
in a multi-color light active mixture. In accordance with the 
present invention, energy-to-light, or light-to-energy material 
can be a constituent of, or be formulated as, a cross-linkable 
monomer material. As shown in FIG. 151, red, green and blue 
emissive components can be associated with respective 
monomers or hardenable material, each having a specific 
polymerization parameter Such as a wavelength or radiation, 
a catalyst, a temperature, or the like. 
0428 The light active material may comprise first emitting 
particles emitting a number of photons of a first color in 
response to a first turn-on Voltage and emitting a different 
number of photons of the first color in response to other 
turn-on Voltages. The light active material may further com 
prise second emitting particles. The second emitting particles 
emitting a number of photons of a second color in response to 
a second turn-on voltage, and a different number of photons 
of the second color in response to other turn-on Voltages. The 
light active material may further comprise third emitting par 
ticles. The third emitting particles emitting a number of pho 
tons 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. 
0429. As shown in FIGS. 152-155, the inventive method 
can be used to form a full color light active device. As shown 
in FIG. 152, the inventive method for making a multi-color 
light active device includes disposing a multi-color light 
active mixture disposed over a patterned bottom electrode 
grid. Red, green and blue emissive components can be asso 
ciated with respective monomers or hardenable material, 
each having a specific polymerization parameter Such as a 
wavelength or radiation, a catalyst, a temperature, or the like. 
The emissive components can also be associated with a 
migration assisting material. Such as a liquid crystal. 
0430 FIG. 153 illustrates a step in the inventive method 
for making a multi-color light active device, showing the 
selective patterning of one of the color light active regions. In 
this case, the red emissive components migrate into rows (or 
into pixels) by the selective patterning and polymerization of 
monomer1 associated with the red emissive component. 
0431 FIG. 154 illustrates a step in the inventive method 
for making a multi-color light active device, showing the 
patterned color light active regions. As shown, when the 
mixture is irradiated through the patterned mask, at the bright 
regions in the pattern, the monomer1 undergoes polymeriza 
tion. As the polymerization reaction progresses, monomer1 
and the red component migrates from the dark regions to the 
bright regions, causing the other components, green and blue, 
to become concentrated in the dark regions. The end result is 
a solid polymer containing the red emissive component 
formed in the selective pattern. 
0432 FIG. 155 illustrates a full-color light active device 
having red, green and blue side-by-side patterned color light 
active regions. By patterning and irradiating the mixture in a 
manner similar to the patterning of the red component, the 
green and blue components are formed into rows. A fourth 
monomer (not shown), having yet another polymerization 
parameter can also be included which is then polymerized 
between the emissive rows. 

0433 FIG. 156 illustrates a step in an inventive method for 
making a pixilated light active device; showing a mixture of 
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light active material disposed over a patterned bottom elec 
trode grid. A mixture containing a light active material. Such 
as an emissive particulate (ep) dispersed in a monomer car 
rier. The monomer may be selectively polymerized using a 
radiation Source transmitted through a patterned mask to form 
light and dark regions corresponding to the polymerization 
regions and the emissive regions. FIG. 157 illustrates another 
step in the inventive method for making a pixilated light 
active device, showing selective patterning through a pixel 
grid mask. The emissive regions can be formed into indi 
vidual pixels surrounded by the polymerization regions. FIG. 
158 illustrates another step in the inventive method for mak 
ing a pixilated light active device, showing the migration of 
light active material to pixel regions. The patterned mask 
includes at least one of the bottom electrode and a top elec 
trode provided over the emissive layer. 
0434 FIG. 159 illustrates the composition of constituents 
in a light active device having pixels and conductive pathways 
formed by a self-assembly process. The light active materials, 
Such as emissive components (ep) can be associated with a 
monomer or hardenable material, each having a specific poly 
merization parameter Such as a wavelength or radiation, a 
catalyst, a temperature, or the like. Or, the light active mate 
rial can be associated with a migration facilitating material, 
Such as a liquid crystal, magnetic, paramagnetic or electro 
static material. A conductive material (C) can also be pro 
vided. The conductive material can be associated with 
another or hardenable material, each having a specific poly 
merization parameter such as a wavelength or radiation, a 
catalyst, a temperature, or the like. Or, the light active mate 
rial can be associated with a migration facilitating material, 
Such as a liquid crystal, magnetic, paramagnetic or electro 
static material. 

