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Optoelectr%g%ﬁﬁgﬁpgm?f@%A@gterials are becoming increasingly desirable in a wide variety
of applications for a number of reasons. Materials used to construct oréganic optoelectronic devices are
r

relatively inexpenSieripses mpdinadn fswaicinsrgRine dndeeAsdits thertRipievaiisg cost advantages

over optoelgeiemie davice paadusatuith S0inatgasis maerze.duansexesbargaicymaterials provide

desirable ph siﬁal pro ecties such as fl§xibility [i)em}ltti their use in applications unsuitable for rigid
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materials. Examples of-orgartic optoe€le,ctronic devices comprise organic photovoltaic cells, organic

~ light emittingldeVidESNODE 69 BRUNMIZah I gRtfdaR e Eks. Photovoltaic devices convert
electromagnetic regiafiom iR wieathtnly: aredusing 2. 2aPbYiaraesatedaw anwnen connected

across a load and exposed to light.. The.electrical nerated hotovoltaic cells can be used
in mihy appitatiofs ?ﬁ%ﬁl?cféc@ ﬁ%%f?ﬁﬁ?%ce%ﬁsr?ﬁfc ffﬁg@gﬁg@fﬁa&%ﬁ%ﬁé@gﬂﬁg%gbm@ requiring
electrical eifedgy] Government retains certain license rights in this invention.
FIELD OF THE INVENTION
The present invention relates to organic optoelectronic devices and, in particular, o
organic photovoltaic devices.
15 BACKGROUND OF THE INVENTION
Optoelectronic devices using organic materials are becoming increasingly desirable in
a wide variety of applications for a number of reasons. Materials used to construct organic
optoelectronic devices are relatively inexpensive in comparison to their inorganic
counterparts thereby providing cost advantages over optoelectronic devices produced with
20 inorganic materials. Moreover, organic materials provide desirable physical properties, such
as flexibility, permitting their use in applications unsuitable for rigid materials. Examples of
organic optoelectronic devices comprise organic photovoltaic cells, organic light emitting
devices (OLIEDs), and organic photodetectors.
Photovoltaic devices convert electromagnetic radiation into electricity by producing a
25 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 requiring 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
30 shorted, a photovoltaic device produces its maximum current, I short circuit or Iy,. Under
operating conditions, a photovoltaic device is connected to a finite load, and the electrical
power output is equal to the product of the cutrent and voltage. The maximum power

generated by a photovoltaic device cannot exceed the product of V. and I.. When the load



When irradiated under an infinite load, a photovoltaic device produces its maximum possible voltage,

the open cwcu&g%@gg ok VG,. When irradiated with its electrical contnrts 3OShorted a photovoltaic
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device produces its maximum current, | short circyit or I. Under operating conditions; @ photovoltaic

device is connected to a finite load, and the electrical power output is equal to the product of the
current and voltage. The maximum power generated by a photovoltaic device cannot exceed the

product of Y g a5 Wen e oadn WA 20R8IRSOIRIECTIURPANGRAA6 el is optimized for

maximum power generatlon the current and voltage have the values I",," and Vrespectively. A key
characteristiesi Wdi‘f?ﬁf‘ﬁl tovoltaic cell's performance is the fill factor, if The fill factor is the ratio
of the photovoltaia ¢ell shacitat poviestddispovdoib bothcsellf sert fanchvoltage: ik facair-their maxima.

The fil facfj? 92 RRGIqYPlLalG Pa‘il!)'&%Q%&?&L&%@QE@W%&%&%@P&%@ Amag, )/(IscVoc)(1) The

fill factor of"a photovoltaic Is always lessthan 1, as Le and V.c are never Pobtained simultaneously
undef oper&HHEEBHHTEMS m?/éﬁh@réfgéxragtt%ﬂﬁnﬁffé&%&r approatrvalairvailie nrosred a device
demonstratgs.dassdnseaticagigtance and, therefore, delivers a greater percentage of electrical power
to the load under optimal condltlonsf {ovgltalmq es may .additionally be characterized by their
efficiency of converting electromagnétic efiérdy intd‘eféctrical e)nergy. The conversion efficiency, up, of

a photovoltaie déhiesoisop rovieleriodaicd bty e leggiiaaioh (Rlwié réPpaies ahdower of the light
15incident gpnthemRbeIQURMBIGperating conditions. Nevertheless, as the fill factor approaches a value

10 of 1, a device demonstrates less internal resistance and, therefore, delivers a greater
percentage of electrical power to the load under optimal conditions.

Photovoltaic devices may additionally be characterized by their efficiency of
converting electromagnetic energy into electrical energy. The conversion efficiency, 1, of a
photovoltaic device is provided according to equation (2) where Py, is the power of the light

15 incident on the photovoltaic.
Mo = * (Vo) Pine  (2)

Devices utilizing crystalline or amorphous silicon dominate commercial applications,
and some have achieved efficiencies of 23% or greater. However, efficient crystalline-based
devices, especially of large surface area, are difficult and.expensive 1o produce due to the

20 problems in fabricating large crystals free from crystalline defects that promote exciton
recombination. Commercially available amorphous silicon photovoltaic cells demonstrate
efficiencies ranging from about 4 to 12%.

Constructing organic photovoltaic devices having efficiencies comparable to

inorganic devices poses a technical challenge. Some organic photovoltaic devices

25 demonstrate efficiencies on the order of 1% or kess. The low efficiencies displayed in organic
photovoltaic devices results from a severe length 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

30 resulting in exciton recombination.

It would be desirable to providé organic photovoltaic devices which display increased
efficiencies in converting electromagnetic energy into electrical energy. In view of the

advantages of organic optoelectronic devices discussed herein, it would be desirable to
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would be desirable to provide organic photovoltaic devices which display increased efficiencies in
convertif§ e oPTRGHESE SRBFEYSHIG St rlesiraderyiomndiag e (lehavsn tidestitiganic

optoelegirgnicessiicesdisausass bereimadinyanldhe: dasiableda S RieNse,QaanisRheayoltaic
~ devices that provide efficiencies comparable to and, in some cases, greater than inorganic :
photovoftaitesiieds: agmmmerydiationppradsiy iieptid Alpraotasighnicos st ditronic devices,

includinggrganigsrbatRvalais daviessn faving ambes stiveivee andethodeolanaidos the same.
the present invention provides an optoelectronic device comprising a fiber core, a

In-one aspect, ] O |
radianoﬁiﬁgﬁerﬂ@ RS fiseeed e bs iaieg s eonls Ay s8ddhe psetsselasiRAs organic
layer surroupding, e rsialectodsiand elestdsally connesiad daibe fiishelestpdananddve

non-radiation transmissive second electrode partially covering the organic layer and electrically

connectFBAsEeTGLRiIdass Bt RHBPETELY CRMST (BRISEME [RFFUm oxide is disposed between the

photosensitive grganicdaysuanehtbaisecond alegtpaantmpartialycavanogrithre ergapigdayer, in some
embodiments, the non-radiation transmissive second electrode does not comsletely cover the organic

layer. 4R QL ETLdRAERRLCHTBSHLTE A IPHn dhRiEve s Aise BFOSIRIYEs than

about 95% ah theRhtesrNglie 86N Jaye! tHniP&E SRt 8RS, dheu N0 sagidiantrmnsmissive
second electrgde cavers |ess than about 90%, less than about 80%, or less than about 70% of the

photosetétid GiyahitaaberosrnsHbih ersmibdtirert tHehTERRndipatdheAfesitdidiibnd electrode

covers lgsgdinaniabaut e ediibecrhetasensitive arganicoayss (1 shfughiiRIvd etimentihe.
non-radiation transmiﬁsiv,e second electrode covers less than about 50% of the photosensitive organic

layer. In'&ShF B RSN HRE AOR-FAdi I h AR SRR A S g IRt 6aueEb rsidHals than about

30% or gsstizanairant 20%etibeirhetesaosiie. organitelaidodinsameriantadisantss the
non-radiation transmissive secon electg)eije c%vers less_than about 10% of the photosensitive organic
Bt

layer. TSRS S IREYMIASAEO 4G R Fﬁ?caa%fé&"éur?ﬁéem@émﬂ%%ﬂgw ShSprises a

photovoligigdsensitive b goned Sabadisanisntbedibensormeafdheopiosiestianisdpveedsmbent at an
angle to form a V-shaped st uctu]%e. In one %gbo iment, for example, the fiber core of the
optoele HEHRYSALE S Bt ArPdhite ot %%%‘?@égp?W%Bfﬁ%‘fﬂ&h%ﬁiment, the fiber core of the

optoelectronic Hevigecisdibodiatcan anolpoklessdhaniabionb9thdpgsaas iR afvthangrbadiment, the
fiber core of the optoe{gctronic device is bent at an angle greater than about 90 degrees.
photovoltaic cell..
In some embodiments, the fiber core of the optoelectronic device is bent at an angle to
form a V-shaped structure. In one embodiment, for example, the fiber core of the
optbelectronic device is bent at an angle of 90 degrees. In another embodiment, the fiber core
of the optoelectronic device is bent at an angle of less than about 90 degrees. In a further

embodiment, the fiber core of the optoelectronic device is bent at an angle greater than about

90 degrees.



3a In another aspect, the present invention provides an optoelectronic device comprising at least
one pixel comprising at least one photovoltaic cell, the photovoltaic cell comprising a fiber core, a
radiation transmissive first electrode surrounding tHe fiber core, at least one photosensitive organic
layer surrounding the first electrode and electrically 4 connected to the first electrode, and a

non-radiation trAmEABEHASREEDHE RIEKHbHY BHINARFGJ6AY AL SrsimRitR emepBlattially
connectgd 9 OTIRNICIaYSHsE 8F 8lAsR LAY PLEQIPHSIN Gt hiREL RN I8 ESRPS Wgen the

photosensitive organic layer and the second electrode. In some embodiments, a pixel comprises a
plurality Bp3166svaItat s A Bst wibyRlaerde sHsptadins thsnfbactoee ableptises an array of
pixels. I fuEtheRRMBRAMEnt AR ARIARIELY ANiGHS LR FOMRRHERSARakRY Of pixels, each pixel
comprising a plurality of photovoltaic cells. In another aspect, the present invention provides
methods of making optoelectronic devices. A method for producing an optoelectronic device,
according to an aspect of the present invention, comprises providing a fiber core, disposing a radiation
transmissive first electrode on a surface of the core, disposing at least one photosensitive organic
layer in electrical communication with the first electrode, and disposing a non-radiation transmissive
second electrode in electrical communication with the organic layer, wherein the non-radiation
transmissive second electrode partially covers the photosensitive organic layer, wherein a layer
comprising lithium oxide is disposed between the photosensitive organic layer and the second
electrode. In some embodiments, the optoelectronic device comprises a photovoltaic cell. The
present invention additionally provides methods of converting electromagnetic energy into electrical
energy. In one embodiment, a method of the present invention utilizes wave-guiding to increase the
efficiency of conversion of electromagnetic energy into electrical energy. Embodiments of
optoelectronic devices of the present invention described herein may utilize wave-guiding to increase
such efficiency. In some embodiments, a method for converting electromagnetic energy into
electrical energy comprises receiving radiation at a side or circumferential area of an optoelectronic
device, the optoelectronic device comprising a fiber core, a radiation transmissive first electrode
surrounding the fiber core, at least one photosensitive organic layer surrounding the first electrode and
electrically connected to the first electrode, and a non-radiation transmissive second electrode partially
covering the organic layer and electrically connected to the organic layer. Once the radiation is
received at one or more points along the side of the optoelectronic device, as opposed to being
received at an end of the device for transmission down the longitudinal axis of the fiber core, the
radiation is transmitted into the at least one photosensitive organic layer to generate excitons in the
organic layer. The generated excitons are subsequently separated into holes and electrons and the
electrons removed into an external circuit in communication with the optoelectronic device. 4a In
some embodiments, radiation is incident on a side of the optoelectronic device at any desired angle. In
one embodiment, radiation is received by the optoelectronic device in a plane normal to the
longitudinal axis of the fiber core. In some embodiments, the fiber structure of an optoelectronic device
permits incident radiation to be received and collected WO 20091059303PCT/US2008/082262 5 over
a broad range of angles. In some embodiments, an optoelectronic device of the present invention can
receive and/or collect radiation having an angle incident to the side or circumferential area of the
optoelectronic device ranging from about O degrees to about 180 degrees. In another embodiment, an
optoelectronic device can receive and/or collect 5radiation have an angle of incidence ranging from
about O degrees to about 90 degrees.  In being operable to receive incident radiation over a wide
range of angles, optoelectronic devices of the present invention, in some embodiments, are not limited
to any



particular orientation to maximize the receipt and/or capture of radiation. As a result, optoelectronic
devices of the present invention can be considered to have a radiation collector 100r concentrator
integral therewith.  Embodiments of methods of‘bonverting electromagnetic energy into electrical
energy additionally contemplate modulating the angle of incidence of radiation at the side of the

optoele PBRTE G itk FrsbriecBRSoamth & mn Higitian IR Ay R ssrMdigksEedomIpiRbs changing
the orientation eiRAsEAN OhiRe ARtealeciranic devicadelative Rdhasayiee.afdhe Loingident radiation.

In other embodiments, modulating the angle of incidence comprises changing position’of the light
source SRSV EHE IR AS d1hROtsdRetpSERit Bhatesepibble chemie dawrand thyseemdnd other

embodigepisdse Elfswﬁ@é%ﬁ%&ﬁﬂ&%@}@gﬁiﬁéﬁ i%@é&&fﬁﬁ bsiaibin g deffiled dageription of
the invention which follows. 20BRIEF DESCRIPTION OF THE FIGURES Figure 1 illustrates a
cross-sEEHbR R e b poRstsHi HevleE st Rt B i aradirent e RtHEBEsent invention.

