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Description

FIELD OF THE INVENTION

[0001] The present invention relates to organic optoelectronic devices and, in particular, to organic photovoltaic devices
having a fiber structure.

BACKGROUND OF THE INVENTION

[0002] Optoelectronic devices using organic materials are becoming increasingly desirable in a wide variety of appli-
cations 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 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 (OLEDs), and organic photodetectors.
[0003] Photovoltaic devices convert electromagnetic radiation into electricity by producing a photo-generated current
when connected across a load and exposed to light. The electrical power generated by photovoltaic cells can be used
in many applications including lighting, heating, battery charging, and powering devices requiring electrical energy.
[0004] When irradiated under an infinite load, a photovoltaic device produces its maximum possible voltage, the open
circuit voltage or Voc. When irradiated with its electrical contacts shorted, a photovoltaic device produces its maximum
current, I short circuit or Isc. Under operating conditions, a 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 Voc and Isc. When the load value is optimized for maximum power generation, the
current and voltage have the values Imax and Vmax respectively.
[0005] A key characteristic in evaluating a photovoltaic cell’s performance is the fill factor, ff. The fill factor is the ratio
of the photovoltaic cell’s actual power to its power if both current and voltage were at their maxima. The fill factor of a
photovoltaic cell is provided according to equation (1). 

The fill factor of a photovoltaic is always less than 1, as Isc and Voc are never obtained simultaneously under operating
conditions. Nevertheless, as the fill factor approaches a value of 1, a device demonstrates less internal resistance and,
therefore, delivers a greater percentage of electrical power to the load under optimal conditions.
[0006] Photovoltaic devices may additionally be characterized by their efficiency of converting electromagnetic energy
into electrical energy. The conversion efficiency, ηp, of a photovoltaic device is provided according to equation (2) where
Pinc is the power of the light incident on the photovoltaic. 

[0007] 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 to produce due to the 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%.
[0008] Constructing organic photovoltaic devices having efficiencies comparable to inorganic devices poses a technical
challenge. Some organic photovoltaic devices demonstrate efficiencies on the order of 1% or less. The low efficiencies
displayed in organic photovoltaic devices results from a severe length scale mismatch between exciton diffusion length
(LD) and organic layer thickness. In order to have efficient absorption of visible electromagnetic radiation, an organic
film must have a thickness of about 500 nm. This thickness greatly exceeds exciton diffusion length which is typically
about 50 nm, often resulting in exciton recombination.
[0009] Organic photovoltaic devices comprising a fiber structure and the use of waveguiding in a method of converting
electromagnetic energy to electrical energy have been developed, as set forth in PCT Application entitled Organic
Optoelectronic Devices and Applications Thereof, filed May 1, 2006 and assigned to Wake Forest University. Organic
photovoltaic devices having a fiber structure can provide conversion efficiencies comparable to and greater than inorganic
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devices. It would be desirable, however, to further enhance the efficiencies of organic photovoltaic devices having a
fiber structure.
Patent document US2006/013549 describes a photoactive fiber with a conductive core including a first electrode wherein
an organic layer surrounds and is electrically connected to the first electrode. A transparent second electrode surrounds
and is electrically connected to the organic layer.

SUMMARY

[0010] The present invention provides photovoltaic apparatus, a method for making photovoltaic apparatus, optoe-
lectronic devices, and methods for converting electromagnetic energy into electrical energy as set out in the appended
claims.
[0011] These and other embodiments are of the present invention are described in greater detail in the detailed
description of the invention which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0012]

