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TITLE
NANODIPOLE PHOTOVOLTAIC DEVICES,
METHODS OF MAKING AND METHODS OF USE THEREOF

Inventors: Diana Shvydka, Victor G. Karpov

CROSS-REFERENCE TO RELATED APPLICATIONS
AND STATEMENT REGARDING SPONSORED RESEARCH

[0001]  This application claims the benefit of United States Provisional Application
No. 61/062,232 filed January 24, 2008, the disclosure of which is incorporated herein by
reference. This invention was not made with any government support and the government

has no rights in this invention.

TECHNICAL FIELD
[0002] The present invention concerns photovoltaic devices having a built-in electric

field generated by electric dipoles of nanoparticles embedded in a photoconducting host.

BACKGROUND OF THE INVENTION

[0003] Numerous types of photovoltaic devices and solar cells have been developed. In
a first generation, photovoltaic devices were composed of, for example, crystalline materials
which utilize a p-n junction built-in electric field. In order to create the electric field, there
must be a perfect electric contact between p- and n-materials. In such crystalline
photovoltaic devices, electron-hole pairs are generated in an absorber material that is
exposed to light. An electric field separates photogenerated electron-hole pairs. The
crystalline photovoltaic devices are fragile and expensive to manufacture.

[0004] In asecond generation, photovoltaic devices that are composed of non-
crystalline materials such as amorphous Si, polycrystalline CdTe and Culn(Ga)Se2, also
utilize a p-n junction (or likewise) built-in electric field . Again, these second generation
photovoltaic devices also experience problems relating to a sufficient p-n interface. In
addition, the technology needed to manufacture the amorphous silicon photovoltaic
devices is usually complex, requiring vacuum deposition and post-deposition treatments.

The second generation amorphous photovoltaic devices also experience nonuniformity and
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contacting issues, and are not very stable since the degradation rate is commercially
dangerous. Also, the source materials (for example, Te, In, and “device quality Si”) are in
limited supply.

[0005] In a third generation, photovoltaic devices which do not utilize p-n (or
likewise) junction can be composed of electrochemical cells (Gretzel cells) or polymer
blends with imbedded nano-particles that rely on diffusion which is an inefficient charge
carrier collection.

[0006]  Thus, there is a continuing need for improved photovoltaic devices that are
stable, efficient and can be readily scaled up for commercial production.

[0007]  There is also a continuing need for a method for making a more efficient, less
expensive, and longer lasting photovoltaic device.

[0008]  Thus, it would be advantageous to develop photovoltaic devices that overcome
the limitations of the p-n junction photovoltaic devices.

[0009] It would also be advantageous if such photovoltaic devices were capable of

being tunable in a broad range of parameters.

SUMMARY OF THE INVENTION

[0010] In abroad aspect, there is provided a photovoltaic device that has a built-in
electric field generated by electric dipoles of nanoparticles embedded in a
photoconducting host.

[0011] In abroad aspect, the invention does not rely on p-n, Schottky or likewise
junction to create the built-in electric field.

[0012] In abroad aspect, the invention does not require electric contact between two
or more materials to generate the built-in electric field.

[0013] In abroad aspect, such a device with the built-in electric field generated by
electric dipoles of nanoparticles can be used in non-photovoltaic applications as a type of
diode or photodiode.

[0014] In a first broad aspect, there is provided herein a photovoltaic device that has a
built-in electric field generated by electric dipoles of nanoparticles at least partially
embedded in, or applied to, at least one photoconducting host material.

[0015]  In certain embodiments, the photoconducting host is comprised of one or more
of polymer, liquid, polycrystalline, or amorphous materials.

[0016]  In certain embodiments, the built-in electric field is configured to be generated
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by aligned nano-size dipoles embedded in the photoconductive host.

[0017] In certain embodiments, the nanoparticles are comprised of one or more of: a
strong pyro- and piezo-electric material or a ferroelectric material.

[0018] In certain embodiments, the nanoparticles are comprised one or more of:
wurtzite CdS, CdSe, zinc-blended structured ZnSe and CdS particles, and ferroelectric
materials including barium titanate with properly stabilized surfaces.

[0019] In certain embodiments, the nanoparticles have a substantially uniform
generated field capable of being as strong as about100 kV/cm, and capable of spatially
separating photo-generated charge carriers.

[0020]  In certain embodiments, the nanoparticles have a substantially uniform
generated field capable of being tunable in a broad range of parameters and spectral
characteristics.