Figure Qe}H%Hﬁﬁ%ﬁt,aﬁhQR%%l%GH&m?di%Yé@ec&ﬁ%@Q%tﬁr%?o@?Q_@Qi@% ke RrgRRM dnvention.
25Figure 3 displays short circuit currents for an optoelectronic device according to an embodiment of
the predaftaHentiBietovatigiGreetsdisplays open circuit voltages for an optoelectronic device according

to an embodimgniRiieeREreeMh MBI FiaHR BraiaRlavs Shedk UreHika s eRiRfanaRRPtoelectronic
device according to an 30embodiment of the present invention.  Figure 6 displays open circuit

voltage<f8ish optsibet dmeasdicmasp srinfded an e fdermisrrvid prasapeshoitfon. WO
2009/ 05;%%@5’&%&4@&&2%9%@@%@3%%@'&E&%&,CEHB&%Ja radiation transmissive first

electrode on a surface of the core, disposing at least one photosensitive organic layer in
electrical communication with the first electrode, and disposing a non-radiation fransmissive
second electrode in electrical communication with the organic layer, wherein the non-
radiation transmissive second electrode partially covers the photosensitive organic layer,
wherein a layer comprising lithium oxide is disposed between the photosensitive organic
layer and the second electrode. In some embodiments, the optoelectronic device comprises a
photovoltaic cell.

The present invention additionally provides methods of converting electromagnetic
energy into electrical energy. In one embodiment, a method of the present invention utilizes
wave-guiding to increase the efficiency of conversion of electromagnetic energy into
electrical energy. Embodiments of optoelectronic devices of the present invention described
herein may utilize wave-guiding to increase such efficiency.

In some embodiments, a method for converting electromagnetic energy into electrical
energy comprises receiving radiation at a side or circumferential area of an optoelectronic
device, the optoelectronic device comprising a fiber core, a radiation transmissive first
electrode surrounding the fiber core, at least one photosensitive organic layer surrounding the
first electrode and electrically connected to the first electrode, and a non-radiation
transmissive second electrode partially covering the organic layer and electrically connected
to the organic layer. Once the radiation is received at one or more points along the side of the
optoelectronic device, as opposed to being received at an end of the device for transmission
down the longitudinal axis of the fiber core, the radiation is transmitted into the at least one
photosensitive organic layer to generate excitons in the organic layer. The generated excitons
are subsequently separated into holes and electrons and the electrons removed into an

external circuit in communication with the optoelectronic device.



The present invention provides organic optoelectronic devices, including organic photovoltaic devices,
having a fiber structure. In one embodiment, the present invention provides an optoelectronic device
comprising a fiber core, a radiation transmissive fitat 5electrode surrounding the fiber core, at least one
photosensitive organic layer surrounding the first electrode and electrically connected to the first

electrode, and & Hofis sEaGdRGRIsFAiai s isdralattbid palibayriovkashgniselevipmit layer and
electricaébﬁ%@g@& 1o thekganisolayant neeme LRSS, the.pRICRISRIFRNIEdRYIGECOMPrises

a photovoltaic cell. 10In some embodiments, the non-radiation transmissive second electrode covers
less thaRAKRROEd & tha dopattsiRHsHilrbhafiesae. IlotRacembedimetiss tadiben-radiation
transmisgivenSRcaNg SlRURIRGRVRIS 1855 dhan:aRuERO% IRk than 3baut 809k Qb Ifssthan about
70% of the photosensitive organic layer. In another embodiment, the non-radiation transmissive
second electrode covers less than about 60% of the photosensitive organic layer. 15In a further
embodiment the non-radiation transmissive second electrode covers less than about 50% of the
photosensitive organic layer. In some embodiments, the non-radiation transmissive second electrode
covers less than about 30% or less than about 20% of the photosensitive organic layer. In some
embodiments, the non-radiation transmissive second electrode covers less than about 10% of the
photosensitive organic layer. 20Turning now to components that can be included in various
embodiments of optoelectionic devices of the present invention, optoelectronic devices of the present
invention comprise a fiber core. The fiber core, according to embodiments of the present invention,
comprises an optical fiber. Optical fibers suitable for use in the present invention can comprise glass
optical fibers, quartz optical fibers, and plastic optical fibers (POF). 25Plastic optical fibers, in some
embodiments, can be constructed of polymethyl methacrylate. In other embodiments, plastic optical
fibers can be constructed of perfluorocyclobutane (PFBC) containing polymers, such as
perfluorocyclobutane poly(arylether)s. Optical fibers, according to some embodiments of the present
invention, can comprise single mode optical fibers and multi-mode optical fibers. Optical fibers for use
in the present invention can be 30flexible. In some embodiments, the fiber core comprises an
indium tin oxide (ITO) fiber. When the optical fiber core comprises an ITO fiber, a separate and distinct -
first electrode may be optional. The ITO fiber, in some embodiments, serves as both the fiber core and
first WO 2009/059303PCT/US2008/082262 7 electrode. In other embodiments, a first electrode
comprising a radiation transmissive conducting oxide is disposed on the surface of the ITO fiber as
provided herein. In some embodiments, a fiber core of an optoelectronic device of the present
invention can have a diameter ranging from about 1 m to about 2 mm. In other 5embodiments, a fiber
core can have a diameter ranging from about 90 i.tm to about 1 mm. In



a further embodiment, a fiber core can have a diameter ranging from about 20 um to about 800 m.

A fiber core, a%&p{gm%&gome embodiments, can have any desired Ierg}@{hgg}i%%%?%ezmbodiments a

fiber core can have a length ranging from about 500 nm to about 100 mm. otherembodiments, a
fiber core can have a length ranging from about 1 m to about 1 mm In a further embodiment, a fiber
core can have a length ranging from about 10 m to about 100 m Fiber cores, according to some

embodiments ot s Aresent iyention, San Lereomnse AR ALMOSE MRSRYESIES: AS understood

by one of skill in the art, an upconveiter 15 is a material operable to emit electromagnetic radiation
having energyegHoaEa s thardrrelere taiiiniditng radrale Mefedidbesifem material to create the
- excited stateirddpEaremeitars: silabipiderctizenio dbecprasgns vantion, dnlspsaeteadbadigoents, can

absorb infraged radigtion.and emit.visible radiation at wavelengths operable 1o,pe absorbed by
photosensitfg%rr 8?F§a%ﬁ%ygrrsr%ﬁgof)toe?’ectr%ﬂ%fc gé}\ﬁcgs of t%e pres%ln? #lnveont%or? OUpconverters, in

somesemboaiisptdiaraarnetitiel meitnatsBspiemgbari 4laeeises tp shtnbidiesettes element. hi some

embodiments, upgeByaspRMR islEca caApRISeNAN0 PaFtic R sicamprisingsais/east one Lanthanide

series elemer}t. agthan'de seriF elements su'gable for use jn upco verter{?atf%r(iptls according to
OPLOCICCIFONIC ACVICES O € presenl imvento msom%em 0 SIS Etl‘&lao TG OaIYH’ .
some embodiments of theé present invention comrﬁrlse erbium, ytterbiom; dysprosium, Holmium, or

mixtures thersdfulpy sdrpetRBderbadinie the rapepimdice pariate dbtedbdiomride amesll oxides and metal

sulfides dopgewith-iansiefierbitme YHAHAIUM cRRIASHIL BRI B nat Mixuresdeieqsln other
embodiments, optical fibers may be doped directly with ions of erbium, ytterbium, dysprosium,

holrmitim, oPFHEFEC S I SHHEr Embodiments, upconverter materials can comprise organic
chemical species F300Gdgaanic ofoethvdstel cnateialslcanoteanptisentl2C Bl aledrical energy

4-dialkylaming:d.Ssicehhalinidasas el @8 Henaniiaalmide deryvatyes aad gapapounds, such as
multibranched naphthalimide derivatives TPA-NA1, TPA-NA2, and TPA-NAS. Organic upconverter

materials &R ETHTSITEE UHMRERARATRE M ARG TR & et thaidspcreniaesst- wo
2009/0593BEXg b IO BIARA2G D Eiitimetihy aprisie)styty fidk-oeatintipy rdindsbuiadicte

4[4-(dimeth I(:gz1 [ vipyridine, 4-. (dieth ' de.di lhydrazone,

tran§4[4-( |méf%?%?r%ﬁ}égs%/ﬁrg%%%%%%%ﬁ@%ﬁ%ﬁ% éu?o%§?§%4‘é%{§§ﬁ§efz-(4-
nitropheny;fémﬁsa}méwwiﬁgm Hewes Prodifiesiiaardisira Winiss tiobheogsiepef & 50range 25,
Disperse Orpagechoandibisperse Red 1. In some embodiments, upconvetter materials comprise

an anti-Stokes mattgéégl I %E%rmdg pﬂqeg% or ccﬁmblnagonntpgc{ieof. Anti-Stokes

. I%baéjlti-cqg Qltegﬁg!c INVENLIONn are Aesc 11 greater .
materials, laser dyes and an |-coun?er’ﬁ§%ng 8yes, i some em odlmen?s, compﬁrse substituted

benzophendries biphésigiisd dpshrapiies, ohfearevreiasrdigihfaldopslymethines, and spectral sensitizers
suchygs BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates a cross-section of an optoelectronic device according to one
embodiment of the present invention.
Figure 2 illustrates an optoelectronic device according to one embodiment of the
present invention.
25 Figure 3 displays short circuit currents for an optoelectronic device according to an
embodiment of the present invention.
Figure 4 displays open circuif voltages for an optoelectronic device according to an
embodiment of the present mvention.
Figure 5 displays short circuit currents for an optoelectronic device according to an
30 embodiment of the present invention.
Figure 6 displays open circuit voltages for an optoglectronic device according to an

embodiment of the present invention.



10cyanines merocyanines. In some embodiments, anti-counterfeiting dyes comprise phosphors,

fluorophors, ti‘@g’g&, ngm;c, and/or photochrornic chemical species. Pléjr%gg&gfg&%@bodiment,
upconverter materials can comprise quantum dotg. Quantum dots, according fo some embodiments,

can comprise LTV and Il/VI semiconductor materials, such as cadmium selenide (CdSe), cadmium
telluride (CdTe), and zinc selenide 15(ZnSe). Upconverter materials can also comprise core-shell
architecturesmf Qe aniwrRaiseTioNN addition to those provided herein, embodiments of the present
invention contemplate additional .upconv_gC ter materials comprising transitign metals, such as

r n
chromium. In anothSPETRBHAHTEHE RES? 65r%rg,mgﬁ88?%‘?%%%%0‘}%‘%5%‘885\%%%?‘fhe present 20
invention, cpimfortiterchnigsdeong aof reote:down do rwertersdiAsnirttiersesod ibyeonenof skill in the art, a

downconvegiaris.aMateinapsraliado sk sl anagnetic-sarintionhaving.enriy less than that of

the electromagnetic radiation absorbed by the material to create the excited state. In some

embotimerfECHARTEBORMRE 16 FhsK Sa e Fh IR PRARBOWERTYNG s S iy SurRyeng Yelenide
quantum ddis:t 2Btipeenue detsiamtl/ ontenat avbr drs: dvsade ahbodimeaittsocan be disposed within

the optical et 6016, /(L OWEN BRGNS HPSOINELSISADSIOL doVEGRUGIIEIS aq,pe disposed on

. C : AR
a surface of the optical fiber core and at the intertace of the fibér core wﬂ%q lation transmissive first

electrode. RibBF EBFELEC {AvEbniesemfbBEntbRE LA RIFSCEBHIREarMEsehe scattering agent. 30In

another empiadémnentc adfiber core can comprise a plurality of scattering agents. Scattering agents,

accolréjing to embjolgiments fdtpe resent inv .tjé)n, can scatter elegtrprqa netic rapliation received in a
Tome.%m 10 1ine 3 %Ol’i-fr 1451011 (AN SHNSSIve 86008 SOy GGOVGE‘F £55
plane’normal to the Tongitudinal axis of the fiber core. In some embodiments, scattering agents can

scatter the Blacatomdghieictiahetisanstiaiayavisarer. WOHrYeDoEo308R ETNIS2808I082262 9 from
the fiber corgpennitingahserRiicn-abihe: scatrieshrrdiignLy PRGNS, BPRIQsRASItive organic

layers surrounding the.fiber core. . . Scattering agents, in some embodiments, can comprise
transition nREA QAP R I S R IR TS S RERG AGEHRE. i
embodimeritacanissomprised ghidySisibrerrebsprniohili o hailniosnsl thlatirpanik Eransition metal
nangparticlgs, AceRIding @ ROMEEBR ARG B2 A8H CAPRILSE Q05,08 EG S QAR EMbodiment, for

example, a transition metal nanorod or nanowire can have a diameter ranging from about 2 rnm to
about 50 mﬂaou’t 50% of the photosensitive organic layer. In some embodiments, the non-fadiation

transmissive second electrode covers less than about 30% or less than about 20% of the
photosensitive organic layer. In some embodiments, the non-radiation transmissive second
electrode covers less than about 10% of the photosensitive organic layer.

20 Turning now to components that can be included in various embodiments of
optoelectronic devices of the present invention, optoelectronic devices of the present
invention comprise a fiber core. The fiber core, according to embodiments of the present
invention, comprises an optical fiber. Optical fibers suitable for use in the present invention
can comprise glass optical fibers, quartz optical fibers, and plastic optical fibers (POF).

25 Plastic optical fibers, in some embodiments, can be constructed of polymethyl methacrylate.
In other embodiments, plastic optical fibers can be constructed of perfluorocyclobutane
(PFBC) containing polymers, such as perfluorocyclobutane poly(arylether)s. Optical fibers,
according to some embodiments of the present invention, can comprise single mode optical
fibers and multi-mode optical fibers. Optical fibers for use in the present invention can be

30 . flexible.