Figure 1 illustrates cross sectional view of a photovoltaic device comprising a fiber structure according to an em-
bodiment of the present invention.
Figure 2 illustrates cross sectional view of a photovoltaic device comprising a fiber structure according to an em-
bodiment of the present invention.
Figure 3 illustrates absorption intensity spectra as a function of incident angle at a fiber end face of an organic
photovoltaic device according to an embodiment of the present invention.
Figure 4 illustrates refraction of electromagnetic radiation traveling in a fiber photovoltaic device according to an
embodiment of the present invention.
Figure 5 displays theoretical curves for incident angles as a function of refractive index to achieve total internal
reflection at an interface of a photosensitive organic layer according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0013] The present invention provides organic photovoltaic devices comprising an optical fiber core, a radiation trans-
missive first electrode surrounding the optical fiber core, at least one photosensitive organic layer surrounding the first
electrode and electrically connected to the first electrode, and a second electrode surrounding the organic layer and
electrically connected to the organic layer, wherein the organic layer comprises at least one upconverter material, anti-
Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof.
[0014] Compositions suitable for components of photovoltaic devices according to embodiments of the present inven-
tion, including optical fiber cores, first and second electrodes, and photosensitive organic layers, are set forth in the PCT
application entitled Organic Optoelectronic Devices and Applications Thereof, filed May 1, 2006.
[0015] Turning now to components that can be included in various embodiments of photovoltaic devices of the present
invention, photovoltaic devices of the present invention comprise an optical fiber core. In some embodiments the present
invention, an optical fiber core of a photovoltaic device of the present invention comprises an indium tin oxide fiber. A
first electrode comprising a radiation transmissive conducting oxide may be disposed on the surface of the indium tin
oxide fiber. In such embodiments, the radiation transmissive conducting oxide can comprise gallium indium tin oxide
(GITO), zinc indium tin oxide (ZITO), antimony tin oxide (ATO), or indium tin oxide.
[0016] In another embodiment, a first electrode comprising a metal having a thickness operable to at least partially
transmit visible radiation may be disposed on the surface of the indium tin oxide fiber. Metals suitable for serving as a
radiation transmissive first electrode, in some embodiments, comprise elementally pure metals or alloys. In some em-
bodiments, suitable metals comprise metals having a high work function such as gold and silver. In one embodiment,
for example, a high work function metal has a work function greater than 4.7 eV. A first electrode comprising a metal
can have a thickness operable to at least partially pass visible radiation. In some embodiments, a radiation transmissive
first electrode comprising a metal has a thickness ranging from about 50 nm to about 200 nm. In other embodiments, a
radiation transmissive first electrode comprising a metal can have a thickness ranging from about 75 nm to about 150
nm. In a further embodiment, a radiation transmissive first electrode comprising a metal has a thickness ranging from
about 100 nm to about 125 nm.
[0017] In a further embodiment, a radiation transmissive first electrode comprising a composite material comprising
a nanoparticle phase dispersed in a polymeric phase may be disposed on the surface of an indium tin oxide fiber. The
nanoparticle phase, in one embodiment, can comprise carbon nanotubes, fullerenes, or mixtures thereof.
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[0018] Moroever, in some embodiments, an optical fiber core comprises glass optical fibers, quartz optical fibers, or
plastic optical fibers (POF). Plastic optical fibers, in some embodiments, are constructed of polymethyl methacrylate. In
other embodiments, plastic optical fibers are 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, in some
embodiments, are flexible.
[0019] In some embodiments, an optical fiber core of a photovoltaic device of the present invention has a diameter
ranging from about 1 Pm to about 2 mm. In other embodiments, an optical fiber core can have a diameter ranging from
about 90 Pm to about 1 mm. In a further embodiment, a fiber core has a diameter ranging from about 20 Pm to about
800 Pm.
[0020] An optical fiber core, according to some embodiments, has a length ranging from about 500 nm to about 100
mm. In other embodiments, an optical fiber core has a length ranging from about 1 Pm to about 1 mm. In a further
embodiment, an optical fiber core has a length ranging from about 10 Pm to about 100 Pm.
[0021] In a further embodiment, an optical fiber core of an organic photovoltaic device can be beveled or tapered at
one or both ends. Beveling or tapering one or both ends of an optical fiber core, in some embodiments, can enhance
reception of electromagnetic radiation by the core. In other embodiments, optical concentrators and/or lenses can be
used to increase the amount of electromagnetic radiation received by optical fiber cores of organic photovoltaic devices
of the present invention.
[0022] Photovoltaic devices, in some embodiments of the present invention, comprise a radiation transmissive first
electrode surrounding the optical fiber core. Radiation transmissive, as used herein, refers to the ability to at least 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 delivering photo-generated current to an external circuit or
providing bias voltage to the optoelectronic device. An electrode provides the interface between the photoactive regions
of an organic photovoltaic device and a wire, lead, trace, or other means for transporting the charge carriers to or from
the external circuit.
[0023] A radiation transmissive first electrode, according to some embodiments of the present invention, comprises
a radiation transmissive conducting oxide. Radiation transmissive conducting oxides, in some embodiments, comprises
indium tin oxide (ITO), gallium indium tin oxide (GITO), antimony tin oxide (ATO), and zinc indium tin oxide (ZITO). In
another embodiment, the radiation transmissive first electrode comprises a radiation transmissive polymeric material
such as polyanaline (PANI) and its chemical relatives. In some embodiments, 3,4-polyethylenedioxythiophene (PEDOT)
is a suitable radiation transmissive polymeric material for the first electrode. In other embodiments, a radiation trans-
missive first electrode comprises a carbon nanotube layer having a thickness operable to at least partially pass visible
electromagnetic radiation.
[0024] In another embodiment, a radiation transmissive first electrode comprises a 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 comprises
a metal layer having a thickness operable to at least partially pass visible electromagnetic radiation. In some embodiments,
a metal layer can comprise elementally pure metals or alloys. Metals suitable for use as a radiation transmissive first
electrode can comprise high work function metals, as described herein.
[0025] In some embodiments, a radiation transmissive first electrode has a thickness ranging from about 10 nm to
about 1 Pm. In other embodiments, a radiation transmissive first electrode has a thickness ranging from about 100 nm
to about 900 nm. In another embodiment, a radiation transmissive first electrode has a thickness ranging from about
200 nm to about 800 nm. In a further embodiment, a radiation transmissive first electrode can have a thickness greater
than 1 Pm.
[0026] Photovoltaic devices, of the present invention, comprise at least one photosensitive organic layer comprising
at least one upconverter material, anti-Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination
thereof. Photovoltaic devices, according to some embodiments, can comprise a plurality of photosensitive organic layers.
[0027] In some embodiments, a photosensitive organic layer has a thickness ranging from about 30 nm to about 1
Pm. In other embodiments, a photosensitive organic layer has a thickness ranging from about 80 nm to about 800 nm.
In a further embodiment, a photosensitive organic layer has a thickness ranging from about 100 nm to about 300 nm.
[0028] A photosensitve organic layer, according to embodiments of the present invention, comprises at least one
photoactive region in which electromagnetic radiation is absorbed to produce excitons which may subsequently dissociate
into electrons and holes. In some embodiments, a photoactive region can comprise a polymer. Polymers suitable for
use in a photoactive region of a photosensitive organic layer, in one embodiment, can comprise conjugated polymers
such as thiophenes including poly(3-hexylthiophene) (P3HT), poly(3-octylthiophene) (P3OT), and polythiophene (PTh).
[0029] In some embodiments, polymers suitable for use in a photoactive region of a photosensitive organic layer can
comprise semiconducting polymers. In one embodiment, semiconducting polymers include phenylene vinylenes, such
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as poly(phenylene vinylene) and poly(p-phenylene vinylene) (PPV), and derivatives thereof. In other embodiments,
semiconducting polymers comprise poly fluorenes, naphthalenes, and derivatives thereof. In a further embodiment,
