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FI BER PHOTOVOLTAI C DEVI CES AND APPLI CATI ONS THEREOF
PRI OR RELATED U. S. APPLI CATI ON DATA Thi s
application hereby clains priority to United States
Provi sional Patent 5 Application Serial No.

/ , filed May 1, 2006. STATEMENT OF <
BB || Gnee B GHTs This vention was?GUEs070s2s
t hrough the support of the Depail nent of Defense
( UKIBER B 6TV AL TAK DEVIOES| AND A PPEJCATIONSTHEREOF
Research (AFOSR) G ant No. FA9550- 10 04-1-0161). The
Federal Government may retain certain license rights
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The present_ invention relates to organic o
opt oellBtannbipstiondereb slgimgiorifyro Lnited Stajes FrayisiongbPatent
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Opt oel ectroni c devices using organlc naterials are

wi de variety of
g@%ﬁ@%%?ﬁ ﬂg%ﬁﬂahg%kﬁﬁﬁgﬁbgﬁgbggggﬂ§ Mat'eri al s used
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I.vely 1 nexpen I.n co nto

@&P%%Feé W?%@B%ﬁpgs%wﬁé@ qﬁf%v B)Qé%ﬂtNo FA9550-
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Inorganic materials. Mareover organi ¢ mat
pyeatipele desirabl e physi cal propertles such as
flexibility, permtting their use in applications
unsuitable for rigid materials. Exanples of organic

HKBLDERTHEINVENIEONC es conprise 25 organi c
oltaic.cells, ani c I| emtii devi ces

( ?]?tE%glj’ Presery 1187,35%9{} 1ela B% B Yeyus ?%t;(gromc dn Fices and, in

PRARLRY, @ bRtakic PRYIOCERICRINES RavBlgQAIHPHRZARS. I C
radiation Into electricity by producing a
phot o- generat ed current -when connected across a | oad

. ek Kl Jrorik S ENTRSN € ectri cal power generated

by p otovo taic cells can be used in many 30
appl Opeelestronit devicndiusigg bigghic invagpriabsant lbqwgmidgémarwgugly
i.n nd Vi es.t uigin ctrica
DR w8 oA b A oo WA B o

canqnluaﬁc@gnhct aptocleteivhicelepratnce tively urmpémﬁm:pmaﬁ&cﬁ to
ol t age, or Voc.

R TR O TR Yo B L BHPHEES SRRt
d@ﬁ&k%Mﬂh&&iﬁﬁﬁﬁ%h&ﬁw&&ﬂgﬂ&ﬁ3%6&ﬁwﬁﬁ%§ﬂﬂﬁhﬁﬂﬁﬂ§ﬂ%wdb
desirable physical properties, such as flexibility, permitting their usé in applications
unsuitable for rigid materials. Examples of organic optoelectronic devices comprise
organic photoiroltaic’ cells, organic light emitting devices (OLEDs), and organic
photodetectors.

Photovoltaic devices convert electromagnetic radiation into electricity by
producing a photo-generated current when connected across a load and exposed to
light. The electrical power generated by photovoltaic cells can be used in many -
applications including lighting, heating, battery charging, and powering devices
réquin'.ng electrical energy. | ‘ |

When irradiated under an infinite load, a photovoltaic device produces its
maximum possible voltage, the open circuit voltage or V.. When irradiated with its

electrical contacts shorted, a photovoltaic device produces its maximum current, I
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short circuit or I. Under operating conditions, a

phot ovol taic device is connected to a finite | oad,

and the electrical power output is equal to the

product of the current and voltage. The nmaxi num power
YR Sfoaiaeh2by a photovol tai c devi ce cannot ex®EEASLUGH067925
product of V.G and Isc. \Wen the | oad value is

opti m zed for naxi num power ener ati t.he. c

aqhgrt\m{:ltlagéschgv@erpggaw qgggxtl?%g(p e tvﬁ,gg:(vzce 1§ connecteé to

%01{) & Sl dine clectrical ﬁb%@ﬂbuﬁ}&afs 36481 tBE prodhdd of the current and
eva uati ng a p otovoftaic cel performance is the

f\rolltlagd akte ouaxfrfum Porecrigiehdratbdby @)phqt@mltﬁé dpvagq qFnpgt expred the
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to equation . J(l,scVo 1

Fill qfﬁaleftmhmaﬁe%s%%?‘@\‘))&?'{‘%? hgld? ?”xﬁéﬁ} ¢ pafier il the fill
J!nsﬁ' 06 NGRSO RNEof ARtpBb I esltat dllistaelquesley to its
er-operating conditions. Neverthel s the fill

fmeorf ba@muuamheé veltaga WGE b fhelr, maél%@eﬁezﬂlofgﬁ%%ffar at es

gq?*g%’t‘fg Jlgr%eqﬁs fo%e&&%ﬁﬁﬁxﬁ@quﬁaﬁfﬁfore delivers a

rcetae trical power to the | oad:
under opti mal cong‘f%(bﬁé‘/m&m‘%&bvol & ¢ devi ces may

dd | ] t i
B b eotnbeior g RabT S Be By IR 1 Lo Blained
esﬁﬁﬁl%eoﬁl}%nﬂ&%@faﬁh@éblﬁfﬁohﬁ i Eeeytheldss,ms thaffitfactor approaches
phot ovol tai c device 1s oVi de accor di gg[h qlﬁalg
(2plurediica %@eld@ﬂlf’h%fak?é%ﬁ T M L
D8RI ONBL Fofernthibot fo b CRAY ORI Ehiinlul bordifda] ces

ng c ysta .or anor phous silicon dom nate
conme rPdm‘aivolaamxlavma& m@m sdditipyally b%@laﬁﬁ\%ze@chﬁﬁ thgipefhiciency of
effic s _of 30/ v
GPYTHTY e pReuE sy AP A Gfcol PRBL e oy ofiriMficincy.
Suféf&%o&ﬁfsl&m @dviceds prbivided sccamichgex p@mgon/@) wirersPad thdke
due to_the pro bchu ”ntt‘ %%brlcatl ng large crystals
fhowier ftheight jacident o1fe BRYRYYES hat pronote exciton
reconbi nati on. ComTEﬁI;H: * (Y \BA aliye 25 anor phous
silicon photovoltaic cells denonstrat effl ci enci es

rangi Agviceswilizgrysieling of SRPTERTIR APRats QIHRE
g 96 QKA Qﬁcfsogx%\ﬂa&eﬁ:h_t@& éﬁeﬁﬁ&é@f@@%l@%re@@mw\mb@
i norgani ¢ devices poses a technical challen
%ﬁmw mamumepawmmmsamemlw fdeeeierBpsEh R fficult and
efficiencie
e N po 3 b PSSR Blealn S Blial 658 T8, h¥trom
deystaaR deffislths pionen exciten excembimatipinh Covamheeciaticaratldhe

bet ween exciton diffusi and organ

|2gpEp %Fl&f@?e}éﬁ@towkﬁ%?ﬂ 6?8“%3%%?%%“%?? ’éﬁ’i‘{ﬂ"n%aﬁ"m about 4 to
absorption of visible electronagnetic radi ati on, an
organic filmnust have a thickness of %bout 500 nm

Thi s ﬂmnmes@orgmaphqﬁomlfé@é’&gw%%ﬁ #ioprigs pgpparable to

H%%rgﬂl? yhLeh p!)s%s b hlﬁ@'ch cﬁaﬁ%ﬁ Ut SR FFnicHoRRoltaic devices

ng 1 n-exci n reco atl on.
demonstrate efficiencies on the order of 1% or less. The low efficiencies displayed in

organic photovoltaic devices results from a severe Jength scale mismatch between
exciton diffusion length (Lp) and organic layer thickness. In order to have efficient
absorption of visible electromagnetic radiation, an organic film must have a thickness
of about 500 nm. This thickness greatly exceeds exciton diffusion length which is

typically about 50 nm, often resulting in exciton recombination.
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Organi ¢ photovoltaic devices conprising a fiber
structure and the use of wave-guiding in a nethod of
converting el ectronagnetic energy to electrica

- energy have been devel oped, as set forth in PCT

Application entitled Organic Optoel ectronic Devices

and Applications Thereof filed May 1, 2006 and _

assi : : [ [ _

phot o et tE Rt QEARE: confpt i SHAAAR shd tho s of wave
gidingiin e netivdef sbovertdd ¢ledtentigesticxmepgrialolcetrical ara_mlgy have
oo e SBoue sy RS e Qi Dproctcroni

FE1Clane] . . : .
B LSnE0G ls TR HRNGAPY s e, YR
Uptvessent Organenthotovolieie etioeghavuighefilor gemetere can provide

phot ovol t ai c_devi ces.  having a fibher . structuyre. :
cqnyCIsoR STiArTCEes fomRagblc tp apd gEpgE asfnqraaémp?’%‘g% tt would be
ddsIRB HMRver REGRhESenRALRL ISR ABOS Rl @bRotovoltaic devices

apparatus conprising a first el ectrode conprising an

havng apbaristruciwnede 15f i ber, at | east one photosensitive

organi c |layer surrounding the first el ectrode and

electrically connected to the first electrode, and a
siseeeRRyel ectrode surrounding the organic |ayer and

el ectrically connected to the organic | ayer. In .

acc dibaiments fithe pseseuindveaioe seckdd pravedgergsrin photovoltaic

i nventi.on here is provided a photovol taic apparatus
d%%%%ﬂ?@ﬁ%%ﬁg S%Bf"%l fiber core, a radiation

t r angRkstianee Jothi o ikt @Fs& b R réseht iavafiongththas bidteded an

core, at |east one photosensitive organic |ayer =
phetovpbitia dpprgatuheomprising afiest @k@a@e@n@p@mgtanim%wm oxide

connected to the first electraod n Q
g0 38 Rhsae oo b Shstive g el b s 3o ik e 3R Ulode and
el&hﬁﬁullﬁ ico@ceted €9 tealtidediradé, ad arsganid @ldcapés survdipdRigithe

t he ﬁ‘otosensipive organi c | ayer conprises at | east
orgrmic gperond elecically perneded ketheprganiq layer- | aser dye,

conti BSHPEES Rl el ShiGpt BRNB By in0utBR, there i provided
a mﬂﬂc}taie bppdtgup g@ﬁﬁﬁbﬁng m@[iﬁdabﬂbertcltael[ Erdc]tﬁsatnmavélﬂmtﬁsﬁe

0] oe ctroni c evice CO rir.sin a east, .one |
ﬁfﬁ‘%ﬁ?ﬁfifr’g? figrospdingdas fiess éé%geft lge 8&%}_@*@@}@1&‘@ fganic Tayer
suR HIREOhE G e&shgd&méc&&&gae ogl?e%gp £6 MR ALY ctrode, and a

conprising an rndiumtin oxi , at least one
sequind telesrods durvending dre argludy yesardrabectdidatly comeectadrietthe
30el ectrode and el ectri.cal first

|y connected to th
orgapilayeshergi e PRalssHEIss BREERS AR eE PBIIRA his-tiaue
upBriBREC altRY ke fRdieRhe tski 7! Iti-EQmBefdl: dyR, fffitum dot, or

~organi ¢ layer.
combination thereof.

In accordance with a third aspect of the present invention, there is provided an
optoelectronic device comprising at least one pixel comprising at least one
photovoltaic cell, the photovoltaic cell comprising a first electrode comprising an
indium tin oxide fiber, at least one photosensitive organic layer surrounding the first
electrode and electrically connected fo the first electrode, and a second electrode

surrounding the organic layer and electricallj connected to the organic layer.



In accordance with a fourth aspect of the present
invention, there is provided an optoel ectroni c device
conprising at | east one pixel conprising at |east one
photovoltaic cell, the .photovoltaic cell conprising

an optical fiber core, a radiation transm ssive first

el ectrode surrounding the optical fiber core, at

| east Inareordphetvitenfoutth uspeot ofithé preseny srvetiom; &m@lsrl@wlded

t he flrst el ectrode and el.ectri caJI connect
311 qripel qtiemniG dsafioe Cqmprising et 6et OBt Bt P iE A gﬁﬁ%‘. "ﬁlﬁ

%}B?o‘%ﬁtgﬂmeﬁ ﬂh@ﬁ%m@&&c @IS HprSRL Y ofeaN BBEashrs, @ radigtion

rgani c | ayer erein the photosensitive organic
traygmissberfist desrodt surmasding tlee enicalniiher cee, deast ond |

anti-Stokes materi al d rf: ng
RISV UG ayefoﬁmeawﬁ R e FREpAG A ‘%1&“'194%@ ceted
15 FROSHSIBIRE (FodeBarfd 2 @borfdiIRVtioR6 Suordlditzahé bl}ga:@lf: layer and
‘photovoltaic cells. I'n 5 other enbodi nents, an

opt oel ectroni c device conprises an array of pi xel s.
In a further enbodi nent, an optoel ectronic device
conprises an array of pixels, each pixel conprising a
plurality of photovoltaic cells.

Embodi ments of the present invention additionally
seek to provide nethods for converting

el ectromagnetic energy into electrical energy. 10In
accordance with a fifth aspect of the present
invention, there is provided a nethod for converting
el ectromagnetic energy into electrical energy
conprising receiving el ectromagnetic radiation along .
the | ongitudinal axis of an optical fiber,
transmtting the el ectromagnetic radiation into at

| east one photosensitive organic |ayer through a
radi ati on transm ssive first el ectrode surroundi ng
the optical fiber, generating 15excitons in the at

| east one photosensitive organic |layer, and
separating the excitons into el ectrons and hol es,
wherein the at | east one photosensitive organic |ayer
conprises at | east one upconverter material,
anti-Stokes material, | aser dye, anti-counterfeiting
dye, quantum dot, or conbination thereof. In
accordance with a sixth aspect of the present
invention , there is provided a 20 nethod for
converting el ectromagnetic energy into el echica
energy conprising receiving electromgnetic radiation
al ong the | ongitudinal axis of an indiumtin oxide
fiber, transmtting the el ectromagnetic radiation
into at | east one photosensitive organic |ayer
surrounding the indiumtin oxide fiber, generating
excitons in the organic |layer, and separating the
excitons into electrons and -

3a
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hol es. In sonme enbodi nents of methods of the present
i nvention, the el ectromagneti c radi ation recelved

- conprises visible el ectromagnetic radiation,

5infrared el ectromagnetic radiation, uItraV|oIet
el ectromagneti c radi ation, or conbinations t her eof .
These and other enbodi ments are of the present

ven ion are, de crlbed in greater,  detail in the

A OTHESIE] Kb P GFEBI 19 bﬁy@ﬁtﬂ%ﬁlweewﬂ%mgawg layer
c@ﬁpﬁ@s BF 1e%%98h§’83n%&$m&&'&%1 R 6 materlaIF ]ant1~
ustrates cross sectional view of a photovo t e

cmaum@ahmpﬁpxqwmm@ndotDbenmgnﬁumﬁhmeoﬁccord|ng to an

enmbodi nent rese i nventi
T ol S bR ST Y S Rt et PItaS edlis. In
oﬁﬁyeﬁ@omemlﬁucr&oaec%ﬁ@rdeﬁ% BehpHi&s af GAadLP xEl‘% #a

enbodi ment of the present invention. 15Fi gur
firtheyembedimsntc axoeistoslemqnmtdwomoempofsesaamyquhmﬂ each pixel

- deV|ce c Lis ber tructure according to an
B o dhelraie

%ventlon Figure 4
I I | ust r at es abEﬁb@&tn%ﬁts'o&'Hﬁ"b‘iésteﬁt BPefidnfaddRicRally seek to
function of incident angle at a fiber end face ‘of an

P@mﬁa mathqsls derppolerding eEeW¢mmu@ enatgy fte gleghical energy.
ent e ntion.