[0021]  In certain embodiments, the device is configured such that dipolar interactions
lead to self-assemblies of dipole nanoparticles.

[0022]  In certain embodiments, the device is configured such that the nanoparticles are
strong enough to be substantially spontaneously polarized to create a built-in field, and yet
not strong enough to cluster.

[0023]  In certain embodiments, the nanoparticles have a mean size in the range of tens
of nanometers.

[0024]  In certain embodiments, exiting charge carriers in the host do not substantially
suppress the dipole electric field by attaching to the dipole poles.

[0025]  In certain embodiments, the nanoparticles are embedded in different hosts.

[0026]  In certain embodiments, CdS nanoparticles are embedded in a CdTe host,
thereby generating a strong built-in field without the use of junctions.

[0027]  In certain embodiments, CdS nanoparticles are embedded into a CullnGaSe2
polycrystalline host.

[0028]  In certain embodiments, the device includes a polymer matrix with one or more
of embedded CdSe or CdS or ZnSe or BaTi nanoparticles.

[0029]  In certain embodiments, the polymer material comprises one or more of PVK,
or dye sensitized PVK, or other suitable photoconducting polymer.

[0030] In certain embodiments, the nanoparticles are added to dye-sensitized cells.

[0031] In another broad aspect, there is provided herein a photovoltaic system having

a polymer or liquid photoconductive host containing nanodipoles suitable for application
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to a conductive surface and for forming a photovoltaic device upon addition of a top
electrode.

[0032] In another broad aspect, there is provided herein a method for creating an
electric field for photovoltaic applications, comprising using one or more of the device
described herein.

[0033] In another broad aspect, there is provided herein a method for creating an
electric field for photovoltaic applications, comprising using one or more of the systems
described herein.

[0034] In another broad aspect, there is provided herein a photovoltaic material
capable of being tunable in a broad range of parameters, comprising one or more devices
described herein.

[0035] In certain embodiments, 1) the dipole generated field is strong; ii) the device
remains uniform such that the nanodipoles do not aggregate; and iii) the dipole fields are
not suppressed by existing charge carriers.

[0036] In another broad aspect, there is provided herein a method of making a
photovoltaic device, comprising using a non-vacuum printing process for depositing the
nanoparticles onto a substrate.

[0037] In another broad aspect, there is provided herein a method of making a
photovoltaic using a non-vacuum printing process for depositing a mixture of dipole
nanoparticles and at least one photoconducting host material onto a substrate.

[0038]  In certain embodiments, the photovoltaic device includes a mixture of CdTe
and polar CdS nano-powders.

[0039] In certain embodiments, the device is configured for use in a non-photovoltaic
application.

[0040]  In certain embodiments, the device is configured for one or more of: a diode
and/or photodiode function.

[0041]  In certain embodiments, the device is configured for one or more functions,
including an electric current rectification application, light detection and/or generation,
and an electronic memory application.

[0042]  Various objects and advantages of this invention will become apparent to those
skilled in the art from the following detailed description of the preferred embodiment,

when read in light of the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWING

[0043]  FIGS. 1A-1B are schematic illustrations of: Fig. 1A - CdS particles (of
arbitrarily chosen cylinder shape) with pyroelectric charges responsible for its dipole (p)
properties; Fig. 1B - aligned electric dipoles (solid arrows) and electric field lines (E;
dashed arrows) caused by polarization.

[0044]  FIG. 2 is a schematic illustration of electric dipole (gray arrow) and its first
image charge counterparts in the metal electrodes (fat lines) for the cases of (a) dipole
parallel to the electrode planes; and, (b) dipole perpendicular to the electrode planes.
Secondary and higher order images (of images) are not shown.

[0045]  FIG. 3 is a schematic illustration of an example of the energy band diagram and
sketch of operations of nanodipole PV. Shown in the diagram are also HOMO and
LUMO for a possible sensitizing dye molecule. Vertical arrows represent the
photoexcitation processes in the dye and nanoparticle materials. The dashed arrows show
that charge carriers can move out of the plane.

[0046] FIG. 4 is a schematic illustration showing a Prior Art photovoltaic device made
by a vacuum deposition process.

[0047]  FIG. 5 is a schematic illustration showing a photovoltaic device made by a

non-vacuum process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0048] In abroad aspect, there is provided herein an improved photovoltaic device that
uses a “built-in” electric field generated by aligned nanosize dipoles in a photoconductive
host. In a particular aspect, the photoconductive host can be polymer or liquid, or
amorphous, or polycrystalline.