In some embodiments, the fiber core comprises an indium tin oxide (ITO) fiber.
When the optical fiber core comprises an ITO fiber, a separate and distinct first electrode may

be optional. The ITO fiber, in some embodiments, serves as both the fiber core and first



Optoelectronic devices of the present invention comprise a radiation transmissive first 10electrode

surrpundlng tiwd%%/&%% Raqllqtlon tra_nsmlsswe, as used here_ln, refegctlg{} %&B&%Zto at I(_east
partially pass radiation In the visible region of the-electromagnetic spectrum. In some embodiments,

radiation transmissive materials can pass visible electromagnetic radiation with minimal absorbance or
other interference. Moreover, electrodes, as used herein, refer to layers that provide a medium for

delivelring p&%ﬁb@@.”ﬁf %\%ﬁé l&%@i{jﬁa&ﬁt@,@_%& éiréltz%._ Rl Chpitiar Qmaij&gﬂ@s&h' yelirge to the f
optoelectronic device. An electrode prqvides the nter etween the photoactive regions of an
organic optﬁﬂgﬁﬁ%ﬁiexﬁ%gsgﬂﬁ%%ﬁ?,% o t?ggée,Iffﬁ&ﬁ%rraﬁpérgﬂg%gﬁgﬂ'sporting the charge
carriers to or fromhihlserextermalicicewit: fibetcratidtoniraistnissivisicsbélbetreg@itaccording to some
embodimenis of {e-Riesent IVERIPR.CRATRISES AFadiatignisansmissive,gapducting oxide. Radiation

20transmissive conducting oxides, in some embodiments, can comprise indium tin oxide (ITO), gallium
indium tin GAREYEBFPE): ﬁqﬁ’fﬁw%%déh@ﬁ%fﬁ?a%ﬁ’%ﬁ?ﬂ% xR 6285 1 398 Zthc indium tin
oxide (ZITQ)fianneatheaembpdiibentrtharr advatiohatrans missigehbisthblectods easbeamprise a
radiation trgnsmissive polymeric material such as polyanaline (PAN!) and its chemical relatives. 25In
some embaodi ts, 3,4-polyethylenedioxythiophene (PEDOT) can be a suitable radiation
transmissive polyéitiermraterabfdmgte finskelebodbaentn @thisrve aulyadamaitssthrddistion transmissive

first electrode cam COPORNRE A FAMPRNATOHRE IAVELDAYINGBSHBKRESS RSIRIS tematieast partially

pass visible electromagnetic radiation. In another embodiment, a radiation transmissive first electrode

can Edmpriste IobetipELhe RSO COmPsErEhEnsptiene FruskHsaRBd ifEtpolymeric

phase. Therpangpatisionbass, meaasabadiineat-62A coRPIisesakben Danoiskas: fullerenes, or
mixtures thereof. In a further embodiment, a radiation transmissive first electrode can comprise a

metal IayerWzQ\Hﬁb a thickness operable to at least partially pass visible electromagnetic radiation. In
some embodimeniba metghlaysiigan somprtedismantaty frEnP?DOSI0&YIBBREHH)S2008/082262

10 pure melalgaLaloys: Melalpsiahie i iag anad adilion an sraisshelsielgeligde can

comprise high work function metals. In one embodiment, for example, a high work function metal has a
work functisreanaietiehapdahlet smisdroatmBstinmehtson indnsrorrensrsptsdve hrspelettrode can
have a thickpessihighgingdiaonabaibdDonmdemabnulttd drale diheciembadimantavadtagiation

nansmissive fis slectiode canhaye  Higkness ranging fom,about, 109 iy, 10,8bgus 900 im In

another emsbti)alm,e%]ifg ral ‘ ﬁ_’on transmissive first electrode Cdn avesoar1 tﬁfC _r]ess ran_glng from about
200 nm to ahdemgodsivds tedintionttaraspitrstinnpatae haabrorpahnbeioeetidive eadee can have a

thickness gf@@%@ﬁﬂéﬁfbéle@ﬂmnic devices of the present invention.

20 Upconverters, in some embodiments, can include materials comprising at least one
Lanthanide series element. In some embodiments, upconveter materials can comprise
nanoparticles comprising at least one Lanthanide series element. Lanthanide series elements
suitable for use in upconverter materials according to some embodiments of the present
invention comprise erbium, yiterbium, dysprosiumm, holmium, or mixtures thergof. In some

25 embodiments, upconverter materials comprise metal oxides and metal sulfides doped with
ions of erbium, ytterbium, dysprosium, holmium, or mixtures thereof. In other embodiments,
optical fibers may be doped directly with ions of erbium, yiterbium, dysprosium, holmium, or
mixtures thereof

In other embodiments, upconverter materials can comprise organic chemical species.

30 Organic upconverter materials can comprise HoCgN and 4-dialkylamino-1,8-naphthalimides
as well as 1,8-naphthalimide derivatives and compounds, such as multibranched
naphthalimide derivatives TPA-NA1, TPA-NA2, and TPA-NA3. Organic upconverter

materials can also comprise 4-(dimethylamino)cinnamonitrile (cis and trans), trans-4-[4-



100ptoelectronic devices of the present invention comprise at least one photosensitive organic layer.
Optoe_lectron|%g%\§|fg%§9ﬁgcordlng @o some embodlmen.ts., can comprlsepaﬂtggﬁqgg%fz&hotosen_smve
organic layers. n some embodiments, a photgsensitive organic layer has a thickness ranging from
about 30 nm to about 1 pm. In other embodiments, a photosensitive organic layer has a 15thickness
ranging from about 80 nm to about 800 nm In a further embodiment, a photosensitive organic layer

has a thickpgssdangine Jiam Ja?%étﬁﬁgyafﬁmr&m&ﬁe?@%ﬂg%mﬁﬁﬂﬁﬁg%%pﬁ%ﬁ@g@nic layer,

according to _embo&i_ments of h%(fre_sent invention, comprises at least one photoactive region in which
electromagtfisiianinnthsneiistsin daher g BxErbhs Writmety %&hﬁy dissociate into
electrons anetinvg}gsidini sarpec2tamsticainme Mi:ta[Md2e@detive region can comprise a polymer. Polymers
suitable for,y5¢.in, 8 PORIRAGIVS HRHIOR 2R RICIOSBOFIIME OIS AYS.{0 PRg sLbodiment, can
comprise cglﬁcfpgat%de poly%%grses%ﬁch asfhi_ophénes incl%%%mlg poly('3-héx§ltﬁigj€)%ene) (P3HT), poly(3-
octylthiophE&seE30Pisesrd PeryesidphRefisperthiiathlsome embodiments, polymers suitable for use in
a photoactive regiggoafe2bpiiatasensitiveBrganiefayeioagtcomprisSormiaantucting polymers. In
one embodjment,.semiconducti olymers. include nylene vinylenes, such.as poly(phenylene
unene) aﬁ%@?% e%%%”%@%&wmﬁ;#ﬁ%%g;g} ﬁ;ise%%oﬁime,}ts,
semicondu opo SCBifeIMpHS PREBPH 2 BPRfatives thereof. In a
further el m W&?B}dﬁﬂﬁﬂ%ﬂﬂ;ﬁ%&&iﬁ%w@d@ﬁ% Joryusenineg, lalﬂ@gg%ﬁﬁvge@i@as@ﬁ%%@ghot?sensitive
organic layer can comprise, poly(2-vinylpyridine) (P2VP), palyamides, poly(N-vinylcarbazole) (PVCZ),
polyByrrole BBy 5?‘?&8 fii i%%n%( O(élﬁl(gpé%c e cr“e%%r%%%%éﬁ?ﬁéégnss&%os #%%diments, can
comprise sfhatopivlectiendrionscembodirmenthsmad drmeslkpscayitable for use in a photoactive
region of a WO %Q%%&%%ﬂé%@%?&@%&ég can comprise quantum dots.

Quantum dots, according to some embodiments, can comprise 1II/V and II/V1 semiconductor

materials, such as cadmium selenide (CdSe), cadmium telluride (CdTe), and zinc selenide
15 (ZnSe). Upconverter materials can also comprise core-shell architectures of quanium dots.
In addition to those provided herein, embodiments of the present invention
conterﬁlplata additional upconverter materials cémprising transition metals, such as
chromium.
In another embodiment, fiber cores, according to some embodiments of the present

20 invention, can further comprise one or more downconverters. As understood by one of skill
in the art, a downconverter is a material operable to emit electromagnetic radiation having
energy less than that of the electromagnetic radiation absorbed by the material to create the
excited state. In some embodinents, downcoverters comprise guantum dots, including lead
sulfide and lead selenide quantum dots.

25 Upconverters and/or downcoverters, in some embodiments, can be disposed within
the optical fiber core. In other embodiments, upconverters and/or downconverters can be
disposed on a surface of the optical fiber core and at the interface of the fiber core with a
radiation transmissive first electrode.

Fiber cores, in some embodiments, can further comprise at least one scattering agent.

30 In another embodiment, a fiber core can comprise a plurality of scattering agents. Scattering
agents, according to embodiments of the present invention, can scatter clectromagnetic
radiation received in a plane normal to the longitudinal axis of the fiber core. In some

embodiments, scattering agents can scatter the electromagnetic radiation radially outward



photosensitive organic layer can comprise coumarin 6, coumarin 30, coumarin 102, coumarin 110,
coumarin 153,and coumarin 480 D. In another embodiment, a small m%a{:g]ﬁ (ag)asgﬁ{pprise
merocyanine 540. In a further embodiment, smalkmolecules can comprise ,18-
dihydrobenzo[a]pyrene-7(8H)-one, 7-methylbenzo[a]pyrene, pyrene, benzo[e]pyrene, 3,4-
5dihydroxy-3-cyclobutene-1,2-dione, and 1,3-bis[4-(dimethylamino)phenyl-2,4-
dihydroxycygclabsienedivitimdieraxidetion dntaOBSEMDAdIRRBATS,GhENe REesent invention, exciton

dissociation is preci%i}ated at etero‘ljunctions in tgg?%r%?nic layer formed between adjacent donor and

acceptor MRS HRANIRIALPLS THEUHETE B 687 EHEs of the present invention, comprise at least
one bulk 10heterSpatictiopdpnrseth batweshodonortsaneh acuepisimaiteialssthh wiverdodsodiments,

organic laygrs,campriseianiuialitsafbulsbatergiuaetions farmeddstueen dongierdiacceptor

materials. In the context of organic materials, the terms donor and acceptar refer to the relative
positions of tREHRPREE IR TRGERUTAd ﬁ?ﬂﬁ%H%ﬁﬁ)%ﬁ?ﬂW@%‘iﬂiﬁ%%fﬁ%‘ﬁ%oIecular orbital
(LUMO) energyniesatsdifiie cantaatimpdsdiiic ffevendt. diganiembatiniats. flhisaspiz,contrast to the use of

these terms sy RRIAANIL CAEHn IR EARAY ANAASHSRIRLITARISIRNLS hpas.hgopants hat may

be used to create Inorganic n- and p-type layers, respectively. In'the organic context, If the LUMO
energy levéPl@mbne material in contact with another is lower, then that material is an acceptor.
Otherwise it is a dpnRiedtimiORnREglicallydavoiahieidn ibambsanes nhanaxicsakisias, for electrons
at a donor-aeceplor junclian ta.mave nlo e accepiormatedal. and foroles.foumpye into the donor
material. A p%o oactive regu%n Ina prhotrosensﬁve organlcsllayer, according to Some embodiments of
the presentbitigrntiehlces ppridbsrasp sifisEndconposirreameabheTieinagstie SeripEsite material, in
an embodimept, CanHeRRRHEE A RA0R Rasticie:RBas2D disPRIsaskinc-RetRapitefhase. Polymers
suitable for r.oducin.%léhe OIYmerig hase ﬁ{ a.ﬁtho oactivm{elgion ca‘n com rise conjugated polymers
such as thiﬁ%ﬁgﬁgg TR SR a8 Ry R S A& S B H T B R b SIS (B2 &S hene) (P30T).  In
some embbdiere nt&r tvd ayvam dipa picledohasalidivder setivimitizahubyavetistphageemfiagpolymeric

composite AlarialCAMBr R @hleast 951%%@\83@9 RafigleadeRED oM IBRNRNARILIES can comprise

fullerenes, carbon nanotubes, or mixtures thereof Fullerenes suitable for use in the nanoparticle

phase, in Jhe BiFsingErReL s B%%?ﬁ?%‘@ jegions of an organic optoelectronic device and a wire,

lead, trace, or other means for transporting the charge carriers to or from the external circuit.
A radiation transmissive first electrode, according to some embodiments of the
present invention, comprises a radiation transmissive conducting oxide. Radiation

20 transmissive conducting oxides, in some embodiments, can comprise indium tin oxide (ITO),
gallium indivm tin oxide (GITO), antimony tin oxide (ATQ), indium antimony oxide (TIAQ),
and zinc indium tin oxide (ZITO). In another embodiment, the radiation transmissive first
electrode can comprise a radiation transmussive polymeric material such as polyanaline
(PANI) and its chemical relatives.

25 In some embodiments, 3,4-polyethylenedioxythiophene (PEDOT) can be a suitable
radiation transmissive polymeric material for the first electrode. In other embodiments, a
radiation transmissive first electrode can comprise a carbon nanotube layer having a thickness
operable to at least partially pass visible electromagnetic radiation.