;
e O R0 IS PRERSRE PR i AR B rpyided o
mikthad @ dagvdrin@clbtbdfiagabré éﬁé@é}t ﬁt@el@&ﬁbﬂeenafg@%ﬁ@ﬁgmgo

an enbodi ment of the present invention. Figure

regeiging slesyemagnstio sadiatian aena tbe langitudingli asénef aarmptiesl frbsr,
trz?ns{ner n %%I?CFI m[%fg% e %ﬂ%n nnﬁjl 0 attlgas?gxgelf %ggtots&ts%ve organic layer

Iinterface

thpdwgh @sadistdol W@sﬁﬁ@%lfﬁsﬂe@éﬁﬁbdaﬁﬁﬁmﬁdﬁg th®o@tital fiber, generating
enbodi nent of the present invention. Al LED

exppteyeRn (g alpast one phpfsensitieangani agen m@ﬁ]swma g excitons into

elgt{tr%ggl%ﬁdr Qs% %ﬂgleé@g\%,gg%ﬁt %ﬁ? pH@#éﬁgmeg gﬁ%illcnl\a} er com ﬁanses at
leps ong at&:Snmteﬁﬁgmﬂai‘, apti@iekes dandrial, laser dye, anti-counterfeiting dye,
quantum dot, or combination fhereof. ‘
In accordance with a sixth aspect of the present invention , there is provided a
method for converting electromagnetic energy into electrical energy comprising
receiving electromagnetic radiation along the longitudinal axis of an indium tin oxide
fiber, transmitting the eleétfoﬁ:lagnetic radiation into at least one photosensitive

organic layer surrounding the indium tin oxide fiber,
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30 device conprising a first electrode conprising an
indiumtin oxide fiber, at |east one photosensitive
organi c layer surrounding the first el ectrode and
electrically connected to the first el ectrode, and a
ﬁf@%%ﬂbﬁct rode surrounding the organi c | ayecTarsde07/067925
electrically connected to the organic layer. In

anot her enbodi nent, the present invention provides an
ogpemating pietow\in Hicairganitdyyes and 67RsTaies Hg eaf o9 glpetrons and
f%ﬁer core, a radiation transm ssive first el ectrode

S ?bunding the optical fiber core, at |east one

phot 098 B&hé enfeodineanodtmétinde of thapresem divegtiathéhef i r st

el ectrode and.e) ectrically connegte fi.nsSt:
R e A O A L e S S
Oh§284 ClebFIRIgnattragib®st tieableyclecmnrgheit ridiatiohgor

organic layer, wherein the organic |ayer conprises at
| eomdbinagipies thgredfnverter material, anti-Stokes material,

| as ’ - _ cLLa i al
1 aSel G andBitler GAUTHBECAt bl BK ot AHBMIHTEIRiscrilRd in

I'on-thereof. Conpositions suitable for
cmegenienilsn 4 dptadeddastrintion ofibe invertioacegshifolgve-o
10enbodi ments of the present invention, including

optical fiber cores, first and second el ectrodes, and

PEOIEP SRR} (PTEO (GATVIE FIGYRES, are set forth in the

PCT application entitled. Oganic toelegctronic ...
evi ot LM CaPS GO Bo1 4 IO R oo loe Copiising &
TP LA RO Y hRAIFOBRA BRBS EmbRAF tiegesort ihvetivded in

various enpbodi nents of photovoltaic devjces of the. .

pr esefigirn? dhsirates crpiscecipptlviveolfaihotoveliys dyvirs comprising a
esent, 15 | nvent.i DRbSSFRR fRRbhiGRtentiber core.

ﬁﬂm %ﬁﬁmge %@?ﬁ@%@gﬂfﬁg prggght #ﬁventiéﬁ} an optica

fi ber Ryate3 dfusaatphabtssedtioad] vickesd agdhotsivolitie dpieesemprising a

i nvention conpLises _an,indi um.t.i ' l:per. When

té&?SBF?E%WmP tO@BF@®@§ﬁ%?fgggﬂg%é#ﬁ§$%h$'in oxi de

fi ber pjdws € pRk@ies #R6tpHorsinichsty dpbctmtas alfeation dtinodynt begle

optional. The indiumtijn qﬁide fi ber gfre, in qug,t ¢

eatry GlieTrRed face of an rganig phejgyaitaiclevigh pgeeEims g FmpgEent o
Sidheinvedics! ectrode. In other enbodi nents, a first

el'ectrode conprising a radiation transm ssive
conduigung s diusdetenmiration of sipeEErpepsicrRGLy Fayelinggh a fiber

condu Fie & . oot S ¢ h
geurh Biihe iR ol ihochfirf oo RRRGH MTERKS, | 1€
gal | i wigurelidisplays the@miicdbor@s T@)incidint englemtisadimetion of

oxide (ZI.TOQ, antin tin oxide (ATO rkndi e
S BFh B PR STER A o e ot F hifehifhe
IR 189 Go@rdiBE &) an'iiitoBEncat dfthe knems invpeoabl e to at

| east partially transmit visible radiation may be

di sposed on the surface of the indiumtin oxide

fiber. Metals suitable for serving as a radiation
transm ssive first electrode, in sonme enbodi ments,
OQHPAILED PEBGRIEIDN pure netals or alloys In sone

enbodi nts, .suitabl e t al 0 ' . '
o1 o VE R SRR R B ROMRI S P B CS nAE, P
efb@gicMENbne dnodinienythepregenhingbntion pkovides eh pbrganipphetpvoltaic

-has ‘a work function greater.than .4

K .7 _eV. fd. r st
et FeOTRRETORTL OB RV R I Rl eastone
%ﬁ%%ﬁ%ﬁv& Brodhic 18RS burRAhdihateYirRagsryddsdnklectrically connected
adiation. I'n sorfe enbodi nents, a radi ation, :

o tndmitetoiciredss ke sasprchelecyiods BwrRYRdiag fhy orearislayerpd a
thi ckness. r ' : 50 nmto about 200 nm
HREGHAE? Sl A cemetgl

I ments,
20071130972PCT1US2007/ 067925
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radi ation transm ssive first el ectrode conprising a
nmetal can have a thickness ranging fromabout 75 tun
to about 150 nm In a further enbodi nent, a radiation

‘transm ssive first electrode conprising a netal has a

*,Blzgdg?gﬁ;%r angi ng from about 100 nmto about é?/%sibiﬁmswza

urther enbodi nent, a radiation transmn Ssi

first electrode conprising a conposite nateri al
co np r inginotjercentarimpnt, ttheqbreseptﬁamﬁah gtpeirlszezch drgardc photovoltaic

o R R R

gﬂﬁmﬁm@dﬂe l?&PﬁtIal fiB@ ko) BEAsEEncGAbI LA i Sotiie $aye:r
full erenes, or m xt ures. t.hereof Moroev ver, in so

BiioyaiRg e Sirst glectmsieiand eleptrisally C@B?eéfeé&ﬁ&m%%legtraées and a
g%,e&a a+ ﬁ%@{)éu%[l_?dn(%gﬁ@o ngna§epald eﬁéceecaﬁy cSHncPh @R} the

opt1i ers asti'c optical fibers, In sone

- enghud la{srenwherelalt@ @gaTse fayer omposes pbleyshrondyiconverter material,

e RN R R R e e

the@db@Ai ni ng pol ymers, such as perfluorocyclobutane

pol y(aryl et her)s tical fibers, to s
b 1 L RRRE OB LS B SORREIR P R ST SRV AR
éillfbﬂhﬁen@ﬁ@he]ﬁ%ﬁ! ﬁaénﬁt)h big&iadianehtian fHter 8@9@ fiPRkhe @blcond

fibers. Optical bers for use in the present
dlepiredes e, phpwsemﬁwe erasoiileners, are sefifertlf inghe BEE application

SRR OB PRSP E Bht SREfs TR i, o oy 1. 200
d| anmdioesing mwgtort@nfpbnmtmhautan e preiutied mbaaubus%mimdlmmts of
odlne tlcal fibe re can have a

ey SR TR pree ety phaielieS I e I P

ihvendioh 0ThitRE 2@ FRQA] B cored Iih Bcﬁl@renﬂﬁﬁﬁldﬁ&&h@pﬁb@iﬂﬁﬁv@ﬂhon

rang % from about 20 gmto about 800 pm
ber; oe@rof@d}hetova%@) Aetiespt ths resme 1%%8@11 ﬁ%ﬁ%ses an

lﬂ(ﬁﬁmehnl (ﬁﬂ%tfﬁ er. W&g{'@te 0?9&91 AR bR Pﬁée@aﬁ ShBBR Wh o0

In other enb an optical fiber core has a

' ﬂb@n gtShpalt‘?am gidtjstincofirsatlotitods mpprbe optibelyThe indivmingxide

S5 SR @280 b3l R0 B QB ltEe?,

etaafrbdhe ITn eﬂﬂeﬂmmeimhenta R ﬁmteilac&bdef aob@nsmg R ead‘nétloanransnusswe

ni ¢ phot ovol taic ce _.can
cBlehuso B bR S isbes ot SErRE e R AR G g dhe
s8¢h BENRNES thefradRiRREnS@Rlssilt BRkNERS Guidd FinTMPrise gallium
enbodi nents, can enhance reception of el ectromagnetic

indyerm dnioside KT iNezige aiun Hn gxiie (ZIERD satiment & oxge (ALP), or
e satLkALors 30 and/or lenses can be used to

I ncrease the anmount of el ectronagnetic radiation

r e ce i[rvaamﬂoyemmmmaht i fitseelectmde sowprisrgyametel having a thickness

oBrrgt o { e et i AR R P e soace
opfhe $R1Him ki veidk ieer. MerRIshitsblafor auking eraﬂiaﬁﬁSﬁ‘hlﬁsﬁn%ﬁ'e

first el ectrode surrounding the Optlf fi ber core.
fipst gleglrodsyin some embodiments, comprise elementally pure metals or alloys. In

- some embodiments, suitable metals comprise metals having 2 high work function

such as gold and silver. In one embodiment, for example, a high work function metal
has a work function greater than 4.7 eV. A first electrode comprising a metal can
have a thickness operable to at least partially pass visible radiation. In some
embodiments, a radiation transmissive first electrode comprising a metal has a

thickness ranging from about 50 nm to about 200 nm. In other embodiments, a
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transm ssive, as used herein, refers to the ability
to at least partially pass radiation in the visible

. region of the electromagnetic spectrum In sone

enbodi nents, radiation transm ssive naterials can
RRG Soovi szl e el ectromagnetic radi ati on w th PCATUSAN07/067925
absor bance or other interference. Moreover,

el ectrodes, .as used herein, refer ta |layers 5 that )
G TES S BT CPCIRSE FUBPTSE BTG G RISk ranging

Cﬁl§rh Efdut 9 n@No S53uE 1 S1Phm Cirf £itkther@mbodifent, 8 k4aghtidh @8nsmissive
voltage to the optoel ectronic device. An el ectrode

plistsileieede enmprisingafrectd haes thickness FagiHE Sogrpabopt/ K0 nm to about
rggions of an organi c photovoltaic device and a wre,

| €ad™trace, or other neans for transporting the _
char gdn 6 @iirteesmbddiment, & iadintidrhteanexisgvaBilst déatiodé comprGmg a

radi at.ion transm ssive first el.ectr.ode, ;accornding
SSeoHTBHORT BT E R BT P R G A R R e
kst @lpol dnl RO STaSS bR iRdiing tia toiidg fibet! dthe nRaphmicieqhase,
transm ssive conducting oxides, in Fne enbodinenﬁﬁ, ¢
dorpe ¢kesdiment; qapeemprSErdan penpeybes, &i CTSREHPT RS tFrser

oxi de 1\&(?0&@ in %;g:ﬁé( %Fdlbgn.t-én:ﬂs, X bRl ore @d’iﬂpr?sieﬁgl?shs é)ptical.

i ndi umtrn gxi n anot her emnbodi ment, _
rfitaisatiat optich Sihirs,sir plstid opsicaldibestPOBe Plstic epfisel Bless, i

R T

- SAiRdRReshlaRRopricaS e aleyohitylked efijeokydrédyoloherre (PFBC)

(PEDQT) is a suitable yadiation transm.ssive .
SO RO YRS PIEh SSPET PRy P Rtame g BT Y RS Qpige e
%E&R&#hg?d%& dRatodfthedts P helraiamtTheetitiog cdd doddpried fifgle atbae
conprises a carbon nanotube |ayer having a thickness
apteadtiibers and multi-mad onsigaliibsrst Wnisd £ibers &9rseingthe present

- GheSHEOTRARGLL G ARl LAexible. | anot her

rent, a ra 1'on transnissive first el ectrode
conpr iis eandenttadjrsits, en nptcel fitsr core nps plwitowgltaic device of the

nanoparticl e phase dispersed in,a.po .G HRhase.
SR IhGparT B d e e otk Tadls R BT Rpdt 2BRS i other
CRIPBHEAtCAT BPalTROEdHD &, hak ek Hareresingiog frotodbonteX) um to
thereof In a further enbodiﬁggt, g r%?iation . b t‘
apewrid s iy & fiprihe s embasliment, 4 Hbeg £OTE B BT angipgfrom about

bﬂﬁ@ﬁ&»%ﬁhﬁ%o o4 hickness operable to at |east
partiallTy pass visible el ectromagnetic radiation. In

sorme @mupdtatfibesore acmtding tospee cohpdimentprhias @ length ranging

lemental |y re netals o | OVS. 4 [ '
o gt 300 Lol 1Ry I Ehirtioa M b FRecore has
G35hoROFRE IS Brofi MBI 16 st | @fin MBladher ambotiment, fesbtical
herein. Tn sone enbodi nents, a radiation transm ssive
fiibeistorehasct lenptlerangios frorhabokh Esism FDabouhi@O MR- f r om about

1ol ot PR BB B B8 BRI i ot

tdbviskaRse teang agafdrainat aboot boilDéndsnBéeliapauapLid onsror
I n anot her enbodj nent, .a radi ati.,on transm ssive firs
i g Ay f

epigcrvefenprycal TbRT COkn LMY G eBBBIT LRI R
bR BORMAbn btk chie! thh etheesHiRdinteay optiRall cddédatraors
transm'ssive first” el ectrode can have a tthkgess o
gndlort lerses hanrbeusphio increase tmppnappbefielfcEomrapric@diafion received
39 TGTRAL R DD ofdhib BEOBABRMNovioAN T Hld e CRVEALDSS

¥ Feast™one p ot Gsensitrve organi c | ayer conprising .
at | eBsdtoareicuipeivey 61 foere amtodincts of hegnesent Spvsiban, comprise

materjal, |aser nt.i -.cou it q

A grdacgn ttopaReiis P elpdiaik SRR U oblifhl afi SordARIAHE
according to sonme enbodi nents, can conprise a
plurality of photosensitive organic |ayers. In
sone enbodi nents, a photosen;itive organi c | ayer has
a thickness ranging fromabout 30 nmto about 1 pm

In other enbodi nents, a photosensitive organic 10

| ayer has a thickness ranging fromabout 80 nmto
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A phot osensitve organic |ayer, according to

enbodi nents of the present invention, conprises at

| east one photoactive region in which el ectromagnetic
15 radi ation is absorbed to produce excitons which

y subsequently dissociate into electrons and hol e
Wﬂ RYAE% 2 hodi ment's, a photoactive region caﬁCT"Usmm’"m”:’
conprise a polymer. Polyners suitable for use in a

BRRLORG ¥EustERrOR, Bfersio RROILAES 'Elf'é.ttléa\étepaﬁ[a9§ 5!15% rh E¥RIin
in one enbo i mrent, can conpri se conjugate po Iyners

ﬁ@mﬂds ragiinoy Herriestrpmegngtc spcpemy fiBsavsambotinspiserdiation

%E{[%}vggﬁité(r{a?’s(c%ﬁ.h%s% 0% Q@&Jmﬂ%getgcpﬁgg}%an v@lﬂ?mmunal |
gimbgbam&rmhet abdrerchos. Meeover, dequvdes) acdsed Bereiagicln twhyers
BB B b BT B S B SRR St i
@e{a@dﬁ@mg%m@ B giew@swefecﬂraﬁ& HEkEed) ANy aiee Mok Lmes,

such as poly enyl ene vi nyl ene) and pol y(p- phenylene
&Wh‘)“&lﬁﬂvedéglp%‘?ﬁ apsgapir phavalic davicegndar