0435 FIG. 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. A light active 
mixture is disposed over a bottom electrode formed on a 
substrate. FIG. 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) can be selectively patterned into the emissive 
regions to form conductive pathways between the polymer 
ization regions. The conductive pathways can form an elec 
trode grid of a display device. The mixture can further include 
a conductive material capable of being patterned into the 
conductive pathways. FIG. 162 illustrates another step in the 
inventive method for making a light active device by self 
assembly, showing the patterned conductive pathways. The 
conductive components (ep) and (C)) patterned into the con 
ductive pathways. 
0436 FIG. 163 illustrates another step in the inventive 
method for making a light active device by self-assembly, 
showing the selective patterning of pixel regions by irradia 
tion through a mask. The monomer can be polymerized under 
a first polymerization condition Such as a first irradiation 
wavelength, temperature or other polymerization causing 
parameter. The conductive material can include a second 
monomer capable of being polymerized under a second poly 
merization condition, such as a second irradiation wave 
length, temperature or other polymerization causing param 
eter. FIG.164 illustrates another step in the inventive method 
for making a light active device by self-assembly, showing the 
patterned pixel regions and conductive pathways. The emis 
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sive particulate and the conductive material can be patterned 
in the conductive pathways by selectively polymerizing the 
conductive material, causing the emissive particulate to con 
centrate in emissive pixels and the conductive material to 
concentrate in non-emissive regions between the emissive 
pixels. An aligning field can be applied during the polymer 
ization step or other time when emissive or light active par 
ticulate is able to migrate. The aligning field can be magnetic 
or electric, and the patterned electrodes can be used to define 
the aligning fields. 
0437 FIG. 165 schematically illustrates a light active 
device made by self-assembly, showing emissive/more con 
ductive Zones, non-emissive/more conductive Zones and non 
emissive/less conductive Zones. The light active particulate 
can include a liquid crystal constituent and a chromophore 
constituent. A top electrode over the emissive layer, the top 
electrode can be patterned into an electrode grid so that the 
device acts as a pixilated display or light sensor. At least one 
performance enhancing layer (not shown) can be provided 
between the bottom substrate and the emissive layer. This 
performance enhancing layer can include, for example, a 
light absorbing or reflecting layer, a charge injection inhibit 
ing or facilitating layer, and/or a barrier layer for preventing 
the ingress of, for example, moisture or oxygen. In accor 
dance with the invention, a light-emitting device can be 
manufactured using self-assembly techniques. A bottom Sub 
strate is provided and a bottom electrode provided over the 
bottom Substrate. An emissive layer comprising a mixture 
including an emissive/more-conductive material and a non 
emissive/less-conductive material is disposed over the bot 
tom Substrate. The mixture is selectively patterned causing 
the emissive/more-conductive material to concentrate in 
emissive regions and the non-emissive/less-conductive mate 
rial to concentrate in non-emissive regions. 
0438 FIG. 166 illustrates a cubic volume of a randomly 
dispersed light active material in a light polymerizable mono 
mer carrier. A mixture of a light active material and a light 
polymerizable monomer fill a volume. The mixture is irradi 
ated with two or more laser beams. The laser beams are 
aligned and polarized to generate a specific holographic inter 
ference pattern having alternating dark and light areas. FIG. 
167 illustrates the cubic volume shown in FIG. 166, showing 
the light active material and polymerized carrier after holo 
graphic patterning using an interference pattern generated by 
laser beams. At the bright regions in the pattern, the mono 
mers undergo polymerization. As the polymerization reaction 
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 interfer 
ence pattern. 
0439 Thus, in accordance with the present invention, a 
laser interference pattern can be used to selectively pattern the 
mixture to form a three dimensional arrangement of light and 
dark regions corresponding to the non-emissive regions and 
the emissive regions. The three-dimensional pattern can be 
used to selectively pattern the mixture to form a three dimen 
sional structure containing the light active material (ep), and 
may also include other components, such as the conductor 
material (C) not shown, making a desired pattern of conduc 
tive pathways and emissive material within the mixture vol 
ume. The emissive regions are formed into individual pixels 
Surrounded by the non-emissive regions. The mixture can 
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further comprise a non-emissive/more-conductive material. 
The emissive/more-conductive material and the non-emis 
sive/more-conductive material can be patterned into conduc 
tive pathways between the non-emissive regions. The emis 
sive/more-conductive material and/or the non-emissive/ 
more-conductive material can include a liquid crystal 
constituent. 
0440 With respect to the above description, it is realized 
that the optimum dimensional relationships for parts of the 
invention, including variations in size, materials, shape, form, 
function, and manner of operation, assembly and use, are 
deemed readily apparent and obvious to one skilled in the art. 
All equivalent relationships to those illustrated in the draw 
ings and described in the specification are intended to be 
encompassed by the present invention. 
0441 Therefore, the foregoing is considered as illustrative 
only of the principles of the invention. Further, since numer 
ous 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. 