In another embodiment, a radiation transmissive first electrode can comprise a

30 composite material comprising a nanoparticle phase dispersed in a polymeric phase. The
nanoparticle phase, in one embodiment, can comprise carbon nanotubes, fullerenes, or
mixtures thereof. In a further embodiment, a radiation transmissive first electrode can
comprise a metal layer having a thickness operable to at least partially pass visible

electromagnetic radiation. In some embodiments, a metal layer can comprise elementally



methoxycarbonyl)propyl-1-pheny1(6,6)C61 (PCBM). Carbon nanotubes for use in the nanoparticle
phase, according, iQ,sQme embodiments, can comprise single-walled na&g%tg%smg%-walled

nanotubes, or mixtures thereof In some emkpdiments of the present Invention, the polymer to
nanoparticle ratio in polymeric composite materials ranges from about 1:4 to about 1:0.4. In other
embodiments, the polymer to nanoparticle ratio in polymeric composite materials ranges from about

1:2 to abous 10,6110 RRBSMBAdUNaNtA0E RxsRle; heralicafpal3:mndiierihene) to PCBM
5ranges from about 1;1 to ahout, 1:0.4, Ina furth%r eml;iodiment thegig %ﬁﬁl%leﬁha‘c’e dispersed

in the polyFAPRISHASE B8 SHES LI RAE: ShEhERBoHRRL foR ATBIGNA g WOk funcfien

erein, refers to
a crystallinex¢iatbherervamb fiarticie d6priedstfdoha‘a plurality of carbon nanoparticles. Nanowhiskers, in

some embodimenfs,6an BERIAUHEE Y ABR NG QiPIRLASERSIHNE QFIAYLS YGLeaMPrising the

10polymeric composite material. Carbon nanoparticles operable to form nanowhiskers, according to
someé emb&FREATS 2R E A BRE ehagtd- i & FHERP RS RSTb S IS €4 bon nanotubes,
and fullereties.clacnode: efnlhadim éritknas emibisk étsnchnprise cryetatve PCBM. Anndaing the

Photosensiliye igianic, el saMs SbAAYRNS cam MRS RGIAASEIR FRFLIgR of the

nanoparticle phase in the polymeric phase. 15In embodiments of photoactive regions comprising a
polymeric pRAsE anabathdropartiale prisecrhedisRina s s verisd BB ii8Pinaterial and the

nanoparticlephase sarvesas-theassepiah material thereby forming a heterojunction for the separation
of excitons into hgles and electrons. In. embodiments wherein nano%arficles are dispersed throughout

the pBlymeric ph&a HETOR IS S B fTC BT ER ST IR BRSO TARTEF BbIRBHLESAETAY bf bulk
20heterojuncgisitsiayer. (pthrtterembodimentsrdanorsmatendiedimeanphotoastivesesgion of a

photosensiy}(gag{}ggpéﬁcjggggsm ggég}ggiis@é?gganometallic compounds including porphyrins,
phthalocyanines, and derivatives thereof. Through the use of an o&anometalli,c material in the

photoactive regioff, SSHSEERAERGE H A RRYESHSBIFASARG LEhiAT RN ST ey 25utilize triplet
excitons. Itdsobetieneddhrdihe singiebikiglehbikingmaphesenstioagrianonggtametallic compounds

that the absarptions involve excitatiqn from the singlet gr, ung@ﬁates ig;ctlh/tto the triplet excited
statég, elimﬁ’rl\% |ﬁ§sfﬁlégf8§s%§n a"%sbé)&)"‘t(t:(lgaat(g,\“c‘il \_1/:\(/}it Ig%‘grg\e}qég?dn%r%m e g]ﬁlﬂg(ietm excited state to the triplet
excited starbotPrenitiiygergieitidazcahes dithigia sy smgineotanpbeexdfons inabew patissn to singlet

excitons may alloy i db 66 Qhgatiickes IRphotnactivasraionAs the dripletaxgiteas may diffuse a
greater distance. to re?ch the donor- acceEtor.he r 'upction, Withou;[fisacrificir%% dbevice efficiency.
1 ele absorbed 1

In further efABBHRTEAHIE S8R BSI HIEHSR TN PROCATIVE TEGTOR Of & phot

ih'a PhGtoactive region of a photosensitive organic layer
can compriseduesderiogs napihthalesbscquedtinfissrestthniedicind 2009/659868RT T/US2008/082262

13 % embodiments, a photoactive region can comprise a polymer. Polymers suitable for use in 2
photoactive region of a photosensitive organic layer, in one embodiment, can comprise
corjugated polymers such as thiophenes including poly(3-hexylthiophene) (P3HT), poly(3-
octylthiophene) (P30T), and polythiophene (PTh).

In some embédiments, polymers suitable for use in a photoactive region of a
25 photosensitive organic layer can comprise semiconducting polymers. In one embodiment,
semiconducting polymers include phenylene vinylenes, such as poly(phenylene vinylene) and
poly(p-phenylene vinylene) (PPV), and derivatives thereof. In other embodiments,
semiconducting polymers can comprise poly fluorenes, naphthalenes, and derivatives thereof.
In a further embodiment, semiconducting polymers for use in a photoactive region of a '
30 photosensitive organic layer can comprise poly(2-vinylpyridine) (P2VP), polyamides,
poly(N-vinylcarbazole) (PVCZ), polypyrrole (PPy), and polyaniline (PAn).
A photoactive region, according to some embodiments, can comprise small

molecules. In one embodiment, small molecules suitable for use in a photoactive region of a



In some embodiments, a photosensitive organic layer of an optoelectronic device further comprises
one or more u@g%}{g%gggognd/or downconverter materials. Photosensitiv &W@%Udé: Ji@ég{s in some
embodiments, can comprise any of the upconveiter and/or downconverter materials described herein.
50ptoelectronic devices of the present invention comprise a non-radiation transmissive second
electrode partially covering the photosensitive organic layer. In some embodiments, the non-radiation
transm'55'V&%Q&Eﬁﬁé%%%a%{'c&&Mﬁﬁ&%@lnﬁ%&%ﬁﬂq@%dﬁ% f@i%&ﬁga@ﬁ?th materials

composed of an elementally pure metal %n old, and also metal alloys comprlsmg materials

composed bH w8 BHRTbH’ ef‘é‘%‘é’r‘i‘fﬁﬁ? gilen b HE e BEHiMYURTEE S second electrode
comprises gotghrisdwemocajaniia Ui).omcofupiber fheogmoondreddotrade; eccar dingitisespifie embodiments,

can have &HRk0SS ARG/ RO 1000 ARRULAR IS Siberepherimants. the second

electrode can'have a thickness ranging from hm to about 1 inn hr a further embodiment, the
secofd eleBFSHE A HAEURTIdknECETAMdilg Toifr dberdenirarrlsmabddt 800 nm 15In partially
covering théipliaiogsoiibivenedgjania Hyetrdtdome embodlments the non- radlatlon transmissive
second electrodehtlziooenswnﬂtr)rgbO(arrr}}e)3 net‘tel %)vr%g the IR,QI% 8§ 'VedPsE anj Pola%é %H% embodiments,
the non-radiation transmissive second electrode covers less than about 95% of the photosensmve
organic |ayb¢¢erﬁswtﬁé?né#ﬁ@éﬁd@rﬁ@ﬁfslaméfﬂ@aﬁ%m%@ha&amgﬁi@%w@@é@fﬁaalé covers less than
about 90%d@$§1&ha@1@txaub@@%fmmimﬁ@magaé@@uhm%@f thmphalasrasibiesanganic layer. In

ano fé]er enhbgdlme btk}e no I’adlatl(%F trans |SS|versI§za elﬁct{ﬁ)de cpvers less than about 60% of
the p Otosensiive. org%nlc ayer HhAr embodIment the' non-Tadiation Transmisave second
electrode coyensciespyitisarphiboily s0%lohereophotosesitivkbergasriciayeend accepitriayer comprising
lithium fluogde.€LiE), according to some embodiments, can be 25disposed between a photosensitive
organic layer and second electrode. The LiF layer can have a thickness ranging from about 5
angstroms to abolt' &cbcg?.favgttpémgamc %t%ﬁ’exgﬁ?%ﬂﬁ?f@ﬁ@dtﬁ%cﬂiﬂé F% feea feast partially
oxidized repudtifogsinfablalpehasd neprismigiitlerniaraxidel (H28)rald iesv¢st otivervpmbodiments, the LW
layefscan b somelelalaridies ixsltinadn s Whium et davandeliclaghar subsiantially deficient of

30LW. In some embodiments, a'LiF layer is oxidized by exposing the LiF layer to oxygen, water vapor,

or combinati¥hs fﬁé’Pé‘B“f‘SmOdWe“éﬁ?é&ﬁ?ﬁé‘?ﬂ_{“sféﬂ @%‘fﬁ‘@?é“%cﬂﬂ?ﬁy‘é}‘%e&?ﬁﬂ%@to a lithium oxide
layer by exaespie Mﬁmﬁﬁnﬂyp&mﬁdcpmﬁﬁgan@w&mvapmrmdiﬁﬁ@mygen aldaparial pressures of
less than aout, 10:6. 2 A BRI BRLENRHINS P Wi 200 PROAUFC G 041082262 14

contact with another is lower, then that material is an acceptor. Otherwise it 18 a donor. It 1s

20 energetically favorable, in the absence of an external bias, for electrons at a donor-acceptor
junction to move into the acceptor material, and for holes to move into the donor material.
A photoactive region in a photosensitive organic layer, according to some
embodiments of the present invention, comprises a polymeric composite material. The
polymeric composite material, in an embodiment, can comprise a nanoparticle phase
25 dispersed in a polymeric phase. Polymers suitable for producing the polymeric phase of a
photoactive region can comprise conjugated polymers such as thiophenes including poly(3-
hexylthiophene} (P3HT) and poly(3-octylthiophene) (P30T).
In some embodiments, the nanoparticle phase dispersed in the polymeric phase of a
polymeric composite material comprises at least one carbon nanoparticle, Carbon
30 nanoparticles can comprise fullerenes, carbon nanotubes, or mixtures thereof. Fullerenes
suitable for use in the nanoparticle phase, in one embodiment, can comprise 1-(3-
methoxycarbony)propyl-1-phenyl(6,6)Cs: (PCBM). Carbon nanotubes for use in the
nanoparticle phase, according to some embodiments, can comprise single-walled nanotubes,

multi-walled nanoctubes, or mixtures thereof.



LiF layer is oxidized to a lithium oxide layer by exposure to an atmosphere comprising water vapor
and/or pxygeqva& ﬁ%gg{]&pressures less than about 1017 Ton_ or less tr})%ré f%?z‘%a%&s%osz Torr. hi some
embodiments, a LIF layer is exposed to an atmogphere comprising water 5vapor and/or oxygen for a
time period ranging from about 1 hour to about 15 hours. In one embodiment, a LiF layer is exposed to

an atmosphere comprising water vapor and/or oxygen for a time period greater than about 15 hours. In

a further embodingent, @ Lifs Ja¥&his SROFRIIR AV AL SRRSO RIS ALEL y@pOr and/or oxygen

for a time period less than about one hour. The time geriod of exposure of the LiF layer to an

atmospher@ USHBHSAGPAd S TRsra s v i, aeberbtny o Rsther SrisdimALhts of the
present inv&mtﬁaﬂyﬂgﬂemmbenicyap@ﬁothmp@ﬁaﬁmmv&ﬂsmﬁtﬁﬁmmewﬁmraamd/m axygen in‘ the
atmosphere,, T1e Bighgr e RaALRIE SSHE AL RSV AIRS 8?;909\5(9!118%‘}‘1%%&%)%}39’&%1\&“6 exposure

time.  Optoelectronic devices of the presentiinvention, in 'soime enibodiments, can further comprise
additfonal 158 Saehehibhié Sr2hedtd Bseiton blocking layers. In embodiments of 15the present

invention, an excites flgekingbiayeett Bl heaspacklopanfnsphal ogeremiatexsiaes to the region
near the dissagiating, plerface, and prevent parasiliexdiion guenching ata phologensive
organic/elec?ro%Pe nterrace. In additon 1o fimi Ing the p’a% over Which excitons %ay“(]:ﬁffuse, an EBL

can additiopaigreranasasigitiiosion! o e pivr glify siticecn proprieeasd ingrdeskesitiosasithe electrodes.

In some embedimnents, @b kBloaandsy tnaedfsuificientiniekress.tacfilRinhialpsiag glorting defects
which could gtherwise render an or}g%?eaiﬁ(ifghotovoltai devicginoperable. n EBL, according to
n

some embSAIMERIE SRS (5B B ARSRAEEHATH PRE AR S ST IS SRe material. In one
embodimentcartiBBle sonpridedivantonananupdstclegdisgdeabim nanotubes, multi-walled

3,4-polyethylapadinniBiaphane RalalY (R BRsHIBDARR EROTRSD) dhp2Beanathsh,embodiment, an

BBL comprises carbon nangpatrticles dispersed.in poly(vinylidene chloride) and copolymers thereof.

Carbon naRopaft e BE R I IR ISR AT RG4S SHEREMbg BRI Fa S8R d poly(vinylidene
chloride) camceam pitséisphrgite-viale danagmotickas s iititwalbansanpliitdzes, fullerenes, or mixtures

ther%)f. In furtherhggﬁ%glm&gg%fgﬁlr&&m pec%[i}r%%@%n%giggoéyﬂ%%ggggﬁgs% X%%rk function energy

operable to permit the transport of 30holes while impedingthe passage of electrons. In some

embodimeAfSCBH PRy theraidpisae alBeniass fid FarmpriidrsmidsRmmatislerbistle and a
photosensitire:e tgaini Gdeyioh A aieelbs tanin g e ko msosm e mbagdimanisovheieis the

optoelectrqmg #ﬁ\e@ca% fam gigse_ a Ig (r)gg% K¢ f photosensitive.grganic.layers, EBL C%the disposed
between the photosensitive organ f§1ayers. %8'8&5%@5%%%@% 8@%5%%/&%%&
polymeric phase, the photoactive region of the organic layer comprises a plurality of bulk
20 heterojunctions.

In further embodiments, donor materials in a photoactive region of a photosensitive
organic layer can comprise organometallic compounds including porphyrins,
phthalocyanines, and derivatives thereof. Through the use of an organometallic material in
the photoactive region, photosensitive devices incorporating such materials may efficiently

25 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 singlet ground
states directly to the triplet excited states, eliminafing the losses associated with conversion
from the singlet excited state to the triplet excited state. The longer lifetime and diffusion
length of triplet excitons in comparison to singlet excitons may allow for the use of a thicker

30 photoactive region, as the triplet excitons may diffuse a greater distance to reach the donor-
acceptor heterojunction, without sacrificing device efficiency.