P L g i s

@ﬂ@uﬂwheuﬁenbodlnent seniconductlng pol ymers for use
itive organic

i.n a phot |ve re hot osen
|y o B BR LR, iR A oRE L Bl FraBb S of e
p?édleyﬂmr&ﬂ:?n, d@ﬁipﬁédk‘-a\thdga‘ﬂldhaﬁhaml lﬂ;lsﬁé cc%ﬂéXﬁ%)g,oggiX Rﬁdlatmn
ol ypyrrol e and pol yanil.i ne phot o
AiFELvE é@tid&ﬁmgaf&d&w PRI Eiﬂg AP TiReh fgiung Hp oxide

@mp@amﬁm%ﬁahﬁl tﬂ%ﬁﬁl{bﬁﬁo LR (ST ( m)'anagﬁllclmdu%m .

nol’écul es suitable for usé in a photoactivé region o

ta qxidst @3 €A} | Iniavetharegdotlinent e radetin tranemissiverfirst le@rode
SRR PR P SHIRG A MR v

agdhits chevicgatibidves ommme:mbnénmysaﬁﬂmlﬁﬁ@leptdio}@thmphene ‘

B s SR g B Ritie A oo S OdfRA 16 e first

- deatrb&é bRRpaer ahBydi8aRs, aRYdiRRe: trhehzeive ﬁ}swieafaﬁe comprises a

dlhydroxy 3- cyclobutene 1, 2- di gne, and
carbsn Braqtabe layerbrals atbikrerensrebls tatdrasiparinlly ppes vitible o

cReFbMh bR Hdhyyidh 0xi de. In sone enbadi nents of
the preésent invention, exciton dissociation is

pr ec ipanaghes @mhodmlentea nqdmﬂon tiensmipsvet fret eactyads @mpary@ra
t er.i
R R A ACS oS35 S A5EFRRL wPLEE) Pt
Thawerdpaciit]c ph@ﬁepm e efibodieat, cameonmptsk c:hhcbxemanpmh@g ion
ﬁg?rned bet.ween don?r an% Oacce tor nat rLaIs I n
eﬁﬁ‘élres éﬁ%ﬁ megeo CI'| % gméransrmsswe ﬁI‘St
el@bﬂdcﬁcﬁ:' do Ergnri@és Al i&‘ﬁ:& ﬁﬁﬁhgm eHit1Rs Jp@xfam%% RetieRRially pfass

donor an - accep tor materials. In the context 0O
%tbé%ﬂp@ﬁqmgeﬁicaﬁ@aﬁqnh dn sapersmbedipentamdneteldest ean qoapase

oy B o B Al i RS e il
firsh Electoddrrcan cdonprise highiddk fem@uog ynekads; ed desofbetl erein.

cont ﬁlcstoll:n%gem 0511196' Isf a ra%lataon transmissive first electrode has a thickness
ranging from about 10 nm to about 1 pm. In other embodiments, a radiation
transmissive first electrode has a thickness ranging from about 100 nm to about 900

nm, In another embodiment, a radiation transmissive first electrode has a thickness
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. Pephfhalense,and drrvASK

15organic materials. This is in contrast to the use
of these terns in the inorganic context, where donor
and acceptor may refer to types of dopants t hat may
be used to create inorganic n- and p-type |ayers,
rﬁﬁﬁ%ﬁ?o\ﬁﬂ y. In the organic context, if the ddyr007067925
energy Tevel of one material in contact wth another

is lower, then that material is an acceptor.

Otdngingitem dbbuti 200anthorabout 804 nmﬁnefn@ﬁ@@t eir@zwmr@ent a radiation

favorable,. in the 20 absence of an tern bi as, for
eF@‘E‘f“ﬂséWSEéﬁte]ﬁCtﬁ‘?ﬂ’?&fmg P att‘?r liﬁantld?nrlmve into

the acHRRoftaidBdRidsgh sorﬁ'é‘éinlfo@fmdﬁ@i f3hd Sredvigvintibe) coh@rise

donor nmterial . A photoactive region in a
phideastwn dhetosrasit getsrc laagfépmpla%%?tdﬁﬁg%edlpg%@rter material,

Hﬁoﬁbfg@ Maerl, 14<0€4 g]gr ;ﬁﬁ%ﬁnt{el@é{ﬂg d[y%ngl_uaﬁﬁﬁpﬂdt SfSoBbination

pol'yneric conposite hateria he pol yneric
cthineos iPhetoneltai dafices,ianceadingtetsoutc vwhediments, aed spbEse 2a

t 25 .ph di.s d I h
PRy R pEoPaR T Par PRci ng the pol yeeric |

, phas e e kore BRIOMEIL, uphseghsitveapaioyer mea dicknagatmihg

pol ymers such as thlophenes i ncludin

p&q)ry ebouh a6 pmte P é K lpp glpm)mlgﬁanentsg a photosensitive organic
Y ik OfiokhdsS AR S33050 nm LS RI0SHED ol TERCS

ol yners sul or produci ng the polyneric phase
oémﬁohlmqnh atphaobénsitive exganin layeriss  ghickness ranging from about 100

polxiﬁmsqsbblenyl) et hoxy- 4- but yl sul phonat e] (PTEBS),

2 met I):pmﬁﬁwe ngaﬁlblla”yei, Bychaidigyh @ppdiinedts pki eheprasere - v
i nyl ene ( MDMO- PPV)

Pt Spfion. eTRESE a5les og%rm%‘m%%)ﬂ BuphesAoERER e ny |
er@&]atu(n“@'&hs%%\gi to produce ekElioROHBicR m&gq.h%ﬁ]ﬁe%ﬂy HR&ciate into

nanoparti cl e phase dispersed in e polyneric phase
oeﬂecaomn;irmtesclmmnp@mbpélmeaiﬁewl@ltoaé%wﬁg@@ §anRONIPEEsE

Cpoo Car 901” A suﬁ%ﬁé %O?L&mggﬁ&e&t&é%%ggmf' g,h&aseﬁgave

rlse I"ér enes car n nanot u m xtures
td’igefrﬁﬂﬁyer, 1E whé embmthmeﬂmahamnma‘eomnjugﬁed polymers such as

artjgw§gg Eﬁypinpﬁgﬁf%%qgﬂgﬁg %ﬁﬁ?%ﬁﬁbéﬁ%ﬁﬁ%

Q?g@@ﬁaﬁﬁ@ﬂyﬁﬂ@ﬁmEQPTﬂﬁe in the nanopartlcle phase,

accordlng to sone enbodlnents n caqnp

si ngl &u seErg erbodiReHY B@lgm@fhﬂl Hlsédn ﬁg GP%P&&%T"%%S’P ofa
rﬂh&o WnSiive G%ﬁg flagep L c%&ﬂﬁmesgﬁ%h&@:‘ﬁh p&mkRE IP6RS € nt

I'nvent i on, mer to nanopartlcle ratio 1n

mibpmment; Swmﬁhlcm prayraers @Fb‘d‘?f ah@&bm# Fispengsosveh as 4
RNERRRY s Geitepd o RS ERAd Elhce) (PR ALY

HRAGES I 6tBEP e&’ﬂ)@dﬁnehtsZ setmccmkiﬂmmg bb@fnﬁrrs dompoisepoly fliorenes,
enbodi nent, for exgﬁgle

.. th
50T TR PR semisaTictog
yﬁ{%%r HseQn 4 phdBhdtive rditntofe hbhewbaditin®diganit Bger comprise

nanoparticle pﬁase dlsPersed In the %:Iynerlc hase
Y Y,

eohyi-visplyadinpdR3VP b pelyrarswRe WISy ez oHF ¥ké),  as
‘f)%ﬁgyﬁﬁé %il;}) 4nflf polyaniife @An).

A photoactive region, according to some embodiments, can comprise small

molecules. In one embodiment, small molecules suitable for uise in a photoactive
region of a photosensitive organic layer comprise coumarin 6, coumarin 30, coumarin

102, coumarin 110, coumarin 153, and coumarin 480 D. In another embodiment, a
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crystalline carbon nanoparticle fornmed froma
plurality of carbon nanoparticles. Nanowhi skers, in
some.enbodi ments, are produced by annealing a
photosensitive organic |ayer conprising the polyneric

' mat eri al . Carbon nanoparticles 15 I .
?@ﬂﬁgih&ﬁénomhiskers, according to sone enbogﬁﬁéﬁ$@§b€mm’

can conprise single-walled carbon nanot ubes,

. Rablt hm%hﬂe%dm@ﬁﬁeb%rd’b@ﬁlﬁﬁdl 5es, Inamrtﬁalein%aﬁ@ﬁt sthdli one

nﬂg I ment, . nnanowhi skers conprlse crystalllne PCBM
Afrerles popupTiss Ogivoiipelaehenzaltleyispedieorayer . in sone

eHEJ[&]?{;reﬁ‘f‘ g)yfeﬁé tﬂ%ﬁio[é]?ﬁ%@@%ﬁ &Mﬁﬁ%”cﬁibﬁ(&n@i 2-

t he "nanopa hase i n pol yneri ¢ “phase.

, éwn@@ndré;?ptlss[éﬁdlpwaw@@un¢bberwééﬂein@dmmd®mwge®vllm

B% Xomd'c phase and a nanoparticl e phase, the
ot Vi nerrc phase serves as a donor nmaterial and the

n anoparsoine lembpdiarets HE thegsesas ihatias eapion dissatation al
t her for,.the se arat

ehy f het t
B B U hetar ot es it B IhhaS Lo fofeeed b eg
YAk 8dplortRNQRA. tO:GhiES 1968, iflisShe EaBsHihM:98THO sehhe
polyneric phase, the p ot oacti ve region of 2
By gaincoampyise aldeaspenicdaik beterpivpeianigrass biwcrn denor and
&%&ﬁéﬂhi&%& Oﬂ%“t]helr @mﬁ)&?&l@ﬁ% dr ?(gfag%QE{ﬁnrﬁqrf;?Q gfuramy of bulk

mat'eri a otoactrve re

mmg@nnwumaﬁnnwdbammenwnmsambmgqmmmmWﬂdsc conpounds

i ncl udi rins ht. ni nd

hoct J RS oRRLP R RS BN BES:diceptor refer to the

@lagldnpoRRicak bf the Medhestioddu gieﬂ rﬁdl@cmm SHRACHOMOY 8l 16Rest
phot osensi tive devices Olncorﬁpratln such materijals

wgw@f@ﬁ raelesidarypriitel {MO) pnesgielevely of g santagting byt different
&?Ar @ﬂﬁ%ﬂ&l@ At Ii’sem%bﬂt@s% thd 431 oFthe® Kinftdn %n&gan?@

ong for organonetallic conpounds that
antsst; pfchlemn?smorrmadl HV@PEX ma(y atfeoto lﬂreé nf ddp@nts fhatymey be used to

u te xGite t
If[rndm &nhfgyée\reg bﬁmneemcteﬂae d: csmaicewtth) aﬂdﬂ&r isrlb@breihemhm t ed
The | onger, lifetine,and diffusion | th of
SRR et e e s dnn b e Reraty B P te
aBBdc@bl ﬁwxft@ﬁanbn@ 1B Sle@fond af NddHehccBROH jaAGHoh Yemove into the
region, as the trlﬁﬁet excji-tons may diffuse a greater

aggeptos materiab apd Hertholes & meRRtobe EproBmalsEtker of unct i on,

mnth I

0 DU A WG GoBRCHyr B oo

err@gdlmntsfofahe@rpﬂwt msmmqownmsg@wil}mdnaymp@an material.

TR Re B R Rpeg b LA RRer R A OB R pparticl

pﬁxsg divperstdines solyragiqibdsd) Polyanao sitablis e girddoihg tefpolyhtric
resent |nvent|on conprlse at Iea@t one up converter

PREEQF P RhOtoaHvP IegiGilce8 CRRPESS opjugpisd polymgs . stich a3 thiophernes
I@nidhngcwﬂ@%&ﬁt&bﬂhgn@}mHﬁ}»&ﬂtﬁém(ﬂgétymﬁaphe&mm)' aR

10 thereof. Inh sone converter
SoFae @ﬁb@d@w@mﬂmﬁm@blﬁé@@m@@g GRdymeticephase of the
n%cltlﬁg ﬁé})cﬁlg ﬁ?gfrsg g?lgg‘?@lt%llgﬂﬂz %%Hk 1i)ﬁtglsﬁlrphona’ce] (PTEBS),

2pm1msres+s3 I7| Jdﬁnﬁhganyloxjr)alyt@mhmylmewhanel @4DNIBRAYY, and

f . ski
pP bty @ e M mearelapire! RRed o
oper Rldoghetetmbdtinient), 8 haRPREIRES piasd dsheatd BNhdPolymeic

ener? qfeater than that, of the
phase of 4 polymeric compostte material comprises at least one carbon nanoparticle.

Carbon nanoparticles can comprise fullerenes, carbon nanotubes, or mixtures thereof,

10
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15 el ectromagneti c radi ati on absorbed by the materi al

to create the excited state. Upconverters suitable

for use in the present invention, in sone

enbodi nents, can absorb infrared radi ation and em t

%,glzw—,ﬁ:;@@dl ation at wavel engt hs operabl e t o HE/US2007/667925
sorbed by photosensitive organic |ayers of

phot ovot | ai ¢ devi ces of the present inve

20Uty antelde for ushindbhpang R Hels ARASE 40 o ql?&émnt can
MR <R 23 SRR AlE Abrob AASHhANE, hRRlheBMIE Catlohes.

n SO upconverter material s

- Cadhotubepib s mmﬁmpmmmleqﬂlam apopidinerie sempe ¢rabpgimers can
Lant hani d mant r I
- sEATRASE ém$ B 3[]% “alnﬁ 6“:%‘1%W f;‘grdthrna‘% erelsa s#ug@%% r %}ﬁdg

to o song s@xﬁ@&ﬂl%d@ﬁé;ﬁ% @Lf thé p@sdpt @sation thy poiymarto aempeitsE
ernium ytter um, ys S um .
m‘aﬁo el ool s AT ARB PRt Ty H OGOt 1. Tn other

g5 iefdyh®icdontpubifd Hesrials
iﬂéﬂ%ﬁﬁﬁlgggéﬂ?tdﬁ%aﬁditte;bl um dysg?gsll o

hrahgns diom aboutri:X tasbeut 1:Rer Eone erRodHITEy Ho et it gtio of

Ry Ehore P R RER LR SR DPOBRRINA P

er bi UM aYirtter Sibetimehytsthe asiopanticlephave dispereed inithetpolgseric

t hereof. 30In, some enbo nt vert r '
cRIRT GOSWTigts ghlepRt OBRBACY: ke dR ang MR B 4 fERiR Heftlsto o
&g QANE Lfon c%ﬁ'aftﬁ:ﬂesfoﬁﬁéw{ﬁ‘cbtﬁ&p}di’mm&on nanoparticles.
4-di al kyl am no-

napht hal i m des, as
INgwowhjskersan sqm@@nbréhmmn%ém %ﬁﬁgﬁ%ﬁ Piet?éﬂlsﬁ’é’e
Wg%yg%hgsq%ﬁgﬁk%@i g%oﬂﬁtfsité’ Ahick8S ChBAmNAoparticles

anlc upconverter naterlals
aalesm foronpniwEskery, dcqmdlhg/tom SNBPGIMERBITRR CPTRTISEVD

13 972PCT/ US 07/0
w& %h:tna%oww&x ; zﬁle&% rﬁaﬂhﬁot&lﬁ?sgg%c% Ill?]rierlijer% In