semiconducting polymers for use in a photoactive region of a photosensitive organic layer comprise poly(2-vinylpyridine)
(P2VP), polyamides, poly(N-vinylcarbazole) (PVCZ), polypyrrole (PPy), and polyaniline (PAn).
[0030] 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 photosensitive organic layer comprise coumarin 6, coumarin
30, coumarin 102, coumarin 110, coumarin 153, and coumarin 480 D. In another embodiment, a small molecule comprises
merocyanine 540. In a further embodiment, small molecules comprise 9,10-dihydrobenzo[a]pyrene-7(8H)-one, 7-meth-
ylbenzo[a]pyrene, pyrene, benzo[e]pyrene, 3,4-dihydroxy-3-cyclobutene-1,2-dione, and 1,3-bis[4-(dimethylamino)phe-
nyl-2,4-dihydroxycyclobutenediylium dihydroxide.
[0031] In some embodiments of the present invention, exciton dissociation is precipitated at heterojunctions in the
organic layer formed between adjacent donor and acceptor materials. Organic layers, in some embodiments of the
present invention, comprise at least one bulk heterojunction formed between donor and acceptor materials. In other
embodiments, organic layers comprise a plurality of bulk heterojunctions formed between donor and acceptor materials.
[0032] In the context of organic materials, the terms donor and acceptor refer to the relative positions of the highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels of two contacting
but different organic materials. This is in contrast to the use of these terms in the inorganic context, where donor and
acceptor may refer to types of dopants that may be used to create inorganic n- and p-type layers, respectively. In the
organic context, if the LUMO energy level of one material in contact with another is lower, then that material is an
acceptor. Otherwise it is a donor. It is 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.
[0033] 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 nan-
oparticle phase 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) (P3OT). In some embodiments, polymers suitable for producing the polymeric phase of the photoactive
region comprise poly[2-(3-thienyl)-ethoxy-4-butylsulphonate](PTEBS), 2-methoxy-5-(3’,7’-dimethyloctyloxy)-1,4-phe-
nylene-vinylene (MDMO-PPV), and poly[2-methoxy-5-(2’-ethylhexyloxy)-p-phenylene-vinylene] (MEH-PPV).
[0034] In some embodiments, the nanoparticle phase dispersed in the polymeric phase of a polymeric composite
material comprises at least one carbon nanoparticle. Carbon nanoparticles can comprise fullerenes, carbon nanotubes,
or mixtures thereof. Fullerenes suitable for use in the nanoparticle phase, in one embodiment, can comprise 1-(3-
methoxycarbonyl)propyl-1-phenyl(6,6)C61 (PCBM). Carbon nanotubes for use in the nanoparticle phase, according to
some embodiments, can comprise single-walled nanotubes, multi-walled nanotubes, or mixtures thereof.
[0035] In some embodiments of the present invention, the polymer to nanoparticle ratio in polymeric composite ma-
terials 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 about 1:0.6. In one embodiment, for example, the ratio of poly(3-hexylth-
iophene) to PCBM ranges from about 1:1 to about 1:0.4.
[0036] In a further embodiment, the nanoparticle phase dispersed in the polymeric phase comprises at least one
nanowhisker. A nanowhisker, as used herein, refers to a crystalline carbon nanoparticle formed from a plurality of carbon
nanoparticles. Nanowhiskers, in some embodiments, are produced by annealing a photosensitive organic layer com-
prising the polymeric composite material. Carbon nanoparticles operable to form nanowhiskers, according to some
embodiments, can comprise single-walled carbon nanotubes, multi-walled carbon nanotubes, and fullerenes. In one
embodiment, nanowhiskers comprise crystalline PCBM. Annealing the photosensitive organic layer, in some embodi-
ments, can further increase the dispersion of the nanoparticle phase in the polymeric phase.
[0037] In embodiments of photoactive regions comprising a polymeric phase and a nanoparticle phase, the polymeric
phase serves as a donor material and the nanoparticle phase serves as the acceptor material thereby forming a heter-
ojunction for the separation of excitons into holes and electrons. In embodiments wherein nanoparticles are dispersed
throughout the polymeric phase, the photoactive region of the organic layer comprises a plurality of bulk heterojunctions.
[0038] 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 orga-
nometallic material in the photoactive region, photosensitive devices incorporating such materials may efficiently 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, eliminating 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 photoactive region, as the
triplet excitons may diffuse a greater distance to reach the donor-acceptor heterojunction, without sacrificing device
efficiency.
[0039] In further embodiments, acceptor materials in a photoactive region of a photosensitive organic layer can com-
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prise perylenes, naphthalenes, and mixtures thereof.
[0040] As provided herein, photosensitive organic layers, of the present invention, comprise at least one upconverter
material, anti-Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof. In some embod-
iments, upconverter materials, anti-Stokes materials, laser dyes, anti-counterfeiting dyes, quantum dots, or combinations
thereof are blended into a photosensitive organic layer by techniques known to one of skill in the art.
[0041] As understood by one of skill in the art, an upconverter is a material operable to emit electromagnetic radiation
having energy greater than that of the electromagnetic radiation absorbed by the material to create the excited state.
Upconverters suitable for use in the present invention, in some embodiments, can absorb infrared radiation and emit
visible radiation at wavelengths operable to be absorbed by photosensitive organic layers of photovotlaic devices of the
present invention.
[0042] Upconverters, in some embodiments, include materials comprising at least one Lanthanide series element. In
some embodiments, upconverter materials can comprise nanoparticles comprising at least one Lanthanide series ele-
ment. Lanthanide series elements suitable for use in upconverter materials according to some embodiments of the
present invention comprise erbium, ytterbium, dysprosium, holmium, or mixtures thereof. In some embodiments, up-
converter materials comprise metal oxides and metal sulfides doped with ions of erbium, ytterbium, dysprosium, holmium,
or mixtures thereof. In other embodiments, optical fibers, in addition to the photosensitive organic layer, may be doped
directly with ions of erbium, ytterbium, dysprosium, holmium, or mixtures thereof.
[0043] In some embodiments, upconverter materials comprise organic chemical species. Organic upconverter mate-
rials comprise H2C6N 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-(dimethylamino)styryl]-1-methylpyridinium
iodide, 4-[4-(dimethylamino)styryl]pyridine, 4-(diethylamino)benzaldehyde diphenylhydrazone, trans-4-[4-(dimethylami-
no)styryl]-1-methylpyridinium p-toluenesulfonate, 2-[ethyl[4-[2-(4-nitrophenyl)ethenyl]phenyl]amino]ethanol, 4-dimeth-
ylamino-4’-nitrostilbene, Disperse Orange 25, Disperse Orange 3, and Disperse Red 1.
[0044] In a further embodiment, upconverter materials can comprise quantum dots. Quantum dots, according to some
embodiments, can comprise III/V and II/VI semiconductor materials, such as cadmium selenide (CdSe), cadmium telluride
(CdTe), cadmium sulfide (CdS), lead sulfide (PbS), lead selenide (PbSe), and zinc selenide (ZnSe). Upconverter materials
can also comprise core-shell architectures of quantum dots.
[0045] In addition to those provided herein, embodiments of the present invention contemplate additional upconverter
materials comprising transition metals, such as chromium.
[0046] Anti-Stokes materials, laser dyes and anti-counterfeiting dyes suitable for incorporation into photosensitive
organic layers, according to some embodiments, comprise substituted benzophenones, biphenyls, diphenyls, infrared
dyes such as polymethines, and spectral sensitizers such as cyanines and merocyanines. Suitable anti-counterfeiting
dyes can comprise phosphors, fluorophors, thermochromic, and/or photochromic chemical species.
[0047] Photovoltaic devices of the present invention comprise a second electrode surrounding the photosensitive
organic layer. In some embodiments, the second electrode can comprise a metal. As used herein, metal refers to both
materials composed of an elementally pure metal, e.g., gold, and also metal alloys comprising materials composed of
two or more elementally pure materials. In some embodiments, the second electrode comprises gold, silver, aluminum,
copper, or combinations thereof. The second electrode, according to some embodiments, has a thickness ranging from
about 10 nm to about 10 Pm. In other embodiments, the second electrode has a thickness ranging from about 100 nm
to about 1 Pm. In a further embodiment, the second electrode can have a thickness ranging from about 200 nm to about
800 nm.
[0048] A layer comprising lithium fluoride (LiF), according to some embodiments, can be disposed between a photo-
sensitive organic layer and second electrode. The LiF layer can have a thickness ranging from about 5 angstroms to
about 10 angstroms.
[0049] In some embodiments, the LiF layer can be at least partially oxidized resulting in a layer comprising lithium
oxide (Li2O) and LiF. In other embodiments, the LiF layer can be completely oxidized resulting in a lithium oxide layer
deficient or substantially deficient of 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 10-6