In further embodiments, acceptor materials in a photoactive region of a photosensitive

organic layer can comprise perylenes, naphthalenes, and mixtures thereof.



15  Optoelectronic devices of the present invention, in some embodiments, can further comprise an

external meta%%megﬁ one embodiment, the external metallic Cont?%r%ﬁ%ﬁ%ﬁ%? second

electrode and Is in electrical communication with the second electrode. The external metallic contact,
in some embodiments, can be operable to extract current over 5at least a portion of the circumference
and length of the fiber optoelectronic device. External metallic contacts, in some embodiments, can

comprise metals IREludInga0laSHVEL ML ERRRGAE A MENSEAPRPAIBEaNL GxiespaL metal contacts can

be operable to reflect non-absorbed electromagnetic radiation back into at least one photosensitive

organic laydPSFFGPRRTSEH BT BT B L tRA S PR AR LR rARY o RS SHES diments of the
present inventiaiy, kaerdLikthencontpisesachatgectiapsie ntaydrte Ghargertcansier layers, as used herein,
refer to layejs whigh.only deliver charge earriers from one section of an optoelectronic device to

& i

another section. In one embodiment, for example, a charge transfer layer can comprise an exciton
blockihg layer. 15RRpEPGECHSHSTaTRRfheiPrasm e EsAbRATERTIE tarradiispoEetpistiveen a
photosensiti¢eoaigariedayeirany tackatiomirpnsmnissivedishaleciademnnalosambpiesensitive organic
layer and n(a]rgr%diati . Egi(t)rnag%smissive seco‘yg1 elt?g&rq:de. In other ergé}%ocf!j&mentﬂsl,1 charge transfer layers

. non-t. SIMISSIVE SO C € Can.Comprise a 8 USC €, etal
may be dlsposedlbe Ween the non-radiation ransmissive second erectrode angprb ective layer of an

optoelectrotétidoibeth@miagisramnpesrd af erslepedrdinpite moic 20 anibodihidntmetale not photoactive.
In some emhRgipanLsisiay s ohaRiasiReIusderisRsQidherRiBset MYARHRN saRAke etched to

prevent or reduce frustrated total internal reflection. In apne embadiment, an exciton blocking layer
Pl to T RO ST ECEETCURTES B4 ih e TRE IO TRG | IFCEPEIED vt the
organic layetesindexeiendblp tkingéaysrodomaptdsiay IREDOcHosexampicar@bebrubid etahed on the side
forming an ipgrfage, itk 3 BT R G ML A0SR N QIEANICIAYS! 1ici |0 S OME SRRgdiments, layers

of an optoelectronic device can be etched by lithographic methods, including photolithographic

methods. Irtbiie Binpadmienit hipholdktfsdrashieodsistishdeposiatroméetm Bavtace of the layer to be

etched. 30RKetalitheaiaph Eoresinis, MOGREINDLa:&0adiments of the present invention, comprise
positge resists orhqe%qti e resists. é})n e tthe photolithographic resist is e%%i,gted, the resist is exposed
ropria 8688%%%??%&“3% EFh PR TR IR TY dSdF e photovoltaic

to ratiiation and deVRIBHRd Wt 4R
device. Photdlithon tepbiv sesistsadrelbetiaicd Mowminangddsived phttebnto@netpattegaifor example,
comprises g,$g'ies QfRAalehings: Siacesl ARBHAALACANSIANL MM 093303 REMIS2008/082262

16 distance, After developing the resist, the layer of the optoelectronic device is then etched by any
suitable poliFHrEHidSER/ERt R R AR ERB TS HHB RSTER SRS M Hesils rosttsiigittiently stripped
from the laysmehifévoptoriécicamdaddevice lleathag dbehitd®arieichedtayes0%, or less than

20 about 70% of the photosensitive organic layer. In another embodiment, the non-radiation
transmissive second electrode covers less than about 60% of the photosensitive organic layer.
In a further embodiment the non-radiation transmissive second electrode covers less than
about 50% of the photosensitive organic layer.

A layer comprising lithium fluoride (LiF), according to some embodiments, can be

25 disposed between a photosensitive organic layer and second electrode. The LiF layer can
have a thickness ranging from about 5 angstroms to about 10 angstroms.

In some embodiments, the LiF layer can be at least partially oxidized resulting in a
layer comprising lithium oxide (Li;0) and LiF. In other embodiments, the LiF layer can be
completely oxidized resulting in a hthium oxide layer deficient or substantially deficient of

30 LiF. In some embodiments, a LiF layer is oxidized by exposing the LiF layer to oxygen,
water vapor, or combinations thereof. In one embodiment, for example, a LiF layer is
oxidized to a lithium oxide layer by exposure to an atmosphere comprising water vapor

and/or oxygen at a partial pressures of less than about 10 Torr. In another embodiment, a



5Figure 1 illustrates a cross-section of an optoelectronic device according to one embodiment of the
present invent‘p{gz(} ,%qg goelectronic device (100) illustrated in Figure 1 comprises an optical fiber
core (102). The op;l(;cafﬂ%er core (102) is surrounded by a radiation trar];[é%ﬁ%jégﬁﬁ}gs & @ectrode (104).
The radiation transmissive first electrode (104) can comprise a radiation transmissive conducting oxide
such as indium tin oxide, gallium 10indium tin oxide, or zinc indium tin oxide. The radiation
transmIsswgiﬁrﬁysl%ﬁ@&i@eﬁ%%)ﬁ@iw@%qmm%%&%%MQ&%M&&@&%A&QQ@M&WG

embodiments, the EBL (106) can comprise carbon nanoparticles dispersed in a polygmeric phase such
as 3,4- poly RN IEHEH SRy BRI A EPESRAGHSEAR LA e) oY EBtPPGEPY Yirrounded by an

photosensitiverorganic layer (108). The photosensitive organic layer (108), in some 15embodiments,

comprises a P3HE: caIRALAAAARALIG e PAVIRIIG sANROSHELI NG RIAIGRERAAY G glpanic layer (108)

in some embodiments, can be in direct eleétrical communication with the radiation transmissive first

electrbde (F8RY TRIRBFEFBERHENR IS R R e vy diothta domsy A e%eitBreBlocking layer,
may be dispabedibeiwegirtheddsaiordrananissiyadissioalptiioge 4tDdpanshihe phetsensitive
organic layer (108) to 20provide. indirec trical.co nication between.the radiation transmissive
first eIectro%aé%11&)5"%%paerlw1 ({)I%{eeaf)lt %%&é‘ﬁ%%%\%efg?‘érgh%‘ I%%ﬁ%ﬁ%&ﬁ%%%%%%éﬁﬁﬁe organic layer (108).
A non-radidBRseRsImEIvPREe SPRInsiEBE DS (10Y prltamyasués atisphoiosissitior organic layer

(108). As ilstinéad nbie. nodionaidne pheipsanrsiivecarzanielayar (A8 rndepinalgstronic device
(10030not covired tg% S/non-radiation ransmissive second eli%rode 2%%10 s oPerabIe to receive

th
elec romaggﬁ ic Tadiation for convarsion nto electhica elnmee%%/? n tHe &M Sht'€hown in Figure 1,
the non-radlenfoderbimmibsivertsd poveleseeithew {1 Breoveddnirgt b idthoithesgirotosensitive organic

layer (108)1ne Hiymonne Shtarslineniss theiherate afdheapinelestianic 86yisedshent at an angle to

form a V-shaped étruc ure. In gne emhadiment, the fiber core of the optoelectronic device is 30 bent

at an angle of 90 dBGFESECTRCASEHiE P R EmERY TP RIB S U S BPAENS o EFLHIFE device is bent at
an angle ofclegwitraddbowl BOdegrbes.dn: arfuxtirerxeiiobbihivhent]tesfibeersbsématiedptoelectronic

devige is bapt,at an AR AL RANARRMLIN HSSI80S an T I UG AIRHAIGR AT PPLOClectrONic

device according to one embodiment of the preSent invéention wherein the fiber core of the
optoelectrofiE QBVIEdTHREAR "PHdhRS 20 Bo1B BYLGse EXINSYSHaBIY% Y 4o n gHsBtEE¥onic device
(200) illustratephintdsigsite 2dnamitiesande ansite Cliondisidhedryine: pepanteadinbigure 1. However,

the optoe\egltaRl ASYIERI.rig'we Tls BRRIALAD ARGLS, Bl aabe fRadimeNIs, O 1s about 90

degrees. In other embodiments, O Is greater out egrees. In‘aturt &F-embodiment 0 is less
than aboutlg@o&g@q@@gl%mﬁp%é}g gaegffodes. In some embodiments, an EBL can have a

20 sufficient thickness to fill pin holes or shorting defects which could otherwise render an
organic photovoltaic device inoperabile. .

An EBL, according to some embodiments of the present invention, can comprise a
polymeric composite material. In one embodiment, an EBL comprises carbon nanoparticles
dispersed in 3,4-polyethylenedioxythiophene:polystyrenesulfonate (PEDOT:PSS). In

25 another embodiment, an EBL comprises carbon nanoparticles dispersed in poly(vinylidene
chloride) and copolymers thereof. Carbon nanoparticles dispersed in the polymeric phases
including PEDOT:PSS and poly(vinylidene chloride) can comprise single-walled nanotubes,
multi-walled nanotubes, fullerenes, or mixtures thereof. In further embodiments, EBLs can
comprise any polymer having a work function energy operable to permit the transport of

30 holes while impeding the passage of electrons.

In some embodiments, an EBL may be disposed between the radiation fransmissive
first electrode and a photosensitive organic layer of an optoelectronic device. In some
embodiments wherein the optoelectronic device comprises a plurality of photosensitive

organic layers, EBLs can be disposed between the photosensitive organic layers.



5the optoelectronic device (200) shown in Figure 2 permits radiation reflected from one side of the

device to be cgptuigshRy.the opposing side, thereby increasing radiation ahseipiia,and conversion
efficiency. In some embodiments, one or a pluraligy optoelectronic devices of the present invention can

be assembled into fabrics including woven fabrics and non-woven fabrics. In 10such embodiments,
optoelectronic devices of the present invention can be incorporated into clothing, tents, backpacks and

other articles andybseqretly-yseddancpnyarsiarphbalectemnagneticeRe e iRitelectrical energy as
provided herein. In some embodiments, an optoelectronic device having a fiber structure

comprises 305}?6‘%\?&%@8@1F.“ﬁjiagﬁ"ecwgoJﬂﬁ@ﬁ?@%@%ﬁ&ﬁ?‘@@fﬁ%@ﬁ%ﬁ%&?&cﬁber core, a
radiation 15tratnsntissiverfidstielectirooie sunrderidoatcthverdfilpgratoneyidt feastonkeghotdsensitive organic

layer surrounding iha firstslecsiede andelestisalconnadedinaie fisialeetiode and a

non-radiation transmissive second electrode partially covering the organic layer and electrically
connécted A BRJEHE Paf CHTBRI e Ebe AR s s dahentE SF e present
invention, aretaflfd opesals)enterecaite dinaitg niagoaiesaciaiiomiudipdaneindiaabio longitudinal axis

of the optical fiber core. Electromagnetic rad;}riltion [ eiV(—gd in Iag rmal to the longitudinal axis of
the optical ﬁ%pé)rc%o]r%? ﬁllrgg%eem%%%qg?fh%xﬁﬁt’gf .cianr?%e% %Pé%csﬁﬁ?e%g%qﬁ%%%ﬁée:ardgé%lélﬁgn transmissive first
electrode atfirhe! tlecipisassetitstadiatiorgastciis ar earbens eRiarrasiten cesfidrsysh Bther embodiments,
- the receiveg glectipmagnetic radiation can be scattered into the 25 photosensitive organic layer by

scat %ring agentsdvithip ttfge op{}ical fiber. In.a further erq)b diment, at least e}glorti n of the received
. Hto SClronic evapes 2Ccor nﬁ tQ Some em 8 Imen S.i)f &H{BS?H vent(t{on, can. . .
electromagnetic radiation can undergo upconversion and be emitted into the photosensitive organic

layer.  Fivérephotovetalede Wersserdexssdipptes somécelasodpnpinshstdnergfre selvimvention, can
display a fill,{agiomBreatesthanl <niRo el siehediments. dhsnrheioyaliale deviggs-30can

demonstrate a fill factor greater than 0 5 In a further embodiment, fiber photovoltaic devices can
display a fifSit¥r Gre2 SPRPSHRS=, for SXAmplena AR RS (&Y FbeP SABPSUE RAE Bices of the

present invientidngdayedisplay conversion efficiencies, tip, greater than about 6%. Fiber photovoltaic
deVi%ES’ in other M%Q%gﬁag %8%5 8@&!‘@%91@%%&%&6, Lahthe disposed between a

photosensitive organic layer and radiation transmissive first electrode and/or a photosensitive

organic layer and non-radiation transmissive second electrode. In other embodiments, charge

transfer layers may be disposed between the non-radiation transmissive second electrode and

protective layer of an optoelectronic device. Charge transfer layers, according to some

20 embodiments, are not photoactive.

In some embodiments, layers of optoelectronic devices of the present invention can be
etched to prevent or reduce frustrated total internal reflection. In one embodiment, an exciton
blocking layer adjacent to a photosensitive organic layer can be etched on the side forming an
interface with the organic layer. An exciton blocking layer comprising PEDOT, for example,

25 can be etched on the side forming an interface with a P3HT/PCBM photosensitive organic
layer.

In some embodiments, layers of an optoelectronic device can be eiched by
lithographic methods, including photolithographic methods. In one embodiment, a
photolithographic resist is deposited onto the surface of the layer to be etched.