I4 cﬁf(‘é Igﬂﬁ?%ﬁ%ﬂr nzﬁﬁl)ugi&k&)d :cg:m})]ﬂ@)cs%sgﬂi];ﬂe]ﬂﬂm\ﬂ.dﬂnaﬁ;ahng the .
| e am no enzal ae e i phen razone

tﬁlﬁmemﬂ%ﬂ Oegpstl ﬁ%éﬂrﬁ% d‘fﬂf‘*ﬂ‘ ﬁ%’t‘ﬂéﬁ S G- t

[(% ?% LHfM articlé a@é’ | the Eol?'menc phase. :

nitr ypet henyl ] phej am nol et hanol
4 di rréll hlgabmﬁmnnrﬁs af pheteacteq ﬁeglﬁ%‘é’m%‘%g §@8@§%§“®95?'?§ gnda

@Q JASPE SfonRedatiriallafid &
flﬁlp? e‘#bodl ng{b?ﬁ] n%erte? Tt eri aatsﬂcaan ©
cmﬁmnsoee pnmewas dothe. ac@pammmr@bﬁlsrebsaﬁmuar@temunmn

mbodi
J6rDe SETEPB Trelet Biods e hh ettt dafboliretls wherei

| (rﬁgcgﬁ)m@a@e Albpémaet ﬁirbulghodﬁhé Folfepric paskyihembstohttivdaegion of

| ead sul fide (PbS sel.eni.de (PbSe), and
zthmrgamc B TORPEISES AT H@g’lﬂ PR i al s can

al so I?n %ﬁﬁ?fo‘ﬁfﬁeﬁp %Bﬁor@ﬁﬁ&ia‘iﬁﬁh%hh&ﬁad@[ﬁre EHgRIH O

dot s. tion to those provided herein, .
giibioskingitint ergafic tl4yer panesoEPrise prganpmeailic compounds including

porphyrins, phthalocyanines, and derivatives thereof. Through the use of an
organometallic material .in the photoactive region, photosensitive devices
iricorporating such materials may cfficiently utilize triplet excitons. It is believed that
the singlet-triplet mixing may be so strong for organometallic compounds that the
absorptions involve excitation from the singlét gfound states directly to the triplet
excited states, eliminating the losses associated with conversion from the singlet

excited state to the triplet excited state. The longer lifetime and diffusion length of
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contenpl ate addi ti onal upconverter materials
conprising transition netals, such as chrom um
15Anti - Stokes materials, |aser dyes and
anti-counterfeiting dyes suitable for incorporation

i nt o_phot osensitive organic |ayers, accordi
"E%Q%(ﬁ) N rR20090F 025

( , conprise substituted benzophenones,
bi phenyl s, di phenyls, infrared dyes such as
tﬁﬁiei/%ttbﬁﬁﬁ%omﬁéﬁkoﬁ Rﬁﬁﬁgl@|exﬁ©ﬁ§mhy aAbrnsfos the lusaef a thicker
cyani nes and merocyani nes. Suit

Rbntdactivsagionfag the tﬁgleb‘vé'éoﬂé Ry ébf%ﬁ? i grsaighdsinrs i reach the
JOEIHIQJLC%%Q ReterbAREPRCH D iCrifi GREI R ce 2icRdney.0chr om ¢

em c species. Photovoltaic devices of the present
i nvent ifthec enprdiments, aswponthaierizle iy ophotogeiivedesion o t he

e R R L

tﬂﬁ&ﬁln metal refers to both materials conposed of an

el enent al ure and net al

o Ty v treig phossery et lsfirs e Srd B e
Ao BinSn B BT Ak den Pt SntiBRIBMbALct lchdt ofOiifosvERRANARIIALS
the second el'ectrode conprises gold, silver,

aatisfiokes matazieh frser dysr angicioniingei lagdye; ep@BY dotios cambip#ipn
t%ﬁg&t ERdS . A5% 0%1%1?9 f‘)n a%&‘f@? nﬁfgﬁgg'fﬁﬁ@ﬁkes RA&riAs, laser

ckness Tangl ng out 10 nmto about 10 pm In
dyt:sb aniti-eofnetfuigng <$yes tgnentsre dotscbrebmbinetoge thezesf are blended mto

k bout , 10 t
R e LV o O
QSV e ﬁhe@ise@% ohSERINGIn ke, abﬁp:tbnv%&& in entaceriabpatable

A | ayer conpri si Iltgl%illtl | uori de
g Emﬁ)eleca@@emnﬁ gadeaélos BREISASERY| ®di sposed

RELYRE A PILBAGHRIbII G B AARA 1) RYRE hBRAiR GG

ayer can have a thickness ranging
UmmWMItsalafcgsm mrtbe preseabipvAntion Mg qhediments, @dme -

PRI B ol o B PG o 5
2030rB&] H5LphRsemik clovfaniolapthefiphetobaiiiarienicss oftthepreict

~.llayer can be conpletely oxidized resulting in a

YepHPm oxi de | ayer’ deficient or substantially

defi ‘Up%@ﬁve?t@rs Linfsomb RmBediceiiodhdeat&rialcookiphisingytdeast ane
oxj di zed by exposing the LiF | ayer to oxygen, water

Lpagharide aeries slepicahtln §prac pradiments, RpcogRertcs EHl G
ch G RN e O il b

e 10 to an at nosphere
Leotipnids serigs Mtrrentsvsmmbte fanuedn uppeyrsier materalpagepidig to

ess of S n_ab 1 0
SBirE bRl o g Bn AR oo EBln | Ap AR Glostym
hbRM@fn, ngaan@memf qnaamaemqmem upamperites nmtpriak temprise
vapor  and/ or oxy en at tial. press s less than
e QB ATFOR i) SRS QP QB O ST PO SR
nSHRRE BERbRurefihliehf | RYRier bﬁb&ﬁrﬁ@:ﬁ@ dpficat ﬂsbr@ﬁﬂma:lmn@the
conpri si ng 1% wat er vapor and/ or ggggen for.a tine

petosasitivanyianiy yeomathsulorad HEGHY WED 56 0t ertigmn sy,
dg?prrcgsqe ehmfnu n%%mxtﬁ:re%'ﬂﬁrclof‘yer s exposed to an

e rising wat

In some embochments upconverter materials comprise organic chermcal
species. Organic upconverter materials comprise HCeN and 4- dza,].kylatmno-l 8-
naphthalimides as well as 1,8-naphthalimide derivatives and compounds, such as

multibranched naphthalimide derivatives TPA-NAT, TPA- NA2 and TPA-NA3.

Organic upconverter materials can also comprise 4-(dimethylamino)cinnamonitrile

12
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15

vapor and/or oxygen for a tine period greater than
about 15 hours. In a further enbodi nent, a LWI ayer
is exposed to an at nosphere conprising water vapor
and/ or- oxygen for a tinme period | ess than about one
Lﬁmwgaﬁztine period of exposure of the 20 PCRUSMYRI67925
0 ‘an atnosphere conprising water vapor and/or

oxygen, according to sone_ enbodinents of . fhe present
i(¢iy @nt o), triass—ékéi}étﬁ@é’fhvlawwg‘lpra?tﬁi’lﬁi’“‘%‘i“%@éﬂfsé% qa[f"

t he er. or...and/ o | ydrhBéhe,
R e A e
%ﬁﬂsg@{”-l(dith&hﬂg@ﬁwwrmﬂ -mwbﬁpﬂicémtlmwetolu@egalf%f@te, 2-[ethyl[4-
phot ovol t ai ¢ devj.ces, .. acc ing t o ) dj E
L e e e
?ﬂ%'e{(s!e@? o hVBkSer&Giing@S3, @iEDBpersR@l X Ci t on '

'ocki ng [Mayers.” In enbodi nents of the present

| nvenkd ofurthenerehedinesh UBFOSY EA gafeRgls oAt EEtOfISE SRniEp Ry
D G B o e b T aat L e

Interface and prevent parasitic,
exsichancigrmaetialsgue ascagnbmosdmadet(°¢3e), cadmuum telluride

organi c/ el ectrode | rf . it EYTL L
(e eermrorii bR PR sk pheRal QUsEhid e
A ANGInbE P NBchivedtet masridls ciinf dlsosionmpribragord-ghell ashitectures of
subst ances i ntroduced during deposition of the
glantundeiés. | n sone enbodi nents, an EBL can have a
suf fi g Likiohhé SloREsSvie Kdrdih, dRibadirB®S e psdseittinvegtion
defect's which could otherwi se render an organi
phrasroplatetadditiontd upesevertes pfesiglseompaHngEsitig H&Piﬁaﬁﬂfhta&
sonme.enbodi nents of the present invention, conprises
ST8BYrer i ¢ conposite material. In one embodi nent, an
EBL campiSisies martbbiasaypand aui-egmiirfsitiag dyes suable for

e

oRIpeRRtipRaYo Phojoseh

r-ses

- & SIEHARE Bdnshendrdh, Sstics s diphemas, yiffrrired dyieslereb as
C r

I de) and. copol yners the

reof.. Carhon " . e
pclsupthinch indSpshaERErE B ok PSS RN e Sultabl

- é&ﬂ;&'ﬂﬁ?ﬁnﬁ%ﬁ§ %%o@%ﬁs@ﬂ]oﬁﬁﬁbk@ﬂh&r@ﬁ{bﬁf efeksdhetsnyic cad/or

20

- 25

30

onprise si ) nanot ubes, nu wal | ed _
phstotiube®, chtmicklspesiess, or mixtures thereof In further

enbod #’%ﬁn t'qﬁfgﬁ%%%l%escﬁqhec ‘f %@%Iﬂir&i{ Db B st eRBtrdte.

wor k Y &nergy - opera o permt the transport
elrdipliRg tpHoestiediongmidieyct Olrpmssagbodiments b pesaad
In sonme enbodinents,. an EBL, nay b ' n
e AR P AdHGH Q0 a P b et SEE P S oA AR
g&ﬂ#&b@& BBid diMBeAUIgARrE mEAY, lg.,@blda Badiiatmatdlallayocomprising
evice. In sonme enbodi ments wherein t%@wQQOtovoltalc
detirel comppsadoé s oneresiqmeptaly PRKERE i PR
organi c | - i sgdeLat; er, or
BER B bRon AR Qo BRSAUD AR, LS
denbiastorsfthdrivd Fhesemd ¢lenrmde.iageording tasome embodiments, has a
enbodi nents, further. conprise '
Sumsth A FiGE FPE LBRdAdTLRAbD PR sy S e, te
N cfeBbdihaVh Eiﬁck&@é%tr%ﬁ&%ﬂm_ﬁ aBlgit10@smps shoutledm. Ina
Rerein W th | ncreased dura ility thereby perm tlng
firthier euba@liinantathwisehond glepteady can hiys 3| thickreSTRREIPH EPREPAY
&gtovol aks @O applications In sone enbodi nents, the
3 e p W conprises a pol ymeric conposite
material. In one enbodi nent, the protective |ayer
conpri ses nanoparticles dispersed in poly(vinylidene
chl oride). Nanoparticles dispersed in poly(vinylidene
chloride), according to sonme enbodi ments, can
conprise single-walled carbon nanotubes, nmulti-walled
carbon nanot ubes, fullerenes, or m xtures thereof.
25Phot ovol tai ¢ devi ces of tHe present invention, in
some enbodi ments, further
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conprise an external netallic contact. In one

enbodi nent, the external netallic contact surrounds

t he second el ectrode and is in electrical

conmuni cation with the second el ectrode. The external

netal | ic_contact, in sone enbodi nents, can _ <
%B@?Ogﬂfgzt o extract current over at |east al}gzg{[{sz(g)ﬁmsmza
of the circunference and | ength of 30 the fiber

phot- oy @lykadotnpeigiis Giehiurh AueiREL iRy nbaelding ft sdmeteh®odiments,
external netal contact can be operable to extract
eurbeaiposd éemteweaehmq»se@sm\@w@&aﬁl%\%r wdrseeppdeteshies: ofhe

fﬁ’qage'r pa%rha?p g Eh(?é'i& fzsq g%g%%d#? goou@(&%ﬁtﬂﬁﬁs FRbakt 10 Cmzlgs’croms

tacts can conprlse net al
i ncl udisorge gnbcdhmsmtk vier LiF dayereap pe et ledshpatigliyraxfdized resulting

d I
SRS ot GRS o600 AR AL

1@@@ lgan B @ngﬁetéiy asidu@m esylting peditlsinhiowkle d)zr}gaamf“melname r
further absor Lon. Ph tgvolt Ehg‘FaeVI CeS. fized b
S&E%&%ﬂ)ﬁéﬁ ficieng gt eﬁ‘b%ﬁ@ﬁféﬁ’f’ PesEfridizee by
ég&%g ihQ DiF Tl Giygeﬁ Rt dr $/Bpck, 1R cBBbhAtRAS HRFeol AMAINE -
arge transter |ayers, as used 5 herein, refer to

dndgoémnmrcmampleya B lxes 5 cxiliged éo & Wiprimepgds layen by gaposure

3 gﬁta os%h n’B «%)Iﬁﬁgﬂ{%g({?’ Qértv@o? S'cﬁé!ﬂ c&ggéngat Qgglrtl?lreﬂg% S?{%% bOBss

thays&;bum)r‘? Toadrdh |a,ﬁﬁhanmﬂmdmtemna bifdajar mg):dl@adrto a Aithium

f | a
By BRRREE P & PO AT ET O S P dfE PRy ot o
Paifhil Blebits 1 Baiab&it 167 frbd o 1e@lt3@1ta:ba@teloér1@hor a 10

'photosenS|t|ve organi ¢ | ayér and second el ectrode. In

ot hedn mﬁmmbeém@ , & helf Jueriy ameted fo HpafRhet coppTising
vfuta% gdggt@%gp%ggd shshk hesevand &EJP&)%B&M%

ayer- o evi ce. Charge transf er _
Hoange ﬁmonmﬂmdnhnmg at [gF $aymeis expioedi toram etsnosplrete ¢gpmprising water

BrP G FodditerronetT R bRl FIRGE ARl er

cibbdiedctt, & Lﬁ?l_%géﬁﬁ Bgpob@l 10AR aﬁ:ﬂsbphétel’&ﬂtfgglhg waer pal:_@s emt/or
|nvent|on e otovoltaic evi I n

OFY g5 er alﬁr%ﬁ?mdglésg‘ hAR AOAYioBRY ‘fg%glaap%ff@é“? cxpfpire of the

LA 89dr to 1R ﬁm&daﬁh&gb&mﬁhs i oiRer (vAA2 hn@Bit dx§@bn, hiddRtinC@Iseme

I's 'Surrounded by an excfton bl ocki ng@lﬁayer (104). In

cpbadimsnits ofi thewirssnt infratigplis deppRdentae PBial pressures of the

PRI LS BifcR, 10, MRS B graubonse

Wat wépar nybx@em&hc tHodter tﬂe):xposure timeThe EBL (104) is

e Bt DD SRS RSritg P lop ol Sl g B Bhescnt

uﬁz@ﬁmﬂi BRYfherCOMpFbSARItRNAIHErssatbabns aﬁmp&reb(bmne

_ ynmeric conposite. The photosensjtive or
b oszbeg layets. dperabedimens pliethe QTCS%FW&OH@&?&FH‘%@Q Ciqﬂgal

(EBBHan 980 H&ﬁﬁﬁ‘fﬁﬁk@&neﬁﬁéﬁx’cﬂnﬂ tMRE beorlneRSthe issociating

mat'eri a l'aser "dye,” anti-counterfeiting dye, quantum
indoface end provﬂmlt paresitinexciter gemching at a phiieensitive prgETIS/elertyade

R B < A (R BT SERAMIR oy Uil ap .