[0049] In abroad aspect, polymer or liquid photoconductive hosts containing
nanodipoles can be made in the form of paint applicable to any conductive surface (such
as that of car, building, TCO/glass) to form a photovoltaic device after the top electrode is
added upon that paint.

[0050] In abroad aspect, various non-photovoltaic applications of the nanodipole
based built-in electric field include a new type of diodes or photodiodes not relying on p-n
or Schottky, or similar junctions.

[0051] In another broad aspect, there is provided herein a device useful in non-

photovoltaic applications, such as various diode and photodiode functions, including the
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electric current rectification, light detection and generation, and electronic memory
applications.

[0052] In a particular aspect, the non-photovoltaic applications the invention can be
used for various diode and photodiode functions including the electric current
rectification, light detection and generation, and electronic memory.

[0053]  The nanoparticle dipoles have a substantially uniform generated field tunable
in a broad range of parameters and spectral characteristics.

[0054]  The nanoparticle dipoles do not have to form a good electric contact with the
host.

[0055] Non-limiting examples of suitable dipole materials include one or more of
wurtzite CdS, CdSe, zinc-blended structured ZnSe and CdS particles, and ferroelectric
materials including barium titanate with properly stabilized surfaces. In certain
embodiments, the nanoparticle size is in the range of tens of nanometers.

[0056] In other non-limiting examples, CdS, CdSe or other nano-dipole particles can
be used with proper coating protecting their surface charges and polarities.

[0057] In certain embodiments, the dipoles have a substantially uniform generated
field capable of being as strong as 100 kV/cm, and capable of spatially separating photo-
generated charge carriers.

[0058] In a particular aspect, the photovoltaic device is configured such that dipolar
interactions lead to self-assemblies of dipole nanoparticles. The device can be configured
such that nano dipoles are strong enough to be spontaneously polarized (aligned) to create
a built-in field, and yet not too strong to cluster.

[0059]  Also, in a particular aspect, the device is configured such that exiting charge
carriers do not suppress the dipole electric field by attaching to the dipole poles.

[0060] In certain non-limiting examples, the dipole nanoparticles are embedded in
different hosts. For example, properly stabilized CdS nano-dipoles can be embedded in a
CdTe host, thereby generating a strong built-in field without the use of junctions. In
another example, they are embedded into a CulnGaSe, polycrystalline host.

[0061]  In other non-limiting examples, the photovoltaic device includes a polymer
matrix with one or more of embedded CdSe or CdS or ZnSe or BaTi nanoparticles. The
polymer matrix can comprise one or more of PVK, or dye sensitized PVK, or other
suitable photo-conducting polymer. In other examples, the nanodipoles can be added to

dye-sensitized Gretzel cells.
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[0062] In another broad aspect, there is provided herein use dipole nano-particles to
create a strong electric field for photovoltaic applications.

[0063] It is to be understood that the photovoltaic devices as described herein are
capable of being tunable in a broad range of parameters. Also, it is to be understood that 1)
the dipole generated field is strong; ii) the system remains uniform such that the
nanodipoles do not aggregate; and iii) the dipole fields are not suppressed by the existing
charge carriers.

[0064]  In certain embodiments, the generated field can be uniform and strong enough
(i.e., in a non-limiting example, 1-3 x 10" V/cm) to separate electron-hole pairs and run
significant drift currents. The nanodipole photovoltaic suggested structure does not utilize
p-n or Schottky junctions and can be tunable in a broad range of parameters.

[0065] In one broad aspect, there is provided herein a photovoltaic device where
semiconductor nanoparticles are electric dipoles in the polymer or other matrix, including
amorphous, polycrystalline, and even liquid substances. The semiconductor nanoparticles
can be found in wurtzite CdS and CdSe and similar strong pyro- and piezo-electric
materials. In certain embodiments, ferroelectric nanoparticles can be also be used. The
polarization surface charges can be related to the chemically different surfaces such as the
Cd (electrically more positive) and the S .terminated (more negative) surfaces in CdS.

[0066]  The pyro- (piezo)effects in CdS as shown in Figs. 1A-1B can strongly impact
operations of thin-film CdTe/CdS and Culn(Ga)Se,/CdS photovoltaics.

[0067]  The nanoparticles can inherit the wurtzite structure of their bulk counterparts.
Properly stabilized CdSe nanoparticles have permanent dipole moments as would be
expected from their wurtzite structure origin. Furthermore, not only wurtzite but zinc-
blended ZnSe and CdS particles exhibit large permanent dipole moments approximately
linear in their sizes, which may be an intrinsic attribute of many nonmetal nanoparticles
with surface localized charges. Also, dipolar interactions can lead to self-assemblies of
nanoparticles.