Torr. In another embodiment, 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 less than about 10-7 Torr or less than about 10-8 Torr.
[0050] In some embodiments, a LiF layer is exposed to an atmosphere comprising water vapor 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 embodiment, a LiF
layer is exposed to an atmosphere comprising water vapor and/or oxygen for a time period less than about one hour.
The time period of exposure of the LiF layer to an atmosphere comprising water vapor and/or oxygen, according to some
embodiments of the present invention, is dependent upon the partial pressures of the water vapor and/or oxygen in the
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atmosphere. The higher the partial pressure of the water vapor or oxygen, the shorter the exposure time.
[0051] Organic photovoltaic devices, according to some embodiments of the present invention, can further comprise
additional layers such as one or more exciton blocking layers. In embodiments of the present invention, an exciton
blocking layer (EBL) can act to confine photogenerated excitons to the region near the dissociating interface and prevent
parasitic exciton quenching at a photosensitive organic/electrode interface. In addition to limiting the path over which
excitons may diffuse, an EBL can additionally act as a diffusion barrier to substances introduced during deposition of
the electrodes. In some embodiments, an EBL can have a sufficient thickness to fill pin holes or shorting defects which
could otherwise render an organic photovoltaic device inoperable.
[0052] An EBL, according to some embodiments of the present invention, comprises a polymeric composite material.
In one embodiment, an EBL comprises carbon nanoparticles dispersed in 3,4-polyethylenedioxythiophene:polysty-
renesulfonate (PEDOT:PSS). In another embodiment, an EBL comprises carbon nanoparticles dispersed in poly(vinyli-
dene 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 holes while impeding the passage of electrons.
[0053] In some embodiments, an EBL may be disposed between the radiation transmissive first electrode and a
photosensitive organic layer of an photovoltaic device. In some embodiments wherein the photovoltaic device comprises
a plurality of photosensitive organic layers, EBLs can be disposed between the photosensitive organic layers.
[0054] Photovoltaic devices of the present invention, in some embodiments, further comprise a protective layer sur-
rounding the second electrode. The protective layer can provide photovoltaic devices provided herein with increased
durability thereby permitting their use in a wide variety of applications including photovoltaic applications. In some
embodiments, the protective layer comprises a polymeric composite material. In one embodiment, the protective layer
comprises nanoparticles dispersed in poly(vinylidene chloride). Nanoparticles dispersed in poly(vinylidene chloride),
according to some embodiments, can comprise single-walled carbon nanotubes, multi-walled carbon nanotubes, fuller-
enes, or mixtures thereof.
[0055] Photovoltaic devices of the present invention, in some embodiments, further comprise an external metallic
contact. In one embodiment, the external metallic contact surrounds the second electrode and is in electrical commu-
nication with the second electrode. The external metallic contact, in some embodiments, can be operable to extract
current over at least a portion of the circumference and length of the fiber photovoltaic device. In other embodiments,
the external metal contact can be operable to extract current over the entire length and circumference of the fiber
photovoltaic device. External metallic contacts, in some embodiments, can comprise metals including gold, silver, or
copper. In a further embodiment, external metal contacts can be operable to reflect non-absorbed electromagnetic
radiation back into at least one photosensitive organic layer for further absorption.
[0056] Photovoltaic devices, according to some embodiments of the present invention, further comprise charge transfer
layers. Charge transfer layers, as used herein, refer to layers which only deliver charge carriers from one section of an
photovoltaic device to another section. In one embodiment, for example, a charge transfer layer can comprise an exciton
blocking layer.
[0057] A charge transfer layer, in some embodiments, can be disposed between a photosensitive organic layer and
radiation transmissive first electrode and/or a photosensitive organic layer and second electrode. In other embodiments,
charge transfer layers may be disposed between the second electrode and protective layer of an photovoltaic device.
Charge transfer layers, according to some embodiments, are not photoactive.
[0058] Figure 1 illustrates a cross-sectional view of a photovoltaic device comprising a fiber structure according to
another embodiment of the present invention. The photovoltaic device (200) displayed in Figure 1 comprises an optical
fiber core (202) and a radiation transmissive first electrode (204) surrounding the optical fiber core (202). An exciton
blocking layer (206) surrounds the radiation transmissive first electrode (204), and a photosensitive organic layer (208)
surrounds the exciton blocking layer (206) wherein the photosensitive organic layer (208) comprises at least one up-
converter, anti-Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof. A second elec-
trode (210) surrounds the photosensitive organic layer (208).
[0059] In the embodiment shown in Figure 1, the optical fiber core (202) and radiation transmissive first electrode
(204) extend longitudinally beyond the remaining layers of the photovoltaic device (200). The longitudinal extension of
the optical fiber core (202) and radiation transmissive first electrode (204), in some embodiments, can facilitate attachment
of the photovoltaic device (200) to an external electrical circuit.
[0060] Figure 2 illustrates a cross-sectional view of a photovoltaic device comprising a fiber structure according to
another embodiment of the present invention, wherein the photovoltaic device comprises a plurality of photosensitive
organic layers, and wherein at least one of the photosensitive organic layers comprises at least one upconverter material,
anti-Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof. The photovoltaic device
(300) comprises an optical fiber core (302). The fiber core (302) can comprise a glass optical fiber, a quartz optical fiber,
or a plastic optical fiber.
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[0061] The optical fiber core (302) is surrounded by a radiation transmissive first electrode (304). The radiation trans-
missive first electrode (304) can comprise a radiation transmissive conducting oxide such as indium tin oxide, gallium
indium tin oxide, antimony tin oxide, or zinc indium tin oxide. The radiation transmissive first electrode (304) is surrounded
by a first exciton blocking layer (306). In some embodiments, the first EBL (306) can comprise carbon nanoparticles
dispersed in a polymeric phase such as 3,4-polyethylenedioxythiophene or poly(vinylidene chloride).
[0062] The first EBL (306) is surrounded by a first photosensitive organic layer (308). The first photosensitive organic
layer (308), in some embodiments, can comprise a P3HT-carbon nanoparticle polymeric composite. The first photosen-
sitive organic layer (308) is surrounded by a second exciton blocking layer (310). The second EBL, in some embodiments,
can also comprise carbon nanoparticles dispersed in 3,4-polyethylenedioxythiophene or poly(vinylidene chloride).
[0063] The second EBL is surrounded by a second photosensitive organic layer (312). The second photosensitive
organic layer (312), in some embodiments, comprises a polymeric material, including a polymeric composite, having an
electromagnetic radiation absorption profile that largely overlaps that of the first organic layer (308). In other embodiments,
the second photosensitive organic layer (312) can comprise a polymeric material, including a polymeric composite,
having an electromagnetic radiation absorption profile that does not overlap or minimally overlaps that of the first organic
layer (308). The second photosensitive organic layer (312) further comprises at least one upconverter material, anti-
Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof.
[0064] The second organic layer (312) is surrounded by a second electrode (314) that can reflect electromagnetic
radiation not absorbed by the photosensitive organic layers (308), (312) back into the organic layers for further absorption.
The second electrode (314), in some embodiments, comprises a metal, such as aluminum, gold, silver, nickel, or copper.
[0065] In the embodiment shown in Figure 2, the optical fiber core (302), radiation transmissive first electrode (304),
and second exciton blocking layer (310) extend longitudinally beyond the remaining layers of the photovoltaic device.
The longitudinal extension of the optical fiber core (302), radiation transmissive first electrode (304), and second exciton
blocking layer (310) can facilitate attachment of the photovoltaic device (300) to an external electrical circuit.
[0066] Although Figure 2 illustrates a photovoltaic device having two photosensitive organic layers, embodiments of
the present invention contemplate photovoltaic devices comprising greater than two photosensitive organic layers, pho-
tovoltaic devices having three, four, five, and greater than five photosensitive organic layers. In some embodiments, a
photovoltaic device can comprise at least 10 photosensitive organic layers.
[0067] A plurality of photosensitive organic layers can be buffered from one another, in some embodiments, by dis-
posing exciton blocking layers between the photosensitive organic layers. By providing a plurality of photosensitive
organic layers wherein each layer has a distinct absorption profile, photovoltaic devices of the present invention can