cm@ddﬂloﬁallg»&rct fd élﬂ(uilﬁﬂ })arnlsﬂotshhstanmmicbdnwdtdurmg deposition

of thpRpeieeg, BB RERES YR kTR ¢ P e e

ﬁH Blreholl k@2 )sh(ﬁfﬁﬂg H&rectpRBICR $6118 bihbMEseatgRN horg@Me photovoltaic

device inoperable.
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30 (106) to provide indirect electrical comunication
between the indiumtin oxide fiber core (102) and the
phot osensitive organic |ayer (106). The

phot osensitive organic layer (106) is surrounded by a
SRy AFhBdAect rode (108). The photosensitive oPGaUSZTA67925
layer %106), in some enbodi nents, is in direct

el ectrical comunication with the_second el ectrode .
(108) Anl EBbtah@Fdwmﬁi‘éﬁ‘b@qlmﬁﬁts o present mvention, COmMprises

T —

RhssaRnsidispyecdin GarpalydtajamedioldbippmepeleywaesyHenate

| ect 08) .t i de i nd ._ i .
SBERLTHS ! reobieeyBio et shore Sfforfisfaitgh loparicles
| d%@{jsgc( i%(i{é)y(ﬁ?ﬁideﬂ@c]ﬂ&g&lﬁ fhde:{opemdehegaﬁs Farbbm ngopwticles
e odl nents, e seconc C C cO [pse
alipersed il the palyragric phases é‘t?‘lﬁ)é'? rﬁgﬁ%g’égﬁ‘id %‘@&W& [8ne >

| g;'glﬁ)gﬁh@%%ﬁ c&%}%@% SHRR-SAMRLhRRAuIRS SRR AAIILY nfefes Bl RteRCs,

oys. ne “enbodi nent, the second, el ectrode )
(ct Bf}tuea theoipini fsghanembpdiments, 5 lehyran FRIUPTAG 28y DRJymer having
functi.on .l ess than AV hddMhite impedine th
AL SRENGER S e Bport Bl Watt fypeding the
Sd§sh, thys.a protective layer (110) 10 conpri sing

. pitseres riboabte vt B 4isrEhe 2 BB AP Egh®

| B Ehisdivel ikt AQHREE BRE: SRIRERiHVenApRIyer efandibopesisid
in poly(vinylidene chloride) and/or. copo

. | de) Mer s :
dveineoih s¥ime colpdipeni eI e EhUevalal CEHRpIqTEESes 8 phurlity

. | e | . ; A o ive
TG B A ol v o

m xtures thereof. 15The

Cprgheceyere | ayer (110) is surrounded by an external

netal _contact (112 bl e. t.
20| engbnoulr i p OPEREREipl Py h Ahe EMbIL Kither
QBMIpES: 2 HrBtcSNEaRABatiuNtnL she satoneeleetrodzl  Tie prattdctive layer

(112) contact can conpri S tals .jncludi Ql..d

sen provide pholewplisés c.levwr%@nrpgﬁﬁﬁfr?aéﬂhﬂ%%“ L8 thereby
GRS aadil b S a0ty BhHcaN@s et @irgephbmeoltai
g%%%??%ﬁ%%&%%qgaﬁ?ﬁﬁﬁ S?}uggﬁre,agcordin .to g g;her
ephloatons th edme ¢rabqsimensh the nAQleFviedwer TR RUFTTY ¢

S50 A8l YO
fdigpssedingoty(oidglideA0 dhlosde)r Nemapiartigles dispapadi v aplyfvinydidene
Cc(l)xlro%de), according to some embodiments, can comprise single-walled carbon
nanoﬁibes, multi-walled carbon nanotubes, fullerenes, or mixtures thercof.
Photovoltaic devices of the present invention, in some embodiments, further
comprise an externai metallic contact. In one embodiment, the external metailic
contact é.urrounds thé second elec&ode and is in electrical communication with the
second electrode. The external metallic contact, in some embodiments, can be
operable to extract current over at least a pbrtion of the circumference and length of
the fiber photovoltaic device. In other embodiments, the external metal contact can
be operable to extract current over the entire length and circumference of the fiber
photovoltaic device. External metallic contacts, in some embodiments, can comprise

metals including gold, silver, or copper. Ina further embodiment, external metal
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(202). An exciton blocking |ayer (206) surrounds the
radi ation transm ssive first electrode (204), and a
phot osensi tive organic |ayer (208) surrounds the
exciton 25 bl ocking layer (206) wherein the

hot osensi tive organic |layer (208) conprises at |east

OpE8tiverter, anti-Stokes material, |aserP@yBS2007/067925
anti-counterfeiting dye, quantum dot, or conbination
r 1.0 .

e e R T B
shbwnonmeMQumEWquﬁhmI@@tﬁmﬁhﬂkrﬂmmpﬂmre (202) and

t first trod 204
oxt endhatBisTRE JEHR, 1SS PRI S OGRS of
iventpiro tuemed dotﬁiﬁﬁse%h\ﬂ 28 Erah 80 dyers! hatge fﬁﬁhéﬁe&dhﬁ% as used

ext ensi_on of e optical fiber core (202) and
PREINAIS P leramehick §Wélelﬁw ghargs @Efyr CRe#rtion of agome

Eﬂ%lﬂﬁ@%ﬁce %ﬁotﬁgrcs%nl;ztié) AP o dnHoBITRAL f a(?l‘f ex%tﬂ e, achafge

phot ovol tai c devic to an extern tr I ca

- trpnsailayer can comprifeiagereiton bldckingtlavat es a

01955 344 0B B2 2 sPISHE L B B Brren

' ﬁ’[dnﬂﬂnmtorghﬁncﬂhﬁ:r piiadiation PAMSMIsEON ﬁrsv\ﬁeétﬁide ahdli6r a

tovoltaic d Vi ce conp Iurallt of

51?3%88%%%‘@.0{%&9@ e %?C‘Pﬂtélﬁzﬁisog%ﬁﬁl othRere qslna?ntq ghagge
@aﬁﬁfe@ faybi %laghse HRPERE bltvk& ME SR0hEelbANat &d‘;&-ﬂﬂ&ﬁ%@%’eﬁw

| east oOne upconverter naterlal anti--
senhetqvaltaic feyicer Cliyree tramsfer et Bepidaiartp somelgmbodimerns, #m

' ﬁgg%Tg&mQanlnatlon t hereof. The photovol taic device

conpri ses an optical fiber core (302). The
fibe rF1gmf ¢ iluBRYs canssesectpniisdeva ofd gimsovohhic dedicd idvdig,a
z optical fiber or a astic optical .fiber.
e Uit foiifup ongebocitof L dissins Fhiedimu,y s
p‘hafﬂvattal@&e‘vﬁdeq NRYiESIVR Higrs 1l cdlp@kest nameh dnédde fitdh 8ore

é atlon transm ssive first electrode (304) can
@?r?p e &g Giprds 092} ontind fibes eareis sumaded Piyarosiciien

bistkthedsye: diay! rm*sb;ﬁe exbSlEmedtalthd B0 E ‘w%( I&déﬁbﬁi?hg&mcles

antimony tin oxide, or zinc indium

dispgised ingrpolymanisphessisueh &fS|3r‘bP01E¢thim€d@eYtb®©hc)ne|(EED0T) or
first exciton blocking | ayer (306).
I%ﬁk #@%ﬁngﬁ%uﬁénts the first EBL (306) can conprise
car bdhe BBhQp@) fd atresndi kpalpﬁetﬂsanm@e drgarfiolayem(106). The
ase uch as et hyl enedi.oxyt hi ophene
ﬁ SFEG et B D7 Bepthe FRECHRELS EBpn g4 Hiscarbon
ra%i;ﬁﬂ%mbeﬁc@oﬁ bésite. nh@f)mwﬁslﬁx}e\bega%maﬁr@ldﬁ?xﬁ Gome

e first photosensitive organic |ayer
eWHO@W@tS CRRBRESES atlght evmncpRST gy g eTTel cantib¥pkes

BBk . LB RPBRLLE J0  ln

by aTbeﬁmmumeuwmqgmhﬂmuk(H@)hmynmaﬁﬁiﬂﬁgmﬁhslﬁdﬁamd
el R SR 0L R iy 602 BB SO b5° 1 L OO

nanopar

eﬁbdmeﬁtymdayﬂee ReRgait i orhtenbloskingRlut(Yd4)¥d dlgi@@&i
he second EBL is surrounded by

chlon
SETH I ME P O A an By hopEsyve e bshe
(lf@h ﬁ) &N& thiliyRt OEQAR SotYiBlcatiohRiweeh PheSAMEm tin oxide fiber
i ments, conprises a
oore (1 ()2) and the photosen51t1ve organic layer (100).
The photosensitive organic layer (106) is surrounded by a second electrode
(108). The photosensitive organic layer (106), in some embodiments, is in direct

electrical communication with the second electrode (108). In other embodiments, an
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 inbdapattichs esn conmivit singlbtveiled epsteRAnpBDTSE!

25 polymeric material, including a polyneric

conposite, having an el ectronagnetic radiation
absorption profile that largely overlaps that of the
first organic layer (308). In other enbodinents, the
So5apdsphot osensi tive organic layer (312) caRCT/US2007/067925
conprise a polyneric material, including a polyneric
conposite, having an el ectromagnetic radjation

ahsonpldckingpeyef (Hobshowal maskasdipnesedhRASY $eR S RIORSHISHYF |

J f.th ' Fvided
e e L

%&m&g&&%ﬂeﬁf&ﬁiﬂﬁe Ifmmls&mpiaiw glgamie tayemil @6) 2 ﬁhefse§0n§
anti-Stokes naterl y. | asSe e NLl - -
alpsrode S0 i wors oot s o1ohe ERe 4G 8 Rl ShBA

: nj s sSstndl @leotledt (hg6)@as empnide elementally
STV A s e b

el'ectro hat can refl ect e%) ctr ?tic .

painadtilonr #lloys.alvsoe sEBoBgIeHHES st g@?ﬁ‘%%f’nf\%’g BPgERPEse
n.the enbodi t A NjE , dubR di@a)

O P R L B e o

Qk@ﬁ&mﬁﬂendgq%bﬂ and SeCFPd exci ton bl ocki ng | ayer
310) _ext end, |.ongi,t udi : bl |

I(aye)r %ﬂh%?ecP%elE%%@Bbghﬁgﬁ%%{od’gg?@% 15I‘lJIQ{?a%dlion |e%j<}ig)nal _

R4 e ODpAlmbhe camiosieathattdidle fn @areen(t®dR)entss didipelymeric

transmssive first el ectrod ]&304 'a”dr§%ﬁﬁﬂamnmms

esuopecin stk e PYRel Y1766 IO FORBSEY T4 3

AUsh ST N1 ¥ind Enp LS MUPhridRis Coptityiness cADE) Theesbon

ext eéf hal “el'ect

ical circuit..10Al though E#%%&%d%mbm1

phot qsensj.ti ve or.gapi rs, enbodinents of the
ﬁ@%&@%?ﬂihvSﬁ?i%Hg%%ﬁ¥§#%%§te phot ovol t ai ¢ devices
CONpr irsé pt@tiealager (1 1Rs sumourled by g AFmihmetd cgracté112)

| ayers, photovoltaic deviges, havi r .
obYable s R SR QRSP0 8 O L et cf s o8 frotovolai

 {BYEL St shihe SAFBdRIFRE iRt maafial t)ebtiadtcardewipise metals

can conprise at |east 10 photosensitive 15organic
himopeting gold, silverponflopp®] i t y of phot osensitive organic

| ayers. ¢ _ELRAMIGHEY BNObHESvolthil ds@EEcomprising
enbod?ﬁ%%?%?ﬁﬁgag{%%%gﬁng exciton b ockingm%§¥ers

hatbeeeructiheaghatinstenstthéreambodigat of thepresce tion. The

i din . pl | . \Si ] Her cor

B o 50y PAGAO bty BRI s o
RE@H b @ationhahaxietivafist dewode04) surivenditg e epficat fiber core

i nvention can ing¢rease. gr. maxi m ze exci.: ; i on
(¥ SmemnianuedSnstii i B s R PRS2k
SIERR0AITR0L) s PRASSNC R} Gutlettjcs QSR he exchon

I'ber coré€ having a plurality of photose |5|ve . least
ibgkingdaen C06pwhaicisriae PRoLSPRIHHIC TR e ) CEHRRF
L e}lgc'fqlég%#q'r; %o P RSN Hstd 4, SRR GIMPEICE Qintlm do,

34 ansm ssive t1rst él ectrode 25surrounding
toR Boribiaetioncthereof. 24 sdcombtleatiode (216} vuworBdsttheRhofsgRsHivE

| ayer surr$ ding the first electrode and -
(ﬂ%%%q@%%ﬁ‘ﬁﬁconnected to the first electrode, and a
secongy, §leaiboaEens sHomaumBigng: 2, tte aptigaiber dose/(@P2)eand
electrically connected to the organi.c }aye of
rhbatpin frasmisyive first E5FETs ?%Pé‘s e tﬁ’?‘? ﬁ%l iy b“r%]f Pe SE&Q
%%ggi@ingri%ler ShASvoREE d&AEd (20006 e Mongitndihal ditegsion of the
additr 6nal photo

sensi tive organic_and ex IE?ﬂ )
btcit ifiber dony €108) ansl rpdiafiandEgsyistve first electrode (204), in some

embodiments, can facilitate attachment of the photovoltaic device (200) to an external

electrical circuit.
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30 Figure 3. Momever, at |east one of the

phot osensitive organic |layers further conprises at

| east one upconverter material, anti-Stokes material,

| aser dye, anti-counterfeiting dye, quantum dot, or
conbi nat.i on t hereof. In sone enbodi nents _
WPGAH{139%not ovol t ai ¢ device as described herByHUSAH067925
conpri se photovoltaic cells operable for use in a

vari ?flﬁgg? iPRE2E) £EhLEOREGdBYLES 882 phdlovd¥R device comprising

enbo , the present 1 nvention provides an

- efibosiredireeniordineis avetheamrodignengofthe prssgnt inypetiqe, wherein

i Si t. | t. h ' -n
R R i s SRR
Ghdpiniablcig ofdof thelphomsthsitiverxirghaicllajeey congiristsea $dastarne
phot osensitive organic IayFr sg&;oundi [

;
BIeeBt e SuBatarith pifep STl G &3@6}*@9&%%%%% fy< gpantum

8185 tchRIBatiNBerBofS TRO PRotSV ARG IcTde tite S00) QuFHsBbad difical fiber

organi c layer and el ectrically connected to the ]
eyt Theyider core (302) qan compiitsarslaspBpitrakBbar, a gugtz optical

)t oel o]l [ce conprises at | east one pixe
@%%ﬁ?ﬁgﬁﬁggﬂ#ﬁﬁggéf one photovoltaic cell, the
phot dibeloptadat fiberlcbreq®92) s sirmvgnded by ptradiationftianemissive fist a
r.adi at | t.cansm ssive first.electraod r roundi.n
ot b3 o uon it R EHBR SO e
QEEAGH BankBYSiNve SHILOHRMxE shiltasiihdisth tialog e @ieurad iium tin
el ectrically connected to the first electrode, and a

aviddc RIS ¢ 0B WS, FuCoRa it orKle- dhetadiatiop Syrymisye first
R D e B b B o B IS,
cantedippeonthe firs EBR(B4)icab coraprise c8bok sanopeitielcs disperjedses

dye, anti-counterfeiting dye -0l

b s St R PO B B P RD: B (vifidene

chivrdej. si ng at | east one pixel conprising at |east one
hot gvol taic cell, in so emyodi nent s, . can hav

ons IPGERT GRE (41 STORRIGHLY R g EatoNaS iV HBHAR [

(B6E). aRPkitEAMdRRn St drkRk 172308, iRSREEBESIABALS, can

Devi ces and plication Thereof, filed May_ 1, 2006.

pipepe PRETboubemnaaopaticls pelymerie eomppsiie. x Bye first photosensitive

: | . ] : X
PR e (0T SO oG e En Bockile 3 G102
sagootl iR, inl sengwofbodimzotti casrise comprigeonathon naeaperticidsslispensed