[0068]  As disclosed herein, the inventors have estimated the characteristic dipole
moment of a single CdS or CdSe wurtzite nanoparticle as a function of its size.

[0069]  The inventors used the pyroinduced surface charge density ¢ ~ 10"e/cm?,
where e is the electron charge, known for bulk crystals. It corresponds to the surface
charge 6A and the dipole moment p = 6lA = 6€2, where A, I, and € are, respectively, the

particle face area, length, and volume. The typical linear sizes of available CdS particles
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are in the range of 0.01.-0.1 um. Assuming, for example, a 10 nm size range yields Q~
10°nm’ and p = 100e A, consistent with the data for CdSe nanoparticles.

[0070] Dipoles of concentration n create the average field,

[0071]  where ¢ is the dielectric permittivity of a matrix, f =n€ is the dimensionless
volume fraction occupied by the dipole particles, and E,,,, is the electric field strength for
a hypothetical uniform polarization with f=1. Assuming ¢ ~ 5 and o ~ 10" e/cm’ yields
Epax ~ 310° V/cm. For f~ 0.1, the field strength E,,. ~ 3¢10* V/cm is comparable to
strong p-n junctions.

[0072]  The energy of a single field-aligned dipole is
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[0074]  where k is the Boltzmann constant and 7 is the temperature. Substituting here
the above assumed parameters and f~ 0.1 yields Iwl ~ 0.0.25 eV much higher than the
room temperature k7 ~ 25 meV. Such a strong inequality Iwl » kT shows that there exists a
broad range of parameters f and €, for which the system is polarized.

[0075]  The strong interdipole interaction lwl » k7 makes the system capable of
spontaneous polarization. In the mean-field approximation, Iwl/k = T. plays the role of the
Curie temperature, below which the spontaneous polarization takes place. The direction
of such a polarization is determined by anisotropy factors in the system, in particular, by
the dipole interactions with flat metal electrodes, as illustrated in Fig. 2.

[0076] The energy difference between the cases of polarization perpendicular and
parallel to the electrodes is due to the dipole interactions with their induced electrode
polarization, similar to the image charge effect. Since the dipole-dipole interaction
strongly decays with distance r, an estimate can be obtained based on the first order image
charge approximation neglecting secondary and higher order images induced by the first
images in the opposite electrodes. Also, because the energy of interaction between two
dipoles p; and p; is proportional to pi*pz - 3(p1°r)( p2°r)/r2, the polarization perpendicular
to the electrode [p; =p2 pa-Lr; see Fig. 2(b)] has two times lower energy than that of the
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parallel polarization [p; =p2 p» || 1; see Fig. 2(a)]. The energetically favorable
perpendicular polarization remains frustrated between the up and down directions. The
latter uncertainty can be eliminated by temporarily applying the external electric field.
Overall, the inventors show that there can be strong spontaneous polarization and the
built-in electric field perpendicular to the system electrodes.

[0077]  Another effect of strong interactions is aggregation (clustering) of dipole
particles. The trend of aggregation is clearly seen from Eq. (2) where the dipole energy
Iwl increases with f (i.e., dipole concentration). Because this effect creates nonuniformity,
it appears detrimental to the system PV performance.

[0078]  The condition, under which the aggregation remains insignificant, and how it
determines the upper bound of £, is described below.

[0079]  The electrostatic energy F; = Nw/2 of N=nV in a system of volume V

decreases when fincreases. Assuming local fluctuation df in volume fraction above its

average ~ , the corresponding electrostatic energy gain is expressed as
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[0080]  On the other hand, such increase in f will lead to the corresponding increase in
the entropy part of the free energy, Fo= [fln f +(1-Hln(1-/)]kTV/Q. Assuming of /f « 1, the

latter increase is estimated as
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[0081]  The total free energy is 0F = 0F + 0F> is a minimum at

[0082] It is observed that the fluctuation &f remains relatively small,

[0083] It is to be noted that, by the virtue of the same argument, the dipoles will not

sediment at the electrode surfaces.

[
]

[0084] Combining el <0 &S With the condition of strong polarization in Eq. (3)

yields the criterion of spatially uniform strongly polarized system of nanodipoles,
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[0085]  which can always be satisfied because of Fal
[0086]  Using Egs. (1) and (2), the inequalities in Eq. (7) can be represented in the

terms of electric field,
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[0087]  Here, Eq has the physical meaning of the highest electric field compatible with
the condition of uniform system.