30 Photolithographic resists, according to embodiments of the present invention, 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



embodiments, can demonstrate conversion efficiencies greater than about 10%. hi another

embodiment, mf{ﬂgp&%ggltaic devices can display conversion efficienclL %EQ&E%SEQQQ about 15%. In
a further embodiment, fiber photovoltaic devices;gan display conversion efficiéncies greater than 35%.

5In some embodiments, the present invention provides an optoelectronic device comprising at least
one pixel comprising at least one photovoltaic cell, the photovoltaic cell comprising a fiber core, a

radiation tranamissixadirahelspiiods sutounding-hafibgirNsAlderskonarheigsansitive organic

layer surrounding the first electrode and electrically connected to the first electrode, and a
non-radiatiGhY SIS RCSR0S R N RIL P H ATHIANG 1Oe eI BRI 5 er and electrically
connected tobiquenganicipyiefoln donageenibadimentsranphiiovoltaiingditiofhdapixehabmprises a
plurality of %t}gltosensitive organic layers. In some embodiments, a pixel comprises a plurality of

photovoltaic cells. In other embodiments, an optoelectronic device comprises an array of pixels. In a
furthér 15embodifeHe hifsHries & SHHiectha C& WOMBFISEECRIT dFVAF 8F9950EI8 "0 8% pixel comprising a
plurality of pliptawadtaics €ellsresent iketqhothyofisitcelisid @etise (rop) xriapplidations: n some
embodiments of.the present inventio e constructed inde ntly from one another. In such

em bodimerﬁ’fg‘l_,1 %Ereﬁ pagr?g%ﬁf%a eria ge?gr@%r)he&: %%%?tgﬁfo%t%\e/ﬁ%?c?%?grée{uggggfégf Without reference to
20componétiizfiendriapniesiee foe fhrcameeidp4ibehprdisie|tamsalsiie S Sipsdithent, for example,

one fiber phgteupitaie selicaRComBRS A alagt-aptical dherrer ewhieianetesahgtovoltaic cell can

comprise a plastic optigal fiber core. As a result,.in some embodiments, pixels n\fl1 jxel arrays are not
oau ot to RO HEHE B RBEUCIA CSHacEt (0RO NETTRHONE oy SHOIAR cel
constructiosnoambed baredirianpviimgdrcofHisie i SByvitmiredimentsridgistEHd(Metkeds described

herein (0 Piagly el AL PG AR SUBNOY A dRlaaan of agplications. _ In some
embodiments, a pluraljty of fiber photovoltaic cells can be bundled. In such embodiments, each fiber

photovoltaiPoSEP AR Rati R ars AR By Bier-pierdfty BrerbRl SHEYGS SIEE A %an collectively
constitute ang;ﬁgtemi:xﬂive’:&@ﬁma‘mmmﬁ@eﬁmdbmmaﬁwwgm_ioﬂuﬁﬂgﬁZi%smﬂmds of making _
optq@ectro&h%g&%&ﬁg. Mgpggg%?j%gg&g&gﬁﬁg@@%%%gg%gﬁ&a@grd|ng to an embodiment

of the present invention, comprises providing a fiber core, disposing a radiation transmissive first
electrode oM efessrsite srapicdaYe Qo Ay st TaatBITR h KRGS SRR BFGENRE layer in electrical
communicaermwitbatha figt eleetithden anchalisposiitg alaandadi@t)o it s mitave Mt Da
2009/059391%1'?5;%-[1121%%1' Qgér(,) %}20 @%ﬂg an exciton blocking layer, may be disposed between the
radiation transmissive first electrode (104) and the photosensitive organic layer (108) to
20 provide indirect electrical communication between the radiation transmissive first electrode
(104} and the photosensitive organic layer (108). The photosensitive organic layer (108). A
non-radiation transmissive second electrode (110} partially covers the photosensitive organic
layer (108). As illustrated, the portion of the photosensitive organic layer (108) and
optoclectronic device (100) not covered by the non-radiation transmissive second electrode
25 (110) is operable to receive electromagentic radiation for conversion into electrical energy.
In the embodiment shown in Figure 1, the non-radiation transmissive second electrode (110}
covers about 50% of the photosensitive organic layer (108).
In some embodiments, the fiber core of the optoelectronic device is bent at an angle to
form a V-shaped structure. In one embodiment, the fiber core of the optoelectronic device is
30 bent at an angle of 90 degrees. In another embodiment, the fiber core of the optoeiectronic
device is bent at an angle of less than about 90 degrees. In a further embodiment, the fiber
core of the opioelectronic device is bent at an angle greater than about 90 degrees.
Figure 2 illustrates an optoelectronic device according to one embodiment of the

present invention wherein the fiber core of the optoelectronic device is bent. The



19 second electrode in electrical communication with the organic layer, wherein the non-radiation
transmissive sggapg gleglyode partially covers the photosensitive organ&%wg}‘@ﬁ@e embodiments,
the optoelectronic device comprises a photovoltaj¢ cell. Disposing a radiation transmissive first
electrode on a fiber core, in some 5 embodiments, comprises sputtering or dip coating a radiation
transmissive conductive oxide onto a surface of the fiber core. In some embodiments, disposing a

phhotosensiti,ly&,aég@mfc I@fe)o%i@@mgagﬁtsgmmgﬁygm%uﬂ&igalﬁ@_%m{ﬁﬂaﬁ%qgﬂh@rises depositing

t € organic layer o t Irst electrode Ip cpating, pm coating, vapor ase deposition, or vacuum
erme R BTy A Caeth  CE SR TG ARtTEAT SBRR RS BRERE Lommorosansitive
organic layér sewecrdhditeserfies ehoboefinertss. comseshddpositng ithewer o electrode on the
organic laygg, Hgg%@h MAPRKRRASHERRSIIA0ISPINFOBIRD (U FiRCORING. igthads gf producing an

optoelectronic device, in some embodiments, further comprise annealing the photosensitive organic

layer br lay&R R EsFHe s IEEa Nl ShoRais 5 P8pRABRER ShiAior gelfreted et R si9eaE a composite

material cothptisiig @ potymecpbase apsbamantptdicts phaasng ritalingibeigednic layer can
produce hi%g‘;egsq&{%%%&;ystallinity in both the polymer and nanoparticle phases as well as result in
greater dispersion of the nanoparticle phase in the polymer phase. Nanoparticle phases comprising
fullerenes, single iy&ae EReBMeTEh SHsHES NtRtithehfedl e BB nderstabiés PestRixtures thereof can

form 20nangwhislessibethepolprtcaiasernrdiesuliafimnealingornaealingaphatosensitive

organijc layer,.according to so embod(i%entsgﬁgg comprise heatig‘g the og%anic ayer at a
ot S B R ot 1 minure to

about 30 miHges, Into haekeprlsouifehes adigpoted efstivendigasicayer casideheated for about 5

minutes. 23)ac5emeembatinents fmated-foy pradnsiagar.pptoelectronic device further comprises
disposing at Ieasgone upc%ré%ifrter and/or s%atteri.n% a%ce t in the fiber core. In addjtion to methods of

producing optoelet BRI HRY TBE th TR E K TS K ey B VIS TSNS S8 TBF &8 riverting
electromagpistiecveli@rgplinio etectribedismetgypMiaveltgoidihgomprsbealilizedrtoanefietse the efficiency

of the conversians U R-ONE.aRkodimsRtiRmethed for.convarting sleciigmaanstic.gnergy into

electrical energy comprises recelw%%radia lon at a side or circumferential area of an optoelectronic
device, the BfsToUEPdine be st eisirand serbispiborenmsaisd i dbnirsisliniredr@idt electrode
surroundingdinexfiiagocosespiticastone photode paitivityargariig thy ergantctasrding the first electrode and

electrically &9&8@&@9@%&@@&@&1@'&%&9%&@ a non-radiation
Fiber photovoltaic cells, according to embodiments of the present invention, are
20 operable to receive electromagnetic radiation in a plane normal to longitudinal axis of the
optical fiber core. Electromagnetic radiation received in a plane normal to the Jongitudinal
axis of the optical fiber core, in some embodiments, can be transmitted though the radiation
transmissive first electrode and into the photosensitive organic layer through evanescence
fields. In other embodiments, the received electromagnetic radiation can be scattered into the
25 photosensitive organic layer by scattering agents within the optical fiber. In a further
embodiment, at least a portion of the received electromagnetic radiation can undergo
upconversion and be emitted into the photosensitive organic layer.
Fiber photovoltaic devices, according to some embodiments of the present invention,
can display a fill factor greater than 0.2. In other embodiments, fiber photovoltaic devices
30 can demonstrate a fill factor greater than 0.5. In a further embodiment, fiber photovoltaic
devices can display a fill factor greater than 0.7.
In some embodiments, fiber photovoltaic devices of the present invention can display

conversion efficiencies, 1, greater than about 6%. Fiber photovoltaic devices, in other



WO 2009/059303PCT/US2008/082262 20 transmissive second electrode partially covering the

organic layer @mlz%%ggﬁglly connected to the organic layer. Once the rggjla}ggﬁoi@n%g%gived at one or
more points along the side of the optoelectronic ggvice, as opposed to being received at an end of the

device for transmission along the longitudinal axis of the fiber core, the radiation is transmitted into the
at least one 5photosensitive organic layer to generate excitons in the organic layer. The generated

excitons aresuhsREkENY sapsHalRd bl hales ANERIRSIRARALANEELITEYE elssaiynctions in the
organic layer %n the el‘l ctrons re 0\é§djnto an extlernal circuit in.communication with the

optoelectrofTCSVIER" 1 oM B AIRTERtSH AREIRIRY SR ST ETEHRIER into a
photosensitiveul 0Frgdnie fajler cotwdrisey, thansphittivgliad isvonsthrodighlevemesesence fields. In other
embodimenis; fapoitting glesypmagnetic radiation into a photosensitive organic layer comprises
upconverting at least a portion of the electromagnetic radiation received in a plane normal to

longitudinal axis PSSR RES- (S SR B G LR ST 16 RS e RERts of the present
invention, camprisieg #bestbirgiad atiognisecasvikdsate slieodithie &Boftoptectironacdelice with an

upconversign material fg eraate, anexgiied slate apg ervilingAdiaianini g, ieash,ang organic layer

to relax the excited State, wherein the emitted radiation has a shorter wavelength than the absorbed

radiation. Ieagee ShoRsERTETReTaricIBYRoTEI R bR HF JrerinirthewpisVersion material
comprises nfiaseda adiaiion: narddenad e modingion, teansmitting dbadraeiationpeddived into the
photgsensitive 200fgani Iavel comprises sfatising hesadiationinto theyorganic layer with a
scattering agent‘. “n'E0me m%%dlments, g%eterqunctlon dgbmprlges a pﬁurallty of bulk
heterojunctiiedrecsiscudhsicy teveipelio Brmsbtare)tipstion iz o wiathelp thisivite ffeBiof a donor
material angyapsacceptor material. In some embodiments, a donor material comprises a polymeric

phase and the acgeptor material comprises a nanoparticle phase. Donor and acceptor materials for
25use in methodsﬁloﬁlﬁ%eﬁ?ag(é AFvé ll)é‘ﬁ %’%%%ﬁ%%?éﬁ?%ﬂ?ﬂ&%m?j 'h%i’g “for optoelectronic

)
provide
devices. enthamatsrabepiivleritepicadiiationoimprietd entuty aSitelef the Hptezlectronic device at any

desifed anglgy,da:RRE: eMbadiBSRtadiation s fectived Ry dagientoglactiopic Aessn a plane normal
to the longitudinal axis of the fiber core. In some embodiments, the fiber 30structure of an
optoelectrofHE Y P pRPHIIEHE Nt radiation to be received and collected over a broad range of

angles. In some émlgoﬁimmws;iaqeﬂpmeim@mﬂ@a@ﬁmmpmmbnﬂmmé&m receive apd/or
collect radiglign, having, & g@%ﬁsmgﬁ@ﬁ&%megomﬁﬁ%mﬁ{&nm@{ﬁ@Mﬁl&éﬁ%?e'ectron'C

device ranging from about O degrees to about 18 )
component materials for one fiber photovoltaic cell are selected without reference to

20 component materials selected for another fiber photovoltaic cell. In one embodiment, for
example, one fiber photovoltaic cell can comprise a glass optical fiber core while another
photovoltaic cell can comprise a plastic optical fiber core. As a result, in some embodiments,
pixels and pixel arrays are not required to comprise fiber photovoltaic cells of identical
construction. Fiber photovoltaic cell construction can be varied in any manner consistent

25 with the materials and methods described herein to produce pixels and pixel arrays suitable
for a wide range of applications.

In some embodiments, a plurality of fiber photovoltaic cells can be bundled. In such
embodiments, each fiber photovoltaic cell can constitute a single pixel or the plurality of fiber
photovoltaic cells can collectively constitute a single pixel.