.0 fiber.phatovoltaic cell are,select.ed w thout

1P e SR DBRERE ore RS SRRERD "t or Canot her
fi berhphebaypBL & wrottded by sosvd phdtognsiEn orghde layer (312).
exanpl e, one fi ber photovoli%Lc cell cap conprise a

1gr seconé phqtessnsifiyeaganiolegen (Al d)en 40t Fal O%WS‘E%\FBFE’HFQ? 3

po§/nterit Al AR A dL it b BolpBsiRX hélBnZh ARkbRALnetic
fi'ber core. "As a result, 1 n sone enbodl nents, plxels

radigtiopiakesirptimmayféle thatlargsly eesdaps tht of thedbsprganee Iy €308).
h | t.ai |l ' i i an.. . Ei_ber
SRR b Bl b AL RS AELS o Sl
pobnieec maenial, ichiingy fdiyrhdres catpesiteabasizy b aetriooedguetic
e ol 0 B G Pl Tt e
f130 BRAhR VAt @08). dFéi se@nd pRGBEAnStiNGorghnil &S (30DFfuftherel

.conprising at |least one fiher photovoltaic cell, in
campESCR AERBt FREHPSOTVEH TR Sl i iokes materiapilasey dycafpdi-

c@ﬁn%&keitﬁfgr%ﬁ%ﬁaﬂmaﬁt,% AGEHnbnARY Ui t abl e substrate,
I'n some enbodl nents, to produce sol ar panels. Sol ar
cel | Shewedongamgdnic lepentd 12 ingobidsd byhotendieteaireda@l 4)ghat
o e1E PR AT p RO By SRR GO ehMbe organic
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The present invention also provides nethods of

produci ng a fiber photovoltaic device conprising

provi ding an optical fiber core, disposing a

radi ation transm ssive first electrode on a surface
fiber core, disposing at |east

8&8&@@3#@%}{ ic\ellle organic layer in electrical PCENS20071067925

conmuni cation with the first el ectrode, and 5

 diagpesiony (31 25 batrigioeheatindeydrnfoefipthtr dbsadption. The second

communi cation with the organic. | ayer, wherein the
oFlgarKle (1) & oS PSRy ARt R BBt ppam gold

MBIEF, hkel, Gbppest Okes material , | aser dye,
anti-counterfelting dye, quantum dot, or combi nation

t her edh theRindodisiantyshewnga Figtiech theopticah{ibei opre (BPF)stadiation
el ectrode.on ,a Al Fi _ .
ISR T BB AER anl betPha BR1S bk AFer (10) ontond
r @agiaidinatly beyand thegsmviaing layes o the phatevateicidevimat dha
surface of the optical fiper c I n sone .o
Jpeithdinabieemsign opeid bfﬁiﬁgﬁ&?ﬁii@%ﬁf?f?}%"ﬂo‘?ﬂélawsa“’? pbr

| QeoBEBOLE Md COMBIBICRE Blodking thyer {316) fanrfadilivicefbitodtat of
conpri ses depositing the organic_ |layer on the first

ethe phqteypitaisfovies FOPbatER syermalsioptricabincut. VQ;/ apor phase
deposi i - i ' j i
sebond e e L Iy R PSR O v
pirgdnisieyss, tmbedioreg i thelpagsent invEsticaconicipiie phvteaokisic

enbodi nents.. conpri.,ses_d Siti.n . ; .
FERE e ERERE M58 SREDI B i TEEDE rospyoac
%F)QES' Eaivﬁlgghrg@ ifurs fi9d, lafd) grﬁﬁgr tﬂdfr(ﬁw&@gbﬂomsitive or_ggnib teyers.
anot her enpodi nent, a nmethod o roducl a fiber .
PRSP epbagimeie v Rbatoxplials feiee ot S aﬂgﬁﬁ‘f i‘ial?qﬁ%mﬁ%lwe
Qb hider core, disposing at |east one '

phot osensitive organic layer in-electrical _
conmuri pamlivref pheteseRiave eigruiedayen cabedafzpdifageene another,

GR1Sine ARFALSROBY A% ﬁéﬁ%ﬁ&ﬁ& BbAGH/ AR, bliwedfil 1 Cal
COMMLNT CAti on Wt N fhe Phot 0sensi ti ve or ganic layer.
|phoosnmitietpehiodyess, Bli mpoding g phraiiotighetesénsitive organic

AP b e Fre ot r S B bbb Ees orne

QrgtiifvchBotedan @fcrédde ot MatitiBetekeitoR gent@atidnberosbihedi p
coating, spin coating, vapor phase deposition, or-

; ¢ ¥&FCH#Aneal i ng. Di sposing a second -

el ect {0862 toBirfrBs b phéiBto e RBEVIEE CRlcoRIPrivé 4 HibdrRBre having
photosensitive organic |ayer, according to sone -
erpboditrefiplstoscmitivd rspionsieprsed alonggtsdongitydiaglmeis, each of the

el ectr n.t Qr. ' r ;

SHRELY B el S5 EN NS5 ADERUnNARGE REEE ot
plslmdingghefitfer bere, phetsous phatosensigwvd @egni¢ hysomgounding the

B e

SHRAR IR MorWies Ryér b RlcosiRiBi dondtedh@ tidictganiyleyer. Each of
conpri sés a conpoSite material ,conprising a polyner
henberalits of eeaioam sparibriqr copprss @ddilioTRE Y1 gS 89 EOTE R5ERHR-C
irfbYifeli it | LRESkcAbn BbUShIal b hd Mrolibed i
%%tylﬁlﬁgﬁ%& élg{i%g?%%%gﬁgﬁ%%g?tai clé pnILﬁa'se_s %gﬁlv\el Iﬁlrgs o
Fesid 3. Morogvee adt deastivnspd thel nhntosdnsttieongamio pavetsifetheer

hase in.the polyner phase. ' .

ABReL ol BB R BRI LT 8%, anc
BaRrfehig dy&uubhtum dot, or combination thereof.

In some embodiments, organic photovoltaic device as described herein can

comprise photovoltaic cells operable for use ina van'ety of 0ptoelectrdnic devices. In
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wal | ed carbon nanotubes, or m xtures thereof can form
nanowhi skers in the polyneric phase as a result of
anneal i ng. Anneal i ng a photosensitive organic |ayer,
according to sone enbodi nents, can conprise heating

the organic |layer at a tenperature ranging f <
VU3 Bout 155C for a tinme period of rangi%g Sgg@n%wh
about 1 minute to 5 about 30 minutes. In sone '
SRRAGLABRES thedrOBALASAAG froVifeingpiielectrayie devdartobdrising
heated for about_ 5 ninutes. . In addition to

a leasti e nixebrogpnis B ghlst s 087 Rhetevolie celb dhaphotovgitalc ¢slher
c%h{ﬁﬁgﬁga%m%{a&&de%& Fisth A LANPG0N fies, ARhhiedls for
converting electronagnetic energy into electrical .
phoesesitive organie lgrbautioneding the ﬁmteés@ociemnd clniricalts gpgnected

electro netic,10 ener Lnto ele

e 874 f gt Eh e Rafeh i S RanfI .

Aoetiicalf c@meQRd loahd ofghdietayert ransmi tting the radiation

into_at | east_ one photosensitive Qrganic.ra%Zé,t el

genednEnaer sBPEBITEL PHORIPRICHPYIGIeRCF cRpRTises feast one pixe

c&ﬁ@?@iﬁ% ﬂgas& be ;ﬁf&_@dv%?ﬁé‘ cdINER pAbRGHIEANSBsachpHEih€ 8n optical
[

t e_or gani C . ayer conpri ses a_t | east- one
fitler onmwerradintionetaasinisbive Hest ¢lectragk syrormdingithy fiber gareyrat least

dye, anti...count e LI ' n. gat;

P AR BRE Y RO SRR e Okl
coBiecedny thetfirn gleetred:t malhmgoatd adeatnds gyrounding te otganicdayer
energy,c?nprises receivin radigtho

O alsreigrarnoidb 3 xSy S Ry By TP er e orpanie

" 1AREbEmSHES HAERNSnchDoRiveasGRatéRl Adntii S1bies Raterink Idselye omti-

at an 1 nterface of a photosensitive_ organic |ayer and

camnterdyitiesdie, fupparm ditsposabinghontheisptace 20 of the
opt | ek, ddchGkic d&ﬂc&%ﬂﬁpﬁ%@%’&! 18RPbre pike? Gg%;%‘::i%}% at least one

radi atiron can conprise p tioning the al fiber
photoveltdd aedl, masdinatembndiatensncandeydemstrepighecossiptentoritrthose

' . dy L. i |, kefl ' ' f
R e R S R o

Apd¥&dtionFnphef, @iyt 1,\200&r gani c | ayer can be
consi stent mﬁth,th&;g, rovideﬂ.i? enbodi nent s ents of
her eiFfeBBRRIOVOItAICSE IO RSRPTREhERPIICANS df SRR ogiagnts ©

esent MOSRoh SBe BorsRAHSEInEERASEEY floay e, anslieh IR SucAN
exciton blocking layer. In one enbodi nent, for

eabadipieats, eameponentarsiald fayete fthen Pheloppielbrispiocted

-V‘é osprgﬁ:r&%p %ﬁt{oﬂﬁ%&?ﬂé H%k%%fsrsgma] riaGotRASTHY }g]{o@&%iﬁ{i@ dell.

n-rncrde sufficient to produce total
Th bhetmlsddimeft) for tiample ane Hler pbbtondtasrcellycamcothpyiss @ gase

addi tj onal | ayer hefare reachi the interf f ,

OB Baor YOI Selanioava 8 sl Henl At LG Bl o

o834 fiber! dreS e RFNQEH $5RIY dubodiitintd, pixals ahdyiRelsragiare not

conpri se conducting net al oxhges C%PSIStenI mg%h

requirs topropurige BOraDBIONOlHIC erdiaiof 14RRAR! EITATYEOB BIRET er

P &X@@%&&ﬂ% Qo dnbe b ARSEInRIG Yatfd BRSi@ind with the
eating tot Internal reflection at an_interface_ of

nzeteyiate and emeshads descobegblrirein kagreducgmircand dpgtarays puipble for

ca rodqge gyanescence fields or waves in the

a wide range of applicationis. '

Photovoltaic devices comprising at least one pixel comprising at least one

| fiber photovoltaic cell, in some embodiments, comprise solar cells. Pixels and pixel

arrays can be placed on any suitable substrate, in some embodiments, to produce solar
panels. Solar cells and panels comprising fiber photovoltaic cells of the present

invention can have conversion efficiencies greater than 6%.
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phot osensitive organic |ayer, which can lead to an
i ncreased absorption of electromagnetic radiation by
the organic |l ayer. Increasing absorption of
el ectromagnetic radiation in the photosensitive

jani er can produce greater nunbers of ' 5
Sﬁg$@@§m$%Zreasingpthe consersion efficiencig?ﬂsaﬁfs&@%67923
organi ¢ 5 photovoltaic devices of the present

i nventTihe Present inventfeingilsoepraviddsimegitodaoEgodisingrasilicpphotovoltaic

intensity spectra as a fupction of inci t_.angl .
oy iop SpmEFEPERABE A APt uofF 8°f5h‘16%98§/%$?§%%éa“ %??F‘gséf‘%"e
Btﬁra%ﬁééhﬁ& 3 RF2&/BTORE SPRiRI fer Ed2€; dBPESENAL Idastvaiat i ON.
The 1 ncident angles at the fiber face yarl?% f[onwf
troweasitine oreprie Repiinelectreal CORBRALPHOT R e st cfefiigode, and
apsar.nt ] on | | Saks kiBf Wite ile SEQardd e} @,

S HRRL {RRohERRLL ¥y AR e Al DE WAR e prpienl
getnesimthe otdasicdqyer toraprpepati lehstionicripfinyentas Mptqrigh pdStpkes

hot = ‘ o] .9 ‘ .
CETOLRE B B TeatHeipR AR, QAR uSt oAl G.
1- ( 3- mréphsiny & pdbeioy tnna pyve- firstieeryd (o, @)oP6dal fiber core, in
(P3HT/ PCBM . The P3HT/ PCBM phot osensi ti ye. organi c .
Isae mbaGiiR GEADEH ABFIECER O IR PR Bt BEiT e Rag e
%F@Ich%]&gdég A si@dhct bf U8 bpidaEabdr Borkl BionelembbiMivintse
not W shing to be bound by any theory, it is beljeyed
tdisposinhe phcelcasitierorginic B dn pleeiriny coRBUNRtos FaHidhe g%

e Laver . . e _ _
SERProp RS gs B i, SbAE R AR SOl ey by Hp couing
ahintdogtinpERE0 RALT dpoEND, i eaduameherByl ameslingnPisposieg 2

el L SELlen oL e B EA PR AR
, %%ﬂaiﬁgf’d\éoﬁ{e%ﬁb@m{eam,e&on@fr@&mpn@ﬁ@&hanecbmamdd on the

-absorption intensity.

_ ..I'n enmbodi nent,s of .t he
SwgiseyeF AyeughvEPOr IR APt FPIA FRATREE 4R PEIFY or

total yf Al AfPahbddihbRcs dthodbf ﬁ'ﬁgﬁ(ﬁﬁgei fisee Sh&bvadtaic device

photoSensitive organic layer and an adjacent |ayer.
camphises gepiticemt indiportin ¢rade Blar gerei dispopipg abdedst onche

‘canptiesgepitoinpo i dgoringEsw
BPORRESERt biabls PROR el R o AR T e YRRl

gle a ace O

et @5€A6d tisMRing seeqgdrdlatbdymrclatitaladjmpainatipmyih the

the required incident angle, at. the inter can.

P I Ty M POl dasga%%?ﬁ@%%s%ﬁ%@‘%
Ricadeti i Qodkcal BsmimeRioaratiGaethdn fihexifs fise eRprisks

addi'tional. layers disposed on the optical fiber core,.
alapbsiting thawrzarenieyergl tee dinmngn PHdesr Y A9 CpiE N coating,

| LD i | | a f S efond electroae
: iv:aPoﬁ'réatbgs%rHegoesm% SRl G thefhflUhRealing. f 9fp&NRMENeEond electrod

25

30

rates refraction of el ectronmagnetic radiation
30cleetAva kbmmuiinatanfwithethe photpsnsitivegrearde lpyereaccording to some

di t di. t of . o .
SRR RS SRR B ond I RUEPE e U Plrouss
ivgﬁ&rphas’é%sﬂsit@np@m asting, dridifecoatigmni ¢ | ayer and an
ad]

acent layer. I'n Fi ureh5, tﬂf hotosensiti!\)/e(ﬁ Dt
or ganﬂ\@ﬂ}oél?/@fi’r@wg% er p otovoltalc device, 1 Some embodiments,

-Jg}%\gl | e b M yle}sPIT 1-
gﬁ@%ﬁ?% ,6)&%%h( E#?%é%ﬁ?ﬁggﬁpggﬁfg??andyfﬁz oRopc

adibadiershts whyrsra RhoseIsitivG OPEDISTIAY A KOTHRIACH P GoAPOsile Bisrial

of indiumtin oxide | ' - WeeRIih @ e BFEAE 1 ;
F%?ﬁm%%%p%ﬂg?ggg&gﬁﬁﬁégé |§gp%%%icw f%%gr qoréwaCMI
Prelutaiiphemdtirsesafictstalloniyrin betd tikepodymids@ad panopiriicle phases as

serves as.a radiation transm sSsSiVv i.I : :
ASHIS estt i rreetnson o RER R e bhas by B Rk iifae
iNah&iSid SithsdstofipBibing fidlldpticssiffple-walled carbon nanotubes, multi-
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113 sin a = qc (3) /12 sin=sin 06 (4) Th sin 03 =2.
sin 04 (5) 10 wherein ii is the refractive index of
the silica optical fiber core, 12 is the refractive

i ndex of the indiumtin oxide layer, tb is the

refractive index of the PEDCT |ayer, and 11. c
WReMHE%PPe i ndex of the photosensitive organ?éélsfﬁjg@f@@@fﬂ%
Noticing that 00=06 and 05=04, we can substitute (3)

Wl chtbbn ARGIHRE, rbrtntlﬁﬁlrcrs @ettol cdnfon fiinbwhiters @adhe pélg@icric
to get 15 03 = sin-1 c(6). 171 Since 10=1 and 02 =

5Bee 250gesuditofhecaling./ Amiseling mphofasensiiive weganineyenasqordiag to
cas(.7 it f
fol Sl B cblngyiSL Al e BRARC BBl h @it el
ffoln ab@s 88%(hto Bbéuit)155°C for a time period of ranging from about 1 minute to

about 30 minutes. In some embodiments, a photosensitive organic layer can be

heated for about 5 minutes.
In addition to providing organic photovoltaic devices having a fiber structure,

the present invention provides methods for converting electromagnetic energy into
electrical energy. In one embodiment, a method for converting electromagnetic

energy into electrical energy comprises receiving radiation along the longitudinal axis

" of an optical fiber, transmitting the radiation info at least one photosensitive organic

la_yer, generating excitons in the organic layer, and separating the excitons into
electrons and holes, wherein the organic layer compxis'es at least one upconverter
material, anti-Stokes material, laser dye, anfi-counterfeiting dye, quantum dot, or -
combination thereof. _ '

In another emmbo diment, a method for converting eleétromagnet_ic energy into
electrical energy comprises receiving radiation along the longitudinal axis of an
optical fiber at an incident angle sufficient to produce total internal reflection at an
interface of a photdsénsitive organic layer and an adjacent layer disposed on a surface
of the optical fiber. In some embodiments, receiving radiation can éompris’e
positioning the optical fiber to receive radiation at an incident angle sufficient to
produce total internal reflection at an interface of a photosensitive organic layer and
an adjécent layer. A photosensitive organic layer can be consistent with those
provided in embodiments hereinabove. In some embodiments, an adjacent layer can
comprise a charge transfer layer, such as an exciton blocking layer. In one
embodiment, for example, the adjacent layer can comprise PEDOT.