[0088] It is desired to seek for Eq as close as possible to the above estimated: E,x ~
3¢10° V/em. In particular, the field strength Eq ~ 10° V/em appears to be consistent with
the inequalities in Eq. (8) and high enough to force significant drift currents. The latter
field corresponds to the particle volume Q ~ 10° nm®, which predicts the nanodipole size /o
~ 10 nm to be most suitable for PV applications.

[0089]  Particles much smaller than [, are not strong enough dipoles to provide a

RE % on the other hand, much larger particles will have to

significant polarization {fol
be limited in volume fraction to avoid aggregation, which limitation decreases the field
strength.

[0090] In certain embodiments, the above description may be limited to the case of
neutral nanoparticles. In other embodiments, they can be charged due to the difference in
chemical potentials between the host and the particle materials. The Coulomb repulsion
will suppress the particle aggregation thereby relaxing the limitation on the particle upper
size. The larger particles (/>lp) will create even a stronger built-in field than the above
estimated.

[0091]  Also, in certain embodiments, the details of operations of the nanodipole PV
can, at least in part, depend on the energy band structure and other parameters of both
nanoparticles and the matrix.

[0092] In the example of Fig. 3, the diagram proportions are chosen to reflect a
particular case of CdSe particles (energy gap ~ 1.8 eV) embedded in the polyvinyl-
carbazole polymer, with the gap of = 3.5 eV between the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO). The electron-hole

generation can be facilitated by dye sensitizing also illustrated in Fig. 3. In general, both

10
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the particles and the host can contribute to the electron-hole photogeneration.

[0093]  Field reversal between the host and nanoparticle material in Fig. 3 is a general
feature related to the polarization interfacial charge 6. While the intraparticle field may
seem to oppose the average electric current, the dipole particles occupy a small volume
fraction £ . 1 | so that the electrons and holes move mostly through the host material.

[0094]  With respect to possible electrostatic screening of the dipole fields, the
inventors note that under open circuit conditions, the field is always screened not only in
the system under consideration, but in any PV. The question of matter concerns the
nonequilibrium conditions characterized by a certain current density j ~10 mA/cm®
flowing through the typical PV system. Screening in such a system can develop by
attaching the opposite type of particles to the dipole poles. This effect remains

insignificant until the ratio of the charge carrier trapping over detrapping times is large,

Te/ Tt & L These times can be estimated as 14 ~ e/jR* and T4~ To exp(W/kT), where
the potential barrier W = eE,,,,R and 1o ~ 1035 is the characteristic atomic vibration time,
and R is the particle linear size. Using the above numerical parameters yields

& -~
v TET N N
Te 8T

Tog Tode *, hence, screening is insignificant.

[0095] In spite of a polymer related motif in Fig. 3, nanodipole PV can be useful with
many other materials including the combinations of CdTe/ CdS and Culn(Ga)Se,/CdS, as
are currently used as polycrystalline thin-film PV. The corresponding nanodipole PV as
described herein could, for example, be properly stabilized CdS dipole nanoparticles
embedded in CdTe or Culn(Ga)Se, matrix. In certain embodiments, these PV systems can
be created by inexpensive screen printing technology.

[0096] Referring now to FIG. 4, there is schematically illustrated a Prior Art
photovoltaic device made by a vacuum deposition process which includes separate
vacuum deposition steps for the deposit of a CdTe film and a CdS film. In order for such
Prior Art photovoltaic device to be effective, the electric contact between the two films is
crucial.

[0097]  In contrast, FIG. 5 shows a schematic illustration of a photovoltaic device
made by a one step non-vacuum printing process where the photovoltaic device includes a
mixture of CdTe and polar CdS nano-powders. The photovoltaic device made using such
one step non-vacuum printing process does not require electric contact between the CdTe

and CdS components.

11
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[0098]  Thus, there is provided herein photovoltaics utilizing the electric field of
nanodipoles where the fields are comparable to that of strong p-n junction devices. Also,
in certain embodiments, the photovoltaics can be made using size particles /o ~10 nm. In
addition, the dipole photovoltaic system is spatially uniform and implementable with
many different types of PV.