1. A method for making a light active device, comprising: 
providing a mixture of light active material and a monomer 

in a first region and a second region, wherein said light 
active material comprises a plurality of electro-statically 
active microcapsules each comprising OLED material 
encapsulated within a polymer shell; 

forming chains of said electro-statically active microcap 
Sules in said first region; 

curing said monomer to form a polymer in said first region 
and in said second region to lock said chains of said 
electro-statically active microcapsules in said first 
region. 

2. The method of claim 1, wherein said electro-statically 
active microcapsules are bipolar. 

3. The method of claim 1, further comprising: 
providing a first electrode and a second electrode and 

wherein said polymer and said electro-statically active 
microcapsules are disposed between said first electrode 
and said second electrode. 

4. The method of claim 3, wherein said OLED material 
emits light whena Voltage is applied to said first electrode and 
said second electrode. 

5. The method of claim 1, wherein said OLED material 
includes 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 said light active material, charge carriers of first and 
second types are injected into said OLED material and com 
bine to form, in said conjugated polymer, charge carrier pairs 
which decay radiatively so that radiation is emitted from said 
conjugated polymer. 

6. The method of claim 1, wherein said chains of said 
electro-statically active microcapsules are formed by appli 
cation of an electric field to said mixture of said light active 
material and said monomer. 

7. The method of claim 1, further comprising providing a 
first electrode and a second electrode having said polymerand 
said light active material disposed therebetween, wherein 
said chains of said electrostatically active microcapsules form 
pixels between said first electrode and said second electrode. 

8. A method for making a light emitting device, compris 
1ng: 
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providing a Substrate; providing an electrode over at least a 
portion of said Substrate; 

disposing an emissive layer comprising a mixture includ 
ing a light active material comprising a plurality of elec 
trostatically active microcapsules having OLED mate 
rial encapsulated within a polymer shell dispersed in a 
monomer fluid carrier over said substrate; 

forming chains of said electrostatically active microcap 
Sules; and 

Selectively polymerizing said monomer to lock said chains 
of said electrostatically active microcapsules in emissive 
regions and causing said polymerized monomer to con 
centrate in polymerization regions. 

9. The method of claim 8, wherein said electrostatically 
active microcapsules are bipolar. 

10. The method of claim 8, wherein said chains of said 
electrostatically active microcapsules are formed by applica 
tion of an electric field to said mixture of said light active 
material and said monomer. 

11. The method of claim 8, further comprising providing a 
first electrode and a second electrode having said polymerand 
said light active material disposed therebetween, wherein 
said chains of said electrostatically active microcapsules form 
pixels between said first electrode and said second electrode. 

12. The method of claim 8, further comprising applying an 
aligning field when said electrostatically active microcap 
sules are mobile; wherein patterned electrodes are used to 
define said aligning field. 

13. A method for making a light active device, comprising: 
providing a mixture containing light active material and a 
monomer in a first region 

and a second region, said light active material comprising 
a plurality of electro-statically active microcapsules 
comprising OLED material encapsulated within a poly 
mer shell; 

forming chains of said electro-statically active microcap 
Sules in said first region; 
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forming a polymer by selectively cross-linking said mono 
mer, 

causing migration of said monomer by said selective cross 
linking of said monomer; 

causing said chains of said electro-statically active micro 
capsules to be locked in said first region; and 

causing said polymer to be concentrated at said second 
region. 

14. The method of claim 13, wherein said electro-statically 
active microcapsules are bipolar. 

15. The method of claim 13, further comprising providing 
a first electrode and a second electrode having said polymer 
and said light active material disposed between said first 
electrode and said second electrode. 

16. The method of claim 15, wherein said OLED material 
emits light whena Voltage is applied to said first electrode and 
said second electrode. 

17. The method of claim 13, wherein said OLED material 
includes 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 said light active material, charge carriers of first and 
second types are injected into said OLED material and com 
bine to form, in said conjugated polymer, charge carrier pairs 
which decay radiatively so that radiation is emitted from the 
conjugated polymer. 

18. The method of claim 13, wherein said chains of the 
electrostatically active microcapsules are formed by applica 
tion of an electric field to said mixture of said light active 
material and said monomer. 

19. The method of claim 13, further comprising providing 
a first electrode and a second electrode having said polymer 
and said light active material disposed therebetween, wherein 
said chains of said electrostatically active microcapsules form 
pixels between said first electrode and said second electrode. 
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