In some embodiments, electromagnetic energy received at an incident angle
sufficient to produce total internal reflection can be refracted by at least one additional
layer before teaching the interface of a photosensitive organic layer and an adjacent

layer. In some embodiments, additional layers can comprise conducting metal oxides

. congsistent with those provided herein or additional charge transfer layers consistent

with those provided herein.
Creatmg total internal reflection at an mterface of a photosensitive organic

layer and an adjacent layer can produce evanescence fields or waves in the
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27, 25 where 01 is the incident angle at the fiber
interface neasured fromthe nornmal. Figure 6

illustrates theoretical curves displaying incident

angles at the face of the optical fiber core as a
funct j f the refractive index of the P3um007/057923
Mfg%%?gsﬁgsﬁtlve organi c | ayer which are sufficient to
achieve the critical angle for total 30 internal
riblossisiton ofanit e PRBGEH @8 kil RCBNNérpised fhsewtioEalCh

- theoretical 007/,130972PCT/ U 925
<sremeeQo HOUNIPF By BioeHT Bk SREILTERUA R ch i 1

%Jcﬁo&%deﬁé%ﬁ%n t0th@ pRbthdeesievd orparic lagdr bMepmmldE)gre‘amr 7
the silTca optical E core. di sclLosed and

traucplats oﬁquﬂms hpishby @ﬁteﬁ%}ﬁg BRCPRICBIEHRACIEE T JR7e
v eof; filed May 1, 2006,
S%E’B% %[evtlﬁPQh‘(l]Q?feF%@?gﬁﬂtg{ﬁ of 5incident angl es
s uf fi (FIL@EEI 4 ﬂmstrqaescadbsmpu@l intsosity speaterepafunciedn iangidant apsle
ter f | -

i Sl figg o an SBp pRRGIO el ie QBRI b B B GHiflnt of
Rﬁegﬂ)rteéeﬁf‘ﬁdedtﬁnr @‘ﬁ@in\tﬂeﬂtamlgm Btaie ﬁbt:r fce vartkdriven Hi to BO° in 2
the incident angles. an for.

GM@@?@%tféWh@fmﬂi‘ Rigpee Ac ; F%IPWBI lﬁtre]ésé n}%gﬁfﬁf]i gL a/Brident . -

Vi FicBBbtoSbIiAAS IR ve&to RencRastht spwed prwvided -
%ﬁge%rfggl z}ﬁgg g C?ﬁ ; g the panel cgn be re?el ved b

tiln Bigopt 4 meluddddd PM@SG@S@WWFWQ IRger SPTBRTER 4 RALANETIA qorposite

Pépslgg{ ﬁeaip{ ﬁ%:f 2! 13?11% 1N er ac e %&S‘rb&ﬁ&)?}oggﬁis ?1{[6{&\?1(6 6)Car
QPUANPCBMY ehe 2BHTACEM,| Iﬁommnsiﬁay enganic layer sun‘ﬁur_gi@ﬁgn

nbod t f
Sditoms ction - RBE DB PO EHIL G et PAT BRI

i Nt er Rl R Wasldza8 be bourdns sayiiediynt ithelioved ehat thegmdiation
was absorbed by the photosensitive organic layer, and an incident angle of about 16°
created the condition for total interpal reflection at the PEDOT/P3HT:PCBM
interface. By creating total internal reflection at the PEDOT/P3HT:PCBM interface,
gvanescent waves or fields were presént in the P3HT:PCBM organic layer producing
an increased absorption intensity.

| In embodiments of the present invention, the critical angle required for total
internal reflection at an interface of a photosensitive organic layer and an adjacent
layer can be dependent upbn the refractive index of the photosensiﬁve organic layer.
By assuming achievement of the critical angle at the interface of the photosensitive
organic layer and adjacent layef, the required incident angle at the interface can be
calculated. From this, Snell’s law can be used at each additional interface produced
by the presence of additional layers disposed on the optical fiber core, and the
incident angle at the face of the optical fiber can be calculated.

Figure 5, for examplé, illustrates refraction of electromagnetic radiation

'-traveling in a fiber photovoltaic device, according to an embodiment of the present

invention, which produces total internal reflection at an interface of a photosensitive
organic layer and an adjacent layer. In Figure 5, the photosensitive organic layer

comprises a poly(3-hexylthiophene)/1 -(3-methoxycarbonyl)propyl-1-phenyl(6,6)Ce1

.(PSHT/PCBM) composite, and the adjacent layer comprises PEDOT. An additional
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bl ocki ng | ayer adjacent to a photosensitive organic

| ayer can be etched on the side 15 form ng an
interface with the organic |ayer. An exciton bl ocking
| ayer conprising PEDOT, for exanple, can be etched on
the side formng an interface with a P3HT/ PCBM

WRFE¥AZI ti ve organic |ayer. I n sone PCT/US2007/067925
enbodi ments, layers of organic photovoltaic devices

ﬁg& BRI HESxiBY id didpBRARRRLE thPEDOSIay draGH HeFa08 of the

phot ol i t hographi ¢ met hods. | n _one enbodi ment, a 20

phestoptical fibereaphi Theriedimtinjozidd dgyes bt dagcrdivd detcHie serves as a
.aC - thel be etched. Photolithographic

%éé%§¥§¥8%?%g§gﬁ%éﬁpg%%hbodinents of the present

i Nvemppbying Sredify et the itiousdayeesicsthess ditustraigdin Kigure 6

ngrLsts. Once the.photolithographic resist is

H'a%sited, the resist is exposed to radi ati on and

devel oped with apﬁqu i-ahe solvent. A pattern¢pnemins

on the layer of th& photodVoltaic device.

Phot ol i t hogr aphi ¢ r§§g§£?,g§&gan be laid downggn any

desired pattern.. gﬁe pattern, for exanple, conprises

a series of paral halhdi-hgsingpaced apart by a nst ant

di stance. After débeﬁ%gﬁﬁ@uﬁﬁe resist, the Iaggr of

t he -organi ¢ photovoltaic device is then etched by any

sui tabl e pol ar organic solvent, such as acetone. The

whestin N iserpicfipttive TRdssiof thejsiics opsicalfiheneqrs, o the sdrachem
the layer .of the.or i.C . L1 aj ' ' '
i TR Gh S RSP B RSB fer S IDOR e Band
1| Aihb P ffab ity O d B ffthdHotdsEnsRive bednic Blyehi ng the indium
tin oxide fiber, in_sonme enbodinents, .can be achieved

by | Notiege fishPcOprustissbews canwpiifiytn () into (4) and then that

t-al i -%Bgi racesses. | n one enbodinent, for
rgﬁgﬁ%%ééqggg otoé?@ﬁ%graphic resist is deposited onto
the surface of the indiumtin oxide fiber. Once the
phot ol i t hographic resist i\s deposited, the resist is
exposed to radiatégﬂf d’c [devel oped W th apprggyiate
sol vent to producg€ a p tgern on the indiumtin oxide

fiber. The surface of the’indiumtin oxide fiber is
subsequently etched in a suitable acid, such as

hr om | dnnSsW furi c.agid. itric acid. The
StnﬁT]ic?nﬁocd Fggh'ilﬁé’-a?&lgeiaér?@egmtt%ﬁgb’%%%%d or stripped
fromthe surface of the indiumtin oxide fiber
| eavi ng behind the 5 etched surface. In sone
enbodi nents, fi rs“fnﬁlre@lﬂﬂ(ﬂdéghé%ﬁ@pri sing radi & on
transm ssive conducting oxides, including indiumtin
oxi de, are etched in this manner. - Various
FeRg dipdR BisitiRkioh BE (6) M6 ) RNt MR alRg e tidAdR6dthded i N
fulfil'lment of the various objects of the invention.
It should be recogni zed that these enbodi nents are
nmerely illustrative of the p incéﬁh s of the present.
i nvention. Nunerous;ig lﬁﬁ@bfsis?ﬁ"ﬂﬁ QF and adapt ati ons
thereof will be readil'y &pparent\’0|those skilled in
the art without departing fromthe spirit and scope
of the. invention. That which is claimed is: WO

R0 508 PRI e e 6P el mAolA SRR Bbal
Figure 6 illustrates theoretical curves displaying incident angles at the face of

the optical fiber core as a function of the refractive index of the P3HT:PCBM

- photosensitive organic layer which are sufficient to achieve the critical angle for total

internal reflection at the PEDOTfP3HT:PCBM intetface. Each theoretical curve
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- pheforensitivekregeniclaehandydagsas FYEr RhaRiica

a first electrode conprising an indiumtin oxide
fiber; at |east one photosensitive organic |ayer
surrounding the first electrode and electrically
connected to the first el ectrode; and 5a second
g*(%ob;,%gmsurroundl ng the organic |layer and PCT/US2007/067925
electrically connected to the organic |layer. 2. The
photovol tai ¢ apparatus of claim 1, wherein the

nhetessnsiifferos mvidahivevdeagdy whish PFSoTesnIRG D & STt
region. .10 .3., The ph I.c apparatus of claim 2,

%ﬁ@?%?ﬁ* ﬁ%ﬁﬁﬁg?@g@t §%$¥§%%§%'conprises at | east one
bul k- heat&dchjsethatd iaughbiet PER aprdictmnentittedt@urocddctrand Depices

acceptor material._15 4. h | t ai

cird i aigie e HE Mot o B e R AT O
R4y aﬁ@es‘%laﬁﬁfen@&q pidiBciAe @R IrtémdTRéfR i at ap Mirfasest &
nanoparticl e phase. 5. The photovoltai lccfgﬁgga,rat LLS 0

. e g0 gpogitioned
GO PARL A RR Y Bbrdafll wilh i REIABAILANO!A Birel, RRRAGAHIYS

erein the conjugated pol )ﬁémer conpri ses
[

rohytfidtet e pixtlh icomfwsie) orapdd ooty bells haismEber sppoture

' .th f Y iC.- .
ETC AN e

s sy ot s
ot o4 e ISt & PRIORBRTG AEADC [yt andan ey
PPl B s e
peéveni @lredipaubtsasl total internal reflection. In one embodiment, an exciton
.blocking layer adjécent toa photosensitiﬁre organic layer can be etched on the side
forming an interface with the organic layer. An exciton blocking layer comprising
PEDOT, for example, can be etched oh the side forming an interface with a
PIHT/PCBM photbsensitive organic layer. | ' _

In some embodirnents, layers of organic photovoltaic devices can be etched by
lithographic methods, including photolithographic methods. In one embodiment, a
photolithographic resist is deposited onto the surface of the layer to be etched.
Photolithographic resists, according to embodiments of the present ifwention,
comprise positive resists or negative resists. Once the photolithographic resist is
deposited, the resist is exposed to radiation and developed with appropriate solvent.
A pattern remains on the layer of the photovoltaic device. Photolithographic resists
can be laid down in any desired pattern. One pattern, for example, cOmprises a series -
of parallel lines spaced apart by a constant distance. After developing the resist, the
layer of the organic photovoltaic device is then etched by any suitabie polar organic
solvent, such as acetone. The photolithographic resist is subsequently Stripped' from
the layer of the organic photovoltaic device Jeaving behind an etched layer.

In some embodiments, the indium tinuoxide fiber is etched. Etching the
indium tin oxide fiber, in some embodiments, can be achieved by lithographic
processes, including photolithographic processes. In one embodiment, for example, a
photolithographic resist is debosited onto the surface of the indium tin oxide fiber.
Once the photolithographic resist is deposited, the resist is exposed to radiation and
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organonetal I i ¢ conpounds 10. The photovoltaic
apparatus of claim9, wherein the organonetallic

conmpounds conpri se pht hal ocyani nes, porphyrins, or
derivatives thereof. WO 2007/130972PCT/U82007/067925

otovol taic apparatus of claiml1,
%&3@5&3’2 itive or gani c |layer conprises at |eas '{%&067}};%7923
upconverter material, anti-Stokes material, |aser
gy lopadivith eSbYreitd stﬂ\telnﬂ’@ pﬁyﬁce DppraBinlLo ttleindivnt tin oxide fiber.

nb t th f. hat o
s . Af oy g W @i i3 HOTHERSY OB “GHIERls i
LA ak 51:‘}1)15_[@ deddNs ARG cildl (g}%'itnb acibeyed ;ﬁl@tohttﬂa'éragiﬁé%&st is then

photovoltai c apparatus of claim1, wherein
winowtrkori stritipadfromithd ufecelef the indiumeireoxidaidhes épavmg hehﬂrth@e

AR 1 s ARG bt Rl o) BLlofes éﬁ*&%&ﬁfng fighndl UM

I as a er rangl
tr3miseiva bﬁmﬁlctilng'ﬂmdekﬂiaudihg indtuot tm/mhdlea hre eampa iethissnapher.

o oV PEhkBe T e B Ro B SR R A

0% vateouk bBRELs of the Ifentldie 1P4HOLIEWO kdcBEzcARRA R E SmBEdiments
clai m 15,” wherein the radi ati on transni ssive

FO HYTEY ﬂlngtrftﬁxf: abthe pripeiplseel thapresentiny PP NIMET WL de,
I!HG ST | n (adl @@norﬁ?ﬁ]é &g%ﬂ Eifé&(ﬁ&o@?&gﬁ to Hos€ ifed m%che

um ot 0 ai c apparatus o
ﬂfﬂﬂhnmdqﬁﬂmgﬁhnndmmpuﬁsmhgq&nﬁ@xﬁhWEMDmlocklng | ayer

adj a 0 .phot osensitive organic | ayer.
25189§H£ %ﬁ% ? F?g i apparatus of claim 17, mhereln
the exciton bl ocking layer is etched.
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19. A photovol tai c apparatus conprising: an optica
fiber core; 30a radiation transm ssive first
el ectrode surrounding the optical fiber core;
at | east one photosensitive organic |ayer surrounding
}xn)ezo[)'}/fsﬁ&izel ectrode and el ectrical ly connect edr/uszobtes7923
ectrode, and a second el ectrode
surroundi ng the organic |ayer and electrically
QOnne@qmﬁmnmuﬂhemmw@ampmpm%m%r wherein the organic
| ayer nprises at l.eas r materi al
antl-gﬁﬁﬂ %1ﬁﬁéé?W8 i %EgrﬁﬁHBQggﬁﬁﬁ%ﬁounterfelt|ng
dye, @uig#k bia Iﬂl@foser@i’twe ergam &tylemlmbhmh@thf; firsp glectimigle and
phot ovol t ai ¢ ‘appar at us of 19 wherein the
relegirige O PPIPPAR R F\“‘Féﬂeﬁr? sfm | ectrode conprises a
radi api,0Rq4 ER §&i~d{ﬁdﬁg RAUEEAnRTayRx bstbelecti2dhlly Bhrnected to
photovo al c device of claim 20, wherein the
nixderganioly¢r ansm ssi ve conducti ng oxi de conpri ses
indiumtin oxide, galliumindiumtin oxide, antinony
tin oxide, or zinc indiumtin oxide. 40 22. _.The
phot owat pedtevcitploappdraiss afficlaihdi wharein terdotisensitve organic
phot osensi tive organic. |ayer conprlses a photoactive
LT eRTIpIISes ?Eh"tqaﬁg"“prﬁ%’%vol tai c apparatus of claim
22, wherein the photoactive reglon 15 conprises at

| east one bul k heterojunctio

ot or (T8 DbeievkACAEBEE o ARGy PATHI g hoRge egion
%@éﬁé’e‘g LI L& APPAE RLktSjuRktichl RtwBeR 8 do? iabdrial irdtiendoteptor
ma . conprises a polynerlc phase and the acceptor

mdt&fal.al conprises a nanoparticle phase. 20 25. The
photovol tai ¢ apparatus of claim24, wherein the

" polyneric phase conprises a conjugated polyner. 26.