increase or maximize exciton generation across the electromagnetic spectrum.
[0068] In some embodiments, a photovoltaic device can comprise a fiber core having a plurality of photosensitive
regions located along its longitudinal axis, each of the plurality of photosensitive regions comprises a radiation trans-
missive 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 second electrode surrounding the organic layer and electrically
connected to the organic layer. Each of the plurality of regions may further comprise additional layers as set forth herein,
including additional photosensitive organic and exciton blocking layers as provided in Figure 2. Moroever, at least one
of the photosensitive organic layers further comprises at least one upconverter material, anti-Stokes material, laser dye,
anti-counterfeiting dye, quantum dot, or combination thereof.
[0069] In another embodiment, an optoelectronic device comprises at least one pixel comprising at least one photo-
voltaic cell, the photovoltaic cell comprising an optical 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 second electrode surrounding the organic layer and electrically connected to the organic layer, wherein
the photosensitive organic layer comprises at least one upconverter material, anti-Stokes material, laser dye, anti-
counterfeiting dye, quantum dot, or combination thereof.
[0070] Optoelectronic devices comprising at least one pixel comprising at least one photovoltaic cell, in some embod-
iments, can have constructions consistent with those provided in the PCT application entitled Organic Optoelectronic
Devices and Application Thereof, filed May 1, 2006.
[0071] Fiber photovoltaic cells for use in pixel applications, in some embodiments of the present invention, are con-
structed independently from one another. In such embodiments, component materials for one fiber photovoltaic cell are
selected without reference to 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
an indium tin oxide 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 with the materials and methods described herein to produce pixels and pixel arrays suitable for a wide range
of applications.
[0072] Photovoltaic devices comprising at least one pixel comprising at least one fiber photovoltaic cell, in some
embodiments, comprise solar cells. Pixels and pixel arrays can be placed on any suitable substrate, in some embodi-
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ments, to produce solar panels. Solar cells and panels comprising fiber photovoltaic cells of the present invention can
have conversion efficiencies greater than 6%.
[0073] A photovoltaic device of the present invention may be produced by providing an optical fiber core, disposing
a radiation transmissive first electrode on a surface of the optical fiber core, disposing at least one photosensitive organic
layer in electrical communication with the first electrode, and disposing a second electrode in electrical communication
with the organic layer, wherein the organic layer comprises at least one upconverter material, anti-Stokes material, laser
dye, anti-counterfeiting dye, quantum dot, or combination thereof.
[0074] Disposing a radiation transmissive first electrode on an optical fiber core, in some embodiments, comprises
sputtering or dip coating a radiation transmissive conductive oxide onto a surface of the optical fiber core. In some
embodiments, disposing a photosensitive organic layer in electrical communication with the first electrode comprises
depositing the organic layer on the first electrode by dip coating, spin coating, vapor phase deposition, or vacuum thermal
annealing. Disposing a second electrode in electrical communication with the photosensitive organic layer, according
to some embodiments, comprises depositing the second electrode on the organic layer through vapor phase deposition,
spin coating, or dip coating.
[0075] Disposing a second electrode in electrical communication with the photosensitive organic layer, according to
some embodiments, comprises depositing the second electrode on the organic layer through vapor phase deposition,
spin coating, or dip coating.
[0076] Methods of producing a fiber photovoltaic device, in some embodiments, further comprise annealing the pho-
tosensitive organic layer or layers. In some embodiments where a 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 comprising fullerenes, single-walled carbon nanotubes, multi-walled
carbon nanotubes, or mixtures thereof can form nanowhiskers in the polymeric phase as a result of annealing. Annealing
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.
[0077] In addition to providing organic photovoltaic devices having a fiber structure, the present invention provides
methods for converting electromagnetic energy into electrical energy. In one embodiment, a method for converting
electromagnetic energy into electrical energy comprises receiving radiation along the longitudinal axis of an optical fiber,
transmitting the radiation into at least one photosensitive organic layer through a radiation transmissive first electrode
surrounding the optical fiber, generating excitons in the organic layer, and separating the excitons into electrons and
holes, wherein the organic layer comprises at least one upconverter material, anti-Stokes material, laser dye, anti-
counterfeiting dye, quantum dot, or combination thereof.
[0078] In another embodiment, a method for converting electromagnetic energy into electrical energy comprises re-
ceiving radiation along the longitudinal axis of an optical fiber at an incident angle sufficient to produce total internal
reflection at an interface of a photosensitive organic layer and an adjacent layer disposed on a surface of the optical
fiber. In some embodiments, receiving radiation can comprise positioning the optical fiber to receive radiation at an
incident angle sufficient to produce total internal reflection at an interface of a photosensitive organic layer and an
adjacent layer. A photosensitive organic layer can be consistent with those provided in embodiments hereinabove. In
some embodiments, an adjacent layer can comprise a charge transfer layer, such as an exciton blocking layer. In one
embodiment, for example, the adjacent layer can comprise PEDOT.
[0079] In some embodiments, electromagnetic energy received at an incident angle sufficient to produce total internal
reflection can be refracted by at least one additional layer before reaching the interface of a photosensitive organic layer
and an adjacent layer. In some embodiments, additional layers can comprise conducting metal oxides consistent with
those provided herein or additional charge transfer layers consistent with those provided herein.
[0080] Creating total internal reflection at an interface of a photosensitive organic layer and an adjacent layer can
produce evanescence fields or waves in the photosensitive organic layer, which can lead to an increased absorption of
electromagnetic radiation by the organic layer. Increasing absorption of electromagnetic radiation in the photosensitive
organic layer can produce greater numbers of excitons thereby increasing the conversion efficiencies of organic photo-
voltaic devices of the present invention.
[0081] Figure 3 illustrates absorption intensity spectra as a function of incident angle at a fiber end face of an organic
photovoltaic device according to an embodiment of the present invention. The incident angles at the fiber face varied
from 2° to 20° in 2° increments. As shown in Figure 3, the absorption intensity peaked at an incident angle of 16°. The
organic photovoltaic device used to generate the spectra provided in Figure 3 included a photosensitive organic layer
comprising a polymeric composite of poly(3-hexylthiophene) and 1-(3-methoxycarbonyl)propyl-1-phenyl(6,6)C61 (P3HT/
PCBM). The P3HT/PCBM photosensitive organic layer surrounded an adjacent exciton blocking layer comprising PE-
DOT.
[0082] While not wishing to be bound by any theory, it is believed that the radiation was absorbed by the photosensitive
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organic layer, and an incident angle of about 16° created the condition for total internal reflection at the PEDOT/P3HT:
PCBM interface. By creating total internal reflection at the PEDOT/P3HT:PCBM interface, evanescent waves or fields
were present in the P3HT:PCBM organic layer producing an increased absorption intensity.
[0083] In embodiments of the present invention, the critical angle required for total internal reflection at an interface
of a photosensitive organic layer and an adjacent layer can be dependent upon the refractive index of the photosensitive
organic layer. By assuming achievement of the critical angle at the interface of the photosensitive organic layer and
adjacent layer, the required incident angle at the interface can be calculated. From this, Snell’s law can be used at each
additional interface produced by the presence of additional layers disposed on the optical fiber core, and the incident
angle at the face of the optical fiber can be calculated.
[0084] Figure 4, for example, illustrates refraction of electromagnetic radiation traveling in a fiber photovoltaic device,
according to an embodiment of the present invention, which produces total internal reflection at an interface of a pho-
tosensitive organic layer and an adjacent layer. In Figure 4, the photosensitive organic layer comprises a poly(3-hexy-
lthiophene)/1-(3-methoxycarbonyl)propyl-1-phenyl(6,6)C61 (P3HT/PCBM) composite, and the adjacent layer comprises
PEDOT. An additional layer of indium tin oxide is disposed between the PEDOT layer and surface of the silica optical
fiber core. The indium tin oxide layer, as described herein, serves as a radiation transmissive first electrode.
[0085] Applying Snell’s law at the various layer interfaces illustrated in Figure 5 yields: 