30 In another aspect, the present invention provides methods of making optoelectronic
devices. A method for producing an optoelectronic device, according to an embodiment of
the present inveniion, comprises providing a fiber core, disposing a radiation transmissive
first electrode on a surface of the core, disposing at least one photosensitive organic layer in

electrical communication with the first electrode, and disposing a non-radiation transmissive



WO 20091059303PCT/US2008/082262 21 degrees. In another embodiment, an optoelectronic device

can receive agljoy gpllect radiation have an angle of incidence ranging gg%g%%ﬁgggrees to about
90 degrees. In being operable to receive incigent radiation over a wide range of angles,

optoelectronic devices of the present invention, in some embodiments, are not limited to any
5particular orientation to maximize the receipt and/or capture of radiation. As a result, optoelectronic

devices of thedregentdayaniignranbesensiderediomaveaitasialiongeleaiisnr concentrator

integral there%vith. Embodimen&s of mgthods ?f convelx']tiré%electroma netic nerg)innto electrical

energy addiiGRAT EBREERPIRTE RO GTAING e Angle ‘S REEENCEBY FAGIAHBR AP TRe sile of the

10optoelectomicdboitactis.sbavetesobdimmdntscanodplating thecaniige oflincidence comprises

changing the Orieﬁ‘iéémhg%m%ﬂ ehiheriosladienisidsyisayeativethemource of the incident
radiation, such as the sun. In other embodiments, modulating the angle of incidence comprises

changing pEERRSH e RREES FPEEHRRAIE SRE RS &GO P8 SRS WS HEYIROY 8F8fe optoelectronic
device. 15Imsomedmdatiimdhts akendthooke ahtiodiprase disprserntiorhotasiadiore regsived by an

optoelectropic. fdevice of the Aressntinyention. samprises:visible fadiaion syiiiavigler radiation, infrared

radiation or combinations thereof. The present invention is now illustrated by the following non-limiting

example. EXRysvAD(the firsbleqEpds &y R fiedtipoRiB o wie Faviohase deppdifichnMivs B%ample of a fiber

optoelectrotig-deviss-wag. pPrepaced accandirgtadieifcllenying proaadivaion wihdacket of a

muI%nodeﬁfﬂ&eréBFHN Hﬂlﬁc QH, from,.1.5,mm to 0.6mm. from Thorlal:as was sH;ligped off with a
addi

. : . m .
razor. The Sp%f)l/trlﬁ’grg %)I fai}éer\ivaz‘acg%rglﬁ}rﬁgetg %Ovr\flgye{/nvn% lénsgltsc’)ﬁgﬁlwésr%se. e cGre of the fiber was

:
then cleaneégciiéplestiedsonichp ataapirteridrnrzel veaes phatederrsitispaiopypaieshsldbccessively for 20
min, and drgghiyoven for 15 min at 100C. The cleaned fiber was subsequently coated with
indium-tin-oxide (M/%n:QO'lg)(}bé/. dlgpcoa(t)g% ov%rd’légi!:ayergg. See DIR Coated |TO thin films through

sol-gel process usw?g ?ﬁiséf)aflpsa s,m§u a%%{ amanar; ?mﬁ“é%ﬁ?& |meslft§ f)Ol), 207.

comprise annealing the photosensitive organic layer or layers. In some embodiments where a

15 photosensitive organic layer comprises a composite material comprising a polymer phase and
a nanoparticle phase, annealing the organic layer can produce higher degrees of crystallinity
in both the polymer and nanoparticle phases as well as result in greater dispersion of the
nanoparticle phase in the polymer phase. Nanoparticle phases compriéing fullerenes, single-
walled carbon nanotubes, multi-walled carbon nanotubes, or mixtures thereof can form

20 nanowhiskers in the polymeric phase as a result of annealing, Annecaling a photosensitive
organic layer, according to some embodiments, can comprise heating the organic layer at a
temperature ranging from about 80°C to about 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.

25 Inn some embodiments, 2 method for producing an optoelectronic device further
comprises disposing at least one upconverter and/or scattering agent in the fiber core.

In addition to methods of producing optoelectronic devices, the present invention also
provides methods for converting electromagnetic energy into electrical energy. Wave-
guiding may be utilized to increase the efficiency of the conversion.

30 In one embodiment, a method for converting electromagnetic energy into electrical
energy comprises receiving radiation at a side or circumferential area of an optoelectronic
device, the optoelectronic device comprising a fiber core, a radiation transmissive first
glectrode surrounding the fiber core, at least one photosensitive organic layer surrounding the

first electrode and electrically commected to the first electrode, and a non-radiation



30The ITO coated fiber was thoroughly cleaned in an ultrasonic bath with acetone and isopropy!

alcohol succe&%v&%[g&%g min, and dried in oven at 100C. The fiber WZ?%{J@ %%,B&%‘EP to ozone for
90 min (rotating the fiber 3 times every after 30 mn). A PEDOT:PSS solution gaytron P from Bayer)

was subsequently deposited on the fiber by dip coating and dried at 100C for 15 min. ( the thiclaiess of
PEDOT:PSS film was about 150 nm). WO 2009/059303PCT/US2008/082262 22 Subsequently, a

solution of R3F:(QPOSHCAR Dyeb R ReHsARNM VG LIS Shlerebanagiemasgeposited on the

fiber through dip coating. (the_thickness of polymer film was about 300 urn). In the final step, an Al

electrode WALPAGHBIRE T (PREFHN BUAPSTATRRhE Pre SETEHPAp et BhEdRCL R trode partially
covered thepbatosensitivddP3HinREBMberganiciiadert eovedinfiiabizuicd G8btohthesphotosensitive

P3HT:PCBI organiclaver, The dhickaens.abAl sleciiadees abauth00 . Thsdength of the fiber

- was about 1 After preparation, the photovoitaic performance of the fiber optoelectronic device was
charatterizBRP P TR O SPEN BIFE INEBHAG S A T REETHRIE (AYEht B #FatiRithEeHe Side 100r

circumferentiahamrguehiedibrt-dpiechotis andc:ierics withe agindio hadrbpuing:a hahepass of about 400

urm to about 8001, 200, A0, ey oL 100 HINIS 1%t 0N ISIALES SRR gircut currents for

the prepare()égglﬁltoc%qtronlp evice as a tunction of the incident angle of the received radiation at a
side of the filFepleagopto¢RIEE-in Figure 3, the short circuit current varies with the angle of incidence of

the radiation receiyggkaai Sidenaf thasfibanAsareshctha-peiicrnanepiRiihadpioelectronic device
can foe varied as ?function of tktlle angtlg of t(file radt'ﬁ%tio ingident att eldsfidﬁf(){ the optoelectronic
device. Oﬁ%ﬂ]rce %?ﬁﬁgi?g?esgsoﬁg%mmréléi{av%ﬁ?éng]es % ﬁeaﬁfgbeélrgg 1%p oé ecc{lr%nic device as a
function of thibddisigeist amgleibintgbectonivettiadiditarante sidkobenetiilserzauciliystrated in Figure 4,
the open ciggpit yQlageNasgswithdhe anals of incldencsobibe adinlipndenrlygh39aka side of the

fiber. As a result, the performance of the gptoelectronic device can he varied as a function of the angle

of the radiztRSAIhE SHE R B PR BBt S RIHE RS 2o ERgUPS EMustrates short circuit
currents fortttedirepdy efioptost ironitice vigapasea fosrchiog eithemnedtonrt ahgiaiobiliereceived

radiggion abgitfe clreumicrents Ao dReGAfRLMAS LD £ IgHIE R 408 ShRALGIEGHE Current varies
with the angle of incidence of the 25radiation received about the circumference of the fiber. As a result,
the perfornﬁ%‘ﬁ%@oﬁﬁwt least one organic layer to relax the excited state, wherein the emitied

radiation has a shorter wavelength than the absorbed radiation. In some embodiments, the
portion of radiation absorbed by the upconversion material comprises infrared radiation.
In a further embodiment, {ransmitting the radiation received into the photosensitive
20 organic layer comprises scattering the radiation into the organic layer with a scattering agent.
In some embodiments, a heterojunction comprises a plurality of bulk heterojunctions.
As discussed herein, a bulk heterojunction is formed at the interface of a donor maierial and
an acceptor material. In some embodiments, a donor material comprises a polymeric phase
and the acceptor material comprises a nanoparticle phase. Donor and acceptor materials for
25 use in methods of the present invention are consistent with those provided herein for
optoelectronic devices.
In some embodiments, radiation is incident on a side of the optoelectronic device at
any desired angle. In one embodiment, radiation is received by the optoelectronic device in a
plane normal to the longitudinal axis of the fiber core. In some embodiments, the fiber
30 structure of an optoelectronic device permits incident radiation to be received and collected
over a broad range of angles. In some embodiments, an optoelectronic device of the present
invention can receive and/or collect radiation having an angle incident to the side or

circumferential area of the optoelectronic device ranging from about O degrees to about 180



optoelectronic device can be varied as a function of the angle of the radiation incident around the

cwcumference“% 5@@/95@ glectronlc device.  Figure 6 illustrates open gg%%gzggl}(% es for the

prepared optoelectronic device as a function of the incident angle of the received radiation about the
circumference of the fiber. 30As illustrated in Figure 6, the open circuit voltage varies with the angle of
incidence of the radiation received around the circumference of the fiber. As a result, the performance

of the optoglectrenic deyies SaRbBmYRlIgthas ddnationattheAreals ofiheagiation incident around
the circumference of the optqelectrqnic device. %}IO 20091059303PCT/US2008/082262 23

Various enfBOaIAE R AR OE RTSIT TS A B B8 T uR SRPH L il aB R P i8%5&Hous objects of the
invention. It should benecugaied thaitheselembddimentsrareidraralye illistpitsye of the principles of

the presentigyantian: NMREIOMsIRAliGAHORS AR dAdan aliaps G re ooyl ke feadily.gpparent to
those skilled in the art without departing from 5th§ﬁfsbpmt and scope of the invention. That which is

claimed is: PEAEIPAMIRSAION I B Hrife BT S L e S redstom distigRsttansmissive first
electrode soptadlndingthevfisebthegiraicle asteatienphotasensiiivedargantca aydesdrreunding the first
electrode a&% oerh?e%t&i&%l%%%ﬂﬂ%%%%ﬁﬁthe first electrode; and a non-radiation transmissive second
electrode partially covering the organic layer and electrically connected to the organic layer, wherein a
layer comprising THARSNiTBsAI faalEplssel R aRwgFlgsEomagnetic energy into clectrical energy

additionally contemplate modulating the angle of incidence of radiation at the side of the

10 optoelectronic device. In some embodiments, modulating the angle of incidence comprises
changing the orientation or position of the optoelectronic device relative the source of the
incident radiation, such as the sun. In other embodiments, modulating the angle of incidence
comprises changing position of the light source providing the radiation relative to the position
of the optoelectronic device.

15 In some embodiments of methods of the present invention, radiation received by an
optoelectronic device of the present invention comprises visible radiation, ultraviolet
radiation, infrared radiation or combinations thereof.

The present invention is now illustrated by the following non-limiting example.

EXAMPLE 1
20 Lateral Organic Optoelectronic Device

A non-limiting example of a fiber optoelectronic device was prepared according to the
following procedure.

The jacket of a multi-mode fiber (BFH37, High OH, from 1.5 mm to 0.6mm, from
Thorlabs) was stripped off with a razor. The hard polymer cladding was burned away with a

.25 torch flame. The core of the fiber was then cleaned in an ulirasonic bath with deionized

water, acetone, isopropyl alcohol successively for 20 min, and dried in oven for 15 min at
100°C. The cleaned fiber was subsequently coated with indium-tin-oxide (In/Sn=90:10) by
dip coating (over 10 layers). See Dip Coated ITO thin films through sol-gel process using
metal salts, Sutapa Roy Ramanan, Thin Solid Films, 389 (2001), 207.

30 The ITO coated fiber was thoroughly cleaned in an ultrasonic bath with acetone and
isopropyl alcohol successively for 20 min, and dried in oven at 100°C. The fiber was then
exposed to ozone for 90 min (rotating the fiber 3 times every after 30 min). A PEDOT:PSS
solution (Baytron P from Bayer) was subsequently deposited on the fiber by dip coating and
dried at 100°C for 15 min. ( the thickness of PEDOT:PSS film was about 150 nm).



10photosensitive organic layer and the second electrode. 2. The apparatus of claim 1, wherein the

fiber core co '%@ an gptical fiber. 3. The apparatus of claim 2, wherej ical fiber comprises
a glass opticgﬁ%er, aaasrtz optical fiber, or a plastic optical fiber. 4. Theﬁ%}gg%g%t%]}ég% %Iaim 1, wherein

the radiation transmissive first electrode comprises 15a radiation transmissive conducting oxide. 5.
The apparatus of claim 4, wherein the radiation transmissive conducting oxide comprises indium tin

oxide, gallum ndsuendf1 At <araisrnesim (a0MeD f) T spparaiob sainul herein the
photosensitive organic layer comprises, a photpactive region. 207.The apparatus of claim 6, wherein
tho photoac TS AR CEin OB T N e DHER Qe R A B2 & BURBF Adorial an an
acceptor materbdut8 0T haagp dhafirsichaladmAl slettend vt dgomtrdrmatérahd eraprissna polymeric
phase and {hg,agceRielMaterial CaRISes0a0RRAIIC IS PHRSthe phofhsdiiRi@PParatus of claim 8,

wherein the polymeric phase comprises a conjugated 25 polymer. 10. The apparatus of claim 9,
whergin the’ g@ﬁﬁﬁ&%&fﬁ%@%&%‘?&%@ﬁ#@?&@ M?ﬁﬁ%ﬁ‘?ﬁﬁa? P EE6EY HE@BIsene), or
mixtures thieseof THelthithe:apiarbtitstofdelaim BovhHre mrthgha kngpartitle ffeasescboptises filllerenes,
carbon nangtubes, or mixtures thereof 3012.The apparatus of claim 1, wherein the non -radiation
ansmissive second electrode comprises a metal. 13.The apparatus of claim 1, wherein the

non-radiation trarfsfsTduRRATeEeD rSletintiiaie soersnass tidhedibstPgodsdrme fHstoEsnsitive organic

layer. 25 characterized in terms of oper circuit voltage and short circuit current by irradiating the side
10 or circumferential area of the fiber optoelectronic device with radiation of having a bandpass
of about 400 nm to about 800 nm and an intensity of 100 mW/cm®.
Figure 3 illustrates short circuit currents for the prepared optoelectronic device as a
fanction of the incident angle of the received radiation at a side of the fiber. As provided in
Figure 3, the short circuit current varies with the angle of incidence of the radiation received
15 at  side of the fiber. As aresult, the performance of the optoelectronic device can be varied
as a function of the angie of the radiation incident at the side of the optoelectronic device.
Figure 4 illustrates open circuit voltages for the prepared optoelectronic device as a
function of the incident angle of the received radiation at a side of the fiber. As illustrated in
Figure 4, the open circuit voltage varies with the angle of incidence of the radiation received
20 at a side of the fiber. As a result, the performance of the optoelectronic device can be varied
as a function of the angle of the radiation incident at the side of the optoelectronic device.
Figure 5 illustrates short circuit currents for the prepared optoelectronic device as a
function of the incident angle of the received radiation about the circumference of the fiber,
As provided in Figure 5, the short circuit current varies with the angle of incidence of the
25 radiation received about the circumference of the fiber. As a result, the performance of the
optoelectronic device can be varied as a function of the angle of the radiation incident around
the circumference of the optoelectronic device.
Figure 6 illustrates open circuit voltages for the prepared optoelectronic device as a
function of the incident angle of the received radiation about the circumference of the fiber,
30 As illustrated in Figure 6, the open circuit voltage varies with the angle of incidence of the
radiation received around the circumference of the fiber. As a result, the performance of the
optoelectronic device can be varied as a function of the angle of the radiation incident around

the circumference of the optoelectronic device.