The . phat phéthéokais apparatnadictainf3, wheeim thsdonaheetsripl comprises a
conjugated poI ner 25c0

OB By Aotk T SR TR O Tegiees preRemsicle phose.

m xt ur es 't her eof.

5. The photovoltaic apparatus of claim 4, wherein the polymeric phase compriss:s'
a conjugated polymer.
6. The photovoltaic apparatus of claim 5, wherein the conjugated polymer

comprises poly(3 -hexylthiophene), poly(3-octylthiophene), or mixtures thercof.

7. The photovoltaic apparams of claim 4, wherein the nanoparticle phase

comprises fullerenes, carbon nanotubes, or mixtures thereof.

8. The photovoltaic apparatus of claim 7, wherein the fullerenes comprise 1-(3-
methoxycarbonyl)propyl-1-phenyl(6,6)Cer.

9. The photovoltaic apparatus of claim 3, wherein the donor material comprises

organometallic compounds.

10.  The photovoltaic apparatus of claim 9, wherein the organometallic compounds

7 comprise phthalocyanines, porphyrins, or derivatives thercof.
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27. The photovol taic apparatus of claim?24, wherein
t he nanoparticle phase conprises fullerenes, carbon
nanot ubes, or m xtures thereof 30 28. The photovoltaic
apparatus of claim 27, wherein the fullerenes
W8IRhse7l - (3- PCT/US2007/067925
nmet hoxycar bonyl ) propyl- 1- phenyl(6, 6) C61. 29. The
phot ovol tai ¢ apparatus of claim 24, wherein the donor
mat eri al conprises organonetal |ic conpounds. WO
007143097 L US2007/
ipar SEGROGPRICR S SRR MheRAF P BRGNPy frganic
psromprses aniogt dsurobifeatcomytaiil ws-Stges phjerial) $asedye, anti-
derivatives thereof. 5 31.The photovoltai c apparatus
%Fm@ﬂgﬁﬁg » QRS o PH@mbnaf g?m%%e'upconverter
mat eri al conprlses a Lant hani de series elenent. 32.
The phot ovol t ai ¢ apparatus, of claim 19, wherein the

B | hhswhetaeoliajscapnuetus of claia brybareiti§aplpaseencsnsiafthe
f hol m um or m xtures thereof
%@&ﬁ@@hﬂ@%fﬁ%ﬁ§§§§% tai c apparatus of claim 19,

wherein the at . | east one quantum dot conprlses a

g1/ s ductor r.ial Il/V ndu tor,.
Tt e TR PROGOlHE AR inalS EMa L. whetel oot SR 08 PRI FS e
) dym&qﬂ@}ggbgkkglaln119, wherein the at Ieast one

counterfeiting dye conprises a phosphor, fluorophor,
thernochromi ¢ chenical speci es, phot ochromi ¢ cheni ca
BIPECITGR phbvitald ag?é{ﬁﬁs Bhﬁﬁlﬁpf wherein the #rliund B oxidg fiber has
phot ovol'tai ¢ appatatus of claim 19, wherein at |east
aghenegadanging fienepoitd8lpm2® sbpitdrmwor e i s bevel ed.  36.
The photovol tai c apparatus of claim 19, wherein both
ends of the optical fiber core are bevel ed.

15. © The photovoltaic apparatus of claim 1, wherein a radiation transmissive

~ conducting oxide is disposed on a surface of the indium tin exide fiber.

16.  The photovoltaic apparatus of claim 15, wherein the radiation transmissive
conducting oxide comprises gaﬂ_ium indium tin oxide, indium tin oxide, antimony tin

oxide, or zinc indium tin oxide.

17.  The photovoliaic apparatus of claim 1, further comprising an exciton blocking

layer adjacent to the photoserisitive organic layer.

18.  The photovoltaic épparatus of claim 17, wherein the exciton blocking layer is

etched.

19. A photovoltaic apparatus corprising:

an optical fiber core; ) _

a radiation transmissive first electrode surrounding the optical fiber core;:

at least one photosensitive organic layer surrounding the first electrode and
electrically connected to the first electrode; and

a second electrode surrounding the organic layer and electrically connected to

the orgamc layer
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25 37. The photovoltaic apparatus of claim 19, wherein.
the optical fiber core has a dianeter ranging from
about 10 pmto about 1 nm 38.The photovoltaic
apparatus of claim 19, further conprising an exciton
bivocki7ngosbayer adj acent to the phot osensiti verorg2ni7mero2s
| ayer. 30 39. The photovoltaic apparatus of claim

. Wherein the excitan bl ocking |ayer is et

38 qhed.
AFbesi BpEE iy FERMBIHS ¢f 8 eUTHPPYSCHE: matghely angsyiokes
OB telth X Bkerd %ﬂl&bﬁﬂc&tﬁﬁhﬂgﬁ@% tqu@ﬁ’cﬁ‘m RIBO bV RhBiAdtHon ¢ bof.

t he photovo t'aic cell conprising: first electrode
conprising an |nd|un1tin oxi de fiber at | east one

POt OSPSILI VS 4R01fs LAED FHLANDALDR A b Bliive

éct rotie’ ricall'y connected to-t
ehisctleamdde catisas sadartion eimnissivel eorsluctmglmoﬂen g the
organic layer and electrically connected to the
organi c | ayer. 41. The optoel ectronic device of

Ctﬁl M AR, ph¥e185 Ndedvite oRElaine 2R WheRR the alatidd reamshees
plurallty of photovoltaic cells. .42. The

oﬁﬁﬂé@}t’é‘g@iﬂéﬁ Femplasys Bdivgt it pridaygathum jpdiitin S, antimony tin |
PLHES L Si¥e Ao iRt Qe tai C _

22.  The photovoltaic apparatus of claim 19, wherein the photosensitive organic

layer comprises a photoactive region.

23,  The photovoltaic apparatus of claim 22, wherein the photoactive region
comprises at least one bulk heterojunction between a donor material and an acceptor

material,

24. ° The photovoltaic apparatus of claim 23, wherein the donor material comprises

a polymeric phase and the acceptor material comprises a nanoparticle phase.

25. The i)hotovoltaic apparatué of claim 24, wherein the polymeric phase

comprises a conjugated polymer.

26.  The photovoltaic apparatus of claim 25, wherein the conjugated polymer
comprises poly(3-heXylthiophene), poly(3-octylthiophene), or mixtures thereof,

27.  The photovoltaic apparatus of claim 24, wherein the nanoparticle phase

comprises fullerenes, carbon nanotubes, or mixtures thereof.

28.  The photovoltaic apparatus of claim 27, wherein the fullerenes comprise 1-(3-

methoxycarbonyl)propyl-1-phenyl(6,6)Ce).

29.  The photovoltaic apparatus of claim 24, wherein the donor material comprises

organometallic compounds.
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cells are bundl ed. 15 43. The optoel ectroni c devi ce of
claim40 conprising an array of pixels. 44.The

opt oel ectroni c device of claim 43, wherein each pixe

of the array conprises a-plurality of photovoltaic

w6 hdoSm309%: 45. An opt oel ectroni c devi ce conprigdigszo@tosTo2s
| east one pixel conprising at |east one photovoltaic
cell, the photovoltaic cell conprising: an optical

fiber core; a radiation transm ssive first el ectrode

z?qf r %ﬂd' 3 oIR8 § pg,am&él LLBeso 2RGR%E: e aﬂcﬁ:ﬁ’é%lh@ne

ot ose I've organic a er surroun

@inﬁﬁ}hﬁdsd:en@ﬁde etledddybdads| pomhz,rmlsmr elelmtauvdzshhaeréofr st
el ectrode; and a second el ectrode surroundi ng the
organic |ayer and electrically connected to the

I 9anfHe pPhatbesitai SEHpHYARE 6F Hafi1 €9, WHERM B hAYSE orkQipBsiveRs:
at | east one upconverter material, anti- Stokes

meferealcgmprises s daniigride series cleeitt er fei ti ng dye, quantum
dot, or conbination thereof. 46. The optoel ectronic
device of claim45, wherein the at | east one pixe
Bonpribegbo@viain apparetps of clginot b wdietea the aidedssone upconverter

material comprises erbium, ytterbiurm, dysprosium, holmium, or mixtures thereof.

33.  The photovoltaic apparatus of ¢laim 19, wherein the at least one quantum dot

comprises a III/V semiconductor material, a II/VI semiconductor material, or mixture

thereof.

34.  The photovoltaic apparatus of claim 19, wherein the at least one counterfeiting
dye comljrises' a phosphor, flucrophor, thermochromic chemical specics,

photochromic chemical species, or a mixture thereof.

35.  The photovoltaic apparatus of claim 19, wherein at least one end of the optical

fiber core is beveled.

36.  The photovoltaic apparatus of claim 19, wherein both ends of the optical fiber

core are beveled.

37.  The photovoltaic apparatus of claim 19, wherein the optical fiber corehasa

. diameter ranging from about 10 pm to about 1 mm.

38.  The photovoltaic apparatus of claim 19, further comprising an exciton

blocking layer adjacent to the photosensitive organic layer.

39.  The photovoltaic apparatus of claim 38, wherein the exciton blocking layer 1s

etched.

40.  An optoelectronic device comprising:
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WO 2007/ 130972PCT/ US2007/ 067925 47. The opt oel ectronic
devi ce of claim 46, wherein the plurality of
photovoltaic cells are bundled. 5 48. The

opt oel ectroni c device of claim45 conprising an array

Q{0 pdowedoszz 49. The optoel ectronic device of clEITW2S)7/067925

wherei n each pixel of the array conprises a plurality
of photovoltaic cells. 10 50, A nethod, for .c nvgrtti ng;
el ect rableagi ABe PisClERBPEYS HlerSbPrs AIPIOY rww&@ﬁp olovoliaie
C i.s:ng:. receiving el ectromagnetic radiati on al ong
t%g%%iﬁ}é%}t idi nal axis of an optical fiber;

transmitti agrst Hecteddscomprisingiet indiupdif xidediberint o at

beast one DNLOSENMHolds Ui oty yBRRAiRE YRR cRotrode

radi ation Sstve tirst "electrode surroundi ng
t4he cRplricanl cohideedd; to gerfastatdctrgdegnd tons in the at

| east one photosensitive organi.c |ayer,; d .
separ at i ng?#95andRstogs suTgrpding ¥ csla%e%gn?ﬁgllc%tg cally
wheh&tda b B o ca@gk. one photosensitive organic |ayer
conprises at 1east one 20 upconverter material,

anti-Stokes material, laser dye, anti-counterfeiting

dye. 948 %t%ﬂargl%tmc B QFDLRARE), WheteBRE A Teast one pixel

. comprises a plurality of photovoltaic cells.

42 The optoelectronic device of claim 41, wherein the plurality of photovoltaic

~ cells are bundled.

43.  The optoelectronic device of claim 40 comprising an array of pixels.

44, The optoelectronic device of claim 43, wherein each pixel of the array

comprises a plurality of photovoltaic cells.

45.  An optoelectronic device comprising:

at least one pixel comprising at least one photovoltaic cell, the photovoitaic

- cell comprising:

an optical fiber core;

a radiation transmissive first electrode surrounding the optical fiber -

core; N .
at least one photosensitive organic layer surrounding the first electrode

- and electrically connected to the first electrode; and

a second electrode surrounding the organic layer and electrically connected to

the organic layer, _
wherein the organic layer comprises at least one upconverter material, anti-Stokes

material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof.

46. The optoelectronic device of claim 45, wherein the at least one pixel -

comprises a plurality of photovoltaic cells.
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51. The met hod of claim 50, further conprising
removing the electrons into an external circuit. 25
52. The nethod of claim50, wherein electromgnetic
radi ation received has a wavel ength rangi ng from
wolkezded® nmto about 800 nm  53. A net hodr€DUS2007/067925
converting el ectromagnetic energy into electrical
energy 30 conprising: receiving el ectromagnetic
radi ati on along the |ongitudinal axis of an indium
aplh i n o (gﬁoééc%%{nc Aol A0S 480w h e Sh SRk BYRE PRt ltaic
ninto at | east one photosensitivé organic
cﬂam&ﬂanEﬂoundlng the indiumtin oxide fiber;
generating excitons .in the organic |ayer; and
separating the excitons into electrons and hol es.
484. TheoBiaadnRidcoibabiolfa 45fcomptieng anapryicfipixgls.
renoving the electrons into an 5external circuit.
55. The nethod of claimb53, wherein el ectromagnetic
46.201 8 Aol EBhiAvibast MRS BE Sk adtApIgil BOtHE BN
nmto about 800 nm 10
compnses a plurality of photovoltaic cells.

50. . A method for converting electromagnetic energy into electrical energy

“comprising:

receiving electromagnetic radiation along the longitudinal axis of an optical
fiber; |

transmitting the electromagnetic radiation into at least one photosensitive
organic layer through a radiation transmissive first electrode surrounding the optical
fiber;

generating excitons in the at least one photosensitive orgahic layer; and

separating the excitons into electrons and holes, B
‘whereiii the at lcast one photosensitive organic layer comprises at least one
upconverter material, anti-Stokes material, laser dye, anti-counterfeiting dye,'quantum

dot, or combination thereof.

51.  The method of claim 50, further comprising removing the electrons into an

external circuit.

52. The method of claim 50, wherein electromagnetic radiation received has a

wavelength ranging from about 400 nm to about 800 nm.

53. A method for converting electromagnetic energy into electrical energy
comprising: A
receiving electromagnetic radiation along the longitudinal axis of an indivm

tin oxide fiber;
transmitting the electromagnetic radiation into at least one photosensitive

organic layer surrounding the indium tin oxide fiber;
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generating excitons in the organic layer; and

separating the excitons into electrons and holes.

54.  The method of claim 53, further comprising removing the clectrons into an

5  external circuit.

55.  Themethod of claim 53, wherein electromagnetic radiation received has a

wavelength ranging from about 400 nm to about 800 nm.
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