[0099]  The foregoing has outlined in broad terms the more important features of the
invention disclosed herein so that the detailed description that follows may be more clearly
understood, and so that the contribution of the instant inventor to the art may be better
appreciated. The instant invention is not to be limited in its appreciation to the details of
the construction and to the arrangements of the components set forth in the description
herein or illustrated in the drawings herein. Rather, the invention is capable of other
embodiments and of being practiced and carried out in various other ways not specifically
enumerated herein.

[00100] It should be understood that the phraseology and terminology employed herein
are for the purpose of description and should not be regarded as limiting, unless the
specification specifically so limits the invention.

[00101]  Also, while the invention has been described with reference to various and
preferred embodiments, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the essential scope of the invention. In addition, many modifications may
be made to adapt a particular situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is intended that the invention not
be limited to the particular embodiment disclosed herein contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the scope
of the claims.
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to the applicant and does not constitute any admission as to the correctness of the dates or
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CLAIMS

What is claimed is:

1. A photovoltaic device comprising a built-in electric field generated by
electric dipoles of nanoparticles at least partially embedded in, or applied to, at least one

photoconducting host.

2. The device of claim 1, wherein the photoconducting host is comprised of

one or more of: polymer, liquid, polycrystalline, or amorphous materials.

3. The device of claim 1, wherein the built-in electric field is configured to be

generated by aligned the dipole nanoparticles embedded in the photoconductive host.

4. The device of claim 1, wherein the nanoparticles are comprised of one or

more of: a strong pyro- and piezo-electric material or a ferroelectric material.

5. The device of claim 1, wherein the nanoparticles are comprised one or
more of: wurtzite CdS, CdSe, zinc-blended structured ZnSe and CdS particles, and

ferroelectric materials including barium titanate with properly stabilized surfaces.

6. The device of claim 1, wherein the nanoparticles have a substantially
uniform generated field capable of being as strong as about100 kV/cm, and capable of

spatially separating photo-generated charge carriers.

7. The device of claim 1, wherein the nanoparticles have a substantially
uniform generated field capable of being tunable in a broad range of parameters and

spectral characteristics.

8. The device of claim 1, wherein the device is configured such that dipolar

interactions lead to self-assemblies of pyroelectric nanoparticles.

9. The device of claim 1, wherein the device is configured such that the

nanoparticles are strong enough to be substantially spontaneously polarized to create a
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built-in field, and yet not strong enough to cluster.

10. The device of claim 1, wherein the nanoparticles have a mean size in the

range of tens of nanometers.

11. The device of claim 1, wherein exiting charge carriers in the host do not

substantially suppress the dipole electric field by attaching to the dipole poles.

12. The device of claim 1, wherein the nanoparticles are embedded in different

hosts.

13. The device of claim 1, wherein CdS nanoparticles are embedded in a CdTe

host, thereby generating a strong built-in field without the use of junctions.

14. The device of claim 1, wherein CdS nanoparticles are embedded into a

CulnGaSe; polycrystalline host.

15. The device of claim 1, wherein the device includes a polymer matrix with

one or more of embedded CdSe or CdS or ZnSe or BaTi nanoparticles.

16. The device of claim 1, wherein the polymer material comprises one or more

of PVK, or dye sensitized PVK, or other suitable photoconducting polymer.

17. The device of claim 1, wherein the nanoparticles are added to dye-

sensitized cells.
18. A photovoltaic system comprising a polymer or liquid photoconductive
host containing nanodipoles suitable for application to a conductive surface and for

forming a photovoltaic device upon addition of a top electrode.

19. A method for creating an electric field for photovoltaic applications,

comprising using the device of claim 1.
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20. A method for creating an electric field for photovoltaic applications,

comprising using the system of claim 18.

21. A photovoltaic material capable of being tunable in a broad range of

parameters, comprising the device of claim 1.

22. The device of claim 1, wherein 1) the dipole generated field is strong; i1) the
device remains uniform such that the nanodipoles do not aggregate; and iii) the dipole

fields are not suppressed by existing charge carriers.
23. A method of making a photovoltaic device of claim 1, using a non-vacuum
printing process for depositing a mixture of the dipole nanoparticles and at least one

photoconducting host material onto a substrate.

24. The method of claim 23, wherein the photovoltaic device includes a

mixture of CdTe and polar CdS nano-powders.

25. The device of claim 1, configured for use in a non-photovoltaic application.

26. The device of claim 25, wherein the device is configured for one or more

of: a diode and/or photodiode function.
27. The device of claim 26, wherein the device is configured for one or more

functions, including an electric current rectification application, light detection and/or

generation, and an electronic memory application.
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