wherein η11 is the refractive index of the silica optical fiber core, η2 is the refractive index of the indium tin oxide layer,
η3 is the refractive index of the PEDOT layer, and ηc is the refractive index of the photosensitive organic layer.
[0086] Noticing that θc=θ6 and θ5=θ4, we can substitute (3) into (4) and then that result into (5) and rearrange to get 

[0087] Since ηo =1 and θ2 = 90°- θ3, at the air/fiber interface, we have

[0088] Finally, upon substitution of (6) into (7) the theoretical equation becomes 

where θ1 is the incident angle at the fiber interface measured from the normal.
[0089] Figure 5 illustrates theoretical curves displaying incident angles at the face of the optical fiber core as a function
of the refractive index of the P3HT:PCBM photosensitive organic layer which are sufficient to achieve the critical angle
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for total internal reflection at the PEDOT/P3HT:PCBM interface. Each theoretical curve represents a different incident
wavelength, which in turn corresponds to a different refractive index for the silica optical fiber core.
[0090] As disclosed and taught by PCT application entitled Optoelectronic Devices and Applications Thereof, filed
May 1, 2006, subsequent to a determination of incident angles sufficient for producing total internal reflection at an
interface of a photosensitive organic layer and adjacent layer, an optical fiber core can be positioned to receive radiation
in accordance with the incident angles. A panel, for example, constructed of pixels comprising organic photovoltaic cells
having a fiber structure can be positioned such that radiation striking the panel can be received by the optical fiber cores
of the photovoltaic cells at angles sufficient to produce total internal reflection at an interface of a photosensitive organic
layer and an adjacent layer.
[0091] In some embodiments, layers of organic photovoltaic devices 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,
can be etched on the side forming an interface with a P3HT/PCBM photosensitive organic layer.
[0092] In some embodiments, layers of organic photovoltaic devices can be etched by lithographic methods, including
photolithographic methods. In one embodiment, a photolithographic resist is deposited onto the surface of the layer to
be etched. Photolithographic resists, according to embodiments of the present 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 distance.
After developing the resist, the layer of the organic photovoltaic device is then etched by any suitable polar organic
solvent, such as acetone. The photolithographic resist is subsequently stripped from the layer of the organic photovoltaic
device leaving behind an etched layer.
[0093] In some embodiments, the indium tin oxide fiber is etched. Etching the indium tin oxide fiber, in some embod-
iments, can be achieved by lithographic processes, including photolithographic processes. In one embodiment, for
example, a photolithographic resist is deposited onto the surface of the indium tin oxide fiber. Once the photolithographic
resist is deposited, the resist is exposed to radiation and developed with appropriate solvent to produce a pattern on the
indium tin oxide fiber. The surface of the indium tin oxide fiber is subsequently etched in a suitable acid, such as chromic
acid, sulfuric acid, or nitric acid. The photolithographic resist is then removed or stripped from the surface of the indium
tin oxide fiber leaving behind the etched surface. In some embodiments, first electrodes comprising radiation transmissive
conducting oxides, including indium tin oxide, are etched in this manner.