14. The apparatus of claim 1, wherein the non-radiation transmissive second electrode covers less
than ab(.)ut. SO%bojogt;ﬁsgjagtosensitive organic layer. 15. The apparatus }Q&?Baﬁmogﬁéyﬂgreir! f[he .
non-radiation transmissive second electrode covgys less than about 30% of the photosensitive organic
layer. 16. The apparatus of claim 1, wherein the fiber core is bent at an angle. 17. The apparatus of
claim 16, wherein the angle is about 90 degrees. 18. The apparatus of claim 16, wherein the angle is

less than about 99 frgieeSodBediberappPatativs:Phalaind Beiuinarein theangleisgreater than about 90
degrees. 20. The aratys of claim herein the apparatus,is a photovoltaic cell. 1021.An
apparatus ggrﬁ”?ﬁ?igllfggt%%ltg’aeslf’ o %}Xeﬁgéglrh{gh%fﬁﬁogg %%ﬁl %&e%%eg?gegﬁﬁ%tsc%ﬁﬂﬁrg Ehotovoltaic cell
comprisingiliufisér cof thepriadipiio nftimmsminsivecfiione Memowssnabfieedions thé fiber core; 1 5at least
one photosgHSHiveQFRGEIE AN B SLIERY Q;SFE&%%@ ficat eloetmadenend wiahicRiaappeated to the first

electrode; and a non-radiation transmissive second electrode partially covering the organic layer and
electrically B5ARELAY 16°R7 HRFARTETERY, wherein a layer comprising lithium oxide is disposed
between the photbisenditthesaigamid #ayer and the second electrode. 2022.The apparatus of claim 21,
wherein the fiber core comprises an optical fiber. 23. The apparatus of claim 22, wherein the optical
fiber comprises a glass optical fiber, a quartz optical fiber, or a plastic optical fiber. 24. The apparatus
of claim 21, wherein the at least one pixel comprises a plurality of photovoltaic cells.



2525.The apparatus of claim 24, wherein the plugéity of photovoltaic cells are bundled. 26. The
apparatus of claim 21 comprising an array of pixeéls. 27. The apparatus of claim 21, wherein the
apparatus is a solar collector. 28. The apparatus of claim 21, wherein the fiber core is bent at an angle.
29. The apparatus of claim 28, wherein the angjeaig apout 90 degrees. 3030.The apparatus of claim
28, wherein the angle is less than about 90 degrees. 31. The apparatus of claim 28, wherein the angle
is greater than about 90 degrees. 32. The apparatus of claim 21 , wherein the non-radiation
transnhissive seegrkelectngaeicgvers less than about 60% of the photosensitive organic layer. 26 33.
The apparatg%ggrcggligp 21, wherein the non-radiation transmissive second electrode covers less than
about 50% of the photosensitive organic layer. 34. The apparatus of claim 21, wherein the
non-radiatior? fRSFIFISEENERGEHI B etioge BBtRRdips deiahea96tt 30% of the photosensitive organic
layer. 535.A meiochobhoakingian opiaalaetianicderics; CoMREisiRg-gIoOwding a fiber core; disposing a
radiatie%l ,Etrrl%gﬁr%igsi\elc ef'rfé[ t%!?eﬁgsrgg&pg ég,surface of the core; disposing at least one photosensitive
organic féyer ih electrica communlcaﬁon’v?/ﬁ% the first electrode; and 10disposing a non-radiation
transmissivessetorididiee fragimissblettrinal dorndemictabnonityitizstorognidcl iayer awhadecincthis
non-ragiatinedrenanisaiie 18R oRtAleciRdle: ariRbne evaSBE RhoassRsitvewganic layer, wherein
PIayer comprising lithium oxide js disposed between the photosensitive organic layer and the second
Zectr%%@%%ﬁihv HYEh n&a%?rcﬁ%?ﬁ{}%%‘fcﬁﬂge@gﬁ]\r?ﬂ% fiber core comprises an optical fiber.

2. The apparatus of claim I, wherein the fiber core comprises an optical fiber.

3. The apparatus of claim 2, wherein the optical fiber comprises a glass optical fiber,

quartz optical fiber, or a plastic optical fiber.

4. The apparatus of claim 1, wherein the radiation transmissive first electrode comprises
15 aradiation transmissive conducting oxide. |

5. The apparatus of élaim 4, wherein the radiation transmissive conducting oxide

comprises indium tin oxide, gallium indium tin oxide, or zinc indium tin oxide.

6. The apparatus of claim 1, wherein the photosensitive organic layer comprises a photoactive
region.
20 7. The apparatus of claim 6, wherein the photoactive region comprises at least one bulk

heterojunction between a donor material and an acceptor material.
8. The apparatus of claim 7, wherein the donor material comprises a polymeric phase and the
acceptor material comprises nanoparticle phase.
9. The apparatus of claim 8, wherein the polymeric phase comprises a conjugated

25  polymer. |
10, The apparatus of claim 9, wherein the conjugated polymer comprises poly(3- hexylthiophene),
poly(3-octylthiophene}, or mixtures thereof.
il. The apparatus of claim 8 wherein the nanoparticie phase comprises fullerenes, carbon
nanotubes, or mixtures thereof.

30 12 The apparatus of claim 1, wherein the non-radiation transmissive second electrode
comprises a metal.
13. The apparatus of claim 1, wherein the non-radiation transmissive second electrode

covers less than about 60% of the photosensitive organic laver.



1537.The method of claim 36, wherein the optical fiber comprises a glass optical fiber, quartz optical
fiber, or a plastic optical fiber. 38. The method of¢laim 35, wherein the radiation transmissive first
electrode comprises a radiation transmissive conducting oxide. 39. The method of claim 35, wherein

the phatosensiive araapic ysl camprisesaorhaierativasegion 49nd bedngtbod of claim 39,
wherein the photoactive region comprises at least one bulk heterojunction between a donor material

and afP ¥ pto P AT AR PV 210 e RO S Y 5% 40 Fherein the donor material comprises a
polymkric phéisesapaidtne detaptor whaterahcompridies marmpaititie phaséc2&4aid he method of claim

35, WQS’&QE‘IEQ&%%‘E@Q@%%%F%@ %Ht%%je\ﬁ%&%gg&qr%ﬁ%@de covers less than about 60% of the

photosensitive organic layer. 43. The method of cla 5, wherein the non-radiation transmissive

sécontelectfE8RE3TS 18K R an Hisstit SHoBLsT feee phbtestdaimaorganic layer. 44. The method of

claim 8b, whereinpthe.nopfadiatienirrsmissivgisecanticieatigde 30covers less than about 30% of
the pq%tosenféiitive oﬁgg,anic Ia}Xier. 45, The r’rﬁetho?e%f flaiﬂg 35 W%gée'n the fiber core is bent at an
0 e

angle. 46. T e et f So?fc(iaﬁ 14 ,Wv% rgf“'réfnq[ﬁ%ganglgs’lss a oal?to agreeéj’%. 47. The method of claim

45, whérein the apigfietiss leisdaimaiaibie90degades. crgieThennethidd dbpleds 45, wherein the angle is
~ greatepthan aROMIREBI RS 2 4ASeh MetBpskal. canvabing sigclipmagnetic energy into electrical
?Bnergglgomp}r\ig%%ggggic\g% Hrglclié?tion at a side of an optical fiber core;
at least one pixel comprising at least one photovoltaic cell, the photovoltaic cell
conprising:
a fiber core;
a radiation transmissive first electrode surrounding the fiber core;
15 at least one photosensitive organic layer surrounding the first electrode and
electrically connected to the first electrode; and
a non-radiation transmissive second electrode partially covering the organic
layer and electrically connected to the organic layer, wherein a layer comprising lithinm oxide is disposed
between the photosensitive organic layer and the second electrode.,
20 22, The apparatus of claim 21, wherein the fiber core comprises an optical fiber,
23. The apparatus of claim 22, wherein the optical fiber comprises a glass optical fiber, a
guartz optical fiber, or a plastic optical fiber.
24, The apparatus of claim 21, wherein the at least one pixel comprises a plurality of

photovoltaic cells.

25 25 The apparatus of claim 24, wherein the plurality of photovoltaic cells are bundled.

26. The apparatus of claim 21 comprising an array of pixels.
27. The apparatus of claim 21, wherein the apparatus is a solar collector.
28, The apparatus of claim 21, wherein the fiber core is bent at an angle.

29. The apparatus of claim 28, wherein the angle is about 90 degrees.
30 30 The apparatus of claim 28, wherein the angle is less than about 90 degrees.
31. The apparatus of claim 28, wherein the angle is greater than about 90 degrees.
32. The apparatus of claim 21 , wherein the non-radiation transmissive second electrode

covers less than about 60% of the photosensitive organic layer,



transmitting the radiation into at least one photosensitive organiclayer; generating excitons in the
organic layer; and 5separating the excitons into etectrons and holes. 50. The method of claim 49,
wherein the fiber core comprises an optical fiber. 51. The method of claim 50, wherein the optical fiber

comprises a glassopticabibarmayanzontcal fiber.anaRiastic.aptical finer.Ra+Jde method of claim

49, wherein the photosensitive organic layer comprises a 10photoactive region. 53The method of
claim 8 HeTd; Bhotoasfiths PgisiEIRip ALRLa{aEE st one bulk heterojunction between a donor
materidl. and B apgeptorandténdll, 5vhdrhie thethaddiclaimh3mviieseindhecttonoddrateridbgomprises a

polymgric phasear 9&9@&%‘?&@&9&1@%%@4%99@9rises nanoparticle phase. 1555.The method of claim

49, wherein the fiber core is bent at an angle.’56. The method of claim 55, wherein the angle is about
98 degdfees. 57 hed st rERaPrSRRE 4TH R ECEMEIENE less than about 90 degrees. 58. The
method of clai R guirareisotae angle is greater than about 90 degrees. 59. The method of claim 49
further comp&isingi removing the electrons.into an ternal ci cuit.f2t060.The apparatus of claim 1

comprising a bsl}fﬁaﬁ%/a&a %Iﬁo bSEnS f@sévgr%%n?clze a’;gé‘(%‘.’“ a surface of the core;
disposing at least one photosensitive organic layer in electrical communication with the

first electrode; and

10 disposing a non-radiation transmissive second electrode in electrical communication with
the organic layer, wherein the non-radiation transmissive second electrode partially covers the
photosensitive organic layer, wherein a layer comprising lithium oxide is disposed between the
photosensitive organic layer and the second electrode.
36. The method of claim 35, wherein the fiber core comprises an optical fiber.

15 37 The method of claim 36, wherein the optical fiber comprises a glass optical fiber,
quartz optical fiber, or a plastic optical fiber.
38, The method of ¢laim 35, wherein the radiation transmissive first electrode comprises
a radiation transmissive conducting oxide.
39. The method of claim 35, wherein the photosensitive organic layer comprises a

20 photoactive region.
40. The method of claim 39, wherein the photoactive region comprises at least one bulk
heterojunction between a donor material and an acceptor material.
41. The method of claim 40, wherein the donor material comprises a polymeric phase and
the acceptor materiai comprises-nanoparticle phase.

25 42, The method of claim 35, wherein the non-radiation transmissive second electrode
covers less than about 60% of the photosensitive organic layer.
43, The method of claim 33, wherein the non-radiation transmissive second electrode
covers less than about 50% of the photosensitive organic layer.
44, The method of claim 35, wherein the non-radiation transmissive second electrode

30 covers less than about 30% of the photosensitive organic layer.
45, The method of claim 35, wherein the fiber core is bent at an angle.
46. The method of claim 45, wherein the angle is about 90 degrees.
47. The method of claim 45, wherein the angle is less than about 90 degrees.
48. The method of claim 45, wherein the angle is greater than about 90 degrees.
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15

20

49,

50.
51.

27

A method of converting electromagnetic energy into electrical energy comprising:
receiving radiation at a side of an optical fiber core;

transmitting the radiation into at least one photosensitive organic layer;
generating excitons in the organic layer; and

separating the excitons into electrons and holes.

The method of claim 49, wherein the fiber core comprises an optical fiber.

The method of claim 50, wherein the optical fiber comprises a glass optical fiber,

guartz optical fiber, or a plastic optical fiber.

52.

The method of claim 49, wherein the photosensitive organic layer comprises a

photoactive region.

53.

The method of claim 52, wherein the photoactive region comprises at least one bulk

heterojunction between a donor material and an acceptor material.

54,

The method of claim 53, wherein the donor material comprises a polymeric phase and

the acceptor material comprises nanoparticle phase.

55,
56.
57.
58.
59.
60.

The method of elaim 49, wherein the fiber core is bent at an angle.

The method of claim 55, wherein the angle is about 90 degrees.

The method of claim 55 wherein the angle is less than about 90 degrees.

The method of claim 55, wherein the angle is greater than about 90 degrees.

The method of claim 49 further comprising removing the electrons into an external circuit.

The apparatus of claim 1 'comprising a plurality of photosensitive organic layers.