Claims

1. A photovoltaic apparatus comprising:

an optical fiber core (202;302);
a first electrode (204; 304) surrounding the optical fiber core (202;302);
at least one photosensitive organic layer (208; 312) surrounding the first electrode (204; 304) and electrically
connected to the first electrode (204; 304); and
a second electrode (210; 314) surrounding the organic layer (208; 312) and electrically connected to the organic
layer (208; 312),
characterised in that:
said first electrode (204; 304) is radiation transmissive; and,
the organic layer (208; 312) comprises at least one upconverter material, anti-Stokes material, laser dye, anti-
counterfeiting dye, quantum dot, or combination thereof.

2. Photovoltaic apparatus as claimed in Claim 1, wherein the photosensitive organic layer (208; 312) comprises a
photoactive region.

3. Photovoltaic apparatus as claimed in Claim 2, wherein the photoactive region comprises at least one bulk hetero-
junction between a donor material and an acceptor material.

4. Photovoltaic apparatus as claimed in Claim 3, wherein the donor material comprises a polymeric phase and the
acceptor material comprises a nanoparticle phase.

5. Photovoltaic apparatus as claimed in any of Claims 1-4, wherein an indium tin oxide fiber serves as the optical fiber
core (202;302) and the radiation transmissive first electrode (204; 304).
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6. Photovoltaic apparatus as claimed in any of Claims 1-5, wherein at least one end of the optical fiber core (202;302)
is beveled.

7. Photovoltaic apparatus as claimed in any of Claims 1-6, further comprising an exciton blocking layer (206; 306; 310)
adjacent to the photosensitive organic layer (208; 312).

8. Photovoltaic apparatus as claimed in any of Claims 1-7 wherein the at least one upconverter material of the photo-
sensitive organic layer (208; 312) comprises a Lanthanide series element.

9. Photovoltaic apparatus as claimed in any of Claims 1-8, wherein the at least one quantum dot of the photosensitive
organic layer (208; 312) comprises a III/V semiconductor material, a II/VI semiconductor material, or mixture thereof.

10. Photovoltaic apparatus as claimed in any of Claims 1-9, wherein the at least one counterfeiting dye of the photo-
sensitive organic layer (208; 312) comprises a phosphor, fluorophor, thermochromic chemical species, photochromic
chemical species, or a mixture thereof.

11. An optoelectronic device comprising:

at least one pixel comprising at least one photovoltaic cell, the photovoltaic cell comprising a photovoltaic
apparatus as claimed in any preceding claim.

12. An optoelectronic device as claimed in Claim 11, wherein the at least one pixel comprises a plurality of photovoltaic
cells

13. An optoelectronic device as claimed in Claim 12 wherein the plurality of photovoltaic cells are bundled.

14. An optoelectronic device as claimed in any one of Claims 11 to 13 comprising an array of pixels.

15. A method for converting electromagnetic energy into electrical energy comprising:

receiving electromagnetic radiation along the longitudinal axis of an optical fiber;
transmitting the electromagnetic radiation into at least one photosensitive organic layer (208; 312) through a
radiation transmissive first electrode (204; 304) surrounding the optical fiber;
generating excitons in the at least one photosensitive organic layer (208; 312); and
separating the excitons into electrons and holes,
wherein the at least one photosensitive organic layer (208; 312) comprises at least one upconverter material,
anti-Stokes material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof.

16. A method as claimed in Claim 15, further comprising removing the electrons into an external circuit.

17. A method of making a photovoltaic apparatus as claimed in Claim 7, characterized in that the exciton blocking
layer (206; 306; 310) is etched to prevent or reduce frustrated total internal reflection.

Patentansprüche

1. Ein photovoltaischer Apparat umfassend:

einen Lichtwellenleiterkern (202; 302);
eine erste Elektrode (204; 304), das den Lichtwellenleiterkern (202; 302) umgibt;
zumindest eine photosensitive organische Schicht (208; 312), das die erste Elektrode (204; 304) umgibt und
mit der ersten Elektrode (204; 304) elektrisch leitend verbunden ist; und
eine zweite Elektrode (210; 314), die die organische Schicht (208; 312) umgibt und mit der organischen Schicht
(208; 312) elektrisch leitend verbunden ist,
dadurch gekennzeichnet, dass
die erste Elektrode (204; 304) für Strahlung durchlässig ist; und
die organische Schicht (208; 312) zumindest ein Aufwärtswandlermaterial, ein Anti-Stokes-Material, Laserfarb-
stoff, Antifälschungsfarbstoff, Quantenpunkt, oder Kombinationen daraus enthält.
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2. Der photovoltaische Apparat gemäß Anspruch 1, wobei die photosensitive organische Schicht (208; 312) einen
photoaktiven Bereich umfasst.

3. Der photovoltaische Apparat gemäß Anspruch 2, wobei der photoaktive Bereich zumindest einen Bulk-Heteroüber-
gang zwischen einem Donormaterial und einem Akzeptormaterial umfasst.

4. Der photovoltaische Apparat gemäß Anspruch 3, wobei das Donormaterial eine polymere Phase und das Akzep-
tormaterial eine Nanopartikelphase umfasst.

5. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 4, wobei eine Indium-Zinnoxidfaser als Licht-
wellenleiterkern (202; 302) und als für Strahlung durchlässige erste Elektrode (204; 304) wirkt.

6. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 5, wobei zumindest ein Ende des Lichtwel-
lenleiterkerns (202; 302) abgefast ist.

7. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 6 weiterhin umfassend eine Exzitonen blok-
kierende Schicht (206; 306; 310), die an die photosensitive organische Schicht (208; 312) angrenzt.

8. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 7, wobei das zumindest eine Aufwärtswand-
lermaterial der photosensitiven organischen Schicht (208; 312) ein Element aus der Serie der Lanthaniden enthält.

9. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 8, wobei der zumindest eine Quantenpunkt
der photosensitiven organischen Schicht (208; 312) ein III/V-Halbleitermaterial, ein II/VI-Halbleitermaterial oder eine
Mischung daraus enthält.

10. Der photovoltaische Apparat gemäß irgendeinem der Ansprüche 1 bis 9, wobei der zumindest eine Antifälschungs-
farbstoff der photosensitiven organischen Schicht (208; 312) einen Leuchtstoff, einen Fluoreszenzfarbstoff, eine
thermochrome chemische Spezies, eine photochrome chemische Spezies oder eine Mischung daraus umfasst.

11. Eine optoelektronische Vorrichtung umfassend:

zumindest einen Pixel umfassend zumindest eine photovoltaische Zelle, wobei die photovoltaische Zelle einen
photovoltaischen Apparat gemäß irgendeinem der vorhergehend Ansprüche umfasst.

12. Eine optoelektronische Vorrichtung gemäß Anspruch 11, wobei der zumindest eine Pixel eine Vielzahl von photo-
voltaischen Zellen umfasst.

13. Eine optoelektronische Vorrichtung gemäß Anspruch 12, wobei die Vielzahl von photovoltaischen Zellen gebündelt
sind.

14. Eine optoelektronische Vorrichtung gemäß irgendeinem der Ansprüche 11 bis 13 umfassend ein Array von Pixeln.

15. Ein Verfahren zur Umwandlung elektromagnetischer Energie in elektrische Energie, umfassend:

Aufnahme elektromagnetischer Strahlung entlang der Längsachse eines Lichtwellenleiters;
Übertragung der elektromagnetischen Strahlung in zumindest eine photosensitive organische Schicht (208;
312) über eine für Strahlung durchlässige erste Elektrode (204; 304) hindurch, die den Lichtwellenleiter umgibt;
Erzeugung von Exzitonen in der zumindest einen photosensitiven organischen Schicht (208; 312); und
Trennen der Exzitonen in Elektronen und Elektronenlöcher,
wobei die zumindest eine photosensitive organische Schicht (208; 312), zumindest ein Aufwärtswandlermaterial,
Anti-Stokes-Material, Laserfarbstoff, Antifälschungsfarbstoff, Quantenpunkt oder eine Kombination daraus um-
fasst.

16. Ein Verfahren gemäß Anspruch 15, weiterhin umfassend die Abführung der Elektronen in einen äußeren Stromkreis.

17. Ein Verfahren zur Herstellung eines photovoltaischen Apparates gemäß Anspruch 7, dadurch gekennzeichnet,
dass die Exzitonenblockierschicht (206; 306; 310) geätzt ist, um frustrierte Totalreflektion zu verringern oder zu
verhindern.
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Revendications

1. Appareil photovoltaïque comprenant :

un noyau de fibre optique (202 ; 302) ;
une première électrode (204 ; 304) entourant le noyau de
fibre optique (202 ; 302) ; au moins une couche organique photosensible (208 ; 312) entourant la première
électrode (204 ; 304) et connectée électriquement à la première électrode (204 ; 304) ; et
une seconde électrode (210 ; 314) entourant la couche
organique (208 ; 312) et connectée électriquement à la couche organique (208 ; 312),
caractérisé en ce que :
ladite première électrode (204 ; 304) transmet les
rayonnements ; et la couche organique (208 ; 312) comprend au moins un matériau convertisseur élévateur,
un matériau anti-Stokes, un colorant laser, un colorant anti-contrefaçon, une boîte quantique ou une combinaison
de ceux-ci.

2. Appareil photovoltaïque selon la revendication 1, dans lequel la couche organique photosensible (208 ; 312) com-
prend une région photoactive.

3. Appareil photovoltaïque selon la revendication 2, dans lequel la région photoactive comprend au moins une hété-
rojonction massique entre un matériau donneur et un matériau accepteur.

4. Appareil photovoltaïque selon la revendication 3, dans lequel le matériau donneur comprend une phase polymère
et le matériau accepteur comprend une phase de nanoparticules.

5. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 4, dans lequel une fibre d’oxyde d’indium-
étain sert comme noyau (202 ; 302) de la fibre optique et comme première électrode (204 ; 304) transmettant les
rayonnements.

6. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 5, dans lequel au moins une extrémité du
noyau (202 ; 302) de la fibre optique est biseautée.

7. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 6, comprenant en outre une couche de
blocage d’excitons (206 ; 306 ; 310) en position adjacente à la couche organique photosensible (208 ; 312).

8. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 7, dans lequel au moins un matériau con-
vertisseur élévateur de la couche organique photosensible (208 ; 312) comprend un élément de la série des lanth-
anides.

9. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 8, dans lequel la au moins une boîte quantique
de la couche organique photosensible (208 ; 312) comprend un matériau semi-conducteur de type III/V, un matériau
semi-conducteur de type II/VI ou un mélange de ceux-ci.

10. Appareil photovoltaïque selon l’une quelconque des revendications 1 à 9, dans lequel le au moins un colorant de
contrefaçon de la couche organique photosensible (208 ; 312) comprend une substance fluorescente, un fluoro-
phore, une espèce chimique thermochromique, une espèce chimique photochromique ou un mélange de ceux-ci.

11. Dispositif optoélectronique comprenant :

au moins un pixel comprenant au moins une cellule
photovoltaïque, la cellule photovoltaïque comprenant un appareil photovoltaïque selon l’une quelconque des
revendications précédentes.

12. Dispositif optoélectronique selon la revendication 11, dans lequel le au moins un pixel comprend une pluralité de
cellules photovoltaïques.

13. Dispositif optoélectronique selon la revendication 12, dans lequel la pluralité de cellules photovoltaïques est regrou-
pée en faisceaux.
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14. Dispositif optoélectronique selon l’une quelconque des revendications 11 à 13, comprenant un réseau de pixels.

15. Procédé pour convertir de l’énergie électromagnétique
en énergie électrique comprenant :

la réception d’un rayonnement électromagnétique le long d’un axe longitudinal d’une fibre optique ;
la transmission du rayonnement électromagnétique dans au
moins une couche organique photosensible (208 ; 312) par le biais d’une première électrode (204 ; 304) trans-
mettant les rayonnements entourant la fibre optique ;
la génération d’excitons dans la au moins une couche
organique photosensible (208 ; 312) ; et
la séparation des excitons en électrons et en trous, dans
lequel la au moins une couche organique photosensible (208 ; 312) comprend au moins un matériau conver-
tisseur élévateur, un matériau anti-Stokes, un colorant laser, un colorant anti-contrefaçon, une boîte quantique
ou une combinaison de ceux-ci.

16. Procédé selon la revendication 15, comprenant en outre l’évacuation des électrons dans un circuit externe.

17. Procédé de fabrication d’un appareil photovoltaïque selon la revendication 7, caractérisé en ce que la couche de
blocage d’excitons (206 ; 306 ; 310) est gravée pour prévenir ou réduire une réflexion interne totale frustrée.
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